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GENERAL UYTRODUCTION 

Managers of wetlands across eastem North Arnerica have stniggled for years to 

break-up rnonospecific stands of cattail, Typha spp. in order to increase the abundance 

and divers@ of wildlife inhabiting such areas (Thompson et al. 1987). Today, instead of 

cattail, the struggle continues with the introduced species, Lythrum salicaria L. 

(Lythraceae), which outcompetes Typha spp. and other wetland plant genera such as 

Carex spp. and Phalaris spp., leading to the formation of large monospecific areas of the 

weed (Smith 1964; Stuckey 1980). Cornpared to cattail, these large areas of piirple 

loosestrife are believed to provide a l e s  suitable habitat for wetland wildlife (Mckeon 

1959; Smith 1964). The importance of prairie wetlands in the population biology of 

migratory wildfowl is one factor contributing to establishment of a control program 

against purple loosestrife in the Prairie Provinces. 

A classical biological control program using two leaf-feeding chrysomelid beetles, 

one root-feeding weevii and two flower-feeding weevils has been implemented in North 

America to limit M e r  spread of this weed. Current research efforts on biological 

control of purple loosestrife using Galerucella spp. are concentrated in soiidiem Ontario 

(Cooper et al. 1996) and the eastem United States (Blossey et al. i996), and may not be 

applicable to the prairie provinces. 

In 1993, the two leaf-feeding chtysomelids, Galenicella pailla Dufis. 

(Coleoptera: Chrysomelidae) and G. calmariensis L., were the first biological control 
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agents released in southem Manitoba to help control the spread of L. salicaria (Hight et 

al 1995). Relative to more southerly latitudes, overwintering rnortality of both 

GalerucelZa spp. may be higher, and the rate of increase and dispersa1 of these insects 

lower in prairie Canada. The higher proportion and cold-hardiness of G. calmariensis in 

northem Europe has raised concem about the recmitment potential of G. pusilla in areas 

with low spring temperatures (Blossey 1995a). Beetles were observed in the spring 

following release in Manitoba, and both species of GuZeruceZZa are able to survive the 

winter (Lindgren, personal communication); however, subsequent rates of dispersal and 

increased abundance in Manitoba appear low @iehl, unpublished). Low rates of 

dispersal and increased abundance may not prevent successfbl biological ccntrol, but may 

dictate modifications in release strategy. 

Differences in length of growing season rnay also influence the impact of 

Gnlerucelln spp. on the stand dynamics of purple loosestrife. The response of plants to 

herbivore injury is strongly influenced by the plant's growth stage at the time of attack, 

and the growth stage at the tirne of attack is dependent upon local climate. It is therefore 

unwise to extrapolate fiom other climatic regions to predict the effect of GaZerucelln spp. 

on loosestrife, rather, it is important to obtain information on the interaction behveen 

Galerucella spp. and Lythrum salicaria under prairie conditions. 

The objectives of this thesis are: 

i.) To determine the "within site" dispersal rate and rate of increase of GaleruceZla 

spp. after their release against purpfe loosestrife in Manitoba. 
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ü) To investigate the impact of Galerucella spp. on purple loosestrife stem density 

and f i t  production under Manitoba conditions. 

iii) To estimate ovemintering mortality of G. calmarienrb and G. pusilla in 

Manitoba. 

iv) To conduct a survey of insects associated with L. salicaria in southern Manitoba. 

v) To determine the effect of feeding by the predatory stink bug, Apoecilur 

bracteatus Fitch, on larvae of Gnlerucella spp. under caged conditions. 

The first of four sections in this paper style thesis pertains to the dispersa1 and 

total egg estirnates of Galenicella spp., including their impact on L. solicaria stem 

density and fruit production within four release sites in southern Manitoba during the 

1995 and 1996 growing seasons. The fourth chapter includes a study determining the 

ability of caged adult Galerucella spp. to overwinter within release sites during the winter 

of 1995-96. In the surnrner of 1994, a survey of insects associated with purple loosestrife 

in southem Manitoba was conducted; the results of which appear in Chapter V. As a 

result of this survey, a potentially important predator of Galerucelir spp. larvae was 

identified within release sites at Libau Marsh, MB. Results of field studies in cages to 

determine the effect of the predatory stinkbug, A. burrcteatus, on the larvae of Galerztcella 

spp. are presented in Chapter VI of this thesis. 



C&APTER II 

REVIEW OF PERTLNENT LITERATURE 

Purple Loosestrife: Introduction 

Purple loosestrife, Lythrum salicaria L. (Lythraceae), is a deep rooted, herbaceous 

perennial weed of Eurasian ongin (Thompson et al. 1987) found in a variety of habitats 

f?om rock crevices to gravel, clay and organic soils in North Arnerica and Europe. Purple 

loosestrife generally establishes itself in shallow marshes, wet meadows, along Stream, 

pond and riverbanks and lakeshores. Since its amva1 early in the 19th century, L. 

salicaria has become a problern weed in wetland and rangeland pastures of north-eastern 

and north-central United States and Canada (Stuckey 1980). It is estimated that purple 

loosestrife has invaded more than 12 1.000 ha of wetland and 4 1,000 ha of pasture and 

rangland in North America (Thompson et al. 1987). The higtily cornpetitive nature and 

aggressiveness of purple Ioosestrife once established has led to the displacement of native 

wetland plant species and the formation of large monospecific areas of the weed (Malecki 

and Rawinski 1979). In some areas, L. saZicarin has completely displaced native wetland 

vegetation such as Typha spp. (cattails), Carex spp. (sedges) and Juncus spp. (rushes) 

(Rawinski and Malecki 1985; Rawinski 1982). In Massachusetts, large areas of purple 

Ioosestrife are endangering the local bulmsh, Scirprrs longii Fem. (Coddington and Field 

I978), and in New York the dwarf spike rush, EIeocharis parvula Rom and I. A. 

Schultes, is threatened by invasion of this weed (Rawinski 1982). Prolific seed 

production, high germination rate, resistance to changes in soi1 moisture and lack of 
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natural enemies are factors contributing to a cornpetitive advanîage of purple loosestrife 

over wetland plant genera such as Typha spp., Scirpur spp., Phalaris spp. and Juncrlr spp. 

(Malecki and Rawinski 1979; Gaudet and Keddy 1990). Such reductions in plant 

diversity are believed to create less suitable nesting habitat for garnebirds, waterfowl and 

other wetland animal species, leading to a loss in the nurnber and diversity of wildlife 

inhabithg such areas (Smith 1964; Rawinski and Malecki 1 984; Blossey and Schroeder 

1992). Economic losses attributed to the impact of purple Ioosestrife on wildlife and 

agriculture have been estimated at 45 million dollars per year (Thompson et al. 1987). in 

some western U. S. states' its establishment in irrigation systems has impeded water flow 

and generated M e r  cause for concern (Malecki et al. 1993 b). 

In areas where cattail marshes are not present, the dense growth habit of L. 

salicaria serves as shelter and escape cover for pheasants and cottontail rabbits (Smith 

1964). In addition to harbouring an invertebrate food source (Hight 1990; Anderson 

1995), newly established stands of L. salicaria may provide nest and brood cover for 

spring breeding waterfowl (Malecki and Rawinski 1979). Unfortunately, the usefulness 

of cover is often of short duration since the stands become increasingly impenetrable after 

a couple of years (Malecki and Rawinski 1979). Red-winged black birds also prefer 

stands of purple loosestrife to those of cattail and they may benefit f?om the increased 

abundance of purple loosestrife in North American wetlands (Rawinski and Malecki 

1984). Smith (1964) further stated that where cover would othenvise be lacking, the 

presence of purple loosestrife may be considered to somewhat compensate for its 

aggressive nature. 



A total of 3 5 species of Lythrum occur worldwide, 12 of which are found in 

North America. Three of the North American species are introductions fiom Eurasia and 

include L. salicaria, L. hyssopifolia L., and L. virgntzm L. The remaining nine North 

Amencm Lythrn species are native and none of them are listed as endangered or 

threatened (Blossey and Schroeder 1 99 1). Of the related plants in North America, none 

are of any econornic importance and no species of Lythrum are presently being used as 

sources of food or fibre (Blossey and Schroeder 199 1). 

Lythrzrm alatum (winged loosestrife), L. lanceolatum L. and L. lineare L. are the 

three most common native Lythrum species in central and noaheastern United States and 

southem Canada (Fernald 1950). Intensive nursery breeding has led to a minimum of 28 

varieties of purple loosestnfe through hybridization of L. salicarin with North Amencan 

L. alntzrm and European L. virgaturn (Blossey and Schat 1997; Ottenbreit 199 1 ). Prior to 

the commercial ban of purple loosestrife in Manitoba, four popular cultivars sold 

included: L. virgatum cv. Morden Pink; L. salicaria x L. virgatirm cv. Droprnore P~trple; 

L. alatum x Morden Pink cv. Morden Gleam; and L. alatzrm x Morden Pink cv. Morden 

Rose (Harp and Collicutt 1983). 

In recent cornparisons of three North American populations of L. salicnriu by 

Blossey and Schat (1997), there are differences in height, biomass production, biomass 

allocation and root: shoot ratio within and between populations. It is believed this 

variability between North American populations oFL. salicarin will have little or no 

impact on the ability of introduced biological control agents to develop on these plants. 

Even though related species of Lythrzim are present in North America, no hybridization is 



known to have occurred under field conditions and it is widely accepted tliat Lythrum 

solicaria is represented by a single, well defined, morphologically uniform, widespread 

species in North America (Thompson et al. 1987). 

Biology of Purple Loosestrife 

In North America, mature purple loosestrife plants range in height htom 0.5 m- 

2.0 m and produce a maximum of 30-50 stems, whereas in Europe, plants are generally 

1.0 m ta11 and produce a maximum of 5-10 stems (Blossey and Schroeder 1991). The 

reduced height and stem nurnber in European populations of purple loosestrife is 

attributed to the presence of several specialised herbivores that utilise the plant (Blossey 

and Schroeder 199 1). 

Lythrurn salicaria plants are capable of producing 900- 1000 fruit capsules per 

flowering shoot, each containing 90- 120 seeds (Shamsi and Whitehead 1 974). Seed 

production estimates of purple loosestrife have been as high as 90,000 seeds per 

flowering shoot or 2.7 million seeds per plant with an average stem number of 30 

(Thompson et al. 1987). Within rnarshes of mid-continental North America, the mean 

density of L. salicaria seeds found in the top 5cm of the soi1 was estimated to be 410,000 

seeds /rn2 (Welling and Becker 1990). The seeds of purple loosestrife are approximately 

400 x 200 pm with a dry weight equal to 0.5-0.6 mg /seed (Thompson et al. 1987). 

