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ABSTRACT

A split application of SEVIN-2-OIL1® had no significant adverse

effect on either forest songbirds or wild pollinators, and only a

slight knockdown effect on non-target terrestrial arthropods.

Csrharyl residues as high as 313.7 ppb and 122.6 ppb were detected in

stream water immediately after the first and second applications

respectively. Residues declined rapidly but were still detected

{0.9 ppb) up to 10 days after the completion of spraying. Although

both treatments resulted in disruptions in the normal diurnal drift

pattern of aquatic invertebrates, the overall effect on benthic

invertebrate populations was negligible. Analyses of brook trout and

slimy sculpin stomach contents indicated that availability of food

was not significantly reduced. No mortality was recorded among native

brook trout caged in the treatment stream for up to 10 days after the

second application. SEVIN-2-OIL® was applied twice at a dosage rate

of 280 g/ha/application to a 400 ha spray block located near Allardville

in Gloucester County, New Brunswick.

RESUME

MD
Un traitment fractionne progressir au SEVIN-2-OIL a a eu

aucun effet nocif important sur les oiseaux chanteurs sylvicoles et les

pollinisateurs sauvages, et n'a fait qu1assommer legerement des

arthropodes terrestres non cibles. Des residus de carbaryl, a des

concentrations atteignant jusqu1 a 313,7 et 122,6 x 10~ , ont ece

deceles dams l'eau du cours d'eau, immediatement apres le premier et

le deuxieme arrosages respectivement. Les concentrations on baisse

rapidenent mais etaient encore decelables (0,9 x 10 ) jusqu1 a 10 jours

apres l'arrosage. Meme so 'es deux epandages ont modifie le mode diurne

normal de derive des invertebres aquatiques, ils ont eu un effect global

negligeable sur les populations d'invertebrss benthiques. Des analyses

du contenu stomachal d'ombles de fontaine et de chabots visqueux ont

indique que la disponsibillte de nourriture n'avait pas eCe reduite de

facon importance. On n'a enregistre aucune mortalite d'ombles de

fontaine indigenes gardes en cages dans le cours d'eau traite jusqu' a

10 jours apres le deuxieme epandage. Le bloc traite d'utie superficie

de 400 ha se trouve pres d1Allardville, dans la circonscription de

Gloucester (Nouveau-Brunswick), et le traitement a ete applique en

deux fois a la dose de 280 g/ha chaque fois.
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INTRODUCTION

Carbaryl (1-napthyl M-methylcarbamate) is a broad spectrum
caroamate insecticide which, since its introduction in 1958 under the
.rade name SB7IN®, has been registered for control of over 300 insect
pests worldwide SEVIN-4-OIL*. an oil-based dispersion containing
4 pounds or carbaryl insecticide per U.S. gallon, is registered for
rorest insect control in both Canada and the United States, and is
presently the product of choice for spruce budwonn control in Maine.

mn ^ thS United ScaCes> "here SEVIN-4-0IL® is regis-tered ac
Gtr«t-KTS! aCtiVe insredient Per hectare (1120 g (AI)/ha), the typical
strategy has Deen, up until rairly recently at least, a single applica
tion at or near the maximun, allowable dose. In 1978 however the

Sine if JJ* " B?UJ ■JjllcatUmi of SEVIN-4-OIL® was initialed in

in the a^ou^of Si" i^tfiJJ S^SSHT^Sl ^7^^°°
improving foliage protection and budwom population reduction"

tit S
acceptance by Canadian regulatory agencies and bodied We b§ 1978

5kStL £&s£S 5k ir? r
and emission (1.45 1/ha) r«es it w^" " ^ '^ d°Sage (2S° g (AI)/ha)
regulation fSEVI\-2-o?T©l ■ necessary to use a different
insecticid^ pefJls gallon "^ '' ^^ Chan 4' *"»*■ °f -rbaryl

SITE DESCRIPTION
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Figure 1. Location of spray blocks, Gloucescer County, New Brunswick 1980.



Terrestrial impact studies were conducted along a gravel fire

road which transected the southeastern end of the spray block. (Figure 2).

Fourteen vegetation survey points were located at 120 m intervals along

this transect, 60 m on either side of the road. The predominant species

present and their relative abundances at these survey points were

considered to be fairly indicative of the vegetative complex of this

portion of the block as a whole (Table 1). In general, the forest stand

within the spray block was mixed and fairly open, with canopy cover

provided primarily by immature second growth trees. Mature trees were

uncommon and restricted for the most part to the uncut stream valley.

The control area for songbird and pollinator studies was located

about 6 km east of the spray block on the same road (Figure 1). Vegeta

tion was surveyed in the same manner as described above. This area was

generally quite similar to the spray block (Table 2), with the exception

of a small boggy area and a small clearcut which were located at the

extreme eastern and western ends of the transect respectively. The

control area for terrestrial invertebrate knockdown studies was located

about 500 m south of Highway 360, 7.7 km east of Allardville (Figure 1).

Within the spray block, aquatic impact studies were conducted

in Middle Brook, a small headwater trout stream approximately 3-6 m wide

and 10-50 cm deep, with a rocky bottom and a moderate current. Discharge
measurements caken on 8 June and 24 June were 0.07 m3/sec and 0.09 t&3/sec

respectively. Balsam fir, Abies halsamea Mill., white spruce, ?i.oea

glauca (Moench) Voss, sugar maple, Acer sacaharum Marsh., red maple,

Aoer rubrum L., mountain maple, Acer sviaatum Lam., yellow birch, Betula
lutea Michx. , black ash, Fraxinus nig-ca Marsh., speckled alder, A.lnus
■pugosa (Du Roi) Spreng., smooth alder, Alnus sermdata (Ait.) Willd. ,

red osier, Camus stolonifera Michx., raspberry, Rubus sp. L. and ferns

were all common along the stream, and provided between 50 and 75% stream
cover.

Two screams, Bass Brook and Little Brook, were used as controls

for Che aquatic studies. Bass Brook is 2-4 m wide, 10-40 cm deep, and
has a rocky bottom and moderate current. Discharges on 8 June ana 15 June
were 0.12 m /sec and 0.14 m3/sec respectively. Stream cover was provided
by white cedar, Cfcamzecyparis thyoides (L.) SSP., balsam fir, white
spruce, red, sugar and mounCain maple, yellow birch, white birch, Batula

papyrifera Marsh., black ash, mountain ash, Sovbus ameriaana Marsh,
speckled alder, smooth alder, willow, Salix sp. L., grape, Vitis sp. L.,

and ferns. Little Brook is 3-5 m wide, 15-60 cm deep, and has a moderate

current and rock and gravel botcom. Discharge on 8 June was 0.13 m3/sec.

The most common species found along this stream included balsam fir, white
spruce, black spruce, Piaea mariana (Mill.) BSP., white pine, Pinus

sirobus L., white birch, red, sugar and mountain maple, speckled alder and
common elder, Sambuaus canadensis L.

Wacer quality parameters for Middle and Bass 3rooks are summarized
in Table 3.



V Drift Station

A Artificial Substrates

■ Surters and Hocks (Station A)

Surbers and Rocks (Station u)

* Kish Cage

Deposit Samplers and Knockdown Buckets

Knockdown liucket

Bird Transect

Figure 2. Location of sampling stations in SEVIN-2-OII- spray block, Gloucester County,

New Brunswick 1980.
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Table 2. Relative abundance of predominant plant species In the control area Gloucester
County, New Brunswick, 19B0.
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TnMe 3. ^J^P™™**- .4* stress. Glouc6oter Col,nty, New ,runKlck.

Sampling Station

Middle Brook .Station A

Station B

Jass Brook Control

Date

31/5/80

21/6/80
27/6/80

l/H/80

2/6/80

21/6/80

27/6/80

1/8/80

31/5/80

2J/6/80

26/6/(10

1/8/80

Temperature
fr\
\ L)

10.5

11.0

16.5

16.5

1J .5

li.o

16.5

15.5

8.5

12.0

14.3

16.0

I'll

7.0

7.5

7.0

6.5

7.0

7.5

7.0

6.5

7.5

7.0

7.5

7.0

Dissolved 02

(mg/a)

10

9

8

8

10

9

8

8

U

9

9

7

Hardness

(gpg CaC03)

A
i

•i
j

2

f.
u

1

2

t.

t.

3

Alkalinity

<BI>g CaC03)

1

1

1

* determined using a Hach Kit, Model AL-36H



METHODS

INSECTICIDE FORMULATION AND APPLICATION

SEVIN-2-OIL® was applied twice to the 400 ha spray block., with

a 6 day interval between applications, at a dosage rate of 280 g (AI)/

ha in 1.46 S./ha of oil solution. A small amount of Automate B red dye

was added to the formulated spray mixtures to facilitate deposit

assessment so that the final composition of each spray mixture was as

follows:

473.2 % SEVIN-2-OIL ® (240 g (AD/fc)1 80% by volume
106.4 I Insecticide Diluent 5852 18% by volume
11.8 I Automate B red dye3 2% by volume

Application was carried out using a Cessna Agtruck equipped

with 4 AU 3000 Micronair® atomizers and flying at a speed of

160 km/hr, 25-30 m above ground level. Spraying commenced at 0542

Atlantic Daylight Time (ADT) on 11 June 1980 with the plane making its

initial pass along the northeast edge of the block. Subsequent swaths

were alternately from northwest to southeast and from southeast to

northwest along parallel lines 60 m apart progressing toward the south

west edge of the block. The last pass of the first application was ar

0653 ADT. The second application began at 0758 ADT and ended at

0903 ADT on 17 June 1980. The same basic flight plan was followed.

Meteorological measurements taken just outside the spray block on the

mornings of application are summarized below:

First Application Second Application

Temperature (QC) 4.5 11.5

Relative Humidity (%) 100 64

Inversion + +

Wind Speed (km/hr) 0-3 0-3

Wind direction SW NW

Cloud Cover (%) 100 10

'■ Onion Carbide Corporation, Jacksonville, Florida

2 Shell Canada Ltd., Toronto, Ontario
! Morton Williams Ltd., Ajax, Ontario



DEPOSIT MEASUREMENT

-

Deposit samplers consisted of two 11 x 16 cm stainless steel places

attached along one edge with duct tape. One plate was covered with a

10 x 10 cm Kromekote® paper card. Sampling stations were located just off

the road and along the treatment stream (Figure 2). Ac each road station

samplers were held approximately 1 m off the ground on aluminum stakes.

Two samplers were located at each stream station, one on the top of a 1 m

aluminum stake near the middle of the stream and the other on a 30 cm

stake on the stream bank.

