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ABSTRACT

Conventional double applications of MATACIL® and seasonal

maximum applications of nonyl phenol and MATACIL® had no significant

effaces on forest songbird populations, and small mammal breeding

activity was not affected by the seasonal maximum ILVTACIL® treatment.

Nonyl phenol did not exhibit any apparent insecticidal effects on

terrestrial invertebrates inhabiting trees or honey bee colonies,

conventional MATACIL® applications caused a moderate knockdown of

terrestrial arthropods over a two day period and a seasonal maximum

application of JfAIACIL1® 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 nonyl phenol, an

"inert" ingredient in MATACIL'3 formulations, at a race equal to the

amount of nonyl phenol that is contained in a seasonal maximum allowable

dosage of MATACIL® formulation. A review of environmental 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 saisonnieres maximales de nonyl phenol 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

affecte les activites de reproduction des petits mammiferes. Le

nonyl phenol n'a montre aucun effet insecticide apparent sur les

invertebres terrestres arhoricoles ni sur les essaims d'abeilles;

des applications ordinaires de MATACIL® ont cause un abattement modere

des arthropodes terrestres durant deux jours et une application

saisonniere maximale de .MATACIL® a provoque un abattement important

chex les arthropodes terrestres durant deux jours egalement. Des

etudes de plein champ ont ece effectuees pour evaluer 1'impact sur

les ecosystemes terrestres forestiers du MATACIL® en applications

aeriennes ordinaires doubles et a des doses maxirr.ales saisonnieres

a-nsi que du nonyl phenol, un ingredient "inerte" des formulas

MATACIL® a une dose equivalente a la quantite de noniy phenol appliquee
par un traitement saisonnidr maximal au MATACIL'S. Le lecteur trouver

un examsn du controle environnemental des organismes terrestres dan:

les regions du nord-est de I'Araerique trainees au KATACIL®1 et des

donnees de laboratoire sur la toxicita de cette formule pour les

abeilles, oiseaux et mammiferes.
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INTRODUCTION

Large scale aerial applications of insecticides have been

used for many years to limit the destruction and damage caused to

Eastern Canadian forests by the spruce budworm, Tnori-szonsura

f-jmif&vana Clem. Aerial forest pest control operations have been

continually 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 recent years is

MATACIL®, containing the carbainate insecticide aminocarb (4-di;xiethylamino-
iR-fcelyl methylcarbamate) .

Concerns over the toxicity of nonyl phenol, a conpor.ent of

commercial MATACIL® formulations, to fish, resulted Id 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 allowable

dosage of MATACIL1®. 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 coxicity 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'B1 at the application rate most widely used in spruce budvona
control programs.

HISTORICAL PERSPECTIVE

Acute Toxieityj Studies with MATACIL®

Laboratory studies indicate that MATACIL® is highly toxic to

honeybees. The lethal dosage of MATACIL® in nicrograms per bee causing

50 percent mortality has been reported as 1.160 ug/bee when applied to

honeybees as a dust (Atkins et al. 1970) and 0.115 ug/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

4, indicating a relatively homogeneous effect on the nest insects.

This suggests that moderate changes in the dosage of K&TACIL® applied

Would only result in small changes in its toxic effects on honeybees

(Atkins, 1975). MATACIL® was also found to be highly toxic to honey
bees when sprayed on glass plates and placed in the bottom of wooden

cages containing worker bees. A 0.195 wfa% concentration of MA.XACIL®

dissolved in acetone sprayed on the places killed 50% 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).



Acute oral toxicity values reported for MATACIL® technical

(approximately 97% AI) tested against avian and aMffimalian wildlife

species fall in the range between 7.5 and 50 rag/kg (Tucker and Crabtree

1970, FCH 1970, Kanaga and End 1974, Lamb and Jones 1975b, Nelson 1378a).

MATACILS formulations containing nonyl phenol exhibit acute oral toxicity

to rats roughly proportional to their active ingredient content (Nelson

1978c). Reported LDjq 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 chat concentrations in excess of 1000-2000 parts

per million must be ingested where the test organisms are allowed to

feed ad libitum (Hill et al. 1975, Lamb and Jones 1975a). Experiments

involving applying the KATACIL® formulation currently used in Canada to

the shaved backs of rabbits (Kelson, 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 KATACIL® formulation

currently used in Canada (kelson, 1978b) indicates chat concentrations

in air have to reach levels of greater than 2000 pom 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 H-IATACIL® 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 Al/ha were monitored in Mew 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 oil soluble con

centrate formulation. The results of singing male counts along 4 km

transects and observations or. 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, Miorotua venr.sylvor.ia-.is (Ore) and

red-backed vcles, Clethrimonye gepperi (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).
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A semi-operaCionai application of an oil soluble concentrate

formulation of M&TACIL® containing 0.052 kg Al/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—

fooced mice, Peromyscus mcoiioulatus (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 MATAC XL'S) after an initial application of fenitrothion

(3uckner et al. 1975). Limited post-spray bird census data suggest

that the treatments may have affected some species of birds, particularly

the bay-breasted warbler, Dendroica OeXStanita (Wilson). Very low popula

tions of small mammals were found in both treatment and control areas,

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 1IATACIL® 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 and of the season.

In 1974, the environmental impact section of CCRI studied the

effects of MATACIL® applied experimentally at 0.070 kg Al/ha to a 930 ha

block of the Larose County Forest near Ottawa, Ontario (Buckner et al.

1975) and applied operational at 0.052 kg Al/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, Regulus 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 flying 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 "wo applications of MATACIL®

at 0.052 kg Al/ha with an intervening application of 0.175 kg

fenitrothion/ha (Pearce et al. 1976). They found no effect following

the first treatment, some after the fenitrothion application and a

raarked decrease in birds following the second MATAGIL® 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 sarae year MATACIL® was applied experimentally in

Maine at an application rate of 0.170 kg Al/ha. Brain cholinesterase



measurements taken from birds, small mammals and frogs collected before

and after Che MAXACIL® application showed a significant decrease after

treatments among woodland jumping mice, 'SiGCSOzazus insignis (Miller),

and red squirrels, TantasoiwuS hitdsonious (Erxleben) , but not for deer

mice or any of the bird or frog species sampled (Peterson, 1575). The

same applications were judged not to have bad significant effects en

spruce budworm parasites or other non-target arthropods based on

examination of budworm larval collections, drop box catches and Maiaise

trap sampling (Simeons, 1976).

The Canadian Wildlife Service monitored forest songbirds by

singing male counts along line transects in spray blocks in Saw Brunswick

in 1976 where double applications of 0.090 kg Al/ha of MATACIL® followed

prior applications of fanicrothion or phosphamidon. They concluded than

the MATACIL® applications appeared to have little additional impact on

birds beyond the effects of the initial organophosphate applications

(Pearce et al. 1979). The same year, che 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 applications of

MATACIL® applied at 0.052 kg Al/ha and concluded that breeding bird

populations were not affected (Sarrazin, 1975). 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 an

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 adulc spruce budworm

control agent in early July of 1976 in Acadia Forest, New Brunswick.

Three successive applications of 0.070 kg Al/ha at two-day intervals

did not result in noticeable reductions in bird populations, but a

shore lived decrease in activity was noted following the second

application and a single bird exhibiting symptoms of pesticide intoxica

tion was found (Bucknar et al. 1976). The same adulticide trials caused

a heavy 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 Al/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 (Sarra2in, 1977). No

immediate bird mortality, influence on song frequency among various

families of birds or rearing failures on approximately 100 nests located

were found in areas of New Brunswick treated with single or double

applications of MATACIL^ at 0.052 co 0.070 kg Al/ha (Varty, 197S). In

Newfoundland, forest songbirds were studied in areas treated with

M&TACIL® at the relatively high application rates of 2 x 0.0S7 and 3 x

0.070 kg Al/ha, but no damage to bird populations was found by breeding

bird census (3uckner and McLeod, 1977) or mist-netting studies



(Environmental Monitoring Committee, 1979a). 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, Sovex cineraus 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 MAIA.CIL® treated areas of New Brunswick in 1977

(Varty, 1978). The first of two. applications of 0.070 kg Al/ha caused

light normality to foraging honey bees and reduced pollen collection for

two days, but no further effect was evident following the second applica

tion and overall colony vigor was noc substantially reduced. MATACIUfi

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

ichneumcnoid 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

arthropod collections made by sweeping shrubs and beating trees indicated

average reductions in populations of approximately 15% in areas of

Newfoundland treated with MATACILS1 at 2 x 0.087 and 3 x 0.070 kg Al/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 1973, 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 Al/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 Al/ha of

MATACIU& 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 iristar budworm (ICingsbury

and McLeod, 1979). In similar studies, the same application rate of

MATACIL& was found not to affect songbirds when delivered by either super

constellation or DC-3 (Kingsbury and McLeod, 1930). Double applications



of 0.070 kg Al/ha M.YTACIL® were monitored in New 3runswick in I97S by

Avifauna Ltd., an environmental consulting firm with considerable

expertise in songbird studies. Their report concluded that no evidence

could be found showing a reduction in numbers of birds of any of the

20 species studied, which could be related co the insecticide applica-

cions (Germain and Morin, 1979). Songbird censuses in similar spray

regimes in Newfoundland also failed to detect any adverse effects on

populations, and mist netting studies indicated highly stable popula

tions (Environmental Monitoring Committee, 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 0.16-3 kg

Al/ha of MATACIL'3 in 1973 (Brown, 1973). 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.

