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Abstract

Md. Jashim Uddin. University of Manitoba,2005.Insects of alfalfa in Manitoba with

particular reference to Lygus spp.rAdelpltocorís líneolatus (Hemiptera: Miridae) and

Acyrthosíphon pßum (Homoptera: Aphididae) and their natural enemies.

Supervisor: Dr. N.J. Holliday

The study was conducted from 1999 to 2001 to determine the most suitable method to

be used for sampling insect pests on alfalfa, to determine the seasonal occurrence of

comlnon insect pests and natural enemies, to assess the roles of common natural enemies

on insect pests, and to find out ways to increase the benefits from insect natural enemies

in relation to the production practices of alfalfa in Manitoba. Among different sampling

methods, sweep-net sampling was found to be the most consistent and reliable method of

sampling most insect taxa, although beat tray sampling provided better estimates for

Lygus spp. nymphs. It was found in the present study that Lygus spp. Hahn, Adelphocoris

Iineolatus (Goeze) and Acyrthosiphon pisum (Hanis) were the most prevalent insect

pests. Carabids, chrysopids, coccinelli ds, Nabis spp., orius spp., spiders and opilionids

were the most commonly occurring predaceous taxa. Circumstantial evidence from the

field study and evidence from l.he laboratory study indicate that coccinellids play

irnpofant roles in population growth of the above pests on alfalfa. Field and laborarory

studies also provided evidence that carabids, coccinellids, chrysopids and nabids alone or

together as a guild can suppress these pest populations on alfalfa. Parasitoids appeared to

be inrportant, as they killed a conside¡able percentage of Lygus spp. and A. pisum,but not

of A. lineolatus. Aphidius ervi Haliday was the most prevalent aphid parasitoid.
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No control measures were required in hay fields, as swathing hay suppressed pest

populations below damaging levels, partly through causing Lygus spp., and sometimes l.
lineolatus, to move into adjacent seed fields. Conversely, insecr pests were more

nunÌerous in seed fields, although these fields usually received chemical insecticides as

pest control measures. Whether populations of natural enemies can be enhanced in seed

alfalfa fields was examined, and it was found that nepetalactone, which is an aphid sex

pheromone component, can be used to enhance natural enemy populations, and the

benefits thereof, in seed fields.

Successful rearing of Chrysoperla carnea (Stephens) and, Chrysopa oculata Say

Iarvae by using Megachile rotundata (Fabricius) (leafcutting bee) prepupae as the

chrysopid larval diet expanded the use ofleafcutting bees and provided a basis for

inexpensive culture of chrysopids. The potential of insect pests and their natural enemies

for management in connection with the current alfalfa production practices are discussed.
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CHAPTER 1

Introduction

Alfalfa, Medicago sativa (L.), is a perennial legume and is one of the most

important forage crops gro\iln in Canada (Harper et al.1990). Alfalfa is widely grou'n in

the Prairie Provinces (Goplen et al.1987; Harper et al.1990; Schaber et al.1990b;

Schaber and Entz 1991). Because alfalfa is a perennial plant with a dense canopy and

complex crown structure, it offers relatively persistent and varied niches for insects in

fields (Brown and Fick 1986; Summers 1998). As a result, diverse assemblages of insect

pests and their natural enemies develop and establish in alfalfa fields (Pimentel and

Wheeler 1973b; Harper 1988; Schaber and Entz 1991). A number of these insect pest

species cause economic damage to alfalfa crops, particularly in the case of alfalfa grown

for seed, which is a much more valuable crop than hay.

Insect pests, which damage Canadian alfalfa, include mainly the lygus bug, Lygus

spp., the alfalfa plant bug, Adelphocoris lineolatus (Goeze) (Hemiptera: Miridae) and the

pea aphid, Acyrthosiphon pisum (Harris) (Homoptera: Aphididae) (Lilly and Hobbs 1962;

Harper 1978; Goplenet a|.1987; Munell 1987; Schaber and Entz 1988; Soroka 1991;

Soroka and lvlurrell 1993). In addition, damage caused by the alfalfa weevil, Hypera

postica (Gyllenhal) (Schaber and Entz 1988; Schaber et al. 1990b) and the superb plant

bug. Adelphocoris superbus (Uhl.) (Lilly and Hobbs 1962), has been reported from

Alberta. Murrell (1987), however, did not often find these latter insects in alfalfa fields in

Saskatchewan. In Manitoba, although prior to the sfudy reported here no thorough studies

have been done, Lygus spp., l. lineolatus, and A. pisum have been reported to infest

alfalfa crops (Timlick et al. 1993; Gerber and Wise 1995).



Pest control by cultural, biological or chemical methods is available for alfalfa

(Bolton and Peck 1946; Lilly and Hobbs 1962;Craig 1973; Harper 7978,1988; Harper et

al. 1990; Schaber 1992), though farmers rely heavily on pesticides. Debach and Rosen

( I 991) reviewed the effects of chemical insecticides and concluded that dependence upon

chemical insecticide application is not a sustainable strategy, as chemical insecticides

disrupt the natural ecological balance and escalate the resurgence of pest problems. In

addition, indiscriminate use of insecticides results in development of pesticide resistant

pest genotypes (Debach and Rosen 1991; Snodgrass and Elzen 1995; Snodgrass 1996).

Hence, there is interest in holistic schemes to reduce the reliance on chemical insecticides

and increase the use of insect natural enemies (Schaber and Richards 1979; Davis 1985)

as a part of a sustainable crop production system. In Manitoba, such a scheme is lacking.

To develop a holistic pest management scheme, knowledge of the important insect pests

and their natural enemies, and their interactions in relation to production practices is

required. The present study is designed to gather the required information and the general

objectives of this thesis are

- to assemble information on what insects are frequently present in alfalfa frelds,

- to examine the seasonal occurrence of more coÍrmon insect pests and their natural

enemies in relation to production practices in alfalfa fields,

- to investigate the roles of natural enemies on important insect pests in alfalfa

fields,

- to find ways to increase the benefits from insect natural enemies.



Thesis Organization

The thesis is divided into four main sections: Introduction, Literature Review,

Research, and General Discussion. The research section presents results of the thesis

research in six different sub-sections þarts), each in the style of a scientific paper. The

general discussion relates the important findings from the six research papers, and

provides direction for future research and conclusions with respect to insect pests in

alfalfa fields of Manitoba.



CHAPTER 2

Literature Review

Origin and importance of alfalfa

Alfalfa, Medicago sativa Linnaeus (Leguminosae), is a popular and important

forage crop grown in Canada. Goplen et al. (1987) reviewed the history of alfalfa, and the

following is a summary. The crop probably originated in Asia with present day lran as

the center of origin, and was cultivated in Persia and Turkey more than 3300 years ago.

In North America, the crop was first cultivated in Georgia in1736, but due to poor

perfomrance in cold weather, the crop was not popular until a relatively cold-hardy strain

"Chilean clover" was introduced from Chile into California in 1850. Economic

cultivation was not possible in the northem United States and Canada until a cold-hardier,

variegated strain was introduced from Germany into Minnesota in 1857. After several

successive winters in Minnesota, a very cold-hardy strain was selected. Although alfalfa

was first introduced to Canada from France in 1871, the commonly grown Canadian

alfalfa originated from the hardy Minnesotan strain. Professors J. Bracken and LE. Kirk

at the University of Saskatchewan made selections from the Minnesotan strains and

distributed breeder seeds of the cold-hardy strain *666* in 1926. Since then various cold-

hardy, pest- and disease-resistant cultivars have been developed and distributed.

As fresh or processed feed, alfalfa provides superior feed for livestock including

cattle. swine, poultry, sheep and horses (Conard and Klopfenstein 1988; Summers 1998).

Alfalfa feed is easily digestible, high in protein, vitamins and minerals, and low in fiber

(Barnes and Gordon 1972; Conard and Klopfenstein 1988; van Keuren and Matches

1988). Humans also consume alfalfa in the form of sprouts (Summers 1998). The crop



also improves soil structure and water conditions, reduces salt accumulation, fixes

atmospheric nitrogen into soil and increases soil fertility (Summers 1998).

Alfalfa production systems

Goplen et al. (1987) reviewed the production of alfalfa in the Canadian Prairies,

and the following is a summary. Alfalfa is grown either as livestock feed or for seed

prodr-rction. Differences in stand establishment between the fwo systems are that alfalfa

for feed is grown at a high plant density either as a pure stand or as a mixed alfalfa-grass

stand, whereas seed alfalfa is grown as a pure stand at relatively low density. Once

established, alfalfa for feed is harvested or grazed at least twice annually, insecticide

applications are uncommon and pollinators are not introduced to the crop. In contrast,

successful seed production depends on introduced pollinators, insecticides are usually

applied, and harvest is once a season.

Cultivation for livestock feed

Deep, fertile, well-drained land of any soil type can be used for alfalfa cultivation.

Based on soil testing. the field is fertilized and lime-treated. and the seedbed is prepared

to be moist, finely pulverized, level and firm to the seeding depth. Seeds are freshly

inoculated with the bacterium Rhizobium meliloti Dangeard, sown 1-2 cm deep in the

soil, and pressed (Caddel et al. 2000). Seeds can be sown in spring, late summer or early

fall, but in areas like the Prairies where winter is harsh, spring sowing is recommended

(Tesar and Jacobs 1972; Goplen et al. 1987). Seeding rate varies depending on locality,

soil type and avaiiabiiity of moisture. in Prairie Canada, broadcasting or line sowing of

seeds at l-7 kglha is recommended (Goplen et al. 1987). A higher seeding rate is



reconlmended for irrigated alfalfa. If grown as a mixed stand for feed, alfalfa seed is

mixed with seed of clover, timothy, or other grasses. Weeds are controlled at the 1-3-leaf

stage of the crop or sometimes during late fall of the establishment year. Fertilizers are

applied based on soil testing. Inigation is usually applied at the time of flower initiation

in arid and semi arid regions. Insects and diseases are seldom controlled (Goplen er a/.

l 987).

Alfalfa hay crop is usually mown twice in a growing season (Harper et al. 1990).

If the crop is to provide supplementary protein to animals, cutting or grazing at the early

flowering stage, before 10% of plants flower, is recommended, as the protein content and

its digestibility decrease thereafter (Smith 1972; Goplen et al. 1987). If the crop is used

for roughage, it is mown or grazed later than l0% of plants blooming. The subsequent

cutting or grazing usually occurs 35 to 42 days after the first harvest. Timing of the

second hay cutting influences stand persistence. The critical fall harvest period, when no

cutting is recommended, is usually 4-6 weeks before the frrst killing frost (Goplen et al.

1987). After cutting, the crop is cured for hay or silage or processed for dehydrated

products such as cubes, pellets, and leafprotein concentrates (Goplen et al.1987).

Cultivation for seed production

Unlike that grown for livestock feed, alfalfa for seed production often requires

pest and disease control, and adequate pollination. The seed field is not harvested in the

frrst year of stand establishment. In subsequent years, the field is managed for seed:

alfalfa is a cross-pollinated crop and to increase pollination, shelters containing

leafcutting bee, Megachile rotundarø (Fabricius) (Hymenoptera: Megachillidae), are



introduced into the field when the plants start blooming, and remain until late summer.

Alfalfa seed growers frequently are also bee producers. Richards (1989) has explained in

detail about shelter placement, and introduction, care and management of alfalfa

leafcutting bees for better pollination and increased bee cocoon production,

simultaneously. When seeds are mature in September, the crop is swathed or combined

(Goplen er al. 1987).

Insect problems in Canadian alfalfa

Alfalfa is very palatable not only to livestock but also to insects (Goplen et a\.1987).The

occuffence of insect pests in alfalfa fields has been examined both in Canada and in the

United States. Pimentel and Wheeler (1973b) found about 600 species of arthropods,

whereas Harper (1988) found over 400 species of insects and mites in alfalfa fields in

New York and Alberta, respectively. Despite the presence of a large spectrum of insect

species. only four or five species appear to have the potential to cause economic damage

to the crop in a particular region (Schaber and Entz 1991; Summers 1998). Some species

have limited regional distribution, whereas others occur widely. For example, the alfalfa

weevil. H¡tpera postica (.Gyllenhal). which has been a serious pest of alfalfa in the lower

Great Lakes region of eastern North America (Harcourt et al. 1984), also attacks the

alfalfa crop in Ontario, Alberta and Saskatchewan, but the insect has not been a problem

in Manitoba (Goplen et al.1987; Schaber 1992). The blue green alfalfa aphid,

Acyrthosiphon kondoi Shinji (Stern et al. 1980) and spotted alfalfa aphid, Therioaphis

maculata (Buckton), have been serious pests of alfalfa in the United States (Angalet

1970). The insects aiso atiack aifaifa in'Western Canada (Harper and Liiiy 1966; Soroka

l99l), although their damage to the crop in the Canadian Prairie Provinces is infrequent



(Goplen et al. 1987; soroka l99r). The western lygus bug, Lygus hesperus Knight, is

prevalent throughout the Rocky Mountain and Pacific States (Beards and Strong 1966),

although, the species does not occur in the Canadian Prairie Provinces (Kelton 1975). For

simplicity, the present review focuses on the most commonly occuning and economically

damaging insect pests of alfalfa crops in North America, particularly in the Canadian

Prairies. In the canadian Prairies, these insects include Lygus spp., Adelphocoris

lineolaÍus (Goeze) (Hemiptera: Miridae), and, Acyrthosiphon pisum (Harris) (Homoptera:

Aplrididae) (Lilly and Hobbs 1962; Schaber and Entz 1988; Schaber et al. t990b; Soroka

l99l; Munell 1987; Schwartz and Foottit 1992a; Soroka and Munell 19931 Gerber and

Wise 1995).

Iygl¿s bugs

Kelton (1955, 1975, 1980) reported that2l of the 3l North American Lygus spp.

occur in the Canadian Prairies. Of these only nine were collected from field crops in the

Prairies: L. borealis (Kelton), L. elisus Van Duzee, L. lineolarrs (Palisot de Beauvois), L

plagiatus Uhler, L. rubrosignalus Knight, L. rufidorszs (Kelton), L. shullt (Knight), ¿.

solidaginis (Kelton), and L. unctuosus (Kelton) (Schwartz and Foottit lgg2h). Salt (1945)

reported that in Alberta, L. hesperus infest alfalfa crops, however, the report appeared to

be based on misidentiflication, as L. hesperas does not occur in Alberta (Kelton lg75).

Several of the above Lygus species infestalfalfa, though L. lineolaris, L. borealis and,L.

elisus are most conunon (Craig 1983; Murrell 1987; Schaber and Entz i98B; Butts and

Lamb 1991; soroka l99l; schwartz and Foottit 1992a,|992b;Timlick et al.1993:

Gerber zurd Wise 1995; Braun et al.200l). The relative abundance of these insects varies

botlr temporally and spatially (Bufts and Lamb 1991;Leferink 1991; SchwartzandFoottit



1992a; Timlick et al,1993). In general, L. lineolar¡s is the predominant Lygus bug in

Nolth America, and is the only species with an economic impact on seed alfalfa in

eastem North America (Schwartz and Foottit 1992a). Lygus borealis is prevalent in parts

of tlre Canadian Prairies (Butts and Lamb 1991; Schwartz andFoottit 1992b), whereas Z.

elisus and L. hesperus are prevalent western and eastern North America, respectively

(Day 1987; Schwartz and Foottit 1992a).In Manitoban alfalfa fields, L. lineolaris, L.

borealis and L. elisus are predominant in the eastern, north and western, and southern

agriculturalregions of the province, respectively (Timlick et al.1993). These Lygus spp.

are Holarctic in distribution (Kelton 1975), and they feed on about 400 plant species

(Young 1986).

Bíology

The biology of Lygus species has been well studied. Most Lygus spp. are similar in both

biology and behavior, and are generally referred to as lygus bugs. Lygus spp. generally

overwinter as adults (Kelton 1975), emerge in the spring, then feed on and oviposit in

host plants during spring and summer. At 20oC, eggs develop and hatch to nymphs in less

than two weeks; development through five nymphal instars into adults takes about 24

days more. Growth and development rates increase with increasing temperature (Khattat

and Stewart 1977). Ridgway and Gyrisco (1960) reported the duration of development of

each instar of L. lineolaris: at 20oC instars 1-5 develop in 6-8,3-6, 4-8,5-7, and 7-10

days, respectively.

The number of generations of Lygus bug per year is directly influenced by the

accunrulated degree-days above 10'C (Champlain and Butler 1967), although other



climatic conditions and host plants also influence the number of generations (Kelton

1975). Lygus lineolaris has one generation in northern Alberta (Butts and Lamb 1991)

and northern Saskatchewan (Craig 1983), two generations in southern Saskatchewan,

southem Manitoba (Timlick et al.1993; Gerber and Wise 1995) and eastern Ontario

(Painter 1929), three generations in southern Quebec (Stewart and Khoury 1976), and

four or more generations in the southem United States (Day 1987). In Vy'estern Canada,

Lygus species are generally univoltine north of 53o30'N (Craig and Loan 1987), and

bivoltine south of 50"N (Schwartz and Foottit 1992a).

Seasonøl occurrence

The seasonal distribution of Lygus bugs is known frorn Manitoba (Gerber and

Wise 1995), Saskatchewan (Craig 1963; Munell 1987; Braun et al.200I), and Alberta

(Butts and Lamb 1991). Generally, a small number of overwintered Lygus adults invade

the field and start feeding on young plants as soon as alfalfa seeds germinate or cro\Ã¡ns

sprout in the spring (Craig 1973; Sorokalggl; Gerber and Wise 1995). The mated

females then lay eggs in the plant stems. The eggs hatch and the first generation nymphs

appear in the second half of May, and peak during the first half of June (Gerber and Wise

1995). The nymphs pass through five instars to reach adulthood in about a month (Craig

1973; Khattat and Stewart 1977; Soroka 1991). Adults in the first generation appear

during mid- to late-June, and peak during early- to mid-July. The first generation adults

quickly disappear within two weeks of the peak, and the second generation nymphs

appear during late July or early August, and peak during mid-August. Second generation

adults frrst appear in early August and peak during mid- to late-August (Craig 1983;

t^IU



Murrell 1987; Gerber and Wise 1995; Braun et al.200l). A more or less similar trend has

been observed in Minnesota (Jensen 1986). Generally, Lygus bugs are more numerous in

the second generation than in the frrst generation (Craig 1983; Murrell 1987; Braun et al.

2001). This is partly due to population build up through reproduction. However,

migration from other hosts that have senesced and are unsuitable compared with the late

maturing alfalfa plants also contribute to late season populations (Murrell 1987).

Ade I p h ocor Ís líneo latus

Jensen (1986) reported that Goeze frrst described the alfalfa plant bug as Cimex

lineolatus in 1778. The insect was placed under at least seven genera before Reuter

(1896, cited in Hughes 1943) called it A. lineolatus (Goeze). The insect was Palaearctic,

but today it occurs in Europe, Asia, Africa, and North America (Hughes 1943).In North

America, the insect was probably introduced as eggs on plant parts in imported alfalfa

seeds (Knight 1930). In this continent, the insect was frrst collected at Cape Breton

Island, Nova Scotia in 1917 (Knight 1930). Since then, the insect has dispersed gradually

across the continent.

In Manitoba, following the first record in southern districts in l94l (Hughes

1943), A. lìneolatas spread westward 48 to 64 km a year, and became abundant in the

Interlake and southem regions by 1947 (Bird and Mitchener 1948). In Saskatchewan, the

insect was recorded in 1947, and by 1958, the insect had spread westward through the

northern agricultural area of Saskatchewan to the vicinity of the Saskatchewan-Alberta

border (Craig 1963). By 1964, the insect had spread throughout the entire agricultural

area of Saskatchewan, and by 1969, the insect had penetrated deep into northern and

tl
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southern Alberta (Craig l97I). Today, A.lineolatu,r occurs throughout Canada, and is one

of the most damaging insects to alfalfa (Goplen et al.1987; schaber lggz).

Unlike Lygus bugs, the host range of A. lineolafus is narrow. The main host plants

of A. lineolatus are two cultivated legumes, alfalfa and red clover, Trifolium pratense L.

(Craig 1963). The insect has also been found on sweet clover, Melilotus fficinalis (L.),

wormwood, Artemisía sp., pennycress, Thlaspi arvense L., and goldenrod Solidago spp.,

near alfalfa f,relds, and hence Craig (1963) suggested these occurrences were incidental.

The bug also infests potatoes, Solanum tuberosum L., alsike, Trífolium hybridumL.,

buckwheat, Fagopyrum esculentum Moench (Hughes 1943), and soybeans, Glycine max

(L.) (Poston and Pedigo 1975).In the laboratory, the insects can be reared on va¡ious

green plants such as green beans, Phaseolus vulgaris L., or lettuce, Lactuca sativa L.. but

females do not oviposit on them (Craig 1963).

Bíology

The biology of A. Iineolatus is well known. The insect overwinters as eggs in the plant

stenr (Craig 1963), and hatches in spring. The incubation period is 11 and 20 days at28.6

and 18.6oC, respectively (Hughes 1943). Nymphs then develop through five instars to

reach adulthood. At a mean temperature of 26.3"C, instars 1-5 develop in4-7, l-8,2-5,

24, and 4-6 days, respectively. Complete nymphal development at this temperature

takes an average of 18.47 days. Development time from egg to adult takes 33.5 days at

25.7" and 46.0 days at 17 .3'C (Hughes 1943).

The insect may have one or two generations depending on the location and

climatic conditions. The species is largely univoltine north of 5 1oN, with less than 5% of

1)



the eggs hatching in the same year they are laid. However, if the winter is mild and spring

is early, two generations can occur (Craig 1963). South of 5loN, the insect is primarily

bivoltine (Craig and Loan 1984a).

Seøsonal occurrence

The seasonal distribution of l. Iineolatus differs from that of Lygus bugs. In the

Canadian Prairies, eggs start hatching and nymphs usually appear during mid- to late

May (craig 1963; Munell 1987; soroka 1991). The early (1"-3'o) instar nymphs attain

peak populations in late June (Craig 1963; Murrell 1987). The late (4th and 5th) instars

appear around mid-June and attain peak populations in late June to early July (Craig

1963; Murrell 1987). However, Soroka and Murrell (1993) noted peak occunence of

early and late instars around mid-August; in their samples both early and late instar

nymphs reached peak levels at the same time. Murrell (1987) first found adults during

mid-June to early July, with peak occurrence during mid-July to early August. In the

northern agricultural area of Saskatchewan, Craig (1963) first found adults after mid-

June, numbers of which peaked at the beginning of July.

Hughes (1943) studied A. lineolat¿¿s in alfalfa frelds in Minnesota. In southern

Minnesota, nymphs appear around mid-May and adults first occur around mid-June. First

instar nymphs in the second generation were observed around mid-July, and adults at the

end of July. Hughes found various stages of the first and second generations to overlap.

and the pooled number of these nymphs and adults peaked in early August. In northem

Minnesota, there are differences in dates of occurrence: various stages in both

generations occur about two weeks later (Hughes 1943).

1?
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Feeding o/Lygus spp. and A.lineolatus (mírids)

Taxonomically Lygus spp. and A. lineolatus are closely related: they both belong

to Miridae, and they cause similar types of impact (Hughes 1943; Goplen et al. 1987;

Hanna et al.1987). Lygus bugs follow a characteristic pattern of attraction to hosts and

acceptance (Hatfield et al. 1983). Visual and olfactory cues are involved in the initial

orientation to hosts (Ave et al. 1978 Prokopy et ø1. 1979). Adult L. lineolaris are more

attracted to white and yellow than to black, red, green or orange rectangles (Prokopy er

al.1979). Clear plexiglass is equally or more attractive than pigmented rectangles

approximating the spectral reflectance pattern of buds, blossoms, foliages, o¡ bark

(Prokopy et al.1979). Prokopy and Owens (1978) found no differential attraction of

Lygus bugs to models of the color and shapes of plant structures such as buds, blossoms,

leaves, twigs or stems. Observing more Z. lineolarís adults to visit white and yellow

colours than to other colours, Prokopy et al. (1979) concluded that visual cues may elicit

responses of Lygus bug adults, though the exact roles ofcolor or shape in host selection

of Lygus bugs remain unclear.

Olfactory cues are important to flight orientation and host location by mirids. In

an electroantenogram study, Chinta et al. (1994) found both males and females of L

lineolaris responded to different green leaf volatile compounds; the greatest response was

to nonanal, a plant volatile identified from cotton buds (Hedin et al, 1976). Chinta et al.

(1994) suggested that both males and females of the bug can detect low concentrations of

host plant volatiles which they use in locating food sources or oviposition sites from a

distance. Ave et al. (1978) found that Lygus adults lose feeding preference for frego bract

over noûnal cotton squares when the rostral tip sensilla or anten¡ae are removed. This

1A
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suggests that hosts may be recognized, at least from a short distance, through olfactory

cues perceived by rostral and antennal chemosensillae. Once an individual arrives on a

host plant, simultaneous rostral and antennal tapping follows locomotion showing that

botlr rostral chemo- and mechanosensillae provide sensory inputs at this point (Ave et al.

1978). On contact with host plants, mirid individuals exhibit various patterns of feeding

behaviour. For example, in Lygus bugs the locomotion is first arrested for a while (Ave et

al. 1978). The insect then moves around tapping the plant with its antennae. Its motion is

anested again, after which it taps the plant with its rostrum. Then it probes by injecting

its stylets into plant tissues (Hatfield et al.1983) and starts feeding upon acceptance.

Nutritional requirements influence mirid numbers, distribution and feeding

activities. Daily water loss of a Lygus individual is at least 50% of its body weight, and

hence the bug must feed to maintain water balance (Cohen 1982). Many mirids regulate

their activities so that water loss is reduced. For example, Butler (1972), and Muller and

Stern ( 1973) found peak activity of Lygus spp. at 5 am and 8 pm in alfalfa and safflower

fìelds. Wilson et al. (1984) found L. hesperus more often in the middle rather than in the

apical portion of cotton plants, and75%ó of individuals were on the lower surface of the

leaf. Lower temperatures (Fye and Bonham 1971) and wind speed (Edwards and Wratten

1980) at these locations contributed to lower evaporation rates, and reduced requirements

for dietary water.

The quantity of available food also influences mirid distribution within a plant.

Lygus numbers are positively correlated with distribution of fruiting structures within the

plarrt (Wilson et al. 1984). Fye (1972) found that85%o of green cotton bolls and 97% of

cotton squares are located in the top 60 cm of the plant, the area where 70-100% of all

l)



insects including Lygus bugs were located. Snodgrass (1998) found that75%o of L.

lineolaris adults and nymphs were concentrated within 6 nodes below the mainstem

terminals of cotton plants, probably because of the presence of squares, buds and bolls-

the preferred feeding sites.

Mirids have piercing and sucking mouthparts that penetrate through host plant

tissues (Tingey and Pillemer 1977). They feed by a lacerate and flush method without

secretion of a stylet sheath (Miles 1972). During feeding, a small amount of saliva is

secreted repeatedly from the rostrum to the feeding site, and occasionally the bug tastes

the host by sucking up the juice (Miles 1972). Once the feeding site is accepted, the bug

inserts. withdraws partially and reinserts the stylets several times, at the same time

releasing saliva from the stylets. Once the laceration is complete, the liquefied plant

material is ingested. This whole process takes up to 10 minutes for L. hesperus (Strong

1970). An individual can consume a considerable amount of food quickly. For example, a

L. hesperus adultcaningesttheliquefiedcontentsofanalfalfabudin only23 seconds

(Strong 1970).

The salivary composition of mirids, particularly of Lygus bugs, has been

determined (Miles 1967; Strong and Kruitwagen i968; Hori 1974). Polygalacturonase

þectinase) is a salivary component that dissolves the middle lamella of cells, and thus

aids penetration and maceration of plant tissues. Amylases and proteases usually aid

external digestion of starch and proteins (Tingey and Pillemer 1977).In addition, some

non-enzymatic compounds are present and probably originate from the food. For

exatrrple, Miles and Liyod (1967) found dietary amino acids in mirid saliva. Hori (1974)

isolated a growth-promoting compound that is analogous to indole-3-acetic acid (lAA).
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Miles and Llyod (1967) suggested that some hemipterans synthesize IAA in the salivary

glarids; however, strong (1970) and Hori (1974) found no evidence of this in r.

rugulipennis, L. hesperus oÍ L. disponsi Linnavuori.

Injury and damage cøused by míríds

Injury caused by mirids, particularly Lygus bugs, falls into five categories:

localized wilting and tissue necrosis, morphological deformation of fruit and seed,

abscission of fruiting bodies, altered vegetative growth, and tissue malformation. These

syrnptoms are found in a wide variety of crops, however, according to Tingey and

Pillenrer (1977) only three categories of injury are coÍrmonly found in alfalfa; altered

vegetative and reproductive growth, abscission of fruiting bodies, and morphological

deformation of fruit and seeds.

Both nymphs and adults suck cell sap from plant tissues (Strong 1970; Craig

1973;Tingey and Pillemer 1977). This withdrawal of fluid, the chemicals injected during

feeding, and mechanical injuries due to feeding and oviposition cause wilting,

discoloration and drying of tissues, a symptom called blasting (Smith and Michelbacher

1946; Leferink 1991). Localized wilting with necrosis was not mentioned for alfalfa in

Tingey and Pillemer's review (1977). Hughes (1943) suggested that mechanical injuries

resulting from oviposition and feeding generally do little harm to the plant, except that

the wound could serve as a gateway to pathogenic infection. Again their feeding on the

early growth stage of plants usually does little harm, though a severe infestation can

cause the plant to grow tall and slender, and such plants often fail to bloom.
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Alteration of vegetative and reproductive growth is a broad category, which

includes both positive and negative effects on plant parts, such as increased tillering and

stunted growth. For alfalfa, mirid feeding may reduce plant growth, or delay plant

reglowth after hay cutting, a sign of injury that is not often noticed. In a number of field

cage experiments, Lygus spp. (Hughes 1943; O'Neal and Peterson 1971; Newton and Hill

1970) and A. lineolatus (Hughes 1943) were found to reduce plant height. Tissue

malformation, in which leaves punctured by mirid feeding become stunted or swollen and

folded around the injured area, has been reported for various crops including cotton,

sugar beet and poplar, but not for alfalfa (Tingey and Pillemer 1977).

As the crop season progresses, the bugs feed on and blast buds (Hughes 1943;

Tingey and Pillemer 1977; Goplen et al.1987). They also feed on the ovaries and other

parts of flowers causing flower abscission or stripping. It is not known how much cellular

content must be withdrawn, what amount of salivary chemicals is required to be injected,

and how long the insect has to feed on a particular part before it collapses. In a cage

study. compared with the control treatment, Hughes (1943) found that allowin g one A.

lineolatus bug to feed on 5 flowers for 24 hours was sufficient to cause about 50% more

t'lowers to collapse and drop. When one bug was allowed to feed on 10 flowers for 72

hours. the dropping was even greater, presumably because of prolonged feeding activities

of the insect. Hughes (1943) also noted a considerable portion of flowers dropped even in

a mirid-free condition. Hence, he concluded that flower mortality involves several factors

of rvhich the mirid-feeding injury is foremost.

After seedpod appearance, the insects attack and feed on seedpods and seeds,

which causes distortion, shrinkage, and darkening of the young fruit/seedpods.
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Eventually this results in nonviable seeds, and causes dropping of young seedpods

(Hughes 1943; Smith and Michelbacher 1946; Tingey and Pillemer 1977; Walstrom

1983; Soroka 1991).

Lygus spp. (Craig 1963; App and Manglitz L97Z;McDonald and Harper 1978;

Syrett and Penman 1980; Harper and Kaldy 1982; Craig and Loan 1984b) and A.

lineolatus (Hughes 1943: Craig 1971; Murrell i987; Soroka and Murrell 1993) cause

signif,rcant economic damage to alfalfa, especially to the seed crop. Bolton and Peck

(1946) found on average 22Yo of seeds were damaged due to Lygus bugs, but the loss was

sometimes as high as 5l%o in individual fields in Saskatchewan. McMahon and Arrand

(1955) report that depending on their densities, Lygus spp. can reduce alfalfa seed

production by 15-100%. Hughes (1943) found that when young alfalfa seedpods are

infested by A. líneolatus at a ratio of one bug to five pods for 120 h, pod mortality was

94.6%. Hughes did not indicate seed losses, which would be higher. Soroka and Munell

(1993) found significant yield reductions at densities of two or more A. lineolatus bugs

on two stems in a sleeve cage. However, they found seed production was not affected

when they allowed one bug to feed on two alfalfa stems during late July and onward. In

their open field trial, even though not significantly different, control plots produced30o/o

less seeds than plots that received early season insecticide treatment. Craig (1961) found

that seed yield from untreated plots was 30% less than that from insecticide treated plots.

Lygus spp. (Jensen 1986) and A. Iineolatus (Smith and Ellis 1983) infestations can

affect the quality and quantity of alfalfa hay. In a cage study on hay alfalfa after the

second cut of the season, Smith and Ellis (1983) found Lygus bugs did not affect the

degree ofchlorosis, plant height or leafarea per plant, but did significantly reduce the dry
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matter and protein content of the plants. However, earlier in the season, an alfalfa that

had been cut only once previously in the season, the insect affected the degree of

chlorosis, plant height and dry matter but not the protein content. These results suggest

that the effect of the feeding is variable and is dependent on the time of the season and

crop state. Mirids seldom cause economic darnage to Canadian alfalfa grown for hay.

This difference is due to the differences, compared to seed alfalfa, in crop economics,

harvesting strategies and seasonal availability of the crop to pests. Hay fields are

harvested at least twice a season, which usually suppresses insects in the Canadian

Prairies (Harper et al. 1990). In South Dakota, Walstrom (1983) found that population

densities of 2.44 Lygus spp. and 0.86 A. Iineolatus per sweep caused significant yield loss

to the first crop hay alfalfa. O'Neal and Peterson (1971) found yield and dry matter to be

inconsistently reduced when plants of 1 x 0.6 m area of land were caged with 80

Lyguslcage.

Acvrthosíphon písum

Believed to be a Palaearctic-Oriental insect, A. pìsum occurs worldwide

(Mackauer 1971).In North America, the insect was probably introclucecl from Europe on

infested clover and peas, and was first recorded in Kansas in 1877 (Harper et al.1978). In

Canada, the insect was first recorded in Ottawa in 1898 (Johnson 1900). By 1899, the

insect ivas established as a pest in both the United States and Canada (Harper et al.

1978). In Canadian agricultural areas, the insect now occurs from coast to coast

(Mackauer l97l).In Manitoba, the insect has been recorded as far north as Churchill

(58"47') (Robinson 1979).
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Biology

The pea aphid, A. pisum, is holocyclic and reproduces sexually in late summer or

autumn in Canada. The insect overwinters as a diploid egg on alfalfa, clover and

perennial wild legumes (Harper 1975). The fundatrix or stem mother emerges from the

egg in the spring, and parthenogenetically produces a female generation on overwintering

hosts. These females parthenogenetically produce wingless and winged female progeny.

Winged progeny are produced in response to overcrowding, declining host quality

(Kennedy and Forsbrooke 1972), or presence of natural enemies (Sloggett and Weisser

1999) and the production is influenced by maternal age (MacKay and Lamb 1979) and

genetic make up of the populations (Lamb and MacKay 1979). The alate aphids migrate

to other hosts, thus ensuring a wide distribution (Cooke 1963). In the summer, many

overlapping generations, mostly of apterous females, are produced parthenogenetically.

In the autumn, with reduced photoperiod and declining temperatures (Lamb and Pointing

1972), parthenogenic females produce a sexual generation comprising oviparae or sexual

females and males. These sexuals mate and the females oviposit on the winter host, thus

completing the life cycle (Lees 1961).

Field populations of A. pisum are generally descendents of many fundatrices, and

are therefore composed of many clones. Members within a clone are genetically identical

(Blackman 1979), but members within a population usually differ (Lamb and MacKay

1983). The six main A. pisum morphs- fundatrix, apterous or alate viviparae, apterous

oviparae, and apterous or alate males vary in appearance, notably there is variation in

wings, body shape and size. For example, an alate averages 4.5 x 1.5 mm, whereas an
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aptera is about 5.0 x 1.6 mm in size (Folson 1909). Davis (1915) has given a complete

description of A. pisune morphs in North America.

Acyrthosiphon pisum develops through four nymphal stages to reach adulthood

(Folson 1909; Davis 1915), and the development is influenced by temperature

(Hutchinson and Hogg 1984). Temperature th¡esholds for each instar vary among

locatiotrs, populations, and clones within populations (Lamb et al. 1987). Lamb et al.

(1987) compiled a list of the minimum developmental threshold ofl. pisum in different

localities in North America, which indicates that the range may vary from 2.6-5.6"C.

Sirnilarly, the maximum developmental threshold probably varies from 24-3OoC

(Siddiqui et al.1973).

The developmental time from birth to adulthood and the pre-reproductive period,

and fecundity vary with temperature, clone, morph and host plant. For example, in the

laboratory at l9-20"C, a newborn reaches adulthood in 6.2 days on faba bean (Frazer

1972),7.6 days on alfalfa (Campbell and Mackauer 1975), and 8.3 days on peas

(Hr.rtchinson and Hogg 1984). In field conditions of British Columbia, the mean pre-

reploductive period is 12.3 days (Campbell and Mackauer 1977).In Wisconsin, time to

the frrst reproduction of the apterous A. pisum on alfalfa was 12.5 days for spring and 7.5

days for sumrner (Hutchinson and Hogg 1984).

Seasonal occurrence

Craig(1973), Munell (1987) and Soroka (1991) reported the seasonal occurrence

of A. pisum on alfalfa in western Canada, and the following is a summary. The insect

occurs in alfalfa fields throughout the growing season in Canada. The insect frrst appears
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in fìelds at the beginning of spring. Because of their rapid growth and high reproductive

capability, A. pisum populations rise rapidly. The populations attain peak levels during

late July to late August, after which the numbers decline precipitously due mostly to

increased natural enemies, reduced quantity and quality of food supply, photoperiods and

temperature. In Minnesota, Radcliffe et al. (1976) found aphid population peaks during

late August, with a sharp decline at the beginning of September.

Feeding

Flight initiation of an l. pisunt individual takes place in response to the short

wavelength radiation of the sky, whereas flight termination results from long wavelength

radiation reflected from the ground and an optomotor reaction provoked by objects

loorrring up along the flight path (Kennedy et al. 1961). Because of aphid's low flight

speed. airflow determines their flight direction, altitude, and the distance traveled (Dixon

1971). While in the air, their initial selection of host plant is influenced by foliage colour.

Cartier (1963) found that yellow-coloured foliage positively influences the alighting

response of migrant A. pisum, and that migrants and colonies are least abundant on pea

cultivars with cleep green foliage. However, the landing and settling of aphids on host

plants appear to be based on trial and error: host selection is a matter of leaving or staying

(Kennedy and Forsbrooke 1972). If unsatisfied, aphids will leave and land

indiscriminately elsewhere. This suggests that the higher numbers on preferred hosts are

due to fewer leaving, but not more landing. Non-hosts are often rejected after a brief

probe within cell walls rather than probing that reaches the usual feeding site-the

phloem sieve tubes (Kennedy and Forsbro oke 1972).
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Preferred hosts are usually morphologically suitable, and they contain less or no

deten'ing secondary plant metabolites, but are nutritionally superior, especially in amino

acid concentration and balance (Auclair 1976). Alfalfa plants contain saponins, which

have been suggested to influence A. pisum colonization (Horber et al.1974). Conversely,

Botrrnoville (Unpublished, cited in Febvay et al.1988) found no relationship between

saponin concentration and A. pisum performance.

Aphids usually respond negatively to gravity. Kennedy (1958) reporred that A.

pisttm prefers feeding and colonizing the plant terminal down to about the fourth

internode from the plant tip. Acyrthosiphon pisum populations tend to differ in host

preference, and legumes that are the most common in an area are most prefened (Dudley

and Bronson 1952). The primary hosts of A. pisum in Canada are alfalfa and clover

(Beirne 1972). Cooke (1963) reported peas and alfalfa are the main hosts in the Pacific

Northwest.

with piercing and sucking mouthparts, A. pisum feed on plant phloem. By

exfension and retraction ofstylets, they pierce through an intercellular path to reach the

phloem. A salivary sheath of gelling material is formed from outer to inner tissue

(Klingauf 1987). However, feeding fiom non-vascular tissues is also reported (Mclean

and Kinsey 1967). Liquid saliva is often secreted during feeding. Time required to

penetrate and reach the phloem is from five minutes up to hours depending on insect

stage, plant parts, ages, and growth stages (Nault and Gyrisco 1966). After penetration,

ingestion of fluid takes place by plant fluid pressure augmented by capillary action; there

is a decrease in sap surface tension due to salivary composition. Active sucking through

the pharyngeal pump is also involved in the feeding process (Klingauf 1987). If feeding
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becomes blocked due to accumulation of larger particles, aphids propel the particles away

from the sheath opening by regurgitation, stylet moving, or by lengthening the sheath or

forming a branch sheath (Klingauf 1987).

Injury and damage

Acyrthosiphon pisunt individuals withdraw sap from leaves, stems, buds, flowers

and pods (Gyrisco 1958), and affect plant growth directly by removal of photosynthetic

products, and indirectly by reduction of production due to losses of tissues. Barlow and

Messmer (1982) found an l8o/o reduction of the relative growth rate of new tissue when a

pea plant was infested for l0 days by 50 A. pisum individuals. The feeding by aphids can

deform plants: apical meristems can be shriveled and malformed; heavy infestation can

cause plant parts to wilt, yellow and drop leading to stunted, brittle and spindly growth of

the plant. Sometimes the plant tops can die (Shade and Kitch 1983; Soroka 1991). The

honeydew secreted by aphids can promote fungal growth and attract Iygzs bugs

(Lirrdquist and Sorensen 1970). Acyrthosiphon pisum can also affect the plant's nitrogen

fixation (Sirur and Barlow 1984), and transmit diseases including Verticillium wilt, a very

destructive disease to altàlfã (Goplen et al.1987).

Acyrthosiphon ptsum infestation can also reduce hay quality (Gyrisco 1958;

Harper and Lilly 1966; Kindler et al. l97l; Harper and Kaldy 1982). Harper and Lilly

(1966), and Kindler et al. (1971) reported reduction of dry matter, yield, percent carotene,

percent protein, and percent digestibility. Harper and Freyman (1979) reported increased

winter damage due to feeding by A. pisum. Franklin (1953) reported that infestation of

200-400 A. písum individuals per sweep for about 10 days and only l3-7 5 per sweep for
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the ¡rext seven days reduced hay production by over 4 tons/tra. Conversely , Hobbs et al.

( l96l ) did not find such an effect, and concluded that unless there is a late infestation

frorn which alfalfa plants cannot recover before haying, or unless the variety is

susceptible to aphids and aphid-borne diseases, alfalfa plants can recover from aphid

feeding when plants receive adequate water.

There are little quantitative data on damage to seed production. Although l.

pisunt is a potentially damaging pest, the widespread use of resistant cultivars from the

I 960s eliminated significant aphid damage in the United States (Neuenschw and.er et al.

1975). Aphid resistant alfalfa cultivars are also common in Canada (Petrowski 1999).

Hence, A. pisum alone seldom causes much damage, but, under favorable conditions, a

localized heavy population build up may cause severe damage (Craig 1973). This damage

is higher on irrigated alfalfa for hay, which has lush $owth that creates a

microenvironment favorable for population build up ofl. pisum (Craig 1973; Soroka

1991).

The amount of damage varies with plant growth stage, initial density, population

growth, and duration of aphid infestation (Barlow and Messmer 1982). According to

lvfaiteki and Lamb (1985), pea crops carl recover from pre-bloour feeding by A. pisurn.

No such information is known from alfalfa. Acyrthosiphon pisum causes millions of

dollars of damage annually in the United States (Shade and Kitch 1983). In the 1960s,

aplrid infestation caused alfalfa production losses of $60 million ayear,more than nine

million dollars in Kansas alone in 1968 (Harper et al.l97B).
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Insect pest control

Humans have been struggling to control alfalfa pests since they began its

cultivation (Summers 1998). Despite the fact that several methods including cultural,

chemical, and biological control are available, the chemical method is the most popular

metlrod of controlling pests of alfalfa crops (Broadbent et a\.2002). Since Lygus spp.,l.

lineolatus, and A. pisum infest alfalfa fields simultaneously, control measures,

parlicularly insecticide applications, often are intended to affect most inhabiting pest

species simultaneously. Hence, the control methods for the three groups of insects are

reviewed together below.

Cultural control

Before the development of synthetic insecticides, cultural methods were

comnonly used for control of alfalfa pests in North America (Smith and Michelbacher

1946). During that time, interest focused on burning, adjustment of harvesting method,

and resistant varieties (Blanchard 1933; Carlson 1940; Hughes 1943; Bolton and Peck

I946; Smith and Michelbacher 1946; Craig 1973; Soroka 1991; Summers l99S). In the

United States, additional methods including flaming, fìooding, disking and harrowing,

early harvesting, and adjustment of planting date have been reported, but were not

adopted because they were inadequate or yields were affected or both (Schaber and Entz

1 e88).

Burning involves destruction of plant remnants and green growth by f,rre to

achieve control of insects (Blanchard 1933). Buming can be done in early or late spring

or in fall. In places where winter is harsh and comes early, early spring burning is
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encollraged as late burning can cause delay of seed setting and maturity, and increase the

risk of frost damage (Bolton and Peck 1946). carlson (1940), Hughes (1943), and

Tippens (1964) in the united States, and Bolton and Peck (1946), craig (1973), and

Schaber and Entz (1988) in Canada indicated that spring burning of alfalfa stubble

reduces populations of Lygus and Adelphocoris spp., H. postica, and A. pisum.

Conversely, Lilly and Hobbs (1962) found a significant increase of A. pisum numbers,

although numbers of A. superbus were reduced in spring-burnt plots in Alberta. They also

fourid destruction of most predaceous insects, though Nabís ferus (L.) (Hemiptera:

Nabidae), Chrysopa horrisii Hagen (Neuroptera: Cþsopidae), Coccinella

Irarìsversogttttata quinquenotata Kby and Hippodamia spp. (Coleoptera: Coccinellidae)

overcompensated in the later part of the season. Schaber and Entz (1988) found mixed

effects on predators: spring burning had no effect in one field, whereas in another flreld

both coccinellids and spiders were reduced in the year of buming, but coccinellid

numbers increased in the following year. Schaber and Entz (1991) in an 8-year study in

Alberta found burning in autumn significantly reduced H. postica populations but had

little or no effect on aphids. Burning was also found to reduce disease incidence,

stimulate plant growth, and increase seed yield (Bolton and Peck 1946; Lilly and Hobbs

1962; Tippens 1964), possibly due to the increased availability of nutrients following

burning (Lilly and Hobbs 1962; Dormaar and Schaber 1985). Various factors including

the insect species, age and growth of plants, dew, degree of damage, weed growth, wind,

tetnperature and hurnidity influence the effectiveness of burning (Schaber and Entz 1988,

1991). Several operational problems stand in the way of widespread adoption of burning,
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as it is very difficult to get a good and uniform burn, also, in dry and windy weather,

burning may be hazardous and is often legally prohibited.

Adjustment of the harvest method has been reported to control pests in the forage

crop in both Europe (Starii 1970) and North America (Blanchard 1934).In North

America, options available include swathing or direct combining (Haqper et al.1990),

border- (Summers 1976) or strip-cutting (van den Bosch and Stern 1969) or solid-cutting

(Summers 1976). Harper et al. (1990) found that when the mown hay is immediately

removed from the field, pest populations are effectively controlled for 3-4 weeks. They

also noted rapid recovery of predator populations within 2 weeks after fields were

combined. The trend was present with both the first and second cut, and reasons for such

recovery of predators seems unclear. Summers (1976) recommended border-cutting, in

which a narrow strip is left uncut. He found significantly more natural enemies in the

border-cut field compared with the solid-cut field. In that study, he also found that hay

quality or grade was unaffected in the border-cut plots. Godfrey and Leigh (1994) found

a significantly lower number of L. hesperzs in a strip-cut plot, and van den Bosch and

Stem ( 1969) reported that strip- or band-cutting protects natural enemies by providing a

retugium for increased natural suppression of insect pests. However, the effects of

modifying harvesting strategies may depend on the availability of alternative habitats. For

example, in arid areas, where alternative habitats for herbivores or natural enemies are

lacking, the effects of refi.rge creation are likely to be greater than where alternative

habitats abound. Because of the associated extra work, adjustment to the operating

system, and some technical and operational problems, modifications in harvesting were

not popular (Summers 1976,1998; Harper et al.1990). Although, there are benefits in
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adjusting time of hay cutting (Hagan 1918, cited in Summers 1998), in areas with a harsh

and early winter, delay in the second-cut can affect cold-tolerance (Gople n et al. l9g7).

Orr tlre other hand, hay contains maximum protein if cut at the bud stage (Goplen et al.

1987). Therefore, adjustment of cutting schedule may decrease hay quality or quantity.

Use of resistant cultivars is popular in North America. There are a few alfalfa

cultivars resistant to Lygus bugs, but the level ofresistance is not sufficient to protect the

crop effectively (Tingey and Pillemer 1977; Summers 1998). The greatest success of

resistance has been against aphids including A. pisum (Summers l99B). Blanchard and

Dtrdley (1934) first found alfalfa strains resistant to A. pisum. and since then aphid-

resistance has been investigated frequently (Pimentel and Wheeler 1973a). Since the

1970s many aphid resistant cultivars have been developed (Manglitz and Radcliffe lggg;

Summers 1998), and used (Goplen et al.1987; Summers 1998), and the mechanisms for

resistance involve antixenosis, antibiosis or tolerance (Sorensen et al. 1988). petrowski

(1999) lists about 50 such cultivars. Radcliffe et al. (1976) in a sfudy on flrve alfalfa

cultivars found one-sixth as many A. pisum on cultivar.,Team', than on..Ranger".

Similarly, "Kansas" supports fewer aphids than "Vernal" (Pimentel and Wheeler 1973s).

These resistant varieties may also experience reduced Lygus bug damage. Butier (196g)

found increased survival of L. hesperus nymphs in the presence of A. pisum or T.

ntqculata. Lindquist and Sorensen (1970) found that the survival of L. lineolaris

increased in presence of A. pisum or T. maculata, andthat the density of Lygus bugs is

positively conelated with that of T. maculara. Despite the fact that Lygus bugs are mainly

ph¡ophagous insects, Lindquist and Sorensen (1970) and Wheeler (1977) observed that

Lygus bugs feed on aphids. Lindquist and Sorensen (1970) proposed that the honey dew
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secreted by aphids probably serve as an attractant, feeding stimulant or food source for

Lygus bugs. Acyrthosiphon pisum is a cool season pest, and temperatures <15oC reduce

plant resistance (Summers 1998). As a result, after an extended period of cool

temperafures, there may be an outbreak of the pest even on resistant cultivars.

Chemical control

Chemical insecticides are frequently integral components of insect pest

marlagement in alfalfa (Broadbent et al.2002). Before the discovery of synthetic

insecticides, inorganic insecticides such as arsenate, sulfur and gypsum dusts, calcium

cyanide, and some botanical compounds including pyrethrin dusts and nicotine were used

(Sorensen 1939). Dudley et al. (1936) obtained nearly 100% kill ofl. písum by spraying

rotenone-containing denis. The effectiveness of botanical insecticides depends upon the

condition of sunlight, physical and chemical nature of the compound, and moisture

conditions in fields (Harper i956). Frequent pest increases following inorganic

insecticide application have been noted (V/ilson and Davis 1952).

After Hills' (1944) report that DDT dust was very effective, interest was

concentrated on DDT in North America (Smith and Michelbacher 1946). During the

1950s and 1960s, synthetic organic insecticides were the prefened materials (Summers

i998), and various organochlorine insecticides including DDT, TDE, lindane, aldrin and

toxaphene were colnmonly used (Jewett et al. 1958). Following the use of organochlorine

insecticides, several organophosphate, carbamate, and synthetic pyrethroid insecticides

have been used. Today, few of them are registered for control of Lygus spp. in Canada

(Broadbent et a|.2002; Anonymous 2003). In Manitoba, azinophos-methyl, cyhalothrin-
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lambda, dimethoate, deltamethrin, malathion, naled, and trichlorfon are recommended for

alfalfa pest control (Anonymous 2003).

There are some thresholds proposed for control of mirids and, A. pisunt on seed

alfalfa. Soroka (1991) suggested to control mirids when there are frve bugs per l80o

sweep of a sweep-net at bud formation and flowering stage of alfalfa plants. Schaber

(1992) recommended to control mirids when eight Lygus bugs or four 4ú and 5ú instar

nynrphs and adults of Adelphocoris lineolatus bugs appear in a l80o sweep. The

recommended threshold for control of Lygus spp. and A. lineolatu.ç late in the season is

12-16 mirids per l80o sweep (Hanis 1992, cited in Soroka and Murrell 1993).

A th¡eshold of 100-200 aphids per 180" sweep is recommended to control l.
pistutt in dry land production, though under irrigation, more than 1400 individuals per

sweep did not affect forage yield (Soroka 1991). The threshold seems rather high,

particularly for cultivars that are susceptible to diseases and for crops grown in dry areas.

This is because drought-stressed alfalfa is most susceptible to injury (Soroka l99l).

Cuperus et al. (1982) determined an economic threshold of 58-70 aphids per sweep for

hay alfalfa in Minnesota.

Seed growers usually apply insecticides twice a season: a clean-up application

regardless of insect numbers and stages before pollinator leafcutting bees are introduced

into alfalfa fields in June, followed by a second treatment often in mid to late Augusr

regardless of insect numbers and stages, summer condition and seed maturity stage

(Munell 1987). This indicates that th¡esholds are seldom considered in pest management-

decision making. The use of insecticides is of concern: insecticides often affect the

pollinators, and a¡e unsafe to humans and natural biological control agents. In addition,
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pest insects may develop resistance to the insecticides, as reportedfor Lygus bugs in the

United States (Snodgrass and Elzen 1995; Snodgrass 1996). Therefore, biological control

appears to be an important alternative (Broadbent et al.2002).

Biological control

Alfalfa fields in North America abound in natural enemies including predators,

parasitoids and pathogens (Pimentel and Wheeler 1973b; Wheeler 1977 Harper 1988;

Summers 1998). These beneficial organisms play important roles in natural pest

suppression (van den Bosch et al.I9lí;Neuenschwander et al.1975;Frazer et al.l98la,

1981å). Hagen and van den Bosch (1968) reviewed the impacts of predators, parasitoids

and pathogens on aphid populations in general. However, there is no such comprehensive

report for Lygus spp. and A. Iineolatus.

There is evidence from f,reld studies that predaceous insects can reduc e Lygus

(Godfrey and Leigh 1994) and aphid populations (Radcliffe et al.1976;Frazer et al.

l98lct,198lå) in North America. Several species of coccinellids (ladybird beetles) are

active in alfalfa fields, and they consume soft-bodied insects, especially aphids (Lilly and

Hobbs 1962; Wheeler 7977;Neuenschwander et al.1975;Fnzer et al.198!a, 1981å).

Neuenschwander et al. (1975) showed that during its lifetime a coccinellid adult and

larva can destroy 5625 and 1295 aphid individuals, respectively. Frazer et al. (l98la,

1981 ó) observed that coccinellids alone control the early season population of A. pisum,

while a guild of predators, including coccinellids, controls the population in the later part

of the season in Vancouver and Alberta. Lilly and Hobbs (1962) found a rapid decline of

A. pisum population in response to upsurges of coccinellids, along with nabids (damsel

bugs) and chrysopids (green lacewings), in a burnt alfalfaplot. In Oklahoma, Fenton



(1959) found coccinellids, along with chrysopids and aphidiids (aphid parasitoids) to

limit the early season aphid population development. euayogode and Davis (l9gl)

repofted control of H. posticaby coccinellids when A. pisum were absent.

Chrysopids, predominantly Chrysoperla carneq (Stephens) and Chrysopa oculata

Say, are generalist predators, and are active in alfalfa frelds in North America

(Neuenschwander et al.1975;Harper 1988). Chrysopids consume aphids and other soft-

bodied insects (Whitcomb and Bell 1964; Neuenschwander et al.l975; Wheeler 1977).

