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Abstract

Saunders, D. E., B.Sc., M.Sc., The University of Manitoba, 2003

Effects of Mimic@ Bioinsecticide on the Species Diversity of Non-target

Lepidoptera in an Operational Spruce Budworm (Lepidoptera: Tortricidae:

Ch ori ston e u ra fu m ife ran a Clemens) S uppression Prog ram i n NoÍhwestern

Manitoba.

Major Professor: A.R. Westwood

A new biochemical insecticide, Mimic@ (Dow Agrochemicals), has recently

been registered in Canada for the control of lepidopteran defoliators in forest

ecosystems. The active ingredient, tebufenozide, mimics the insect molting

hormone, 20-hydroxyecdysone, in larvae of some species of Lepidoptera

inducing a premature molt, causing death. To date there has been only one

published study on the effects of an operational spray program that has

addressed the effects of Mimic@ on non-target Lepidoptera in hardwood forest,

and none in the boreal forest. Butler et al. (1997) found significant reductions in

richness and abundance of non-target, larual macrolepidoptera of a hardwood

forest following Mimic@ application for control of gypsy moth, Lymantria dispar

(L.). ln 1999 and 2000, Manitoba Conservation applied Mimic@ to areas of the

boreal forest in northwestern Manitoba as part of an operational spruce budworm

suppression program. ln 2000 and 2001, moths and laruae were collected from

twelve study sites within the spray area to determine the effect of Mimic@ on

spruce budworm and non-target Lepidoptera. Three 70 m2 plots were within
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spray blocks sprayed once with 70g Al in 2.0 L/ha in June of 1999; three 70 m2

were within spray blocks sprayed once in June of 2000 and six were in

unsprayed areas. Variables measured within the study sites included percent

defolíation for1999 and 2000, spruce budworm larvae per45-cm branch, spruce

budworm adults, number of understorey larvae, number of macrolepidoptera

moths, and moth species richness, log series alpha diversity, evenness, and

Berger-Parker dominance. A total of 178 macrolepidoptera species were

collected in Luminoc@ light traps over two field seasons, with 36 species making

up 7ilo/oof the total catch and being considered common to both sprayed and

unsprayed sites. Mimic@ significantly reduced spruce budworm populations in

sprayed plots versus unsprayed plots. Significant spray effects on number of

moths and species richness were found at one year post spray for those sites

sprayed in 1999. There were no significant spray effects on non-target

Lepidoptera species diversity in either year of the study. Even spray plots that

appeared to have been sprayed more effectively did not have significantly lower

numbers of moths, species richness or diversity than the unsprayed plots. While

36 of the common non-target species appeared unaffected, two species from the

Family Arctiidae and one from the Family Geometridae were consistently less

abundant in sprayed plots in both sampling seasons 2000 and 2001. These

results, along with Butler's (1997) study, indicate that aerial applications of this

insecticide may have a negative impact on certain non-target lepidopteran

species but not on overall diversity.
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CHAPTER I

INTRODUCTION

Large scale aerial spraying of insecticides to control defoliating caterpillar

pests (e.9. spruce budworm, Choristoneura fumiferana (Clemens);jack pine

budworm, Choristoneura pinus Freeman; and forest tent caterpillar, Malacosoma

disstria Hübner) in Canada's forests has been used as a management tool to

slow the spread of these pests and to prevent tree mortality for over five decades

(Armstrong & lves 1995). ln Manitoba, insecticides have been employed to

protect commercialtimber supplies, preserue parks and natural areas from large-

scale tree mortality, and to protect areas used for recreation and cottage

subdivisions.

A new biochemical insecticide, Mimic@ (Dow Agrochemicals), has recently

been registered in Canada for the control of lepidopteran defoliators in forest

ecosystems. Mimic@ has been tested in Manitoba since the mid 1990s and the

first large scale commercial applications began in Manitoba in 1997 . Over

100,000 hectares of forest have been experimentally and operationally sprayed

with Mimic@ in Manitoba since 1994 and the product has also been applied

under experimental permits in other provinces during the last several years.

Manitoba is the only area in Canada with sufficient Mimic@ usage to date to carry

out an intensive investigation on the non-target eflects of this product when used

at a commercial scale. ln 1999 and 2000, Manitoba Conseruation applied



Mimic@ to areas of the boreal forest in northwestern Manitoba as part of an

operational spruce budworm suppression program.

The use of Mimic@ is part of a trend that began in the late 1970s and early

1980s to move away from broad-spectrum synthetic insecticides, which killed a

wide variety of forest insects, to narrow spectrum biologically based products,

which are more pest specific and environmentally acceptable (Armstrong & lves

1995). By the mid 1980s, Bacillus thuringíensis Berliner var. kurstaki (Btk), a

naturally occurring insect bacterium, had replaced synthetic insecticide use to

suppress defoliating caterpillars in Canadian forests (Bendall et a|.1986; Miller

1990; Miller 1992; Nealis et al. 1992; Otvos & Vanderveen 1993; van

Frankenhuyzen 1993; Barber et al. 1995). By 1996, Btk was the only product

registered in Canada for aerial application to suppress defoliating forest pests

(Westwood 1997, 1998). Past performance of Btk has been erratic in certain

instances across Canada and there have been ongoing efforts to increase its

reliability and to search for more efficacious products with a similar narrow

spectrum of activity (Westwood 1997,1998).

The active ingredient in Mimic@, tebufenozide, mimics the insect molting

hormone, 20-hydroxyecdysone, in some larual ínsects and induces a premature

molt. lt appears to provide higher levels of pest insect control than Bfk, and thus

provides better protection to trees (Retnakaran 1995; Westwood 1997;

Westwood 1998). ln Canada, Mimic@ has been tested mostly against spruce

budworm and proved to be very effective (Smagghe & Degheele 1994).



J

Mimic's@ narrow spectrum of activity make it an attractive alternative to

other insecticides for forest insect pest suppression. However, limited studies

have indicated that susceptible non-target Lepidoptera species might also be

adversely affected. The widespread use of tebufenozide in the suppression of

spruce budworm and other forest insect defoliators could lead to undesirable

ecological effects. ln forests, indiscriminate reduction of immature Lepidoptera

could have a detrimental effect on trophic pathways and food chains.

Unlike Btk, there have been relatively few attempts to document the

effects of tebufenozide on non-target lepidopteran communities under field

conditions. Morris et al. (1975), Miller (1990, 1992), Sample et al. (1993), and

Johnson et al. (1995) have all reported significant reductions in both species

abundance and richness of non-target Lepidoptera following applications of Btk.

Only one published study has addressed effects of Mimic@ on non-target

Lepidoptera. Butler et al. (1997) found significant reductions in richness and

abundance of non-target, canopy-dwelling larval macrolepidoptera of a hardwood

forest following Mimic@ application for control of gypsy moth, Lymantria dispar

(L.). lt is essential that the effect of Mimic@ on non-target lepidopteran diversity

in the boreal forest be carefully analyzed and understood. No study has been

published to date that examines the effects of Mimic@ (when applied under

operational conditions) on non-target moths in Canada's nodhern boreal forest.

This study tests the null hypothesis that Mimic application does not reduce

species diversity of nontarget moths in sprayed areas of boreal forest when

compared with unsprayed areas.



CHAPTER II

LITERATURE REVIEW

2.1 - Boreal Forest Characteristics

The boreal forest covers over 2.6 x 106 km2 in Canada forming a

continuous, primarily coniferous belt from Newfoundland and Labradorto the

Rocky Mountains and Alaska (Danks & Foottit 1989). ln the borealforest of

northwestern Manitoba, the summers are short and warm and the winters long

and cold, with an annual mean temperature of 0 oC; a mean summer temperature

(June to August) of 16 oC; and a mean winter temperature (September to May) of

-5.5 
oC (Environment Canada, 2003). The growing season is short with

approximately 157 frost-free days accumulated between June and September.

The average annual precipitation is approximately 46 cm, with approximately 21

cm in rain between June and August and approximately 15 cm in snowfall

(Environment Canada, 2003).

There is heterogeneity at the local scale of vegetation and this variation

recurs consistently throughout the boreal forest (Danks & Foottit 1989) creating a

considerably diverse ecosystem (Graham & Jain 1998).

Disturbance is increasingly recognized as the driving ecological force in all

forest ecosystems (Píckett & White 1985) leading to and maintainíng variatíon,

especially in boreal ecosystems (Shugart et al. 1995). Barnes et al. (1998, p.

410) interpret a disturbance as "any relatively discrete event in time that disrupts



ecosystems, their composition, structure, and function". Disturbances, such as

fire, insect outbreaks and disease, are natural factors in the boreal forest whose

effects in disrupting forest stand structure have long been incorporated in

species' adaptations and ecosystem dynamics (Sousa 1984).

ln the boreal forest a vegetation mosaic leading to plant and animal

diversity is primarily the result of wildfires burning over diverse plots (Bonan &

Shugart 1989). Wildfires play an important role in shaping the structure and

composition of boreal forests creating a mosaic of conditions that allow a mixture

of uneven-aged tree species to thrive (Graham & Jain 1998).

ln some areas of the boreal forest, fire frequency is low and C. fumíferana

(spruce budworm) outbreaks are considered the most important disturbance. ln

the last 70 years in Canada , 48o/o of the boreal forest was disturbed by fire, 39%

by insects (mainly spruce budworm in eastern Canada) and 1 0% by logging

(Bergeron et al. 1998). Fires (Payette 1992) and outbreaks of spruce budworm

(Bergeron et al. 1998) are widespread disturbances in the eastern Canadian

boreal forest. These disturbance regimes are not independent, and changes in

one regime can affect the others (Bergeron et al. 1995).

2.2 - Spruce Budworm

The eastern spruce budworm, C. fumiferana, is the most important

defoliator of coniferous forest trees in Noñh America (Talerico 1984; Fleming

1990). Probably no species of Lepidoptera has been studied more intensively

(Powell 1995). It is native to North America and a principal pest of balsam fir,

Abies balsamea (Linnaeus) Miller, white spruce, Picea glauca (Moench) Voss,
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black spruce Picea mariana (Mill.) BSP and red spruce, Pícea rubens Sargent

(Mattson et al. 1988). The impact of the spruce budworm can be considerable,

including growth loss by aflecting photosynthesis, top kill, cone and seed

mofiality, increasing susceptibilíty of trees to secondary factors and widespread

tree moftality (Kulman 1971; Maclean 1980). Any spruce-fir stand in eastern and

central North America is susceptible to spruce budworm feeding (Mattson ef a/.

1988). Spruce budworm outbreaks have more effect on structure and function of

the spruce-fir forests of eastern Canada than virtually any other factors

(Baskervil le 197la:Maclean 1985, 1990).

Choristoneura fumiferana occupies forests of the east and central parts of

the continent, associated mostly with the boreal forest, but also with the Great

Lakes-St. Lawrence and Acadian forest regions (Rowe 1972). The range of C.

fumiferana coincides almost completely with the range of its major hosts, balsam

fir and red and white spruce (Mattson et al.1988; Sanders 1991).

Spruce budworm larual stages mine old needles, and feed on buds and

the current year's needles from early May to late June. Balsam fir trees often die

following three or four years of severe defoliation. White spruce, which is more

tolerant of budworm feeding, may die after five or six years of severe defoliation

(lves 1974; Manitoba Conservation 2003).

The spruce budworm is univoltine (one generation per year), has six larval

instars, and over winters as a diapausing 2nd instar larva (Morris 1963; Mattson ef

a/. 1988). Emphasis is put on the feeding behaviour of spruce budworm larvae

because the effectiveness of many of the insecticides used in management
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protocols depends on the ingestion of the active ingredient (van Frankenhuyzen

1990). The last three of the six larval instars feed openly on the rapidly

expanding shoots and are usually the targets for control (Prebble 1975). Eighty to

ninety percent of total larual food consumption occurs during the sixth-instar

larval stage so depletion of current-year foliage is unlikely to happen prior to the

budworm's sixth instar (Retnakaran1983; Carisey & Bauce 1997).

2.2.1 - Outbreaks

Populations of spruce budworm have reached outbreak levels on a more

or less regular basis over extensive areas of northeastern and north central North

America for at least the past three centuries (Blais 1954,1965, 1981; Brown

1970: Kettela 1983; Morin et al. 1993). Periodic outbreaks of the budworm in

eastern Canada are known to have occurred since the early 1700s (Blais 1965;

Blais 1968; Blais 1983; Stedinger 19S4). The most extensive and destructive

outbreaks have occurred in the Maritime ProvÍnces (New Brunswick, Nova

Scotia, Nevrrfoundland), Quebec, Ontario, Maine and the Great Lakes states

(Haruey 1985; Mattson et al. 1988).

Outbreaks have two dimensions: time period between outbreaks and the

geographical extent of the outbreak. Generally, when no treatment is applied,

outbreaks last from five to fifteen years and non-outbreak periods average about

35 years in eastern Canada (Blais 1983, 1985a; Simmons et al. 1984; Solomon

1ee1).

Outbreaks seem to be controlled by a complex interaction of factors

(Morris 1963; Solomon 1991; Sanders 1995). lt appears that the natural enemies
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of the budworm operate within a complex system along with other factors such

as the composition, density and maturity of the forest (Maclean 1980; Mattson ef

al. 1988; Bergeron et al. 1995; Su et al. 1996; Maclean & MacKinnon 1997;

Bergeron & Leduc 1998) and variations in weather (Wellington et a\.1950;

Greenbank 1956; lves 1 974; Hardy et al. 1983; Blais 1985b; Mattson et a1.1988).

There are variations in the influence of the budworm on the trees and the

subsequent reverse action of the food supply upon the budworm population

(Blais 1985b; Mattson et a1.1991). Outbreaks are also influenced by the long-

distance movements of great numbers of adults (Greenbank et al. 1980). These

interactions are further complicated by the use of insecticides and forest

management practices designed to suppress outbreaks (Solomon 1991).

Outbreaks may start in epicenters, or foci, from which they spread by moth

migration or even larval dÍspersal into neighboring budworm-free forest (Hardy ef

al. 1983; Blais 1985b). Others believe the spruce budworm is a cyclical outbreak

species where populations go through more or less regular cycles or oscillations

(Royama 1984;Wallner 1987:Régnière & Lysyk 1995).

The last countrywide spruce budworm ínfestation in Canada ended in the

late 1980s but pockets have continued at very high intensities in Manitoba and

Saskatchewan and to a lesser extent northern Alberta during the 1990s

(Knowles, pers.com.). In northwestern Manitoba, the most recent spruce

budworm outbreak began in 1995 and has continued to present. ln 2002,

approximately 1 11,480 hectares of spruce/fir forests experienced moderate to



severe defoliation by spruce budworm in Manitoba (Manitoba Conseryation

2003).

2.3 - Spruce Budworm Management

The spruce budworm is one of the most destructive forest insects in North

America and consequently the target of most of the insecticides that are applied

to boreal forests in Canada (Cadogan et a1.1997). The objective of forest

protection spraying in Canada is to prevent or reduce damage to the trees and

forest stand (Prebble 1975).

Aerial insecticide applications, particularly the bacterial insecticide Btk and

tebufenozide (Mimic@), are registered in Canada for managing spruce budworm.

Decisions to implement spruce budworm control activities are usually based

upon assessments of stand susceptibility (the probability that a stand will be

attacked by the spruce budworm) and vulnerabílity (the probability of tree

mortality resulting from a given level of budworm attack) to spruce budworm and

assessments of spruce budworm numbers (Mott 1963; Maclean 1980; Lynch ef

a/. 1985). These assessments are used to determine whether a stand should be

sprayed in the current or next year and also to determine areas for protection,

harvesting or salvage (Ennis & Caldwell 1991).

ln general, in commercial forestry, the only options when faced with a

budworm outbreak are: 1)to prevent tree mortality by insecticide spraying, 2) to

do nothing and allow the timber to die and deteriorate, or 3) to embark upon pre-
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salvage (before moftality) or salvage (after moftality) programs in the affected

stands (Maclean 1980).

Spruce budworm suppression programs usually target 4th and sth instar

laryae in order to lower levels of defoliation. Spruce budworm larvae are typically

at these stages in early June in northwestern Manitoba. Non-target Lepidoptera

species are most susceptible to Mimic@ if their larual feeding periods are within

this timing window of application. Sometimes adverse weather conditions restrict

insecticide applications to 6th instar larvae (mid to late June) and defoliation

protection is sacrificed for population suppression (Volney & Cerezke 1992).

Since 1980, there has been a dramatic increase in eastern Canada in the

use of microbial insecticides based on the bacterium Bt (Albert 1991). There was

an increase from 1% of the total area treated with Btk for C. fumiferana in 1979 to

52% in 1985 and 63% in 1986 (Morris ef al. 1986: Hulme 1988; Ennis & Caldwell

1991 ; Sanders 1995).

Bacillus thuringiensis is a naturally occurring spore-forming bacterium that

produces a crystalline toxin during sporulation (Angus 1971; Fast and Dimond

1984). Btk is toxic to larvae of Lepidoptera (Fast & Régnière 1984). While the

mode of Btk gives it considerably more specificity than the more broad spectrum

insecticides like diflubenzuron (Dimilin@) (Martinat ef al. 1988,1993; Sample ef

al. 1995; Butler 1995b), non-target Lepidoptera are also directly susceptible to

Btk. Miller (1990) noted that Btk treatments for the gypsy moth in western Oregon

reduced species richness and larual abundance for up to two years within a guild

of native, non-target Lepidoptera feeding on oak. ln 1992, Miller also observed
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that one application of Btk targeted for C. fumiferana in Oregon reduced the

abundance of non-target Lepidoptera in the guild of caterpillars feeding on leaves

of Ceanothus velutinus Dougl. Johnson et al. (1995) found that Btk sprays are

toxic to some non-target lepidopterans for at least 30 days after treatment.

Wagner et al. (1996) also observed a significant reduction in abundance of laruae

of-some non-target lepidopteran species after Btk use.

ln 1997, the biochemical insecticide Mimic@ (tebufenozide), an ecdysone-

like mimic of an insect molting hormone, was registered in Canada for aerial

application to suppress certain Lepidopteran pests including spruce budworm.

This product appears to have a narrower spectrum of activity against Lepidoptera

than Btk and laboratory and field-testing indicates the product is more effective

against certain defoliating tree pests (Retnakaran 1995; Westwood 1997 , 1998).

Mimic,@ is an aqueous, flowable formulation of the non-steroidal ecdysone

agonist, tebufenozide (N'-fed-butyl-N'-[4-ethylbenzoyl]-3,5-dimethyl -
benzohydrazide) supplied as an emulsifiable concentrate (Rohm and Haas

Company f 989). Lepidopterous larvae ingesting this material stop feeding within

12 hours and undergo an incomplete and precocious molt without shedding the

old cuticle or tanning of the new cuticle. The larvae remain moribund, not

feeding, for several days and ultimately die of desiccation and starvation

(Retnakaran et a\.1995). Even though this compound does not resemble the

steroid molting hormone (20-hydroxyecdysone), it acts through the ecdysone

receptor (EcR) at the molecular level initiating the molting process by gene

regulation (Kothapalli et a\.1995). Unlike the natural hormone, which disappears
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after abruptly peaking, this analog persists in larvae and suppresses the later

part of the molt cycle (Retnakaran ef al. 1997).

Laboratory evaluation of tebufenozide indicates that it is specific to larvae

of Lepidoptera, and has no effect on Coleoptera, Heteroptera or Orthoptera

(Smagghe & Degheele 1994; Cadogan et al. 1997; Retnakaran et al. 1997).

Mimic@, (a formulation specifically developed for forestry use), persists in the

foliage for at least six weeks, which permits a wide window for application

(Sundaram 1995; Sundaram et at. 1996). However, Sundaram et at. (1996a,

1996b) view the slow disappearance of tebufenozide after the optimal 23-day

duration of persistence for spruce budworm with caution, because of the potential

toxicity to non-target Lepidoptera.

Tebufenozide is eftective against a variety of lepidopterous larvae pests

including pests of fabrics, fruits (Knight 2000), field crops (Chandler et al. 1992)

and ornamentals (Butler et at. 1997). Tebufenozide has been shown to initiate

the molting process in lepídoptera such as C. fumiferana (Retnakaran and

Oberlander 1993) and Manduca sexta (L.) (Retnakaran et al. 1995). Efficacy has

been demonstrated against forest pests other than spruce budworm including

gypsy moth, L. dispar (Butler et al. 1997). Preliminary testing by the Rohm and

Haas Company (1989) found Mimic@ to be highly effective against gypsy moth,

L. dispar (Butler et al. 1997), eastern hemlock looper, Lambdina fiscellaria

(Guenée), jack pine budworm, C. pinus, forest tent caterpillar, M. disstria, white-

marked tussock moth, Orgíya leucostigma (J.E. Smith) and fall cankenruorm,
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Alsophila pometaria (Harris) (Sundaram et al.1996; Retnakaran et al.1997;

West et al. 1997; Cadogan ef a\.1998; Sun & Barrett 1999).

Studies by the Rohm and Haas Company (1989) investigating the effects

of Mimic@ applications for the control of spruce budworm on non-target

Lepidoptera found no significant differences between treatments (sprayed and

controls). Lepidoptera studied included Zeiraphera unfoñunana Powell, Acleris

variana (Fern.), and Epinotia solandriana (L.) of the family Tortricidae. Other

Lepidopteran families studied included Gracillariidae, Gelechiidae, and

Geometridae.

Few studies have assessed the impacts of tebufenozide on non-target

forest inveftebrates after experimental sprays and operational spray programs.

Two studies assayed the effects on non-target invertebrates ín the forest canopy

(Butler et at. 1997) and forest soil (Addison 1996) after the application of

tebufenozide. The study by Addison (1996) noted no adverse effects on various

soil invertebrates indigenous to Canada and the northern United States. Butler ef

al. (1997) noted no effects on abundance or species richness in any organisms

other than species of Lepidoptera in the canopy of a hardwood forest. A

decrease in abundance was noted in some species of Lepidoptera.

. 2.4 - Lepidoptera

The ecological and environmental importance of Lepidoptera stems
':

largely from the fact that their larvae eat green plants, but not exclusively. Some

laruae eat other substrates like fungi and detritus (Scoble 1gg2).The main
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ecological impoftance of adults is pollination. Another impoñant ecological role of

Lepidoptera is that insectivorous predators or parasitoids consume all stages of

these insects in enormous quantities (Janzen 1987; Scoble 1992). Given the

enormous number of lepidopteran specíes it would be surprising if the group did

not have a significant environmental impact.

Herbivores are a characteristic element of boreal faunas. Many common

boreal plants support large numbers of herbivores (Danks & Foottit 1989). Within

the boreal zone there are many major habitat types (vegetation, water bodies,

wetlands, etc.), and each of them provides a multiplicity of microhabitats for

many species (Lawton 1983). As plant architectural complexity (all aspects of

plant size, design, and structure) declines, so does the diversity of associated

phytophagous insects (Lawton 1983). A more complex environment provides

more space for different, specialized specÍes. Plants with a complex architecture,

like trees, support many more species of pests than those with a simpler

architecture, like herbaceous plants. Diversity also appears to depend on the

amount of resource available (Waage 1991).

Lepidoptera are especially well represented on forest trees. Their laryae

have a range of habits, such as leaf eating and leaf mining (Danks & Foottit

1989; Scoble 1992). Lepidoptera are obvious examples of species that contribute

more to the ecological diversity of a community than just a count of the species

would imply. ln a sense each of these species contributes two doses of biological

diversity to a community (Harper & Hawksworth lggs) as the two major life

stages, adult and laryae, have very different biology and ecology.
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Lepidoptera have many positive attributes for use in biodiversity studies:

they are found in almost all habitats and niches, possess many specialized

behaviours, are good indicators of areas of endemism, show rapid responses to

environmental disturbance, can be sampled easily with quantitative methods, and

have many taxa that are readily identifiable (Holloway & Stork 1991 ; Solis 1997).

Lepidoptera are frequent subjects of study. Moths have been used as

indicator organisms for monítoring changes in biodiversity in tropical and

temperate zones (Lawton et al. 1998). ln recent years in North America, research

has also focused on sampling strategies for adult Lepidoptera (Thomas &

Thomas 1994). Concern over non-target effects of forest insect suppression

programs has stimulated a number of studies of forest caterpillar richness and

abundance (Miller 1990; Butler & Strazanac 2000).

ln a spruce budworm suppression program, spruce budworm larvae are

the intended targets. All other affected organisms are non-targets. The forest

canopy is the intended recipient of the Mimic@ spray. Lepidoptera laruae within

the forest canopy are of particular concern as non-target organisms. Some

families of caterpillars have been shown to be particularly vulnerable to

tebufenozide, and they are considered to be important in the food chain of

songbirds. Lepidoptera are predated or parasitized at all stages in their life

history, so their ecological importance is by no means restricted to their position

as primary consumers (Scoble 1992).



t6

2.4.1 - Non-target lmpacts

Of all the terrestrial forest biota, the non-target insects are considered the

most vulnerable to impacts caused by insecticides since most forest pests

targeted by chemical pesticides are insects. These non-target insects form the

basis of food chains affecting the forest ecosystem at all trophic levels (Brown

1ee1).

Studies have focused on the role of non-target Lepidoptera in food webs

in the boreal forest and the effect of insecticides on food sources of various forest

organisms, including birds and small mammals (Johnson et al. 1995; Wagner ef

a/. 1996). Lepidopteralarvae, particularly early instars, experience the acute

effects of tebufenozide and therefore have received the bulk of the attention from

researchers. Potential increased larval mortality from tebufenozide use could

also result in the reduction of adult non-target Lepidoptera populations. The moth

community may respond to tebufenozide by displaying a reduction in species

richness, diversity, and adult abundance in the months and years following the

spray.

2.5 - Methods of Community Analysis

2.5.1 - Diversity

Diversity is a simple concept but difficult to define. ln ecology, it refers to

richness and variety within a community (Pielou 1975). Diversity on a local scale

can be interpreted as the kinds and numbers of organisms and their patterns of

distribution. Magurran (1988) described ecological diversity as a measure of
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community content expressed in terms of the number and relative abundance of

the species within an area. A description of the diversity of any ecosystem can

involve the genetic, species, and ecosystem aspects and their causes (Noss

1990; Barnes et al. 1998).

Ecological diversity is usually studied as two major levels based on

community scale: species diversity or q diversity which is the number and relative

abundance of the species within a single habitat; and ecosystem diversity or B

diversity which is the change in species composition between two or more

habitats (Pielou 197l;Magurran 1988)

2.5.2 - Diversity Measures

Diversity measurements have frequently been used to help understand

ecosystem health (e.9. Kempton 1979; Niemela 1999). Recenttheoretical

models of the determinants of diversity (Siemann et a1.1996; Ritchie & Olff 1999)

suggest that diversity measures do respond to fundamental properties of

ecosystems. Several families of insects have been used in studies (some in the

boreal forest) on the effects of anthropogenic and natural disturbances on forest

ecosystems (Lenski 1982; Spence & Niemela 1994; Fahy & Gormally 1g9g;

Humphrey et al. 1999).

lnterest in the pattern of species abundance in a population takes two

forms. On the one hand a study of the full distribution of the relative abundance

of species may be sought to give insight into the internal mechanisms of the

community. ln other cases one or more summary statistics that suitably
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characterize the population may be required to investigate effects of evolutionary

or environmental change (Kempton & Taylor 1976).

Measurement of local richness by complete census is feasible only for

plants and perhaps some mammals. For virtually all others, measurement means

sampling (Harper & Hawksworth 1995).

One method to better understand the impact of pesticides on non-target

organisms is to investigate the potential changes in species diversity. lmpacts of

forest management on lepidopteran diversity has been studied in boreal and

tropical forests but few studies have used biodiversity indices to measure the

impact of pesticides on non-target species (Thomas & Thomas 1994; Chey et al.

1997; lntacht et al. 1997; Martel & Mauffette 1997; Spitzer et al. 1997; Hammond

& Miller 1998; Leps ef a/. 1998).

The basic idea of a diversity index is to summarize the data on the number

of species and their proportional abundance into a single numeric index (Hill

1973). There is no single index suitable for all situations and the choice of an

index depends upon which criteria the researcher wishes to emphasize (Thomas

2001). Magurran (1988) summarized the more commonly used q diversity

indices. Two of the most common are the Shannon Wiener index and the log

series alpha index.

The Shannon Wiener index is most often used in vegetation analysis

when calculating diversity from proportional values rather than abundance data

(Shannon & Weaver 1949). lt has only moderate discriminating abilities and is
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highly influenced by the most abundant species and sample size (Magurran

1e88).

The log series alpha index describes the log series distribution of species

abundance (Fisher et at. 1943). The index is calculated from the relationship

between the number of individuals and the number of species in a sample. lt has

good discriminatory abilities and abundant species and sample size have little

influence (Kempton & Taylor 1976; Magurran 1988).

Diversity measures take into account species richness and evenness.

Measures of evenness indicate how equally abundant the species are. High

evenness (when species are virtually equal in abundance) is equated with high

diversity (Southwood et al. 1979; Magurran 1988).

There are some indices that measure the dominance component of

diversity. The Berger-Parker Dominance index (Berger & Parker 1970) expresses

the proportional importance of the most abundant species (the most dominant

species). A high index value indicates an increase in dominance and a decrease

in diversity (Magurran 1988).

2.6 - Ordination Analysis

Multivariate analysis provides statistical methods for study of the joint

relationships of variables in data that contain inter-correlations. Because several

variables can be considered simultaneously in multivariate analysis,

interpretations can be made that are not possible with univariate statistics

(James & McCulloch 1990).
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Ordination analysis is a multivariate technique that reduces a matrix of

distances and similarities among a group of objects to one or a few dimensions,

while preserving as much of the data's variation as possible (Hill 1973; Carleton

1984; Pielou 1984:James & McCulloch 1990; ter Braak 1995). The species (or

samples) are usually graphically arranged in relation to one or more ecological

gradients, or to abstract axes that may represent such gradients (James &

McCulloch 1990). The gradients are the abstract dimensions of an ecological

space, where the relative positions of plots reflect their similar environments or

species composition (James & McCulloch 1990).