Snap back trapping of small mammal populations in HAIACIL®

treated areas of Quebec in 1973 produced a very high (90%) proportion

of young of the year and showed a healthy breeding status for the

adult females captured (Sarrazin, 1973). Pitfall trapping of masked

shrews within sprayed areas in Newfoundland did not show evidence of

any impact on shrew populations resulting from the treatments

{Environmental Monitoring Committee, 1979b). Snap back trapping with

in the relatively high dosage MA.TACIU® treated area in Maine produced

identical numbers and similar sex and age ratios among small mammal

populations as within the untreated control area (3rown 197S) .

The incidence of parasites within spruce budworm 4th and 6th

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 or one pupal parasite (Phaeogenss) 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 MATAGIU® treatments,

indicating the difference found was not a result of the insecticide

treatments. &AIACIL® applications in Mew Brunswick in 1978 did not

kill caged adult 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 1930). In another

study Malaise trapping and counts of flower visitations did not indicate

any reductions of solitary bees within MAXACIL® created 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® treated areas of Newfoundland

in 1973 give no clear evidence of impact or, any of the non-target

arthropods sampled despite a sa;or impact on budworrn populations

(Environmental Monitoring Committee, 1979b). It is suggested that the



8

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 Al/ha of MAIACIL® indicated a temporary reduction in

Ichneuman wasp populations after the treatment with recovery evident

within a month (3rown, 1973). No effects on soil macroinvertebrates

were apparent from pitfall Crap 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 selected

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 Al/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 Veri.vova peregrine (Wilson), on one of

the three treatment plots studied (MacCailum, 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 Hew Brunswick in 1979 showed

that bee activity and blueberry fruit set in fields closest to IIATACIL'?1

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 MATACIL1® 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 (Environmental Monitoring Committee 1930). No major impacts on

non-target terrestrial plant-dwelling arthropods were observed the

year after treatment with MATACIL®.



STUDY SITES AND APPLICATION PROCEDURES

Conventional Doubts Arrli-jczicn of &.TAC-LL®

A small (40 ha) forest plot in the vicinity of Wawa, Ontario

received a double application of >iATACIL'B> in the spring of 1979 as a

standard treatment with which to compare the efficacy of experimental

insect growth regulator treatments and the environmental impact of the

MATACIL© solvent (nonyl phenol). The plot '-as located 33 km north of

Wawa along the Trans Canada Highway 17 (Fig. 1), in a mixed forest

stand of mainly black, spruce, Picza mariana (Mill.) ESP., balsam fir,

Abies balsarma (L.) , and white birch, Bsn:la papyx*Cfera Marsh. 31ack

spruce vas the most prominent canopy species. The bird plot was situated

in a low, vet area bordered on the east by the highway and on the west

by a lake. Very little understory existed over most of the plot,

except for a thick tangle of bushes and shrubs enclosing what was

probably an intermittent stream. Honeybee (Apia mellifera Linnaeus)

colcnies 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, Finns bcr.ksiar.a. 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 created area but with a greater abundance of

shrubs in the immediate vicinity of the colonies.

MATACIL& (0.070 kg Al/ha) was applied to the plot at an emitted

dosage rate of 4.7 i/ha on the evenings of 15 and IS June. Applications

were made by Cessna Agwagon fitted with a Micronair spray emission

system, contracted from General 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:

MATACII.®1 _ 15.7S I ( 8.3Z by volume)
Insecticide diluent 585- 169.66 I (39.7*i by volume)

Automate "3" dye3 3.79 Z ( 2.0% by volume)

-l.S-D oil soluble concentrate, Chemagro Ltd., Mississauga, Ontario.

-Shell Canada Ltd., Toronto, Ontario.

'Morton Williams Ltd., Ajax, Ontario.
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Both Che 15 June and IS 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:

T* a 1 -i *- -Relative

Temperature Humidity Wind speed Pressure Stability

C8G) (%) (m/sec) (mb) Ratio

15 June 19.3 79.0 0.65 964.5 -2.45

13 June 20.0 43.6 2.32 1005.2 +7.07

Seascnal Maximum Appl-isation of Uonyl Phenol

The nonyl phenol studies were carried out in Algoraa District,

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 Dubreuilvilla was the site of

terrestrial studies, while the stream itself was used for the aquatic

studies reported in a companion report (Holmes and «'.ingsbury, 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 ^lixed

stand of second growth jack, pine and trembling aspen, Vypulus tr&nuloid

Michx. , with scattered white birch and black, spruce. An untreated

control bird census plot was set up about 6 km southwest of the treat

ment plot along the Dubreuiiville 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.

Two colonies of domestic honeybees, Apis rnellifsra 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 pher.ol thai would be applied to forested areas under

actual operational pest control programs. To this end, the dosage of

nonyl phenol applied to the plot was 0.47 £/h&, equivalent co the

quantity 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 rate of 1.46 2/ha was du

plicated by mixing the nonyl phenol in an appropriate quantity of
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insecticide diluent 585. A small quantity of Automat:e "3" red dye was

added to the spray mixture to facilitate deposit assessment.

The actual spray mixture consisted of:

Honyi phenol1- 30.28 '•■ (32% by volume)
Insecticide diluent 5S52 62.46 I (66™ by volume)
Automate "3" dye3 1.89 I ( 2% by volume)

Spraying was carried out using a Cessna 135 Sky Wagon equipped

with raicronairs. The aircraft delivery system had been previously

calibrated to emit 1.46 I 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 "lay, 1979 at 0710 hours on the south

(down-wind) side of the block, and then progressed at 60 m swaths co

the north (upwind) side of the block. The spray application was made

under complete cloud cover and cool, calm conditions. Mean weather

prevailing at canopy height (12 m) over the period of spray application

were a temperature of 3.5°C, relative humidity of 98%, wind speed of

0.72 m/sec and atmospheric pressure of 974.4 mb.

Seasonal Maximum Application of MATACIL®

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, Picsa alauaa (Moench)

Voss. , tamarack, Larix Variair.a (DuRoi) K. Koch, white birch, and

speckled alder, Al>m3 rugasa (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, Ace?

rubrum l.

'•Rohm and Haas Canada Ltd., West Hill, Ontario.

2Shell Canada Ltd., Toronto, Ontario.

-Morton Williams Ltd., Ajax, Ontario.
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MATACIL® was applied to the treatment block oq Che evening of

28 June 1979 at the race of 0.175 kg Al/ha in a cotal emitted volume of

2.19 ;,/ha. Mixing and loading was carried ouc by personnel from the

Quebec Minis cere de l'Energie et Ressources with the proportions of

ingredients in the spray formulation being:

MATACIL®1 47.5% by volume
Insecticide diluent 5852 52.0% by volume
Automate "8" dye3 0.5% by volume

The Forest Pest Management Institute's Cessna 185 spray air

craft was used ror Che 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 TOU setting of 11.

The spray was applied to the treatment block in two loads between 1935

and 2030 in the evening of 2S June 1979. Mean weather measurements ac

the airstrip over the period or application were a temperature of

17.6°C, relative humidity of 39% 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 K 10 cm KromekotQ® card and either

paired slides or a stainless steel plate. Spray droplets deposited on

the KromefcoteJ® 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 Lonb Spectronic 100 speccrophometer. The equivalent

deposit in £/ha was calculated by comparison with the quantity of dye

measured in a standard made up from the original iyed tank mix.

Kromekot&S cards were set out in the seasonal maximum applica

tion of .MATACIL® plot and sent to the National Aeronautical Establish

ment in Otcawa where deposit on them was assessed by a flying spot

scanner (Slack, 1974).

lX.A oil soluble concentrate, Chemagro Ltd., Mississauga, One.

2Shell Canada Ltd., Toronto, Ontario.