Wheeler (1977) observed that chrysopid larvae consume H. postica larvae, A. lineolatus

nynrphs, A. pîsum and some other insects. Neuenschwander et al. (1975) documented that

during its lifetime a Chysopa larva can consume 3668 aphid individuals, and reported that

chrysopids regulate aphid populations in the absence of coccinellids.

Nabids are predators of several insect pests inclu ding Lygus spp. (van den Bosch

and Hagen 1966, cited in Godfrey and Leigh 1994; Clancy and Pierce 1966: Wheeler

1977), A. lineolatus (Wheeler 1977), and A. pisum (Taylor 1949;Lilly and Hobbs 1962;

Neuenschwander et a\.1975; Wheeler 1977).In laboratory studies, nabid adults and

nynrphs readily attacked Lygus eggs and nymphs but not adults. Nabids also consume

eggs and larvae of the alfalfä caterpillar, Colias eurytheme (Boisduval), and westem

yellow-striped armyworm, Spodoptera praefica (Grote), and together u'ith other natural

enemies, maintain those insects below economic threshold levels in the United States

(Benedict and Cothran 1980).

Despite anthocorids (minute pirate bugs), pentatomids (stinkbugs), syrphids

(syrphid flies), carabids (ground beetles), and spiders being regarded as important

predator groups, there are few reports of effects of their predation in alfalfa fields. Frazer
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et ql. (1981å) concluded that anthocorids contribute to natural suppression of A. pisum

numbers during the later part of the season. Pentatomids consume A. pisum and H.

poslica larvae (Wheeler 1977). Syrphid larvae are also important predators of A. pisum

(Fluke 1929; Neuenschwander et al.1975). Neuenschwander et al. (1975) showed that a

syrphid fly larva may eat more than 1100 aphids during its lifetime, and hence contribute

greatly toward naturalregulation of aphids.

Some of the above predaceous taxa are non-native. For example, Coccinella

septempunctataL. (coccinellids) and Pterostichus melanarizs llliger (carabids) were

introduced from Europe. It has been reported that these predatory species have affected

native communities of coccinellids (Turnock et a\.2003) and carabids (Niemelä and

Spence l99l), respectively in western Canada, but there is little information about the

impact of such effects on predation and aphid populations. As introduction of these

species was not directly intended for controlling pests on alfalfa crops, aspects associated

with predator mediated classical biological control are not discussed further.

A considerable amount of work has been done on insect suppression by

parasitoids in alfalfa fields in North America. Broadbent et al. (2002) reviewed and

compiled a list of parasitoids of Lygus bugs in North America, and the review indicates

that several native parasitoids attack Lygus eggs, nymphs and adults. In Canada, little is

known about the extent of Lygus egg damage caused by parasitoids. However, four

indigerrous species of nymphal parasitoids, including Peristenus pallipes (Curtis), are

active (Broadbent et al. 2002) and they reduce Lygus bug populations (Loan and Craig

1976; Craig and Loan 1987), although ineffectively since they cause low levels of

parasitism in the field (Broadbent et a\.2002). Braun et al. (2001) found an average of 9-



28% of Lygizs bug nymphs were killed by the native parasitoid, p. pallipes, in

Saskatchewan. A higher parasitoid-inflicted mortality of mirids is desired. But the native

parasitoids do not parasitize Lygus and A. lineolatus bugs sufficiently, probably because

most plants that are damaged by these two bugs are not native to North America, or

possibly due to their preference for other mirids. Hence, attempts are being made to

establish European parasitoids (Day 1996).

In Europe, several species of nymphal parasitoids suppress populations of Lygus

bugs (Day 1987). To increase the control by parasitoids, the European parasitoids, p.

digoneutis and P. stygicus were introduced in alfalfa frelds of western Canada during

1978-81, but they did not appear to establish (Craig and Loan 1984b). From 1978 to

2000, European PerÌstenus spp. including P. digoneutis were released several times in

\\iestern Canada, but no recovery attempts were made (Broadbent et ot.2002} However,

it is now believed that P. digoneutis may have established in western Canada (Soroka and

Carl2002).

In the United States, Sorensen (1939) reported that 47%o of eggs and 18% of

nynrphs of Lygus spp. 'twere killed by parasitoids in alfalfa fields in Utah. Clancy and

Pierce (1966) found that up to llYo Lygus nymphs were parasitized by Leiophron

uniformis Gahan in California. To increase the control by parasitoids, native and

European parasitoids were released in alfalfa fields in several localities. In 1964, an

attempt was made to relocate and establish the native North American parasitoid P,

pallipes in California (Clancy and Pierce 1966).ln 1965, over2200 Lygus nymphs

collected from the released sites were dissected, and th¡ee nymphs were found to host the

parasitoid. However, in 1966,450 Lygus nymphs were dissected, and no parasitoids were
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found. The results indicated that successful establishment was doubtful (Clancy l96g).

Being considered superior over indigenous parasitoids in the sense that they parasitize

plarrt bugs in various habitats (Day 1996), European parasitoids, P. adelphocoridis, p.

conradi, P. digoneutis, P. rubricollis, and P. stygicus, have been introduced for

establishment (Carl 1979;Craigand Loan 1984a,1984b;Day et al.1990),though only p.

conradi and P. digoneutis are no\¡/ established (Day et al. 1990, 1992).ln New Jersey, p.

digoneutis, became the dominant parasitoid within nine years of the first release in1979

(Day 1996), and contributes the most to Lygus bug mortality (Day et al.1990;Day

1996): from 1989-1994, P. digoneuf¡'s contributed 88% of all parasitism of Zygzs

nynrphs; the remaining l2%o was caused by native parasitoids (Day 1996). The species

prefers Lygus bugs, and the parasiti zation rate was 3.6 times higher in Lygus spp. than in

A. lÌneolatus (Day 1996).

Reports on the level of parasitization of A. lineolatus aÍe fewer than for Lygus

spp. ln Ontario, 4040% of nymphs of A. lineolafil.ç were parasitized (Loan 1965), but

only 2-3Yo were parasitizedin Saskatchewan during thel960s (Craig 1963). To increase

parasitism, in addition to releases stated previously for Lygus spp., European parasitoids

including P. adelphocoridis, were released in Saskatchewan during the l9B0s.

Apparently, the attempt was unsuccessful, as no recovery has been made of the released

species of parasitoids (Soroka and Carl 2002).

In the United States, Day et al. (1992) found 8% of nymphs ofl. Iineolatus were

killed by native parasitoids in New Jersey during 1986-1990. To increase parasitism,

European parasitoids were released in the united States (Day l9g7). In 19g4, p.

adelphocoridis was released in New Jersey, although the species recovered from the
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release area during 1985-1989 was P. conradi, which suggests that P. conradi was

possibly released unknowingly with P. adelphocoridis (Day et al. 1992).The

establishment resulted in three-fold increase of parasitism of L lineolatus nymphs in

New Jersey during 1985-1989 (Day et al. 1992). Since its establishment, P. conradí is

spreading northeastward along the eastern seaboard of the United States (Day et at.

1992), and has spread into Quebec (Broadbent et al.1999). The other established

parasitoid, P. digoneufis, prefers Lygus spp. to A. lineolatus, and hence contributes little

toward suppression of the latter insect (Day 1996).

A significant proportion of A. písum is killed by parasitoids in North America.

Several native parasitoid species are active (Mackauer and Finlayson 1967). To reinforce

parasitic suppression, exotic parasitoids have been released in Canada and in the United

States since the 1950s (Mackauer and Finlayson 1967). In Manitoba, A. smithi was

released during 1980s and became established (Wylie et a\.2005), though A. ervi Haliday

is now predominant (Matheson 1988; Chapter 3.2).

In the United States, various Aphidius spp. were introduced in 1958 and 1959,

however, only A. smithi became established. Within ten years of release in ldaho and

Nerv Jersey, A. smithi became widespread in North and Central America (Angalet and

Fuester 1977). Aphidius ervi ervi Haliday was introduced from Europe and released

several times between 1959 and 1968 in Arizona, Califomia, Delaware, Idaho, Maine,

New Jersey, oregon and washington (Mackauer and Finlayson 1967; Angalet and

Fuester 1977). This species became established and spread widely displacing A. smithi,

and causing up to 80% of all the parasitism of A. pisum (l.treuenschwander et al. 1975).

Today, four introduced species, A. ervi, A. smithi, Praon pequodorum viereck, and P.
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occidentale Baker, along with the predaceous insects, suppress aphid populations for

most of the season in North America (Neuenschwander et al. 1975).

Pathogen-inflicted mortality of Lygus and A. Iineolatus has not been well studied,

so lìttle is known about this aspect. However, there have been reports on pathogenic

suppression of A. pisum populations. In Nova Scotia, Macleod (1955) found over 4I%o of

fïeld-collectedA. pisum were killed by a fungus, Empusa(= Entomophthora) aphidis

Hoffman. Milner et al. (1980) reported that in the central and northern United States,

there is a high degree of A. pisum mortality due to infection by Entomophthora

sphaerospermaFresenius. Hutchinson and Hogg (1985) report three species causing

substantial suppression of A. pisum population in Wisconsin, Erynia neoaphidis

(Rernaudière and Hennebert) , Erynia oxidentalis (Thaxter), and Entomophthora

planchonta¡'ra Cornu. van den Bosch et al. (1966) noted that under favourable condition

patliogens can decrease aphid populations to the point that natural enemies of aphids may

starve and their populations are reduced by food shortage. An indigenous fungal

patlrogen Zoophthora phytonomi (Arthur) regulates H. postica populations substantially

throughout much of its range including eastem Canada (Harcourt and Guppy 1991;

Kingsley et al.1993). There is little information about attempts to introduce pathogenic

asents.

Discussion

Alfalfa is grown mainly for livestock feed and seed production. Although crops of

alfalfa are attacked by a plethora of insect pests, Lygus spp., L lineolatus and A. pisum

appear to be the most common and primarily damaging insect pests in the Canadian

Prairies. The biology of these insects is mostly known. Although aspects associated with
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the lrost finding and feeding chemistry of Lygus spp. and A. pisum have been

substantially studied, little is known about A.lineolatus in these regards. Taxonomically

Lygus spp. and A. lineolatus aÍe closely related in that they both represent the Family

Miridae (Hemiptera). As a result, it has been assumed rhat Lygus spp. and A. Iineolatus

might exhibit similarity in host finding and feeding behaviour. However, there are some

differences between Lygus spp. and A. lineolatus. For example, Lygus spp. feed on a wide

variety of host plants, and the insects overwinter as adults under leaf litter, whereas the

host range for A. lineolatus is limited, and the insect overwinters as eggs in plant stems.

Therefore, there might exist some differences between the two taxa in biological aspects

like host finding and feeding chemistry.

In the Canadian Prairies. studies on the occurrence and seasonal distribution of

insects on alfalfa crops have been conducted mainly in Alberta and Saskatchewan. There

is some variation in the insect spectrum among different provinces. Timlick et al. (1993),

after an extensive survey, concluded that the occurrence and seasonal distribution of

insect pests and their natural enemies can vary across geographical locations and among

crop types. Although, Timlick et al. (1993), and Gerber and Wise (1995) studied Lygus

bugs in alfalfa fields in Manitoba, detailed information on the occunence and seasonal

distribution of insect pests in relation to hay and seed production of alfalfa in Manitoba is

lacking. The present study will be designed to gather this information.

Many farmers in Manitoba grow fields of alfalfa for hay in close proximity to

seed alfalfa stands. In the Canadian Prairies, the hay crop is swathed usually twice in a

crop-growing season (Goplen et al.1987', Harper et a|.1990), and the seed crop is

conrbined once in the fall (Goplen et al. 1987} The hay cutting reduces insect
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poplllations by affecting their survival (Harper et al. 1990) and inducing their migration

into adjoining seed fields (Stern et al.1964; Summers 1976; Schaber et a\.1990b). Litrle

is known about what proportion of the insect population survives and moves to

neighbouring seed fields, and what is the impact of such movement on overall pest

populations in seed fields, it is assumed that pest pressures are less intense in hay frelds

than in seed fields (Harper et al. t990). However, this may not necessarity be the case

always. Migration of mirids depends upon their life stages, the condition and growth

stage of host plants (Hughes 1943; Khattat and Stewart 1980; Schaber et al. 1990b), and

the presence or absence of physical barriers (Schaber et al.1990b).In late August when

most crops are harvested in the Prairies, plants that have regrown in hay fields after being

swathed are still tender, succulent and more attractive than those in seed fields. There has

been lack of comparative studies of pest insects and their natural enemies in hay and seed

fields of alfalfa. There is also a need to assess the impact of hay-cutting on overall

arthropod populations in alfalfa fields. Such studies will provide insight into improved

production practices of alfalfa. The present study will examine the effect of hay-cutting

and compare pest populations in hay and seed fields.

Although different control methods including cultural, chemical and biological

control are available, current management practices tend to ignore biological control

aspects. Notable success in controlling diseases and A. pisum populations has been

achieved through using resistant cultivars of alfalfa. However, this aspect has been less

explored for the other primary pests like Lygus spp. and A. lineolatus. Although found

promising (Schaber and Entz 1991, 1994),the use of cultural controls like burningalfalfa

stubble are less popular, probably because of operational problems and safety concems;
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dry and windy conditions sometimes make it risky to bum sfubble in flreld conditions.

Br-rrning removes soil-cover and may increase the probability of soil erosion.

It appears that alfalfa seed growers in Canada rely heavily on chemical

insecticides; such a practice is likely to have significant negative consequences including

disruption of natural enemy populations and development of insecticide resistant pest

populations (Debach and Rosen 1991; Summers 1998). Insecticide resistant Lygus

populations have been frequently found in the United States (Xu and Brindley 1993;

Snodgrass and Elzen 1995; Snodgrass 1996), although similar reports from Canada are

infrequent. Despite the fact that Lygus spp., l. Itneolatus and A. pisum co-occur in alfalfa

fields and are exposed simultaneously to the insecticides, resistance problems have been

frequently reported for Lygus spp. only. This is primarily because those studies focused

on L¡,gus populations in cotton fields, one of the most popular crops in the United States

and a crop not usually attacked by A. Iineolatus.DeLailed investigation is required in

order to assess the insecticide resistance situation ofinsect pests frequently occurring in

alfalfa fields in the Canadian Prairies.

The extent of mortality caused by natural biocontrol agents is important, and has

implications in pest management decision-making processes. Although little is known

about the suppression ofinsect pests caused by pathogens and nematodes, reports on pest

suppression caused by predators and parasitoids are available. For predators, interest has

been focused primarily on coccinellids, chrysopids and nabids. Predators are frequently

generalists, and many of them - for example, coccinellids, chrysopids and nabids, which

are common in alfalfa frelds in the Canadian Prairies, consume Lygus spp., l. lineolatus,

and A. pisum. Despite reports that coccinellids along with other natural enemies
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successfully suppress A. pisunt populations on alfalfa in Alberta (Frazer et al. l98lb),

there is little documentation of what effects these predators have on populations of the

otlier insect pests, particularly of Lygus spp. and A. lineolatzs in Canadian alfalfa fields.

In addition, although alfalfa fields have been reported to be rich in predaceous carabids

(Loss and Allen 1983; Barney et al.1983; Barney and Pass 1986) and arachnids (spiders

and harvestmen), information on these taxa is lacking from alfalfa fields in Canada.

Information on their occlrrence in relation to current context of alfalfa fields and the

effects of these predaceous taxa on pest populations will contribute toward improved pest

management in fields of alfalfa. The present study will examine populations of carabids

and arachnids, and explore what roles the commonly occurring insect natural enemies

have on pest populations including Lygus spp. and A. lineolatus.

Parasitoids are an integral component of alfalfa fields in North America. Their

presence and effects on insect pests including Lygus spp., 14. lineolatus and A. pisum in

alfalfa fields have been studied elsewhere in the Canadian Prairies and in the United

States. Introductions of the parasitoids of A. pisum, Lygus spp. and A. pisum have been

macle in both Canada and United States in order to increase the natural mortality of these

pests. This review provides circumstantial evidence that those introduced parasitoids

have been spreading to regions where they were not originally released (Day 1996;

Broadbent et al, 1999). These parasitoids along with the native parasitoids kill high

proportions of their hosts in the United States (|treuenschwander et al.1975;Day et al.

1990; Day 1996). Although, information on the post-release establishment of mirid

parasitoids in Canada is lacking, there has been substantial mortality caused by

parasitoids in western Canada (Braun et a\.2001; Broadbent et a\.2002). Although
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information on pea aphid parasitism is available (Matheson 1988; Deneka 1992),little is

knor.vn about mirid parasitism in alfalfa fields of Manitoba. The present study will

exarline parasitism of these insect pests in fields of alfalfa in Manitoba.

Adherence to threshold levels reduces the chances and extent of the negative

effects of insecticide use and increases the benefits from insect natural enemies. This

review indicates that growers in the Canadian Prairies use nominal economic thresholds,

and the benefits of insect natural enemies are usually ignored in pest control decision-

making processes. In addition, alfalfa growers seldom deploy any measures to increase

natural enemy activities. Natural enemy activities are usually increased through releasing

or attracting them in frelds (Debach and Rosen 1991). Due to problem in retaining natural

enenries in fields to where they are released (Frazer 1988; Zhu et al.1999), compounds

attractive to insect natural enemies could be used to successfully attract and retain them

in crop fields (Zhu et al, 1999). Recently, interests in using semiochemicals, particularly

the sex pheromone compounds, are increasing in the field of pest management in field

crops. Although pheromones alone are of limited potential in suppressing pest

populations in a crop field, they can be effectively used along with other methods in an

integrated pest management program. This is because the pheromone compound can be

used in such a way that the deleterious effects of chemical insecticides can be off-set

(Howse 1998). There have been reports thatA. pisum sex pheromone compounds attract

chrysopids (Boo et al. 1998) and aphid parasitoids (Hardie et al. 1991,1994). Therefore,

it is desirable that potential of these compounds in pest management be examined in the

context of alfalfa fields. The present study will assess whether aphid semiochemical

compounds can be used to enhance natural enemy activities in fields of alfalfa.
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Clearly, alfalfa fields are simultaneously visited by a number of insect pests and

their natural enemies, and these taxa are interacting with each other. Also noted in this

revierv is that although a plethora of strategies are available along with the biological pest

suppression, pest management strategies on alfalfa are dominated by the frequent use of

synthetic insecticides. An insecticide-dependent pest management strategy usually does

not take into account the interactions between insect pests and their natural enemies.

Knowledge of pest occurrence, understanding of pest population dynamics, establishment

of pest control economics along with development and popularization of nonchemical

alternatives are required for effective and better management of pest populations on

alfalfa. The present study will gather information on pest insects and other information

that will form the basis of improved pest management in fields of alfalfa.
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CTIAPTER.3.7

Comparison of five sampling techniques for estimating populations of Zygøs spp.,

Adelphocoris lìneolatus (Hemiptera: Miridae) and Acyrthosipho n pisum

(Homoptera: Aphididae) in seed alfalfa fields
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Abstract

Five methods of insect sampling, sweep-net, vacuum, whole plant bag, beat tray

and fumigation cage sampling, were evaluated for estimating abundance of lygus bugs,

Lygus spp. Hahn, alfalfa plant bug, Adelphocoris lineolatas (Goeze), and pea aphid,

Ac¡'rthosiphon pisum (Hanis) on alfalfa plants in Manitoba. Regressions of estimates of

insect numbers from one sampling method on numbers from others allowed the

conversion of estimates f¡om one method to corresponding estimates from the others.

Examination of estimates and precision in relation to time of season indicated that sweep-

net sampling was the most reliable method of sampling insect pests on alfalfa. For all

three insect taxa, sweep-net sampling provided consistent precision of estimates over

most of the season. However, beat tray sampling was more efficient for sampling Lygus

spp. nymphs, suggesting that in situations where juveniles of Lygus spp. are of critical

interest, beat tray sampling could effectively replace sweep-net sampling for monitoring

the pest population.
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Introduction

For economic pest management programs in crops, the decision on whether to

apply pest control measures requires information on insect pest abundance. For effective

decision making, precise and accurate estimates of insect abundance are needed (Pedigo

1999). Precision indicates the closeness of sample estimates to their means, whereas

accllracy indicates the deviations of the sample estimates from the population parameter

that is being estimated (Sokal and Rohlf 1995; Fowler and Witter 1982). The accuracy of

an estimate can be determined only if unbiased estimates or those with known bias are

available (Southwood 1978), however, this is seldom possible in real field situations

(Fowler and Witter 1982). For decision making, a precise and consistently biased method

may be more satisfactory than an accurate but imprecise technique (Cochran 1977).

Precision and accuracy are related to sampling cost; in particular, costs tend to increase

with increasing precision (Ruesink 1980).

Pest mirids, mainly lygus bugs, Lygus spp. Hahn and alfalfa plant bug,

Adelphocoris lineolatus (Goeze) (Hemiptera: Miridae), and the pea aphid, Acyrthosiphon

pistrttt (Hanis) (Homoptera: Aphididae) are common insect pests that often cause

ecorronric damage to alfalfa crops in North America (Goplen et al. 1987; Schaber 1992;

Summers 1998 and references therein). Various sampling methods are available for

monitoring pest mirids and aphids in crop fields (Schotzko and O'Keeffe 1986, and

references therein). The ideal method is one that maximizes precision while minimizing

sarnpling time and cost (Gomez and Gomez 1984). Because they tend to be easier and

less laborious, relative sampling methods that provide population estimates without

reference to unit of habitat (Southwood 1978) are commonly used (Schotzko and
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O'Keeffe 1986). Sweep-net sampling is a relative sampling method, and is the most

frequently used tool for estimating insects on crops including alfalfa (Fleischer er a/.

1985; Schotzko and O'Keeffe 1986, and references therein; Munell 1987; Schaber 1992:

Snodgrass 1993; Soroka and Murrell 1993; Braun et a\.2001).

The accuracy of insect population estimates from sweep-net sampling is

influenced by many factors. For example, estimation of populations of Acyrthosíphon

pistrrtt (Hanis), Empoascafabae (Hanis), and Philaenus spumarius (L.) in alfalfa fields is

influenced by the time of day and by the person sampling, but sweep-net estimates of the

fornrer two insect species are most affected by plant height (Saugstad et al.1967). Insect

distribution, density and activity, plant height and density were found to influence sweep-

net estimates on cotton (Ellington et al.1984). Schotzko and O'Keeffe (1936) found that

in lentil fields, sampling in the afternoon provides more accurate estimates of L¡,gtts

hesperus (Kelton) than in the morning. Nevertheless, sweep-net sampling is less time

consuming than alternatives and can detect insect presence even at low densities.

However, it does not provide absolute estimates of insect densities (Maiteki et al. 1986).

Beat tray sampling involves striking the plant or a part of it a prescribed number

of times with a stick while placing atray undemeath to collect the dislodged insects

(Pedigo 1999). This method is often used for sampling arthropods in different field and

horticultural crop fields (Southwood 1978; Horton and Lewis 1997, and references

thelein). In alfalfa fields, the shake-bucket method, a knockdorvn method in which a

bucket replaces the tray, is frequently used to monitor larvae of alfalfa weevil, Hypera

postic(l(Gyllenhal) (Hoff et a\.2002). Although more tedious and slower than sweep-net

sarnpling (Hoff er a|.2002), the beat tray method is more usef,il when plants are not tall
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enough for effective sweeping, or when plants are tangled together. However, the method

can be inefficient for smaller arthropods that are often overlooked, or for the active

insects that can escape before being noticed (Southwood 1978), and therefore, can be

misleading for assessing the age distribution of a population (Poe 1980). However, the

use of a smaller beat tray may reduce the frequency of smaller arthropods being

overlooked.

Kogan and Pitre (1980) described the fumigation cage method of sampling, in

which boards or hard sheets are placed around plant bases, and a wooden, metallic or

plastic can is dropped so that the plant to be sampled is caged. Then plants inside the cage

are fumigated with insecticides and shaken well to dislodge insects that are clinging to

them. After removing the cage, insects that have fallen on the board or sheet are counted.

The furnigation cage method estimates the number of individuals per unit habitat, and the

effectiveness of the method is less influenced by environmental, human and other

biological factors (Kogan and Pitre 1980). Fumigation cage sampling has been used for

estirnating pest populations on soybean (Kogan and Pitre 1980), although, it has seldom

beerr used on alfalfa.

In the vacuum sampling method, arthropods are caught by operating a suction

machine while placing the suction hose over plants or parts thereof to be sampled.

Arthropods that are accumulated in the removable collection net located inside the

suction hose are counted (Pedigo 1999). Vacuum sampling has been used for estimating

insect populations in field crops. The most commonly used vacuum sampler is the D-

Vac. which has been frequently used for estimating plant bugs in various field crops

including alfalfa (Pruess et al.1977; Schotzko and O'Keeffe 1986; Sedivy and Kocourek
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1988). The method is suitable for small insects that are not induced to jump or fly by the

noise of the suction machine (Kogan and Pitre 1980). In lentil fields, D-Vac samples

provided better estimates of L. hesperas adults and nymphs than did sweep-net sampling

(Schotzko and O'Keeffe 1986). However, initial and operational costs are high and

maintenance problems frequent for vacuum sampling devices (Kogan and Pitre 1980).

Whole plant bag sampling involves random selection of plants to be sampled and

the counting of arthropods on the entire plant. In this method, a cylindrical bag is usually

lowered over the selected plant and folded flat on the ground so that the bag surrounds

the base of the plant. After allowing a period of time to pass in order to minimize the

effect of disturbance, at sampling the plant and arthropods on it are collected by pulling

the bag rapidly over the plant and closing both ends. Then the sample is processed and

arthropods inside the bag are counted (Byerly et al. 1978). Whole plant bag sampling has

been used for estimating pest populations on crop plants including cotton (Byerly et al.

1978; Fleischer et al. 1985) and potato (Senanayake and Holliday 1938). The method is

too complex for use in routine scouting of arthropods in field crops (Senanayake and

Holliday 1988). However, Byerly et al. (1978) found that the whole plant bag sampling

method was a more reliable method than suction, sweep-net and visual methods for

estirnating active arthropod populations on cotton. Senanayake and Holliday (198S)

found the method to be more suitable than visual sampling for potato flea beetles. The

method, however, has been seldom used for estimating arthropod populations on alfalfa.

It appears that various sampling methods are available for estimating afhropod

populations on the alfalfa crop, although the sweep-net is commonly used. The

effectiveness of sweep-net sampling has not been compared with that of alternative
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methods in alfalfa fields. The present study compares the characteristics of sweep-net

sarnpling with those of vacuum, whole plant bag, beat tray and fumigation cage methods

of sarnpling to determine the most effective practical method for estimating populations

of pest mirids and aphids on alfalfa plants.

Materials and Methods

The study was conducted in one commercial alfalfa fìeld managed for seed

production in each of the three years during 1999 to 2001. The study fields were near

Teulon, Arborg, and Riverton, Manitobain1999,2000 and 2001, respectively. In 1999,

the lriethods of sampling examined were sweep-net sampling, whole plant bag sampling

and vacuum sampling. In 2000, fumigation cage and beat tray sampling replaced the

whole plant bag and vacuum methods of sampling. In 2001, the fumigation cage method

of sampling was discontinued.

Starting from about the beginning of June and continuing to about the end of

August, samples were taken at weekly, at two- or th¡ee-week and at two- to five-week

intervals in 1999, 2000 and 200I, respectively. Samples were collected between about

I100 and 1500 h CDST. On each sampling occasion, six to 12 samples were collected

from each freld by each method of sampling. Sampling sites in a field were marked, and

these sites were separated from each other by at least 50 m.

For sweep-net samples, a 38 cm diameter sweep-net with a 90 cm long handle

was used. During sweeping, the crop was swept at arm's length 30 or 50 times through an

arc of 180o, which constituted a sample. Fifty sweeps constituted a sample when the

number of insects was low during June; later in the season a sample consisted of 30

sweeps. During sweeping, the bag frame went th.rough a horizontal plane, with the top of



the frame at the level of the plant tops. The same plants were not sampled in two

successive weeks. Each sample was transferred to a 33 x 25 cm polyethylene Ziploc@ bag

containing a cotton-wool wad soaked with ethyl acetate to kill the insects and prevent

predation and reproduction. The samples were transferred to the laboratory, where Lygus

spp., l. Iineolatus and A. pisum were counted. Although Lygus complex in alfalfa fields

of Manitoba comprise L. Iineolaris, Lygus borealis and L. elisus (Schwartz and Foottit

1982b: Timlick et al.1993; Mostafa, pers. conìm.), their numbers were not recorded

separately because, nymphs are not possible to identify to species and most of the adults

in samples werc Lygus lineolaris. Lygus spp. and A. lineolatzrs nymphs were recorded in

categories: first- to third-instar nymphs were recorded as younger, whereas the fourth and

fiftlr instars were recorded as older nymphs. When A. pisum numbers were high, they

were indirectly estimated by weighing. Two representative sub-samples, each of 10 mg,

were randomly taken from the sample and the average number of individuals in a sub-

sarnple was determined. The total number of individuals in a sample was then calculated

as follows:

Weight of all aphids (mg) x average number of aphids in a sub-sample (10 mg)
l0 mg

For the whole plant bag sample, a plant was selected near every swept site: Two

to three weeks before taking the sample, a 80 cm long transparent cylindrical tube (35 cm

diameter) of polyethylene was lowered over the selected plant. The lower end of the tube

was tied around the plant base, and the bag was folded flat on the ground so that it

sunounded the plant base. During sampling, the open end of the tube was rapidly pulled
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level. In the laboratory, sarnples were kept at 5"C for at least 2l ltto pacify the insects.
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Lygtts spp., L lineolatus, and A. pisum in samples were sorted out, and recorded as

before.

For vacuum samples, a reverse-blow BR 400 backpack airbroom (single cylinder

two-stroke air-cooled engine, Stihl@), which can displace a maximum of 13.5 m3/min of

air, was used. Samples were taken within 2 m of each sweeping site. While operating the

machine at full power, insects were vacuumed by placing the 8.5 cm (dia) suction-hose

over plants and quickly lowering the nozzle until it reached the bottom of the plant's

canopy. Eachnozzle placement, covering approximately one alfalfa plant, constituted a

sample. The sample was collected in a cone shaped netting-bag fitted inside the suction-

hose, and the bag was emptied into a Ziploc@ bag. The samples were processed in the

sarne \4/ay as for sweep-net samples.

For beat tray sample s, a 32 x 27 x 5 cm (long x wide x deep) white plastic tray

was used. A sampling spot within 2 m of each sweeping site was chosen; the tray was

placed under the plant canopy, and plants over the tray were beaten vigorously - but

witlroutdamagingthem-bymeansofastick.Numbers of Lygus spp.,L lineolatusand

A. pisum individuals were recorded. In 2000, Lygus spp. and A. lineolat /.ç \ryere recorded

together as mirids, but in 2007, nymphs and adults of each taxon were recorded

separately.

The method described by Kogan and Pitre (1980) was modified for fumigation

cage sampling. A 40 x 30 cm (deep x diameter) plastic bucket (Pro-Western Plastic Ltd.)

was used. Within 2 m of each sweeping site, the bucket was placed upside down over

alfalfa plants that had not previously been disturbed, and a white coloured, rigid plastic

board. about I cm thick, was pushed in between the ground and the bucket mouth. During
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the push, the plastic board usually bent plant stems that were in its way to the far wall of

the bucket. Through a4-cmhole in the sidewall of the bucket, synergized pyrethrins

(alletlrrin 0.I76Vo, tetrameth¡in0.09%o,piperonyl butoxide 1.25%) were sprayed from an

aerosol spray canister, so that the trapped insects were knocked down on the plastic

boald. One minute after the spray was made, one side of the bucket was slightly lifted

and a hand was inserted through it to shake off any insects clinging on the plants inside.

Then the bucket was removed and the numbers of insects on the plastic board were

couttted. Only insects in the three groups of interest were recorded. The number of insects

was very low in most instances, and therefore, Lygus spp. and A. lineolatius were recorded

together as mirids; A. pisum \¡/ere recorded separately.

To compare sampling methods, General Linear Modeling (Systat 2002) was

performed, and Tukey's test was used to compare mean estimates from different

sarnpling methods in 1999 and 2000. Data collected in sweep-net samples were converted

to equivalents of a single sweep. Weekly mean catches per sample-type per field were

considered for the analysis. Area covered in a sample was not measured, and hence it was

not possible to establish absolute estimates and compare the methods accordingly.

Variance:mean ratio is a measure that indicates insect dispersion (Sokal and Rohlf 1995),

and was analyzed in order to compare biases among different sampling methods in this

regard. Coefficient of variation (CV: 100*standard deviatior/mean), which compares

the rnagnitude of variation among means (Sokal and Rohlf 1995), and relative variation

(RV = 1O0+standard error/mean), which indicates the degree of error in making estimates

(Pedigo 1999), were calculated for each sample type and date, as measures of precision.

Adtrlts of Lygus spp. and A. Iineolatus were often missing in samples taken by using



vaculrm and whole plant bag methods. In this case, calculation of individual CVs and

RVs was impossible. Numbers of different life stages of Lygus spp. and A. lineolatus in

sarnples were often small. Therefore, their pooled numbers regardless of taxon and life-

stage were used for determination of CVs and RVs.

Regressions of insect numbers for different sampling methods were used to obtain

calibration coeffìcients, allowing prediction of estimates from one sample method to

another. Data paired by sampling sites within the field and dates were used for regression

lines. and lines were fitted separately for each year. Lines were forced through the origin,

0, u{ien intercepts were not significantly different from zero. Seasonal changes in

regression coefficients were examined only for overall significant relationships. Analysis

of covariance was performed to compare between regressions calculated separately for

June, July and August. Intercepts were always included in this analysis. Unless otherwise

specified, a significance level of P < 0.05 was used for experiment-wise comparisons.

Results

Among the three sampling methods examined in i999, sweep-net samples

contained most catches of mirids (Table 3.1,1) comprising Lygus spp. and Adelphocoris

lineolatus.For Lygus bugs, catches of adults, and adults and nymphs together (total)

differed significantly among the sampling methods. However, there were no significant

difïerences among sample types when estimating Lygus nymphs. Similar trends were

found for A. lineolatus: sampling method affected estimates of adults and total L

lineolaÍus, but not estimates of A. üneolalus nymphs. For estimates of adults and total of

both genera of mirids, sweep-net estimates were significantly greater than those from the

other methods (Table 3.1.1), and vacuum sampling provided the lowest catches of Lygus
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and A. lineolatus adults (Table 3.1. I ). Catches of A. písum did not differ significantly

anlong sampling methods, although numbers per sweep were considerably greater than

those per sample collected by other methods (Table 3.1.1).

In 2000, estimates of mirids differed among sampling methods; the fumigation

cage method of sampling appeared inefficient for estimating mirids compared with

sweep-net and beat tray. The numbers of mirids per sample unit from the latter two

methods of sampling were not significantly different (Table 3.I . I ). Estimates of A. pisum

numbers did not differ among the sampling methods, although the fumigation cage

provided considerably lower estimates than did sweep-net and beat-tray methods.

In 2001, sweep-net and beat tray estimates of total mirids were again not

significantly different (Table 3.1.1). The result was similar for nymphs, adults and

nynrphs plus adults (total) of Lygus spp. and A. Iineolatus. However, sweep-net samples

tended to have numerically more A. lineolatus nymphs, adults and nymphs plus adults,

wlrereas, beat tray estimates tended to have greater estimates of total Lygus nymphs

(Table 3.1.1). Beat tray sampling appeared to be more effective for young Lygus nymphs:

the number of adults in beat tray samples was 44% of that in a sweep, but for youug

nynrphs, it was 465% (Fr,ro: 12.40; P < 0.01) and for older nymphs it was 154% (Fr,re :

0.66; ns). For A. lineolalus, the percentages were: 42,55 and 55, respectively, which is

fairly constant. From this, it can be concluded that for Lygus nymphs, particularly young

nynrphs, beat tray sampling is relatively more efficient than for Lygus adults or for

Adelphocot'is lineolatas (Table 3.1.1). Sweep-net and beat tray sampling did not differ in

catclres of A. pisum, however, a beat tray sample provided twice the average number in a

single sweep (Table 3.1.1).



There was a difference in the variance:mean ratio among sampling methods: in

1999, this was significant for mirids (Fz,zq-- 9.33; P < 0.01), and A. pisum (Fz.zq: 4.86; P

< 0.01). Of the methods examined in 1999, the variance:mean ratio was often below 1.0

in sweep-net samples, and above 1.0 in whole plant bag and vacuum samples (Fig. 3.1.1).

Deviations to this trend were at the beginning of September, and during mid-July to the

beginning of August, when the ratio in sweep-net samples was above 1.0 for mirids (Fig.

3. 1 . 1 a) and A. pisum (Fig. 3. l . l b), respectively.

In 2000, the sampling methods signifrcantly differed in the variance:mean ratio

forrnirids (Fzts:4.16;P <0.05) andA.pisum (Fz,rs:5.51;P<0.05).Asin l999,the

variance:mean ratio was usually below 1.0 for mirids in sweep-net samples. Except in

Jul1,, the ratio was usually below 1.0 in fumigation cage samples, however, for mirids in

beat tray samples the ratio was frequently above 1.0 (Fig. 3.1.2 a).For A. pisum,the

variance:mean ratio was usually below 1.0, whereas in beat tray and fumigation cage

samples, the ratio was usually greater than 1.0 (Fig. 3.1.2 b).

In 2001, the variance:mean ratio significantly differed for mirids (Fr,ro = 23.03; P

< 0.01) andA. pisum (Fr,re : 18.17; P < 0.01) among sampling methods. The ratio was

usually below 1.0 in sweep-net samples, and frequently above 1.0 in beat tray samples

(Fig. 3.i.3 a, b).

There was variation in coefficients of variation (CVs) among sampling methods,

In I 999, this variation was highly significant for mirids (Fz.za = 20.69; P < 0.01), and

significant for A. pisum (Fz,zt: 4.2I; P < 0.05). Of the methods examined in 1999,

sweep-net sampling provided the lowest and most consistent percent coefficients of

variation (seasonal means for mirids: 58.58 + 11.98o/o, A. pisunt: 57.92 + 12.03%).
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However, in September, the precision of sweep-net sampling declined greatly to become

comparable to that of the vacuum sampling method (Fig. 3.1.4). Coefficients of variation

for both vacuum (means for mirids: 171.88 x. 16.700/0, A. ptsum: 110.32 +23.91%) and

the whole plant bag sampling (means for mirids: 171.66 x.28.070/0, A. pisum: 112.56 *

2l.31%) methods were relatively high and variable. There were instances where no

individuals appeared in samples collected by vacuum and the whole plant bag sampling

methods, and therefore, no CVs could be calculated (Fig. 3.1.4). Although, vacuum and

tlie whole plant bag sampling provided similar levels of mean CVs, the latter appeared to

be the most inconsistent method (Fig. 3.1.4). There was no significant conelation of the

seasonal variation in CVs for different methods except for the vacuum and the whole

plant bag samples, for which the conelation was nearly significant for mirids (Table

3.r.2).

In 2000, the variation of CVs among sampling methods was significant for mirids

(Fz.rs = 10.89; P < 0.01) and A. pisunt (FzJs:9.19; P < 0.01). As in 1999, it appeared

that sweep-net sampling was the most precise method, as it had the lowest and most

consistent coefficient of variation for both mirids (seasonal mean 51.26 + 10.63%) and A.

pistun(mean 73.23*.19.96%) (Fig.3.1.5). Beattraysampling(meansformirids: 9l.34+

27.lIYo, A. pisum: 153.34 *27.58%) tended to be more precise than fumigation cage

sampling (means for mirids: 132.00 t 28.7Iyo, A. pisum: 172.99 L26.31%). There was

significant correlation or nearly significant correlation of the seasonal variation in CVs

fol'the three different methods, except for sweep net and fumigation cage sampling

(Table 3.1.2).
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In 2001, the variation of CVs between the sampling methods was almost

significant for estimating mirids (Fr,re : 12.39; P = 0.06), but not for A. pisum (Fr,ro:

1.93: P < 0.22). As in 2000, the coefficient of variation tended to be lower and less

variable in sweep-net samples (means for mirids: 29.53 x.5.3lyo, A. pisum:80.74 L

22.17%) than in beat tray samples (means for mirids: 97 .I7 t 32.19yo, A. pisunt: 129.46 +

31.56%) (Fig. 3.1.6). Sweep-net sampling appeared almost consistently precise for mirids

througlrout the season, although, for A. pisum, the precision tended to decline as the

season progressed. In beat tray samples, precision tended to increase with the progress of

the season (Fig. 3.1.6). There was significant conelation of the seasonal variation in CVs

for sweep-net and beat tray samples estimating mirids, although the relationship was not

significant in the case of l. pisum (Table 3.1.2).

In terms of relative variation, sweep-net sampling was the most precise and

consistent method for estimating mirids and A. pisum. For mirids, sweep-net samples

provided relative variation values of about 25%in77o/o (range 57-100%) cases of

sarnplirrg, and in 670/o (range 57-82%) cases for A. pisum. The relative variances were

abotrt I 0o/o in 39o/o (range lM7%) cases of sweeping for mirids, and in 24To (range 14-

44o,'o) cases for A. pisunz. Beat tray samples provided relative variation values of about

25o/o in 62Vo (range 5747%) occasions of sampling for mirids, a¡d in 25o/o (range 22-

28%) cases for A. pisum. Beat tray seldom provided relative variations around l0% for

any taxa. Vacuum samples never, and whole plant bag and fumigation cage samples

seldom, provided relative variation near 25%o.

The linear regression equations relating estimates from different sampling

methods are given in Tables 3.1.3-3.1.5. In 1999, there was a signifrcant linear
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relationship between l. pisum numbers in the different sampling methods examined, but

not between mirid numbers in different sampling methods (Table 3.1.3). Most L pisum

individuals occurred in late July, and the relationships in numbers between different

sarnpling methods were inconsistent during most of the season. The intercepts were

significant in all the relationships examined, suggesting that sweep-net sampling was

more efficient in collecting insects at low densities compared with the whole plant bag

and vacuum sampling. Similarly, vacuum sampling was more efficient than the whole

plant bag sampling at low pest populations (Table 3.1.3). Analysis of covariance showed

a significant difference in intercepts and slopes for the regression lines obtained for l.

pisunt in different months except for the slope for the relationship between vacuum and

whole plant bug samples {sweep-net and whole plant bag samples: F¡,so: 13.75 (P <

0.01) and 3.14 (P < 0.05); vacuum and whole plant bag samples: F¡,so : 9.26 (P < 0.01)

and 0.39 (ns); sweep-net and vacuum: F¡,so: 2.78 (P < 0.05) and 3.08 (P < 0.05) for

intercepts and slopes, respectively), although the significance disappeared when data

from the month of July were excluded.

In 2000, there was a significant linear relationship between sweep-net and beat

tray samples estimating mirids and A. pisum numbers, although in August the relationship

was not significant for mirids (Table 3.1.4). Analysis of covariance showed significant

difference in intercepts (Fz,oo :13.47; P < 0.01) but not in slopes (Fz,so= 1.36; ns) for the

regression lines obtained for mirids in different months: the intercept in August differed

significantly from those in June or July, although intercepts for lines in the latter two

months did not differ. For 14. pisum, however, there was no difference in intercepts (F2,66

= 1 .57: ns) or slopes (Fz,ea = 0.3 I ; ns) for the regression lines obtained in different
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months. There was no significant relationship between sweep-net and fumigation cage

samples estimating mirids or A. pisum numbers (Table 3.1,4). For mirids, beat tray

sarnpling was significantly correlated with fumigation cage sampling, although the

relationship disappeared after June (Table 3.i.4). In this case, intercepts differed

significantly (Fz,ss: I I .90; P < 0.01), although slopes did not differ (Fz,ec: I .34; ns)

among different months. For l. pÌsum, however, no significant relationship between beat

tray sampling and fumigation cage sampling existed (Table 3.1.4), and intercepts (Fz.eo:

0.58; ns) and slopes (Fz,eø = I .78; ns) did not differ either.

In 2001, the relationships for mirid and A. pisum numbers between sweep-net

sarnpling and beat tray sampling \¡/as similar to those in 2000, except that for mirids, the

results were opposite in the months of July and August (Table 3.1.5). Analysis of

covariance showed significant differences in intercepts (Fz,ee = 9]0;p < 0.01) and slopes

(Fz.sa= 14-47; P < 0.01) for the regression lines obtained for mirids in August compared

to those in June or July, although those for lines in the latter two months did not differ.

For A. pisum, however, there was a signifrcant difference in slopes (Fz,ee :3.g1; ns) but

not in intercepts (Fz,sa: L19; ns) for the regression lines obtained in different months.

Discussion

In addition to the sampling technique itself, several factors including the

efficiency and experience of samplers; density, structure, growth stages and height of

plants; distribution, density, life stages, and behaviour of organisms being sampled; time

of the season and of the day; and temperature, radiation and moisture may influence the

variability and efficiency of sampling (Southwood 1978; Ellin gÍon et al. l914;Frazer and

Raworth 1985). The distribution of different life stages of an insect species, which can
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vary temporally and spatially (Wilson et al. 1984; Schotzko and O'Keeffe lgggb,l9g9c;

Snodgrass 1998), may have implications for sampling effrciency. It is likely that

variability among samples of an insect that is uniformly distributed will be less

pronounced than that of an insect with aggregated distribution. In alfalfa, colonies ofl.
pisunt start from individuals that parthenogenetically reproduce and produce non-winged

offspring. As a result, they tend to be aggregated in distribution, although crowding

provokes development of winged individuals that disperse to other plants (Soroka l99l).

This rnay result in a Iarger proportion of plants having colonies, and so a reduction in the

lei'el of aggregation is likely. Schotzko and o'Keeffe (1989å; l9g9c) monitored Lygus

hesperus by using a sweep-net, and found that the distribution of Lygus adults and

nyniphs varied as the growing season of cofton progressed and pest population density

changed' At the beginning adults were aggregated, in the middle they were aggregated at

low densities, random to uniform at high densities, and at the end of the season, they

were clumped' In contrast, nymphs were uniform to random until late in the season, when

increase of their number resulted in them being clumped. These changes may be due to

changes in the insect's biological aggregation, or due to changes in the sampling

efficiency of sweep-net sampling with changes in plant structure as the plants grow, or

both' Early in the season' plant bugs feed on vegetative structures. As soon as flowers and

fruits appear, the bugs feed preferentially on these reproductive parts (Hughes lg43).

Adults and nymphs of Lygus bugs also differ in distribution within the host plant.

Snodgrass (1998) reported that adults of L. lineolarus prefer vegetative and meristematic

structures, whereas nymphs prefer fruiting structures, although more nymphs than adults

tend to visit the lower halves of cotton plants. Wilson et at. (19g4) found that nymphs of
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L' hesperus are distributed on cotton plants mostly within the fifth through seventh nodes

froni the terminal. Such seasonal and spatial differences and changes of insect

distributions are likely to affect sampling efficiency on a season-long basis, a trend that

was also reflected in seasonal trends of CVs (Figs. 3.4-3.6)and RVs achieved by using

different sampling methods in the present study.

Generally, Lygus spp., and A. Iineolans occur simultaneously in alfalfa fields, and

therefore, pest control decisions for alfalfa are often based on pooled numbers of these

two insect pests (Munell 1987; Schaber 1gg2). Both sweep-net and beat tray methods

provided similar estimates of mirids. It was not possible to standardize the area and

volume covered by a beat tray sample, although the area of the tray used was known.

This is because, tangled alfalfa plants often formed a mat of foliage representing parts of

several neighboring plants. However, beat tray sampling was more effective than sweep-

net for estimating A. pisum and nymphs, particularly the young ones, of lygas; this is not

surprising. Although active on shoot terminals, A. písum are perhaps less able to cling on

the plant in the face of the sudden janing of the beat than they are during the sweeping

motion of the net. For Lygus bugs, as nymphs are more active in the lower portion and

fiuiting structures of plants (Snodgrass 1998). Alfalfa fruiting bodies are coiled in shape

(Goplen et al.1987). Therefore, shaking or beating plants is more likely to dislodge

nynrphs than is sweeping (Snodgrass 1998). Adults of Lygus bugs are most active on

Ieaves and meristematic terminals (Schotzko and O'Kee ffe l9}9b;Snodgrass l99g).

Sweep-net sampling usually samples upper plant parts (Sedivy and Kocourek 19gg), and

so is a more efficient sampling tool for adults (Snodgrass 1998). Sweep-net sampling

appeared to be equally as efficient as beat tray sampling for older nymphs, which more
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frequently visit the leaves and the upper terminals of plants than the young ones (Wise

and Lamb 1998). In previous studies, sweep-net sampling has been found to be

inefficient for sampling Lygus nymphs on different crop plants (Byerly et al. l97g;

Ellington et al.1984; Fleischer et al.1985; Schotzko and O'Keeffe l9g6; Butts and

Lamb 1991 ; Snodgrass 1993). Fleischer et at. (1985) found that sweep-net sampling

collected only l0% of nymphs present on cotton plants. wise and Lamb (199g)

concluded that sweep-net samples underestimate true densities, because they do not

collect all plant bugs in the sampled area. Byerly et al. (1978) proposed that the sweep-

net would be more efficient when plants are small and the canopy is open. However, as

the canopy closes and plants become taller, the sweep-net would tend to sample only the

upper parts of plants and become less efficient.

Pruess et al- (1977) reported that in alfalfa fields, vacuum samples can contain

insects suctioned from outside the sampling area. The superiority of D-Vac over sweep-

net has been previously reported for sampling different insects (Schotzko and O'Keeffe

1989a: Sediuj and Kocourek 1988). By using a D-vac, Sedivf and Kocourek (l9gg)

captured twice as many insects as in the sweep-net from alfalfa fields. However, in the

present study, vacuum sampling consistently gave lower counts of all three groups of

insects. This is possibly because, a vacuum sample taken in the present study covered a

considerably smaller area and volume of plant canopy compared with a D-Vac sample in

reported studies, and also compared with a sweep-net sample in the present study. In

addition, the vacuum sampler probably differed in suction capacity and speed from a D-

Vac, and this would influence sampling performance (Southwood 1978). However. it
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u¡ould appear that the vacuum sampler does a tolerable job of sampling aphids (Table

3.1,1).

Byerly et al. (1978) compared the whole plant bag sampling with suction, sweep-

net and visual sampling of insects on cotton plants, and concluded that the whole plant

bag sampling provided the best estimates of active arthropods. Senanayake and Holliday

(1988) compared whole plant bag with sweep-net and visual sampling, and also found a

similar result for potato flea beetles on potatoes. The whole plant bag method also

estimated Colorado potato beetle more eff,rciently than did visual sampling, although for

sarnpling potato leafhoppers, the whole plant bag method appeared to be inferior to

sweep-net method (Senanayake and Holliday 1988). However, in the present study,

whole plant bag sampling appeared to be ineffective compared with sweep-net sampling.

The reason for the different result is unclear, however, plant characteristics in addition to

the nature of the pest species are likely to have contributed, at least partly, to the result.

Cotton plants are usually erect with less complex canopy structure. Potato plants are

usually evenly spaced in wider rows, and they are often trailing when large, although

plants of the cultivar "Norland" used by Senanayake and Holliday in 1988 are relatively

small and compact (Senanayake and Holliday 1989), and are unlikely to entangle, as do

alfalfa plants, which have complex canopy structure. Alfalfa plants in the studied fields

were unevenly spaced, often tangled with each other, and plant shoots often spread

beyond the perimeter of the polyethylene tube. These characteristics complicated

unrolling the polyethylene tube over the plant without loss of active insects like Lygus

sp¡r. and A. lineolatus. The apparently greater relative efficiency of the whole plant bag

sarnpling for mirid nyrnphs and A. pisunt (Table 3. LI) provides evidence in support of
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this. In addition, Senanayake and Holliday (1988) buried the tube under soil during the

two-week pre-sampling period. They also used a draw-string bag, which allowed them to

pull the tube tight around the base of the plant while sampling. In addition, they used

fablic bags, which were expensive, but perhaps had less optical qualities, and permitted

more free movement of insects up and down the plants, than did the polyethylene tubes

that were tied around the stems at the time of deployment in the present study.

The fumigation cage method of sampling also appeared to be ineffective for

sarnpling alfalfa pests. Resistance from alfalfa plants made it very difficult to push the

plastic board through in between the mouth of the bucket and the ground. It is likely that

the clisturbance while pushing the plastic board elicited escape responses in the insects,

particularly in mirid nymphs and A. pisum, which probably fell down on the ground and

did not appear in the samples.

For pest management programs in crop fields, obtaining relative variation near

25Yo is usually satisfactory, although for population and ecological research greater

precision with relative variation near l\Yo is required (Pedigo 1999). In the present study,

sucli a level of precision (25-10%) was obtained in most cases only in sweep-net

samples. The result is also reflected in the coefficient of variation. The coefficients of

variation were frequently fairly high for beat tray, fumigation cage, vacuurn and the

whole plant bag sampling compared with sweep-net, although, between beat tray and

sweep-net samples, the difference tended to decline as the season progressed. In the early

part of the season when insect populations were low, these sampling methods failed to

give non-zero values in most samples, whereas insects were always present in sweep-net

samples. Compared with sweep-net, the other sampling methods covered smaller areas:
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due to failure to integrate over insect aggregations, a sample from a smaller area is likely

to be intrinsically more variable than a sample that covers a larger area.

Variance:mean ratio is a measure that indicates dispersion of insects (Sokal and

Rohlf 1995): a variance:mean ratio of <i, 1 or >r indicates an uniform, random or

aggregated distribution, respectively, of insects being sampled. However, variance:mean

ratios can be used to compare biases among different sampling methods (Sokal and Rolf

1995); biases in different sampling methods may lead to different conclusions abour

insect dispersion. In this study, variance:mean ratios were not consistent in most methods

of sampling for mirids and A. pisum over the season. Changes in insect dispersion, which

has been described previously, may have partly contributed to this result. However, the

lack of significant correlation of variance:mean ratios among different sampling methods

suggest that sampling teclmiques themselves contributed more to the result than did

insect dispersion. Increasing the number of samples and maximizing the precision of

sampling techniques may reduce such biases.

CVs are conventionally used as measures of comparing variabilities among

sampling techniques (Ruesink 1980; Sokal and Rohlf 1995). Although they increase with

means, CVs can be reduced by increasing the number of samples and using standardized

sampling techniques (Karandinos 1976). However, unless the insects are uniformly

distributed, the variation in insect numbers across different sampling units contributes to

the CV (Senanayake and Holliday 1988). Therefore, increasing sampling precision and

the number of samples cannot reduce CVs to 0, but can greatly reduce the component

associated with sampling error (Senanayake and Holliday lggg).
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There was a lack of significant correlations of the seasonal variation in CVs for

different sampling methods, as found in most cases except for the beat tray and the

sweep-net for sampling mirids. This suggests that the sampling methods themselves were

major contributors to the seasonal variability. Changes in insect distribution patterns may

also have contributed to the variability of the sweep-net and beat tray samples. The

objective in the present study was, however, to compare sampling methods, and sweep-

net appeared to be the most precise method of sampling, a result that agrees with

Schotzko and o'Keeffe (1986), who estimated L. hesperus on lentils. A sweep-net

sample of 30-50 sweeps covered many plants from a large area. Thus, it is likely that

sweep-net sampling collected insect individuals even if the population was low and

aggregated in local patches. Such aggregations are typical of many insects (Southwood

1978) including Lygus spp. (Schotzko and O'Keeffe 1986) and various species of aphids

(Lowe l97l).In such cases, samples from small areas would exhibit increased variability

and reduced precision, and precision would increase with increases in number of samples,

and area sampled (Southwood 1978; Sedivy and Kocourek 1988).