A NCR microcard reader was used to count droplets deposited on

Kromekote® cards and a drop density value (drops/cm ) was calculated for

each card. Deposit: on plates not covered by Kromekote® cards was

estimated by colorimetry. Each plate was washed with a small constant

volume of toluene and the quantity of dye rinsed off was measured using

a Bausch and Lomb Spectronic 100 spectrophotometer. This was compared

with a reference standard from the original spray formulation.

TERRESTRIAL STUDIES

Terrestrial Invertebrate Knockdown

Terrestrial invertebrate knockdown was monitored by collecting

invertebrates in 39 x 33 x 15 cm deep plastic wash buckets. Twenty

buckets were placed under balsam fir, 10 in the treatment plot and

10 in the control area. Treatment buckets were distributed along the

bird transect (Figure 2) in order to sample a number of swaths over the

study area. Another 10 buckets (5 treatment, 5 control) were placed

under typical stream cover (speckled alder) to measure knockdown into

the stream. Organisms were collected in the evening from 7 June to

23 June, and transferred directly into vials containing a 302 methanol

solution. A separate vial was kept for each bucket. Collections were

later identified in the lab.

Insect Pollinators

Caged Bees

Screened exposure cages with individual compartments were used

to hold wild bees (Table 4) for tests of contact toxicity. Cages were

set on the ground in the open, one cage in che treatment block, and

another in the untreated control area, immediately before spraying

began and were picked up 1 hour after treatment was completed. Bees

were fed a 50% sugar solution and inspected daily for 10 days after the

first application and 7 days after the second application. A record was

kept of bee mortality/survival each day. All specimens were pinned for
later identification.



Table 4. Tentative identifications of bee species from exposure cnges.
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Seed set in Clintonia

To study Che effect of the insecticide on natural pollinators,

seed sec in Clintonia bovealis (Ait.) Raf. was compared before and

after treatment. For prespray samples, Clinionia plants wich open

flowers were tagged 5 days before treatment. As Clintonia. is

receptive for about 3 days (Thompson, pers. comm.), pollination of

these flowers occurred prior to the first spray application. Plants

still in bud 2 days after the first and second applications were

taaged as 'Post-spray 1' and 'Post-spray 2' samples, respectively.

Samples were spread over a number of different sites Co ensure chat

variation was not due Co habitat differences:

Number of sites collections were made from:

Treatment: Sites Control Sices

Pre-spray 25 16

PosC-spray 1 10 9

Post-spray 2 14 15

After subsequent observations, it was obvious that the planCs

would have to be covered to protect them from herbivores. This also

enabled collection of fruits at the end of the study without losing

chose fruits which ripened early and fell off Che plants. Calculations

were made using bagged fruits only, as it was difficult to determine

the number of fruits lost from the unbagged plants. Mesh bags were

placed over the inflourescence when the plants were no longer receptive

(at abscission of the petals). The fruit was collecced a monch later

(30 and 31 July) and preserved in the field wich Eomeis's Formyl

Acetic Acid (Gray 1973). Samples were dissected in Che lab and the

number of fercilized and unfertilised ovules were recorded for each

sample. The percent seed set was calculated by using the formula 100K

where K is the number of fertilized ovules or seeds and N is the N

number of fertilized plus unfertilized ovules (Plowright and Rodd,

1980). A mean value of percent seed set was calculated for the pre-spray

and both post-spray samples.

Birds

Forest songbirds were censused along an 840 m transect running

across the block, using a singing male technique similar to that described

by Kendeigh (1947). Flags were stationed every 2 chains along the road

running through the treatment block, and all birds seen or heard on

either side of the road were recorded on census maps in relation to these

markers. The majority of birds recorded were within SO m of the road,

but some individuals of species with loud songs were recorded up to
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140 m from Che road. Censuses were conducted simultaneously in the

control area along a transect of Che same length.

Censuses were conducted daily during the first few hours of

light, and were usually completed within 1 hour. All birds were ident

ified to species, sex and type of activity at the time of record. Male

birds vocally defending a territory were assumed to be mated and recorded

as 2 birds; all others (non-singing, sighted, females or immatures) were

recorded as one.

Daily census maps were compiled for each species over the pre-

spray and post-spray periods to delimit boundaries of breeding

territories. A territory was designated to be an area vocally defended

for a minimum of 2 days during any one time period. The number of birds

observed during each census was used to indicate activity trends and

relative abundance in each area.

Extensive plot searches were conducted on the treated block

immediately following, and for 3 days after, each application to check

for birds exhibiting signs of pesticide stress. Efforts were concen

trated in areas of possible double swathing.

Meteorological measurements, including wind speed and direction,

temperature, relative humidity, cloud cover and precipitation, were

taken at the beginning and end of each census to differentiate the

effects of weather on songbird activity.

AQUATIC STUDIES

Insecticide Residues

Water

Carbaryl residues were measured in samples of water collected

from Che treatment stream 0.15 hour, 0.5, 1, 1.5, 2, 3, 5 h, 1 day,

2, 3, 4 and 5 d after the first application, and Oh, 0.5, 1, 1.5, 2,

3, 4 h, 1 d, 2, 3, 4, 5, 6, 7, 8, 9 and 10 d after the second application.

Water samples were taken from the top 1 cm of the flowing portion of the

treatment stream and packed in ice in styrofoam coolers where they were

held for no longer than 6 hours before extraction. With minor modifica

tions the procedures used for extraction and analyses of carbaryl

residues were similar to those described by Sundaram, Szeto and

Hindle (1979). Carbaryl was extracted from the water samples by percola

tion through a column of Aberlite :tAD-2, followed by elution with ethyl

acetate. Carbaryl residues were directly analyzed by GLC with a Hewlett

Packard Model 7610 gas chromatograph equipped with a nitrogen-phosphorus

detector.
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Tissues of brook trout (Salvetinus fonvinalis Mitchill) and sliay

sculpins (.CottuS aognairus Richardson) collected from the treatment stream

11 days before and 1 day after the first application, and 3, 9 and 47

days after the second application were examined for residues of carbaryl.

All fish collected for residue analyses were frozen whole immediately

after capture and removal of their stomachs for diet studies. An

attempt was made to collect 4 brook trout of approximately the same size

on each date and these were analyzed individually (Table 10), but because

of the smaller size of sculpins it was often necessary to pool 2 or

more together to make up a minimum required weight of 5 g. Carbaryl

residues were extracted from the fish tissues and analyzed according to

the methods of Szeto and Sundaram (1980). Fish tissues were first hom

ogenized in ethyl acetate and the interfering co-extractives present in

these crude extracts were removed by filtration through. Whatnan GF/A

glass microfibre filters after coagulation. The carbaryl residues were

then re-extracted into dichloromethane and directly analyzed intact by

GLC as described for stream water.

Drift

I
Aquatic invertebrate drift was monitored before and after the

insecticide application. At the treatment (Middle Brook.) and control

(Bass Brook) sampling stations, drift samples of 15 minutes duration

were taken each morning and evening between 2 and 22 June (from 9 days

before the first to 5 days after the second application) using a

standard 0.47 x 0.032 m drift net with a No. 54 (363 urn) mesh.

Additional drift samples were taken on spray days to document any

immediate effects of the insecticide applications. Drift nets were

placed in the streams to sample a column of water from surface to

bottom, including the surface film. Current speed was measured at the

opening to each drift net half-way between the surface and bottom

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

information, the following were calculated:

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

x current velocity (m/sec) jc duration of drift sample

(sec) = m~ of water in drift column

width, of drift net opening (m) x current velocity

(m/sec) x duration of drift (sec) = m2 of surface
area of drift column

■

All drift samples were sorted within 24 hours and the organisms

preserved in a 30% methanol solution. Organisms were later counted and

identified to order or family under a dissecting microscope and the

results expressed as:
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number of organisms/m3 of water in drift column (aquatic
organisms)

number of organisms/m2 of surface area of drift column
{terrestrial organisms)

Artificial Substrates

Artificial substrates consisted of 1 t 0.02 kg of crushed rock

(13-19 mm screen size) tightly wrapped in nylon seine netting (3 x 7 mm

aperture size). Three weeks before the first planned sampling date,

enough samplers for 5 replicates on each of 4 sampling dates were placed

in the treatment (Middle Brook) and control (Bass Brook) streams.

Artificial substrates were collected before and after the insecticide

applications. Aquatic organisms were separated from other materials in

the samples by hand sorting in the field and were preserved in a 30%

methanol solution. Organisms were later counted and identified to order

or family under a dissecting microscope.

The mean number of organisms in each taxon on each sampling date

was compared within each stream using Student-Newman-Keuls multiple

range test (= = 0.05). A log x+ 1 transformation was used on the raw

data Co help meet the assumptions of this test (Elliott, 1977).

Surber and Rock Sampling

Surber and rock samples were collected before and after the

insecticide applications from 2 dissimilar riffle areas in the treatment

stream (Middle Brook Stations A and B) and from a riffle area in the

control stream (Bass Brook). The major difference between the 2 treat

ment stations was that the stream bottom at Station A was almost

completely covered with moss, whereas very little aquatic vegetation was

present at Station B. Different areas within the same riffle were sampled

throughout the season at each site. Samples were handled and the data

statistically analysed in the same way as for artificial substrates.

Caged Fish

Six days before the first application 25 wild brook trout were

placed in cages in both the treatment (Middle Brook) and the control

(Little Brook) streams. Cages measured 61 x 61 x 46 cm high, had plywood

tops and bottoms and were covered on all 4 sides with 13 mm square

screening. Although it was originally intended to use fish native to each

stream in the caging study, it was not possible to capture Che 25 brook

trout required in Middle Brook, and consequently all fish caged in this

stream had to be collected and transported from Little Brook. Mean fork

lengths of caged fish were as follows:
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i

Mean Fork Length

122.0

122.8

(mm) Range

94-165

101-184

Middle Brook Treatment

Little Brook Control

Cages were checked periodically for mortality and fish exhibiting

unusual behavior or symptoms of pesticide poisoning.

Fish Diets

A minimum of 10 brook trout and/or 10 slimy sculpins were

collected by electrofishing on each sampling date before and after the

insecticide applications, and dissected for analysis of stomach contents.

Both brook trout and sculpins were collected from Middle Brook (Treatment)

and Little 3rcok (Control) but only brook trout were collected from

Bass Brook (Control). Fork length and weight were recorded for each fish

caught (Appendix 5: Tables 1-5) and condition coefficients were calcula

ted for brook trout using Fulton's formula (K = weight x 105/length3).