-Morton Williams Ltd., Ajax, Ontario.
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Residue Studies Nonyl phenol residues were measured in samples

of white spruce foliage and soil collected

from the seasonal maximum r.onyl phenol 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, 5, 9, 14, 30 and 62 days thereafter. White spruce

foliage sanpj.es consisted of current year's foliage cut from branches

taken from mid-crown portions of tan selected dominant trees to give

an amalgamated sample from within the treatment block. A fully exposed

plot (4 m x 4 in) i 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 cat in diameter)

were taken from Che top 5 cm layer randomly and wrapped in aluminum

foil.

After collection samples were scored in ^lean glass containers

and packed with ice in styrofoam coolers until transported to the

Forest Pest "lanagement Institute, where they were held at 0°C until

analyzed by high performance liquid chromatographic analysis.

A complete description of the extraction, clean-up and analysis

procedures used in Che nonyl phenol residue analyses is presently in

preparation by the Chemistry Section of the Forest Pesc Management

Institute (Sundaram, personal communication).

Three samples of balsam fir foliage and three soil samples

were collected from the seasonal maximum MAXACIL® 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 che road, each about 0.6 km in length. Soil samples

represent pooled soil cores taken from portions of the block with or

without overhead forest canopy.

These samples were analyzed for MAT&CIL® residues by personnel

of the Quebec Services de Protection de 1'Environment's pesticide

laboratory in Ste. Foy, Quebec.

Terrestrial Invertebrate Knockdown Normal and insecticide-

induced "insec: rain"

from forest canopy to forest floor was measured by placing plastic

containers (39 :■; 33 x 15 cm) under the canopy of various tree species

within treated and untreated bird plots. Containers were placed under

both coniferous and deciduous tree species, and separate data collected

from each. Six to twelve knockdown buckets were placed on each plot,

and the invertebrates collected removed daily, preserved and labelled

and taken back to the laboratory for sorting and identification.
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Knockdown from coniferous tree species was measured under white

spruce in Che conventional double application of MATACIL® study and

under balsam fir in the other Mo studies. Knockdown from deciduous

species were measured primarily under willow, Salts: L. Uo samples were

collected under deciduous tree species on the bird plot in the seasonal

maximum MATACH.& treatment area.

Honeybees 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 Sta. 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 bee bos,

an Ontario Agricultural College pollen trap and a phoco-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 caking 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 wera made

on Ewo occasions in the case of the nonyl phenol treated and untreated

control hives, in order to determine any affects on Che development of

a specific group of larvae.

Forest Songbirds Forest songbird populations were asseed on

k hectare plots in the treated and uncreated

blocks employing the singing male-territory technique similar to that

described by Kendeigh (1944). ?re-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 wera conducted daily shortly after dawn by recording

on a plot map Che 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 tvo birds, all others {slighced, calling, etc.) are

recorded as one. The number of birds observed during each census

indicate activity trends and relative abundance on that plot. Daily

naps were later combined over the prespray and then postspray time

periods, in order to delineate territorial boundaries for each species.
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Each treated block, and bird plot was searched extensively for

dead or affected birds following spray applications. In the case or

the seasonal maximum M&XACIL® treated block these searches were

carried out for a three day period.

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 5-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

examined to determine any immediate or shore-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 ac

22 in intervals along parallel lines (22 m apart) in the forest and at

22 m intervals along roadside shrubbery. lumbers 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, measured, 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 dissected to determine sax and breeding condition and all adult

female mice and voles were dissected to determine breeding condition.

Females containing embryos, placental scars, or obviously lactating

were recorded as "breeding".

RESULTS

Conventional Doubts Application oj MATACIL®

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 beehives located in

a clearing on the upwind edge of the plot was similar to the deposit

assessment line after the first application, but negligible after the

second application when a moderate wind (2.32 m/sec) was blowing.
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Terrestrial Invertebrate Knockdown Prior to the first M&TACIL®

application, the numbers cf

invertebraCes collected in buckets under crees in the treatment plot

were relatively low and fairly constant (3.0 = 1.7 per bucket from

spruce, 3.1 ± 1.9 from willow). On the uncreated control plot, the

catch per bucket over the entire sampling period was considerably

higher and much more variable particularly under willow (5.7 ± 4.6

from spruce, 9.2 = 12.5 fron willow). These fluctuations on the control

plot correspond Co prevailing weather patterns, wich localized rain or

thunders norms prior to sampling producing a large knockdown consisting

mainly of Diptera:Sciaridae, but also of Kymenoptera and Collembola

from willow {Fig. 3 and 4, Appendix I—Tables 1 to 4).

An immediate knockdown effect was observed 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 (Arachnids, Lepidoptera larvae,

and various fanilias of Diptera). The effects of the second applica

tion were much less noticeable. A prolonged effect on Lepidoptera

larva was observed in the spruce samples where knockdown was still

apparent five days after the second application. The knockdown, fron

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,

buc different groups of insects were involved.

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 weacher 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 collecced during che monitoring period was generally

light green to pale yellow in colour, indicating it's source would

probably be poplar, Populus sp., willow and birch, 3etula sp. (Hodges,

1974), all of which occurred within the treatment block.

Activity at the front of the hive does not appear to have

been affected by the treatment [fig. 5). There were no significant

differences in counts except on 21 June when excessive moisture mav

have been responsible for a counter malfunction on the control plot.
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The dead bee count (Fig. 7) was slightly higher on the treatment

block, on che day following Che first application, although both numbers

were very low. Some bees were observed having difficulty becoming air

borne. Following the second application, che dead bee count remained

very low for both groups, and no symptoms of pesticide poisoning were
observed.

The average weight gain over a ten-day period on che treatment

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 treat

ment colonies, and 13.4? 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'S treatment plot was productive

in terms of bird populations, offering a

dense forest cover for such species as the hermit thrush, Catharus

quattatua (Pallas), the veery, Catharus fusaescena (Stephens), and

the ovenbird, Seiurus aurocopillus (Linnaeus), and varying canopy

levels to fulfill the niche requirements of many other species. An

average of 23 species were present throughout Che study period.

Insectivores were a major component of the bird complex; Parulidae,

Turdidae and Tyrannidae comprised roughly 47%, 15% and 7% respectively,

of Che total population censuses. Seed eating fringillids were the

third-most predominant, making up 14% of the CoCal population.

Fewer shrubs and a scant understory on che control plot, may

account for che low population average of 43 birds (of 12 species) as

compared Co the S7 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 (1338) and fringillids were extremely low (4%);

perhaps due co a less diversified habitat.

Avifauna populations remained fairly stable over the study,

with no observed reducCion in accivity as a result of either applica-

cion (Fig. 9), There was a general lull in activity over both plots on

17 and 23 June, primarily of the families Turdidae, Vireonidae snd

Fringillidae (Tables 3 and 4); but this was due Co adverse weather

conditions, and there was no observed territorial abandonment by species

within these families (Fig. 10 to 19).
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Table A

li ird Population Census

HATACJL® Untreated Corjtro] Plot

Hava, Ontario
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I1 re-spray Post-spray 1st application Post-spray 2nd application
_ . _ __ _-

a

l-'i^uru 16. Territories <>l' cite lilackburniau warbler, Deruh'oica fuiusa (Mullui ), on cite mataci I,*j

1 '■*■••'Liiu-iii -iikI I'linimi ploLH, uvur ihc study period, Hawa, Ontiirio, Junu 1979.
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Pre-spray Post-spray 2nd application

l(i. Territories of Lite Canada wHrbler, Wiluonia aattadcnuia (Linnucus), on cbe MAT

ami control plum, over Che sLmly period, Wiiwa, Ontario, June 1079.
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Small insectivorous species, such as the Black-throated green

warbler, O&ndroiaa virens (Gmelin), the Slackburnian warbler, Dendroiea
pensylvmiaa (Linnaeus); and the Canada warbler, Wilsonia aanadsnsis
(Linnaeus), actively forage throughout the canopy and ara potentially

vulnerable to pesticide poisoning due co their size and behaviour.

Illustrations of cheir territories throughout the season indicate that
no disruption had occurred (Fig. 15 to IS),

The ovenbird, a ground dwelling warbler, is fairly removed from

direct exposure to the chemical spray. Territories for this species

remained occupied as well (Fig. 19).

Many species of birds sang throughout both 3pray applications,

seemingly undisturbed by the operation. Thorough ploc searches for sick

or dead birds failed to reveal adverse effects of either application.

Ssascrxzt Maximum Application of Ucnyl Phenol

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 degree of coverage of

the south portion of the block reported elsewhere (Armstrong and Kin°sbury,
1979).

