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ABSTRACT

When considering how insecticides impact beneficial insects, in addition to direct

mortality, we need to assess sublethal effects on population numbers which reduce the efficacy

of the predators and parasitoids in reducing pest insects. The physiological sublethal effects can

result in reduced longevity and reproduction.

Understanding the sublethal effects of insecticides on beneficial insects is important in

agroecosystems, especially in the context of natural biological control which aims to augment

endemic natural enemies.

The objective of this research study was to evaluate the environmental effects of

insecticides on non target predator and parasitoid insects, combining the review of the literature

and the synthesis of both a laboratory and a field research study. The lab study considered the

effects of chlorpyrifos and deltamethrin on three natural enemies of Russian wheat aphid; the

field study considered the effects of chlorpyrifos, deltamethrin, cyhalothrin-lambda and

imidacloprid on ground dwelling arthropods in a Canola field.
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CHAPTER ONE – FOCUS AND CONTEXT

Introduction

Insecticides have the potential to impact the environment by killing beneficial

insects, entering water through drift or runoff, or depositing on vegetation that maybe

contacted or ingested by wildlife. These potential effects of insecticides have been

recognized for many decades and the use of insecticides is carefully controlled through

federal and provincial legislation and through industry standards. Insect pests are also

becoming resistant to more insecticides. Associated with the constant use of pesticides as

a way of production, various other problems arise, such as:

Health problems.

Farmers, farm workers and their families, bystanders and consumers are exposed

to dangerous synthetic pesticides. The David Suzuki Foundation (2007) reports that more

than 6,000 Canadians are acutely poisoned by pesticides every year, resulting in calls to

poison control centers, visits to emergency wards, and hospitalizations. Disturbingly,

more than 2,800 children under the age of six suffer acute pesticide poisoning in Canada

annually.

Social and economic problems.

The use of synthetic pesticides creates a financial dependency and dependency on

credits for these inputs. Insecticides use leads to increase debts of farmers with immense
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negative effects on the economy of the farm families and rural communities, which in

some cases results in migration to the cities due to the consequential loss of land.

Use of synthetic pesticides in conventional agriculture creates a cycle of dependency

as they destroy beneficial organisms; induce resistance in pest organisms and generate

loss in biodiversity, creating the need for new and more expensive pesticides. The

dependency on chemical insecticides and the pesticides industry results in a lack of

choice for farmers and their families In terms of choice of crops, choice of seeds, and

choice of production system.

Environmental problems.

Pesticides can be found almost in all natural habitats, having severe negative effects

on natural flora and fauna, biodiversity, water resources and ecosystems, including the

equilibrium of agroecosystems.

Dependence on pesticides is driven by global agribusiness, which promotes a

chemical based solution for food production and pest management in an urban, non

agricultural setting, in which powerful corporations are able to control how food is

produced and influence policies at a local, national and international level

There are economically viable alternatives to pesticides, and pesticide based food

systems are not necessarily needed to feed the world’s population.

Most insecticides will have an effect on some beneficial insects: predators and

parasitoids (parasites that kill their hosts) of insect pests and pollinators. Insecticides may

affect higher levels of the food chain since insects are a major food source for many
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vertebrate species such as birds and reptiles. Any insect in the upper crop canopy at the

time of spraying will be exposed to a potentially lethal dose of insecticide at the time of

application, depending on insect species and insecticide. Insects such as foraging honey

bees entering treated canola fields at flower can be harmed if re-entry occurs shortly after

application (El Hasani et al, 2008).

The mortality of beneficial insects is an important consideration when spraying

complex ecosystems such as forests or perennial agricultural crops that are established

over a period of years. Insecticide applications made to agricultural monocultures once

within a growing season may not result in long term suppression of beneficial insect

populations. Repopulation can occur from untreated fields, roadsides, forage fields and

other unsprayed areas. Most insects are not injurious, and, ideally, an insecticide that

affects only the target species should be employed.

The abundance and diversity of beneficial arthropods is very high in most

ecosystems. The abundance of arthropod predators in Uganda and Democratic Republic

of Congo listed by Munyuli (2006) includes, Coccinellidae, Staphylinidae, Syrphidae,

Anthocoridae, Mantidae, Dermaptera, ground beetle, predatory mite, lygaeid bugs,

Anthocoridae, dragonflies and spiders.  In a study of alfalfa insects in southern Alberta,

Harper (1988) reported that only 1.5 % of about 400 arthropod species (including mites,

spiders and insects) were considered to be crop pests; the rest had a beneficial impact to

the crop and to the farmer.
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Objectives of the Thesis

The objective of this research study is to evaluate the environmental effects of

insecticides on non target predator and parasitoid insects.  The research question

therefore is:

What are the lethal and sublethal effects of insecticides on non target predators

and parasitoid insects, using laboratory and field assays performed at the Lethbridge

Research Centre, as well as a comprehensive revision of the literature available?

The focus of this research is to review the current knowledge of the effects of some

insecticides on the non target natural enemy arthropod community (predators and

parasitoid). The thesis will be based on a combination of literature review and a synthesis

of two research studies. The research will follow the next steps:

1) Provide a comprehensive literature review of the non target effects of insecticides

on parasitoid and predator insects.

2) Present and synthesize the results of a non published 1994 laboratory study on the

effects of chlorpyrifos and deltamethrin on three natural enemies of the Russian

wheat aphid.

3) Present and synthesize the results of a non published 1999 to 2002 field study of

the effects of chlorpyrifos, deltamethrin, cyhalothrin-lambda and imidacloprid on

ground dwelling arthropods in a Canola field.
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Source of the Data and Intellectual Property

For the purpose of this study, Agriculture and Agri-Food Canada (AAFC) at the

Lethbridge Research Station, through Dr. Héctor Cárcamo, provided and made available

reprint collection of articles related to environmental impacts of insecticides as well as

original non-published data collected by scientists from AAFC from a laboratory and a

field study assessing the effects of insecticides on beneficial insects. These Public Good

Research data sets have no commercial value and do not require Intellectual Property

Agreements.

Ethical Review and Animal Care Committee Review

An ethical review was not necessary since all of the data collected on the study

did not involve the use of human subjects or any animals other than insects.

Regarding the use of invertebrates in research and the need for an Animal Care

Committee Review, Royal Roads University does not require an Animal Care Committee

Review of a project that involved insects. The Canadian Council of Animal Care (CCAC)

does not formally cover invertebrates other than cephalopods; however, they encourage

the appropriate management of all animals, including invertebrates. The CCAC, through

their Guide to the Care and use of Experimental Animal (1993) states “If insect colonies

are kept in or near an animal care facility, there must be regular monitoring of the facility

against infestation from escapees. Such insect colonies should be kept behind a screened



                                                                                                       Sublethal Effects 6

enclosure or inside an escape-proof container. The use of insecticides must also be

compatible with these insect colonies.”

Laboratory Case Study: Effects of insecticides on Three Natural Enemies of the Russian

Wheat Aphid

The effects of Lorsban (chlorpyrifos) and Decis (Deltamethrin) on three natural

enemies of the Russian wheat aphid were researched under controlled laboratory

conditions (Yu et al, 1994).

The Russian wheat aphid (Diuraphis noxia) was found in Alberta in July 1988

(Jones et al, 1989), spreading throughout the southern part of the province, as well as into

the southern parts of neighboring Saskatchewan and British Columbia. The damage

caused by this insect on that year was especially severe in the winter wheat, due to the

widespread winterkill. Since then, however, the infestation on winter wheat by Russian

wheat aphid has been sporadic depending on the overwintering survivorship of the aphid.

The only control method currently available for Russian wheat aphid in winter wheat is a

fall application of the insecticides Lorsban or dimethoate (Shaffeek et al, 1995; Brook, H,

2007).

The Russian Wheat Aphid has not been established in high levels and it has not

been declared a pest; however, the aphid is present in southern Alberta, and if the winters

become warmer, or other environmental factors become favorable, it could become a

pest.
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Russian wheat aphid is an exotic pest to Alberta and Canada; therefore, it is an

ideal candidate for biological control by means of importation of natural enemies. There

are six species of aphidiid wasps and two species of aphelinid wasps that are known to

parasitize Russian wheat aphid and many predators such as coccinellid beetles and

leucopid flies feed on the pest aphid of the wheat in Eurasia (Berest, 1987). Surveys

conducted in southern Alberta revealed two species of aphelinid wasps and one aphidiid

wasp parasitizing Russian wheat aphid (Yu and Goettel, 1994).

Aphelinus varipes (Foerster), Aphelinus asychis (Walker) and Diaeretiella rapae

(McIntosh) were imported from Russia and Pakistan, and raised at the Lethbridge

Research Station. Over 380,000 parasitic wasps were released from 1991 to 1993.