Stomachs were excised and preserved immediately in a 10% solution of

formaldehyde. In the laboratory, the volume of the stomach contents was

measured and the composition of food items determined. In measuring the

volume of the stomach contents, the amount of indigestible material

present was estimated and the measured volume corrected accordingly so

as to represent actual volume of food items.

RESULTS

DEPOSIT

Deposit results are summarized in Table 5. Approximately the

same volume of spray products was deposited at Middle Brook Station A

from each application. Mean drop density was considerably higher for

the first spray however, and for each application drop density on

instream samplers was greater than op. scream-bank samplers. Deposit

along the road was more chan 3 times greater for the first spray than

for the second spray, both in terms of volume deposited and drop
density.

TERRESTRIAL STUDIES

Terrestrial Invertebrate Knockdown

Knockdown from balsam fir was generally light (Figure 3).

Effects of the first application were immediate and lasted for 2 days.

The second application had both an immediate and a delayed effect, with

the combined effect lasting for 3 days. Organisms collected from

treatment buckets 5 days after the first application were drowned due



Table 5. Deposit: assessment summary from the SEVIN-2-0U, treatment: block*, sprayed 11 and 17 June J980

Gloucester County, Hew Brunswick.

First: Application

Second Applicatlun

Instrearn

Streambank

Rond

Iiistream

Streambank

Hoad

No. of

deposit

samplers

6

6

10

6

6

10

Mean d rop

density-

drops /cm

12,12

If]. 85

23.78

5.17

3.29

7.56

Mean volume

deposited

1/ha

0. 26

0.42

0.27

0.12

Mean % of

em Itted volume

recovered

17.8

28.8

18.5

0.2

*3prny emission rate of 1.46 1/ha
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to heavy rainfall. Although a fairly large knockdown was indicated

6 days afcer the second application, a comparable increase was

observed on control.

Adult Diptera, Lepidoptera larvae and Staphylinidae (Coleoptera)

were affected immediately. The effect on Diptera was not confined to

any particular family, but numbers of Sciaridae were proportionally

large (Appendix 1: Table 1). Although knockdown of Lepidoptera was

less pronounced, che magnitude of increase was not indicative of the

actual effect, as the post-spray specimens were found curled or weak,

while the pre-spray specimens were quite active. Knockdown of Tingidae

(Hemiptera) was delayed following the first application, but was

immediate after the second application. Although a delayed effect was

also indicated for Acari, these were probably parasitic mites found in

association with the beetles collected, and therefore, noc directly

related to the application.

Knockdown from stream bank vegetation was more pronounced, but

similar in trends to that observed on balsam fir. Effects of the spray

were still evident 1 day after the first application and 2 days after

the second application (Figure 4). Large numbers of Diptera collected

5 days after the second application were probably not pesticide-related,

as the numbers collected on the previous day were very low.

Knockdown of adult Diptera, Lepidoptera larvae, adult Hymenoptera

and Plecoptera was immediate. Diptera were most affected with increases

in all families recorded, but primarily Chironomidae and Sciaridae

(Appendix 1: Table 3). Increases were also noted for Chironomidae and

Sciaridae in the control area (Appendix I: Table 4), but these generally

occurred before the spray. Knockdown of Lepidoptera larvae involved

Tortricidae and to a lesser extent Geometridae. Knockdown of Hymenoptera

was very slight. Delayed effects were observed for Trichoptera and

Tingidae. Although post-spray collections of both Trichoptera and

Tingidae were small, none were collected in the pre-spray period, nor

were they collected in the control area.

Insect Pollinators

Caged bees

Caged bees in the treatment block experienced 8% mortality in the

10 days immediately following the first application, and 11% mortality in

the 7 days immediately following the second application (Table 6).

Mortality rates for control bees were slightly higher (11 and 24%

respectively.

The estimated horizontal distance betwen the caged bees and the

closest pass of the spray plane was 28 m for the first application, and

62 m for the second application.
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Table 6. Mortality/survival of caged bees, Gloucester County, New Brunswick 1980.

First application

Day of June 11 12 .13 14 15 16 17 18 19 20 21 Percent

Days after the application 0 1 2 3 4 5 6 7 U (J 10 mortality

Treated bees 0/13 0/13 0/13 0/13 0/13 0/J3 0/13 0/13 0/13 0/13 1/12 7.7

Control bees 0/13 0/13 0/13 1/12 1/12 1/12 1/12 1/12 1/12 1/12 2/11 15.4

Second application

Day of June 17

Days after the application 0

18

1

19

2

20

3

21

4

22

5

23

6

24

7

Percent

mortality

Treaced bees 2/16 2/16 2/16 2/16 2/16 2/16 2/16 2/16 11.1

Control bees 0/17 0/17 0/17 0/17 1/16 1/16 3/14 A/13 23.5

o
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Seed Set In Ctintcnia

The reproductive success of Ctiniov,i.a did not appear to be

affected as a result of either SEVM-2-0IL1® application (Figure 5).

Seed set in the treatment block was 22.4% higher in plants pollinated

after the first application, than in plants pollinated before the first

application. Seed set was also higher in control plants after the first

application but only by 8.6%. Although seed set was reduced on treat

ment after the second application, this can hardly be attributed to the

insecticide treatment, since a more pronounced reduction was noted on

control (4.9% as opposed to 0.6%).

Bumblebees, particularly Bom'cus tsvnarius, were observed

visiting Clinionia flowers in the treatment block on several occasions

both before and after treatment.

Birds

Within the treatment block, the pre-spray population was

estimated to be 165 birds of 32 species (Appendix II: Table 1). The

population on control was estimated to be ISO birds of 31 species

(Appendix II: Table 2). The census of 10 June was excluded from the

data compilation due to the abnormally low numbers of birds censused

on that date. These low numbers were attributed to adverse weather

conditions.

In general, fluctuations in the total number of birds censused

in the treatment area were similar to those exhibited in the control

area. There were no missing family groups and no significant reductions

in any one family following treatment (Figure 6).

Breeding activities of species potentially at a high risk to

insecticide poisoning (due to their feeding niches and to their depend

ence on insects for food) were not interrupted by the treatments

(Table 7). Territorial analyses of these species, and others occupying

less exposed niches, (Appendix III: Figures 1-12) indicate that, in

general, the number of pre-spray territories and the average number

of Mays the territories were occupied, remained fairly constant during

the study period, or exhibited trends sinilar to those In the control

area (Table 8). Possible discrepancies were the solitary vireo and

the Swalnson's thrush. Activity of the solitary vireo in the control

area was much reduced during the second post-spray time period, but

individuals in the treatment block continued to actively defend their

territories (Appendix III: Figure 3). A similar situation occurred

with the Swainson's thrush (Appendix III: Figure 10), where activity

during the post-spray time periods increased considerably in the treat

ment but not in the control areas. There is no indication that these

were adverse consequences of treatment however, as the territories

were not displaced, which would have been expected if nesting had been
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Table 7, Breeding activity of songbird species with a potentially high risk Co insecticide poisoning-

TiliHinrut Control
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* avorage number of breeding pairs of birds censused per day
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Solitary vlreo 4.* 7.3 i.3 i0.7 3.9 2.1 l.l -1.6 j>

nl.th-Lii.tuiteJ giwn u«rbl«r 1.1 >J. ) 1,3 U.D 3.1 5.7 5,0 -2.1

Hi4rkbumt«fi MiTbler Ul tO-J 9.3 >2.2 6.S i.ft 7.) 10.9

Hty-LiL-.jut.-J M«ibl.;i 8,4 12,fl 9.3 IU-9 it,] H.5 H.l -2.0



Tahiti 8. Changfca in the mtuib^l" of territories and the average number of days territories were

occupied for several selected species of forest songbirds, filoucuster County, New

Brunswick 1980.

Treatment Control

Number of
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Shrub I'eedord
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-1

Common yellawthroat
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disturbed and renesting had occurred. There was an apparent shift in

the territories of the blackthroated green warbler following treatment

(Appendix III: Figure 4), possibly because the pre-spray territories

were not as well established in the treatment area (an average of

3 days in territory) as in the control area (an average of 5 days in

territory). Although least flycatcher and common yellowthroat

territories also appeared to shift after treatment (Appendix III:

Figures 1 and 7), these were really only fluctuations in the activity

of individuals within their territories. 'Single records' on the

territory maps of these species indicate that the individuals remained

in the vicinity of their territories throughout the study. A reduction

in the number of ruby-crowned kinglet territories in the treatment

block during the first post-spray period (Appendix III: Figure 2) was

accompanied by a similar reduction in the control area during the

second post-spray period.

Plot searches throughout the block, with concentrated efforts

along lines of possible double swathing, did not reveal any sick or

dead birds.

AQUATIC STUDIES

Insecticide Residues

The results of analyses of stream water samples from Middle

Brook are presented in Table 9. Peak levels of carbaryl in water were

measured shortly after each application (313.7 ppb detected 9 minutes

after the first treatment and 122.6 ppb detected at the time of the

second treatment). Residue levels were reduced by greater than 80%

within \ hour of each application (to 40.0 ppb after the first treat

ment and 24.0 ppb after the second treatment) and by greater than 90%

after 1 day (to 7.2 ppb after the first treatment and 4.4 ppb after

the second treatment). Carbaryl residues were still detected (0.9 ppb)

10 days after the second application.

Carbaryl residues were detected in all 4 brook trout (40-46 ppb)

and slimy sculpin (24 - 32 ppb) tissue samples collected 1 day after the

first application (Tables 10 and 11). Carbaryl residues were not

detected (< 20 ppb) 3 days after the second application however, or in

either of the 2 later samples.

Aquatic Invertebrates

Drift

Two peaks in aquatic invertebrate drift were observed following

the first application of SEVIN-2-OIL® (Figure 7; Appendix IV: Table 1);

the first \ hour after application (approximately 47 times the pre-spray

morning average of 1.03 organisms per m5) and the second 3*5 hours later
(approximately 71 times the pre-spray morning average).
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Table 9. Carbaryi residues in scream water following a double

application of SEVIN-2-0IL, Gloucester County, Mew

3runsvick 1980,

afzer application Carbaryi (ppb)

First application

(2S0g Al/ha)

Second application

(280g Al/ha)

0.15 hour

0.5 hour

1.Q hour

1.5 hours

2.0 hours

3,0 hours

5.0 hours

1 day

2 days

3 days

4 days

5 days

0 hour

0.5 hour

1.0 hour

1.5 hours

2.0 hours

3.0 hours

4.0 hours

1 day

2 days

3 days

4 days

5 days

6 days

7 days

8 days

9 days

10 days

313.7

40.0

13.7

30.2

21.2

13.3

15.1

7.2

1.5

1.0

0.6

3.4

122.6

24.0

13.7

10.3

U.3

15.1

9.7

4.4

3.1

1.2

1.6

2.0

0.8

0.4

1.3

0.7

0.9



Table 10. Residues of carbaryl in brook trouL tissues following a double application of

SEVIN-2-OIL, Gloucester County, New Brunswick 1980.