Basically the aim of ordination is to summarize the mass of raw data in the

hope that relationships among species and between species and the

environmental variables will be manifested (Pielou 1984).

2.6.1 - Principal Components Analysis

Principal components analysis (PCA) is a linear ordination technique that

has been used widely in all areas of ecology and systematics. lt reduces the

dimensions of a single group of data by producing a smaller number of abstract

variables (linear combinations of the original variables, principal components)

(Austin 1985; James & McCulloch 1990). The biplot, a graphical version of the

analysis, provides a simultaneous view of ordinations of species and plots where

environmental gradients are not studied directly but are inferred from species

composition data (ter Braak & Prentice 1988; Palmer 1993; ter Braak 1995).
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2.6.2 - Redundancy Analysis

Redundancy analysis (RDA) is a constrained ordination technique that

incorporates the linear response of species to environmental variables. RDA

differs from PCA in that it is intermediate between PCA and separate multiple

regressions for each of the species. lt is a multiple regression for all species

simultaneously (ter Braak & Smilauer 2OO2).lt still produces species and plot

scores but in RDA the plot scores are constrained by the environmental

variables, which are included. The resulting ordination diagram simultaneously

displays the main pattern of community variation as far as this variation can be

explained by the linear combinations of the environmental variables, and the

main pattern in the correlation between species'abundance and environmental

variables (ter Braak & Prentice 1988).
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CHAPTER III

MATERIALS AND METHODS

3.1 - General Study Area Description

The study was conducted in boreal forest approximately 80 km north of

The Pas, Manitoba and immediately south of Cranberry Portage between

latitudes 54o 12' N and 54o 20' N and longitudes 101.1o W and 101 .6 o W. The

study area was located in the Tolko Forest lndustries Forest Management

License Area and is part of the Boreal Plains ecozone of Northwestern Manitoba

(Zoladeski et al. 1995).

The vegetation is characteristic of the boreal plains ecozone (Wiken

1986), which is bounded on the north and the east by rock outcrops of the

Precambrian Shield. The dominant vegetation consists of uneven-aged forest

with the most abundant conifer species being white spruce, P. glauca, black

spruce, P. mariana, jack pine, Pinus banksiana Lamb, tamarack, Larix laricina

(Du Roi) Koch, and balsam fir, A. balsamea. The hardwood component of the

forest flora contains tree species such as white birch, Betula papyrifera Marsh.,

trembling aspen, Populustremuloides Michx., and balsam poplar, Populus

balsamifera L. (Zoladeski et al. 1995).

A spruce budworm outbreak was first recorded in this area in 1952 and

lasted until 1967. A second outbreak started in 1995 and moderate to severe

defoliation was still occurring in parts of the study area in 2002.
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3.2 - Experimental Design

Comparisons were made in two consecutive sampling seasons (2000 &

2001) between plots sprayed with Mimic@ bioinsecticide and unsprayed plots.

Twelve study plots were chosen, with six plots selected in pockets of untreated

forest and six plots in operational spray blocks from two separate spray years.

Plots were established to provide six replicates of unsprayed plots, three

replicates of plots sprayed in 1999 and three replicates of plots sprayed in 2000.

Spruce budworm populations and spruce budworm caused defoliation were

present in varying amounts in all plots. That is, all plots were chosen in an area

generally infested with spruce budworm.

Plots were sampled between May and September in each year and data

from all plots were grouped into four categories corresponding to the number of

months post spray. The post-spray period 0 to 3 months represented results from

plots sprayed in 2000 and sampled in 2000. The post spray period 12to 15a

months represented the results of the plots sprayed in 1999 and sampled in

2000. The post spray period 12to 15b months represented the results of the

plots sprayed in 2000 and sampled in 2001. The post spray period 24 to 27

months represented the results of the plots sprayed in 1999 and sampled in 2001

(Figure 1).

Plots were designated as follows: unsprayed plots = US1, US2, US3, US4,

USS, and US6; plots sprayed in 1999 = S99A, 5998, and S99C; plots sprayed in

2000 = S00A, SO0B, and SOOC.
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3.3 - Plot Description

ln 2000, aerial maps depicting spray blocks from the 1gg9 and 2000

spruce budworm management programs and forest inventory maps (Manitoba

Conservation, unpublished) were used to select twelve white spruce-balsam fir

forest stands (Figure 2). Apart from accessibility, all stands were selected on the

basis of the dominant and co-dominant tree species and their estimated age (as

described in Manitoba Conseruation forest inventory maps), and based on

uniformity in topography, vegetation structure and vegetation species

composition which were evaluated on a visual basis in the field.

The study area was an irregularly shaped patch of forest with maximum

dimensions of 32.5 km (west to east) and 26 km (north to south). Stand locations

were scattered throughout the study area (Figure 2). One 70 m X 70 m plot was

established in each sprayed and unsprayed forest stand. Six sprayed plots were

part of the Manitoba Conseruation operational aerial spray program and were

within spray blocks of varying sizes. The remaining six plots were not part of the

spray program and had never been treated with insecticide. The plots located in

the spray blocks were placed at least 100 m away from the edge of the spray

block. All plots were located at least 100 m from roadways and water bodies,

except for the northwest corner of plot 5994, which was located approximately

70 m from a water body. The plots located in the unsprayed areas were

separated from sprayed areas by at least 2.5 km. To help ensure independence
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(minimizing effects of moth movement), plots were located a minimum of 500 m

apart.

3.4 - Spray Treatment

Mimic@ bioinsecticide was applied by Manitoba Conservation as part of a

spruce budworm suppression program. ln 1999 and 2OO0 Mimic 240LV was

mixed with water and applie d at1lg Al in 2.0 Llhawith a Cessna 188 Agtruck

fitted with 4 Micronair 4U4000 rotary atomizers and insecticide delivery sensors

using provincial operational guidelines (Cadogan et al. 1996). Mimic@ was

applied when the spruce budworm laruae were between the third and sixth instar

(at bud flush for spruce and/or balsam fir) which was determined through

monitoring of sample plots. Bud flush was considered the period when needles

first unfurled. ln early June 1999 a single treatment was applied to the spray

blocks containing study plots 5994, 5998, and S99C (Table 1). ln mid June 2000

a single treatment was applied to a separate set of designated spray blocks

containing study plots S0OA, 5008, and S00C (Table 1).

Conditions at the time of application were favorable (calm winds, clear,

and cool,) and bud flush was almost complete. Bud flush was considered

complete when needles had completely unfurled. Confirmation that Mimic@ was

delivered to the appropriate plots was conducted by reviewing the digital GPS

flight data and swath maps (Manitoba Conseruation, unpublished data).

3.5 - Vegetation Sampling

Vegetation was sampled once in 2001 in all plots and was divided ínto

three layers: herbaceous, shrub and tree layers. The herbaceous layer consisted
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of all herbaceous plants. All moss species were placed in a single category

(moss) as paÍ of the herbaceous layer. The shrub layer included all woody plant

species less than two meters in height and the tree layer was comprised of all

tree species higher than two meters.

Within each 70 m X 70 m plot, a series of ten 1 m X 1 m herbaceous, ten

2 mX 2 m shrub, and three 10 m X 10 m tree assessment quadrats were

randomly selected. For the herbaceous and shrub layers all species were

identified and their percent cover estimated in the field. There were no shrubs

greater than 2 m in height in the shrub sampling quadrats.

The three tree quadrats in each plot were sampled to determine species

composition and mean tree density, age, height, and DBH (diameter at breast

height - approximately 1 m) for all tree species. DBH and height of the trees

were measured using a DBH tape and a clinometer, respectively. An increment

borer was used to determine the tree age.

3.6 - Measurement of Environmental Variables

3.6.1 - Light lntensity

In 2001, under clear sky, light intensity was recorded at 16 locations (2

along each larval transect) in each plot. The measurements were recorded at

approximately 1.5 m above the ground level using a Gossen Tri-Lux foot-candle

meter (Gossen GMBH, Erlangen, West Germany). Prior to taking readings in

each plot, a measurement was taken in an unshaded roadway or clearing to

obtain a maximum light intensity value. Each of the 16 measurements from
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within the plot was then conveÉed to a percentage of this maximum light

intensity. This standardization of measurements allowed for direct comparisons

between plots.

3.6.2 - Temperature and Precipitation

Temperature and precipitation means were calculated from two

Environment Canada weather stations: Cranberry Portage and Egg Lake.

3.7 - Lepidoptera Sampling

Two sampling methods were employed: ultra-violet (UV) light trapping of

nocturnally active adult moths, and foliage sampling for Lepidoptera laruae.

3.7.1 - Adult Sampling

Luminoc@ Light Traps

Adult moths were collected using one Luminoc@ battery powered insect

light trap (Figure 3) at the center of each plot (Figure 4). The trap was potentially

visible horizontally (although partially restricted by lower canopy foliage). Traps

were suspended from a tree branch at a height of approximately 3 m. Each trap

operated for four hours each night beginning at dusk when the light was turned

on automatically by a photocell. The ultraviolet light tube operated with a typical

intensity of 2.86 ¡rWcm2 at l0 cm (Biocom 199S). Traps were powered by a 6 V

Alkaline Duracell@ MN 6080 battery. A trichlorvos impregnated resin strip

(Vapona@) was placed in trap collection containers to kill the moths that entered

the trap.



28

The same 12 plots were sampled in both sampling seasons. The 12 light

traps, one in each of the 12 plots, were run for 106 consecutive nights in 2000

between June 20 and October 4 and 91 consecutive nights in 2001 between May

29 and August 27. Light-traps were emptied approximately every two weeks and

the contents frozen and taken to the laboratory for soúing and identification.

Ward's@ Light Traps

ln 2000, adult moths were collected using three Ward's@ All Weather

lnsect Bucket Traps (Figure 5). Each trap used a single 8 W, 28 cm fluorescent

lamp as an attractant and was operated using a marine deep cycle battery. Each

trap contained a trichlorvos impregnated resin strip (Vapona@) to kill the moths

that entered the trap. These traps were placed on the ground with a blue plastic

sheet, 1X2 m, stretched above the trap and battery at a height of approximatefy

1.5 m. This sheet protected the trap and battery from excessive moisture but at

the same time made direct observation of the lamp impossible from above.

One trap was operated in each plot approximately once a month

beginning 20 June and ending 11 August. This resulted in 36 collection dates (3

from each plot); spread relatively evenly over a period of 53 days (attempts were

made to choose peak moth flight periods throughout the season). The lights

were turned on manually, at approximately 17:00-18:00 h. On the following

morning the lights were switched off between 08:00 and 10:00 h for an average

sampling time of 14 to 17 hours each night. The traps were emptied the following

morning and the individual moths frozen and transported to the laboratory for

sorting and identification.
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Not all plots were sampled on the same night since there were only three

traps available. A trap was placed in a plot in one of the four corners of the plot at

least 20 m from the Luminoc@ trap in the center (Figure 4). Each subsequent

placement in a plot was in a different corner (Figure 4). Traps were rotated within

the group of 12 plots throughout the season (Table 2). Attempts were made to

sample a plot sprayed in 1999, a plot sprayed in 2000, and an unsprayed plot on

the same night so that direct comparisons could be made under the same

conditions, e.g., temperature, humidity/precipitation, moonlighUcloud cover. The

Ward's@ traps sampling dates are shown in Table 2.

All moth collections were initially assessed for abundance of individuals of

each species. Based on ease and accuracy of identification, 11 families of

macrolepidoptera (Sphingidae, Saturniidae, Arctiidae, Noctuidae, Geometridae,

Notodontidae, Lymantriidae, Lasiocampidae, Thyatiridae, Drepanidae, and

Uraniidae) and four of the more readily identifiable families of microlepidoptera

(Cossidae, Limacodidae, Hepialidae, Tortricidae) were chosen for data analysis.

For the Family Tortricidae, only spruce budworm (C. fumiferana) moths were

ídentified and counted.

Moths were identified using Covell (1984), Holland (1968), the Moths of

America North of Mexico series (Hodges et a|.1983), Lafontaine (1998) and

Handfield (1999). ldentifications were verified in consultation with Richard

Westwood (University of Winnipeg). lndividuals from some genera could not be

identified to species, thus were recorded as one taxonomic unit e.g. Hydriomena
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spp., Eupithecia spp., and Zanclognafha spp. etc. or as numbered taxonomic

units e.g. Noctuid sp. 1, Xanthorhoe sp. 1, Geometrid sp. 1 etc.

3.7.2 - Spray Efficacy Data - Spruce Budworm Canopy and Defoliation
Assessments

ln early June 2000, spruce budworm larval sampling was carried out to

verify efficacy of Mimic@ applications. Five separate white spruce or balsam fir

trees (primary host trees for spruce budworm) were randomly selected from each

plot. Each sample consisted of ten branch tips (two from each tree),

approximately 45 cm in length. Foliage samples were taken from mid-canopy

with pole-pruners equipped with large canvas baskets to catch the clipped foliage

along with the laryae. To prevent the insects from escaping, the contents of the

canvas basket were placed into paper bags, which were subsequently sealed.

Foliage samples were taken into the laboratory and all spruce budworm laryae

were counted. An average number of laruae per branch was obtained for each

plot.

A third branch sample from these same trees was used to estimate

previous years' defoliation. A defoliation assessment was calculated for the year

1999 and also for the year 2000. An average was calculated to obtain a single

defoliation index value for each plot. The index scale was from zero to twelve.

For example, an index of 1.0 indicated 5% defoliation, 6.0 indicated 55%

defoliation and 10.0 indicated 95% defoliation (Keith Knowles, pers. comm.)
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3.7.3 - Lepidoptera Larva Sampling From Understorey Vegetation

ln 2000, lepidopteran larva samples were obtained by beating branches of

foliage (tall herbs and shrubs) over a collecting tarp or by handpicking specimens

from the understorey vegetation.

Plots were stratified into eight 70 m transects (Figure 4). Asub sample

was taken from two locations along each transect, one sample in each half of

each transect, within 2 m of the transect, amounting to 16 sub samples from

each plot. The caterpillar fauna was sampled by beating foliage over a 1 mX2

m tarpaulin for five consecutive hits with a wooden stick. With the repeated sub

sampling in each plot, a total of 80 hits of sampling effort was obtained for each

plot. A maximum of two minutes was spent handpicking specimens from foliage

in the lower vegetation within a 2 m radius of the beating sample amounting to 32

minutes of handpicked samples. Locations were chosen based on type of

vegetation; that is, sampling was done where there was sufficient vegetation to

beat. All samples were obtained while standing on the ground and did not extend

higher than 2.5 m into the canopy.

Sampling was done at four different periods (June, July x 2, and August)

since larvae of different species are active at different times in the season. All

larvae/pupae were collected and place d in 7lo/oethanol and returned to the

laboratory for sorting and identification. lndivíduals from both sampling

techniques were pooled and classified into three groupsr Geometridae, spruce

budworm, and other Lepidoptera.
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3.8 - Data Analysis

3.8.1 - Vegetation and Light

The percent cover and the number of species were used to measure

species occurrence and species richness, respectively, for the shrub and

herbaceous vegetation. The Shannon-Wiener diversity (Magurran 1988) was

used as an index of alpha diversity for the shrub and herbaceous vegetation for

each plot. Shannon-Wiener is the most commonly used alpha diversity measure

for percent cover vegetation data.

The density (number of stems per 10 m2) and the number of species were

used to indicate species occurrence and species richness for the tree vegetation.

Alpha diversity of the tree vegetation was measured by the log series alpha

diversity index (Magurran 1988).

Prior to analysis, the variable mean tree stems l10 m2 was transformed

(logro) to satisfy assumptions of normality and homogeneity of variance.

3.8.2 - Moths

The number of individuals collected and the number of species were used

to indicate species occurrence and species richness for the moths in all plots.

Alpha diversity of the moths for each plot was calculated using the log series

alpha diversity index. A measure of species evenness (the relative abundance

component) from each trap was measured by the slope parameter of a rank log

abundance plot (Southwood et al. 1979). Species dominance was calculated

using the Berger-Parker index (Magurran 1988).
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Prior to analysis, an adjustment was made to the Luminoc@ trap moth

data due to a trap malfunction in plot S00A for the sampling period ending

August 12,2000 and Wards@ trap US2 for the sampling night August 10, 2000.

The number of moths and number of species were estimated for these traps

based on the relative catches of the trap with all other trap catches from the other

sampling dates in the same season. The adjustments were used in the ANOVA

of number of moths, number of moth species and the log series alpha diversity

index, including and excluding spruce budworm. Also before analysis, the

derived dependent variables of number of moths, number of species and log

series alpha diversity index from Luminoc@ data and Ward's@ data were

transformed (log1e) to stabilize treatment variances.

Analysis of variance (ANOVA) was used to determine the significance of

the effect of plot type (US, SP1999, SP2000) on o/o defoliation 1999, o/o

defoliation 2000, mean number of spruce budworm larvae per branch, mean

number of spruce budworm adults, mean number of understorey larvae (SBW,

Geometridae, Other), the number of moths, the number of species, the index of

alpha diversity, evenness, and dominance for the moth data and percent cover or

stems/10 m2, the number of species, and the indices of alpha diversity for the

vegetation data. When analyzing 2000 and 2001 data separately, data were

analyzed using one-way ANOVA with the SYSTAT General Linear Model (GLM)

module (Wilkinson 1988). Contrast analysis was employed to explore differences

between groups of treatments. Simple contrasts between the US plots and each
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spray group of plots were done in the SYSTAT GLM module (WÍlkinson 1996).

The level considered significant for all statistical analyses was p < 0.05.

For the Luminoc@ moth data, repeated measures analysis of variance,

using the univariate repeated measures analysis in SYSTAT (Wilkinson 1996)

was used to determine if there were any patterns over time over the levels of the

treatment with respect to the number of moths, number of moth species and the

diversity indices. Differences were examined further by analysis of contrasts

between the unsprayed and each sprayed plot type (US & SP1999; US &

sP2000).

The diversity statistics, log series alpha, Shannon-Weiner diversity, and

Berger-Parker, were obtained from the software program BIODAP (Thomas,

2000), a compilation of programs based on the worked examples detailed in

Magurran (1988).

This study was designed to assess the effect of Mimic@ on non-target

moth species diversity; however, spruce budworm was part of the community

being studied. Therefore, all analyses on the moth data were performed with and

without spruce budworm.

Species abundance matrices for the Luminoc@ moth data and the plant

data were analyzed by ordination. The linear method of ordination is principal

components analysis (PCA) and the unimodal methods of ordination are

correspondence analysis (CA) and detrended correspondence analysis (DCA). ln

DCA the length of detrending segment is a measure of how unimodal the species

responses are along an ordination axis (ter Braak & Smilauer 2002). The
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segment length is expressed in standard deviation units of species turnover (SD)

(ter Braak 1995; ter Braak & Smilauer 2002). CA is recommended if a segment

length is over 4 SD, which indicates that, there are species in the data that show

a clear unimodal response along as axis (ter Braak & Smilaue r 2OO2). PCA was

selected as the ordination technique in this study partly because the detrended

correspondence analysis produced estimates of segment lengths less than 4

standard deviations indicating more of a linear response. Also, a higher percent

of the variation in the species data was explained in PCA than in CA.

For the moth PCA, all moth species were used in the ordination but only

the most frequently caught species (those species whose number of individuals

collected in each year divided by the total number of moths collected for each

year was greater than 1 %) were depicted in the diagrams.

For the vegetation PCA, the species were log transformed prior to analysis

to reduce the dominating effect of the extremely abundant species. Only the

vegetation species that occurred most frequently (herbs and shrubs > one

percent of total % herb/shrub cover in all plots and trees > 1O stems/ 10 m2) were

used and depicted in the vegetation ordination diagrams.

Redundancy analysis (RDA) was used to examine the relationship

between species distributions and environmental parameters. These were

conducted using the default settings of the CANOCO version 4.5 software (ter

Braak and Smila uer 2OO2).ln RDA, unrestricted Monte Carlo permutation tests

were used to determine the significance of the relationship between the

environmental variables and the moth data. For each test perlormed, 199
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environmental sample numbers (iterations)were generated randomly and their

eigenvalues were calculated and compared to the obserued environmental trace

eigenvalues. lf these observed values were higher than g5% of the randomly

generated values, the species abundance was considered to be significantly

related to the environmental variables (ter Braak, 1987; ter Braak and Smilauer

2002).ln RDA, vegetation and plot type (US, SP1999, SP2000) were used as

environmental variables as well as actual environmental variables. Complete

descriptions of the principal components analysis technique and redundancy

analysis can be found in Jongman et al. (1995).

ln this study, for representation purposes, and because the first two axes

usually represented most of the variation in the data, the first two ordination axes

were used in most of the ordination diagrams. ln RDA of the herbaceous

vegetation and PCA of the moth data, axis 3 was also used and is noted in

relevant díagrams. The eigenvalue and percent variance explained for each axis

is displayed on the diagram near the appropriate axis.

A second set of ordinations was done excluding two species: the target

species C. fumiferana and the most dominating non-target species Nepytia

canosaria (Wlk.). When these two species were excluded from the ordination

they were still in the ordination diagram as passive, or supplementary, species.

Supplementary species did not influence the definition of the ordination axes, but

were added to the existing ordinations by projection on to the existing ordination

axes (ter Braak & Smilauer,2002).



Figure 1. Schematic representation of experimental
design.

Sampling Year
2000

NO SPRAY
usl, us2, us3,
us4, uss, us6

SPRAY 1999 SPRAY 2OOO

s99A, 5998,
S99C

No Spray

s00A, s008,
SOOC

I

I

Post

L2 to I5a
months

Samp
2t

NO SPRAY
usl, us2, us3o

rli

0t

I
0to3

months

un
)01

1'

US4, 
"Ï'' 

US6

rg

1

Spray Periods

Year

SPRAY 1999 SPRAY 2OOO

s994, 5998,
S99C

+

No Spray

s004, s008,
SOOC

I

I

I

I
24 to 2l
months

12 to 15b

months

(¡)\ì



I . ,. t:i: :tt. ! : .,
¡;i:.¡::t:: i ¡ "d

Figure 2. Study aren in northwestern Manitoba.

Hudson eây
Sale d'Nudsan

LEGE¡tp / rf eßnx
A Púv¡nÊl3l câp¡tÐl /- f!ÞltålG prcv¡f,Ëlôlê

- Othêr pôtulalêd Flår- Autrü llêüx hsb¡tós
*rrl1* 1r¡ns-Canada l-llgÈ LE TrEnsc5nâd¡êil
_ lilajÐr iwd /

Reute ?rinclpâße

---. 
¡ntârEatlonal ùou
Frontlèß ¡f,tÊmåt

JV

S{sle ¡/ Éclrelle
75 0 Ìti t50

tfiitd i I

Frsv¡ncíål bosEda
L¡mlla ?rovlnclülr

12 Plots (70m X 70m)
ãri

T
E

3 SP 1999 plots

3 SP2000 plots

6 unsprayed plots

(JJ
oo



39

Figure 3. Luminoc@ light trap.
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Table 1. Plot locations and spray dates.

Plot Section Township Range Date of Spray

US1

US2
US3
U54
U55
U56

S99A
S99B
s99C
SOOA

SOOB

s00c

No Spray
No Spray
No Spray
No Spray
No Spray
No Spray
7-Jun-99
10-Jun-99
10-Jun-99
17-Jun-00
18-Jun-00
1B-Jun-00

24 -63 -26
10 -61 -29
17 -61 -29
17 -62-27
24 -63 -25
18-63-26
32-63 -28
9-61 -28
13-61 -27
20 -'63 -29
22-61-27
21 -61 -27
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Table 2. Collection dates (2000) for each plot using Ward's light
traps.

Month
Plot June July July August

US1

U52
US3
U54
US5
US6

S99A
S99B
s99C
SOOA

s00B
s00c

20-Jun
21-Jun
24-Jun
21-Jun
20-Jun
20-Jun
22-Jun
24-Jun
23-Jun
21-Jun
23-Jun
23-Jun

na

4-Jul
4-Jul

na
na

na
6-Jul
6-Jul
5-Jul

na
6-Jul
5-Jul

12-Jul
1 B-Jul
I 5-Jul
1Z-Jul

13-Jul
1 3-Jul
14-Jul
17-Jul
16-Jul
14-Jul
15-Jul
16-Jul

11-Aug
8-Aug
8-Aug
9-Aug
9-Aug
9-Aug
11-Aug
8-Aug
1O-Aug

11-Aug
1O-Aug

1O-Aug

Dataset used for analysis excludes July 4,5, 6 samples,
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CHAPTER IV

RESULTS

4.1 - Vegetation Abundance and Diversity

All plots contained mature stands of trees approximately 50 to 90 years

old. Picea glauca, P. mariana, P. tremuloides and B. papyrifera dominated the

upper canopy layers (Appendix l). Although there was a wide range of sizes,

overall tree height, diameter at breast height (DBH), and density were similar in

all sites (Appendix ll).

The understorey varied, with some patches of relatively dense cover

comprised of small trees and shrubs such as balsam fu (A. batsamea), spruces

(Picea sp.), green alder (Alnus crispa Ait.), prickly rose (Rosa acicularis Lindl.)

and low bush-cranberry (Viburnum edule [Michx.] Raf.) and gaps where the

forest floor was open with a high diversity of herbaceous vegetation dominated

by bunchberry (Cornus canadensis L.), wild sarsaparilla (Aralia nudicalis L.) and

dewberry (Rubus pubescens Raf.). Coarse woody debris, bare ground and

mosses made up a large component of the ground cover in all plots.

The raw data for the 2001 vegetation survey are contained in Appendix I &

ll and include every tree species and all herbaceous and shrub vegetation

species with > one percent ground cover for all the plots. There were 18

herbaceous species plus mosses, 17 shrub species, and seven tree species

found in unsprayed and sprayed plots (Appendix l). Raw data for tree

characteristics including composition, mean density, height, DBH and mean age
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of all tree species, and site characteristics such as light intensity are shown for all

plots in Appendix ll. The dominant herbaceous and shrub vegetation, defined as

the four most numerous species that covered > 1% of the ground sampled for

any one plot, and those tree species in each plot that ranked as the highest three

in mean stems per 10 m2 are listed for each plot in Table 3.

4.1.1 - Herbaceous Vegetation

Moss species were the most dominant herbaceous vegetation in all 12

plots except US6 and SggA where A. nudicalis was the most dominant species

(Table 3). The specíes unknown A was unique to the sprayed plots and

Ranunculus sp. and Unknown C were not found in the SP1999 plots (Appendix

r).

The SP2000 plots had a higher mean number of herbaceous species and

higher Shannon Wiener index of diversity than the sPl ggg plots and the

unsprayed plots; however, GLM contrast analysis showed that these differences

were not significant. GLM contrast analysis showed no significant differences

between the sprayed and the unsprayed plots in mean percent cover of

herbaceous vegetation (Table 4).

4.1.2 - Shrubs

All 12 plots were generally very similar in shrub species composition

(Appendix I & Table 3). There were some differences between the plots and

these included: (1) Cornus stolinifera Micheaux and Juniperus communis Linn.

were not found in the SP2000 plots but were found in the SP1999 and US plots;
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(2) Prunus virginiana (L.) Kuhn was found only in two of the unsprayed plots and

(3) the shrub species designated unknown B was only found in one of the

SP2000 plots.

Although one plot (USs) had a relatively low number of shrub species,

GLM contrast analysis showed there were no significant differences between

sP1999 and sP2000 plots and us plots in mean percent cover of shrub

vegetation and mean number of shrub species (Table 4).

Although the SP1999 and SP2000 plots were slightly higher than the

unsprayed plots in shrub diversity, GLM contrast analysís showed that there was

no significant difference in the Shannon Wiener index of diversity (Table 4).

4.1.3 - Trees

ln the unsprayed plots and the plots from SP1999, there were six different

tree species (Appendix l), with P. glauca and P. mariana being most dominant

(Table 3). ln the SP2000 plots there were five different tree species (Appendix l),

with P. maríana, P. tremuloides, and P. glauca being the dominant species

(Table 3). Pinus banksiana Lamb was found in one plot from sPlggg and P.

balsamifera was found in one plot from the US group; both species occurred in

low numbers (Appendix l).

ANOVA indicated that there were no significant differences between the

unsprayed and sprayed plots in mean tree age, mean tree height (m), and mean

tree DBH (cm) with respect to all tree species (Table 4). General Linear Model

(GLM) contrast analysis (Wilkinson 1996) showed that there was a significant
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difference (Fr,s = 19.9, p = 0.002) in the percentage of conifers with the SP2O00

plots having a lower percent of conifers than the US plots (Table 4).

GLM contrast analysis showed no significant difference between the

sprayed and the unsprayed plots in mean number of tree stems/10 m2ltable +¡.

Plot US2 had the highest mean number of tree stems per 10 m2 of all plots and

also had the lowest mean DBH of all plots (Appendix l,l). plot US2 had a very

high number of small trees (mostly P. glauca). Removing plot uS2 from the

analysis due to the high density of small P. glauca did not change the significant

difference in mean percentage of conifers between SP2000 plots and the US

plots. Therefore, plot us2 was not removed from subsequent analyses.

GLM contrast analysis of SP1999 and SP2000 plots with US plots indicated that

there were no significant differences in mean number of tree species or in the log

series alpha diversity between plot type (Table 4).

4.2 - Principal Components Analysis of Vegetatíon

4.2.1 - Herbaceous Vegetation

Principal components analysis of the herbaceous species in all 12 plots

produced an ordination diagram where 65% of the variation in species data was

explained by the first two principal components (axes) (Figure 8). The first axis

separated the plots mainly based on Yo cover of Fragaria virginiana Dcne. and

Pefasifes palmatus (Ait.) A. Gray. Axis 2 separated the plots mainly on the basis

of % cover of Epilobium angustifolium L. Plots US2, US3, SggB, S0OB, and

s00c, with a relatively high % cover of F. virginiana and P. patmatus, were
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located on the negative end of axis 1. Plots US1, US4, US6, SggA, and SggC

had higher o/o cover of E. angustifolium and were placed on the negative end of

axÍs 2. Plots 5004, alone on the positive end of axis 2, had low % cover of

herbaceous vegetation. US5 was located alone in the upper right quadrant of the

diagram because of its high o/o coyèr of moss and low % cover of other

herbaceous species.