The objective of this study was to determine the susceptibility of selected natural

enemies of the Russian wheat aphid to pesticides used on cereals to provide information

necessary, which could be used in the potential development of an effective integrated

pest management system. To achieve this, the lethal and sublethal effects of two

insecticides, Lorsban and Decis, on the pupal and imaginal stages of three selected

natural enemies of the Russian wheat aphid, Aphelinus varipes (Hymenoptera,

Aphelinidae), Leucopis ninae Tanas (Diptera, Chamaemyiidae) and Coccinella

septempunctata, were determined in the laboratory.
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Field Case Study: Effects of chlorpyrifos, deltamethrin, cyhalothrin-lambda and

imidacloprid on ground dwelling arthropods in a Canola field.

The non target effects of foliar (chlorpyrifos, deltamethrin, cyhalothrin-lambda)

and seed treatment insecticides (imidacloprid), applied to control cabbage seedpod weevil

(Ceutorhynchus obstrictus) in canola (Brassica napus) crops, on the biodiversity of

predator carabid beetles was studied in the field.

Cabbage seedpod weevil (Coleoptera: Curculionidae) was first reported infesting

commercial fields of canola in southern Alberta in 1996. Initially introduced from

Europe, this weevil was first reported in North America in the 1930s. Surveys conducted

in commercial canola fields in Alberta and Saskatchewan during 1997 and 2000

determined that Ceutorhynchus obstrictus had dispersed very rapidly throughout these

provinces posing a major threat to the profitable production of canola in western Canada

(Dosdall et al, 2002).

In the United States, populations of Ceutorhynchus obstrictus are controlled in

some degree by natural enemies (McCaffrey et al 1997, mentioned by Carcamo et al,

2005); however, applications of chemical insecticides are necessary to obtain economical

production of canola. Yield can be reduced as much as 35% in the absence of the timely

application of the insecticides (McCaffrey et al 1986, mentioned by Carcamo et al, 2005).

The objective of this study was to determine the non target effects of the

insecticides on the biodiversity of predator carabid beetles in a canola field. To achieve

this, diversity of the community was calculated using standard indices such as species
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richness, Shannon’s diversity and evenness, and the abundance of dominant species was

analyzed using analysis of variance.

Carabid beetles.

There are various sustainable farming practices that can help conserve the natural

predators of pest arthropods, that way, minimizing the dependency on synthetic

chemicals (Edwards 1987, Mentioned by Bourassa et al in 2008). Predators, parasitoids,

and pathogens contribute to the biological control of insect pests. These generalist natural

enemies attack a wide variety of insects or other arthropods, instead of just one or a few

closely related species. General predators are very important in the natural control of

insect pest, and are often present in the crop, even before the pest insects arrive. One of

these natural predators of pest arthropods are the carabid beetles (Coleoptera: Carabidae),

which “play an important role in reducing populations of potential insect pests and

weeds” (Menalled et al. 2007, Mentioned by Bourassa et al in 2008). They may be the

most numerous predator insects in certain agricultural systems. In North America the

extensive use of carabid beetles relative to other arthropod taxa has largely arisen from

their well known taxonomy (Lindroth, 1961) and easy identification.

Species Diversity Measures

Biological communities, such as insects, have an attribute which has been called

species diversity. There are many ways to measure this concept, with many authors using

different indices to measure diversity.
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There are background assumptions that must be taken in consideration. The first

assumption is that the subject matter must be well defined. Measurement of diversity

requires a clear taxonomic classification of the subject matter, within the classification

system, all the individuals assigned to a particular class are assumed to be identical

(Krebs, 1989), and the classes (species) are all equally different.

Species diversity contains two distinct concepts, species richness and

heterogeneity. The former, being the oldest and simpler, is the number of species. In most

cases it is not possible to enumerate all the species in a natural community. Heterogeneity

combines two separate ideas, species richness and evenness, which is explained with the

following example: in a forest with 10 equally abundant tree species, two trees picked at

random are likely to be different species; however, in a forest with 10 species, one of

which is dominant and contains 99% of the individuals, two trees picked are random are

unlikely to be different species. Since, evenness is part of heterogeneity; it is natural to

try to measure it. For decades, ecologists have known that most communities of plants

and animals contain a few dominant species and many species that are relatively

uncommon; therefore, evenness measures attempt to quantify this unequal representation

against a hypothetical community in which all species are equally common.

Some communities are so simple that it is possible to conduct a complete count of

the species present. This can be done on bird communities of small habitat blocks,

mammal communities, and temperate and polar communities of higher plants, reptiles,

amphibians and fish; however, it is impossible to enumerate every species in

communities of insects. Due to this impossibility, three measures of heterogeneity were

used on this thesis, Simpson’s index, Shannon-Wiener Function and Evenness, which
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measure the proportional abundances of species (Magurran, 1988). A short review of

these indices follows.

Simpson’s index.

It is a nonparametric measure of heterogeneity that makes no assumptions about

the shape of species abundance curve. Diversity is inversely related to the probability that

two individuals picked at random belong to the same species. It is an index that focuses

on the dominance aspect of a community, for example communities where only one or

few species are dominant and most are very rare.

Shannon-Wiener function.

It is, also, a nonparametric measure of heterogeneity. It is the most popular

measures of species diversity and it is based on information theory. The main objective of

information theory is to try to measure the amount of order (or disorder) contained in a

system. There are four types of information that can be collected related to order in the

community, (1) number of species, (2) number of individuals in each species, (3) the

places occupied by individuals of each species, and (4) the places occupied by individuals

as separate individuals. Mostly number of species and number of individuals in each

species are obtained in most communities.

This function addresses the question on how difficult would it be to correctly

predict the species of the next individual collected. This uncertainty can be measured by

the Shannon-Wiener function. Information content is a measure of the amount of

uncertainty, so the larger the value of this function, the greater the uncertainty. This
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function is to be used on random samples drawn from large communities in which the

total number of species is estimated from a sample; therefore, making it very appropriate

for an insect diversity study.

Evenness measures.

How equally abundant the species are. There are many measures of evenness

proposed. One of the most common approaches has been to scale one of the

heterogeneity measures such as the Shannon-Wiever Diversity measure above, relative to

its maximum theoretical value when each species in the sample is represented by the

same number of individuals.

Insecticides Used in Alberta

Due to the variability of commercial names utilized for insecticides, a

classification table of the main insecticides used in the province of Alberta is included.

Table 1 (adapted from Brook, 2007) includes a classification by group, mode of action,

chemical family, active ingredient and some of the commercial products available.
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Table 1 Classification of Insecticides by Group and Mode of Action

Mode of Action Chemical Family Active Ingredients Commercial Product

Group 1A, 1B
Acetylcholinesterase inhibitors. These chemicals inhibit an enzyme, interrupting the transmission of nerve
impulses

Carbamates
(Group 1A)

Carbaryl
Carbofuran
Methomyl

Eco Bran, Servin XLR
Furadan
Lannate

Organophosphates
(Group 1B)

Acephate
Chlorpyrifos

Diazinon

Dimethoate

Malathion
Methamidophos
Naled
Phorate
Phosmet
Terbufos

Orthene 75%
Clorex 480 EC, Lorsban 4E, Nufos
4E, Pyrinex 480 EC
Agrox B-2, Agrox CD, DCT,
Diazinon
Cygon 480, Cygon 480 EC,
Dimethoate Plus, Lagon 480E
Malathion
Monitor
Dibrom
Thimet
Imidan 50-WP Instapak
Counter

Group 2A
These chemicals interfere with GABA receptors of insect neurons, leading to receptive nervous damage

Chlorinated
(cyclodienes)

Endosulfan Thiodan, Thionex EC

Group 3
These chemicals act as an axonic poison by interfering with the nervous system, leading to paralysis.

Synthetic
(pyrethroides)

Cyhalothrin-lambda
Cypermethrin
Deltamethrin
Permethrin

Matador 120EC
Cymbush, Ripcord
Decis
Pounce

Group 4
These chemicals binds to nicotinic acetylcholine receptor, disrupting nerve transmission

Chloronicotines Acetamiprid
Clothianidin
Imidacloprid

Thiamethoxam

Assail 70 WP
Poncho, Prosper
Admire, Alias 240SC, Gaucho 480,
Gaucho CS FL, Genesis
Helix, Helix XTra

Group 8
Unknown

Fumigant aluminum phosphide Phostoxin
Note. Insecticides used on the study are bolded

Adapted from Brook (2007)
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CHAPTER TWO – LITERATURE REVIEW

The mode of action of pesticides is a highly complex subject covering many

fields, such as biology and chemistry and has many practical implications. Since the

Second World War, many synthetic pesticides, such as DDT, have been introduced. At

that time, the knowledge of the biochemical and physiological processes in organisms

was not sufficiently clear to make it possible for us to understand properly either the

mode of action of the pesticides at the target site or their uptake, distribution, and

degradation in the environment (Stenersen, 2004). Nowadays, we have better knowledge

of how nerve impulses are transmitted, how plants synthesize amino acids, and how fungi

invade plant tissue; however, in spite of all this knowledge, textbooks “do not tell us

where and why pesticides interfere with the normal processes” (Stenersen, 2004).