Date Tall length (jmn) ** Body weight (g)** Carbaryl (ppb)

31 May 136 30.9 N.D.

124 16.9 N.D.

151 25.5 N.D.

120 l/i.9 N.D.
*

12 June 126' 17,4 42

128 18.4 46

131 19-9 40

* 139 23.2 40

20 June 136 25.7 N.D.

130 iy.a n. ii.

128 17.5 N.D.

132 22.1 N.I).

26 June 134 21.1 N.D.

135 21,4 N.D.

136 22.6 N.D.

143 25+4 N.D.

3 August 134 23,7 N.D.

170 52.5 N.D.

98 8.7 N.O.

y6 7.7 N.n.

^application at 0631 ADT on 11 June 1980 and again at 0019 ADT on 17 June 1980

**tnil lengths and body weight: were measured after fish had been frozen and Chawed

N.I). = not detectable (<20 ppb)



Table ll. Residues or caxhmvyl In slimy eeulpin tissues folLowing a double application i>i;

SKV1N-2-0IL, Gloucustur County, New Brunswick 1980.

Tai 1 Length (nun) **

Dace

31 May

12 June

*

20 June

26 June

Number of Fiat*

Analysed

2

4

1

2

2

2

2

1

2

3

1

1

2

2

1

2

3

—

Mean

62.5

54.3

82,0

67.5

66.5

6L.5

65.5

84.0

66.5

59.3

85.0

77.0

72.5

65.5

S4.0

66.5

54.7

Kan^e

52-73

49-57

67-68

65-68

60-63

52-79

-

66-67

58-60

-

—

72-73

64-67

—

66-67

50-58

Sample Welg

5.3

6.1

5.9

6.6

5.a

5.A

5.7

5.6

6.5

7.2

5.3

7,9

5,5

5.9

5.8

5.4

at U631 ADI1 on 11 June iy80 and agitln at 0819 ADT on J7 June l'JSO

**tall leiiglh^ and sffifiple ueL^IiLa were measured after fi.dli liad been frozen and

N.D. - not detectable (<20 ppb)

N.D.

N.D.

25

32

2k

25

N.U.

M.D.

H.D.

N.D,

N.D,

N.lJ

H, D,

N.I)

N,D

N.D,

N.D.

ro
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Simuliidae and Chironomidae (Diptera) were the most abundant

organisms in Che first peak making up 33 and 8% of the total respec

tively. The drift rate for Simuliidae at this time was approximately
145 times greater than the pre-spray morning average of 0.28 larvae
per m , and for Chironomidae was approximately 74 times greater than
the pre-spray morning average of 0.05 larvae per m3. Baetidae
(tphemeroptera) and Plecoptera were the most abundant organisms in
the second peak making up 89 and 1% of the total, with drift rates
approximately 648 and 102 times their pre-spray morning averages of

0.10 and 0.05 nymphs per m3 respectively. Polycentropodidae
(Trichoptera) and three other families of Ephemeroptera (Heptageniidae,
Leptophlebiidae and Ephemerellidae) also demonstrated post-spray drift
increases. Very small increases in the drift of Nematoda, h'ydracarina
Hydropsychidae (Trichoptera) and Rhagionidae (Diptera) also appear to
nave been spray related. Plecoptera, Baetidae, Polycentropodidae and
Simuliidae were still drifting in abnormally high numbers 6 hours
aiter application, but by that evening drift rates for all aquatic

invertebrate groups had returned to near the pre-spray level. In the
11 morning and evening drift samples taken after the first spray day,
the average number^of organisms collected was reduced by almost one
half to 0.58 per m~ from 0.97 per m3 in the pre-spray.

Alterations in the normal drift pattern were much less

pronounced following the second application (Figure 7). Peak drifts

of Simuliidae and Chironomidae occurred H hour after application with
drift rates approximately 13 and 80 times their pre-spray morning

averages respectively. Plecoptera, Polycentropodidae and adult

Elmidae (Coleoptera) also appear to have been slightly affected. By
4 hours after application effects of the second spray were no longer
apparent. The average number of organisms collected in the 10 morning

and evening drift samples taken after the second scrav day increased
to 0.86 per m3. " '

Apart from very small increases in the numbers of adult Diptera

and Collembola in the drift, both applications appeared to have had
very little knockdown effect on terrestrial invertebrates (Figure 8-
Appendix I: Table 5).

No obvious changes in the normal drift patterns of terrestrial
and aquatic invertebrates were observed at the untreated control station
on either spray day (Appendix I: Table 6; Appendix IV: Table 2). The
average number of organisms collected in morning and evening drift

samples decreased over the study period from 0.77 per m3 in the pre-
spray to 0.74 per m3 for the 5 days following the first spray and to
0.62 per m for the 5 days following the second spray.

Artificial Substrates

No statistically significant (?<.05> reductions in numbers were
noted in any taxa between 7 and 22 June (from 4 days prior to any
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insecticide application Co 5 days after the second application)

(Appendix IV: Table 3). Numbers of Baetidae, Leptophlebiidae,

Ephemerellidae, Plecoptera and Zlmidae all decreased slightly within

the treatment stream after the first spray but increased again after

the second spray. The same pattern was observed for Saetidae and

Plecoptera in the control stream (Appendix IV: Table 4). Over the

same period significant increases were noted for Chironomidae and

Empididae (Dipcera) in the treatment stream, and for Hydracarina,

Ephemerellidae and Chironomidae in the control stream.

In general, artificial substrates from the treatment: and

control streams demonstrated very similar patterns of colonization

up to and including the +11(4-5) day post-spray sample on 22 June

(Figure 9; Appendix IV: Tables 3-4). By +51(+45) days post-spray

(1 August), however, although a very highly significant increase

(P< .001) in total number of individuals was noted in the treatment

stream, there was no significant change, and even a slight reduction,

in the control stream. This difference reflects significant increases

within several taxa collected in artificial substrates from the

treatment stream, including Baetidae, Heptageniidae and Laptophlebildae

(Ephemeroptera), Hydropsychidae, Hydroptllidae and Rhyacophilidae

(Trichoptera), Chironomidae, Tipulidae and Rhagionidae (Diptera),

Elmidae (Coleoptera) and Oligochaeta. In contrast, numbers of Hydra

carina were significantly reduced in both the treatment and control

streams at this time.

Surber Samples

The mean number of invertebrates collected in Surber samples

did not change significantly (P<.05) over the course of the study at

either of the 2 treatment stations or at the control station

(Figure 10; Appendix IV: Tables 5-7), An apparent peak +51(+45) days

post-spray (I August) at Station A resulted from the collection of a

large number of Sphaeriidae (Pelecypoda) in 2 of the 4 Surber samples

taken on that date.

Numbers of Kydropsychidae and Bracnvcentridae (Trichoptera)

collected at Station A 2 days after the first application were signif

icantly lower than in either of the 1 pre-spray samples taken at the

same site. Numbers of Baetidae were also apparently reduced, but the

difference was not significant. Likewise a reduction in Hydracarina

numbers after the first spray was not significant, although a reduction

noted prior to this application was. Following the second application

Plecoptera numbers were reduced but not significantly. Hydracarina,

Baetidae and Brachycentridae all remained at a low level of abundance

to the end of the study, but by +51(^-45) days post-spray (1 August)

Hydropsychidae had increased in abundance to a level not significantly

different from the pre-spray. Munbers of Plecoptera and Ephemerellidae

were significantly lower in Che +51(+45) day post-spray sample than in
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either pre-spray sample. Numbers of Elmidae larvae were not signif

icantly reduced in the +16(+10) day post-spray sample, but by +51(4-45)

days post-spray had returned to normal.

At Station B numbers of Baetidae, Heptageniidae, Plecoptera,

Brachycentridae and Hydropsychidae all decreased slightly between -11

days and -5 days pre-spray (31 May-6 June) and then again between -5

days pre-spray and +2 days post-spray (13 June). Simuliidae and

Chironomidae numbers were also reduced after the first spray. Numbers

of Baetidae, Heptageniidae and Brachycentridae were further reduced

after the second spray, while numbers of Hydropsychidae and Chironomidae

increased. With the exception of the increase in Chironomidae noted in

the +10(+4) day post-spray (21 June) sample, none of these changes were

found to be statistically significant. Eaetidae, Plecoptera and

Simuliidae numbers remained low to the end of the study, but Hepta

geniidae and Hydropsychidae both increased in abundance in the +51(+45)

day post-spray (1 August) sample. Numbers of Ephemerellidae and

Brachycentridae were significantly lower in the +51(+45) day post-spray

sample than in either pre-spray sample.

The total number of invertebrates collected in Surber samples

at the control station was generally lower than at either treatment

station, making the identification of seasonal trends much more

difficult. This was particularly true for the Trichoptera which were

present in only very small numbers on all sampling dates. In addition,

because the sampling site had to be moved several times due to a lack,

of enough suitable substrate for Surber sampling in any one area,

localized clumping of organisms on the stream bottom may have abnormally

influenced the data. This is probably the reason for the high numbers

observed for several taxa in the +2 day post-spray sample. Nevertheless

2 distinct trends were identified:

1) Plecoptera were at their lowest level of abundance in the +51(+45)

day post-spray sample.

2) Baetidae were much reduced in Surber samples after the second

application. Only 1 nymph was collected in the +51(+45) day

post-spray sample, and none in either the +10(+4) or the

+15(+9) day post-spray sample.

Similar trends were previously noted for the. treatment stream.

Rook. Samples

All 3 sampling stations demonstrated a similar trend in terms of

seasonal change in abundance of aquatic invertebrates on rocks (Figure 11;

Appendix IV: Tables 8-10). In general, total numbers remained

essentially unchanged over the first part of the study, began to increase

near the end of June, and increased still further in August. The large
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increases observed in August; occurred primarily as a result: of signif
icant (P<.05) increases in Che number of Chironomidae at the 2 treat

ment stations, and Zlmidae at the control station. Baetidae also

increased significantly in abundance in the August sample at all 3

stations while Piecoptara and Hydracarina were reduced in abundance.

No significant reductions were noted within any taxa

immediately following either application. Snail reductions in the

numbers of Kydracarina and Elmidae in -K2 day post-spray collections

were noted at both treatment stations and at the control station.