4.2.2 - Shrubs

Principal components analysís of the shrub species in all 12 plots

produced an ordination diagram where 63.1o/o of the variation in species data

was explained by the first two principal components (axes) (Figure 7). Axis 1 and

axis 2 had similar eigenvalues. The first axis separated the plots mainly on the

basis of % cover of A. balsamea (classified as shrubs). Axis 2 separated the

plots mainly on the basis of % cover of the species Rrbes frisfe Pallas and Ledum

groenland¡cum Oeder. Plots US4, USs, 5998, S99C, and S00B had high %

cover of A. balsamea andwere placed on the positive end of axis 1. Plots US1,

US2, US3, US6, 5994, 5004, and S00C had a low % cover of A. balsamea

shrubs and were located on the negative end of axis 1. Plots US1, US3, US4,

5994, 5998, S99C, and S00B had high % cover of R. úrisfe and L.

groenlandicum andwere on the negative end of axis 2. Plots US2, US5, US6,

5004, and s00c had very low Yo cover of these two shrub species and were

located on the positive end of axis 2. As with the tree PCA there were no distinct

patterns separating the US, SP1999 and SP2000 plot types. The separation of
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US4 and US5 was mainly due to high % cover of A. balsamea,which is símilar to

the separation found in the ordination diagram for the tree data (Figure 6).

4.2.3 - Trees

Principal components analysis (PCA) of the tree species in all 12 plots

produced an ordination diagram in which 86.7% of the variation in species data

was explained by the combíned eigenvalues of the first two components (axes)

(Figure 6). The first axis separated plots mainly on the basis of A. balsamea

density. Axis 2 did not account for a great amount of species variation but

separated plots somewhat on the basis of deciduous tree species (P. tremuloldes

and B. papyrifera) density. Axis 1 clearly separated US4 and USS from the other

plots locating them along the positive end of axis 1 positively correlated with A.

balsamea. Plots us2, us3, us6, sggA, s004, and s00c had a very low density

of A. balsamea and were grouped together on the negative end of axis 1. Plots

US1, 5998, S99C, and S00B were grouped together close to the origin of axis 1

indicating an average density of A. balsamea. Eigenvectors of the species P.

glauca and P. mariana were short indicating the ubiquity of these species in all

plots. There were no clear distinctions between US, SP1999 and SP2000 plot

types based on tree species composition.

4.3 - Redundancy Analysis - Vegetation Species and Environmental Variables

The redundancy analyses (RDA) of the common tree species and the

common shrub species and five environmental variables: mean age (yr.), mean

% light intensity, tree density, o/o coniferous, and defoliation in 2000 were
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explored but are not presented. The relationships between tree and shrub

species and these variables were not significant based on forward selection

using Monte Carlo permutation tests.

The RDA of the common herbaceous species and the five environmental

variables previously mentioned produced an ordination diagram with some

significance (Figure 9). Forward selectíon was used to determine which of the

environmental variables was most important in explaining trends in the

herbaceous vegetation data. Although none of the variables were significant

Monte Carlo testing of the environmental variables determined that the percent

coniferous value was the most influential.

The RDA-triplot of samples, herbaceous species and environmental

variables explained 48.2%oof the variance in the species data (Figure 9). Axis 2

explains most of the species variation while the % coniferous variable is

correlated with axis 1, which separated all but one of the unsprayed plots away

from most of the sprayed plots. Axis 2 separated the plots mainly based on o/o

cover of the species A. nudicaulis, P. palmatus, and F. virgíniana. overall, the

herbaceous species except mosses are negatively correlated with the %

coniferous variable. This ordination diagram showed how the unsprayed plots in

generalwere lower in herbaceous species abundance and higher in % conifers

and moss than the SP1999 and SP2000 plots. There is not a clear distinction

between plot types on axis 2, which explains most of the herb species variation.
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4.4 - Environmental Variables

4.4.1 - Light lntensity

Mean light intensity measured at 1..5 meters above ground level was

similar in the unsprayed, SP1999, and SP2000 plots. GLM contrast analysis

(Table 4) showed that there was no significant difference in light intensity

between the SP1999 and SP2000 plots and the US plots. The coefficient of

variation of light intensity (CV [x] light) was calculated to quantify the patchiness

of the plots. There was no significant difference in patchiness between the

unsprayed and the sprayed plots (Table 4).

4.4.2 - Temperature and Precipitation

The mean daily temperature for the study period (June 1 - August 31) was

19.2"C in 2000 and 20.0 'C in 2001. The total precipitation for the study period

(June 1 - August 31) was 15.7 cmfor 2000 and 21.7 cmfor 2001 (Environment

Canada,2003).

4.5 - Spray Effícacy Results

4.5.1 - spruce Budworm Larvae and canopy Defoliation Assessments

Mean spruce budworm larval abundance per branch was greatest in the

SP1999 group largely due to plot 5994, which had a much higher larval count

than any other plot. The smallest number of larvae occurred in S99C (Table 5).

GLM contrast analysis showed that at 24 months post spray (splggg

plots), the mean number of larvae per branch did not differ from that of the
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unsprayed plots (Table 6). Spraying in 2000, however, seemed to cause a

decrease in spruce budworm larval abundance at 12 months post spray that was

nearly significant (Fr,g = 4.61, p = 0.05) (Table 6).

Larval assessments of the 1999 and 2000 spray programs done by

Manitoba Conservation are shown in Table 7. The pre-spray and post spray

larual data for the Mimic@ applications in the nodhwestern Manitoba 1999 spray

programs showed that the programs were successful. There was greater percent

larval mortality in the sprayed areas than in the unsprayed areas. The spray

programs in 2000 were slightly more successful as percent larval mortality was

greater in all spray locations than in the unsprayed areas

The highest percent defoliation in 1999 was in an unsprayed plot (US2)

and the lowest was in a sprayed plot (S00A) (Table 5). lt is important to note that

plot S00A was not sprayed until 2000; therefore, low defoliation in 1999 was not

due to a spray treatment. GLM contrast analysis showed no significant

differences between SP1999 and SP2000 plots and unsprayed plots in 1999

(Table 6).

Percent defoliation in 2000 was greatest in USl and lowest in S00B

(Table 5). Defoliation assessments and GLM contrast analysis for 2000 showed

that there was signifícantly less defoliation in SP1999 (Fr,s = 5.42, p = 0.045) and

SP2000 (Fr,s = 21.39, p = 0.001) plots compared to the unsprayed plots (Table

6). Thus, percent defoliation was significantly less at 12 months post spray in

SP1999 plots than in the unsprayed plots, and in the year of spray in the SP2000

plots than in the unsprayed plots.
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4.5.2 - Spruce Budworm Adults

ln 2000, GLM contrast analysis showed that the mean number of spruce

budworm adults collected from Luminoc@ light traps in SP1999 and SP2000

plots was significantly lower (Fr,g = 9.83, p = 0.01 and F1,e = 8.61, p = 0.02,

respectively) than in the unsprayed plots (Table 6). A dramatic increase occurred

one year later in 2001 (Table 5). There was a higher mean number of spruce

budworm adults in the sprayed groups than in the unsprayed groups; however,

the difference was not significant in 2001 (Table 6).

ln 2000, GLM contrast analysis indicated there were no significant

differences in number of spruce budworm adults between the unsprayed and the

sprayed plots (Table 6) for the ward's@ bucket light trap collections.

4.6 - Non{arget Adult Moths

4.6.1 - Number of Moths

4.6.1.1 - Luminoc@ Light Traps

A total of 1830 macrolepidopteran moths representing 178 species

(excluding C. fumiferana) and 10 families were collected from Lumínoc@ light

traps during the course of the study: 702 moths (112 species) were collected in

2000 and 1128 moths (145 species) were collected in 2001 (Appendix lll). The

36 most frequently caught species, defined as those species with a sum total of à

one percent of the total catch for each year (excluding C. fumiferana)

represented over 75 % of the total catch of macrolepidopteran moths for the
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complete study period (2000 and 2001) (Table 8). There were 27 most frequently

caught species in 2000 and 25 most frequently caught species in 2001. Sixteen

of these species were common to both years. Sixty-three species were unique to

the Luminoc@ traps when compared to the catches from the Wardìs@ light traps.

The most common species, defined as those species caught in each plot

type (US, SP1999 and SP2000) are indicated by (.) in Table 8. All species that

were determined to be the most frequently caught were common to each plot

type in at least one of the sampling seasons, 2000 and 2001 , Gluphisia

septentrionrs Wlk. was considered a common species for 2000 and 2001 based

on the definition mentioned previously for common species but is not listed in

Table 8 since it was not caught in large enough numbers to be considered a

frequently caught species.

Some species (common or uncommon) were unique to a certain plot type.

uS plots had 22 unique species, sP1999 plots had 12 unique species and I
species were unique to SP2000 plots. The three most dominant moth species

are shown for each plot for 2000 and 2001 (Table 9). The dominant species

varied in all plots. Unsprayed, SP1999 nor SP2000 plots generally did not have a

unique assemblage of dominant species. Many species were common to all plot

types.

GLM contrast analysis of the unsprayed plots with the SP1g9g and

SP2000 plots indicated that significantly more moths were collected in US plots

than in sP1999 plots in the year 2000 with spruce budworm excluded (Fr,s =

11.38, p = 0.008) and included (F1,e = 19.0, p = 0.002) (Table 10 & 11).
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4.6.1.2 - Ward's@ Light Traps

A total of 2096 macrolepidopteran moths representing 180 species

(excluding C. fumiferana) and 14 families were collected from Ward's@ light traps

during the 2000 season (Appendix lll). The 44 most frequently caught species

(excluding C. fumiferana,) represented 70 percent of the total catch (Table 12).

Sixty-four species were unique to this trap type when compared to the catch from

the Luminoc@ light traps.

Twenty-nine of the 30 most common species are indicated by (.) in Table

12. These 29 species were caught in all three plot types. Clemensia atbata Pack.

was considered one of the most frequently caught species but was not

considered a common species sÍnce it was not caught in the Spl ggg plots.

Some species were unique to a certain plot.type. Unsprayed plots had 37

unique species, 11 species were unique to SPlggg plots, and 23 species were

unique to SP2000 plots. The three dominant moth species are shown for each

plot for 2000 and 2001 (Table 9). As with the Luminoc moth data, dominating

species vary throughout the plots (Table 9).

GLM contrast analysis showed no significant differences in the mean

number of moths collected between the sprayed plot types (SPlggg, Sp2o00)

and US plots when spruce budworm was included or excluded (Tables 13 & 14).
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4.6.2 - Species Richness

4.6.2.1 - Luminoc@ Light Traps

There was a significant difference between sprayed and unsprayed in the

mean number of moth species collected in 2000 but not in 2001 (Table 10 & 1 1).

GLM contrast analysis of the unsprayed plots with the SP1999 and the Sp2O00

plots showed that significantly more moth species were collected in US plots than

in SP1999 plots in 2000 (Fr,n = 6.96, p = 0.027).

4.6.2.2 - Ward's@ Light Traps

GLM contrast analysis showed no significant difference in the mean

number of moth species collected in Ward's@ light traps between the Spl ggg

and sP2000 plots and the unsprayed plots in 2000 (Tables 1z & 14).

4.6.3 - Adult Moth Diversity

4.6.3.1 - Luminoc@ Light Traps

There were no significant differences in the log series alpha or evenness

diversity measures for 2000 or 2}01when spruce budworm was excluded or

included (Table 10 & 1 1).

When spruce budworm was included there was a significant difference

(Fr,e = 12.6, p = 0.006) in the Berger-Parker dominance measure in 2000 as the

GLM contrast analysis showed that SP2000 plots had a significantly lower mean

dominance index than the unsprayed plots (Table 1 1).



57

4.6.3.2 - Ward's@ Light Traps

GLM contrast analysis showed no significant differences in the log series

alpha or evenness diversity measures between the SP1999 and SP2000 plots

and the unsprayed plots when spruce budworm was excluded or included for the

Ward's@ light traps (Tables 13 & 14).

There were no significant differences between the sprayed and unsprayed

for the Berger-Parker dominance index for the Ward's@ light traps when spruce

budworm was excluded or included (Tables 13 & 14).

4.7 - Repeated Measures Analysis

Repeated measures analysis was performed on the spruce budworm adult

data (Table 15) and the Luminoc@ trap data (Table 16) using the same contrasts

that were used in the moth numbers and diversity analysis: 1) unsprayed &

SP1999,2) Unsprayed & SP2000.

4.7.1 - Spruce Budworm Adults

Between subjects analysis showed that there was a significant difference

in numbers of spruce budworm adults when comparing the three plot types

(Table 15). The significant difference was between the US and SP2000 plots,

howeverthe difference between the US and SP1999 plots was almost significant.

There was also a significant year effect and a significant effect from the

interaction of year and treatment on mean number of spruce budworm adults

(Table 15). The number of spruce budworm adults in all plot types increased
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from 2000 to 2001 but the patterns of increase were significantly different in

SP1999 and SP2000 plots than in the US plots (Tabte 1S).

4.7.2 - Non-target Moths Excluding Spruce Budworm

when comparing the three plot types in repeated measures, between

subjects analysis showed no significant differences for numbers of individuals,

number of species, evenness, log series alpha diversity or Berger-parker

dominance (Table 16 A, B, C, D, E).

Number of moths, number of species and evenness all changed

significantly from 2000 to 2001 based on a year effect only (Table 16 A, B, D).

The interaction of year and treatment caused a significant change from year to

year in number of moths, number of species, and log series alpha (Table 16 A, B,

C). For the variables number of moths and number of species, only the contrast

between US and SP1999 plots was significant (Table 1o A, B). For log series

alpha, both contrasts, uS and sP1999 plots and uS and SP2000 plots were

significant (Table 16 C).

4.8 - Understorey Larvae

4.8.1 - Number of Understorey Larvae

GLM contrast analysis showed that the mean number of spruce budworm

laruae in the SP2000 plots was significantly lower (F = 5.52; p = 0.043) than in

the US plots at 12to 15 months post spray in June (Table 17).

d+'
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There was no significant difference in mean number of Geometridae

laruae between the unsprayed and the sprayed plots (Table 17).

GLM contrast analysis showed that the mean number of Other larvae was

significantly lower (F = 7.65; p = 0.022) in the SP2O00 plots than in the US plots

at 12 to 15 months post spray in June. Mean number of other laruae was also

significantly lower (F = 5.25; p = 0.048) in the SP1999 plots than in the US plots

at24 to 27 months post spray in early July (Tabl e 1T).

4.8.2 - Percent Reduction of Understorey Larvae

Percent reduction of understorey larvae was the reduction rate of the

larvae expressed as a percent of the unsprayed plots. The mean number of

spruce budworm larvae was reduced by 67o/o and 87% in SP1999 (24-27 months

post spray) and SP2000 (12-15 months post spray) plots respectively (Table 18).

The mean number of Geometridae laruae was reduced by 4go/o and 34% in

SP1999 (24-27 months post spray) and SP2o00 (12-1s months post spray) plots

respectively (Table 18). The mean number of other larvae was reduc ed by 40%

and 1 5% in SP1999 (24-27 months post spray) and SP2000 (12-15 months post

spray) plots respectively (Table 1B).

4.9 - Individual Adult Moth Species Responses

The responses of the 37 most frequenfly caught moth species were

examined individually between the US and SP plots. Percent reduction of each

species was expressed as a percent of mean number collected in the unsprayed

plots and compared to that of spruce budworm.
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ln the sP2000 plots, at 0 to 3 months post spray, mean number of c.

fumiferana adults was reduced by 92% (Table 19). The non-target species: C.

albata, Enargia decolor Wlk., Cabera variolaria Gn., N. canosaria, and

Xanthorhoe sp. 1 declined by 95% to 100% by a similar percentage in this post

spray period (Table 19).

ln the sP2000 plots, at 12 to 1s months post spray, mean number of c.

fumiferana adults increased by 260/o (Table 19). Of those non-target species that

had decreased in a similar manner to C. fumiferana atO to 3 months, two

species, E. decolor and C. variolaria, also increased at 12to 15 months by 25o/o

and 93% respectively. The other three species, c. albata, N. canosaria, and

Xanthorhoe sp. 1, were still reduced at this post spray period (Table 19).

Other nontarget species showing a reduction at 12 to 15 months post

spray in the SP2000 plots included: E bicolor, ldia americalis (Gn.), Noctuid sp.

5, campea perlata Gn., L. fiscellaria, Prochoerodestransversata (Drury),

Tríphosa haesitata (Gn.), and Xanthotype sospefa (Drury) flable 19).

ln the sP1999 plots, at 12 to 15 months post spray, mean number of c.

fumiferana adults was reduced by 78%. The non-target species: E. bicolor,

Anomogyna homogena McD., Apharetra purpurea Mcd., Eurois astricta Moor.,

Lithacodia albidula(Guenee), Lithomoia sotidaginus Hbn., Noctuid sp. 6, c.

variolaria, C. perlata, N. canosaria, P. transversata, Scopula limboundafa (Haw.),

Xanthorhoe sp. 1 , and X. sospefa were reduced by a similar percentage in this

post spray period (Table 19).
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ln the sP1999 plots, at 24 to 27 months post spray, mean number of G.

fumiferana increased by 42% (Table 1 9). Of those non-target species that had

decreased in a similar manner to C. fumiferana al12to 15 months, E. astrícta, L.

solidaginus, C. variolaria, andX. sospefa also increased at 24 to27 months post

spray. The other species remained relatively unchanged at this post spray period

(Table 19).

No other non-target species were dramatically reduced at24 to 27 months

post spray in the SP1999 plots (Table 19).

C. albata, E. bicolor, Scopulafrigidaria (Mosch), Xanthorhoe sp. 1, and N.

canosaria were the only non-target species that were consistently reduced in all

post spray periods (Table l9).

4.10 - Ordination Analysis of Adult Moths from Luminoc Trap Data

4.10.1 - Principal Components Analysis

4.10.1.1 - 2000

Principal components analysis (PCA) of all moth species produced an

ordination diagram in which the combined eigenvalue of the first two axes was

0.935 (Fig. 10). Thus, the first two axes explained 93.5% of the variation in the

species data. The axes separated the plots primarily by plot type: sprayed and

unsprayed. Axis 1 explained most of the variation in the species data and

separated plot US2 from the other plots (Fig. 10). Axis 2 explained the majority

of the remaining variation and separated four unsprayed (US) plots and SggA
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from the other two uS plots and the five sprayed (S) plots. All sprayed plots

except S99A were clustered together close to the origin. The eigenvectors of the

moth species C. fumiferana, E. bicolor, and C, atbata had a positive correlation

with axis 1 while N. canosar¡aiasstrongly positively correlated with axis 2.

These species were the main species responsible for dictating the location of the

plots.

When the two most dominant species, C. fumiferana and N. canosaria,

were removed from the ordination there was no longer a separation of the plots

based on sprayed and unsprayed plots. The first two axes of the ordination

diagram had a reduced combined eigenvalue of 0.488, thus explaining only

48.8% of the variation in the species data (Fig. 11). Graphiphora haruspica (Grt.),

Xestia smithli(Snell.), and Zanclognatha spp. were strongly correlated with the

positive end of axis 1 where SO0B was locate d. Xanthorhoe iduata(Gn.) was

strongly correlated with the negative end of axis 2 where SggC was located and

ldia aemula Hbn., E. bicolor, and C. perlata were strongly correlated with the

positive end of axis 2 where US2 and US3 were located. The other eight plots (4

S and 4 US) were close to the origin indicating that they had a similar species

composition.

With C. fumiferana and N. canosaria removed from the ordination, axis I

and axis 3 had a combined eigenvalue of 0.491, thus explaining 49.1% of the

variation of the species data (Fig. 12). Axis 3 did not separate the plots based on

plot type, however it separated plots SggC, US2, S00C and S00B from the other

plots. L. fiscellaria was strongly correlated with the positive end of axis 3 where
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S99C and US2 were located and Noctuid sp. 5 and 6 were strongly correlated

with the negative end of axis 3 where s00B and S00c were located.

4.10.1.2 - 2001

Principal components analysis (PCA) of the most frequently caught moth

species in 2001, including C. fumiferana, produced an ordination diagram in

which the combined eigenvalue of the first two axes was 0.933 (Fig. 13). Thus,

the first two axes explained 93.3% of the variation in the species data. The first

two axes did not separate the plots based on sprayed and unsprayed plots as

distinctly as the ordination from the 2000 data, however, C. fumiferana and N.

canosaria were again the dominating species in the ordination, similar to 2000,

and the locations of plots are mainly dictated by these two species. C. fumiferana

was strongly correlated with the positive end of axis 1 where S99C was located.

The other plots were located along axis 1 with varying abundance of spruce

budworm. US2 had the lowest abundance of spruce budworm and was located

on the negative end of axis 1. Axis 1 did not separate the plots based on

treatment. Axis 2 partially separates S plots from US plots but not as clearly as in

2000 (Figure 10). N. canosaría was strongly correlated with the positive end of

axis 2 where US4 was located. Plot US4 was moderately associated with a

cluster of four plots at the positive end of axis 2: us1, us3, us5, and sggA.

These same plots appeared as a cluster in the ordination from 2000. Also, allthe

SP200O plots were located on the negative end of axis 2.
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When the two most dominant species, C. fumiferana and N. canosaria,

were removed from the ordination there was not a clear separation of the plots

based on sprayed and unsprayed. The first two axes of the ordination diagram

had a reduced combined eigenvalue of O.442,thus explaining only 44.2%of the

variation in the species data (Fig. 14). Anaplectoides pressus (Grt.), E. decolor,

Euretogrotis perattenfa (Grt.), and G. haruspica were correlated with the negative

end of axis 1 where S99C was located. X. iduata and /. aemula were strongly

correlated with the positive end of axis 2 where S00A was located. The other 10

plots were relatively close together indicating similar species composition.

With C. fumiferana and N. canosaria removed from the ordination, axis 1

and axis 3 had a combined eigenvalue of 0.406, thus explaining 40.6% of the

variation of the species data (Fig. 15). Axis 3 did not separate the plots based on

plot type, however it separated plots US2, US3, and SggB from the other plots.

Hydriomena spp., L. fiscellaría, xanthorhoe sp. 1, and Xylotype acadia B. & Benj.

were strongly correlated with the positive end of axis 3 where US3 was located

and S. limboundata andNoctuid sp. 6 were correlated with the negative end of

axis 3 where US2 and S99B were located.

4.10.2 - Redundancy Analysis of Adult Moths with rreatment Variables

4.10.2.1- 2000

The redundancy analysis (RDA) of the most frequenfly caught moth

species in 2oo0 (including .pir." budworm) and the treatment variables:

Unsprayed, SP1999, and SP2000 produced an ordination diagram in which axis
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1 and axis 2 explained 47.4o/o of the variation in the species data (Fig. 1G). Monte

Carlo tests of the variables indicated that the unsprayed variable was signÍficant.

The first axis clearly separated the plots based on plot type. The US plots were

located together near the negative end of axis I and the sprayed plots were

located at the positive end of axis 1. Axis 2 separated the sprayed plots based on

year of spray with SP1999 at the positive end and SP200O at the negative end of

axis 2.

choristoneura fumiferana, c. variolaria, Xanthorhoe sp. 1, r. aemula,

Eupithecia spp., N. canosaria, Hypena humuliHarr., and c. atbatawere

positively correlated and G. haruspica negatively correlated with the unsprayed

variable. cabera erythemaria (Gn.), Noctuid sp. 5 & 6, X. smithii, and l.

americalis were positively correlated and E. decolor and L. fiscellaria were

negatively correlated with the SP2000 variable. No moth species were positively

correlated with the SP1999 variable but the species A. purpurea, E. bicolor, C.

perlata, P. transversata, and L. albidutawere all negatively correlated with the

SP1999 variable.

When C. fumiferana and N. canosaria were removed from the ordination

the first two axes explained only 1 83% of the variation (Fíg. 17). Monte Carlo

testing did not indicate any significant variables and the ordination diagram did

not change significantly.

4.10.2.2 - 2001

The redundancy analysis (RDA) of the most frequenfly caught moth

species in 2001 (including spruce budworm) and the treatment variables:
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1 and 2 explained 29.6% of the variation in the species data (Fig. 18). Similar to

2000, Monte Carlo tests of the variables indicated that the unsprayed variable

was significant and axis 1 separated the plots based on plot type. The US plots

were located at the negative end of axisl and the sprayed plots were located at

the positive end of axis 1..Axis 2 separated the sprayed plots based on year of

spray with SP2000 at the positive end and SP1999 at the negative end of axis 2.

Nepytia canosaria, c. albata, c. perlata, I. aemura, E. bicoror, Hydriomena

spp., Noctuid sp. 6, and s. frigidaria were positively correlated with the

unsprayed variable. Cabera variolaria was negatively correlated with the

unsprayed variable, which was the opposite condition to the one found in the

2000 ordination diagram where C. variolaria was positively correlated with the

unsprayed variable. Xanthorhoe abrasaría congregata (Wlk.) was also negatively

correlated with the unsprayed variable. L. albiduta and Zanclognatha spp. were

positively, and L. fiscellaria and P. transversafa were negatively correlated with

the SP2000 variable. One major difference from the 2000 ordination diagram is

that there were a number of species posítively correlated with the SPl ggg

variable:X. sospefa and Eupithecra spp. were most strongly correlated with

sP1999. similar to the 2000 ordination diagram, A. purpurea was strongly

negatively correlated with the SP1999 variable. The 2001 ordination also differs

from the 2000 ordination in that C. fumíferana was not positively but negatively

correlated with the unsprayed variable.
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When C. fumiferana and N. canosariawere removed from the ordination

the first two axes explained only 1 6.8To of the variation (Fig. 19). Monte Carlo

testing did not indicate any significant variables and the ordination diagram did

not change significantly.

4.10.3 - Adult Moths with Environmental Variables

4.10.3.1- 2000

ln the RDA ordination diagram for the most frequenfly caught moth

species in 2000 (including spruce budworm) and environmental variables, the

first two axes explained 72.7% of the variation in the species data (Fig. 20).

Monte carlo testing indicated that% defoliation 2000 and tree density

(stems/102m) were signífícant variables in this ordination. The variables %

coniferous, shrub diversity, and o/o herb cover were also included in the ordination

sínce these variables showed some significance in previous analyses as

explained in Chapter lll.

Most plot scores were similar to the PCA and the separation based on

sprayed and unsprayed plots remains. Some plots changed locations slightly.

Plot S99A moved a little closer to the cluster of the other sprayed plots because it

was neutral regarding the environmental variables used. Plot SOOC on the other

hand had the lowest tree density, and very low % defoliation in 2000. These two

conditions placed S00C at the negative end of axis 1. Plot S00A had high tree

density and the lowest o/o herb cover, therefore it was influenced by tree density

and o/o defoliation 2000 in the diagram changing its location slightly from the PCA

analysis.

':i
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Most species scores were also similar to the species scores in the PCA.

The eigenvector of the moth species X. acadiawas larger than in the PCA. X.

acadia, at the negative end of axis 2, was positively correlated with the shrub

diversity variable. P. transversata, E. bícolor, l. aemula,and X. sospefa were

strongly correlated with the tree density variable. N. canosaria was strongly

correlated with the % coniferous variable and C. fumiferana positively with the %

defoliation 2000 variable.

When C. fumiferana and N. canosariawere removed from the ordination

the RDA produced an ordination diagram ín which the fírst two axes explained

38.6% of the species variation (Fig. 21). Monte Carlo tests indicated that none of

the previously mentioned environmental variables were significant in this

ordination. The same five variables were still used in the ordination for

consistency. As in the PCA, the separation of plots based on plot type was not as

distinct as when c. fumiferana and N. canosaria were incruded

Clemensia albatawas positively correlated with tree density and %

defoliation 2000 along with plot US2 at the positive end of axis 2 and X. smithii

was positively correlated with % herb cover and plot S00B at the positive end of

axis 1.

The three SP2000 plots were all at the negative end of axis 2 with a strong

negative correlation with the variables % coniferous, tree density, and o/o

defoliation 2000. The moth species most strongly correlated with the negative

end of axis 2 along with these plots were Noctuid sp. 5 & 6, C. erythemaria, and

X. iduata.
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4.10.3.2 - 2001

In the RDA ordination diagram for the most frequenfly caught moth

species in 2001 (including spruce budworm) and environmental variables, the

first two axes explained 60.3% of the variation in the species data (Fig. 22).

Monte Carlo testing indicated that there were no significant variables in this

ordination. However, the same five variables were included as in the RDA 2000

ordination.

The most significant change from the PCA was a more distinct separation

of plot types. The variables % coniferous and o/odefoliation 2000 separate the US

from the SP1999 and the SP2000 plots. The US plots, with relatively high %

coniferous trees and o/o defoliatíon for 2000 were positively correlated with these

variables at the negative end of axis 2. The SP200O plots, with relatively low

percentages of these two variables, were negatively correlated with these

variables at the positive end of axis 2. The SP1999 plots were located between

the US ptots and the SP20O0 plots in the diagram, relatively neutral in the

percentage values for these two variables. The moth species most strongly

positively correlated with the % coniferous and % defoliation 2000 variables with

the US plots are N. canosaria, C. albata,and /. atmericalis. The species most

strongly negatively correlated with these variables with SP20O0 plots are C.

variolaria and X. abrasaria congregata. E. bícotordid not correlate with these

variables and was associated with US2 and US6 at the negative end of axis 1. C.

fumiferana was not strongly correlated with the % defoliation 2000 variable as it

was in 2000.
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When C. fumiferana and N. canosariawere removed from the ordination

the RDA produced an ordination diagram in which the first two axes explained

30.6% of the variation (Fig. 23). Monte carlo tests indicated that no

environmental variables were significant.

