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ABSTRACT

Conventional double applications of MATACIL® and seasonal
maximum applicacions of nonyl phenol and MATACIL® had no significant
effects on forest songbird populations, and small mammal breeding
activity was not affected by the seasonal maximum MATACIL® treatment.
Nonyl phenol did not exhibit any apparent insecticidal a2ffects on
terrestrial invertebrates inhabiting trees or honey bee colonies,
conventional MATACIL® applications caused a moderate knockdown of
terrestrial arthropods over z two day period and z seasonal maximum
application of MATACIL® resulted in a large knockdown of terrestrial
arthropods persisting for a similar period. Field studies were
conducted to assess the impact on terrestrial forest ecosystems of
aerial applications of MATACIL® at conventional double application
and seasonal maximum allowable dosage rates, and of noayl phenol, an
"inert" ingredient in MATACIL® formulations, at a rate equal to the
amount of nonyl phenol that is contained in a seasonal maximum zllowable
dosage of MATACIL® formulation. A review of envirconmental monitoring
of terrestrial organisms in MATACIL® treated forest areas in Eastern
North America and of laboratory toxicity data towards honeybees, birds
and mammals is included.

RESUME

Des applications ordinaires doubles de MATACIL® et des
applications saisonnidres maximales de nonyl phénol et de MATACIL®
n'ont eu aucun effet significatif sur les populations d'oiseaux
chanteurs et un traitement saisonnier maximal au MATACIL® n'a pas
affecté les activités de reproduction des petits mammiféres. Le
nonyl phénol n'a montrZ aucun effet insecticide apparent sur les
invertébrés terrestres arboricoles ni sur les sssaims d'abeilles;
des applications ordinaires de MATACIL® ont causé un abattement mod&ré
des arthropodes terrestres durant deux jours et une application
saisonniére maximale de MATACIL® a provoqud un abattement important
chex les arthropodes terrestres durant deux jours €galement. Des
études de plein champ ont EcZ effectudes pour &valuer 1'impact sur
les &cosystémes terrestres forestiers du MATACIL® en applications
aériennes ordinaires doubles et i des doses maximales saisonnidres
a-nsi que du nonyl phénol, un ingrédient "inerte" des formules
MATACIL® 3 une dose &quivalente i la quantité de nonly phénol appliquée
par un traitement saisonnier maximal au MATACIL®, Le lecteur trouvera
un examen du contrdle environnemental des organismes terrestres dans
les régions du nord-est de 1'Amérique trait3es au MATACIL® ot des
données de laboratoire sur la toxicitd de cette formule pour les
abeilles, oiseaux et mammiféres.

(11)
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INTRODUCTION

Large scale aerial applications of insecticidss have bean

used for many years tc limit the destruction and damage caused to
Eastarn Canadian forests by the spruce budworm, Choristoncura

Jumiferana Clem., Aerial forest pest control operations have been
cont;nually evolving over this period in terms of the pest control
products applied and the application procedures used to disperse them

into the forest ecosystem. One of the commercial products used most
extensively in spruce budworm control programs in racent years is
MATACIL®, containing the carbamate insecticide aminocarb (4-dimechylamino-
m=tolyl methylcarbamate).

Concerns over the toxicity of nonyl phencl, a component of
commercial MATACIL® formulations, to fish, resulted in the Forest Pest
Management Institute conducting a field evaluation in 1979 of the
environmental impact of this material applied at a rate equivalent to
the quantity of nonyl phenol present in the registered seasonal maximum
dosage of MATACIL®. A companion study was carried out looking at the
effects of a single aerial application of the seasonal maximum azllowable
dosage of MATACIL®. The aquatic studies carried out in these two pro-
grams have been reported by Holmes and Kingsbury (1980), along with
reviews of the use of MATACIL® for forest pest control in Canada, its
aquatic toxicity and previous aquatics monitoring programs carried
out in MATACIL® treated areas. Terrestrial impact studies from these
programs are contained in this report along with comparable studies
carried out in an area receiving a conventional double application of
MATACIL® at the application rate most widely used in spruce budworm
control programs.

HISTORICAL PERSPECTIVE
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Laboratory studies indicate that MATACIL® is highly toxic to
Qoneybees. The lethal dosage of MATACIL® in nicrograms per bee causing
50 percent mortality has been reported as 1.160 ug/bee when applied to
aoneybees as a dust (aAtkins et al. 1970) and 0.115 .g/bee when topically
applied dissolved in acetone (Abdelwahab et al. 1973). In both studies
the slope of the log dosage probit line was reported to be lower than
%, indicating a relatively homogeneous effect on the test insects.

This suggests that moderate changes in the dosage of MATACIL® applied
would only result in small changes in its toxic effects on honeybees
(Atkins, 1975). MATACIL® was also found to be nighly toxic to honey-
bees when sprayed on glass plates and placed in the bottom of wooden
cages containing worker bees. A 0.1953 w/v% concentration of MATACIL®
dissolved in acetone sprayed on the plates killed 350% of the bees in
24 hours, showing it to be 11.7 times more potent than DDT when tested
In the same way (Abdelwahab et al, 1973).
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Acute oral toxicity values reported for MATACIL® technical
(approximately 977 AI) tested against avian and mammalian wildlife
species fall in the range between 7.5 and 50 mg/kg (Tucker and Crabtree
1970, FCH 1970, Kenaga and End 1974, Lamb and Jones 1975b, Nelson 1978a).
MATACIL® formulations containing nonyl phencl exhibit acute oral toxicicy
to rats roughly proportional to their active ingredisnt content (Nelson
1978c). Reported LDsp values for nonyl phenol to rats are much higher
than the values for technical MATACIL® (Jefferson Chemical Co. 1964,
ITI 1978). Experiments carried out testing the concentration of tech-
nical MATACIL® in food required to cause mortality to ducks, pheasants
and quail have shown that concentrations in excess of 1000-2000 parts
per million must be ingested where the test organisms are zllowed to
feed ad libitwn (Hill et al. 1975, Lamb and Jones 1975a). Experiments
involving applying the MATACIL® formulation currently used in Canada to
the shaved backs of rabbits (Nelson, 1978d) suggest that it presents a
smaller hazard to small mammals through contact effects than through
ingestion, as do dermal toxicity studies on nonyl phenol (Fairchild
1977). The acute inhalation toxicity of the MATACIL® formulation
currently used in Canada (Nelson, 1978b) indicates that concentrations
in air have to reach levels of greater than 2000 ppm of formulation
and be present for an exposure period of one hour to exert lethal toxic
effects on small mammals.

Toxicity data generated on birds and mammals for MATACIL®, some
of its formulations and nonyl phenol is summarized in Table 1.

Monitoring of Experimental and Operational MATACIL® Applications

Field studies on the environmental impact of MATACIL® applied
to Canadian forests were initiated in 1971, when semi-operational
applications of both wettable powder and oil soluble concentrate
formulations containing 0.105 kg AI/ha were monitored in New Brunswick.
The Canadian Wildlife Service studied the effects of both formulations
on forest songbirds and amphibians, while the Environmental Impact
section of the Chemical Control Research Institute (CCRI) studied the
small mammal complex within the area receiving the o0il soluble con-
centrate formulation. The results of singing male counts along 4 km
transects and observations on individual nests did not indicate any
evidence of adverse effects on songbird populations or nestling survival
(Pearce, 1971). Census counts and observations on behavior and calling
activity indicated there were no apparent effects on adult frog popula-
tions (Rick and Gruchy, 1971). Small mammals collected by snapback
trapping were mostly meadow voles, Microtus pemnsylvanicus (Ord) and
red-backed vecles, Clethrioncnys gappreri (Vigors), of which 40% were
subadults and 89% of the females were in breeding condition, indicating
that small mammal reproduction had not been affected by the treatment
(Buckner et al. 1973).



Toxlelebes of MATACTE® rechinleal , MATACILE formalat lons and nonyl phenol to bitvds and aowmal s,

Toxlelty tested togred tent Lested

MATACIE® pechndoal (97%) AL)

Acube oral

HATACTIE® technteal (97,97 A1)

Pesthal A betary concentrat lophk MATACHE® technlea

MATACILY techuleal (982 AL)

Avute oral MATACIL® pecholeal? ass

MATACIL® technleal?

MATACILY techndeal (96.3% Al)

MATACTE® analycleal (99.6% A1)

HATACIUE | B=585 (19.5% Al)

Honyl phenol

MATACTL® techntcal (97% AL}

e vl MATACTE® 1.H-SHS (19.5% Al)

Aot e

Nonyl phenol

Aewte tohalar fon HATACTEM | 8-585 (L1Y9.5% AlL)

AT cont fdence Timbts piven In pareont hesis where aval bable

A cxpressed as pacta per wl D lon of compoand  Toowd TED e diet calealated to produce SO0L worcalicy ta 8§ days (5 days of toxle dler

by 4ol antreated dien)

AAA dnpredient tested ot spated, assaned to be techinteal marerial.

Table 1

Orpandsm tested

Mal lavd duck
Hing-—necked pheasant
Hallavd duck - males
Mallavd duck - fenales
Holbwhite quall - males
Bobiwhlte guall Temales
Mol lavd duck

Hlag-necked plieasant

Mallard duck

Boliwhice gquatl

It

It

Hat - females
Bar - Females
Hat - females
Hat = males
Hat = males
itat

Mube deen

Rabblt - femnles
Babbit - wales
Rabbit

fat - females

= males

Rat

Lt

225 wpfkp (1.8 - 28.4)
L2.6 mpfke (330 - 51.4)
15 mpfkp (H-28)

13 wpfkp (11-15)
Wowmgfky (28-34)

A1 mp Sl (45 48)

2552 ppm

2000 ppin

21000 ppm

100 ppn

Sl

wg kg

o=

mp S kg

2D ompfhp (23-31)

22 mpflg (19-25)

101 my/kg (83-127)
170wk (146200}
approx. GO0 meg/kg
16200 mp/ky

7.5 1o 19 mpfky

BAL mp kg (595-1190)

LU0 e/l (BA1-L082)

2140

my: kg

mg lormlatlonf/t al

Torsulat ton/¥ air

Relerence

Tuckey amd Crabtree, 1970
Tucker and Crabtree, 1970
Lamb and Junes, 1350
Lamb aond Jones, 19750
Lawl and Jones . L9750
Lawh amd Jones . 19750
WELl er al. 1975

Wil ev al, 1975

Lamh aod Tones, 197%a
Lamb and Jowes, 197540

FEI, 1aig

Feniga amd kBud, 1974
Helsan, 197Ha
Helson, 197Ha
Nelson, 1978c
Huelson, 1Y97H:

defferson Chembeal Coo
ey, 147

Tocker and Crabtoec, 1970

Melson, 19/8d
Hoelson, 19784
Falvehibd, 1937
Nelson, 197180
Helson, 19760

fal lowed

1964



A semi-operational application of an oil soluble concentrate
formulation of MATACIL® containing 0.052 kg AI/ha was studied by CCRI
in 1972 near Maniwaki, Quebec, to determine effects on songbirds and
small mammals (Buckner et al. 1973). Similar very low songbird popula-
tions were found on the MATACIL® plot before and after application.
Small mammal trapping captured primarily red-backed voles and white-
footed mice, Pzromyscus maniculatus (Wagner), with age class structure
and reproductive status of adult females indicating normal breeding
populations. The following year (1973) studies were carried out in an
operational spray block near Menjou Depot, Quebec receiving a 0.052 kg
Al/ha application of MATACIL® after an initial application of fenitrothion
(Buckner et al. 1973). Limited post-spray bird census data suggest
that the treatments may have zffected some species of birds, particularly
the bay-breasted warbler, Dendroica castanea (Wilson). Very low popula-
tions of small mammals were found in both treatment and control aresas,
but the age class structure and breeding condition of the animals
sampled from both areas were similar. Honeybee colonies moved into the
area prior to the MATACIL® application suffered heavy but short lasting
mortality of foraging bees, but all hives returned to normal activity
within five days and hive strength and honey production appeared normal
by the end of the season.