Nonyl Phenol Residues ".ionyl 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 araa within the next few days. Catches on both plots were

relatively high on 1 June as a result of heavy rains which fell through
out the day.
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TABLE &

Honyl phenol residues in white spruce foliage and

forest soil from the treatment plot*, Dubreuiiville,

Ont.

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 3.54 N.D.

3 days 2.06 N.D.

4 days 1.49 N.D.

5 days 1.70 N.D.

9 days 1.23 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 ppra for forest soil),

"treated with 0.47 i/ha nonvl puenol on 29 May 1979



Fig. 20

Terrestrial Invertebrate knockdown Into buckets set iim&er trees In the nonyl phenol
treatment* and control bird plots, DubrfeuUville, Ontario. 25 May-'J June, 1.979.
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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

rrom the created hives on the day following the day of treatment, but

subsided quickly to "normal" levels in subsequent days (Table 7).

Activity patterns (flights to and from the hive) ware relatively constant

on che treated site but somewhat more variable on the untreated control

site, probably reflecting local conditions such as hive location, shelter,

sicroclimatic conditions, etc. 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

raqueening 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

untreated hives. Measurements taken later in the season show a sub

stantial increase of capped brood in hives from both treated and untreated

sites. Of 340 cells counted in a marked portion of brood in the untreated

hives, 295 contained eggs of which 292, or approximately 99%, reached

the capped brood stage, while 400 cells out of 490, or 31%, reached the

capped brood stage in the treated hives (Table 8).

Forest Songbirds Avian activity on both the nonyl phenol created

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).

Mone o£ 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 Che ruby crowned kinglet, Ragiilu.3 calendula

(Linnaeus), a small insectivorous bird known to be quite pesticide

sensitive, were not affected. Activity of such species as the Nashville

warbler, VemiVOPa rufiaezpilla (Wilson) and the yellow-rumped warbler,

Dendroioa dOVOnata (Linnaeus) decreased following treatment while others
like the Cape May warbler, Dendroiaa zigrir.c. (Gmelin) and Tennessee

warbler, Vsvmivcva peve.gri.na (Wilson) increased. White-throated sparrow,

Zar.ctviokic albioaollis (Gmelin) acitivty declined on both plots fol

lowing treatment (Appendix II, Tables 3 and 4).
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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 Paruiidae),

Fig. 22, as well as territories for Che white-throated sparrow, ruby-

crowned kinglet and the hermit thrush, rlulooichla gutata (Pallus) , rig.

23, are illustrated and show that the experimental application of nonyl

phenol did not force abandonment of "territories.

Intensive plon 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.

Seasonal Maximum Apvlisa~ion of '-LA.TACIL®

Deposit The results of deposit assessment conducted with the

SAE 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 IIATACIL'S rate.

Mean deposit recorded on 54 KromecoteS cards laid out along a road

traversing the block was Q.29 i/ha (13.4% of the emitted volume) with

an average drop density of 9.0 draps/cm-. A substantially higher

deposit of 0.74 £/ha (33.7% of the emitted volume) and 42.6 drops/cm-

was recorded on nine cards set out within the bird census plot.

>[ATACIL3 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 yg/g

(parts per million) of MATACIL®. Residues in forest soil were much

Lower and more variable with 0.134 jig/g being measured from an open

area and 0.255 and 0.050 yg/g measured in soil from two different: areas

with forest cover overhead.

Terrestrial Invertebrate Knockdown A dramatic but short-lived

knockdown of terrestrial

insect fauna was recorded within 12 hours of the MATACIL3 application

(Fig. 24, Appendix I, Table 9). Peak knockdown from balsam fir was

recorded on the morning following Che 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 Co

pre-treatment levels. A snail increase in the knockdown sample was

recorded on 2 July on che 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, rlemiptera and Lepidoptera,
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IWT5EAIZD PLOT

TREATED PLOT

Figure 23

?re snd pose-spray carri^ories of ruby-crowned

kinglet, Begulus aal&ndula (Linnaeus), herraic

thrush, Byloaichla guttata (Pallas), and wfaice-
chroaced sparrow, Zcnozriakia albicollis (Gmelin),

on Monyl phenol treatment and control plots,

Dubreuilville, Ontario, 2'* May-3 June, 1979.

?raspray territorial boundaries

postspray territorial boundaries

oiots are 4 ha. in area.
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Uglynest caterpillar (Arekips aevasivovanus Fitch) tents on

chokecherry {Ppunus virginiana L.) were common throughout the experimen

tal area. Caterpillars feeding oucside the nest were observed to be

killed within minutes of the treatment but insects remaining within

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

Ants (Foraicidae), spiders (Arachnidae) and beetles (Colaoptera) 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 recorded on the uncreated

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 sparrows

and common yellowthroats) were observed foraging through the plots

causing minor fluctuations of activity (Appendix II, Table 5 and 6).

Mo immediate (30-hour) or short-term (5-day) impact on populations or

activity resulting from the treatment was observed or recroded. 3reeding

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 aminocarb but no

avian mortality was recovered and no symptoms of pesticide stress (bill

wiping, irratic flight or perching, wing droop, etc.) were observed.

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

only 13 snail 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). Ihe red-backed vole, C, gcptevi, was the dominant

animal trapped, followed by the masked shrew, 3. einereus. Few "young

of the year" animals were taken during this trap period (8% on the

treatment block and 33% in the untreated block).
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Slightly higher numbers were taken during the 6-day immediate

post-spray trapping period in the treatment block (24 animals in 618

trap nights, yielding the sane animal-trap night success ratio of .03

animals per trap night). Fifty-eight animals were trapped in 450

trap nights during the same period en the untreated block '.12 animals

per trap night success ratio). An increase in the numbers of "young of

the year" was recorded on the treatment block (16%) while a slight

decrease was recorded on the untreated block (22%). A dramatic

increase in the numbers of masked shrews taken on the untreated block

was not recorded in the treated block sample. Numerous sightings of

weasels (■fusiela evmin&a, Linnaeus or '-.'ustela ni.va.lis, Linnaeus) on

the treated block during this period suggests that predation by them

depressed email mammal populations in this area.

During t'n^ 10-day second post-spray trap period (3-4 weeks

post-treatment) a total of 203 animals were trapped in 2300 trap

nights (0.038 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 embryos, placental scars or

obviously lactating) increased on both 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 a.s being in "breeding condition".

This trend is also present in the untreated block sample where 50 per

cent of Che pre-spray sample, 62.5 percent of the immediate post-spray

sample and 73.2 percent of the late sample were in "breeding condition"

DISCUSSIOM

Review of terrestrial monitoring studies carried out in

forest areas in Eastern Morth America treated with M&TACIL® 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). In light of the extensive widespread monitoring

of forest songbirds carried out without the detection of any signif

icant effects, it has been suggested that further extensive monitoring

of forest songbirds exposed to MATACIL® treatments applied under

current use patterns would be of little value (Germain and Tin»lev,

1980). MATACIL© treatments also seem to have negligible effects on
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pollination processes, although this field of study has not been as

exrensively studied (Varry, 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. Nonyl 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 breeding 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 MATACIL& was recorded

from the area treated with a 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 (5.5 ug/g)

and 20 times greater than che 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. Gaboury,

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 levels

only persisted for a period of less than 48 hours. The overall lack

of significant effects of the seasonal maxijsUBi MAIACIL® application

on terrestrial vertebrates, the shorn duration of its knockdown effects

of terrestrial invertebrates and the relatively minor effects it had

on aquatic ceosystems (Holmes and Kingsbury, 1930) all suggest thac

there is a substantial safety margin built into the conventional

dosages of MATACILS) currently applied to control spruce budworm in

terms of the hazard they present to non-target fauna of forest ecosys

tems .
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Table 1-2
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Table I-'i
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2 Ul i.b 7 11, hi1
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Table 1-5

;! I invertebrate knockdown from coniferous trees

Nonyl phenol lr&annent piol

Dubreuilvillci, Ontario

25 May co 3 June, 1979.

Date

Days before or after application

25

May

26

May

27

-3 -2

May

28

-1

May

29

May

30

+1

May

31

June

!

