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ABSTRACT

A split application of SEVIN-2-OIL® had no significant adverse
effect on either forest songbirds or wild pollinators, and only a
slight knockdown effect on non-target terrestrial arthropods.
Carbaryl residues as high as 313.7 pphb 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 availabilitv 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-2-0IL® 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

Un traitment fractionné progressif au SEVIN—2—OILHD n'a eu
aucun effet nocif important sur les oiseaux chanteurs sylvicoles et les
pollinisateurs sauvages, et n'a fait qu'assommer légérement des
arthropodes terrestres non cibles. Des résidus de carbaryl, i des
concentrations atteignant jusqu' 3 313,7 et 122,6 x 10 °, ont &té
décelés dams l'eau du cours d'eau, immédiatement aprés le premier et
le deuxiéme arrosages respectivement. Les concentrégions on baissé
rapidement mais &taient encore décelables (0,9 x 10 ) jusqu' & 10 jours
aprés l'arrosage. MEme so 'es deux épandages ont modifié le mode diurne
normal de dérive des invertébrés aquatiques, ils ont eu un effect global
négligeable sur les populations d'invertébrés benthiques. Des analyses
du contenu stomachal d'ombles de fontaine et de chabots visqueux ont
indiqué que la disponsibilité de nourriture n'avait pas &té réduite de
fagon importante. On n'a enregistré aucune mortalité d'ombles de
fontaine indigénes gardés en cages dans le cours d'eau traité jusqu' 3
10 jours aprés le deuxiéme E€pandage. Le bloc traité d'une superficie
de 400 ha se trouve prés d'Allardville, dans la circonscription de
Gloucester (Nouveau-Brunswick), et le traitement a &té appliqué en
deux fois 3 la dose de 280 g/ha chaque fois.
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INTRODUCTION

Carbaryl (l-napthyl N-methylcarbamate) is a broad spectrum
carbamate insecticide which, since its introduction in 1958 under the
trade name SEVIN®, has been registered for control of over 300 insect
pests worldwide. SEVIN-4-0IL®, an oil-based dispersion containing
4 pounds of carbaryl insecticide per U.S. gallon, is registered for
forest insect control in both Canada and the United States, and is
presently the product of choice for spruce budworm control in Maine.

In the United States, where SEVIN-4-0TL® is registered at
1120 grams active ingredient per hectare (1120 g (AI)/ha), the typical
strategy has been, up until fairly recently at least, a single applica-
tion at or near the maximum allowable dose. In 1978 however, the
operational use of split applications of SEVIN-4-0IL® was initiated in
Maine. It was theorized that split applications would allow a reduction
in the amount of active insecticide used, while at the same time
improving foliage protection and budworm population reduction (Trial,
1978).,

In Canada, SEVIN-4-0IL® is registered for spruce budworm
control at 550 to 1250 g (AI)/ha, but has to date received only limited
use in small scale experimental tests. High cost, a large required spray
volume and limited knowledge of performance and impact under Canadian
forest conditions have all been identified as obstacles to gaining
acceptance by Canadian regulatory agencies and bodies (Webb, 1978).
Consequently, in view of the successful results obtained recently with
split applications of SEVIN-4-0IL® at relatively low dosage rates in
Maine, an experimental split application was planned for New Brunswick
in 1980, with a view to overcoming some or all of the aforementioned
obstacles. The experimental design originally called for a split
application of SEVIN-4-0IL®, but because of the low dosage (280 g (AI)/ha)
and emission (1.4% 2/ha) rates, it was necessary to use a different
formulation (SEVIN-2-0IL®) containing 2, rather than 4, pounds of carbaryl
insecticide per U.S. gallon.

The Environmental Impact Section of the Forest Pest Management
Institute conducted a number of studies on the environmental effects of
this experimental application, the results of which are reported here.

SITE DESCRIPTION

Environmental impact studies were conducted in a 400 ha spray
block located in an old cut-over ares approximately 65 km southeast of
the town of Allardville in Gloucester County, New Brunswick (Figure 1),
The nearest operational spray blocks were located about § km to the west
and 6.5 km to the southeast, and the nearest experimental block was
1.7 km to the northeast.
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Figure 1. Location of spray blocks, Gloucester 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 taken on 8 June and 24 June were 0.07 m3/sec and 0.09 m3/sec
respectively. Balsam fir, 4dbies balsamea Mill., white spruce, Picea
glauca (Moench) Voss, sugar maple, dcer saccharum Marsh., red maple,
Acer rubrum L., mountain maple, Acer spicatum Lam., yellow birch, Betula
lutea Michx., black ash, Fraxinus nigra Marsh., speckled alder, 4Inus
rugosa (Du Roi) Spreng., smooth alder, Alnus serrulata (Ait.) Wwilld.,
red osier, Cornus stolonifera Michx., raspberry, Rubus sp. L. and ferns
were all common along the stream, and provided between 50 and 75% stream
cover.,

Two streams, Bass Brook and Little Brook, were used as controls
for the 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 and 15 June
were 0.12 m3/sec and 0.14 m3/sec respectively. Stream cover was provided
by white cedar, Chamaecyparis thyoides (L.) BSP., balsam fir, white
spruce, red, sugar and mountain maple, yellow birch, white birch, Betula
papyrifera Marsh., black ash, mountain ash, Sorbus americana Marsh,
speckled alder, smooth alder, willow, Salix sp. L., grape, Vitis $p. L.,
and ferns. Little Brook is 3-5 m wide, 15-60 cm deep, and has a moderate
current and rock and gravel bottom. Discharge on 8 June was 0.13 m3/sec.
The most common species found along this stream included balsam fir, white
spruce, black spruce, Picea mariagna (Mill.) BSP., white pine, Pinus
gtrobus L., white birch, red, sugar and mountain maple, speckled alder and
common elder, Sambucus canadensis L.

Water quality parameters for Middle and Bass Brooks are summarized
in Table 3,
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Table 1. Relative abundance of predominant plant species in the SEVIN-2-01L spray block,
Gloucester County, New Brunswick 1980.

Overatory Understory
Halor Specles Percent Hajor Specley Percent
Whilte spruce Picaa gluuca (Moench) Vosy 37.3 Balsam flr Abies balsamea (L.) HLlL, ju.9
Red maple Acer vubrum |.. 28.7 Pin cherry Prunus pensylvanioa 1.. 11.6
White birch betula papyrifera Macsh, le.0 White Llrch Betula papyrifera Mavoh, 10.0
Balgam f1r Abies balvamea (1) i1, 10.4 Red maple Acer rubrum L. 9.4
I'tn cherry Prunus penaylvanica 1., 4.2 Mountaln maple Acer spicatun Law. 9.7
Yellow Lirel Bebula lutea Michx. .9 Simooth alder Alnus vervulata (AMe.) WILLd. 9.0
Poplay Fopulus tvemulotdes Mlehx, 1.4 Speckled alder Alnus rugosa (bu Rot) Spreng 3.3
White pine Pinue strobus 1. 0.1 Uillow Salix L. 1.2
Whilte spruce licea glauca (Moench) Voss 1.2
Poplar Populus tremuloides Michx. 1.0
Percent cover of overstory = 26, 3% Percent cover of understory = 56.5%



Table 2.

Relative abundance of predominant plant species in the control a
County, New Brunswick 1980,

rea, Gloucester

-~ —

Uverstory Underatory
Hajor Specles Fercent Major Specles Percent

Hed maple Acer rubrum L. 327 Balsam fir Abies balsamea (1..) MI11. 49,
White bivch Betula papyri fera Marsh 18.0 Red maple Aver rubimum 1., 11.
Black spruce Pileea mariana (H111.) BSP 15.4 Bluck spruce Picea mudfana (MI11.) Bsp 11.
HUhilte spruce Picea glawca (Moench) Voss 14.5 White bLlreh betula papyrvifera Marsh. 10.
HWhilte pine Finya ateobyu 1., 1.7 White spruce Pieea glauea (Moench) Voas 9,
Yellow Licch Betula lutea Miclix. 13 khodora hodora canadense (L.) Torr. 4
Beech Fagus grawdifolia Ench. 1.8 Pin cherry Peunus pensylvanica L. 2.
Balsom Clr Abieo Walsamea (1) MILL. 1.3 Yellow blreeh Hetula lutea Michx. 1.
Pln cherry Prunua penaylvanica L. 0.7 Speckled Alder Alnus rugosa (bu lol) Spreng 3
Hemlock Touga canadensia (L.) Carr. 0.6 Splraca Spiraea sp. 0.

Percent cove

¢ uf overstory = 36.5%

Percent cover of understory = 44.1%

-0 W
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Table 3. Water quality parameters in study stre

31 May-1 August 1980.

ams, Gloucester County, New Brunswick,

Temperature

Dissolved 0,

Hardness

Alkalinity

Sampling Station Date (°g) plt (mg/R) (gpg CaC03) (gpg CaCO3)
Mlddle Brook Station A  31/5/80 10.5 7.0 10 - -
21/6/80 11.0 7.5 9 4 =
27/6/80 16:5 7.0 8 3 =
1/8/80 16.5 6.5 8 2 1
Station B 2/6/80 11.5 7.0 10 - =
21/6/80 1L.0 7.5 9 6 -
27/6/80 16.5 7.0 8 3 -
1/8/80 15.5 6.5 8 2 1
Bass Brook Control 31/5/80 8.5 7.5 11 - =
21/6/80 12.0 1.0 9 6 ]
26/6/80 14.5 7.5 9 4 =
1/8/80 16.0 7.0 i 3 1

* determined using a llach Kit, Model AL-36B



METHODS

INSECTICIDE FORMULATION AND APPLICATION

SEVIN-2-0IL® 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 2/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 2 SEVIN-2-0IL ® (240 g (AI)/2)! 807 by volume
106.4 2 Insecticide Diluent 5852 18% by volume
11.8 2 Automate B red dye? 27 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 at
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 (°C) 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

! pnion Carbide Corporation, Jacksonville, Florida
2 Shell Canada Ltd., Toronto, Ontario
3 Morton Williams Ltd., Ajax, Ontario



DEPOSIT MEASUREMENT

Deposit samplers consisted of two 11 x 16 cm stainless steel plates
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). At 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 Jume to
23 June, and transferred directly into vials containing a 30% methanol
solution. A separate vial was kept for each bucket. Collections were
later identified in the 1lab.

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 the 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.

Tentatlve identifications of bee species from exposure cages.

Treatment

Control

Flrat application Specles that died

Paithyrus sp. (1)

Specles that survived
-to_end of experiment

Bombua pagans Smith (1Q)
Paithyrua sp. (6)

Rombus ternariua Say (10Q)
Bombus fervidus Fabriciuo (1Q)
Bombua borealin Klrby (1Q)

Second application  Specles that dled

ln:

hAY:

queen
wvorker

B. ternarius (1Q)
Paithyrus sp. (1)

Specles that survived
_to end of experlment

B. ternarius (4Q)
. wvagana (4Q)

Potthyrus ap. (2)
Bombus terricola ¥Kirby (1) and 2W)
B. borealia (17)

Date of mortality

21 June

Date of mortality

Specles .that dled

B, vagana (1Q)*
Poithyrua ap. (1)

Specles that smvived
_to end of experlment
B. wvagang (40 and W) &%
Paithyrus ap. (3)

B. ternarius (1

b. fervidun (1Q)
Andrentdae (1)

Specles that dled

17 June
27 June

B. vagana (2Q)
B. terricola (1Q and 1W)

Specles that survived
_to end of experiment
B. ternariue (30, 1W)

B. vagans (4, 1w)
H. terricola (20, 2W)

Date of mortality

14 June
21 June

bate of mortalicy

21 and 23 June
23 and 24 June

0T
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Seed set in Clintonia

To study the effect of the insecticide on natural pollinators,
seed set in Clintonia borealis (Ait.) Raf. was compared before and
after treatment. For prespray samples, Clintonta plants with 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
tagged as 'Post-spray l1' and 'Post-spray 2' samples, respectively.
Samples were spread over a number of different sites to ensure that
variation was not due to habitat differences:

Number of sites collections were made from:

Treatment Sites Control Sites
Pre-spray 25 16
Post-spray 1 10 9
Post—-spray 2 14 15

After subsequent observations, it was obvious that the plants
would have to be covered to protect them from herbivores. This also
enabhled collection of fruits at the end of the study without losing
those fruits which ripened early and fell cff the 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 collected a month later
(30 and 31 July) and preserved in the field with Romeis's Formyl
Acetic Acid (Gray 1973). Samples were dissected in the lab and the
number of fertilized and unfertilized 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 80 m of the road,
but some individuals of species with loud songs were recorded up to



140 m from the road. Censuses were conducted simultaneously in the
control area along a transect of the 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 eachcensus to differentiate the
effects of weather on songbird activity.

AQUATIC STUDIES
Insecticide Residues
Water

Carbaryl residues were measured in samples of water collected
from the 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, 4h14d, 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 XAD-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 (Salvelinus fontinalis Mitchill) and slimy
sculpins (Cottus cognatus 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 Whatman 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

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 um) 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) x duration of drift sample
2 G

(sec) = m°® of water in drift column

width of drift net opening (m) x current velocity
(m/sec) x duration of drift (sec) = m? 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:



number of organisms/m3 of water in drift column (aquatic
organisms)

number of organisms/m? of surface area of drift column
(terrestrial organisms)

Artificial Substrates

Artificial substrates consisted of 1 = 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 to 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 the 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:



Mean Fork Length (mm) Range
Middle Brook Treatment 1:22.8 94-165
Little Brook Control 122.8 101-184

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 Brook (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 103/length?).
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 on stream-bank samplers. Deposit
along the road was more than 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 dayvs.
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-OIL treatment block*, sprayed 11 and 17 June, 1980,
Gloucester County, New Brunswick.

No. of Mean drop Mean volume Mean 7 of
deposit density2 deposited emitted volume
samplers drops/cm 1/ha recovered
First Application  Instream 6 1212
Streambank 6 10.85 228 178
Road 10 23.78 0.42 28.8
Second Application Instream 6 5.47
Streambank 6 329 9.2 L9535
Road 10 7.56 0.12 8.2

*spray emlssion rate of 1.46 1/ha
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to heavy rainfall. Although a fairly large knockdown was indicated
6 days after 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, the 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, not 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 117 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 appllication

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 8 9 10 mortality
Treated bees 0/13 0/13 0/13 0/13 0/13 0/13 0/13 0/13 0/13 0/13 1/12 Tod
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
g
Second application
Day of June 17 18 19 20 21 22 23 24 Percent
Days after the application 0 1 2 3 4 5 6 7 mortality
Treated 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 4/13  23.5
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Seed Set In Clintonia

The reproductive success of (Clintonia did not appear to be
affected as a result of either SEVIN-2-OIL® application (Figure 5).
Seed set in the treatment block was 22.47% 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 notad on
control (4.9% as opposed to 0.6%).

Bumblebees, particularly Bombus ternarius, were observed
visiting Clintonia 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 180 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 fseding 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 days the territories were occupied, remained fairly comstant during
the study period, or exhibited trends similar to those in the control
area (Table 8). Possible discrepancies were the solitary vireo and
the Swainson'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 to insecticlde poisoning.

HSpecles

Least [lycatcher
luby-crowned kinglet
Solltary vireo

Hlavkburntan warbler
Hay-bireasted warbles

Treatment Control
Pre-upray Avg. Post-spray | Avg. Post-spray 2 Avg. Change Precsproay Avg. Post-spray 1 Avg. Post-spray 2 Avg. Change
.9 4.0 6.3 13.4 2.9 1.3 6.1 13.4
1.1 4.8 4.1 =2.4 10.1 9.5 1.1 ~-2.8
L.b 1.3 5.3 10.17 2.9 2.} 1.1 -1.&
Mlack-throated green warbler 3.7 0.7 4.7 1.0 1.1 5.7 5.0 -2.1
1.1 10.3 9.3 +2.2 6.4 5.8 1.3 10.9
8.4 12.8 5.3 10.9 16.3 14.5 14.1 -2.0
5.8 -4.2

Tatal change

* average number of

breeding pairs of birds censused per day

e



Table 8. Changes in the number of territories and the average number of days territories were
occupied for several selected specles of forest songbirds, Gloucester County, New

Brunswicle 1980.