In 1974, the environmentzl impact section of CCRI studied the
2ffects of MATACIL® applied experimentally at 0.070 kg AI/ha to a 930 na
block of the Larose County Forest near Ottawa, Ontario (Buckner et al.
1975) and applied operational at 0.052 kg AI/ha to large blocks near
Parent, Quebec (Buckner and Sarrazin, 1975). Forest songbird populations
remained relatively constant over the treatment periods in most of the
bird plots censused, although some apparent reductions in populations
of ruby-crowned kinglets, Fegulus calendula (Linnaeus), and some warbler
(Parulidae) species were noted. Very low small mammal populations
were encountered in all the treated and untreated control areas studied.
Caging studies, censuses and observations on adult frogs within the
Larose Forest treatment area did not indicate any adverse effects. The
early morning-late evening MATACIL® application to Larose Forest did
not result in any observable effects on honeybee colonies, apparently
because foraging bees were not actively flving during the period of
greatest insecticide concentration in the environment.

The Canadian Wildlife Service studied the impact of a spray
regime in New Brunswick in 1975 involving two applications of MATACIL®
at 0.052 kg AI/ha with an intervening application of 0.175 kg
fenitrothion/ha (Pearce =t al. 1976). They found nc effect following
the first treatment, some after the fenitrothion application and a
marked decrease in birds following the second MATACIL® spray based on
counts of singing males along line transects. They suggested this
indicated an impact due to accumulative effects from multiple spray
applications. The same year MATACIL® was applied experimentally in
Maine at an application rate of 0.170 kg AI/ha. 3Brain cholinesterase
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measurements taken from birds, small mammals and frogs collected befor
and after the MATACIL® application showed a significant decrease afrer
treatments among woodland JLﬂDlng mice, lJayzozarus ingignis (Miller),
and red squirrels, Toamigsciurus Audscnicus (:rxlaben), but not for deer
mice or any of the bird or frog species sampled (Peterson, 1976). The
same applications were judged not to have had significant effects on
spruce budworm parasites or other non-target arthropeds based on
examination of budworm larval collections, drop box catches and Malaise
trap sampling (Simmons, 1976).

e

The Canadian Wildlife Service monitored forest scongbirds by
singing male counts along line transects in spray blocks in New Brunswick
in 1976 where double applicatiens of 0.090 kg AI/hz of MATACIL® followed
prior applications of fanitrothion or phospnamldon. They concluded that
the MATACIL® applications appeared to have little additiomnal impact on
birds beyond the effects of the initial organophosphate applications
(Pearce et al. 1979). The same year, the Quebec Department of Tourism,
Fish and Game carried out breeding bird census on a number of plots
within spray blocks in Quebec receiving one or two applicaticns of
MATACIL® applied at 0.052 kg AI/ha and concluded that breeding bird
populations were not affected (Sarrazin, 1976). A portion of a Quebec
spray block inadvertently sprayed with this dosage of MATACIL® morning
and evening of the same day was examined for indications of effects on
the resident avian populations, but none were found even though MATACIL®
residues found on spruce foliage indicated an above normal concentration
of insecticide (McLeod et al. 1976).

MATACIL® was tested experimentally as an adult spruce budworm
control agent in early July of 1976 in Acadia Forest, New Brunswick.
Three successive applications of 0.070 kg AI/ha at two-day intervals
did not result in noticeable reductions in bird populations, but a
short lived decrease in activity was noted following the second
application and a single bird exhibiting svmptoms of pesticide intoxica-
tion was found (Buckner et al. 1976). The same adulticide trials caused
a neavy knock-down of flying adult budworm parasites (Varty, 1976).

Extensive environmental monitoring of MATACIL® applications
took place in Eastern Canada in 1977 in conjunction with spruce budworm
control programs carried out in Quebec, New Brunswick and Newfoundland.
Minor effects of MATACIL® applications of 0.075 kg AI/ha on certain
forest canopy dwelling birds, particularly the ruby-crowned kinglet,
were found on a small number of the plots monitored in Quebec, apparently
because of the combined effects of severe early spring weather and the
additional stress imposed by the insecticide (Sarrazin, 1977). lo
immediate bird mortality, influence on song frequency among various
families of birds or rearing failures on approximately 100 nests located
were found in a*&:s of New Brunswick treated with single or double
applications of MATACIL® at 0.052 to 0.070 kg AI/ha (Varty, 1978). 1In
Newfoundland, forest songbirds were studied in areas treated witl
MATACIL® at the relatively high application rates of 2 x 0.087 aad 3 x
0.070 kg AI/ha, but no damage to bird populations was found by breeding
bird census (Buckner and McLeod, 1977) or mist-necting studies



(Environmental Monitoring Committee, 197%9za). Small mammals collected by
snap-trap from MATACIL® spray blocks in Quebec and New Brunswick included
sizeable proportions of young of the year and adult females in breeding
condition, suggesting that small mammal populations had not been affected
(Sarrazin 1977, Varty 1978). Shrew populations, Sorex cinercus Kerr, were
sampled from treatment and control areas in Newfoundland by pitfall

traps. Smaller numbers of individuals and smaller proportions of juvenile
were captured on treated plots than control plots, but the differences
were not significant when tested statistically (Environmental Monitoring
Committee, 1979a).

Extensive studies on a variety of non-target arthropod groups
were carried out in MATACIL® treated areas of New Brunswick in 1977
(Varty, 1978). The first of two applications of 0.070 kg AI/ha caused
light mortality to foraging honey bees and reduced pollen collection for
wo days, but no further effect was evident following the second applica-
tion and overall colony vigor was not substantially reduced. MATACIL®
sprays did not affect bumble bee queens held in exposure cages or worker
longevity, caste production or reproductive success of established queens.
It was concluded that conventional MATACIL® treatments pose no hazard to
bumble bees and probably not to solitary bees. Spruce budworm parasitism
was not detrimentally affected by various spray regimes, but MATACIL®
sprays did inflict heavy mortality (60-70%) on populations of spiders
and chalcid wasps and moderate mortality (40-50%) on beetles and
ichneumonoid wasps, as determined by drop-tray and branch beating
collections. It was concluded that these measurements indicated that
the insecticide treatments had not produced drastic changes in either
parasitism or predation processes within treated stands. Non-target
arcthropod collections made by sweeping shrubs and beating trees indicated
average reductions in populations of approximately 15% in areas of
Newfoundland treated with MATACIL® at 2 x 0.087 and 3 x 0.070 kg AI/ha,
when compared to control areas (Environmental Monitoring Committee, 1979a).
There was no evidence indicating any permanent or long-term impact on
any of the arthropod populations studied.

Extensive areas of Eastern Canada were again sprayed with MATACIL®
in 1978, and a great deal of environmental monitoring was conducted with-
in these areas. Operational applications of MATACIL® in Quebec at
dosages of 0.052 and 0.070 kg AI/ha were not found to cause any adverse
effects on avifauna, including any impact on kinglets which were specif-
ically looked at as an indicator species (Sarrazin, 1978). Intensive
songbird census studies by FPMI on plots receiving 0.052 kg AI/ha of
MATACIL® timed to different stages of budworm development did not in-
dicate any effects on birds but did show that very few birds had migrated
into the area prior to 50% emergence of second instar budworm (Kingsbury
and McLeod, 1979). In similar studies, the same application rate of
MATACIL® was found not to affect songbirds when deliverad by esither super
constellation or DC-3 (Kingsbury and McLeod, 1980). Double applications
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of 0.070 kg Al/ha MATACIL® were monitorad in New Brunswick in 1
Avifauna Ltd., an environmental consulting firm with considerab
expertise in songbird studies. Their report concluded that no evidence
could be found showing a2 reduction in numbers of birds of any of the

20 species studied, which could be related to the insecticide applica-
tions (Germain and Morim, 1979). Songbird censuses in similar spray
regimes in Newfoundland also failed to detect any adverse effacts on
populations, and mist netting studies indicated highly stable popula-
tions (Environmental Monitoring Committe2e, 1979b). They did, however,
indicate a lower production of birds of the year from sprayed areas

as compared to untreated areas, which was suggested as possibly resulting
from a lack of insect food during a critical period of nestling growth.
Forest songbirds were studied by a spot mapping method of censusing
singing male songbirds within an area in Maine treated with 0.168 kg
Al/ha of MATACIL® in 1978 (Brown, 1978). No effects on bird activity

or populations were found and successful nesting and hatching activity
was documented on a number of nests observed within the treated area.

978 by
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Snap back trapping of small mammal populations in MATACIL®
treated areas of Quebec in 1978 produced a very high (90%) proportion
of young of the year and showed a healthy breeding status for the
adult females captured (Sarrazin, 1978). Pitfall trapping of maskad
shrews within sprayed areas in Newfoundland did not show evidence of
any impact on shrew populations resulting from the treatments
(Environmental Monitoring Committee, 1379b). Snap back trapping with-
in the relatively high dosage MATACIL® treated area in Maine produced
identical numbers and similar sex and age ratios among small mammal
populations as within the untreated control area (Brown 1978).

The incidence of parasites within spruce budworm 4th and 6cth
instars and pupae was studied in treated and untreated areas of Quebec
in 1978 (Sarrazin, 1978). There were no significant differences in
rates of parasitism within the areas studied except for a lower in-
cidence of one pupal parasite (Fhaecgenes) within one portion of
treated area sampled. This same parasite was found in the same
proportions in budworm pupae sampled from treated and untreated plots
in other regions of Quebec receiving similar MATACIL® treatments,
indicating the difference found was not a result of the insecticide
treatments. MATACIL® applications in Mew Brunswick in 1978 did not
kill caged adulc bumble bees or affect reproduction of the insect-
pollinated plant species studied, but a possible low level effect on
solitary bees was suggested (Plowright and Rodd 1980). In another
study Malaise trapping and counts of flower visitations did not indicars
any reductions of solitary bees within MATACIL® treated areas, but
fruit-set on rhodora and blueberry was low within these areas compared
with that in an untreated control area (Varty, 1980). Malaise trap
and sweep net catches within MATACIL® treatsd aresas of Yewfoundland
in 1978 give no clear 1 impact on any of the non-target
arthropods sampled de

to

(Environmental Moni

e a majer impact on budworm populations

€
ng Committee, 1979b). It is suggested that the



reason for this may have been that under the conditions of application
the MATACIL® acted primarily as a stomach poison and had relatively
little contact effect. Extraction of soil arthropods from soil samples
from treated and control sites did not indicate any significant effects
of MATACIL® on this group of organisms during the 1978 Newfoundland
spray program. Malaise trap catches within the plot in Maine treated
with 0.168 kg AI/ha of MATACIL® indicated a temporary reduction in
Ichneuman wasp populations after the treatment with recovery evident
within a month (Brown, 1978). No effects on soil macroinvertebrates
were apparent from pitfall trap catches within the treated area.

Some environmental monitoring studies carried out in MATACIL®
treated areas of eastern Canada in 1979 have been reported to date.
An extensive forest songbird monitoring program was carried out by
Avifauna Ltd. in New Brunswick in which some 2,500 birds of 12 selescted
indicator species were identified in territories and monitored for
singing activity over the period of spray application (Germain and
Tingley, 1980). The general conclusion from this study was that MATACIL®
applied at 0.070 and 0.085 kg AI/ha did not drastically alter the fre-
quency of bird songs and did not affect the number of birds in treated
areas. Forest songbird monitoring studies within MATACIL® treated
areas in Northern Ontario did not reveal significant impacts on song
bird communities with the exception of territorial abandonment by one
species, the Tennessee warbler Verivora perzgrina (Wilson), on one of
the three treatment plots studied (MacCallum, 1980). Extensive mist
netting studies carried out in Newfoundland in 1979 in areas treated
with MATACIL® the previous year and in untreated areas suggested that
even in the absence of spraying in 1979, there were lower rates of
production of juvenile birds in previously sprayed areas than in
unsprayed areas (Environmental Monitoring Committee, 1980). It is
postulated that this may be due to reduced levels of budworm in these
areas resulting in less available food for insectivorous bird species
to utilize in producing young.