Concerns over the environmental and human health impacts of chemical control

of locusts and grasshoppers have led to considerable interest in developing

“mycoinsecticides based on entomopathogenic fungi” (Arthur et al, 2002). Although,

these products provide effective control of the pests, they also affect host feeding,

fecundity and mobility and potential recycling of the fungus to new generations of insects

through horizontal transmission.

It is generally recognized that natural enemies play an important role in regulating

pest populations. The most severe constraint to realizing the potential of natural enemies

in field crops is disruption through the widespread use of insecticides with broad toxicity

to both pest and their natural enemies. (Naranjo et al, 2002)



                                                                                                       Sublethal Effects 15

Traditionally, measuring the acute toxicity of pesticides to beneficial insects has

relied largely on the determination of an acute median lethal dose or concentration

(Desneux et al, 2007); however, this approach does not take into account indirect effects

induced by pesticides. There are other consequences, such as sublethal effects on the

physiology and behavior of beneficial and natural enemies that must be taken into

consideration.

Floate et al. (1989), conducted a study of insects found in wheat in Saskatchewan

and found that insecticides differed significantly in their contact and residual toxicity on

carabid beetle predators of the wheat midge, when applied at maximum recommended

field rates. Deltamethrin, the least toxic insecticide, caused approximately 30% mortality

in the carabid predators, however its residual toxicity on the soil remained constant for

one week. Carbofuran and chlorpyrifos, the most toxic contact sprays, caused 83 to 100%

mortality. The residual toxicity of carbofuran after one week declined significantly,

whereas chlorpyrifos remained high.

A spatio-temporal model to study effects of contamination and biological impact

of pesticides on non target invertebrates was developed by Jepson (1989). The

chronological sequence starts with exposure and uptake. This can have direct and indirect

components such as the direct exposure to and uptake of droplets of pesticides at the time

of spraying and subsequent indirect exposure via contact with surface residues or

ingestion of contaminated pray. Next, the effects of the pesticide may be direct, via lethal

or sublethal toxic action, or indirect, through depletion of food resources. The last phase

corresponds to a recovery stage, where the population returns to its original densities

within the treated area.
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Cordero et al. (2006), conducted toxicity bioassays of various labeled insecticides,

on two parasitoids of diamondback moth. Hymenoptera parasitoids can play an important

role in the regulation of population of diamond back moth, which is the biggest pest of

cruciferous crops (e.g. canola, cabbage) throughout the world. The results of this research

indicated that all insecticide treatments were toxic to the adult stage of both natural

enemies. The broad spectrum insecticides, at their field concentrations resulted in 100%

mortality, to both species of natural parasitoids, after 72 hours of exposure. The LC50

values for all these insecticides were less than 2% of the field rate concentration. Even a

less toxic insect regulator (based on LC50 levels) still resulted in a 62% mortality of adult

natural enemies, after 72 hours.  The authors emphasized, the need to further assess other

effects of the insecticides on beneficial insects, such as behavioral consequences, toxicity

to immature stages of parasitoids, and toxicity after exposure in the field for certain time

intervals.

The non target impact of deltamethrin, a broad spectrum pyrethroid insecticide on

insects of maize, was studied by Badji et al. (2006).  By spraying insecticide on the

canopy of the crop to control fall armyworm, the main pest of maize in the tropics, the

chemical inevitably reaches the soil affecting epigeic arthropods. These arthropods have

important roles in structuring tropical agro-ecosystems, since they have an important role

in the soil accumulation of organic matter, the action of decomposer microorganisms, soil

structure and nutrient cycling, incidence of soil nematodes and fungal plant diseases, as

well as encouraging plant root development. A similar study conducted by Wiktelius et

al. in 1999 to assess the effects of the organochlorine insecticide lindane on non target

organisms in African maize agroecosystems. They concluded that lindane reduced the
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number of Collembola in over 80%, ants were reduced by 64% and spiders were reduced

by 53%. Another finding was that lindane significantly reduced organic matter

breakdown in over 45% of the trials.

Another study on the predatory fauna in cornfields and response to neonicotinoid seed

treatment was conducted by Albajes et al (2003). Application of the insecticide

imidacloprid as a seed dressing is a common practice to prevent the damage by certain

species of rootworms. Imidacloprid is a nitromethylene derivate with a mode of action

similar to that of nicotine, acting on the postsynaptic membranes of insects. It has a

systemic action in plants and contact toxicity. After studying the effects of this insecticide

for a period of five years, the authors reported little or no difference in yield between

treated and untreated crops. They concluded that a combination of removal of predators

and herbivores in the treated plots and control of herbivores by predators in the untreated

plot explained their results. Therefore, the cost was not compensated by the benefits,

adding only the negative effects on the environment and natural enemies. The study, also,

reported the integrated effects of the chemical seed dressing on predators because these

may be affected through different pathways:

1. direct exposure of soil fauna to the insecticide,

2. eating contaminated prey or sucking phloem from plant,

3. the consequence of depriving predators of their prey,

4. the seed dressing may affect the facultative predators through direct ingestion of

the insecticide or metabolites from pollen or plant tissue.

In temperate ecosystems in particular, carabid, staphylinid beetles and spiders are

important for their biomass, diversity and their quality as predators of phytophagous
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organisms. Above ground applications of pesticides affects sensitive components of the

soil ecosystem in arable areas (Everts et al., 1989). Dixon & McKinlay (1992), studied

the effect of insecticide-treated and untreated potatoes on the pitfall trap catches of

aphids. They reported significant increases in trap catches of beetles (natural predators of

aphids) in treated plots than in the controls; they speculated that insecticides cause a

decrease in the aphid (prey) population, invoking an increase in hungry, active beetles

more likely to fall into pitfall traps. Hungry carabid beetles, they concluded, are more

active than satiated ones.

Grant (1989) monitored the insecticide side effects of tsetse fly spraying in Africa.

Some of his findings were that many terrestrial and aquatic insects suffer from sublethal

effects. Insects dislodged to the ground or carried downstream can not be characterized as

mortality. Similarly, tens of thousands of disoriented aquatic larvae and nymphs enter the

drift for a few hours after spraying but only some of them will re-attach themselves,

recover and reach maturity. Many insects will be lost to predation and drowning during

recovery from the toxic chemical. The complete picture of insecticide impact on non

target populations must take into account individual recovery, not least because

ecosystem recovery is partly dependent upon it.

In a study conducted in 1995, Hilbeck & Kennedy determined the identity and

abundance of predators of the Colorado potato beetle; they found that a coccinellid beetle

was the most abundant predator; in addition, 13 insect genera, three spider families, one

phalangid and one mite species were found to prey on the Colorado potato beetle. When

the authors compared insecticide free plots with treated commercial fields, they

concluded that prior to carbofuran application to control the Colorado potato beetle on
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commercial fields, dynamics and composition of the predator communities were

generally similar to those in the smaller untreated research plots. Applications of

carbofuran always suppressed or eliminated the predator population; however, the

predator recolonized the commercial fields within two weeks following the application.

Migratory locusts invade crops of Madagascar and require applications of insecticides

over several thousands of square kilometers where non target arthropods can be affected.

One of the insecticides used by Peveling et al. (1999) was the organophosphate

fenitrothion, which caused medium to long term population declines of more than 75% of

epigeal non target insect taxa, such as springtails and ants. The insecticide also impacted

non target grasshoppers, reducing them by 50 to 60%.  The authors proposed an

integrated control approach adapted to the particular conservation priorities of the area,

keeping in mind that the least toxic or hazardous product is not always the most

environmentally safe. The concept that pest control should be based on economic as well

as ecological considerations is a pervasive force in integrated pest management (Naranjo

et al, 2002).

The literature provides plenty of evidence of insecticide effects on non target predator

and parasitoid insects. Since there is more than direct mortality induced by pesticides on

beneficial insects, Desneux et al (2007) listed the sublethal effects of pesticides on

beneficial insects. Amongst the physiological effects, already described from other

authors, there is the general biochemistry and neurophysiology, insect development, adult

longevity, immunology, fecundity and sex ratio. Physiological sublethal effects on the

development of beneficial insects occur at multiple levels; parameters such as

malformation rates in natural enemies are used. Amongst the behavioral effects of
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insecticides on beneficial insects, we have: mobility of the insects, navigation/orientation,

feeding behavior, mating, oviposition and learning performance. Studies have generally

reported the foraging pattern in parasitoids and honey bee, other studies describe the

potential effects on navigation behavior. Also, there is the impact of sublethal effects on

community ecology.
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CHAPTER THREE –MATERIAL AND METHODS

Laboratory Case Study: Effects of insecticides on Three Natural Enemies of the Russian

Wheat Aphid

Aphelinus varipes used in this study originated from Russian wheat aphid

mummies collected in Kazakhstan, and sent to the Lethbridge Research Center in 1989.