The separation of plots observed when the two most domínant species

were included was no longer apparent with them excluded. The variable % herb

cover became the most influential variable in the diagram. S00B had the highest

% herb cover and was located at the negative end of axis 2 positively correlated

with the % herb cover variable. Plot S00A was low in % herb cover and was at

the positive end of axis 2, negatively correlated with the o/o herb cover variable. X

abrasaria congregata and Zanclognatha spp. were negatively correlated with this

variable and were also located at the positive end of axis l.There were no moth

species strongly positively correlated with the Yo herb cover variable.

4.10.4 - Moths with Vegetation species as Environmental variables

4.10.4.1- Herbs 2000

ln the RDA ordínation diagram for the most frequenfly caught moth

species in 2001 (including spruce budworm) and herb species as environmental

variables, the first two axes explained 78.5% of the variation in the species data

(Fig. 32). when c. fumiferana and N. canosariawere removed from the

ordination the first two axes explained 47.8% of the variation (Fig. 33). Although

Monte Carlo tests indicated that no herb species variables were signifÍcant in the

ordination with c. fumiferana and N. canosaria included, F. virginiana was
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significant in the ordination when they were excluded. All eight herb species were

included in the ordinations.

The herb species as environmental variables did not change the plot

scores or species scores from the 2000 PCA analyses of moth species for either

RDA ordination. Zanclognafha spp., A. homogena, L. albidula and Noctuid sp. 5

were positively correlated with the F. virginíana variable. Plot S0OB was positively

correlated with the variable F. virginiana.

4.10.4.2 - Herbs 2001

ln the RDA ordination diagram for the most frequenfly caught moth

species in 2001 (including spruce budworm) and herb species as envíronmental

variables, the first two axes explained 82.4% of the variation in the species data

(Fig. 3a). Monte carlo testíng indicated that the p. palmatus, pyrola spp., and E

angustifolium variables were significant in this ordination. All herb species were

included in the ordination. The herb species as environmental variables did not

change the plot scores or species scores from the 2000 PCA of moth species.

When C. fumiferana and N. canosaria were removed from the ordination

the first two axes explained 45.3o/o of the variation (Fig. 35). Monte Carlo testing

indicated that no herb species variables were significant in this ordination and the

ordination diagram is very similar to the PCA with plot scores and species scores

generally unchanged.
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4.10.4.3 - Shrubs 2000

ln the RDA ordination diagram for the most frequenfly caught moth

species in 2000 (including spruce budworm) and shrub species as environmental

variables, the first two axes explained 86.3% of the variation in the species data

(Fig. 28). Out of the nine most common shrub species used, Monte Carlo testing

indicated that R. frlsfe and V. edule were the only significant variables in this

ordination. All nine shrub species were included in the ordination.

The separation of plots based on sprayed and unsprayed that was

observed in the 2000 PCA was similar in this ordination. ln general the US plots

were positively correlated with the A. balsamea and the Linnaea borealis L.

variables with the moths species N. canosaria, S. frígidaria, and C. variolaria

being positively correlated with these shrub variables. ln generalthe sprayed

plots were not strongly positively correlated with any of the shrub variables but

were negatively correlated with A. balsamea and L. borealis. C. perlatawas

positively correlated with V. edule and L. albiduta was positively correlated with

R. aciculans. Plot US2 was isolated at the positive end of axis 1 just as in the

PCA and positively correlated with the V. edule variable.

When C. fumiferana and N. canosariawere removed from the ordination

the RDA produced an ordination diagram in which the first two axes explained

44.2o/o of the variation (Fig. 29). Although Monte Carlo tests indicated that no

shrub species variables were significant in this ordination, all nine shrub species

were included in the ordination
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This ordination was similar to the PCA in that there was no distinct

separation of plots based on sprayed and unsprayed. However, some of the plot

scores changed from the PCA ordination. Plots S00B and S00C were generally

negatively correlatld or poorly correlated with the shrub variables. The moth

species most negatively correlated with the shrub variables and closely

associated with plots S00B and S00C were Noctuid spp. s & 6, X. smithii, and E

perattenta. l. aemula, L. fiscellaria, P. transversata, and E. bicotorwere strongly

positively correlated with V. edule and closely associated with the plots US2 and

S99C. G. haruspica was negatively correlated with most of the shrub variables

and most associated with S99C.

4.10.4.4 - Shrubs 2001

ln the RDA ordination diagram for the most frequenfly caught moth

species in 2001 (including spruce budworm) and shrub species as environmental

variables, the first two axes explained 49.7% of the variation in the species data

(Fig. 30). when c. fumiferana and N. canosaria were removed from the

ordination the first two axes explained 46.1% of the variation (Fig. 31). Out of the

nine most common shrub species used, Monte Carlo testing for both datasets

(spruce budworm included and excluded) indicated that no shrub species were

significant in these ordinations, however, all nine shrub species were included in

the ordinations.

The RDA ordinations for 2001 did not change plot scores or species

scores significantly from the 2001 PCA of the moth species.
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4.10.4.5 -Trees 2000

ln the RDA ordination diagram for the most frequenfly caught moth

species in 2000 (including spruce budworm) and tree species as environmental

variables, the first two axes explained 79.7%of the variation in the species data

Fig.2Ð' Out of the five tree species used, Monte Carlo testing indicated that p.

glauca and B. papyrifera were the only significant variables in this ordination. All

five species were included in the ordination.

The diagram was similar to the 2000 PCA of moth species in that there

was a separation of plots based on sprayed and unsprayed. Plot US2 remained

alone at the positive end of axis 1 and is strongly positively correlated with the p.

glauca variable. The moth species most positively correlated with the p. glauca

variable is P. transversata. The US plots tend to be correlated more with the

coniferous tree species: P. glauca, P. mariana and A. balsamea while the S plots

were slightly more correlated with the deciduous tree species; P. tremuloide.s and

B. papyrifera. Tree species composition seemed to dictate the general separation

of US plots and S plots.

When C. fumiferana and N. canosara were removed from the ordination,

the RDA produced an ordination diagram in which the first two axes explained

27.9% of the variation (Fig. 25). Although Monte Carlo tests indicated that no tree

species variables were significant in this ordínation, allfive tree species were

included in the ordination.

With the two dominant moth species removed from the ordination there is

no longer a clear separation of plots based on sprayed and unsprayed. This
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ordination does not resemble the PCA (Figure 12).The tree species variables

pulled the plots closer together. S00B was no longer isolated, however SggC

remained isolated and is located at the positive end of axis 2 closely associated

with the A. balsamea variable along with the moth species L. fisceilaria. X.

abrasaria congregata, Zanclognatha spp., Noctuid spp. s & 6, and Eupithecia

spp' were negatively correlated with the P. mariana and B. papyrifera variables

along with plots 5008, US6, and SggB.

4.10.4.6 - Trees 2001

ln the RDA ordination diagram for the most frequenfly caught moth

species in 2001 (including spruce budworm) and tree species as environmental

variables, the first two axes explained 77% of the variation in the species data

(Fig. 26). Out of the five tree species used, Monte Carlo testing indicated that A.

balsamea and P. tremuloides were the only significant variables in this

ordination. All five tree species were included in the ordination.

This ordination diagram was quite similar to the PCA ordination diagram in

that there is no clear separation of plots based on plot type. Plot scores and

species scores are very similar to those of the PCA. N. canosana is negatively

correlated with the deciduous tree species variables, P. tremuloides and B.

papyrifera and is associated closely with four unsprayed plots. Plot SggC is stlll

isolated at the positive end of axis 1 and is positively correlated to the A.

balsamea variable just as it was in the 2000 RDA. C. fumiferana is most closely

associated with plot S99c and positively correlated with the A. balsamea

variable. The moth species most strongly positively correlated with the A.
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balsamea variable are A. pressus and Eupithecia spp. C. variolaria is strongly

positively correlated with the variable P. tremulordes. Similar to the 2000 RDA,

only sprayed plots are positively correlated with the deciduous tree species

variables.

When C. fumiferana and N. canosariawere removed from the ordination

the RDA produced an ordination diagram in which the first two axes explained

35.8% of the variatíon (Fig.27). Monte Carlo tests indicated that the tree species

variable A. balsamea was significant in this ordination. All five tree species were

included in the ordination.

The plot scores and species scores did not change much from the PCA

ordination. Plot S99C remained isolated and closely related to A. batsamea. Moth

species most positively correlated with A. balsamea and most closely associated

with plot s99c are G. haruspica and A. pressus. prots s00A, soOc, and sggA

are most positively correlated with the deciduous tree species and P. mariana

and negatively correlated with P. glauca.
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Table 3. Dominant vegetation species per plot. Species are listed in descending order of dominance for each
plot.

Herbaceousa Shruba Tree"Plot

US1

U52

mosses

Aralia nudicaulis

Comus canadensis

mosses

Rubus pubescens

Comus canadensis

Petasites palmatus

mosses

Aralia nudicaulis

Comus canadensis

Petasites palmatus

mosses

Aralia nudicaulis

Cornus canadensis

Rubus pubescens

mosses

Pyrola sp

Aralia nudicaulis

Rubus pubescens

mosses

Comus canadensis/
Epilobi u m ang u stifo liu m

Rosa acicularis

Alnus crispa

Ledum groenlandicum

Viburnum edule

Viburnum edule

Picea sp

Rosa acicularis

Linnaea borealis

Picea sp

Juniperus communis

Alnus crispa

Rosa acicularis

Ledum groenlandicum

Abies balsmea

Picea sp

Abies balsamea

Linnaea borealis

Alnus crispa

Rosa acicularis

Viburnum edule

Cornus stolinifera

Alnus crispa

Picea mariana

Picea glauca

Betula papyrifera

Picea glauca

Betula papyrifera

Populus tremuloides

Picea mariana

Populus tremuloides

Betula papyrifera

Picea glauca

Picea mariana

Abies balsamea

Picea glauca

Abies balsamea

Picea mariana

Picea mariana

Picea glauca

Populus tremuloides

US3

U54

U55

U56
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TABLE 3. (continued)

Plot Herbaceous Shrub Tree

S99A

s99B

s99C

SOOA

SOOB

s00c

Aralia nudicaulis

mosses

Cornus canadensis

Rubus pubescens

mosses

Cornus canadensis

Aralia nudicaulis

Maianthemum canadense

mosses

Aralia nudicaulis

Maianthemum canadense

Cornus canadensis

mosses

Aralia nudicaulis

Comus canadensis

Petasites palmatus

mosses

Aralia nudicaulis

Cornus canadensis

Rubus pubescens

mosses

Aralia nudicaulis

Cornus canadensis

Rubus pubescens

Alnus crispa

Linnaea borealis

Ribes triste

Viburnum edule

Ledum groenlandicum

Juniperus communis

Viburnum edule

Rosa acicularis

Viburnum edule

Rosa acicularis

Picea sp

Rosa acicularis

Linnaea borealis

AInus crispa

Rosa acicularis

Vibumum edule

Alnus crispa

Abies balsamea

P,bea spp.

Alnus crispa

Rosa acicularis

Picea mariana

Betula papyrifera

Populus tremuloides

Picea glauca

Populus tremuloides

Picea mariana

Picea mariana

Abies balsamea

Picea glauca

Picea mariana

Populus tremuloides

Betula papyrÌfera

Populus tremuloides

Picea glauca

Picea mariana

Picea mariana

Betula papyrifera

Picea glauca

For shrub species
greater than or equal to I % of total ground cover for a plot. Dominant tree species defined as the three
species that rank highest in mean stems per 1O m2.
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Table 4. ANOVA of the effect of plot type on environmental and vegetation variables plus GLM contrasts
between unsprayed and SP1999 plots & unsprayed and Sp2000 plots. _-__
Dependent Variable Unsprayed Sp1999 Sp2000 Fzp P>F

Contrasts Contrasts
mean +1 SE mean Èl SE F1,9 p>F mean llSE--F]F- >F-

13.33 1.71 15 1.53 0.309 0.592 16.33 3.18 1 0.343# of Herbaceous
Species

Shannon-Wiener Herb 1.24 0.276
Diwrsity

% Herbaceous Cor¡er 47.11 5.41

0.35 0.59 1.94 0.193 2.98 0.119

0.201 0.665 44.35 15.28 0.332 0.579

1.48 0.277

52.18 5.63

10.67 1.45 0.071 0.796

1.U 0.208 0.809 0.392

22.67 1.02 0.023 0.883

0.528 0.607

1.49 0.276

0.397 0.684

0.478 0.635

0.68 0.53'1

0.192 0.828

0.217

0.48

0.751

9.95 o.oo5 *

0.151 0.862

0.587 0.576

0.67 0.535

# of Shrub Species

Shannon-Wiener
Shrub Diversity

% Shrub Cor¡er

# of Tree Species

Tree Log Series Alpha
Diversity

Mean Tree Stems/10

m2"

% Conifers

Mean Tree Age (yr) a

Mean Tree DBH (cm) "

Mean Tree Ht. (m) a

Mean % Light lntensity

CV(x) Light lntensity

10.17 1.28

1.57 0.211

23.21 1.06

4.17 0j67

1.43 0.152

31.47 8.57

84 4.48

63.83 6.87

33.09 3.46

9.76 0.943

21.47 4.16

0.953 0.355

0.999 0.344

0.381 0.552

3.57 0.091

0.731 0.415

0.019 0.894

2.21 0.171

0.208 0.659

0.96 0.353

1.17 0.308

12

1.87

0.577

0.046

1.82

0.797

0.296

5

1.76

0.577

0.286

5.36

4.33 0.333

1.88 0.491

25.89 11.72

55 4.04

64 16.8

u.26 7.29

10.15 1.1

0.143 0.714

1.35 0.276

0.445 0.521

'19.9 0.002 *

0.264 0.62

0.89 0.37

0.926 0.361

74.33 3.18

57 3.51

27.25 1.41

8.43 0.26

'15.8 2.78 18.23 6.33

1.33 0.163 1.42 0.29

0.821 14.63 7.16

0.795 1.3 0.368

0.592 0.253 0.782

0.913 0.058 0.944

0.309

0.012

* Significant at P < 0.05.



Table 5. Spruce budworm adults collected fróm light traps in 2000 & 2001, spruce budworm larvae collected from mid-canopy in
2001, and defoliation assessments for 1999 and 2000.

Plot

US1

US2
US3
U54
US5
US6
mean r 1 SE

S99A
S99B
s99C
mean + 1 SE

SOOA

SOOB

s00c
mean r 1 SE

Adults/Luminoc Trap

Total Catches in Light Traps

28
109
40
48
29
49

50.5 ! 12.26

0
23
10

11 r 6.66

0
4
B

10.67 t 4.81

6B

26
47
94
76
B3

65.67 r 10.23

71

103
167

113.67 ! 28.22

133
48
B5

88.67 !24.61

Adults/VVard's Trap
æ

1

0
2BB

1

7
19

53.17 !47.05

409
31

0
146.67 t 131.47

0
122

B

43.33 ! 39.4

Larvae/Branch
(n = 10)

-70rT-
1B

28.B
28.5
13.8
7.5
20.7

19.5 r 3.4

48.4
13.3

1

20.9 ! 14.2

3.4
2.9
4.6

3.63 r .5

% Defoliation (n = 5)
ffi

52.3
55.9
44

41.3
41.3
44.9

46.62 ! 2.48

54.1

49.5
44

49.2 ! 2.92

36.7
49.5
41.3

42.5 ! 3.74

74.3
67.8
51.3
40.3
44.9
51.3

54.98 ! 5.42

41.3
37.6
35.8

38.23 ! 1.62

25.7
17.4
22

21.7 ! 2.4

oo



Table 6. ANOVA of the effect of plot type plus GLM contrasts between unsprayed and SP19g9 plots & unsprayed and Sp2000 plots on spruce
budworm adult and larval collections and defoliation assessments

Dependent
Variable

Sampling
season unsprayed

--
mean 1 SE

Adults/Luminoc 20OO SO.S t12.26 12to15TraP 2oo1 65.67 r 10.23 24ro27

AdultsMard's
ïrap

Larvae/Branch

% Defoliation

2000

2001

1999

2000

sP'1999

Months Post
Spray

53.17 t 47.05

19.55 r 3.40

46.62 !2.48

54.98 t5.42

Note: Significance at P < 0.05 denoted by..

Contrasts

me€¡n 1 SE F1,9 P>F

12to 15

24

year of spray

1 year post

spray

11 t 6.66 9.83 o.O1 
*

113.67 t28.22 3.6 0.09

146.67 t131.47 0.2 0.66

sP2000

20.9 t14.20 0.14 0.33

49.2 t2.92 0.375 0.555

38.23 !1.62 5.42 9.945*

Contrasts

Months Post
Spray mean 1SE F1,9 p>F

0 to 3 10.67 r.4.81 8.61

12to 15 88.67 t24.61 0.82

0to3

12

1-wayANOVA

F2,9 P>F

43.33 i 39.4

3.63 r .504

1 year pre 42.5 t 3.74 0.953 0.354 0.972 0.415
spray

year of spray 21 .7 t 2.4Q 21 .39 g.ggl * 1 1 .04 9.694 
*

o.o2 * 6.92 0.02 *

0.39 1.84 0.21

0.99 0.12 0.89

4.61 0.05 - 2.37 0.13

oo



l-able 7. Assessment of spruce budworm aerial spray program
and 2000 (K. Knowles, Manitoba Conservation).

Pre Spray Larva post Spray Larva
Spra¡¡ Year Locations Area Treated Count a Count b

1999

2000

Tolko FML
Untreated

Goose L.
Namew L.

Cranberry
Athapap L.
Untreated

b Mean # of larvae per,45 cm branch post-spray per sample plot.
" Post-spray (sampling done within 1 week post spray) - pre spray for each plot grouped into
spray blocks. The results from each plot are averaged (arithmetic mean) to derive larval
mortality for each spray block (K. Knowles, pers. comm.).

11962ha
N/A

3230 ha
2666 ha
2804 ha
2113 ha

N/A

arvae per 4b cm þranch pre-spray pèFfámþlê

in northwestern Manitoba in 1999

44
31

19

22
46
19
22

3
7

5
5

12

6
12

Larval Mortality c

93%
76To

69Yo

75%
74%
67%
4BYo

oo
l..J



Table 8' Most frequently caught moth species, defined as those species with a sum total of 1% of the total catch for each year, collected from Luminoc lighttraps in 2000 and 2001.

Species

Anaplectoides pressus

Anomogyna homogena

Apharetra purpurea

Cabera erythemaria

Cabera variolaria

unsprayed sp1999 sp2ooo sumYear -sdÃresB-eõõ- -õõÃ-ooB-M- 
-

-

2000'10302000121010
200f021711s01212335

2000+

2001

2o0o+

2001

2oo0+

2oof

2000

200f

2000

2oof

2oo0+

2oof

2000+

200f

Campaea perlata

Chloroclysta citrata

Clemensia albata

I
0

0

0

1

0

0

0

1

2

2

0

1

0

0

0

2

5

0

0

1

6

1

0

0

0

3

7

1

4

1

0

0

3

2

0

0

0

0

1

4

3

2

2

0

0

0

4

000
000

3

2

0

0

0

0

3

2

000
000

0

0

0

0

0

0

0307
0000

0

2

0

2

0

3

0

1

0

2

2

4

0

2

0

,|

0027
1105

44524
02729

200
051

020
120

000
142

01
01

021
002

000
000

2

12

6

21

11

13

11

17

oo
UJ



Sum

0231004834S
71 103 167 133 48 85 100,t

s99A S99B S99C s00A s00B s00c

sP1999 sP2000

00001317
01001012

0003
12322

1001006
21410011

0114
10423

0104
02515

100
016

29 49

76 83

012450
14025

us5

2

5

Unsprayed

1 0 5 15

0001

010,12
0016

us3 us4

010
226

40 48

47 94

0

2

1

3

000
122

0

1

1

0

0

0

ooÀ

0214
1 0 .t3

28 109

68 26

3

0

0

0

0

0

0

4

us1

022
000

200
012

6

2

1

0

1

0

1

4

1

0

Year

2000"

2o0f

2oo0+ 1

2oo1* 1

0

0

2

3

0

2

0

0

6

1

Table 8. (cont'd)

0

1

0

0

0

1

2

1

Choristoneu ra fumiferana

0

0

2

1

2000

2oof

2000

200{

2000

2oo1*

2000

2oof

2oo0*

2oof

20oo+

2001

2000+

2001

0

1

0

2

1

0

1

4

1

0

3

0

0

0

2

1

0

0

0

0

4

0

1

0

1

0

Eilema bicolor

5

0

3

1

1

0

Enargia decolor

Eupithecia spp.

E u retag roti s p e rafte nta

Eurois astricta 0

0

1

0

0

0

0

0

Graphiphora haruspica

Hydriomena spp.

Hypena humuli



Sum

25

64

s99A S99B S99C S00A s00B s00c

sP1999 sP2000

013031
37121006

21313
0008

00217
11030

17

13

061
044

50012
0027

020
001

021130
059222

us6

015
127

2

6

07619
0002

05210
0'1 06

us5

000
010

0

2

2

1

Unsprayed

us3 us4

000
110

70
04

0

2

3

1

't400
3288

0

0

0

3

2

1

oo

us2

020
010

000
010

7

6

1

0

3

2

1

0

0

0

ust

1

I

1

11

0

0

3

0

6

2

I
0

20oo+

20of

2000*

2001

2000+

2oof

2000+

2oof

20oo+

2001

2000+

2oof

200o+

2001

2o0o+

2001

2

4

,|

0

15 10 32 22 28

37 18 34 40 29

1

3

2

2

Table 8. (cont'd)

3

0

3

1

0

1

0

0

2

0

0

0

1

0

Species

1

0

0

2

ldia aemula

ldia americalis

0

0

2

0

0

0

Lambdina fiscellaria

0

0

0

1

Lithacodia albídula

0

0

1

0

Lithomoia solidaginus

Nepytia canosaria

Noctuid sp5

Noctuid sp6



Sum

11

18

s99A S99B S99C sooA s00B sooc

sPl999 sP2000

000020
141010

00315
22229

't2

12

012
103

011
o22

5

12

10212
0004

111
301

0116
73533

us6

030
131

000
012

3

0

11416
142457

0

0

I

3

Unsprayed

us3 us4

3

1'l

102
001

20
62

4

B

1

0

000
110

020
000

9

7

010
305

0

3

0

0

0

1

us2

103
603

oo
o\

3

2

2

2

'l

0

0

0

000
002

000
131

1

0

3

1

0

0

1

2

0

0

Year

2000+

20of

2000+

2oof

200o+

2oof

2000

2oof

2oo0+

2001

1

3

0

2

1

2

2

10

0

1

0

0

0

0

3

1

2

6

0

0

1

1

Table 8. (cont'd)

P rochoerode s tra n sve rsata

1

0

1

3

0

0

1

0

0

0

0

1

2

1

1

3

2

1

0

0

Scopula frigidaria

0

2

1

0

0

0

2

0

0

0

0

1

0

4

2

6

4

0

Scopula inductata

Scopula limboundata

Xanthorhoe abrasaria congregata 2000

2oo1+

0

I

1

0

0

0

Triphosa haesitata

20oo+

2oof

2000

20of

2000+

2001

Xanthorhoe iduata

Xanthorhoe sp1

Xanthotype sospefa



Sum

s00A s00B s00c

I
14

sP2000

041
031

13

11

520
201

081
201

19

5

s99A S99B S99C

sPl999

01
04

01
00

20
00

0

0

0

2

us6

oo
-¡

uss

Unsprayed

0

0

2

0

us3 US4

0

0

0

1

2

2

0

0

US2

2

3

4

0

us1

* common species: those species caught in each prot type: us, sp1 g99 and sp2000.

1

0

1

0

Year

2000+

2oof

2oo0+

2oof

2000+

2001

0

1

0

0

Table 8. (cont'd)

Species

Xestia smithii

Xylotype acadia

Zanclognatha spp.



Table 9' Dominant moth species in 2000 and 2001 light trap catches for each site. The top three species are listed in descending order of
dominance; total number of individuals per species must exceed 2 for the total catch per site. us1 to 6 = unsprayed plots; sggA to c = splggg plots;
S00A to C = SP2000 olots.

Plot

US1 Choristoneura fumiferana

Nepytia canosar¡a

Clemensia albata

us2

Luminoc 2000

C h o ri sto n e u ra f u m ife ra n a

Nepytia canosaria

ldia aemula

C h o ri sto ne u ra fu m ife ra n a

Nepytia canosaria

ldia aemula

Choristone u ra fu m ife ra n a

Nepytia canosaría
Hy pe n a h um u I i/ Lamþd ¡n a t¡ scel lar¡a/L¡th acoct ¡a
al bidu I alTri phosa h ae sitata

Choristoneura fumiferana

Nepytia canosaria

Scopula frigidaria

C h ori sto n e u ra f u m ife ra n a

Nepytia canosar¡a

Graphiphora haruspica

us3

us4

us5

C h o ri sto n e u ra fu m ife ra n a

Nepytia canosaria

ldia aemula

C h o ri sto n e u ra f u m ife ra n a

Nepytia canosaria

ldia aemula

C h o ri sto n e u ra f u m i fe ra n a

Nepytia canosaria

Lambdina fiscellaria

C horistoneu ra fu m ife ran a

Nepytia canosar¡a

Anaplectoides pressus

Dominant Moth

Luminoc 2001

US6

ldia americalis

Clemensia albata

Graphiphora haruspica

Xanthorhoe abrasaria congreg ata

C h o ri sto n e u ra f u m ife ra n a

Nepytia canosaria

Xanthorhoe iduata

C h o ri sto n e u ra f u m ife ra n a

I di a ae m u I a/Xanthorhoe idu ata

Eilema bicolorl Nocspl

Ward's 2000

C h o ri sto n e u ra f u m ife ra n a

Anaplectoides pressus

Diarsia rosaria freemani

Hydriomena spp.

Eurois occulta

Chloroclysta citrata

Phlogophora periculosa

Eurois occulta

Clemensia albata

Antheraea polyphemus

C h o ri sto ne u ra f u m i fe ra n a

Scopu la frig idari a/G raph iphora h aru spi ca

oo
oo



Table 9. (continued)

Plot Dominant Moth Species

S99A Nepytia canosaria

Platypolia anceps

C h oristone u ra fu m ife ran a

Scopula inductata

Graphiphora haruspica

C h o ri sto ne ru a fu mife ra n a

Lambdina fiscellaria

Xylotype acadia/

Lithomoia solidaginus

Cabera erythemaria

Graphiphora haruspica

Zanclognatha spp.

Noc sp5

C h ori ston e u ra f u m ife ran a

Noc sp5

C horistone u ra f u mife r an a

Nepytia canosaria

Xanthorhoe iduata

C h ori ston e u ra f u m ife ra n a

Nepytia canosaria

ldia aemula

C h o ri ston e u ra fu m ife ra n a

Graphiphora haruspica

Anaplectoides pressus/ldia aemula

C h ori ston e u ra f u m ife ra n a

Xanthorhoe iduata

X anth o rh oe ab ras aria con g reg ata

C h o ri sto n e u ra f u m ife ran a

Nepytia canosar¡a
ç aDe ra va r þ Ê r El tr uún ß e x p E n ata/ g rap n tp n o ra
h aru spic a/Lith acodi a a I b i d u I a

C h o ri ston e u ra f u mife ra n a

Nepytia canosaria

Cabera erythemariaCabera erythemaria/Hydriomena spp.

C h o risto n e u ra fu m ife ra n a

Scopula frþidaria
Lithacodia albidula/Hydriomena spp.

C h oristo ne u ra fu m ife ran a

Hydriomena spp.

^annornoe 
aDrasana congrega@/ þrapnpnora

haruspica

Xestia smithii

Graphiphora haruspica

Hydriomena spp.

LÌthacodia albidula

Hydriomena spp.

Anaplectoides pressus

C h o risto ne ru a fu m ife ran a

Anaplectoides pressus

Graphiphora haruspica

Graphiphora haruspica

Spilosoma congrua

Xestia smithii

oo
\o



Table l0' Luminoc light trap moth data analysis. spruce budworm excluded. Means t sE with ANovA and GLM contrasts for effect of plot type on number ofmoths and diversitv measures.

Dependent Sampling
Variable Season

# of Moths

# of Moth
Species

Log Series
Alpha

Evenness

Unsprayed . Spray 1999

2000

200'l

mean 1 SE

67.17 r 8.Sg

100.33 r 10.6

31 t2.96

39.17 r 3.61

24.61 x4.11

24.57 t3.17

-.025265 r 0.004

-.024336 r 0.003

2000

2001

2000

2001

lvrut tU tù

post
spray

Berger-
Parkér

2000

2001

12lo15a 37 16 11.38 0.009*
24to27 102 I1Z.SB 0.007 0.934

12to 15a 20.33 r 3.18 6.96 0.027 *

24to27 43.67 13.18 0.486 0.503

12Io 15a 22.93 I 9.07 0.205 0.662

24 to 27 30.51 r 3.38 0.969 0.351

12lo15a -.035011 r 0.012 1.13 0.31S

24 to 27 -.019474 r 0.001 0]73 0.402

Contrasts
tvrut [t tù

post
1SE F1,9 P>F spray

2000

2001

0.286

0.263

Spray 2000

t 0.059 12lo 15a 0.278

É 0.039 24 Io 27 0.179

0 to 3 79.67 t7.13 1.26 0.292
12 to 15b 74.67 t 12.57 2.2 0.172

0 to 3 37.33 r 0.667 1 .68 0.228

121o 15b 37.33 t7.27 1.3 O.7Zz

Contrasts

1SE F1,9 P>F F2,9 p>F

r 0.103

t 0.077

0 to 3 23.72 r 5.37 0.004

12lo 15b 30.72 r 7.55 O.SS5

0.006 0.939

1.28 0.286

1-way ANOVA

0 to 3 -,031 1 83 t 0.008 0.417 0.535
12to15b -.023608 i0.006 0.017 0.898

0 to 3 0.13

12 to 15b 0.137

8.52 0.008.
1.29 0.321

6.13 0.021 .