Non-target arthropod studies in New Brunswick in 1979 showed
that bee activity and blueberry fruit set in fields closest to MATACIL®
spray blocks were similar to or above the average of other years, in-
dicating no serious effect on blueberry pollinators occurred (Varty,
1980). Spider densities in forest plots treated with MATACIL® three
consecutive years were higher in 1979 than in 1977 or 1978, despite
heavy knockdown of certain species caused by insecticide treatments.
Studies of soil arthropod populations in Newfoundland in 1979 demonstrated
lower population densities on sites treated with MATACIL® the previous
year than at untreated sites, but the influence of inherent differences
in the sites is suggested as a possible cause of the different populations
found (Envircnmental Monitoring Committee 1980). No major impacts on
non—target terrestrial plant-dwelling arthropods were observed the
vear after treatment with MATACIL®,



STUDY SITES AND APPLICATION PROCEDURES

Corventional Doudle Appiication of MATACIL

A small (40 ha) forest plot in the vicinity of Wawa, Ontario
received a double application of MATACIL® in the spring of 1979 as a
standard treatment with which to compare the efficacy of experimencal
insect growth rsgulator tresatments and the environmental impact of the
MATACIL® solvent (nonyl phenol). The plot was located 33 km north of
Wawa along the Trans Canada Highway 17 (Fig. 1), in a mixed forest
stand of mainly black spruce, Pilezeq mariane (Mill.) BSP., balsam fir,
Abies balsamea (L.), and white birch, Zetula papyrifera Marsh. Black
spruce was the most prominent canopy species. The bird plot was situated
in a low, wet area bordered on the east by the highway and on the west
by a lake. Very little understory axisted over most of the plot,
except for a thick tangle of bushes and shrubs 2anclosing what was
probably an intermittent stream. Honeybee (dpis mellifera Linnaeus)
coleonies were located approximately 200 meters east of the highway in
a partially cut area of forest, where the surrounding vegetation provided
considerable protection from the wind, but little overhead cover.

A control bird plot was set up on the east side of Highway 17,
9 km north of the spray block (Fig. 1). The forest type was very
similar to that of the treatment plot but with less balsam fir and a
larger proportion of white birch and jack pine, Pinus Zanksiazic Lamb.
The lower canopy was fairly scant, with few young trees or shrubs.

The control honeybee colonies were located approximately 7 km
south of the treatment block in an old abandoned gravel pit, which
lay adjacent to a small lake (Fig. 1). These colonies were only
partially sheltered from winds and had no overhead cover. The forest
type was similar to the treated area but with a greatar abundance of
shrubs in the immediate vicinity of the colonies.

MATACIL® (0.070 kg AI/ha) was applied to the plot at an emitted

dosage rate of 4.7 iZ/ha on the evenings of 153 and 18 June. Applicatiocns
were made by Cessna Agwagon fitted with a Micronair spray emission
svstem, contracted from CGeneral Air Spray. A small amount of automate

B dye was added to both applications to facilitate deposit assessment.
The formulation applied was the same for both applications:

MATACIL®- 15.78 2 ( 8.3% by volume)
Insecticide diluent 585~ 169,66 1 (82.77% by wvolume)
Automate "B" dye? 3.79 & ( 2.0% by volume)

‘1.8-D o0il soluble concentrate, Chemagro Mississauga, Ontario.

-
o~
.
.

-

-Shell Canada Ltd., Toronto, Ontario.

3Morton Williams Led., Ajax, Ontario.
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Both the 15 June and 13 June treatment began shortly after
21:00 hours, taking about 26 minutes to complete. The plane flew in
an east-west direction across the highway, working from the north and
of the block southwards. Mean weather conditions prevailing during
the period of application were:

Relative
Temperaturs Humidicy Wind speed Pressure Stabilicy
() (%) (m/sec) (mb) Ratio
15 June 19,8 79.0 0.65 964.5 -2.45
13 June 20.0 43.6 2.32 1005.2 +7.07

Misanrid D
' ;.-ur‘i‘.- = = f

rglag)
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The nonyl phencl studies were carriesd out in Algoma Discrice,
Ontario, just north of the Dubreuilville airstrip (Fig. 1). A 40 ha
rectangular block centred on a small, unnamed stream flowing into the
Magpie River 3 km north of the town of Dubreuilville was the site of
terrestrial studies, while the stream itself was used for the aquatic
studies reported in a companion report (Holmes and Kingsbury, 1980).

A 4-hectare bird census plot was set up within the nonyl phenol
treatment block on the south side of the treatment stream between the
Magpie River and the access road. The bird plot was located in a mixed
stand of second growth jack pine and trembling aspen, Populus zrermuloids
Michx., with scattered wnite birch and black spruce. An untreated
control bird census plot was set up about 6 km southwest of the trsat-
ment plot along the Dubreuilville road. The plot was located on uneven
terrain, falling off to a stream on the north and west sides. The
stand had been selectively cut; second growth species were white birch
black spruce, balsam fir, and speckled alder in order of predominance.

L))

Two colonies of domestic honeybees, dpis mellifera L., were
set up near the centre of the nonyl phenol treatment block and two
colonies were set up along the Dubreuilville road about 10 km to the
west to serve as untreated control.

The environmental impact studies carried out were designed to
evaluate the effects on non-target fauna of exposure to the highest
dosage of nonyl phenol that would be applisd to forssted areas under
actual operational pest control programs. To this end, the dosage of
nonyl phenol applied tc the plot was 0.47 2/na, equivalent to the
quanticy of nonyl phenol applied to an area receiving the seasonal
maximum allowable dosage (a total of 0.175 kg Al/ha applied in two
0.088 kg Al/ha applications) of aminocarb formulations containing this
solvent. The conventional total emission rat .46 i/ha was du-
plicated by mixing the nonyl phenol in an app te quantity of



insecticide diluent 585. A small quantity of Automate "B" red dye was
added to the spray mixture to facilitate deposit assessment.

The actual spray mixture consisted of:

Nonyl phenol!l . 30.28 i (32% by volume)
Insecticide diluent 585- 62.46 1 (66% by volume)
Automate ""B" dye? 1.89 2 ( 2% by volume)

Spraying was carried out using a Cessna 185 Sky Wagon equipped
with micronairs. The aircraft deliverv system had been previously
calibrated to emit L1.46 & of spray liquid per hectare based on a swath
width of 60 m; aircraft speed of 177 km/hr; spray pressure of 40 p.s.i.;
and a variable restrictor unit (VRU) setting of 8.

Spraying commenced on 29 May, 1979 at 0710 hours on the south
(down-wind) side of the block and then progressed at 60 m swaths to
the north (upwind) side of the block. The spray application was made
under complecte cloud cover and cool, calm conditions. Mean weather
prevailing at canopy height (12 m) over the period of spray application
were a temperature of 8.5°C, relative humidity of 98%, wind speed of
0.72 m/sec and atmospheric pressure of 974.4 mb.

Seasonal Maximum Application of MATACILE

The study of a seasonal maximum application of MATACIL® was
conducted in a 400 ha spray block located in Tenebonne County, near
St.-Donat-de-Montcalm, Quebec (Fig. 2). The treatment bird plot was
situated in a low, flat area of the block, bordered by several small
streams. Selective cutting over most of the area produced an open
stand of mainly second growth. Predominant species of this mixed
stand were balsam fir (L.) Mill., white spruce, Picea glauca (Moench)
Voss., tamarack, Larix larieina (DuRei) K. Koch, white birch, and
speckled alder, Alnus rugosa (DuRoi) Spreng. The diversity of trees
and shrubs within the plot was suitable for a variety of bird species.

The control bird plot was also situated in a mixed stand about
3 km west of the treatment block. However, this stand had not been
disturbed and was therefore closed, with mature trees. Drainage over
the plot was superior to that of the treatment plot. The predominant
species were balsam fir, white spruce, white birch and red maple, dcer

ruprum L.

'Rohm and Haas Canada Ltd., West Hill, Ontario.
2Shell Canada Ltd., Toronto, Ontario.

e =g s 5 p .
*Morton Williams Ltd., Ajax, Ontario.
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MATACIL® was applied to the treatment block on the evening of
28 June 1979 at the rate of 0.175 kg AI/ha in a total emitted volume of
.19 %/ha. Mixing and loading was carried out by personnel from the
Quebec Ministére de 1'Energie et Ressources with the proportions of
ingredients in the spray formulation being:

MATACIL®! 47.5% by volume
Insecticide diluent 5852 52.07% by volume
Automate "B" dye’® 0.5%Z by volume

The Forest Pest Management Institute's Cessna 185 sprav air-
craft was used for the application. The aircraft speed was approximately
160 kph at a height of 20 m above the tree tops, with a spray swath
width of 50 m, a boom pressure of 40 p.s.i. and a VRU setting of 11.

The spray was applied to the treatment block in two loads between 1935
and 2030 in the evening of 28 June 1979. Mean weather measurements at
the airstrip over the period of application were a temperature of
17.6°C, relative humidity of 89% and a wind speed of 1.76 m/sec.

METHODS

Deposit Assessment Spray deposits within the conventional
double application of MATACIL® block and

nonyl phenol treatment block were assessed by setting out deposit
sampling units consisting of a 10 cm x 10 cm Kromekote® card and either
paired slides or a stainless steel plate. Spray droplets depositad on
the Kromekote® cards were sized and counted using a NCR microcard
reader. Droplet densities (drops/cm?) were determined for each drop
size class and then totalled to provide a drop density figure for
the spray card. The glass slides and stainless steel plates were
washed with toluene and the quantity of dye rinsed off them was measured
using a Baush and Lomb Spectronic 100 spectrophometer. The equivalent
deposit in Z/ha was calculated by comparison with the quantity of dye
measured in a standard made up from the original dyed tank mix.

hrcmekoteﬁ cards were set out in the seasonal maximum applica-
tion of MATACIL® Dlot and sent to the National Aeronautical Establish-
ment in Ottawa where deposit on them was assessed by a flying spot
scanner (Slack, 1974).

*1.4 oil soluble concentrate, Chemagro Ltd., Mississauga, Ont.

2Shell Canada Ltd., Toronto, Ontario.

*Morton Williams Ltd., Ajax, Ontario.



Residue Studies Jonyl phenol residues were measured in samples
of white spruce foliage and soil collected

from the seasonal maximum nonyl phencl treated plot. These substrates
were sampled one day prior to treatment and 1 h, 3 h, 4 h, 6 h, 24 h,
2 days, 3, 4, 3, 9, 14, 30 and 62 days thereafter. WVhite spruce
foliage samples consisted of current year's foliage cut from branches
taken from mid-crown portions of ten selectaed dominant trees tc give
an amalgamated sample from within che treatment block. A fully exposed
plot (4 m x 4 m), about 10 m away from the nearest tree canopy, was
selected for the sampling of forest soil. The acidity of the fine
sand was about pH 6.4. At each sampling, 20 cores (2.5 cm in diameter)
were taken from the top 53 cm layer randomly and wrapped in aluminum
foil.

After collection samples were stored in c¢clean glass containers
and packed with ice in styrofoam coolers until transportad to the
Forest Pest !anagement Inscitute, where they were held at 0°C until
analyzed by high performance liquid chromatographic analysis.

A complete descripcion of the extraction, clean-up and analysis
procedures used in the nonyl phenol residue analyses is presently in
preparation by the Chemistry Section of the Forest Pest Management
Institute (Sundaram, personal communication).

Three samples of balsam fir foliage and three soil samples
were collected from the seasonal maximum MATACIL® treated block. The
foliage samples represented amalgamated samples of terminal shoots
collected from the lower portions of trees along a stretch of road
running through the block. The three samples represent three different
portions of the road, each about 0.6 km in length. Soil samples
represent pocoled soil cores taken from portions of the block with or
without overhead forest canopy.

These samples were analyzed for MATACIL® residues by personnel
of the Quebec Services de Protection de 1'Environment's pesticide
laboratory in Ste. Foy, Quebec.

Terrestrial Invertebrate Xnockdown Normal and insecticide-
induced "insect rain"

from forest canopy to forest floor was measured by placing plastic
containers (39 x 33 x 15 cm) under the canopy of various tree specias
within treated and untreated bird plots. Containers were placed under
both coniferocus and deciduous tree species, and separate data collectad
from each. 35ix to twelve knockdown buckets were placed on sach plot,
and the invertebrates collected removed daily, preserved and labelled
and taken back to the laboratory for sorting and identification.