There are few estimates of the viability of Ioosestrife seeds, but it has been shown 

they will remain viable for a minimum of three years under ideal conditions (Sharnsi and 

Whitehead 1974). However, following a two-year storage penod in water, seed viability 



decreased fiom 99% to 80% (Rawinski 1982). Smith (1964) determined that L. 

sa[icnria seeds remah viable for many years even when subrnerged in water to depths of 

0.5-1 .O meters. 

Due to the high temperatures required, fa11 germination of purple loosestrife seeds 

seldom occurs. The critical temperature for germination of seeds is 15-20 OC and 

successful seedling establishment generally occurs on open, moist soils in late spring to 

early surnrner when temperatures are hi& (Shamsi and Whitehead 1974). Shallow 

marshes are particularly susceptible to invasion by purple loosestrife and the natural 

lowering of water levels during periods of drought results in large expanses of newly 

exposed soils available for colonisation (Malecki and Rawinski 1979). Upon germination, 

the primary root grows deep into the soi1 and develops branched secondary and tertiaiy 

roots. Once seedlings establish thernselves' the roots thicken, harden and develop a 

sclerenchymatous central core that becomes woody as the plants begin to mature (Shamsi 

and Whitehead 1974). 

The common rootstock of a mature purple loosestrife plant is large, but not 

intercomected with other nearby plants as was once thought (Thompson et al. 1987). 

Due to the nature of the common rootstock, purple loosestrife does not have an extensive 

lateral root system (Thompson et al. 1987) and any vegetative growth is restricted to tlie 

crown of older established plants (Shamsi and Whitehead 1974). The solid, woody 

rootstock also serves as a storage organ that provides resources for shoot regrowth after 

tliey are cut, bomed or killed by herbicide application (Blossey and Schoeder 1991). 

Research on below ground reserves is lirnited; Iiowever, the root system maintains tlie Iife 
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of the plant during the winter months and in spring, buds present at the top of the 

rootstock sprout and develop into new stems (Malecki and Rawinski 1979). 

The primary reproductive rnethod of  purple loosestrife is sexual; however, in 

some instances, vegetative regrowth can occur Gom buds present on the stems o f  the 

plant. Sexual reproduction is believed to be of primary importance for recent expansions 

in the distribution of the plant, whereas asexual reproduction by vegetative regrowth is 

more important on a local scale after the plant has established (Shamsi and Whitehead 

1974). In a tristylous plant species such as purple loosestrife, a flower of one style lena& 

bears two sets of stamens of different lengths and any pollination is restricted to crosses 

between the style of one lena& with stamens of the corresponding length (Darwin 1593). 

Individual flowers are self-incompatible and must be cross-pollinated by the action of 

insects or wind that move pollen between the flowers (Thompson et al. 1957; Hight and 

Drea 1991). Seldom does a purple loosestrife seedling flower during its first year of 

growth (Malecki and Rawinski 1979). 

Origin, Arriva1 and Spread o f  Purple Loosestrife in North America 

Lythrum salicaria was initially believed to be a native North American plant 

species; however, it is now widely accepted as a native of Eurasia (Stuckey 1950). The 

European range of purple loosestrife is much larger than the Asian, extending from Great 

Britain across Europe to central USSR and fiom Italy northward to the 65th parallel 

(Blossey and Schroeder 1991). The niain islands of Japan represent the core of the Asian 

distribution, with additional populations extending across the lowlands of China to 



Southeast Asia and Northem hdia. Accidental and intentional introductions have 

expanded the distribution of L. salicarin to include north and east Afiica, Australia, 

Tasmania, New Zeaiand, Pem, Chiie, United States and Canada (Stuckey 1 9 80; Hight 

and Drea 199 2).  

Ln central Europe, populations of L. salicaria are generally small and localized 

with low abundance (1 0- 100 plants/location). However, near the northern limits of its 

European distribution in Sweden and Finiand, populations of high abundance (>IO 000 

plants/location) are more common (Blossey 1995b). The original habitats of purple 

loosestnfe along river systems and in marshes have largely been destroyed in central 

Europe and the plant is now most cornnion in disturbed or man-made locations (Blossey 

1995b). 

Purple loosestrife was first recorded fiom the eastern seaboard of North Arnerica 

in 18 14 (Stuckey 1980; Malecki and Rawinski 1985) and was introduced as a 

contaminant of ship's ballast, crop seed, and by the arriva1 and movement of early settlers 

(Rawinski 1982; Thornpson 199 1). European immigrants likely brought the plant with 

them because of its medicinal properties, including the ability to staunch bleeding, 

cleanse and heal wounds, ulcers and sores, and treat diarrhoea (Thompson et al. 1987). 

The plant was initially associated with major watenvays in the northeast and it was ofien 

characterized as growing in disturbed habitats (Rawinski 1982). Pui-ple lcosestrife seeds 

are buoyant and the movement of water facilitated further expansion of its North 

American distribution (Thompson et al. 1987). Spring floods are an effective means of 

dispersing seeds and may account for the abundance of purpie loosestrife growing on the 



flood plains of major river ways in North America (Malecki and Rawinski 1979). 

Soon afier arriving, L. salicaria became well established along the east coast, and during 

the late 1 8001s, construction of inland waterways and canals contributed to expansion into 

the Hudson River Valley, St. Lawrence River Valley and the Great Lakes region (Stuckey 

1980). There are many references to purple loosestrife in botanical journals fiom 1850 to 

1900, an indication of the rapid spread of the plant during this period (Rawinski 1982). 

hup le  loosestrife was given little attention until the iate 1930's, when its aggressiveness 

and ability to displace native wetland vegetation was first noticed by wetland wildlife 

managers (Femald 1940; Stuckey 1980). 

More recent expansion of the North Arnerican distribution has coincided with 

increased land development, road construction, extensive commercial distribution as an 

ornamental plant and propagation as a forage plant for bees (Stuckey 1980). The bees of 

commercial honey producers often utilize purple loosestrife as a late season food source 

(Thompson et al. 1957). The flowers provide a rich pollen and nectar source for bees, 

and adult flower flies (Syrphidae) (Batra et al. 1986). Additional spread and reproduction 

was attributable to mud adhering to agricultural rnachinery, animals and birds, as well as 

transportation of contaminated seed and foodstuffs (ïhompson et al. 1987). The mean 

rate of spread of L. salicorin since 1940 has been estimated to be 645 kilometres per year 

(Thompson 199 1) and tlie curent North American distribution of the plant lies between 

the 35th to S2nd paraIlels. 

Currently, purple loosestrife is foiind in al1 10 Canadian provinces (DeCIerck- 

Floate 1992) and in southeln Manitoba, tlie plant is foiind along every major river system, 
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with large areas of concentration along the Cypress, Assiniboine, and Red Rivers, as 

well as in the Netley-Libau and Delta marsh systems south of Lake Winnipeg and Lake 

Manitoba (Diehl et al. 1997). 

ControI of Purple Loosestrife 

Limited control of purple loosestrife can be achieved using pliysical methods such 

as cutting, burning, water level manipulation and hand pulling. There is little or no 

impact of buming L- salicaria stems on overall survival, as the rootstocks are lihly to 

survive and generate new growth (Mckeon 1 959). Mowing or cutting purple Ioosestrife 

stems prior to flowering in June or early July can reduce plant vigour; however, cut 

shoots remaining on the moist soi1 will continue growing to produce flowers and viable 

seed in the sarne season (Malecki and Rawinski 1979). Mowing p~irple loosestrife plants 

in full bloom (August) ensures that sprouts fiom the cuttings will not grow to produce 

viable seed; however, by this tirne cut stems contain viable seed that is available for the 

next growing season (Malecki and Rawinski 1979). In a separate study, mature plants cut 

in August were unable to replenish root reserves required for regrowth the following 

spring, leading to a reduction in stem density (Malecki and Rawinski 1985). However, 

unless cuttings are removed from the site, late rnowing of flowering L. sdicnria shoots 

will ensure that viable seed is produced for the following spring. The best time to mow is 

when cuttings do not contain a large number of viable seeds and do not have enough time 

to re-grow and produce flowers in the sarne year (Malecki and Rawinski 1979). In 

southem Manitoba, this corresponds to the early bloom period of purple loosestrife in the 
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f i s t  or second week of July. In Ontario, Haworth-Brockrnan et al. (199 1) 

demonstrated no difference in the mean nurnber of L. salicaria stems /plot between the 

control and underwater treatments clipped in early (15 June), mid (15 July) and late 

summer (15 August). The mature L. salicaria plants that were clipped grew new stems 

and reached control densities by the end of the growing season. Approximately 2 1 days 

afier germination, the seedlings of purple loosestrife can be mowed as there is not enou& 

t h e  for the plant to develop roots below ground that are capable of regeneration (Gabor 

and Murkin 1990). However, by 42 days the seedlings have enough below ground root 

reserves to develop new stems when cut. Gabor and Murkin (1990) recommended 

cutting seedlings at 2 1 days to reduce establishment and prevent re-establisliment by 

vegetative sprouting from cut stems. Cutting as a control technique should not be relied 

upon exclusively, but used in combination with other control techniques such as flooding 

and burning (Malecki and Rawinski 1 955; Haworth-Brockman et al. 1 99 1). 

Rawinski and Malecki (1 985) demonstrated that under stable water conditions 

(mean depth of 40 cm), Typha spp. can out-compete and suppress purple loosestrife. 

Other researchers have also dernonstrated detrimental effects of flooding on both 

established and seedling populations of L. salicaria (Malecki and Rawinski 1979; 

Rawinski 1982; Clay 1986; Balogh 1986). Shallow flooding, in which seedlings are 

initially subrnerged but able to grow quickly through the water, has little or no impact on 

seedling densities (Malecki and Rawinski 1979). Raising water levels effectively 

suppresses newly established seedlings only when they are completely submergeci for an 

extended period (Malecki and Rawinski 1979). Balogh (1986) found tliat seedlings 



10- 15 cm in height show significant mortality afier five weeks of flooding with 3 0- 1 00 

cm of water and recommended that deptbs greater than 30 cm are required to control 

seedlings. Ln contrast, Haworth-Brockrnan et al. (1993) demonstrated that four different 

shallow flooding depths do not affect mean densities of Ioosestrife seedlings. Young 

seedlings continued to grow while submerged and eventually emerged from the water and 

flowered in the sarne season. They concluded that shallow flooding is not an effective 

approach to preventing or limiting the establishment of L. salicaria seedlings. Negative 

effects on mature L. salicarin plants have been dernonstrated when water levels are 

maintained behveen 40-60 cm for several consecutive years; however, seasonal flooding 

has only a limited impact on the plant (Rawinski and Malecki 1984). Purple Ioosestrife 

plants are somewhat tolerant of flooding and within days after submergence they develop 

a porous, spongy bark Layer (aerenchyma) on the stem whicli helps to facilitate gas 

exchange (Malecki and Rawinski 1979). Complete submergence of mature Ioosestrife 

plants should only be considered when dealing with a heavy infestation as this approach 

can be detrimental to other vegetation (Malecki and Rawinski 1985). 