0.441 0.657

0.107 0.9

0.582 0.578

0.613 0.563

0.401 0.681

1.38 0.299

1.62 0.251

0.952

0.475

to.o22 2.54 0.146

r 0.055 2.88 0.124

\oo



TABLE 11' Luminoc light trap moth data analysis. Spruce budworm included. Means t SE with ANovA and GLM contrasts for effect of plot type on number ofmoths and diversity measures.

uePe¡¡uetrt Ðafnpilftg
Variable Season Unsprayed

# of Moths

tf oÍ ]Yt()(ft

Species

2000

2001

Log Series
Alpha

Evenness

E erger-
Parker

2000

2001

117 .67 t 14.70

166 t 16.42

32 r 2.96

40j7 * 3.61

Spray 1999

lSE

lvrur ru tù

post

spray mean

2000

2001

12lo 15a 48

24to27 215.67

'l2to 15a 21

24to27 44.67

2000

2001

2000

2001

15.45 !2.21
17.06 t1.75

-0.032243 r 0.005

-0.028409 r 0.004

0.412 r 0.052

0.388 !0.042

Contrasts
rvrut tU ts

post
'l SE F1,9 P>F spray

* Significant at P < 0.05.

!8.62 19 0.002 - 0 to 3

!43.28 1.51 0.25 12to15b

t 3.51 6.99 0.027. 0 to 3

t 3.18 0.486 0.503 12to 15b

12to 15a 14.26 t2.21 0.044
24 to 27 17.43 r 0.08 0.039

Spray 2000

12lo 15a -0.039862 t 0.008 0.739 0.412
24to27 -0.023644 t0.0006 0.436 0.526

12fo 15a 0.372 r 0.068 0.27 0.616

24to27 0.519 t 0.048 2.73 0.133

Contrasts

mean lSE F1,9 P>F

90.33 r 6.57 1.31 0.282
163.33 x23.73 0.002 0.964

38 t2.42 1.41 0.266

38.33 !7.27 0.128 0.728

0.838

0.848

0 to 3 22.79

12 to 15b 17.3

1-way ANOVA

F2,9 P>F

0 to 3 -0.031601 t 0.008 0.005 0.944 0.442

12to 15 -0.030614 t 0.01 0.093 0.767 0.373

0 to 3 0.134 t 0.017 12.6 0.006 . 6.Ss

12 to 15b 0.525 t 0.088 3 0.117 2.15

9.56 0.006 -

0.874 0.45

5.89 0.023 -

0.439 0.657

14.61 2.42 0.154

t4.B 0.075 0.791

1.51

0.084

0.272

0.92

0.656

0.699

0.018 *

0.172

\o



Table 12' Most frequently caught moth species, defined as those species with a sum total greater than or equl to 1% of the total catch for the year, collected from Ward's lighl

Species

Actias luna+

An aple ctoide s pressus+

Antheraea polyphemus+

Cabera erythemaria+

Campaea perlata+

Chloroclysta c¡trata+

C h o risto ne u ra fu mife ra n a+

C hytonix palliatricu la+

Clemensia albata

Díarsia rosaria freemani+

Euchlaena tigrinaria+

Eu retag roti s pe ratte nta+

Eurois occulta+

Unsprayed Sp1g99 Sp2000 Sum
seeA seeB seec -õõ;A s00ts sõõa 

-
12

10

47

16

2BB

1'l

28

10

1B

19

13 28

409 31

12

27

108

57

52

¿3

31

889

31

32

46

25

36

7B

12

11

10

13

01228

12

150

16

\o
b.)



Table 12. (confd)

Species

G I u p h is i a se pte ntr¡on i s+

Graphíphora haruspica+

Holomelína laeta+

Hydriomena spp.+

Idia aemula+

Idia americalis+

Lacinipolia lorea+

Limacodidae sp 1+

Lithacodia albidula+

Nadata gibbosa+

Smerinthus cer¡syi+

Spilosoma congrua+

P h log o ph o ra pe ríc u los a+

unsprayed sp1999 sp2ooo sumus1 -eeÃ-õeã-=ee- -õoAffi- 
-000

14

10

21

11

27

14

15

13

15 22

11 19 12

15 10

21

107

21

113

44

46

25

27

103

28

25

22

54

15

15

16

12

11

21

11

\o
UJ



Table 12. (cont'd)

Species

Polia nimbosa+

Scopula frígidaria+

Xanthorhoe abrasaria
congregata+

Xestia smithii+

Zanclognatha spp.+

Unsprayed Sp,l999 Sp200O Sumu -eeA-eeB seöd -õõÃ-ooe_ffi- 
-00014310004

*Most common moth species = those species caught in each plot type: us, sp1999 and sp2000.

15 14

'14

11

17

12

11

B9

3B

53

\oÀ



Table.13' Ward's light trap moth data analysis. Spruce budworm excluded. Means t SE with ANoVA and GLM contrasts for effect of plot type on number of moths anddiversity measures.

1-way ANOVADependent sampling unspraye spl"y contrasts spray contrasts F 2,g p > FVariable Season d 1999 2000

post spray post spray

# of Moths

# of Moth
Species

Log Series
Alpha

Evenness

Berger-Parker

2000

2000

'183.33 r 35.01

52.5 r 8.53

2000

2000

24.97 r.4.44

-0.034122 r 0.014

0.21 r 0.082000

12to 15 141.67 t 49.93 0.374 0.556 0 to 3

12to 15 47 t 16.04 0.097 0.462 0 to 3

12 to 15 20.09 t7.43 0.371 0.SSB 0 to 3

12to15 -0.040603 f0.016 0.099 0.76

12 to 15 0.176 t 0.051 0.096 0.764

215.67

62.33

30.92

!72.87 0.225 0.646 0.446 0.654

! 17.7 0.31 0.591 0.294 0.752

t6.22 0.553 0.476 0.689 0.527

0to3

0to3

-0.021331 r 0.005 0.385 0.55 0.346' 0.717

0.'l 1 r 0.025 0.834 0.385 0.417 0.671

\o(^



Table 14. Ward's light trap moth data analysis. Spruce budworm included. Means * SE with ANoVA ¿índ GLM centrasts for effect of plot type on
number of moths and diversity measures.

Dependent Sampling t-way ntt-Vn'
Variable Season Unsprayeg _ Spray 1999 Contrasts Spray 2000 Contrasts F 2,9 p > F

--- 

_
mean 1SE postspray mean 1SE F1,9 P>F postspray mean 1SE F1,g p>F

# of Moths

tf ur rvtuut

Species

LOg ùef tes

Alpha

Evenness

Berger-Parker

2000

2000

236.5 r 67.&

53.5 r 8.53

24.26 !4.71

-0.063962 r 0.043

0.255 r 0.091

2000

2000

2000

12to 15

12Io 15

12lo 15

288.33 r 166.67 0.002 0.966

47.67 r 16.37 0.165 0.694

14.47 t 3.15 0.962 0.352

12to 15 -0.049983 r 0.016 0.061 0.9í I

12to15 0.38 r 0.148 0.698 0.425

0to3

0to3

0to3

0to3

0to3

259 i 103.39 0.04 0.846 0.027 0.974

63 t 17.67 0.156 0.702 0.241 0.751

27.46 r5.1 0.345 0.571 0.952 0.422

-0.022035 0 0.547 0.479 0.273 0]67

0.168 10.057 0.336 0.577 0.763 0.494

\o
o\



Table 15. Repeated measureb analysis for number of SBW (spruce budworm) adults collected
from Luminoc traps.

i.lrl,.ç,iÊT._sß?q,ggid'i.(,f,gli$ij

Between Subjects

Factor

Within Subjects

Source

Treatment 1.062446

SP1999. Not SP1999 0.091306

i! $¡rsnzooo¡i 
: .;,,,,.,..1'; Oure 7 1] a::.' t,.'.r^,,,n¡,'l

Error 0344766

Year 4.4382
Year x Treatment 2.06784
YearxSP1999*Not

SS

iUS$lËøeÈijtj;e.irniïå$rJ

Between Subjects

sP1999 0.5302 1

ig,ËiÌ$"fl-liiäfr4fl ,a,,,aÌit;iï;itn:¡F,r,tffi ¡r¡it¡¡;;¡¡1,"ry,¡,,¡,Error 1.17002 9 -

df

Within Subjects

MS

2 0.0531223 5.060519 0.033674-

1 0.091306 0.86979633 0.37535395

{llil.l,Íi*rr$i0,i,1, t.-1.È¡..siiiä. t.3.9tii.siI 0.104974

Treatment 1.062446 2

SP2000 - Not SP2000 0.686216 z

{s,o 
spínsÖ 4r -"- ô.s7ozg i "". .1 ;,

Error 0.944766 9 -

Year 4.4A82 1

Year x Treatment 2.06784 2
YearxSP2000*Not
Sp2000 0.85818 1

lle¡r'x 1¡9': setÖÖo :' :'t.2ootio .,."' .t', 
, 

'.

Error 1.17002 9

1

2

. Significant at P < 0.05.

P>F

4.4382 34.10567 0.00025.

1.03s92 7.95307 0.01025-

0.5302 4.07846154 0.07417945

,:,'!,sazø,, .. ,,11''s?! I ' ,, , Q'00741
0.13

0.0531223 5.060519 0.033674.

0.343108 3.26850458 0.08569153

, o.szdzC g,sg4ögods, 
':o.oeö8722':::''..':''''::..'.l';':r'::::':::'

0.104974

4.4382 U.'t0567 0.00025"

1 .03392 7 .95307 0.01025-

0.85818 6.60138462 0.030221-

692' 0.0.1,3783-.1

\c)\ì



164. Number of moths.

Between Subjects

Within Subjects

Source

Treatment 0.063253 2 0.0316265 1.837645988 0.214180742
sP1999. Not sP'r999 0.061452 1 0.0614s2 3.sroilss42 0.091392394

[iiii,rls,I*"Pþ-QrQ;îi 
, orrr ; 0,jøöag1ae 1, .p.i?.gØgeãi

SS

Year O.2OOZ2 1 0.21022 22.4210526g 0.001066-
Year x Treatment 0.169g4 2 O.OB4}2 g.5}g51}47l 0.006033.
YearxSP1999*Not
sP1999 012491 1 0.12491 13.98768197 0.004625.

¡;I.g'ä,$$î*$:P*?$*Q 
lïí$fiiii.5'i..a.'..lii.ö,g$.e,it, .Q,ratl ,lError o.o6öà7""'-e -" "'ö.öobgs

ip.erl EP;leeP i'ßi iiäþ_rlT

Between Subjects

MS

0.154893 I 0.017210333

Within Subjects

P>F

Year

Year x Treatment

YearxSP2000.Not
Sp2000 0.10091 1

vøi,iùsr.sprs9,q',.i:lìi0ì$Ji_ç{î_(i,il. 
,lïliìi,qigþ;pError 0.oBæ7 e 
'-."."""ö.ooess

0.20022 1

0.'t6984 2

1.837M5988 0.214180742
0.105576107 0.752663688

3.569715-868 ' ',r 
0.091428316Y r:r -:': ' .1::. ... ..::. .

22.42105263 0.001066-

9.509518477 0.006033.

11.30011198 0.008368-

0.20022

0.08492

0.10091

\o
oo



168. Number of moth species.

'qìi$Ptp,f'P.f 
.ö- iài.lffj

Between Subjects

Factor

Within Subjects

Source

Treatment

SP1999. Not SPl999

SS

Year 0.108/'4 1 O.1OB44 1S.44S58 0.00346-
Year xTreatment 0j0273 2 0.05136 7.91607 0.01298.
YearxSP1999* Not
sp1999 0.08M5 1 0.08845 12.5977411 0.006222.

Error 0.06319 9 ö.0ö7o2ii 
*--*** - --*'

ltr$.qi's,F,/09"9 äÌiä$iP;j

Between Subjects

0.029306

0.02544

df MS

Within Subjects

2

1

0.014653 0.947287 0.423297

0.02544 1.6446858 0.23172813

o.oos¡60 0.249S3535 0:6291.t505'. :..ì ::. .irz:: :...,

Treatment 0.029306 2 0.014653 0947287 0.4232gT
sP2000 - Not sP2000 0.012492 1 o.o124gz 0.80760279 o.zg223tg7

;!s]selöos-i-: 
-lj. 0:ö1óBi4rjir-.'ì.1 "'' o.oloaT¿ r.oez01636,:0:.32432822

Error 0.139216 S O.0ìS463-- 
** -" ..*'

Year 0.108/,4 1 O.1OU4 1S.44SSB 0.00346.
YearxTreatment 010273 2 0.05136 7.91607 0.01298.
YearxSP2000*Not

P>F

sP2000

Error

0.04485 1 0.04485 6.38788794 0.03237-
t sir1999 , 

, o.osiee ' 1 0.0s788, e.24izzzqs':" ci.0rs44091

0.06319 I 0.0070211

\o



16C. Log series alpha diversity index.

rp$;9.ä¿qe;p;eìiräÈlrìlti

Between Subjects

Factor

Within Subjects

Source

Treatment 0.005404 2 0.002702 0.0456 0.9556
sP1999. Not sP1999 0.000213 1 0.000213 0.003s9494 0.9s349948

,Üç:'srzqoo ,,, ,,_.,,.,-, i,:::i?1,", , , i,, l; ,.obdsi,srr: 0i.g87Þr:te6, orzeosra,
trrror 0.523249 S O.OSSZ¿S9

SS

Year

Year x Treatment
Year x SP1 999 * Not
sP1999

'VeaiiUS ¡ Sp2ooo ,i,. " ...1: ,

Error

il-.,, Bi,e. ¡.qrä

Between Subjects

df MS

0.05602 1 0.05602 4.46
0.10273 2 0.05136 7.31607

0.02442 1 0.02442 1.s440s725
: 

r 0;07831 ,,,, . ,,, ,r1 
lr ,r*:i r r g'þ76j1 . ,,:r'ó .ZUiZøølrlj.:-' ,.,:::-_t'! .i .¡ ...,:.::r' ----' :'--,-:-:1

0.11305 I 0.0125611

Within Subjects

Treatment 0.005404

SP2000. Not Sp2000 0.003976

.us:r Seieoö 'f 
-- -;t'' -r;iö1001¿2g:'

: .:,...,11:Ì , i,: \ ----'j'-:

Error 0.s33249

Year 0.05602
Year xTreatment O.1O27S

YearxSP2000.Not

P>F

2 0.002702 0.0456 0.9556
1 0.003976 0.0671056 0.80142625

',,.-' 1.''' ;,:: b,oör¿zg , o.oz¿totst. ,,0.g8o0s34s

I 0.0592499

1 0.05602 4.46 0.0639.
2 0.05136 7.31607 0.01298-

0.0639

0.01298.

0.19668375

ii.öìP0'¿P.e.ir

O



16D. Evenness diversity index.

t$$ìip.P ei.ç.þriÌêÈliTì

Between Subjects

Factor

Within Subjects

Source

Treatment 0.OO0O3B

SP1999. Not SP1999 0.000011

uSî späoOöi,, r'':, ',;¡,,ö:o,o,g, 0,Zz.

Error 0.001595

Year 0.00035

Year xTreatment O.OOO22

Year x SP1 999 * Not
sP1999 0.00017

SS

tíJF,&:,1", e. êööü.äÈtrlllT

Between Subjects

df

Error

2 0.000019

1 0.000011

ïlgt-ïii,:i{!iiií*:iffi pr,-o.pue¿îs

I 0.0001772

1 0.00035

2 0.00011

MS

Within Subjects

1 0.00017 3.25532

rìffi f ¡+fji¡i1iüa,9.wtlillÌiel3,FJs{i{itiI 0.00005

0.'1072 0.8995

0.062076 0.808836
-,.ö'tåÞsz i :o.zoss5g, 

,......ì

6.7021 0.0293.
2.1064 0.1777

P>F

Year o.ooo35 1 o.ooo3s 6.7021
Year x Treatment 0.OOO22 2 0.0001 1 2.1064
YearxSP2000.Not
SP20000l0O.O0E+00
VærxÜS'SÞi9sö n ri,,9.gooäz.. '-1,: 

"1:.iiiir, -:::rö,00öià " "'4.21277
:.:.::..:.'..-'.. ...,.i.,..'r.1.i...--4n,....'.:t-,:.1,...'..:.+,: ;. '-':---- ...-':1,!,Error 0.00047 9 ö.òOOOS-

0.104683

r.0$qQgiiI,

0.1072

0.0790067

,q,{Í|,ø,.Öjjì

0.8995

0.785003

r'i,li? î$,;

0.0293

0.1777

1

rìiQì9r,Q,p,,a,

o



1 6E. Berger-Parker dominance index.

nq,-q P.:?9,9qiÈ,.Þ,ìd,Ë,èsilrì

Between Subjects

Factor

Within Subjects

Treatment

SP1999 - Not SP1999

tq..9

Error

SS

Year 0.0081 1

Year xTreatment 0.0093 2
YearxSP1999* Not
sP1999 0.00839 1

{#l],ii;iü,$lii.s.te',fll9, iiïf,ffi'epeiÌt îrrljlilError 0.03814 'ö

tq,"-sÆP, -e.'Þ-"ìÞ¡,,ä9,ìï

Between Subjects

df

0.000005 1 0.000005

)lT#igå{{,u,?,åi',,.ffi ;giep,lì0.2327 I 0.0259

0.0792 2 0.0396

MS

Within Subjects

Treatment 0.0792 2 0.0396 1.S3OB 0.2678
sPz0oo - Not sp2000 0.0707s1 1 o.o7o7s1 2.7í1169| 0.1s2765s

.s Êfí1l-9,9"iiäflfi;ffiii"fftÍi,,19'o i,fl }:iiÍ ,¡$ilg.gg-ff¡,gJiiiiigilkp,r .¡¡19;,qg.iö'¡,,-u¡i:¡

Error o.2zz7 9**- * o.ò2sg

0.0081 1.9161 0.1996

0.00465 1.0961 0.375

0.00839 1.98017 0.1929556

,.,0.0oog-1 :,,::,1'0,21477:,0,6s40s37
:. . .1,',:' a,' r:i. :. 1.1 : I rìì:::i-:. :--

0.00424

P>F

1.5308 0.2678

0.000193 0.989217

i;?iQ¡,,fti?rliiii r *i¡¡æ ì i

Year 0.0081 1 o.oo81 1.9161
Year x Treatment 0.0093 2 0.00465 1 .0961
YearxSP2000*Not
sP2000 0.00346 1 0.00346 0.81662 0.389718

tIî€úx.ll ii$,,81,p,?,';øÌlîííÍ,ä,9,.ffi|e4;iifiiffi'ñt,trìil,f,,il'i gffililiftîiierffi q,r'zel$Error o.o3814 ö - ** 
o.oo4z4

0.1996

0.375

ì..J



Table 17 ' understorey larval analpis. Means I 1 sE with ANoVA and GLM contrasts for effect of plot type on number of spruce budworm (sBW), Geometridae andOther larvae.

Dependent Variable

SBW June

July (early)

July (late)

August

June

July (early)

July (late)

August

June

July (early)

July (late)

August

Geometridae

Unsprayed

mean 1 SE

112.33 t40.64
33.83 r 15.26

0.17 t0.17
00

3.33 r.95
3 r.63

11.33 t 4.06

I t.1.6

28.33 t 4.1

24.67 x4.62
21.33 r 3.56

16.5 t2.74

Other

Spray 1 999 (24 to 27 months post spray)

27.67

14.33

0

0

Contrasts

1SE F1,9 P>F

r 18.26 3.82

r 11.39 1.56

0 0.6

0na

r .58 3.14

r 1.53 0.661

! 1.15 1.05

r 1.53 1.12

r 4.63 2.32

13.18 5.25

!2.03 0.068

!2.03 0.112

1

2

5

6

19.33

10.33

18.33

13.67

Spray 2000 (12 to 15 months post spray)

0.082

0.243

0.458

na

0.11

0.437

0.333

0.318

0.162

.049 
*

0.8

0.745

13.67

3

0

0

Contrasts

1sE -fu--'F-
r 6.69

* 2.08

0

0

T.BB

r 1.53

!2.73
!2.31

t2.52
!6.17
r 8.33

!7.94

1.33

3

6.33

7

5.52

4.73

0.6

na

2.U
0.001

0.733

0.547

7.65

1.74

1 .13

0.473

1-wayANOVA

F2,9 P>F

3.53 0.074

2.52 0.135

0.45 0.651

na na

2.06 0.'t83

0.362 0.706

0.673 0.534

0.644 0.548

4.03 0.056

5.07 .033 
*

0.568 0.586

0.243 0.789

.043 *

0.058

0.458

na

0.161

0.971

0.414

0.478

.022*

0.219

0.316

0.509

13

34.67

15

15

O(¡)



Ïable 18' Mean totals and % reduction for understorey larvae for all plot types (us, sp19g9, sp2000 and spray =sP1999 & SP2000).

Unsprayed

Spray

Plot Type

ðf tvvv \¿+-¿t
months post
spray)
ùrzuuu ('tz- tc
months post
spray)

Choristoneura fumiferana Geometridaeffi@
128.3

25.3

42

16.6

77%

67% 14

87o/o 17.6

26.6

15.8

e expressed as a percent

Other
Mean % Reduction

4',1%

48%

34%

90.8

66.3

55

77.6

r¡i

27%

40%

15%

oÀ



Table 19' Percent change of the 37 most frequently caught moth species from Luminoc and ward,s trap data, 2000 and 2001.

Family/Species

Arctiidae

Clemensia albata

Eilema bicolor

Noctuidae

Anaplectoides pressus

Anomogyna homogena

Apharetra purpurea

Enargia decolor

E u reta g roti s pe ratte nta

Eurois astricta

Graphiphora haruspica

Hypena humuli

ldia aemula

ldia americalis

Lithacodia albidula

Lithomoia solidaginus

Noctuid sp. 5

Noctuid sp. 6

Xestia smithii

Xylotype acadia

Zanclognatha spp.

Luminoc 2000
Mean # per US
Plot

SP2000: 0 to 3
months post
spray

% Change

1.5

2.17

SP1999: 12 to
15a months
post spray

-100%

-39yo

1

0.67

0.83

0.33

0.17

0.5

3

1.5

2.83

0.83

1.67

1.17

0.67

0.5

0.33

0.83

1.17

Luminoc 2001
Mean # per US
Plot

-55%

-100%

nc

+33%

-19%

-100o/o

+75%

-34o/o

+44Yo

-78%

-53o/o

+59'/o

+28%

+30vo

+85%

+79%

+80%

+64%

+61o/o

SP2000: 12to SP1999: 24to
15b months 27 months post
post spray spray

-67%

-100%

-100%

nc

+48%

-100%

+44%

-55%

-53%

-19To

-100%

-100To

nc

-100%

nc

-60%

-15o/o

% Change

2.3

1.67

-100o/o

-80%

2

0

0.5

1.5

1.33

0.5

0.83

0.33

4.33

1.17

0.83

0.5

0.17

0.67

1

1

0.17

Ward's 2000
Mean # per
US plot

-57%

-BOY'

nc

nc

+25%

+25o/o

+20%

+79o/o

+50%

nc

+19%

-100o/o

+69%

+25o/o

-100%

-51%

+25o/o

nc

+83o/o

SP2000: 0 to 3 SP1999: 12 to
months post 15 months post
spray spray

% Change

-65%

nc

-100%

+37o/o

+60%

+70o/o

+82o/o

+67%

+41o/o

-72%

-60%

+25Vo

+4Ùo/o

-51%

+25%

-33%

+48

4.8

0.83

-79o/o

-100%

8.33

0

0

0

2.67

1.5

7

0

2.83

5.67

6.83

0.17

0.17

0

2

0.17

6.17

+39%

nc

+1 00

nc

+20o/o

-33%

+50%

nc

+63%

-35%

+46%

+75o/o

+75%

+100%

+70o/o

+48o/o

+95%

-100o/o

-100%

-32%

nc

nc

nc

+20o/o

-100%

+9o/o

nc

-53o/o

-94o/o

+15%

-100%

+90%

nc

+60%

-100%

-19o/o

o



Table 19. (cont'd)

Family/Species

Geometridae

Cabera erythemaria

Cabera variolaria

Campea perlata

Chloroclysta citrata

Eupithecia spp.

Hydriomena spp.

Lambdina fiscellaria

Nepytia canosaria

Prochorhodes
transversata

Scopula frigidaria

Scopula inductata

Scopula limboundata

Triphosa haes¡tata

Xanthorhoe abrasaria
congregata

Xanthorhoe iduata

Xanthorhoe sp. 1

Xanthotype sospefa

Tortricidae

Choristoneura
fumiferana

nc = no change

Luminoc 2000
Mean # per US
Plot

SP2000: 0 to 3 SP1999: 12 to
months post 15a months

spray post spray

% Change

1.5

0.33

0.67

1

0.67

0.83

1.5

18.83

1.5

1.5

1

0.5

1

0.5

1

0.5

1.17

+65%

-100%

nc

nc

-51o/o

+59%

-55%

-95%

-55Yo

-33%

nc

+25o/o

nc

+25o/o

+50%

-100%

-43o/o

Luminoc 2001
Mean # per US
Plot

-55Yo

-100o/o

-100%

-33%

-51%

+38%

+25o/o

-75%

-100%

-33Yo

nc

-100o/o

nc

-34%

+25%

-100%

-100o/o

SP2000: 12 to SP1999: 24 to
15b months 27 months post
post spray spray

% Change

2.33

0.17

2.5

0.B3

0.5

0

3

26.67

1.83

3.17

0.5

0.83

0.5

1.67

4.67

1.5

0.33

+13o/o

+93o/o

-73%

-19o/o

-34%

nc

-78%

-82%

-82%

-37%

+62%

+38o/o

-100%

+67o/o

+3oo/o

-100%

-100%

Ward's 2000
Mean # per
US plot

50.5

-14%

+87o/o

-47%

+59%

+79o/o

nc

+10%

-40%

+9%

-58%

+70%

+17o/o

-34%

+37o/o

-36%

-55o/o

+80%

-92To -78%

SP2000: 0 to 3 SP1999: 12 to
months post 15 months post

spray spray

% Change

4

0

1.67

2.5

0.5

7.67

0

0

0.17

4.33

0.33

0.5

0.17

9.5

0

0

1.5

+25o/o

+100%

+61o/o

+42o/o

+25o/o

+12%

nc

nc

-100%

-46%

+67o/o

-100%

-100%

-44%

nc

nc

-11Yo

65.67

nc

+11jo/o

-60%

-60Yo

+25o/o

+44o/o

nc

nc

-100%

+38%

+84o/o

+25%

-'l0Ùo/o

-44%

nc

nc

+10%

+260/r +42% 53.17 -15% +64%

o
o\



Table 20' Location and larval period (Tietz 1972; covell 1984)information forthe 37 most frequenfly caught species for Luminoc traps in 2000 and 2001.
Family/Species Food/Host plants Location

Family Arctiidae

Clemensia albata

Eilema bicolor

Family Noctuidae

Anaplectoides pressus

lichens, white spruce, balsam fir

conifers, lichens

Anomogyna homogena spruce, fir

Apharetra purpurea

Enargia decolor

E u retag roti s pe ratte nta

Eurois astricta

Graphiphora haruspica

Hypena humuli

ldia aemula

ldia americalis

Valerianella sp. (corn-salad), other herbs; has been
found on alder and white birch

Vaccinium sp. (blueberry lingonberry)

trembling aspen, white birch, balsam poplar, willow

blueberries, firecherry, pin-cherry

trembl¡ng aspen, balsam poplar, strawberries, pin-
cherrycranberry

very general feeder; birch

nettle

dead leaves/needles, white/black spruce, balsam fir

lichens, dead leaves

mid-canopy

mid-canopy

Lana Stage Period Flight period

mid-May to mid-Jul¡4 2
broods

late Mayto late Aug.

understorey

canopy

understorey

canopy

understorey

ilrostly
understorey

canopf

understorey

understorey

understorey

na

between late June and
late Aug.

na

mid-May to late July

na

June and Aug.

mid-June?

na

early May to late Sept.

na

March to Oct.

late June to late Aug.

Extremes

June to August

na

June 28 to Aug 10

June 28 to Aug 22

na

June to Sept.

late June to Aug.

late July and early Aug.

late July to early Aug

all season

Apr. to Nov.

May to Nov.

June 1 5 to Aug 12

July 5 to Aug 10

July 14 to Oct 4

July 28 to Oct 4

June 14 to Aug 10

June 28 to Aug 1 1

June 15 to Aug 26

July 27 lo Oct 4

June 15 to Oct 4

June 20 to Oct 4

O
-ì



Table 20. (cont'd)

Family/Species

Lithacodia albidula

Lithomoia solidaginis

Noctuid sp 5

Noctuid sp 6

Xestia smithii

Xylotype acadia

Zanclognatha spp.

Family Geometridae

Cabera erythemaria

Cabera ùariolarìa

Campaea perlata

Chloroclysta citrata

Eupithecia spp

Hydriomena spp
(div,trans,renun)

grasses

trembling aspen, willow, white birch, alder, Vaccinium
sp.

na

na

wide variety incl. alders, white birch

larch, white spruce, alder, prunus

dead leaves, balsam fir, white spruce

FoodiHost Plants Location

understorey

understoref

na

na

understoref

understoref

understoref

birch, blueberry poplars, willows

poplars,trembling aspen, willows

rarious trees incl. Alders, birches, firs, poplars, willows,
white spruce

red alder, willow, Rubus sp

pine, larch, willow, spruces, balsam fir, birch, alder

alder, balsam fir, white spruce, pine

Larva Stage Period

na

early June to early July

na

na

late May to early July

na

late May to late Sept.

na

earlyJulyand from late
Aug. to mid-Sept.

na

na

July to Sept.

Aug. to Nov.

April to Aug.

Flight Period

canopf

canopf

canopy

understorey

canopy

canopy

Þtuuy t-ilgnt reilou
Extremes

June 23 to Aug 1 1

Aug 8 to Oct 4

July 4 to Aug 11

July 10 to Aug 24

July 4 to Aug 27

Aug 9 to Oct 4

June 14 toAug 10

early July to late Sept.

early July to late Sept.

May to Sept.; 2 broods

mid-May to mid-Aug.

late May to late Sept.

mid-June to mid-Oct.

May to August

June to Sept.