Knockdown from coniferous tree species was measured under whire
spruce in the conventional double application of MATACIL® study and
under balsam fir in the other two studies. Knockdown from deciduous
species were measured primarily under willow, Salixz L. Mo samples were
collected under deciduous tree species on the bird plot in the seasonal
maximum MATACIL® treatment area.

Honevbees Domestic honeybee colonies were set out in the

conventional double application of MATACIL® block,
nonyl phenol treatment block, and untreated control areas in order to
study the effects of these treatments on pollinating insects. The
colonies were of overwintered stock from the apiary of the Forest Pest
Management Institute, Sault Ste. Marie, Ontario. Those selected for
the field trials were hived in a standard Langstroth single brood
chamber. Once on site, all colonies were fitted with a dead bes box,
an Ontario Agricultural College pollen trap and a photo-electric cell
equipped activity counter. Hive weights were taken with a bathroom
scale placed under the edge of the hive. The relative success and
vigor of each hive was determined at intervals by taking measurements
of the amount of capped brood present and by qualitative observations
of honey production and the condition of the queen. Actual counts of
the contents of the cells within specific portions of frames were made
on two occasions in the case of the nonyl phenol treated and untreated
control hives, in order to determine any effects on the development of
a specific group of larvae.

Forest Songbirds Forest songbird populations were asseed on
4 hectare plots in the treated and untreated

blocks employing the singing male-territory technique similar to that
described by Kendeigh (1944). Pre-treatment surveys commenced 5 days
prior to the application and were terminated five days after the
completion of the treatment regime. Only three days prespray data
were collected on the seasonal maximum application of MATACIL® block
due to logistics problems.

Censuses were conducted daily shortly after dawn by recording
on a plot map the species, sex, and type of activity of each bird
encountered while walking set lines (40 meters apart) through the plot.
Male birds vocally defending a territory are assumed to have a mate
and are recorded as two birds, all others (slighted, calling, etc.) are
recorded as one. The number of birds observed during each census
indicate activity trends and relative abundance on that plot. Daily
maps were later combined over the prespray and then postspray time
periods, in order to delineate territorizl boundaries for each species.
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Each treated block and bird plot was searched extensively for
dead or affected birds following spray applicatioms. In the case of

the seasonal maximum MATACTIL® treated blcock these searches were
carried out for a three day pericd.

Small Mammals Small mammal populations were trapped on the
treated and untreated blocks during a 5-day pre-

spray period immediately prior to the seasonal maximum application of
MATACIL®, the 6-day period immediately following the treatment and
during a 10-day period 23 days after the treatment. Factors such as
age structure, survival of the "Young of the Year" and fecundity were
examinad to determine any immediate or short-term impact upon the small
mammal complex.

Trapping was carried out using standard household snapback
traps (Victor 4-way) baited with a mixture of rolled oats and peanut
butter with a small amount of bacon fat added. Traps were placed at
22 m intervals along parallel lines (22 m apart) in the forest and at
22 m intervals along roadside shrubbery. Numbers of traps used varied
at locations and trap periods according to the dictates of the opera-
tion.

The trapped specimens were collected early each morning,
identified to species and sex, measurad, weighed and recorded on field
data sheets. All specimens were preserved in a 10 percent formalin
solution and returned to the laboratory for dissection. All shrew spp.
were dissectad to determine sex and breeding condition and all adult
female mice and voles were dissected to determine brseding condition.
Females containing embrvos, placental scars, or obviously lactating
were racorded as "breeding".

RESULTS

2 AN TA ST TR

O7 MAalALLLE

Deposit Relatively good deposits of emitted spray products
were measured following both spray applications on
a deposit assessment line set out on a road running through the entire
block perpendicular to the plane's flight lines (Table 2). Deposit
measured on the ground within the bird plot was much lower, reflecting
the thick overhead forest canopy. Deposit on the beshives located in
a clearing on the upwind edge of the plot was similar to the deposic
assessment line after the first application, but negligible after the
second application when a modsrate wind (2.32 m/sec) was blowing.
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Terrestrial Invertebrate Knockdown Prior to the first MATACIL®
application, the numbers of

invertebrates collected in buckets under ctrees in the treatment plot
were relacively low and fairly constant (3.0 = 1.7 per bucket from
spruce, 3.1 £ 1.9 from willow). On the untreated control plot, the
catch per bucket over the entire sampling period was considerably
higher and much more variable particularly under willow (6.7 = 4.6
from spruce, 9.2 = 12.5 from willow). These fluctuations on the control
plot correspond to prevailing weather patterns, with loczlized rain or
thunderstorms prior to sampling producing a large knockdown consisting
mainly of Diptera:Sciaridae, but also of Eymenoptera and Collembola
from willow (Fig. 3 and 4, Appendix I--Tables 1 to 4).

An immediate knockdown eff=ct was observad on the treatment
plot immediately following both applications, with the knockdown
from the first application much more pronounced and involving a
greater variety of invertebrate groups (Arachnida, Lepidoptera larvae,
and various families of Diptera). The effects of the second applica-
tion were much less noticeable. A prolonged effact on Lepidoptera
larva was observed in the spruce samples where knockdown was still
apparent five days after the second application. The knockdown, from
willow was restricted to flying insects, mainly Hymenoptera. For
both tree species, the peak overall knockdown was no greater than peaks
in knockdown seen on the control plots attributable to natural causes,
but different groups of insects were involvad.

Honeybees Weather favourable to honeybee activity followed on
the days after both evening applications, with

temperatures rising to about 20°C on 16 and 19 June. Overcast condi-
tions on 17 June were followed by rain on 20, 21, 22 June. The effect
of weather was particularly evident on the amount of pollen collected,
which was lowest on those four days for both the treatment block and
control hives (Fig. 5). The average amount of pollen collected per
colony on the treatment block did not decline below the amount collected
by the control colonies, with the exception of the final day of
monitoring. Pollen collected during the moni:orln; period was generally
light green to pale yellow in colour, indicating it's source "oula
probably be poplar, Populus sp., willow and birch, 3ztulz sp. (Hodges,
1974), all of which occurred within the treatment block

kctﬁvity at the front of the nive does not appear to have
affscted Dy the treatment (Fig. 6). There were no significant
rences in counts except on 21 June when excessive moisture may
have been responsible for a counter malfunction onm the control plot.
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The dead bee count (Fig. 7) was slightly higher on the treatment
block on the day following the first applicationm, although both numbers
were very low. Some bees were observed having difficulty becoming air-
borne. Following the second application, the dead bee count remained
very low for both groups, and nc symptoms of pesticide poisoning were
observed.

The average weight gain over a ten-day period on the trsatment
block was 1.3 kilograms, while the average colony weight remained static
on the control group.

Capped brood measurements (Fig. 8) expressed in square cen-
timeters, were quite similar, with a total gain of 11.2% for the treac-
ment colonies, and 13.47 for control. These figures would probably
have been closer had one of the treatment colonies not swarmed prior
to the final measurement.

Forest Songbirds The MATACIL® treatment plot was productive
in terms of bird populations, offering a
dense forest cover for such species as the hermit thrush, Catharus
quattatus (Pallas), the veery, Catharus Fuscescens (Stephens), and
the ovenbird, Sezurus aurocapilluz (Linnaeus), and varying canopy
levels to fulfill the niche requirements of many other species. 4n
average of 28 species were present throughout the study period.
Insectivores were a major component of the bird complex; Parulidae,
Turdidae and Tyrannidae comprised roughly 47%, 157 and 7% respectively,
of the total population censused. Seed eating fringillids were the

Ao

third-most predominant, making up 147 of the total population.

Fewer shrubs and a scant understory on the control plot, may
account for the low population average of 43 birds (of 12 species) as
compared to the 87 birds on treatment (Appendix II, Tables 1 and 2).
Warblers, flycatchers and thrushes were again prominent members of the
community (65%, 7%, and 6% of the total censused population, respec-
tively). However, vireos represented an unusually high proportion of
the control population (13%) and fringillids were extremely low (4%);
perhaps due to a less diversified habitact.

Avifauna populations remained fairly stable over the study,
with no observed reduction in activity as a result of either applica-
tion (Fig. 9). There was a general lull in activity over both plots on
17 and 23 June, primarily of the families Turdidae, Vireonidae and
Fringillidae (Tables 3 and 4); but this was due to adverse weather
conditions, and there was no observed territorial abandonment by species
within these families (Fig. 10 to 19).
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Table 4

Forest Bird Population Census
MATACIL® Untreated Control Plot
Wawa, Ontario
8-23 June, 1979.

Pre-dpray treatment 1 IE!_—-::-pt‘uy Lreatuent | e _::_l'bul -:Jpl‘ny__gl'cul-mmll R
Fanlly June  June  June .lu!n.- June June .lupu June June .Ifuu: Jtmc .’I‘I!!I: ll.l!lt:

89 M 12 V3 Dually 0L T 7 S Sl e 20 22 20 Datly

I 6 k-1 -2 wve. 41 A2 41 ave. W1 __#2__#1 4k 45 ave.
Tetrvavnldae 1] 4] 1 1 o 0.4 1} 1] U 0.0 1] u u o 1] .0
ictdae 4] 1 0 1 4] 0.4 4] u (1] u.0 0 V] 1] u 0 0.0
Tyrvanuldie 2 4 [ 4 N 4.4 2 2 4 2.1 2 4 4 2 0 2.4
Shotldae 2 4] 1] . 8] 0.4 ] u 0 u.0 0 0 ] 0 ] n.n
Tord L 3 | [ 2 5 3.4 4 ] N 1.4 3 1 (4] 2 1] )2
Sy lvlLdae 0 4 2 4 u 2.0 u 4 2 2.0 4] i 4] 2 4] 0.u
Viveon hdae h 6 i} L&} 2 5.0 B 2 [ 6,0 G H A 2 2 4.8
Parul ldae 10 20 14 16 26 0.4 26 24 16 28.6 10 26 30 20 21 5.2
o tag il ldoe 4 I - 4] 0 ] L.2 2 2 bl 3.0 4] 2 0 4 (4] 1.2

Totul Bloda hh bl 57 58 39 L. 6 42 14 61 45.7 41 41 40 J2 22 1h.6
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Small insectivorous specias, such as the Black-throated green
warbler, Dendroteaq virens (Gmelin), the Blackburnian warbler, Dendroiea
pensylvanica (Linnaeus); and the Canada warbler, Wilsonig canadensis
(Linnaeus), actively forage throughout the canopy and are potentially
vulnerable to pesticide poisoning due to their size and behaviour.
Illustrations of their territories throughout the season indicate that
no disruption had occurred (Fig. 15 to 18).

The ovenbird, a ground dwelling warbler, is fairly removed from
direct exposure to the chemical sprav. Territories for this species
remained occupied as well (Fig. 19).

Hany species of birds sang throughout both spray applicationms,
seemingly undisturbed by the operation. Thorough plot searches for sick
or dead birds failed to reveal adverse effects of either application.

-4

. . e
|

fdenul Phenol

Ay

Deposit Relatively high levels of emitted spray products were
measured on deposit samplers set out in various areas
within the nonyl phenol treatment block (Table 5).

The high level of deposit recorded within the bird plot reflects
the open nature of the forest stand and the high degres of coverage of
the south portion of the block reported elsewhere (Armstrong and Kingsbury
1979).

1

Nonyl Phenol Residues Nonyl phenol residues persisted in white
spruce foliage for about 30 days. The
highest concentration was 13.9 ppm detected one hour after spraying.
It declined to 0.54 ppm in 30 days and was no longer detected 62 days
after treatment (Table 6). Levels of nonyl phenol in soil never
exceeded the limit of detection (0.1 ppm).

Terrestrial Invertebrate Knockdown Relatively small numbers of
terrestrial invertebrates

were collected in buckets set out under trees in the nonyl phenol
treated and untreated control plots (Fig. 20, Appendix I--Tables 5 to 8).
Catches in all areas sampled showed very similar patterns of increase
and decrease, both between different tree species sampled in each plot
and between treatment and control plots. There was a very slight increase
in the catch of spiders (Arachnida) and flies (Diptera) under deciduous
trees in the nonyl phenol plot after the treatment, however, the increases
in total catch were no larger than similar increases seen in the untreated
control area within the next few days. Catches on both plots were
relatively nigh on 1 June as a result of heavy rains which fell through-
out the day.