The Leucopis ninae was imported from Kazakhstan in 1989 by the Saskatoon Research

Station and sent to Lethbridge in 1992. The colony of Coccinella septempunctata was

started in the fall of 1992 with adult beetles collected from cereal fields at the Lethbridge

Research Center. All the insect cultures were maintained on Russian wheat aphid.

Wheat seeds (cv. Katepwa) were planted evenly and widely spaced in 10 cm deep

pans in a greenhouse at 20oC +/- 2oC and at a photoperiod of 16 hours of light and 8

hours of dark (16L: 8D). At the late three leaf stage, the oldest leaf from each seedling

was cut and taped to a wooden frame with the upper surface of the leaf exposed and lying

at a 90o angle to the spray track.

The insecticides were diluted to the required concentrations immediately

preceding the trials and applied with an indoor track sprayer provided by Innovative

Equipment Incorporated from Saskatoon, Saskatchewan, equipped with a ‘Teejet’ 8001

ESS nozzle, manufactured by Spraying Systems Incorporated of Wheaton, Illinois. A

single pass application was made across the rows of leaves with a nozzle to target

distance of 61 cm and 207 kPa pressure. At the start of every spray session, the track

sprayer was calibrated to produce a spray volume of 110 liters per hectare (Hill and
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Inaba, 1990). The first application in each series was with the lowest rate, progressing

towards the highest rate.

The contact toxicities of the two insecticides on adult Aphelinus varipes and

Leucopis ninae were determined by placing insects in a ventilated, 25 mm of diameter by

95 mm long glass tube with insecticide treated wheat leaves that were allowed to dry for

30 minutes after spraying. Four leaves were taped lengthwise to the inside of a glass tube,

with the sprayed surfaces exposed. The tubes were closed at one end with a ventilated

cork stopper, and five adult wasps or flies were gently tapped into each tube.

All adult Aphelinus varipes used were less than 24 hours old, and adult Leucopis

ninae were collected over a period of 3 to 4 days from colonies established 40 days

earlier. A very small amount of honey was placed on the inside of each tube and a moist

1 cm dental roll was also included before it was closed with another ventilated cork

stopper.

At each spray series, eight closed tubes were set up for each dosage, and eight

more tubes with unsprayed leaves were used as controls. The tubes were ventilated

continuously by an aquarium pump, pushing air through a beaker of water, this way

ensuring a high relative humidity, and via a manifold box valve of 48 tubes, replacing the

air inside each tube once every minute, to reduce the fumigation effect of the insecticides

in a closed system. The system was kept at 20oC and at a photoperiod of 16L: 8D. After

48 hours, the insects were sexed and mortality determined.

In two series of spray trials, whole plants standing in soil were sprayed to

compare the results with the horizontally placed cut leaf spraying method, previously

described. After spraying, the leaves were dried, cut and processed as above.
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Survival by sex and by dosage was subjected to analysis of variance (ANOVA).

To determine the effect of the insecticides of the pupae of the three species,

healthy pupae collected two days before they were expected to eclose, were distributed

evenly on filter papers on glass plates and sprayed with one pass of the track sprayer. The

sprayed pupae were held in open Petri dishes in a ventilated 20oC chamber for 24 hours.

Five pupae were placed in a tube ventilated by the manifold valve system as described

above, and kept at 20oC and at a photoperiod of 16L:8D. At each spray series, one to

eight tubes were set up per treatment depending on the number of pupae available.

Eclosion of the adults was monitored every day until no eclosion occurred for two

consecutive days. On the day they eclosed, adults were collected, sexed and placed in 50

mm diameter seal tight Petri dishes with a very small amount of honey and a moist 1 cm

dental roll. Mortality was monitored daily to determine longevity at 20oC +/- 2oC.

The effect of treatments and sex on longevity was determined by analysis of

variance (ANOVA).

Field Case Study: Effects of chlorpyrifos, deltamethrin, cyhalothrin-lambda and

imidacloprid on ground dwelling arthropods in a Canola field.

The field study was conducted between 1999 and 2001 on land (rented from

Victory Church), situated two kilometers east of the city of Lethbridge, Alberta (49o37’N,

112o39’W), and in 2002 at a field near the town of Vauxhall, Alberta (50o04’N,

112o07’W).  The Lethbridge location lies in the Moist Mixed Grassland ecozone of
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Alberta, with dark brown chernozemic soils, whereas the Vauxhall location is situated

within the Mixed Grassland ecozone of Alberta, with a Brown Chernozemic soil type.

In 1999, only the impact of foliar insecticides applied to control cabbage seedpod

weevils at the canola flower stage was studied. On that year, canola seeds of the Q2

variety were only treated with fungicides. The study was conducted using a randomized

block design, with five replicate plots, of 10 meters by 10 meters each, and two meters

apart (Appendix A). The following treatments were randomly allocated to these plots and

used for pitfall trapping:

1. Treatment 1: check, untreated;

2. Treatment 2: Lorsban® (chlorpyrifos at 480 g a.i./ha);

3. Treatment 3: Decis® 5EC (deltamethrin pyrethroid, at 4.94 g a.i./ha);

4. Treatment 4: Matador® (cyhalothrin-lambda, also a pyrethroid, at 10 g a.i. / ha).

The water volume was 100 liters/ha.

In the years 2000 and 2001, a similar design with four replicates was used but the

seed-coated insecticide Gaucho Platinum® (Imidacloprid at 5.68 g a.i./ kg seed) was

studied as a Treatment 4, in lieu of Matador (a pyrethroid).

In the year 2002, at the Vauxhall, Alberta, field, no foliar insecticides were applied

because of a very low numbers of weevil pests; therefore, only a check treatment

(Treatment 1) and two seed-coated insecticides, Vitavax RS® (Lindane at 2.09 g a.i./ kg

seed) and Gaucho Platinum® (Imidacloprid at 5.68 g a.i./ kg seed), were studied. A

randomized block design with three replicates was used. Plot sizes for this site ranged

from 23 - 50 m long and 24 m wide.
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Sampling of ground dwelling arthropods was done with two pitfall traps per plot

placed two meters apart from each other, and four meters from the edge of the plot; with

the exception of the year 2002 at Vauxhall, when three pitfall traps were deployed in a

triangular arrangement in each plot to account for their larger size.

Pitfall traps were deployed on June 22, 1999, June 20, 2000, June 15, 2001 and May

27, 2002, after seeding; samples were collected at approximately two week intervals.

Traps were removed late in August, before harvesting the crop.  Pitfall traps consisted of

clear plastic cups, 11 cm in diameter, pierced at the bottom for drainage, and a smaller

cup insert partly filled with non-toxic propylene glycol.   A plastic cover offset at about

one centimeter of the rim was placed to exclude rainfall. Individual pitfall trap samples

were stored in 70% ethanol and kept at 5 C until sorted.  Identification of carabids was

done using Lindroth’s keys (Lindroth,1961).

Pitfall traps in each plot were pooled and summed each year to ensure adequate

numbers for numerical analysis using Statistix 7.0 (Analytical Software 2000).  Shannon-

Wiener, Simpson, Evenness and Species Richness diversity indices (Krebs, 1989) were

calculated every year for each replicate. One-way ANOVA followed by least significant

difference (LSD) tests (p<0.05) was used to test for differences in carabid catch or

diversity between treatments. Data were inspected for heterogeneous variances prior to

subjecting them to ANOVAS using the Barletts test calculated by Statistix.
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CHAPTER FOUR –RESULTS

Laboratory Case Study: Effects of insecticides on Three Natural Enemies of the Russian

Wheat Aphid

A total of 780 Aphelinus varipes and 1,000 Leucopis ninae adults were exposed to

Lorsban. 596 Aphelinus varipes and 400  Leucopis ninae adults were exposed to Decis.

Table 2 shows that the survival of Aphelinus varipes was significantly affected by

dosage of Lorsban (F= 144; df = 5,770; P < 0.01) but not by the sex of the wasp (F=0.55;

df = 1,770; P = 0.46).  Similar results were determined for Decis, with survival

significantly affected by dosage (F= 96.9; df = 4,588; P < 0.01); but not by the sex of the

wasp (F = 0.27; df = 1,588; P = 0.60).

Table 2. Survival by Sex and by Dosage of Aphelinus varipes when Exposed to Lorsban

and Decis

Lorsban Decis

g. a.i./ ha (%) Survival g. a.i./ ha (%) Survival

Male Female Male Female

1.0 81 87 1 82 78
2.5 63 64 5 48 40
5.0 17 21 10 27 31
7.5 4 4 20 7 8
10.0 0 0 40 1 0
20.0 0 0
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A total of 585 Aphelinus varipes, 575 Leucopis ninae and 140 Coccinella

septempunctata pupae were sprayed with Lorsban. And 680 Aphelinus varipes, 375

Leucopis ninae and 75 Coccinella septempunctata pupae were sprayed with Decis.