The study provides calibration equations for different sampling methods for

mirids and A. pisum, although none of them from 1999 seems to be reliable due to

smaller coefficients of determination (r2 values in Table 3.1.3). However, the equations

relating beat tray and sweep-net samples were reliable for pooled mirids and A. pisum,

although the relationships were unreliable when mirid taxa were considered separately

(Tables 3.1.4 and 3.1.5). Both taxa of mirids occur simultaneously in fields and pest

management decisions are usually based on their combined numbers (Munell 1987;

Schaber 1992; Soroka and Munell 1993). Therefore, lines calibrated for mirids and A.
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pis'um can be used to conveft insect densities obtained in one sampling method into

another. The regression lines calculated based on season-long data do not preclude the

influence of seasonal bias. The study provides evidence that the efficiency of sampling

can vary across the season. There were also differences in lines fitted for mirids in June

and August, the months in which pests in Manitoban seed alfalfa fields are usually

controlled. Therefore, caution should be exercised in selecting the appropriate equations,

particularly when the seasonal bias may be high. However, many factors can affect

sweep-net accuracy (Southwood 1978: Ellington et al. 1984;Frazer and Raworth 1985),

and so a regression equation that incorporates abiotic and biotic conditions is usually

more satisfactory (Ruesink 1980). Although they produce better fits to existing data, such

models usually add complexity to the whole process, and they often have no better

predictive power than simple models.

The choice of a sampling method should maximize precision, while minimizing

the sampling time and cost (Gomez and Gomez 1984). The sweep-net sampled the largest

unit area and volume and provided numerically larger estimates with better precision of

insect populations in most cases compared with the other methods. However, CVs

provided by sweep-net were sometimes gteater. Perhaps this represents the results of

chattges in aggregation effects, which is indicated by the variance:mean ratios. This may

be reduced if more samples are pooled together to form a unit (Sedivy and Kocourek

1988). The greater precision of estimates provided by the sweep-net sampling is

important for monitoring insect populations. Based on the area covered, sweep-net

sarnpling is a quick, easy and cheap method of sampling (Schotzko and O'Keeffe 1989ø);

and these are characteristics preferred by growers, who are busy during the cropping
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season. Although sweep-net sampling of plant bugs and aphids, use of the method for

studies of the population dynamics remains questionable, as the reliability of the method

appeared to be sensitive to life stage of insects.
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Table 3.1.1. Number (seasonal meân * SE) of various insects and stages collected in different methods of sampling in alfalfa
fields in Manitob a, 1999-2001.

Methods and
Years statistics

Sweep-net
1999 Vacuum

WPBS

F2ps statistics

Sweep-net
2000 ' Beat tray

Fumigation cage

F2.¡e statistics

Sweep-net
2001 Beat tray

I.¡,¡6 statistics

Number
per

Sweep
Sample
Sample

Adults
0.7 +0.2^
0.1+ob
0.1 + 0.1 b

8.18 (0.0r)

Sweep
Sample
Sample

Lygus spp.

V/PBS : the whole plant bag sampling.* 
No records of differènt life tttg"tï"; kept in beat tray and fumigation cage samples in 2000.
Means within columns marked by the same letter are not significantly diffeient (Tukey's test at p < 0.05).
Values in parentheses indicate the levels of significance; ns: not significant.

N
0.4+0.2
0.2+0
0.4 + 0.1

Ll8 (ns)

m

Sweep 0.8 + 0..1 0.6 È 0.2
Sample 0.3 + 0.1 1.2 * 0.3

0.95 (ns) 2.70 (ns)

1.2 *0.4u
0.2+0"
0.5 + 0.2 b

4.3s (0.0s)

Total

*ll
NJ,

Adelphocoris líneolatus
Adults Nymphs Total

0.3 + 0.1

0b
0.1+0u 0.1 *0 0.1+0b

4.28 (0.0s) 2.76 (ns) 4.6s (0.0s)

0.5 + 0.2 0.8 + 0.3
0.1+o 0.1+ob

1.3 r 0.5
1.5 + 0.4

0.37 (ns)

0.5 r 0.2 1.6 * 0.5 2.1 + 0.5
0.2 + 0.1 0.9 + 0.3 I .l * 0.3

1.29 (ns) 0.78 (ns) 1.68 (ns)

Mirids
(Total)

1.9 + 0.6 "
0.4 + 0.1 b

0.6 + 0.2 b

4.6s (0.05)

3.4 + 1.0 "

3.5 + 0.9 "
0.5 + 0.1 b

s.77 (0.0s)

3.4 + 0.8
2.6*0.5

0.30 (ns)

Acyrthosiphon
pisum

4.7 +2.0
1.9 + 0.5
2.5 L0.7

0.25 (ns)

1.9 * 0.7
2.t + 0.7
0.7 + 0.3

1.64 (ns)

1.8 + 0.8
3.6 + t.7

1.44 (ns)



Table 3.7.2. Correlation of seasonal variation in CVs for different methods of
sampling pests in seed alfalfa fïelds Ín Manitob a,1999-2001.

Statistics
Years Taxa

Mirids

1999

Related methods r
Sweep-net and vacuum
Sweep-net and whole plant bag
Vacuum and whole plant bag
Sweep-net and vacuum

n P<
0.29

0

0.63
0.28
0.48
0.54

NS

ns
0.08

NS

NS

ns

10

10

9

10

t0
9

Acyrthosiphon pisum Sweep-net and whole plant bag
Vacuum and whole plant bag

2000 Sweep-net and beat tray 0.g7 7 0.01Mirids Sweep-net and fumigation cage 0.72 6 ns
Beat tray and fumigation cage 0.69 6 ns
Sweep-net and beat tray 0.g0 7 0.05

Acyrthosíphon pisum sweep-net and fumigation cage 0.62 6 ns
Beat tray and fumigation cage 0.95 6 0.01

2001 Mirids Sweep-net and beat tray 0.83 9 0.01

- 

Acyrthosiphon pisum sweep-net and beat tray 0.06 9 ns

Mirids comprise Lygus spp. and Adelphocoris lineolatus.
n refers to the number of observations þairs) on which the correlations were based.
ns : not signifrcant.



Types

Sweep-net
Vacuum
Sweep-net

Estimates

As a function of Taxon

WPBS
WPBS
Vacuum

Mirids
Mirids
Mirids

Period of
season

Entire
Entire
Entire

\¡è

Regression equations

Y: l.7l + 0.34X
Y=0.34+0.02X
Y: 1.88 + 0.12X

F (P)

1.69 (ns) 1,86 0.02
0.05 (ns) 1,86 0
0.09 (ns) 1,86 0

Statistics

df



Sweep-net
'Sweep-net

Sweep-net
Sweep-net
Sweep-net
Beat tray
'Beat tray
Beat tray
Beat tray

Estimates

As a function of
Beat tray
Beat tray
Beat tray
Beat tray
Fumigation cage
Fumigation cage
Fumigation cage
Fumigation cage
Fumigation cage

Beat tray
Beat tray
Beat tray
Beat tray
Fumigation cage

Sweep-net

Sweep-net

Sweep-net
'Sweep-net

Sweep-net

Mirids
Mirids
Mirids
Mirids
Mirids
Mirids
Mirids
Mirids
Mirids

Acyrthosiphon pisum
Acyrthosiphon pisum
Acyrthosiphon pisum
Acyrthosiphon pisum
Acyrthosiphon pisum

Beat t

Mirids comprise Lygut spp. and Adelphocoris lineolatus.
Values in parentheses referto the levelof statisticalsignificance.
ns : nonsig¡ificant relationship.
'Note that, the r2 represents the proporti^on of the variance about 0 in a no-intercept regression, and that about the mean in an intercept included
regression. Therefore, the value of the ,2 fo:- u no-intercept model is higher than for a regression with intercept.

Period of
season

Entire
June
July
August
Entire
Entire
June
July
August

Entire
June

July
August
Entire
Entire

\¡
(Jì

Y: 1.30 + 0.63X
Y = 0.57X
Y :0.72 + 0.47X
Y:4.65 + 0.21X
Y =3.34 + 0.60X
Y:3.03 + 1.29X
Y:4.66X
Y:0.37 + 0.07X
Y:5.14 + 0.54X

Y=0.88+0.50X
Y:0.45 + 0.38X
Y:1.47 + 0.49X
Y:0.66X
Y:1.73+0.36X
Y :2.04 + 0.26XAcvrthos

s4.26 (0.01)
73.93 (0.0r)
r6.71 (0.01)
2.15 (ns)
1.67 (ns)

7.60 (0.01)
7.e3 (0.0s)
0.58 (ns)
0.61 (ns)

6l.ss (0.01)
s 1.54 (0.01)
r6.46 (0.01)
86.7e (0.01)
3.09 (ns)

0.85; (ns)

Statistics

df --7-
1,70 0.44
l,l0 0.g7'
7,22 0.44
1,34 0.06
1,70 0-02
1,70 0.10
l,l0 0.42
1,22 0.lg
1,34 0.02

1,70

l,l0
1,22

1,34

1,70

1,70

0.47

0.84
0.43

0.50
0.04
0.01



Taxon r"uron Regressionequatigns E

Sweep-net
Sweep-net
Sweep-net
Sweep-net

Sweep-net
Sweep-net

Sweep-net
Sweep-net
Sweep-net

Sweep-net
Sweep-net
Sweep-net
Sweep-net
Sweep-net

"Sweep-net

Sweep-net
*Sweep-net

'Sweep-net

Estimates Period of Statistics

Beat tray
Beat tray
Beat tray
Beat tray

Beat tray
Beat tray
Beat tray
Beat tray
Beat tray

Beat tray
Beat tray
Beat tray
Beat tray
Beat tray

Beat tray
Beat tray
Beat tray
Beat tray

Mirids Entire
Mirids June
Mirids July
Mirids August

Lygus adults Entire
Lygus nymphs (total) Entire

June
July
August

Adelphocoris lineolatus adults Entire
Adelphocoris lineolatusnymphs(Total) Entire

June
July
August

Acyrthosiphon pisum Entire

Acyrthosiphon pisum June

Acyrthosiphon pisum July

Acyrthosiphon pisum August

Mirids comprise Lygus spp. and A. Iineolatus. Values in parentheses refer to the levels of statistical signifìcance. ns : nonsignificant relationship.
Young and old nymphs of Lygus spp. and Adelphocoris lineolalus exhibited similar relationships to corresponding total nymphs, and are not
shown separately.
'Note that, the r2 represents the proportion of the variance about 0 in a no-intercept regression, and that about the mean in an intercept included
regression. Therefore, the value of the I for ano-intercept model is higher than for a regression with intercept.:l

Y:1.46+0.73X
Y:0.93 + 1.25X
Y=0.97+1.38X
Y:3.89 + 0.28X

Y:0.51+0.37X
Y = 0.39X
Y:0.05 + 0.07X
Y :0.22 + 0.05X
Y:0.78 + 0.14X

Y:0.38 + 0.21X
Y:1.24+0.53X
Y = l.l5 +2.33X
Y:0.21 + 0.03X
Y:1.80-0.41X

Y:0.53X
Y=0.40+0.36X
Y:0.60X
Y:0.32X

51.54 (0.01)
45.46 (0.0r)

3.12 (ns)
s.s4 (0.0s)

3.30 (ns)
41.61 (0.01)

8.4s (0.01)
1.49 (ns)
2.03 (ns)

2.33 (ns)
s.04 (0.0s)

26.86 (0.01)
0.57 (ns)
0.56 (ns)

34r.20 (0.01)
7.e4 (0.01)

14.25 (0.01)
122.34 (0.01)

1,76
1,34
l,l 0
1,28

1,76
1,76
1,34
l, l0
l,2g

0.40
0.57
0.24
0.t7

0.04
0.35
0.20
0.13
0.07

1,76 0.03
1,76 0.07
1,34 0.44
l,l0 0.05
1,28 0.02

1,76 0.82
1,34 0.67
l,1l 0.97
1,29 0.gl



Fig. 3. 1 .1 . Variance:mean ratio for weekly sweep-net, vacuum and the whole plant bag

sarnpling (WPBS) estimates of mirids and Acyrthosiphon pisum in 1999.

Mirids represent Lygus spp. and Adelphocoris lineolatrs pooled together regardless of

taxa and life stages,
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Fig. 3.1.2. Variance:mean ratio for weekly sweep-net, beat tray and fumigation cage

sampling estimates of mirids and Acyrthosiphon pisum in 2000.

Mirids represent Lygus spp. and Adelphocoris lineolatas pooled together regardless

oftaxa and life stages.
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Fig. 3.1.3. Variance:mean ratio for weekly sweep-net and beat tray sampling

estimates of mirids and Acyrthostphon pisum in2001.

Mirids represent Lygus spp. and Adelphocoris lineolatus pooled together regardless

of taxa and life stages.
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Fig. 3. I .4. Coefficient of variation for weekly sweep-net, vacuum and the whole

plant bag sampling (WPBS) estimates of mean density of mirids and Acyrthosiphon

pisum in 1999.

Mirids represent Lygus spp. and Adelphocoris lineolstus pooled together regardless

of taxa and life stages.
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Fig. 3.1.5. Coefficient of variation for weekly sweep-net, beat tray and fumigation

cage estimates of mean density of mirids and Acyrthosiphon písum in 2000.

Mirids represent Lygus spp. and Adelphocoris lineolatzs pooled together regardless

of taxa and life stages.
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Fig. 3.1.6. Coefficient of variation for weekly sweep-net and beat tray estimates of

mean density of mirids and Acyrthosiphon pisum in 2001.

Mirids represent Lygus spp. and Adelphocoris líneolatus pooled together regardless

of taxa and life stages.
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C}IAPTER 3.2

Insect pests and their natural enemies in relation to production practices in alfalfa

fief ds of Manitoba, with particular reference to Lygus spp., Adelpltocorß líneoløtus

and Acyrthosíplton pßum
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Abstract

The seasonal abundance of common insect pests and their natural enemies was

examined in hay and seed fields of alfalfa in Manitoba during the crop growing seasons

fronr 1 999 to 2001. Thirteen taxa of insect pests were often found, though only three taxa,

nanrely Lygus spp. Hahn, Adelphocoris lineolatas (Goeze) and Acyrthosiphon písum

(Har:ris) were frequent and numerous. Nine taxa of predaceous insects were often found,

among which carabids, chrysopids, coccinellids, and nabids appeared more frequently

and their presence appeared to be associated with the populations of insect pests. Two

taxa of arachnids, namely opilionids and spiders, were found, though their importance

with respect to predation of insect pests was not clear. It appeared that parasitoids were

active, and killed a considerable proportion of Lygus spp., but not l. lineolatus. There

were six parasitic species attacking A. pisum, though Aphidius ervi was the predominant

species. These parasitoids killed A. pisum individuals and contributed greatly toward

natural suppression of A. pisum.

Alfalfa fields for hay production \trere mown twice in a growing season, and in

motvn fields insect pests were suppressed to levels not warranting pest control measures.

There was evidence that the mowing resulted in movement of Lygus spp., and sometimes,

A. lineolatus into adjacent seed fields. In seed fields, insect pests were more numerous,

and often warranted control measures. The seasonal occurrence, population growth and

implications of these insect pests and their natural enemies in relation to current

production practices are discussed.
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IntroductÍon

Alfalfa occupies about five million hectares of land in Canada (Goplen et al.

1987). About 30,000 hectares of this land is managed for pedigreed seed production. In

tlie three Prairie Provinces, a considerable area of pedigreed seed and common seed is

grown (Schaber and Entz 1991). Alfalfa is a perennial legume crop, which has a long

productive life (Summers 1998), and seed alfalfa stands can remain productive for eight

years in the Prairies (Schaber and Entz 1991). The crop plant has a dense canopy with a

conrplex crown structure, which offers a great variety of habitats and niches (Brown and

Fick 1986), and favours development of diversified insect assemblages (Schaber and Entz

1991 ; Summers 1998). Harper (1988) recorded 437 insect species in alfalfa fields in

soulhern Alberta, whereas Pimentel and Wheeler (1973b) recorded 591 species in alfalfa

frelds in New York. Some of these arthropods are active on vegetations, some others are

under leaf-litter, while some others can be found on both vegetation and litters. Methods

used to sample arthropods depend upon where and what taxa to be sampled; sweep-nets

are most commonly used to sample arthropods on vegetations, whereas pitfall traps can

be used to sample carabid beetles and some other litter-dwelling arthropods (Southwood

I e78).

The relative abundance of insects injurious to alfalfa can vary temporally and

spatially (Schwartz and Foottit 1992a; Timlick et al.1993; Gerber and Wise 1995). In

Alberta, insects damaging to alfalfa grown for seed production are Lygus spp.,

Adelphocoris lineolatus (Goeze) (Hemiptera: Miridae), Acyrthosiphon pisum (Harris)

(Homoptera: Aphididae) and Hypera poslicø (Gyllenhal) (Coleoptera: Curculionidae).

(Lilly and Hobbs 1962; Harper 1978; Schaber and Entz 1988). These species, except H.
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postica, also cause major damage to alfalfa $own for seed production in Saskatchewan

(Soroka 1991; Soroka and Munell 1993). In Manitoba, the occurrence of Lygrls spp. has

been frequently reported (Schwartz and Foottit 1992a,1992b; Timlick et al. 1993; Gerber

and Wise 1995). Although, Timlick et al, (1993), and Gerber and Wise (1995) studied the

seasonal occurrence and number of generations of lygzs spp.in alfalfa fields in southem

Manitoba, no detailed studies have been carried out to determine the effect of alfalfa

prodr.rction practices on insect pests and their natural enemies in Manitoba.

Despite the lack of scientifically collected information on the relative abundance

and importance of insect pests and their natural enemies, Manitoban growers often spray

insecticides twice to control insect pests in seed alfalfa fields. With concems about

chelnical insecticide use (Debach and Rosen 1991), a holistic scheme that minimizes the

use of chemical insecticides and maximizes the benefits from insect natural enemies is

desirable (Steffey and Armbrust 198 i). In order to develop such a scheme, knowledge

about the occurrence, distribution, relative importance, and interaction of insect pests and

natural enemies in relation to crop production practices is required. The present study was

can'ied out to eather this information for alfalfa f,relds in Manitoba.

Materials and Methods

Study sites

The study was conducted in commercial alfalfa fields near Dugald and Teulon in

1999, and near Arborg and Riverton in 2000 and 2001. The locations are shown in Fig.

3.2,1. The fields were all managed for commercial production, but varied in age, size.

plant density, cultivars, stages, soil-types, topography and ownership. Details of these

fields are summarized in Table 3.2.1.

9'



Each year, three alfalfa fields near each of two localities were sampled. The three

fielcls were a hay field, a seed freld beside the hay field (hereafter called the adjacent seed

fìelcl), and a seed field at least 500 m away from any hay fields (hereafter called the non-

adjacent seed field). The adjacent seed field shared a common margin with the hay field.

The margin between the hay and adjacent seed fields near Dugald (1999) was about 0.5

m wide, and it was occupied by dense g¡assy vegetation. The space between the hay and

adjoining seed field near Arborg (2000 and 2001) was very nanow, approximately 20-25

cm. There were no plants other than the sporadic presence of alfalfa plants in that margin'

The margins between the hay and adjacent seed fields in the other localities were more

than I m wide, with a ditch in between.

In this thesis, the three fields studied in a locality are generally regarded as field-

types. the hay and seed fields are regarded as crop-types, and the adjacent and non-

adjacent seed frelds are regards as seed field-types.

Sampling

Fields,were sampled each week from late May to the end of August or mid-

September except in 2000, when sampling in fields near Riverton was not initiated until

Ju¡re 28. Fields within a locality were sampled on the same day between 0900 and 1700 h

CDT, The layout for sampling individual fields is given in Fig. 3.2.2."Bdge" and

"middle" areas were established within the crop in each field. Edge areas were transects

within 8-10 m of the field margin, whereas middle areas were at least 100 m from the

margin. In each of the selected edge areas, one (1999) or two (2000 and 2001) sampling

sites were located centrally, In the middle area, four (1999, sites in a square) or two (2000
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and 2001, sites in a line) sampling sites were selected centrally in each field. Sampling

sites within a sampling area were separated from each other by at least 50 m.

In 1999, f,relds were sampled using sweep net and pitfall traps. The method of

sweep net sample collection was as described previously (Chapter 3. 1), except that the

la¡,su1 of sampling sites and spots differed. Fifty sweeps constituted a sample when the

number of insects was low during May and June, after which 30 sweeps made a sample.

As indicated in Fig. 3.2.2, in each of the four edge areas, two sweep-net samples were

taken, one from each spot on either side of the sampling site; each sample was taken

while walking parallel to the field margin. From middle areas, one sample was taken

from a sampling spot near each sampling site. Sweeping spots within a sampling site

were separated by at least 50 m, and the same plants were not sampled in two successive

weeks. After collecting in Zip-loc@ bags containing cotton wads soaked with ethyl

acetate. samples were transferred to the laboratory, where insects were identified and

their numbers were counted. These included Lygus spp. {Lygus bugs were not identified

to species, because nymphs of different species are not possible to separate. Although

adults are possible to speciff, due to limitation of time Lygtts adults were not identifred to

species. However, previous reports indicate that Lygus bugs were presumably I.

lineolaris, L. borealís and L. elisus (Timlick et al. 1993)), A. Iineolatus, A. pisum,

cicadellids (leaftroppers), acridids (grasshoppers), coccinellids (ladybird beetles),

chrysopids (green lacewings), Orius spp. (anthocorids), Nabis spp. (nabids), pentatomids

(stinkbugs), syrphids (hover flies), opilionids (harvestmen), and spiders (Aranae). For

Lygus spp,, and A. lineolotars, nymphal instars were recorded in groupsr first- to third-
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instar nymphs were recorded as young, whereas the fourth and frfth instars were recorded

as old nymphs. Aphid numbers were estimated as described previously (Chapter 3.1).

Each year, pitfall trap samples \ryere collected from each sampling site in each

field. A pitfall trap consisted of a 450 ml plastic beer-cup { I I (deep) x 10 (diameter) cm}

one-third filled with saturated salt solution to which liquid detergent was added at the rate

of l-2 drops per 4 liter of solution. Over the trap, a 15 x 15 cm plywood cover was

susperided 3-4 cm above the ground surface by nails (Fig. 3.2.3) .In 1999, eight pitfall

traps were installed in each field on 24 and25 May in Dugald and Teulon, respectively.

In edge areas, one pitfall trap was installed centrally in each of the north, east, south, and

west edge a¡eas of each field. In the middle area, four traps were installed (one at each

site) in a square in each fìeld. Traps within a sampling area were separated from each

other by at least 50 m. Starting from the end of May and continuing until the middle of

September, traps were emptied once each week and contents were strained from the

solution and preserv ed in 7 0o/o ethyl alcohol. Each time, the salt solution in pitfall traps

was changed. In the laboratory, trap contents were sorted and adult carabid beetles were

identified to species. Numbers of carabid beetles, acridids, Grylltts, opilionids,

staphylinid beetles, elaterid beetles and spiders were recorded.

In 1999, in addition to sweep-netting and pitfall trapping, the level of leafminer

infestation was determined following a modifred protocolof Harcourt and Binns (1980).

Near each sampling site, 20 randomly selected stems were collected, and 2540 middle

leaflets were separated from each sample. These leaflets were ex¿Lmined for the presence

of leafmines, and the percentage of mined leaflets was recorded.
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In 1999, the infestation level of the seed chalcid, Bruchophagus roddi

(Gr-rssakovsky), in seed fields was determined following Soroka and Spurr (1998).

Accordingly, samples were collected from seed fields, and from each sample, 100

seedpods were separated and the seeds were collected and examined for percentage of

chalcid infestation.

In 2000 and 2001, only sweep-net and pitfall trap samples were taken, and the

methods of sweeping and pitfall trapping were as described previously. A modified

sampling plan (Fig. 3.2.2) was used in which only the middle area, and two edge areas -

the adjacent edge parallel to the common margin, and one of the two edges that were

per¡rendicular to the shared margin - were sampled. In the edge areas, four sampling

sites, fivo along each selected edge, were marked. In the middle area, two sampling sites

were marked centrally. The sampling sites were separated from each other by at least 50

m, At sweeping, one sample was collected from each of the four sampling sites in the

selected edges, and two samples were collected from each of the two sites selected in the

middle. For sweep net samples, interest was concentrated on the most common taxa,

rvhich included Lygus spp., and A. líneolatus, A. písum. chrysopids, coccinellids, Naåis

spp., Orius spp., syrphid flies and spiders.

Hay-cut and insecticide spray records were obtained from growers, and weather

records were obtained from Environment Canada (2003) for 1999 to 2001. Weather

records from Dugald (Latitude 49o52'N; longitude 96"49' \Ð and Riverton (Latitude

50o59'N; longitude 9659'W) were not available for the study period. Fields near

Dngald were approximately 30 km north of Steinbach (Latitude 49"32'N; longitude

96o46'W) and f,ields at Riverton were about 15 km east of Arborg (Latitude 50o56'N;
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longitude 97'5'W) weather stations. It is likely that weather conditions in Dugald and

Riverton would not differ greatly from those in Steinbach and Arborg, respectively.

Therefore, records from Stienbach and Arborg were used for Dugald and Riverton areas,

respectively.

In addition, by using a stroke of the sweep-net at every 10 steps and collecting up

to five individuals from each sample (stroke), 50 A. pîsum adults were collected from the

hay field near Riverton on 23 and 30 July, and 7 August in 2001, and specimens in each

sarlple were preserved in a 1 18 ml screw-cap specimen container containing 40-50 ml of

70o/o ethanol. In the laboratory, 25 adults from each sample were dissected under a

microscope and the number of embryos inside each adult was recorded in two groups,

late embryos and early embryos. Embryos that had visible appendages and that were

easily recognizable as aphids were recorded as late embryos, and those which were

recognized by only a pair of reddish eyes and a hyaline body were recorded as early

embryos. Also in 2O0l,random sub-samples of spiders were taken from samples, and the

specimens were identifîed to species. Growth stages of alfalfa plants in seed fields were

deterrnined over the season in 2001 following Hall (1996)'

Parasitism

Parasitism was examined and percent parasitism of Lygus spp., L lineolatus and

A. pisumwas estimated from field-collected insect samples each week during the period

when host insects were sufficiently abundant for adequate collections to be made in a

reasonable amount of time.
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Lvgus spp. and A. líneolatus

In 1999, depending on their availability, 30-50 third to fifth instar nymphs, and

the same number of adults of each of Lygus spp., and A. lineolatus were collected

separately by sweeping each field. Five s\ryeeps were made at a time, and individuals of

the two insect groups were collected with forceps from the sweep net. The collected

individuals were transferred into 1 18 ml screw-cap specimen containers containing 30-40

ml of 70% ethyl alcohol, and stored at 5oC until dissection. Percentage parasitism was

determined by dissecting 15-20 nymphs and 15-20 adults of each taxon from each field

sample, as described by White (2002).

Estimation of percent parasitism of Lygus spp. and A. lineolatus appeared

unsatisfactory in 1999. Therefore, a slightly modified protocol was used in 2000 and

2001: the sweep net-collected specimens were transferred to opaque polyethylene

containers (250 ml { l0 [diam] x 4.5 [height] cm]honey containers), each containing one

or two 10 cm alfalfa shoots and sealed with a perforated lid. Twenty to 30 individuals of

the same taxon and stage were collected in each container. Specimens in containers were

transferred in a picnic cooler to the laboratory and stored at 5oC. To determine percent

parasitism in each sample of nymphs and adults of both taxa, 30-50 live-individuals,

instead of the 15--20 used in 1999, were dissected following Braun er a/. (2001). No

parasitoids were found in adults except once in A. Iineolah s. Therefore, only nymphs

were dissected in 2001.

Acyrthosìphon písum

Parasitism was examined and percent parasitism of A. pisum was determined by

rearing freld-collected aphids. In preparation for rearing, nutrient enriched agar medium
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was prepared in 60 x 15 mm covered Petri dishes following Milner (1982). After cooling,

the agar-filled dishes were stored in a refrigerator. Before using for aphid rearing, a

laboratory-raised excised Viciafabae L. leaf was placed upside down in each Petri dish.

Depending on availabilify, 30-70 A. pisum were collected by using a succession

of single strokes of a sweep net. After each stroke, aphid individuals were removed from

the net with forceps or camelhair brush. Care was taken to avoid injured aphids. The

aphids were collected and transferred to the laboratory as explained for Lygus spp., and

A. Iineoløtus in 2000 and 2001.

In the laboratory, 2C-4'0 aphids from each field were reared each week. Using

forceps or a camelhair brush, $oups of four to six aphids from a sample were transferred

to tlre previously prepared V. fabae leaf in a Petri dish. Petri dishes were covered, placed

on a tray and incubated at22 *zoc,18:6 (L:D) and 70 x. 5o/o relative humidity. Excess

aphids were saved in a 5oC room in case they were needed later. Aphids on leaves were

examined every second day for eight days, and the number of aphid mummies was

recorded. Any aphids that died naturally during the first two days were excluded from

cal culation of percent parasitism.

Data analysis

Numerical records of Lygus spp., l. lineolatus, A. pisum, Gryllus spp., carabid

beetles, coccinellids, syrphid flies, Orius spp., Naårs spp., chrysopids, spiders and

opilionids were kept in all three years, and hence analyses are concentrated mostly on

thern. Although there were two hay fields and four seed fields sampled each year, only

one hay field and one seed field was chosen to graphically illustrate the seasonal

distribution of different taxa in a year. There were occasions when data collection from
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some fields was interrupted due to rain or crop production practices. Therefore, fields

fronl which more complete and meaningful seasonal data were available were chosen to

present the results graphically. Fields chosen were the hay field near Dugald and the non-

adjacent seed field near Teulon (1999), the hay field and the non-adjacent seed field both

near Arborg (2000), the hay field and the adjacent seed field both near Riverton (2001).

It was noted that the numbers of young nymphs of Lygus spp. and A. lineolatus

were low. Therefore, young and old nymphs of Lygus spp. were pooled for analysis:

similarly, pooled data for A. lineolatus nymphs were analyzed. For coccinellids, larvae

u,ere not recorded separately in 1999, and in other years, their numbers were low

courpared with adults (means 0.6 and 1.5 per 30 sweeps for larvae and adults,

respectively). Analysis of adults and larvae separately produced similar results.

Therefore, data for coccinellid adults and larvae were pooled and analyzed. Similarly,

chrysopid larvae were not separately recorded in 1999, and in the other two years,

nunrbers of adults caught were low, only 37Yo of those of larvae. Therefore, chrysopid

adults and larvae were also pooled and analyzed. Analyses and results of carabid beetles

are reported in a separate paper in this thesis (Chapter 3.3). Records of a few additional

taxa were kept only in 1999; they will not be discussed in detail.

Analyses of differences among fields based on mean weekly and mean seasonal

catches per sampling area per freld produced more or less similar results for lygus spp.,

and A. lineolatus. Hence, results based on mean seasonal catches are presented. Data

were transformed using log16(X), log¡6(X + 1) or arcsin{percentage as appropriate to

reduce heteroscedasticity, and were analyzed by General Linear Modeling for a nested

split plot design using Systat 10.2 (Systat,2002). The experimental unit used in the
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overall analysis was the field, and variance was partitioned into components attributable

to field-type (hay, adjacent seed or non-adjacent seed fields), year-location (block) and

their interactions. Contrasts between hay and seed fields, and also between adjacent and

non-adjacent seed fields were made. Field-area within a field was considered as the

subplot, and to examine differences between edge and middle f,reld-areas, analysis was

perfornred accordingly.Datawithin each year were also analyzed separately.

Analysis of Covariance (ANCOVA) was performed to examine the population

grorvth of the three major pests. Data after the date of the first disturbance (hay-cut or

insecticide application) to the date when the corresponding insect reached peak

population were considered for the analysis. In the preliminary analysis, cumulative

degree-days (CDD) were more significantly related to population size than were calendar

days. and hence CDD for the relevant periods for Lygus spp.,l. lineolatus and A. pisum

were used. The lower developmental threshold of the lygus bug, L. lineolar¡s, is 10.6oC

(Fleischer and Gaylor 1988), but the threshold is unknown for A. Iineolatus. Because

Lygns spp., and A. lineolat¿ls are closely related, the thresholdfor Lygus bugs was used to

estimate the adjusted CDD (adjusted following Lindsey and Ner,r'rnan 1956) for both

taxa. For A. pisum, the lower developmental th¡eshold is 4.7'C (Lamb et al.1987), which

was used for the estimation of adjusted CDD. In this part of the analysis, field-areas were

not of interest, and hence to determine important components that explain most of the

population growth, the analyses were based on a Randomized Complete Block design.

Weekly mean catches of insects from the edge and middle of each field were used for the

analysis. The model for the analysis included CDD, field, and their interaction. For

population growth, the main effects are of little interest, and CDD x field interaction is a

!01



measure that represents variation in population growth of the pest. This interaction was

partitioned to identifu components that were important and exerted considerable

influence on population growth. In the partitioning process, parasitism rate was not

included in the analysis, as data on parasitism were not available from each field.

Sirnilarly, plant growth stage was not considered, as I had only one years data in this

regard. A stepwise backward selection multiple regression analysis was performed for

identifying important predaceous arthropods that from the interaction of their numbers

witli CDD appeared to exert a significant influence on the population growth of a

particular pest species. Levels of significance of these predaceous arthropods in

interaction with CDD were assessed against the residuals of CDD x field. In this analysis,

a significant residual effect would mean that some other factors, which were not

identified in this study, also have influenced respective pest population growth, and they

will not discussed.

Post hay-cut migration of arthropods was examined by comparing their numbers

in field-edges and -middles of adjacent and non-adjacent seed fields: insect numbers a

rveel< before and after the hay-cut were analyzed. General Linear Model repeated

measures analysis was performed. Data related to the first and second hay-cut were

analyzed separately, and contrasts were examined to determine a) whether the post-cut

increase in the edge area ofadjacent seed fields differed from those in all other places, or

b) whether the post-cut increase in adjacent seed fields differed from that in non-adjacent

seed fields. Previous reports suggest that many arthropods move into adjacent fields,

when the hay crop is mown (Rakickas and Watson 1974; Schaber et a|.1,990b).
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Therefore, a one-tailed analysis was performed on the a priori assumption that arthropods

will move into adjacent seed fields.

Throughout this paper, interactions are not mentioned unless they were

significant. An experiment-wise alpha level of 0.05 was used for analyses. However, for

the ANCOVA, il alpha level of 0.15 was used as the criterion for inclusion of any

component in the model.

Results

The study was conducted in alfalfa fields managed for commercial production.

These fields varied in physical and biological characteristics. Decisions for mowing of

alfälfa for hay, application of insecticides, control of diseases and weeds, and harvesting

of seeds were under the discretion of the growers, who owned these fields. There were

variations in localities, the time and frequency of disturbances inflicted in the studied

fields, which are surnmarized in Table 3.2.1. Some fields for seed production received

insecticide applications twice, whereas others received them once in a crop-growing

season. The study was conducted in three years, and therefore variation in weather

conditions occurred in these three years, and is summarized in Appendix I. Note that the

year 2000 was consistently cooler than the other years, and was relatively dry in July and

August. Results associated with different insect pests and their natural enemies as found

in this study are discussed.

Insect pests

A total of l3 taxa of insect pests were commonly found in alfalfa frelds (Table

3.2.2). Of them Lygus spp, A. lineolatus and A. písum occurred regularly and sometimes
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in significant numbers. Hence, interest was concentrated on these insect groups. Detailed

results for these insects are presented below.

Iygr¿s spp.

Seasonal occurrence

The typical patterns of seasonal occurrence of Lygus bugs found in different fields

in different years are represented in Fig. 3.2,4.Except for a few days after fields were

mown or sprayed with insecticides, Lygus adults were present throughout the study

period. In the majority of fields (10 fields) there was a small peak of adult numbers

arotrnd mid-June (Fig.3.2.4 e, f). Note that conesponding data from three fÏelds near

Riverton (2000) are not available because of a late start of sampling. Because of low

numbers, no mid-June peak was detectable in the other five fields. There was a second

peal< in each of seven fields (three in 1999, one in 2000, and three in 2001) around mid-

to late July (Fig. 3.2.4 a, b, d, e), and sometimes this peak was longlasting, although in

the majority of the fields, such peaks were not detected possibly because of the first hay-

cut or insecticide application. Unless there was a hay-cut or insecticide application at this

tinre, there was a strong adult peak during mid- to late August (Fig. 3.2.4 a4). Note that

both the fìrst and second liay-cut or insecticide application (disturbance) affected adult

populations, although unlike the first disturbance, the effect of the second disturbance

was not long-lasting as the number of adults rebounded after the second disturbance.

Lygus nymphs usually first appeared at the beginning of June, and rose in number

until the frrst hay-cut or insecticide application. which usually intem:pted the rise. In six

of the 18 fields studied, nyniphal numbers rose to a peak around mid-June (Fig. 3.2.a d).

When reduced by the first hay-cut or insecticide application, L¡,gus nymphs began to
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increase in numbers following these operations, and attained peak numbers again usually

around mid-August (in 13 fields of the 18) (Fig. 3.2.4 a-d), and nymphal numbers at this

time were greater than early in the season.

Parasítísm

No parasitoids were found inLygus bug adults in 1999 and 2000, and hence

dissection of adults was discontinued in 2001. In dissections, parasitoids were found each

yeal in the third- to fifth-instar nymphs of Lygus spp. In 1999, parasitoids were found in

only three instances: in the fourth week of July from a sample near Dugald, and in the

second weeks of July and August from two samples near Teulon. Hence, the overall

percent parasitism appeared low (Table 3.2.3),though parasitoids were recovered from

20% of nymphs in July samples.

In 2000, the number of Lygus nymphs was low until mid-July. During this portion

of the season, examination of parasitism was concentrated on specimens from the hay

field near Riverton. Parasitoids were first recovered from nymphs in the third week of

June, and 15% of those nymphs hosted parasitoids. Parasitism v!'as up to 44o/o in the

fourth week of June (Fig. 3.2.4 c represents the hay field near Arborg). From mid- July to

August, parasitoids were recovered from nymphs in every seed freld with peak recovery

frequently at the end of July or at the beginning of August (Fi1.3.2,a d). After the peak,

parasitoid presence in Lygus nymphs declined rapidly, and despite the presence of

numerous nymphal hosts (e.g. Fig.3.2.4 d), no parasitoids were recovered after mid-

Angust.
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In 2001, nymphs were found until mid-June, though no parasitoids were

recovered. From mid-June to the beginning of July, collection of nymphs was diff,rcult

due to hay-cut or insecticide application. From fields near Arborg, only 12 individuals

were dissected on 26 July, and two{hirds of them were parasitized (Table 3.2'3).

Ho¡ever, specimens from fields near Riverton were dissected weekly from the beginning

to the end of July, and parasitoids were recovered on each occasion with peak occurrence

at rhe end of July, after which the percentage of parasitism declined precipitously (Fig.

3.2.4 fl.

Populntiott anlyses

population variation. Overall, the total number (nymphs plus adults) of Lygus bugs did

not differ among field-types, between hay and seed fields, between adjacent and non-

adjacent seed fields (Table 3.2.4), or between field-edges and -middles (Table 3'2.5).

However, numbers in hay fields averaged 78% of those in seed fields. When data from

each year were considered separately, hay fields (8.95 t 3'0 per 30 sweeps) had

sigrrifìcantly fewer Lygus bugs than seed fields (22.75 x 7 '60 per 30 sweeps) (Ft,to:

21.92;P < 0.05) in 2001; the same trend was evident but not significant in other years.

Lygtts adults did not differ overall or in separate year analyses among field-types,

between hay and seed fields, between adjacent and non-adjacent seed fields (Table 3.2.4),

or between field-areas (Table 3.2.5).For Lygus nymphs analyzed over all years, numbers

differed significantly among freld-types, and hay fields (4.5 + 0.8 per 30 sweeps) had

significantly(Fr,ro:10.16;P<0.01)fewer Lygus nymphsthanseedfrelds (7.1+ l'3 per

30 sweeps); overall, adjacent and non-adjacent seed fields did not differ (Table 3'2'4).
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The trend for there to be more nymphs in seed fields than hay fields was significant in

2001 (6.3 + 3.1, and 10.2 t 2.9 per 30 sweeps in hay and seed fields, respectively) (Fr.z:

2l.34; P < 0.05). A similar but not significant trend was also evident in other years. The

old nymphs largely contributed to this pattern, as they exhibited similar overall trends

(2.2 + 0.3, 6.4 t 1.5, and 4.4 + 0.8 per 30 sweeps in hay, adjacent seed fields, and non-

adjacent seed fîelds, respectively; for field-types F2Jo:5.25; P < 0.05). Old nymphs also

differed among field-types (Fz,z= 30.91; P < 0.01), between hay (1 .9 + 0.9 per 30

sweeps) and seed fields (4.30 + 1.4 per 30 sweeps) (Ft,z= 42.27; P < 0.05), between

adjacent (5.6 + 2.6 per sweep) and non-adjacent (2.98 + 1.15 per sweep) seed fields (,Fr,z

:19.71; P < 0.05) in 1999, and among field-types (Fz,z=21.19; P < 0.01) and between

hay (2. l3 + 1.08 per sweep) and seed (7 .78 x 296 pet sweep) fields (Ft2: 42.35; P <

0.05) in 2001. Numbers of young nymphs relative to old ones were very low, and there

were no significant differences of the numbers of young nymphs at any level of

conrparison. Examination of Lygus numbers from mid-July to the end of sampling

revealed that there were significantly fewer nymphs (Fr,ro = 17.19; P < 0'01) but not

adults in hay fields (nymphs: 3.3 * 0.6, adults: 12.0 + 2.2 per 30 sweeps) than in seed

fielcls (nymphs: 1 1.6 * 1.7, adults: 18.2 * 2.8 per 30 sweeps). In four of the six fields

sarnpled in the present study, the second hay-cut occurred before or around the time

nymphs could rise to peak numbers (Fig. 3.2.4 e)'

Population growth. The model for ANCOVA included cumulative degree-days (CDD),

field, and the interaction. For examining population growth, the interaction effect was of

interest, and was further partitioned into components that were identifred to be significant
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by using a backward stepwise selection multiple regression analysis, as shown in Tables

3.2.6-3.2.8.

For the total number (nymphs plus adults) of Lygus bugs, the model explained

80% of the number during the post-fìrst-disturbance growth. Cumulative degree-days

explained 57%o of the variability and appeared as the most influential factor (Table 3.2.6).

Cumulative degree-day in interaction with fîeld accounted for about l5% of the variation,

and tlre effect was significant (Table 3.2.6).In the stepwise analysis, the interaction of

coccinellids with CDD had a significant effect: total Lygus population growth was

negarively related with numbers of coccinellids (Table 3.2.6), and they accounted for

8.7Yo of the variability of total Lygus population growth rate in different fields. When

adults and nymphs were considered separately in the stepwise analysis, the relationship

was sirnilar, but not significant for adults (Ftp= 1'40; ns) and nymphs (Fl,ro = 0'98; ns)

of Lygus bugs. Nevertheless, the coccinellids x CDD interaction accounted for 1.9 and

6.1% of the variability of the population of Lygus adults and nymphs, respectively.

Acridids also exhibited a non-significantly negative relationship only with Lygus nymphs

(Ft'+s= 0.33; ns) and accounted for2.8o/o of the variability of the population growth of

Lygus nymphs. Carabids, chrysopids , Nabis spp., and spiders appeared to be positively

related to the rate of population g¡owth of Lygus bugs (total, and or adults or nymphs),

and their effects are shown in Tables 3.2'Ç3.2.8.

Migration after hay-cut. At the time of the first hay-cut, the number of adult Lygus bugs

in the week following the cut was higher than in the week before the cut in both regions

of both types of seed field. The post-cut increase in numbers of adult Lygus bugs at the
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edges of the adjacent seed f,reld was significantly greater compared than that at the

middles of adjacent and at the edge and middle of non-adjacent seed frelds' The post-cut

increases in numbers of adult Lygus bugs in adjacent seed fields were also greater than in

non-adjacent seed fields (Table 3.2.9). After the first hay-cut, the average increase of

adult Lygus bugs at the edges of the adjacent seed field was 2.1 times the number in the

preceding week, equivalent increases were only 0.6 times at the middle of adjacent seed

fielcls. and only 0.4 and 0.5 times at the field- edges and middles, respectively, in non-

adjacent seed frelds. No such trend was evident for nymphs of Lygus bugs (Table3.2.9).

The results provide evidence of Lygus adults' migration into adjacent seed fields. After

tlre second hay-cut, the result was different for adult Lygus bugs: no evidence for their

migration was found (Table 3.2'10).

Ad e Ipltocorís líneolatus

In the present study, insects in the genus Adelphocorfs was represented by only l.

lineolatus. Results associated with the insect pests are presented below'

Seasonal occurrence

Seasonal occurïence of A. lineolafzs presented in Fig. 3.2.5 is typical of the frelds

sarnpled. In 1999 and 2001, A.lineolatus nymphs were present in frelds when sampling

began at the end of May or beginning of June, but in 2000 near Arborg, nymphs first

appeared a week later (Fig. 3.2.5 c, d). Although numbers of nymphs were increasing, the

first hay-cut or insecticide application eliminated them for weeks. After that, the number

of nyrnphs rose for up to tluee weeks and reached the peak level during mid- to late

August (Fig. 3.2.5 a, b, e, f¡, In 2000, however, the peak occurred at the end of July (Fig.
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3.2.5 c, d). After the peak, the numbers of nymphs declined regardless of whether or not

there was a disturbance.

Generally, adults first appeared in seed fields in late June or the beginning of July

and their numbers gradually clirnbed to a peak during mid- to late August (Fig. 3.2.5 b{,

f). A deviation frorn this trend occurred in the hay and non-adjacent seed fields near

Dugald iri 1999 and in hay fields in 2001: adults first appeared at the end of June, and

rose to peak numbers in mid-July (Fig. 3.2.5 a, e). In August, adult numbers tended to

decline after the peak regardless of the hay-cut or insecticide application.

Parasitism

No l. lineolatus adults were found to host parasitoids in 1999 and 2000, and no

examination of parasitoids in adults was done in 2001. Unlike Lygus bug nymphs, l.

lineolatus nymphs were not found to host parasitoids, except on26 June in 1999 when

one nymph of the insect (5% of the sample) collected from a seed field near Dugald was

found to contain one narasitoid.

Popttløtíort anølyses

Population variation. Overall, the number of total A. lineolatus did not differ among

field-types, between hay and seed fields, between adjacent and non-adjacent seed fields

(Table 3.2.4). Overall, numbers of adults and total A.lineolatu.ç were significantly greater

in f,reld-edges than in middles (Table 3.2.5). The numbers of nymphs did not differ

between field-edges and rniddles; lack of significant differences was also the case with

regardless of whether old and young nymphs were considered together (Table 3,2.5) or

separately. In individualyear analyses, in 2001, there were fewer A. lineolatus inhay
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fields (21.2 + 12.0 per 30 sweeps) than in seed fields (42.0 + l4.2per 30 sweeps) (Ft,z:

22.06; P < 0.05). Adelphocoris lineolaters adults, and old nyrnphs caused this difference

as both groups were significantly fewer in hay fields (8.7 + 3.9, and 10.0 + 6.5 adults and

old nymphs per 30 sweeps, respectively) than in seed fields (14.2+ 5.1, and 21.8 + 9.1

adults and old nymphs per 30 sweeps, respectively) (Ft,z:21.87 P < 0.05; Ft.z: 52.40;

P < 0.05, respectively), The trend was not signifrcant but similar in 2000, but reversed in

1999. No such difference was found for young nymphs in any year.

Population growth. Components in the model for ANCOVA were the same as described

for Lygus population growth. Interest was focused on the CDD x field interaction effect,

which was partitioned into components that appeared signifrcant in the backward

stepwise selection multiple regression analysis, as shown in Tables 3.2.11-3.2.13. The

model explained 77o/o of the total number of A. lineolatus during the post-frrst-

disturbance growth phase. About 38% of the variation was explained by CDD, which

appeared as the most influential factor (Table 3.2.11). CDD x field interaction accounted

for l4o/o of the variability in population growth of A. lineolatus.In the stepwise analysis,

the acridids x CDD interaction was marginally significant: total number of acridids was

negatively related to population growth of A. Iineolatus (F1¡2: 2.10; P = 0.17). The

acridids x CDD interaction accounted for 2.8o/o of the variability of the population growth

of A. lineolaÍus.The interaction of coccinellids with CDD accounted for 6.2%o of the

variability of population of nymphs, although this was not significant. Carabids,

cluysopids, Nabis spp., opilionids, Orius spp. and spiders were positively correlated witlr

total and or adult or nyrnphal population growth of A. Iineoløtus (Tables 3.2.11-3.2.13).
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Migration after hay-cut. After the flrrst hay-cut, post-cut increase in numbers of adults at

the edges of adjacent seed fields did not significantly differ from those at the middles of

adjacent and at the edges and middles of non-adjacent seed fields. The result was similar

when the numbers at the edges and middles of adjacent seed fields were compared with

those of non-adjacent seed fields. However, in adjacent seed fields, the increase of adults

at the edges was 13 times the number in the preceding week, which was far greater than

the equivalent increase of 0.9 times at the middles of the adjacent seed fields, and 0.3 and

2.1 times at the edges and middles, respectively of the non-adjacent seed fields (Table

3.2.9). When data obtained from different years and localities were considered separately,

it was found that the adjacent seed field near Arborg had a pronounced increase in l.

lineoløtus numbers in edge areas than in middle areas following the first hay-cur,

resnlting in the relatively large SE value. The results provide evidence of A. lineolatus

adult migration into adjacent seed frelds in some cases, and overall the effect was

probably masked by high SE value. No such differential trend was found for A. lineolatus

nymphs. After the second hay-cut, the increase in A. lineolalas adult numbers was similar

in edge and middle areas of both fields: the increases varied from 0.2- to 0.5- times

(Table 3.2.10). As an evidence for a lack of migration, there were no significantly

different changes in post-cut nymphal numbers in edges and middles of adjacent and non-

adjacent seed fields.

Acvrtltosìplton pßum

Seasonal occurrence

The seasonal occuruence of A. pisum presented in Fig. 3.2.6 is typical of the fields

sarnpled. Generally, small numbers of A. pisum were present in frelds when sampling was
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initiated. The first hay-cut o¡ insecticide application virtually eliminated the pest from

fields. Their number remained low until early July, after which the numbers increased

rapidly. Their numbers climbed to a peak in mid-July in 1999 (Fig. 3.2.6 a, b) and usually

at tlre end of July in 2000 and 2001 (Fig.3.2.6c-f). Frequently within a week after the

peal<, the numbers declined precipitously regardless of whether or not there was a hay-cut

or insecticide application.

Although no numerical records were kept, there were few winged aphids and

nunlerous wingless ones in samples collected during mid-July to early August. Dissection

of A. písum adults revealed that during mid-July to early August, there was a trend of

reduction in numbers of total embryos. A similar trend was also found for early embryos,

but tiot for late embryos (Fig.3.2.7). When compared with population trends of predators,

it was observed that collapses of l. pisum populations usually coincided with population

increases of a complex of natural enemies, which included anthocorids, chrysopids,

coccinellids and nabids (Fig. 3.2.8).

Parssìtísm

Overall, 24-39% of A. pisum individuals hosted parasitoids (Table 3.2.3). When

reared, A. pisum individuals were found to host parasitoids from the beginning of June in

1999 (Fig. 3.2.6b) and 2001 (Fig.3.2.6 e, f) and from mid-June in 2000 (Fig. 3.2.6 c,d).

The first hay-cut or insecticide application virtually eliminated populations of L pisum in

most fields. Fields from which A. pisum could be collected and reared during this low

occurring period of A. pisum, it was found that parasitism still occuned (Fig. 3.2.6 b-f).

The peak level of parasitism of A. pisum occuned around mid-July in 1999 and 2001 and
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in late July in 2000, and the peak parasitism frequently coincided with peak levels of host

occurrence. After the peak, percent parasitism declined, as did the numbers of the host,

and after mid-August it was not possible to examine parasitism because of low numbers

of A. pisum.

Populøtíon ønølyses

Population variation. Overall, the numbers of aphids did not differ among fìeld-types,

bettveen hay and seed fields, or between adjacent and non-adjacent seed f,relds (Table

3.2.4). Although hay fields had65% more aphids than did seed fields, the result was not

significant probably because of high levels of variation among fields of the same type. In

1999, and 200I, the hay fields near Arborg and Riverton, respectively, were heavily

infested with l. pisum, which probably skewed the result. There were no significant

differences between field-edges and -middles (Table 3.2.5). When data for each year

were analyzed separately, no different results were found at any level of comparison.

Population growth. The components used in the model were the same as stated for

Lygus spp. The interaction of CDD with field was partitioned into components that

appeared significant within it. In the analysis involving CDD, field and their interaction,

the rnodel explained 80% of the variation in numbers of A. pisum during their post-frrst-

disturbance gowth. CDD explains 54% of the variation and appeared as the most

influential factor (Table 3.2.14). The CDD and field interaction explained 9o/o of the

variation. and the effect was significant (Table 3.2.14). Adelphocoris lineolat¿¿s adults

and Lygus spp. nyrnphs were positively related with population growth of A. pisum

(Table 3.2.14).
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Migration after hay-cut. For A. pisum, there were no significant changes of their

numbers in edges and middles of both fields following the first hay-cut. After the second

hay-cut, aphid numbers declined to more or less similar extents inespective of seed field-

type and areas within the field: numbers in the week following the hay-cut were 67-780/o

of the numbers in the preceding week at the edges and middles of both f,relds, suggesting

that no significant migration was evident after the cut (Tables 3.2.9 and 3.2.10),

Grvllus spp.

Generally, the numbers of field crickets in the genus Gryllus shown in the fields

in Fig, 3.2.9 were considerably higher than in other fields. In seed fields near Arborg in

2000, they were seldom found. In 2001, their numbers were generally low compared with

the other years. Gryllus spp. first appeared in pitfall traps usually around mid-July (Fig.

3 .2.9 b-e), but sometimes as in the hay fields near Dugald in 1999 (Fig. 3.2.9 a) and near

Arborg in 2000 (Fig.3.2.9 c), they first appeared in late July. After their first appearance,

tlre numbers of Gryllu.ç spp. increased to peak levels in late August (Fig. 3.2.9 à--e, e , Ð

or early September (Fig.3.2.9 d). The second hay-cut or insecticide application did not

usually affect their numbers, except in the non-adjacent seed field near Teulon (Fig. 3.2.9

b) where the insecticide application greatly reduced their number in 1999.

The number of Gryllus differed signifrcantly among field-types: hay flrelds had the

most Gryllus,13-14 times the numbers in seed f,relds (Fl,ro = 9.39; P < 0.05), but the two

types of seed fields did not differ from each other (Table3.2.4). There was no edge

effect: catches in field-edges and field-middles did not differ (Table 3.2.5). When data
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fronr each year were analyzed separately, the only significant effect was the crop-type in

2000: Gryllus catches in hay fields were greater than in seed fields (Ft,z:24.48; p <

0.05). In other years. the trend was similar. though not significant. There was no

significant migration evident for Gryllus spp. after the hay-cut (Tables 3.2.9 and,3.2.10).

Other insect pests

In addition to the insects described above, occurrence of a few other insecr pesm

as mentioned in Table 3.2.2 were noted. Nurnerical records of some of them were kept

and the results are presented in Tables 3.2.4 and 3.2.5 and described below. A few other

insect pests were also seen infrequently, but they will not be discussed in detail.

Cicadellids, which were mostly the potato leafhopper, EmpoascafabaeHarris,

were occasionally found in fields at the beginning of the season, although no numerical

records of thern were kept until the end of July, when they started to appear frequently.

Their numbers rose to peak levels frequently around mid-August (Fig. 3.2.10 a--e), except

in the hay field near Teulon where the second hay cut delayed the peak occurrence by a

week (Fig. 3.2.10 f . The numbers declined precipitously after the peak regardless of

whether there was a hay-cut or insecticide application. In general, cicadellid numbers did

not differ among field-types, between crop-types or between seed field-types (Table

3.2.4), however, hay fields provided catches 2-4 times of those in seed fields. Catches of

cicadellids were greater in freld-edges than in middles (Table 3.2.5)

Acridids (grasshoppers) were infrequently found, and most of them were

Melanoplus bivillqtus (Say). Numerical records of them were kept only from pitfall traps

in which the nurnbers were low. Although hay fields tended to provide more catches than
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seed fields (Fr,ro: 4.21 ; P < 0.05), acridid catches in pitfall traps did not differ among

field-types (Table 3.2.4), between the two types of seed frelds and between areas within a

field (Table 3.2.5). Since the catches were low, acridids will not be discussed further.