May to Sept.

late June to late Aug.

late April to July

early

June 14 to Aug 26

June27 to Aug 11

June 14 to Aug 1 1

June27 to Oct 4

June 14 to Aug 26

June 20 to Aug 10

O
oo



Table 20. (cont'd)

Family/Species

Lambdina fiscellaria

Nepytia canosaria

Prochoerodes
transversata

Scopula frigidaria

Scopula inductata

Scopula limboundata

Triphosa haesitata

Xanthorhoe abrasaria
congregata

Xanthorhoe iduata

Xanthorhoe sp 1

Xanthotype sospefa

Family Tortricidae

Chor¡stoneura
fumiferana

firs, spruces

fir, spruces and other conifers

Food/Host Plants

blueberry, cherries, currant, trembling aspen, balsam fir
white birch understorey

unrecorded; blueberries?

asler, Prunus sp, clover

bedstraws, blueberries, clovers, whild cherry

buckthorns

inconclusive; bedstraw?

unrecorded; general feeder on vegetables?

na

Location

canopy

canopy

Larva Stage Period

mid-June to mid-Sept

late May to late Sept.

na

na

na

na

na

na

na

na

mid-May to early June

na - information not

dogwoods, Rrbes sp. (currant), strawberry, bunchberry understorey

understorel4

understorey

understorey

understorey

understorey

understorey

balsam fir, white and black spruce

late July to early Sept.

late July to Oct.

April to Oct.

. June to Aug.

May to Sept.

May to Sept.

May to Sept.

na

na

na

June to July

Flight Period

ùluoy rllgftI renou
Extremes

Aug 9 to Oct 4

Aug 9 to Oct 4

July 26 to Oct 4

June 14 to Aug 10

June 14 to Aug 23

June 14 to Aug 1 0

Aug 9 to Oct 4

June 14 to Aug 10

June 14 to Aug 1 1

July 26 to Oct 4

June27 to Aug 10

canopy June to July July to August July to August

o\o



Figure 6' PcA ordination diagram of the most common tree species in 12 plots with plot scores (o) and species scores (-+). species datalog (x + 0.1) transformed.

US = unsprayed plots;
S99 = plots sprayed in 199g;
S00 = plots sprayed in 2000.

Key to tree species: Abba = Abres balsamea, Bepa = Betuta papyrifera, Pigl = picea glauca, pima = picea mariana, potr = populus
tremuloides.
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Figure 7' PcA ordination diagram of the most common shrub species in 12 plots with plot scores (o) and species scores (--+). Speciesdata log (x + 0.1) transformed.

US = unsprayed plots;
S99 = plots sprayed in 1999;
S00 = plots sprayed in 2000.

Key to shrub species: Abba = Abies balsame.a,Alcl = Alnus crispa, Juco = Juniperus communis, Legr = Ledum groentandicum, Libo =Linnaea borealis, Pisp = Picea spp., Ritr = Ribes fflsfe, Roac = Ro"a acicularis,Vied = Viburnum edule.
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Figure B' PcA ordination diagram of the most common herb species in 12 plots with plot scores (o) and species scores (-+). speciesdata log (x + 0.1) transformed.

US = unsprayed plots;
S99 = plots sprayed in 1999;
S00 = plots sprayed in 2000.

K9V.t9 herbaceous species:Arnu = Aralia nudicautis,coca = cornu.s canadensis,lpan = Epitobium angustifotium, Frvi = Fragariavirginiana, Maca = Maianthemum canadense, pepa = pefasifes palmatus, pysf = Èyiota spp., Moss = mosses.
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Figure 9' RDA ordinatíon diagram of the most common herbaceous species and environmentaldata in 12 plots with plot scores (o),species scores (---+), and continuous environmental variables i --+ ). species data log (x + 0.1) transformed.

US = unsprayed plots;
S99 = plots sprayed in I gg9;
S00 = plots sBrayed ín 2000.

Key to herbaceous species: Arnu = Aratia nudicaulis, coca = cornu.s canadensis,Epan. = Epitobium angustifotium, Frvi = Fragariavirginiana, Maca = Maianthemum canadense, pepa = petas¡teiparmatus,pysp = pyrotaspp., Moss = mosses.
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Figure 10' PcA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2000) with plot scores (o) and species scores(-+). only the 37 most frequenfly caught moth specie* 
"r" 

àir¡äyed in diagram.

US = unsprayed plots;

199 = plots sprayed in 1999 - 12to 1S months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spray. 

''

Key to the 36 most frequently caught non-target species depicted in diagram plus spruce budworm:Anpr = Anaplectoides pressus, Anho = Anomogyna homogena,l¡.0-u =þn 
"'rri*-[uipurea, 

caer = cabera erythemaria, cava = caberavariolaria, cape = campaea perlata, chci = cñtoroctystaä¡tr"iï,chfu = choristoneuràfumiferana, cleal= ctemensia atbata,Eibi=Eilema bicolor' Ende = Enargia decolor, Eusp = Eupítneciarpp., eup" = euretagroüs perattenta, Euas = Eurois astricta,Grha =Graphiphora haruspica,I.vtp.p -- Hydriomena spp.,'Hyh u -- iypär"'humuti, rdei= Hiä aemuta, ldam = ldia americalis, Lafi = Lambdinafiscellaria,Lial = Lithacodia atbidutà, Liso = ttnomo¡i ioina"giiÃut,lleca = Nepytia lanosair¡a,Nocs = Noctuid sp. s, Noc6 = Noctuid sp. 6,Prtr = Prochoerodes transversata, scfr = scoputa frigidaria, écin = scopula ¡ntiuc,tatà,sclim = scoputa timboundata, Trha = Triphosahaesitata' Xaab = xanthorhoe abrasaria congregata, Xaid = xanthorhoe ¡duatà, ia,sp,1 = Xanthorhoe sp. 1, Xaso = Xanthotype sospefa,Xesm = Xestia smithii,Xyac = Xytotype acalia,2aspp = Zarciognufha spp.
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Figure 11' PCA ordination diagram (Axes 1 & 2) of all.moth species from Luminoc@ traps in 12 plots (2000) with plot scores (o) andspecies scores (-+)' only the 37 most frequèntly caught moth species are displayed in diagram.' cnoì¡stoneura fumiferana and Nepytiacanosaria are removed from the ordination and do not influence th" a*es.

US = unsprayed plots;

!99 = plots sprayed in 1 999 - 12 to 15 months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post språy. 

-'

Key to moth species: Anpr = Anaplectordes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea, caer = caberaerythemaria, cava = 9abeJg variolaria, cape = cSmpaea pertata, clc¡ = chbrãctyüa citrata, óhfu = chorßtoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia ¿ecotoi, Euspp = Eupithécia spp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Granhlnlorl.haruspica, HysPp_l- Hydriomenaspp., HyÀu = iyprna humufi,ldea = ldia ae"muta, ldam = ldia americatis,Lafi = Lambdina fiscellaria, Líal = Lithacodia atbiduia, Liso = Lnhòmoiâ sotidaþ'inus;, Ñà"" = Nepytia canosaria, Nocs = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, ðc¡n = Scopula inductata, Sclim = Scopula timboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria torgrrg"t",Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype aca¿¡a, Zãspp = Zanclognatha spp.
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Figure 12' P3Aordination diagram (Axes 1 & 3) of all moth species from Luminoc@traps in 12 plots (2000) with plot scores (o) andspecies scores (--+)' only the 37 most frequently caught moth species are displayed in diagram. 
'chorìstone'ura 

fumiferana and Nepytiacanosaria are removed from the ordination and do not influenc" th" 
"*er.

US = unsprayed plots;

999 = plots sprayed in 1999 - 12 to 15 months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post språy. 

-'

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea, caer = caberaerythemaria, cava = cabera variolaria, cape = cgmpaea pertata, cñci = cnørãityiìia citrata,óhf, = cnor¡itoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enàrgia decotor, Egrpp = Eupitheciaspp., Eupe= Euretagrotis peraftenta, Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspg. = Hydliomena spp., Hyhu = iyp"r" numuti,ldea = tdia ae"muta. ldam = ldia americatis,La'fi= Lambdina'fiscellaria,Lial = Lithacodia.atbiduia, Liso = Lithomgiâ sotidaginus, Neca = Nepytia canosaria,Noc5 = Noctuid sp. s, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, õc¡n = Scopula inductata,sclim = Scopula limboundata, rrha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria 
"orgr"g"iu,Xaid = xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype aca¿¡a, Zãspp = Zanclognatha spp 
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Figure 13' PCA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2001) with plot scores (o) and species scores(---+). only the 37 most frequenfly caught moth species are displayed in diagram.

US = unsprayed plots;

!99 = plots sprayed in 1999 -24to 27 months post spray;
S00 = plots sprayed in 2000 - 12to 15 months post sþray.

Key to moth species: Anpr = AnaplectolUes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea, caer = Cabera
erythemaria, Cava = C.abe19 variolaria, Cape = Cgmpaea perlata, cñó¡ = Chbrõcgsia citrata, Chfu = choristoneura fumiferana, cleal=
Clemensia albata,Eibi= Eilema bicolor, Ende = Enargia decolor, Euspp =Eupitheciaspp., Eupe = Euretagrotis perattenta, Euas = Eurois
1st1ict1, Grha = Grapllph.ora haruspica, Hyspq = Hydiiomena spp., Hytru = Hypen" humuli,ldea = tdia aãmuta, ldam = ldia americalis,
Lafi = Lambdina fiscellaria, Lial = Lithacodia atbiduia, Liso = Lithomgia sotidaginus, Neca = Nepytia canosaria, NocS = Noctuid sp. s, Noc6
= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, õcin = Scoputa inductata, Sclim = Scoputa limboundata, Trha
= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congreguia, Xaid = Xanthorhoe iduata, Xaspl = *anthorhoe sp. 1, Xaso = Xanthotype
sospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zalpp = Zanclognafha spp.

b.J
.À



US3 S99

lUl

i(
I

I

,i,

'd4,n
¡

,tt¡to
\H\\\l /
ù\llrl r

Q,,

S1

JS4

o

n Lafi
I,ol

lcÁ,

xyo

Cape

US20

oo

I

Noc6

-1.0

Anpr

Eusp s99cGrha O

.STN

ÔSOOA
XoY

Hyhu

1.5

N.J



Figure 14. PCA ordination diagram (Axes I & 2) of all moth species from Luminoc@traps in 12 plots (2001) with ptot scores (o) andspecies scores (--+). Only the 37 most frequently caught moth species are displayed in diagram. 
'c. 

tum¡rerana and N. canosaria wereremoved from the ordination and do not influence the axes.

US = unsprayed plots;

999 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - lZto 15 months post sþray.

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea, caer = Cabera
erythemaria, Cava = C.abe19 variolaria, Cape = Campaea perlata, Cñó¡ = Chtorõc$sia citrata, Chfu = Choristoneura fumiferana, Cleal=
Clemensia albata,Eibi = Eitema bicolor, Ende = Enargia decolor, Euspp = Eupithecia spp., Eupe= Euretagrotis perattenta, Euas = Eurois
1st1ct7' Grha = Graphiphorl haruspica, Hyspq. = Hydriomena spp., Hyhu = tiypena humui¡,ldea = tdia aãmula, ldam = ldia americalis,
Lati = Lambdina fiscellaria, Lial = Lithacodia atbiduia, Liso = Lithomoia sotidaþ'inus, Neca = Nepytia canosaria,ñoc5 = Noctuid sp. 5, Noc6
= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, õcin = Scoputa inductata, Sclim = Scopula timboundata, Trha
= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congregata, Xaid = Xanthorhoe ¡duätà, t;óì = i"; thorhoe sp. 1, Xaso = Xanthotype
sospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zaspp = Zanclognafha spp.
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Figure 15' PCA ordination diagram (Axes 1 & 3) of all moth species from Luminoc@ traps in 12 plots (2001)with plot scores (o) andspecies scores (--+). only the 37.most frequently caught moth species are displayed in diagram. C.fumiferana and N. canosaria wereremoved from the ordination and do not influenðe thJaxes.

US = unsprayed plots;

999 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - 12 to 15 months þost sþray.

Key,to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = c.abe13 varigþrig, çaPg = csmpaea pertata, cñci = cntorãityüia citrata,Óhfu = chorßtoneura fumiferana, cteal=Cle.ry9nsg Slbaþ Eibi = Eitema bicolor, Ende = Enárgia decotòì, Euspp = Eupitháciaspp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspq. = Hyd-riomena spp., Hyñu = iypera humtuli,ldea = tdia ae-muta, ldam = ldia ameìricalis,Lafi = Lambdina fiscettaria, Lial = Lithacodia atbiduia, Liso = t¡titomo¡ä iofi¿"giiui Ñ"." = Nepytia canosaria,Nocs = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodestransversafa, Scfr = scopulafrigidaria,ðc¡n = scopula inductata,sclim = Scopula limboundata,Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria ,ongr"grtu,Xaid = xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xylotype acadialZãspp = Zanclognatha spp.--
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Figure 16' RDA ordination diagram of all moth species from Luminoc@_traps in 12 plots (2000) and treatment variables with plot scores(o), species scores (---+), and nominal variables ( --ù ). only the 37 most trequeniiy caugnt moth species are displayed in diagram.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 12to lS months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spráy. 

''

Key to moth species: Anpr = Anaplectoides pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = Caberaerythemaria, cava = C.abela variolaria, cape = cgmpaea pertata, Cñci = cnbrãctyüa citrata, óhfu = chorßtoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enàrgia decolor, Eus Þp = Eupithter, ,pp., Eupe= Euretagrotis peraftenta, Euas = Euroisastricta, Grha = Graohlph.orl haruspica, Hyspq.= Hydriomenaspp., Hyhu = riyp"nu humiuti,ldea = tdia ae-muta, ldam = ldia americalis,Lafi = Lambdina fiscettaria, Lial = Lithacodia atbiduia, Liso = t¡thòmoiâ sotidaginus, Ñà"" = Nepytia canosaria, Nocb = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodestransversafa, Scfr = Scopulafrigidaria,õcin = Scoputa inductata,sclim = Scopula timboundata,Trha
= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congregaia, Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xylotype acadia-, Zãspp = Zanclognatha spp.
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Figure 17' RDA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2000) and treatment variables with plot scores(o), species scores (--+), and nominal variables (-. -->) only the p{ mosi rrequentty áaught moth species are displayed in diagram. c.fumiferana and N. canosaria were removed from the ord¡nat¡on and do not influence the axes.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 12to 15 months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spray. 

-'

Key to moth species: Anpr = Anaplectoides pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = Caberaerythemaria, cava = cabe1g variolaria, cape = cgmpaea pertata, cñci = chtorãcUsüa citrata, óhfu = cnorßtoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enàrgia decolor, Euspp =.Eupithter," ,pp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiplorl haruspica, Hyspp_ = HydViomenaspp., Hyhu = iyp"r" humuti,ldea = tdia ae-muta. ldam = ldia americalis,Lafi = Lambdina fiscetlaria, Lial = Lithacodia atbiduia, Liso = Liti¡òmoiâ sotidaþ'inus, Nàca = Nepytia canosaria,Noc5 = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, ðcin = Scopula inductata, Sclim = Scopula limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congr"gaiu, Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. i, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zalpp = Zanctognath".pp.
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Figure lB' RDA ordination diagram of all moth species from Luminoc@ traps_in 12 plots (2001) and treatment variables with plot scores(o)' species scores (---+), and nominal variables i --+ l. önlv in" ez most rr"quãñilv caught moth species are displayed in diagram.
US = unsprayed plots;

999 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - 12to l5 months þost sþray.

Key to moth specíes: Anpr = Anaplectotues pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = cabera variolaria, gaPg = ctmpaea perlata, cñó¡ = chbrãctyüia citrata,óhfu = chorßtoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicotor, EÀde = efiþøj"ãáøi eu, pp = Eupihlá", 
"p0., 

Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = Hydiiomer" 
"pp., 

Hyhu = iypena humtufi,ldòa = Hia aãnuh, ldam = ldia americalis,Lafi = Lambdina fisceltaria, Lial = L¡thacoiia atbiduia, Liso = Lititomoiâ sotidaþ'inus, Neca = Nepytia canosaria,Nocs = Noctuid sþ. s, trtoco= Noctuid sp' 6, Prtr = Prochoerodestransversafa, scfr = sciputafrigidaria,õc¡n = sõoputa inductata,sclim = scopula limboundata,Trha= Trip:þest haesitata, Xaab = xanthorhoe abrasaia tongng"ii,Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype aca¿¡ai Zãspp = Zanclognatha spp.-
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Figure 19' RDA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2001) and treatment variables with plot scores(o), species scores (--+), and nominal variables ( ----> ). only the 37 mostfrequãnìty caugnt moth species are displayed in diagram. c.fumiferana and N. canosariawere removed from the ordinationãnd do not influence the axes.

US = unsprayed plots;

999 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - 12to15 months post spray..

Key to moth species: Anpr = Anaplectoides pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,Caer = caberaerythemaria, cava = c.aby7 variolaria, cape = cgmpaea pertata, cñói = chbrãctyüa citrata,óhfu = chorßtoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enàrgia decolor, Euspp = Eupithe", ,pp., Eupe= Euretagrotis perattenta, Euas = Euroisastricta, Grha = Graphiph.orl.hlullica, Hyspq. = HydViomena spp., Hyñu = Fiypena humiuti,ldea = tdia ae"mula, ldam = ldia americalis,Lafi = Lambdina fiscetlaria, Lial = Lithacodia atbiduia, Liso = t¡thòmoø sotidaþ'inus, Neca = Nepytia canosaria, Noc5 = Noctuid sp. 5, Noc6
= Noctuid sp' 6, Prtr = Prochoerodestransversafa, Scfr = Scopulafrigidaria,õcin = Scopula inductata,sclim = Scopula limboundata,Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congregaia, Xaid = Xanthorhoe iduata, Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xylotype acadia-,Zãspp = Zanctognatha spp.
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Figure 20' RDA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2000) and environmental variables with plotscores (O), species scores (---+), and continuous environmental variables ( --+ j. Onfy the 37 most frequenfly caught moth species aredisplayed in diagram.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 12 to 1S months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spray. 

-

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = c.abya variolaria, cape = cgmpaea pertata, cñói = chbrãctyüia citrata,óhfu = chor¡itoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enàrgia decotor, Euspp = Eupithecia spp., Eupe= Euretagrotis perattenta, Euas = Euroisastricta, Grha = Graphiphora haruspica, Hysqq. = Hydriomena spp., Hyhu = uiypena humiuti,ldea = tdia ae-muta, ldam = ldia americalis,La'fi = Lambdina fiscellaria, Lial = L¡thacod¡a atbiduia, Liso = Lititomoiá sotidaginus, Neca = Nepytia canosaria, NocS = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, õc¡n = Scoputa inductata,sclim = Scoputa timboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congregata,Xaid = xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zãspp = Zanclognatha spp
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Figure 21' RDA ordination diagram of all moth speciesfrom Luminoc@traps in 12 plots (2000) and environmentalvariableswith plotscores (O), species scores (---+), and continuous environmental variables ('--ù ). onlv the 37 most frequen¡y caught moth species aredisplayed in diagram' C'fumiferana and N. canosaria were removed from ine óro¡nat¡on and do not influènce the axes.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 12to 15 months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post språy. 

''

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,Caer = caøeìaerythemaria, Cava = Cabera variolaria, Cape = Campaea pertata, Cñci = Chbrãclysia citrata, óhfu = choristoneura fumiferanâ, Cleal='Clemensia albata,Eibi = Eilema bicolor, Ende = Enargia decolor, Euspp = Eupithecia spp., Eupe= Euretagrotis perattenta, Euas = Eurois
lst1ictl' Grha = Graphiphora haruspica, HY.pp_ = Hydriomena spp., Hytru = iyp"n" humiuti,ldèa = tdia ae"muta, ldam = ldia americalis,
La'fi = Lambdina fiscellaria, Lial = Lithacodia atbiduia, Liso = Lititomoia sotidaþ'inus, Neca = Nepytia canosaria, Nocs = Noctuid sp. 5, Noc6
= Noctuid sp,6, Prtr = Prochoerodestransversafa, Scfr = Scopulafrigidaria, õc¡n = Scoputa inductata,sclim = Scopula timboundata,Trha
= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congregata, Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospeúa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zãspp = Zanclognaftra spp.
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Figure 22' RDA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2001) and environmental variables with plotscores (o), species scores (---+), and continuous environmental variables ( --+ ). onlv the 3z most frequen¡y caught moth species aredisplayed in diagram.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - 12 to 15 months þost spray.

Key.to ¡efþ sPecies: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,Caer = Caberaerythemaria, cava = c.abe13 varigtgrig,6aPg = csmpaea pertata, cñci = chbrãclyüa citrata,chfu = choristoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia decolor, Euspp = Eupithecia spp., Eupe= Euretagrotis perattenta, Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = Hydiiomena rpþ., Hyhu = iypena humuti,ldóa = tdia aemuta, ldam = ldia americalis,La'fi = Lambdina fiscellaria,Lial = Lithacodia atbiduia, Liso = uthòmo¡â sotidaþ'inus, Neca = Nepytiar"ro""*, ñð"s = rrrã.tulä'rp. s, No"o= Noctuid sp' 6, Prtr = Prochoerodestransversafa, Scfr = Scopulafrigidaria,ðc¡n = Scoputa inductata,sclim = Scopula limboundaþ,rrha
= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congregata, Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zãspp = Zanclognatha,pp. 
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Figure 23' RDA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2001) and environmental variables with plotscores (O), species scores (---+), and continuous environmental varia.bles ( --ù l. OnìV the 37 most frequenfly caught moth species aredisplayed in diagram. c. fumiferana and N. canosaria were removed from the ordínation and do not influence the axes.

US = unsprayed plots;

999 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - 12lo 15 months post spray.

Key to moth species: Anpr = Anaplectolues pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = cabera variolaria, cape = cgmpaea pertata, cñói = chbrãctyüa citrata,óhfu = cnor¡iiòirir*ìlr¡r"rånã, ö1""1=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia decotoi, E!"pp = Eupitheciaspp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Granllnh.orl.haruspica, Hyspq = Hyd-riomenu rpþ., Hyhu = iyf"r" nurrfi,ldäa= Hia aimula, ldam = ldia americatis,Lafi = Lambdina fisceltaria, Lial = L'ithacodia àb¡auía, Liso = L'ttüàmoiâ sotidag'inui, Ñð.u = Nepytia canosaria,Nocs = Noctuid sp. b, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, ðcin = Scoputa inductata,sclim = Scoputa limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congrega'ta, Xaid-= xanthorhoe ictuàta,Xasp1 = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zãspp = Zanclognatha spp.
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Figure 24' RDA ordination diagram of all moth species and from Luminoc@ traps in 12 plots (2000) and tree species with plot scores (o),species scores (-'), and tree species variables (----> ). only the 37 most frequenily caught moth species are displayed in diagram.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 12 to 1S months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spray. 

-

Key to moth species: Anpr = Anaplectoides pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = Caberaerythemaria, cava = cabe19 variolaria, Cape = cgmpaea pertata, cñci = Chtorõc4sia citrata, óhfu = chor¡itoneura fumiferana, cleal=Clemensia albata, Eibi = Eilema bicolor, Ende = Enargia decolor, Euspp = Eupithácia spp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphorl haruspica, Hyspp_ = Hydriomena spp., Hyhu = iyp"na humu,li,ldea = tdia aemul4ldam = ldia americalis,Lafi = Lambdina fiscettaria, Lial = Lithacodia albiduia, Liso = t¡thòmo¡â sotidaþ'inus, Neca = Nepytia canosaria, NocS = Noctuid sp. 5, Noc6
= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, ðc¡n = Scoputa inductata, Sclim = Scopula limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congreguta, Xaid = Xanthorhoe iduata,Xaspl = Xanthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia-, Zatpp = Zanclognafha spp.

Key to tree species: Abba = Abies balsamea, Bepa = Betuta papyrifera, Pigl = Picea glauca, pima = picea mariana, potr = populus
tremuloides.
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Figure 25' RDA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2000) and tree species with plot scores (o),species scores (---+), and tree species variables ( ----> ). only the 37 niost rreqüenìly caught moth species are displayed in diagram. c.fumiferana and N' canosaria were removed from Ûre orá¡nátion ãnd do not influence the axes.

US = unsprayed plots;

999 = plots sprayed in 1999 - 12to 1S months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spráy. 

''

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = cabera variolaria, cape = cempaea pertata, cñc¡ = cnorãitylia ciirata,óhfu = chor¡'itoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Eàde = Enárgia j""oør, f rró p: E;;l;h;;"ä"pp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = Hyd-riomena spp., Hyhu = t-iyp"ra humuti,ldea = tdia ae"muta, ldam = ldia americalis,Lafi = Lambdina fiscettaria, Lial = L,ithacodia albiduia, Liso = Lititomgiâ sotidaþ'inus, Nàca = Nepytia canosaria,Nocs = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, scfr = scopula frigidaria, ðc¡n = scopula inductata,sclim = scopula timboundata, Trha= Triphosa haesitata, Xaab = xanthorhoe abrasaia ,ongr"g"ii, Xaid-= xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zãspp = Zanclognatha spp.

f:åiÏjä"ïpecies: 
Abba = Abies balsamea, Bepa = Betuta papyrifera, Pigl = Picea gtauca, pima = picea mariana, potr = poputus
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Figure 26' RDA ordination diagram of all moth species from Luminoc@ traps ìn 12 plots (2001) and tree species with plot scores (o),species scores (+), and tree species varíables (----> ). only the 37 most freque'ntty caugl.ìt moth species are displayed in diagram.

US = unsprayed plots;

19? = plots sprayed in 1999 - 24 to 2Z months post spray;
S00 = plots sprayed in 2000 - 12to 15 months bost sþraí.

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = cabera variolaria, cape = cempaea pertata, cñói = chbrõctysia citrata,óhfu = cnorßtoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia ¿""otoi, Euspp = Eupitháciaspp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = Hyd-riomer, rpþ., Hyhu = iyper" humuti,ldea = tdia ae-muta, ldam = ldia americalis,Lafi = Lambdina fiscetlaria, Lial = L.ithacodia atbiduia, Liso = t¡titòmo¡a sotidaþ'ínus, Nèca = Nepytia canosaria,Nocs = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopuia frigidaria, ðcin = Sõoputa inductata,sclim = scopula limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe a:brasaria ,ongrg"t", Xaid-= xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zãspp = Zanclognatha spp

Key to tree species: Abba = Abies balsamea, Bepa = Betula papyrifera, Pigl = picea glauca, pima = picea mariana, potr = populus
tremuloides.
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Figure 27' RDA ordination diagram of all moth species from Luminoc@_traps in 12 plots (200r ) änd tree species with plot scores (o),species scores (--+), and tree species variables ( ----> ). only the 37 mbst frequäñfly caugnt moth species are displayed in diagram. c.fumiferana and N' canosaria were removed from the ordinãtion änd do not influence the axes.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - 12 to 15 months post sþraí.

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caøeìuerythemaria, cava = cabera variolaria, cape = cSmpaea pertata, cñó¡ = cnorãityüa c¡irata, óhfu = choriitoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enàrgia decotoi, Euspp = Eupithtecra spp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspq. = Hydriomenaspp., Hyhu = Fiyp"ru humuli,ldea = tdia ae-muta, ldam = ldia americalis,Lafi = Lambdina fiscellaria, LiaI = L.ithacodia àtb¡¿uia, Liso = Lititòmoiâ sotidaginus, Ñà"" = Nepytia canosaria, Nocs = Noctuid sp. s, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, scfr = Scopula frigidaria, õc¡n = scoputa inductata,sclim = scopula limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congregata, Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. l, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia-, Zaspp = Zanctognatha spp. 
-'---'----r'

Key to tree species: Abba = Abies balsamea, Bepa = Betuta papyrifera, Pigl = picea glauca, pima = picea mariana, potr = populus
tremuloides.
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Figure 28' RDA ordínation diagram of all moth species from Luminoc@_traps in 12 plots. (2000) and shrub species with plot scores (o),species scores (---+), and shrub species variables ( ---> I. onrv the 37 most trequentty caught moth species are displayed in diagram.
US = unsprayed plots;

!99 = plots sprayed in 1999 - 12 to 15 months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spray. 

''

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = cabera variolaria, cape = cempaea pertata, cñói = cnørãitvüa citrata,óhf, = choriitoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia ,j"ioioi, eurpp = Eupit|eø ,pp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = Hyd-riomena spp., Hyhu = iyp"r" nu^iufi,ldea = Idia ae-muta, ldam = ldia americalis,Lafi = Lambdina fiscettaria, Lial = Lithacodia atbiduia, Liso = t¡täomoiá sotidaþ'inus, NÀca = Nepytia canosaria,Nocs = Noctuid sp. b, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, scfr = }çepul¿ frigidaria, ðcin ] scoputa inductata, sclim = scoputa limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaia torgr"g"iu, Xaid = xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xylotype acaA¡al Zãspp = Zanclognathaspp.-

Key to shrub species: Abba = Abies balsame.a,Algf = Alnus crispa,Juco = Juniperus communis,Legr = Ledum groenlandicrr, rroo =Linnaea borealis, Pisp = Picea spp., Ritr = Ribes frsfe, Roac =-Ro"u acicularis,Vied = Viburnum edute.
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Figure 29' RDA ordination diagram of all moth species from Luminoc@_traps in 12 plots (2000) and shrub species with plot ."oru, 1o¡,species scores (---+), and shrub species variables (---Þ ). only the 37 mbst rrequãnìy caught moth species are displayed in diagram. c.fumiferana and N' canosariawere removed from tne oro¡nãtionänd do not influence the axes.

US = unsprayed plots;

199 = plots sprayed in 1999 - 12 to 15 months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spráy. 