Treatment

Number of
territorie

S

Feeds in flight

Least flycatcher

Canopy feeders

Ruby-crowned kinglet
Solitary vireo
Blackthroated green warbler
Blackburnian warbler
Baybreasted warbler

Shrub Feeders

Common yellowthroat
Tennessee warbler
Magnolia warbler

Ground lFeeders

Swalnsons thrush
Ovenbird
Whitethroated sparrow

+2

Average number
of days

Control

Number of

Average number

territories of days

S# 13
-2 S
-1 +1
] +1
+1 S
+1 S
S -1
S +1
S S

|

+7 +5
+1 5
+1 +1

%5 = gsame

€¢
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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 &), 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 alsoc 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 m°) and the second 3% hours later
(approximately 71 times the pre-spray morning average).



Table 9. Carbaryl residues in stream water following a double
application of SEVIN-2-0IL, Gloucestar County, New
Brunswick 1980.

Time afcer application Carbarvl (ppb)
First application 0.15 hour 313.7
(280g AI/ha) 0.5 hour 40.0
1.Q hour 18.7
1.5 hours 30.2
2.0 hours 21.2
3.0 hours _ 13.3
5.0 hours 15.1
1 day 7:2
2 days 1.5
3 days 1.0
4 days 0.6
5 days 3.4
Second application 0 hour 122.6
(280g AL/ha) 0.5 hour 24.0
1.0 hour 13.7
1.5 hours 10.8
2.0 hours 11.5
3.0 hours 5.4
4.0 hours 9.7
1 day 4.4
2 davs 3.1
3 days 1.2
4 days 1.8
5 days 2.0
6 days 0.8
7 days 0.4
8 days 1.3
9 days 0.7
10 days 2.2




Table 10. Residues of carbaryl in brook trout tissues following a double application of
SEVIN-2-0IL, Gloucester County, New Brunswick 1980.

Date Tail length (mm)#*% Body welght (g)#*# Carbaryl (ppb)
31 May 136 18,9 N.D
124 16.9 N.D
151 25.5 N.D.
120 14.9 N.D.
*
12 June 126 17.4 42
128 18.4 46
131 19.9 40
o 139 23,2 40
20 June 136 25..7 N.D.
130 19.8 N.D.
128 17.5 N.D.
132 22.1 N.D.
26 June 134 21.% 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.D.
96 7.7 N.D.

*application at 0631 ADT on 11 June 1980 and again at 0819 ADT on 17 June 1980
**%tail lengths and body weight were measured after fish had been frozen and thawed
N.D. = not detectable (<20 ppb)
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Table 11. Resldues of carbaryl in slimy sculpin tissues following a double application of
SEVIN-2-0IL, Gloucester County, New Brunswick 1980.

Tail length (mm)#**

Number of IFish

Date Analysed Mean Range Sample Weight (g)*#* Carbaryl (ppb)
31 May 2 62.5 52=73 5.3 N.D
" 4 54.3 49-57 6.1 N.D
12 June 1 82.0 - 5.9 25
2 675 67-68 6.6 32
N 2 66.5 65-68 5.8 24
x 2 61.5 60-63 4.9 25
20 June 2 65.5 52-79 5.4 N.D.
1 84.0 - 5.7 N.D.
2 66.5 66-67 5.6 N.D.
3 59.3 58-60 6.5 N.D,
26 June 1 85.0 - 7.2 N.D.
1 T0 - S N.D.
2 72.5 72-73 19 N.D.
2 65.5 64-617 525 N.D
1 84.0 - 5.9 N.D.
2 66.5 66-67 S8 N.D.
3 54.7 50-58 5.4 N.D.

*kapplication at 0631 ADT on 11 June 1980 and again at 0819 ADT on 17 June 1980
*%rall lengths and sample weights were measured after fish had been frozen and thawed
N.D. = not detectable (<20 ppb)
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Simuliidae and Chironomidae (Diptera) were the most abundant
organisms in the first peak making up 83 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 m?. Baetidae
(Ephemeroptera) and Plecoptera were the most abundant orgzanisms in
the second peak making up 89 and 7% of the total, with drift rates
approximately 648 and 102 times their pre-spray morning averages of
0.10 and 0.05 nymphs per m? 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, Hydracarina,
Hydropsychidae (Trichoptera) and Rhagionidae (Diptera) also appear to
have been spray related. Plecoptera, Baetidae, Polycentropodidae and
Simuliidae were still drifting in abnormally high numbers 6 hours
after 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 omne
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 % 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 spray 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 m? in the pre-
spray to 0.74 per m> for the 5 days following the first spray and to
0.62 per m? for the 5 days following the second spray.

T )
letal cubstrates

No statistically significant (P<.05) reductions in numbers were
noted in any taxa between 7 and 22 June (from & days prior to any
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insecticide application to 5 days after the second application)
(Appendix IV: Table 3). Numbers of Baetidae, Leptophlebiidae,
Ephemerellidae, Plecoptera and Elmidae all decreased slightly within
the treatment stream after the first spray but increased again after
the second spray. The same pattern was observed for Baetidae and
Plecoptera in the control stream (Appendix IV: Table 4). Over the
same period significant increases were noted for Chironomidae and
Empididae (Diptera) 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(+5) day post-spray sample on 22 June
(Figure 9; Appendix IV: Tables 3-4). Bv +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 Leptophlebiidae
(Ephemeroptera), Hydropsychidae, Hydroptilidae 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 (1 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 Hydropsvchidae and Brachycentridae (Trichoptera)
collected at Station A 2 days after the first application were signif-
icantly lower than in either cof the 2 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 (1l August)
Hydropsychidae had increased in abundance to a level not significantly
different from the pre-spray. Numbers of Plecoptera and Ephemerellidae
were significantly lower in the +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(+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. Baetidae, 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 +531(+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 additionm,
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.
Rock 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). 1In 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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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 (X) ranged from 0.80 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
Brook). 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 Brook and from 1.09 to 1.34 (mean 1.20) for the control stream
(Little Brook).

Brook trout caged in Middle Brook were observed actively feed-
ing on drifting aquatic invertebrates 1-3 hours after the first applica-
tion. This behaviourwasnot seen to any great extent at any other
time, including the second spray day. Otherwise no obvicus behavioural
changes or ill effects were observed in those fish exposed to the
insecticide applications.

Results of stomach content analyses for broock trout and slimy
sculpins from the treatment stream (Middle Brook) and the control
streams (Little and Bass 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 most important food items in the

diets of Middle Brook brook trout, making up 38.0 and 43.8% of the
total volume of food organisms consumed raespectively. Aquatic
Coleoptera, Simuliidae, Chironomidae and Ephemeroptera were also con-
sumed in significant amounts on this date. Immediately after the firs
spray large numbers of Plecoptera and Simuliidae were found in brook
trout sctomachs. Incrazses in the volumes of Plecoptera and Simuliidae
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Table 12, Codes used to represent various food items in the diets
of brook trout and slimy sculpins from the treatment
and control streams.

TA terrestrial arthropods
AT aquatic insects

Ple Plecoptera

Eph Ephemeroptera

Odon Odonata

Hem Hemiptera

Meg Megaloptera

Tri Trichoptera

Col Coleoptera

Tip Diptera: Tipulidae

Sim Diptera: Simuliidae
Chir Diptera: Chironomidae
Hel Diptera: Heleidae

Tab Diptera: Tabanidae
Misc Miscellaneous

0 other aquatic invertebrates

Am Amphibian eggs




in the diet at this time (from 0.9 to 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 64.3% 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 Heleidae (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
28.0% of the total volume respectively. At this time almost half of
the Trichoptera eaten 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
the bulk of the diet, contributing between 55.0 and 70.5% to the
total volume. In the 25 June sample terrestrial invertebrates were
somewhat reduced in importance contributing only 18.3% to the total
volume. 1In 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 ianvertebrates, 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 a
corresponding decrease in the amounts of aquatic organisms eaten.
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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 atfter the 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
evident up to 45 days later. A similar trend was noted in the control
stream.

Fish Condition Coeffictents

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-2-0IL® 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 (4.5°C) 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 meteorolegical conditions during the second post-spray
time period were more favourable toadvance weathering of the
chemical (it 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
4, 1 and 3 days, respectively, longer than that of the first
application.

The high toxicity of SEVIN® 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 Vibermum cassanoides L. ;
were reported by Miliczy and Osgood (1979) following a SEVIN-4-0IL®
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
Clintonia, a plant common within the spray block and dependent upon
biotic pollinators, particularly bumblebees, for fruit set (Thaler and
Plowright 1980). No significant contact toxicity to wild bees was
indicated however, nor was there any observed reduction in the fecundity
of Clintonia. Reasons for the lack of effect may have been the lower
sensitivity of bumblebees as compared to honeybees (Johansen 1977), and



the relatively low dosage rate used in this study. The argument could
also be made that exposure cages are artificial and that the exposure
time was too short. Using the same method however, Plowright et al.
(1978) found that fenitrothiom, at a dosage rate of 210 g (AI)/ha

caused significant mortality. Plowright and Pendrel (1978) determined
that most insecticide—induced mortality to 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-4-0IL® on forest songbirds. Gramlich (1979) monitored cholin-
esterase levels in songbirds exposed to a split application of SEVIN-4-
OIL® (550 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-4-0IL®'inMaine, and cites a number of studies with the same
conclusions. Bart and Hunter (1978) cite 6 studies in which applications
of SEVIN® 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 to detect any significant decline in singing male
surveys. Moulding (1976), on the other hand, was able to demonstrate
a 35% 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 Moulding's results to alteratioms 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 monitored 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-2-0IL® applications. '

The conclusions of Richmond et al. (1979) point out the impor-
tance of food supply to the stability of bird populations. 1In 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 invertehrates 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 that 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-4-0IL® 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-4-0IL® 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-O0IL® 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. 1In 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-4-0IL® (840 g (AI)/ha) in 1976, Hulbert
(1978) measured carbaryl concentrations in 3 Maine streams ranging from
25.6Q 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-4-0IL® 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 % 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



51

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
water 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 Zrom 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
Maine. 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 Brook brook trout
(40-46 ppb) and slimy sculpins (24-32 ppb) 1 day after the first SEVIN-
2-0IL® 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. 1In 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
carbamate insecticide, mexacarbate (Zectran®), in northern brook silver-
side, also in a model ecosystem.

Acute toxicity testing by means of static and flow-through
bicassays can be valuable in providing base line toxicity data on
candidate forestry insecticides, and with some cares the results of
these bioassays can be extrapolated to predict effects in the field.
Post and Schroeder (1971) found a 96 hour LCs5y 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 LCsys for technical
carbaryl (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 the 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 LCsgs and declined very rapidly.

A number of investigators have demonstrated increases in
aquatic invertebrate drift following single aerial applications of
SEVIN-4-0IL® 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). 1In the present study both
applications of SEVIN-2-OIL® 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-4-0IL® 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-OIL® application. Maximum drifts of Simuliidae and
Chironomidae were recorded % 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 anv severe depletion in the benthos. There
are at least 2 possible explanations for this:



53

1) that the 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 New 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 wvariability
between replicate samples was associated with each method of
sampling benthic invertebrates. This variability was generally
smallest in artificial substrate collections and greatest in rock
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 Brook was not significantly reduced by the insecticide
applications. Furthermore, artificial substrate and rock sampling
revealed no apparent reduction in 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 Hydropsychidae had both at least partially
recovered.

Much more severe impacts have been documented following single
applications of SEVIN-4-OIL® at dosage rates of 840 g (AI)/ha and
1120 g (AI)/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 SEVIN-4-OIL® in Maine in 1978 and found that, at a dosage rate of
350 g (AI)/ha + 770 g (AI)/ha, decreasss 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 aquatic 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 applicationm, 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
(AI/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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APPENDIX I

Terrestrial invertebrate knockdown in
treated and control areas
Gloucester County, New Brunswick



Table 1.

lays betore or after application
of 0,280 kg AN/l SEVIN-2-01184
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Table 2. Terrestrial invertebrate knockdown from balsam fir, Untreated Control,

New Brunswick, 5 - 23 June 1980.

Gloucester County,

.

Days before or after application Prasgray Postspray 1 Fastpray 11
of 0.280 kg Al/ha SEVIN-2-0118% -6 -5 -4 -3 -2 -1 Avg. 10 11 +2 43 14 +5 Avg. 10 +1 42 +3  t4 45 16 Avg.
Avanelda . .1 L2 2 04 4| 01 2 04
Homoptera 1 01 ¢ 04
Coleoptera
Cavabildae adults .1 1 .03 ¢ .05
Staphylintdae adults .1 .02 ¢ .04
Scarabaeldae adults o I | 03 ¢ .05
Llatecidae adults ! .1 .02 ¢+ .04 4 .1 1) B 111
Other adules J .02 1 .04
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Tortricidae larvae e U | 07 ¢ .12
IIIplt:l':I
Fipul fdae adulis o | 02 0t .04
Biblonldae adults <1 VD 1
Selarldae adults .2 .03 4,08 .1 .1 A 09 1 15
Cecldomytldae adults .1 L0 2 04
Fhorldae adules .1 01 2 04
Other adults .1 02 1,04 .1 il L4 L o8
llymenopl era
Ichneumonldae adults .1 01t 04
Formleldoe adults | ik 00 2 05
Total terrestrlal fnvertebrates <k 3 .2 0 0 0o .10 ¢+ .13 o .3 IS G S | 1] A3 2 14 .1 .3 2 -1 1 .2 1.0 W29 ¢ 42

Aapplicatlon from 0552 to 0640 ADT on L1 June 1980 wod from OBOB to 0852 ADT on 17 June 1980.



Table 3. Terrestrial invertebrate knockdown, Treatment stream, Gloucester County,
New Brunswick, 4 - 22 June 1980.

Bays before or after application Preapray Pancapray 1 Poscapray 11
of 0.280 kg Al/la SEVIN-2-011@8% -7 -¢ -5 -4 -3 -2 -l Avg. 40 41 42 ) 44 45 Avg. 40 41 42 4) 44 45 Avg.
Plhialangtda 0,2 .03 ¢ .08
Acart 0.4 W06t .15 0.2 .03 ¢ .08 0.2 0.4 .0 .17
Arvanelda 0.4 0.4 0.2 0.2 0.2 .20 ¢ .16 0.2 0.2 00 1 L1000 0.4 0.6 0.6 0.2 .0+ .24
Collembolu 0.2 0.2 06 ¢ L1100 0.2 0.2 0.2 0.2 o0 o IS e [
'lecoptera : 0.2 A3 8 .08 0.8 0.4 0.4 0.2 LA L300 0.2 0.4 0.2 .13 : .16
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Tlugldae 0.2 03+ 08 0.2 L03 1 Ul
Others . 0.2 .0} ¢+ .08 0.2 .03 : .08
Homoptern
Aphididae 0.2 .03 1 .08
Othets 0.2 .03 ¢+ .08 0.2 .01 ¢+ .08
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Staphylinldae adulia 0.2 0.4 0.2 1t .16 0.2 0.2 1.4 3.8 5.4 0.6 1.93 1 2.17 1.62.2 2.6 1.00.4 0.4 1.32 + .92
Curcullonlde adultu 0.2 .03 ¢ .08 0,4 .07 ¢+ .16
Oeher ndults 0.2 .03+ .08 0.2 0.2 0.2 o r Ll 1,004 0.2 0.2 0.8 .43 : .39
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Sclur Ldue adults 1.8 2.0 2.0 1.4 2.4 1.0 2.6 1.B9 ¢ .55 4.2 7.0 2,0 3.0 3.62.6 3.73 1 1.77 4218 4.21.6 3.0 2.47 1 1.65
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Phor ldae adulta 0.2 03 ¢ .08 0.4 0,2 Jdo s 17 12 0.4 .27t .48
Other ndules 0.4 0.2 0.2 A1t 16 0.4 0.2 0.4 0.2 0.4 .27t 16 1.0 0.4 1.2 0.2 0.6 0.6 .67 .1
lymenopLera
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Chaleldotdea ndules 0.2 0.8 0.4 20+ .31 0.4 0.6 0.4 0,2 0.20.2 .33 .16 0.20.2 0,2 L Y
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Aapplicatlon at 0631 on 11 Jdune 1980 and OB1Y9 on 17 June 1980,



Terrestrial invertebrate knockdown, Untreated control stream, Gloucester County, New Brunswick,
4 — 22 June 1980.

Table 4.