+3

June June

2 3

Arachnids

PhaJang ida

Araneida

Acarl

0.13 0.25 0.25

0.08

0.17 0.17 0.08 0.0B 0.08

0.0&

0.13 0.08

Hetfiipteira

Culeoptera

Stapltylinidae

Other 0.38

0.08

0.08 0.17 0.25 0.17 0.33 0.17

0.25 0.08 0.08 0.08

Chi

Other

0.08

0.38 0.63 0.50 0.50 0.83 1.08 0.25 1.17 0.42 0.92

llyiuonopturu

Furiulcidae

Other

O.0H

0.0B 0.17 o.n

Number oi' Invertebrates/liuckct 1.26 0.75 0.50 1.16 1 .66 0.75 1 . 75 1.1b 1.33



Table 1-6

Terrestrial invertebrate knockdown from deciduous trees

Ntmy] phenol treatment plot

Dubreullville, Ontario

25 May to 3 June, L979.

Date

Days before of after application

May May May May May May May June June June

25 26 27 28 29 30 31 \ 2 3

-4 -3 -2 -1 +0 +1 +2 +3 +k 4-5

Arachnida

Araneida

Acari

Collembola

Coleoptera

S t&ph

Other

Le|>idoptera

Di ptera

Ilymenoptera

lrori!Li

OLber

larvae

0.13 0.13 0.13 0.08 0.58 0.5U 0.25 0.08 0.08 0.25

0.08

0.13

o.os

0.17 0.U8

0.08 0.17

0.08 0.i7

0,0H 0,08 0.17

0.33

0.13 0.08

0.50 0.13 0.25 1.17 1.50 0.42 2.OH 0.75 1.33

0.25

0.0K

0.13 0.17

0.08

0.42 0.17 0.58 0.0H 0.08

Number of Invertebrates/Bucket 0.88 0.26 0.52 0.5b ~\ .91 2.93 1.00 3.39 0.99 1.83



Table !-"/

levres trial invertebrate knockdown from coni

Nonyl phenol uncreated control plot

Dubretii. 1 viI 1u, Ontario

25 May to 3 June, L979.

Days before or after a

May

25

May

26

— 1

May

27

May

28

-1

29

May

+1

May

31

+2

June June .June

1 2 3

ArachnLda

Araneida

lu-mi ptera

Ca] eop Ittiii

I n
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Lep Ldoptefa

Dipceta

Chlronomldae
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Hymenoptera

larvae

0.13

0.13

O.J'i

0.13

0.25

n.38

0,08

0.

0.

17

OH

I)

(1

.17

.OH

0. 0 .08

0-OH 0.08 0.17

0.17

a.ob

(KOtf

0.08 0.17 0.17

1.50 ] .50 n.'iH 0,^2 1.00 1.17 0.67 1.33 0.50 1.00

0.30 0.13 0.17 0.08 0,17 0.17 O.0B 0.17

Number of I nvertebra ties/Bucket 2.39 1.63 I. I*\ 0.59 1.24 1.67 0.92 1.92 0.83 L. S



Table l-B

Terrestrial Lmrercebrate knockdown from deciduous trees

Ntmyl phenol untreated control plot

Dubreuilvllle, Ontario

25 May to 3 June,

May May May May May May June Jane June

26 27 28 29 30 31 1 2 3

before or after application -4 -3 -2 -I +0 4-1 +2 -1-3 h-4 -+-5

a.aa

Arachnid;)

Arsnetda o.25 o.na o.ou o.oa 0.08 0.08

Co 1 leiuhola 0.13 G.42 0.08

Coleopcera

Staphyllnidae 0.25 0.08 0.25 0.08 0.08

Other 0.25 O.08 0.17

l.upi duptura larvae 0.08

DLptera

Chironomidae 0.08 0.17 0.J7

Other 0.13 0.50 0.13 0.42 0.50 1.08 0.92 2.92 1.8 3 L.50

Hytucnop tt^ra

Fnrmicidne 0.08 0.17

Other 0,13 0.0K 0.25 0.08 0.33 0.08

Number of Tnvtirtehratea/Bucket: 0.76 0.50 0,26 ] . 00 1.24 1.65 1.00 3.67 2.15 2.00
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Table 11-1 <conr'il>

Pt-capray t real men I I Poat—apray l tuaituu-nL 1 Pugt —spray trestnaut

I'.imlly Spficiea Jun« j.irtve June -Tunu June Jons June Juno Jim* June June Jinn: Jufih

3 9 IJ 12^ jj_ Dill ly 16 U __ HI Dili ]y Lj> 2D 21 22_ 2J_ ItaJ ]y

-7 ^6 -'■ -3 -2 Av-- +l" +2 JS Ayu "+1 t-2 +3 +4 +S Avu

Pnculiilae Tumitmi*;!- u^rhl.-i 5 <■ 4 A U Ur2 C i 4 3.3 2 1 4 A 4 3.2

coiit'i! HBslwlUe tforblei 2 2 2 I Z2.0 2 2 42.7 2 2 2 2 22.U

H.ij'inill.i Uni-blec 2 3 2 2 2 2.2 0 0 3 «.? U 2 2 2 2 1 ,h

Cap* H4y IfarUUr k 1 1 2 2 2.2 0 4 2 2.0 0 t 2 2 2 Lfi

Y.?l low-iunped Ujirlilt-r 'i fl 0 4 4 't .0 4 2 6 3.3 4 4 < A 2 1 .d

Black—Lliniiitod Criten

Wntb 1 cr fi 6 li t> fi 5.f. 6 A ', >,.J & 6 i, t, 2 ^.2

iil.iuktKiriil.-ut Wftrttas Z 4 4 2 2. 2.3 2 2 2 2.0 4 2 4 fl i 1.2

Chestn.it-Bldod Wnrliler 2 2 U 2 2 2,A 0 3 I 1.3 2 2 <j 2 2 1.6

Uay-hr^iisiLvl Uncblor 2 h 2 2 '. 2 .H i 2 2 2.0 2 A 0 'I 2 2.(J

4lvtnli I nJ '. fi 'i (i It <t .B (i 4 4 4. / [> 2 (» G 4 4 ,fl

Houcitltis Wnihlnr 2 2 2 2 2 2.0 2 S I 2.0 2 2 2 D I 1 . f.
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Atteri^jui Hwlsuu i U i* 4 4 4 6.Q 4 4 6 U, 1 2 6 /> 4 '. '1. (.

li hn-LMll<l<iL' Kvcnh.K Croabeak n Q 0 n u u.d 2 i) 2 \.) o ^ 2 I I) I.fl
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Uark-cyol Junes 2 2 0 2 2] -<i 1 0 A 2.7 4 2 II 4 (I 2.H

Whlte-Ltttoated Spacrow '> a V 7 66.fi & 2 6 5.3 5 S 6 S 4 S.O

Swn*p Sj'J-irow 2 2 2 2 2 2A) C! (I 2 fl.7 0 2 1 2 Z 1-6

TllTAI. IU1(I>H (id 10'J 94 9') 9^ ')5 A 93 '.ft 94 7/.ti Bft 96 90 y^ n (I?.*,

T.H.,1 Sfvelw 29 3(1 2JI H 3J 2V.8 26 17 3U 24.3 26 14 It, \ L 2B 29.0



Tfil.Ie U-2

Portia I ft 11~«1 >"h|hj lat it»i Conmra

.1* llui riMinl Gotltnil I'liii

U.iw/l OiiL.m' i 11

CTnaLinKii-t I l'lisc-spray ttuui I'n-ul J ruut-i^iuy tcoatmuul 2

I1 "Jiil IV Jiji.-c | l-h .Inml! June .Inno .limit June .him? Jiiiil- Ju|iU Iiiliu JulK .Iniiu Juiiu

fl_ ') ] I 12 II Il.illy _i|i__ h? lft (Lilly JJJ 2U _2I 2?

31i

Tet tomi I Jsi«

t'letJita

'lyr ,(.!,.,;

.',1 i i M ii-

hii'MI «-

.'lylvl itlit.;

V 1 . ,-|.1l 1 ll.M

I.4II.I l.l.u;

I'l IiikI 1 1 hi,..-

m'Iai. nwiur.

Rti

Vt

u

Ik

:;*.

s>,

He

HI

Tb

H«

M:i

Ch

Vli

Fll

111

Ch

Itv

i,u

U£J!