Water level reductions in wetland areas to allow desirable plant species to re- 

establish may result in an increase in L. salicaria densities, as the exposed soi1 provides a 

suitable medium for seeds to germinate (Gabor and Murkin 1990). Lythrum snlicrwiri 

stem densities have been shown to increase in cornparison with cattail when water levels 

are low enough to expose mudflats for seedling establishment (Rawinski and Malecki 

1985). However, when Japanese millet, Echinochlon frumentc~cin was seeded on exposed 

mudflats: it successfully competed with purple Ioosestrife seedlings (Malecki and 
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Rawinski 1985). The drawdown and reflood approach may be an option for intensively 

rnanaged wetlands only when used in combination with plant competition. 

Hand pullhg or digging up purple loosestrife plants is another control technique 

that works well on newly established seedlings, but not very wel1 on older, mature plants. 

Control of mature plants by hand pulling or digging is difficult due to the development of 

an extensive, woody root m a s .  Any piece of root material remaining in the soi1 is 

capable of producing adventitious buds and eventually stems (Rawinski 1982). When 

plants occur in srnail concentrated stands, uprooting by hand and ensuring removal of al1 

vegetative material cm lead to the elimination of L. scdiccrrin from these areas. 

Unfortunately, the time required to remove even a srnall area of mature plants is often too 

great. When stands of purple loosestrife become established and dense, Iiand removal is 

usually impractical (Malecki and Rawinski 1979). 

Recoinrnended herbicides can provide excellent control of purple loosestrife; 

however, the plants' preference for wet marshy areas often restricts herbicide use. In 

dryland situations, the application of glyphosate (Roundup@) at a rate of 1.7 kg/ ha 

during the period of peak bloom (mid-August) can provide 99% weed control. 

Unfortunately seed viability fiom treated plants is cause for concern (Rawinski 1982). 

Seeds collected from purple loosestrife plants treated with glyphosate in late August Iiad a 

mean germination rate of 53% compared to untreated plants at a rate of 99% (Rawinski 

1952). In the year following control with glyphosate, plots treated in late August 

contained newly established plants such as Carex spp. and Polygonum spp., while plots 

treated in early June contained young purple loosestrife plants (Malecki and Rawinski 
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1985). The ability of glyphosate to be taken up by the plant, quick inactivation upon 

exposure to soil, and eficacy against purple loosestrife rnakes this herbicide attractive in 

dryland situations. 

The herbicides 2,4-D and triclopyr amine may be used to control purple 

loosestrife but the requirement for repeated applications and high associated costs usually 

limit their use on a large scale. Smith (1964) reporîed that 2,4-D provided satisfactory 

kill of the tops of mature loosestrife plants, however, some resprouting fiom the base of 

the plant was observed. Results of treating L. salicnria in small plots with various 

herbicides were vanable and in no case did any one year of treatment result in complete 

destruction of a11 plants within the test plots (Smith 1964). Overall, the non-selectivity 

and hi& cost associated with using these recomrnended herbicides render them 

impractical and undesirable in most situations. 

The ability of some plants to out-compete the seedlings of purple loosestrife can 

help prevent establishment in wetlands that are intensively managed. Japanese millet, E. 

frumentocin, grows rapidly, cornpetes well with purple loosestrife and it is able to tolerate 

the periodic changes in water level that occw in wetiands. Seeding Japanese millet on 

intensively managed wildlife rnarshes c m  provide a bamer that impedes further 

encroachment by purple loosestrife, and the seed crop it produces may be used by 

waterfowl (Malecki and Rawinski 1985). In study plots containing both millet and L. 

srrlicarin seedlings, no loosestrife plants were found at the end of the growing season, 

even though densities were high at the start of the season (Malecki and Rawinski 1985). 

The millet seed should be planted soon after receding water exposes the soil, and prior to 



the germination and emergence of loosestrife seedlings. Reed canary grass, Phalaris 

amndinacin L., also competes well with purple loosestrife in a mixed seeding, and 

mature plants can be controlled through replacement by this grass (Novak 1968). It is 

believed that large areas of Reed canary grass and Japanese millet would be more suitable 

than purple loosestrife to wetland wildlife, as they utilize the seed as a food source 

(Malecki and Rawinski 1985; Novak 1968). The cornpetition control strategy focuses on 

preventing M e r  infestations instead of eliminating existing stands of L. scrlicarin, 

unfortunately the labour required for such operations makes this technique very costly 

(Malecki and Rawinski 1 985). 

Any control Leading to a reduction in the number of established purple Ioosestrife 

plants may be short lived due to recruitment from the enormous loosestrife seedbank 

present within most established sites (Welling and Becker 1990). The prevention of 

recruitment fiom the seedbank is difficult due to the ability of purple loosestrife seeds to 

germinate across a broad range of environmental conditions (Shamsi and Whitehead 

1974). 

Chemical and cultural control techniques can be difficult and expensive to 

implement when large areas of land are involved. Biological control on the other liand, 

becomes more economical as the area of infested land increases. In this situation, 

selection of purple Ioosestrife as a target weed represents an economical decision in terms 

of saving time and money. Classical biological control of puiple loosestrife represents an 

economically feasible and less labour intensive approach predicted to have tremendous 

potential in North America. The biological control program against ptirple loosestrife is 
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relatively new and several agents have been released into North Arnerica in attempts to 

control the further reproduction and spread of the plant. 

Classical Bio10,oicaI Control of Weeds: An Overview 

Biological control of weeds represents one of many alternative approaches to 

weed control that c m  help reduce annual pesticide applications. Biological control is 

based on the theory that introduced natual enemies c m  reduce the population of a weed, 

while maintainhg a strict host range (Wapshere et al. 1989). H. S. Smith, who advocated 

the use of pathogens, parasitoids and predators as natural enemies to control insect pests 

(Smith 19 19), coined the term "biological control" in 19 19. Debach (1 964) later defmed 

biological control as the action of predators, parasites and pathogens in maintaining a 

target organism's population density at a lower Ievel than would occur in their absence. 

The National Academy of Sciences (1987) redefined biological control as "the use of 

natural or modified organisms, genes, or gene products to reduce the effects of 

undesirable organisms, thus favouring desirable organisms such as crops, trees, animaIs, 

beneficial insects and micro-organisrns". 

In Canada, classical biological control of weeds is regulated by the Plant 

Protection Act (Harris 199 1) and involves the importation of a weed's natural enemies 

frorn their area of origin, and subsequent release into a new geograpliic area occupied by 

the weed (van Lenteren 1988; Wapshere et al. 1989). Today's classical biological control 

agents are selected for their ability to attack specific target weeds, while leaving crops and 

other important plants untouched (Strobel 1991). To ensure this relationship Iiolds tnie, 
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rigorous host specificity testing is carried out for agents under consideration for release 

into a new geographic area (Harris and Zwolfer 1968)- The desired end result of a 

classical control program is a self-perpetuating biological agent population that reduces 

growth, reproduction and cornpetitive ability of a target weed, making it more susceptible 

to adverse environmental conditions (Harris 1 988; Wapshere et al. 1 989). When 

successful, a classical biological control program does not normally eradicate an invasive 

weed, but instead establishes a self-sustainhg balanced interaction between the target 

weed and its introduced enemies (Blossey and Schroeder 1991). Residual populations of 

the target weed are required to serve as reservoirs for the introduced agents as there will 

Iikely be oscillations in the popuIations of both over time. These fluctiiations in 

population are primarily in response to environmental conditions, activities of man and 

the interaction of the target weed and its associated organisms (Hight and Drea 199 1). 

During the 1960s, the effort to establish a national control program against purple 

loosestrife in the United States was at a standstill, largely due to the lack of spread and 

impact data, the long established presence of the weed in eastem North America and the 

lack of support from the U. S. Department of Agriculture (Thompson 199 1). In the late 

197OYs, the program was re-evaluated and by 1980, purple loosestrife was approved as a 

candidate for study as a potential target weed. PurpIe loosestrife is a suitable candidate 

weed for ciassical biological control in North America because it: 1 .) exhibits a pereiuiiai 

growth habit, 2) was introduced from Europe, 3)  grows in a specific, stable habitat, 4) is 

taxonomically isolated from other plants, 5) possesses unfilled feeding niches, and 

6) has suitable biological control agents found in its native area. During initial European 
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surveys to identify suitable organisms for introduction into North America, no 

pathogens attacking L. salicaria were found (Blossey and Schroeder 1986). 

In surveys of insects associated with purple loosestrife in North America, a total 

of 68 phytophagous insects attacking purple loosestrife have been identified, some of 

which caused appreciable damage to individual plants (Hight 1990; Anderson 1995; 

Voegtlin 1995). However, al1 observed feeding niches on the plant were believed to be 

avaiiable for exploitation by any future introduced natural enernies (Hight 1990). During 

the first European survey of insects associated with the plant, a total of 120 species of 

phytophagous insects were found to be associated witli L. salicaria, of which 13 were 

considered host specific (Blossey and Schroeder 1956). From the host specific insects, 

six were considered as potential biological control agents to be released in North 

America. These included GalerucelZa calmariensis L. (Coleoptera: Chrysomelidae), G. 

pusilla Duftschmidt, Hylobizcs ~ransversovittattls Goeze (Coleoptera: Curculionidae), two 

flower-feeding weevils, Nanophyes mannoratus Goeze (Coleoptera: Curculionidae), N. 

brevis Boheman, and a gall midge, Bayerioln salicarine Kieffer, which reduces seed 

production by attacking flower buds. The leaf-feeding chrysornelid beetles, G. 

calmarienris and G. pusilla and the root-feeding weevil, Hylobius tranwersovittnttrs, 

were identified as the most promising candidates for release and establishment in North 

Arnerica (Batra et al. 1986; Blossey and Schroeder 1986). Al1 three agents occur 

throughout the distributional range of purple loosestrife in Europe and were rigorously 

tested for host specificity (Blossey and Schroeder 1991). The Animal and Plant Health 

Inspection Service (APHIS) of the USDA granted approval in 1992 for release of these 
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three agents into the United States. Approval for release in Canada was granted in the 

same year by the Plant Protection Division of  the Food Production and Inspection Branch, 

Agriculture and Agrifood Canada. Approximately 25,000 adult Galerucella were 

shipped to the United States in the summer of 1992, passed through quarantine and 

distributed to r e h g  centres in Virginia, Maryland, Pemsylvania, New York, Minnesota, 

Oregon, Washington, Ontano and Manitoba (Malecki et al. 1993a). Despite approval for 

release in 1992, the Manitoba Purpie Loosestnfe Project did not introduce the two leaf 

feeding biological control agents until the summer of 1993 (Lingren, persona1 

communication). 