Days before or after appllcation Praspray Postspray I Fagtapray: ¥}
of 0,280 kg Al/ha SEVIN-2-0118% -7 -6 -5 -4 -3 -2 -] Avg. 40 41 42 43 44 45 Avg. 40 41 42 43 44 45 Avg.
Acarl 0.2 .03 ¢+ .08 0.4 07 £ 16 0.4 0.2 0.6 20 ¢+ .25
Arvanelda 0.4 0.6 0.2 A7 2 .24 0.2 0.2 0714 .10 0,2 0.6 0.2 0.2 20 ¢ 22
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sapplicatlon at 0631 on 11 June 1980 and 0819 on 17 June 1980.



Table 5. Terrestrlal organisms caught in drift net sets*, Middle Brook Treatment Station A,

Cloucester County, New Brunswick, 2 - 22 June 1980.

fays Liefore or abter appllcation =9 -4 =7 -b -5 =4 -3 -2 <]

of 0.280 kg Al/hs SEVIN-2-011L3%4 A4 I'n AH P AH I'n AH I'H AN ' AH I'"H AH M AH ' AH m
Current speed (mfsec) 0.27 0.4 u.26  0.30  0.27 v.e 0.21 0.26  0.27  0.21 0.264 U.26 0,24 0.21 .30 0,21 0.24  0.24
Surface Atca of Lritt ) )
Coluwmi (w?) 114.21 1001.52 100,52 126,90 114.21  Ju.14 BH.B) 101.52 114.21  BH.8) 1U1.52 10152 101,52 B8.83 156,51 by .83 10152 1. 52
Atanelda .01 u.0l u.u1
Collembola .02 o.u4 ot G. 01 t.ul 0.02 0w.02 . ul 0.0l
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Plevoptera A .

>
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Hemlplera u.ue u.ol .l
Howoprera

u.ul u.ul
0,
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Telcloptera A .o a.ul
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Dlptecas A u.u4 u.u? 0.0l [T u.ul [T u.u4s u.ul 0.02 u.02 . 0l 0.0% .ol
Hymenvpters I
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0. 04
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o= larvae



Table 5. Terrestrial organisms caught in drift net sets*, Middle Broolk Treatment Station A,
Gloucester County, New Brunswlck, 2 - 22 June 1980. (Concluded)

Mays before or alter appllcatlon Spray bay t 2 +3 1 s
wl U, 2H0 kg ALfha SEVIN-2-011%AA Pye Ohe 5 et e 42 e 43 e +4 he TH An I'n A rn AN I'n AH I'n AN I'n

Current npled (w/vec) 0.24 0,24  0.24
Surloce Avea of bellt

0.24 0.24 0.24 0.24 0.2 o0.18 n.1s 0.15 0.21 0.21 0.15 0,21 018 .21 0,24

101.52 101.52 101.52 101.52 101,52 101.52 101.52 114,21 76.14 61.45 63.45 A8.8) BO.B) 63.45 U8.B1 J06.14 B8.8) 101.52

Columy (w’)

Atanelda o.01 o.o1 u.02 u.ol 0.0l 0.l
Collembola u.01 0,08 0.0} u.04 w01 0.01 U0
Ephiemcruplera A
Flecoptern A 0.0l
Thysannptera A
Hewmlptera
Himiptera 0.01
Calenptera A 0.0l 0.01 . 0.01
Telchoptera A .01
Lepldoptera L
Diptera A L.y 0.10 D15 0,14 a0 0.0y 0.0y  0.04 .01  0.0% 0.03 0.02 ool 0.0 0.1
Hymenoptern B 0.0l

A 0.01 0.0l

0.0l 0,04 u.11 0.1

Mo tdene LEfed

lotsl Terrentrtal lovertebrates 000 .06 0.1l 0.25 020 o.o1 0.0} 0.07 0.05 0.01 0.09 .05 u.02 0u.0)

fampreased an nowber of organlama per 182 of sutface avea of delft column
Appptteat lon at D61 ADT on 1Y Juee 1900 and agadn st 0819 ADT on 17 June 1980

A= adule
L= larvae



Table 6. Terrestrial organisms caught In drift net sets, Bass Brook Control Station, Gloucester County,
New Brunswick, 2 - 22 June 1980.

Diays before or after applicat fon -4 -8 -1 -6 -5 =4 -3 -2 -1 ,
of 0,200 kg Al/ha SEVIN-2-0TL84% a4 4] AM I'M AN M AN rM AN I Ant I'H AN I'H AM ru AH '

37 0.3 0,34

Carvent speed (m/sec) 0.40  0.37 0.34 0.4 0.317 0. 34 0.37 0.37 0.4 0.37 0. 34 0.34 0.137 0. 34 0.34 0.

Surface Aven of Drife s © .
Column (m?) 169.20 156.51 143.82 143.682 156.51 143.82 156.51 156.50 143.82 156.51 143.82 143.82 156.51 143,82 143,82 156.51 156.51 143.02

Avanelda 0.0l .01

Chil lopoda
Collembola 0.01 0.01 0.05 0.01 0.01 0.01
0.01

=

Ephemeroptera
HomopLera 0.01
Coleoplera
Trlchoprera
Lepdloptera
biptera

0.01 0,01 0.01 0. 01 0.01

0.01 0.01
0.01

0.04 0.03 0.0l 0.03 0.02  0.02  0.12 0.04  0.01 0.08 0.01  0.09  0.06 0.0} 0.17
0.01 0.01

E g i - -

lymenuptera

Total Terrestolal lovertebrates 0,05 0,03 0.02 0. 04 0.01 0.07  0.03 0.13 0.01 0.0% 0.02 0.08 0.01 0.11 0.07  0.04 0.01 u.17

fexpressed as number of organisms per m? of surface area of deltt coluwn
Aeappllcation at 0631 ADT on 11 June 1980 and again ac 0819 ADT on 17 June 1980

A< adul s
. = larvae



Table 6. Terrestrial organisms caught in drift net sets, Bass Brook Control Station, Gloucester County
New Brunswick, 2 — 22 June 1980. (Concluded) ’
Days before ov after applicatton Spray bay 1 12 i1 14 S
ol 0,200 kg Al/ha SEVIN-2-011804& 0600 0700 auon auun 1000 1on I'n AH ' AH " AN I'H AN 'n AH I'H
Cutvent speed (w/sec) 0. 34 u. 34 0. 34 0. 34 0. 34 0. 34 0. 34 0. 10 0. 30 0. 10 0. 30 0. 10 U, 34 0.0 0.0 U. 4 0.0
Sutlace Arca of bDelft
Coluan (w?) 143,82 143,82 143,82 143,82 143,82 143 B2 143,82 126.90 126,90 126.90 126,90 126,90 143,02 126.90 126.90 143082 126,90
Avane Lda 0.02 0. 01
Gl L pada
Collembnla u.01 0.01 0.0l 0.01 0.01 0.01
Ephemcrioptera A
Homoprera 0.01
Coleaptera A 0.a1
Trichoptera A
lLepldouplers I 0.1
Mlptera L
A 0.01 001 00l 001 0,03 0,01 0,04 0,02 0.02 0,06 006 0,02 0.06 0.02  0.02 0.01 0.0
Hymennpt eca A 0,01 0.01 0.0l
0.01 0.02 001 0.01 0.02 0.06 0,02 0.0z 0.048 0.06 0.02 0.06 0.02 002 0.0 0.0}

lotal Terceatctal Tnvertebrates

0.o2

fexpredssed ns uaeber of ovganlswes per w? of sucface arca of & it

Conlunm

fhapplleatton at 0680 ADT o 1L June 1980 aod agalo ot 0819 ADT oo L7 duae 1980

A - adulia

L= Jarvaz




APPENDIX II

Population structure of bird communities
on treatment and control plots,
Gloucester County, New Brunswick.



Setent LEle name

ACCIPLTRIDAE

Huteo platyplerus
TETRAOHTDAE

Honasaa wbellus
APODIDAE

Chaetura pelagica
THROCHILIDAE

Arvchilochun colubris
FICIDAE

Colapten awratun’

Inyocopus pileatus

Sphyrapiens varius

Dendrocopon villovus
TYNANNLIDAE

My oo crtnd tun
Enptdonax flaviventrio
Brpidonax traflldid
Bnpidonax mintemea
Contopus virana
Nuttallornis bovealiu

CORVIDAE

Peprieoreuy canadenain
Cyanocitta ertatata
torpun corax

PARIDAE

Parus atricapillue
huduonicun

g
SUTTIDAE

Sitta canadenaio
CERTILIDAE

ferthia familiavia
THOGLOWY T EDAL i

Troglodytes troglodytes
TURDIDAE

Tuvdus migratoriue
Hylocichla guttata
Hylocichla uatulata
Hyloedehla fusecocena

SYLVIITDAE

Kegelio vateapa
Heguel un ealendula

HOMBYCILLIDAE

Mombayed U cedvorien

Cirumsionn 1w

Broad-winged hawk

Rulted grouse

Chilmney swife

Ruby-throated bwsalngbicd

Common [ llcker

Plleated voodpecker
Yellov-bellled sapsucker
Hadry woodpecker

Great-crested tlycatcher
Yellow-bellted [lycatches
Alder [lycatcher

it flycatcher

Eagtern wood pewee
Olve-slded flycatcher

lLe

Gray Jay
Blue Jay
Comaon raven

Black-cupped chilckadee
Boreal chilckadee

Red-breasted nuthateh

Hrown creeper

Winter wien

Amer Lean robin
Heswit thrush
Swidnson's hrush
Veery

Golden-crowned kinglet
Bubiyy  crowned kinglet

Cedin waxulng

Common and Scientific names of bird species censused

Sclentlfie

b

VIREOHLIDAE

Vireo solitarius
Vireos olimceus

PARULIDAE

Mifotilta varia
Vermtvoma peregrina
Vermivora ruficapilla
Parula americana
Dendroiea magnolia
Demdroica thgrina
tendrotea caeruleseeny
Dendroioa coronata
Dandeoiea virenu
Dewdrodea fusca
Dendvotea pensylianica
Dendroiea eastansa
Pendreotea striata
bVendroiea palmarum
Setrus aurccapillus
Seirua noveboracensio
U]-:u-urrl('{r phf!m.f-.'lphfd
Geothlypia trichaa
Wilsonia pusilla
Wilaonia canadensis
Setophaga rutieilla

LCTERIDAE

Quiscalus quiscula
Malothrua ater

THRAUPTDAE

Pivanga olivacea

FRINGILLIDAL

Kiclmondena eardinal io
Vheueticun Ludovicianue
Hosperiphona veapertina
Carpodacus purpureus
Pintcola enucleatop
Spinue tristi

dunco hyemalio
Spiaella passerina
tonotrichia albiollis
Melospisa Lincolnii

Comnon mame

Solltary vicen
Red-eyed viveo

Black-aud-whilte wvarbler
Teunensee warbler

Hashvlille warbleg

Parvula warbler

Hagnollu warbileg

Cape May varblex
Black=throated Llue varbler
Yellow-rumped warbler
Black-thioated green wvarbiler
Blackburnlan warblex
Chestnut-s lhded varhler
Bay-breasted warliler
Blackpoll warbes

Palw wvarbiles

Ovenbifrd
Horthern
Hournlug warbler
Comuon yellowthroat
Wilson's warbiler
Cannds warbler
Amerlcan redstarnt

atervthouuh

Commson grackle
Brown-headed cowbifed

Scarlet Tanages

Cardinal

Rose-breasted groubeak
Evenlng grosbeak
Purple floch

Piue grosbeak
Awerlcan goldfloeh
Bark-eyed Juno
Chillppling sparrow
Whilte-throsted spoarrow
Lincoln's spariow



Table 1
Forest bird population census
Sevin Treatment Block
Allardville, New Brunswick
2-23 June, 1980

Famlly

Specles

Prespray Postupray 1

Postupray 2

June Jdune June June June June June June June June June June June

June June June June June June

Tetramn bdae
ApudLdae

Trochlltdue

Flcldae

Tyvannldae

Corvidae

Farldae

Certhifdoe
Troglodyt {dae

Turdidae

Sylvildae

Bombyc L1 fdue

Virconldae

Huf fed Grouse
Chimney Swift

Ruby-throated
Humalngbled

Common Fllcker
Pillated Woodpecker
Yellow-bellled
Sapsucher

Great-crested
Flycatcher
Yellow-bellled
Flycatcher

Alder Flycatcher
Least Flycatcher
Eastern Hood Peuee

0l tve-slded Flycatcher

Gray Jay
Blue Joy

Black-capped Chilckadee

Boreal Chlckadee
Birown Creeper
Wluter Wien
Amerlcan Kobin
lermle Throush
Swalnson's Thrush

Veery

Golden-crowned Klug

luby-crowied Kloglet

Cedar Wakulog

Solitery Virvo
Hed-eyed Vireo

-3 1 4 5 6 8 10 1112 13 14 15 11 1819 20 21 22 23
9 8 -7 -6 =5 -3 -1 Avg. 40 41 42 43 h 46 Avg. L 42 43 44 45 46 Avg.
4 2 0 2 0 0 w0 1.k 0 0 o0 o0 o 2 0.3 0 0 0 0 2 0 0.3
0o o0 ©© 0 6 O 0 09 0 0o 0o 0 2 0 0.3 0 0 0 0 0 0 00
o 0o 0 1 o o 0 01 0 o0 0 o0 1 0 02 0 © 0O 0 0 0 0
0 1 0 0 o0 0o o0 01 0 0 1 ¢ o o 02 0 o 1 2 - I
o o o O ©0 ©0 © ©0.0 O OO O 0 ©0o o 00 0 0 0 0 1 0 0.2
0 1 0 1 2 2 1 1.0 0 2 2 0o 2 3 1.5 0 3 2 20 0 1.2
1 0 u V] o 1] 1] 0.1 0 0 1] 0 0 1] 0.0 ] 0 0 o 0 ] 0.0
] 1] u 1] 1] ] 0 0.0 0 1} 1] i} 2 o 0.3 2 2 2 (1] 2 0 1.1
0O 0o 0 o0 0 ©0 0 00 0 2 0 0 0 o0 03 0 0 0 o0 0 0 0.0
2 4 0 6 4 4 0 2.9 4 2 6 4 4 4 4.0 6 8 & 6 B 6 6.3
o o 0 o0 2 2 0O 06 O O O O © O 00 0 6 0 0 0 0 0.0
0o o 2 o 2 o0 o0 0.6 0 6 3 0 o0 1 1.7 o 0 o0 © 0o 0 0.0
o 0o o 0o 0 © 0 00 0o o0 2 0 0 0 03 0 1 0 1 2 1 0.8
1 00 0 2 0 0.4 1 o 0 1 0 031 0 0 0 0 o 0.
2 o o0 1 00 0 0.4 4 3 2 0 2 1.8 0 1 2 1 1 4 1.5
0 1 2 0 1 0o 1 0.7 1 0 1 0 1 3 1.0 2 6o 0 o0 0 1 0.5
0 1 ¢ o ©0O @ ©0o 01 0 0O 0 0O 0 L w0 0 0 0 0 0 0 00
o o0 2 o 0 2 v 06 0 0 0 2 2 0o 0.7 2 2 2 o 0 0 1.0
3 8 4 4 : T 3.7 0 3i 3 2 10 5 e 8 2 ] | B 6 6.7
2 2 0 2 0o o o0 0.9 1 1 5 0 o0 1 1.3 2 1 0 2 4 p AR 5
1 2 ] 3 B0 0 3.3 71 9 15 11 9 11 10.7 8 12 18 8 15 21 14.7
4 2 1 0o 2 4 1 20 2 o0 1 ] 2 5 1.8 6 8 ] 2 0 9 5.3
let O 1] 1] V] u ] 4] u.0 (V] 1] o ] 2 2 0.7 0 4 2 3 o u 1.5
12 10 6 4 6 4 8 1.1 4 6 6 4 4 4.8 4 6 4 4 8 2 4.1
(1] 1] 1] 0 0 0 1] 0.0 1] 0 o ] ] u 0.0 ] 1] 2 U 0 o 0.3
2 6 6 6 4 & 2 4.6 12 6 6 & 6 8 7.3 & 6 6 4 4 8 5.3
2 1] 1] (1] &4 ] 1] 0.9 1] 0 0 1] 0 V] 0.0 0 0 o 1} 2 o 0.3

(cont'qd)