Table 5

Deposit measured in the nonyl phenol treatment bloek, *
Dubrenilville, Ontario, 29 May, 1979.

No. ol deposit Mean drop density Mean volame deposited Mean % of emitted
Samplers drops/em? L/ ha vo lume measured
Deposit assessment line 34 13.3 0.41 27:9
across entire block
ivd plot O 19.7 0. 60 40,7
Bee hives 2 14);, 7 0. 38 Vo B &

A ogpray cmission rate 1.46 L/ha
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TABLE 6

Nonyl phenol residues in white spruce foliage and
forest soil from the treatment plot®*, Dubreuilville,
Onct.

Time after Nonyl phenol residue (ppm)
spraying Foliage Forest soil
1 hour 18.90 N.D.
3 hours 7.70 N.D.
4 hours 4.86 =
6 hours 4,44 N.D.
24 hours 4.06 N.D.
2 days 3.5 N.D
3 days 2.06 N.D
4 days 1.49 N.D
5 days 1.70 N.D
9 days L:d3 N.D
14 days 1.43 N.D.
30 days 0.54 N.D
62 days N.D. N.D.
N.D. = not detectable (detection limits were 0.20

ppm for foliage and 0.10 ppm for forest soil).

*treated with 0.47 %/ha nonyl phenol on 29 May 1979.
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Fig. 20

Terrestrial invertebrate knockdown into buckets set under trees in the nonyl phenol

treatment® and control bird plots, Dubreuilville, Ontario.

25 May-3 June, 1979.
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Honeybees The application of nonyl phenol had relatively little
impact upon populations or activity of domestic honey-

bees. A slight increase in the numbers of dead foraging bees was recorded
from the treated hives on the day follewing the day of treatment, but
subsided quickly to '"normal" levels in subsequent days (Table 7).
Activity patterns (flights to and from the hive) were relatively constant
on the treated site but somewhat more variable on the untreated control
site, probably reflecting local conditions such as hive location, shelter,
microclimatic conditions, stc. Pollen collections reflect weather patterns
throughout the experimental period. Very little pollen was recorded at
the treated site and the discovery of a virgin queen in one of the
treated hives would indicate that the colony had superceded an old failing
queen which would account for the reduction in pollen collecting for
brood rearing.

Hive weights remained relatively constant throughout the experimen-
tal period. The area of capped brood was slightly affected by the
requeening as the area of brood declined slightly over a period of 9
days in the treated hives while a slight increase was recorded on the
untreatad hives. Measurements taken later in the season show a sub-
stantial increase of capped brood in hives from both treated and untreated
sites. OFf 340 cells counted in a marked portion of brood in the untreared
hives, 295 contained eggs of which 292, or approximately 99%, reached
the capped brood stage, while 400 cells out of 490, or 81%, reached the
capped brood stage in the treated hives (Table 8).

Forest Songbirds Avian activity on both the nonyl phenol treated
and untreated plots follow a similar pattern

except for a noticeable decline in singing activity on the treatment
plot during the spray operations when large numbers of people were
engaged in various activities on or near the bird plot (Fig. 21).
Yone of the major family groups were affected by the treatment and a
recorded decline in the family Fringillidae on the treated plot also
occurred on the untreated control plot (Tables 9 and 10).

Populations of the ruby crowned kinglet, Regulus calendula
(Linnaeus), a small insectivorous bird known to be quite pesticide
sensitive, were not affected. Activity of such species as the Nashville
warbler, Vermivora ruficapilla (Wilson) and the yellow-rumped warbler,
Dendroiea coronata (Llnnaeus) decreased following treatment while others
like the Cape May warbler, Dendroica tigrina (Gmelln) and Tennessee
warbler, Vermivora peregrina (Wilson) increased. White-throated sparrow,
Zonotrichia aldbiccollis (Gmelin) acitivty declined on both plots fol-
lowing treatment (Appendix II, Tables 3 and 4).



Date

27
28
24
30
51
1
2
)

4

30

Hay
May
May
May
May
Junyee
June
June
June
June

July

Honeybee activity on nonyl phenol treated and untreated

Table 7

Dubreuilville, Ontario

control plots

27 May - 6 June
1979
(average of two colonles on each site) e
Untreated control beehives - Nonyl phenol treated bechives
Mortality Activity Pollen Hive Brood Mortalicy Activity Pollen  llive
(adult bees) bee/trips (gm) weight (cmz) (adult bees) bee/trips (gm) welght
(kg) (kg)
T 4.s - - 0 180 - o= =
2.0 35520 = = ded 2880 = -
2.0 72496 412 1242 928 3.0 11776 0 12.2
63 186488 21.85 12.4 23,5 23552 4.04 12.4
4.0 10624 7,01 12.2 8.5 23552 0 1254
3.0 472732 4.9l 12,2 5.0 23872 1.45 12277
b 5 ) B448 B.14 12.2 2.0 20416 1.80 12.4
L.5 11648 16.24 12,2 3.5 20864 0 12.4
0.5 H640 22.80 11.9 6.5 38976 1.91 12.4
= = = = 1168 B =
= = = ~ 2688 - -

AFb?H
(cm®)
1016
_L‘-
i
Y44
22496
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Table 8

Honeybee brood development within Nonyl phenol treatment

and

ntreated control

of edls aenasEl

of cells containing epps

of cells containing larvae

ol cells containing capped
brood

of cupry cells

hives

__30 May

untreated control

Dubreuilville,
30 May - 6 June,

hives

OntLtario

1976

Treated hives
y 6 Jwel _ 30 May 6 June
340 340 no. obf cells examined 500 500
295 0 no. ol cells containing cpes 490 10
0 0 no. ol cells concaining larvae 0] (4}
no. of cells containing capped

(§] 295 brood 0 400
45 a8 no. of cmpty cells 10 10|
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Table Y

Forest Bird Population Census
Nonyl phenol treatment plot
Dubreullville, (ntario
24 Mav -3 June 1979

T TErespray T hoivapray
Family H:'l',r ".“:. Hay H:w H..:-v I*!::y H:'n,r May H..'ny June Jufu.' .quu

_2h 2% 26 27 24 29 Dbally 2% 303§ 3 Bally
e e = S 23 B Y S0 ave, S0 A1 48 93 44 35 cavi
Tetrammidace 0 0 1 0 ] 0 0.2 4] u o 1] 1 1 Lb 1
Alvedintdae 1 0 0 0 1 1] U.3 0 | 1 0 1 0 O
e e 1 1 i 4 1] 0 1.4 0 0 0 2 0 0 0.1
Twvrvann Ldae 1 ) ] 2 (i 0 0.3 2 2 4 0 4 2 2.3
Coryldie 4 2 2 . 2 0 2.0 0 I [} 1] 1 0 0.7
Par bdae n 0n 2 1 ] 0 0.5 0 ] 1 0 ] 2 1.0
SHeebdae 3 0 0 0O 0 0 0.3 0 0 0 0 0 0 0.0
Tropglodyt fdae 7 0 0 2 £ 3 1.3 (] 8] 0 0 1] 2 u.3
Turd 1dae I 3 k| (F] 9 fs 3.7 2 3] 3 H fy I 6.8
Sylviddae . L] t i 4 f | b ] 4 2 2 2 L0
Viteonidoe 2 0 0 4 0 2 1.3 V] 2 2 0 U 0 0.7
Farul Lo 4l o1 24 ] 47 33 39.2 a0 50 32 17 40 fW2 hu.2
Teterlidae 4] (4] iy 4] 0 u 0.3 u 0 IJ 1l 0 ] .0
Frinpg b fdae 17 29 {1t} 9 14 21 19ET 10 19 22 19 19 1 16.0
Total Blrds H ) ' 71 Hi a7y til) 90 12 [ i 13 3.2



Table 10

Forest Bird Population Census
Houyl phenol wntreated control plot
Dubreuflville, Ontario
24 May -3 June 1979

Prespray Postspray

Fami ly May May May May May  May May May June lune  June
225 2627 28 batly 29 %0 31} 2
=¥ = =) = S\ (RS TN | WP - (B 5 TR 3
Tetraonldae 3] | 0 0 1 0.4 2 0 1 4] 4] 1
Pletdae 2 1 2 0 2 L4 i) ! 2 u 1 1]
Tyrannidae 2 0 0 0 0 0.4 0 4 2 0 O K
Corvidae 2 0 0 1 0 0.6 1 i 2 0 " f]
Paridae 2 O 0 1 2 1.0 0 0 4] 0 1 t
Troglodyt ldae 2 2 h h 2 2.8 2 0 [} 2 2 .
Turldae h 4 8} [ b 3.6 2 Y 6 3 B 9
Sylvildae f t 4 4 1) fi.0) ] 10 2 y 2 i
Vircaunldae 0 0 3 ] 4] 0.0 ] h 4 2 2 2
Parul Ldae 42 51 34 ] 4 4b.H .4 54 3] 51 9 A1)
foter tdae 0 [} [t} V] 0 0.0 0] 2 0 1] 2 1]
gt 1] tabae ) 18 t 12 13 1.4 ] 10 24 2 i Y

TOTAL i} 1 S 17 iy 1.8 94108 1Ll i L [}

Ave

Bally

0.7
1.3

w7l

67



While the activity of some species were affected by human
acitivity following treatment, breeding territories remained occupied.
The breeding territories of six species of wood warblers (family Parulidae),
Fig. 22, as well as territories for the white~throated sparrow, ruby-
crowned kinglet and the hermit thrush, Zyloeichla gutata (Pallus), Fig.
23, are illustrated and show that the experimental application of nonyl
phenol did not force abandonment of "territories.

Intensive plot searches were carried out for two days following
the experimental treatment but no dead birds were recovered and no birds
were observed exhibiting the typical symptoms of pesticide stress.

Taan }4,—\-7 L P e !-,-“T.',-,,‘,_.,'J.(,_. AT MATACTTL
S2d3ona, Haniimum ApDLledvlon R B

Deposit The results of deposit assessment cenducted with the
NAE flying spot scanner indicate that a relatively

uniform and substantial deposit of the emitted spray products occurred
over the entire block treated at the seasonal maximum MATACIL® rate.
Mean deposit recorded on 534 Kromecote® cards laid out along a road
traversing the block was 0.29 2/ha (13.4% of the emitted volume) with
an average drop density of 9.0 dropsfcmz. A substantially higher
deposit of 0.74 2/ha (33.7% of the emitted volume) and 42.6 drops/cm?
was recorded on nine cards set out within the bird census plot.

MATACIL® Residues Relatively high quantities of MATACIL®

were measured in balsam fir foliage and
forest soil collected shortly after treatment. Three foliage samples
from different portions of the block contained 28.9, 25.0 and 17.0 ug/g
(parts per million) of MATACIL®., Residues in forest soil were much
lower and more variable with 0.18%4 pg/g being measured from an open
area and 0.255 and 0.050 pg/g measured in soil from two different areas
with forest cover overhead.

Terrestrial Invertebrate Knockdown A dramatic but short-livaed
knockdown of terrestrial
insect fauna was recorded within 12 hours of the MATACIL® applicatiecn
(Fig. 24, Appendix I, Table 9). Peak knockdown from balsam fir was
recorded on the morming following the application. Collections made
36 hours after the application (30 June) indicate a definite decline
in knockdown and daily collections from 1 to 4 July are similar to
pre-treatment levels. A small increase in the knockdown sample was
recorded on 2 July on the untreated plot, but the reason is unclear.

The composition of the insecticide induced knockdown was very
diverse and included substantial numbers of Diptera, Arachnida, Collembola
Hymenoptera, Psocoptera, Trichoptera, Hemiptera and Lepidoptera.
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Uglynest caterpillar (drehips cerastvoranus Fitch) tents on
chokecherry (Prunus virginiana L.) were common throughout the experimen-
tal area. Caterpillars feeding outside the nest were observed to be
killed within minutes of the treatment but insects remaining within

the tent were not affected throughout the course of the experiment.