''

Key to moth species: Anpr = Anaplectoides pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, Cava = Cabera variolaria, Cape = Csmpaea pertata, Cñó¡ = cnorãi4üa citrata,Chfu = Choristoneura fumiferana,Cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia ¿ecoior, Euspp = Eupitniár, 
"pp., 

Eupe= Euretagrotis perattenta,Euas = Euroisastricta' Grha = Graphiphora haruspica, Hyspp- = Hydiiomenaspp., Hytru = iyp"n" humtufi,ldea = tdia aãmda. ldam = ldia americalis,Lafi = Lambdina fiscettaria, Lial = Lithacodia atbiduia, Liso = L¡tüòmoiâ sotidaþ'inui, Ñã." = Nepytia canosaria,Noc5 = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodestransversafa, Scfr = Scopulafrigidaria,ðc¡n = scoputa inductata,sclim = scoputa limboundata,Trha= Triphosa haesitata, Xaab = xanthorhoe abrasaria ,ongr"g"ii,Xaid-= Xanthorhoe iduata,Xaspl = *anthorhoe sp. i, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acad¡al Zãspp = Zanclognathaspp.

Key to shrub species: Abba = Abies balsame.a, Alq = Atnus crispa,Juco = Juniperus communis,Legr = Ledum groenlandicum, Libo =Linnaea borealis, Pisp - Picea spp., Ritr = Ribes fnsfe, Roac = Ro"" acicularis,Vied = Viburnum edute.
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Figure 30' RDA ordination diagram of all moth species and from Luminoc@ traps in 12 plots (2001) and shrub species with plot scores (o),species scores (---+), and shrub species variables ( --+ ). only the 37 most irequenìly caught moth species are displayed in diagram.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - 12to 15 months post sþray.

Key to moth species: Anpr = Anaplectordes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,Caer = cabeÀerythemaria, cava = c.abya varigtaria, cape = cSmpaea pertata, cñc¡ = chbrãctyüa c¡irata, óhfu = chorßtoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia decotor, Euspp = Eupithécia spp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = HydViomena spp., Hyhu = iyp"n" humiuti,ldea = tdia ae-muta, ldam = ldia americalis,Lari = Lambdina fiscellaria, Lial = Lithacodia atbiduia, Liso = Lititomoiá sotidaþ'inus, Neca = Nepytia canosaria, Noc5 = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodestransversafa, Scfr = Scopulafrigidaria,õcin = Scoputainductata,sclim = Scopulatimboundata,Trha
= Triphosa haesitata, Xaab = Xanthorhoe abrasaria congr"gai", Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zaspp = Zanclognatha spp.

Key to shrub species: Abba = Abies balsame.a, Alcl = Atnus crispa, Juco = Juniperus communis, Legr = Ledum groenlandicum, Libo =Linnaea borealis, Pisp - Picea spp., Ritr = Rlbes frisfe, Roac = Ro"" acicularis,Vied = Viburnum edule.
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Figure 31' RDA ordination diagram of all moth species from Luminoc@_traps in 12 plots (2001) and sllrub species with plot scores (o),species scores (--+), and shrub species variableò f --ù ) only the 37 mäst trequãnìy caught moth species are displayed in diagram. c.fumiferana and N' canosaria were removed from tne oro¡nãtion änd do not influence the axes.

US = unsprayed plots;

199 = plots sprayed in 1999 - 24 to 2Z months post spray;
S00 = plots sprayed in 2000 - 12to 15 months þort 

"bràí.
Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = cabera variolaria, cape = cempaea pertata, cñói = chtorãctyüia citrata,óhfu = chori'itoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia decotoi, Euspp = Eup¡tneciàspp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspg. = Hydiiomena spp., HyÀu = iyp"n" humuti,ldea = tdia ae"mula, ldam = ldia americalis,Lafi = Lambdina fiscettaria, Lial = tithacodia atbiduta, Liso = müòmoø sotidaþ'inus, Ñð"u = Nepytia canosaria,Nocs = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, scfr = scopula frigidaria, õc¡n = scoputa inductata,sclim = scoputa limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria 

"ongr"g"ii,Xaid = xanthorhoe iduata,Xaspl = Xanthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype aca¿¡al Zãspp = Zanclognathaspp 
-

Key to shrub species: Abba = Abies balsame.a,Alcl = Atnus crispa,Juco = Juniperus communis, Legr = Ledum groentandicum,libo =Linnaea borealis, Pisp = Prcea spp., Ritr = Rrbes frlsfe, Roac = Ro"u acicularis,Vied = Viburnum edule.
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Figure 32' RDA ordination diagram of all moth species from Luminogp tç¡s in 12 plots (2000) and herbaceous species with ptot scores(o)' species scores (+), and herb species variables ( --+ ). ònry the 3i most rråquenfly caught moth species are displayed in diagram.

US = unsprayed plots;

999 = plots sprayed in 1999 - 12 to 15 months post spray;
S00 = plots sprayed in 20OO - 0 to 3 months post spray. 

''

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = c.abe13 varigtgria, cape = cgmpaea pertata, cñó¡ = chbrãctyüa citrata,óhfu = cnor¡ätoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia decotor, E!.pp = Eupithéciaspp., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = Hyd,-riomen, rpþ., Hynu = iyp"ra humiuti,ldea = ldia ae-muta,ldam = ldia americalis,Lafi = Lambdina fiscettaria, Lial = L¡thacodia atbiduia, Liso = Lititomoiâ sotidaþ'inus, Neca = Nepytia canosaria,Nocs-= Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = scopula frigidaria, õcin = Sioputa inductata,sclim = scopula t¡møounaaíå,'ìiiä= Triphosa haesitata, Xaab = Xanthorhoe abrasaria 
"ongrg"t", 

Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xylotype acadia, Zalpp = Zanctognatha spp.

Key to herbaceous species: Arnu = Aratia nudicaulis, Coca = Cornu-s canadensis, Epan = Epitobium angustifotium. Frvi = Fragariavirginiana, Maca = Maianthemum canadense, pepa = pefasdes parmatus, pysp = eyrotaspp., Moss = mosses.
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Figure 33' RDA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2000) and herbaceous species with plot scores(o), species scores (--'), and herb species var¡ables ( - -> ). only the 37 rort t 
"qu"nfly 

caught moth species are displayed indiagram' C' fumiferana and N. canosaria were removed from ihe ordination and do not influence the axes.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 12to lS months post spray;
S00 = plots sprayed in 2000 - 0 to 3 months post spráy. 

-.

Key to moth species: Anpr = Anaplectordes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria' cava = cabera variolaria, cape = cempaea pertata, cñci = chbrõctysia citrata, Óhfu = cnoriitoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia decolor, Euspp = Eupithecia spp., Eupe= Euretagrotis perattenta, Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = Hydriomena spp., Hyhu = Ulypena humiuti,ldea = tdia ae"muta, ldam = ldia americalis,Lafi = Lambdina fisceltaria, Lial = Lithacodia atbiduía, Liso = Lititomoiá sotidaþ'inus, Neca = Nepytia canosaria,Nocb = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, ðc¡n = Scopula inductata, Sclim = Scopula limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria corgr"gai", Xaid = Xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = Xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acadia, Zalpp = Zanctognatha spp.

Key to herbaceous species: Arnu = Aratia nudicaulis, Coca = Cornu.s canadensis, Epan = Epitobium angustifolium, Frvi = Fragariavirginiana, Maca = Maianthemum canadense, pepa = pefasifes palmatus, pysp = eyiotaspp., Moss = mosses.
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Figure 34' RDA ordination diagram of all moth species from LuminogPtlqqr in 12 plots (2001) and herbaceous species with plot scores(o)' species scores (---+), and herb species variables ( ---Þ ). ônly the si most rrðquenfly caught moth species are displayed in diagram.

US = unsprayed plots;

!99 = plots sprayed in 1999 - 24 to 27 months post spray;
S00 = plots sprayed in 2000 - 12lo 15 months post sþray.

Key to moth species: Anpr = Anaplectoldes pressus, Anho = Anomogyna homogena, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = cabera variolaria, cape = c3mpaea pertata, cñci -- chlorãctyi;ia citrata, chfu = choristoneura fumiferana, cleal=Clemensia albata, Eibi = Eitema bicolor, Ende = Enárgia ¿ecotòi, euspp J'Èiplniér, ,00., Eupe= Euretagrotis perattenta,Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp_ = Hydiiomena spp., HyÀu = iyp"ru numufi,ldea = tdia ae"muta, ldam = ldia americalis,Lafi = Lambdina fiscellaria, Lial = Lithacodia atbiduía, Liso = Litäomoiâ sotidaþ'inus, Neca = Nepytia canosaria,Noc5 = Noctuid sp. s, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, scfr = scopula frigidaria, ðcin = sõoputa inductata,sclim = scoputa limboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria ,ongr"gui", Xaid-= xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xylotype acad¡a, Zãspp = Zanclognatha spp.--

K.ev.t9 herbaceous species:Arnu = Aratia n;d¡caut¡s,coca = cornu.s canadensis,Epan = Epibbium angustifotium, Frvi = Fragariavirginiana, Maca = Maianthemum canadense, pepa = pefasifes parmatus, pysf = Êiìoøspp., Moss = mosses.
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Figure 35' RDA ordination diagram of all moth species from Luminoc@ traps in 12 plots (2001) and herbaceous species with plot scores(o), species scores (-+), and herb species variables ( ---t i. only the äz roriü"ju"nfly caught moth species are disptayed indiagram' C. fumiferana and N. canosariawere removed from tñe ordination and do not influence the axes.

US = unsprayed plots;

199 = plots sprayed in 1999 - 24 to 2Z months post spray;
S00 = plots sprayed in 2000 - 12 to 1b months bost sþrai.

Key to moth species: Anpr = Anaplectoides pressus, Anho = Anomogyna homogerìa, Appu = Apharetra purpurea,caer = caberaerythemaria, cava = c.aby3 variolgria, cape = campaea pertata, cñói = chlorãctyüa citrata,óhfu = cnor¡itoneura fumiferana, cleal=Clemensia albata, Eibi = Eilema bicolor, Ende = Enárgia decotor, Euspp = Eupithecia spp., Eupe= Euretagrotis perattenta, Euas = Euroisastricta, Grha = Graphiphora haruspica, Hyspp- = Hydriomena spp., Hyhu = iypena humuti,ldea = tdia ae"muta, ldam = ldia americalis,Lafi = Lambdina fiscellaria, Lial = L,ithacodia atbiduia, Liso = tithomgiâ sotidaþ'inus, Ñã"" = Nepytia canosaria,Noc5 = Noctuid sp. 5, Noc6= Noctuid sp' 6, Prtr = Prochoerodes transversafa, Scfr = Scopula frigidaria, õc¡n = Scoputa inductata, Sclim = scopula timboundata, Trha= Triphosa haesitata, Xaab = Xanthorhoe abrasaria 
"ongr"g"iu,Xaid = xanthorhoe iduata,Xaspl = *anthorhoe sp. 1, Xaso = xanthotypesospefa, Xesm = Xestia smithii, Xyac = Xytotype acaa¡a, Zãspp = Zanclognatha spp.

Key to herbaceous species:Arnu = Aralia nudicaulis, Coca = Cornu.s canadensis, Epan = Epitobium angustifotium, Frvi = Fragariavirginiana, Maca = Maianthemum canadense, pepa = pefasdes palmatus, pysp = pyìoøspp., Moss = mosses.
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CHAPTER V

DISCUSSION

Limitations

Many techniques exist to sample insect populations (Southwood 19Zg;

Muirhead-Thomson 1991). Each technique has associated advantages and

disadvantages and each technique favors certain types of insects. Therefore, the

use of one technique to sample an entire insect community will be biased, with

only certain components of the entire community being well represented and

others not at all (Kempton & Taylor 1974; Muirhead-Thomson 1gg1). Because

previous research has shown Lepidoptera to be sensitive to Mimic@, and many

species of Lepidoptera are attracted to light and active at night (Borrer ef a/.

1989), light trapping was chosen as the best sampling technique to evaluate non-

target impacts in this study. There are many factors that can influence moth

catches by light traps including: moon phase, the period of íllumination,

temperature, wind velocity and direction, local vegetation structure, and position

of the trap (Thomas 1996). However, since the plots were very simílar, there was

no reason to believe that these effects were influenced by plot type.

There was a relatively small amount (1O%) of unidentifiable moths due to

damage to previously caught dead moths in the traps caused by vigorous

movement of larger moths or moths freshty caught. However, comparisons

among plot types were not likely to be influenced by unidentifiable moths since

this condition was expected to be similar for every trap.
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The l2sites received equal dosage treatments of Mimic@; however, the

true deposition of the spray in the canopy and the understorey vegetation layers

is unknown. Kromekote@ spray cards used to measure actual spray droplet

deposit would have been helpful in exploring differences between the plot types

as far as how much spray was actually deposited into each forest vegetation

layer. However, the study was based on an operational spray program and

normal variation was expected.

Replication requires that study sites be randomly located and interspersed

(Hurlbert 1984), whích was not entirely possible because data was collected as

part of an operational spruce budworm moth suppression program. Because true

replication was not present, caution should be used in.applying the results from

this study to areas other than those similar to the boreal forest of this region

where an operational spray application is being made.

Although Ward's@ light traps were employed for moth capture, more traps

should have been used with all plots being sampled at'the same time (as with the

Luminoc@ traps). This would have been very labour intensive and expensive.

The present sampling design with the bucket traps did not really provide the

expected amount and type of data useful for making comparisons in species

richness and evenness with the Luminoc@ traps. The Ward's@ trap data was

useful in supporting or refuting the species occurrence information from the

Luminoc trap data and perhaps reinforcing general trends in the data. For

example, if a species was coltected in unsprayed plots but not in sprayed plots
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using the Luminoc@ traps, Ward's@ trap data may have revealed that the species

did occur in these plots but were just not caught in the Luminoc@ traps.

ln 2000, collecting began after the Mimic@ applications therefore, the 2000

sampling season had a later sta¡'t than the 2001 sampting season. The 2000

season also ended later than 2001. The earlier start to 2OO1 (by approximately 3

weeks) may have been a factor in the increase in numbers from 2000 to 2001

(40% increase in total moths collected from 2000 to 2001). However, since each

plot was sampled similarly in each year, there is no reason to believe this would

influence comparisons between plot types in separate years.

Plot Similarity

All plots were typical of the natural variation found in boreal forest and any

differences observed reflect this variation. ln general, all plots had similar layers

of vegetation and percent light intensity levels. All plots were similar in terms of

mean tree age, size, and density, and tree atpha diversity. The only notable

difference was that US plots had a significantly higher percentage of conifers

than the SP2000 plots. The implication with respect to moth species diversity

could be that more conifer feeders may frequent these plots or that the number of

individual moths andlor the number of species may be higher in these plots due

to a more complex architecture (Lawton 1gB3) and/or a greater degree of

sheltered habitats and oviposition sites. Stands with a higher density of conifers

are also known to have a lower albedo (Rosenbe rg et at.1g83), so that nights

could be relatively warmer and potentially more suitable for higher moth activity
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levels' The high percent of conifers in the US plots is also negatively correlated

with high percent light intensíty as observed in the ordination analysis. This

relates to higher moss cover and lower percent herb cover in some but not all of

the US plots, but these differences were not statistically significant.

ln general, percent defoliation (which is an element of tree structure) for

the year 20OO was higher in unsprayed plots than in the SP1gg9 (f year post-

spray) and the SP2000 (year of spray) plots. High defoliation tevels are indicative

of high spruce budworm population levels. This may be relevant to moth species

diversity in that where there are high levels of spruce budworm numbers there

may be more competition for spruce and fir as host-plants. This higher level of

competition may relate to lower numbers of moth species other than spruce

budworm in some of the plots. However, the significanfly lower percent

defoliation levels in the sprayed plots are also indicative of a successful spray

program.

For the shrub and herbaceous vegetation layers, all plots were similar in

terms of levels of percent cover, species richness and Shannon alpha diversity

with only one or two plots at one extreme or the other regarding a particular

measure- For example, plot US5 had very low shrub species diversity and a very

high percent cover score for A. balsamea shrubs compared to the other plots.

This may make this plot relatively more or less suitable for ceftain moth species

depending on their host plants. However, in this study, a large number of the

most frequently caught species are generalist feeders and are not as restricted in

terms of habitat as monophagous species. overail, plot s00B was higher and
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S00A fower in herb díversity. Therefore, these two plots may have differed

greatly in their species composition. Although ordination analysis showed

dífferences between plots regarding shrub and herbaceous species composition,

there was no reason to believe that these differences would influence the spray

effect since the difference was not significant between plot types.

Spray Effect on Spruce Budworm

Differences in the number of spruce budworm laruae collected and in the

defoliation levels for the year 2OO0 between US and S plots demonstrated the

efficacy of Mimic on spruce budworm larvae. Attempts to suppress spruce

budworm populations and defoliation appeared to be successful. year of spray

data was not collected for the SP1999 plots but there was a spray effect on

spruce budworm as spruce budworm adults and defoliation were suppressed one

year post-spray. At two years post spray spruce budworm adults rebounded as

number of moths collected increased

It appeared that the spray program for SP2000 plots was also successful

with significant suppression of defoliation and spruce budworm adults in the year

of spray. At one year post spray the adults rebounded in these plots but there

was still significant suppression of spruce budworm larvae at one year post

spray.

There are factors that may have caused differences in the levels of

population of spruce budworm before the spray. For example, infestation levels

in plots could have differed initially but without several years of baseline
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population data from these plots pre-spray, it is difficult to draw conclusions

regarding pre-spray populations. Migration into or out of plots was probably

occurring during this study which could influence larval and adult abundance

measurements. The efficacy of aerial spraying may have differed between spray

blocks. Timing is very important - the product would not be as effective if it was

not applied when the majority of the larvae were exposed (i.e. some larvae might

not ingest a lethal dose if they come out of buds after the spray) (Cadogan ef a/.

1998). Despite these factors, spruce budworrn populations were significanly

reduced in this study.

Adults

As Mimic@ demonstrated significant spruce budworm suppression, there

was also potentialto observe sígnificant non-target species mortality (as

expressed in adult numbers) in SP199g plots at one year post spray and in

SP200O plots in the year of spray.

La¡vae are the lepidopteran life stage targeted and mainly affected by

Mimic@, and as light traps collect adult Lepidoptera, a lag time might be expected

to occur between the time of spray and the expression of a spray effect among

adult Lepidoptera. lmpacts on larvae during the treatment years (1ggg & 2000)

might not be observed as an effect on abundance and diversity untilthe post

treatment years when it may be expressed in the adult data (2000 & 2001)

(Butler 1992; Butler & Kondo 1991 ; Sample et at. 1996). ln the study by Sample
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et al- (1996), there were effects of Btk treatments on lepidopteran adults as well

as laruae. Although not as pronounced as effects on larvae, effects among moths

collected in the light traps mirrored those observed among lalae, i.e. abundance

and richness were reduced in sprayed plots. Among adults generally, the åffects

were not observed until the following year. ln this study, a similar phenomenon

was observed in the SP1999 plots. There was a significantly lower number of

moths and moth species in the SP1999 plots at one year post spray when spruce

budworm was included and excluded. There was this same spray effect

observed with the adult spruce budworm numbers forthe SPlggg plots. These

impacts, although apparent at one year post spray, should be considered

immediate impacts because many of the individuals collected were probably

present as larvae in the year of spray similar to spruce budworm.

However, adults of those species that were in the larval stages at time of

spray may be low in numbers in the year of spray, since their normal flight period

is mid- to late summer. While spruce budworm adults were still suppressed in

SP2000 plots, non-target species remained unchanged in the SP2O00 plots.

Number of non-target adults and nurnber of species were actually higher in the

SP2000 plots than in the US plots in the year of spray. Adults of those species

that were not in larval stages at time of spray (i.e. larval stage late in the season)

would not likely be affected and should be high in the spray year and the post-

spray years. The possibility of greater numbers of moths and/or moth species

having been collected in the US plots due to the higher percent of conifers

compared to SP2000 was not reflected in the data.
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The results on species evenness and log series alpha diversity in the plots

indicated that the sprayed and unsprayed plots were simitar when spruce

budworm was included or excluded. The Berger-Parker index, indicating the

degree of numerical dominance by the most abundant species, was consistenly

higher in untreated plots in 2000 when spruce budworm was included or

excluded. US plots had a significantly higher dominance index than Sp2000 plots

in the year of spray only when spruce budworm was inctuded. The following year

there was no longer a significant difference, possibly indicating recovery of

spruce budworm in the sP20o0 plots. The high number of spruce budworm

moths in the us plots compared to the sprayed plots helps explain this

difference. This effect 
"lso 

,upports the efficacy results in that Mimic@ had a

significant impact on spruce budworm in the year of spray causing high mortality

in the SP2O00 plots and lowering the dominance effect of spruce budworm.

When spruce budworm was included in the anatyses, not only did the

number of moths increase but the Berger-parker dominance index also

consistently increased when spruce budworm was included. The evenness and

log series alpha diversity were consistently lower when spruce budworm was

íncluded than when spruce budworm was excluded.

There was year to year variation, particularly in number of moths, number

of species, and log series alpha diversity. Numbers of moths and number of

species íncreased consístently in all plots from 2000 to 2001 with Sp1g9g having

the most significant increases compared to US plots when spruce budworm was

excluded. This may indicate a strong recovery of non-target species although this



178

recovery may also be a seasonal effect. The SP2000 plots did not change grealy

from 2000 to 2001 ín number of moths or number of species. Log series alpha

diversity in both SP1999 and SP2000 plots increased significantly when

compared to US plots. A seasonal trend in species diversity was evident.

For both sampling seasons, PCA ordination analysis showed a distinct

spray efÍect only when the two most dominant species, C. fumiferana and N.

canosaria were included in the ordination. The unsprayed plots had higher

numbers of these two species than the sprayed plots. When they were removed

from the ordination the locations of the sites and the other species were

expressed more clearly and there was no longer a distinction between sprayed

and unsprayed plots. This could indicate a spray effec! but only for G. fumiferana

and N. canosaria.

Results from the RDA ordinations include a confirmation of the separation

of sprayed and unsprayed plots based on percent of conifers with a highest

percent in the unsprayed plots and the lowest in the SP2O00 plots. RDA also

showed a positive correlation of unsprayed plots with the percent defoliation

2000 environmental variable. RDA did not reveal strong relationships between

particular moth species and their food plants.

ln general, c. fumiferana, N. canosaria, E. bicolor, and c. albata were

more consistently associated with the US plots. These four species can generally

be found feeding in the canopy and are all in the larual stage in June at the time

of aerial spray applications of Mimic. The high percentage of conifers in the US

plots may also be a factor in the higher numbers of these species in these plots.
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There were no other significant patterns or trends of species and site

relationships that would indicate a spray effect observed in the ordinations.

Non-target moth species are most susceptible if they generally feed in the

canopy where the spray deposition is highest and if they are in the larual stage at

the time of spray. Of the 36 most frequently caught non-target species, 12were

considered most susceptible, Of thes¡ 12, only C. albata, E. bicolor, C. perlata,

Hydriomena spp., L. fiscellaria, and N. canosaria were reduced at a similar rate

as that of C. fumiferana. of these species, only c. albata, E. bicolor, and N.

canosaria were consistently reduced in the year of spray and post spray periods.

Understorey Larvae

The significantly smaller number of spruce budworm larvae collected in

the sP2000 plots at one year post spray was similar to the significant

suppression of spruce budworm larvae observed in these plots in the canopy

data. Differences in the number of larvae collected between the sprayed and

unsprayed plots initially seem to demonstrate the impact Mimic may have had on

non-target Lepidoptera which was that numbers of larvae were generally lower in

sprayed plots than in unsprayed plots. The number of Other non-target larvae in

the SP1999 plots at two years post spray was significantly lower than in the

unsprayed plots in early July. However, the number of spruce budworm larvae in

the canopy in these plots was actually greater than in the unsprayed plots

indicating that there may have been another cause for the low numbers of non-

target species. The number of Other non-target larvae was also significan¡y
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lower in the SP2000 plots at one year post spray in June. This corresponds with

the significant suppression of spruce budworm laruae observed in the canopy in

these plots at this post spray period.

when percent reduction of larvae was compared between spruce

budworm and Geometridae and Other laryae, the reduction rate was much

higher for spruce budworm in the sprayed plots. The lowest nontarget mor-tality

was in SP2000 plots where Mímic seemed to be quite effective at suppressing

spruce budworm larvae indicating some other causes for the non-target mortality.

Geometridae, considered to be relatively more susceptible than some other

Lepidoptera Families because they are open feeders (often in the canopy)

(scoble 1992), were not reduced at as high a rate as the spruce budworm.

Understorey larual samplíng was only done in 2001 at one year post spray

for SP2000 plots and two years post spray for SP199g plots. Even though multi-

year effects have been observed for Mimic@ (Cadogan et at.2002), sampling in

treatment years would have given a clearer indication of spray effect. lt is

understood that pooling the families of lepidoptera laryae into one group (Other)

is essentially putting species unaffected by Mimic with those that may have been

affected, which may obscure the expression of a spray effect.

Scarce Moth Species

From a conservation point of view, non{arget studies often need to

address the more scarcely distributed species (Thomas & Thomas 1gg4;

Thomas 1996). One of the greatest challenges facing a study of this kind is
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getting sufficient representation of a wide spectrum of species to allow

meaningful statisticaltests (Thomas & Thomas 1994; Thomas 1996). As might

have been expected from the outset, many species in this study proved to be

scarce. From the Luminoc@ light trap collections in 2000 and 200i, 17g species

of macrolepidoptera were identified. Of these, 57 (32%)were seen only once, 22

(12o/o) twice, 18 (10o/o) 3 times, and 10 (6%) 4 times.

Although the species richness of less frequently caught species (142) was

higher than that of frequently caught species (36); tne more frequenly caught

species made up a larger proportion of the total catch (75%). All plots were

dominated by the more frequently caught species. Only if the scarce species

made up the majority of the total catch would they be tnore likely to be removed

from the system than the more frequenfly caught species.

Since numbers of scarce species were too low for statistical analysis,

treatment effects did not appear to occur when exploring species composition of

plots in ordination analysis. RDA did not reveal strong correlations between

scarce species and spray treatments.

Future Considerations

To obtain a better understanding of the nature and extent of Mimic@ side

eflects on non-target Lepidoptera in this study, a longer post spray and pre-spray

sample period would be required. ln addition it would be helpful to study the non-

target fauna in a similar forest type without a spruce budworm infestation in the

same region.
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Sampling in one or two pre-spray years (baseline study) and one or two

more recovery years would allow population trends to be evaluated and would

greatly increase confidence in the validity of the results. For example, this might

help in determining if species that disappeared 0 to 27 months post spray were

potentially gone for good (í.e. not attracted to the plots anymore) or if it was a

natural occurrence. We might be able to speculate that recolonization will occur

eventually, that is, the sites are still attractive to these species.

The life histories of many of the non-target species are poorly known or

unknown especially in relation to host plants. A better understanding of

larval/host plant interactions would have been helpful in this study. All non-target

species and all of their host plants would need to be examined. However, such

exhaustive studies are usually impossible given the wide range of host plants

and moth species that occur in these forest habitats. Also, the majority of forest

Lepidoptera occur at very low densities (Magurran 1988) such that sample areas

may have to be very large.

The variation in susceptibility of forest Lepidoptera species to Mimic@ is

poorly understood and laboratory studies on specific species or feeding groups,

e'9. C. albata, E. bicolor, N. canosana which all feed in the canopy would help in

determining levels of susceptibility.
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CONCLUSIONS

1l There were significant spray effects on non-target Lepidoptera species for

the number of individuals collected and on species ríchness at one year

post spray for the SP1999 plots.

2) There were no significant spray effects on log series alpha diversity,

evenness, or dominance for the non-target species data. ln spray plots

where Mimic@ provided the greatest reduction of spruce budworm

(SP2000 - based on spruce budworm larval counts and defoliation

measurements), there was no significant difference in the-numbers of

moths, moth species or diversity versus the unsprayed plots.

3) Adults of six of the 36 most frequently caught species decreased at a

relative reduction rate similar to that of C. fumiferana overthe study period

4l Although Mimic@ treatment significantly reduced non-target Lepidoptera

as a group at one year post spray for certain measures (i.e. number of

individuals and species), there was evidence of recolonization as moth

numbers rebounded at two years post spray to levels similar to or greater

than in the unsprayed plots.

5) These results, along with Butler's (1997b) study, indicate that aerial

applications of this insecticide may have a negative impact on ceftain non-

target lepidopteran species but not on overall diversity.

6) Two species from the Family Arctiidae and one from the Family

Geometridae were less abundant in sprayed plots in both 2000 and 2001.

These three species, clemensia arbata, Eilema bicotor and Nepytia
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canosaria feed in the forest canopy, occur as laruae in May and June

coinciding with Mímic@ application, and fly as adults from June through

August of the same year (coveil 1gg4). Therefore, effects of Mimic@ on

these species may explain the reduction observed in the spray year, and

post spray years.

Mimic@ may be causing selective non{arget larua mortality but at a much

lower rate than spruce budworm larva mortality.

This study supports the null hypothesis that Mimic@ does not reduce the

overall species diversity of non-target Lepidoptera in sprayed areas of

boreal forest when compared with unsprayed areas.
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Appendix l' species list of herbaceous and shrub vegetation percent cover (species with sum à l% cover) and tree stems/10 m2 in the 12 sites.

HERBACEOUS VEGETATION

Aralia nudicaulis L.

Asfer sp

Cornus canadensis L.

Epilobium angustifolium L.

Fragaria virginiana Dcne.
Galíum borealø L.

Lathyrus sp

M aÌanthe m um canadense Desf.
M e rten si a pan iculafa (Ait.)

Mitella nuda L.

Petasites palmafus (Ait.) A. Gray
Pyrola sp

Ranunculus sp

Rubus pubescens Ráf.

Trie ntal is borealrs Raf.