Table 1
Forest bird population census
Sevin Treatment Block
Allardville, New Brunswick
2-23 June, 1980 (concl)

s e s I'respray - Postupray | o Postupray 2 ~ R
June Juae June June June June June June June June June June June June June June June June June
2 3 4 5 [ 8 10 11 12 13 14 15 17 18 19 20 21 22 23
Fumily Specles -4 -8 -1 -6 -5 -] -1 Avg. W01 12 13 +h 16 Avg. +1 42 13 Hy 5 46 Avg.
Parul bdae Black-and-white
Warbler V] 2 0 4 2 1 2 1.6 2 2 4 2 V] [ 2.7 2 4 2 o 4 2 2.1
Tennessee Harbler 14 12 I 9 6 N 2 1.9 6 5 10 & 10 8 7.3 10 [*] 14 12 8 a 10,0
Nashwille Warbler 4 2 2 2 2 2 Y] 2.0 4 2 2 1 2 1] 2.0 0 4 2 2 0 2 B
Furula Warbler 8 6 6 b 6 4 2 5.3 i 4 4 4 [ [3 4.1 2 2 1] 8 2 6 6.3
Hagnulla Warbler 11 13 10 12 14 & 2 9.4 12 12 18 18 16 20 16,0 8 10 10 12 [ '} 9.0
Cape Hay Harller 14 4 6 4 9 4 ] 5.9 4 4 2 4 2 2 3.0 6 12 10 2 2 (1 6.3
Black=throsted Blue
Warble 1] 2 4 15 10 6 1] 3.3 b [ 8 10 2 14 1.1 8 8 14 1] [ # 1.1
Yellow-rumped Warbkler 2 0 ] 2 4 2 2.3 ] 5 9 & 4.3 5 12 10 3 G 6.5
Black-throated Green
Wartbler 10 [ [ 2 1] 2 L] 3.7 1] 1] 2 0 2 1] 0.7 2 ] 6 [ 4 2 W.l
Blackburnlan Warbler 6 6 6 10 ] 10 4 1.1 14 4 16 16 6 [ 10.13 6 10 12 8 4 15 9.1
Chestnut=slded Harbler 10 12 4 b o 4 4 1.1 5 5 [ 10 b [ 6.1 8 [} 10 4 4 3 6.5
Bay-breasted Warbler ] 18 2 5 & 10 6 8.4 [:] 18 14 8 16 13 12.8 10 6 14 4 10 12 9.3
Blackpull Warbler 2 ] F4 [}] 2 4 2 1.7 0 2 2 0 1] 2 1.0 2 2 1] (1] (] 1] 0.6
Falm Warbler 1 1] 0 1] U 0 0.1 ] 0 0 0 0 0 0.0 1] o 0 1] 0 1] 0.0
Ovenbled 4 4 [ 6 6 ] 4 5.1 '} 6 12 16 10 10 10.3 4 10 10 2 1010 1.7
Horthern Waterthoush 4 4 4 2 4 4 2 1.4 2 4 4 2 2 &4 3.0 2 2 b 2 F i 2 2.7
Houranlog Warbler 4 0 u 7] ] 2 1] 0.9 ] 2 1 2 4 2 1.7 1] i} 0 0 i} 0 0.0
Common Yel lowthioat & 1 u 5 4 4 2 2.9 2 2 1] 2 4 8 3.0 0 1] 2 & 2 4 2.3
Hilson's Warbler 2 0 0 2 6 1] 0 V.4 0 0 2 2 [i] 0 0.7 (] 2 0 1] Q 1] 0.3
Canada Warbler 8 10 6 9 13 10 3 8.9 10 14 15 16 10 16 13.5 4 -] 12 [ 8 & 1.0
American Redstuart 1 9 11 1o 10 ) 1 8.6 10 1y 1 18 13 24 15.7 20 12 21 12 21 16 17.0
Throupldae Scarlet Tunager ] o o 0 2 0 U] 0.3 o ] 1] 1] ] v.0 wu 0 0 o 4] o 0.0
Fringllltdae Hose-breasted Grosbeak 6 7 4 11 10 U] 7] 1.0 Il 10 10 10 1] 4 .1 4 1 11 4 I} 14 8.3
Lvening Groubeak ] 0 1] [ 2 1] ] 1.1 3 0 [1] 0 o 4 1.2 8 B Q a 2 0] 3.0
Furple Finch o 2 o i) 0 0 0 0.3 0 0 2 2 2 ] 1.0 2 ] 1] 0 2 2 1.0
Pine Groasbeak (4] ] 0 14 & 2 4] 2.9 1 1] 0 0 1] 0 0.2 2 1] a 0 2 o 0.6
bark=eyed Junco 2 x| U 2 1 0 1] 1.1 2 ] ¥ 1] u 2 1.0 1] ] o u 2 u 0.3
Clhillpplng Sparrow 0 2 0 1] 1] 1] Q 0.3 0 ] 0 0 1] 0 a0 0 0 Q 0 0 1] 0.0
HWhite-throsted Sparrow B ] 6 5 b 5 B 5.9 12 16 12 9 13 12 12,3 2 10 16 7 13 15 10.5
Unddent L led Bloda (] Z ] 0 ] o ] 0.3 (1} u o 1] 1} u 0.0 u 1] (1] 1] 1 0 U.2

Total Blodwe 8L 171 121 B4 188 145 G2 150.3 133 161 226 204 M87 224 195.8 161 209 264 143 185 218 1Ye.7



Table 2
Forest bird population census
Untreated Control Block
Allardville, New Brunswick
2-23 June, 1980

Famlly

Acclpliridae
Tetvaon bdae
Apod Ldae

Trochl Hidae

Fletdae

Tyranntdae

Corvidae

PFarldae

Stecddue
Troglodyt ldae

Turdddae

Sylviidee
Bombyclllidae

Vireontdae

Farul Ldae

Preupray Postspray 1

Postspray 2

June June June June June June June  June June June June June June

June June June June June June

2 3 45 [ 8 10 11 12 13 14 15. 17 18 19 20 21 22 23

Specles -9 -8 =1 -6 -5 -] =1 Avg. 40 +1 12 +3 14 16  Avg. 41 12 13 14 +5 16  Avg.
Broad-winged Havk o U [ 1] 1] 1 0 0.1 1] 1 u o 0 i} 0.2 1] 0 0 0 (1] 1] 0.0
Huffed Grouse 1 0 u 0 1 1 o 0.4 0 1 0 0 o 1 0.3 0 [}] 0 1] (1] 0 0.0
Chillmney Swelft 0 o 0 (1] 0 1 0 0.1 1} ] o 2 1] [1] 0.3 o i} 1 o o 1 0.3
Huby-throated
Hussalngblrd 1 1 1 [}] 1 1 0 0.7 0 1] o0 0 0 0 0.0 0 1] 1 ] 1] 1] 0.2
Common Flicker 1] 2 1 0 1 1 0 0.7 2 2 3 2 1] 1 1.1 0 o 1 0 2 1 .7
Yellow-hellled .
Sapsucker 2 2 k] 1 1 1 1] L4 1 2 1 2 3 1.7 0 1 1 2 2 1 1.2
Hatry Woodpecker (1] 1] 0 1] (1] 1] 0.0 1 0 1] (1] 1] 0.3 (1] 1] 1] 1] 1] (1] 0.0
Yellow-hel Lled
Flycatcher 1] i} {1} 1] 1 I} 1} .1 0 U 2 ] 2 0 0.7 0 u 1] 1] [} o 0.0
AMder Flycatcher 0 1] 2 0 0 0 0 0.3 0 0 0 0 0 1] 0.0 o0 0 1] 1] 0 0 0.0
Least Flycatcher 0 4 4 & 2 6 (V] 2.9 8 2 2 2 2 4 1.3 2 B 12 6 4 6 6.3
Eastern Wood Pewee [i] o 0 1] 0 4 ] 0.6 0 V] 1] o0 ] V] 0.0 2 0 1] ] 0 ] 0.3
Olive-atded Flycatcher 0 0 /] V] 2 V] 0 0.3 0 0 2 0 o o 0.3 0 0 0 0 1] 2 0.3
Gray Jay 0 5 1] i} 1 0 1] 0.9 5 1] 0 0 o 0.8 0 4 [V} 1] 1] 0 0.7
Blue Jay 1 1 3 0 5 1 0 1.6 2 0 1 1 1 1 1.0 2 1] 2 V] 2 3 1.5
Common Raven 0 0 0 1 0 0 0.4 0 0 1] 0 [} 0.0 0 0 0 0 0 0 0.0
Black-capped Chickadee |1 1 u 1 1 1 1 0.9 1} 0 2 ] 1 1 0.7 1 o 0 ] u V] 0,2
Boreal Chilckadee 3 0 1 1 [} 1 1 1.0 0 V] 4] V] V] 2 0.3 0 V] 0 2 0 ] 0.3
Hed-bressted Nuthotch 0 0 1] 4] o 1] 1] 0.0 2 0 o 2 2 4 1.7 4 V] 2 o 0 (1] 1.0
Wluter Mren 1] 0 ] 0 ] 0 0 0.0 0 1] ] (1] 1] 0.0 0 (1} 1] 0 ] 2 0.3
Amcrican Hobin 3 [¢] 2 3 E 2 2.6 0 1 1 5 1o 6 3.8 3 1 1 6 4 '] 5.8
Hegmit Thrush 4 8 1o 4 1 4 4 5.5 2 [ 4 ] 4 6 3.7 0 4 1 6 0 4 3.3
Swalnson's Thrush 1 -] 8 17 9 10 5 1.7 8 8 10 7 15 11 9.8 2 13 26 10 11 11 12.2
Veery 1] 0 0 a 0 1] 1 0.1 0 0 o0 o ] (1] 0.0 0 o ] i} 0 i} 0.0
Huby=-crvwed Kluglet w12 15 1 12 8 4 10,1 B H u 8 12 13 9.5 b [ 4 & 8 10 1.3
Cedar Waxwlng 1 o 2 0 V] ] 1] 0.4 2 1 [ 1 1 1 .o 0 u 0 1 1] o 0.2
Solltary Vireo 1] 4 2 6 2 2 2.9 2 0 2 [ 4 0 2.3 2 2 2 0 2 0 1.
Ked-eyed Vireo 4] u 0 0 0 0 1] 0.0 0 0 u 0 & 4] 0.7 2 0 0 ] 0 0 0.3
Hlack-and-white
Warbler 4 o ] 2 0 1 2 1.9 2 [ 8 6 h b 5.0 0 2 ] 6 0 [ 1.1
Tenncuuee Warbler 10 11 10 12 12 14 1 1.3 12 12 18 14 14 20 3.0 12 16 12 12 4 18 12,3
Hasliville Warbleg ] V] 0 0 2 6 1] 1.1 2 2 2 2 4 o 2.0 2 2 2 2 2 (1} 1.7
Parula Warblex 4 u ] 0 0 4 2 1.4 2 2 0 1] 4 2 1.7 0 1] [0 4 0 4 2.3
Hagnol ta Warbler 12 26 20 27 28 22 17 3.4 28 24 36 s 25 26 6.2 10 24 32 24 22 M 1.
Block=throated Blue
Warblea z t 2 2 0 & 1] 2.3 2 0 4 4 '] 7 2.0 2 0 2 4 b 2 2.0

(cont'd)



Table 2
Forest bird population census
Untreated Control Block
Allardville, New Brunswick
2-23 June, 1980 (concl)

R ___Prespray . ____Poutspray i 2 Postspray 2
June June June June June June June June June June June June June June June June June June June
2y 4 s & B ML 10 12 13 1615 11 18 19 20 2122 23
Family Specles Zy -8 -1 -6 -5 -3 -1 Avg. 10 41 12 43 +4 46 Avg. 41 42 1] W4 45 16 Avg.
Farul flae Yellow-rumped Warbler [ [ 6 4 2 2 2 L0 4 8 L] 9 1 & 6.1 2 1 6 1] 4 4 3.8
(Cone 'd) Black-throated Green
Warbler 8 8 4 i B 12 & Tl 4 4 10 [ b o 5.7 b ] b o 2 2 5.0
Plackburnlon Warble b a A 2 9 a8 4 6.4 8 [ 1 4 12 2 5.8 H 6 ) 4 10 B 1.3
Clhestnut-sided Warbler 0 1] ] 0 1] 0 0 0.0 o o 0 1] 1} 0 0.0 2 0 1] ] [}] [}] 0.3
Buy-breasted Warbler 18 14 16 24 18 1 16.3 14 14 17 14 18 10 14.5 14 14 24 8 8 18 14.3
Blackpoll Warbler (1] 0 1] 2 0 0 [} 0.3 (i} a 1] 0 1] 0 0.0 1] 1] 0 0 1] 0 0.0
Ovenbled 16 11 [ 14 14 18 12 13.0 14 16 18 14 12 12 14.3 8 16 10 ] 12 12 11.0
Horthern Waterthoush 2 1] 1] 1] [ 0 0 0.1 0 1] 0 1] 1] ] 0.0 0 0 0 0 0 0 0.0
Comnon Yellowthroat 8 6 10 &4 9 8 4 1.0 4 0 [ & 2 8 1.7 4 6 6 4 6 4] 4.3
Canmda Warbler 2 ] (1] o 0 2 o 0.6 0 0 ] 2 V] 0 0.3 0 2 &4 1] ] (1} 1.0
Amer leon Hedstart 1] ] 1] 2 1] ] 0 0.3 0 1] 0 2 2 2 1.0 2 & 0 ] 0 ] 1.0
leteridae Comnon Groackle 0 1] 1] 0 0 1] 0.0 2 1 1 1] (1] 0.1 (1] 0 1] [}] 1] 1] 0.0
Brown-headed Cowbird 0 2 0 u 0 a 0 0.3 u 0 0 (1] 0.0 0 il 1] i} 0.0
Thysupldae Scarlet Tanager 1] (1] (4] 1] 0 (1] 1 0.1 (1] 1] 0 u u (1] 0.0 ] U 1] 1] 1] (4] 0.0
Fologilltdae Cardinal 1] ] U U (1] 1] 4] 0.0 . 0 0 u [F] (] U3 u 1] 1] ] u 1] oo
Home-hreasted Grosbeak 5 8 4 b ] 6 1] 5.3 2 4 1 0 a8 2 1.8 a 2 10 o 0 4 2.1
Evenlng Grosbeak 0 1] Q 2 1 2 1] 0.9 0 4 0 ] V] 1 0.8 0 2 0 ] 4 2 1.3
Purple Flnch 2 0 0 ] 0 2 [1] 0.6 0o 0 0 Qa 2 1] 0.3 0 0 u 0 0 u 0.0
I'ine Grosbeak ] 1} 2 2 ] 1] 1] 0.6 0 2 2 2 0 6 2.0 0 o ¥ 4 o 2 1.3
Amer lean Goldfinch V] 1] 1 1 3 0 V] 0.7 0 0 1 0 0 0 0.2 (1] 0 1 0 0 0 0.2
Bark-eyed Junco 2 6 1 & 4 4 1 Lo 2 5 2 -] 9 3 L.8 O 4 2 2 [ b 1.3
Wilte-throated Sparvow 100 13 12 2 14 10 5 g4 & ¥ XY QX 10 8 0.7 4 L] ] 1 8 1l 6.7
Lincoln's Sparrow u 0 2 ] 2 2 0 0.9 0 0 2 1] 1] 0 v,y 0 0 a 0 0 o 0.0
Uinldent 1E1ed Bleda 2 5 1 ] 4 U u 1.1 1} 0 2 ] U ] 0.3 1] u N a o V] 1.0

Total Birds 163 192 181 142 205 196 96 16/.9 153 149 199 164 199 114 1130 102 168 225 128 125 172 153.3




APPENDIX III

Breeding territories of selected bird species occupying
niches of varying exposure to the insecticide,
Gloucester County, New Brunswick.
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Figure 1l: Breeding territories of the Least flycatcher.
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Figure 2: Breeding territories of the Ruby-crowned kinglet. Large
circles represent nesting territories and small circles
represent single records. Numbers within circles represent
number of days recorded in territorv.
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Figure 3: Breeding territories of the Solitary vireo.
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Breeding territories of the Black-throated green warbler.

Large circles represent nesting territories and small

circles represent single records.