Calerricella spp. : Introduction 

In Europe, Galerucelin calmariensis and G. ptrsilla share the same ecological 

niche and show strong reproductive isolation (Manguin et al. 1993). In field and 

laboratory studies conducted by Blossey (1 995a), both species had identical competitive 

abilities and shared the same inclusive fundamental niche on their host plant, L. snlicnria 

(Blossey 1995a). The pattern of resource use between G. p~oillcz and G. cnlmariensis in 

Europe is identical and no differences in adult phenology, winter mortality, colonization 

pattern and oviposition were observed (Blossey 1995a). In models of stable coexistence 

of two cornpetitors such as G. pusilln and G. calmariensis, it is assumed that the inferior 

species have access to resources that are temporally or spatially unexploited by the 

superior species (Blossey 199Sa). The principle of competitive exclilsion predicts the 

displacement of either G. pilsih or G. calmm-iensis; however, accordiiig to Blossey 



(1995a) this is not the case. On a local scale, both species seem to have identical 

cornpetitive abilities, and neither species is superior or dominant over the other. 

However, G. calmariensis is more fecund (Ragsdale 1995), possesses a wider host range, 

and is more abundant in the northem distributional limits of the beetles European range, 

compared to G. purilla (Blossey and Schroeder 1 99 1 ). Agren and Fagerstrom (1 984) 

have suggested that competitors may coexist under intense resource competition if they 

are sufficiently similar in their skills to compete for available resources. According to 

Blossey (1 995a), G. calmariensis and G. pusilln possess identical cornpetitive abilities, 

thus allowing them to occupy the same ecological niche on L. salienria. 

The taxonomic statu of Gale~ucelln spp. (sensu lato) \vas revised by Silfverberg 

(1 974) who subdivides the Galerucella spp. (sensu stricto) into two subgenera; 

Gnlerzrcelln with G. nymphoeae L., G. grisescens Joann. G. plucida Baly, and 

Neogalerzrcella with G. limneola F., G. tennelln L., G. cnlmariensis L. and G. pzrrilla 

Dufis. In 1993, Manguin et al. demonstrated through an isozyme cornparison that G. 

calmariensis and G. picrilZu are distinct fiom the European species G. grisescens. Three 

additional species of Galerucella occur in North America: G. nymphaene on water Mies 

and L. salicaria, G. stefanssoni Brown, feeding on Rubzrs chnmaemorzrs L. (cloudbemy) 

and G. quebecensis Brown, feeding on Potentilln palutris (L.) Scop. (rnarshflower) 

(Manguin et al. 1993). The introduction of G. cnlmariensis and G. ptisillcz increased the 

North American number of Grrlerz~ellcr to five. 

The distribution of G. pusilln and G. culmmiemis is nearly identical, each being 

found throughout the Palaearctic distribution of L. snlicnrin. Ninety per cent of purple 
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loosestrife populations in Europe show evidence of atîack by Galemcella spp. 

(Malecki et al. 1993a). One difference between the two species is that G. purilla is 

relatively less abundant than G. cai:.wrienslÎ in the northem distributional range of purple 

loosestrife (Blossey and Schroeder 199 1). In central Europe, mixed specizs beetle 

communities dorninate and the two species are equalIy abundant (Blossey 1995a). Adult 

Galerucella spp. released in North Amenca were collected fiom two climatically 

different sources in Germany; a southem source in Gelnhausen and a northem location in 

Meggerdorf (Hight et al. 1995). The proportion of G. cnlmnriensis collected at the 

northem collection site was 90% , while in the southem site die proportion of this species 

was 30% (Hight et al. 1995). Prior to releasing Galerucella spp. in North America, adults 

were exposed to and accepted L. salicaria plants collected fkom Washington, Minnesota 

and Maryland (Blossey and Schroeder 199 1). Despite the source of beetles initially 

released into North America in 1992, all introductions o f  Galerz~cella spp. became 

established the following year and overall survival rate of the beetIes was estimated to be 

10% (Hight et al. 2 995). 

Biology of Galerucella spp. 

In their native habitat, adults and larvae of both species can completely defoliate 

loosestrife plants and suppress flower production (Blossey 1992). Golerz~celh spp. 

ovenvinter as adults and are known to survive extended periods of immersion during 

spring and summer floods (Hight et al. 1995). In southem Manitoba, adults emerge from 

hibernation sites in litter from late May to early Julie. They immediately begin feeding on 
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the meristematic tissues and young leaf tips of emerging purple loosestrife plants 

(Blossey et al. 1994). Adults usually drop off the plant when approached; however, 

feeding damage is easily observed on the shoot tips of newly emerged plants (Hight and 

Drea 199 1). When a large population of adults emerges and feeding starts early in spring, 

the development of shoots can be retarded or in some instances, completely prevented 

(Blossey and Schroeder 1991). Any shoots escaping eady season defoliation cvill Iikely 

sufTer from combhed adult and larval feeding later in the growing season. Adults feed 

for a period of approximately one-week before copulation and oviposition begins (Hight 

and Drea 199 1). Eggs of both species are indistinguishable, opaque, round, covered with 

a thin line of fiass and laid in batches of variable size on the leaves, stems, axils and 

flowers of the purple loosestrife plant (Malecki et al. 1993). During the first part of the 

oviposition period, eggs are preferentially laid in small batches at the base of stems, 

compared to later when eggs are attached to stems, leaves, axils or flowers (Hight and 

Drea 199 1). Blossey (1 995a) demonstrated the pattern and duration of oviposition of G. 

calmariensis and G. ptlsilla under field conditions in Europe to be identical. However, 

under laboratory conditions in Minnesota, G. pirsilla was shown to distribute its eggs 

evenly throughout the canopy while G. calmariensis laid eggs in the upper third 

(Ragsdale 1995). The dailÿ oviposition rate of Gnlerzicella spp. in Germany was related 

to temperature, with the highest rates of 10- 12 eggs/day occurring at temperatiires of 25- 

30°C and Iower rates at temperatures below 20°C (Blossey 1995a). Ln Minnesota, under 

greenhouse conditions, the average number of eggs/female/day was 8.2 for G. pzlsilln and 

10.5 for G. cnlmczriensis (Ragsdale 1995). Ragsdale also obsewed that greenhouse 
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colonies of G. pusilla produced only half as many adults as colonies of G. 

calmariensis. He attnbuted the dif3erence to the significantly greater egg hatchability of 

G. calmariensis. Females require 3-4 weeks to reach full egg laying capacity, and 

oviposition of G- pusilla is more negatively affected by lower temperatures than that of G. 

calmariensis. In Germany, decreasing daylength coincides with a drop in the number of 

eggs laid by both species; however, G. pzuilla is more affected than G. calmariensis 

(Blossey 1995a). Blossey and Schroeder (199 1) detennined the average batch size of G. 

ptlrilla to be 2.9 eggs and that of G. calmczriensis to be 4.8 eggs under laboratory 

conditions. Under field conditions in Germany, Blossey (1995a) demonstrated a batch 

size of 2.920.06 eggs for G. pluilla and 5.30.2 eggs for G. calmariensis. Batch size was 

also significantly larger for G. calmariensis (6.6) compared to G. pzuil[n (5.3) under 

laboratory conditions in Minnesota (Ragsdale 1995). Differences in batch size may be 

due to the slightly larger size of G. calmariensis compared to G. pusilla. Oviposition 

may continue at a reduced rate throuphout sumrner until the end of July when the majority 

of adults fiom the ovenvintered generation have died (Hight and Drea 199 1). During an 

oviposition period fiom mid-iMay to mid-luly, a female Galerzrcelln spp. is capable of 

producing and laying 400-500 eggs (Hight and Drea 199 1; Malecki et al. 1993) however, 

after four to five weeks of oviposition females become physiologically exhausted and egg 

laying usually stops. 

At a constant temperature of 20°C, first instar larvae hatch approximately 12 days 

afier oviposition (Blossey and Schroeder 1 99 1). Newly hatched first instar larvae move 

to growing tips where they feed on young meristematic tissues of newly unfolding leaves 
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(Hight and Drea 1991). Evidence of first instar larval damage is ofien dinicult to 

observe without spreading apart the young developing leaves (Malecki et al. 1993). 

Second and third instar larvae feed on al1 parts of the plant, but generally prefer the 

undersides of older unfolded leaves or developing flower buds (Hight and Drea 199 1). At 

2U°C, larval development is completed in as few as 14 days (Blossey and Schroeder 

199 1). Mature third instar larvae rnove down the stem and drop off the plant to pupate in 

the ieaf litter or top few centimetres of  the soi1 (Blossey 1992). In flooded sites, 

Galerucella spp. larvae may form pupal cells in the thick aerenchyma tissue that develops 

on plant stems that have been submerged for extended periods (Hight and Drea 199 1). 

The pre-pupal and pupal stages together last approximately 10 days, after which the 

teneral aduits emerge and commence feeding. After feeding for approximately one week, 

adults rnay copulate and produce a partial second generation (Blossey and Schroeder 

199 1). The courtship behaviour of males differs between G. ca2mnriemi.s and G. purilla 

(Petersen 1994). Warmer summer temperatures over much of the proposed release area 

in Korth America compared to northem Gemany may speed development from egg to 

adult resulting in the completion of two generations in the same year for both species of 

Galevucek (Vega et al. 1992). 

Natural Enemies of Gnlerucelln spp. 