Leafmines {assumed to be from the alfalfa blotch leafminer, Agromyzafrontella

(Rondani)) were also found in the present study. In 1999, mined leaflets were found

occasionally, less than3% on average, in fields near Dugald (Fig. 3.2.11a, c, e). In fields

near Teulon, the infestation was high: up to 50% of the middle leaflets were mined. There

were apparently two peaks: the first in mid- to late June, and the second around mid-

At-tgust, though in the hay freld (Fig. 3.2.11 b) the second peak occurred a week earlier

than in seed fields (Fig. 3.2.11 d, Ð.

The level of leafminer infestation did not differ significantly among field-types,

between crop-types, between adjacent and non-adjacent seed fields (Table 3.2.4) or

between field areas (Table 3.2.5). But leafminer infestation in hay frelds was 1.3-3.5

times the infestation in seed frelds. In 1999, although up to 53% of the middle leaflets

were mined in mid-June, the infestation was generally infrequent. In 2000 and 2001,

I eafili ner infestation was occasionall y seen.

The occurrence of seed chalcids was determined based on infested seeds from

sarnples of mature seeds collected in September, and did not allow description of seed-

chalcid phenology in frelds. On average about 2o/o of seeds was infested with seed

chalcids (Table 3.2.4).

There were a few other insects found (Table 3.2.2), though records of their

nunbers were not kept because they usually appeared in low numbers, and are not known

to cause signifrcant damage to alfalfa in the Canadian Prairies. Of these insects, flea
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beetles were noted throughout the sfudy period, and sometimes in noticeable numbers.

However, there was little damage of alfalfa attributable to flea beetles. Sweet clover

weevil, Sitona cylindricoll¡s Fåluaeus, occurred frequently untilthe end of July. Blister

beetles in the genus Lytta occurred in fields from June to early August. Alfalfa loopers,

Autographa californica (Speyer), were occasionally seen in all fields near Dugald, and in

the hay field near Teulon. Elaterid beetles infrequently appeared in pitfall traps in all

fields. Cutworms and June beetle adults were occasionally found in pitfall traps. The

superb plant bug, A. superbus, and the alfalfa weevil, H. postica, were not found in any

fields.

Insect natural enemies

At least 20 taxa of predaceous and parasitic arthropod natural enemies were

found, often in noticeable numbers, in flrelds of alfalfa (Table 3.2.15). Weekly mean

catches of numerically recorded natural enemies are given in Table 3.2.16. Results

associated with carabids will be discussed in a separate paper, Chapter 3.3.

Coccinellids

Coccinellids occuned throughout the study period. They were mainly Coccinella

septempunctata (L.) and Hippodamia tredecimpunctata Say. Coccinella septempunctøta

was tlre dominant species and occurred throughout the season, but /L tredecimpunctata

was present usually during the later part of the season. Generally, the insecticide

application markedly reduced the numbers of coccinellid adults and larvae, and the

seconci hay-cut in late July or early Augusi riid not affect coccinellid numbers (Fig.

3.2.12\.
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In all years, coccinellid adults were present from the beginning of sampling (Fig.

3.2.12). The seasonal patterns of coccinellid occumence appeared inconsistent. In general,

there tended to be early peak populations of coccinellid adults, which were reduced and

kept low for weeks by the first hay-cut or insecticide application. Then the numbers of

coccinellid adults started increasing around mid-July and rose to peak levels usually

around mid- to late August (Fig. 3.2.12). After the peak, numbers of coccinellid adults

declined sharply regardless of whether there was a hay-cut or insecticide application.

Deviation from the above trend was evident in the hay field and the non-adjacent seed

frelcl both near Riverton (2001), where coccinellid adults did not rise to peaks in August

(Fig. 3.2.12 e).

Larvae were not counted separately in l999.Lawae first appeared around mid-

July in 2000 (Fig. 3.2.12 c), and in late July in 2001 (Fig. 3.2.12 f). Deviation from this

trend was found in the hay field near Riverton (2001) where larvae first appeared in late

Atrgust (Fig. 3.2.12 e). With the exception of high numbers in mid-August in the adjacent

seed field near Riverton (2001) (Fig.3.2.12 f¡, the numbers of larvae were usually low

with pealc occurrence during early to mid- August (Fig. 3.2.12 c, d).

Overall, coccinellid numbers did not differ among field-types, between crop-

types. seed field-types (Tabl e 3.2.16) or between field areas (Tabl e 3.2.17). The results

were similar in each of the vears 1999. 2000 and 2001.

Svrphids

Syrphids collected in sweep net samples were usually adults, but they were not

identified to species. In general, the hay-cut reduced syrphid numbers for longer than did
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insecticide application. Syrphids were usually present at the beginning of sampling and

continued to occur in low numbers in the majority of fields until mid-July. Then the

nunrbers rose to peak levels in late July (Fig. 3.2.13 u, b, Ð; deviations from this pattern

occuned in all fields sampled in 2000 and in the adjacent seed freld near Teulon (1999)

and in the hay field near Riverton (2001) where the peak population occurred around

mid-August (Fig. 3.2.13 c-+). In all years, regardless of hay-cuts or insecticide

applications, syrphid numbers declined precipitously after the peak (Fig. 3.2.13).

Overall, syrphid numbers did not significantly differ among field-types, but

catches in hay fields were smaller than in seed fields (Fr,ro: 7.08; P < 0.01); there was no

signifrcant difference between the two types of seed fields (Table 3.2.16). There were

also no differences between field-edges and field-middles (Table 3.2.17). When data

fronr each year were analyzed separately, no difference among field+ypes, between crop-

types. seed field+ypes or field-areas was found in any year, though catches were

consistently smaller in hay fields than in seed fields each year.

Ori¿rs spp.

In general, the seasonal patterns of anthocorids, which were in the genus Orius,

were not consistent among different fields across different years. Their first appearance in

samples seemed to be very variable in different fields and years: from mid-June to the

end of June in 1999 (Fig. 3.2.14 a,b), from early to mid-June in fields near Arborg in

2000 (Fig. 3.2.14 c) and from the end of June, when sampling was initiated in this

locality. In 2001, the insects were found from the beginning of sampling in f,relds near

Arborg (Fig.3.2.14 f), although in the hay field near Riverton they were not found until
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mid-July (Fig. 3.2. 14 e). Althougli their first appearance varied among fields and years, in

all years and fields their occurrence in peak numbers was usually during mid- to late

August (Fig. 3.2.14) except in the non-adjacent seed field near Riverton (2001) where the

peak occurrence was in late July.

There were differences in Orius numbers among field-types: fewer Orius were

cauglrt in hay fields than in seed fields (Fr,ro : 6.25; P < 0.05), but the adjacent and non-

adjacent seed fields did not differ (Table 3.2.16). Field-edges and -middles also did not

differ in Orius catches (Table 3.2.17). When data for each year was analyzed separately,

similar but not significant trends were found in all years.

Nøó¿s spp.

Darnsel bug (nabids), mostly Nabis alternatus (Parshely), usually appeared from

the beginning of sampling. Nabis antericoferas Carayon were infrequently found. The

numbers of Nabis spp. were reduced by the first hay-cut or insecticide applications. But

soon after the second disturbances, the numbers began to increase. The seasonal patterns

in different fields and years were variable: from mid-August to the beginning of

Septernber in 1999 (Fig. 3.2.1 5 a, b), from the end of Augusr (Fig. 3.2.15 c, d) to mid-

September in 2000, frorn the end of July (Fig. 3.2.15, e) to late Augusr (Fig. 3.2.15 f) in

2001.

Nabis numbers differed among fìeld-types: in hay fields there were more //aá¡s

than in seed fields (Fr,ro:8.10; P < 0.05), but catches in the two types of seed fields did

not diffel from each other (Table 3.2.16). Catches of Nabis spp. were smaller in field-

edges than in field-middles (Table 3.2.17). Similar but not significant trends were found

in all tlie above cases for Nqbis in separate analyses for each year.
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Pentatomids

Numerical records of pentatomids (stinkbugs), which were in the genera

Ettschisttts and Cosmopepla, were kept only in 1999. Pentatomids were present in fields

from tlie beginning of sarnpling. Their numbels were low tlrroughout the season, although

their numbers rose to high levels in most cases during early to rnid-September (Fig.

3.2.16 a--e). As indicated in the figure, the hay-cut seemed to affect pentatomids more

than insecticide application, and the second insecticide application seemed to be the least

lrarmful of the disturbances that were inflicred in this study (Fig. 3.2.16).

Generally, variation in pentatomid numbers was found among field-types: in hay

fields, there were fewer pentatornids than in seed fields (Fl,ro : 10.63; P < 0.01). The

non-adjacent seed fields provided the most pentatomids, which were followed by the

adjacent seed fields, although these differences were not significant (Table 3.2.16). There

were fewer pentatomids caught in field-edges than in field-middles (Table 3.2.17\.

Chrvsopids

Chrysopids were common in sweep-net samples. They were not identified to

species in 1999.ln other years, they were mainly the adults of Chrysoperla carnea

(Stephens), although adults of Chrysopa oculata Say were found occasionally. The

effects of hay-cut or insecticide application on chrysopids were not consistent (Fig.

3.2.r7).

In 1999 and 2001, chrysopid adults frrst appeared atthe end of May orthe

beginning of June (Fig. 3.2.17 a,b, f), except that they started appearing in mid-July in

the Riverton hay field (Fig. 3.2.17 e). In 2000, adult chrysopids were low in numbers, and
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they first appeared from middle to end of July (Fig. 3.2.17 c, d). Adults usually peaked in

numbers during eally to mid-August (Fig. 3.2.17).

Larvae were not counted separately in 1999. in 2000 and 2001, larvae first

appeared in majority of cases in mid-July (Fig. 3.2.17 c, d), except in seed fields near

Riverton (2001), where they occurred from late June (Fig. 3.2. 17 f). Larval numbers

usually peaked during mid- to late July (Fig. 3.2.17 d-Ð, although the adjacent seed field

near Arborg (2001) had peak larval occulrence at the end of August. In both years, larval

numbers declined sharply after the peak regardless of disturbances (Fig. 3.2.17 c-f). It

was noted that adult numbers could not usually be predicted from larvae.

The number of chrysopids significantly differed among field-types: in hay fields

there were fewer chrysopids than in seed fields (Fr,ro: 25.34;P < 0.01) (Table 3.2.16),

though there was no difference between seed field-types or field-areas (Table 3.2.17).

Significant differences were found in 2001 (Fz,z: 122.79; P < 0.01 , and F1.2:217 .13; p

< 0.01 for field-types and crop-types, respectively); the trend was similar but not

sisnificant in 1999 and 2000.

Spiders

In 1999 and 2000, spiders were not identified to species. In 2001, a diverse

assemblage of spiders comprising a total of 78 species representing 16 families of spiders

was collected (Appendix II). Average catches in sweep-net samples were smaller than

those in pitfall traps. Although the seasonal patterns varied among fields and years, and

between sampling methods, spiders were usually present in fields when sweeping began

(Fig. 3.2.1 8). The first insecticide application markedly reduced spider numbers, but the
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effects of the second insecticide application were inconsistent (Figs. 3.2.18 and 3.2.19).

Conversely, the hay-cut did not greatly affect spider populations, particularly those in

pitfall traps (Fig. 3.2.18 a, c, e and3.2.l9 a,c,e). Thepatterns of catches in sweep-net

and pitfall traps suggest that spiders probably were bimodal in their occurrence, the first

modality during early to mid-June, and the second around mid- to late August.

In both sweep net and pitfall trap samples, spider numbers did not differ among

fìeld-types, between crop-types, seed field-types (Table 3.2.16) or fìeld-areas (Table

3'2.17). A similar trend was found when data for each year were considered separately.

Orrilionids

Opilionids, which were not identified to species, were present in fields from the

beginning of sampling (Fig. 3.2.20 a,b, e, f), except in 2000, when the first catch was in

late June in hay fields (Fig.3.2.20 c). The first insecticide applications often reduced

opilionid numbers greatly (Fig.3.2.20 b, f), but the effects of the second insecticide

application were inconsistent (Fig.3.2.20 b, d, Ð. The hay-cut usually did not affect

opilionid numbers (Fig. 3.2.20 a. c, e). Generally, the seasonal pattems of opilioriids

appeared inconsistent among fields and years.

Inl999 and 2000, their peak occunence was around mid- to late August (Fig.

3.2.20 a, c), except in the non-adjacent seed fìelds near Teulon (1999) and Arborg (2000)

where the peak occurrence deviated as shown in fig. 3.2.20 (b and d) and in the adjacent

seed field both near Arborg (2000) where the peak was at the end of August. In 2001, the

peak occurence was during rnid- to late July (Fig.3.2.20 e, f), except in the non-adjacent

seed field near Riverton where peak was in late June.
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Opilionid numbers diffeled among field-types: the nurnber was greater in hay

fields than in seed fields (Fr,ro: 10.63;P < 0.01), but the two seed f,reld-types did not

differ (Table 3.2.16). Field-edges provided smaller catches than did field-middles (Table

3.2.17). The result of the overall analysis was dominated by the pattern in 1999 for which

the individual analysis showed the same pattern. In 2000 and 2001, a similar but not

significant trend was found.

Other natural enemies

Records of robber flies (asilids) were kept, but their numbers were too low to

analyze and present. Assassin bugs (reduviids) appeared occasionally in sweep net

samples, though, no numerical records of them were kept. Parasitoids appeared

infrequently in sweep net samples, but their numbers were not recorded. The species of

these parasitoids are listed in Table 3.2.15. There were six species of aphidiid parasitoids,

altlrouglr in 2001 it was found that over 75o/o of these aphidiid parasitoids were A. ervi.

Parasitoid assessments through dissection of Lygus and A. lineolaÍus, and rearing of L

pisuttt do not provide direct measures of the temporal and numetical occurrence of adult

parasitoids.

Migration of natural enemies after hay-cut. Among predaceous arthropods, after the

first hay-cut, no significant migration of coccinellids, ckysopids, Orins spp.,1/øåzs spp.,

syrphids, spiders and opilionids was evident (Table 3.2.18). After the second hay-cut, the

results were similar except That Orius spp. exhibited a signifrcantly greater increase in

adjoining edges of the adjacent seed fields (Table 3.2.19).
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Discussion

Pest occurrence and patterns

Three taxa, Lygus spp.,l. lineolatus, and A. ptsum occurred regularly and often

numerously, indicating that they are the most common pest insects in alfalfa fields of

Manitoba. These pests have been reported to cause damage to alfalfa crops in the other

Prairie Provinces (Lilly and Hobbs 1962;Harper 1978; Goplen et al.1987; Murrell 1987;

Schaber and Entz 1988; Soroka l99l; Soroka and Murrell 1993).

Iyg¿ls spp.

Although Lygus bugs were not identified to species, previous reports suggest that

the1,' were most likely to be Z. lineolaris, L. borealis and Z. elisus. Timlick et al. (1993)

found that in alfalfa fields in the Red River region where Dugald is situated, L. lineolaris

was tlre dominant species, and L. borealis was second to L. Iineolaris. Whereas, in the

Interlake region, where Arborg and Riverton are situated, L. borealls dominated over L

lineolaris.In both areas, few L. elísus were also found. However, Schwartz and Foottit

(1992b) in a mid-July study found L. borealis dominated in alfalfa fields in the Red River

region. From sweeping alfalfa fields in the Interlake and Red River regions of Manitoba

durirrg 2002 to 2004, Mostafa (turpublished, pers. comm.) found a predominance of Z.

lineolaris with occasional occurrences of L. boreølrs and L. elisus.In Saskatchewan,

Braun et al. (2001) found that L. lineolaris was predominant from May to mid-June and

fronr nrid-July to late August, whereas L. borealis was most abundant from mid-June to

early July. The temporal shift in dominance is possibly related to the availability of

preferred host plants and their stages (Murrell 1987; Leferink 1991).
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Lygus bugs overwinter as adults under leaf litter or debris outside alfalfa fields,

and enter alfalfa fields as soon as alfalfa plants sprout in the spring (Goplen et al.1987).

In the present study, there was often a small peak of Lygas adults around mid-June (Fig.

3.2.4 c, e, f¡, and those adults were probably the overwintered adults, as suggested by

Gerbel and Wise (1995). During mid- to late July in the current study, there was a second

peak of Lygus adults in some fields (Fig. 3.2.4 a, b, d-f), although in some fields such

peaks were not detected, possibly because of the frrst hay-cut or an insecticide

application. To reach adulthood, a Lygus nymph takes about four and frve weeks at 20

and l6oC, respectively (Champlain and Butler 1967;Y.,hattat and Stewart 1977).

Therefore, it is likely that the adult peak during mid- to late July represented the first

generation developed from nymphs that survived or hatched after the first hay-cut or

insecticide application. Gerber and Wise (1995) reported that in Manitoba, the first

generation adults peak during the first three weeks of July. In the present study, there was

frequently a large adult peak during mid- to late August (Fig. 3.2.4 a, c, d), and in fields

where no such peaks were found, the population trend indicated that had these fields not

been disturbed, peaks would have been occurred in late August or in September.

According to Gerber and Wise (1995) Lygus adults at that time of the season were

probably ofthe second generation.

Although the second hay-cut or insecticide application affected populations, the

nurnbers of Lygus bug adults frequently rebounded after disturbance (Fig. 3.2.a). It does

not seem that the rebound was due entirely to survivors of the disturbance, as the late

season adult numbers in these fields could not be predicted from the number of nymphs

in the fields before the disturbance. The rapid rebound was probably caused by adults that
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immigrated into alfalfa frelds, which at that time remained green while most other host

crops had senesced or been harvested. Murrell (1987) also found a late season influx of

adults into alfalfa fields, which she attributed to immigration.

In some fields, there was a small peak of Lygrxs nymphs around mid-June,

although the hay-cut or insecticide application did not allow such a rise in the majority of

fielcls. In most fields, there was a second peak in number of Lygus nymphs around mid-

August (Fig. 3.2.a), According to Gerber and Wise (1995), these first and second peaks

wele probably the first and second generations of Lygus nymphs, respectively. Munell

(1987), in an extensive freld study in Saskatchewan, found similar seasonal patterns. As

indicated in Fig. 3.2.4, nymphs were relatively more numerous later in the season than

early in the season, a trend previously reported from Saskatchewan (Craig 1983; Munell

1987) and Manitoba (Gerber and Wise 1995). Conversely, Craig (1983) andBrawt et al.

(2001) at latitudes >52oN in Saskatchewan found that Lygus nymphs were rarely as

numerous late in the season as in the early period; this trend may be a consequence of

cool summers causing the nymphal stage to be protracted (Craig 1983).

Ade Ip h ocoris lineolatus

ln addition to Lygus bugs, plant bugs in the genus Adelphocor¡s also damage

alfalfa crops in Canada. Previous reports indicate that these pests in the genus

Adelphocoris arc mainly the alfalfa plant bug, A. lineolatus (Goeze), the superb plant

bug, A. superbus (Uhler), and the rapid plant bug, A. rapídus (Say) (Hughes 1943; Lilly

and Hobbs 1956; Craig 1963; Murrell 1987). However, in the present study, only A.

lineolatus was found. Munell (1987) in an extensive study in Saskatchewan also foundl.

lineolatus was virh¡ally the only Adelphocoris species in alfalfa frelds.
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Adelphocorîs lineolatus overwinters as eggs, frequently in alfalfa stems; and after

hatching in spring, nymphs start to feed on alfalfa (Hughes 1943). Nymphs ofl.

lineolatus develop through five instars to reach adulthood, and this occurs in about 28

days at 17oC and in only about 18 days at26oC (Hughes 1943). Seasonal occurrence ofl.

lineolatus (Fig. 3.2.5) in the present study indicates that there were likely two generations

of nymphs. Although disturbed by the hay-cut or insecticide application, the first peak in

numbers usually occurred in June, and probably represented the first generation. The

second peak that frequently occurred in August was probably of the second-generation

nymphs (Craig 1963), It was noted that during the second peak period, the rise from low

numbers to the peak took three weeks suggesting that the hatch was completed mostly in

three weeks, a trend also noted by Craig (1963). After the peak of the late season

nymphs, numbers declined regardless of whether or not there was a disturbance (Fig.

3.2.5). Adelphocoris lineolat¿¡s has a narrow host plant range (Hughes 1943; Craig 1963),

and prefers alfalfa plants (Munell 1987); A. Iineolatus adults are weak fliers and

movement of its females and nymphs is limited (Hughes 1943). Therefore, it seems likely

that tliese second generation nymphs give rise to adults in the same field.

In hay fields in 1999, the numbers of nymphs relative to adults in August was far

greater than those in any other field or year (Fig. 3.2.5), but the number of the subsequent

adults did not correspond. It is unclear whether the nymphs migrated away or died before

reaching adulthood. The limited host range, lack of nymphal migration (Hughes 1943),

and possible absence of other prefened host crops in sunounding fields this late in the

season, suggest that death of nymphs before adulthood is most likely. But in other cases,

unlike Lygus bugs, A. lineolan s adult numbers were usually predictable from previous
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numbers of nymphs, and there was no late season resurgence (Fig. 3.2.5), suggesting that

there was little migration of the adults late in the season. However, migration is required

for increased reproduction of l. lÌneolatus (Hughes 1943), suggesting that adults might

migrate early in the season, when they reproduce (Hughes 1943, Craig 1963). Hughes

(1943) reported that A. lineolatus is a weak flier, and that the movement of reproductive

females is usually limited. In such a case, the effect of migration could be of shorter

range and the result that numbers of adults but not nyrnphs were greater in field-edges

tlran in middles (Table 3.2.5) supporls this. If not reproductive, adults of this bug

generally migrate only when faced with shortage of food and absence of shelter (Hughes

1943). In addition. the food preference and the possible absence of alternative hosts

suggest that the late-season population is not the result of migration late in the season.

The two generations of nymphs that were evident were not reflected in the

number of peaks of A.lineolatus adulfs, except in the hay (Fig. 3.2.5 Ð and non-adjacent

seed fields near Dugald (1999). It is unlikely that the adults present during the second

peak in late August developed from overwintered eggs. This is because, in the Canadian

Prairies, although very limited hatching continues sporadically until about mid-July,

hatching of overwintered eggs is mostly completed by mid-June (Craig 1963), and the

hatched nyrnphs are likely to become adults by mid-July (Hughes 1943). Nyrnphs that

occurred in high numbers around mid-June (Fig. 3.2.5) represents rnostly older (3'd to 5tl')

instars, and a third instar nyrnph would reach adulthood in less than 19 and 10 days at 17

and26o C, respectively (Hughes 1943). Given the temperatures, and cumulative degree-

days above 10.6"C during the present study (Appendix I), it is unlikely that the adult peak

in rnid- or late August represented the nymphs found in early June. Rather, it is likely that
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the first hay cut and insecticide application killed most first generation nyrnphs, and

probably resulted in an undetectable population of corresponding adults. Craig (1963)

reported that A. lineoløtus is largely univoltine north of 53oN, and is bi- or multivoltine

south of 51'N. Murell (1987) found a partial second generation in southern

Saskatchewan.

Acvrthosiplton pisum

Acyrthosiphon pisum is a common pest of alfalfa in North America (App and

Manglitz 1972).ln the present study, numbers of A. pisum tended to be low early in the

season, and high from mid-July to early-August, a trend consistent with reports from

Alberta and Saskatchewan (Harper 1978; Soroka 1991). On field peas in Manitoba,

Deneka (1992) found peak populations of A. pisunt frorn mid-July to the beginning of

August. In Saskatchewan, Murrell (1987) found A. pisum to occur in peak numbers from

early to late August. After the peak, A. pisum populations declined precipitously, a trend

noted previously (Murrell 1987; Murrell et a\.2002; Deneka 1992). The population

decline may be the result of changes in A. pisum's physiological responses to photoperiod

(sharma et al.1973; Smith and MacKay 1990), aggregation, food quality (Kennedy and

Forsbrooke 1972) or changes in natural enemy populations (Lilly and Hobbs 1962;

Neuenschwander et al.1975; Radcliffe er al.1976;Frazer et al.l98la, l98lå).

Other insect pests

Although there were quite a few other insect pests found in this study, only those

that occured relatively frequently or in high numbers at some point of the season will be
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discussed. In the present study field crickets, Gryllus spp., occutred in alfalfa fields, and

rryas more frequent in hay fields than in seed f,relds. Little is larown about seasonal

occurrence and damage caused by crickets to established alfalfa, though Allonentobius

spp. has been reported to damage alfalfa seedlings in Kentucky (Grant et al.1982).

However, according to Jacobs et al. (1992) freld crickets are mostly litter-feeders and

they do not prefer to feed on alfalfa.

In this study, the leaflropper, Empoascafabae, regularly occurred and tended to

be more frequent in mid- to late August. A similar trend was also reported from Ontario

(Faris eÍ al. 7981). In Manitoba - potatoes, which are one group of the primary hosts of

E. fabae - are frequently attacked by E. fabae in maximum numbers during August

(Manitoba Agriculture and Food 2004).In Manitoba, the recommended time to harvest

potatoes is before September (Manitoba Agriculture and Food 2004), suggesting that

potatoes were probably not suitable hosts for the pest in late August. The sudden rises of

E. fabae populations in mid to late August and the result that they were more numerous

in freld-edges suggest that E. fabae probably invaded from other crops like potatoes that

were either harvested or ready to be harve sted. Empoasca fabae attacks alfalfa in Eastem

Canada (Goplen el ø1. 1987), and causes substantial yield loss in Ontario (Ontario

Ministry of Agriculture aud Food 1980). In the north-ceffral and northeastem United

States, E. fabae attacks signifrcantly reduce both quantity and quality of hay alfalfa

(Kindler et al.1973;Lamp et al.I985). In Illinois, Lamp et al. (1985) found that high

populations of E. fabae during late July caused a signifìcant reduction of alfalfa hay

production. In Minnesota, E.fabae atfack may signif,rcantly affect the second and third

hay crop (Cuperus el al. 1983). Generally, alfalfa plants are more vulnerable to E. fabae
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attacks in the earl5, s1¿g. of plant growth; and E. fabae cause little damage to the older

and larger plants (Kouskolekas and Decker i968). Cicadellids in the current study were

prevalent in August, when the hay crop was either harvested or ready to be harvested; and

tlie seed crop was maturing. Pest attack on alfalfa at this time of the year is unlikely to

cause significant damage to alfalfa seed (Charnetski 1983a,l993b).

Symptoms of leafminer infestation, assumed to be from the alfalfa blotch

leafininer, Agrontyza f"ontella (Rondani), were found in this study. Alfalfa blotch

leafnriner infests alfalfathroughout Eastern Canada (Guppy 1981). Leafminers are

relatively recent pests, which have been spreading westward from eastern Canada

(Harcourt and Binns 1980). As leafmines were infrequently found and in most cases,

percentage of damaged leaflets were low, at its present level of infestation the insect

seems to be of little importance to alfalfa in Manitoba.

The present study does not allow description ofseed-chalcid phenology, as seed

clialcid infestation was based on samples of mature seeds collected in September.

Although evidence that alfalfa seeds were attacked by the seed chalcid was found,

growers seem ignorant of the pest. In Saskatchewan, up to 6Yo seeds were infested by

seed chalcids in both hay and seed fields (Soroka and Spurr 1998). Seed chalcid

infestation may often be underestimated; deformed and darkened seeds with pathogen

infections can be a frequent consequence of seed chalcid infestation, but are not always

linked to the causal agent. The other insect pests found in this study do not seem to be

causing any darnage to alfalfa in Manitoba, and will not be discussed.
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Occurrence and patterns of insect natural enemies

Coccinellids were often found (F-ig. 3.2. i 2) and Coccinella septentpuncÍata was

the most frequent species. Coccinella septentpuncÍata is an introduced species and has

been relocated to control aphids in several localities in the United States (schaefer et al.

L987). Since its establishment, C. sepÍempunctaÍa has been spreading and has become the

dominant coccinellid replacing many native coccinellids in agricultural habitats (Turnock

et a|.2003). In Manitoba, the species has been found since 1989 (Matheson i989), and in

1992, it was the predorninant coccinellid species (Turnock et at.2003). By sweeping

alfalfa crops in southern Manitoba (49-51"N, 96-9gow), Tumo ck er al. (2003) found

That C. septempunclata was more abundant than Hippodantia ÍreclecimpuncÍata in 1999,

but less abundant in 2000 and 2001. However, they did not provide information on

seasonal patterns of these coccinellids. In the present study, coccinellid numbers were

low most of the season, a similar trend to that in Saskatchewan (Murrell 1987). There

were relatively more coccinellids late in the season (Fig. 3.2.12), a similar trend to that in

Minnesota (Radcliffe et a|.7976) and California Qrieuenschwander et al.1975). In this

study, H. n'edecimpunctata was found abundantly late in the season, probably because

the species is usually active at lower temperatues and migrates frorn field crops to

overwintering sites later than C. septempuncf ata in the auturrn (Tumock eÍ a\.2003).

Syrphids collected in sweep-net samples were urostly adults, and they were

frequently found from July with peak occurrence in August (Fig. 3.2.13). To mature their

eggs, syrphid fly fernales require pollen as food, and so remain very mobile; they move

frorn flower to flower and oviposit where food for offspring is present (Schneider 1969,

and references therein). Such behaviour of adults is likely to lead to easy capture. The
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seasonal patterns found in the present study are probably related to the presence and

condition of alfalfa flowers, which were numerous and in full bloom in July. Numerous

syrphid fly adults were present around rnid-August; during that period in Manitoba, most

other crop plants have senesced or are ready to be harvested, and flowers are few. There

were still some flowers present on alfalfa plants at this time.

Syrphid fly larvae seldom appeared in sweep-net samples. In Canada, syrphid

flies overwinter as pupae on foliage, among debris, or in the soil (Agriculture and Agri-

Food Canada 2001). Syrphid adults can oviposit within four days of their emerging as

adults. Pollard (1971), by using Brevicoryne brassicae (L.) infested Brussels sprout

plants in pots, found that the syrphid, Episyrphus balteatus (de Geer), preferred to

oviposit on infested plants in crop habitats rather than in woodland. Syrphid fly iarvae

usually lratch from eggs within two days of oviposition (Vockeroth I 992) and in

favourable conditions, the larvae of some species can pupate in about eight days

(Vockeroth 1992, and references therein). A short larval stage and long adult stage could

lead to low numbers of larvae and high numbers of adults in a sweep-net, even if

numbers in a cohort are the sarne. Syrphid fly larvae are apodous, and stick to the plants

by coiling tl'reir bodies around leaf-petioles and plant shoots (Vockeroth 1992, and

references therein). Therefore, occurrence of fewer larvae in sweep-net samples does not

indicate that they were uncommon. Rather, it is likely that the sweep-net often failed to

collect them.

The first appearance of Orius spp. varied across years and localities. Munell

(1987) also found such variation, which she attributed to sampling error. Orius spp. found

in the present study were small in size, and bias may not be unusual when sampling such
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small insects occurring in low numbers early in the season. However, the physical and

management factors, which were different among fields and years, may also have

contributed to variability. Numbers of Orius spp. peaked during mid to late August. In

Minnesota, Godfrey and Leigh (1994) found low numbers of Orius spp. early in June,

with the peak occunence around rnid-July.

Nabis spp. found in alfalfa fields cornprised mainly Nabis alternatus (Parshley)

and N. americoferzzs Carayon, and this is consistent with reports from elsewhere in

Canada (Guppy i958; Richards and Harper 1978). In southern Alberta, N. alternatus are

more common (Richards and Harper 1978), Nabis spp. were found from the beginning of

the sampling period, which agrees with Munell (1987) in Saskatchewan. Peak occurrence

of NabÌs spp. was late in the season. Murrell (1987) did not provide inforrnation on the

peak occunence of y'y'øåis spp., but in Minnesota, Godfrey and Leigh (1994) found peak

numbers of Nabis spp. at the beginning of July.

Chrysoperla carnea and Chrysopa oculata Say were the two green lacewing

species found in alfalfa fields in the present study. Generally numbers of larval and adult

chrysopids were relatively low in samples, as was also observed by Murrell (1987). It

was noted that adult numbers could not be predicted from larvae. This is possibly the

result of the rnigration behaviour of young lacewing adults. In the first night after

emergence, regardless of the presence of food, C. carnea and probably many other

lacewing species perform an obligatory rnigration flight before they mate and oviposit,

resulting in their leaving the natal habitat (Duelli 1988).

A diverse assemblage of spider species occurred in alfalfa fields (Appendix II).

They represented both ground and plant canopy active spiders. For example, members in
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the family Lycosidae are usually active on the soil surface, whereas, those in the

Linyphidae are mostly plant-dwellers (Wise 1993). Little is known about the spider fauna

from Canadian alfalfa f,relds. However, large and diverse spider communities containing

species ranging from web-builders to active hunters, ground surface dwellers to plant

canopy dwellers have been found in alfalfa fields in the United States (Fenton 1959;

Muniappan and Chada 1970; Howell and Pienkowski 1971; Wheeler 1973). The seasonal

patterns observed in the present study in which high numbers of spiders occurred from

the begiming of the season agree with results from New York (Wheeler 1973).

In addition to the above taxa, there were some other predaceous taxa found in this

study (Table 3.2.I 5). Among them carabid beetles were frequently present and results

about carabid beetles have been described in a separate paper (Chapter 3.2.3). Little is

known about the seasonal occurrence and importance of the other taxa in Table 3.2.15 in

alfalfa fields. In the present study, they were found to be less frequent which suggests

that these taxa could be of relatively rninor importance in alfalfa fields of Manitoba. They

will not be discussed further.

Parasitoids are integral part of agricultural habitat and contribute greatly toward

natural suppression of pest populations in agricultural habitats (Debach and Rosen I 991 ;

Pedigo 1999).In the current study, braconid parasitoids of mirids were found (Table

3.2.15) and evidence that these parasitoids killed mirids, particularly Lygus spp. (Table

3.2.3, Figs. 3.2.4 and 3.2.5) was detected. Two different methods were used for

examining the parasitism of mirids. The method used in 1999 appeared to be inefficient.

This is because alcohol-preserved tissues of both parasitoids and hosts often looked alike,

and it became difficult to distinguish teased host-tissues from parasitoids that may have
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been damaged despite careful dissection under the microscope. The method used in 2000

and 2001 appeared to be relatively effective and provides evidence that Lygus nymphs

are attacked by parasitoids mainly through the middle part of the season (mid- June to

August). The parasitoid larvae found in Lygus nymphs were of the genus Peristenus,

though it was not possible to identify them to species. Six species of aphidiid parasitoids,

wlrich parasitize and kill aphids including the pea aphid, A. pisunt, were found (Table

3.2.3, Fig. 3.2.6), and evidence they greatly contribute toward natural suppression ofl.

pisum populations was also detected.

Factors affecting insect populations in alfalfa fields

Several abiotic and biotic factors influence population development of insect pests

in agricultural habitats. Important abiotic factors include the temperature, humidity and

light (Pedigo 1999 Norris et al.2003). Important biotic factors include natural enemies

comprising predaceous, parasitic and pathogenic agents, and competition. These factors

are naturally present and frequently interact with human activities such as crop

production practices.

Abiotic environmental factors through their influence on growth and

development, natality, mortality and migration can significantly influence pest

populations in agricultural habitats (Hughes 1943; Khattat and Stewart 1977; Nonis eÍ al.

2003). Population analyses in the present study indicate that temperature strongly

influences population growth of all the three major insect pests regardless of their stages

(Tables 3.2.6-3.2.8 and3.2.I1-3.2.14). Field characteristics in this study were second ro

temperature in influencing pest populations. The study fields were from different
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localities and different years, and differed in properties (Table 3.2.1), which contributed

greatly toward variations in pest populations, Altliough its effect was not assessed,

nroisture influences arthropod populations including carabids (Holland 2002).

There is evidence that photoperiod influences fecundity of mirids (Hughes 1943)

and A. pisuttt (Sharma et al. 7973). No attempt was made to examine mirid fecundity in

this study, and therefore rnirids will not be discussed in this conrexr.

Although a pletliora of potential pest species occur in an agricultural habitat, co-

occuning natural enemies prevent marly of the pest species from reaching economically

damaging levels. To increase benefits from tirese natural enernies, it is required that they

be identifìed, their roles understood and efforts are made to conserve and augment them

(l{onis et a|. 2003). As stated in the results and shown in Tables 3 .2.6 and 3.2. 1 3, there

were some arthropod taxa (predators) which in interaction with CDD exerted negative

relatiorrships, while some other taxa exhibited positive relationships with the population

growth of Lygus bugs, l. lineolalus (total, adults or nymphs) or A. pisum. The negative

relationships suggest that the presence of those predators (the source of variability) either

negatively affected population growth of related pests {Zygas bugs, A. lineolatus (total,

and or adults or nymphs) or A. pisunt) or that factors that favoured tlie pest population

growtli were unfavourable to the abundance of related predators and vice versa.

Conversely, the positive relationship could mean either that the predators exhibited a

positive density dependent response to corresponding pests or that the conditions that

favoured pest population growths also favoured corresponding predator taxa. Such a

density-dependent rises of predator populations could mean that they would affect the

pest populations later.
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Ivgøs populations

In addition to temperature (Tables 3.2.Ç3.2.8) and variation in field

characteristics (Table 3.2.1) natural enemies, hay cutting or insecticide application also

contributed toward Lygus population development. The seasonal patterns in the present

study indicated that at their peak occurrence, coccinellids would frequently encounter

adults and nymphs of Lygus spp. and it appeared that coccinellids influenced Lygus

population development to some extent (Tables 3.2.6). Larval coccinellids feed on

nymplrs of Lygus bugs (Schaber 1992).In laboratory and field cage studies, coccinellids

alone or as a member of the predator guild were found to reduce mirid numbers (Chapter

3.4), The cage studies also provided evidence that carabids, chyropids and nabids

probably exerted some influence on Lygus populations. In 1 1 fields out of 18 in this

study, the peak occurrence of nabids coincided with that of Lygus nymphs, suggesting

that nabids frequently encountere d Lygus prey. Predation of Lygu,ç spp. by chrysopids

(Sclraber 1992) and nabids (Knowlton 1949; Clancy and Pierce 1966; Perkins and

Watson 1972:Wheeler 1977; Tamaki et al.1978; Schaber 1992) has been noted

previously.

Loan and Craig (1976) reported that a univoltine parasitoid, Peristenus pallipes

(Curtis) kills Lygus spp. in western Canada. Although different species of Peristenus

were introduced from Europe and released into western Canada, no recoveries of the

released species are known (Broadbent et a\.2002). In Saskatchewan, Braun et al. (2001)

found Lygus nymphs to be parasitized by a univoltine parasitoid, which they assumed

was P. pallipes. Since the pattern of parasitism is consistent with those reported from

elsewhere in the Prairies (Braun et al.2001). it is likely that a univoltine species is
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causing the nymphal mortality in Manitoba. In this case, the estimated maximum percent

parasitism and mean percent parasitism expressed as a total over the season may be

misleading with respect to the actual impact of parasitoids present only for a portion of

tlre season (Braun et al.2001). Loan and Craig (1976) found up to 83% of Lygus nymphs

to host parasitoids in westem Canada and Braun et al. (2001) found up to 70o/o of Lygus

nymphs to host parasitoids in Saskatchewan. During mid-summer in the present study, as

higlr as 68% of Lygzs nymphs contained parasitoids, which certainly overestimates the

overall impact of parasitoids on Lygus spp. in Manitoba. However, the result provides

evidence that parasitoids play important role on Lygus populations in Manitoban alfalfa

fields.

Hay cutting or insecticide application appeared to influence Lygus populations

considerably. It appears that hay cutting reduced Lygus populations in alfalfa frelds,

although, high numbers of the pest often reoccurred from late July. Overall, numbers of

Lygus bugs were relatively lower in hay fields than in seed fields, and the trend was

pronounced for Lygus nymphs, particularly the older ones. This pattern may be

attributable to the differential effect of hay cutting and insecticide application. In addition

to killing or displacing inhabitants and destroying eggs laid in plants (Butler et al.l97l;

Khattat and Stewart 1980; Harper et a\.1990; Schaber et al. 1990b), hay cutting removes

plant stems with buds, flowers, and fruits, which serve as preferred feeding sites and

favour reproduction of plant bugs (Hughes 1943; Tingey and Pillemer 1977). Therefore,

removal of plants through hay cutting is likely to decrease the number of nymphs. The

decrease was pronounced for the second generation Lygus nymphs: during mid-July and

afterward when the second generation Lygus nymphs occurred (Gerber and Wise 1995)
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there were fewer Lygus nymphs in hay flrelds compared with seed fields. Hay cutting also

greatly affects microenvironment in the mown fields (Pinter et al.1975; Harper

unpublished, cited in Schaber et al.1990b) and probably reduces their attractiveness to

most arthropods until plants regrew. In contrast, insecticide applications, although killing

the majority of insects, tend not to destroy the plant habitat in the way that hay cutting

does, and this may account for seed f,relds having mote Lygus bugs. The second

insecticide application in seed fields was canied out in most cases when mirid nymphs,

most of them older, would have reached their peak levels. In addition, seed fields usually

received the first insecticide before hay fields were mown. This created an opportunity

for the survivors and displaced Lygus individuals to move into seed fields after the hay-

cut, as found in the present study (Tabl e 3.2.9) and corroborated previous studies (Stem

et al.. 1964; Butler et a\.1971; Rakickas and Watson 1974; Summerc 1976; Khattat and

Stervart 1980; Schaber et al.1990b). If the hay fields were not harvested or the seed

fielcls were not sprayed with insecticides, it is likely that Lygus populations would have

increased further.

A d e I p h o co r ís lin e o latus populations

As was the case with Lygus spp., in addition to temperature (Tables 3.2.11-

3.2.13) and variability in field characteristics (Table 3.2.1), some other factors including

natural enemies and crop production practices influenced A.lineolatr.rs populations on

alfalfa. The seasonal pattems in the present study indicated that at their peak occunence,

coccinellids would frequently encounter nymphs of A.lineolatus, and it appeared that

coccinellids affected to some extent A.lineolatu,s population development (Table 3'2.13)'
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In laboratory and field cage studies, coccinellids alone or as a member of the predator

guild reduced mirid numbers (Chapter 3.4). The population trends suggest that

chrysopids frequently encountered adults and nymphs of A.lineolatus; predation ofl.

lineolatus by chrysopids (Schaber 1992) and nabids (Knowlton 1949; Wheeler 1977:

Schaber 1992) has been noted previously.

The present study is not conclusive about parasitism of A. lineoløtus, as there was

onl¡'one insta¡ce where one A. lineolatus nymph was found to be parasitized.It may be

that tlre insect is occasionally parasitized at such a low level that more intensive sampling

is required to detect parasitism. According to Day et al. (1992), the parasitism rate ofl.

Iineolarus is comparatively low, less than one-third of that of Lygus bugs in the United

States. In Saskatchewan, Craig and Loan (1987) found less than 5% nymphs of A.

lineolatus to host parasitoids.

As was the case twth Lygus spp., seasonal pafferns in relation to hay cutting and

insecticide application indicate that these operations influenced A. Iineolatus populations

on alfalfa. These operations immediately reduced the pest populations, although, high

numbers of A. lineolalu.s reoccurred late in the season. Overall, A. Iineolatus numbers

tended to be relatively lower in hay fields than in seed fields, the possible reasons have

been explained as for Lygus spp. previously.

A cv rt h o s íp h o n p ís um populations

As was the case with mirids, temperature (Table 3.2.14) and variation in field

characteristics (Table 3.2.I) greatly influenced A. pisum populations. Populations ofl.

pisunt are influenced by the temperature, availability and quality of food, photoperiod,
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and activities of natural enemy populations (Craig 1973; Sharma et al.1973;

Neuenschwander et al.1975; Frazer et al.1981o,1981å; Hutchinson and Hogg 1984;

Lanrb et al. 1987; MacKay 1987), and some of these factors probably contributed much

to the population trends (Fig. 3.2.6) as found in the present study.

Hutchinson and Hogg (1985) suggested that emigration is one of the major factors

affecting A. pisum populations in alfalfa fields in Wisconsin during late June to mid-July.

Emigration of aphids from a field requires production of alates, which can occur in

response to declining host quality or overcrowding (Kennedy and Forsbrooke 1972).The

quality ofplants as a host for aphids is dependent upon its concentration ofsecondary

plant metabolites (Auclair 1976). Alfalfa plants contain saponins, concentration of which

increases with increasing plant maturity, and saponins have been thought to influence A.

pisum colonization (Horber et al.1974). Conversely, Bournoville (tJnpublished, cited in

Febvay et al.1988) found no relationship between concentration of saponins andA.

pis'unt population development. In the current study, alfalfa plants were still green and

succulent at the mid-July to early August phase of A. pisum population reduction.

Tlrerefore, the involvement of host quality degradation on population crashes of A. pisum

in tlris study remains unclear. In Alberta, Hobbs et aI. (1961) found that about 26% of A.

písum populations were winged in mid-June. Although no numerical records were kept, it

was observed that numbers of winged A. pisum during mid-July to early August were

relatively low compared to wingless forms, which suggests that crowding was not critical

for the population crashes in this study.

In Quebec, the fecundity and thereby the population size of A. pisum gradually

declines as the photoperiod decreases from l5 hours (Sharma et al.1973). In a laboratory
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trial, MacKay (1987) found that A. pisum adults from a clone founded by an individual

collected from an alfalfa field in southern Manitoba, produced an average of about 98,71

and 56 individuals at a photoperiod regime of 18:6, 15:9 and 14L:10D, respectively.

However, she found the trend of fecundity not to be significantly related to photoperiod.

In southern Manitoba (Latitude 49o 38'N, Longitude 97' 08'V/), the critical photoperiod

for ovipara production is near 14L:10D (Smith and MacKay 1990). The photoperiod is

above l5 h during mid-July and early August in Manitoba, when populations ofl. pisum

declined precipitously. Therefore, it is unlikely that the population declines in the present

study were due to physiological changes in response to photoperiod. This is further

endorsed by results obtained through dissection of A. pisum adults, which revealed that

although the numbers of early embryos tended to decline, numbers of late embryos were

similar throughout late July to early August (Fi9.3.2.7). It is expected that the number of

late embryos would immediately affect population changes. Therefore the trend of late

ernbryo numbers suggests that the population crashes of A. písum in this study were not

solely due to decline in photoperiod-influenced fecundity. The trend for early embryos,

however, indicates that the decline in fecundity would have an effect on populations ofl.

pisum later in the season.

In the present study, collapses of A. pisum populations frequently coincided with

population increases of a predator complex including coccinellids, Orius spp. Nøårs spp"

and chrysopids (Fig. 3.2.8) suggesting that this natural enemy complex was responsible,

at least to some extent, for the population collapses of A. pisum, as was found previously

(Lilly and Hobbs 1962;Neuenschwander et al.1975; Radcliffe et al.1976;Frazer et al.

198la,I98lb; Hutchinson and Hogg 1984). Coccinellids were one of the members of
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this natural enemy complex, and coccinellids have been frequently found to suppress

aphid populations in alfalfa fields. Frazer et al. (1981å) found that coccinellids alone can

suppress aphid populations when the prey density was low, but at high prey densities,

coccinellids in association with other predators suppress aphid populations. In Alberta,

Lilly and Hobbs (1962) found a rapid decline of A. pisum populations in response to

upsurges of coccinellids and other predators in a burnt alfalfa plot. In Oklahoma, Fenton

(1959) found that coccinellids contributed to limiting aphid population development.

Schaber (1992) stated that a coccinellid adult in the Prairies would consume over 4600

aphid individuals during the summer. Neuenschwander et al. (1975) showed that during

tlre lifetime of a coccinellid, the adult and larva could destroy 5625 and 1295 aphid

individuals, respectively. These authors did not provide any information about the species

of those coccinellids. Neuenschwander et al. (1975) also reported that coccinellids reduce

aphid populations in alfalfa fields in California. Coccinellids alone or as a component of

the pledator guild were also found to reduce A. pisum populations on caged alfalfa

(Chapter 3.4).

Orius spp. feed on many arthropods including aphids and other soft-bodied

insects (van den Bosch and Hagen 1966, cited in Godfrey and Leigh 1994; Wheeler

1974: Schaber 1992). Wheeler (1974) observed Orius spp. feeding on aphids on alfalfa.

Results in this study provide circumstantial evidence that being a part of the predatory

guild (Fig. 3.2.8), Oríus spp. contributed toward the population crashes of l. pisum.

Nabis spp. feed on aphids in alfalfa frelds (Wheeler 1977; Schaber 1992). Figure

3.2.8 indicates that Nabis spp. contributed to reduction of A. pisum populations as found

in tliis study. Lilly and Hobs (1962) found that Nabis spp. as a member of the predator
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guild reduced A. pisum populations in Alberta. In the laboratory and field cage studies,

Nabis individuals alone or as a member of the predatory guild reduced A. pisum

populations (Chapter 3.4).

Larvae of C. carnea and both larvae and adults of C. oculata feed on many soft-

bodied arthropods including aphids (Principi and Canard 1984; New 1988; Schaber

1992).ln the present study, the majority of lacewing catches were larvae. Chrysopid

larvae are voracious predators (Principi and Canard 1984) and the effectiveness of their

predation is well recognized (Neuenschwander et al.1975; Senior and McEwen 2001).

Fenton (1959) and Lilly and Hobbs (1962) found evidence that chrysopids contributed

toward natural suppression of A. pisum populations. Chrysopid larvae alone or as a

component of the predaceous guild reduced A. pisum populations on caged alfalfa in this

study (Chapter 3.4).

In addition to the obligatory predators discussed above, facultative predation -

where a phytophagous species may consume an insect - often occurs in field crops

(Debach and Rosen 1991). Although Lygus bugs are one of the primary pests of alfalfa,

they also feed on aphids in the fields (Lindquist and Sorensen 1970; Wheeler 1974).In

the present study, Lygus adults were negatively related, although nonsignificantly, to l.

pisum population growths, which suggest that Lygus adults affected to some extent the

population growth of A. pisum. Gryllus spp. usually feed on leaf litter, but they frequently

feed on soft-bodied arthropods on soil (Philip and Mengersen 1989). Little is known

about consumption of A. písumby Gryllus spp., although in this sfidy Gryllil.s spp. were

nonsignificantly negatively relatedto A. pisum population growth.
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It appears that parasitoids also contributed greatly toward natural suppression of

A. pisum populations. However, the present study does not provide information on

parasitism when aphid populations were low, particularly in the later part of the season.

Higlt levels of parasitism often coincided with peak numbers of A. pisum, and seasonal

trends of both host populations and parasitism levels suggest that parasitoids play

imporlant roles on A. pisum populations in alfalfa fields. There were at least six species

of parasitoids (Table 3.2.15), but from the finding thatT5o/o of the aphid parasitoids

identified in 2001 werc A. ervi,it appears that this species dominates the aphid parasitoid

guild. In Manitoba, Matheson (1988) found five parasitoid species of A. pisum, and also

noted the dominance of A. ervi.

Although previous reports suggest hay cutting effectively reduces A. pisum

populations (Harper et al.1990), greater numbers of A. pisum were present in hay fields

than in seed fields in the present study. Harper et al. (1990) obtained control of A. pisum

populations for 24 weeks when the hay crop was cut for the first time in the season

before mid-July, and for at least 6 weeks when the second cut occurred after late July. In

hay fields, there were fewer chrysopid, Lygus and A. lineolatus individuals, which feed

on aphids (Lindquist and Sorensen 1970; Wheeler 1974,1977) and were negatively

related to A. pisum populations, and probably contributed to the result.

Agromvzø sÐD.

Agromyza infestation was infrequent, and Harcourt et al. (1987, 1988)

docutirented that pupation failure, intraspecific competition, predation and parasitization

allow only 0.4-3Yo of eggs of the leafminer, Agr omyzafi'ontella, to survive to adulthood
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in Ontario. This could also be the case in Manitoba. Nabis spp. and other predatory

Hemiptera were often found in the study-frelds, and they have been reported to cause

30% population reduction of L frontella in Ontario (Harcourt et al. 1987).

Roles of other potential natural enemies

The other arthropods that were frequently found did not appear to be significantly

related to populations of the major insect pests in this study. Although these natural

enernies were not found to influence populations of the major pest species, based on the

population trends and previous reports, these arthropods deserve to be discussed. As

described previously, results indicate that syrphid larvae were present, and they have

been reported to reduce aphid populations. Neuenschwander et al. (1975) showed that a

larva could destroy 11 10 aphids in its lifetime. They also noted that rises in syrphid

numbers coincided with population declines of aphids on alfalfa in California. The

population collapse of A. pisum occurred in late July to early August, and the collapse

often coincided also with population increases of syrphid fly adults.

Spiders are predaceous and can limit herbivore populations in freld crops (Kajak

et al. 1988). According to Wheeler (1973), they can consume mirids and A. pisum.

Howell and Pienkowski (1971) reported consumption by different spider species of

various pests including Lygus spp., l. lineolatus utd A. pisum.In the present study,

spiders were frequently present from the beginning of the season, when populations of

other natural enemies were small. Thus, they could play an important role as early season

suppressors of pest populations,
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Opilionids feed on gastropods and various arthropods (Dixon and McKinlay

1989; Nyffelér and Symondson 2001). As they are generally active on the ground

surface, opilionids along with other epigeic predatory arthropods, may have the potential

to exert synergistic predation of insect pests. Opilionids are known to consume aphids

(Dixon and McKinlay 1989; Nyffelér and Symondson 2001).

Management for hay or seed produetion

The present study documents that alfalfa fields in Manitoba are subject to

disttrrbances caused by crop production and management practices including cutting for

hay crop or insecticide applications in seed fields. The purposes and requirements of

these two operations are different, although both hay cutting and insecticide applications

have implications for pest populations as described before.

Hat'cutting

It appears that alfalfa f,relds for hay are mown twice in a crop growing season in

Manitoba. In southern Alberta, alfalfa is cut usually trvice in a growing season, although

sornetimes there may be a third cut (Harper et al.1990). In this study, the first hay cutting

occurred around mid-June, and the second one frequently around mid-August. It is

recommended that hay-cut be timed in relation to flowering condition of alfalfa plants:

the quality of hay is greatest if harvested at the time 10% of plants in the fields are

flou,ering (Goplen et al.1987). The current practice of hay cutting, particularly in June,

seellls to satisfu this requirement. In addition, hay cutting often reduces the pest

population levels, partly by causing surviving pests to move into nearby seed fields, as
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found in the present study, Timing of the last hay cutting is important for stand

persistence. The critical fall harvest period, when no cutting is recommended, is usually

4-6 weeks before the first killing frost (Goplen et al.1987). The second hay cutting in

this study occurred during late July to late August (Table 3.2.1).In Manitoba, harvesting

alfalfa between mid-August and the first killing frost is not recommended, as it would

result in depleted food reserves in roots and affect stand persistence (Goplen et al.1987;

Manitoba Agriculture and Food 2001). It appears in this study that the majority of

growers followed this recommendation (Table 3.2.1).

It appears that hay cutting reduced pest populations and no pest control measures

were needed, although in the 1960s, growers routinely applied insecticide to control

aplrids and other pests on hay crops of alfalfa in the Canadian Prairies (Harper et al.

1990). This was partly because during that time the hay crop was harvested quite late,

approximately at 100% bloom, which allowed time for pest populations to build up to

damaging levels before the crop was cut. Summers (1998) reviewed and concluded that

resistant cultivars have been notably successful in suppressing aphid populations and

eliminating the requirement for insecticide applications on hay crops of alfalfa in North

America. Neuenschwander et al. (1975) stated that the widespread use of resistant

cultivars helped successful control of spotted alfalfa aphids. It was also noted that the

majority of growers used cultivars that are resistant to A. pisum and diseases, and this

also probably contributed toward non-requirement of insecticide application on hay crop.

Although there were fewer mirids, hay fields had greater numbers of Gryllus spp.

compared with seed fields. Generally, vegetationally diverse habitats provide more

resources and are more attractive to herbivores (Root 1973), and to omnivorous insects,
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the attractiveness is likely to be more pronounced. Tennis (1983) found a positive

relationship between cricket density and plant diversity in the field. Alfalfa for hay was

grown with companion crops including timothy, clover and other grasses. Despite being

omnivorous (Tennis 1983), most field crickets feed on vegetative materials on the soil

surface, and do not prefer alfalfa as food (Jacobs et a\.1992). Therefore, hay fields are

likely to be more attractive than seed fields of alfalfa, and the occulrence of more Gryllus

individuals in hay fields may not be surprising.