Fish

Caged Fish

No mortality of caged fish, was observed in either the treatment

or control stream up to 10 days after the. second insecticide applica

tion. In all, fish, were caged for a total of 22 days without food and

this was reflected in their very poor condition at the end of the study.

Fulton's coefficients of condition (K) ranged from 0.30 to 1.06

(mean 0.94) for brook trout caged in Middle Brook and from 0.63 to

1.06 (mean 0.91) for brook trout caged in the control stream (Little

3rook). Brook trout sampled for stomach content analysis at this time

had condition coefficients ranging from 1.16 to 1.35 (mean 1.26) for

Middle 3rook and from 1.09 to 1.34 (mean 1.20) for the control stream

(Little Brook).

3rook trout caged in Middle Brook were observed actively feed

ing on drifting aquatic invertebrates 1-3 hours after the first applica

tion. Tnis behaviour-was not seen to any great extent at any other

time, including the second spray day. Otherwise no obvious behavioural

changes or 111 effects were observed in those fish exposed to the

insecticide applications.

Fish Diets

Results of stomach, content analyses for brook trout and slimy

scuipins from the treatment stream (Middle Brook) and the control

streams (Little and 3ass Brooks) are summarized in Appendix V:

Tables 1-10 and are illustrated graphically in Figures 12-16. Organisms

not consumed in significant amounts on any particular sampling date

(i.e., <1 percent of the total volume of food consumed on that date)

are omitted from the graphs.

Brook trout: Prior to the first application terrestrial invertebrates

and Trichoptera larvae were the moat important food items in the

diets of Middle 3rook brook trout, making up 3S.0 and 43.8% of tee

total volume of food organisms consumed respectively. Aquatic

Colaoptera, Simuliidae, Chironomidae and Ephemeroptera were also con

sumed in significant amounts on this date. Immediately after the first

spray large numbers of Plecoptera and Simuliidae were found in brook

trout stomachs. Increases in the. volumes of Pleccotara and Simuliidae
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TREATMENT

IB JUNE J1IGUST

Figure 12. Dietary changes in brook trout sampled from Middle Brook,

Gloucester County, Sew Brunswick 1980 (abbreviations are

explained in Table 12).
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CONTROL

25 .Ufit 2 AUGUST

Figure 13. Dietary changes in brook trout sampled from Little Brook,

Gloucester County, New Brunswick L98Q (abbreviations are

explained in Table 12).
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Figure 14. Dietary changes in brook trout sampled from Bass Brook,

Gloucester County, Sew Brunswick 1980 (abbreviations are
explained in Table 12).
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Figure 15, Dietary changes in slimy sculpins sampled from Middle Brook,

Gloucester County, Mew Brunswick 1980 (abbreviations are

explained in Table 12).
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Figure 16. Dietary changes in slimy sculpins sampled from Little Brook:,

Gloucester County, Mew 3runsvick 1980 (abbreviations are

explained in Table 12).
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Table 12. Codes used Co represent various food items in the diets

of brook, trout and slimy sculpins from the treatsent

and control streams.

TA terrestrial arthropods

AI aquatic insects

Pie Plecoptera

Eph Ephemeropeera

Cdon Odoniita

Hera Hemiptera

Meg Megaloptera

Tri Xrichoptera

Col Coleoptera

Tip Diptera: Tipulidae

Sim Diptera: Simuliidae

Chir Diptera: Chironomidae

Hel Diptera: Keieidae

Tab Diptera: Tabanidae

Misc Miscellaneous

0 other aquatic invertebrates

Am Amphibian eggs
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in the diet ac this time (from 0.9 Co 27.3 and from 5.0 to 8.0%

of the total respectively) were offset by an almost equal reduction

in the volume of terrestrial arthropods consumed (from 38.0 to 9.1%

of the total). Following the second application terrestrial

arthropods increased in importance to make up 64.5% of the total

volume consumed, while Plecoptera, Trichoptera and Simuliidae all

decreased in importance. Trichoptera were further reduced in

importance to only 6.5" of the total volume in the next sample

taken 6 days later. In this sample Gerridae (Hemiptera), Tipulidae

and Keleidae (Diptera) were all consumed in significant amounts for

the first and only time in the study. By 47 days after the second

application terrestrial invertebrates and Trichoptera were again the

most important food items in brook trout diets, making up 49.2 and

23.0% of the total volume respectively. At this time almost half of

the Trichoptera eacen were pupae, however, whereas very few pupae

were eaten in any of the 4 previous samples.

Between 2 June and 19 June brook trout diets changed very

little in the Little Brook control stream. Over this period

terrestrial invertebrates were the most important food source for

resident brook trout, contributing between 27.2 and 36.3% to the

total volume of food eaten. A variety of aquatic organisms includ

ing Trichoptera, Simuliidae, Chironomidae, Ephemeroptera, Tabanidae

(Diptera), and Plecoptera (in order of their importance), made up

che bulk of the diet, contributing between 55.0 and 70.5% Co the

total volume. In the 25 June sample terrestrial invertebrates were

somewhat reduced in importance contributing only 18.3% Co the total

volume. In this sample, as in the treatment stream, Tipulidae and

Heleidae, as well as Sialidae (Megaloptera), were consumed in

significant amounts for the first and only time in the study.

Terrestrial invertebrates were by far the most important food source

for brook trout at the time of the 2 August sample making up 66.8%

of the total volume of food organisms consumed. At this time

Simuliidae and Tabanidae had all but disappeared from brook trout

diets and Chironomidae were much reduced in importance.

In the 1 June sample from the Bass Brook control stream

terrestrial invertebrates, Ephemeroptera and Trichoptera larvae

were the most important food items in the diets of brook trout,

making up 52.0, 25.3 and 12.0% of the total volume of food organ

isms consumed respectively. By 12 June Ephemeroptera had increased

in importance to make up 66.1% of the total diet with a correspond

ing decrease in the volumes of terrestrial invertebrates and

Trichoptera larvae. Brook trout stomachs in the 12 June sample

contained almost 20 times as many mayfly nymphs as in the previous

sample. Brook trout feeding habits on 19 June were similar to

those observed.on 1 June, but by 25 June the volume of terrestrial

organisms consumed had increased to 84.6^ of the total with s

corresponding decrease in the amounts of aquatic organisms eaten.



The amount of food eaten by Middle Brook brook, trout fluctuated

considerably during the course of the study, with the greatest amount

being eaten 1 day after the first insecticide application, and the

least amount in August. A similar trend was noted for Bass Brook brook

trout 1 day after Che first application. There was no reduction in the

amount of food eaten by Little Brook brook trout in August however.

Slimy sculpins

Middle Brook, sculpin diets were very similar prior to and

immediately after the first insecticide application, with Ephemeroptera,

Trichoptera, Simuliidae, Plecoptera, Tipulidae and Chironomidae all

being consumed in significant amounts. Sculpin diets were altered

following the second application, however. Both Simuliidae and

Tipulidae disappeared from sculpin stomachs 3 days after the second

spray. Simuliidae were still absent from the diet 6 days later but

Tipulidae had reappeared. Aquatic Coleoptera and terrestrial Lepidop-

tera larvae were consumed in significant amounts at this time, Sculpin

diets in August were quite similar to pre-spray diets except that no

Plecoptera or Tipulidae were eaten.

Chironomidae and Simuliidae were important food sources for

sculpins in the Little Brook control stream on all sampling dates

between 2 June and 2 August. Trichoptera were consumed in significant

amounts in all samples except on 19 June, and were particularly

important in the 2 August sample. Taken together these 3 taxa made up

90% or more of the total volume of food organisms consumed on all 5

sampling dates.

A reduction in the quantity of food ingested by Middle Brook

sculpins was noted 3 days after the second application, and was still

evidenC up to 45 days later. A similar trend was noted in the control

stream.

Fish Condition Coefficients

Condition coefficients of brook trout from Middle Brook

increased gradually over the first part of the summer to a peak on

26 June followed by a decline (Figure 17; Appendix V: Table 1). A

similar trend was seen in the Bass Brook control stream except that

the peak was reached a few days earlier on 19 June (Figure 17;

Appendix V: Table 5). In the Little Brook control stream brook trout

condition coefficients demonstrated a very unusual trend. Two peaks

were observed, one early in the summer on 14 June followed by a decline

and a gradual rise to a second peak on 2 August (Figure 17; Appendix V:

Table 3).
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DISCUSSION

TERRESTRIAL EFFECTS

SEVIN-2-OIL® had a slight, but fairly general, knockdown effect
on terrestrial invertebrates. Most invertebrate groups were affected
immediately, with Diptera the group most affected. Knockdown of

Hemiptera was delayed. Although significant post-spray increases were
noted for Staphylinidae, these were probably not pesticide related since
large fluctuations were also observed in the control area.

Meteorological conditions at the time of spraying can affect
knockdown in various ways; two prominent ones being:

1) by increasing or decreasing insect activity

2) by varying length of exposure to the Insecticide due to weathering
of the chemical. Cool temperatures at the time of the first applica
tion (4.5aC) may have reduced insect activity during treatment and
limited immediate knockdown from balsam fir. This may have been
masked in the stream bank results by the generally larger deposit

for the first application, resulting in a magnified knockdown effect.
Although meteorological conditions during the second post-spray

time period were more favourable to advance weathering of the

chemical (ic rained earlier and more frequently), duration of knock

down was longer, possibly due to a combined pesticide effect from the

2 applications. -This prolonged effect following a second application

has been observed in various other studies conducted by the Forest
Pest Management Institute, where an impact on non-target terrestrial

invertebrates occurred. After second applications of azamethiphos

(Kingsbury et al. 1980), permethrin (Kingsbury and McLeod 1979) and
aminocarb (Millikin and Mortensen 1980), duration of knockdown was

A, 1 and 3 days, respectively, longer than that of the first
application.

The high toxicity of SEVIK® to honeybees has been well doc

umented (Johansen, 1972, 1977, Moffett et al. 1970; Morse, 1961, Strang

et al. 1968; Bart and Hunter, 1978). Much less information is available

on the effect of SEVIN® on native bees. Substantial reductions in wild

bees, and a marked reduction In the fecundity of Vibezmum aassanoidss L. ,

were reported by Miliczy and Osgood (1979) following a SEVIN-4-OIL®

treatment in Maine at a dosage rate of 840 g (AI)/ha, In light of the

above Information, part of the present study was apportioned to determine

whether the treatment had any detrimental effect on natural pollinators

and if so, whether this could be measured in reduced seed set of

Cl-i.nior.ia, a plant common within the spray block and dependent upon

biotic pollinators, particularly bumblebees, for fruit set (Thaler and
Plowxight 1980). No significant contact toxicity to wild bees was

indicated however, nor was there any observed reduction in the fecundity

of Clinzonia. Reasons for the lack of effect may have been the lower
sensitivity of bumblebees as compared to honeybees (johansen 1977), and



49

the relatively low dosage race used in this study. The argument could

also be made chat exposure cages are artificial and that the exposure

time was too short. Using the same method however, Plowright et al.