Unknown A
Unknown C

Unknown X

mosses

TOTAL % HERB COVER PER
SITE
DEAD VEGETATION/BARË
GROUND

NUMBER OF SPECIES

SHANNON'S DIVERSITY H'

usl

9.7

0

2.9

0.2

0

0

0

0.4

0.1

0

0

0.3

0

0.6

0.1

0

0

0

33.2

47.5

52

012
0.4 0.4

1.4 4.3

0.3 0.7

0.5 't.9

0.1 0.3

0.45 0.3

0.2' 0.7

1 1.3

,0:1 0.6

1.1 3.3

0.9 0.1

0 0.5

1.6 2.6

0 1.2

00
00
0 0.6

18.8 31.3

26.85 62.1

72.75 37.8

16 18

1 ,35 1.73

us5

4.5 0.2 10.8

000
3.2 0.2 4
0.404
0.2 0 .1..1

0 0.1 0.6

000.2
002.7
001.2
0.4 0.2 0.1

000
0.2 1 2.3

0.300
2.6 0.1 B

0.2 0 0.1

000
000.4
000

31.1 59.3 4.9

24 5.3 5.2

00.1 0

5.8 6.2 1.5

0.8 2.4 0.4

0 2.3 0.1

0.1 0.7 0.1

0.1 0.8 0.15

o.4 2.7 .t.5

020.3
0.1 2.2 0.4

02.60
0.2 1.4 0

000
1.6 2.2 1.1

o 1.4 0.1

0.5 0.4 2.7

000
00.20
8.5 29j 38.1

10

0.97

3.5 9.6 7.2

000.2
2.1 8.4 5

0 '1.4 1

0 3.9 0.8

0 0.7 0.3

0 1.25 0.7

0.9 1.7 1 .2

000.3
0.3 2.8 0.4

1.3 1.5 1

0.2 2.8 0.7

0 0 1.4

0.3 3.6 2.7

0.6 2 2.1

00.50
010
0.1 1.3 0.6

9.5 28.5 16.2

43.1 61.1 40.4

56.8 38.8 59.2

11817
1 .04 0.1 I 2.14

42.1 62 51.65

57.4 37.9 48.15

13, 1B 14

1.34 2.01 1.08

18.8 70.95 41.8

81.2 28.35 57.4

10 19 20

1.55 2.13 2j3
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\c)



Appendix l. (continued)

SHRUB VEGETATION

Abies balsamea (Linn.)

Alnus crispa (Ait.)

Ame lan ch ie r aln¡folla N utt.

Betula papyrifera Marsh.

C o rn u s stolonifera Michaux

Juniperus communis Linn.
Ledum groenlandicum Oeder

Linnaea borealis L.

Plcea sp

P op u lu s tre m u lordes Michx.

Prunus virginiana (L.) Kuhn

R¡'bes frlsfe Pallas

Rosa aclcularls Lindl.

Unknown B

Vaccinium myrtilloides Michx
Vaccinium vitus idaea Linn.
Viburnum edule (Michx.) Raf.

I U I ¡\L'/o ÞñllUE UUVÈI1 rtrñ
SITE

NUMBER OF SPECIES

SHANNON'S DIVÊRSITY H'

Unsprayed Sprayed
SPlusl us2 us3 us4 us5 us6 EõÃ-õõE-eu- çe¡¡m;_sõ-oc

-

00
4.4 0

00
0.7 1

0 0.2

00
40
0 't.B

0.6 6.3

00
1.5 0

0.5 0

7.2 4.3

00
0.5 0

1.6 0

2.5 7.5

0

2.5

1

9.6 20.2 0

012
000

1.2 0 0 0.1

0002.5
5000
0.1 10.25 0 0

0.6 0.25 3.5 2

5 4.3 0.55 1.15
0.1 0 0 0.55

0001.1
0.3 0.05 0 0.5

2.5 0.1 0 7.2

0000
0.1 0.1 0 0
0 0.75 0. o

0.3 0 0 6.1

0 0.05 0.3

8.3 0.8 0

0 0 1.8

0.3 2 0.1

1.1 00
07.50

0.05 7.9 0.7

5.7 0.4 0.3

2 0.3 0.85

0 0.05 0.05

000
3.55 1.2 0.75

2 1.8 3.7

000
000.5
000.1
3.1 2.V 3.8

26.1 24.7 12.95
'11 12 13

1 .86 1.79 1.95

23.5 21.1 18.7 25.4 25.25 29.2
1181311513

1.97 1.51 1.95 1.32 0.68 1.98

0

1.2

0

0.2

0

0

0

1.3

9.2

0

0

1.9

3

3

0

0

1

2.45 0

3 8.2

1.2 0

0 0.1

00
00
0.7 0

0.7 0.4

0.5 8.6

0.4 0

00
1.6 0.8

4.8 2.8

00
4 2.2

0.45 0.3

3.1 0.5

20.8 22.9 23.9

8 13 11

1.67 2.25 1.59
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Appendix l. (continued)

TREE VEGETATION

Picea glauca (Muench)

Picea mariana (Mill.)

Popu I us tre m u loide s Michx
Betu I a papy rifera Marsh.

Abies balsamga (Linn.)

Populus balsamifera Linn.

Pinus banksíana Lamb

TOTAL TREE STEM COUNT

NUMBER OF SPECIES

LOG SERIES ALPHA DIVERSITY

us1 us2

5.67 59.5 1 11 B

13.33 3.5 19.33 9.67 1.67
0.33 4.75 2.67 0 0

1.67 5.75 1.67 0 0.67
1.33 0 0 4.67 6.33
00040
00000

Unsprayed

us3 us4 USs US6

22.33 73.5 24.67 29.34 16.67 22.33
544444
2 0.91 1,35 1.25 1.67. 1.42

s99A s99B S99C

5.33

10

5.33

1.67

0

0

0

2.67 15.33 8.33

12 4 11.67

3 5.33 5

4 1.67 4

0 1.67 11

000
0 0.33 0

sP2000
s00A s00B s00c

21.67 28.33

46

9.33 3.67 2.33

19.33 2.67 6

10.67 6 2

10 .1.67 3.67

0 0.33 0

000
000

49.33 14.34 14

454
'1.03 2.73 1.871.M 2.33 1.51

40

5
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Appendix ll. A) Tree abundance and composition. B) Tree height, DBH, age for alt

Plot

Pícea Picea
glauca mariana

Stem Count Stem Count
per 10m x per 10m x

lOm lOm

Abies Deciduous
balsamea Species

Stem Count Stem Count
per 10m x per lOm x Percent Total

lOm lOm Goniferous Stems/10m
US1

US2

US3

us4
US5

US6

Mean È SE

s99A 2.67 12

s99B 15.33 4

s99C 8.33 11.67

Mean t SE 8.78 t 3.66 9.22t2.61

5.67 13.33

59.5 3.5

1 19.33

11 9.67

I 1.67

5.33 10

15.08 r 8.98 9.58 É 2.64

9.33 19.33

3.67 2.67

2.33 6

5.1r r 2.15 9.33 r 5.09

1.33 2.6

0 10.5

0 4.34

4.67 4

6.33 0.67

07
2.05 !1.13 4.85t1.41

07
1.67 7

11 I
4.22!3.42 7.67 t.667

0 20.67

0.33 7.67

0 5.67

.11 t.11 11.34 t4.70

91 22.33

86 73.5

82 24.67

85 29.34

96 16.67

64 22.33

84t 4.48 31.47 !8.s7

68 21.67

77 28.33

78 40

74.33 È3.18 30.0 É 5.36

58 49.33

47 14.34

60 14

55 ! 4.04 25.85 t 11.72

SOOA

SOOB

s00c
Mean t SE

B.

Plot
Mean Ht.

(m)
Height

Range (m)
Mean DBH

(cm)
DBH Range

(cm) Mean Age
Mean Light
lntensiþ

CV(x) Lisht
lntensity

US1

US2

US3

U54

US5

U56

Mean È SE

8.72

5.7

9.88

11.16

12.17

10.92

9.76 È.943

s99A 8.95

s99B 8.16

s99C 8.18

Mean t SE 8.43 t.260

s00A 8.39

s00B 12.16

s00c 9.91

Mean É SE 10.15 É 1.10

2 to 22.5 29.17 4 to 100

2lo 22.5 28.09 4 to 112

2 to 22.5 24.5 4 to '104

27.25 t1.41

2 to 23.5 21 .29 4 to 96

2to 29.5 46.51 4 to 136

2 to 24 34.98 4 to 140

34.26t7.29

53 16.22 1.995

64 30.05 1.061

54 8.41 1.207

s7.0 t 3.51 18.23 É 6.33 1.42t.290

31 4.41 0.764
75 11.06 2.002
86 28.43 1.119

64.0t16.8 14.63É7.16 1.30È.368

Zto 26

2 to 13.6

2 to 25.5

21o23.5

2to 19

2lo 21.5

31.82

16.85

u.54
36.55

39.04

39.76

33.09 É 3.46

4 to 100

4to64
4 to 128

4 to 12O

4 to 108

4lo 104

56

42

87

55

63

80

63.83 t 6.87

20.82

9.21

22.7

13.61

6.97

21.48

15.80 r 2.78

1.276

1.74

1.431

1.431

0.577

1.533

1.33 É .163



îfffl3l::'i"::,i,?:"r1ïT"","¿ïj'Ji.ot t"n" collected bv lisht traps (Luminoc &.ward's) in 2000 and 2001. species are lisred in decreasins order of

Species

(tJì:i*lÏ*" rumirerana ror 303 3e4 31s 3s s41 440 12 266 130

Nepytia canosaria (Wk.) Geo 1 13

Graphiphora haruspica (Grt.) Noc 1g

Aneplecto¡des pressus (Grt.) Noc 6

Lithacodia albidula (Guenee) Noc 10

Familv"ffiffiffi

ld¡a aemula Hbn.

Hydriomena Hbn. spp.

Xanthorhoe abrasaria
congregata (Wlk.)

Cabera erythemaria (Gn.)

Scopula frigidaria (Mosch.)

Eurois occulta (Linnaeus)

Zanclognatha Led. spp.

Xanthorhoe iduata (Gn.)

Xestia smithii (Snell.)

ldia americalis (Gn.)

No Spray (6 plots) Spray lg99 (3 ptots) Spray 2000 (3 ptots)

Noc

Geo

Geo

Geo

Geo

160 0

542
12 50

541

17 26 17

5046
31057

Euretagrotisperattenta(Grt.) Noc

Clemensia albata Pack. Arc

Antheraea polyphemus Sat
(Cramer)

Phlogophora periculosa Gn. Noc

Chloroclysta cihata (L.) Geo

Noc

Noc

Geo

Noc

Noc

91424
91926

14480
16 14 23

11717
0124

0047
7137
6280
2612
5734

1 I 16

91429
1048

0147
ô515

4

t
1

2

3

224
o41
816

3140
16542
3641
7838

612
421

0011
311
490
1415
2 .1 1

11010
230
002

111
263

LT Total Grand Total

4

o

2

1349 2238

16

0

15

I
6

13

3

352 352

74 181

45 153

31 134

23

26

16

0120
9315
6200
5420
6011

2510
003
107

89

15

39

16

7

133

128

128

104

98

79

77

73

69

67

63

60

59

58

55

52

44

1

24

73

22

21

27

28

2

4

24

01
32

b

13

l..J
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Appendix lll. (cont'd)

Specíes

Campaea perlata Gn.

Diarsia rosaria freemani
Hdwk.

Lambdina fiscellaria (Gn.)

Polia nimbosa (Gn.)

Scopula inductata (Gn.)

No Spray (6 plots) Spray 1999 (3 ptots) Spray 2OO0 (g ptots)Famí|v"ffiffiffi

Eilema bicolor (Grt.) Arc

Xanthotype sospeta (Drury) Geo

Chytonix palliatricula (Gn.) Noc

Smerinthus cerisyi Kirby Sph

Eurois astricta Moor. Noc

Nadata gibbosa (J.E. Smith) Not

Euchlaena tigrinaria (Gn.) Geo

Prochoerodes transversata Geo

Geo

Noc

Geo

Noc

Geo

41510
0121

(Drury)

Noctuid sp 5

Gluphisia septenkionis Wlk.

Actias luna (Linnaeus)

Holomelina laeta (Guer.-
Meneville)

Limacodidae sp.

Spilosoma congrua Wk.

Lacinipolia lorea (Gn.)

9180
018
632

13105
729
0011
2 2. 15

339

042
o26

Noc

Not

Sat

Arc

Lim

Arc

Noc

6100
o210
356

0

0

I

4

2

0

4

0

1

0

1

2

11

1

2

010
055
012
114
050

20

11

1

2213
0019

220
0311
343

0

0

0

2

1

0

0

0

2

0

1

11

o24
o16

07
14
0 15

LT Total Grand Totat

0

2

6

410
204
0018
006
173

3

11

U

5

2

27

3

47

6

24

0

0

2

52

49

0

2

0

0

0

2

1

1

0

1

0

0

0

0

1

47

35

35

29

l6
1

6

l9

3

5

29

21

I

0

6

0.
4

1

l3

1

5

3

0

2

I

I
2,
3

0

0

0

0

0

34

34

32

3l

31

31

30

30

29

29

27

27

27

26

26

2

1

12

16

7

NJO5



Appendix lll. (cont'd)

Species

Xylotype acadia B, & Benj.

Enargia decolor Wk.

Metarranlhis duaria B. &
McD.

Eupithecia Curt. spp

Haploa lecontei (Guer.-
Meneville)

No Spray (6 plots) Spray 1999 (3 plots) Spray 2000 (3 ptots)Familv"ffiffiffi

Litomoia solidaginis Hbn. Noc

Cabera variolaria Gn, Geo

Scopula limboundata (Haw.) Geo

Rivula propinqualis Gn. Noc

Eulithis explanata (Wlk.) Geo

Nematocampa resistaria (H.- Geo
s.)

Calllzzia amorata packard Ura

Pachysphinx modesta Sph
(Hanis)

Hypagyrits piniata Pack. Geo

Srnerinthus jamaicensis Sph
(Drury)

Noc

Noc

Geo

Geo

Arc

561
290
585

433
042

731
210
353
417
103

120
170
013

172
043

0

1

0

0

0

o20
042
032
003
130

1

0

3

1

731
060
003

112
009

12

13

12

4

111
004

o0o
o22

LT Total Grand Total

522
076
240
114
166

24

25

14

17

I

32

20
00

00
12

26

25

25

24

22

19

14

17

7

12

22

22

22

21

21

2

2

4

6

6

0

3

6

21

21

l9

19

t6

t\)o(¡



Appendix lll. (cont'd)

Species

Hypena humuli Harr.

Syngrapha selecia Wk.

Noctuid sp 6

Triphosa haesitata (Gn.)

Acronicta grisea WIk.

Chrysanympha fonhosa
(Grt.)

Palthis angulâlis Hbn.

Acronicta fragilis (Gn.)

Metanema inatomaria Gn.

Pheosia rimosa Packard

Syngrapha virdisigma (Grt,)

Cyclophora pendulinaria
(Gn.)

Semiothisa signaria
dispuncta (Wk.)

Xanthorhoe Hbn. sp 1

Holomelina ferruginosa
(wrk.)

No Spray (6 plots) Spray 1999 (3 ptots) Spray 2000 (3 ptots)Familvaffiffiffi

Noc

Noc

Noc

Geo

Noc

920
1210
340
631
005

Noc

Noc

Noc

Geo

Not

3

0

0

1

0

Apharetra purpurea McD. Noc

Noctuid sp I Noc

Ochropleura implecta L. Noc

Schizura unicornis J.E. Smith Not

Noc

Geo

Geo

Geo

Arc

230
103
010
310
002

5

0

2

1

0

5

4

I
7

414
004

1

0

0

0

0

110

90
21

110
001
711
300
009

11
0l
00
22

530
055
008
126

LT Total crand Totat

1

1

0

2

1

0

0

0

0

0

1

112
226
112
003

o

1

0

0

0

18

4

l6
16

0

13

0

3

l8
18

17

't7

16

00
00
00
30

U

0

0

0

3

2

0

0

0

I
4

5

3

7

5

0

4

2

0

1

16

16

15

t5
15

0

2

21
03
05
00

14

14

14

14

11

12

5

0

7

14

13

13

13

13

13

tJO
o\



Appendix lll. (cont'd)

Species

Panthea acronyctoides (Wfk.) Noc

Anacamptodes ephyraria Geo
(wrk.)

Caripeta divisata Wlk, Geo

Hyppa xylenoides (Gn.) Noc

Noctu¡d sp I Noc

Noctuid sp 4 Noc

Xestia mixta Hbn. Noc

Oreta rosea (Wlk.) Dre

Paonias excaecatus (J.E. Sph
Smith)

Holomelina aurantiaca (Hbn.) Arc

Noctuid sp 17 Noc

Protoboarmia porcelaria Wlk. Geo

No Spray (6 plots) Spray 1999 (3 ptots) Spray 2000 (3 ptots)Familyaffiffiffi

0

0

Dasychira Hbn. Spp.

Ctenucha virginica (Esp.)

Anomogyna perquiritata
Morr.

Elaphria festivoides (Gn.)

Euchlaena obtusaria (Hbn.)

Platarctia parthenos (Han.)

Clostera albòsigma Fitch

024
016
163

18
09
23
10

Lym

Arc

Noc

Noc

Geo

Arc

Not

02

00

001
002
000

0

2

1

5

0

0

0

2

0

0

o2
36

20
0l
36

02
33
3l
16

001
000
140
003

0

0

0

0

00
23

005
002
100

0

0

0

0

0

.o

0

0

5

0

0

LT Total Grand Total

0

0

0

0

2

0

0

0

0

1

0

0

0

1

0

0

0

1

00
01
02
00

2

1

I

0

0

0

1

1

0

0

0

0

12

12

11

11

05
01

01
08
00

06
11
20
01

10

I
t0

1

0

0

0

0

11

11

11

10

l0

1

3

I
0

3

10

l0

l0

I
I

0

5

7

1

9

I
I
8

l..Jo{



LT Total Grand Total

7

7

7

7

7

No Spray (6 plots) Spray 1999 (3 ptots) Spray 2000 (3 plots)Familv"ffiffiffi

7

7

3

1

7

7

7

6

6

6

110
300

002
003
o2o

4

0

3

0

1

65
06
15
0' 5

55

05
35
35
55
4S

002
002
010
001
002

100
ooo
100
000
030

olo
002
001
004
110

00,1
000
012
000
000

121
001
001
001
000

30
00

22
13
20

110
000
000
000
000

001
1 'o 

1

010
020
041

Cisseps fulvicolis (Hubner) Arc 1

Anomogyna homogena McD. Noc 4

Aplectoides condita (Gn.) Noc 0

Lacanobia radix (Wk,) Noc O

Chloroclysta hersil¡ata (Gn.) Geo 0

010
004
112
004
013

Appendix fll. {cont'd)

¡.Jo
oo

0

4

3

1

0

3

1

0

0

0

Species

Xanlhorhoe lacustrata (Gn.) Geo

Drepana bilineata pack. Dre

Sphinx gordius Cram. Sph

Syngrapha octoscripta (Grt.) Noc

Chloroclysta truncata (Hufn.) Geo

3

0

1

0

3

0

0

0

0

0

0

2

U

0

0

Geo

HeP

Arc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

0

0

1

3

0

Itame brunneata Thunb.).

Hepialus F. sp

Hyphantr¡a cunea (Drury)

Acronicta innotata Gn.

Chytolita pertrealis Grt.

Euxoa comosa altera McD.

Noctuid sp 2

Nycteola frig¡dana (Wk.)

Parastichtis suspecta Hbn.

Polia carbonifera (Hamp.)



LT Total Grand Total

5

5

5

5

5

5

5

No Spray (6 plots) Spray 1999 (3 plots) Spray 2000 (3 plots)Familvaffiffiffi

4

1

3

5

2

3

0

000
000

201
010
013

001
002

1

1

0

lt

01

00
00
00

4

4

4

4

4

4

4

1

1

4

1

1

0

3

0

0

0

0

0

o20
002

0

0

0

001
100
020

002
002
001
000

o20
003

101
040
100

1

4

2

0

0

0

0

0

0

0

Appendix lll. (conf'd)

011
001

t\)O\o

000
002
0 ,1 0

000
011
002
000

Gqo

Geo

Geo

Geo

3

0

3

0

0

Eustroma semiatrata Hulst

Eutrapela clemataria
(J.E.Smith)

Itame andersoni (Swett)

Itame occiduaria (Pack.)

Orthofidonia exornata (Wlk.) Geo

Probole alienaria H.-S. Geo

Spargania luctuata obductata Geo
(Mosch.)

Dasylophia anguinea Not
(J.E.Smith)

Schizura badia (Pack.) Not

Phyllodesma americana Las
(Harris)

Species

0

0

0

0

0

012
001
010

011
oo0
001
121

3

0

Metalectra quadrisignata
(wk.)

Xeslia homogena
conditoides Hbn.

Anagoga occiduaria (Wlk.)

Epirrhoe alternata (Muller)

Eulithis testata (L.)

Geo

Geo

Geo

Melanolphia signataria Wk. Geo

Melanema determinata Wlk. Geo

Pero hubneraria (Gn.) Geo

Probole amicaria (H.-S.) Geo



Appendíx lll. (cont'd)

Specíes

Grammia parthenice (W. Arc 1
Kirby)

Spilosoma virginica (F.) Arc 1

Autogrâpha ampla (Wk.) Noc 0

Autographa mappa (G. & R.) Noc 1

Chortodes inquinata (Gn.) Noc O

No Spray (6 plots) Spray 1999 (3 ptors) Spray 2O()O (3 ptots)Familv"ffiffiffi

Coenophila opacifrons (Grt.) Noc

Euxoa declarata (Wlk.) Noc

Feltia herilus (Grote) Noc

Leucania multilinea Wkl. Noc

Noctu¡d sp g Noc

Platypolia anceps (Steph.)

Polia lutra (Gn.)

Polia purpurissata (Grt.)

Pseudoaletia unipuncta
(Hawort)

Biston betularia (L.0

0

0

0

0

2

Chloroclysta walkerata Geo
(Pears.)

Epirrita autumnata henshawi Geo

100
020
002
000
111

2

1

1

0

Noc

Noc

Noc

Noc

Geo

(Bkh.)

Geometrid sp 3

lridopsis larvaria (cn.)

Sicya macularia Harr.

01

00
10
00
01

0

0

0

0

0

0

0

0

0

010
000
001
001
000

0

0

0

0

Geo

Geo

Geo

0

0

1

0

00

00
00
00
00

0

0

0

1

3

0

0

0

LT Total Grand Total

0

0

1

0

0

01
l0
01

001
010
000
002
000

0

1

1

0

0

0

0

0

1' 3

13
13
33

,1

0

0

0

0

0

000
000
000

0

0

1

0

0

2

3

0

0

2

3

0

2

0

0

3

0

3

0

0

3

3

3

3

3

0

1

0

0

0

1

0

3

3

3

3

3

2

0

1

0

3'
1

3

3

3

3
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o



LT Total Grand Total

3

3

3

No Spray (6 plots) Spray 1999 (3 ptots) Spray 2000 (3 ptors)
Familv"ffiffiffi

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

001
000
101

0

2',
2

9

0

2

0

2

2

1

2

1

2

0

2

1

2

2

2

001
010
000
001
000

000
100
000

000
001

000
010
000
100
001
000
001
010

000
010
010
000

001
000
000
000
000

101
002
001

000
001

000
000
001
000
000
000
000
0 'o 

o

000
0oo
000
000

0

0

0

1

2

0

0

Appendix lll. (cont'd)

00
01
11
00
00

l\)

Xanthorhoe munitata (Hbn.) ceo
'Xanthorhoe sp 2 Geo'

Euthyat¡ra pudens Gn. Thy

0

0

0

0

0

0

1

0

1

0

0

0

11
00

sph

Arc

Arc

Arc

Arc

Species

Darapsa pholus (Cram.)

Grammia williamsii (Dodge)

Hypoprepia miniata (Kirby)

Parasemia plantaginis (L.)

Phragmatobia assimilans

1

1

0

0

1

2

0

1

0

1

1

1

wtk.

Agrotis venerablis Wk. Noc

Anaplectoides prasina (D. & Noc
s.)

Andropolia contacta Wk. Noc

Euxoa scholastica McD. Noc

Hillía irus (Godt.) Noc

Noctuid sp 16 Noc

Noctuid sp 7 Noc

Oligia mactata (Gn.) Noc

Plusia putnami Grt. Noc

Pseudostrot¡a carneola Noc
(Guenee)

Syngrapha epigaea Grt. Noc

Xanthia togata (Esp.) Noc

Xestia imperita (Hbn.) Noc

Eubaphe mendica (Wlk.) Geo

1

0

1

'l

0

0

0

0

1

0

0

1



Appendix lll. (cont'd)

Species

Euchlaena marginaria Geo
(Minot)

Eulithisdiversilineata(Hbn.) Geo

Eulithis propulsata (Wk.) Geo

Horisme intestinata (Gn.) Geo

Plagodis alcoolaria (Gn.) Geo

Odontosia elegans Stkr. Not

Eudeilinea herminiata (Gn.) Dre

Prionxystus macmurtrei Cos
(Guer.)

Holomelina lamae (Free.) Arc

Hypoprepiafucosa Hubner Arc

Lophocampa maculata Harr. Arc

Acronicta superans Gn, Noc

Agroperina oogitata (Sm.) Noc

Apamea cogitata (Ochs.) Noc

Apameadevastator(Brace) Noc

Autographa bimaculata Noc
(steph.)

Autographa flagellum (Wk.) Noc

Autographa precationis (Gn.) Noc

Bellura densa (Wk.) Noc

Bomolocha bijugalis (Wlk.) Noc

Cryptocala acadiensis Noc
(Bethune)

Eremobina claudens (Wlk.) Noc

Euplexia benesimilis McD. Noc

No Spray (6 ptots) Spray i999 (3 ptots) Spray 2000 (3 plots)
Family"ffiffiffi

0

0

0

0

0

0

0

0

00
00
00
02
01
01
02

1

0

0

0

0

0

0

0

1

0

0

0

1

0

0

000
010
001
000
010
001
000

0

0

0

0

0

1

0

0

0

1

1

0

0

0

1

0

0

0

1

0

0

0

1

000
000
000
000
001
000
000
001

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

I

1

0

0

0

0

0

LT Total Grand Total

0

0

1

0

0

0

0

000
000
000
I ,0 0

000

010
000

000
000
000
001
000
000
000
000

1

2

2

0

0

1

0

0

1

0

0

0

0

1

0

0

1

1

0

1

1

1

0

2

2

2

2

2

2

2

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

000
100
000
000
000

000
000

b.)
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Appendix lll. (cont'd)

Species

Homohadena badistriga Noc
(Grt.)

Homohadena infixa dinalda Noc
Sm.

ldia lubricalis (Gey.) Noc

Macrochilo b¡v¡ltata (Hutst.) Noc

Ñephelodes minians Guenee Noc

No Spray (6 plots) Spray 1999 (3 ptots) Spray 2000 (3 ptotslFamilvaffiffiffi

Noctuid sp 11

Noctuid sp 12

Noctuid sp 13

Noctuid sp 14

Noctuid sp l5
Noctuid sp 18

Noctu¡d sp 21

Noctuid sp 24

Oligia illocata (Wk.)

Phlogophora ir¡s Guenee

Plusia aeroides (Grt.)

Polia imbrifera (Gn.)

Polia nevadae canadensis
Sm.

Polia secedens (Wlk.)

Protorthodes oviduca (Gn.)

Pyrrhia experimens Wk.

Raphia frater Grt.

1

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

0

1

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

1

0

1

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

'0

0

1

0

1

1

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

LT Total Grand Total
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0

1

0

0

0

0

0

0

0

1

0

0

0

0

1

0

1

0

1

0

1

0

1

1

1

1

1

1'
0

0

1

0

1

1

0

0

0

0

0

1

1

1

1

1

1

1

1

1

I
1

I
1

1

1

1

1

1

1

1
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LT Total Grand Totat

1

1

1

1

1

. No spray (6 ptots) Spray 1999 (3 ptots) Spray 2000 (3 ptots)Famílvsffiffiffi

1

0

0

1

1

0

1

0

1

1

0

1

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

I

0

0

0

0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

0

0

000
001
000
000
000

000
000
000
000
000
010

00

100
010
001
001
001
000
000
000
000
000

1

0

0

0

0

0

0

0

0

1

0

000
000
000
000
000
000
000
000
000
000

0

0

1

1

0

0

0

0

0

0

0

0.
0

0

0

0

Appendix lll. (cont'd)

b.J
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Scoliopteryx libratix Noc
(Linnaeu)

Syngrapha rectangula Kby. Noc

Zale minerea (Gn.) Noc

Aethâlura intertexta (Wlk.) Geo

Anticlea multiferata (Wtk.) Geo

EctropiscrepusculariaSchiff. Geo

0

0

1

0

0

0

000
000
000
000
000
001
001
001
001
001

Species

Geo

Geo

Geo

Geo

Geo

Geo

Geo

Geo

Ggo

Geo

Geo

Not

Not

Not

Not

Not

Geometrid sp I
Geometrid sp 2

Itame loricaria (Evers.)

Itame sulphurea (Pack.)

Lobophora nivigerata Wk.

Mycterophora inexplicata
(wrk.)
Pero honestaria (Wlk.)

Spargania magnoliata Gn.

Tacparia detersata (Gn.)

Tetracis cachexiata Gn.

Xanthorhoe ferrugata (Cl.)

Cerura cinerea Wlk.

Clostera strigosa (Grt.)

Furcufa Lamarck sp.

Notodonta simplar¡a Graef.

Oligocentria semirufescens
(wtk.)



Appendix lll. (cont'd)

Species

Malacosoma disstria Hubner

Sthenopis quadriguttatús
(Grot)

a Arc=Arctiidae; Hep = ¡1"0¡"¡'o"e; Las = Lasiocampidae; Not=Notodontidae; Noc= Noctuidae; Geo = Geometridae; Dre = Drepanidae; cos= cossidae; Thy=Tþy¿ti¡id¿ç; gpþ =Sphingidae; Lym = Lymatridae; Ura = Urannidae: sat = Saturnidae; Lim = LimacoJidae; Tor = Tortricidae

Family "

Las

Hep

No Spray (6 plots)

Lr 2000 LT 2001 BT 2000

000
000

LT 2000 LT 2001 BT 2000

Spray 1999 (3 plots)

000
000

LT 2000 LT 2001 BT 2000

Spray 2000 (3 plots)

001
001

LT Total Grand Total

b.)

(À