Numbers wichin circles

represent number of days recorded in territory.
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Figure 5: Breeding territories of the Blackburnian warbler. Large
circles represent nesting territories and small circles
reprasent single records. Numbers within circles represent
number cf days recorded in territory.
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Figure 6: Breeding 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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Breeding territories of the Common vellowthroat. 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:

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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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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Figure 10: Breeding territories of the Swainson's thrush.
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Breeding territories of the Ovenbird,
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Figure 12: Breeding territories of the 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 sets and
by Surber, rock and artificial substrate sampling in
the treatment and control streams, CGloucester County,

New Brunswick.



Table 1. Aquatic organlsms caught in driftc

Gloucester County, New Brunswick,

net sets*, Middle Brook Treatment Station A,
2 - 22 June, 1980.

Iayn before or alver appllcat lon =9 -8 =i -6 -5 -4
ol 0.280 kg Alfha SEVIN-2-01 18aa AN " AN 'H AH ' AH 'Y AH I'"n AH
Bepth (cm) 18,0 14,0 18.0  18.0 15.0 6.5 15.0 15.0  16.0 15.0 14.5
Current Speed (wloec) 0.27 0.24 0. 24 0. 30 0.217 0.18 0.21 0.24 o.27 0.21 .24
Voluwe of Drife Column (m?) 20,56 18.27 18.27 22,84 17.13 12.5 13,32 15.23 16.27 13.32 14.72
Hewabanda
Metimaa Lovmso 1 eliat
tlipgochactia 0.05
Outracoda 0,33 0.1l 0.53  0.12 0,40  0.15 0.53 0.05 0.51 0.20
lydracarinag 0.11  0.11 022 0.08 0.05 0.07
Flecoptera N 0.29 0.1l 0.26
Ephemperoptera
Hawt fdae N 0.19 0.3 0.24 ov.08  0.33 o.08  0.07
Heptagentidae H
leprophleblidae
Ephemerellldae H 0.10
Odonata (Zygopreral
Unddenc i fted N
Hembptecs
Gery bdae
Hegaluplera
Slalldae L 0. 10 0.3 0. 04 0.06
Trichopeera
Brachycentridae L 0.11 0. 04
Hydiopsychidae L
Hydiopt il Ldae L
Llnnepht Hdae L 0.15 0.11 0.08 o.07
Folycentropadidae L
Miyacophllidae L
Unddent $fed P
Coleoprera
Halipltdae L
Eluldae L. 0.05  0.05 0.04
A 0.05 0.05 0.0% 0.09 0.06 008 0.2 0.13
pteva
Tipul ldae L. 0.0% 0.04
Slaul i idae I. 0. 34 0.u5 0.99 0.18 0,12 0u.15 0.20 .11 0,15
P 0.04
Chilronuvmldae L 0.0% 0.05 0.23 0.1}
P
Hhaglonldae L
Pelecypada .04
Total Aquatic Iovertebrates 1.36  0.77 1.53 1.6 0.315 0.88 1.50 1.66 0,27 0.5 0.3

sexpredoed as nuesber of organlams per w? of vater In drift coluwn.

stgpplication at 0631 ADT on 11 June 1980 and agaln at Q819 ADT on L7 June 1980,

H o= nymph
I. = larvae
A= adule

1= pupne

-3 ~2
(¥ AH 'H AH I'n
11.5 15.0 14.5 17.0 7.0
0. 24 0.24 0.21 0.37 0,21
13.71 15,23 12.88 206.61 15.10
0.13 0.04 0.51
0.120 0,04 0.26
0.07
0.15 0.07 0.2 0.11 .20
u.07 0.0d
a.u7
U, 04
u.u/
0.07 v.13
0.07
1.24 u.07
0.07 0.08 0.113
0.07 0,04 0.07
0,51 0.53 0.3 1.58 1.40

16.5
0.24
16.75

0,24
0.12

0,24

u.ut

16.0
0.24
16.24

u. il
u.12

u.u6



Table 1. Aquatic organisms caught in drift net sets*, Middle Brook Treatment Station A,
Gloucester County, New Brunswick, 2 - 22 June, 1980. (Continued)
Vays belore or after application Spay O i1 . +2 o
of 0.280 kg Al/la SEVIN-2-OLUBA 4wl e 4 le 42 he 43 he 44 be 45 he 46 he  PH An i AM PH A P A
Bepth (cm) 16.5 16,0 16.0 16.0 16.0 16.0 150 15.0 15.0 14.0 15.0 15.0 15,0 13.5 14,0 13.0 12.5
Corrent Speed (mfsec) 0.21 0.26  0.24  0.24  0.24 0,24 0,24 0.24 0.24 0.24 0.24 0.21 0.18 0.24 0.21 0.8 0.18
Volume of Drift Golumn (m') 14.66 16.24 16.24 16.24 16.24 16.24 5.08 5,08 5.08 14.21 15.23 13.32 11.42 13.71 12.44 9.90 9.52
Hematodi 0.12 0,06 a.07
Hemat omacpha 0.07
Ollgochaeta
Ut racoda v.20 0.08 0.09 0,22 0.20  0.11
Hydracartna 0.14 0.12 0.79 a.07 o.08  0.20 0.32
Ilecopteri H 0.12  0.86 154 B 3.63  5.12 5.3 3.54  0.21 0.13 0.10
Eplicneroplera
Baetidae ] 0.20 1.29  0.43 20,20 37.75 64.76 41.54 20,67  0.14  0.26 D08 010 0.11
Heptagenlidae N 0.25 0.25 0.06 0.12 0.20
Leptophlebiidae N 0.62 0.18 0.18
Eplicmerell fdae W 0.18 0.5%5 0.43 0,25 0.12 0.07 0.1l
Odonata {(Zygoptera)
tnldenc L Led 0. 06
Hewlprera
Gerrldae
Hegaloprera
Slal ldae L
Trlchoprera
Brachycentridae L
Hydrvopuaychldae L 0.18  0.06
Hydvoptdlldae L 0.20
Limephilfdae L 0.06 0.2 0.20 0.07
Fol yeentropodidae L 0.37 0.43 0,74 a.55 0.39
thyacophllidae L I
Unldent(fled P 0.07
Coleoptera
Naliplldae L 0.1]
A 0.07 0.10 0.21
Eluldae L 0.41 0.31 u. 18 0. 06 0.12 0. 60 0.20 0.09 0.07 0.08
A 0.14 .12 0.12  ov.12 0.20 0.07 0.07 0.10
Mprera
Tlpulldae L 0.06 0. 06
Slmullldae L 0,20 0.06 40,70 1.02 2,46 1.91 1.34 0.39 1.18 0,21 0.08 a.10
p i
Chilronomldae L a.07 0.12 3.69 2.65 0.43 0. 86 0.39 0.59 a.21 u.08 0.20
r 0.07 0.06 0.12
Hhaglonldae L 0.06 0.20
Pelecypoda 0.12
Total Aquatle Invertebrates 1.36  0.86 4B.B3 14.22 27.28 45.57 72.81 49.21 25,98 1.06 0.59 0.30 0.18 0.50 0.16 1.1l 0.95

14 15
°H AM 't
12.5 11.0 14.5
0.18  0.24 0.18
9,52 13.20 11.04
0,11 u.ud u.27
.08
0,08
0.53  0.18
0.11 0,08 0.09
a.on 0.09
0.63

0.2 0.9l

”_"‘:'x];;':s_é;a-l_ as number of organisma per m3 of water In drift column,

Afapplication at U631 ADT on Il June 1980 aud sgaln ar UB19 ADT on 17 June 180,

H = nymph
L= lurvae
A = adult

I' = pupae



Table 1. Aquatic organisms caught in drift net sets*, Middle Brook Treatment Station A,
Gloucester County, New Brunswick, 2 - 22 June, 1980. (Concluded)
Bays before or alter appllicatlon Spray Day +1 2 +3 14
of 0.200 kg Alfha SEVIN-2-01104% pPre O he th e D hre 42 e 43 e 44 i I'H A I AM ' AH PH AM '
Bepth (cm) 13.0 13.0 13.5 16.0 16.0 16.0 16.0 13.5 14.0 15.5 15.0 13.5 11.0 14.5 15.5 13.5
Curvent Speed (wfsec) 0.26  0.24  0.24  0.24  0.24  0.24 0.24 0.27 0.18 0.15 0.15 0.21 0.2 0.15 0,21 0.18
Voluwe of Delft Column (m?) 13.20 13.20 13,701 16.24 16.24 16.24 16.24 15.42 10.66 9.83 52 11.99 11.55 9.20 13.77 10.28
Nematoda
Huema Lomorphin
Ol lgochaeta
Ostracoda 0.11 0.09
Hlydracarlna 0,12 0.06 0.09 0.11 .08 0,09 019
I"lecoptera H 0.29 0.1 0.37 0.08 u.10
Ephencroptera "
Baet bdae N 0.52 0.11 0,10
Hepragenlidae 1]
Leptophleblidae H .11
Ephemerel lldac N 0.09 0.10
Odonata (Lygoptera)
Unddent L fLed H
Hemlpreva
Gervidae u. 06
Megalaplera
Staltdoe L 0.10 [T R
Trichoptera
Brachycentr ldae L
Hydropsychidae L 0. 06
Hydropt L1 Ldae L
Limaephlltdae L 0.06 0.06 0.0Y9
Folycentropodidae L 0.15 0.12 (.06
Khiyacophll Ldae L. 0.08
tnddent {fled r
Caleoplera
Hallplldue L
. A
Elmldae L 0.6 0.23 0.37  0.18  6.18 0.12 0.09 0.10 0.21 0.42 0.2 1,30 0.15 0.49
0.08 0.15 0.51 0.06 0.10 0.08 0.10
Mpteva
Tipulldae L
Sluul i ldae L 0.08 3,57 0,92 0.62  0.12 0.12  0.39 0.1
Ii
Chilronomldue L u.oB 4.01 J.61 0.86 0.37 0.12 0.19 u.od u.49
P
Rhaglonldae L u.uy
Pelecypoda u.12
Total Agquatle lovertebraotes 0.8 0.68 8.53 5.42 2.28  0.80  0.37 1.30 0,28 0.41 0.53  0.25 0.52 1.30 0,15 115

*expredued ss number of organisms per wd of water In drlfc column.

Mhappllcation at 0631 ADT on 11 June 1980 and again at 0819 ADT on 17 June 1980,

H o= nyuph
L = larvae
A = adult

' = pupae

15
AH 'H
La.0 11.5
0.21 0. 24
12,44 13.71
0.08 015
0,08 0.15
u.07
.15
.24 0.
0.a7
u.u7
0. 48 U. 66
0.07
040 0.15
.29 1.60




Table 2. Aquatic organisms caught in drift net sets*, Bass Brook Control

New Brunswick, 2 - 22 June 1980.

Station, Gloucester County,

Days before or after applicatlon -4 - = | -4 =3 -2 -1
of 0.280 kg AL/ha SEVIN-2-01 L®4&x AM (el AN I'"M AH I'M AM I'n AM M AM I’H AM I'M AM I'H AH I'n
Depth (cw) 19.0 15.0 22.0  20.0 19.0 19.5 20.0 19.0 19.0 17.0 18.0 18.0 16.5 18.0 22.0 2000 21.0 19.5
Carrent speed (m/sec) 0.40 0.37  0.34  0.34 0.37  0.34 0.37  0.37 0.34 0.37 0.34 0.34 0.37  0.34 0.34 0.37 0,37 0.34
Volume of Drife Columa (w?) 32.15 33.48 31.64 28.76 29,74 28.04 31.30 29.74 27.33 26.61 25.89 '25.89 25.82 25.89 31.64 31.30 32.87 28.04
Hematoda 0.04 0.03 0.04
Oatvacoda 0.66 0.25 .59 0.13 0.11 0.81 1.50 0.04 1.35. 0.23 0.12 0.41 0.29  0.09 0.32
Hydracarlna 0.06 0.03 0.03 0.17 0.07 0.04 04 0.08  0.27 0,15 0.04 0.13 0.06
I'lecoptera H 0.03 0,10 0.04 0.04 0.12 0.06
Ephemeroplera i
Baer fdae N 0.06 0.03 0.13 0.12 0.06 0.03 0. 04
Heptagenl ldae N 0.01
Llpluphlehildde N i 0.013
Ephemerellidae N
Ephemercidae N
Untdentlfled N
llemlpLera
Gerrldae
Megalopterca
Stalldae L
Trichoprera
lLeproceridae L
Limnephilidae L 0.03 0.03  0.03 0.11 0.03 0.03
rolycentropodidag L
Hnldentifled L 0.03 0.03
IJ
Coleoaplera
Dytiscidae A
Elmldae L 0.06 0.03 0.03  0.04 0.04 0.09 0.06
A 0.02 0.08 0.06 0.03  0.03
Dlptera
Cullcldae L 0.13
Slmultldae L 0.06 0.06 0.28 0.14 0.24 0.11 0.0 0,07 0.15 0.19  0.12  0.12 0.12 0.60 0.10 0.58  0.04
r 0.03 0.04 0.04
Chlronomldae L 0.09 0.03  0.04 0,08 0.15 0.04 0.04 0.09
Rhaglonldae 1. 0.03 0.073
Gastropoda 0.03
Total Aquatle Invertebrates 0.37 0.75  0.76 0.97 0.77 0.43 0.06 0.94 0.29 1.62 0.50 2.01 0.58 0.135 1.58  0.58 0.9 0.43
& expressed as number of organluams pev md of water In drift columm
skappl Leation at 0631 ADT on L1 Juune 1980 and agaln at 819 ADT on L7 June 1980

N = nymphs
L. = larvae
P = pupae

A adults



Table 2.

New Brunswick, 2 - 22 June 1980.

Days belore or after application
af 0,280 kg Al/ha SEVIN-2-011%A

pepth (cm)
Current speed {(mfsec)
Volume of brift Column (m’)

Hematoda

it vncoda

Hydiacarina

PFlecoptera ]

Ephemeropteva

Baet Ldae
Hepragenl Ldae
Leptophlebitdae
Eph
Eplicnet Ldae
ntdent i led

Hemdptera
Gerridae

Hepgaluptera
Slal Ldae L

Telehopreca

e v | 1L dine

Tz

Leptocer Lilie L
Llaonepht D idae L
Folycentvopodidae L
Houtdencdfled L
I
Coleoptera
Dytlscidae A
Eluldae L
A
Dlplerca
Cullcldne L
Sl Lidae 1.
'I)
Chilronomldae Y
Rhaglonidae L

Gast ropda

Total Aquatic lovertebrates

regpreseed as ouwber ol orgonlsms per wmd of water ln deife columa

uson 60 0700
20.0 20.0 20.0
0.4 0. 34 0.4
.30 31300 3130
0.06
¢.03
u.03 0.03 u.03
0.29 0.19 a.03
0.03 0.013
0.0%
0.42 0,32 0. 06

spray bay

000

0.0
0. 34
31,30

0,10
0.03

0.13

(Continued)

Aquatic organisms caught in drift net sets*, Bass Brook Control Station, Gloucester County,

13 14
TETHIH] Loua 23] AN 't AH PH AH I'H AH '™ AH I'H
0.0 20.0 19.5 18.0 17.5 17.5 16.0 15.5 16.0 6.0 17.0 16.0 19.0
0. 34 0. 37 0.4 0.30  0.30 0.27 0.3 0.27 a.27 .27 a0 0,30 0,34
.30 30,30 28.04  22.84 22.21 19.9% 0,30 17.70 18.27 14.27 21.57 .30 2.1
w09 0,27 0.05 1.03  0.2)  0.60 0.13 w23 0.25 0,22
0.03 0.04 1,04 0.09 0.10  0.11 0,05 0.11 .05 .05 0.15
0.06 0.11 a.09  0.05
0. 04 .05 0.05 6,11 0.27 0. .05 (.05 [N
.05
0.05
0.06
u. 05
0.05
0.04 0.U4 0.05 0.ub 0.u5
0.03 0.1 [T 15 0.04
0.11 0.10 0.07 0.131 0.05 0.15 0.05 0.0b 0.16 0,22 .05 (.30 0.18
0.10 a.u6 0.04 0.05 0.05 0.11
0.01 0.5
0. 26 0.29 0. 14 0.57 0.5% 0.25 1.48  0.51 1.04 1.15 0.46 u. 14 0,62

saqppd deatdon at 0630 ADE on 11 June 1980 and agaln at 0819 AT on L7 June 1980

H o=
I =
P o=
A=

nyumphs
lagvie
Pupine

adalty




Table 2.

New Brunswick, 2 - 22 June 1980.