The sex ratios of Aphelinus varipes eclosing from pupae after spraying with

Lorsban (F = 0.37; df = 1,5; P = 0.57) or Decis (F = 0.23; df = 1,5; P = 0.65)  were not

significantly related to dosage (see Table 3); Neither were the sex ratios of the adult of

Leucopis ninae after the pupae were sprayed with Lorsban (F = 0.09; df = 1,7; P = 0.77)

or Decis (F = 2.05; df = 1,4; P = 0.23) as shown on Table 4. Fewer female Coccinella

septempunctata; however, eclosed at high rates of Lorsban (F = 13.7; df = 1,3; P = 0.03)

and shown on Table 5. There was no beetle eclosing at rates of 0.5 g a.i./ha or higher, of

Decis.
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Table 3. Sex Ratio of Eclosing Adults of Aphelinus varipes Pupae Exposed to Lorsban or

Decis

Lorsban Decis

g. a.i./ ha # of

Male

# of

Female

%

Male

g. a.i./ ha # of

Male

# of

Female

%

Male

0

120

61 77 44 0 34 55 38

47

41

13

33

47

15 31 33 5 20 23

240 36 53 40 10 32 47

360 13 28 32 15 2 13

480 32 44 42 20 26 52

720 10 30 25 50 18 20

960 11 16 41 100 10 29 26
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Table 4. Sex Ratio of Eclosing Adults of Leucopis ninae Pupae Exposed to Lorsban or

Decis

Lorsban Decis

g. a.i./ ha # of

Male

# of

Female

%

Male

g. a.i./ ha # of

Male

# of

Female

%

Male

0

60

44

8

50

13

47

38

0

5

22

22

32

33

41

40

45

50

33

61

120 15 7 68 10 25 30

240 40 53 43 20 27 27

360 10 10 50 50 19 38

480 44 57 44 100 31 20

720 23 26 47

960

1200

32

31

37

24

46

56
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Table 5. Sex Ratio of Eclosing Adults of Coccinella septempunctata Pupae Exposed to

Lorsban

Lorsban

g. a.i./ ha # of Male # of Female %  Male

0

60

120

10

10

6

21

15

9

32

40

40

240

360

4

2

4

0

50

100

Female Aphelinus varipes lived longer than males; however, longevity was not

affected by dose of Lorsban or Decis (see Table 6 and Table 7). Longevities of male and

female Leucopis ninae that emerged from either the Lorsban or Decis sprayed pupae

were not significantly different (see Table 8 and Table 9).  The longevity of adult

Leucopis ninae was not affected by the various dosages of Lorsban (see Table 8);

however, it was reduced by high dosages of Decis (see Table9).

The longevity of adult Coccinella septempunctata , regardless of sex, was reduced

when Lorsban was sprayed on pupae (see Table 10). None of the 75 Coccinella

septempunctata pupae sprayed with various dosages of Decis eclosed, whereas 88% of

the unsprayed pupae eclosed as shown in Table 11.
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Table 6. Longevity of Eclosed Aphelinus varipes Adults after Pupae were Exposed to

Various Dosages of Lorsban

Dosage

 (g. a.i./ ha

Longevity days +/- SE (n)*

Male Female

Control

120

240

12.5+/-1.02 (61)

11.0+/-1.58 (15)

9.97+/-1.21 (35)

18.1+/-1.32 (77)

19.4+/-2.16 (31)

17.6+/-1.51 (52)

360

480

9.75+/-1.66 (12)

9.81+/-1.21 (31)

12.8+/-2.28 (28)

20.2+/-2.04 (44)

960 8.50+/-2.19 (10) 16.5+/-3.82 (15)

*The means were not significantly different by treatment (F=1.24; df=6.443; P=0.28) but

were significantly different by sex (F=47.3; df=1.443; P<0.01) based on ANOVA.
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Table  7.  Longevity  of  Eclosed Aphelinus varipes Adults after Pupae were Exposed to

Various Dosages of Decis.

Dosage

 (g. a.i./ ha

Longevity - days +/- SE (n)*

Male Female

Control

5

10

9.94+/-1.07 (34)

7.90+/-1.33 (20)

7.91+/-1.12 (32)

19.3+/-1.37 (55)

12.3+/-2.06 (23)

19.0+/-1.98 (47)

15

20

14.0 +/-0.0  (1 )

8.80+/-0.99 (25)

20.8+/-4.21 (13)

16.0+/-1.82 (51)

50

100

6.78+/-1.46 (18)

9.00+/-1.58 (10)

16.2+/-2.82 (20)

13.8+/-2.05 (28)

*The means were not significantly different by treatment (Male: F=0.84; df=6.133;

P=0.54. Female: F=1.73; df=6.230; P=0.11) but were significantly different by sex

(F=55.6; df=1.369; P<0.01) based on ANOVA.
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Table 8. Longevity of Eclosed Leucopis ninae Adults after Pupae were Exposed to

Various Dosages of Lorsban

Dosage

 (g. a.i./ ha

Longevity - days +/- SE (n)*

Male Female

Control

60

120

240

5.45+/-0.64 (44)

13.3+/-5.33 (8)

7.87+/-1.66 (15)

6.60+/-0.56(40)

5.76+/-0.712 (50)

6.38+/-0.781 (13)

5.57+/-0.649 (7)

6.60+/-0.643 (53)

360

480

9.20+/-4.08 (10)

6.23+/-0.71 (44)

4.80+/-0.786 (10)

6.25+/-0.535 (57)

960

1200

7.53+/-0.98 (32)

7.29+/-1.02 (31)

7.68+/-0.869 (37)

6.21+/-0.599 (24)

*The means were not significantly different by treatment (F=1.74; df=8.514; P=0.09) nor

by sex (F=1.43; df=1.514; P=0.23) based on ANOVA.



                                                                                                       Sublethal Effects 34

Table 9. Longevity of Eclosed Leucopis ninae Adults after Pupae were Exposed to

Various Dosages of Decis.

Dosage

 (g. a.i./ ha

Longevity - days +/- SE (n)*

Male Female

Control

5

10

8.50+/-1.83 (22)

6.82+/-1.22 (20)

9.50+/-1.97 (24)

7.91+/-0.984 (55)

9.64+/-1.72 (33)

9.40+/-1.23 (30)

20

50

9.56+/-1.78 (27)

5.68+/-1.77 (19)

6.30+/-1.00 (27)

6.68+/-1.20 (38)

100 5.26+/-1.45 (31) 4.35+/-0.838 (20)

*The means of male adults were not significantly different from the means of female

adults based on ANOVA (F=0.05; df=1.318; P=0.83).
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Table 10. Longevity of Eclosed Coccinella septempunctata Adults after Pupae were

Exposed to Various Dosages of Lorsban

Dosage

 (g. a.i./ ha

Longevity - days +/- SE (n)*

Male Female

Control

60

120

240

10.3+/-1.78 (10)

10.0+/-1.13 (10)

2.00+/-0.817 (6)

2.00+/-0.707 (4)

11.6+/-1.28 (21)

8.27+/-0.973 (15)

4.78+/-1.13 (9)

2.50+/-1.50 (4)

360 1.00+/-0.00 (2)

*The means of male adults were not significantly different from the means of female

adults based on ANOVA (F=0.25; df=1.75; P=0.62)
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Table 11. The number of Coccinella septempunctata pupae sprayed with Decis and the

number of adults eclosed.

Dosage

 (g. a.i./ ha

Number

Sprayed

Number

Eclosed

0.0

0.5

1.0

2.5

25

20

10

10

22

0

0

0

5.0

10.0

20.0

50.0

10

15

5

5

0

0

0

0
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Field Case Study: Effects of chlorpyrifos, deltamethrin, cyhalothrin-lambda and

imidacloprid on ground dwelling arthropods in Canola fields.

A total of 21,424 ground dwelling arthropods were collected between 1999 and

2002.  Staphilinidae was the most abundant family (39.0%) followed by Carabidae

(23.0%), Elateridae (19.6%), Araneae (8.4%), Coccinellidae (7.4%) and Curculionidae

(2.7%).  A summary of all the ground dwelling arthropods collected is shown on Figure

1. A total of 4,920 carabids were caught in this period, representing 43 species from 15

genera (see Table 12).

 The 10 most abundant species accounted for 81.7 % of the total carabid catch and

no other species represented more than 3%. Amara quenseli had high numbers in 2000

and 2001 and was the most abundant species overall, with 868 individuals and 17.6% of

the total catch, although it had low numbers in 1999 and 2002. Pterostichus melanarius

and Microlestes linearis with 783 (15.9%) and 559 (11.4%) individuals, respectively,

were the second and third most abundant species.

Statistical analysis of the treatments for most abundant families trapped within the

four year period shows that Curculionidae was higher in the check treatment (Treatment

1), for 2000, 2001 and 2002; Coccinellidae was lower in Lindane and Gaucho in 2002

(P=0.005, df=2, Within=6); and Carabidae was higher for the check treatment and

Lorsban in 2000 (P=0.0218, df= 3, Within =11). Figure 1, shows all the families of

ground dwelling arthropods collected during the duration of the field study.
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Figure 1. Families of Ground Dwelling Arthropods Collected from 1999 - 2002.