It appears that an alfalfa field for hay is sometimes grown adjacent to an alfalfa

field for seed production, as was noted previously elsewhere in the Prairies (Schaber er

al. 1990b). Hay cutting had implications for pest populations, particularly for mirids in

seed fields; pre- and post-cut numbers of adult Lygus bugs at different areas of fields

(Table 3.2.9) provide evidence that following the first hay-cut Lygus spp. adults migrated

from the mown hay field into adjacent seed fields. After the second cut, however, there

was a lack of significant adult invasion of adjacent seed fields. Lygus adults were

previously found to migrate from mown hay fields into adjacent fields (Stern et al. 1964;

Butler et sl.1971; Rakickas and Watson 1974; Summers 1976; Schaber et al.I990b).

Plant growth stage may influence Lygus invasion. Khattat and Stewart (1980) showed

fhat Lygus adults do not invade frelds unless the crop plants are in the bud stage, the

prinrary feeding stage for the bug. Schaber et al. (1990å) also did not frnd significant

invasion of Lygus adults when adjoining hay fields were mown after plants in the

potential receiving field had passed the Lygus-prefened stage. This seems contradicted by

thepopulationtrends of Lygus adults (Fig.3.2.4b,d)suggestingmigrationintoseed

fields occurs late in the season. In the present study, the sudden loss of habitat in mown
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fields appears to displace Lygus from hay fields and it is surprising that after the second

hay-cut, the displaced adults were not detected in the adjacent seed fields. At the time the

second hay-cut occurred, most annual crop plants in fields were maturing or ready to be

lrarvested, so Lygus adults are unlikely to have moved there. Perhaps at the time of the

second cut, the large amount of adult dispersal from senescing crops masked the effect of

the hay-cut on adjacent seed fields of alfalfa. Another possibility is that at the time the

second mowing occurred, migration from mown fields was not local but relatively long

range; this would elevate Lygus levels in all undisturbed fields, rather than just those

adjacent to mown fields.

There was evidence of some A. lineolatr.¡s adults' migration into adjacent seed

fields (Table 3.2.9). Schaber et al. (1990å) found that after the hay-cut A.lineolatus

adults moved into adjacent seed fields, although such movement was absent when there

were baniers of grassy strips, roads or ditchea. In Minnesota, Hughes (1943) found

evidence of adult A. lineolatus migration following the hay-cut. However, he observed

that unlike Lygus spp., Adelphocoris lineolatus adults are weak fliers, and movement of

gravid females is limited. Therefore, detection of invasion of adultl. Iineolatus is likely

to be dependent upon the presence ofbarriers, population size, sex ratio and the state of

females during the time the hay crop is swathed. There was evidence, which was striking

in tlre field near Arborg, of A. lineolarzs adult migration following the first hay-cut.

Absence of significant migration in other fields probably resulted from the presence of

wider margins with ditches and vegetations in between those hay and seed f,relds, as was

noted previously (Schaber et al. 1990b), The result in this study suggests that probably.,4.
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lineolatus adults walked into the adjacent seed field (near Arborg) when the adjoining

hay field was first mown in early July.

In the present study, significant movement of mirid nymphs following hay-cut

was not detected. Mirid nymphs' ability to migrate is limited (Hughes 1943; Godfrey and

Leigh 1994). Rakickas and Vy'atson (1974) did not find movement of I. hesperus nymphs

fronr cut field into adjacent freld of alfalfa. Harper et al. (1990) stated that Lygus nymphs

die following hay-cut, as they cannot leave the field and are subject to high soil surface

temperatures that limit their dispersal. Temperatures in cut alfalfa fields may exceed

45"C (Pinter et al. 1975;Harper unpublished data. cited in Schaber et al. 1990b). Plant

bugs suffer a high rate of water loss: daily water loss of a Lygus adult is at least 50% of

its body weight, and the losses are greater in younger ones than in older ones (Cohen

1982). This would be exacerbated by the lack of plant fluids to consume and the high

temperature in swathed fields. Therefore, it would be difficult for nymphs of Zygas spp.

and A, lineolatus to survive and disperse after the hay-cut.

There was no evidence of a significant migration of l. pisum from mown hay

fields into adjacent seed fields. Schaber et al. (1990,b) studied clispersal of insects

following the first (mid- June to July) and second hay-cut (Mid-August to early

September) in three sites and found mixed results; in two of the sites, there were no signs

of A. pisum dispersal into adjacent seed fields, but in another site, A. pisum numbers

increased more dramatically after both the first and second hay-cuts. These authors did

not separate alates and apterae, and thought that the increases could be the result of

migration or differential reproduction of aphids. ln the present study, alate A. pisum

individuals were not found in fields when the first hay-cut occurred, and apterous
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individuals have very limited dispersal ability (Losey and Denno 1998). Hobbs et al.

(1961) found that about 26% of A. pisum populations were alate in mid-June. According

to Hobbs et al. (1961, and references therein), when alfalfa approaches blossoming time,

wliich is around mid-June in Manitoba, winged A. pisum individuals start appearing, and

these alates tend to move from alfalfa fields into annual legume crop-frelds. At the time

the second hay-cut occurred, A. pisum populations were declining greatly. Aphids have

low flight speed, and during migration, airflorv determines their flight direc.tion, altitude,

and tlre distance traveled (Dixon l97l).In such a case, it is unlikely that the alate

individuals, displaced by the hay-cut ended up in the adjacent seed fields.

Among the predaceous natural enemies studied in the present study, there was

evidence for migration of Orius spp. only after the second hay-cut (Table 3.2.19). The

finding is consistent with Rakickas and Watson (1974), who found Orius tristicolor

1\Arlrite) but not Chrysopa, coccinellids, Collops, Geocoris, Nabis or reduviids to migrate

into half-grown alfalfa fields when full-grown alfalfa was cut in Arizona. Schaber et al.

(1990b) in Alberta found only N. alternatus (Parshley) and Orius tristicolor to migrate

into alfalfa fields after the adjacent hay freld was swathed.

Insecticide application

Insecticides were used once or twice in the season (Table 3.2.1).It seems that in

June, seed growers applied insecticides as a clean-up treatment regardless of insect

numbers and stages, and this was carried out 7-10 days before the projected date of

leafcutting-bee release so that the residual effect of insecticide had dissipated at the time

of pollinator introduction. A similar observation was made by Murrell (1987) in
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Saskatchewan. Growers are usually busy and probably do not find it an attractive option

to monitor the fields during summer months. Tradition may also influence this (Munell

l 987).

Nymphs of mirids, particularly of A. lineolatus,were likely to be hatching out

during the time the June application was carried out, and unless most of the hatch had

completed, application of controlmeasures would unlikely be completely effective.

Although pest populations rebounded within a few weeks after the June application of

insecticides, given the lack of selective insecticides that are safe to benefrcial organisms,

the current timing appears to be appropriate in the sense that it usually reduced insect pest

populations and helped maintain pest populations at levels low for a considerable period

in the season. In addition, the pre-bloom nature of the treatment precluded harm to

leafcutting bees introduced into fields as pollinators. Insecticide applications in June

usually do reduce pest populations in prairie seed alfalfa fields for most of the season

(Craig 1961; Murrell 1987). In most fields, three to five weeks following the June

application of insecticides, there was resurgence of insect populations which reached high

levels from late July to late August (Figs. 3.2.4-3.2,6). It is likely that the June

application allowed survival of some nymphs of Lygus spp. and A. lineolatus that were in

the egg stage at the time of application and some l. pisum. These survivors then formed

the basis for the subsequent population build up. Immigrants may also have contributed

to the build up. The present study does not provide information about the effect of

insecticide application on parasitoids, but the population trend indicates that insecticides

often affected predaceous artluopods. However, populations of predaceous arthropods

often built up following the insecticide application, although the insecticide application
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seems to have prolonged effects on Nabis spp., which were fewer in seed fields than in

hay fields. Harper (1978) found evidence that although dimethoate greatly reduced

populations of most predators including aeolothripids, anthocorids, coccinellids and

nabids; the effect of the insecticide is much more prolonged on nabids. But nevertheless,

there were more larvae to compensate for the reduced Nabis populations.

Growers appeared to be divided on whether to control pests late in the season.

Most growers made the second application of insecticide as a routine application rather

than following sampling and an economically-based decision (Table 3.2.20)' Evidence

that feeding by insect pests late in the season in Manitoba damages alfalfa seeds is scarce;

alfalfa seedpods were at the ripening stage at the time the late season pest populations

were controlled. It has been reported that late season insecticide applications produce no

economic benefit (Charnetski 1983a, 1983å). However, in situations where pest

populations are high enough to cause concentrated feeding during the late season, the

infestation could be economically damaging, particularly in conditions of prolonged

summer weather (Soroka and Munell 1993). A very long frost-free period in the fall

would mean that seeds developing late in the season could have matured into viable

seeds. Intense feeding late in the season may also affect the viability of stands for the

next season. In such cases, the second application ofinsecticide could bejustified.

Synthesis and Conclusions

The present study provides information on the seasonal occurrence and population

levels of various arthropods, although it does not show these patterns in absence of

disturbances. In this study, all the hay frelds were swathed twice, and seed fields were
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sprayed with insecticides once or twice each year. These operations affected artluopod

populations, and the present study provides insight into the prevalence of arthropods in

relation to these production practices of alfalfa in Manitoba.

The seasonal occurrence, population levels, and potential damage of insect pests

indicate fhat Lygus spp.,l. lineolatus and A. pisum are the most important insect pests in

alfalfa frelds of Manitoba. From personal talks with 31 growers in Manitoba, it is clear to

me that these three insect taxa are of major concern in alfalfa production. Although

infestations of leafminers and seed chalcids have also been noted, growers appeared to be

ignorant of such infestations. This is not surprising as growers are usually concerned and

aware of those species that cause conspicuous damage. Growers are likely to find it

difficult to separate the mined leaflets from leaflets blemished by disease or for other

reasons. Seeds damaged by seed chalcid infestation are usually lost with the chaff during

threshing (Arnold 1960; Soroka and Spun 1998).

A variety of predaceous arthropods that feed on Lygus spp., l. lineolatus, A.

pisum, and other pests also occur in alfalfa fields. These include but are not limited to

authocorids, carabids, chrysopids, coccinellids, nabids, pentatomids, syrphids, spiders

and opilionids. Both plant canopy- and ground-active predators were present in alfalfa

fields, and this may result in additive predation as suggested by McAllister and Roitberg

(1987) and Losey and Denno (1998).

Although temperature has been found to be the most influential factor of pest

population growth, the present study provides circumstantial evidence that some predator

taxa occurring in alfalfa fields can influence insect pest populations, However, no single

species seems to be effectively restraining the pest population growth. The extent of

158



predation of a particular predator and the resulting effect on pest populations is usually

difficult to determine in field conditions (Hagen and van den Bosch 1968; Debach and

Rosen 1991). Predators are often generalists, and therefore, the extent of predation by a

particular predator species in a diverse prey assemblage is often split, which can obscure

the effects. In agricultural habitats, as found in the present study, various predator species

occur simultaneously. In such cases, the overall effects could be great even when

individual species contribute small effects, as multi-species predation effects are often

additive (Frazer et al.l98l4 1981å; McAllister and Roitbergl9ET; Losey and Denno

I 998 ; Sunderland 2002).

Parasitoids also contribute considerably toward suppression of pest populations,

particularly of Lygus bugs and A. pisum in alfalfa fields. It was found that parasitism

occurred mostly in the middle part of the season, when the pest infestation is critical for

alfalfa: flowering, fruiting and seed setting occur during this period, and insecticide

applications are problematic because of the presence of leafcutting bees in seed fields.

Both predators and parasitoids are simultaneously active in alfalfa fields, and it is

difflrcult to determine which group contributes more to suppress pest populations. The

exact mortality caused by predators is difficutt to assess, because the victims are usually

devoured (Hagen and van den Bosch 1968). Waage and Greathead (1988) proposed that

the efficiency of different natural enemies is dependent on the type and distribution of

pests. Pests with many generations,like A. pisum, might be best controlled with

predators, whereas pests with single generation might be best controlled with parasitoids,

which exhibit a non-random searching behaviour. This theory suggests that predators

would be more effective against A. pisunt,as found by Frazer et ø1. (198la,l98lb)'
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Conversely, Snyder and Ives (2001) showed that although it reduces pest populations for

a short time, predation by some taxa may lead to increased pest populations on a long-

term basis. Examining the interaction among the predator, Pterostichus melanarius,the

pest A. písum, and aphid parasitoids in both field and laboratory cages, Snyder and Ives

(2001) found that P. melønarius consumes parasitized aphids, which led to reduced

parasitism rates and increased aphid populations on a long-term basis. In a choice test,

they found that P. melanarìus equally accepts healthy, parasitized yet mobile and

mummified hosts. However, in situations where the parasitized hosts are mobile, such

intraguild predation effects can be less intense. Both predators and parasitoids operate

simultaneously in nature, and they both contribute toward reduction of pests in alfalfa

frelds (Neuenschwander et a\.1975; Radcliffe er al.1976).

Crop production practices also seem to exert some influence on pest populations.

Swathing hay crops affected most taxa and effectively reduced Lygus spp. and l.

lineolatus populations to low levels so that no pest control measures were required in hay

fields. Swathing at times also induced mirid adults to migrate into neighbouring fields.

It appears that insecticide application is required for controlling insect pests in

alfalfa frelds for seed production. The majority of growers have been found to apply

insecticide twice in a crop season at times dictated by the presence of leafcutting bees for

pollinating alfalfa flowers. However, there seems to be a lack of coordinated approach of

scheduling for the insecticide application with hay cutting, despite the fact that hay

cutting may induce adult mirids to migrate into neighbouring seed fields of alfalfa. It

appears that a coordinated approach in which the first insecticide application is timed to

coincide with the hay-cut would reduce the effect of immigration on the seed crop. In
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addition, this would create the opportunity to eliminate plant bug nymphs more

effectively, and increase the possibility of eliminating the second spray of insecticide.

This, however, requires the availability of an insecticide that has a relatively short

residual toxicity, and is effective against insect pests while being harmless to the

pollinators. Avaitability of such insecticides would contribute toward more enlightened

use of chemical insecticides.
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Table 3.2.1. Study sites, locations, lìeld characteristics, dates of mowing and insecticide application, and sampling periods, 1999-2001.

Localities
Years (Latitude;Longitr,rde)

1999 Dugald
(49" 52'N; 96" 49' W)

Teulon
(50'25'N; 97" l5' W)

2000 Arborg
(50" 56'N;97'5'W)

Riverton
(50" 59'N; 96' 59' V/)

Field-types

Hay
Adjacent seed

Non-adjacent seed

Hay
Adjacent seed

Non-adjacent seed

Hay
Adjacent seed

Non-adjacent seed
Hay
Adjacent seed
Non-adjacent seed

Hay

Adjacent seed

Non-adjacent seed

Hay
Adjacent seed

2001 Arborg
(50'56'N; 97" 5'W)

Riverton
(50'59'N; 96'59'Ul)

Cultivars

Algonquin
wL 3t7
Key
Canada I

Centurion
Runner

Algonquin
Key
Ram
Algonquin
Algonquin
Algonquin

Algonquin
Key
B 330

Glory
Glory

Seeded (year) Area (ha)

ä
t.J

Fields

t996
1997

t997
r995
r998
t996

20

32

22

38
44

I
l8
24
56
44
40

8

l8
32

t2
20

64acent seed

r998
1996
t997
1993
t997
t999

1998

t996
2000

2000

I 998

1997

Dates of mowing /
insecticide spray

14 Jun; 28 Jul
13 Jun; l8 Aug
08 Jun;22 Aug
30 Jun; 18 Aug
15 Jun;27 Aug
15 Jun;27 Aug

03 Jul; 08 Aug
29 Jun
29 Jun

13 Jul;25 Aug
24 Jtuul.;Ol Aug
24 Jun;23 Aug

05 Jul; 12 Aug
25 Jun

25 Jun

20 Jun;21 Aug
13 Jun;24125 Aug

Sampting

Start

3l May 14 Sep

02 Jun 16 Sep

23 lv4ay 29 Aug

28 Jun 14 Sep

13 Jun:24125 Au

30 May 28 Aug

29 May 28 Aug



Table 3.2.2. Presence or absence of potential insect pests in atfalfa fields in Manitoba' 1999.

Order

Hemiptera Miridae

Homoptera

Family

Orthoptera

Diptera

Hymenoptera

Coleoptera

Aphididae

Cicadellidae

Acrididae

Gryllidae

Agromyzidae

Eurytomidae

Chrysomelidae

Curculionidae

Meloidae

Noctuidae

Lygus spp.

Adelp hocor i s I inec¡l atus (Goeze)

Ade lphoc ori s super bus (Uhler)

Acy'thos i phon p isum (Harris)

Therioaphis maculata

Various

Various

Gryllus spp.

Agromyza spp.

Bruc hop hagus r odd i (Gussakovsky)

Unidentified

Hyp era p ostica (Gyl lenhal)

S it ona cy I in dr ic o ll i s Fåhrae us

Lytta spp.

Aut ographa cal ifornica (S peYer)

Insects

Species

Lepidoptera

+ and - indicate the presence and absence, respectively ofcorresponding insects.

? indicates no examination was made.

LJ

Lygus bug

Alfalfa plant bug

Superb plant bug

Pea aphids

Spotted alfalfa aphids

Leaftroppers

Grasshoppers

Crickets

Alfalfa blotch leafminer

Alfalfa seed chalcid

Flea beetles

Alfalfa weevil

Sweet clover weevil

Blister beetles

Alfalfa looper

Common name

Dugald

Hay

++
++

Localities

Seed

-r

T

-È

+

+

+

?

T

+

+

r

Hay Seed

Teulon

+

+

+

+

T

+

+

+

-L

T

+

++
++

f

+

T

+

+

+

?

+

+

+

T

-1-

T

+

+

+

-r

+

-L

+

1



Tabte 3.2.3. Estimated percent parasitism of Lygus nymphs and A. pisturt collected

and 2001 (only one nymph of A. lineol¿¡las collected from a seed field near Dugakl

the nesult is not shown in this table)-

Localities

Dugald

Teulon

Arborg

Riverton

Years

r999

r999

2000
2001

2000

2001

Collected
(n)

* 
Based on a single collection and dissection of l2 nymphs only'

179

345

448
l2

Dissected
(n)

101

225

27s
t2

261

189

Maximum

430

305

20

+\

20

by sweep netting alfalfa crops in 1999' 2000
in 1999 rvas found to host parasitoid, and

Mean

56
67

4

3

24
67*

38

29

Collected
(n)

64

68

259

410

Acyrthosiphon pisum

Reared Parasitism (%)
(n) Maximum Mean

900
1275

800

740

234 53

259

428
645

390
395

62

55
58

28

32

aa
JJ

39

48

58

24

33



Table 3.2.4. Number per 30 sweeps or per trap/week (mean t SE) of various insect pests, and percentage (mean + SB) of

mid<lle-leaflets mined anrl alfalfa seed chalcirl infested seeds in alfalfa ficlds in Manitoba, 1999-2001.

Samples
(units)

Sweep net
(number/30
sweeps)

Lygus spp.

Adelphocoris
lineolatus

Acyrthosiphon písum

Cicadellidsr

Acridids

Gryllus spp.

Agromyza spp.r

Bruchophagus roddil

Insects

Pitfall trap
(number/
trap/week)

Leaflets
mined (%)
Infested

Insect stages

All (total)
Adults
Nymphs
All (total)
Adults
Nymphs
Nymphs and
adults
Nymphs and
adults

Nymphs and

adults
Nymphs and
adults

Hay

13.6 + 1.2

9.1 + 1.5

4.5 + 0.8 b

225 +3.1
10.9 + 1.4

I 1.5 + 2.3

143.1t29.8

64.3 + 11.I

t Data for these insects were collected in 1999 only.

Means followed by the same letter do not differ (Tukey's test, experiment-wise alpha < 0.05)'

? indicates no examination was made-
o\
(Jì

Field types

Adjacent seed

20.5 + 4.0
12.4 +2.5
8.2 + 1.6 

u

31.8 + 7.0

12.2+2.5
t9.6 + 4.6
79.3 + 14.1

30.3 + 9.4

0.1 * 0.0

4.2+2.9

6.7 +3.4

2.0 L0.2

Non-adjacent
seed

0.5 + 0.2

42.9 + 16.4

9.0 + 5.0

?

14.4+2.2
8.5 + 1.4

5.9 + 0.9 ub

23.4 +3.8
8.4 L 1.2

15.0 + 3.3

94.4 + 13.9

14.0 + 0.6

0.1 + 0.0

3.2+ l.l

2.6 + 1.2

1.9 + 0.3

FzJo:0.41; ns

Fz)o:0.21; ns

FzJo:6.21; P < 0.014
Fz,to:0.51; ns

Fz)o:0.55; ns

FzJo: 1.41; ns

Fz,rc:0.68; ns

Fz.z:4.55; ns

Fz)o:2.231' ns

FzJo:4.70; P < 0.05

Fz.z:0.95; ns

Statistics



T'able 3.2.5. Number per 30 sweeps or per trap/week (mean * SE) of selected insect pests, and percentage (mean + SE) of
middle-leaflets mined in field- edges and middles of alfalfa fields in Manitoba,1999-2001.

Sarnples (units)

Sweep net
(number/3O sweeps)

Insects

Lltgtts spp.

Ade lpho c or is I i ne o I a tus

Acyrthosiphon pisunt
Cicadellids

Acridids
Gryllus spp.

Agromyza spp.

Pitfall trap
(number/trap/week)

Leaflets mined (%)

Insect stages

All (toral)
Adults
Nyrnphs
All (rotal)

Adults
Nyrnphs
Nyrnphs and adults
Nymphs and adults

Nymphs and adults
Nymphs and adults

o\

Areas within the field

16.4 +2.6 16.0 +2.0
10.3 + 1.8 9.7 + 1.3

6.1 + 1.0 6.3 + 1.0

28.6 + 4.4 23.2 +.3.5

11.8+ 1.6 9.2+1.3
16.7 +3.1 14.0 + 2.8

105.8 + 17.1 105.5 * 18.6

39.3+13.9 33.1+ 11.5

0.3 +0.2 0.2 + 0.1

17.6 + 8.1 15.9 +9.7

6.4+3.2 5.8 + 2.8

Edse Middle
Fr,rs:0.13; ns

Ft)s: 0.40; ns

Fr,rs :0.04; ns

Fr,rs:4.76;P <0.05
Fr,rs:8.68;P<0.01
Fr.rs : 1.76; ns

Ët.rs:0.05; ns

Fr,::14.01;P<0.05

Fr,rs : 2.73; ns

Fr,ls :3.86; ns

FtJ: 1.53; ns

Statistics



Table 3.2.6. Descriptive statistics indicating the relationship between the population
grorvth of total Lygus bugs in relation to cumulative degree-days (CDD) and the
effect on this relationship of numbers of different predaceous arthropods.

Sources of variability Coefficients / slopes (SE) SS df F (df\ P <

Constant
CDD
Fields
CDD * Fields

CDD + Carabids
CDD * Chrysopids
CDD * Coccinellids
CDD * Nøårs spp.
CDD * Spiders

Residuals

Etror

0.247230

- 
0.0026s9 (0.000100)

0.000s76 (0.000112)

0.001068 (0.000320)

- 0.00082s (0.000240)
0.001293 (0.000206)
0.000895 (0.000249)

40.35 1

5.64 t7
10.30 r7

2.00 I
0.84 1

0.90 1

2.99 1

0.98 I
2.59 12

14.16 248

706.68 (t,248) 0.01

5.82 (17,248) 0.01
t0.6t (t7,248) 0.ol

9.27 (1,r2) 0.01

3.89 (1,12) 0.10
4.17 (1,12) 0.10

13.65 (t,12) 0.01
4.54 (t,r2) 0.10
3.78 (t2,248) 0.01
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Table 3.2.7. Descriptive statistics indicating the relationship between the population
grorvth of Lygus bug adults in relation to cumulative degree-days (CDD) and the
effect on this relationship of numbers of different predaceous arthropods.

Sources of variability Coefficients / slopes (SE) SS df F (dl\ P<
Constant
CDD
Fields
CDD t Fields

CDD * Carabids
CDD * Chrysopids
CDD * .lúaåis spp.
CDD * Spiders

Residuals
Error

0.226550
0.002s97 (0.000107)

0.000712 (0.000109)
0.000614 (0.000312)
0.00r 132 (0.000187)
0.000841 (0.000241)

586.61 (1,248) 0.01
2S9 (t7,248) 0.01

7.63 (17,248) 0.01
26.44 (1,13) 0.01

2.37 (1,13) 0.15
22.71(1,13) 0.01

7.63 (t,13) 0.05
1.80 (13,248) 0.05

I
t7
17

I
I
I
I

l3
248

38.49
3.34
8.51

3.t2
0.28
2.68
0.90
1.53

16.27

toö



Table 3,2,8, Descriptive statistics indicating the relationship between the population
grorvth of Lygus bug nymphs in relation to cumulative degree-days (CDD) and the
effect on this relationship of numbers of different predaceous arthropods.

Sonrces of variabilitv Coefficients i slopes
(SE)

df F (dJ) P<SS

Constant
CDD
Fields
CDD * Fields

CDD * Chrysopids
Þecirlrralc

Error

0.1 57555
0.001738 (0.000109)

0.00172s (0.0002s2)

254.53 (1,248) 0.01

5.91 (17,248) 0.01

10.27 (17,248) 0.01

2.56 (1,16) 0.15
10.2t (t6,248) 0.01

t7.24
6.80

I 1.83

1.77
1 1.06

I
l7
t7

1

16

t6.79 248
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Tabte 3.2.9. Pre- and post-cut (first cut) numbers per 30 sweep or per trap/week (mean t SE) of various insect pests in field-edges and -
middles of alfalfa fields in Manitoba. 1999-2001.

Samples
(units)

Sweep net
(number/30
sweeps)

lnsects

Lygrs adults

Lygus nymphs

Adelphocoris
lineolatus adults

Adelphocoris
Iineolatus nymphs

Acyrtltosiphon
pisurn

First hay-
cut

Precut
Post cut
Precut

Post cut

Precut
Post cut

Precut
Post cut
Precut
Post cut

Precut

Post cut
Precut

Post cut

Pitfall trap Acridids
(number/trap
/week) Gryllus spp.

Adiacent seed field

1.0 + 0.4 1.3 + 0.5

3.1 + 1.5 2.1 r 1.0

1.3 + 0.5 1.4 + 0.6

1.8 + 1.0 1.7 + 0.8

0.8 + 0.5 2.5 * 1.9

ll.2+8.2 4.8*2.6

20.8 * 16.7 ll.4 + 5.7

4.4+3.1 5.0 + 3.5

20.0 + 11.4 12.1 * 5.5

17.9 + 6.4 10.7 + 5.9

00
0 0.1 + 0.1

0.1 * 0.1 0

00

a) Test statistics for post-cut increases of numbers at edges of the adjacent seed fields compared with those at middles of the adjacent seed fields,

and edge and middles of the non-adjacent seed fields.

b) Test statistics for post-cut increases of numbers in the adjacent seed fields compared with those in the non-adjacent seed fields.

Probability values are based on a one-tailed t-test.

Middle

{

Non-adjacent seed field

0.8 + 0.2 0.8 + 0.4
1.1 + 0.4 1.2t0.6
1.5 + 0.9 0.7 ro.4
1.7 * 0.9 0.8 + 0.4

0.9 +0.7 0.8 + 0.6

3.6 + 1.8 2.5 + I.2

10.6 È 4.6 4.8 + 2.1

2.2+ t.4 1.2 +0.6
15.2+8.2 12.0 +9.2
54.7 +50.2 13.2+9.6

00
00

t.4+ 1.4 0.3 + 0.2

4.3 + 4.3 1.4 + 1.4

One-tailed test of contrast

a) ts:1.97: P "'0.05
b)lt:2'47;P<0'05

a) t.s: 0.24; ns
b)/r:0.28;ns
a) t s: 1.02; ns
b) ¡r:0.39; ns

a) t s:0.22;ns
b) ¡r:0.17; ns

a) t.s:1.15; ns
b)¡r:0.79;ns

Insuffi cient variability to analyze

In sufficient variabi lity to analy ze



Samples(units) Insects

Sweep net
(number/30
sweeps)

Lygus adults

Lygus nymphs

Adelphocoris
lineolatus adults

Adelphocoris
lineolatus nymphs

Acyrthosiphon
pisum

Acridids

Gryllus spp.

Second
hay-cut

Pitfall trap
(number/trap
/week) *

Precut

Post cut

Precut
Post cut
Precut
Post cut

Precut
Post cut
Precut
Post cut

Precut

Post cut
Precut
Post cut

Adjacent seed field

16.8 + 6.4

24.2+7.6
12.4 * 5.0

33.3 + I1.6
23.1 *7.2
32.7 + 12.6

27.8 + ll.4
53.3 +22.1

279.3 + 191.3

63.0 +20.3

0.3 +0.2
0.2+0.2
3.5 +2.1

29.8 +26.9

* Data frorn one field is missing to compare before and after effect, consequently the error degree of freedom has changed.

a) Test statistics for post-cut increases of numbers at edges of the adjacent seed fields compared with those at middles of the adjacent seed fields,
and edge and middles of the non-adjacent seed fields.

b) Test statistics for post-cut increases of numbers in the adjacent seed fields compared with those in the non-adjacent seed fields.

One-tailed t-test was used for determining any effects to be significant.

Middle
14.5 + 4.8

17.8 + 2.9

9.3 +3.3
29.0 + 10.5

17.3 t 6.3

25.6r 12.2

--l

Non-adjacent seed field

Edee Middle

23.5 * 12.2

37.8 + 13.0

249.5 + 169.9

55.4 + 17.2

0.1 + 0.1

0.2 + 0.1

0.6 + 0.3

1.7 + 1.2

10.2L2.6 9.0+2.4
t5.2+4.7 19.3 *4.5
9.3 +2.8 6.2+ 1.4

18.8 + 6.9 21.5 + 8.0

t6.7+ 5.4 9.3 *2.2
19.4+3.1 74.0*3.4

15.8 + 4.2 8.3 + 3.2

27.1 t t0.5 17.4 r7.1
128.9 + 68.3 93.4 * 56.2

29.9 + 12.2 31.0 +9.7

0 0.1 + 0.1

0.4 + 0.2 0.4 + 0.3

1.6 + 0.8 4.6 + 3.0

22.6 + 12.6 13.0 + 9.5

One-tailed test of contrast

a) t5:0; ns
b) t5:0; ns

a) /s:0.51; ns
b)¡r:0.36;ns

a) t s:0.20; ns
b) tr:0.20; ns

a) t s:0.24; ns
b) lr:0.65; ns

a) t s:0.86; ns
a) t s:0.42;ns

lnsuffi cient variability to
analyze

a) /a:0; ns
b) /o = 1.76; ns



Table 3,2.11. Descriptive statistics indicating the relationship between the
population growth of total Adelphocorìs lìneolatøs bugs in relation to cumulative
degree-days (CDD) and the effect on thÍs relationship of numbers of different
predaceous arthropods.

Sources of variability Coefficients / slopes (SE) df F (df\ P<
Constant
CDD
Fields
CDD * Fields

CDD * Chrysopids
CDD * //øåis spp.
CDD * Opilionids
CDD * Spiders

Residuals

Error

0.4082t3
0.002763 (0.0001s4)

0.001347 (0.000383)
0.001138 (0.000209)
0.000808 (0.000194)
0.000464 (0.00027s)

320.34 (1,196) 0.01
12.78 (17,t96) 0.01

6.94 (r7,196) 0.01
10.99 (1,13) 0.01

26.27 (1,13) 0.01

15.29 (1,13) 0.01

2.47 (t,r3) 0.15

3.32 (t3,t96) 0.01

20.17
13.68
7.43
t.20
2.87
t.67
0.27

t.42

12.34 196

1

t7
T7

1

I
1

I

t3

t72



Table 3.2.12. Descriptive statistics indicating the relationship between the
population growth of Adelphocoris lineolaføs adults in relation to eumulative
degree-days (CDD) and the effect on this relationship of numbers of different
predaceous arthropods.

Sources of variabili Coefficients /
0.283623Constant

CDD
Fields
CDD * Fields

CDD * Carabids
CDD * t/aårs spp.

CDD * Opilionids
Residuals

Error

0.002483 (0.000147)

0.000364 (0.0001s9)
0.0007sr (0.000177)

0.000411 (0.000188)

284.74 (1,196) 0.ol
9.12 (t7,196) 0.01

6.63 (r7,t96) 0.01

3.08 (1,14) 0.10
9.99 (1,14) 0.01

10.34 (1,14) 0.01

3.01 (14,196) 0.01

16.29
8.87
6.44

0.53
1.72

t.78
2.41

I
t7
t7

1

I

I
t4

lt.2t 196

173



Table 3.2,13. Descriptive statistics indicating the relationship between the
population growth of Adelpltocoris lineolatus nymphs in relation to cumulative
degree-days (CDD) and the effect on this relationship of numbers of different
predaceous arthropods.

Soulces of variability Coefficients / slopes (SE) SS df F (df\ P<
Constant
CDD
Fields
CDD * Fields

CDD * Chrysopids
CDD * Coccinellids
CDD * Naófs spp.
CDD + Orius spp.
CDD * Spiders

Residuals

Error

0.046437

_ 
0.0024s0 (0.000201)

0.001778 (0.000461)

- 0.000809 (0.000376)
0.001618 (0.000292)
0.000619 (0.000339)
0.00066s (0.000326)

15.86

18.05

9.51
1.91

0.59
3.9s
0.43

0.53

2.10

21.01 196

147 .90 (t ,196) 0.01
9.90 (r7,196) 0.01

5.22 (17,196) 0.01
10.91 (1,12) 0.01
3.37 (1,12) ns

22.57 (1,12) 0.01
2.46 (t,12) 0.15
3.03 (1,12) 0.15
t.63 (12,196) 0.15

1

t7
l7
I
I
I
1
I

I
t2

ns : not significant at alpha < 0.05.
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Table 3,2.14, Descriptive statistics indicating the relationship between the
population growth of total Acyrtltosiplton pìsum in relation to cumulative degree-
days (CDD) and the effect on this relationship of numbers of different predaceous
arthropods.

Sources of variability Coefficients / slopes (SE) SS df F (dfl P <

Constant 0.1 13

cDD 0.005704 (0.000302) 42.24 | 357.28 (1,133) 0.01

Fields - 13.53 17 633 (17,133) 0.01

CDD * Fields - 6.76 17 3.36 (17,133) 0,01

CDD * Adelphocoris 0.00i634 (0.000398) t.64 I 6.03 (1,15) 0,05
lineolatus adults

CDD * Lygus spp. nymphs 0.001076 (0.000311) 1.04 | 3.82 (1,15) 0.15

Residuals 4.08 15 2.30 (15,133) 0.01

Enor 15.72 133

t75



Table 3.2.15. presence of important insect natural enemies in alfalfa fields in Manitoba, 1999.

Order

Coleoptera

Diptera

Hemiptera

Carabidae

Coccinellidae

Asilidae

Syrphidae

Anthocoridae

Nabidae

Pentatomidae

Reduvidae

Chrysopidae

Various

Various

Aphidiidae

Family

Various

C o cc ine II a septe mpunctata Linn.

Hippodamia tredec i mpunctata Say

Unidentified

Unidentified

Orias spp.

Naåls spp.

Various

Unidentified

C hrys operl a carn e a (Stephens)

Chrysopa oculata Say

Unidentified

Unidentified

Aphidius erviHaliday

Aphidius pisivorous Smith

Aphidius smithi Sharma & Subba Raor

Aphidius spp.

Praon pequodorum Viereck

Praon occidentale Baker

Peristenus sp.'

Neuroptera

Araneae

Opiliones

Hymenoptera

Natural enemies

Species

\.¡
o\

I Found in a later trial in 2001 (Chapter 3.5). ? indicates no examination was made.
'Dissection of Lygus spp. nymphs revealed the presence of parasitoids, which is assumed to be caused by Peristenus sp.

In addition, the aphid parasitoid, Aphidius pulcherBaker was found in Riverton in 2001.

Ground beetle

Ladybird beetle

Ladybird beetle

Robber fly
Hover fly
Minute pirate bug

Damselbug

Stink bug

Assassin bug

Green lacewing

Green lacewingr

Spider

Harvestmen

Common name

Braconidae

Near Dugald

Hay

-F+
-t-

-r

+

+
-l-

+

+
+

1

?

+

+

T

+

+
.L

-t-

1

-{-

Seed

-r

+
+

+
1

+

+
+

+

?

-+-

+
+

+

+

+

+

+

+

Near Teulon

Hay

++
+

+

+
+

+

T

-l-

+

1

?

+
T

T

-r

?

1

+

+

+

Seed

+

+

+
-r

+

+

+

1

1

'r
T

T

+

+

?

+

T

+

+



Table 3.2.16. Number per 30 sweeps or per trap/week (mean + SE) of various natural enemy arthropods in alfalfa fields in

Manitoba, 1999-2001.

Samples (units)

Sweep net
(number/30 sweeps)

Arthropods

Coccinellids
Syrphids
Orius spp.
Nøårs spp.

Pentatomidsl
Chrysopids
Spiders

SpidersPitfall trap
(number/trap/week)

' Data for this taxon were collected in 1999 only.

Means rvithin a rov/ followed by the same letter do not differ (Tukey's test, experiment-wise alpha <0.05)'

Field types

Ha
t.4 r 0.2

1.0 + 0.2 4.2 + 1.2 4.2 + 1.3

0.5 + 0.1 4.0 + 0.9 2.2 + 0.5

3.3 r 1.0 1.5 + 0.6 1.0 + 0.3

0.2 + 0.0 0.8 t 0.1 0.4 + 0.0

0.3 + 0.0 b 1.5 +0.20 1 .2+0.20
2.t + 0.4 1.8 + 0.3 2.2 i 0.4

4.1 + 0.6 3.6 + 0.5 4.1+0.7

ilionids

-J\J

Adiacent seed Non
2.1L0.4 1.9 + 0.4

2l.g +.334

iacent seed

3.2 r 0.6 b

Fzto:0.63; ns

Fzto= 3.54; ns

FzJo:4.21:P<0.04
Fz)o:4.22; P < 0.05

Fz,z:24.05; P < 0.05

Fzto:13.41;P<0.01
Fz)o:0.64; ns

Statistics

20.3 + r2.2^b

Fzto:0.34; ns

Fz:o:5.41:P<0.02



Table 3.2.17. Number per 30 sweeps or per trap/week (mean + SE) of various natural enemy arthropods in field- edges and
midclles of alfalfa fields in Manitoba,1999-2001.

Samples (units)

Sweep net
(nurnber/30 sweeps)

Pitfall trap
(number/trap/week)

Arthropods

Coccinellids
Syrphids
Orius spp.
Naóis spp.

Pentatornidsl
Chrysopids
Spiders

Spiders

Opilionids

'Data for this taxon were collected in 1999 onlv.

Areas within the field
Edge Middle

1.6 + 0.3 1.9 + 0.3

3.4 + 1.0 2.9 L0.8
2.2 + 0.5 2.3 + 0.7

1.6 + 0.4 2.3 + 0.7

0.3 f 0.i 0.4 * 0.1

1.0 + 0.1 I .0 +0.2
2.110.2 1.9 +0.2

-_l
oo

3.7 +0.4
13.6 + 4.5

Fr,rs:3.63; ns

Fr,rs:2.54;ns
Fr.rs:0.12 ;ns
Fr.rs:6.04;P<0.05
Ft.t:30.00; P < 0.05

Fr,rs : 0.18; ns

Fl,ts : 3.01; ns

Fr.ts:0.86; ns4.1 * 0.6

16.7 + 7 .6

Statistics

Fr.rs:6.19;P<0.05



Samples
(units)

Sweep net
(number/30
sweeps)

Arthropods

Coccinellids

Orius spp.

Naåis spp.

Chrysopids

Spiders

Spiders

Opilionids

First
hay-cut

Pitfall trap
(number/trap
/week) +

Precut
Post cut
Precut
Post cut
Precut
Post cut
Precut
Post cut
Precut
Post cut

Precut

Post cut
Precut

Post cut

* Data from one field is missing to compare before and after effect, consequently the error degree of freedom has changed'

a) Test statistics for post-cut increases of numbers at edges of the adjacent seed fields compared with those at middles of the adjacent seed fields,

and edge and middtes of the non-adjacent seed fields'

b) Test statistics for post-cut increases of numbers in the adjacent seed fields compared with those in the non-adjacent seed fields'

one-tailed t-test was used for determining any effects to be significant.

Adjacent seed field

Edse Middle
0.4 * 0.3 1.1 + 0.9

00
l.l f 0.9 0.4 * 0.4

3.1+1.4 2.0+ l.l
0.2+0.2 0.1 + 0.1

0.1 *0.1 0.1 +0.1

0.4 * 0.2 0.6 + 0.4

0.1 + 0.1 0.2 * 0.1

t.7 + 0.6 1.4 + 0.6

0.9 + 0.3 1.1 + 0.5

_.¡

Non-adjacent seed field

0.3 + 0.2 0.9 + 0.8

0.1 + 0.1 0.1 * 0.1

0.1 + 0.1 0.2*4.2
1.3 + 0.7 1.5 + 1.0

0.2+0.2 0.3 +0.2
0 0.3 + 0.1

0.1 + 0.1 0

0.1 r 0.1 0.2 + 0.1

1.5 + 0.5 1.5 + 0.8

1.2 + 0.3 1.6 r 0.5

2.8+ t.4
2.9 *0.8
1.6 r 0.9

2.8 + 1.9

Middle

5.0 +2.7
4.5 * 1.6

0.3 * 0.2

6.1 + 0.5

One-tailed test of contrast

a) I r,s : 0.56; ns

b) rr,s: l.8l; ns

a)/r,s:0.41;ns
b) f r,s : 0.37; ns

a) t t,s:0.32; ns

b) / r,s : 0.14; ns

Insufficient variabi lity to
analyze

a) f r,s = l.l4; ns

b) / r,s : 0.62; ns

a)tt.a:1.01;ns
b) f r,¿ 

: 0.39; ns

a)/¡,a:0;ns
b) f r.¿:0.14; ns

5.6 +2.8
6.8 + 3.7

4.8 t2.7
9.1 + 4.5

3.0 + 1.4

2.2*0.5
4.3 *2.0
5.2r3.4



Table 3.2.19. pre- and post-cut (second cut) numbers (mean + SB) of various natural enemy arthropods in fietd-edges and -middles of

alfalfa fietds in Manitoba, 1999-2001-

Samples
units

Sweep net
(number/30
sweeps)

Arthropods
Coccinellids

Orius spp.

Naårs spp.

Chrysopids

Spider

Spider

Opilionids

Pitfall trap
(number/
trap/week) +

Second

Precut
Post cut
Precut
Post cut
Precut
Post cut
Precut
Post cut
Precut
Post cut

Precut

Post cut

Precut

Post cut

* Data from one field is missing to compare before and after effect, consequently the error degree of freedom has changed'

a) Test statistics for post-cut increases of numbers at edges of the adjacent seed fields compared with those at middles of the adjacent seed fields'

and edge and middles of the non-adjacent seed fields'

b) Test statistics for post-cut increases of numbers in the adjacent seed fìelds compared with those in the non-adjacent seed fields'

Probability values are based on a one-tailed t-test'

Adjacent seed field

4.4 + 1.4

9.9 + 5.9

13.l +7.4
t7.3 *7.4
3.0 rl.3
5.7 + 3.0

1.6 + 0.6
1.9 + 0.9

2.3 *0.7
2.5 + 1.1

2.1 + 1.0

1.7 * 0.8

7.4 + 3.0

7.0 + 2.1

Middle
5.0 + 2.0

8.5 r 3.4

13.9 + 8.0

15.7 + 7 .6

2.7 * 1.3

8.6 + 6.2
1.1 + 0.4
1.5 + 0.8

2.1 + 0.7
1.9 + 0.7

Non-adjacent seed field
Edee Middle

2.8 + 1.0 5.1 + 1.8

4.4r 1.4 6.9 +3.3
5.3 r 1.9 5.9 +2.4
6.9 +2.7 8.1 + 2.1

0.9 * 0.1 1.1 + 0.5

2.4 * 1.4 5.3 + 3.6

t.4+0.4 1.5 + 0.8

2.6 + 0.8 2.0 + 1.0

1.4 + 0.3 0.9 + 0.3

2.6 + 0.4 2.8 t 1.0

2.1*0.7 2.3 * 1.2

2.4r0.3 3.6 + 1.6

22.4 +21.9 M5 + 44.5

19.2 L 17.4 60.4 + 59.9

1.8 + 0.2

1.3 + 0.3

1.5 + 0.8

3.4+0.9

Onetailed test of contrast

a) t s:0.52; ns

b) ¡, : 0.73; ns

a)ts=2.01;P d.05
b) f5:0; ns

a) t s:0.98; ns
b) t, : 0.58; ns

a) t s:0.91; ns

b) ¡, : 0.57; ns

a) t s: -l .88; ns

b)¡r:--2.62;ns

a) t q= -0.76; ns

b)¡o=-3.86;ns

a)tq:-1.41;ns
b) ro = -{.26; ns



Table 3.2.Z0.Insect density at which alfalfa seed fields were sprayed with insecticides in Manitoba' 1999-2001.

Localities Years Fields

Dugald

Teulon

Arborg

1999 Seed

Seedl

1999 Seed

Seedr

2000 Seed

Seedr

2001 Seed

Seedr

2000 Seed

Seedl

2001 Seed

Seedr

Mirids' Suggested Acyrthosiphon Suggested

First spray
(mean number/30 sweeps)

17.o

l1.0

13.0

9.0

Riverton

150.0 (Soroka 7.0

1991; Soroka 18.0
and Murrell
t9e3)

22.0

83.0

r36.0

146.0

Samples were taken l-8 days prior to insecticide sprays unless otherwise mentioned.
- 
Mirids irrclude Lygtrs and Adelphocoris lineolatus pooled together.

I Seed field adjacent to the hay field.

119.0

45.0

19.0

60.0

3000-
6000
(Schaber
r992)

40.0

57.0

4.0

55.0

Mirids'

84.0

154.0

Second spray
(mean number/3O sweeps)

Suggested Acyrthosiplton

146.0

197.0

Early season: 16.0
150.0 (Soroka 19.0
1991; Soroka
and Murrell n.O
1993) 8.0

Late season:
360 - 480
(Harris 1992,
cited in Soroka
and Murrell
I 993)

2.0

126.0

85.0

26.0

Suggested
threshold

59.0

6s.0

3000-6000
(Schaber
r992)

72.0

165.0

29.0

20.0



Fig. 3.2.1. Localities in Manitoba where the studies were undertaken.
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Fig.3.2.2. Layout of the sampling plan in fields of alfalfa'
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Fig. 3.2.3. A pitfall trap and its cover.
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Fio 1? L Aárrltc and nvmnhc ând estimâtednercentnarasitism of Lvøt¿s sDD. collectedI lÉ' J.L'-. I luu¡Lr q¡s ¡¡J lr¡y¡rrt -' -J O"- -I. l. ' - -

in alfalfa fields near different localities in Manitoba during the crop seasons of 1999 to

2001. Arrows indicate dates hay crop was harvested. Solid circles indicate dates fields

received insecticides. Note that vertical axes are to different scales. Discontinuation of

lines indicates that no samples were collected on corresponding dates.

- 
Adults; --- Nymphs; i$ç-EsiÈ, % Parasitism.

Growth stages of alfalfa plants in the field (Hall 1996):

A= Mid-vegetative, B : late vegetative, C: Early flower bud, D = Late flower bud, E:

Early flower, F: Late flower, G = Early seedpod, H: Mid (between early and late)

seedpod, I = Late seedpod, J : Ripe seedpod.
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Fig. 3.2.5. Adults and nymph s of Adelphocoris lineolatus collected in alfalfa tìelds

near different localities in Manitoba during the crop seasons of 1999 to 2001. Arrows

indicate dates hay crop was harvested. Solid circles indicate dates fields received

insecticides. Note that vertical axes are to different scales. Discontinuation of lines

indicates that no samples were collected on corresponding dates.

- 
Adults; --- Nymphs.

Growth stages of alfalfa plants in the field (Hall 1996):

A: Mid-vegetative, B = late vegetative, C: Early flower bud, D = Late flower bud, E

= Early flower, F = Late flower, G = Early seedpod, H: Mid (between early and late)

seedpod, I: Late seedpod, J: Ripe seedpod.
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Fig.3.2.6.Number and estimated percent parasitism of Acyrthosiphon pisum collected

in atfalfa fields near different localities in Manitoba during the crop seasons of 1999 to

2001. Arrows indicate dates crop was harvested. Solid circles indicate dates fields

received insecticides. Note that vertical axes are to different scales. Discontinuation of

lines indicates that no samples were collected on corresponding dates'

- 
Number. 'i:iär:s':r 0/o Parasitism.

Growth stages of alfalfa plants in the field (Hall 1996):

A: Mid-vegetative, B : late vegetative, C = Early flower bud, D = Late flower bud, E

: Early flower, F = Late flower, G = Early seedpod, H = Mid (befween early and late)

seedpod, I : Late seedpod, J: Ripe seedpod.
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Fig. 3.2.7 . Number of embryos found in field-collected Acyrthosiphon pisum adults,

rvhen they were dissected under a microscope in the laboratory.
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Fig. 3.2.8. Seasonal patterns of the populations of Acyrthosiphon pisum and common

predaceous naiuial enemies in alfalfa fields near different localities in Manitoba

during the crop growing seasons of 1999-2001. Arrows indicate dates crop was

liarvested. Solid circles indicate dates fields received insecticides. Note that vertical

axes are to different scales. Discontinuation of lines indicates that no samples were

collected on corresponding dates.

- -- Acyrthosiphon pisum; 

- 
Predators

Growth stages of alfalfa plants in the field (Hall 1996):

A: Mid-vegetative, B : late vegetative, C = Early flower bud, D : Late flower bud, E

= Early flower, F = Late flower, G : Early seedpod, H = Mid (between early and late)

seedpod, I=Late seedpod, J = Ripe seedpod.
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Fis. 3.2.9. Number of Grvllus snn" collected in alfalfa fields near different localities in

Manitoba during the crop seasons of 1999 to 2001. Arrows indicate dates crop was

harvested. Solid circles indicate dates fields received insecticides. Note that vertical

axes are to different scales. Note that the non-adjacent seed field near Arborg is

repleaced by the non-adjacent seed field near Riverton (panel d), because catches were

seldomly made in the non-adjacent seed field near Arborg.

Growth stages of alfalfa plants in the field (Hall 1996):

A: Mid-vegetative, B : late vegetative, C : Early flower bud, D = Late flower bud, E

= Early flower, F: Late flower, G = Early seedpod, H: Mid (between early and late)

seedpod,I=Late seedpod, J: Ripe seedpod.
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Fig. 3.2.10. Number of cicadellids collected in alfalfa fields near different localities

in Manitoba during the crop season of 1999. Arrows indicate dates crop was

harvested. Solid circles indicate dates fields received insecticides. Note that vertical

axes are to different scales, and no numerical records were kept until late July or

early August.
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Fig. 3.2.11. Percentage of middle leaflets mined in alfalfa fields near different

localities in Manitoba during the crop season of 1999. Arrows indicate dates crop

was harvested. Solid circles indicate dates fields received insecticides. Note that

vertical axes are to different scales. Discontinuation of lines in b, c, d and e panels

indicates that no samples were collected on corresponding dates.
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Fig.3.2.I2. Adults and larvae of coccinellids collected in alfalfa fields near different

localities in Manitoba during the crop seasons of 1999 to 2001. Arrows indicate dates

crop was harvested. Solid circles indicate dates fields received insecticides. Note that

vertical axes are to different scales. Discontinuation of lines indicates that no samples

were collected on corresponding dates. Numbers in 1999 represent adults and larvae

together; For numbers in 2000 and 2001:

- 
Adults; --- Larvae.

Growth stages of alfalfa plants in the field (Hall 1996):

A= Mid-vegetative, B : late vegetative, C = Early flower bud, D : Late flower bud, E

= Early flower, F : Late flower, G : Early seedpod, H: Mid (between early and late)
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Fig.3.2.13. Number of Syrphid flies collected in alfalfa fields near different localities

in Manitoba during the crop seasons of 1999 to 2001. Arrows indicate dates crop was

harvested. Solid circles indicate dates fields received insecticides. Note that vertical

axes are to different scales. Discontinuation of lines indicates that no samples were

collected on corresponding dates.

Growth stages of alfalfa plants in the field (Hall 1996):

A: Mid-vegetative, B : late vegetative, C = Early flower bud, D = Late flower bud, E

= Early flower, F = Late flower, G: Early seedpod, H: Mid (between early and late)

seedpod, I : Late seedpod, J: Ripe seedpod,
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Fig.3.2.14. Number of Orius spp. collected in alfalfa fields near different localities in

Manitoba during the crop seasons of 1999 to 2001. Arrows indicate dates crop was

harvested. Solid circles indicate dates fields received insecticides. Note that scale on

the vertical axis of panel f is different from those of the other panels. Discontinuation

of lines indicates that no samples were collected on corresponding dates.

Growth stages of alfalfa plants in the field (Hall 1996):

A= Mid-vegetative, B : late vegetative, C = Early flower bud, D = Late flower bud, E

: Early flower, F : Late flower, G = Early seedpod, H = Mid (between early and late)

seedpod, I = Late seedpod, J = Ripe seedpod'
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Fip i ?- 1 5. Number of No-bís snn. eollected in alfalfa fields near different localities in-- -rr'------

Manitoba during the crop seasons of 1999 to 2001 . Arrows indicate dates crop was

harvested. Solid circles indicate dates fields received insecticides. Note that vertical

axes are to different scales. Discontinuation of lines indicates that no samples were

collected on corresponding dates.

Growth stages of alfalfa plants in the field (Hall 1996):

A= Mid-vegetative, B = late vegetative, C = Early flower bud, D = Late flower bud,

E: Early flower, F: Late flower, G = Early seedpod, H: Mid (between early and late)

seedpod, I: Late seedpod, J : Ripe seedpod.
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Fig. 3.2.16. Number of pentatomids collected in atfalfa fields near different localities

in Manitoba during the crop season of 1999. Arrows indicate dates crop was

harvested. Solid circles indicate dates fields received insecticides. Note that scale on

the vertical axis of panel c is different from those of the other panels. Discontinuation

of lines indicates that no samples were taken during corresponding period'
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Fig. 3.2.17. Adults and larvae of chrysopids collected in alfalfa fields near different

iocaiities in Ìvianitoba during the crop seasons oi 1999 to 2001 . Arrows indicate dates

crop was harvested. Solid circles indicate dates fields received insecticides. Note that

scale on the vertical axis of panel f is different from those of the other panels.

Discontinuation of lines indicates that no samples were collected on corresponding

dates. Numbers in 1999 represent adults and larvae together. For numbers in 2000 and

2001:

Adults; Larvae.

Growth stages of alfalfa plants in the field (Hall 1996):

A: Mid-vegetative, B : late vegetative, C : Early flower bud, D = Late flower bud, E
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Fig. 3.2.!8. Number of spiders collected by sweep-net sampling in alfalfa f,relds near

different localities in Manitoba during the crop seasons of 1999 to 2001. Arrows

indicate dates crop was harvested. Solid circles indicate dates fields received

insecticides. Discontinuation of lines indicates that no samples were collected on

corresponding dates.

Growth stages of alfalfa plants in the field (Hall 1996):

A= Mid-vegetative, B : late vegetative, C = Early flower bud, D : Late flower bud, E

= Early flower, F = Late flower, G: Early seedpod, H = Mid (between early and late)

seedpod, I: Late seedpod, J = Ripe seedpod.
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Fig.3.Z.l9.Number of spiders collected by pitfall trap sampling in alfalfa fielcis near

different localities in Manitoba during the crop seasons of 1999 to 2001. Anows

indicate dates crop was harvested. Solid circles indicate dates fields received

insecticides. Note that vertical axes are to different scales.