(Concluded)

Aquatic organisms caught in drift net sets*®, Bass Brook Control Station, Gloucester County,

Depth (cm)

Current speed (m/sec)

Nematoda
Outvacoda
liydracarina
Plecoptera
Ephemeroptera
Bact Ldae
Hepragenildae
Leptophlebl ldae
Ephemerell tdae
Ephemer Ldae
U b lent LI Led
Hemlptera
Gerrldae
Megalopterva
Slal fdae
Trichoptera
Leplocerldae
Lisnephiil Ldae
ol ycentropodidae
Unldentifled

I:ulul,qlt ern
Dyt lscldae
Elmldac

Mptera
Culleldae
Sloul i ldae

Chilronomlduae
Rhaglonldae
Gastropoda

Daya before ov after applleatlon Spray bhay tl 12 t1 ta 45
of 0.280 kg Al/ha SEVIN-2-0T124% OGO0 arou (VL TE] 0900 1000 1100 I'H AM I'™M AH I'n AH I'" AN '™ AM I'n
16.0 16.0 16.0 16.0 16.0 16.0 15.5 16.0 16.5 18.0 15.0 16.0 17.0 17.5 16.0 16.0 15.0
0.34 0. 134 0.34 0.34 0.34 0.34 0.34 0.30  0.30  0.30 0.30 0.30 0.34 0.30 0,30 0.34 0. 30
Volume of Drife Column (w?) 23.01  23.01 23.01 23.01 23,01 23.01 22.29 20.30 20,94 22,84 19.04 20.30 24.45 22.21 20.30 23.01 19.04
0.36 0.30 0.14 0.13 0.58 0.15 0.16 0.41 0.05 0.09 0.26
0.04 0.04 0.09 ) 0.04 0.04 0.05 0.05 0.18 0.05 0.08 0.05 0.13 0.05
N 0.09 0.04 0.09 0.05 0.04 0.05 0.05 0.04 0.05 0.04 0.11
N 0. 04 0.09 0.04 0.04 0.04 0.05 0.05 0.13 0.05 0.10 0.04 0.0%
]
2]
1] 0. 10
N
H
1. 0.04
)i
L
L 0.04
L
ll
A
L 0.04 0.05 0.05 0.09 0.05 0.05
A 0.04 0.04 0.05 .08 0,05 0.05 0.05
L
B 0.22 0.13 0.04 0.04 0.09 0.25 0.05 0.09 0.16 0.15 0.14 0.10  0.09  0.26
P 0.04
I 0. 04 0.04 0.04 0.05 0.05 .21
L 0.05
.30 0.35 0.13 0.22 0.17 0.22 0.54 0.79  0.29 0.6l 0.89 0.54  0.41 0.77 0. 44 1.05

Total Aquatic Invertebrates

0.39

rexpressed us number of organlems per m

3

happlication at 0631 ADT on 11 June 1980

N = nymphs
Lo~ lavvae
I' = pupae
A= adulre

of water In drift column
and agaln at OB19 ADT on 17 June 1980



Table 3

Aquatic-invertebrates collected from artificial substrates+,

Middle Brook Treatment Station,
Gloucester County, New Brunswick
7 June = 1 August 1980

Days before or afrer Iirsc (second) application

of 0.280 kg Al/ha SEVIN~2-OLLBww - +3 *L1 (+5) «31 (=43
Hydrozoa Hydroida - - = 9.2
Turbellaria - - = 2.2
Vemacoda - 2.2 0.3 2.3
Oligochaeca 2.4 - - 3.0 a
Hydracarina 17.4 23.8 4.8 3.0 a
?lacopcera 52.2 33.4 52.9 75.4%
Zphemercptara Jaacidae aywphs 7.2 1.8 5.2 51.3 a
Hepcageniidae aymphs 1.0 a 0.6 a 3.2 ab 8.6 b
Lepcophlabiidae aymphs 5.3 4.2 6.4 48,6 a
Ephemerellidae aywphs 3.8 4.8 5.2 3.4
Odonata Gomphidae nymphs - - 0.2 0.6
Trichopcera Hydropsychidae larvae 0.4 - 0.2 1.2 a
Hydropcilidae larvae 3.4 0.2 2.2 2.3 a
Lapidostomacidae larvae 0.2 0.4 0.5 -
immephilidae larvae 3.3 Q.2 3.4 -
Fhilopocanidae larvae - - - 0.8
Polycentropodidae larrae 0.2 - 0.2 Laa
Psychomyiidaa larvae - 0.2 - -
Zhyacophilidae larvae - - - 1.5 a
Unidencified larvae 1.5 - a 0.5 a 0.2 a
) pupae - a - a 0.5 ab Ll b
Calaoptara dyciscidae larrae 0.2 - - -
flmidae larvae i2.8 12.0 15.0 1.0 a
_ adults . 36.3 49.2 3l.5 43.0
Dipcera Tipulidae larvae - 0.2 e 2.8 a
Psychodidae larvae - - - 2.4
Sizuliidae larvae - 1.2 - 1.4
pupae 0.4 0.5 0.5 2.0 a
Chizgnomidae larvae 31.5 30.0 128.5 i14.3 a
pupae 2.8 0.2 3.0 a 2.0 %
Heleidae larvae - - - 2.2
Tabanidae larvae - - - 0.2
fhagionidae larvae 2.8 2.0 3.4 0.0 a
Empididae larvae Q9.2 - 1.3 a -
Pelecypoda - -, - 2.2
Total Aquacic Iavertebraces 303.4 287.0 342.0 538.5 a

*mean aumbers of organisms collected from fiva arcificilal subscracas

aumbers followed by the same character ars not si

Newnan-Keuls test was used after ttansforming che daca ta log (x = L.0))

*=xapplicacica ac 0631 ADT on 11 June 1380 ind again at 0819 ADT on L7 Jume L3930

flcancly differenc at che 3% sigmificance level (a Studeac-



: Table 4
Aquaticé invertebrates collected from artificial substrates®,
Bass Brook Control Statiom,
Gloucester County, New Brunswick
7 June - 1 August 1980

Days before or after firse (second)applicacicn

of 0.280 kg Al/ha SEVIN-2-QILD#= i & ST 989 51 (+48)

Turbellaria - - 1.0 l.4
Yematoda - - = 0.2
Oligochaaca - - - 0.2
dydracarina 1.0 a 3.8 a 7.0 a 0.2

?lacoptera 36.2 a 15.0 a 31.90 12.8 a
Zphemeropcara 3aacidae aymphs 13.0 7.0 3.2 7.8

Hapcageniidae aymphs - - - 1.4 a

Laptophlebiidae aymphs 1.2 1.2 2.4 7.2 a
Ephemarallidae aymphs 2.8 3.5 10.4 a 1.2
Odonaca Cordulegascridae aymphs - - 0.2 -

richopcera dydropsychidae larvae - - - 8.4 a
Hydroprilidae larvae 0.2 1.0 1.4 -
Lapidoscomacidae larvae - - .2 -
Limnephilidae larvae 0.2 - - 0.2
Odoncoceridae larvae 0.2 - 0.4 -
Philopocamidaa larvae - - .4 3.8

Polycentropodidae larvae Q.8 - - 0.2 .
Psychomyiidae larvae - - - 0.4
Ahyacophilidae larvae - .2 0.4 -
Unidencified larvae - - - 0.2
pupaa - - - 0.4

Coleoptera Eimidae larvae 6.0 9.5 3.5 2.4 a
’ adules 38.4 43.0 62.4° 58.2

Diprara Tipulidae larvae 1.8 1.4 1.2 7.0 a
Sizuliildae larvae 4.0 3.5 7.4 0.5

Jupae 1.2 & 0.2 ab 3.4 ab - b

Chirsnomidae larvae 6.8 a 14.2 a 120.0 b 29.2 ab

pupae 0.3 3.6 3.9 a

Heleidae larvae 0.2 2 1.0 4.0 a
Rhagionidae larvae 0.3 Q.8 1.0 3.4
Eapididae larvae 8.2 - 0.2 -
Gascropoda 0.4 - - -
felecypoda 0.4 0:2 - 9.6
Tocal Aquacic Iavertebrates 134.0 110.4 268.8 151.6

*mean numbers of orzanisms collected from five artificial substrates
aumbers followed Yy the same character ave not significancly differenc ac che 53 significance level (a Studenc-
Yewvman-Heuls test was used afcer cransforming che daea o log (x + 1.0}))

*#=applicacion ac 0631 ADT on 11 June 1980 and again ac 0819 ADT on 17 June 1980
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Table 5, Aquatlc Invertebrates collected fn Surber samples*, Middle Brook Treatment
Station A, Gloucester County, New Brunswick, 31 May - 1 August 1980,

ays belore or after flrst (second) applicatlon

of 0,280 kg Al/lia SEVIN-2-011844 -11 =5 +2 10 (14) tlo (110) 151 (145)
Hemst oda - - - - - .25
Ol guchaera 0.25 0.75% 0.25 0.25 0.25 0.75
Hydracar Lna 2.50 1.2% a 0.25 a - a 0.25 a 0.25 a
Plecoptera 6.75 a 13.00 a 8.50 a 3.25 ab 5:25 a 1.50 b
Ephumeropteca Buetldae nyaphia 2.50 ab 4.15 b 0.75 ab 0.75 a 0.50 a .00 alb
Heptagenl ldae nyaplis 0.5 1. 00 1.75 0.25 2.25 1.25%
-t.tpl.l)plll.t_'lllilj-lt nymphs - 0.7% 0.50 - & 0.75%
Ephemerellidae nywmphay 12,15 23.75 19.00 16.50 15.25 2.1% a
tnldentlfled nymplis - - 0.25 - = -
Odonata Cordulegastridae nymphiy u.50 0.25 — = = .
Gonplildae nymphs H.25 ab .00 G.00 n 20.50 b 5.25% ub 4.25 u
Megaluptera Slalldae lacvae - - - - 0.25 -
Trlchoptera Brachyceontr ldae lawvae 4.50 4.25 2,00 a 0.50 o - a - a
Glousosomat [dae larvae - - 0.25 - - 0. 50
Hydropsychidae larvae H.00 ue 11,75 a 0.25 b 1.75 be 0.25 b 5.50 abe
Hydrope il ldae larvae 0.15" - 0.75 - = 1.00
Lepldostomat Ldae larvae - - - 0.50 - -
Llmnephil tdae larvae 2.50 400 , Lo 1.50 b .50
Polycentropodidue larvae = - = - - 7.25
Rhiyacophil fdae larvae 0. 75 1.25 0.25 0,50 = 1.00
Unddent LELled larvae - 0.25 - = = -
pupae 1.25 1.75 1.00 1.00 &.00 3.25
Lepldoptera lavvae - - 0,50 0. 29 0.5u0 0,25
Coleoptera Elmidae larvae 21.25 26.15 54.75 28.25 1.00 a 6300
adulis 16.50 13,75 271.75 27.25 13.75 17.2%
Puephenldae adulrs - - - - 1.25 o
Diptera Tipulidae larvae 5.00 .15 1.25 2.00 1.75 1.50
Stwul lldae larvae u.75 7.25 - 0.50 1.00 1.00
pupae 0.25 ab 0.75 ab 0.25 ab = .25 ab .50 b
Chlronomidue larvae 2.50 7.00 2.75 13,25 B.75 21.50
pupae 1.25 = u. 50 - - 0.25 -
Hhaglontdae larvae 1.00 .25 5.50 4.50 1.25 1.75
Ewpldidae larvae = = 0,25 = = =
pupae 0. 50 .25 - = - =
Peleeypoila 0. 25 - 1.25 - HU. 25 a
Total Aquattc Invertebrates 132 (RO T] LS.y 12450 hh. Ut 234,25

i
Mpcan numbers ol organlsms collected In tour Surber samples
anmhers followved, by the sawe chavacter are not slgnltlcantly diffevent at the 52 slgnlfleance level (a Stodent-Newsan-Keals test
v wued after tragsforalng the data to log (x + 1.0))

Aaappllcatton at 0631 ADT on 11 Jupe 1980 and agaln at 0819 AU on LT June 1980



Table 6. Aquatic Invertebrates collected in Surber samples*, Middle Brook Treatment
Station B, Gloucester County, New Brunswick, 2 June - 1 August 1980.

Bays belore or afrer flrse (second) applicat lon

of 0.280 kg Al/ha SEVIN-2-011844 -9 ~5 +2 1 (44) 406 (H10) t31 (t4h)
ol 1 goclueta - - 1.00 1.25 - 2,00
Nydracarina 0.25 2.25 .75 1.50 1.75 -
Plecoptera nymphs 3.50 3.00 1.75 Y15 2.00 1.50
Ephemeroptera Baet ldae nymphis 4.50 1.50 2.25 0.25 1.00 .25
lepragend Ldae nymplis T.00 a 2.25 ab 1.50 b - b - b 2.50 ab
Leptophlebl ldae nymphs - 0.25 0.75 - 1.50 0.25
Ephemerellldae nymphe 13.75 16,50 23.50 17.50 22,25 31.25 a
Odonuta Gomphidae nymphs 0.25 - 1.50 1.25 0.75 1.75
Trichoptera Brachycentridae larvae 4.75 2.00 a L.50 ab 0.50 ab 0.75 ab - b
Glossosomat {dae larvae 0,25 0.25 0.25 0.75 4,75 8 0.25
liydropsychlidac larvae 2.00 1.25 0.25 1.00 0.50 2.75
Hydropt Ll 1dae larvae - & 1.25 2.75 3.75 -
Lepldostowat Ldae layvae - 0.25 0.50 = - 0.25
Leptocer ldae lurvae - - - = 0.50 -
Limnephll tdae lirvae 1.00 1.75 1.25 1.25 10.25 7 AL
Fhitlopotamldae larvae - = - - - 2.50 a
hyacophilddae larvae 0.715 - 0.25 - 0.25 0.50
Unddent i fled larvae - - 0.50 - - -
pupae 0.75 3.00 1.00 0.50 0.75 3.00
Lepldoptera larvae - - - 0.50 - -
Goleoptera Hallplidae adults = - 0.25 - - =
Elmldae larvae 6.00 2.50 9.75 6.25 5.75 6.50
adults 14.25 12.25 16.25 31.50 10.75 5.25
Chrysomel fdae adulls = - 0.25 - - -
prera Tipul Ldae larvae 4.00 & 0.75 b 2.00 ab 1.75 ab 1.25 ab 0.25 b
Stumulitdae larvue 5.00 a 4.50 ab 0.75 ab 0.50 ab 1.25 ab - b
pupae 1.00 0.50 1.00 - - =
Chtronomidac larvae 5.50 ub 5.00 ah 2.50 a 171.75 be 32.00 ¢ 2.50 n
pupac 0,25 0.25 0.25 0.25 3.25 0.75
Heletdae larvae 0.25 0.50 - 2.25 a - -
Rhaglonldae larvae u.75 1.00 0.75 1.50 0.175 1.50
Empididae larvac - 0.25 1.75 0.25 0.50 0.25
pupae - - - - 0.25 -
Total Apeat be bonvertelivates L ] Lo in .25 94 a0 1. 50 40000

Aucan numbers of o bt d s vollected do towr Sather samples -
wumbers folloved by the same character are nog slgndfleantly different at the 5% slgnlfleance level (a Student -Newsan-Eeuls Lest
wis used alter transformlog the data to log (x4 1.0}))

fhapp) feat fon ot 0631 ADT on LD June TUBO and agala ar 0819 ADE on 17 Juse 1940



Table 7. Aquatic invertebrates collected in Surber samples*, Bass Brook Control
Station, Gloucester County, New Brunswick, 31 May - 1 August 1980.