I'm

UliI

! i ttl Ocniide

! llW-lflsl 1 lei] Si-HiUflcklM

i ]..w- i.,-i i i.-.i (flycatcher

wm HjcKvkm

J- Iji uiia Il-i1 Uul li;it cli

L n.M^i,

.i 1 luiiiu 'a I'Fu ush

■ :iy

1 cltiil C liiuii^J V Jdy | 01

Mini y V J i i?ii

il- i-ycil VJi cti

Kk-MHhwltlca BflrMoi
!iii'.^:i(;i: U,i l'!i 1 . P

nhtfl 1 la Ujifbter

,;iio[ hi U.hM.m

|ii' M.iy UiLt li 11:)

1 Inw i i>ml|hiI l/urlilv-r

.ii k -iliin.j Ll^iI Gretti

Wai IiUi

... kl.ui'ii<H.ti lli.il>! t:r

..<■ mi! uKid Uufblef

.i.i.ii'l

-'■■ " «

„.-!„■.!;■■=(.■■( CriwbMlk

|.lr l-h.-li

1 it- t liriuiL.'.l !1ji;irnw

■j

0

0

2

0

2

tl

1

(1

<

2

f)

U

2

il

11

<l

10

h

ii

li

'i

45

12

0

1

/,

B

ll

0

1

0

4

0

6

11

I)

(}

/,

r

0

ll

6

U

14

<>

0

0

1

kh

Hi

1

U

&

1)

0

D

2

6

0

2

b

'i

[)

i'l

HI

2

0

<]

II

5?

l ■,

—3

1

1

2

2

2

2

4

f>

Q

0

1

u

0

2

it

6

111

6

0

u

(J

Mt

1 '.

^2

0

0

2

i)

3

'(

e

M

2

2

ii

0

2

0

i

0

2

\;

2

tl

Ll

0

39

12

Avt!

Cl.fi

J . 2

J .2

U.ll

II. t!

1 ,6

i.«

2.B

B.fi

/,.H

1.2

(N _ l>

0.11

2.P

IJ.'i

L .(j

o.n

•j.fi

l \.f,

Z.ll

tl.O

O.A

B..8

Afl.«

12.11

ll

(I

0

(J

2

D

0

4

0

tl

Cl

u

a

0

a

Ll

2

2

i,

2

(,

2

0

0

2

'a

n

12

a

a

u

2

0

0

0

t

0

1

0

0

0

A

2

6

Ll

I,

1

fi

I)

2

0

I)

14

111

13

0

0

2

2

a

2

4

0

2

2

6

(1

0

0

4

a

k

(]

4

2

12

2

4

(i

1

dl

Hi

II. I]

0.11

U.7

2.11

(>.()

0. /

2.1

l>.!l

2.0

5. "I

tl.f)

e,a

a-i!

5.1

1. 1

4.y

i). /

'. .0

2.il

tl.-il

1. 1

■2.u

0.0

1 .D

«.?

1 / . 1

ll

0

0

(,

(1

2

1

0

u

u

h

2

2

0

t,

2

(J

2

2

li

0

(1

(1

0

t!

()

0

2

2

0

0

1

u

2

u

8

2

0

4

1

2

2

2

2

0

^

0

2

(1

41

1b

I)

0

t

2

j]

ll

0

u

2

/,

U

2

0

4

2

(1

2

4

JU

2

a

n

0

An

12

u

0

i)

0

Ll

2

i]

1

i)

0

(1

I

LJ

/,

0

K

6

i>

0

(1

2

B

ll

■15

<!

(J

0

L)

0

,]

0

0

u

D

0

II

0

1,

0

Ll

[)

4

2

ft

2

4,

[I

(J

22

d

0.0

ii ll

1.3

J .2

0.11

U.II

0.4

u.u

CKB

LI. 4

*.*

&.*

1 .2

IKI)

1.6

1 .2

2.4

0.4

2.4

3 .2

V.2

1 .2

ft.I!

IJ.II

I>.'|

L5.fi

j i _:'



Table 11-3

ltC 111 tJ l'o|fu 1.11 ion Ce

y 1 phenol c reaiaieiiE pl

ulirev UvilU, Ouur la

2'. Jtiy - I Jtiti

Tti rm-iili!.!" Spxucr Cimmc

AU-ii||iil.Li.- ti.-)[i-.t Klny,fial4«C

E'lrlil.tB (:, mi-.., ei Fl IlVo i

ri'tlnv-bt-'llltfd Sui<iiU<:kcr

i vr,..nii.!,..' i.i.-,it Cr«aled Flycftt-olitr

I i mi;i t I" ly< jiI. Ilit

til Ivi-r. [ilnl llvi.iti;|.i!

ciirviitai' im.iv i.-.y

I'lm- , l.i-v

i(..- irinp iii.k-v-, .k|.|.«->i niL-i>jui>-<<

!'■ -'I Chl«»i«dfp

::tiii.l.i.- Ki-<f>l>ruAuCuil Uu chute It

Ii i.|:i.i.iyt t>!.ii- Ululcr Urw

limil.if hmi'ilran Robin

H»tmll Ttrrnili

v> ■■*■/

LivlvtM.K' kittiy-crouTtcd Kln^li-E

VI i u..hi [.l.i,. :;<'Mi.irv VIri-'o

H.O t-y.-J V'( I UO

I1, li ii I l.l.i.' rt.-i.-k mud Willie V..MI.I.-I

I'-mirjlHH-i- i'.iillrr

rtatllivtllt: UitiMl-I

M..J.I...I l.i U.ii M«-r

Cn.iii' H.iy Wurl.IiT

\.-lt..u-j.Jnij.cJ UjfM,-i

HJ/lfl-ltiiiinli'J Grvf'l W.ijIi

I'Si-i t ■■■■ I -■.!.ltd -iii Jil j- r

ltiy-ti-ri'Tit cil W.irM-r

tivi'nt.J i ■!

N"i'li.-i'i w.it.. tl.r..:.li

;.i.,i icipi R«r.t»r*»rc

I■ t >-f 1 il <>■ I'.imuii Ii'>.<ilci1 CuubJrJ

l'i-liu'll I i U i .■ it...... .|.,...,,1t,.j ;f,.,.!,...

tvL-nlnii r:iiit;t..-.it

I'mijiIl' >" 1 iii li

tint V.-1 -;•■! Jimco

tin

H-iy

0

I

(I

1

0

It

(]

0

7

i

Cl

.'1

j

J

0

:

ti

n

2

ii

U

j

I

fl

t,

t 1

ti

C)

(■

-'

:

-

ii

ii

■ -

i

u

0

IJ

11.

f I

."■

-.

a

0

3

n

(■

ij

i

i'

i.i

■'

!■

!J

'i

."

[j

H

()

ii

1

il

l i

t S

h

1 J

i]

i)

.'

i;

■

u

\-

u

"

1

1)

<t

•1

Irt

■ii:

?h

-3

I

0

II

li

IJ

1

1

tl

1

:

ti

0

ti

i

»

t.

a

ii

it

j

Fi

'.

■

Jl

11

il

ll

i'

J

tl

0

0

J

7

•J

n

1

l]

:."

H.iy

z;

-i

<i

(i

a

4

2

0

0

0

1

1

0

1

Li

■/

0

0

u

ft

(1

4

1
i

li

'j

10

•i

{]

1

'J

LJ

',

II

0

1

fl

u

u

0

ll

li

H

) L

M.ty

-1

q

I

u

Q

n

0

1

]

i)

tl

0

0

;

Ll

it

il

t

a

n

i

■'

t

f>

u

i)

u

(j

c

4

>

j

&

0

0

(1

(i

2

1 6

n)

H,iy

/'»

-U

0

41

0

41

ii

U

u

u

0

II

D

0

!

n

ti

n

r.

7

0

I)

6

III

i

7

0

0

LJ

El

I

Cl

ii

a

0

ii

ii

0

IS

Jll

liilJy

.ivr.

0.2

[|. )

0.5

1.)

Cl.l

U.U

0,1)

0.3

1 . 7

0.5

0.?

1). i

] . 3

0.2

J. 1>

0.0

6.3

0,7

I), 7

J.S

3-i

J.i

?.l

S. J

B.J

0,0

ll..'

1,0

u./

0.7

0. J

8.a

Cl. 1

ll. 1

1 .Jl

II.0

Llr J

1. J

i &.n

;j. i

IL.y

2y

in

i-

0

II

0

(1

0

-

(1

a

u

C]

0

0

II

z

<l

t)

0

n

0

M

1

b

/

-'.

n

r,

tj

u

\

u

i-

□

U

2

1

<J

0

U

Ml

Hiy

i I

D

1

0

o

o

n

o

j

u

5

n

0

0

)

b

0

2

0

1 2

a

ti

■

0

t,

0

0

0

o

&

)

Ll

4

VII

3]

ll

1

o

0

fi

ll

0

U

0

1

0

0

0

ij

(j

4

2

0

0

J IJ

2

!!

4

0

0

u

a

i-

u

■>

0

11

o

a

->

i

in

ij

j ii in.-

i

■ ]

0

n

i

I

b

ii

ci

L)

Cl

a

a

ii

n

0

0

I

LJ

u

a

a

■j

4

i,

2

11

2

■ ■

Ll

A

LJ

0

0

o

0

(I

t.

il

J J

1II

JUIIC

J

1

1

1)

Q

Ii

2

?