Growth stages of alfalfa plants in the field (Hall 1996):

A: Mid-vegetative, B : late vegetative, C : Early flower bud, D = Late flower bud, E

= Early flower, F : Late flower, G = Early seedpod, H = Mid (between early and late)

seedpod, I: Late seedpod, J : Ripe seedpod'
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Fig. 3.2.20. Number of opilionids collected in alfalfa fields near different localities in

Manitoba during the crop seasons of 1999 to 2001 . Arrows indicate dates crop was

harvested. Solid circles indicate dates flrelds received insecticides. Note that vertical

axes are to different scales.

Growth stages of alfalfa plants in the field (Hall 1996):

A: Mid-vegetative, B : late vegetative, C : Early flower bud, D =Late flower bud, E

: Early flower, F = Late flower, G: Early seedpod, H = Mid (between early and late)

seedpod, l: Late seedpod, J = Ripe seedpod.
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CHAPTER.3.3

Abundance and diversity of ground beetles (Coleoptera: Carabidae) in relation to

production practices of alfalfa in Manitoba
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Abstract

Carabid beetles are important components of crop fields, because they r-rsually

feed on either various plant-feeding insects or weed seeds. The abundance and diversity

of carabid beetles in relation to production practices were examined by pitfall trap

sampling in fields of alfalfa in Manitoba during the growing seasons of 1999-2001.

Alfalfa fields were found to abound with a diverse assemblage of carabid beetles: a total

of 101 species representing25 genera was found during the study. However, only six

species, Agonum cupreunl, Atnara littoralis, Antara torrida, Plerostichus corvus, P.

lucublandus and P. ntelanarius were dominant and represented 92Yo of the total carabid

beetles captured. The most dominant species was P. ntelanarius, which made up 65% of

the total carabid beetles captured. Generally, hay fields tended to provide no more

carabid species, but more carabid individuals than the crop grown for seed production.

Hay cutting did not affect carabid beetle abundance and diversity. In contrast, insecticides

applied in the early part of the season significantly reduced numbers of Agonum cupreutlt,

Pterostichus corvî¿s and P. lucublandus. Insecticide application late in the season did not

affect carabid beetles. Within fields, field-edges usually had rnore individuals and more

species of carabid beetles than did field-middles. As a result, field-edges tended to be

more diverse.



Introduction

Alfalfa is forage legume crop, which can be grown for hay and seed production.

Although alfalfa is a perennial plant, fields of alfalfa experience regular disturbances. In a

growing season in Manitoba, alfalfa hay fields are usually mown twice, and alfalfa seed

fielcls are sprayed with insecticides once or twice (Table 3.2.1). Both types of

disturbances have implications for insect abundance and diversity. For example, alfalfa

hay cutting reduces populations of insect species inhabiting the field (Harper et al.1990;

Chapter 3.2.2). The deleterious effect of insecticides on insect fauna is well known.

Insecticide applications even deplete ground beetles (Coleoptera: Carabidae) that often

live under leaf litter on the ground (Kuhlman 1974; Dritschillo and Erwin 1982; Reed el

ø1. 1992).

Ground (carabid) beetles are important components of field crops. In temperate

regions, they are the dominant group of epigaeic predators (Potts and Vickerman 1974),

and many carabid beetle species feed on various plant-feeding insects (Los and Allen

1983). Significant predation by carabid beetles has been found on lepidopteran (Fuller

1988), homopteran (Chiverton 1988) and dipteran pest insects in agricultural lands

(Floate et al. 1990). Some carabid beetles occurring in alfalfa fields have been found to

f'eed on alfàlfa weevil, Hypera postica Say, and its parasitoid, Bathyplectes curculionis

(Thomson) (Bamey et al. 1979). In addition, various carabid beetle species prey on weed

seeds and have the potential to reduce weed populations in fields (Hengeveld 1980;

Cardina et al. 1996).

The abundance and diversity of carabid beetles are influenced by the habitat

structure and composition, the distribution of prey insects within the habitat, and
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agricrìltural activities including but not limited to insect pest and weed management

activities (Bamey et at. 1979; Los and Allen 1983; Barney et al. 1984). In North

America, the effects of agricultural practices on carabid beetles have been assessed

(Cárcamo 1995). Although, carabid beetles were often found to be susceptible to

disturbances including tillage and insecticide exposure (Carcamo 1995), there is no

consensus aboutthe extent of the effects (Crircamo et al. 1995)'

In spite of being regularly disturbed, alfalfa fields have been found to harbor a

diverse assemblage of arthropods including ground beetles (Pimentel and Wheeler 1973b;

Harper 198S). Pimentel and Wheeler (I973b) recorded 11 species of carabid beetles

among the 591 species of arthropods inhabiting an alfalfa field inNew York. The

abupdance and diversity of carabid beetles have been studied in alfalfa fields in Virginia,

Kenrucky and Illinois (Los and Allen 1983; Barney et al. 1984; Barney and Pass 1986)'

Los and Allen (19S3) caught 49 species of carabid beetles in fields of alfalfa in Virginia'

In Canada, incidences of carabid beetles in relation to crop productions have been studied

in cereals, beans, forages and pastures (Rivard 1964a; Cárcamo and Spence 1994;

Cárcamo 1995; Carc amo et al. 1995). But, little is known about the abundance and

diversity of these beetles in relation to production practices in frelds of alfalfa. Farming

practices that conserve carabid beetles and other natural enemies may be practical

alternatives to insecticides for suppressing pest populations (Carcamo and Spence 1994).

An understanding of the effect of production practices, particularly of hay cutting and

insecticide sprays, on abundance and diversity of the carabid beetles will help develop

conservation zurd augmentation strategies for this potentially beneficial insect ta.xon in

fields of alfatfa (Barney and Pass 19S6). Also, knowledge of the abundance and
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distr.ibution of these insects within the freld and of the seasonal population fluctuations of

the dominant species is important for strategic crop production and pest management

activities that minimize adverse effects on these potentially beneficial insects. The

prese¡t study was conducted to identiff the species of carabid beetles and their patterns

of temporal and spatial distribution in relation to alfalfa production practices in the

Canadian Prairie context.

Materials and Methods

The study was conducted in 1-5-year-old stands of commercially growTl alfalfa,

in Manitoba from 1999 to 2001. The freld-sizes were 744haeach. Each year,ahay f,reld

and two seed fields were studied in each of two different localities. Pitfall traps were used

to monitor carabid beetles. The composition, construction, installation of pitfall traps and

collection of samples have been described previously (Chapter 3'2).

Ha¡' eutting and insecticide sprays

Each season, the hay fields were mown twice during the study: in the period from

r"¡id-June to mid-July, and again between the end of July and late August. The seed fields

receiyed insecticide applications once or twice: during mid- to late June, and during mid-

to late August except for one of the seed fields near Riverton in 2000, where the second

spray was made on I August. Insecticide applications were of dimethoate 480 E at the

rate of 425-1100 m1/ha except for the second spray in one seed field in Dugald in 1999,

when Matador@ 120 EC at the rate of 85 ml/ha was used. The hay cutting and insecticide

^--l;^^+:^-^ t.',o Locn crrmn'z¡izcrl nrpvinrlslv lTahle 3.2.11.aPPrruatrulrJ It4Y9 uvw¡r os¡¡u¡¡s¡lve \ - -'--- - "
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Data analysis

The abundance and diversity of carabid beetles in different types of fields, and

also in the edge and middle areas within the fields were examined. The hay fields were

cut twice, and seed fields were sprayed once or twice as stated previously (Table 3.2-l),

and these sudden disturbances served as a time frame around which carabid beetle

populations were examined and compared. Since different fields were disturbed at

different times, rather than catego rizing data by date of collection, data were categorized

based on whether they were collected before the first disturbance, between the two

disturbances or after the second disturbance. The period before the earliest disturbance

within a season and locality was considered as the period before the first disturbance. The

oeriod between two disturbances included the period between the latest of the first

Otrrrrb*."s and before the earliest of the second disturbances within a season and

locality. Similarly, the period after the second disturbance included the period from the

latest second disturbance to the end of sampling within a season and locality. Total

catches of carabid beetle individuals and species in edge and middle areas of each freld

withi¡ each locality were calculated. This resulted in two values for each variable

corresponding to each field within a locality and crop period. These values were used for

calculating the corresponding Berger-Parker dominance index, and log series alpha

diversity index (Fisher et al. 1943; Southwood 1978). The following log series alpha

equation was used to calculate alpha diversity:

S:oln(l +N/o)
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The log series alpha was calculated in two steps. In the first step, the logarithmic series

parameter, r, was estimated by using least squares minimization in the NONLIN module

of Systat@ (Systat 2002) for the equation:

,s/ N = (r - r)1"[- tn(t - r)]

Where S in the total number of species and N is the total number of individuals in

the samples. The values of x range between 0 and I '

The log series alpha was derived from N and the estimate of x by using the equation:

o: N(l -x)lx

Analysis of variance (ANOVA) was used to determine the signifrcance of the effects of

field-types, crop-types, field-areas on diversity parameters for carabid beetles' ANOVA

was performed for a nested split plot design in which field-areas (edge and middle) was

considered as subplots as explained previously (Chapter 3.2). Diversity measures were

compared among field types (hay, adjacent seed f,reld and non-adjacent seed field) and

betrveen crop types (hay and seed fields) over the entire season, before disturbances, in

between disturbances and after the second disturbances. The experimental unit used in

the overall analysis was the field, and variance was partitioned into components

attributable to field-types, year-location (block) and their interactions. Regardless of it

being signiflrcant, field-type was further partitioned into components to examine

difference between crop types. Analyses resulted in no significant interactions between

crop-type and area within the field. Hence, crop-type was ignored in presenting results

for spatial distribution and vice versa. Paired t-tests were used to examine the immediate

eifect of disturbaüces cai¡sed by hay cutting and insecticide applications. Cumula-tive

degree-days and maximum daily rainfall during April to September were used to examine
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their relationship with carabid beetle catches. Little is known about threshold

temperatures for carabid beetle development or activities. The presence and activities of

carabid beetles vary with temperatures (Crist and Ahern 1999; Ayre 2001). Therefore,

cumulative degree-days as calculated previously (Chapter 3.2)by arbitrarily using 10'6"C

as the th¡eshold temperature were used. Data were transformed to logro(X) or logls(X +1)

as appropriate to reduce heteroscedasticity in data. Interaction effects are not discussed

unless significant. An u level of 0.05 was used for considering any effect to be

significant.

Although there were two hay fields and four seed fields sampled each year, only

one hay field and one seed field was chosen to graphically illustrate the seasonal

distribution of carabid beetle taxa in ayear. There were occasions when data collection

from some fields was intemrpted due to hay cutting or insecticide application. Therefore,

fielcls from which more complete and representative seasonal data were available were

chosen to present the results graphicatly. These chosen fields were the hay freld and its

adjacent seed field each near Dugald (1999), Arborg (2000) and Arborg (2001)'

Results

Carabid beetle poPulations

A total of 30,546 carabid beetle adults representing 101 species from 25 genen

was collected during the study (Appendix III). Among them, the hay fields provided a

total of 13 ,I47 carabid beetles at an average of 21 9 1 individuals per field per season, and

the seed fields provided 17,3gg beetles at an average of 1450 individuals per field per

season. Only six species, Agonum cupreum Dejean, Amara littoralis Mannerheim, l.
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torridaPaîzet, Pterostichus corvus Leconte, P. Iucublandus Say, and P. melanarius

Illiger were relatively numerous. These six species comprised 92% of the total carabid

beetle catches during the study. The most abundant species was P. melanarius, which

made up 65Yo of thetotal carabid beetles caught. Agonum cupreum made up 13%,

wlrereas P. corvus and P. lucublandus represented6% each, and A. torrida accounted for

I % of the total carabid beetles caught. Each of the remaining 95 species made up <|Yo of

the catch, and together they made up 8% of the carabid beetles caught.

On a season-long basis, numbers of each of the most frequently occurring carabid

beetle species did not differ among field types or crop types except for l. cupreum,

which differed significantly among field types and crop types (Table 3.3.1). For l'

cuprex.ry,catches were significantly greater in hay frelds than in both types of seed fields;

there was no difference between the two types of seed fields (Table 3.3'1). Catches of P.

con)Lts. and A. littoralis tended to be greater in hay fields, although this trend was not

significant (Table 3.3. l).

During the period before the first disturbance, catches of none of the most

frequently occurring carabid beetle species differed among field types or between crop

types (Tabl e 3.3.2). During the period between two disturbances, catches of A' cupreum

were signifrcantly greater in hay fields than in both types of seed fields; catches between

the two types of seed fields did not differ (Table 3.3.2). During this period' none of the

other frequently occurring carabid beetle species differed among field types or crop

types, except for P. lucublandus, which occurred in significantly greater numbers in hay

fielcls thag in seed fields (Table 3.3.2). During the period after the second disturbances,

catclres of A. cupreum didnot differ among field types, although catches in hay frelds
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were signiflcantly greater than in seed f,relds (Table 3.3.2). The result was similar for P.

corvlts,but catches of the other species did not differ among field types or crop types

during this tate portion of the season (Table 3'3.2).

Total carabid beetle catches on a whole-season basis did not differ significantly

among field-types and between crop-types, although the numbers in seed fields averaged

660/o of those in hay fields (Table 3.3.3). Agonum cupreum and P. lucublandus probably

contributed much to this result. When considering the period before the first disturbance,

tlre total catches in hay fields averaged only 560/o of those in seed fields, although this

u,as not significant (Table 3.3.4). During the period between the first and second

disturbances, total catches in hay and seed fields did not significantly differ, however

catclres in seed fields averaged 66Yo of those in hay fields (Table 3.3'4). During the post-

second disturbance period, carabid beetle catches did not differ among field types'

however, they were significantly greater in hay fields than in seed fields (Table 3.3.4).

During this period, catches in seed fields averaged 38% of those in hay fields.

Carabid beetle catches differed significantly across years: catches were the

grearest in 2000 followed by those in 1999. In 2001 , catches were the lowest, only 18 and

28% of those in 2000 and 1999, respectivell (Fz.to: 8.03; P < 0.01). The trials near

Arborg in 2000 provided z.S-l4times the number of carabid beetles in the other trials,

and contributed much to this result.

Species diversitY

The number of species collected was similar among field types, and between hay

and seed f,relds (Table 3.3.3). in individual f,relds, there were i9-38 species in hay fields

and 13-36 species in seed fields. However, a total of 65 carabid beetle species was
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collected from hay fields, whicli was considerably lower than the 84 species collected

from seed fields. Seventeen and 36 species were found exclusively in hay and seed f,relds.

respectively (Appendix III). The trend was similar for the periods before disturbances,

between the two disturbances, and also after the second disturbance (Table 3.3.4). The

Berger-Parker dominance index, and log series alpha did not differ among freld types or

between hay and seed fields during any of the examined periods of the crop season

(Tables 3.3.3 and 3.3.4), except for the period between two disturbances, when the

Berger-Palker dominance index was marginally greater in seed fields than in hay fields

(Table 3.3.4).

Spatial distribution

There were no significant interactions between crop-type and areas within fields.

Therefore, hay and seed fields were combined for analyses. Field-edges consistently

provided more catches of P. rnelanarius than did field-middles during any examined

period (Table 3.3.5). Field-edges also provided more catches of P. lucublandus and A.

Iittoralis over the entire season and before the first disturbances (Table 3.3.5). Catches of

the other species did not significantly differ between field-areas at any period as

examined (Table 3.3.5). When the major species were pooled together, field-edges

consitently provided significantly more catches of carabids. The result was similar for

total carabids caught in different field-areas during any period as examined, except that

the result was marginally significant after the second disturbances (Table 3.3.6).

As was the case with carabid individuals, significantly more carabid beetle

species were caught in field-edges than in field-middles over the entire season (Table

3.3.6). A total of 89 species was caught from field-edges as opposed to 68 species from
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f,ield-rniddles. Among them, 32 species were exclusively found in edges as opposed to 13

species in middles. Field-edges also exhibited consistent results in terms of providing

significantly more carabid beetle species than freld-middles during the period before the

first disturbance, between disturbances and after disturbance (Table 3.3.6). During the

period before the f,rrst disturbances, a total of 47 species was found in field-edges as

opposed to 35 species found in the middle of fields. During the period between two

disturbances, field-edges provided 64 species as opposed to 43 species in the middle.

During the period after the second disturbance field edges provided 31 as opposed to 21

carabid beetle species in fìeld middles. The Berger-Parker dominance index did not differ

significantly between field-areas during any examined period, but tlie log-series alpha

diversity was significantly greater in field-edges on a season-long basis (Table 3.3.6).

Seasonal distribution

Carabid beetles were present throughout the entire sampling period (Fig, 3.3.1).

Generally, total carabid beetle catches were low until mid-July, after which their nurnbers

gradually increased. Deviation from this trend occuned in the seed fields near Dugald

and Teulon (1999), where more catches of carabids occurred at the end of May (Fig.

3.3.1 a). Catches in most cases tended to be the greatest around early to mid-August (Fig.

3.3. 1 b, c), although in I 999, greatest catches usually occurred at the end of August,

except in the adjacent seed frelds where gleatest catches occurred at the end ofJuly (Fig.

3.3.1 a).

Seasonal occurrellces of the most frequently captured species of carabid beetles

are illustrated in Figs. 3.3.2-3.3.4. Variations occuned in the seasonal distribution

patterns of different carabid beetle species. Of the most frequently caught species,l.
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cupreum were more numerous early in the season in 1999. In hay fields, however, they

were more numerous at the end of July near Dugald (Fig. 3.3.2 a) and at the middle of

August near Teulon. In 2000, peak captures occurred around mid- August (near Arborg,

Fig, 3.3.2 b) to mid-September (near Riverton). In 2001, the peak capture occurred during

mid-July to early August (Fig. 3.3.2 c).

Catches of A. líttorai¿s were generally low and inconsistent over the season in

different years (Fig. 3.3.2 d-Ð, and they were mostly caught around mid-July.

Amara torrida were caught in low numbers, although they were caught regularly

in 1999 (Fig. 3.3.3 a), when more were caught from fìelds near Dugald than those near

Teulon. In the other years, catches were infrequent and no consistent patterns were

observed (Fig. 3.3.3 b, c).

Catches of P. corvu.r were inconsistent in different years (Fig. 3.3.3 d-Ð. In 1999,

they were caught more frequently in fields near Dugald than those near Teulon, and

captures were greatest in seed fields when sampling was initiated at the end of May (Fig.

3.3.3 d) or at the beginning of June. In 2000, they were caught more frequently in hay

fields than in seed fields, and the catches peaked in mid-August (Fig. 3.3.3 e), although in

2001, they were seldom caught (Fig. 3.3.3 Ð.

Pterostichus lucublandu.r were frequently caught during the study period. In most

cases, catches were greatest around mid-August (Fig. 3.3.4b, c), except in 1999, when

the greatest captures were at the end of May or beginning of June, when sampling was

initiated (Fig. 3.3.4 a).

Pterostichus melanarirls was caught frequently during the study period (Fig. 3.3.4

d-Ð. The numbers caught were low until the middle of July after which the catch-sizes

234



increased gradually. Carabid catches were overwhelmingly dominated by P' melanarius

and parterns of their seasonal occurrence were similar to those of total carabid catches as

explained previously.

Effect of hay cutting on carabid beetles

The first hay cutting did not significantly influence catches of any of the most

corl.ìnton species (Table 3.3.7) or total carabid beetles, species richness, Berger-Parker

dominance index or the log series alpha (Table 3.3.S) as these measures in the week

before cutting and in the week after cutting did not differ significantly. However, after the

second hay cutting, catches of A. torrida significantly declined while those of P. cotnus

and p. lucublandus significantly increased (Table 3.3.7). The other major species and

total carabid beetles remained unaffected after the second cut (Tables 3'3.7 and 3'3.8)'

The number of species captured, Berger-Parker dominance index ærd log series alpha

were also unaffected by the second hay cutting (Table 3'3'8)'

Effect of insecticide application on carabid beetles

In contrast to the hay cutting, the first application of insecticides influenced most

carabid beetle catches: catches of A. cupreum, P. corvtts, and P. Iucublandus declined,

whereas catches of A. toTida increased. However, catches of A. httoralis and P.

melanarius tended to remain unaffected by the first insecticide application (Table 3'3.9).

This mixed influence resulted in a marginally signifrcant reduction of total carabid beetle

catc¡es, although the number of species, Berger-Parker dominance index and log series

--r*r--^ :=-. +L- --^,,i^,,o ,,¡eeþ ¡lid nnf eionifieantlv differ fiom those in the week followingalplla lll tlttr PlçvruL¡ù wvv¡\ ulu l^vi ù¡õ¡¡¡r¡v

the first insecticide application (Table 3.3.10). After the second insecticide application,
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however, most major carabid beetle species remained unaffected, except that P. corvus

increased in the week following the insecticide application (Table 3.3.9). The second

spray did not affect any of the measures of diversity (Table 3.3.10).

Discussion

As a perennial forage legume, alfalfa generally harbors a diverse assemblage of

insect species, which may vary across locations and crop types (Pimentel and Wheeler

1973b;Los and Allen 1983; Barney and Pass i986). In Alberta, Harper (1988) collected

37 species of carabid beetles from the interior of alfalfa fields. In Virginia, Los and Allen

(19S3) found 49 species, whereas in Kentucky, Barney and Pass (1986) found 40 species

of carabid beetles in fields of alfalfa. Other studies in northwestern North American

agricultural habitats have also reported diverse assemblages of carabid beetles. For

example, in Alberta, Carcamo (1995) found 29 carabid beetle species in fields of barley,

and Cárcamo et al. (1995) obtained a total of 49 species in fields of barley, fababean,

intercropped pea-barley and meadows, although, on an individual field scale, the range

was l8-24 species. In Alberta, Frank (1971) found 63 species in a barley field. In

Sasl<atchewan, Doane (1981) found 87 carabid beetle species in a wheat field. Kirk

(lg7 lå) collected 127 carabidbeetle species in an extensive 4-year study of com and

com in rotation with oats, wheat, soybeans, flax or alfalfa fields in South Dakota.

Despite the occurrence of a relatively large number of species in the present

stucly, only six species made up 92Vo of the total carabid beetle catches; dominance by a

ferv species is a common trend in agricultural systems (Luff 2002). Los and Allen (1983)

found five of the 49 carabid beetle species present made up over 60% of the total carabid

beetle catches in alfalfa fields in Virginia. In alfalfa fields in Kentucky, four species
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accounted for 70Yo of the total catch, although 40 species were caught in total (Bamey

and Pass 1986). Similar trends were also found in fields of barley, fababean, pea-barley

intercrop and meadows (Cárcamo 1995; Carcamo et al. 1995)' In the present study, P'

ntelanarius overwhelmingly dominated the carabid beetle assemblage . Pterostichus

melalarius is an introduced species, and is one of the colrìmonest carabid beetles in

North America (Luff 2002),and occurs in any type of vegetation (Rivard l964a,Luff

2002).The species is the dominant carabid beetle in various crops including cereal, hay

and pasture fields in Ontario (Rivard 1964a;1966), in crops and meadows in Alberta

(Cár.camo et ø1. 1995). The dominance of P. melanarius probably relates to its

competitive superiority, as this rather large and active species can outcompete relatively

smaller ones through competition and intraguild predation (Carcamo et al. 1995;Luff

20AÐ. Spence and Spence (1988) and Carcamo et al. (1995) reported that P. melanarius

negatively affect carabid beetle fauna in agroecosystems. Pterostichus melanarius is also

extlemely tolerant of insecticides (Hagley et a\.1980).

There were variations in carabid beetle numbers in different years. Carabid beetle

abundance and activities are influenced by various interrelated biotic and abiotic factors

(Thiele lg77).Most carabid beetles occurring in temperate agroecosystems are nocturnal

(Luff 1978) including the dominant species, P. melanariøs (Chapman et al. 1999), and

temperature is negatively correlated with the occurrence of nocturnal carabid beetles

(Kegel 1990). Carabid beetle survival and activities are highly influenced by temperature

and moisture level (Kirk l97lb; Luff 1994). The crop season in 2000 was the coolest and

driest of the three years of the study, whereas, in 1999 it was the warmest and wettest. In

2001. rhere was an intermediate level of temperature and rainfall (Appendix I) and in
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July, a considerable portion of fields near Riverton remained flooded for more than a

week. Thel'e was a negative conelation of temperature and maxirnum daily rainfall with

carabid beetle catches indicating these factors influenced carabid beetle catches. In 2000

near Riverton, finding cooperating alfalfa growers was delayed, which delayed sampling

initiation in that locality by a month, although, 54Yo of the total carabid beetles were

caught that year. Trials in 1999 were conducted in different localities, while trials in 2000

and 2001 were in the same localities with some fields in common. These factors suggest

that variation across years was probably more influenced by environment than localities.

However, the relationship of temperature and maximum daily rainfall with carabid beetle

catches explains only 22 and 42o/o of the total variability (r2 :0.22 and 0.42,

respectively), which suggests that some other factors also influenced carabid beetle

catches. It is diffìcult without detailed investigation to pinpoint the other factors that

influenced carabid beetle catches across years.

In a pitfall trapping study in crop fields in South Dakota, Kirk ( I 97lb) found that

high catches of carabid beetles started at the beginning of August and peaked at the

beginning of September. In the present study, carabid beetle catches were high in August

reaching a peak mostly during mid- to late August. This was presumably due to

environmental conditions influencing the seasonal phenology of the most predominant

species, P. melanat'izrs, which overwinters as a larva (Lindroth 1966), and therefore,

adults were seldom caught in the early part of the season.

Different species had different seasonal patterns, which has previously been

reported for carabid beetle species in alfalfa fields in Virginia (Los and Allen 1983) and

in parkland, boreal forest and meadows in central Alberta Q.Jiemelä et al. 1992). Anrura
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littoralis overwinter as adults (Lindroth 1968) and their greater catches from the end of

June to the middle of July probably represents the adults that overwintered. Considering

the overwintering stage and early peak, a peak in late season was expected, but not found.

In apple orchards near Lake Ontario, Holliday and Hagley (1978) did not find a second

peak for Amara spp., which they thought was because after emergence from pupation,

new adults of Amara spp. remained below the ground until the following spring. This

might also be true for A. littoralis. Migratory behavior may also cause this, and little

concerning this is known about this beetle. Amara torrida overwinters as both larvae and

adults (Lindroth 1968), which explains their low occurrence early in the season, and

relatively high occurrence from the middle of the season. Pterostichus corvus and P.

luutblundus exhibited similar bimodal patterns of seasonal distribution, although in 2001,

the latter species were mostly absent from traps. Pterostichus lucublandus overwinter as

adults (Kirk 1971ø), and their bimodal occurrence as found in most fields was previously

reported from South Dakota (Kirk l97la).In Ontario, Rivard (1964b) found gravid

females of P. lucublandus in May and June, which indicates that individuals of the

species found in May and June were probably the reproductive adults that emerged from

ovel'wintering diapause, and catches were elevated from August possibly because of

emergence of new adults. Little is known about the biology of P. corvus, however, the

seasonal occunence suggests that their life cycle may be similar to that of P. lucublandus.

Pterostichus melanarius catches were greater during August and onward. The species

overwinters as larvae (Lindroth 1966),which explains why adults were seldom captured

early in the season. Little is known about the overwintering behavior of l. cupreum.

However, their seasonal pattem indicates a similarity to P. melanarius.
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Although, hay cutting changes the microenvironment of fields (Khattat and

Stewart 1980), little is known about its effect on carabid beetles. However, various

carabid beetle species are affected by insecticides (Hagley et al. 1980; Los and Allen

I 983; Chiverton 1984). In the present study, the effect of hay cutting on carabid beetles

was weaker than that of insecticide applications. Generally, catches of L cupreumwere

greater in hay fields than in seed fields. Although not affected by hay cutting, the species

was affected by the insecticide application in June, which probably caused the difference

among crop types. Statistically similar captures in both hay and seed fields during the

time before the first disturbance also confirms this. Insecticide applications in June also

affected P. corvus and P. lucublandus, probably because of their high activity during that

period. Although several species were affected by insecticide applications in June, the

result was not reflected in the total carabid beetle captures, presumably due to the

overwhelming appearance of P. melanarius, which were not affected by hay cutting or

insecticide application. Although the probability of being exposed to insecticide

applications is likely to increase with increases in size of insects, Hagley et al. (1980)

fourrd that larger carabids tend to be less susceptible to insecticides and P. melanarius

were found to be unaffected by several insecticides (Hagley et al. 1980). The species

showed moderate tolerance to dimethoate (Hagley et al. ß8A} the insecticide commonly

used in seed f,relds in the present study.

Los and Allen (1983) found higher dominance and lower diversity in insecticide

treated alfalfa fields than in untreated fields, which was probably due to the reduction of

the number of taxa and increasing dominance due to a few species tolerant to insecticide,

as indicated by Menhinick (1962). But this was not the case in the present study, as the
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indices of dominance and diversity were usually similar in both hay and seed fields. The

reason for no change in the dominance index was probably the insensitiveness of the

dominant species, P. ntelanarius to both hay cutting and insecticide sprays. Although, the

first insecticide spray exerted an immediate affect on a few species, recolonization and

reproduction probably offset the effects on a long-term basis. Los and Allen (1983) in

one of their trials did not find any effect of insecticide application on species abundance

and diversity of carabids in alfalfa, which they thought was due to the recovery of carabid

beetles from the influence of applied insecticide. Recovery of insects after insecticide

application is common, and was noted for some insects within one to three months of

insecticide application in alfalfa fields (Donalde 1972; Surgeoner and Ellis 1976). The

second insecticide application did not affect the carabid community, possibly because the

sensitive stage was not present, or because most neighbouring crops were harvested and

the displaced carabid beetles from those fields could have moved into seed alfalfa fields.

Field-edges were more diverse than fìeld-middles in terms of the numbers of

individuals and species of carabid beetles caught, although the Beger-Parker dominance

index did not differ between field-areas at any period examined in this study, and the log-

series alpha was greater in field-edges on a season-long basis (Table 3.3.6). The results

may not be surprising. Tischler's (1965) conclusion that only certain species of

arthropods permanently inhabit fields of agricultural crops suggests that many of the

insect species found in annual crop fields probably arrive and colonize from the outside.

The same can be true in perennial crop frelds like alfalfa, which receives regular

disturbances in a growing season. There is abundant evidence that non-crop habitats

including field margins are important sources of diversified arthropod communities in
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agricultural fields (Krornp and Steinberger 1992). There were frequently strips or patches

of woodland or tall-grass vegetation near most fields in the present study, although the

vegetation type and stmcture in European field margins studied by Kromp and

Steinberger (1992) were different from those in the present study. In the present study,

the species found exclusively in edges were probably accidental visitors, which were in

search of food or reproduction sites and appeared in field-margins that served as the

gafewaylcor:ridor for these beetles (Maelfait and De Geer 1990), and resulted in

signif,rcantly greater numbers of species in field edges. There were more individuals of

total carabids caught from field-edges, which agrees with reported studies in different

agricultural systems (Holland 1992 and references therein; Kromp and Steinberger 1992).

Most of the rnajor species found in this study had similar results and contributed to the

trend as found in this study. However, the result that P. nrclanarius was caught more

from field-edges - even during the early period of tlie season (before the first

disturbances) - is striking, as the species overwinters inside the field (Wallin 1986) and

after emerging from the overwintering site redistributes throughout the field as the season

progresses ('Winder et a|.2000). The population trends of P. ntelanarius in field-edges

and middles during different periods of the season indicate that edges had about 3-times

the nunrbers of P. ntelanorius in middles after the second disturbances, which were less

than 1.5-tirnes in the other peliods examined i¡r this study (Table 3.3.5). This suggests

that after emergence from the overwintering sites inside the f,relds (Wallin 1986), the

beetles dispersed away (Winder et ø1.2000).It is not unusual that many of the beetles

move from one field to the other while dispelsing. In Manitoba, snow usually melts

before the end of April (Departrnent of Energy, Mines, and Resources 1974).In the
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present study, sampling was initiated in the last week of May, by when P. melanarius

beetles probably had emerged from diapause and dispersed throughout the habitat. I¡

such a case, the edge effect as found in this study may not be surprising.

Conclusion

The present study provides insight into the species composition and the

abundance and diversity of carabid beetles in fields of alfalfa in Manitoba. The effect of

usual alfalfa production practices like hay cutting and insecticide application on carabid

beetle community is documented. The insecticide application in the early part of the

season affected some species more than the others. Generally, the hay fields and seed

fields did not differ in carabid beetle diversity. However, held-edges contained more

individuals and numbers of species of carabid beetles than field-middles. A careful

investigation of the resulting effect on insect pest populations needs to be conducted.
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Table 3.3.1. Total numbers (mean * SE per field per year) of most common carabid beetle species caught in different types of

alfalfa fields during the entirc crop season in Manitobarlggg-2001. (Means are based on total carabid beetle individuals

caught in eight traps per field in 1999 and in six traps per field in the other years).

Agonum cupreum

Amara littoralís

Amara totida

Pterosticlzus corvus

P t erostic hus lucublandus

P terost ic hus melanar ius

Fields (n:6)

488.5 + 136.4 97.7 L 50.3

34.3 * 12.8

7.3 +3.4

142.3 + 86.3

132.3 + 55.0

ns: not sigrrificantly different.
n refers to the number fields of each type sampled.

Statistics without parentheses refer to the comparison among the three field types.

Statistics in pareniheses refer to the comparison between hay and seed fields.

25.2 + 14.8

22.8 ! 19.9

106.8 r 88.7

74.3 t34.8

t267.0 r 550.1 725.8 t 182.8

l.JèÞ

64.8 * 12.9

18.5 + 11.7

26.8 + 16.3

59.8 + 39.8

64.0 +34.4

t339.7 * 812.0

Fz.t¡: 8.73; P < 0.01 (Fl,ro : 17.33;P < 0.01)

Fz,to:1.03; ns (^Ft,to: 1.32; ns)

Fz)o:1.13; ns (.Fl,to:0.58; ns)

Fz.to: 0.27; ns (Fr,to : 0.42; ns)

Fz,to:2.I2; ns (Fr,lo : 3.89; ns)

Fz.to:0.1 1; ns (Fl,to : 0.22; ns)

Statistics



Table 3.3.2. Total numbers (mean * SE per field per sampling period in a season) of most common carabid beetle species

caught in difïerent types of alfalfa fields during different periotl of the crop seâson in Manitoba,19991001. (Means are based

on total carabid Ueeitã individuals caught in eight traps per field in 1999 and in six traps per field in the other years)-

Species

,4gonum

"ipr"r^ 
74.6+34J 63.8+39.3 36.4+ ll.6 170.0t56.t 23.7L14.2 12.5+7.1 384.5+226-4 12.0t8.2 6'3r4'l

Statistics F2.s: 0.24;ns (.F ¡,s 
: 0.27; ns) F2.¡e = 8.43; P < 0.01 (Fr.ro : 16.87; P < 0.01) F2,s:2.31; ns (F¡,s : 4'47; P < 0'05)

Amara
littoralis 3.2t1.6 3.8+ 1.5 3.6+3.4 10.3t3.9 14.2+lO'9 4'7*l'8 2'0+0'8 4'5+39 l'0+ l'0

Statistics Fz,s : 0.60; ns (F¡,s : 0.03; ns) F2,,s : 0.68; ns (F¡,¡s = 1.00; ns) Fz.e:0'62; ns (F¡.s = 0'33; ns)

Amara
torrida 0 0.8+0.8 0.2+0.2 3.0+ t.0 9.5*7.7 14.7L9.8 1.0+ l'0 5'6+5'6 l0'7* l0'7

Statistics Fz.s:0.67;ns (F¡,3 : 0.79; ns) Fz.rc:0.90; ns (Fr.ro: 0.60; ns) F\a : 0'08; ns (F¡'3 : 0'14; ns)

Pterostichus
corvus l8.E+ 13.7 100.6+88.8 52.2+44.5 6.2+3.7 6.5*6.1 1.7+0.7 273.0+202.0 24.0r12-4 15.7* 10.8

Statistics F2.s: 0.37;ns (F¡.s : 0.69; ns) F1arc:0.81 ; ns (F¡,ro = 1.62; ns) Fzs:2'87; ns (F¡'3 : 4'96: P < 0'05)

Pterostichus
lucublandus 2t.6+7.g 67.4+33.5 46.6*3.l 13.5+5.9 6.8+4.9 2.0+ l.l 267-5r142-6 12.0*9.4 30.3*26.4

stat¡stics F2.6:0.90; ns (F¡,s = l.l0; ns) Ft.to:3.49; ns (Fr,ro = 6.33; P < 0.05) Fz.e:2'03; ns (F¡'s:4'01; ns)

Before first disturbance

n: 5) seed (n: 5) seed (n :5) Hay (n:6) seed (n = 6) seed (n = 6) tu
Adjacent Non-adjNon-adiacent

Pterostichus

iãCent Adjacent Non-adjacent Adjacent Non-adjacent

melanqrius 21.0 * 8.9 61.8+23.3 54'4+39'6
Statistics

In between disturbances

l.Jè(J¡

F, *:0.77: ns (Fr.s : 0.76; ns

+39.6 562.5+2ó3.8 345.0+ I
F" ,n: 0.03

.8 345.0+ 110.3 525.3+337.1 1140.5*803.3 326.5¡123.9 966.0 +820.8

= 0.03: ns (Fr ro = 0.01; ns) Fz.e: 1.53; ns (Fr.a = l'67; ns)

seed (n:5) seed (n:5



Table 3.3"3. Total numbers and species richness of carabid beetles (mean + SE per field per year) caught in different types of

alfalfa fields in the entire crop season in Manitoba,L999-2001. (Means are based on total carabid beetle individuals caught in

eight traps per field in 1999 and in six traps per field in the other years)'

N)Þo\



Table 3.3.4. Total numbers and species richness of carabid beetles (mean + SE per field per sampling period) caught in
different types of alfalfa fields during different periods of the crop season in Manitoba, 1999-2001. (Means are based on total
carabid beetle individuals caught in eight traps per field in 1999 and in six traps per freld in the other years, respectively).

Diversity
measures

Individuals
Statistics

Species
Statistics

BP index
Statistics

Log series
alpha

Statistics

164.6 + 62.5 333.0 + 167.9 252.2 + 80.2

Fz.s: 1.35; ns (Fr,s:2.65; ns)

t2.6 + 3.5 13.6 + 2.8 13.6 + 1.7

F2.s: 0.45; ns (Fr,s : 0.71; ns)

0.4+0 0.5+0.1 0.5+0.1
Fz,s:0.10; ns (F¡,s:0.20; ns)

Before fi rst disturbance

n:5) seed (n = 5) seed (n:5
Adjacent Non-adjacent

3.5 + 0.8 3.3 + 0.5 3.3 +0.2 3.5 + 0.6 2.8+0.7 4.8 + 1.1

Frr:0.06:ns

808.8 + 324.8 449.2 + 127.1 616.7 + 360.8
Fz.to:0.34; ns (Fr.ro:0.50; ns)

15.8 + 2.0 13.5 + 3.5 18.3 *2.2
FzJo:3.72; ns (Fr.ro : 0.33; ns)

0.6 + 0.1 0.8 + 0.1 0.7 + 0. I

FzJo : 2.39; ns (Fr.ro : 4. l3; ns)

In between disturbances

n = 6) seed (n = 6) seed (n =

ìùÞ\ì

Adjacent Non-adjacent

:0.1l: ns Ft n : 2.37: ns (F

2130.0+ 1126.8 331.6+ t32.5 t278.4+1076.7
F2.s:3.51; ns (Fr,s:6.91; P < 0.05)

9.8 + 1.7 7 .4 + 2.4 8.8 + 2.9
Fz.e:0.92: ns (Fr.s : 1.20; ns)

0.7 + 0.1 0.7 + 0.1 0.6 + 0.1

Fzs:0.26; ns (,F¡.2s : 0.04; ns)

After second disturbance

n = 4) seed (n:5) seed (n:5

= 0.19: ns

Adjacent Non-adjacent

1.5 + 0.1

F, :2.24: ns (F
1.4 L0.4

: 0.81: ns

2.4 +0.4



Table 3.3.5. Total numbers of the most common carabid beetle species (mean + SE per trap per period) caught in edges and
middles of alfalfa fields during different periods of the season in Manitob a, 1999-2001.

Species

Agonunl
cupreunt

Anturct
litlorolis

Åntara
lorridct

Plerostichus
c:ot'v¿ls

Plero.slichus
lucublqndus

Pteroslichu.ç
ntelanerius

Entire season (n = l8)
Edge Middle

119.6 +39.4 97.4 +29.0
Fr,rs:2.50; ns

18.2 + 5.4 7.8 + 3.1

Fr.rs:3.28;P<0.09

I 1.6 + 4.8 7.4 + 4.2
Fr,rs : 2.02; ns

61.4 + 26.0 41 .6 + t6.l
Fr,rs:0.14; ns

52.3 + 15.5 37.9 + 10.5
Fr,rs:6.40;P<0.05

107.9 +232.0 402.9 + n4.6

Before first disturbance (n : l5)
Edse Middle

26.3+7.2 31.9+ 10.3
F¡.¡2:0; tts

2.6 + 1.0 0.9 + 0.4
Ftiz:5.59;P<0.05

0.t+0.1 0.3+0.2
Fr,rz:2.00; ns

35.0 + 2t.9 22.2 + 1.4
Ft.tz:0.02; ns

22.7 + 6.8 22.5 + 8.7
FtJz: 1.95; ns

26.1+1.7 19.6*8.2
F¡ rs=12.78'.P<0.01

t\J
t\

35.0 + 13.0 33.7 + 13.7
Fr.rs:0.84; ns

5.7 + 1.9 4.1 *2.3
Ft,ts = 2.76; r'ts

5.5 * 2.6 3.6 + 1.6

Fr.rs = 1.20; ns

1 .9 + 1.2 2.8 + 1.4

FtJs:2.68; ns

4.6 * t.6 2.8 ! 1.3

Fr,rs = l.7l; ns

211 .6 + 81 .4 200.0 r n.9
Ftn=8.20:P<0.05

Middle Edse Middle

76.4 + 51.1 39.6 +24.4
F¡.e = 0.39; ns

1.6 * 0.7 0.7 * 0.6
F¡,e:2.00; ns

4.4 + 3.7 2.0 + 1.4
F¡,e: 0.85; ns

55.0 + 35.4 36.6 +26.1
F1,e: 0.32; ns

62.1+34.3 30.7 r 16.0
F1,s=4.24;P=0.07

615.6 + 300.9 217 .6 + t01 .l
Fr rs : 11 .46: P < 0.05 Ft q: 6.23: P < 0.05



Table 3.3.6. Numbers (mean + SE) per trap per period and species richness of carabid beetles (mean + SE) caught in edge and
middle areas within fields of alfalfa in different periods of the season in Manitoba,1999-2001.

Diversity
lneasures

Individuals 1046.8 +213.3 650.2+ 139.1

Statistics Fr,rs = 12.15:P < 0.01

Species 21.3 + | .3 16.2 + 1.3

Statistics Ft)s:16.66;P < 0.01

BP index 0.6 + 0.0 0.6 + 0.1

Statistics Ft.ts:0.29; ns

Log series
alpha 4.3 + 0.3 3.7 + 0.4

Statistics F'r,rs:4.39;P =0.05

Entire season (n : l8)
Edge Middle

Before first disturbance In between disturbances

136.0 + 34.4 I 13.9 + 30. I

Ft)z=8.59;P<0.01

10.9 + 1.0 8.7 + 1.2

Ft.tz:8.58;P=0.01

0.5+0 0.5+0.0
Ft.n:1.42;ns

3.2+0.3 2.9 +0.3
Fttz = 0.68; ns

Edge

(n: 15) (n: l8)

ì.JJ\

Middle
356.8 +99.2 268.1 + 87 .0

FtJs=10.02;P<0.01

12.8 + 1.2 9.9 + 1.1

Fr,rs:11.89;P<0.01

0.7+0 0.7+0.1
Ft.ts:0.56; ns

3.3 +0.4 3.0 + 0.5

Fr rs:0.75; ns

Edse Middle

After second disturbance
(n: l4).

842.4 + 311.8 341.1 + 138.1

Ft:¡=3.97;P=0.08

7.lrl.2 5.1+0.9
Ft.s--7.22;P<0.05

0.7 * 0.1 0.7 + 0.I
F¡.e: 0.54; ns

1.5 + 0.2 1.2 t 0.2
Ft e: 0.22: tts

Edse Middle



Species

Agonum cupreum
Statistics

Amara littoralis
Statistics

Amara tomida
Statistics

Pterostichus corvus
Statistics

P t eros t iclrus lucub landus
Statistics

P terost iclrus melanar ius
Statistics

First hav cutting

Before After

ns: not significantly different.

2.1+0.4 1.4 +0.4
tz+: l.l2; ns

2.2+0.7
ttq: 1.33; ns

0
f:¿: 0.57; ns

0.4 * 0.3
f3a = 0.96; ns

0.6 r 0.2
f¡¿:0.25; ns

0.9 + 0.3

l..J
Ltt

1.1 r 0.4

0.1 +0

0.1 r0

0.6 + 0.2

1.3 + 0.3

Second hay cutting

Before After

= 0.88; ns

It.s +2.4 18.7 + 4.8

f¡o = 0.15; ns

0.1+0 0.2+0.1
hs:0.74; ns

0.4 +0.2 0

t:lo:2.33; P < 0.05

0.6t0.2 15.0 + 6.4

tn:3.24; P < 0.01

0.6+0.2 6.5 +2.3

hs:2.23; P < 0'05
37.4L9.7 29.1+6.3

:0.53; ns



Table 3.3.8. Influence of hay cutting on numbers and species richness (mean + SE)

of carabid beetles caught per trap in alfalfa fields in Manitoba' 1999-2001.
(Significance of differences is tested with a paired t-test).

First hay cutting Second hay cutting
Diversity measutes Before After Before After

Individuals 47.7 +14.1 43.5 * 13.3 320.6 + 101.7 443.0 * 193.0

Statistics fs = 0.32; ns /¿ = 0.05; ns

Species 8.2 t 1.3 7 .5 L l.l 6.8 * 0.8 6.4 + 1.0

Statistics f5 = 0.50; ns f¿ : 0.33; ns

Berger Parker
dorninance index 0.5 t 0.1 0.4 + 0.1 0.7 + 0.1 0.7 + 0.1

Statistics f5:1.55; ns ta,:0.44;ns
Log series alpha 3.1 + 0.5 4.0 L 1.4 |.4 L 0'2 1.2 L 0-2

Statistics /5 = 0.70; ns f¿ : 0.71; ns

ns = not significantly different.
Note that df in the first and second hay cutting differed. This was because in 2001 ,

sampling fields near Riverton was terminated in the third week of August. Therefore, no

data associated with the second hay cutting were available from the location.
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Table 3.3.9. Mean number (mean + SE) of most common carabid bcctle species caught per trap as influenced by insecticide

applications in fields of alfalfa in Manitoba' 1999-2001.

Species

Agonum cupreum

Amara littoralis

Amara totida

Pterostichus corvus

P t erostichus lucub landus

P terostic hus melanar ius

First insecticide application

Before After

ns: not significantly different.
Note that dlin the first and second insecticide application differed. This was because in 2001, sampling fields near Riverton was

terminated in the third week of August. Therefoìe, no data associated with the second insecticide application were available from the

location

3.6 *0.7 1.2 * 0.5

fe¡:5-58;P<0.1
0.2 + 0.1 0.5 + 0.2

fo¡ : 1.33; ns

0 0.4 L 0.2

t6:2-67; P < 0.01

2.7 +-0.7 0.5 + 0.2

fog:3.88; P < 0.01

2.8 * 0.7 0.4 + 0.1

tot:5.31; P < 0.01

5.2t l.I 7.6 +3.0

l\)
lJ¡l
I\J

: 1.78; ns

Second insecticide application

Before After
1.3 + 0.6 0.6 * 0.3

t+t: 1.57; ns

0.3 + 0.1 0.2 r 0.1

fa3 : 0.30; ns

0.2 * 0.1 0.3 + 0.1

f¿¡ :0.87; ns

0.3 + 0.2 1.3 + 0.4
tq:3.37; P < 0.01

0.3 + 0.2 0.7 + 0.4
ta3: 1.02; ns

12.5 *2.5 15.4 *3.9
:0.50: ns



Table 3.3.10. Number and species richness (mean + SE) of carabid beetles caught

per trap as influenced by insecticide applÍcations in fields of alfalfa in Manitoba,

1999-2001.

First insecticide application Second insecticide application

Diversity measures Before Before After

Individuals

Species

Berger Parker
dominance index

Log series alpha

109.7 r34.2 82.7 + 50.9

fe: 1'98; P < 0'08
8.4 + 1.3 6.8 + 1.1

fe = 0.97; ns

0.5 r 0.1 0.5 + 0.1

/e = 0.10;ns
3.0 + 0.5 3.7 * 0.5

fs = 1.12; ns

121.2+37.7 143.7 + 59.3

f5 = 0.27; ns

7.3 L 1.5 7.2 t 1.8

f5:0.15; ns

0.7 * 0.1 0.6 r 0.1

f5 :0.67; ns

2.0 * 0.4 4.0 + 2.1

fs:0.83; ns

ns : not significantly different.
Note that df in the first and second insecticide application differed. This was because for

the first insecticide application, calculation of log series alpha was not possible in one

sample. Fields n.* Atborg did not receive the second insecticide application. Sampling

of frelds near Riverton was terminated in the third week of August in 2001 . Therefore, no

conesponding data were available for the analysis.
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Fig. 3.3.1. Total carabid numbers (mean/trap) captured in pitfall traps in

alfalfa fields in different localities of Manitoba,1999-2001.

Arrows indicate dates the hay crop was mown.

Solid circles indicate dates insecticides were applied in respective seed fields.

Solid and dotted lines correspond to hay and seed fields, respectively.

Note that vertical axes are to different scales. Discontinuation of lines

indicates that no samples were collected on corresponding dates'
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Fig. 3.3.2. Numbers (mean/trap) of Agonum cupreum (a-c) and Amara littoralis

(d-f¡ captured in pitfall traps in alfalfa fields in different localities of Manitoba,

t999-200t.

Arrows indicate dates the hay crop was mown.

Solid circles indicate dates insecticides were applied in respective seed fields.

Solid and dotted lines correspond to hay and seed fields, respectively.

Note that vertical axes are to different scales. Discontinuation of lines indicates

that no samples were collected on corresponding dates.
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Fig. 3.3.3. Numbers (mean/trap) of Amara torrida (a-c) and Pterostichus corvus

(e-f) captured in pitfall traps in alfalfa fields in different localities of Manitoba,

1999-2001.

Arrows indicate dates the hay crop was mown.

Solid circles indicate dates insecticides were applied in respective seed fields.

Solid and dotted lines correspond to hay and seed fields, respectively.

Note that vertical axes are to different scales. Discontinuation of lines indicates

that no samples were collected on corresponding dates.
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Fig. 3.3.4. Numbers (mean/trap) of Pterostichus lucublandus (a-c) and P.

melanarius (e-f) captured in pitfall traps in alfalfa fields in different localities

of Manitob a, 1999-2001 . Solid and dotted lines conespond to hay and seed

fields.

Arrows indicate dates the hay crop was mowll.

Solid circles indicate dates insecticides were applied in respective seed fields.

Solid and dotted lines correspond to hay and seed fields, respectively.

Note that vertical axes are to different scales. Discontinuation of lines indicates

that no samples rvere collected on conesponding dates.
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CHAPTER 3.4

Influence of some common predaceous insects on populations of insect pests of

alfalfa
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Abstract

The effect of larval Chrysoperla carnea, adult and larval Coccinella

seplempunctata, adult and nymphal Nabis alternatus and adult Pterostichus melanarius

on tluee pest insects, Lygus spp., Adelphocoris lineolatus and Acyrthosiphon pisttm, was

studied on caged alfalfa plants in field and laboratory cages. In field cages, mixed

populations of these predatory insects reduced the numbers of the nymphs of Lygus spp.

and A. lineolatus and numbers of l. pisum.In the laboratory, N. alternatøs was the

greatest consumer of Lygus spp. nymphs, and N. alternat¿¿s and P. melanarí¿ls consumed

more L lineolatus nymphs than did the other tested predators. Adult and larval C.

seplempuncfara consumed more A. pisum than did the other tested predators. Chrysoperla

carnea larvae consumed 20% less A. pisum than did C. septempunctata.It was concluded

that predators can reduce major pests in alfalfa, and N. alternatus is probably the most

effective predator in situations where the studied insects cohabit in the field.
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Introduction

Naturally occurring biological control is ubiquitous, but may be improved by

conservation or augmentation of natural enemies. Predators are important natural agents

and are usually the best agents for conservation biological control (Hagler 2000).

Predation often reduces insect pest numbers and may cause local extinction of insect

pests (Huffaker et al. 1976). Most insect predators are generalists; in agricultural crops,

they feed on a variety of insect pests and so may suppress prey populations (Huffaker er

al. 1976; Debach and Rosen 1991; Hagler 2000).

Alfalfa fields are complex habitats that favor assemblages of a variety of insects

(Pinrentel and Wheeler I973b; Harper 1988). Like most f,reld crops, however, alfalfa is

danraged by only a few of these insects (Pimentel and Wheeler 1973b: Schaber and Entz

l99l ; Summers 1998). In the Canadian Prairies, the most damaging insects in alfalfa

fields include lygus bugs, Lygu.r spp., the alfalfa plant bug, Adelphocoris lineolatus

(Goeze) (Hemiptera: Miridae), the pea aphid, Acyrthosiphon pisum (Harris) (Homoptera:

Aplrididae), and the alfalfa weevil, Hypera postíca (Gyllenhal) (Coleoptera:

Curculionidae) (Lilly and Hobbs 1962; Goplen et al. 1987; Schaber and Entz 1988;

Harper et al.1990; Schaber et al. t990a; Schaber 1992). However, H. postica is not

reported to damage alfalfa crops in Manitoba, though the insect may occasionally be

found. Alfalfa fields also contain a variety of predatory insects (Whitcomb and Bell 1964;

Pimentel and Wheeler 1973b; Wheeler 1977:Harper 1988). In the Canadian Prairies, the

most common predators in alfalfa fields are the lacewing, Chrysoperla carnea (Stephens)

[Neuroptera: Chrysopidae), ladybird beetles including the non-native Coccinella

septentpunctata (Liwraeus) (Coleoptera: Coccinellidae) (Turnock et a\.2003) and the
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western damsel bug, Nabis alternatus (Parshley) (Hemiptera: Nabidae) (Harper 1978;

Frazer et al. l98lb; Harper et al.1990; Schaber et al.1990b; Schaber 1992). The ground

beetle, Pterostichus melanarias (Illiger) (Coleoptera: Carabidae) which is an introduced

species, has become ubiquitous in this region Q.Iiemelä and Spence 1991). These four

predators are abundant in Manitoban alfalfa fields (Chapter 3.2), and therefore have the

potential to influence insect pest populations in these fields.

The benefits of predatory insects are well recognized, though often they are

difficult to quanti$ (Lapchin et al. 1987; Hagler 2000). Predatory insects were found to

redtrce populations of aphids including A. pisum in alfalfa fields in Alberta and California

(Hagen and van den Bosch 1968;Frazer and Gilbert 1976; Baumgaertner et al. l98l;

Frazer et al.l98la, 1981å). Chrysopids (Neuenschwander et a|.1975: Wheeler 1977;

Schaber 1992), coccinellids (Rogers et al.I972;Neuenschwander et al.I975; Wheeler

1977;Frazer et aI. 1981a,1981å; Schaber 1992; Elliott et a\,2000). nabids (Knowlton

1949; Clancy and Pierce 1966; Perkins and Watson 1972; Wheeler 1977;Tarnaki et al.

1978; Schaber 1992) and carabids (Scheller 1984) are reported to consume insect pests

including aphids and Lygus bugs. However, there is little information on the effects of

these predatory insects on populations of the most common pests, Lygus spp.,l.

lineolatus, and A. pisum in alfalfa fields in the Canadian Prairie Provinces. For a holistic

pest management scheme to be successful and sustainable, it is essential that it capitalizes

on the roles of commonly occurring predators as mortality factors for populations of

specific insect pests or the pest complex as a whole. The present study examined whether

the commonly occurring predator insects have any effect on populations of the common
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pest insects, Lygus spp.,l. lineolatus and A. pisum, on alfalfa plants in freld and

laboratory cages.