Predation of G. p~lsillo and G. calmariensis by spiders was observed at al1 field 

sites in Europe, and in North America several failures to establish the beetles have been 

attributed to egg and larval predation by arachnids (Malecki et al. 1993). In Europe, 
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Galen~cella Iarvae are attacked by Asecodes mento Walk. (Eulophidae) and adult 

beetles by Centtries rufthorar Telenga (Braconidae). Predation of eggs, larvae and 

adults by spiders and ladybird beeties occurs in North America and may offset 

productivity of the Galerucella spp. (Malecki et al. 1993). In studies of the closely 

related North Arnerican species, G. nymphaeae, no parasites or pathogens likely to kill 

the two introduced species were discovered; however, egg predation by the ladybird 

beetle, Coleornegilla maculata @eGeer) (Coleoptera: Coccinellidae) was observed 

(Malecki et al. 1993). In Manitoba, laxvae of both introduced species are attacked by the 

predatory stink bug, Apoecihs bracteatus Fitch (Hemiptera: Pentatomidae) (Diehl et al. 

1997). 

Host Specificity of Gderucelln spp. 

h host specificity studies carried out by Blossey and Schroeder (1 99 l), plants 

belonging to one of three groupings were tested; those taxonornically related to L. 

salicaria, associated wetland plants of wildlife importance, and important agricultural 

plants. A total of 48 pIant species were selected and approved by the Technical Advisory 

Group for the introduction of biological control agents of weeds, U.S.D.A., Plant and 

Animal Health Inspection Service. Adult G. calmariensis and G. pusilln will feed on 

plants outside the genus Lyihnlrn; however, oviposition is strictly restricted to this genus 

(Blossey et al. 1994). Lythrzim salicarin, L. alaturn Pursh, L. cnlifornicum Torr. & Gray 

and L. hyssopfilia L. were all utilized for feeding and oviposition by G. cnlninriensis and 

G. pusilln during laboratory testing of the 48 plant species (Blossey and Schroeder 199 1 ; 
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Blossey et al. 1994). Development of G. calmariensis and G. pusilla fiom lawa to 

adult in larval transfer tests can be completed on L. alutum in addition to L. salicaria 

(Blossey and Schroeder 199 1). The host range of G. calmariensis is wider than that of 

G. pzuilla, as it also completes development fiom lama to adult on Ammannia auriculata 

Willd. and A. latifolia L (Blossey et al. 1994). Newly emerged teneral adults of 

Galerucella spp. fed moderately on winged loosestrife, L. alarum and swamp loosestrife 

Decodon verticiZZnfus (L.) Ell when potîed plants were placed in a naturally occurring L. 

snlicclrin stand which had been consumed (Blossey et al. 1994). Oviposition under 

laboratory conditions by GalerucelZa spp. was never observed on plants outside the genus 

Lythrzim, and never on potted swamp or winged loosestrife introduced into natural sites 

(Blossey et al. 1994). The results of Blossey and Schroeder (1 99 1 ) are an indication that 

winged loosestrife, L. alatilrn and possibly swamp loosestrife, D. verticillatus, may be 

wlnerable to limited attack by newly emerged adults of GaZerzicelZn spp. 

Impact of Gderricella spp. on Purple Loosestrife 

In al1 but one study site in nortliem Germany during 1988- 1990, attack by 

Galerucella spp. caused reduced shoot growth, suppression of flowering, reduced seed 

output and high plant mortality (Blossey 1992). Plants previously unactacked were unable 

to compensate for injury caused by three Galerzrcelln spp. larvae per centimetre of shoot 

(Blossey 1992). When densities of Gnlerucelln spp. Iarvae are hi&, photosynthetic 

material is removed, fewer carbohydrate reserves are deposited in the roots, and shoot 

growth may be reduced the following spring (Blossey and Schroeder 199 1). Blossey and 



Schat (1997) examined the impact of herbivory by G. calmariensis on three separate 

North American populations of L. salicaria. They demonstrated significant reductions in 

plant height, le&, shoot, root and total plant biomass with increasing levels of attack by 

G. calmriensis for one complete generation. S eedl ings of L saiicaria compensated for 

loss of photosynthetic tissues by replacing foliage at the expense of below ground storage 

reserves (Blossey and Schat 1997). Any herbivore attack resulting in reduced allocation 

of reserves to root storage is expected to limit the ability of the pIant to compete the 

following spring and increase the risk of winter mortality, especially when young 

seedlings are attacked (Blossey and Schat 1997). For well-established plants, increased 

herbivory by G. calmariensis causes a sipificant reduction in allocation of resources to 

reproduction and only minor diminution in resource allocation to root storage (Blossey 

and Schat 1997). 

Establishment and Dispersai of Galerucella spp. in North America 

Large nurnbers of both Galerucella species have been reared and released in the 

U.S. and Canada. Establishment and reproduction of both G. pusilla and G. calmclriensis 

has been confinned in North America. Laboratory data demonstrating the effect of 

Galerucella spp. on L. salicarin suggest that the beetles can have a measurable impact 

(Blossey and Schroeder 199 1 ; Blossey 1992; Blossey and Schat 1997). North American 

data reparding the successfi~l control of purple loosestnfe by the two species of 

Gaierz<celln are limited. After examining initial release data fiom 1992, Hight et al. 

(1 995) concluded that higher survival rates using caged releases were obtained for 
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concluded that the amount of litter, nurnber of standing dead L. salicaria stems or density 

of L. salicaria did not affect establishment of the beetles during these initial North 

American releases. According to Malecki et al. (1993), peak dispersal of ovenvintered 

adults is believed to be during the first few weeks of purple Ioosestrife emergence with a 

second dispersal penod occurring afler the new generation of adults has emerged in late 

summer. There is little information regarding the distances travelied by dispersing aduIts 

or the factors influencing migration. In general, there is a need for more detailed studies 

of the dispersa1 and growth rates of Galerucella spp. within release sites in North 

America. 

Conclusions 

The current North American distribution of purple loosestnfe is well defmed and 

it is widely accepted that the weed is fkee fiom its native natural enemies. This freedom 

fiom its natural enemies is tliought to contribute to a cornpetitive advantage over other 

native wetland plant species (Blossey and Schroeder 1986). This does not mean that no 

natural enemies attack purple loosestrife. In North America, generalist herbivores feed on 

this weed and some cause significant darnage to individual loosestrife plants (Hight 1990; 

Voegtlin 1995; Dielil et al. 1997). However, negative effects of these native herbivores 

on entire stands of L. salicarin are not usually obsewed in North America. 

Prior to identification of purpIe loosestrife as a problernatic weed, it was one of 

the best selling ornamental peremial plants, which no doubt contributed to the recent 



extensions of its distribution in North America (Thompson et al. L987). For the 

greenhouse industry, purple loosestrife represented an econornically important plant sold 

as a garden perennial. Since launching the massive control campaign against purple 

loosestrife, many greenhouses have stopped selling established I-year-old seedlhgs and 

seed. 

Initial concem over the proposed biological control of purple loosestrife was 

apparent in beekeepers whose bees were utilizing the plant as a source of nectar and 

pollen (Thompson et al. 1 987). However, as beekeepers becarne aware of the low success 

rate of classical weed biological control, concem soon faded out. Otherwise, there has 

been little controversy over the proposed biological control of purple loosestrife in Noah 

America. 

Documentation of the detrimental effects of purple loosestrife on native 

vegetation are present in the literature; however, negative impacts on wetland wildlife 

such as bog  les have been predicted but not confirmed. Prim to initiation of the 

controt program against L. salicaria, more studies shouId have been conducted to confirm 

or disprove the negative effects of purple loosestrife on native wetland animal species. 

Literature available on the dispersal, biology and distribution of purple loosestrife 

in North America is abundant. Unfortunately, the same is not truc regarding the 

introduced biological control agents, G. ptailla and G. cnlmnriensis. Some field research 

has been conducted in Europe; however, results will likely difTer from the clirnatically 

distinct areas in North America where beetles have been introduced. Traditionally, 

classical weed biological control prograrns have been heavily weighted towards the 
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selection and release of suitable agents for introduction. By the time control agents are 

introduced, the majority of available resources are used up and follow-up studies usually 

involve a determination of whether or not the agent has established. When establishment 

is not successfùl, reçearchers are often at a Ioss as to explain why. Detailed follow-up 

studies immediately after release of agents into a new area are necessary so that reasons 

for success or failure can be supported by scientific data, not personai opinion. This 

study represents a follow-up immediately afier the release of G. caZmariensis and G. 

pusiZZa into four wetland sites. The dispersal, overwintering ability, growth rate and 

predation of Gnlerucelln spp. within the four release sites are studied in southem 

Manitoba. 
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During spnng of 1995 and 1996, five sites containing purple loosestrife, Lythmrn 

sczlicaria L. ( L  ythraceae) were sarnpled for Galerucella spp. (Coleoptera: 

Chrysomelidae) egg masses. In four of these sites, releases of the biological control 

agents, Galerzrcellcz spp. were made prior to or during the study. Two release sites were 

located at Delta Marsh, south of Lake Manitoba and two at Libau Marsh, south of Lake 

Winnipeg. In 1993, a mixed species introduction of adult Galerucella calmariensis (L) 

and G. pusilla Dufis. was made into one site at each of Libau Marsh and Delta Marsh. 

The other site at each locality received introductions of Galerucella spp. in 1995. A fifth 

site was selected at Libau Marsh in which there was no Galerucella spp. present. Within 

each study site, a series of transects radiating away fiom a central origin was established. 

Al1 sites were sampled in spring for L. sakaria stem and Galerucella spp. egg densities 

at predetermined distances along each transect using a lm2 quadrat. In fall, using the 

sarne sarnplinp system, purple loosestrife stem densities were determined and seed heads 

were collected to provide an estirnate of the fiuit production /ml. 

There was a decrease in the density of Galerzicella spp. eggs with increasing 

distance from the central release point along ail transects sampled during spnngs of 1995 

and 1996. This decrease was most pronounced in both sites that received introductions of 

adult Galencella spp. in 1995 and less so in 1993 release sites. Purple loosestrife stem 

density also decreased with distance along the majonty of transects sampled during both 

years. Fruit production by L. snlicaria was somewhat variable along transects, being 

either uniform or decreasing with distance from the release point. 
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The declhe of Galerucella spp. egg density with increasing distance fiom the 

central release point fitted the general non-hear model: density = exp (a + b (distance 9) 

described by Taylor (1978). Estimates of the a, 6, and c parameters were generated for 

individual transects in al1 four release sites and used to predict the number of eggs /mZ for 

each transect, up to the last distance sarnpled. Observed vs. predicted ? values were 

compared to determine how well Taylor's mode1 fit the observed data. Predictions of 

Galerzrcella spp. egg density along individual transects were used to estimate the total 

number of  eggs within each release site. 