(1

(i

1

(1

0

fl

;i

u

ii

(i

i

i\

it

0

i,

H

B

.,

Ij

4

i

U

■1

u

:

o

1

l>

(J

1LJ

ih

In

■'■

t

(1

IJ

"I

U

>

IJ

0

(1

II

1)

"1

>,

2

I

1

3

2

tj

0

.'!

1

i;

6

J

u

t

.<

.'

II

u

1,

It

J

ll

(Li

D.3

I . (

0.1

i.o

0,1

u.s

•«.. U

p. 1

(■. 1

tl. tl

1'./

(,j

1.U

J.U

.*. I)

;.!

■.' !

i I

(].(J



Table

Voru-at Ui i d Papulae ion C^unijj

Watty 1 plii-nu I in. created com to! plot

Dulnrtu Hvillc, Oncurio

J4 Hay - J June [979

1l| ranii I tin?

I-I.:! «],■■■

Ty-i ,11111 I thru

TurtHdm-

Jjyi vl tJ.4.;

V I ii'uii ! tl.ii

Hiirril ltl.iT

ll [IT III.I

J-t IiikI t f

Yi-1 h.u-l>a-| H> >l EopStltki-T

l^asl Fly.rut* ln.-r

nl i<!.-■, 1,1.-.! f ly^,]i t'lu-l

firay .liiy

M we ,l;iy

Raven

Black-Clipped rtilckutlno

Ho n-ii 1 CliictuiitVc

Winter U| nl

Amur lean Hah!n

UtTmiL rjirusli

:-v i tttHtra' a 'Jlirusli

[loldut-aruxttivd King] et

Eluhy-cmuiwri Khifj 1 i-l

Ktii 11 ,iiy VI t i-ii

Red-eye.! VI r.-..

HlnclL'Knd Willie Uarblcr

rtm«.*«sRii Vm 1.1 l-e

IJ.HMllvf II.' U.hIjKt

n.ii-ii-l i.. w.n i,l .■,

Cii-iw M;.y w,n hi i>t

V.■! l[>u-iuni|i. il U.itljlir

SI nek-throated Cre*-ti w..|l.)

Ill ,-][ kfllll 111 ill! Wjftl 1 1-1

CIhv.tniit -?Hilivl U:i| 1.1 it

Uwy-bfcdS.tcd UarMer

iivt-i.l.i r<J

IIli 1" C 1111 r 'I Vpt L 'T 1 1) I ll!lll

i:.ir.4,i:. karbltr

(U-il Wln^-d Iflui'H.J rt!

lLr»un-!.t-it<l<:<l CuwlilEil

it»iM-■!>■<:.liLv-l (,'fHMlnmk

rwnJun llrontiiml<

l'U|il<- tlinli

I'Inl- Sltfd In

I'.j i V -\*yK'\\ MilH'il

1 li 11-|' liij- *i |>.i r ii-u

1.1.11---Liu ii.i i !■■! .|-.i i r..-u

May

2U

-'i

0

.■

n

'.'

f)

I

1

?

0

?

0

J

1

0

t

(J

Ll

1

H

'.

Ill

h

i

u

2

U

f,

(1

(1

l>

u

2

]

2

u

u

II

u

h>

Hay

2r)

-4

L

i

L)

U

0

0

II

(1

2

'1

2

0

0

t

0

0

IJ

4

11

6

it

f,

2

0

i,

a

c

u

0

o

It

t.

1

(1

It

1

IJ

].'

HI

N..y

24

-3

a

2

n

tl

II

u

u

••

1)

0

II

■)

t,

a

CJ

4

I

10

J!

f

11

II

U

B

■J

ij

u

u

U

i

II

(J

ll

Ik

j

'J,

Vrtspray

Hny

27

-2

(1

0

0

u

1

0

0

0

1

/,

■1

2

2

0

0

0

.'.

ft

4

6

.;

It

u

?

0

6

2

0

0

0

0

1

0

1

'1

1

tt

; ;

Miiy

-I

I

2

CJ

i)

II

ii

(I

T

0

2

u

4

0

1

i

u

0

■i

i r,

1

III

b

1,

II

(1

0

5

t.

2

0

0

0

2

2

U

IJ

2

it

1

Bfl

1 i 1 ] y

JIVI' .

UJ

] _'.

0.0

ll,'.

a.z
0.2

0.2

ii.rt

U.2

2. a

U.ti

/. 2

(». Ci

rJ-(.

0.(1

II.U

t,u

'}, (>

4.6

s.u

■II. .'<

0. a

1 . 2

5. A

4.0

U.B

U.O

a.o

0.0

2.0

1 . ■'.

£M

U,fi

U. ti

l>..'

i.H

/ 5.a

H.iy

Ml

■>

\.

0

u

0

(1

1

(J

0

2

[>

2

ii

CJ

s

u

II

0

?0

t,

6

10

t>

D

0

?

10

7

2

2

0

I)

U

1

(1

it

u

I'l

11

Q

I

>

0

O

0

u

J

(V

u

0

ID

1

-

it

14
J

4

J.S

i

II

II

i,

15

2

0

I

]

II

J,

II

II

(J

J

ll> 1

Hiy

^1

1?

1

?

ii

2

0

I

L

0

a

u

D

6

U

u

2

2

7

0

ia

4

O

u

i,

2

U

II

II

II

IJ

1 I 1

KM

.Iiiiil:

1

1]

0

(1

0

0

0

ii

ii

l)

0

1

0

u

1

11

1

■

0

I

UI

I

H

ft

i,

U

6

■i

t,

,.

<i

t,

u

I)

0

0

J

41

0

(1

t

Itlprc,

.1(1111'

2

a,

(i

l

2

f,

U

41

(J

1

;

2

U

a

u

2

1)

2

u

1 J

u

a

/,

2

t

2

j,

<i

3

■

ii

CI

(i

i)

HA

Jhhu

I

lr.

I

u

j1

ll

ll

li

ll

I)

i

i,

(J

Q

h

2

0

I;

ll

F

1.

11

0

i,

H

6

0

a

ii

0

i

Ll

.*

O

f.

r.-i

Mi 1 ly

nvv.

3

1 . i

1 . ll

1 . I

U.ll

11.«

ll. J

a.n

u.2

i. i

u.n

!.(■;

G.5

5.2

1 . i

1 .U

II. I

1 (. ?

! '

'-. /

CO

'..1

1.0

2. 7

i\ 2

'i, Z

t. 1

1.1)

0. 1

U, 3

1 .5

1 .0

; .li

it. ii

a i

i). j

■■.. /

h; . i



T..I.L- I \-->

t'lUxtot Bli'il l'ti(inlni ton Cutmtm

AMllLtlCm I. "ITrlll Utaill I'l i'l

:j| . l)i ■■ 111 L tli' t lull I fit I III, tJlUllllK!

2t, Jit in; ■ 4 .In I y I'jJ'J

{■Mill ili.iJilh H|.|illi?i1 Jtt .lull.I Jil Ohi^ t:jnl I I t*[ jUnyui^ !^<_;-- .il \ f'j £ j\ | /11

l-:iiiil I y iC i k.-t- fiid Jinin Jlhuj Jlilia .lnti<j ifuntl July Inly July

^*i 21 ^B Ihil ly 2U 3U I J 4_ H..I ly

-2 -1 -0 AVt I I +3 11 15 If. Awt:

kl.iv Atiltr riycul.:t..M n '. * 1-J II (t Q H

T.i!ifsl l'lvr.iL.:ln:t ^ 0 0 O./ ^ 2 fl *

ul iv.r-.uiikil Klyctttchui U <> '> U-0 S " 0 "

Cm jl.l,..: llhir l.iy I II II 0-3 (I II I I

fin 111.u: 1114ii I. utxipnd Clilck.ided 0 I I 0.3 0 II i> I)

$\llUiau Ul.I lu,,l;ii,d iluil.i.ii.li 0 i (1 U.t t\ 2 U 2

Ti uKllnlyl I'Kii- U I ill ii Ui.-m II 2 1 1 . I '■ 4 II Z

1,11,11.1,...' Amue h .!■■ it..|. |i. li (I I It. J II 0 a I

liwrtliodii'ti riu udh '» III i *>. i <> 4 -' 0

V.,-« y 2 3 tl 5.3 7 J 1 2

SylulUft* Ctild«p hulii,.| Kiuttlui 2 L' '. ».3 '■ 4 h 3

l!i,tiy itiuuiui.1 KfuylcL 3 ^ 2 J .(i ■> 'i fl U

lluBil.y.' Illliimi CiMhn MffKwhiB 1 2 2 i.3 2 I '■ I

"I ■ i-imhimr Siillrnry VlroO li fl 2 1,3 '» ^ u G

KniNuyu.l Vt.c:. "I (1 ^ 0.; y II I! I)

nil luifcljittlu VtruA II fi U I . i (> H li 0

I1... i.l iii.ii- ILI.irk t-uhftxi Uiiclflnf 'I 0 (' 2.3 'I H '■ 0

Tumiuiiucu Hill l>|.:i II '■! ft B. / 0 II 0 a

Haulivl i It Uiirblui a 13 '. L.u 4 u l 2

It!Id I, I I l:.I It 11112

II.m I. lui II 'J II U .J t) II (1 EJ

II

u

1

u

-

/,

1

■i

1

u

ti

It

I

I

1

1

*

.Ik

.4

Jl

./,

,,

u

II

11

II

r>

u

u

j .'