(1978) found that fenicrothion, at a dosage rate of 210 g (AI)/ha

caused significant mortality. Plowright and Pendrel (1973) determined

that most insecticide-induced mortality co pollinators occurs within

the first 48 hours of an insecticide application. In the present study,

mortality did not occur until 10 days after the first application, and

even then was clearly less than for control bees. Thus, it is highly

unlikely that this mortality was pesticide-induced. Mortality of treat

ment bees did occur within 24 hours of the second application however,

with no simultaneous loss on control, suggesting a possible correlation

with treatment.

A number of studies have been conducted on the effects of

SEVIN-4-OIL® on forest songbirds. Gramlich (1979) monitored cholin-

esterase levels in songbirds exposed to a split application of SEVTN-4-

OIL® (55Q g (AI)/ha + 340 g (AI)/ha, and found no significant difference

between pre-spray and post-spray levels. May (1978) found no visible

effects on birds and small mammals following an operational application

of SEVIN-4-OIL® in Maine, and cites a number of studies with the same

conclusions. Bart and Hunter (1978) cite 6 studies in which applications

of SEV1N1® were shown to have no effect on forest songbirds at dosage

rates up to 1400 g (AI)/ha. Even at a dosage rate of 6720 g (AI)/ha,

Bart (1976) was unable co detect any significant decline in singing male

surveys. Moulding (1976). on the other hand, was able to demonstrate

a 55% reduction in bird populations in areas sprayed twice at a dosage

rate of 1120 g (AI)/ha. Richmond et al. (1979) found no major effect on

forest birds following a single application at a dosage rate of 2240 g

(AI)/ha, however, and attributes Mould ing's results to alterations in

the available food supply.

Methods used in the present study differed from former impact

studies conducted by the Forest Pest Management Institute, in that the

normal 4 ha plot was replaced with a transect which was 3 times longer,

enabling a greater portion of the block to be nonitored in the same

amount of time. Because of the increased number of birds censused, a

better measure of significance was obtained. Using these methods, our

findings were in keeping with the majority of the above studies, in

that breeding bird populations did not appear to be adversely affected

by the SEVIN-2-OIL® applications.

The conclusions of Richmond et al. (1979) point out the impor

tance of food supply to the stability of bird populations. In the

present study, fruit set was unaffected by the insecticide applications,

and consequently there was little potential for disruption of feeding in

fructivorous species. Populations of terrestrial invertebrates were

reduced however, and this may have had some effect on the availability

of food for certain insectivorous species. Flycatchers, which feed in
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flight, and canopy feeders, are potentially the most vulnerable to this
type of insecticide effect. The fact chat none of these species

exhibited post-spray population reductions suggests that reduction in
food supply did not approach critical levels in this study.

AQUATIC EFFECTS

A number of environmental impact studies on the effects of

operational and experimental spruce budworm control programs using

SEVIN-4-OIL® in Maine and the western United States have included
analyses of contaminated stream waters for carbaryl residues. Pieper

et al. (1978) reported residue levels in stream water as high as 260 ppb

shortly after an experimental application of SEVIN-4-OIL® at a dosage

rate of 1121 g (AI)/ha to control spruce budworm in Montana in 1975.

The following year Tracy et al. (1977) detected carbaryl concentrations

as high as 5.0 ppb and 11.0 ppb in 2 streams which flowed through an

experimental SEVIN-4-OIL® spray block in Washington State. Marancik

(1976) recorded residues of carbaryl in Maine streams in 1975 ranging

from 1.2 to 12.8 ppb 24 hours after spraying with SEVIN-4-OIL® at a

dosage rate of 1121 g (AI)/ha. In an independent monitoring study of

the same control operation (LOTEL, 1977), carbaryl residues as high as

40 ppb were found in streams, but this amount diminished rapidly and

none could be detected by the seventh day after spraying. Twenty-four

hours after spraying with SEVIN-4-OIL® (840 g (AI)/ha) in 1976, Hulbert

(1978) measured carbaryl concentrations in 3 Maine streams ranging from

25.60 to 42.45 ppb. Gibbs et al. (1979) monitored a split application

of SEVIN-4-0IL® (350 g (AI)/ha + 770 g (AI)/ha) in northern Maine in

1978 and reported peak, levels of carbaryl up to 23 ppb shortly after

the last application and detectable residues up to 7 days later.

Stanley and Trial (1980) measured carbaryl residues in 6 streams and

3 rivers in Maine in 1978 and 1979 which had been contaminated from

spraying of nearby forests with SEVIN-4-OIL® at 840 g (AI)/ha. Peak

concentrations occurred shortly after spraying with maximum measured

levels in brooks and rivers protected by an unsprayed buffer zone

ranging from 0.93 to 7.8 ppb and from 0.44 to 2.0 ppb respectively.

In one stream unprotected by a buffer zone the maximum level was

16.0 ppb.

Peak, levels of carbaryl in Middle Brook. (313.7 ppb after the

first spray and 122.6 pph after the. second spray) were much higher than

in any of the Maine studies or the Washington study, even though the

dosage rate was 3 to 4 times lower. One possible reason for the

difference is that peak levels of carbaryl were measured in Middle Brook

within a very few minutes of direct aerial application of the insect

icide. Within h to 1 hour after spraying, carbaryl concentrations in

Middle Brook were in the same range as peak concentrations measured in

Maine and Washington. Another possible reason is that in the present

study water samples were collected from that portion of the water column

in which an insecticide formulated in oil is most concentrated imme

diately after spraying (i.e., the top 1 cm including the surface film).

The peak concentration measured in Montana agrees more closely with the
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findings of the present study, but unfortunately it is not clear exactly

how long after the spray this sample was taken or from what depth in the

watar column.

Carbaryl residues disappeared very rapidly from the surface

waters of Middle Brook in the first few hours after spraying. Two

mechanisms are suggested to account for this rapid disappearance:

1) downstream flushing and dilution from upstream sources, and;

2) mixing within the water column (i.e., as the most volatile fraction

of the spray formulation, the insecticide diluent oil, evaporated,

the slightly water soluble active ingredient (40 ppm at 30°C)

became more evenly distributed throughout the water column and less

concentrated at the surface).

Carbaryl residues in Middle Brook 24 hours after the first and

second application were lower than those reported by Hulbert (1978),

and in the same range as those reported by Marancik (1976), both in

Mair.e. Residue levels continued to decline in subsequent samples, but

the rate of decline was much, lower. Downstream flushing and dilution

was still probably the major factor contributing to the decline of

residues in these samples, but other factors such as downward migration

to the sediment, as well as conjugation, hydrolysis, photolysis and

transformation by microorganisms, may also have played an important role

in the disappearance of this compound. Carbaryl residues were still

present in stream water at very low levels 6 to 10 days after the second

spray. At this time, carbaryl, because of its slight solubility in

water, may have been moving up into the water column from the bottom

sediments.

Carbaryl residues were detected in Middle 3rook brook, trout

(40-46 ppb) and slimy sculpins (24-32 ppb) 1 day after the first SEVTN-

2-OIL® application. Since the concentration of carbaryl in water at
this time was 72 ppb, this represents a concentration factor of approx

imately 6 (5.5-6.4) for brook trout and 4 (3.3-4.4) for slimy sculpins.

Residues were below the limit of detection in fish tissues (<20 ppb)

3 days after the second application when the concentration of carbaryl

in stream water was only 1.2 ppb. In comparison, Haque et al. (1977)

reported a bioaccumulation ratio (concentration factor) of 140 for

catfish exposed to carbaryl for 30 days in a model ecosystem, and

Matsumura (1977) calculated a concentration factor of 45 for a related

carbaraate insecticide, mexacarbate (Zectran&) , in northern brook silver-

side, also in a model ecosystem.

Acute toxicity testing by means of static and flow-through

bioassays can be valuable in providing base line toxicity data on

candidate forestry insecticides, and with some care the results of

these bioassays can be extrapolated to predict effects in the field.

Post and Schroeder (1971) found a 96 hour LC50 for technical carbaryl

(98% active ingredient) of 1070 ppb for brook trout averaging 1.15 g

in weight, and 1450 ppb for brook trout averaging 2,04 g in weight.
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Schoettger and Mauck (1976) obtained 96 hour LC5Os for technical

carfaaryl (99.5% active ingredient) to brook trout ranging between

1100 ppb and 5400 ppb depending on water temperature, water hardness
and pH, and concluded that aerial applications of this compound should
not have a major toxic effect on brook trout. In view of Che above, it

is not surprising that no mortality of caged brook trout was observed

in the present study where carbaryl residues in stream water peaked at
a level well below the above LC50s and declined very rapidly.

A number of investigators have demonstrated increases in

aquatic invertebrate drift following single aerial applications of

SEVIN-4-OIL® for spruce budworm control in Maine, Washington, Montana
and New Mexico (Hulbert 1978; Trial and Gibbs 1978, Tracey et al. 1977,

Haugen 1978, Parker and Ragenovich 1980). In the present study both

applications of SEVIN-2-0IL® resulted in increased drift rates, with

the higher rate occurring after the first application. This observa

tion concurs with the results of Gibbs et al. (1979), who found a

higher drift rate after the first of 2 consecutive aerial applications

of SEVIN-4-OIL® in Maine, even though the first application was at a

lower dosage rate. Kingsbury and Kreutzweiser (1979) demonstrated a

similar trend with permethrin, and were able to correlate lower peak

drift rates at the time of their second applications with previously

reduced bottom fauna populations. In the case of Middle Brook, however,

the observed difference in peak drift rate was at least partly due to

a difference in exposure, since levels of carbaryl in stream water were

significantly higher after the first application than after the second.

Two peaks in aquatic invertebrate drift were noted following

the first SEVIN-2-0IL® application. Maximum drifts of Simuliidae and

Chironomidae were recorded 4 hour after application, while maximum

drifts of Baetidae and Plecoptera were not recorded until 4 hours and

5 hours after application respectively. This difference in timing of

impact probably reflects a difference in sensitivity. The fact that

peak drifts of Baetidae and Plecoptera occurred only after 4-5 hours

exposure to the insecticide, may suggest that carbaryl concentrations

in the stream were close to the no effect level for these insects.