In spring of 1995 and 1996, numbers of eggs were highest in sites that received 

introductions of adult Gnlerzrcella spp. in the surnrner of 1993, and lower in sites that 

received introductions in 1995. The highest number of eggs and largest proportionate 

hcrease of egg density from spring of 1995 to 1996 was observed in the Delta Marsh site 

that received beetles in 1993. In this site, the mean density of purple loosestrife during 

the 1996 growing season was reduced fiom 28 stems /ml in spring to 4 stems lm' in fall; 

mean fniit production was reduced fkom 4000 /m2 in fa11 of 1995 to less than 25 h i t s  lm2 

in 1996. Other than at the point of release in the remaining sites, loosestrife stem and 

h i t  production was apparently not reduced by Galerucelh spp. during the 1995 and 

1996 growing seasons. 

Broken stick regressions were used to describe the relationship between the 

density of Gnlerrrcelln spp. eggs and stem and h i t  production by L. salicaria. From 

these regressions it was detemiined that a reduction in loosestrife stem density occurred 

during the growing season only when the Galentcella spp. e g g  density wss t 565 eggs 

lm2. Below this egg density /mZ no reduction in the density of purple loosestrife stems 
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was observed. Fruit production /m2 was gradually reduced with increasing egg density 

/m2 however, when the density of Galerucella spp. eggs reached 432 lm2 the reduction in 

f i t  density /mZ was more rapid. 

INTRODUCTION 

Purple loosestrife, Lythrum salicaria L. (Lythraceae) was introduced to North 

Amenca fiom Eurasia in the early 1800's mainly as a contaminant of ship's ballast 

(Stuckey 1980; Thompson et al. 1987). Another source of introduction was early settlers 

who brought the plant with them because of the medicinal properties it was believed to 

possess (Thompson et al. 1957). Once established along the eastem seaboard, rivers and 

ùiland waterways carried the buoyant seeds great distances (Stuckey 1980) and facilitated 

westward expansions. The ability of L. salicaria to outcornpete native wetland plant 

species such as Typhn spp. has led to the formation of large monospecific areas of the 

weed that are believed to provide a less suitable habitat for wetland wildlife, compared to 

displaced vegetation (Malecki and Rawinski 1979; Thompson et al. 1987). 

In North America, a classical biological control program using host specific, non- 

native insects has been implernented to heip reduce the population of L. salicarin (Hight 

et al. 1995). Two leaf-feeding beetles, GaleruceZla calmnriensis (L.) (Coleoptera: 

Chrysornelidae) and G. pzrriZk~ (Dufis.), were introduced to several sites in southem 

Manitoba during the surnmer of 1993. In spring of 1994, both species of Gnferznlcefln 

survived the winter (Lindgren, persona1 communication); however, subsequent rates of 

dispersal and increase in Manitoba appear low (Diehl, unpublished). Siiccessful 



biological control may not be prevented by low rates of dispersa1 and increase; 

however, modifications of release strategies may be warranted to offset them. 

North Amencan data regardhg the successful control of purple loosestnfe by G. 

purilla and G. calmariensis are limited. After examinhg initial release data fiom 1992, 

Hight et al. (1995) concluded that higher survival rates using caged releases were 

obtained for introductions of 600 adults compared to 200 adult Galerucelin spp. They 

also concluded that the northern and southem sources of aduit GaZemcelZa spp. from 

Germany, amount of litter, number of standing dead L. salicaria stems or density of L. 

salicaria did not affect establishment of beetles during initial North Arnerican releases. 

Malecki et al. (1 993a) stated that peak dispersa1 of ovenvintered adults was believed to 

be during the first few weeks after the emergence of L. salicaria. A second dispersal 

period usually occurs afier the new generation of adults have emerged in late sumrner. 

Overall, there is a lack of specific information regarding initial dispersal, distribution and 

growth rates that occur immediately afier introduction of Galerucella spp. into North 

Amencan release sites. Current research projects on biological control of purpie 

loosestrife in North America using GalerucelZa spp. are mainly concentrated in southem 

Ontario (Cooper et al. 1996) and the eastem United States (Blossey et al. 1996), and may 

not be applicable to the prairie provinces. The majority of these studies have focused on 

the impact of Gnlert~eZlri spp. on Ioosestnfe stem and fruit production under caged, field 

conditions. n i e  response of L. snliccirin to injury caused by Galerucella spp. is 

dependent on the plant's health and vigor at the time of attack, which is related to local 

climate. As a result, it may be unwise to extrapolate the impact of Galerucella spp. on 

caged purple loosestrife to conditions outside cages in othsr clirnatic areas. Thus, it is 
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important to obtain baseline information on the interaction between purple loosestrife 

and the introduced biological control agents in southem Manitoba wetland release sites. 

n i e  main objectives of this study are to determine how the population of 

Galerucella spp. changes with time after release and to investigate the impact of the 

beetles on stem density and b i t  production of L. salicaria under Manitoba conditions. 

Field Experimental Design 

Ln spring of 1994 five study sites were established in southern Manitoba, thsee 

located at Libau Marsh (50" 12 N, 96" 43 'W) and two at Delta Marsh (50° 1 1 W, 98' 18 

'W). At each location, there were two release sites in which Galerucella spp. were 

present during the study. The two release sites at Delta Marsh are approximately 0.5 km 

apart and the two Libau Marsh release sites are 2 km apart. One of the two study sites at 

each location is an onginal release site, in which Galerucella spp. was introduced for the 

first tirne in Manitoba in the summer of 1993 by the coordinator of the Manitoba Purple 

Loosestrife Project, Corey Lindgren. Sites that received introductions of adult beetles in 

1993 are referred to as Delta Marsh-A and Libau Marsh-A- The other release sites at 

Libau and Delta Marsh received an introduction of adult Galerucella spp. in the summer 

of 1995 and are referred to as Delta Marsh-B and Libau Marsh-B. One site at Libau 

Marsh (Libau Marsh-C) received no introductions during the course of this study and was 

used to obtain baseline information on L. salicarin stem density and reproductive output 

in the absence of Gnlerz~celln spp. The search for a third site to serve as a control at 
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Delta Marsh was unsuccessful. Libau Marsh-C is approximately 0.5 km fiom Libau 

Marsh-B and 2 km fiom Libau Marsh-A. 

Sites differed somewhat in s ix ,  shape and drainage, but generally consisted of a 

central, uniform area of L. salicaria surrounded by less dense areas. Delta Marsh-A and 

Libau Marsh-B release sites were seasonally flooded, and water from spring m o f f  

persisted well into July during the 1995 and 1996 growing seasons. These two release 

sites appeared similar in ternis of loosestrife density: each contained centraIly located, 

dense patches of the weed that became less dense up to the boundary of the site. Site 

boundaries consisted of roads, ditches, water or wooded areas that limited the spread of 

the plant. The gradient of loosestrife stems within these two sites was a smooth transition 

fiom hi& to low density with increasing distance fiom the central point. Libau Marsh-C 

also contained a centrally located, dense area of purple Ioosestrife, but only heid water 

fi-om spring runoff until mid to late May. In 1995 and 1996, Delta Marsh-B and Libau 

Marsh-A were also flooded fiom spring runoff; however, flooding was not as prolonged 

as in the other two release sites and surface water disappeared by late June. The densities 

of L. salicaricr within Delta Marsh-B and Libau Marsh-A appeared similar; however; 

there was no single, centrally located dense patch. The distribution of purple loosestrife 

stems within these two sites was somewhat patchy. 

Releases of G. pzrsilh and G. cnlmnriensis 

Total numbers, sources and release dates of adult Gnlemcella spp. used for al1 

introductions are presented in Table 1. ReIeases of adult beetles into sites at Libau and 
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Delta Marsh occurred during the summers of 1993 to 1995, Ln both sites at Libau 

Marsh and in Delta Marsh-B there was a single release point near the center of the site 

(Fig. 1). In Delta Marsh-A there were two centrally located release points, approximately 

10 m apart (Fis. 2). The first introduction of aduIt G. p ~ i l l a  into Delta Marsh-A was 

made at the east release point and the hvo late summer introductions of G. calmariensis 

and G. pusilln were made at the west point of release (Table 1). In the summer of 1994, 

additional G. pusilln were introduced approximately 15 meters southwest of the west 

release point. During the course of this study, only the two original release points were 

considered when sampling Galerucella spp. egg masses, as minimal egg laying activity 

was observed at the third release point in the spring of 1995. Releases into Libau Marsh- 

A also occurred in 1993 and during the summer of 1995, mixed species releases were 

made into Libau Marsh-B and Delta Marsh-B. In early September, the second release of 

G. pusilla and G. ccrlmariensis in Delta Marsh-B and fourth release into Libau Marsh-B 

represent additional adults that were required for the ovemintering study. Al1 sites 

received mixed species beetle introductions except Libau Marsh-A, which received only 

introductions of G. calmnriensis. The male: female sex ratio of adult Galerzcella spp. 

was unknown for al1 reIeases and no effort was made to bias it in any way. 

The release protocols of Malecki et al. (1993a) were foIlowed for al1 introductions 

of adult Galerucella spp. Newly emerged adult beetles were placed into a release cage, 

1.25 rn wide by 1.85 m long by 1.25 m high, within each site. Release cages were 

provided by the Manitoba Purple Loosestrife Project and consisted of 5 x 10 cm wood 

frarning covered with fine mesh-cloth material. Cages were without floors, weighed 

approximately 35 kg, and were placed on the ground with no attempt made to anchor 
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them. A mesh-covered door was present on one side of the release cage so beetles 

could be introduced and monitored without difnculty. Release points were chosen to 

correspond to the center of the weed's distribution Win each site. 

To avoid unnecessary handling of the newly emerged adult GaleruceZZa spp., 

shipping containers were opened and placed directly into the center of release cages at 

ground level. After a one hour period, loosestrife vegetation inside the shipping 

containers was removed and placed in the center of the release cage. Beetles were 

allowed to settle on the purple loosestrife vegetation for approximately 1-week pior to 

the release cage being removed. Initial dispersal of adults was restricted, but not 

completely prevented by the cage, as the mesh-covered door was not tightly sealed. 

Because of the lack of a floor, escape may also have occurred between the bottom of the 

cage fiame and the ground. 

Transect Establishment 

Within four of the five study sites, a series of eight transects radiating away fiom 

a central ongin was established and used to sample insects and plants at predetermined 

distances. In Libau Marsh-A and -B and Delta Marsh-B the origin was located at the 

point of release (Fig. 1). In the Libau Marsh-C control site, the origin was an arbitrary 

point close to the center of the weed's distribution in the site. In the f i f i  site, Delta 

Marsh-A, the two release points were 10 m apart and forrned an east-west line (Fig. 2). 