The average occurrence of the seven most abundant carabids in all the replicate

plots per treatment was calculated for each of the 4 years of the study is shown on Table

13.
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Table 12. Carabid Species Caught Between 1999 and 2002

Species 1999 2000 2001 2002 Total
Agonum placidum 67 123 21 100 311
Amara apricaria 7 1 5 3 16
Amara carinata 69 31 30 57 187
Amara confusa 20 7 53 4 84
Amara convexa 0 1 5 1 7
Amara discors 0 0 1 0 1
Amara farcta 10 25 16 1 52
Amara latior 0 1 5 0 6
Amara littoralis 3 44 18 26 91
Amara obesa 0 2 5 4 11
Amara quenseli 60 330 444 34 868
Amara torrida 0 3 3 0 6
Bembidion bimaculatum 1 0 0 1 2
Bembidion canadianum 0 0 0 1 1
Bembidion coloradense 0 0 1 0 1
Bembidion nitidum 28 3 3 16 50
Bembidion obscurellum 37 5 8 117 167
Bembidion petrosum 0 0 0 1 1
Bembidion praecinctum 0 0 0 1 1
Bembidion quadrimaculatum 80 123 65 160 428
Bembidion rapidum 0 0 1 0 1
Bembidion rupicola 12 3 6 16 37
Bembidion timidum 18 0 2 5 25
Bradycellus congener 10 4 13 3 30
Calosoma obsoletum 8 0 19 43 70
Carabus granulatus 1 15 1 0 17
Chalenius sericeus 1 0 0 2 3
Clivina fossor 212 44 14 1 271
Elaphrus californicus 0 0 1 0 1
Harpalellus basilaris 59 114 82 26 281
Harpalus amputatus 32 29 95 11 167
Harpalus fraternus 4 5 3 12 24
Harpalus funerarius 1 0 0 0 1
Harpalus herbivagus 2 1 1 0 4
Harpalus paratus 1 0 1 0 2
Microlestes linearis 129 92 335 3 559
Passimachus elongatus 0 0 0 1 1
Pterostichus adstricus 1 0 8 0 9
Pterostichus corvus 54 27 8 51 140
Pterostichus lucublnadus 7 0 1 114 122
Pterostichus melanarius 166 315 65 237 783
Pterostichus scitulus 16 12 8 0 36
Stenolophus comma 8 11 10 16 45
Grand Total 1124 1371 1357 1068 4920
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Table 13. Average Occurrence of the Seven Most Abundant Carabids
                from 1999 to 2002

1999* 2000*

Species Check SE Decis SE Lorsban SE Matador SE Check SE Decis SE Gaucho SE Lorsban SE
P.melanarius 9.6 2.3 10.0 7.0 5.6 1.7 8.0 1.6 29.3 16.5 19.0 5.4 19.0 7.0 12.3 3.5

M.linearis 4.8 2.8 12.2 3.1 2.4 0.7 6.4 3.4 9.8 3.4 3.8 2.8 2.0 1.4 6.7 2.2

B.quadrimaculatum 4.2 3.2 4.8 2.4 1.2 1.0 5.8 3.0 13.8 1.7 7.8 3.1 0.5 0.3 9.3 4.3

A.carinata 6.0 3.5 3.2 1.8 2.0 1.0 2.6 0.9 2.8 1.1 1.8 0.5 1.3 0.5 1.7 1.2

Ag.placidum 7.0 4.2 1.4 0.2 2.2 0.7 2.8 1.2 12.0 5.9 9.5 4.3 4.8 3.8 3.7 2.2

A.quenseli 4.6 1.9 2.2 0.7 2.0 0.6 3.2 1.0 13.3 2.4 21.5 4.8 18.0 10.0 32.3 14.4

H.basilaris 2.8 1.1 3.2 0.9 2.8 1.0 3.0 0.7 10.3 2.1 6.0 1.9 4.3 1.4 6.0 1.5

2001* 2002*

Species Check SE Decis SE Gaucho SE Lorsban SE Check SE Lindane SE Gaucho SE
P.melanarius 2.8 2.1 3.5 2.5 7.0 5.7 3.0 1.2 35.0 34.5 40.0 38.5 4.0 2.3

M.linearis 35.8 6.8 7.5 2.1 23.8 6.7 16.8 5.1 0.0 0.0 0.7 0.3 0.3 0.3

B.quadrimaculatum 6.0 2.0 3.0 0.7 3.0 0.9 4.3 1.0 12.0 3.5 9.3 1.5 32.0 10.1

A.carinata 2.5 0.6 2.3 1.3 1.5 0.9 1.3 0.8 7.3 3.4 7.3 3.4 4.3 1.9

Ag.placidum 0.3 0.3 1.8 0.8 0.8 0.3 2.5 0.6 6.0 2.6 10.0 0.6 17.3 5.8

A.quenseli 37.3 5.4 23.8 5.1 25.5 3.7 24.5 14.2 2.0 0.6 4.3 1.5 5.0 0.6

H.basilaris 4.3 2.0 7.8 2.5 3.8 0.8 4.8 1.4 0.7 0.7 5.0 0.6 3.0 2.5

* 1999, n=5; 2000, n= 4; 2001, n=4; 2002, n=3

SE= Standard Error
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Year 1999.

A total of 1124 carabids representing 31 species from 13 genera were caught from

June 22 to September 21 in 1999 (see Table 14).  The 10 most abundant species

represented 83% of the catches.  In 1999, 212 individuals of Clivina fossor were caught,

making it the most abundant species that year, representing 18.9% of the total; however,

its numbers dropped considerably the following three years. Pterostichus melanarius was

the second most represented species in 1999 with 14.8%.   No significant differences

were found in catches of most carabid species between treatments. Agonum placidum

was on average, more abundant in the check treatment, than in plots sprayed with Decis

or Lorsban (see Figure 2). Microlestes linearis and Bembidion quadrimaculatum were on

average more abundant in Decis than Lorsban (see Figure 2).  The diversity indices

suggested that the Decis treatment was less diverse than the other treatments including

the check (see Table 14).

Table 14:  Diversity indices for Carabidae at the Victory Church site (n=4) 1999.

Treatment/indices Shannon-Wiener Simpson Evenness

Check 3.275 ± 0.095 7.355 ± 0.573 0.819 ± 0.024

Decis 2.871 ± 0.151 6.784 ± 0.801 0.714 ± 0.026

Lorsban 3.106 ± 0.158 6.298 ± 0.907 0.835 ± 0.028

Matador 3.351 ± 0.106 7.599 ± 0.630 0.855 ± 0.016
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Figure 2:  Average of 10 Most Abundant Species Caught per Plot at Victory Church,

Lethbridge in 1999 (n=4).
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Year 2000.

A total of 1371 carabids representing 21 species from 11 genera were caught

between June 20 and August 25, 2000 (see Table 15).   The 10 most abundant species

represented 90.6% of the total catches. Amara quenseli and Pterostichus melanarius were

the most abundant species which respectively represented 24.0% and 23.0% of the total.

Figure 3 shows catches per treatment, where Amara quenseli was more abundant in

Lorsban than in the check treatment, also, Bembidion quadrimaculatum and Microlestes

linearis were present in significantly much lower number in the Gaucho plots.  The

Simpson index indicated a lower diversity in Gaucho and Decis compared to the check

treatment and Lorsban (see Table 15).  The Evenness index also revealed a less even

distribution of carabid species in the check treatment (see Table 15).
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Figure 3:  Average of 10 Most Abundant Carabids Caught per Plot at Victory Church

Site, Lethbridge 2000 (n=4 except Lorsban n=3).
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Table 15. Diversity Indices for the Four Treatments in 2000 (n=4, except Lorsban n=3)

Treatment/indices Shannon-Wiener Simpson Evenness

Check 2.960 ± 0.194 6.305 ± 1.062 0.447 ± 0.039

Decis 2.856 ± 0.281 3.094 ± 0.598 0.674 ± 0.078

Gaucho 2.588 ± 0.241 4.020 ± 0.628 0.717 ± 0.053

Lorsban 2.986 ± 0.487 6.415 ± 2.180 0.742 ± 0.091
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Year 2001.

A total of 1357 carabids were caught in 2001 between June 15 and September 6th

for a sum 36 species representing 13 genera (see Table 12).  At this time, Amara

quenseli, the most abundant that year, representing a 32.7% of the carabid collected, was

more scarce in the Gaucho and Decis treatments, when compared with the Check

treatment as shown by Figure 4.  The numbers of Microlestes linearis, representing

24.7% of the catches at that time, were considerably low in the Decis treatment. This

species was the second lowest in the Lorsban treatment when it was compared with the

Check treatment shown on Figure 4.  The species richness was lower in the Lorsban and

Decis treatment; however, the Shannon-Wiener and Evenness index showed less

diversity in Gaucho, Table 16, shows a summary of the biodiversity analysis for the year

2001.