Days betore or after flrat (second) appllcat lon

of 0,280 kg Al/ha SEVIN-2-011%44 =11 -5 t2 110 (14) +15 (+9) 150 (145)
Turbellarta 0.2% 0.25 = = H =
Hematoda 0.25 = 1.00 = - .25
Ul gochaeta - - 0.75 0.25 0.25 0.25
Hydracarlna - 1.325 - 0.25 - -
Flecoptera uyspha 1.50 0.75 2.50 2.75 100 0.50
Ephewcroptera Baet ldae nymplia 9.25 a 2.25 ab 2.75 ab - b = h 0.2% b
Heptagenllidae nymphs 3.25 0.25 2.75 1.25 0.75 1,15
Leptophleblidae nymphis - = 0.25 0.25 0.75 0,50
Ephemerel ] ldae nymphs 4.50 ab 4.25 a 15.50 b .00 a 1.75 a 2.25 n
Untdentifled nymphs - - - - a.50 -
donata Covdulegastr idae nymphs 0.25 0.25 0.25 = 0.25 -
Camphldae nymphs 0.25 - 0.25 - 0,25 -
Trichoptera Hrachycent ridae Larvae - = 0.25 = = 0.50
Glossosomat Ldae lavvae - - - - - 0.50
Hydeopsyehbdae Larvae 0.75 - 0.75 0.25 - 0.25
fydroptl Hidae lavvae .25 - 0.25 - 0,25 -
Leptocer Ldae lavvae - - 0,50 - - -
Ldmnephil 1dae larvae 0.75 u.15 0.50 - .50 1.00
Polycentropodtdae larvae 0.25 b - 0.50 - -
Rhiyacophilldae larvae 0. 50 0.45 0.25 1.25 - =
Unideat ftled latvae = - 0.25 - - -
pupae 0. 75 2.00 1.50 u.50 0. 50 u.75
Lepldoprera larvae - - - 0.25 = =
Coleoptera Elmidae larvae 4.25 ab 5.00 ab 10,25 b 0.75 a 2.50 ab 12.75 b
adults 10.00 17.50 23.00 g.00 2.25 19.50
Diptera Tipulldue larvae 1.75 1.00 3.50 0.25 1.00 1.25
Stwul ftdae larvae 2.50 0.25 1.25 0.25 0.75 =
pupae 0. 50 0.25 0.25 - - -
Chil ronomldae larvac - 1.50 2.00 .50 2.00 2.00
pupac - - 0.25% = = =
Thaglonldae larvae 0. 50 0,50 - = 0,25 0. 15
Felecypoda - = - - - (111
Total Aguat e Tnvertchirates Ad.25 L 2h . 1s 19.25% 1600 45,50

Agean numbers of organdsos collected o four Suber samples
wonbers followed by the same charscter are not slgnlfleantly difterent at the 52 signdlleance level (o Student -Hewuan Keuly teut

wian used after Cranaforslng the data to log (x + 1.0)
Afapplleat lon at 0630 AUE on 11 June L980 aud agalu ac OULY ADT on 17 June 1980



Table 8
Aquatic invertebrates collected from rocks*,
Middle Brook Treatment Station A,
Gloucester County, New Brunswick
31 May - 1 August 1980

lays before or after flrst (second) application

of 0.280 kg Al/ha SEVIN-2-01184% -11 -5 +2 +10 (+4) +16 (+10) 51 (145)
Newmatomorpha - - 0.25 - - -
Nydracarina 3.75 17.25 8.00 14.00 16.00 - &
Plecoptera nymphs - 1.00 1.00 2.25 1.50 -
Eplhiemecoptera * Baetidae nywmpha 0.75 0.75 1.25 1.75 1.00 19.50 »
Heprageulldae nymphs 0.75 1.00 0.50 1.50 0.50 2.00
Leptophlebltdae uymphs 5 = 0.25 ~ 1.00 .50
Ephemerel ] ldae nymphg 1.25 1.25 1.50 ©5.50 6.75 g.00
Odonnta Aeslnldae nymphs - - 0.25 - - -
Trlchoplera Brachycentrldae larvae = = ! 0.25 - = =
Hydropsychildae larvue - = @ = 0.50 - -
lydroptil fdae larvae = 0.25 0.25 0.25 = 0.25
Lepldogtamat ldue larvae - 0.25 - - - -
Leproceridae larvae - 0.25 = = = 0.25
Limnephslidae larvae 1.75 2.50 3.00 2.50 2.75 I.25
Polycentropodidae larvae 0.75 0.50 0.75 1.25 0.25 .25
Unldentifled larvae = - = 0.25 - =
pupae - 1.25 0.75 0.50 N 1.25
Lepldoptera larvae - - - 0.25 = =
Coleoptera Elwldae lurvae 1.75 ab 2.00 ab 0.50 a 3.75 ab 1.50 be 13.50 ¢
adults 0.50 0.25 0.50 10.25 e =
Dlptera Tipul tdae larvae 1.25 0.25 0.75 0.50 0.25 0.25
Simullldae larvae 1.25 0.25 & 2,50 - -
Clilronomldae lurvae 14.25 ab 5.00 a 13.00 ab 42.75 ab 36.00 b 140.00 ¢
pupae - - - 0.25 .75 0.25
lleletdae larvae - - 0.25 = 0.25 -
pupae - - - - 0.50 -
Khaglonldae larvae 0.25 0.50 - 0.25 0.25 0.50
Empldldae larvae - - 0.75 0.25 = =

Total Aquatle luvertebrates 10.25 a .25 a 13.75 a 91.00 ab 15.25 ab 18800 b

Awean wumbers of organisms collected from four rocks
wumbers followed by the sume character are nor slgnlflcantly different at the 5% signlilcance level (a Student-Hewwan-Keuls test wag

used after transtormling the data to log (x + 1.0))
*happllcation at 06711 ADT on 11 June 1980 and agaln at 0819 ADT on 17 June 1980



Table 9
Aquatic invertebrates collected from rocks*,
Middle Broole Treatment Station B
Gloucester County, New Brunswick
2 June - 1 August 1980

lays before or after flrse (second) applicatlon

of 0,280 kg AT/ha SEVIN-2-01L844 -9 -5 +2 10 (+4) +16 (+10) 431 (445)
Hewmatoda - - I - - - .25
Hema Lowor phia - - = - = .25
Hydracarina 14.75 a 6.25 ab . 3.25 ab 5.00 ab 5.00 ab 0.50 b
I'lecoptera nyuphs = 0.25 0.75 .50 0.50 .25
Eplicneroplera Baetldae nymplis 0.25 = v.75 0.50 2.25 .50 a
Hepragenlidae nywplis - - 1.00 - L.25 0.25
Leptouphlebl ldae llympI;s - - 1.00 - 0.25 -
Ephemerell 1dae uymplia 0.25 a 1.25 ab 5.25 b .75 b 3.00 b 6.00 b
Trichoptera Glossosomatidae larvae 0.25 o= - - 1.25 0.25
Hydropsychidae lavvae - - - - = 0.25
lydeopellidae larvae - 0.50 - - - 0,75
Lepldostomat Ldae larvae = - - = C1.00 -
Leproceridae larvae 0.50 0.50 - - 0.50 0.50
’ Limnephtlidae larvae 5.50 1.00 2.75 5.00 1.25 150
Phlloporamldac larvae = = 0.25 = = =
Polycentropodtdae Lo rvae - u.25 - 0.25 0.25 =
Rhyacophilidae larvae - - - .25 = =
Unldenctfled pupae u.75 2.50 a 0.25 0.50 - -
Coleoprers Elwidae larvae - 1.50 0.50 - 125, 2,50
adults = 0,25 1.00 0.50 1.75 .25
Mptera Tipul ldae lacvae .50 1.00 - u.75 - .25
Shinul { ldae larvae - - - 0.75 0.50 -
pupae - 0.75 0.25 - = =
Chl ronvaldue larvae 9.50 20.75 14.25 9.50 48.25 115.50 a
pupae 0.25 ub - a - @ = 1.25 b 0.25 ab
lleletdae larvae 0.75 075 0.25 0.25 - -
Rhaglonldae larvae .50 1.00 0.50 = 3 =
Emptdidae larvae - - 0.25 0.25 3 =
Toral Aquatic Tovertebrates 313,15 38,50 32.25 27,15 69.50 1300 a

*oean nuwbers of organtums collected from four rocks
numbers followed by the rame character are not slgniflcanely ditferent at the 52 signlflcance level (a Student-Hewman Keuls test
wag used after transfoarmlog the dauta to log (x + 1.0))

Aagpplicatlon at 0631 ADT on 11 June 1980 and agaln st 0B1Y9 ADT on 17 June 190



Gloucester County, New Brunswick
31 May - 1 August 1980

Table 10
Aquatic invertebrates collected from rocks¥*,
Bass Brook Control Station,

Days before or after flree (second) applicacion

of 0,280 kg Al/ha SEVIN-2-011844 -11 = 12 10 (14) 415 (49) 151 (45)
Hematoda = - = 0.25 = =
Ol gochneta - = = - - 0.75
llydracurina 0.75 3.00 1.00 1.25 5.75 a -
Plecopteva nymphu - a 0.50 ub 0.50 ab 1.00 sb 2.15 1 0.75 ab
Epliemeroptuera Baeridae nymphs 0.50 0.50 1.50 1.25 2.00 13.25 a
lleptsgenlidae nymphis 0.50 = 0.50 - 0.25 -
Leptophlebidac nymphs - 0.25 - - 0.75 0.25
Fphenerellldao uymphy 1.00 1.25 v 0.25 4.25 1.00
Trichoprera Bruchycentridae larvac 0.25 - - - - 4.00
lydropsychidae larvae - - - - - 0.50
Hydroprilidae larvae = 0.50 0.75 £ = =
Lepldostomat Ldue larvae * = = 0.50 = =
Ltmnephtlfdue larvas - 0.50 1.00 0.25 0.25 -
Odontoceridue larvae - 0.5 - - = -
Polycentropodidae larvae = 0.25 - - 0.25 -
Khyacophdl ldae larvae - 0.50 - - - 1.25
Unidenclfled larvae 0.25 - - - - -
Pupae - 1.00 = 0D.25 0.25 0,25
Lepldoprera larvae - - - - - 0.25
Coleoprera Eluldse lurvae 0.25 6.00 1.50 0.50 1.75 22.75 a
adulry 1.00 3.00 2.75 0.25 3.00 4,75
Ilprera Tipul Ldue larvae = 0.75 = - = =
Stuulitdae lucvae 0.25 0.75 0.50 = = -
Clhilronuuldue larvue 10.00 19.00 15.25 11.75 19.25 28,00
pupue a.50 0.50 0.50 = = 0.25
leleldae larvae - 0.25 0.25 0.25 - -
. Rhisglonldae lurvae = - - ~ - 0,75
Ewp ldldae larvae - - 0.25 - - -
Total Aquatie Iuvertebruates 15.25 a 39.25 ab 26.25 ab 17.75 ab 400.50 ab B0, 00 b

Amcun nusbers of orgunlsws collected from four rocks

vumbers followed Ly the same character are not wignlflcancly different ac the 5% slgnlflcance level (a Student-Hewman-Keulu test
wid uded afrer trangforwlng the dota to log (x + 1.0))

sAgpplicatfon ot 0611 ADT on 11 June 1980 aud agatn sc 0819 ANT on 17 June 1980



APPENDIX V

Stomach content analyses for brook trout and slimy sculpins
collected from the treatment and control streams,
Gloucester County, New Brunswick.



Table 1. Brook trout sampled for stomach content analysis, Middle Brook Treatment, Gloucester County,
New Brunswick.

31 May-
Date 1 June 12 June 20 June 26 June 3 August
Number of fish sampled 10 10 13 10 5
Mean fork length (mm) 121,30 121.00 119.46 127.80 123.00
Range 103-193 93-146 83-143 85-183 88-168
Mean welght (g) 30.06 22.00 21.97 30.21 27.16
Range 13.5-84.4 9.6-36.1 7.6-34.9 7.9-78.9 8.0-59.1
Mean volume of stomach contents (ml) 1.23 0.91 0.65 0.90 0.40
Range 0.2-5.7 0.2-3.1 0.2-2.0 <0.1-3.5 <0.1-0.8
Mean (volume of stomach contents/body weight) 0.036 0.050 0.025 0.033 0.016
Range 0.018-0.068 0.009-0.140 0.011-0.105 0.001-0.071 0.006-0.030
Fulton's coefficient of condltion (K)#* 1.17 1.19 1.21 1.26 1.22
Range 1.01-1.33 1.07-1.28 1.11-1.33 1.16-1.35 1.17-1.26

*K = w/e3 x 105 where w = welght (g)
2 = fork Length (mm)



Table 2. Sculpins sampled for stomach content analysis, Middle Brook Treatment,
Gloucester County, New Brunswick.

31 May-

Date 1 June 12 June 20 June 26 June 3 August
Number of fish sampled 10 11 11 10 10
Mean total length (mm) 65.70 63.55 60.91 68.20 59.50
Range 42-113 45-88 50-82 48-85 48-82
Mean welight (g) 3.90 3.70 3.46 4.27 3.28
Range 0.9-14.2 1.7-7.2 2.1-6.8 1.6-8.5 1.2-10.4
Mean volume of stomach contents (ml) 0.15 0.19 0.05 0.08 0.08
Range <0.1-0.4 <0.1-0.3 0-0.1 <0.1-0.2 0-0.2
Mean (volume of stomach contents/ 0.05 0.05 0.02 0.02 0.02
body weight)

Range 0.03-0.09 0.01-0.12 0-0.04 0.01-0.03 0-0.04




Table 3. Brook trout sampled for stomach content analysis, Little Brook Control, Gloucester County, New Brunswick.

Date 2 June 14 June 19 June 25 June 2 Aug.
Number of fish sampled 10 10 11 11 10
Mean fork length (mm) 124.10 135,10 129.45 115.36 122.30
Range 93-169 107-185 93-168 85-150 89-153
Mean welight (g) - 22,90 32.65 28.93 19.70 25.08
Range 9.9-50.4 16.2-76.3 7.8-58.9 7.6.-42.3 10.1-43.9
Mean volume of stomach contents (ml) 1.24 1.16 0.96 1.09 0.86
Range <0.1-4.5 0.5-2.1 <0.1-2.8 0.2-2.6 0.1=2%7
Mean (volume of stomach contents/body weight) 0.050 0.043 0.033 0.054 0.46
Range 0.002-0.095 0.011-0.093 0.005-0.066 0.013-0.097 0.010-0.223
Fulton's coefflcient of condition (K)# 1.15 1.23 1.16 1.20 1.26
Range 1.04-1.23 1.10-1.32 0.97-1.31 1.09-1.34 1.13-1.43

*K = w/x 10° where w = weight (g)
¢ = fork length (mm)



Table 4. Sculpins sampled for srop

1ach content analysis, Little Broolk
County, New Brunswick.

Date 2 June 14 June 19 June
Number of fish sampled ' 10 12 10
Mean total length (mm) 63.10 65.08 66.40
Range 50-80 50-93 50-82
Mean weight (g) 2.39 3.50 3.71
Range 1.1-4.2 1.9-7.7 1.8-7.1
Mean volume of stomach contents (ml) 0.15 0.11 0.13
Range <0.1-0.4 0-0.2 <0.1-0.3
Mean (volume of stomach contents/ 0.06 0.03 0.03
body welght)

Range

0.02-0.16 0-0.06 0.01-0.06

Control, Gloucester

25 June 2 August

10 10
71.50 60.20
56-87 55-68
5.14 3.52

2.9-8.5 2.4-5.5
0.13 0.08

<0.1-0.5 <0.1-0.2

—_—

0.03 0.02

0.01-0.10 0.01-0,06



Table 5. Brook trout sampled for stomach content analysis, Bass Brook Control, Gloucester

County, New Brunswick.

Date 1 June 12 June 19 June 25 June
Number of fish sampled 15 11 12 13
Mean fork lengch (mm) 90.80 98.82 97.42 103.54
Range 60-135 71-122 712-1137 73-165
Mean weight (g) 10.15 12.28 12.28 15.39
Range 2.4-28.4 3.9-20.2 5.0-27.4 4.8-52.5
Mean volume of stomach contents (ml) 0.:33 0.86 0.41 0.65
Range 0.1-1.X 0.2-2.6 0.1-1.1 0.1-4.0
Mean (volume of stomach contents/body weight) 0.034 0.075 0.40 0.034
Range 0.021-0.052 0.025-0.160 0.011-0.090 0.012-0.076
Fulton's coefficlent of condition (K)* 1.13 1.17 T.22 1.21
1.02-1,23 1.06-1.27 1.07-1.40 1.07-1.39

Range

AK = w/L3 x 10° where w = welght (g)
L fork length (mm)

I



Table 6.

New Brunswick.