In 1995, 14 transects were established and sampled (Fig. 2), while in 1996, the enorrnous 

Gnlerzicelln spp. egg densities forced a reduction in the number of transects sampled to 
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eight. In 1996, no additional transects were established and centered on the midpoint 

between RPE and RPW as in spring of 1995 (Fig. 2). 

S p r i n ~  Quadrat Sarn~linp; 

Al1 four release sites were sampled approximately 2.5 weeks afier the staa of 

oviposition by GaZenlceiin spp. The sampling dates for each release site in 1995 and 

1996 are presented in Table 2. Along established transects within all sites, 1 mZ wire- 

fiamed quadrats were sampled at 1 rn intervals fiom the transect origin to 2 rn beyond the 

W e s t  distance at which evidence of GaZerzrcella spp. was found. Sampling would also 

stop when the edge of the purple loosestrife stand was reached. A11 above gound purple 

loosestrife vegetation within each quadrat was examined for Gdentcella spp. egg 

masses. For each 1 m2 quadrat sampled, the number of purple loosestrife stems, numbers 

of egg masses and eggs /mass were recorded. Observed adult Galerucella spp. were also 

recorded; however, the majority of adults likely dropped off the vegetation while the 

quadrat was being placed into position. The long search thne involved wiîh this method 

of sampling allowed release sites to be intensively sarnpled only once during the peak 

oviposition period of Galerucelln spp. Although quadrat sampling involved some 

disturbance of the plants, efforts were made to keep this to a minimum and avoid any 

undue trampling of the surroundings. 

Fall Quadrat Sampling 

Upon completion of flowering and seedset by purple loosestrife in late August to 

early September of 1995 and 1996, seed heads were collected to provide an estimate of 



the fiuit production per m v ~ a b l e  2). A 1 mz-wire-fiamed quadrat was placed at a 

distance of 1,2,3,4 and 5 m fiom the release point, and a random sample of ten seed 

heads was collected. Beyond these distances, every second meter was sampled until the 

point at which no egg masses were found during sampling in the spring of that year. The 

number of loosestrife stems, numbers of flowering stems and flowering shoots were also 

recorded for each quadrat sampled. These measures were used to estirnate finit 

production /m+ using a slightly rnodified method of Blossey (1992), in which the average 

number of b i t s  from 10 randomly selected flowering shoots was multiplied by the total 

number of flowering shoots within the 1 m2 quadrat. 

In Libau Marsh-C, a senes of transects were sampled using the same techniques, 

and bit production /mZ estimated in the absence of Galerucella spp. for the 1995 and 

1996 growing seasons. During sampling of egg, stem and fiuit densities from al1 release 

sites in 1996, samples were taken from the same 1 mZ area as in 1995. 

Estimates of Egg Densitv 

&g; Density-Distance Regressions for Individual Transects 

The pattern of reducing egg density with distance from the central release point 

along transects was fitted to the general model descnbed by Taylor (1978). The model: 

Density = exp (a + b(distance 3) ( 1) 

was fitted to the observed Gnlerzrcella spp. egg density-distance data and estimates of 

the n, b, and c parameters generated using non-linear regression techniques. Analysis of 

al1 data was conducted using Systat 7.0 for Windows. Gauss-Newton, Quasi-Newton and 

Simplex estimation techniques were used to generate final parameter estimates by 
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minimizing the least squares loss function. Estimates of the model parameters were 

generated for each transect in al1 four release sites and inserted back into Taylor's model 

to predict the egg density /m2 for each distance along transects, up to the last distance 

sampled. The goodness of fit of Taylor's general model to the observed density-distance 

data h m  each transect was assessed based on the observed vs. predicted r+ value. 

Pooled Standardised Egn Density-Distance Regressions 

A second set of pararneter estimates for equation (1) were obtained using pooled 

data from al1 transects in a site during a given year. These parameters, which were fitted 

as previously described, represent the density-distance relationship for an entire site and 

were used to make comparisons among sites and years. Visual comparisons of the shape 

of the density-distance relationship were facilitateci by setting the a parameter of Taylor's 

general model equal to zero and the b and c pararneters equal to their fitted values. 

Standardized density curves were plotted for springs of 1995 and 1996 for al1 four-release 

sites. 

Total Egg: Estimates 

The fitted pararneters from regressions of Galerucella spp. egg density vs. 

distance along individual transects were used to estimate the total egg population within 

each release site. First, for each transect, the number of eggs in a 1 rn wide annulus was 

predicted using the formula: 

Density = Zn(distance)exp(a + b(distancec)) 
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This  procedure was repeated for lm intervals along individual transects, up to 

the furthest distance at which Galerucella spp. eggs were found. The predicted number 

of eggs contained in al1 annuli was surnrned for each transect. In sites with a single 

release point, this sum was divided by eight to obtain an estimate of the total egg 

population within the 11'8 sector of a circle centred on the transect (Fig. 3). The estimates 

of the number of eggs fkom al1 eight sectors were added to obtain an estimate of the total 

number of eggs within the release site. The number of Galemcelln spp. eggs at the point 

of reIease was included onfy once during the summation of the totaI estimate w i t h  each 

site. 

The different pattern of transects in Delta Marsh-A required a modification of the 

total number of eggs estimation procedure. The same estimation and summation 

technique used in single release point sites as described above provided an estirnate of the 

total number of eggs for the east and west ends of Delta Marsh-A. Egg estimates for the 

rectangular area between the two release points were made based on a summation of the 

number of eggs in 1 m-wide rectangles. Estimates of egg density correspondhg to the 

closest North or South transect were used to fil1 in missing 1 m-wide strips between the 

two release points. An additional transect running in an east-west line was also sampled 

at 1 m intervals between the two release points. The observed egg densities along this 

transect and at the release points were included in the final summation of total egg 

density only once. 



RESULTS 

Distances Sampled 

Libau Marsh-A & B 

The furthest distance sarnpled in Libau Marsh-A was 75 m dong the south 

transect in 1995 and 56 m along the same tmnsect in the following year. In 1996, time 

was a limiting factor and sampling could not continue past 56 m, even though 

Galerucella spp. eggs were observed 80 rn from the release point. The south transect was 

bounded by a road m i n g  in the east-west direction approximately 130 rn fiom the 

release point. The shortest distance sampled was 4 m along the northeast transect in 1995 

and 7 m along the east transect in 1 996. The density of purple loosestrife along these bvo 

transects quickly declined to zero. The density of Galerucella spp. eggs at the release 

point was 440 /in2 in spring of 1995 and 1036 /rnZ in 1996. 

The furthest distance sampled fkom the release point in Libau Marsh-B was 2 1 m 

along the northeast transect in 1995 and 15 m along the north and northwest transects in 

1996. The shortest distance at which Galerucella spp. eggs were sarnpled was 7 m along 

the south and West transects in 1995 and 3 m along the northeast and west transects in 

1996. This reduction in the shortest distance sampled fiom s p ~ g  of 1995 to 1996 was 

not expected but may be related to the large drop in egg density at the point of release 

fiom spring of 1995 to 1996. The density of Gnlerucella spp. eggs at the release point 

was 15,133 /m2 in 1995, sliortly after cage rernoval, and 164 /m2 in spring of 1996. 
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Delta Marsh-A & B 

In Delta Marsh-A, the furthest distance at which GczlenrceZZa spp. eggs were 

sampled was 26 rn along the west and southwest transects in 1995 and 40 m along the 

west transect in spring of 1996. Shortest distances sampled were 6 m along the east and 

south-B transects in 1 995 and 1 6 m dong the east trmsect in 1996. The egg density at 

the West release point was 275 /m2 in 1995 and 4220 /rd in 1996. At the east release 

point, the density of Galerucellu spp. eggs increased fiom 202 /m2 in 1995 to 8297 lm2 in 

1996. From spring of 1995 to 1996, a large increase in egg density was observed within 

a few meters of each release point. 

The furthest distance ffom the release point at which Galerucella spp. eggs were 

found in Delta Marsh-B was 7 m along the south transect in 1995 and 6 rn along the 

northwest transect in 1996, even though purple loosestnfe stems were available. Along 

seven of eight transects sampled during 1995, no Galerucella spp. eggs were found 

beyond a distance of 1 m fiorn the release point; the south transect was the exception. 

In 1995, the cage was removed from the release point approximately 1 week p ior  to 

sampling and many eggs were laid while females were confied. The density of eggs at 

the release point decreased from 693 /m2 in 1995 to 338 /m2 in spring of 1996. 

Galerucelia spp. Egg; Density-Distance Data 

Estimates of the a, b, and c parameters and associated r2 values obtained by fitting 

equation (1) to the density-distance data along individual transects in the four release 

sites are depicted in Tables 3-6. To illustrate the relationship of Galerucella spp. egg 

density to distance and the fit of the regression line, five representative plots fkom the 
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potential66 plots are shown in Figures 4-8. Pooled estimates of the a, 6 and c 

parameters for each site in 1995 and 1996 appear in Table 7. Pooled standardized 

estimates of nurnbers of Galerucella spp. eggs /m2 are plotîed against distance fiom the 

central release point (Fig. 9-12) to allow visual cornparison of egg density distribution 

curves £tom 1995 to 1996. The 1995 and 1996 observed Galerucella spp. egg density- 

distance data from each release site are presented in Figures 13- 16. The non-linear 

regression curve appearing in each plot is of the form of equation (l), and represents data 

fiom al1 transects radiating f?om the release point. Final distances in Figures 13-16 do 

not necessarily represent the furthest distance at which GaleruceZZa spp. eggs were 

sampled. In order to fit regression curves and make cornparisons nom 1995 to 1996, 

distances were fixed within each release site and some data points beyond the last 

distance were not utilized. Estimates of the total nurnber of Galerucella spp. eggs £iom 

four of the release sites in spring of 1995 and 1996 are also compared to obtain 

information on rates of increase or decrease fiorn one year to the next (Table 8). 

Libau Marsh-A: 1995 and 1996 

Egg Density-Distance Regressions for Individual Transects 

Eight transects were established and sampled in Libau Marsh-A during spring of 

1995 and the same eight transects were sampIed again in 1996. The smooth transition 

fiorn high to low egg density with distance fiom the release point along the east transect 

in Libau Marsh-A: 1995 (Fig. 4) was characteristic of 6 of 8 individual transects within 

this site during 1995 and 1996. Sorne variability in the density of eggs was observed 

along the nortliwest transect in 1996 (Fig. 5). Along this transect, the density of 
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Galerucella spp. eggs at a distance of 12 m was higher than at the release point; 

however, beyond this distance, the egg density quickly decreased to zero. As a result, 

equation (1) is not a good representation of the observed data and the regression line 

depicted in Figure 5 is the poorest fit of al1 transects fiom this site. 