Figure 4: Average of 10 Most Abundant Carabid Species Caught Per Plot at the Victory

Church site, Lethbridge 2001 (n=4).
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Table 16.  Diversity Indices for Four Treatments at Victory Church Lethbridge 2001.

Treatment/indices Shannon-Wiener Simpson Evenness

Check  2.724 ± 0.146 4.429 ± 0.521 0.681 ± 0.023

Decis 2.907 ± 0.155 5.043 ± 0.368 0.781 ± 0.015

Gaucho 2.333 ± 0.102 4.654 ± 0.346 0.589 ± 0.007

Lorsban 2.905 ± 0.205 5.459 ± 1.286 0.771 ± 0.063

Note. n=4
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Year 2002.

A total of 1068 carabids were caught in 2002 from May 27th to September 18th

representing 31 species from 13 genera (see Table 12).  The 10 most abundant species

represented 87.9% of the total catches and included Pterostichus melanarius and

Bembidion quadrimaculatum which represented respectively 22.2% and 15.0%, the

former was considerably lower in the Lindane treatment when compared with the Check

and Gaucho treatments (see Figure 5); however, Bembidion quadrimaculatum, in the

Lindane treatment was considerably higher that the Gaucho and Check treatments.  When

analyzing diversity, shown on Table 17, the species richness was higher in the Lindane

and Gaucho treatments (24 species) than in the Check treatment (21 species)

Figure 5:  Average of 10 Most Abundant Carabid Species in Vauxhall in 2002 (n=3).
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Table 17. Diversity Indices per Treatment for Carabid Caught in Vauxhall 2002

Treat/indices Shannon-Wiener Simpson Evenness

Check 3.020 ± 0.232 5.689 ± 1.237 0.755 ± 0.058

Lindane 2.183 ± 0.534 6.838 ± 3.205 0.523 ± 0.114

Gaucho 3.127 ± 0.079 6.219 ± 0.465 0.768 ± 0.032

A one-way ANOVA was used to separate abundance means among treatments for

every year.  In 2000, Bembidion quadrimaculatum, was significantly lower in Gaucho

(P=0.0063, df=3, Within=11).   In 2001, Microlestes linearis was significantly lower in

Decis and Lorsban than Check without being different than gaucho (P=0.0223, df=3,

Within=12) in the year before. Finally, Bembidion obscurellum was lower in Check and

Gaucho than Lindane in 2002 (P=0.0041, df=2, Within=6)

A one-way ANOVA reveals no difference between treatments for diversity

indices except in 2000 where Evenness was statistically lower in the check plots

(P=0.0322, df=3, Within=11).
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CHAPTER FIVE – DISCUSSION AND CONCLUSIONS

Although spraying intact plants is a more realistic representation of field

conditions, spraying cut leaves taped to a frame is simpler and more efficient and

probably less variable. Both chlorpyrifos and deltamethrin, in the laboratory study, were

toxic to the adults of Aphelinus varipes and Leucopis ninae with LD50 of 1 to 45% of the

recommended field rates, but the degree of toxicity of these chemicals varied, with

chlorpyrifos being extremely toxic to Aphelinus varipes and deltamethrin extremely toxic

to Leucopis ninae. However, the pupae of Aphelinus varipes and Leucopis ninae were

resistant to these chemicals at the recommended field rates, probably due to the

protection provided by the mummified skin of the aphids (Hsieh and Allen 1986).

Although insecticides have been shown to shorten the longevity of parasitic wasps (Croft,

1990; Krespi et al. 1991; Abo El-Ghar and El-Sayed 1992) and affect their sex ratio

(Rosenheim and Hoy 1988), the longevities and sex ratio of the adult Aphelinus varipes

and Leucopis ninae eclosing from pupae sprayed with chlorpyrifos or deltamethrin were

not affected in this study. The presence of a protective pupal stage provides an

opportunity to minimize the impact of insecticides on these two beneficial insects if

spraying can be scheduled to coincide with the period when most of these insects are in

the pupal stage in the field.

In contrast to the protected pupal stage of these two natural enemies, the pupae of

Coccinella septempunctata were very sensitive to the recommended field rates of

chlorpyrifos and deltamethrin. Both chlorpyrifos and deltamethrin (Bostanian et al, 2001;

Easterbrook, 1997) were very toxic to the adult beetle when compared with other
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insecticides. The larval stage has been reported to be even more sensitive to chlorpyrifos

(Shukla et al. 1990; Thomas and Phadke 1991) and deltamethrin (Wiles and Jepson 1992)

than the imaginal stage. This study showed that the pupal stage is also extremely

vulnerable to these insecticides. Hao et al. (1990) found that the pupal stage of Coccinella

septempunctata was as vulnerable to pirimicarb, phosalone and monocrotophos as the

larval and imaginal stages. Unlike Aphelinus varipes and Leucopis ninae, which have a

protected stage against insecticides, Coccinella septempunctata is vulnerable to

insecticides over most of its life. Since Coccinella septempunctata is considered one of

the predators best suited for Russian wheat aphid control (Michels and Flanders 1992)

and its range is rapidly expanding in western Canada (Turnock and Timlick 1991), an

alternative insecticide that is less toxic to Coccinella septempunctata should be

considered in locations where Russian wheat aphid is a potential pest. Alternatively,

deltamethrin, which is the more toxic of the two insecticides tested, should not be used

when the activity of lady beetles is highest during the latter part of the season (Turnock

and Timlick 1991).

In conclusion, the laboratory study suggests that the use of chlorpyrifos and

deltamethrin in cereal may be compatible with Aphelinus varipes and Leucopis ninae if

the application of the insecticides is timed to coincide with the peak of the pupal period in

the field.

In the field case study, it could be concluded that the seed treatments, Gaucho

and Lindane, did not have major consequences on the catches, since rarely they reduced

the number of ground dwelling arthropods caught when compared with the control. The

insecticide Lorsban had a greater negative impact on the abundance of some species.
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 However, there was not a clear pattern, when analyzing the diversity of

dwelling arthropods in the Canola field. The treatments were not sufficiently strong to

make a difference in the biodiversity; therefore, it is recommended in further future

analyses to use longevity or fertility studies that can be more adequate than biodiversity.

This thesis reviews the literature, a laboratory case study and a field case study;

showing and discussing the evidence on the impact of insecticides on non-target

arthropods. It was generally reported in the literature, the effects on the foraging patterns

of parasitoids, while other studies describe the potential effects on navigation behavior.

Also, there is the impact of sub-lethal effects on community ecology and their secondary

effects on the higher trophic components of the ecosystem.

It was important to complement the literature with laboratory and field studies to

try and better comprehend the effect of insecticides in agroecosystems. The field case

study suggests that there is considerable variability in the effects of different insecticides

depending on the species of the arthropods, life stages, host type, and specially the

environmental conditions.

There is the need to incorporate into the agroecosystems, various alternatives of

integrated pest management systems where insecticides are used as a last resort to be less

disruptive to the beneficial non target organisms.
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CHAPTER SIX – FURTHER STUDIES AND SUGGESTIONS

Sublethal effects on longevity and reproduction due to insecticide applications

are commonly observed on non-target parasitoid and predator insects, and that is

important to think about when considering these beneficial insects as very important

agents contributing to the biological control of pest species. Even after recovery from an

insecticide application, parasitoid and predator populations may suffer sublethal effects

from the residues that may decrease their effectiveness as natural enemies. Penagos, D. et

al (2005), in their 2003 study indicates that “unfortunately, it is very difficult to quantify

such effects in the field”. Cabral et al 2008, in their study about Coccinellidae indicate

that even when an insecticide does not kill the predator, it may have multiple sublethal

effects, including shortened longevity, reduced fecundity and fertility, prolonged

developmental rates or pre-oviposition periods, decrease in weight gain, mutation of the

offspring and changes in behavior. By ignoring these sublethal effects, many

toxicological studies that evaluate only lethal outcome may underestimate the negative

impacts of insecticides on natural enemy populations.

Further development of integrated pest management (IPM) alternative is

necessary by evaluating lethal and sublethal effects of insecticides on non-target

parasitoid and predator insects. In addition, many insecticides are considered selective to

some beneficial insects and recommended as suitable for IPM by the manufacturers;

however, some of these insecticides have some adverse effects on the natural enemies of

the pest to be controlled (Cabral et al, 2008). As IPM gains acceptance as a preferred
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approach of pest control, knowledge of the lethal and sublethal effects of insecticides on

beneficial organisms is required for a complete analysis of their impact.

The next section discusses a few options to reduce the impact of insecticides in

the environment, including the non target insect population as well as some suggestions

for IPM; these could be used to further implement provincial’s tools and policies to

regulate, manage and monitor the use of pesticides (insecticides).