Ants (Formicidae), spiders (Arachnidae) and beetles (Coleoptera) in

open areas such as roadways, paths or cut-overs were also immediately
killed. Ants inhabiting areas not directly exposed to the spray were
observed on the day after the evening treatment foraging on dead insects
which had fallen to the ground.

Forest Songbirds A total of 39 avian species representing 12
families were recorded on the aminocarb treated
plot and 37 species representing 12 families recordad on the untreated
control plot. The wood warblers (family Parulidae) and the sparrow-
finch group (family Fringillidae) were the two most dominant families
encountered in the study areas (Tables 11 and 12).

Avian activity patterns recorded throughout the experimental
period were quite similar (Fig. 25) with a general decline of activity
being recorded on both plots following the treatment as breeding ter-
ritories started to break down for the season. Small flocks of some
individual species (Swainson's thrushes, veerys, white-throated sparrous
and common yellowthroats) were observed foraging through the plots
causing minor fluctuations of activity (Appendix II, Table 5 and §).

No immediate (30-hour) or short-term (5-day) impact on populations or
activity resulting from the treatment was observed or recroded. Breeding
territories generally remained occupied following the application but

seasonal breakdown is indicated as boundary areas were found to be quite
flexible (Fig. 26).

Intensive searches throughout the treated area were carried out
during the three days following the application of aminoccarb but no
avian mortality was recovered and no symptoms of pesticide stress (bill
wiping, irratic flight or perching, wing droop, atc.) were observed.

Small Mammals A total of 374 trap nights yielded a total of

only 13 small mammal specimens (.034 animals per
trap night) during the immediate pre-spray trap period of 5 days on the
treatment block while 375 trap nights yielded 18 specimens (.048 animals
per trap night) on the untreated control block during the same period
(Tables 13 and 14). The red-backed vole, . gapperi, was the dominant
animal trapped, followed by the masked shrew, S. cinereus. Few "young
of the year" animals were taken during this trap period (8% on the
treatment block and 337 in the untreated block).
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Slightly higher numbers were tazken during the 6-day immediat
post—spray trapping period in the treatment block (24 animals in 618
trap nights, yielding the same znimal-trap night success ratio of .0
animals per trap night). Fifty-eight animals were trapped in 450
trap nights during the same period on the untreated block (.12 animals
per trap night success ratio). An increase in the numbers of "voung of
the year" was recorded on the treatment block (16%) while a slight
decrease was recorded on the untreatzad bleck (22%). A dramatic
increase in the numbers of masked shrews taken on the untreatsd block
was not recorded in the treated block sample. DMumerous sightings of
weasels (Mustela erminea, Linnaeus or Mustela nivalis, Linnaeus) on
the treated block during this period suggests that predation by cthem
depressed small mammal populations in this area.

During the 10-day second post-spray trap peried (3-4 weeks
post-treatment) a total of 203 znimals were trapped in 2300 trap
nights (0.088 animals per trap night) on the treated block and 153
animals taken in 1800 trap nights (0.085 animals per trap night) on
the untreated block. The percent of "young of the year" in the
treated block sample, which had increased from 7.6 percent in the pre-
spray sample to 16.6 percent in the immediate post-spray sample,
further increased to 35.4 percent in this late season sample. This
increase was not reflected in the untreated population sample where
33.3 percent was recorded prior to treatment, 22.4 percent immediately
after treatment and 25.4 percent in the final sample.

The portionof the adult female population recorded as being
in "breeding condition" (containing embrvos, placental scars or
obviously lactating) increased on btoth plots over the experimental
period. Fifty percent of the adult females trapped during the pre-
and immediate post-spray periods and 82 percent of the later sample
from the treated block were recorded as being in "breeding condition'.
This trend is also present in the untreated block sample where 30 per-
cent of the pre-spray sample, 62.5 percent of the immediate post-spray
sample and 73.2 percent of the late sample were in "breeding condition".

DISCUSSION

Review of terrestrial monitoring studies carried out in
forest areas in Eastern North America treated with MATACIL® to
control spruce budworm, indicates that this material has been found
not to have any serious side-effects on the organisms and ecological
processes studied. Various federal and provincial monitoring groups
and research agencies have reached this same conclusion (e.g.,
Environmental Monitoring Committee 1979 a and b, Kingsbury and McLeod
1978, Varty 1980). 1In light of the extensive widespread monitoring
of forest songbirds carried out wichout the detection of any signif-
icant effects, it has been suggested that further extensive monitoring
of forest songbirds exposed to MATACIL® treatments applisd under
current use patterns would be of little value (Germain and Tingley,

1980). MATACIL® treatments also seem to have negligible effects on
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pollinacion processes, although this field of study has not been as
extensively studied (Varty, 1980).

The present study examining the effects of a seasonal maximum
application of nonyl phenol is the first direct field evaluation of
the impact of this material on non-target organisms in forest ecosys-
tems. Nonvyl phenol has, however, been present in all MATACIL®
formulations applied in Canada since 1975, so that vast majority of
monitoring studies carried out to date have indirectly examined the
effects of this material in its actual use pattern. In the present
experiment nonyl phenol was applied at a rate equivalent to the
quantity of nonyl phenol applied in allowable maximum seasonal
applications of MATACIL® (2 to 3 1/2 times suggested single applica-
tion rates), and a very substantial deposit of the emitted dosage was
recorded on the terrestrial impact study plot. Studies of terrestrial
invertebrate knockdown, honeybee colonies and forest songbird popula-
tions indicate that nonyl phenol does not have any significant insec-—
ticidal effects in terrestrial ecosystems and has no effect on forest
songbird populations or their ability to defend breseding territories.
The evidence of nonyl phenol's relative low-persistence in foliage
and non-persistence in soil under '"worst case' application conditions
indicates that environmental contamination from nonyl phenol present
in insecticide formulations used in pest control operations would be
minimal. The relatively rapid initial decline of nonyl phenol residue
in foliage may be primarily due to volatilization, but other environmen-
tal and biological factors may be important for its subsequent degrada-
tion in foliage. The failure to detect nonyl phenol in soil samples
collected from an open plot well exposed to the sky suggests that this
chemical disappears very rapidly from soil through physical, chemical
or biological processes.

A very high level of contamination with MATACTL® was recorded
from the area treated with 2 seasonal maximum application of this
material, judging from the results of deposit assessment and residue
analysis, and from observations of insect knockdown. The MATACIL®
residues measured in balsam fir foliage in the treated area were
approximately 5 times greater than the maximum level (5.3 ug/g)
and 20 times greater than the mean level of MATACIL® measured in
large numbers of foliage samples collected shortly after operational
MATACIL® treatments from forest areas in Quebec in 1979 (G. Gabourv,
personal communication). Despite this, there were no measurable
effects recorded on forest songbird or small mammal populations. A
large percentage of the adult female small mammal population were
found to be breeding after the treatment and many young of the year
were present, indicating normal breeding activity had continued over
the treatment period. Knockdown of terrestrial invertebrates from
conifers was increased by a far greater extent over prespray levels
in the area receiving the seasonal maximum MATACIL® application than
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in the area receiving conventional applications of MATACIL®, but in
both cases total knockdown significantly greater than prespray lavels
only persistad for a period of less than 48 hours. The overall lack
of significant effects of the seasonal maximum MATACIL® zpplication

on terrestrial wvertebrates, the short duration of its knockdown effesccs
of terrestrial invertebrates and the reslatively minor effects it had

on aquatic ceosystems (Holmes and Kingsbury, 1980) all suggest that
there is a substantial safety margin built inco the conventicnal
dosages of MATACIL® currently applied to control spruce budworm in
terms of the hazard they present to non-target fauna of forest =2cosys-
tems.
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TERRESTRIAL INVERTEBRATE
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June
Date
9
bBays before or after appllcation -6
Ol pochaeta
Arachnida
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Arane Lda 0.20
Collembola
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Anlsoptera
Hemiprera
Coleoptera
Carvab ldae
Staphyltonldae 1.40
Elateridae
Psephenldae
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Lepldoptera larvae
Hptera
Tipultdae
tuleldae
Chilronomldae 0.20
Stuul tidae 0.40
Sclaridae
Muscoldae
Ot et
Hymenoptera
Fovwle Ldae (.20
Mt her adinlts 3. 60}
Oher larvae
Total nuber of Invertebrates/bucket .00

June

10

-5

0.40

0.20
0.20
0.40

1.20

Table 1-1

MATACIL® Lreatment plat
Wawa, Ontarlo
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11

-4

0. 20
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0.20
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1.60

June
12

-3
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0,40
040
2.20
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0.20
0.20

4.00

to 23 Junc

June

13
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June  June  Jupe  June  June

14
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1979

15 16
-0 1
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1.00
L.00 0.20
0.25
0.25 7.00
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3.00 14.00

luvertebrate knockdown from spruce
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Lays before or after applicatlon

Gastrupoda

Arachnolda
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Coleoptera
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ther
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Uther
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Terrestrial

e

9
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62
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10 11 12 13 14

L.00

Table 1-2

MATACIL® treatment plot
Wawa, Ontarfo
9 June to 23 June 1979

June  June June June

= TR - S
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0.733

0.33
0.33
0.66 0,66

June

19

‘+1

0.67

0.33
1.00

June

20

+2

0.33

0.33

0.66

June
21

+3

0.33

0.33

0,99

Juine

22

+h

0.33

0.33

0.67

0.33

L.66

0.33

0.33

L.65



ate

Days belore or after appllcation

Gastropoda

Arachoida
Acarl
Arvanedda

Coltewmbola

Homoptera
Cleadel Vdae

Coleoplera
Carab ldae
Staphylinddae
Flater{doe
tther

Lepldoptera larvae

Mplera
Chilronomldae
Shunl | Ldae
Scelarldae
Musgcoidae
Other

Hymenoptera
Formic ldae
Other

Total number of Invertebrates/bucket

Terrestrial

Juune

Y

-b

0.40

L.00

0.40
0.20
2.60

0.20

0.20

5.60

Table 1-3
MATACILE untreated control plot
Wawa, Ontarlo
9 June to 273 June 1979

June  June  June  June  June  June

10 11 12 13 14 15

-5 -4 -3 -2 -1 -0
0,20
0.50 0.17 0.20 0.60 0.40 0.20
2.80 0.20 0.60 0.60
Q.20
0.17
0.20 0,20 0.40
0.20
0.20
0.17 0.20
0.50 0.17 0.40
0.75 0.50 0.40 0.40
1.25 7.30 3.60 0.20 1.40 10.00
0.25% 0.17
.50 0.83% 0.60
0..25 0,40 0,20 0.80
0.67 1.00
4,00 10015 9.00 1,20 2,60 14.00

invertebrate knockdown from spruce

June

16

0.60

0.60

0.20

1.80

June

17

12

0.40
(. 20

0.20

0.40

0.80
0. 20
2.80

L.00

u.20
1.40

1.60

June

18

+13

0. 20
0.40

0.20

0.20

1.20

June

19

11

0.80
0.20

0.20

1.20

June

20

0,40

0,20

0.20

0. 40

0,40

0,40

0. 80

2,80

June

21

0.20

0,40

0.20
0,40

1.20

June  June

2

+4

0.00

23

+5

0.40

0.20

0.20
0.20
0.20

1.20



Ditte

bays before or after applicatlon

Arachnida
Acarl
Aranelida
Other

Col Lewbola

Orthopteca
Act bd Ldae

Hemiptera

Homoptera
Cleadelltdae

Coleoptera
Carabldae
Staphylinidae
Uther

Lepldoptera

DipLera
Clitronomidae
Simul L Ldae
Selarldae
Other

Hymenoplera
Forwleldae
Other
Other

Total number of

larvae

adults
larvae

invertebrates fbucket

Table I-4
Terrestrial dovervtehrate knockdown [rom willow
MATACILY untreated control plot,
Wawa, Ontarlo
9 June to 23 June 1979

June  June  June  June  June  June  June  June  June  June
9 10 11 12 13 14 15 16 L7 18
=0 -5 =4 . =3 -2 -1 -0 +1 +2 +3
0.33
0.67 0.33 0.33 0.33 0.67
33
2.67 .67 0.67 3,00 3.33 0.33 5.3 1.67
0.3
0.33
.33
0.33 0.33
0.33 1.67
0.33
0.33
0.67 0.67 1.33 0.3% 2.67
2,33 0.33 2.33 0.33
1.67 2,00 2.00 1.67 17.33 0.33 7.33 0.67
1,00 0.67 0.67 1.00 067 267
0.6/ 1.00 0.33 1.67 0.33 L.00
0.33 0.67 5.13 J.00 0.33
0.33
g2.01 7.00 4,00 7.67 0.33 0.99 36.65 1.98 25.99 3.00

June  June
19 20
+1 +2

0.33

0.3
0.31
0.33
0.131)
0.67
0.33 1.99

June  June
21 22
+3 +4

0,33

0.33

0.33 0.33

0.33

0.99 0.66

June

23

+5

0.33

0.33

0.066



Table I-5

Terrestrial invertebrate knockdown from coniferous trees
Nonyl phenol treatment plot
Dubreuilville, Ontario
25 May to 3 June, 1979.