II. A

U. 4

O.ll

1.2

i .11



Ttibla 1 1-5

I'j L—!J|I| .IV \'Ull I

Icli J<iuc Juiii: Junfi JlHlii fuu^ liily July

■>b Jli 28 Hii My 25 m L _^

-2 -j -<l Av.: IL

CO,!! '.| Vt1 luu-riiiiii.*.;! U.iiI.I.m li 2 1.3 S A 2 <> G 2.2
ftLI uck illniJiLud C!i-[1l-h

Warbler ii Q D u./ 2 0 II il I) U-!\

LUiiiikl.iiinj,.!! lJ:irl>3cr ', (I '. i ■ t 6 0 4 -■''
i:ii^;i[ii.n-,.i1iu.l LJuiMor 2 6 2 3.3 0 6 2 2 2 2.4

UvuhMrI 0 -J I) U./ Z Z 0 2 0 1.2
HorLhern Duterthruuli d G <) 4.0 > A 1 2 0 2.6

H.mi 111111; Warble* Q (' <> H.» 2 ^ li o U 0.8
Ui) tun YeHciuciiraaE ? II 5 9.0 '^ IB £24 t>.a

UiJBini'a Llarblut U U I) u,0 0 2 0 0 0 D.4

Cornel«i LJ;.rb)^ 1 t, t, 4.7 (- '- '> H Z 2.^

Amf-vJui.il b-tbiwl 2 6 1 -'..'J < I 0 " « I'«

leiul [«l,(tr i:.niim.in GtiicMc I "1 I ft.V '" 0 I LJ U CJ.2

fi iny LM I,(.!<.■ Idwii-hrua-rfCed GruslMMk 2 il B 0.? 0 6 0 ') i>-<'
!■„,,,i,. i-i,.clL u ? Z 1.3 *» 0 0 2 0 fl-:

UlilLwiniKid t-Totmlilll » U B 0.0 (> & O * 2 d_',

li,, i k-cy*J Juiwa Z * ^ --' 2 2 4 ° ° iCl
cl, i|ip I nt< Sparrow 2 2 'i I.I *• * I '■ 0 2,(.

HtiHe-thmatud Sporrau > 18 I'. I .Ml l0 7 S 5 fi ?.2

ItohtutctrtMl •»t*' H A J S-(> : " ° U " °'2

VHML B1«M W I »3 95 tA2. 1 Hli ?4 5^ ii 45 W,fl



1'iiMc I 1-4

l-'aii ant 1U ill l'ii|iu I >ii 1 tm Cultel ita

Aw tm n' .1 ili II ik I i u.jl l-iI Ciinl nil L'lui

:ii . Don ill du Muutcti Im, Quubtiu

34 Jurm - 4 inly I'J/'J

l-'.iml ly

'IV i I'u till I il.it'

ly I ij.titJ.la>-

l.'inv I il.u:

I'.u U\aa

Sill III Liu

>tlii.t.I,I,:

r.p p -l i.r,i.

Sylvi IJi-iii

llttmhyc: I I L M.il;

VI I Ll.l.hl.lC

I'.nul l.l.u:

I'i u- iifii .iy

-i'liui; -Tiini! Jitnil -limi

tfy 2% ?h '11

"-li -3 -1 -I

''""i -spray

Ktll Il-<I III HUL.L- II 1}

I L,,.i Klyeuceliei fi (i

Htua .liiy 2 0

IHti.-k-.'.,|>t><-<l Chlehutlea El fl

Rud-tcrcuttrml Hiahoccli Q D

iJiiiIiImI (1 II

ll«null T4iruulj 0 H

£wtlttl4t>ll4 ■• riini-.Ei [) 12

Vcury u I

(JliIiFuii cvix/iil'iI Kiii^iut Cl 2

llul*y-crtiu>iuiJ Rintjliui i (i

Emiar U.ikwIii^ li G

llllill III I .ill Udlnulil).; II 1

Sal l!.uy VI nm (! 'I

ItLt.rk-utiil-ulili i: Wrtrlilttc 2 h

T^miL-uuuu 1/mLlm k D

KiiuUvJ I !■■ i;.».lil,= i II

I'diiiiLi U.piI'Iu II 2

a.j-jpi.t i.i u... i.u-i ii [i

.I -.

n

(i (I.O

a, a

ii.'i

n. i,

a A

II.CI

Ml

I1.1,

h.'i

1.2

LI

I

a

'•

-,

M

h

[i

iJ.U

i. 2

li.'.

:> A>

ii.1I

2 ,11

II.'.

ii

u\

|2_

(1

2

(l

In I ■,■ .In] y I ip I v

J 1 •■

tl tS \G

I.

II

11

II

II

II

/,

]

u

1

11

1.

[1

II

B

(j

I)

El

/.

1 .)

U.4

ii. 'i

n. /,

11.0

I .2

L-^

II. 0

II.i,

11.11

41.11

41.(1

1 .'■

O.U

41.11



Tatilu I

PunI

in.>l Uac

Oiut'J

limn;;

Wai LiL'i

¥«] lou—rtiiuptii] Warbim

Bltitik-tlivunl ml Qrean

IJ.piL.l. r

Hlacfcburn 1 tin VJ.jiUI^i

Chi: Jt iiiii.--i I ili'il U.u~|j f 11

Buy-bn;BWLiit1 Mdrblur

Houi Hint-: HufbluC

Cmtutla Mmt>lui

Aiiii? f lttttl Ul*i!;;I .41 t

Evfn l HB, tiroal»t«k

I'm 1.1, l'hu:li

Ii.ii k-«±yad Iniu (i

Utl|>pliiy S|Mfrtiu

Htitta-tilicuaiud Sparrow

;iv3.im|, Specrw

i! 11 a-.

lune

Vt

-i.

0

u

0

0

0

J

to

0

o

0

0

1

0

i,

0

■1

r ( i

..

Jill Hi

-■j

i

8

i)

0

■ i

2

12

0

0

0

D

4)

4

'<

HI

re-!ijirn)>

Jum;

26

-2

II

I)

0

a

t,

t,

0

h

0

i:

0

0

0

0

I)

2

a

31

June

n

-1

n

0

11

0

i.

U

f,

■>

Q

0

D

(J

(1

1

(1

5*

June

2b

0

B

<j

;i

(I

Q

0

(i

0

LI

II

Q

■1

LI

0

2

0

u

V.

ll.l

A

r.

1

0

1

a

1

u

6

n

n

u

0

0

u

2

J

II

■ ' v

^u

.0

.!>

.y

.6

.t*

2

,{,

.a

, ,

j.

.ii

.<■

.{

.»

.ti

June

+ 1

4

A

2

!*

ii

2

El

IJ

4

U

II

0

u

2

1

Jimu

'id

42

0

u

II

1)

2

1

b

n

4J

i)

o

ct

LJ

I

2

e

■■,.■

sl-:i|Uny

July I

I

13

.,

0

u

41

2

'1

2

u

a

u

(j

0

2

uly

3

+:>

0

0

n

ii

II

0

0

u

0

LJ

11

1
0

0

0

5i

Jill/

'l
It

u

6

2

2

0

»

IJ

U

ti

0

(J

i

0

i)

(I

2

(I

II

1 I

Hal ly

i .;-

L'.ll

U.rt

L i.

II.H

11. t!

1.1-

O.IJ

I..'

1) .1)

li.U

u.ii

ii . 4

o.i

Q.H

1 .A

1.2

a. 4


	Acknowledgements
	Abstract
	Table of Contents
	Introduction , Historical Perspective
	Study Sites and Application Procedures 
	Methods
	Results
	References
	Appendix I - Terrestrial Invertebrate Knockdown Data
	Appendix II - Forest Songbird Censuses