Selective Insecticides

On a review of chemical control options, Gentz, M. (2009) commented that

Agroecosystems are particularly sensitive to the effects of widespread pesticide use.

General attention is being paid into developing sustainable pesticide options for

agricultural and urban pest insects, particularly for sensitive environments. Given the

fragile status of many native arthropods, care must be taken to minimize their exposure to

potentially harmful insecticides and the non-target impacts of these chemicals. Recent

developments in the synthesis and discovery of highly selective insecticides with low

toxicity to mammals and non-target organisms are providing viable alternatives to the

broad-spectrum persistent organochlorine insecticides that have been largely

deregistered. Innovative technologies, particularly synthesizing analogues of biologically

active compounds, are providing new chemical control options and management

strategies for sensitive ecosystems.
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Reduce or Eliminate the Use of Chemicals in Agriculture

The increasing use of synthetic pesticides is affecting human health,

environmental health and agricultural sustainability. Insecticides as a pest control strategy

based on high use of synthetic pesticides continue increasing as the sole means to tackle

pests. This situation continues because pesticides are said to be necessary to feed the

world’s population. In reality pesticides destabilize agricultural systems by reducing

biodiversity and ecological pest control processes. Pesticides cause the decline of

pollinators, a crucial eco-system service for plants and also assist the development of new

pest species through destruction of natural predators. Resistance to pesticides by

unwanted organisms is escalating.

Organic systems can be compared, in terms of yields and economics, with

conventional agriculture; however, there are insufficient incentives or funding for

research and implementation of sustainable agroecosystems strategies for the future. To

encourage producers of agricultural products, to reduce the use of insecticides; further

development is needed, promoting the use of sustainable alternatives to insecticides,

supporting ecologically and biodiversity based agriculture, instead of industrial and

chemical based agriculture. An adequate institutional framework, including policy and

marketing incentives, to create a setting where alternatives to the use of insecticide can

flourish, and an integrated popular participation in decision making regarding chemical

regulation, should be implemented at a provincial and national regulatory levels; limiting
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the power of corporate influence on agricultural research and the development of

regulatory instruments.

Consumer awareness and consumption patterns that support alternative production

must be developed, promoting organic, agroecological, permaculture, and low external

input systems, amongst others, supporting the generation, innovation and promotion of

ecological alternatives to pesticide use.

The Example of California

Another alternative to better handling pesticides in agroecosystems; for example,

could be to promote and fund the research and implementation of government policies, at

a provincial level, for better monitoring and legislation of the use of pesticides as it is

done in the state of California, in the United States.

California is well-known as a leader in the area of pesticide regulation. Many

mechanisms now present at the national level of the United States began in California.

The concept of restricted use pesticide is an example of this trend. The use of all

pesticides in California is subject to controls under state and federal rules; misusing any

pesticide violates those laws. A brief review of this process, extracted from the State of

California Code of Regulations (Food and Agriculture) Division 6. Pesticides and Pest

Control Operations, is included as a suggestion for a possible policy framework in

Alberta, or any province in Canada.
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Restricted pesticide use and permits.

California also has additional rules for pesticides classified as restricted material,

which are pesticides that can be especially dangerous to human health or the environment

if not used correctly. Therefore, California law allows the Department of Pesticide

Regulation (DPR) to put special controls on these pesticides, limiting their use only to

trained individuals, and then only at times and places approved by the County

Agricultural Commissioners. The commissioners evaluate the potential effects that an

application might have on people and the environment before the pesticide is allowed to

be used.

California is the only state with such a pesticide regulation system. In California

and other states, users of restricted materials must have certain training. But only

California requires users of certain pesticides to get a permit from a local regulatory

official. The County Agricultural Commissioners are uniquely positioned to do this, with

their extensive knowledge of the pesticides and the local conditions. Requiring a permit

allows the commissioners to make sure restricted pesticides users prevent harmful effects

or use alternatives to the pesticide. The purchase or use of most restricted materials in

agriculture requires a permit from the County Agricultural Commissioner.

Landowners apply to the County Agricultural Commissioner, listing the areas to

be treated, the location and size of the area, crops, pest problems, names of restricted

pesticides that may be applied and the application method. The application for the permit

also includes a map or description of the surrounding area, showing any places that could

be harmed by pesticides, including rivers, residential areas, endangered species habitats,

and nearby susceptible livestock or crops.
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If the commissioner decides that any substantial harm is likely to happen, the

applicant is required to evaluate other alternatives possible, including not using a

pesticide at all; or extra control should be taken to reduce the risk of harm to people or

the environment. The alternatives must be able to control the pest with comparable

effectiveness and reliability, considering the economic, environmental, social, and

technological factors and timeliness of control. A further improvement to this process

could include incorporating into all pesticide registration and re-registration a protocol

that initially requires evaluating sublethal effects with an impact on domesticated and

wild bees and other pollinators. When the initial protocol is in place, further evaluation

and research into more comprehensive biodiversity studies of the insect population,

should be implemented; to evaluate natural control of the pests, as well as reducing

insecticide resistance by insect pests.

According to current California laws, if the commissioner determines the

pesticide cannot be used safely, because the risk cannot be reduced to a point where the

use of the pesticides is safe, then the permit application is denied. Even after granting a

permit, the commissioner can cancel it at any time, if new information arises and justifies

the further denial; as an example, if an endangered species habitat is found, that was not

reported in the original application for the permit, then, the permit could be cancelled. A

commissioner can also cancel a permit if the permit holder breaks the pesticide laws.

After having a permit approved, the applicator of pesticides must send a notice to the

commissioner at least 24 hours before the scheduled application. This last step in the

process also must indicate if there are any changes since the original permit was issued.
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Additional Suggestions

To reduce the risks associated with any pesticide application, alternative practices that

can reduce the exposure, including the use of reduced risk pesticides, should be

incorporated into any sustainable pest management systems. Some suggestions to

practices for improved integrated pest management are:  (Pickel et al. 2004, Bentley et al.

2006):

1. Plant crop varieties that are resistant or tolerant to pests and diseases.

2. Use cropping practices that help prevent pest and disease problems; for example

polycultures (Altieri, M., 1995).

3. Monitor populations of pest and beneficial insects and mites.

4. Tolerate low pest populations, and take action only if the relative numbers of a

pest and its natural enemies reach an economic threshold. Many economic

thresholds have been developed for major pests attacking crops in Western

Canada. Crops should be monitored and sprayed only if the insects surpass the

thresholds.

5. Protect natural enemies of pests by using cultural or biological pest control

methods whenever possible. Examples of these methods include: mechanical

trapping devices; the release of natural predators or parasitoids of pests; mating

disruption chemicals (pheromones) and other biological pesticides such as

entomopathogenic fungus, which mimic or are derived from natural sources.
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6. If it is necessary to use a synthetic pesticide, choose a reduced risk pesticide

whenever possible such as seed treatments that targets the herbivores. Select, if

available, pesticides toxic only to the target pest species

If insecticide applications are necessary, preference should be given to reduced risk

pesticides. There are several types of reduced risk pesticides, including biopesticides,

which are derived from natural materials such as animals, plants, fungi, bacteria, and

certain minerals; and conventional (synthetic) reduced risk pesticides, which are synthetic

chemicals that directly kill or inactivate pests, or influence their behavior. According to

the U. S. Environmental Protection Agency (U.S. EPA), in general, reduced risk

pesticides have relatively, low impact on human health, lower toxicity to non target

organisms, low potential for groundwater contamination, low use rates, low pest

resistance potential, and compatibility with integrated pest management practices.

Although, reduced risk insecticides are less toxic than many broad-spectrum insecticides,

they are not entirely risk free. Some are toxic to beneficial arthropods; including

predators and parasitoids insects of pests; furthermore, overdependence on them may

create pesticide resistance.
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APPENDIX A

1999: 5 replicates of treatments Decis, Lorsban and Matador, conducted on 10m x 10m
plots separated by 2m.
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2000: 4 replicates of treatments Decis and Gaucho, and 3 replicates of treatments
Lorsban, conducted in 10m x 10m plots separated east/west by 2m and north/south by
10m of spring wheat/ wild oat.

2000

2 m

N

p1 p2 p3 p4 p5 p6 p7

p8 p9 p10 p11 p12 p13 p14

p15 p16 p17 p18 p19 p20 p21

p22 p23 p24 p25 p26 p27 p28

check

lindane

gaucho

adjust

lorsbane

decis

matador

t1

t2

t3

t4

t5

t6

t7



                                                                                                       Sublethal Effects 70

2001:  4 replicates of treatment Decis, Gaucho and Lorsban, conducted in 10m x 10m
plots separated east/west by 2m and north/south by 10m of spring wheat/ wild oat.
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2002:  3 replicates of treatment Gaucho and Lindane (foliar), 2 of which were conducted
in 22m x 24m plots and one in 50m x 24m plots.   Field displayed as a quarter of a circle,
the longer plots situated along the circular portion of the field.
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