Dat May May May May May May May June June June
28ES 25 26 27 28 29 30 31 1 2 3
Days before or after application -4 -3 =2 -1 +0 +1 +2 +3 +4 +5
Arachnida

Phalangida 0.08

Araneida 0.13 0.25 0.25 0.17 0.17 0.08 0.08 0.08

Acari 0.08
Collembola 0.13 0.08
Hemiptera 0.08
Coleoptera

Staphylinidae 0.08 0.17 0.25 0.17 0.33 0.17

Other 0.38 0.25 0.08 0.08 0.08
Diptera

Chironomidae 0.08

Ocher 0.38 0.63 0.50 0.50 0.83 1.08 0.25 1.17 0.42 0.92
Hymenoptera

Formicidae 0.08

Other 0.08 0.17 0.17
Number of Invertebrates/Bucket 0.64 1.26 BN.I5 050 L1868 L.66 @75 1725 L.A6 .33



Table 1-6

Terrestrial invertebrate knockdown from deciduous rrees
Nonyl phenol treatment plot
Dubreuilville, Ontario

25 May to 3 June, 1979.

May May May May May May May June June June

= 25 26 27 28 29 30 31 1 2 3
Days before or after application -4 -3 -2 =] +0 +1 +2 +3 +4 +5
Arachnida
Araneida 0.13 0.13 0.13 0.08 0.58 0.50 0.25 0.08 0.08 0.25
Acari 0.08
Collembola 0.08
Hemiptera 0:13 0.17 0.08
Coleoptera
Staphylinidae 0.08 0.17 0.08 0.08 0.17
Other 0.08 0.17 0.33
Lepidoptera larvae 0.13 0.08
Diptera 0.50 0.13 0.25 1.17 1.50 0.42 2,08 0.75 1.33
Hymenoptera
Formicidae 0.08 0.08
Other 0.25 0.13 0.17 0.42 0.17 0.58 0.08 0.08

=

Number of Invertebrates/Bucket 0.88 0.26 0.52 0.58 1.91 .93 1.00 3.39 0.99 1.83



Table 1-7

Date

Days before or
Arachnida
Arancida
Collembola
Hemiptera
Homoptera
Coleoptera
Staphylinida
Other
Lepidoptera
Diptera
Chironomidae

Other

Hlymenoptera

Number of Inver

Terrestrial invertebrate knockdown trom coniferous trees
Nonyl phenol untreated control plot
Dubreunilville, Ontario
25 May to 3 .June, 1979.
May May May May May May May June
25 26 27 28 29 30 31 1
after application =4 -3 -2 -1 +0 +1 +2 +3
0.13 0.13 0.17 0.17
0.25 0.08 0.08
0.08
e 0.13 0.08 .08 0.17
0.17
larvae ;13 0.38
0.08
1.50 1.50 0.38 0.42 1.00 1.17 0.67 1.33
0.50 0.13 0.17 0.08 0.17 0.17
tebrates/Bucket 2.39 1.63 1.14 0.59 1.24 1.67 0.92 1.92

June
2

+4

0.08

0.08

0.83

June

3

+5

0.08

0.08

0.17



Terrestria

1 invertebrate knockdown
Nonyl phenol untreated control plot
Dubreuilville, Ontario

25 May to 3 June, 1979.

Table 1-8

from deciduous trees

Date

Days before or after applicati

Gastropoda

Arachnida
Araneida

Collembola
Coleoptera
Staphyl inidae
Other
Lepidoptera larvae
Diptera
Chironomidae
Other
Hymenoptera

Formicidae
Other

Number of Invertebrates/Bucket

May
25

on =4

0.25

0.25

0.13

0.76

May May
26 27
-3 =2

0.13

0.50 0.13

0.50 0.26

May

28

-1

0.08

0.42

0.42

0.08

1

.00

M

ay
29

+0

0.

.08

08
.25

.08

.50

«2D

.24

May
30

+1

0.08

0.08

1.65

May June
31 1
+2 +3

0.08

0.08
0.17
0.17
0.92 2.92
0.33
1.00 3.67

June

+4

0.08

0.08

June

+5

0.08

0.17

2.00



Table 1-9

Terrestrial Insect koockdown frowm balsam Ly
HATACILY treated and untreated control plots
St. Denat de Montcale, Quebec

1979
treated untreated control
i r o
R S June July June July

25 2 27 W M W 1 2 I 04 25 6 27 B 29 130 1 2
Avelinlda Mhalangida 0 3 2 1 2 1] 0 0o 0 o 0 o 0 0 1 0 0
Acarl 4] 1] 4] ] 5 | ] 0 11 0 Y] 0 8] 1] (4] 1]
Araneida 1 Fi O 0 A2 16 2 2 2 1 1 4] 0 0 I 0 1 4]
I bodda 0 0 t] U 0 0 0 1 0 0 ] 0 1] 0 4] ] 0 1]
Caol Lembioda 0 1] 0 (LI ) 1 0 0 [V b [§] 0 u 4] 0 0 0
Mecoplera 0 1 0 0 0 1} f] 0 0o 0 u 1] ] (1] ] Y] 0 0]
Privcoptera 0 1] 0 0 1% 0 2 0 20 2 ] 0 ] L ] 1] b
e pt e an 0 0 5 2 11 G 0 Y] i ] 0 Y] 0 0 1 8 ¥
Hemap b e Cleadell Bdae 0 0 ] 4] ] [#] [}] i (4 ] f] 1] 1] 1} 4] Ul u 0
Other 1 0 ] 2 3 7 2 | 2 0 I 0 I (4] 1 1] ] 1
Henvoptern 0 0 0 0 2 0 0 0 0 o 0 0 i 0 0 1 U ]
Coleoptera Carabldae 0 n 0 ] 0 0 0 ] L u ] b 0 2 1 1
Staphylintdae 0 0 0 0 1 0 2 2 1 o 0 | 1] 0 0 0 0 0
Elateridae 0 0 4] 0 0 0 | 0 0 0 0 0 u 0 0 0 0 0
Other 0 1 0 0 3 11 2 0 01 0 1 ] | 0 ] 3
Teichopteva 0 0 ] 0 15 ] Q0 n 0 o 0 ] 0 0 0 ] ]
Lepldoptera 1 0 0 0 9 0 4] 0 0 o 1] u 0 ] 4] ] 0 0
Npteca Tipul tdae 1l 0 i 1] 1 0 n o0 0nou [T ] [V} 0 0 0 n
Coenl Ldae 0 1 i) 0] U] 0 0 Y] [{ ] 1] 4] ] 4] 0 V] y] 0
Chil ronowidae ] ] 0 omo1n [§] | 0 0 u 1 0 3] 0 1] Y] ¥ 1]
Sl idae 1 1 0 (VI [ 1 2 [V 0 0 ] 0 0 u 0 0
Sclarldie 0 o 0 it 1 1 1 i (1] 0 V] [h] (4] 0 0 0 1]
Muscoidae 1 0 1] ] 2 [§] 0 0 [V} ] 0 ] (4] ] 1 ] |
Other 1 | A 11 4 ] 1 1 0 0 1 1 1 L | [
Hymenoptera Formicidae 4] 0 2 0 0 0 1 0 14 1] 0 0 Y] 0 1] 0 0
Orher 0 1 2 1an 2 4 1 10N ] I (] 1] 1 4] 0 10

Totals i 21 13 228 50 2k 2. LS 37 5 ] 2 2 3 4 2 3 1?



APPENDIX II
FOREST SONGBIRD
CENSUSES



Table 11-1

Forest Bird Populat lon Coensus
MATACIEY Freatment Plot
Wiwa, Ontarlo
=23 June 1979

Prespray treatment 1 Post=spray treatuent

1

Dally

Ave

0.0
0.7

0.7
4.0
0.0

0.0

Faml 1y Specles June  une _E[;._u_‘.!u'nﬁ:__ June T June  June June
8 9 1 a2 13 bally 16 17 14

=1 -0 4 ~1 -2 Ave -1 12 13
Tetravnldue Bl Fedd Grouse 2 Fi 2 2 2 2.0 2 4] &
1" Led e Conmmon FLLeher 0 i} ] ] 4] 0.0 (1] ] ]
Vellow-bell ted Sapsucker 0 i} 0 2 0 0.4 2 0 0
'I'ylnllnhlnul Yellow-bellled Flycateher 0 4] 0 ] 0 0.0 0 2 0
Least Flycateher i f h i 4 5.2 6 2 [
Olfve-slded Flycateher 2 2 2 2 2 2.0 V] 0 0
Corvdae Gray Juy 0 0 0 | 2 0.6 y] V] 0
o Debase Boreal Chidekodee 0 2 i 4 3 2.0 3 1] 1
St ddae Ied-breasted Hathateh fo 2 2 2 2 2.0 0 0 2
Froglodyt ldae Wilnter Ween 2 2 2 2 2 20 2 4] 2
Turdidae Amer Lean Robin 2 ? 2 0 2 1.6 1 1] y
ilermie Throsh 3 4 5 3 4 3.4 4 0 3
Swaluson's Thrush 6 7 f 3 5 1. h 5 6 4
Veery 2 il 3 1 i ) 2.4 4 0 4
Svlvitdae Muby-crowned Klonglet 4 4 h ] 4 4.0 4 2 4
Vireon ldae Solltary Vireo 0 4 4 4 4 L 4 4] 4
Fhltadelplila Viveo 0 0 ¥ 0 0 0.0 0 ] 0
Pacvul fudane Black=amd-wublte Warbler F. h 4 2 2 2.4 [3 0 2

1.3

_(HATACTY Gpplled on 15 June and 18 June at the endtted dosage vate of 0.070 kg Al/ha)

Post-spray treatment

1Y

2

4]
4]

e

o

+2

2

a4 2
+3 14
] 2
0 2
0 2
] 2
& I
2 0
4] 4]
4] 1
4] 2
2 b
4 2
3 i
5 0
4 4
4 4
4 u
2 2
4 2

June  Juune  June

20

June

g5

45

2

4]
4]

(4]
4

™~

OB R

#

=

Dally
Ave

1.6

o4
0.4

0.4
G.h
1.6
0.0

.6

LU RS
R W



Table 11-1 (cont'd)

I'respray treatwent | Post-spray treatment 1 Post-spray treatment 2
Family Specles June  June  June June June June  June  June June  June  Juue  June  June
8 9 11 12 13 Dally 16 17 18 batly 19 20 21 22 2] Dally
=7 -6 ~h -3 -2 Ave +1 +2 3 Ave +1 +2 +3 14 15 Ave
Parul tdae Tennessee Warbler 5 4 4 4 4 4,2 4 2 4 3.3 2 2 4 4 4 3.2
cont'd Hasliville Warbler 2 2 2 2 2 2.0 2 2 4 2.7 2 2 2 2 2 2.0
Magnolfa Warbler 2 k) 2 2 2 2.2 0 0 2 0.7 0 2 2 2 2 1.6
Cape May Warbler [ 2 1 2 2 2.2 0 4 2 2.0 0 2 2 2 2 1.6
Yellow-rumped Warbler 4 8 0 4 4 4.0 4 2 4 3.3 4 4 4 4 2 3.6
Black=throated Green