Sumple date

Ho tood present

Aquatlc Insects
Flecoptera
Eplhiemeroptera
leptagenlldoe
Other
hlonata
Anlsoprera
Hemlptera
Gerrldae
Megaloptera
Slal ldae
Trilchoprera

Coleoprera

Mpterca
Tipul tdae

Simullldae

Clilronomldoe
Heletldae

Hhoglonldae
Empldidae

uher aguatilc Invertehratews

Hydvacarina
Pelecypoda

Terrestrlol arthropods
Acochnlda

Collembola
Ephesmceroptern
Plecoplera

Hemiptera

Homapt eca

Colenptera

Trichoptera
Lepldoptera
Diptera

Hymenoptera
Formlcldae
Other

Flul

1l
Hay
0
N 20
H 10
N 10
N -
L =
L 100
[l -
L 40
A 60
L =
l' -
L 60
P
L 40
L -
EI -
L 10
i 10
50
20
A -
A 10
40
L -
A 50
A -
L 60
L =
A 70
10
L -
A 50
10

Percent Occurrence

Hean Percent Contributlon to Volume

Stomach contents of brook trout, Middle Brook Treatment, Gloucester County,

Mean Number of Organloms per Stomach

12 20 26 3 3 12 0 26 k] 1 12 0 26 3
June  June  June August  MHay June June June  August Hay June June June  August
0 1] (1] 0

Ho 69 10 40 0.9 21.1 5.4 1.9 1.0 2.0 53.0 2.8 5.4 1.0
0 - - - 0.5 0.2 - - - 5.0 1.5 - - =
60 1} Jo 100 1.0 3.4 1.2 0.9 9.2 L 9.1 2.0 1.} 3.6
- - 10 20 - - - 0.5 1.0 - - - 2.0 1.0
- - 10 20 - - - 1.0 0.2 - = - 1.0 1.0
= 8 = = = = 0.1 = _ - = 1.0 - =
100 I 1] B0 41.8 45.4 17.8 6.5 10.0 12.9 20.2 4.1 3.4 4.8
- 23 20 &0 - - 0.7 0.4 18.0 - = 1.3 1.0 4.0
10 kL 20 20 1.8 0.1 1.2 0.7 1.0 1.0 1.0 1.8 1.0 1.0
40 54 50 - 5.1 3.1 5.7 5.5 - 1. 2.5 2.6 2.2 -
20 2] 40 40 - 0.2 0.2 11.0 0.4 - 1.0 1.0 5.0 1.0
= - 10 - - - = 0.2 - - - = 1.0 X
10 23 - 20 5.0 5.0 0.7 - 0.2 2.2 22.4 1.1 - 1.0
10 0.1 1.0

70 54 Bo 20 1.2 1.8 1.4 2.4 3.8 1.5 5.3 2.1 2.9 4.0
- - 30 - - - - 2.1 - - - - 1.3 =
10 - 20 - - 0.1 - 1.4 - - 1.0 - 2.0 -
= - 10 = 0.1 = = 0.5 = 1.0 - - 1.0 -
- - = 20 0.2 - - = 0.8 1.0 - - - 1.0
1] 23 - 40 1.0 1.2 0.4 - 3.2 2.0 2.7 1.0 - 2.0
= - 10 - - - - 3.0 - - - - L.0 -
- 23 20 100 0.5 - 0.6 1.2 5.4 1.0 - 1.0 1.0 1.6
% = 10 20 - - - 0.2 2.8 - - - 1.0 1.0
10 - - - - 0.4 - - - - 2.1 - - -
10 = = - 0.5 0.2 - - - 2.0 2.0 - - -
= 8 40 ] - - 0.4 1.0 2.2 - - 1.0 1.5 2.0
1o a1 10 60 1.3 0.2 0.7 0.5 1.0 1.0 3.0 1.5 4.0 2.0
- - - 20 - - - - 1.0 - - - - 1.0
40 11 50 40 4.0 0.9 10.1 4.7 2.6 2.2 1.3 3.3 2.4 2.5
10 15 30 - - 0.1 0.5 3.0 - - 1.0 1.0 3.3 -
40 46 40 4l 10.6 1.5 6.2 6.0 16.4 2.7 1.5 4.2 3.0 2.5
- - - 60 - - - - 2.0 - - - - 1.3
40 92 100 100 15.1 4.0 L2.4 3.0 12.0 13.7 4.5 9.1 6.5 4.2
110 - - = 1.2 | - - 1.0 1.0 - - 45
- - - 20 - - - - .8 - - - - 1.0
20 62 20 20 4.8 0.3 3.6 1.4 1.0 2.2 1.5 2.0 1.5 1.0
- - - - 1.0 - - - - - - >

Application at 0631 ADT on 11 June 1980 and agaln at OGHLY9 ADT on 1) June 1980,

Ho= uymplia

A= dulis
L= larvac
o= e




Table 7.

Sample date

Ho Luod present

Mt e Insects
Flecoptera
Ephivmeroptera
Heptagent ldae
oher
Trichoptera

Coleuptera
Diptera
Thpul tdae
Sleml | ldae

Chilronombdae

Heleldae

Stomach contents of slimy sculpins, Middle Brook Treatment,

New Brunswick.

Fertcent (currence

Terrestvlal arthropmle

Leptdoprera

Applicatlon at 0631 ADT on 11 June 1980 and sguln at

H =
A=
[
I" =

nywmplig
adulte
Larvae
I#l]li.lc

30 May- 12 20 26
1 June  Juune June June
o (4] 19 4]
H (11 g1 1} Ho
H 10 i e E
910 13 2] 20
] 50 B2 13 50
tl - ‘j - -
L 10 - - 10
A - - - 10
L 40 9 - 10
L 40 91 = =
60 16 b 0
10 9 - =
L 10 - o o
L = c - 1o

0819 ADT on 17 June 1980

Hean Percent Contrlbution to

34 31 Hay- 12 20
Aug. | June  June June
20

= 14.2 19.4 + 15.06
= 0.5 - -
1] 35.1 24,9 1.4
60 6.0 21.2 59.9
= = u.5 -
s 0.2 - =
= 5.1 1.8 -
10 14.9 B0 -
60 2.3 1.2 16.8
- 0.5 0.5 =
= L.0 - -

Gloucester County,

Volume Mean Nuwber of Organlsws per Stomach
26 J-4 i1 My~ 12 20 26 31-4
“June Aug, L June  June June June Aug,
414 = 2.5 7.9 2.0 2] -
- 1.0 - < = -
9.0 41.1 5 b.4 1.3 1.0 1.t
25.0 46. 3.0 6.0 2.0 2.2 1.5
- - - 1.0 - - -
235 - 1.0 - - 0 -
&5 - - = == 1.0 -
8.0 - 1.0 1.0 = 1.0 =
- u.8 10.3 13.4 - - 9.
4.6 4.1 2.0 1.0 4.6 4.1 4.1
- = 4] 1.0 - = -
o & 0 - i = -
4.0 = = - L 1.0 -



Table g.

Stomach contents of brook trout, Little Brook Control,
Gloucester County, New Brunswick.

Pevernt hcuinen e

tean Petcent Canl 0 lbat fun Ee Vol s

s Busbor ol Goganlema per Stomack

1 LR} " 3 1 1 (L " 3 1 1 14 19 n 1
Sample date Pase Jume une Husie  Pugast  June June Ty Duanne Auguat Buane Sune [ Josmr Asgmnt
Bes Fuond puemenit o n " '] n
Innei e
Fleswplera M 10 (1] (1Y (Y] I 1.1 [ LY 3.0 1.2 .u A1 ) 3.4 1.4
Fplameguptlen s
L] = o k] L] E - ol ol 0.3 - 1.u I.u .o ()
w u o 9 9 - [ ] e 0.3 - 1.3 .o i.0 1.0 -
L] 0 L 3% 35 T 13 4.0 0.4 1.3 b “n L7 1.2 LAY
L] ad (1] - 3 - - 3.0 = [ B - - 3.0 = L] =
L = k] = - - - i - - = = oo
Trlibopeera L b [ * ] 100 mao 15 3.4 19.1 19.8 1 1.1 3.4 LS| 3.0
r = du L] 9 111 - o.8 [N 0.1 1.0 - Lo 1.0 [ AU
Colrvpieras
Frephenldas L mn - - - - u.n - - - - 1.0 - - - E
Hilre L = . L] 1 - - .l 0.l ~ - = 1.0 1.0 =
r [ L) w L] = - 0.3 Lo 0.3 - - Lo 1.0 1.0 = e
A o Lo i L] ) 0.8 L. o.3 0.1 1.3 1. 1. 1.0 .o (%]
Wipiara
Bl Ldae L m - i 13 m [} - - 3.8 u.} 1.3 - - 1. {1
r - ] 9 . - - v 1.1 - . - (%] 1o -
Bleal lldae L 0 "W 11 a1 s 1.9 0.8 1o 3.0 0.7 3.0 1.8 l.s i8.) (]
r 10 (14 | A% - 0.8 n.l ol 1.7 - )0 .o 5.0 1.4 =
[FOF T L 0 LILY L} 1o [ 9.6 (L) 3.6 s 1.7 3.4 2.1 1% m.r 3.1
r 11 mn (1.} L1 1.5 u.1 0.1 0.2 0.1 1.0 1.0 1.3 LIS | 1.0
e leldam L. mn m * () L1 (] 0.1 ol i.3 0.1 .o i.0 I.0 1.9 LR
r - W - E: - ~ 0.1 - - - - 1.e - - =
Strat by bdae ] 10 - - - "y - - - - 1.0 - -
dan [} n an L) 1 [ 11] L. .1 [ ] 3.% u.3 1.0 1.3 1u L 1.0
Blaglonldas L [ = - - n.j - - - Lo - = - -
bmplididae i = 10 - 1] - - 0. - 0.l - L - b0
Biihat wquat le Investehrutos
Wy e ve e lna E] i b3 " » 0. 0.4 w2 u.4 .1 1.3 1.0 (] (R 1.0
Cast popoda £ - 9 - I - - . - 0.4 + 1.0 - 1.0
Tovaeminlal aetlopodn
Avacimlida F) Wi i 1 [1] ] 1. 0.3 (Y 0.3 10 (] 1.0 1.1 1.2
tallesbala s mn ] £ mn - 0.1 a.l o 0.1 - 1.0 1.0 1.0 1.0
Lphrmerupt e n A - - - - w - - - - (1% ] - - - - 1.3
Flesopiers A < - - - 11 - - - - 1.4 - - - - 1.0
n E) - is A 11 .y nw.z - LA | .4 1o 1.0 - Ly )
- n : ] - A0 - n.& [ ] - 1.} - 1.3 Lo - 3.3
[ - - - - 0 - - - 1.1 = = - = 5 L2
r - n 2 - - - 1.0 - - - .0 = = =
A 3 0 3 E4 v 1.0 4.0 V.8 r.o N | 4.2 1.1 3. .9
Tebibwpiera A - n - - H - .1 - - 4.1 - I.n - - 6.0
leplduptera L e R - - % 1.1 0.9 - - 1.9 L9 ) 1.3 - = Lok
A . - - - i - - - - (] - - - 1.0
Diptuia L - m " 9 hir - L] 0.1 0. - .3 ] 1.0
A 0 (T n 1 [0 Ih.4 1. (1) .3 9.8 1.3 1.3 1.3 1
Myme nirpt e ra
2 4u v in e ‘o 1.2 (1] u.3 2.0 (N ] Lo %
A Ll i = L] I [N} i . wl oy (] " - (5]
Amphitbban enne - - Kl [

LI R
L [T
I = lavvae
F = Pipae



Table 9. Stomach contents of slimy sculpins, Little Brook Control, Gloucester County,
New Brunswick.

Percent Occurcence Hean Percent Countrdbutlon to Volume Hean Nuaber of Organlsms per Stomach
2 L4 19 25 2 2 14 19 25 2 2 14 19 25 2
Sumple date June June June June  August June June June June August Jdune June June June Auguut
Ho tood preaeat 0 4 u 0 0
Aquatic Insects
Plecoptera M S[1] 25 10 30 0 1.0 0.3 a1 0.5 0.1 1.3 2.2 1.0 1.3 1.0
Ephemeioptera
Heprapent{idae N - & = = 10 - - - - 0.1 - - - - 1.0
i her ] ] 42 - 30 1] 2.5 0.5 - 1.4 10.0 1.0 1.4 - 1.0 3.6
Trichoptera I. 50 11 20 70 ] 4.9 1.9 0.8 10.2 ja.7 1.2 2.1 1.5 1.0
Coleoptera L - [ +~ - - - 0.1 - - - - 1.0 = =,
10 i} = = = 1.3 0.1 = - 3.0 1.0 = - =
Hiptera
Tlpul Ldae L 10 - - 1 - 0.1 - - a.h5 - 1.0 - - 3.0 -
Stwal L llae 1] 10 0y qo a0 50 6.1 46.1 25,0 36.6 Tl 1.0 41.8 21.9 66.8

r = 17 10 10 10 - 0.2 0.2 0.4 0.1 - 1.0 2.0 2.0 1.0
Chil pomom e I. HTTH] 92 100 100 L0} Bl.4 49.5 74.9 50.4 413.7 50.4 16.1 62,2 19.7 28.1(

3 10 H - = 2 u.l 0.4 - = = 1.0 2.0 - -
Heletdae L 10 = - = = 0.1 = - - = 1.0 - - -

r - 17 - - . o= o3 u.2 - - - - 1.5 - -
thaglontdae 1. ] d - - - 0.2 0.1 = - - 1 1.0 - - -
Famp ldtdae L 10 B - = - 0.1 o1 o - = 1.0 1.0 - - 5

Other aguat le fnvertebrates

Gast ropoda - 8 = - = = .3 = = = - 2.0 - = -
Tevrestrbal arthropods

Ephemeroptera A - B - - - - 0.1 - - - - 1.0 - - Z

H = nympls
A = adults
= larvae

pujoe

1



Table 10. Stomach contents of brook trout, Bass Brook Control, Gloucester County,
New Brunswick,

Sample date

Mean Percent Contrlibutlon

Hean Humber of Organloes
per Stomach

No food present

Aquatie Insects

Plecoptera

Eplhewmeroptera
HNeptagenl ldoe
Ephemeridae
Other

Ddonata

Anlsoprera

Tetchoptera

Coleoptera

Mptera
Tipulidae
Stmul | Hdae

Chilronvaldae

Heleldae

Uther aquatlc Invertebraten

Hydradur lnn
GCastropoda

Terrestrial arthropoda
Avachnlda
Collembola
Eplhiemeropteca
Plecoprera
llemlptera
Homoptera
Coleoptern

Trichoprera
Lepldoptera
lptera
Hymenoptera
Formleldoe
Other

H = uymphs
A= sdulra
l. = larvae
P o= pupae

>

> -

_Percent Oceurrence e Lo Volume
1 12 19 25 1 12 19 25
June June June June June June June June
0 0 (4] u
a1 14 42 23 1.3 0.2 8.9 0.3
= 9 = - - 0.1 - =
20 14 - - 0.4 0.3 = =
93 100 15 2) 24.9 66.1 13.8 1.0
” - 4 8 i 5 1.4 3.8
13 73 15 18 12.0 5.6 17.2 1.8
= - ] = - - 4.0 -
41 18 a - 4.1 0.3 0.2 -
33 64 50 - 0.5 1.8 1.9 =
! 9 = 15 0.1 0.1 - 6.6
60 16 1 8 1.5 0.4 0.8 0.3
20 - - 8 0.3 - - 0.2
100 45 50 23 1.7 0.5 0.9 0.2
1 v L] - 0.1 0.1 0.1 =
40 4 17 v 23 0.4 0.1 0.2 0.3
1) 64 58 2] 0.1 0.6 0.6 0.2
11 - 17 - 0.1 = 0.4 -
20 b 42 il 0.5 0.5 0.8 0.7
7 9 - 15 0.1 0.1 - 0.2
i - H - 2.5 - 0.1 -
7 9 - - 0.8 0.5 - =
7 - o 23 0.1 - 0.2 1.1
20 9 8 23 0.2 0.1 0.1 0.8
7 . ] = - 0.1 0.5 - =
40 217 13 69 1.1 0.4 0.6 17.8
20 16 - - 0.3 0.6 - =
11 9 25 85 0.1 0.2 4.5 16.2
100 91 100 100 46,0 20.4 39.6 45.6
7 Y S8 54 0.1 0.3 5.5 1.8
7 45 - il 0.1 0.5 - 0.4

1
June

— e e P = =
o E-w—-wE e o

——
oW

o P S X e
cocowcooED~wE~

W
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12
June

19
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