Materials and Methods

The effects of larval C. carnea, adult and larval C. septempunctata, adult N.

alÍernatus and adult P. melanari¿¿s on populations of Lygus spp., /. lineolatus and A.

pinm were investigated in field and laboratory cages. The field-cage study was

conducted in a hay field near Arborg, Manitoba (Latitude 50o 56' N; Longifude 97o 5' W).

A 15 x 20 m strip of alfalfa was marked, where the study was conducted on plants that

were left uncut and caged until completion of the study.

In 2000 and 2001, field-cage trials were used to assess whether the guild of

predators typical in alfalfa frelds in Manitoba influences populations of the three major

pest species. Population change of each of the pest species was assessed in the presence

and absence of a mixed-species group of predators. All trials took place in I (width) x I

(length) x 1.2 (height) m field cages constructed of nitex monofilament screen (24

meshes/cm) supported at each vertical corner by conduit pipe (2 cm diameter), At the

base, the mesh of the cage was reinforced by metal plates which were buried in the soil to

a depth of 6 cm. Coarse sand was poured around the plates to seal any gaps through

which insects could move in and out of the cages. Access to the cage was provided by a

zipper in one side of the cage. In a cage, there were 18-21 alfalfa plants with plant

heights ranging from 60 to 80 cm. On the day of cage deployment, and again a week

later, caged plants were sprayed with synergized pyrethrins (allethrin 0.1760/0,

tetranrethrin0.\gYo,piperonyl butoxide 1.25%) using an aerosol spray can. The week
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following the second insecticide spray, caged plants were sprayed with the fungicide

benomyl 50% WP (5 ml per 2 I water). About 2448 hours after the fungicide spray, the

treatments were applied.

In 2000, the trial was conducted using Lygus spp. and A. pisum. There were five

treatrrrents: no insects, Lygus bugs alone , Lygus bugs with predators, A. pisum alone, and

A. pisum with predators. Treatments were applied in four replicate blocks. Thirty nymphs

of tliird and fourth instar Lygus bugs were released in each cage for treatments containing

Lygtts spp. Two hundred aphid individuals, mostly older nymphs and adults, were

released in each cage for treatments containing A. pisum. At least six hours after releasing

the pest insects into cages, the guilds of predators collected from alfalfa fields were

introduced. A guild of predators released into each predator treatment cage consisted of

eiglrt C. cernea second or third instar larvae, 12 C. septempunctato adults, eight N.

ahernatus adults, and six P. melanarius adults. Pterostichus melanarius adults were

collected in dry pitfall traps. All other insects were collected by sweeping alfalfa fields.

Only were undamaged insects introduced into cages. All introductions were made on 7

July. Leafcutting bees were maintained in each cage so that pollination could occur. Bees

were reared from cocoons in the laboratory (Richards 1989) and 15-20 adults, mostly

females, were released in each cage every second week from cage erection until mid-

August. Before the first introduction, a nesting site was provided in each cage for the

leafcutting bees. A laminated grooved (25 mm) polystyrene block, which is commercially

available for constructing leafcutter beehives, w¿rs used to make the nesting site. A

nesting site comprised l7 (length) x 15 (width) x 7.5 (heighÐ cm of the polystyrene

block, to the back of which a plywood sheet was glued. The block was then tied at alfalfa
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plant height with a wooden stick that was standing inside the cage. The nesting site faced

sontheast, and was protected from rain by a roof made of thin iron sheet.

One month after introducing insects into the cages (7 August), data on insects

were collected from cages in two of the replicate blocks. To do so, without removing

cages, plants in cages were cut 6-8 cm above the ground and immediately put into large

plastic garbage bags {25 (height) x 90 (width) cm. About half an hour later, the numbers

of insects on the cage-floor, on plant remnants, and inside cage surfaces were recorded. A

pitfall trap was sunk in each cage and operated for one week. In the laboratory, insects in

the bags were counted. Until yield assessment, insects in cages in the remaining two

blocks were left undisturbed and the caged plants were allowed to grow to seed maturity

and the seeds were harvested on 12 September to provide yield data. Percent healthy seed

was determined and the amount of seed was measured as the weight (g) of dry seeds.

In 2001, the trial was repeated using Lygus spp. and A. lineolatus bugs. There

were four treatments: Lygus bugs alone , Lygus bugs with predators, A. lineolatus alone

and A. lineolatus with predators. As before, there were four replications for each

treatment, but an additional eight cages were erected in the four blocks to gather

additional data on the effect of Lygus bug treatments on yield. Lygus bug and predator

introductions were as described for 2000. Intreatments containingA. lineolalus,30 third

and fourth instar A. lineolatøs nymphs were introduced into each cage. The guilds of

preclators were introduced into assigned cages as explained previously. These

introductions took place on 17 July, 2001. Alfalfa leafcutting bees were introduced into

the cages every week. Four weeks after introducing insects into the cages (14 August,

2001), data on insects were collected as described for 2000 from 16 of the 24 cages
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leaving the additional eight cages undisturbed. Until yield assessment, insects in the

remaining eight cages were left undisturbed, and plants were allowed to grow to seed

maturity. As described for 2000, data on yield were collected in mid-September from

these cages.

For the laboratory-cage study, one prey type was offered to one predator type on a

small. caged alfalfa shoot in order to investigate the predatory capabilities of individual

species of predators. Five predator types, third-instar larvae of C. carnea, adults of C.

seplentpunctata, third-instar larvae of C. septempunctata, adults of N. alternatus, and

adults of P. melanarius were assessed against three pest types: nymphs of Lygus spp.,

nynrphs of A. lineolatus, and adults of A. pisum. An additional set of control treatments

had pests but no predators. The resulting 18 combinations of treatments were replicated

four times in 2001 .In2002, the control treatment for Lygus spp. and A. lineolanrs bugs

was excluded due to unavailability of specimens, and the remaining treatment

combinations were replicated two to six times depending on insect availability. All of the

insects except A. pisum were collected by sweeping in alfalfa fields. The insects were

sorted by taxon in 250 ml opaque polyethylene containers { 10 (diameter) x 4.5 (height)

cm honey containers), each containing one or nryo 10 cm alfalfa shoots and sealed with a

perforated lid. Insects in containers were transferred to the laboratory in a picnic cooler.

Insects in the laboratory were kept at 5oC for 24 h before use in trials the next day.

Acyrthosiphon pisum were from a laboratory colony, and reproductive adults 2-3 days

after their final moult were used.

A cage containing an alfalfa shoot potted in a plastic cup was used as an

experimental unit. A 15 cm long freld-collected fresh alfalfa shoot was inserted into a25

269



rnl plastic vial full of water. The mouth of the vial was closed with paper towel strips

rolled around the alfalfa stem. The vial with the shoot was placed centrally in a 11

(height) x 9 (diameter) cm plastic beer cup to which Metromix@ plant growth medium

was added until about I cm of alfalfa shoot was above the surface of the medium in the

cup. Water was then sprayed in the cup to moisten and compress the Metromix@. For

trials with A. pisum,l0 aphid individuals were placed on the alfalfa shoot with forceps

and the shoot rvas immediately covered by a perforated2l x 15 cm polyethylene freezer

bag. which was attached to the top rim of the beer cup with transparent adhesive tape.

Two hours after placing aphids on alfalfa shoot, a small slit was cut in the freezer bag and

one individual of the assigned predator was introduced in the cage. The slit was sealed

witlr transparent adhesive tape. For trials with Lygus spp. and A. líneolatus, through a slit

in the îreezer bag three third to fourth instar nymphs of a taxon were released in each of

the cages assigned to the treatment. Two hours after the prey introductions, one

individual of the assigned predator was introduced in the cage. No predator was released

in the units assigned to the control treatment. Once set up, cages were placed in an

environment chamber at24 t 2oC and 70 t 5 %á rclative humidity with a light regime of

l6:8 L:D. Cages were checked every 24hfor four days and numbers of insects, including

aphid nymphs, were recorded. Dead individuals were examined microscopically to

detennine whether the death was caused by predator attack'

All data were subject to analysis of variance using Systat 10 (SPSS 2000). When

necessary, a logarithmic or arcsine transformation was used to stabilize the variance. For

data from the trial in field cages, General Linear Model analysis of variance was

performed to determine the effects of predator introduction on insect pests and seed yield
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inside cages regardless of pest species introduction. The t-test was used to determine any

effects that predators had on pest insects in cages into which respective pests were

introduced. Similarly, to determine whether the introduced predators were successfully

established and retained in the cages, a one-tailed t-test was used regardless of insect pest

introduction in cages with or without predator introduction. For data from the trials

conducted in the laboratory, repeated measure analysis of variance was performed. In the

laboratory trial in 2002, there were instances in which some predators escaped from cages

witlr l. lineolatus. Data from these cages were excluded from the analysis. A one-tailed t-

test was used to examine whether the introduction of predators into cages resulted in

greater mortality of corresponding prey species. Then, data from control (no predator)

cages were excluded, and those from cages including predators were analyzed. Tukey's

test was used to separate treatment means. An alpha level of 0.05 was used for

experiment-wise level of significance. In the preliminary analyses, no significant effect of

years was found on predation in the laboratory cage studies. Therefore, pooled results of

the two-year laboratory studies were presented.

Results

In field cages in 2000, the introduction of the predators with nymphs of Zygzs bug

did not significantly reduce adults and nymphs of Lygus bug (Table 3.4.1). However, the

nunrbers of Lygas adults and nymphs in the presence of predators were considerably

lower than in their absence: about 42% and 65Yo, respectively of their numbers in

absence ofpredators. In 2001, the predators in field cages significantly reduced the

nunrber of Lygus bug nymphs. The predators reduccd, although not significantly, Lygus

bug adults to 55o/o of the number in their absence (Table 3.4.2).
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Predators significantly reduced the number of A. pisum in cages: the number of l.

pisunt was significantly fewer in the presence of the predator guild than in its absence

(Table 3.4.i). The cages into which no A. pisum were released had a level of infestation

similar to that of the cages into which predators were introduced with A. pisum (Table

3.4.1).

Like for the case ofcaged Lygus bugs in 2001, the predators did not cause a

significant reduction of the number of A. lineolar¿¿s adults, but they reduced the number

of A. lineolalars nymphs (Table 3.4.2).

At the end of the trials in both years, there were significantly higher numbers of

predators present in cages in which predators were released than in cages in which no

predators were released (Tables 3.4.1 and 3.4.2).In cages in which predators were

released, up to 94, 50, 30 and 43% of the numbers of released C. carnea, C.

septenxpunctata, N. alternatus and P. melanarius, respectively, were captured at the end

of the trials. However, no N. alternatus were captured at the end of the trials in 2000. In

this year, cages into which predators were released had more than four times the number

of predators in cages into which no predators were released (Table 3.4.1).

Introduction of the predators with Lygus bugs produced mixed results for seed

yield, as the amount of seed production was significantly higher with predators in 2000

trials only, and a greater, though not significantly so, percentage of these seeds was

healtlry (Table 3.4.3).In other cases, the introduction of predators did not result in either

a significant difference in seed production, or a significant increase in the production of

healthy seeds (Table 3.4.3).



In laboratory trials, there was no mortality of Lygus nymphs in the absence of

preclators (Table 3.4.4).lntroduction of predators did not result in signifìcant mortality of

Lygus nymphs one day after the introduction (Fr,¿o :2.73; ns). However, compared with

the control treatment, predators inflicted significant mortality of Lygus nymphs two (F¡,a6

= 4.36; P < 0.05), ttree (Fr,¿o = 6.82) P < 0.05) and four (Fr,¿o: 24.59;P < 0.01) days

after the introduction. When data from control (no predators) cages were excluded,

different predators caused marginally different mortality of Lygus nymphs (Table 3.4.4):

N. alÍernatus inflicted the greatest mortality followed by P. melanarius, coccinellid

adults, chrysopid larvae, and coccinellid larvae (Table 3.4.4). There was a significant

progression of Lygus nymph consumption by the predators over the four days (F¡,rzo :

67.78; P < 0.01). The average consumption was l4Yo anthe first day, and almost doubled

and quadrupled on the second and fourth days of exposure, respectively. There was no

signifìcant interaction between the predator species and days the prey species were

exposed to predators (Frz,lzo : 1.35; ns). In the first three days, the patterns of

consumption by most predators were similar. However, on the fourth day, the total

consumption by adult C. septempunctata and.À{ alternatus increased more compared

witlr the other predators (Fig. 3.4.1).

In the case of l. Iineolatus nymphs, although there was occasional mortality of

the pest in the absence of predators, the mortality was significantly greater in the

presence of predators (Table 3.4.4).Introduction of predators did not result in significant

moltality of A. lineolatus nymphs one day after the introduction (F¡¡¡ : 1.31; ns).

However, compared with the control treatment, predators inflicted significant mortality of

A. lineolatus nymphs two (Fl,¡l : 6.24; P < 0.05), three (Fr,¡r :7.52; P < 0.05) and four
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(Fr,¡r = 12.66; P < 0.01) days after the introduction. When data only from predator-

included treatments were considered, different predators inflicted statistically similar

levels of mortality of A. lineolatus nymphs (Table 3.4.4). However, adults of P.

melqnaríus and N. alternatus inflicted double the mortality that chrysopid larvae did

(Table 3.4.4). There was a significant progression of host consumption by the predators

over the four days (Ftpt:47.44; P < 0.01): average consumption almost doubled every

day (Fig. 3.4.2). There was no significant interaction between the predator species and

days the preys were exposed to predators (Frz,s¡ :7.71; ns). In the first day, consumption

by the predators was <20Yo of the available number of preys, and the consumption

incleased over the four days (Fig.3.a.Ð.

There was marginal mortality of A. pisum adults in the absence of predators

(Table 3.4.4). Mortality of A. pisurn adults was significantly higher than the control in all

treatments with predatory insects (Fr.s¿ :110.82; 21092;321.74; and 359.13; P < 0.01 in

all cases, one, two, three, and four days after introduction, respectively). When data only

froni predator included treatments were considered, different predators inflicted

signifìcantly different levels of prey mortality (Table 3.4.4). Both adult and larval C.

seplenlpunctata consvmed all of the A. pisum prey adults available. The consumption of

A. pisum adults by larval C. carnea was less than I 00%, but did not signifrcantly differ

fronr that of the other tested predators. Acyrthosiphon pisum adult consumption by //.

ahernatus and P. melanarius was less than that by adult and larval C. septempunctata,

althongh. P. melanarizs adults consumed the fewest A. pisum adults (Table 3.4.4). There

was signifrcant progression of prey consumption by the predator insects over days (F3xz

= 55.85; P < 0.01), and a significant interaction of predator species with days (Fntsz=
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1.85; P < 0.05). Coccinella septempunctata adulfs and larvae consumed over 85o/o of A.

pistrm adults in the first day. The remaining predators consumed most A. pisum adults by

the second day, when consumption by N. alternatus and P. melanarius increased sharply

(Fig. 3.4.3). In cages with larval and adult C. septempunctata, no newborn aphids were

found. In the presence of the remaining predator types, the mean numbers of newborn

aphids was36-57Yo of that in the control cages (Fig. 3.a.a).

Discussion

At the end of the field trials, there were more predators present in cages in which

predators were released than in those where no predators were released. Similarly, more

Lygus, A. lineolatus 0r.4. pisum were present in cages into which they were ¡eleased. The

results indicate that the integrity of cages was successfully maintained and the released

insects were adequately contained in cages. Therefore, it is unlikely that results were

signifìcantly biased due to migration of predators and pests in or out.

The failure of predators in field cages to significantly reduce the number of Lygus

and A. lineolatus adults is probably attributable to the size of potential prey insects. The

size of prey items influences the extent of predation (Price 1997 , and references therein).

Altliough larger prey can be easily detected, successful predation depends on the ease

with which the prey can be captured and subdued (Cogni et a\.2002). Perkins and

Watson (1972) found that the consumption of Lygus hesperus nymphs by N. alternatus

diminished with increasing age and size of the nymphs. Older nymphs of Lygus and A.

lineolstus were used in the present study, and they would have reached adulthood within

a few days of their release (Sorensen 1939; Khattat and Stewart 1977). The optimum
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ternperature regime for the fourth instar nymphs of L. lineolarfs is 24-28oC, and at that

temperature a fourth instar nymph reaches adulthood in 7-B days (Khattat and Stewart

1977). During the time the present experiment was conducted, the average temperature

was near l8-20'C (Appendix I), and at a temperature regime of 16-20oC a fourth instar

nyniph of Lygus lineolaris can reach adulthood in less than 15 days (Khattat and Stewart

1917). Once nymphs reached adulthood, they were likely to be less vulnerable to

predation (Clancy and Pierce 1966), probably due to enhanced mobilìty and defensive

behaviour of adult prey. Pterostichus melanarius adults are also size-dependent predators

(Hagley et al. 1982).

The presence of predators in field cages reduced the numbers of nymphs of Lygus

attd A. lineolatus by Z36Yo, and this indicates the effectiveness of predators on younger

individuals. The nymphs that were present at the time of data collection were late instars

and were probabty not the result of introductions but instead developed from eggs that

\¡iere present at the time the insecticide was applied in the cages. In the present study,

data were collected one month after Lygus and Adelphocoris were released as late instar

nynrphs. Offsprings of the newly emerged Lygus adults take about four and five weeks to

reacli fourth instar at 20 and 24"C, respectively (Khattat and Stewart 1977), and a new

adult of l. lineolatus requires more than five weeks to produce fourth instar nymphs at

about 22'C (Hughes 1943). Therefore, there was insufficient time for late-instar nymphs

to develop as offsprings of the released nymphs. Results in the present study suggest that

the predators are more efficient consumers of young nymphs than of older nymphs and

adults, as was stated by Clancy and Pierce (1966). Note that although the numbers of

L¡tgus nymphs released in field cages were the same in both 2000 and 2001, the number
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of Lygus adults captured during data collection was much lower in 2000 and than in

2001. The reason for this difference is unclear. During the time when the study was

conducted, it was cooler in 2000 than in 2001 (Appendix I), which probably slowed down

nynrphal development (Khattat and Stewart 1977) allowing more time, for predators to

prey on nymphs in 2000. Although, temperature reduction may affect the predation, the

effect was probably overcompensated by longer availability of nymphs as preys. In

addition, field-collected predators were used in these studies, and the physiological

conditions of predators used in 2000 were likely to differ from those in 2001. At the end

of the trial, comparatively more predators were present in both control and predator

introduced cages in 2000 (Table 3.4.1) thanthose in 2001 (Table 3.4.2). All these might

have contributed to the result.

Results of the laboratory trials suggest that among the species tested, N. alternatus

was the most effective Lygus bug predator, and this is consistent with previous reports

with.¡/øåis spp. (Knowlton1949; Clancy and Pierce 1966; Perkins and Watson 1972;

Tanraki et a|.1978).

Pterostichus melanarias and N. alternatil.ç appeared as the most voracious

predators of A. lineolatus nymphs. In an observational field study, Wheeler (1977) found

Nabis spp. to consume A. lineolatus nymphs, Pterostichus melanarius is a polyphagous

predator and can reduce numbers of pests in field crops (Coaker and Williams 1963;

Johnson and Cameron 1969; Plotkin 1981; Wallinet al.l992; Wallin and Ekbom 1994\.

The behaviour of insects is influenced by their habitats (Tukahirwa and Coaker 1982;

Fournier and Loreau 2001). In the present laboratory trials, predators were in a simple

habitat with no prey choice, so the results do not necessarily represent the effects of these
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predators in complex natural habitats in which a variety of predator and prey species co-

occLrr.

The tested predators also significantly reduced the populations ofl. pisum in field

cages. Cages in which no A. písum were released also had some A. pisum (Table 3.4.1).

However, as indicated by the large value of the standard error, most A. pisum individuals

in cages in which they were not released were found in one cage. Thes e A. pisum

individuals probably represented colonies developed from a few fortuitous survivors of

insecticide sprays. In general, the presence of predators reduced A. pisum numbers, and

this is consistent with previous observations (Taylor 1949; Cooke 1963; Smith and Hagen

1966;Neuenschwander et al.1975;Frazer and Gilbert 1976; Baumgaertner et at.l98l;

Frazer et al. l98lb; Chambers et al. 1983; Messina et al. 1997). In a different part of this

study (Chapter 3.2), numbers of predaceous insects were found to be correlated with

population growth of A. pisum in alfalfa fields. Results in the laboratory trials further

complement those from the f,reld cages. In the laboratory, both adult and larval C.

seplempunctata, and larval C. carnea were voracious feeders on aphids. Some

researchers contend that green lacewing larvae are usually voracious predators of aphids

(Canard and Duelli 1984; Messina et al. 1997; Canard 2001). Neuenschwander et al.

(1975), on the other hand, documented through laboratory cage trials that larval

chrysopids are less voracious than larval and adult coccinellids.

Except on one occasion, the presence of predators did not result in a significant

effèct on the total amount of seed production, or the percentage of healthy seeds. This

may be attributable to the late time and short duration of the exposure of plants to the

insects. Published reports suggest that late season population of mirids have little
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influence on seed alfalfa yield (Charnetski 1983a, 1983å). Caging one A. lineolatus with

two alfalfa stems from late July until seed harvest, Soroka and Munell (1993) also did

not find significant yield reduction, although they found seed production to be reduced at

higher pest populations. Furthermore, the difference in the number of the insects,

particularly of Lygus and A. lineolatus caused by the predators may not have been great

enough to cause a significant effect on yield and yield associated attributes. Exposing

plants to pest insects from relatively early in the season and for a longer duration might

have produced more effect on yield. Nevertheless, the introduction of predators with

Lygus bugs promoted 30-79 k/ha more seeds, which indicates economically significant

benefits of predator presence.

The present field studies showed that predators can reduce numbers of Zygas spp.,

A. lineolatus and l. pisum, which are the major damaging insects in alfalfa fields, and the

laboratory trials indicated that some of these predators were more effective than the

others in reducing the numbers of specific insect pests, which is not surprising (Banks

1999).In natural habitats, there may be competition, predation and interference among

co-existing predators (Phoofolo and Obrycki 1998). However, an assemblage of multi-

species predators that work in different strata within the plant canopy in the field can

reduce pest populations further than a single species, as the effects of multiple predators

on pest populations are usually additive (Chang 1996). For example, predator activities

on plants may provoke an escape response in which aphids fall to the ground (McAllister

and Roitbergl9ST: Losey and Denno 1998), where they become available to epigaeic

predators. Carabid beetles are mostly active on the ground, and many pest insects

including Lygus spp. overwinter under leaf litter. Pests overwintering under leaf litter
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may be preyed upon by the ground-active predatory carabid beetles. However, the extent

of such predation and the resulting effects on overall pest populations remain unclear.

Altlrough carabid beetles are active in relatively colder conditions (Holland 2002), they

also overwinter, suggesting that predation on overwintering pest insects might not be that

great' Sunderland (2002) reviewed the roles of carabid beetles on pest populations in crop

flrelds, and concluded that carabids alone seldom inflict significant mortality on pest

populations; however, there has been frequent evidence that carabid beetles in

assemblage with other predators often reduce pest populations greatly. Results of the

present studies provide evidence that the predator guild can play an important role in

reducing populations of insect pests in alfalfa fields.

280



Table 3.4.1. Number (mean * SE) of pests and predator guild in field cages one month afte r their introduction, 2000.

Pest Predators Lygus spp. Acyrthosiphon pisum Predators

No

Lygus spp"

Acyrthosiphon
pisum

Statistics

No
Yes

No
Yes

Adults
2.0 È 1.0

9.5 +2.5 8.5 + 0.5

4.0 r 1.0 5.5 +2.5

N
I 1.5 + 5.5

Fz3:5.64; ns FzJ:0.83; ns
(Ft.z:5.37; ns) (Ft,z:1.24; ns)

m

ìJ
cro

470.5 + 161.5

2821.0 + 261.5 a

201.5 + 82.5 b

FzJ:17.84;P<0.05
(Ft.z:37.59; P < 0.05)

5.0 + 4.0

2.5 * 0.5
19.5 + 10.5

3.5 +2.5
1 1.5 + 4.5

Fr,8: 12.92; P < 0.01 (overall)
FzJ:2.91; ns (Lygus)

(Fr,¿ : 7.17; P = 0.05) (Lyçus)
FzJ:1.61; ns (A. pisum)



'fable 3.4.2. Number (mean + SE) of pests and predator guild in lield cages four rvceks after their introduction, 2001.

Pest

Lygus spp. No
Yes

Adelphocoris No
Iineolatus Yes

Predators

Adults Statistics Nvm
43.8 + 17 .4 F¡,6 : 1.08; 7 .3 + 3.3 Ft.ø: 13.16;
24.3 + 6.9 ns 1.3 + 0.5 P = 0.01

22.8+.6.5 Fr,o=0.31; 4.0+ 1.4 F1.6:8.94;
18.0+5.5 ns 0 P<0.05

Lygus spp. or Adelphocoris lineolalus
hs Statistics

ì..J

l.J

Total
0.8 + 0.5

14.8 +2.2

1.5 + 0.3

13.0 * t.l

Predators

Ft,e = 55.60; When
P < 0.01 considered

together:
Ft,6: 147.32; Ft.t4: 126.18;
p<0.01 P<0.01

Statistics



'fahle 3.4.3. Yield (mean + SE) of alfalfa seeds as influenced by the introduction of predators into field cages, 2000 and 2001.

Treatments

No

Lygus spp.

Predators Seeds

@/^')

0.0s)

Acyrthosiphon No 9.7 * 1.5 F2p:0.67; ns 76.5 +2.5 ,Fz,¡:0.86; ns
pisum Yes 6.0 * 3.5 (Ft,z:0.90; ns) 69.5 + 0.5 (Ft,z:7.54; ns)

No

No
Yes

Statistics in parentheses corresponding to pest species resulted from the analysis of data excluding cages that received no pest or
predators.

6.5 + 1.7

4.3 +0.9
12.2+ t.3

Statistics

F4:9.25;P = 0.05
(Fr,z:24.79;P <

2000
Healthy

seeds (%)

73.0 + 6.0

46.5 + 5.5
62.5 +3.5

tJ
co
L}J

Statistics

F2p = 6.81; ns
(Ft,z:6.02; ns)

Seeds
(d*')

16.0 + 1.8 F¡,6:0.48; ns
18.3 + 2.8

Statistics
200 |

Healthy
seeds (%)

65.5 *3.7 F1.6:0.20;
68.0 * 4.3 ns

Statistics



Table 3.4.4. Percent mortality (mean * SE) of different insect pests four days after exposure to predators in the laboratory.

Predators

No (control)

Chrys op e rla c arne a larv a

C o c c ine ll a s ept e mpunc t at a adult

C o c c i ne ll a s ept empunc t at a larv a

Nabis alternatus adult

P t er o s t ichus mel anar ius adult

Lygus spp. Statistics

Means within columns and among predator species marked with the same letter were not significantly different (Tukey's test at

experiment-wise alpha < 0.05).
Válues in parenther"r r"pr"r"nt the total number of replication from which corresponding mean and SE were calculated.

Statistics in parenther", i"pr"r"nt data from predator-included treatments only (data from the control treatment were excluded).

0
(4)

5g+ 12ub
(8)

5g+gub
(8)

4l +7b
(e)

88+9u
(8)

67 * r}uo

Fs,qo= 4.16;
P < 0.01

(Fa,qo:2.60;
P = 0.05)

rl.J
')oÞ

Adelphocoris

lineolatus

lnsect pests

8+8
(4)

40+ 13

(s)
50+11

(8)
58+12

(8)
79+10

(8)
83+10

Statistics

Fs3¡:3.40;
P < 0.05

(Fa,3¡ : 1.59;
ns)

Acyrthosiphon

pìsum adults

1+1
(10)

89+5ub
(10)

100+0u
(10)

100+0u
(10)

g3+5b
(10) 

.

79+50

Statistics

Fs,5q:84.02;
P < 0.01

(F¿,s¿: 84.02;
P < 0.01)



Fig. 3.4.1 Consumptionof Lygus bugs by different species of predaceous insects in

Iaboratory cages.
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Fig. 3.4.2 Consumpti on of Adelphocoris lineolatus bugs by different species of

predaceous insects in laboratory cages.
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Fig. 3.4.3 Consumpti on of Acyrthosiphon p¡stz adults by different species of predaceous

insects in laboratory cages.
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Fig. 3 .4.4 Mean number (+ SE) of newborn A. pisum in laboratory cages four days after

introduction of predators.
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CHAPTER.3.5

Response of insect natural enemies to nepetalactone in fields of alfalfa in the

Canadian Prairies

1Õ1/-7J



Abstract

The response of insect pests and their natural enemies to nepetalactone, a

component of aphid sex pheromone, was examined in fields of alfalfa, Medicago sativa

Linnaeus (Leguminosae), in Manitoba. Two treatments, control and nepetalactone, were

applied in a nested split plot design, in which the distance of treatment application from

the field margin was the sub-plot factor. Males of the lacewing, Chrysopa oculata Say

(Neuroutera: Chrysopidae), were consistently attracted to the compound, but the response

of the aphid parasitoid, Aphidius ervi Haliday (Hymenoptera: Aphidiidae), was not

consistent. The presence of host plants modified the pattern of lacewings' response to the

cornpound across the field: lacewings did not penetrate 50 m or further deep in the field

until regrown plants regrew considerably. The attraction of natural enemies did not result

in significant reduction of pest populations in fields of alfalfa, although there was a

consistent but nonsignificant reduction in numbers of pea aphids, Acyrthosíphon pisum

(Harris). Placement of lures more effectively in terms of the time of placement, doses of

lures and the techniques of lure placement may improve the results.
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Xntroduction

Alfalfa, Medicago sativa Linnaeus (Leguminosae), is an important forage crop,

which is grown for hay and seed production in Canada. Fields of alfalfa for hay

prodr-rction are frequently grown next to seed fields of the same crop. The crop has a

perennial growth habit and complex plant structure, which favour diverse assemblages of

insect pests and their natural enemies (Summers 1998). Insects causing major damage to

alfalfa in the Canadian Prairies include Lygus bugs, Lygus spp., alfalfa plant bug,

Adelphocorts lineolatas (Goeze) (Hemiptera: Miridae) and pea aphid, Acyrthosiphon

pisunt (Harris) (Homoptera: Aphididae) (Harper 1978,1988; Schaber and Entz 1988;

Soroka and Munell 1993; Timlick et al.1993). In Manitoba these insect pests cause

economic damage to alfalfa grown for seed but not to that for hay, probably because the

economics of the crop types differ and because mowing removes insect pests from the

hay field (Khattat and Stewart 1980; Schaber et al.l990å). Mowing may also displace

natural enemies from the mown field (Harper et al.l990; Shcaber et al.1990b).

Attraction of these displaced natural enemies into adjacent seed fields would be expected

to increase natural suppression of insect pests. Nepetalactone, which is a component of

aplrid sex attractant pheromones (Dawson et al. 1988), might be useful in attracting the

displaced natural enemies. Nepetalactone has been shown to attract aphid parasitoids and

lacewings in Europe and Korea (Abdel-Kareim and Kozátr 1988; Dawson et al.1988;

1990; Hardie et al. 1991,1993,1994; GabryÉ et al.1997; Boo ef al.1998).

In this paper, responses of insects to nepetalactone were ex¿unined in fields of

alfalfa in order to determine whether the compound can be used to attract natural enemies

and augment natural biological control in seed fìelds. Large- and small-scale trials were



conducted in the context of commercial alfalfa production in Manitoba, whereas the

previous work has been done on relatively small-scale in cereals, crucifers, orchards and

woodlands (Hardie et al.1994; Gabry$ et al.1997; Boo ef a|.1998) in Europe and Asia.

Materials and Methods

Large- and small-scale field trials were conducted during the summers of 2000

and 2001. The large-scale trials were conducted in two alfalfa seed fields in each year

and in one alfalfa hay field in 2001. The small-scale trial was conducted in an alfalfa seed

field in 2001.

Large-scale trials in seed fields

Field set up and nepetalactone release. The study was conducted at two locations in

Manitoba, Arborg (Latitude 50o 56' N; Longitude 97o 5' W) and Riverton (Latitude 50"

59'N; Longitude 96" 59'W). The fields were more or less square and ranged from 18 to

44ha. At each location, the selected seed flield shared a coÍtmon margin with a hay field'

In accordance with normal production practice, the seed field was sprayed with

insecticide in late June. A week after spraying, the seed field was divided into four strata

that were perpendicular to the shared margin and two treatments, control and

nepetalactone, were applied to the strata alternately (Fig. 3'5.1). A 40 x 7 mm (l x w)

piece of 3 mm thick plastic strip impregnated with nepetalactone was used as a dispenser'

In the nepetalactone strata, three 5 x 5 m plots were established with their closest edges at

5, 50, and 95 m from the shared margin. In each plot five lures were placed at the height

of 1-2 cm above the top of the plant canopy, one on each corner and one in the middle.

Imnediately after lure placement, the adjacent hay field was mo\ryn,
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Insect sampling. The frelds were sampled once a week. In 2000 and 2001 water trap

sarnples were taken for three weeks after lure deployment. A water trap consisted of a 16

x l6 x 5 cm (l x w x d) transparent polyethylene dish three quarters filled with saturated

salt solution. The traps were placed below the middle lure of each nepetalactone plot so

that the lure was suspended centrally above the water surface. One drop of liquid soap

was added to each 4 I of salt solution. Water traps without lures were placed in

conesponding positions in the control strata. At weekly intervals. traps were emptied, and

the salt solution was replaced with fresh solution. In addition to these water trap samples,

sweep net samples, each of 15 sweeps, were taken each week from lure deployment until

the end of August. Sweep net samples were taken along lines parallel to the shared field

margin outward from the nepetalactone plots and corresponding plots in the control

strata. In successive weeks, the side of the plot for sweeping was altemated. Sweep net

samples were also taken at l0 and 20 m from the nepetalactone plots and at

corresponding positions in the control strata (Fig. 3.5.1). Preliminary analyses showed

that distance to the plot did not significantly affect insect catch. Therefore, sweep net data

recorded at 10 and 20 m intervals were pooled with data from their adjacent plots. In

2001 vacuum samples were also taken at weekly intervals for three weeks. Vacuum

samples were taken covering the entire 5 x 5 m area in nepetalactone plots and in

conesponding plots in the control strata.

Data were transformed {lo9¡6 CX+l)} when needed and repeated measures split

plot analysis of variance was performed. After preliminary analysis of each field

separately, it was determined that a pooled analysis was appropriate. In the pooled

analysis, field and year were considered as components of blocks. Therefore, two blocks
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in two fields in two seasons resulted in a total of eight replicate blocks. Repeated

measllres were weeks. Terms in the among-subject repeated-measures analysis were

nepetalactone treatrnent, replicate blocks, distance to the field margin, and nepetalactone

treatment x distance interaction. Nepetalactone treatment was tested as a main plot effect,

and distance and its interaction as subplot effects. In the within-subject analysis, week

since nepetalactone deployment, and its interactions with all the above were included.

Throughout the study. an ü.level of 0.05 was used. In reporting results, interaction terms

are presented only if they were significant.

Large-scale trial in the hay fïeld

The trial was conducted in a square shaped 24 ha hay field of alfalfa near Arborg,

Manitoba. The field was separated from another alfalfa hay field by an 8 rn wide gravel

road running north-south, on which vehicles ran occasionally. On either side of the road

were ditches, which were usually dry and full of grassy vegetation. The total distance

between the two hay fields was about 20 m. The study field was mown on 12 June 2001.

Ten days after mowing, strata were laid out, and lures and water traps were deployed in

the field as described for the seed field trial (Fig. 3.5.1). Sweep net samples, vacuum

samples and water trap samples were taken for three weeks as described for the seed fìeld

trials. In addition, walking from one side to the other of the plots (5 x 5 m), two people

checked alfalfa plants for aphid mummies in nepetalactone treated plots and in

corresponding areas in the control strata and counted the mummies in the third week.

Data were transformed {log1e (X+1)} when required and repeated lneasures split plot

analysis of variance was perfomred as described above.
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Small-scale trial in the seed fÏeld

This triat was conducted in 2001 in a seed field that was separated by a 5 m wide

ditclr from a hay flreld of alfalfa near Teulon (Latitude 50o 25'N; Longitude9T' 15'W),

Manitoba. Treatments were applied on 4 July 2001, a week after the seed field was

sprayed with insecticide. Two treatments, control and nepetalactone, were appliedin a2

x 2 Latin square design with the Latin square replicated twice, and the squares separated

by 50 m. The plot size in the Latin squares was 6 x 6 m, and the plots were separated

from each other by 6 m. The closest plots to the field margin were 5 m from it.

Nepetalactone lures were placed in the central I x I m areas of plots assigned to the

nepetalactone treatment. Placement of lures and water traps in the 1x1 m areas was as

described for large-scale trials. The plots were sampled as before by taking water trap

sarnples, vacuum samples, and sweep net samples once a week for th¡ee weeks. Aphid

muurmies were counted in each plot in the third week after nepetalactone deployment.

Data were transformed (lo9¡6 (X+l))when needed and analyzed as a modif,red Latin

square repeated measures analysis; because between squares and columns effects were

never significant, these were pooled with enor (Sokal and Rohlf 1995) to increase

anal¡ical sensitivity.

Results

Large-scale trials in seed fÏelds

Water traps in nepetalactone treated strata caught significantly more lacewing

adults than those in the control strata (Table 3.5.1). The lacewings were males of

Chrysopq oculutu Say (Neuroptera: Chrysopidae). Lacerving captures did not differ

across weeks, though catches in the third week were considerably higher than preceding
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weeks. In the nepetalactone-treated strata, distance of traps from the freld margin did not

influence lacewing captures (Table 3.5.2).

Despite being attracted to nepetalactone, the number of lacewing adults collected

by sweep net from the nepetalactone-treated strata did not differ from that in the control

strata (Table 3.5.1). The lacewings collected in sweep-net samples in the trials in 2000

were not identified to species, but in 2001 both sexes of the lacewings, C. oculata and

Chrytsspst¡a carnea (Stephens), were found, and 55 and 62% of these adults were

females, respectively. Of the two species, C. carnea was the dominant species

representingTg% of the total adults, while C. oculata constituted 21% of adult

chrysopids in sweep net samples. The number of lacewing larvae in nepetalactone treated

strata was 20%higher (8-39% in individual fields) than in the control strata, although

this difference was not significant. Distance to the field margin did not influence adult

and larval lacewing catches (Tabte 3.5.2) nor did week since nepetalactone deployment.

There were occasional captures of the aphid parasitoid Aphidius ervi Haliday

(Hymenoptera: Aphidiidae) in water traps, and in sweep net and vacuum samples. No

Praon spp. individuals were found in water traps, however they appeared in low numbers

in other samples. Neither nepetalactone treatment, nor the distance from the field margin

procluced any significant effect on the numbers of A. ervi and Praon spp. captured

(Tables 3.5.1 and 3.5.2), except that catches of l. ervi in vacuum samples were

marginally greater in nepetalactone-treated plots (Table 3'5.1)'

Coccinellid adults and larvae were usually found in sweep net samples in the seed

fields. The larvae were not identified to species; but adults were mostly Coccinella

septempunctøta (Liwraeus) (Coleoptera: Coccinellidae). There was no effect of
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nepetalactone or of the distance to the field margin on larval and adult ladybird beetle

catches. Numbers of adult and larval coccinellids were low, and for simplicity, they are

pooled in Tables 3.5.1 and 3.5.2.

There were also low numbers of the damsel bug, Nabis alternatus (Parshley)

(Hemiptera: Nabidae), caught in sweep net samples in the seed fields. Nepetalactone

deployment did not significantly influence nabid catches (Table 3.5.1). There was

significant effect of the distance from the field margin (Table 3.5.2), although there was

no significant distance x treatment interaction.

Lygus bugs were rarely found in water traps and vacuum samples, but they were

usualiy present in sweep net samples. The species were predominantly L. lineolaris

(Palisot de Beauvois) and L. borealis (Kelton), with the former species dominant in most

sarnples. Neither nepetalactone, nor distance from the field margin significantly

influenced Lygus bug catches (Tables 3.5.1 and 3.5.2). Numbers of A. Iineolafas- which

were found occasionally in water traps and vacuum samples, but regularly in sweep net

samples - were not significantly influenced by nepetalactone deployment (Table 3.5.1).

However, catches of A.lineolatuE weÍe significantly influenced by the distance from field

margin: catches gradually declined with increased distances from the margin (Table

3.5.2). There was no significant treatment x distance interaction for A.lineolatus catches.

The result was similar for A. pisum, except for there being no significant effect of

distance from field margin on A, pisum catches (Tables 3.5.1 and 3.5.2).

Large-scale trial in the hay field

Results from water traps in the hay field trial rvere similar to those in the seed

field trials for chrysopid adults, A. ervi and Praon spp. (Tables 3.5.i and3.5.2), except
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fhat catches of chrysopid adults were related to distance fror¡ the field margin. In

nepetalactone strata, no lacewings were captured in traps placed beyond 5 m in the hay

field during the filst two weeks of the trial. In the third week in nepetalactone strata, traps

5 m from tlie field margin captured more lacewings than did those at 50 and 95 m. but

catches at 50 and 95 rn did not differ (Fig. 3.5.2).

In sweep net and vacuum samples, catches of most insects were lower than in the

trials irr seed fields. However, both A. ert,i and Praon spp. were found. For A ervi in

sweep net samples in nepetalactone strata, catches at 5 and 50 m were marginally

significantly greater than at 95 m from the field margin (Table 3.5.2), and there was no

significant effect of week since lure deployment on this trend. Unlike seed field trials,

vacuulll samples from the nepetalactone treated strata in the hay field trial did not contain

more A. ervi than from the control strata (Table 3 .5. I ), although the distance trend in

vacuum samples was similar to that in sweep net samples (Table 3.5.2). Neither

nepetalactone, nor the distance from the margin in nepetalactone treated strata influenced

the number of aphid mummies in the hay field (Tables 3 .5. 1 and 3 .5 .2). However, aphid

mummies were more abundant in plots 5 m from the field margin, and the trend matched

with the general pattern of distribution ofl. ervi infoliage samples (Table 3.5.2).

Small-scale trial in the seed field

The only significant effect was that of nepetalactone treatment on adults of the

chrysopid, C. oculata (Table 3.5.3). In the baited traps, lacewing catches in different

weeks did not differ significantly, however, the numbel increased considerably in the

third week. Individuals of l. ert,i and Praon spp. were rarely caught in these traps. No

individuals of Praon spp. were collected in sweep net samples. The distance trend for l.
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ervi was similar, although not significant, to that in the large-scale trials. The numbers of

Lygus spp. and A. lineolatas in vacuum samples, and in sweep net samples were too low

to be analvzed.

Discussion

There were more C. oculata males in water traps in nepetalactone-treated strata.

ln trials in 2001 , three females of C. oculata were obtained in nepetalactone-baited water

traps, whereas no females of C. oculato were trapped in non-baited water traps. In seed

fields, sweep net samples tended to contain nonsignificantly more of both sexes of C.

oculata and C. carnea in nepetalactone strata. For C. oculata, although females can call,

it is usually males that produce mating calls in the form of substrate-borne vibrations

created by vigorous stereotyped jerking motions of the abdomen. These calls provoke

females to search for mates (Henry 1984). There is little quantified account of distances

over which these calls are effective, though Henry (1984) suggested them to be effective

over short distances. Even if effective over short distances, courtship calls produced by

males attracted to nepetalactone strata could in turn result in increased numbers of

females.

Chrysopids are predominantly generalist predators, and they feed on a variety of

soft-bodied arthropod prey, including aphids (Garland 1985; New 1988).Many aphid

species use the same pheromone compounds (Dawson et al. 1990), which would allow

their use as cues to locate aphid prey (Hoop er et al. 2002). The attraction of chrysopids to

nepetalactone is apparently analogous to that observed for the generalist predator,

Chrysopu cognata Wesmael and aphid parasitoids in the genus Praon (Hardie et al.1991,

1993,1994;Boo et al. 1998). For predators, both males and females need to locate prey,
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whereas for parasitoids, only females need to locate hosts (Boo et al. 1998). Boo et al.

( 1998) examined the attractiveness of nepetalactone to lacewings in both laboratory and

field conditions in Korea. In olfactometer studies in the laboratory, they found attraction

of both male and female C. cognata to nepetalactone. They also found attraction of C.

cognata to nepetalactone-baited water traps in peach orchards, but did not mention the

sex of the trapped lacewings. If both sexes of C. oculata respond to nepetalactone, as is

the case for C. cognata, it is likely that nepetalactone is either an aggregation pheromone

compound for them or is a cue associated with food. For predaceous species, both sexes

use the same prey items, so it is likely that they would respond to the same chemical cues

for food. However, Hooper et aI. (2002) found that nepetalactone and its derivative

compounds elicited responses from both predatory and non-predatory species of

chrysopids, which suggest that the response was not related to food location.

Furthermore, if these compounds were used by chrysopids as cues to locate oviposition

sites, females should be the responsive group. Therefore, the compounds are probably

used by chrysopids as cues related to intraspecific aggregation or copulation. Inespective

of feeding habit, both sexes would be expected to respond to an aggregation pheromone,

although one sex could be responsive to sex-specific aggregation pheromone or sex

attractant pheromone. There is evidence for the existence of pheromones in chrysopids

(Szentkirályi 2001). Results in the present study that C. oculata males were attracted to

nepetalactone suggests that nepetalactone by itself or compounds associated with

nepetalactone is probably involved in male-specific chemical communication among C.

oculata individuals. Chemical communication in different chrysopid species has been

previously found (Boo e/ al. 1998; Hooper et al.2002; Chauhan et al.2004} Chauhan e¡
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ol. (2004) reported that iridodial is a male-specific aggregation pheromone in C. oculata,

and tlie compound has been found as impurities (5-8%) in nepetalactol, which is a

redr.rced product of nepetalactone.

The seed freld trials did not reveal any significant effect of distance of

nepetalactone placement from the field margin, but in hay fields, there were effects of

distance and these changed over time (Fig. 3.5.2). I believe that lacewing adults were

probably not present in the seed and hay fields immediately after the insecticide

application and mowing, respectively. Thus, the difference between the distance

relationships is unlikely to be due to different residual populations. Rather, it is likely that

both nepetalactone and adequate vegetation cover are required to induce lacewings to

enter a field. The alfalfa hay field was mowïl leaving about 10 cm stems but no foliage,

and adequate vegetation cover was apparently not present until the third week of the trial,

whiclr was224-31 days after mowing. The catches at the edge of the hay field during the

first two weeks probably represent lacewing adults making exploratory flights into an

area producing attractant cues but failing to provide suitable habitat. I have evidence for

this only for C. oculata males as females of these species, and both sexes of C. carnea

did not frequently enter water traps and few specimens were collected in foliage samples

in the hay field.

In Manitoba, the pea aphid parasitoid guild comprises predominantly A. ervi

(Matheson 19S8). Glinwood et al. (1999) found that A. ervi responded to nepetalactone in

wind tunnels. I did not find any evidence for the attraction of A. ervi to nepetalactone-

baited water traps. Aphidìus spp. are thought not to be attracted to water traps (Powell,

personal communication). However, vacuum sampling tended to catch more A. ervi in
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nepetalactone strata than in control strata in seed field trials, although, sweep net

sampling failed to reveal any such trend. Vacuum samples were taken from a restricted

area, <3.5 m from the nearest nepetalactone dispenser, whereas sweep net samples were

taken from areas 2.5 to >20 m from the nearest nepetalactone dispensers. If L ervi are

attracted to nepetalactone and aggregate within a shoft distance of the attractant the

observed pattern of sweep net and vacuuln samples would result. Glinwood (1998) found

that aphid sex pheromone compounds increased parasitizationby the generalist

parasitoids Praonvolucre (Haliday) only adjacent to the pheromone dispensers, whereas

the compounds increased parasitization by the specialist parasitoi d A. rhopalosihpi De

Stefani Perez even at distances I m away from dispensers. This suggests that generalist

parasitoids are lnore likely to remain active close to the attractant. Aphidius en,i is a

generalist parasitoid (Glinwood et al. 1999), and hence detection of the attraction in

vacuum samples, but not in sweep net samples is more likely. But in the hay field no such

trend was found, which was probably due to low occurrence of aphid hosts, as in areas

with no or few hosts, parasitoids attracted to aphid sex pheromones may disperse away

quickly in absence of other cues (Glinwood et al. 1999). Until the third week of rhe trial,

aphids were hard to f,rnd in the hay field, but they were commonly found in seed fields, In

the hay fteld, A. ervl numbers in vacuum samples tended to decline as distance from the

field rnargin increased; the trend was numerically similar for both A. ervi in sweep net

and vacuum samples, and aphid mummies. This pattern may be related to the

unsuitability of the newly-mown hay field as a habitat. However, unlike the pattern for C.

oculala, A. ervi penetrated more into the field. An A. ervi female lays up to 600 eggs in

its lifetime (Karnbhampati and Mackauer 1989). Schwörer and Völkl (2001) reporled that
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even when l0 aphids were available in a colony, less than two aphids were parasitized by

anA. ervi female. This suggests that A. ervi females disperse their eggs widely, and the

penetration of A. ervi is probably related to this oviposition behaviour of dispersing their

eggs.

No evidence that nepetalactone attracted aphid parasitoids in the genus Praon was

found. In Europe, P. dorsale Haliday, P. volucre Haliday, P. abjectunr Haliday and

Aphytis myliaspidis (Le Baron) are attracted to nepetalactone (l{ardie et al. 1991,1994;

GabryS et al. 1997). The difference between the present study's results and those from

Europe may be because the parasitoid species are different, or because most of the

present trials were at a much larger spatial scale than the European studies. In Manitoba,

the donrinant Praon that attack pea aphids are P. pequodorurr Viereck and P. occidentale

Baker (Matheson 1988), species for which response to nepetalactone has not been

reported. The present small-scale trial used a spatial scale similar to some European

studies in which Aphidius and Prcton spp, responded to nepetalactone (W. Powell, pers.

comm.). The absence of significant attractionof Praon spp.to nepetalactone in this trial

suggests that scale as the sole cause of these different results can be eliminated.

Arnong other insects, although their nurnbers were not greater in nepetalactone-

treated strata, numbers of N. alternalus and A. lineolatus declined greatly with increased

distances frorn field margins. Tliis could be the result of hay-cutting, which probably

displaced insects causing them to migrate into adjacent seed fields of alfalfa that were

used in this study. Migration of pest and predator species of insects from mown fields

into adjacent seed fields ofalfalfa has been noted previously (Schaber et al.1990b;

Chapter 3.2, this thesis). The detection of such migration is dependent upon the mobility,
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physiological stages of artluopods and host plants, and the time of the season (Hughes

i943; Khattat and Stewart 1980; Schaber et a|.1990b). Adelphocoris lineolat¿¿s is a

relatively less mobile species and they usually move less than 3m at a time (Hughes

1943).ln contrast, Lygns species, which were commonly present in fields, are very

mobile insects capable of penetrating deep into fields in a short span of time (Khattat and

Stewart 1980; Schaber et al.1990b), which probably made the distance effect

inconspicuous for Lygus spp.

The present study indicates that nepetalactone is a potential attractant for insect

natural enemies including predatory chrysopids and aphidiids, which parasitize A. pisunt

on legume crops (Stary 1976;, Kambharnpati and Mackauer 1989). However, pest insects

were not significantly reduced in nepetalactone strata. There was a consistent but not

signifrcant trend of reduction in aphid numbers. Glinwood et al. (1999) concluded that

careful tirning of aphid semiochemical deployment based on knowledge of both pest and

parasitoid local ecology is important. The present study found evidence that deploying

nepetalactone had some benefits and it may be that exploring different methods and times

of lure deployment could increase these benefits.
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Table 3.5.1. Numbers (mean t s.e.) of insects in relation to treatments in large-scale trials in four seed fields and one hay field.

Sam

V/ater trap
(number/
trap/week)

Sweep nel:

(number/15
sweeps)

les Insects

Chrysopid adults

Aphidius ervi
Praon spp-

Chrysopid adults

Chrysopid larvae

Coccinellids
Nabis alternatus
Aphidius ervi
Praon spp-

Lygus spp.

Adelphocoris lineolatus
Acyrthosiphon pisum

Aphidius ervi
Praon spp.

Aqtr¡¡st¡Ohon pisunt

Vacuum samples
(number/¡rlot)

Aphid mummies

Control
0.1 + 0.1

0.1 + 0.0
0

0.2 + 0.1

1.0 r 0.1

t.2+ 0.4
0.4 + 0.1

0.9 + 0.1

0.2 + 0.0
8.2+ t.2

18.0 r 3.2

66.9 + 21.2

0.5 r 0.1

0

Seed fields
Nepeta-
lactone

number/plot

7.8 + 1.6

0.1 + 0.0
0

0.3 + 0.1

t.2+ 0.2

t.2 + Q.4

0.3 r 0.1

0.8 + 0.1

0.1 + 0.0
8.6 r 1.3

t7.I + 2.6
63.6 + 20.1

0.8 + 0.3

0.1 + 0.0

Numbers (means) are average of captures over the weeks.

ns : not significant.
i b"" *"Jing indicates that no records of corresponding insects were kept. Block effect was not significant, so block effect was

pooled with error to increase the sensitivity of the test.

t/)
v)

Ft,t=97.6;P<0.01
Ft,t: 1.34; ns

Ft,7:0.95; ns

FtJ:3.12; ns

FtJ :0.62; ns

Ft,7 : 1.25; ns

FtJ :0.44; ns

FtJ:0.28; ns

Ft.l : 4.26; ns

Ft,t:0.11; ns

Ft,t:0.59; ns

Ft.t -- 5.86; P < 0.10

FtJ:2.95; ns

Statistics Control
0

0.3 + 0.1
0

0

0

0

0

0.8 + 0.3
0

Nepeta-
lactone

Hay field

3.4 !0.9
0.2 + 0.1

0

0

0

0

0

0.6 + 0.1

0.1 r 0.1

Ft.z:60.I; P < 0.05

Ft,z: 1.8; ns

Statistics

0.8 + 0.2 0.8 r 0.3

00

9.j t 1.6 12.8 + 5.0

Ft,z:0.9; ns

Ft,z: I .0; ns

F1,2:0; ns

Ft.z:0.9; ns



Table 3.5.2- Numbers (mean t s.e.) of insects at different distances from the field margin in the nepetalactone treaterl strata in
large-scale trials in four seed füelds and one hay field.

Samples

Water trap
(nurnber/trap
/week)

Sweep net
(nunrber/ I 5

sweeps)

Insects

Chrysopid adults

Apltidius ervi
Praon spp.

Chrysopid adults
Chrysopid larvae
Coccinellids
Nabis altentatus

Aphidius ervi
Praon spp.

L¡,glrs spp."
A de Ip hoco r is I i n eol atus
A cyr t ho s i ¡.t h on p is u nt

Apltidius ervi
Praon spp.

Acyrlhosiphon pisunt

Distance from field rnargin (ur)

Vacuum samples
(number/plot)

Aphid murnmies

7.6x1.4 1.5+ 1.4 8.3!2.4
55095

0.1 + 0.0

0

0.3 r 0.1

l.l I 0.2
1.5 1 0.5

0.5 r 0.1

0.7 + 0.2

0.1 r 0.r

8.5 r 1.4

19.1 I 4.0
67 .5 ! 13.7

0.9 + 0.1

0.t I 0.1

number/plot)

Seed field

Numbers (means) are average of captures over the weeks. ns: not signifrcant.
+ : Analysis was not possible. because data had little variability to be analyzed.

, Four (4) values were missing and df was adjusted to 24
'Data missing indicates that no records of corresponding insects were kept because of their low occurrence.
There was no significant interaction between treatments and distances. Therefore, data from control were excluded to increase
sensitivity of the analysis for distance effect.