Warbler 4 6 i O [ 5.6 6 4 i 4isd 6 6 6 6 2 5.2
Blackburnian Warbler 2 A 4 2 2 2.8 2 2 2 2.0 4 2 4 i 2 3.2
Chestnut=stded Warbler 2 2 4 2 2 2.4 0 2 2 1.3 2 2 0 2 2 1.6
Bay-breasted Warbler 2 & 2 2 h 2.8 2 2 2 2.0 2 4 1] 2 2 2.0
Ovenl Lrd h ] 4 6 4 4.8 4 4 h 4.7 1 2 3 {11 4 4.8
Mourning Warbler 2 2 2 2 2 2.0 2 2 2 2.0 2 2 2 0 2 1.6
Canada Warbler 2 2 2 2 2 2.0 2 2 h 2.7 2 4 4 0 2 2.4
Aerlcan Redstart 4 U] 4 4 h 4.0 4 4 [ 4.7 2 4 4 4 4 3.6
Frinplllidae Evenlng Crosbeak 0 0 (1] 1] 0 0.0 2 4] 2 1.3 4] 2 2 1 0 1.0
Purple Finch 2 4 2 4 2 2.8 2 0 2 1.3 4 2 2 2 2 2.4
Dark-eyed Junco 2 2 0 2 2 1.6 4 0 h Zol 4 2 0 4 0 2.0
White-throated Sparrow f 8 9 7 f 6.8 B 2 1 9.3 5 5 5 4 5.0
Swamp Spacrow 2 2 2 2 2 2.0 0 0 2 0.7 4] 2 2 2 2 1.6
TOTAL BIRDS By 109 94 93 93 95.4 93 46 94 17.48 B6 96 90 92 73 87.4

Total Species 29 30 28 il 31 29.8 26 17 30 24.3 26 34 26 31 28 29.0



Faml by

Tetvaon ldae
Mletdae

Tyrannfdoe

Stee bdae

Tooned bilone

Sylvl bdie

Vircontdae

Parvol tdae

Fr b LT Ldae

TOTAL WS

Total Species

Specles

Rul Fed Grouse
Yellow-hellled Sapsucker

Yellow-bell fed
Flycatelien

Flycatcher

Lieansit

Red-breasted Huthateh

Thensh
Thrush

Hevw e
Swinlnson's

Veery
Colden-crowned Klaglet

Solltiny Viveo
Red -yl Virceo

Btaclk-—wnd-whlte Warbler
Temesses Warhler
Hashvellle Warhler
Mapoolla Warhler
Cape May Warbley
Yol low romped Warb ler
Black-throated Green
Warh et
Blacthburntan Warbler
Chestnut-slded Warbler
Cvenbilod

Camada o ey
Rose-Lbreasted Grosbeak

Putple Finch
Whiltecthroated Sparcrow

June

8

=

0

P P

W4

Table 11-2

Blrd Population Censug
I"lot

Forest
FIATACHE™ Hotreated Conbtrol
Wawa Outar lo

H-23 June 1979
Frespray treatment | Post-spray creatment |
June Jdune June June June Juone June

B AL X% 10 DREtly A6 __ 18 Dbatly
b A 23 -2 Ave L A Ave
0 1 1 0 0.4 0 ] 0 0.0

1 4] 1 V] 0.4 4] 0 4] 0.u

4 O 2 2 3.2 ] 0 2 J
0 0 2 & 1.2 2 2 & 2.0
0 0 2 0 0.8 0 0 0 0.0

4] 4] 2 2 0.4 0 0 2 0.7

| ] 0 ! L.6 4 0 4 ¥l

0 g 0 0 1.0 0 ] 0 0.0

] 2 4 0 2.0 ] 4 2 2.0

0 2 2 0 0.y 0 4] 2 o7

[ [ [ F ] u 2 [ 5.0

0 2 [§] % 1.2 ] 0 0 0.0
(4] [}] (8] 0n 0.0 { 0 0 .0

4] Z 2 0 0.4 ] 4] 0 0.0
4 [ 0 2 2.8 i 4 4 53

& 0 0 0 u.4 4] 2 i 9 |

4] h 2 2 1.6 2 6 4 4.0
0 0 0 0 0.0 2 0 0 0.7

6 4 [ 2 9.0 4 4 4 4.0
] 4 2 ? 2.4 2 2 2 2.u
14 10 14 14 1.6 [ & 12 .0

0 2 b 2 2.0 2 ¥} 2 1.1

0 4] 0 0 0.0 0 i 4 2ol

0 0 0 [§] 0.4 0 0 8] 0.0
2 4] 4] 0 0.4 2 ] 1 1.0

44 57 S54 19 4B .G 42 34 (Y] hh.1
10 15 1% 12 12.4 11 10 16 12,9

Post-sproy Ctreatment 2

June

0

0
4

4

June  June
el Rl B
B
0 0
0 0
4] 2
2 2
0 0
2 4]
1 1
0 ]
u 2
u 4]
O U
2 0
2 2
] 0
4 i
2 2
2 )
0 2
2 2
2 2
14 il
4] 2
] ]
4] 2
Qa ]
fil 4
12 15

June  June
2223 may
45 Ave
0 0 0.0
0 u 0.0
2 4] &
0 0 1.2
(] 1] 0.0
2 ] 0.4
1 1] [
1] ] u.u
2 ] (.4
[}] 1] 0.4
2 2 4.4
0 0 u.4
0 [§] l,2
4] U .0
2 4 Fi'ly
0 u )2
4 0 2.4
0 0 0.4
2 4 2.4
L §] 2 3.2
O i} 4.2
] 2 {15 S
§] 0 0.0
2 (8] 0.4
2 u 0.4
2 22 1.0
1 O 1.2



Table 171-3
Forest Bilrd Populacion Census
Nonyl phenol treatzent plot
Dubreuflville, Ontario
24 May - 3 June 1979

Prespray Postspray
Hay K I-I\T__ii_:n_y_"__'liny :1-3) — Hay 0 May T HMay  May Tdune  Jdune  Jdune
24 Y5 26 20 I8 29 Patly 29 30 i1 O Bally
iy el s o s W TSI e D i S T A
Tetraonldae Spruce Gronse n o 1 0 { 0 0.2 4] (1] 0 o | 1 4.3
Alcoedlintdase Belted Fingfisher 1 0 0 4] i o 0.3 0 | 1 0 1 0 [
Mletdoe Commn Flleker o 0 =) 0 (V] 4] 0.5 (i} 0 0 ] 0 [¢] 0.2
Yollow=bellted Sapsocber ] 3 0 &4 ] o 1.3 0 ] 0 1 4] 1l 0.2
Ty rammbdae Great Created Flycatcher 0 n 0 2 0 0 0.3 0 o] 2 V] 0 1] 0.1
Leant Flycatcher O o Ul o 0 0 g.0 4] 2 2 0 2 2 L
Mve—stded Flveatchaes 4] 4 0 0 0 1] 0.0 2 0 (¢ 2 1] 0.1
Corvidae Gray Jay §] ] H 0 1 1] .1 ] 1] [¥] 0 1) ¥} 0.0
e Jay 74 & 1 | 1 ] bisd a 0 0 4] o 0 0.0
Faven o A 0 1 0 ] 0.5 0 1 u 0 1 3] 0.1
Par tdare Wlaek-capped Chickades o 0 | n 0 0 0.2 U 0 0 1] 0 (3] .0
oreal Chickades n ! | 1 ] V] 0.3 0 i 1 §] 0 2 1.0
nlteidae Bed-breanted Nuthateh J [ U ] 0 0 0.3 0 0 0 ] 0 0 aLn
Towplodycldae Winter Wren 2 £y 4] ? 2 ] 1.3 0 0 0 0 0 2 I
T d e fmet Lean Robilo 0 i (3] 1] 0 [} 3.2 0 0 4] { (] bl (V]
Hermit Thrush 1 - il 0 " ] 3.5 2 ! 6 8 b ! fi. 1)
Vinery }] 1 0 0 i} 0 0.0 (1] 1 1] 0 0 2 0.5
Byl bdue Huby-crowned Kinglet [ ] 0 ] 3 i 6.3 O H 4 2 2 ¥ 4.u
Vi eonldae Solfeary Vireo P 0 0 0] 4] 2 0.7 0 0 2 1] ] 0 |
Hed-eyed Vireo (V] 1] 0 i 0 0 0,7 1] 2 4] ] V] 0 0.3
Faval e Mack and White Warbiler 1] 1 1] I 3 0 u. 8 ¥] 4] o u 4] 0 a.n
Tennessee Warkler A n ! d '] [0 1.5 H 12 10 ] M ) [ |
Haabivf Lle Warbler G 14 t 0 7 1o 1.5 3 8 3 2 2 2 (]
Mapnol La Harbler H 15 i bl 6 O Fii:d b n 8 ] 3] 1:3 k.5
Cape May Warbler t b 3 1 4 2 5.1 ! ] & “ H 4 5.%
Yellow-—rumped Warbiler 13 14 H 9 0 7 8.3 4 2 0 2 4 [ 1.4
Wael=thronted Green YWackleg 0 3 V] 4] u ] 0.0 1] 4 a u 0O 2 1.0
Cheatnut-stided Warbler [H] L] [J] i 1] 0 0.2 4 & u 2 4 u 2.0
Way-breasted Harbler 2 L, 1] 1 ? 0 1.0 0 4 4] [ 2 4 2.0
twenhdrd 0 [ " 7] 4 0 0.7 (v v 0 U u 2 3
Rorthern Waterthrush 2 2 2 1y 4 2 FL ) 4 G 6 4 A ? £.1
Hilswon'su Warbler 2 u u 4] 2 v] 0.7 ] 0 u u 1] ] (.0
Cavada Warbler o i 0 0 d ] 0.1 2 u 2 0 u U} 0.l
At fean Hedustart 1] L] 0 1 & u O.4 4] u 0 V] 2 4] LA
fotertdae Erown-headed Coubiicd " 0 2 O 1] U 0.3 1} 0 0 U 1] 1} (.0
Froingill tilae Hose-breanted Sironbeak J 0 2 1} 0 1] 0.3 2 & i i} 4 u Lob
Eventng Grosbeak ! 1 9 u 4] 0 1.8 1 1 0 /] 1 1] (VN ]
Furple Filoch u ] 0 0 1] 0 0.0 1] 0 2 Y] 0 V] 0.3
Doarkeeyed Junco 1 1] 1 t (4] 0 u.2 0 Y4 1 & “ 2 &t
Chlpptong Sparow 7] e [} 1y 2 2 | I { P u i u vl .|l
Whilte- throated Spartow 1 Ia i1 \ 16 19 16.0 T “ 19 14 14 g 1w, }
HrALS 1 uu bl I 4] 10 17.1 ] Y 12 tll It i 1.2



L
Tetraantdae
Fleldae

Tyrann e

Corvidan

Parldae

Troglodyt idae
Turdidare

Sylvltdae
Vireontdae

Parul Ldae

fetertdae

Frinpt!l Ldae

T EAL e

— . Specles

Rufled Grouse
Vellow-bellted Sapsucker
Least Flycateler

Ol lve-sidid Flycatcher
Gray Jay

Hlue Jay

aven

Black=capped Chlckadee
Horeal Chickalee
Winter Wren

American Hobiln

Hermit Thrush
Swalnson'a Thrush
Golden-crowned Kloplet
Ruhy-crowned Einglet
Sulltary Viveo

Red—eyed Viveo
Black-and . whitte Warbler
Tennessee Warbler
Hashv il le Warbler
Magnolla Warbiley

Cape May Warbler
Yollow-rumpod Warbler
Hlack-throated Green Warhler
Blackburnian Warbler
Chestnut-s1ded Warbler
lay-breasted Warbler
Owvenb!ted

Horthern Waterthruah
Canada Warhler

Red Winged Hlackbird
Brown-headaed Cowbited
Roge-breasted Grosheak
Pventluy Gronbeak
Purple Fluch

PFolone Siakln

P kb—eyed  Juneo

Chilpp oy Sparrog
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