At the peak of impact in Middle Brook, it is estimated that

approximately 75,000 aquatic invertebrates drifted past the sampling

station in the 6 hours immediately following the first spray, and

3000 in the 4 hours immediately following the second spray. By

comparison, it is estimated that, over these same 2 time periods,

only 560 and 380 aquatic invertebrates drifted past the Bass Brook

control station. In spite of these fairly substantial drifts, however,

there was no evidence of any severe depletion in the benthos. There

are at least 2 possible explanations for this:
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1) chat Che number of aquatic invertebrates drifting was small in

relation to total stream populations. Some support for this theory

is provided by Eidt (1975) in his study of the effects of an

operational fenitrothion application on the benthos of headwater

streams in Mew Brunswick. In this study he estimated that over

80,000 dead insects drifted past his sample point in the 24 hours

immediately following the spray, but that this represented the

standing crop of only 3 square metres or rubble stream bottom.

He concluded that there was no evidence of depletion in the benthos

because the kill of aquatic insects was small in relation to

production

2) that the methods used in the present study to detect changes in the

benthos were not sensitive enough to identify very small reductions

in bottom fauna populations. A certain amount of variability

between replicate samples was associated with each method of

sampling benthic invertebrates. This variability was generally

smallest in artificial substrata collections and greatest in reck

collections. Consequently, when comparing pre-spray to post-spray

samples, small reductions in bottom fauna populations would tend to

be masked by the normal variability in the sampling method.

As stated previously, the standing crop of aquatic organisms

in Middle 3rook was not significantly reduced by the insecticide

applications. Furthermore, artificial substrate and rock sampling

revealed no apparent reduction tn numbers within any particular

invertebrate taxa. At one station Brachycentridae and Hydropsychidae

were significantly reduced in Surber samples. Small post-spray decreases

were also noted in Baetidae, Heptageniidae, Plecoptera and Simuliidae,

and may have been insecticide-induced. By the end of the study numbers

of Baetidae, Plecoptera, Brachycentridae and Simuliidae were still low,

but Heptageniidae and Hydrcpsychidae had both at least partially

recovered.

Much more severe impacts have been documented following single

applications of SEVTN-4-0IL® at dosage rates of 840 g (AI)/ha and

1120 g CAI)/ha in Maine (Trial and Gibbs, 1978; Trial, 1978; Trial,

1979). Following applications at these dosage rates, populations of

Ephemeroptera, Diptera and Plecoptera were all significantly decreased

and aquatic insect communities were altered in terms of generic composi

tion for up to 2 years. Gibbs et al. (1979) studied split applications

of SEVINT-4-OIL® in Maine in 1978 and found that, at a dosage rate of

350 g (AI)/ha + 770 g (AI)/ha, decreases in Ephemeroptera, Plecoptera

and Trichoptera populations occurred. Where the second application was

at a lower dosage rate (350 g (AI)/ha + 350 g (AI)/ha) however, no

effect on the standing crop of aquacic organisms was observed.

The insecticide applications appear to have had little overall

effect on brook trout diets. Plecoptera, Ephemeroptera, Simuliidae and

Chironomidae were all found in increased numbers in brook, trout stomachs
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1 day after the first application, probably as a result of increased
feeding by brook trout on insecticide-induced drift. A similar pattern
of increased post-spray feeding by brook trout on immature aquatic
insects was reported with SEVIN-4-OIL® in Maine (Hulbert, 1978).

Terrestrial arthropods significantly increased in importance in brook

trout diets 3 days after the second application, but not apparently as

a result of increased feeding on terrestrial invertebrate knockdown,

since the total number of terrestrial invertebrates eaten in this sample

was not significantly different from the number eaten in either of the
2 previous samples.

Slimy sculpins diets also appear to have been only slightly

altered as a result of the insecticide application. Simuliidae larvae

were totally absent from sculpin diets 3 and 9 days after the second

application which may be indicative of temporarily reduced populations.

Fish condition factors can be useful for comparing the relative

well-being of fish populations. Condition factors for brook trout from

the treated stream were in the same general range as those from the 2

control streams, suggesting that the insecticide applications did not

have any significant effect on the general health of brook trout.

CONCLUSIONS

A split application of SEVIN-2-OIL® at a dosage rate of 280 g

(Al/ha application had no obvious harmful effects on forest songbirds,

wild pollinators or native fish. Knockdown of non-target terrestrial

arthropods was generally light. Although there was some indication of

population reductions in at least a few benthic invertebrate groups,

overall effects were slight, and neither the standing crop of aquatic

invertebrates, nor the quantity of food available to brook trout and

slimy sculpins, appeared to be reduced.
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Terrestrial invertebrate knockdown in

treated and control areas

Gloucester County, Saw Brunswick



TabJ ti L. Terrestrial invartebratfl knockdown from balsam fir, Treatment Block >
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Table 2. Terrestrial invertebrate knockdown from balsam fir, Untreated Control, Gloucester Comity,

New Brunswick, 5-23 June 1980.
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Table 3. Terrestrial Invertebrate knockdown, Treatment strectm, Gloucester County,

New Brunswick, 4-22 jpne \W0.
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Table 4. Terrestrial Invertebrate knockdown, Untreated control stream, SloueeateT County, Hes Brunswick,

4 - 22 June 1980.
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Table 5. Terrestrial «•*»!«■ (««*ht in drift nat s*ts* MiddU Brook Tteatmeac S^ttoo a,
Gloucester County, New Brunswick, 2-22 June 1980,
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Table 3. Terrestrial organJams caugliL in drift net sets*, Mitidlu Brook Trentunent Station A,

Gloucester Cotraty, New Brunswick, 2-22 Juoa 1980. (Concluded)
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Table 6. Terrestrial organisms Caught in drifL net ants, liasa lirutik Control Suasion, (Jlouc*iHLei County,

New Hrunsuick, 2-22 June 1980.
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Table 6. Terrestrial orgtinltsms caught, in <lrift net ^lb, Bafla Brook Control Station, Gloucester County
N Brunswick, 1 - Tl Jtm<a LyatJ. (Concluded)
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APPENDIX II

Population, structure of bird communities

on treatment and control plots,

Gloucester County, New 3runswick.



Common and Scientific names of bird species

Sr Iflll If ll

1 MNAIUMUAt-L

Bo*>n$Q uiijiy.l Ii

AFBIMIMB

IKtKlllLIOAE

AvoftiZooituo Q

Ct/laptaa

lltl il.l|-f 14MJ

(/rtnil iJ

COKVIIMB

Cyan.*;! ttii iTriuf

CaruuB morax

r.it fiu hutbutnitHit

S4TT1IHE

'i;f 1'1/yttfB /rt•ij!\?t!ijti:if

l,t guttata

iti latlnlalft

Hi •■-■■I -uillgOl] luuk

1J11 h-ni!y i.u J f L

Hully-|1irtinted Imi !:■ I I i (I

1 '..11,1,111 ll 1

muni

Vb.11 mi

Jl.iity

Alder

Bag l t ,■

mivL-

Citiy J

Hint 1

lll.l.r

til Uj.LlJ|i

-teUUid u .1 y Ei in"

uumlfiacbu i

ii tai iril

flycaicli

fjycntcli

It IKHtd ('

•Wed ci

11 jpca ii

Jlyr.IL

«T

ycatcUe

brcoetod rtuthatcli

III iiuii i i

W1111 u f u I l- i

Aim:I I cull r.it.In

Ueiall tin null

S".tl11aim'a Uu n

Vetri ^

il II 1l iijbc tlumudtw. umM

" ■ I ■: I = ■.--■ -s g "..

virun otivatteus

PAHUltlME

fiHuititt.i varia

l'i-'lW IUJHI fJ(!J'i:--j|l

hinni iJuf-ii fufiih

f

iluirua uuiiiciijnl Itia

:,,,,,. : i..i j . ■'.(

Wilaonin ctiiiuilutLuia

Stitf>iiliitj.i rut iLit 1 l,i

1CTLKL0AE

Bui&aclua ((itiiauta

lllKMJI'lMAt

firnrnw aUttaotta

KHJJfClll

Riabnoiidatta aanlitulin

i'in--u^:£ Ii^ijji ? i,.J. Jt»i4-( r j rj: j id

Bvepartftkona ttnoimrtitia

l'trrf>itJ,r,!\ii\ pupptiWUB

Ptutaala tnuelttatpr
Spi'JUB trinity

JtmOB huwixtl i ji

Vyixiilla \inaa6ptlia

Zonotriafiia atbiotlis
Matanpixa i inoalsii

Sn I I I .'I Jf

Hagiia] i.j "ii i li 111

l^iijit! H.uy u.i i li l<ii

HJdLk-iln.^iuJ Lltw wsrbUl

1 ■■ 11114 ] iim|Ji:J uj i li Iti

Ul .ick -1 liiiuiL nil |{[ll(tlt ujulilu

hi ^I'kliLti nl.iu u.jiLiIui

Clido I nut -u Lilu J u.i r tilt-i

3l.i y III •■ A-.t L <-il Will III i^ t

111 iu:k|H'L I wni Imi

Hula wjcLIci

llutnLJ rJ

HdillLt^H Ul.LtlUhl .1UI.

tlciu ii Lmj; vaiblei

(luaiwiii yv 1 i nul In sd I

L JI L :.dli ' :> u 11 I, 14-i

Canada u« blm

(jiiumujii gi.iik3e

II MIL 11 III ..I. . i , . : ! Ill

Seal let

i •Until

g

I'm |< I ■ II in li

Pint emui.i,.).

Auk-'i. (can (t" J «!■£ lin 11

1>H k-tyeil limn

<!li I |.[iicin wpuj row

(.IiIIl: tlniiiiluJ b|.i.iiiuu

i.jncoIn ei ti|k.n"i*>j

|d||iy



Tabls 1

Forest bird population census

Sevin Treatment Block

AT larilvillii, New Hruiiswiek

2-23 June, 19U0
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Table 1
Forest bird popu1ul i on census
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Table 2

Forest bird population census

Un created Com rol Block

2-23 Jtinti, 1980
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APPENDIX III

3reeding ;erritories of selected bird species occupying

niches of varying exposure to the insecticide,

Gloucester County, New Brunswick.
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Figure 1:

'respray

Postspray 1

Poscspray 2

3reeding CerriCories of che Lease flycatcher. Large circles

represent nesting territories and small circles represent

single records. Numbers within circles represent number of

davs recorded in territory.
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Prespray

figure 2:

Postspray I

Postspray 2

3reeding territories of Che Ruby-crowned kinglet. Large

circles represent nesting territories and small circles

represent single records. Numbers within circles represent

number of davs recorded in territorv.
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.- igure 3:

Prespray

Postspray 1

Postspray 2

Breeding territories of che SoliCar;/ vireo. Large circles

represent nesting territories and small circles represent

single records. Numbers within circles represent number o;

days recorded in territory.
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Figure 4 :

'respray

?ostspray

Posrpspray 2

Breeding territories of Che Black-chroated green warbler.