0.t+0.0
0

0.3 r 0.1

t.2 ! 0.2

1.2!0.6
0.3 r 0.1

0.7 + 0.2

0.2r0.t
9.5 t 1.7

17.5 + 2.2

58.8 r 20.2

t.l + 0.1

0.1 + 0.1

(JJ

0.1 + 0.0

0

0.4 1 0.1

t.2 r 0.3

Ltr0.3
0.2 r 0.1

0.9 + 0.2

0.t 10.1

7.3 r 0.8

14.0 +2.0
66.0 r 18.8

0.5+0
0

F2,2s:0.13;ns

F2.2s : 0.45; ns

F2.2¡ : 0.81; ns

F2.26 : 1.96; ns

F\zs:0.13;ns
F2.26: 4.32; P <

0.05
F2.2s: 1.12; ns

F2.2s : 0.87; ns

F2,2a : 0.26; ns

F7n:2.18; ns

F2.2s: 0.66; ns

Fztz:1.58; ns

Statistics
Distance fronl fìeld rnargin (rn)

6.5 + 0.2 t.7 + 1.3 2.2 + 1.5

55095

0.2 !0.2 0.2 + 0.2

00

Hay field

0

0

0.0 r

0.2 + 0.2 Ft.¿: 1.40; ns

0

0

0

0.7 ! 0.3 0.8 + 0.2
0.2 x0.2 0

0

0

Statistics
F2.a:52.89; P <

1.3 + 0.7 0.8 + 9.2 0.2 + 0.2 F2,4 : 5.01; P = 0.08
000

0.2+ 0.2 F2.a: 6.20;P=0.06
0*

225 ! t4.5 8.5 r 2.5 7.5 + 4.5 F2.a: 3.62; ns



lTable 3.5.3. Numbers (mean t s.e.) of insects in relation to different treatments and distances of nepetalactone deployment

'from the field margin in the nepetalactone treated strata in the small-scale trial.

'Water 
trap

(number/trap/week)

Sweep net
(number/l5 sweeps)

Vacuum samples
(number/plot)

Aphid nrummies

Chrysopid adults

Aphidíus ervi
Praon spp.

Acyrthosiphon pisum

Aphidius eni
Praon spp.

Acyrthosiphon pisunt
number'/plot

Control Nepetalactone
Treatments

0 6.9 r 1.1

0.2 + 0.1

0

629 +8.5

1.0 + 0.3
0.1 + 0.1

13.6 + 4.7

0.3 + 0.2

0

62.2*.8.2

1.3 + 0.6
0

13.5 + 3.3

FtJ:73.59; P <
0.01

*

Statistics

Distance
(nepetalactone plots)

.F¡,¡:0; ns

Fr,¡:0.60; ns
*

FtJ:0.07; ns

8m
5.8 + 1.3 8.0 t 1.9 Ft.z:0.10; ns

0.3 + 0.2
0

60.0 + 11.1

1.5 + 0.6
0.1 + 0.1

15.0 + 5.3

0.2 + 0.1

0

64.5 + 13.8 Ft,z:0.13; ns

0.8 't 0.8 Ft,z:0.22;ns
0*

12.0+4.7 Ft,z:0.17; ns

Statistics



Fig. 3.5.l. Layout of the large-scale trials.
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Fig.3.5.2. Catches of Chrysopa oculata in water traps in nepetalactone strata in relation

to the distance from the field marein in the alfalfa hav freld.
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CTTAPTER 3.6

Rearing Lacewings, Chrysoperla cørnea znd Chrysopa oculatø (Neuroptera:

Chrysopidae), on prepupae of Alfalfa Leafcutting Bee, Megachíle rotundatø

(Hymenoptera: Megachilidae)
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Abstract

Lacewings are an important group of insect biological control agents. protocols

for rearing lacewings often require rearing of an additional insect species to be used as a

diet, and this is costly. Prepupae of alfalfa leafcutting bee, Megachile rotundata (F.),

which are commercially available, inexpensive and can be stored, were evaluated as a

Iarval diet of the lacewings, Chrysoperla carnea (Stephens) and Chrysopa oculata Say.

The leafcutting bee prepupae were suitable for rearing lacew.ings:90Yo af Chrytsspsrls

carnea eggs reached adulthood . For Chrysopa oculata eggs, survival to adulthood was

66o/o,but this increasedto glyo when pupating larvae had access to empty cocoons of

leafcutting bee prepupae. The diet allowed us to establish colonies of the lacewinss in the

laboratory.

KEY WORDS Larvaldiet, fecundity, oviposition, culture
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Introduction

The green lacewings (Neuroptera: Chrysopidae) are an important group of insect

predators (Dean and Satasook 1983). Natural populations of chrysopids can be

augmented by inoculative or inundative releases (Ridgway and Jones 1969, Nordlund ef

al.200l). While small numbers are often useful for laboratory studies and inoculative

Leleases, large numbers of cultured chrysopids are required for inundative releases

Nordlund et al.2001). Protocols for culturing of chrysopids using natr:ral, subnatural

artifìcial and artificial diets are available (Finney, l94g; 1950; Ridgway et al.1970;

Morrison et al. 1975; Morrison 1985; Nordlund et al.200l; yazlovetsky 2001).

Suitable larval diets include eggs of the lepidopterans Phthorimaea operculella

(Zeller) (Finney 1948,1950) and Sitotroga cerealella (Olivier) (Ridgway et al. 1970,

Monison et al. 1975, Morrison 1977,1985) (Gelechiidae), and Anagasta kuehniella

(Zeller) (Pyralidae) (Zheng et al. 1993a, 1993b),larvae of P. operculella (Finney t 948,

i950) and honeybee (Ferran et al. l98l,cited in Yazlovetsky 2001; Matsuka and Niijima

1985), aphids (Tauber and Tauber 1974) and artificial diets (Hagen and Tassan 1965,

1966. Vanderzarfi 1969). Finney (1948; 1950) reared Chrysoperla larvae on paper sheets

covered with P. operculella (Zeller) eggs and honey. Ridgway et al. (1970) used,S.

cerealella (Olivier) eggs to feed larvae in Hexcel@ (Hexcel Products Inc., Dublin CA),

which has honey-comb like chambers that separate individual larva, whereas, Morrison ef

nl' (1975) dispensed the eggs in sheets of ornamental Masonite@ separated by organdy

cloth' Masonite@ consisted of 0.64 cm2 cells removed from solid material in a regular

pattern leaving a0.32 cm2 border between cells. When Masonite@ was discontinued,

Monison (1977) suggested Verticel@ (Hexacomb, University Park IL), which contains
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triangular cells. Several other materials including plastic light diffusing grids and

sliredded paper have also been suggested.

Finney (1948) processed P. operculella lawae with sodium hypochloride, hot

water and paraffin, and fed them to the chrysopid larvae being reared. Ferran et al. (1981,

cited in Yazlovetsky 2001) used a mixture of larval worker honeybee powder and honey,

whereas Matsuka and Niijima (1985) used larval honeybee drone powder and water.

I-lowever, due to its hygroscopic nature, diet made from larval honeybee powder turns

into a syrup, and develops mould rapidly. Similarly, several other natural insect materials

including powdered S. cerealella moths, aphids, and crickets have been used, though

these diets failed to give any advantage (Yazlovetsky 2001).

To reduce costs, searches for artificial larval diets have been made. Hagen and

Tassan (1965, 1966, 1970), and Vanderzant (1969) developed liquid diets made primarily

from enzymatic hydrolysate of yeast and casein, sugar, vitamins and water, but they were

not satisfactory: an artificial diet for Chrysoperla carnea (Stephens) which contained

wax-coated yeast hydrolysate droplets required costly preparation and also resulted in

lriglr mortality (Hagen and Tassan 1965; Vanderzant 1969). However, Vanderzant (1969)

had better success by adding vitamins and minerals. Today, several diets improved from

Vanderzant's are available, though not all larvae reared on them reach adulthood

(Yazlovetsky 2001). Cohen and Smith (1998) developed a semi-solid larval diet

containing protein, lipid, carbohydrate, cholesterol, and water. This diet resembles the

inside of insect prey in both texture and composition. Combinations of honey, chicken

eggs, dried cow's milk, beef liver, bacto-agar, pig fat and butter have improved

performance of artifrcial diets further (Yazlovetsky 2001). Although, progress has been
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lracle with artificial larval diets, chemically defined diets are often more expensive, and

to make them more economical further improvements are required (Nordlund ef a/.

200 1 ).

Most protocols are suitable for culturing chrysopid larvae on a large scale

operation. These protocols can often be inconvenient for small-scale operations. Natural

diets require rearing of one insect, which is usually complex and expensive, to feed

another (Finney 1950; Momison 1985). Artificiai diets are even less satisfactory. For

exatnple, an artificial diet of wax-coated yeast hydrolysate requires costly preparation,

rnay cause high mortality of lacewings (Hagen and Tassan 1965, Vanderzant 1969), the

reqr.rired ingredients may be expensive (Nordlund et al.200l) and are often difficult to

obtain locally. Hence, it is desirable to have alternative protocols that do not require

additional rearing of insects and that rely on materials available locally.

This paper describes rearing techniques and bionomics of Chrysoperla carnea

(Steplrens) and Chrysopa oculata Say fed as larvae on prepupae of the alfalfa leafcutting

bee, lrl e gachil e rotundara (F.) (Hymenoptera: Megachilidae).

Materials and Methods

Specimen collection

Using a sweep net, five to eight adult females of C. carneo and C. oculata were

collected from alfalfa fields in Manitoba in early August of 2001. Each female was

placed individually in a 118 ml screw-cap specimen container with a small piece of

alfalfa shoot and transferred to the laboratory in a picnic cooler. In the laboratory,

Jèmales were held in the specimen containers overnight at20 t 2'C and 1,2:12 (L:D) h.
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The next day, eggs laid in the containers were carefully harvested with forceps. A colony

of each species was established from these eggs using alfalfa leafcutting bee prepupae,

and yeast plus sucrose paste as larval and adult diets, respectively. Eggs obtained from

these colonies were used in the present study,

Diets

Alfalfa leafcutting bee prepupae were used as the larval diet. The prepupal

cocoons, which were in the second year of storage at 5oC, were transfer¡ed into a l5-

18oC room one or two days before use. Cocoons were cut open at one end with a scalpel

and the prepupae were pulled out of cocoons with forceps. Care was taken to avoid injury

to prepupae.

Adult lacewings were fed on a paste of yeast flakes (52Yo protein) and sucrose

prepared following Morrison (1985). The food was prepared once a week and was kept

frozen until use.

Rearing methods

F2 and F3 generation eggs were collected from each colony. Sixty to 78 eggs of

eacir species were placed in conspecific batches of 8-10 eggs per larval rearing unit made

of a 60 x 15 mm covered Petri dish. Two leafcutting bee prepupae were added to each

unit which was labeled and placed af 25 t 2oC,18:6 (L:D) h and 70 t SYo relative

humidity, the conditions at which all rearing took place.

On the day of hatching, newly emerged lacewing larvae were transferred to fresh

units, in batches of 5-10 larvae per unit. Two to three alfalfa leafcutting bee prepupae

were provided in each unit. Fresh food was provided every second day during the first six
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clays. After six days, the number of lacewing larvae was reduced to one per unit to avoid

cannibalism, and from then until pupation fresh food was provided every day. The

Iacewing pupae were left undisturbed.

Newly emerged adults, both males and females, were transferred in conspecific

batches of 8-10 into a pre-oviposition unit made of a transparent 1 liter plastic container

l4 cm high, 11 and 8.5 cm diameter at the top and bottom, respectively. The lid of the

container had a I mm hole drilled near the edge for aeration. A small piece of distilled-

water-saturated cotton wad in a 35 x 10 mm Petri dish was placed on the floor of the

container. Food was presented by placing 2-3 drops of the yeast and sucrose paste on a

10.5 x 4 cm strip of brown cardboard, which was placed on the upper rim of the container

so that the food faced down. The food and the cardboard was changed every day and

every third day, respectively to avoid mold development. On the day eggs were first seen,

fernales were separated and individual females were placed in oviposition units, which

rvere similar to pre-oviposition units. Eggs laid inside oviposition units were collected

and reared for colony development.

Performance of culture

The time needed for egg hatching, the number of eggs hatched, the number of

larvae and pupae, the duration of larval and pupal periods, the number and sex of

emerged adults and the pre-oviposition period were recorded. To develop a fecundity

sclredule, l5 females of C. carnea and 10 of C. oculata were followed for 30 days from

initial oviposition in oviposition units.

We also exarnined whether the provision of empty leafcutting bee cocoons for

pupating C. oculata larvae improved survival. Two treatments, no cocoon (control) and
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with cocoon, were compared. In the latter treatment, an empty leafcutting bee cocoon was

provided in each larval rearing unit on the ninth or 1Oth day after hatch. All other

operations remained as described above. Chi-square test were used to conduct the

statisticalanalysis (Sokal and Rohlf, 1995).

Results and Discussion

Alfalfa leafcutting bee prepupae permitted rearing of C. carnea and C. oculata

larvae (Table 3.6.1). About 2-3% eggs did not hatch because they were eaten or damaged

by the larvae that hatched earlier. The total time required from oviposition to adult

emergence of C. carnea avengedz4.7 (23-29) d. The growth and development of C.

carnea is influenced by the type and amount of food fed to their larvae (Zheng et al.

1993b, Obrycki et al.1989). The time required from oviposition to adult emergence in

the present study is similar to previous reports of developmental duration (Hagen and

Tassan 1965, Zheng et al. I993a). The leafcutting bee prepupae allowed 90% of C.

carneq eggs to survive to adulthood, and this rate is higher than those obtained on natural

or artificial diets in previous studies (Hagen and Tassan 1965, Ridgway et al.1970,

Morrison er al. 1975, Obrycki et al. 1989). Zheng et al. (1993ø) obtained 75-100% and

65-73% survival from egg to adult on high and intermediate amounts of larval food,

respectively. In this study about 52% of emerged adults were femal es. Zheng et al.

(1993a) obtained a similar sex ratio on low to intermediate food quantities, and 67%

females on a high amount of larval diet.

The total time required from oviposition to adult emergence of C. oculata

averaged 34.7 (31-38) d, which is comparable to the time required on natural diets

(obrycki et ø1. 1989). Twelve percent of larvae failed to pupate, and 66% of eggs
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suryived to adulthood. Provision of empty leafcutting bee cocoons significantly increased

the survival through the pupal stage (f = 4.02; df : l; p < 0.05), probably by providing a

lretter site for anchoring cocoon-webs (Table 3.6.2). Egg to adult survival increased to

91% in the presence of leafcutting bee cocoons for pupation. Sixty five percent of

emerged adults in this study were females. Obrycki et al. (1989) reared up to 81% of

larvae to adults on various natural diets, and less than 57Yo of those adults was females.

The lacewing species differed in pupation sites. Cirrys operla cornea pupated at

both the floor-sidewall and lid-sidewall junctions. Cues leading to this site selection are

unclear as little is known about pupation of C. carnea (Canard and Volkovich 2001).

Chr¡,ssps oculata usually pupated on the floor-sidewall junctions perhaps because this

species pupates in the ground (Burke and Martin 1956).

Four individuals of each species had problems in mating or oviposition and were

dropped from the fecundity analysis to avoid bias (Hagen and Tassan 1970). The

fecr-rndity schedule of the lacewing species differed (Fig. 3.6.1). Females of C. carnea

laid on an average a total of 679 eggs in 30 d, and oviposition was high until l6 d then

declined gradually. Females of C. oculata oviposited more or less uniformly and females

laid an average of 424 eggs during the period (Fig. 3.6.1). Longevity of adult lacewings

depends on climatic conditions and resources (Canard and Volkovich 2001). McEwen

and Kidd (1995) found C. carnea females fed sugar solution survived about 33 d, but the

oviposition was non-existent. Unfortunately this study does not indicate how long the

females would survive and oviposit. But it is clearly indicated that they could potentially

survive for over 34 days.
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The intrinsic rate of natural increase (rn.,) of C. carnea, calculated following

Southwood (1978), in this srudy was 0.646 per wk. From zheng et al. (1993a)r

calculated r' : 0.665 per wk in 1984, and r, = 0.781 per wk in their 1986 trial. The higher

value in the 1986 trial was thought to be due to the higher survival of fresh field-collected

eggs used that year and the higher fecundity of the first generation adults (Zheng et al.

1993a).In this study, the r, of C. oculata was 0.463 per wk and 0.505 per wk in the

absence and presence ofleafcutting bee cocoons, respectively. Population increase is

influenced by insect fecundity, which depends on the protein concentration of adult diets

(Morrison 1985). The protein concentration in adult diet (< 52%) used in this study was

Iess than the recommended level of 65% (Monison 1985), which may have reduced the

rn, value.

It is indicated in this study that C. carnea is more fecund and develops faster than

C. oculata, resultantly the rate of increase is higher for C. carnea. Therefore, populations

of C. carnea are expected to be greater than those of C. oculafa in field crops. This is

exactly the case in alfalfa fields of Manitoba. Cþsopid populations were studied in

alfalfa fields of Manitoba, where it was found that C. carnea predominates over C.

oculata (Chapter 3.5).

Diets in this study allowed satisfactory rearing of lacewings. Results in this study

suggest that alfalfa leafcutting bee prepupae can be used as a larval diet for C. carnea and

C. oculata. The bee prepupae are commercially available, cheap (the food required for

rearing a larva cost less than 1.3 and 1.95 Canadian cents for C. carneo and C. oculata,

respectively) and can be preserved for at least a year at 5"C. The method described allows

small-scale production and maintenance of lacewing colonies at reasonable cost. The
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possibility of rearing multiple larvae per unit with the same amount of the diet needs to

be str.rdied, as it could reduce per capita diet requirement and costs.
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Table 3.6.1. Development of fwo lacewing species fed alfalfa leafcutting bee

prepupae as a larval diet

Duration (d) (lt4ean t SE) Survival (%)

Species Egg Lawa Pupa Egg Larva Pupa Overall

Chrysoperla carnea 4 10.9 + 0.1 9.8 i 0.1 98 (60)" 100 (50) 92 (50) 90

Chrysopa oculata 5.4 13.2+ 0.1 16.5 + 0.2 97 (78) 88 (50) 77 (44) 66

u Values in parentheses refer to the number of individuals at the beginning of stages.
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Table 3.6.2.Influence of empty cocoons of alfalfa leafcutting bees on developmental
success of C. oculata

Treatments Percent survival (Mean + SE)

Larvae to pupa Pupa to adult Overall

Control (65)u 88+4 77+6 68t6

Leafcutting bee cocoons (15) 100 * 0 93 17 93 +7

o Values in parentheses refer to the number of individuals at the beginning.
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Fig. 3.6.1 Fecundity of C. carnea and C. oculata females in the laboratory in the

observed 3 0 days of the oviposition period (results are based on I 5 C. carnea and I 0 C.

oculata females).
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CT{APTER.4

General Discussion

Depending on the kind of pests, sampling programs for insect pests attempt to

determine the presence of a pest, to estimate numbers and distribution of a pest

population, or to assess the population dynamics of a pest over time (Pedigo 1999).

Several sampling devices and techniques are available for monitoring insect pests in field

crops, although, no single method is free from error (Harper et al.1993). The extent of

enor can vary among sampling methods. Therefore, selection of appropriate sampling

devices and techniques is very important, and forms the basis for successful and

economical pest management programs (Pedigo 1999). The method chosen should be

sufficiently precise to identiff pest population fluctuations, but also affordable, simple

and quick enough so that it can be done frequently to facilitate timely management

decisions. Sweep-net sampling usually fulfills these requirements, and has been the most

frequently used tool for estimating insect populations from vegetation (Southwood 1978).

Although sweep-net sampling collects only a portion of individuals present on alfalfa

plants, it has been a reliable method for monitoring Lygus bug populations on various

crops including alfalfa (Fleischer et al.1985; Schotzko and O'Keeffe 1986, and

references therein; Harper et al.1993 Snodgrass 1993). The present study provides

evidence that sweep-net sampling, which is an easy and cheap method of sampling

arthropods (Southwood 1978), is the most precise and effrcient method of assessing

insect pest populations on alfalfa. Sweep-net sampling can cover a relatively larger area

in a shorter span of time than other methods, and therefore, is effective in detecting the

presence of pests and their population fluctuations. In situations where alternative
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sampling methods are used, the calibration equations developed in the present study

(Chapter 3.1) would be useful in pest management decision making where the economic

injury levels were originally derived by using sweep-net sampling.

The present srudy was conducted, in part, to determine the insect pest complex

and assess their populations in relation to alfalfa production in Manitoba. Based on

results comparing sampling methods, sweep-net sampling was used for assessing

arlhropod populations on alfalfa plants. Of the various species of insect pests found,

L¡tgtts spp., Adelphocoris lineolatus, and Acyrthosiphon písum were the most prevalent

species. These pests were also of prime concem to alfalfa growers in the province. These

pests were found to occur throughout the season, and their populations were high for a

considerable period in the season (Figs. 3.2.4-3.2.6), sometimes reaching the nominal

tlu'esholds levels (Table 3.2.20).

Among the other pests, Agromyzafrontella and Bruchophagus roddi mightbe

potentially damaging pests of the crop in the province. Growers, however, are little

concerned about these pests, probably because of the inconspicuous nature of these pests

and tl're injury they cause. Although A. frontella were found to infest alfalfa plants, the

levels of damage were inconsistent, a trend that has been found throughout the

clisr'ibution of the pest. In Canada and in the United States, only 25o/o of the fields studied

suffered economic damage due to A. frontella attack (Thompson 1981; Hendrickson and

Day 1986). However, Thompson (1981) noted that infestation on leaves reduce the

quality of hay.

Comparison of this study with previous reports from elsewhere in the Canadian

Prairies (Murrell 1987; Harper et al.1990; Schaber et al.I990b; Schaber 1992; Soroka



and Munell 1993) reveals that the damaging pest spectrum is similar in all Canadian

Prairie Provinces. However, Adelphocoris superbus (Lilly and Hobbs 1962) wtd Hypera

postica, which were reported to damage alfalfa in Alberta (Harper et al.1990; Schaber er

al,1990b), were not found in the present study. Although no H. posticd was caught in the

pïesent study, the insect occurs elsewhere in Manitoba: it has been reported in Brandon

and Killarney areas by extension personnel (Gavloski 2001). In2002, one grower

collected a large sample of insects by using a mechanically operated sweeping device in

his organic field of alfalfa at McCreary near Dauphin. The grower froze the sample in a

plastic bag and upon examination one adult of H. postica was found in that sample.

Adelphocoris rapidus, which occurs in eastern Canada and United States (Hughes 1943),

was also not found in the present study. Therioaphis maculata did not appear frequently

in samples in the present study, although it is a coÍrmon pest of alfalfa in the United

States (Radcliffe et al.1976) but of little importance in Canada (Goplen et al.1987)'

Acyrthosiphon kondoi, which is a relatively new pest of alfalfa in North America (Soroka

199 l), was seldom found in this study.

In Manitoba, it is not uncommon that a hay field is grown adjacent to a seed field

of alfalfa. Hay fields in this study were usually harvested twice, which is also the practice

in Alberta (Harper et al. 1990). The hay-cut caused surviving plant bug adults to leave

the mown fields, and many of them migrated to nearby seed frelds. However, hay-cut

appeared to be relatively less detrimental to some predators including nabids, spiders and

opilionids than was the insecticide application applied in seed fields. All these probably

contributed to the fact that there were lower numbers of most insect pests in hay fields

than in seed fields, and no pest control measures were required in hay fields.
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Alfalfa fields for seed production usually received pest control measures. There

are several pest control methods available, which include but are not limited to cultural

and chemical methods. As cultural methods of pest control, burning of alfalfa stubble in

spring and planting of resistant cultivars have been frequently used. Although its effects

are dependent on insect species, the life stages at which the pest overwinters, plant stages

and the time of the season (Schaber and Entz 1988; 1991; 1994), burning increases the

availability of plant nutrients and organic matter in soil (Lilly and Hobbs 1962; Dormaar

and Schaber 1985) and increases hay and seed yield, and may reduce pest populations

(Bolton and Peck 1946; Lilly and Hobbs 1962; Tippens 1964; Schaber and Entz 1988) to

such low levels that a spring burning at l0 cm plant height would eliminate the

application of insecticides in alfalfa fields for seed production (Schaber and Entz 1994).

In addition, burning is less detrimental than insecticides to natural enemies and

pollinators (Schaber and Entz 1988; 1994). However, buming is not a practice commonly

used by gro\¡/ers in Manitoba, probably because it is often hazardous, and there are

operational and legal problems associated with the practice. The lack of time between the

time when fields become dry enough to burn and time when growth resumes may also

discourage burning.

There are no recommended alfalfa cultivars available that are resistant to Lygus

spp. and A. lineolat¿¿s in this region. Resistant cultivars could be advantageous,

particularly for managing Lygus spp. which occurs in many other crops and is highly

mobile, meaning that control of Lygus spp. in alfalfa by using chemicals will normally

provide short term benefits. In North America, resistant cultivars have provided

successful control of A. pisum and diseases (Summers 1998). There are numerous
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registered cultivars available, which are resistant to A. pisum and various diseases

(Petrowski 1999). The majority of the cultivars (at least five of nine) used in the present

stucly are resistant to A. pisum and diseases, and this indicates that growers often use pest

resistant cultivars. However, most resistant cultivars usually lack efÏectiveness against

more than one species of insect pests (Mueke et a|.1978). Thus where, as in the present

study, more than one species of damaging or potentially damaging pests occur

simultaneously in the fields, cultivars that are resistant to multiple pest species are

required. Until multiply resistant cultivars that are equally effective against all of the

damaging species are developed, the use of resistant cultivars may reduce, but will

probably not eliminate the need for application of other pest control measures (Mueke er

al. 1978). Since alfalfa seeds produced are mostly used for seeding hay crops, such

rnultiple resistant cultivars must also satisfy the requirements for successful and

economical hay production.

Chemical control had been the primary method used by growers for controlling

insect pests in alfalfa fields for seed production. Insecticides are applied mainly to control

Lygus spp. and A. lineolatzs. Although some thresholds are available (Soroka 1991;

Harris 1992,cited in Soroka and Murrell 1993; Schaber 1992; Soroka and Munell 1993),

it is unclear whether these thresholds were scientifically developed. Although growers

claimed that they use economic thresholds in making pest control decisions, it appears in

the present study that appropriate economic thresholds are seldom used (Table 3.2.20).In

the process of pest control decision making, there has also been a lack of co-ordination

among hay and seed alfalfa growers, and the present study provides evidence that such

co-ordination would benefit alfalfa seed qrowers.
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Schaber et al. (1990a) considered late May to late June as the early season, and

the beginning of August as the late season for insecticide application in alfalfa fields in

Alberta. Schaber and Entz (1994) consider that late season starts after mid-July in

Alberta. In Manitoba, mid-August or later seems to be considered as the late season. All

seed growers in this study made the early season (usually in June) application of

insecticide usually 7-10 days before the projected date of leafcutting bee release.

Although the insecticide application affected some natural enemies including some

species of carabid beetles (Chapter 3.3), most of the carabid species including

Ptet'ostichus melanarhls, which made up 65To of the total carabid catches, remained

trnaffected. The tolerance of P. melanarius to several insecticides has been reported

previously, and the species is moderately tolerant to dimethoate (Hagley et al.1980),

which was frequently used in this study. The insecticide application also did not affect

spiders, the group of predators that were prevalent in the early part of the season.

There were instances where a few growers did not make the second application of

insecticides late in the season. In the Pacifrc Northwestern United States (Johansen et a/.

1977) and in Saskatchewan (Craig 1973), control of Lygus spp. and A. lineolatus during

the bud and early flowering stages appeared to be more important than controlling later in

rhe season. Johansen et al. (1977) considers that control of mirids by insecticides eæly in

the season allows time for predators to build up, and inflict natural suppression on pest

populations so that no control measures would be required late in the season. However,

this may not always be the case. Generally, an early season treatment would protect the

crop in northem areas of Canada where mirids have only one generation per year (Craig

196 I , I 973; Schab er et al. 1990a). One well timed early insecticide application would
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also protect the crop in places where there are two generations of plant bugs, but the

second generation is relatively small (Craig 1961). In the southem Canadian Prairies,

where there is often a second generation of mirids, the early season treatments may not

adequately protect the crop for the entire season ifthe second generation develops rapidly

and abundantly (Craig 1983; Schaber et al.1990a). In such a case, the second spray

would benefit the growers provided the late season pest population is high enough that

the insecticide application is justified. In the present study, mirids often had two

generations and compared with populations in the first generation, populations in the

second generation were larger, but probably not large enough to justiff insecticide

application (Table 3.2.20). This could be, at least partly, due to the activities of natural

control agents. In the present study, relatively low numbers of common predators

including coccinellids (Fig. 3.2.12 b, d, Ð, Orius spp. (Fig. 3.2.14 b, d, Ð, ,À/abis spp.

(Fig. 3.2. t 5 b, d, Ð and chrysopids (Fig. 3.2.17 b, d, Ð were present early in the season

ivhen the first insecticide application was made. The trend was similar for their combined

numbers (Fig. 3.2.8 b, d, Ð. After the first insecticide application, numbers of those

predators started to increase from early to mid-July to reach peak levels around mid-

August. Increases of these predator populations often coincided with those of pest insects,

as explained previously (Chapter 3.2). Evidence that these predators contribute toward

suppression of pest insects on alfalfa has been found (Chapters 3.2 and 3.4). In addition,

parasitoids also contribute to pest suppression (chaptet 3.2).

Generally, alfalfa requires at least six weeks after pollination in order to mature

seeds (Richards 1989). Therefore, in normal seasons, the second insecticidal treatment,

which usually occurs in late August, seems to be too late to influence seed development
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and yield. In this study, the greatest pest populations occurred when most plants had

passed the late seedpod stage and seedpods were at ripening stage when the second

application of insecticides occurred (Figs. 3.2.4 f,3.2.5 f and 3.2.6 Ð. The growers who

did not make the second application of insecticides indicated that it was unlikely that they

lost a significant amount of seed leaving the fields unsprayed during the late season. This

is because population trends in this study suggest that pest numbers were not high enough

to cause economic damage. In addition, ffiffiy Lygus adults of the late-season pest

¡ropulation were immigrants, suggesting that they did not feed on developing seeds in the

alfalfa fields. In previous studies, there have been mixed results for seed yields when

pests were controlled late in the season. In Saskatchewan, Soroka and Murrell (1993) did

not find any yield increase in plots that were treated with insecticides early and late in the

season (30.09 g per 0,5 m2¡ compared with plots that were treated only early in the season

(32.19 g per 0.5 m2¡. In southern Alberta, Schaber et at. (1990a) conholled mirids with

the insecticide trichlorfon late in the season (late July or early August). They obtained a

significantly greater amount of seed in insecticide-treated plots in one year when very

few A. Iitteolatus were present, but no significant yield advantage in another year when

densities of A. lineolatus were high in check plots late in the season. They attributed the

lack of significant yield increase in the latter year to high wind, which probably drifted

the applied insecticides away (Schaber et al.1990a). However, it was not clear whether

yield beneflrts obtained by the late season insecticide application resulted in any economic

benefits. Charnetski (1983a,1983å) did not obtain any signifrcant yield benefit when

insect pests were controlled with insecticides late in the season. In Washington State,

where different Lygus spp. infest alfalfa in climatic conditions that differ from those in
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Marritoba, high densities of Lygu.s spp. (30 individuals/sweep) for two weeks in late July

danraged 20Yo more seeds compared with low densities (2-3 individuals/sweep) of Lygus

bugs infesting alfalfa throughout the season (Johansen and Eves 1973). Craig (1973)

suggested that a high density of Lygus spp. (S/sweep) late in the season (late July to early

August) would require control measures to be applied in order to protect the developing

alfalfa seeds. Soroka and Munell (1993) did not f,rnd a significant yield reduction when

they allowed A. lineolatus at a low density (one bug/two stems in a sleeve-cage) to feed

upon alfalfa plants late in the season (from late July or early August until harvest).

However, at higher densities (>2 bugsitwo stems of alfalfa), there were signiflrcant yield

reductions. Therefore, a large population of pests during the late season could be

damaging particularly where there is a prolonged summer (Soroka and Murrell 1993). To

tolerate winter and persist, alfalfa stands require suffrcient photosynthate (carbohydrate)

to be reserved in roots (Goplen et al.1987). Intense pest infestation may affect the

reserves if many leaves and buds are killed by the pest feeding. For alfalfa pests, little is

known about the late season th¡esholds for decreased stand persistence of alfalfa.

Hor,vever, the numbers would probably be greater than those affecting seed yields,

because killing a bud is likely to require more intensive feeding compared with damaging

a seed. In such cases, it is unlikely that at pest populations late in the season in this study

stand persistence would be affected.

There have been growing concern about unnecessary and excessive use of

insecticides, and increasing demands for improved pest management practices which

enslrre the justified use of insecticides (Debach and Rosen l99l). For example, an

integrated pest management (IPM) program that promoted non-chemical methods of
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insect control on alfalfa was introduced in Alberta in the late 1970s (Schaber and

Richards 1979).Increased use of non-chemical methods would lead toward decreased use

of chemical insecticides and increased benefrts from natural enemies (Debach and Rosen

1 991). Alfalfa seems to be a good candidate crop for improved pest management

practices where the use of insecticides can be reduced. This is because the crop is

relatively persistent and has the capability of withstanding some pest attack (Strong

1968). Strong (1968) documented, in a manipulative study, that alfalfa plants respond to a

redr-rction of seedpods by producing more buds and florets. In addition, there are different

rnethods including cultural and biological methods of pest control, which are compatible

with each other and can be integrated into a package (Schaber and Richards 1979;

Schaber and Entz 1991), known to be effective elsewhere in the Canadian Prairies.

The presence of various natural enemies forms the basis of increased natural

control of pests. In the present study, natural biocontrol agents were found to abound in

fields. Both field and laboratory studies in the thesis indicates that many of these natural

control agents reduce pest populations in alfalfa fields. Although the current practices

affected natural enemies, alfalfa growers in Manitoba seldom adopted any measures to

conserve and augment the natural enemy populations. For a pest management program to

be effective and sustainable, the decisions relating to pest management need to consider

ecological parameters including plant growth stage and the presence and activities of

natural biocontrol agents (Debach and Rosen l99l). An environmentally friendly and

sustainable pest control approach must minimize the use of chemical insecticides and

maximize the use of beneficial natural enemies through conservation and augmentation

(Debach and Rosen 1991; Pedigo 1999). It seems that the present seed alfalfa pest control
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lnethod with application of insecticides early and late in the season needs to be revised, as

this practice does not usually allow natural enemy populations to be conserved and

augnrented (Craig 1973; Johansen et a|.1977). There are some insecticides, which kill

insect pests selectively, for example, Thuringiensin@, selectively kills nymphs and affect

f'ecnndity of Lygus hesperus (Tanigoshi et al. 1990) and trichlorfon selectively kills

insect pests while causing little mortality to predators and parasitoids (Johansen and Eves

1973), and leafcutting bees (Tanigoshi et al.1990). However not many insecticides are

selective, and Lygus spp. has become resistant to the commonly used insecticides in the

United States including trichlorfon (Xu and Brindley 1993; Snodgrass 1996). Availability

and use of selective insecticides would help conserve and augment natural enemies

(Debach and Rosen 1991). Conservation is often a relatively slow process, and practices

that augment insect natural enemy populations may be required to supplement and boost

conservation processes (Debach and Rosen l99l)'

There are no measures adopted deliberately by Manitoban growqrs that would

augment natural biocontrol agents in alfalfa fields. Manipulation of the crop field

environment such that it favours natural enemies is an option for augmenting natural

enerny populations (Debach and Rosen 1991). Several methods and techniques of

augrnentation have been used (Stem et al.1964; van den Bosch and Stem 1969; Abdel-

Kareim and Kozar 1988; Dawson et al. 1990; Hardie et al. 1991,1994; Boo ef al. 1998),

although not in seed alfalfa frelds. The present study, which examined responses of insect

natural enemies to aphid sex pheromone compounds, provided evidence that

nepetalactone, an aphid sex pheromone compound, could help augment populations of

natural enemies. However, timing is very important in the process of manipulation of
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insect habitat (Debach and Rosen 1991; Schaber and Entz 1991) and insect behaviour

(Debach and Rosen 1991), and appropriate methods and timing of lure deployment could

provide better results.

Releases for augmentation are another option, which can increase the presence

and activities of insect natural enemies (Debach and Rosen 1991; Pedigo 1999). There

are several instances where parasitoids were redistributed or introduced and established

through mass releases in Canada (Broadbentet al.1999,2002; Wylie et a\.2005) and in

the United States (Mackauer and Finlayson 1967; Angalet and Fuester 1977;Day 1987,

1996;Day et al. 1990,1992). Although parasitoids could also be augmented by periodic

t'eleases, commercialized parasitoid releases for large scale alfalfa production are not

known, possibly due to the cost and technological obstacles to be overcome for mass

rearing of parasitoids.

Augmentation of predators, however, has more frequently been practiced in

commercial crop fields. For example, augmentation through inundative or inoculative

releases of cultured chrysopids, a commonly occurring group of natural enemies in the

Canadian Prairies, has been frequently used for different freld crops in North America

(NoLdlund et a|.2001, and references therein). Although some natural enemies including

coccinellids and chrysopids being commercially available for augmentative releases,

growers in the Canadian Prairies usually do not adopt this technique, possibly because

there are problems in retaining the released agents in the target areas. In addition, the

associated costs and technical problems are also discouraging (Nordlund et al.2001):

released predator eggs are often destroyed by other predators and parasitoids, whereas,

retention of chrysopid adults and larvae in target areas have frequently been found to be
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difficult, as they tend to leave the f,relds in which they were released (Duelli 1988; New

1 988: Nordlund e¡ a|.2001). Similarly, retention of released coccinellids in the fields also

appears to be difficult (Carrwright et al.1979; Deristadt and Flint 1996). Deployment of

sonrething that are attractive to these natural enemies would retain them in the fields

rvliere they were released. Although the present study provides evidence that

nepetalactone is an attractant to some natural enemies, the practical use of this compound

depends upon further studies in order to determine the effective times, distances, doses

and methods of deployment.

Releases for augmentation also require cultures of the predaceous agents that are

to be released. Several methods are available for mass culture of different groups of

predators including chrysopids (Nordlund et a\.2001, and references therein). These

techniques often require rearing of one insect to be fed to another insect (Ì.[ordlund er a/.

2001, and references therein). Alternatively, commercial foods are usually less efficient,

are often not locally available, and are costly (Nordlund et a\.2001, and references

thelein). The present study has also provided a foundation for the development of a

technique that is free from most of the above problems of rearing lacewing larvae.

However, with the present protocol, the technique is suitable only for small-scale

operations, and technological automation and improvement would be necessary to make

it suitable for mass rearing of chrysopids.

343



Future Research

The occurrence and seasonal distribution of the most common insect pests and

their natural enemies in alfalfa fields of Manitoba have been elucidated in the present

studies. Growers' reliance on chemical insecticides for controlling insect pests has also

beert documented, although little is known about where, when and how the threshold

values that growers use were developed. Thus, research on development of economic

thresholds for pest management decision making is required.

In the present study, parasitoids were found to attack nymphs of Lygus spp.,

Itowever what species of parasitoids are involved in killing Lygus nymphs in Manitoba

remains to be studied. Nothing is known about parasitism of Lygus eggs, and also of l.

lineolatus in Manitoba. There is also a lack of information about parasitism of pests,

particulæly of mirids, by nematodes in Manitoba. Future research in this area would help

to complete the picture of pest-natural-enemy interactions.

During sampling, some dead A. pisum individuals, which seemed to have been

killed by fungal infections were found, although no attempts were made to determine the

causal organism(s) and the extent of resulting mortality. Little is known about pathogen-

induced mortality of pests on alfalfa in the Canadian Prairie Provinces. A thorough

investigation of these interaction is an avenue for future research. This could also provide

a baseline for development of microbial pesticides for alfalfa production.

Nonchemical methods of pest control in alfalfa fields frequently involve burning,

although buming is hazardous and may face legal constraints. The use of resistant

varieties is usually free from such problems. The tremendous success of resistant

cultivars against aphids including A. pisum and the popularity of such cultivars are
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erlcouraging. Surprisingly, plant resistance to Lygus spp. has received little attention

(Tingey and Pillemer 1977), although alfalfa germplasm with resistance to mirid pests is

available in the United States (Sorensen et a|.1988). Such germplasm could provide the

basis for further research and improvement. Research on the development of varieties

resistant to multiple insect pests including Lygus spp. and A. Iíneolatus would help

promote non-chemical control of insect pests.

Until practicable alternative means that provide adequate control of damaging

insect pests are available, growers are likely to continue using chemical insecticides. The

cunently recommended insecticides are broad spectrum, and they are unsafe for

beneficial organisms including pollinators. Further research is required in order to

develop insecticides that are safe for beneficial organisms including pollinators.

The present study provides evidence that aphid semiochemicals attract natural

eneuries. This finding generates a basis for extensive research in order to develop better

liming and deployment of the compounds. The result also indicates the need for research

on the presence and use of semiochemicals in other organisms, both beneficial and

hannful species.

The present study provides a foundation for using leafcutting bee prepupae in

rearing chrysopid larvae. Successful large-scale culture of chrysopid larvae by feeding

leafcutting bee prepupae requires research on technological automation and further

improvement.
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Conclusions

The present study indicates that Lygus spp., Adelphocorís ltneolatus and

Acyrthosiphon pisum are the most prevalent insect pests that attack commercial alfalfa

crops in Manitoba. These pests are of primary concern to growers in seed fields but not in

hay frelds of alfalfa. Although growers often use aphid resistant cultivars, alfalfa seed

growers rely heavily on chemical methods for controlling insect pests, primarily the plant

bugs, on alfalfa. Growers indicated their awareness and use of economic thresholds,

however, it is doubtful whether growers consider appropriate thresholds in making

treatment decisions (Table 3.2.20).

The presence and activities of parasitoids (Fig. 3.2.4 and3.2.6, and Table 3.2.3)

and predators (Fig, 3.2.8: chapter 3.4) of commonly occurring pest species in alfalfa have

been determined. It was found that parasitoids cause a substantial amount of mortality to

Lygus spp. (Fig. 3.2.4 and Table 3.2.3) and Acyrthosíphon pisum (Fig. 3.2.6 and Table

3.2.3), however, parasitoids were not found to greatly affect populations of Adelphocoris

I ine ol atus in Manitoba.

Different species of predators appears to be influential on populations of different

pest species at different times. For example, coccinellids appears to exert most influence

on post-first hay-cut or insecticide application population build up of Lygus spp.,l.

lineolatus and A. pisum. Considering the results in the laboratory frial, Nabis slternatus

also seems to be an important predator.

The present study provides evidence that insecticide application inflicts a set back

on natural enemies in seed frelds, particularly on the predator species. Although further

stuclies are needed, particularly with regard to the deployment technique and timing of
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placernent, it seems that the deployment of the aphid sex pheromone compound,

ruepetalactone, could enhance recolonization by natural enemies with resulting benefits of

pest suppression (Chapter 3.5). The present study provides baseline information for an

easy and inexpensive method of culturing ch,rysopids by using leafcutting bee prepupae

that are produced simultaneously with alfalfa seed production (Chapter 3.5).

Technological automation and development of the method could promote economic

ausmentation of natural enemies in fields of alfalfa.
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Appendix tr. Weather conditions and cumulative degree-days (CDD) (for lygzs spp.
and A. Iíneoløtusz CDD above 10.6"C, and for,4. pkum: CDD above 4.7'C) at
different locations of Manitoba during April to September, 1999-2001.
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Maximum temperature

Minimum temperature

Mean temperature

CDD above 10.6'C

CDD above 4.7oC

Total rainfall
Maximum temperature

Minimum temperature

Mean temperature

CDD above 10.6'C

CDD above 4.7oC

Total rainfall
Maximum temperature

Minimum temperature

Mean temperature

CDD above 10.6"C

CDD above 4.7oC

Total rainfall

Maximum temperature

Minimum temperature

Mean temperature

CDD above 10.6"C

CDD above 4.7oC

Total rainfall
Maximum temperature

Minimum temperature

Mean temperature

CDD above 10.6"C

CDD above 4.7oC

Total rainfall

Maximum temperature

Minimum temperature

Mean temperature

CDD above 10.6"C

CDD above 4.7oC

Total rainfall

26.0

- 4.5

7.2

3l.0
I 18.5

t7.9

30.0

- 3.0

12.5

95.4

244.7

I10.8

3l.0

- 1.0

16.5

180.5

353.8

95.1

32.0

7.0

t9.7

282.6

465.5

85.2

29.0

5.0

r 8.3

238.1

421.0

73.1

27.0

- 4.5

l 1.6

59.8

207.9

59.5

27.0

- 6.0

7.2

34.5

t21.9

38.0

32.0

- 2.0

12.6

9s.8

249.2

107.3

32.0

3.0

16.9

189.4

36s.8

78. I

33.0

6.5

19.8

286.3

469.2

75.8

31.0

5.0

19.0

26t.4

444.3

57.8

26.0

-2.0
12.5

65.4

220.5

64.2

t?s
- t2.0

2.7

5.3

s9.9

16.0

27.0

- 5.0

9.s

27.1

162.2

51.0

27.0

- 1.5

t3.7

99.4

268.4

127.4

3l.5
2.5

r 8.9

258.1

44t.0
22.0

29.5

4.5

t7.6
216.5

399.4

42.0

24.0

- 3.5

r0.8

42.0

190.6

74.6

26.s

- 9.5

4.3

t7.6

66.5

21.6

27.0

-2.5
12.0

76.2

226.1

92.4

28.0

1.5

15.5

t47.5

323.5

122.6

29.5

3.5

19.6

278.4

461.3

68.8

34.0

3.5

19.4
)1? A

456.8

52.8

28.0

- 3,0

l3.4

98.5

263.s

29.4

* No data from Dugald were available. Therefore, data from Steinbach, which is close to Dugald (< 30 km)
were considered.

' No data from Riverton were availablc, however, fields in Arborg and Riverton rvere rvithin about 15 km.
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Appendix II. Species of spiders collected in sweep-net and piffall trap samples from
alfalfa fields in Manitoba,2001.

Sampline method Family SPecies

Pitfall trap

Sweep-net

Sweep-net

Sweep-net

Sweep-net

Agelenidae Agelenopsis actuosa (Gertsch & Ivie)
Araneidae Argiope trifasciata (Forskål)

Hyp s o s inga py gmae a (Sundevall)

Ne o s c ona ar ab e s c a (Walckenaer)

Singa keys erlingi McCook
Clubíona abboti L. Koch
Clubiona byr antae Gertsch

Clubiona Canadens is Emerton

Clubiona j ohns oni Gertsch

Clubiona obesa Hentz
Clubiona riparia L. Koch
Argenna obesa Emerton
D ictyna fo I i ac e a (Hentz)

Dictyna minuta Emerton
Di ctyna v olucr íp e s Keyserling
Emblyna maxima(Banks)
Gnaphosa parvula Banks

Mic ar i a pulic ar i a (Sundevall)

Micaria ro s s ica Thorell
Zel ot e s fr arris Chamberlin
Hahnia cinerea Emerton
N e o ant i s t e a magna (KeYserling)

Agyneta allosubtilis Loksa
Allomengea dentisetis (Grube)

Aphil eta mis er a (O.P.-Cambridge)

B aryphyma tr ifrons (O.P.-Cambridge)

B athyphant e s br evi s (Emerton)
B athyphant e s canadensis @merton)
Ceraticelus laetus (O.P.-Cambridge)

C er at i c elus minutus (Emerton)

C er atinell a brunne a Emerton

C oll ins i a plumo s q (Emerton)

Ep erigone undul ata (Emerton)

Eridantes utibilis Crosby & Bishop

Er i go n e atr a Blackv¿ all
Erigone blaesa Crosby & BishoP

Er i gone dentiger a O.P.-Cambridge

Gr ammonot a gentile s Banks

I s I andi ana pr inc ep s Braendegaard

Sweep-net,pitfalltrap Clubionidae
Pitfall trap

Pitfall trap
Pitfall tran

Sweep-net
Pitfall trap

Pitfall trap Dictyniidae
Sweep-net
Sweep-net

Sweep-net

Sweep-net

Pitfall trap Gnaphosidae

Pitfall trap

Sweep-net

Pitfall trap

Pitfall trap Hahniidae
Pitfall trap

Pitfall trap Linyphiidae
Pitfall trap

Sweep-net

Sweep-net
Sweep-net
Sweep-net

Pitfall trap

Pitfall trap

Pitfall trap

Sweep-net, pitfall trap
Sweep-net

Pitfall trap

Sweep-net

Sweep-net

Sweep-net
T)i+f^ll +-^-I ¡ lrarr Lr oP

Pitfalltrap
Pitfall trap Meioneta fabra (Keyserling)
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Continued (Appendix II)

Pitfall trap

Sweep-net

Sweep-net

Pitfall trap

Sweep-net
Sweep-net

Pitfall trap

Pitfall trap
Pitfall trap
Pitfall trap
Pitfall trap

Pitfall trap

Pitfall trap

Sweep-net, pitfall trap
Pitfall trap

Sweep-net
Pitfall trap

Sweep-net
Sweep-net

Pitfall trap

Sweep-net
Pitfall trap

Sweep-net

Sweep-net

Pitfall trap

Sweep-net

Sweep-net
Pitfall trap

Sweep-net

Sweep-net

Sweep-net

Sweep-net

Pitfall trap

Pitfall trap

Pitfall trap

Pitfall trap

Sweep-net

Pitfalltrap

Liocranidae
Lycosidae

Philodromidae

Pisauridae

Salticidae

Tetragnathidae
Theridiidae

Thomisidae

Species

Meioneta simplex (Emerton)

M i c r o I i nyp hi a m a ndi b u I at a (Emerton)
N erie ne clathr ata (Sundevall)

P ocadicnemis antericana Millidge
P orr homma t e rce s tr e (Emerton)

Te nuiphant e s z e b r a (Emerton)

C as ti ane ira de s uipt a (Hentz)

AI op eco s a acule ata (Clerck)
Ho gna frondicola (Emerton)

P ar do s a di s t inct a (Blackwall)
P ardos a drontae a (Thoreil)
P ar do s a mo dica (Blackwall)
Pardosa moesta Banks

P irqta insularis Emerton
Pirata minutus Emerton
P ir ata pirarlcars (Clerck)
Trochos a terr icola Thorell
P hilodr omus his tio (Latreille)
Philodromus rufus quartus Dondale & Redner

Thanatus striatus C.L. Koch
Tibellus maritimus (Menge)

Dolomedes striatus Giebel
Habr onat lus dec orus (Blackwall)
Phidippus whitmani Peckham & Peckham

Sitticus striatus Emerton
Tutelina similis (Banks)

T e tr agnatha I ab or io s a Hentz
Eno p I o gn at h a mar mo r a t a (Hentz)
Ther idion mur ar ium Emerton
Bassaniana utahensis (Gertsch)

Mi s ume nop s as p er atus (Hentz)
Misumenops cel er (Hentz)

Ozyptil a gerts chi Kurata
Xysticus discursans Keyserling
Xysticus emertoni Keyserling
Xysticus ferox (Hentz)
Xys ticus luc tuousus (Blackwall)
Titanoeca nivalís SimonTitanoecidae
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Appentlix III. CaraSid beetle species anrl their numbers captured in pitfall traps in alfalfa fields in Arborg, Dugald, Riverton,

and Teutron, Manitoba during 1999-2001.

Agonum corvus Leconte
A. cuprepenne Say
A. cupreurn Dejean 571

A. decenti.r Say 1

A. dílutipenne MotschulskY 2

A orntio.çttrn Mannerheim 7A. gratiosun Mannerheim
A. obsoletum Say
A. placidumsay 29

A. retractu¡n Leconte
A. sordens Kirby
A. thoreyi Dejean
Agonum sp.
Amara apr icar ia Paykull
A. avida Say 1

A. bokorí Csik\
A. carinata Leconte
A. coelebs Hayward
A. cupreolafa Putzeys 13

A. ellipsís Casey
A. farcta Leconte
A. impuncticollis SaY

A. lacustris Leconte
A. littoralis Mannerheim 7

Deiean 571 683 206 368 972 510 185 104 158 3

2246842

t999 2000

I

t2l

tJ)
o.)
Uì

Numbers in different trials

A. obesa Say

108

6

27

I

1

1

3210

2l
I

I

51

I
7

2001

5

I

49
6

3

I

1

76151

73
l1

I
1

2

l5

96
JJ

1

24 13
2s199611495
233r741

25

2
1

I
4

1

I

49

ll

5

I
9
I

13

I

aJ
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I



Continued

A. patruelis Dejean
A. quenseli Schönhen
A. sinuosa Casey I
A. torrida Panzer 9 56 82

endix III

is Deiean 1 I

Amara sp.
Anisodac tylus harcissi Leconte
A. sanctaecrusís Fabricius
B embidion canadium CaseY

B. cordatuln Leconte
B. fo r t e s t r i at um MotschulskY
B. frontale Leconte
B. Iampros Herbst
B. nigripes Kirby
B. nitidunt Kirby
B. o b s c ur e ll um Motschul skY

B. patruele Dejean
B. quadrímaculatum L.

B. rapidum Leconte
B. rupicola Kirby
B. salinarium Casey
B. transparens Gebler
B. viridicolli LaFerté
Bembidion sp.
Broscodera sp.
Calathus ingratus Dejean

Hay Seed Hay ùeeoHay Seed HaY seeo HaY ùeeo
t999

Seed Ha
2000

Numbers in different trials

16 20

l2

u)
o'l
o\

I
r3

1l
t2

10138
I

39 34 39

2

12 23
I
I

I

273rr23823
4

2
4
II

a
J

Seed H

2
6

28

2001

Seed

4 2T 10



Continued (Appendix III)

Species

Cal os oma calidum Fabricius
Carabus gyanulatusL.
C. serratus Say
C. taedatus Fabricius
Chlaenius alternatus Hom
C. pensylvanicus Say

C. sericeus Forster
Cymindis borealis Leconte
Cymindis sp.
Dichaelus s culptilis Say
Diplocheila obtusa Leconte

þschirius globulosus Say
D. politus Dejean
Elaphrus sp.
Geopinus incruvus (Say)
Harpalus affinis Schrank
H. amputatzs Say
H. egregius Casey
H. erraticus Say
H. erythropzs Dejean
H. faunus Say

H. fulv i I abris Mannerheim

H. funerarizs Csiki

Hay
Middle

t999
Seed

2

I

Middle

Numbers in different trials

Hav
4

U¡
ø)
\l

H. herbívasus Sa

Middle

4
3

2

2000

I
I
2
1

Seed

Middle
Hav

-t5
4
I
J

1

2l
J

Middle Ed

2001

I
a
J

13

Seed

Middle

9



Continue<I

Species

H. lewisi Leconte
H. megacephalus Leconte
H. opacipenn¡s Haldeman
H. pensylvanicus De Geer
H. sommulentus Dejearr
H. uteanus Casey
Lebia moesta Leconte
L. pumila Dejean
Lebia sp.
Notiophilus aquaticus L.
N. borealìs Harris
N. intermedizs Lindroth
N. semiatriatus Say

Oxyps el I aphus pus il lus (Casey)
P atrobus stygicus Chaudoir

P t er o sti cltus ads tr ic tus Escholtz
P. caudicalrs Say
P. corvus Leconte
P. femoralis Kirby
P. leconteiar¡zs Lutshnik
P. luctusosas Dejean
P. lucublandus Say
P. melanarias Illiger

Hav

l4
a
J

2

I

Numbers in different trials

Hav+

(¡)
o()
o.)

54
t6

1aJ)

l5

2

I

23
2

5

1

32

iczs Leconte

28

r29
10

5

1

59
I

1

I
491
73

I

73
7

107 84
1537 t694

Havé
Middle Ed

200r

337
77

284
1282

2

I

387
6

318
tzt4

2

Seed

61

79

90
25

t2l
5666

6

250
5

183
780

373
2922

I

30

43

57
15

78
2759

4

6
t4

2

9
5

7
193

I

I
2

40
476

J

l4

I
l6

860
I

22
12

I
t3

6t2



Continued

P. serutator Leconte
St e nol ophus c omma Fabricius
Synuchus impunctatus Say
Tr i c hoc ellus c o snatus Gyllenhal

Hay
Edse Middle Ed

2624 2762 2897 279r

Numbers in different trials

Hay

L\)
co

1795 6508 3255

Hav
Edee Middle

293 1141 807