Large circles represent nesting terriCories and small

circles represent single records. Numbers siChin circles

represent number of days recorded in territory.



CONTROL TREATMENT

o

Figure 5:

Prespray

Postspray 1

Postspray 2

Breeding territories of the Blackburnian warbler. Large

circles represent nesting territories and small circles

represent single records. Xumbers within circles represent

number of days recorded in territory.



CONTROL TREATMENT

o

o:

Prespray

, Postspray 1

Postspray 2

3reeding territories of the Baybreasted warbler. Large

circles represent nesting territories and small circles

represent single records. Numbers within circles represent

number of days recorded in territory.
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Figure 7:

Prespray

Poscscrav 1

Postspray 2

Breeding territories of the Common yellowthroac. Large

circles represent nesting territories and small circles

represent single records. Numbers within circles represent

number of days recorded in territory.
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Figure 8:

Prespray

PostSDrav 1

Postspray 2

Breeding territories of the Tennessee warbler. Large circles

represent nesting territories and small circles represent

single records. Numbers within circles represent number of

days recorded in territory.
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Figure 9:

Prespray

Postspray 1

Postspray 2

Breeding territories of the Magnolia warbler. Large circles

represent nesting territories and small circles represent

single records. Numbers within circles represent number of

days recorded in territory.
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~igure 10:

Prespray

Poscspray 1

Postspray 2

Breeding territories of the Swainson's thrush. Large

circles represent nesting territories and small circles

represent single records. Numbers within circles represent

number of days recorded in territory.
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Figure 11:

Prespray

Poscspray 1

Poscspray 2

3reeding territories of che Ovenbird. Large circles

represenc nesting CarriCories and small circles represenc

single records. Numbers wichin circles represenc nunber

of days recorded in territory.
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O Prespray

Postspray 1

Postspray 2

Figure 12: Breeding territories of che White-throated sparrow. Large

circles represent nesting territories and small circles

represent single records, Numbers within circles represent

number of days recorded in territory.



APPENDIX IV

Aquatic invertebrates collected in drift net seta and

by Surber, rock and artificial substrate sampling in

the treatment and control streams, Gloucester County,

New 3runswick.



Table 1. Aquatic: organisms caught In drift net seLs*, Middle Urook Treatment Station A,

Gloucester County, New Brunswick, 2-22 June, 19H0.
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TabJe 1. Aquatic organisms caught d n drift net sets*, Middle Brook Truatment Station A,

Gloucester County, New Brunswick, 2-22 June* 1CJ8O. (Continued]
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Table 1. Aquatic organisms caught in drift net sets*, Middle Brook Treatment Station A,

Gloucester County, New Brunswick, 2-22 June, 1980. (Concluded)
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Table 2. Aquatic organisms caught in drift net sets*, B&s£ Brook Control Station, Gloucester County,

eu llrunswick. 2-22 June 1980.
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Table 2. Aquatic organisms caught in drift aec stts*, Buss Brook Control Spation, Gloucester County,

New Brunswick, 2-22 June l9tiO. (Continued)
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Tab I ^ '1, Aquatic organisms caught in drift net sets*, Bass Broak Control Station, CLouctssLer County,

New Brunswick, 2-22 June 1980. (Concluded)
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Table 3

Aquatic -invertebrates collected from artificial substrates*,

Middle Brook Treatment Station,

Gloucester County, New Brunswick

7 June - 1 August 1980
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Table 4

Aquatic invertebrates collected from artificial substrates*,

3ass Brook Control Station,

Gloucester County, Mew Brunswick.

7 June - 1 August 1980

y3 batara ar afier :irat
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•rsean nuihers it :roa fitvn artificial subatratea

-51 f+45)
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Table 5. Aquatic Invertebrates colkcLml In Surlier samples*, Middle Brook Treatment

Stacton A, Gloucester County, New Brunswick, i\ May - ] Angusl 1*J()H,
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Table 6. Aquatic invertebrates collected in Surber samples*, Middle Brook Treatment

Station «» Gloucester County, New Brunswick, 2 June - 1 August 1980.
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Table 7. Aquatic iav^rcuhrateB collected in Surber samples*, Bass ttrook Control

Station, Gloucester County, New Brunswick, !H May - 1 August; 19HU.
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Tabla 8
Aquatic i nv^rtebrril:t:iJ collected from rocks*,

Middle Brook Treat&ent Station A,

Gloucester County, New Brunswick

Jl May - 1 August
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Table 9

AquaLic Invertebrates collected from rocks*,

MitUllt: Brook Treatment Station li

CI.ulicester County, New Brunswick

2 June - 1 August
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Table 10

Aquatic invertebrates collected from rocks*,

Bass Brook Control Station,

UloucesLer County, New Brunswick

31 May - 1 August 1980
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APPENDIX V

SCoraach content analyses for brook crout and slimy sculpins

collected from the treatment and control streams,

Gloucester County, New Brunswick.



Table 1. ISrook trout sampled for stomach coitcenc scalyflis, Middle Brook Treatment^ Gloucester County,

New Brunswick.

31 May-

DaCe J June 12 June 20 June 26 June 3 Annual.

Number of fish sampled 10 10 13 10 5

Mean fork I <-'nj'i:h (mm)

Range

Mean weight (g)

Range

Mean vo ] ume of stoinacli contents (ml)

Kange

Mean (volume of stoanacb concents/body welgliLj 0.036 0.U5O 0.025 0.033 0.016

Range 0.018-0.068 0.009-0.3AU 0.1)11-0.105 0.001-0.071 0.006-0.030

Fulton's coefficient of fiondition (K)* L.17 1.19 1.21 1.26 1.22

L.OI-1.33 1.07-1.20 l.U-1.33 1.16-1.35 1.17-1.26

121.30

103-193

30.06

U. 5-84.4

1.23

0.2-5.7

121.00

93-146

22.00

9.6-36.1

o.yi

0.2-3-1

119.46

&3-143

21.97

7.6-34.9

0.65

0.2-2.0

L27.80

85-183

30. 2 J

7.'J-7«.9

0.90

<0.1-3.5

L23.OO

HB-16H

27.16

a.0-59.1

0.40

<o.i-o.a

w - wt:lgbL (g)

J. = fork J/un^Lli (nun)



Table 2. Sculplns sampled for stomach concent analysis, Middle Brook Treatment,

Gloucester County, New Brunswick.

31 May-

Date 1 June 12 June 20 June 26 June 3 August;

Number af fish sampled 10 11 11 10 10

Mean total length (mm)

Kaitge

Mean weight (g)

Range

Mean volume of stomach contents (ml.)

Range

Mean (volume of a comaeh contents/ 0.05 0.05 0.02 0.02 0.02

body weight)

O.O3-O.O9 0,01-0.12 0-0.04 0.01-0.03 0-0.04

65.70

42-113

3.90

0.9-14.2

0.15

<0.1-0.4

63.55

45-88

3.70

1.7-7.2

0.19

<0.1-0.3

60.91

50-82

3.46

2.1-6.8

0,05

0-0.1

68.20

48-85

4,27

1.6-8.5

0.08

<0.1-0.2

4 a-

,50

-82

J p J»O

1.2-10.4

O,(

0-0,

)8

.2



Table 3- Brook trouc sailed for stomach content aiiaiySia, Little Brook Control, Gloucester County, New Brunswick. 

2 Juno June 19 June 25 June 2 Aug. 

of £ifib sampled 

Mean fork length (mm) 

Range 

Mean weight Cg) 

Range 

Mean volume: of stomach contents (ml) 

Ha n £e 

Mean (volume of HLomncti contents/body uelglit) 

Fultoa'a coefficient of condition (K)* 

Range 

10 10 11 11 10 

*\H " w/lfix 10^ where w = weight (g) 
a = fork length (mm) 



Sculpins s^pled for ston|ac]l Con

County, Nfcw Brunswick, analysis, Little Brook Control, C

Dat

Number of fish

Mean total length (mm)
Range

Mean weight (g)

Eta n ge

Mean volume of stomach contents (m}\
Mange

Mean (volume of stomach contents/
btfdy weight)

63.10

50-80

2.39

0.15

.1-0.4

65.08

50-93

3.50

i.y-7.7

0.11

0-0.2

66.40

50-82

3.71

1-8-7.1

0.13

<0.1-0.3

71.50

56-87

5.1/,

2.9-8.5

0.13

<0.1-0.5

60.20

55-60

3.52

2.^5.5

0.08

<0.1-0.2



Table 5- Drnuk trotiL sampled for stomach content analysis, liaaa llrook Control, Gloucester
County, Now

UaLe J June 12 June 19 June 25 June

of flah sampled 15 n 12 13

Mean fo rk Iength (mm)

weight (&)

i/u.l nine uf Stomach con Lents (ml)

90.80

60-135

10, 15

2.4-28.4

0.33

D.l-Ll

98.82

71-122

12.28

3.9-20.2

0.86

0.2-2.6

97.42

72-137

12.20

5.0-27.4

0.41

0.1-1,1

103.54

73-165

15.3'J

4.8-52.5

0.65

O.i-4.0

Mean (volume of aLomach cantfents/ludy welglit) 0.034 0.075 0.40 0 034

0.021-0.052 0.025-0.160 O.Gli-O.O'X) 0.012-0.076

Fulton's coefficient of condition (K)* 1.13 1.17 1,22 1.21

1.02-1.23 1.06-1.27 1.07-1.40 i.07-1.39

- w/)i3 x 105 wlierii w = w^ighi: (^)
it - fork length (mm)



Table 6. Stomach contents of brook trout, Middle Uruok Treatment, (UuiicestiU" Cuimty,

New Brunswick.
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Table 7. Stoiftach eontenES Lit slimy aculplna, Middle Brook Treatrasnt, Gloucester County,

Brunswick.
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Table a. Stomach concents of brook Croat, tittle Urook C
County, New Uruniiwlck.
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Table <J. Stomach concents of slimy sculplne, LUtlu ftroolc Control, Gloucester County,
N Brunswick.
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Table JO, Stomach contenLs uf brook Lruut, ttuss Brook Control, Gloucester County,

New lirunawick.
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