Tavlor's a, b, and c Parameters 

The single-shared release point ensures the sirnilarity of a parameter estirnates 

within each year and in 1996, estimates of a were higher than in 1995, reflecting an 

increase in the egg density at the release point (Table 3). As expected, values of the b 

parameter were negative for al1 eight transects during spring of both years and 12 of 16 

observed vs. predicted r2values indicate a very good fit of Taylor's mode1 to the observed 

density-distance data. In 1996, the r2 values of the north and northwest transects were 

lowest, suggesting a poor fit of the mode1 to the observed density-distance data. The low 

r2 values associated with these two transects were a result of the density of eggs being 

larger at some distances along the transect than at the point of release. ExcIuding the 

West transect in 1996, al1 estimates of the c parameter were less than 2 in both years. 

Pooled Standardised Eg;g Density-Distance Regressions 

As expected, the pooled value of a parameter for Libau Marsh-A in 1995 was 

lower than in 1996 (Table 7), reflecting the increase in egg density at the release point. 

The pooled value of the 6 parameter was also negative and the c parameter estimate less 

than 0.5 in spring of both years (Table 7). In spring of 1995 and 1996, the pooled 

standardized estimate of egg density in Libau Marsh-A dropped gradually with increasing 

distance fiom the central release point (Fig. 9). The observed egg density-distance data 

and associated regression curves support this reduction and also demonstrate that in 1995, 
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a lower proportion of eggs were within 10 m of the release point than was the case in 

1996 (Fig. 13). Densities at most distances fiom the release point also ranged higher in 

1 996 than 1 995, being most evident within 20 m of the release point (Fig. 13). 

Libau Marsh-B: 1995 and 1996 

B e  Densitv-Distance Remessions for Individual Transects 

The rapid decline in the number of GalemceZZa spp. eggs lm2 fiom the central 

release point to the next sampled distance of 1 m along the south transect (Fig. 6 )  is 

characteristic of the other transects in Libau Marsh-B during spring of 1995 and 1996. 

Even though slight variability in the number of eggs /m2 was observed along some 

transects in this site, the rapid reduction of Galerucella spp. egg density with distance 

was consistent (Fig. 15). Excluding the point of release, the number of Galerucella spp. 

eggs /m2 along individual transects in Libau Marsh-B were low, especially in 1995. This 

pattern was likeiy due to the introduction of adults in spring of 1995 and their initial 

confinement to the release point during the early part of their oviposition period. 

TavIor's a, b, and c Parameters 

As in Libau Marsh-A, the same eight transects established in 1995 were sarnpled 

during the spring of 1996 and the single release point ensured similar a parameter 

estimates within years (Table 4). Estimates of the a parameter were lower in 1996 

compared to 1995, reflecting the drop in egg density at the point of release from one 

spring to the next. The high o parameter value in 1995 was somewhat artificial and can 

be explained by the newly introduced adults being caged during the first part of  their egg 

laying period. Ali 6 parameter estimates were negative for individual transects, 
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supporting the overd1 reduction in egg density with distance from the central release 

point. Observed vs. predicted r' values indicate an excellent fit of Taylor's mode1 to the 

observed density-data along each transect and al1 estimates of the c pararneter in Libau 

Marsh-B were less than 0.5 in 1995 and 1996 (Table 4). 

Pooled Standardised Eg.q Density-Distance Ree~essions 

nie  pooled value of the a parameter decreased fiom 1995 to 1996 (Table 7), 

reflecting the drop in egg density at the point of release. This trend is opposite to Libau 

Marsh-A, where egg density at the point of release increased fÎom one year to the next. 

Al1 pooled estimates of the b parameter were negative and estimates of the c pararneter 

less than 0.5 (Table 7). The observed vs. predicted r2 values from the pooled data 

indicated an excellent fit of Taylor's model to the observed data. The pooled 

standardized density estimates (Fig. 10) and observed egg density-distance data (Fig. 14) 

fiom Libau Marsh-B demonstrate the rapid decline in the number of Galerucella spp. 

eggs /m2 witli increasing distance fiom the central release point during spring of both 

years. The tails of each standardized density curve demonstrate that a greater proportion 

of eggs were sampled in 1996 tlian in 1995 beyond a distance of 1 meter fiom the release 

point (Fig. 10). 

Delta Marsh-A: 1995 Sc 1996 

Egg Density-Distance Regressions for Individual Transects 

Due to high Gnlencelln spp. egg densities and associated sampling times in 1996, 

Delta Marsli-A could not be as intensively sampled as other sites and only 6 of 12 

original transects established in 1995 were sampled in 1996. The smooth. gradua1 
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decrease in egg density with distance fiom the release point dong the southeast 

transect (Fig. 7) was also observed along 15 of 18 transects in Delta Marsh-A during 

1995 and L 996. The haif bell-shaped egg distribution curve along the southeast transect 

(Fig. 7) occurred along 7 of 12 transects in spring of 1995. In spring of 1996, this half 

bell-shaped distribution occurred in only 2 of 6 transects. Along the North-A transect in 

1996, the density of eggs was greater at 2 m than at the point of release (Fig. 8). This 

pattern of egg density was sirnilar to the northwest transect in Libau Marsh-A: 1996 (Fig. 

5); however, the reduction in goodness of fit of Taylor's rnodel to the observed data along 

this transect was not as pronounced. Despite some variability in egg density with 

distance (Fig. 8), a smooth transition from high to low egg density was observed along 

the majority of transects in Delta Marsh-A. 

Taylor's a, b. and c Parameters 

The two release points (RPW & RPE) each possess different numbers of eggs /mZ 

and estimates of the a parameter (Table 5). Overall, values of the a parameter were 

higher in 1996 than in 1995 and al1 b parameter values were negative, indicating a 

reduction in egg density with distance away fiom the release point. For 1995, eleven of 

12 r2 values indicated a good fit of Taylor's mode1 to the observed density-distance data. 

The fit of the observed data along the southwest transect, as indicated by the Iow r2 value 

(Table 5) ,  is poor. The poor fit is a result of the density of eggs being larger at distances 

of 2 and 18 m than at the point of release. In 1996, al1 six values of r2 indicate a good fit 

of Taylor's general mode1 to the observed density-distance data. Estimates of the c 

parameter in 1995 were most variable of al1 release sites during both years, ranging fiom 

0.64 to 5.57. In 1995, five of 12 transects had values of the c parameter greater than 2. 
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The remaining 7 transects in 1 995 and al1 6 transects in 1 996 had values of the c 

parameter less than two. 

Pooled Standardised Ege Density-Distance Regressions 

The pooled estimate of the n parameter increased £iom 1995 to 1996 (Table 7), 

demonstrating the increase in the number of Galerucella spp. eggs at the release point 

fiom one year to the ne- The pooled estimate of the b parameter was negative and the c 

parameter estimate was less than 2 in 1995 & 1996. The r2 (observed vs. predicted) 

values associated with the pooled data fkom Delta Marsh-A: 2995 and 1996 were similar 

to Libau Marsh-A. Graphical presentation of the pooled egg density-distance data (Fig 

14) fiom Delta Marsh-A visually demonstrates the overall increase in the density of eggs 

fiom 1995 to 1996. The majority of eggs sampled during spring of 1995 and 1996 were 

within 15 meters of the release point. In 1996, the egg density distribution curve extends 

M e r  fiom the release point than in 1995, demonstrating the greater spread of 

GaZeruceZZa spp. eggs fiom the release point (Fig. 11). The egg density distribution 

curves fkom Delta Marsh-A also demonstrate the subtle half bell-shaped curves observed 

along some of the individual transects in this site. Standardized egg density distribution 

curves fiorn Delta Marsh-A also illustrate the gradua1 reduction in egg density with 

distance from the release point (Fig. 1 1). Compared to the other three release sites, the 

observed decline in egg density with increasing distance occius more slowly. 



Delta Marsh-B: 1995 and 1996 

Egg Density-Distance Regressions for Individual Transects 

No transects fiom Delta Marsh-B: 1995 & 1996 are included in Figures 4-8; 

however, al1 plots are similar to those in Libau Marsh-B: 1995 & 1996, in which a rapid 

decline in GaleruceZZa spp. egg density with distance was observed. 

Taylor's a. b, and c Parameters 

A single, shared release point is common to aii eight transects and as a result, 

estirnates of the a parameter within each year are identical (Table 6). In 1995, values of 

the a parameter were higher than in 1996, reflecting the decrease in egg density at the 

release point fiom one year to the next. During both years, all values of the b pararneter 

were negative, indicating an overall reduction in Galerucella spp. egg density with 

distance away Gorn central release point. Al1 r2 values indicate an excellent fit of the 

model to the observed density-distance data. Values of the c parameter were more 

variable in 1996 than in 1995, ranging fiom 0.0 1 to 4.07. Along 6 of 8 transects in 1995, 

values of the c parameter were Iess than 2 (Table 6). In 1996, higher estimates of the c 

parameter were generated for 5 of 8 transects, as few Galerucelh spp. eggs were found 

beyond a distance of 2 meters frorn the release point. 

Pooled Standardised Ege Densitv-Distance Regressions 

The pooled estimate of the n parameter in Delta Marsh-B decreased fiom 1995 to 

1996 (Table 7), corresponding to the drop in Galerucella spp. egg density at the point of 

release. Pooled estimates of the b parameter were negative and c parameter values were 

< 2 in spring of both years. Pooled standardized density estimates (Fig. 12) and observed 

density-distance data with associated regression curves (Fig. 16) fiom Delta Marsh-B are 
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similar to those in Libau Marsh-B (Figs. 10, 15) and rapidly decrease with distance 

fiom the central release point. Similarly, the tail of the standardized egg density estimate 

in 1996 is greater than in 1995, indicating that a larger proportion of eggs were sampled 

beyond 1 rn in 1996 compared to 1995 (Fig. 12). Observed vs. predicted ? values fiom 

both years indicate an excellent fit of the Taylor's model to the pooled data (Table 7). 

The non-linear regression curves generated fiom the Delta Marsh-B and Libau 

Marsh-B: 1995 & 1996 density-distance data are nearly identical and rapidly decline 

within the f i s t  few meters of the central release point. The reduction in egg density is 

more pronounced for both sites in the initial year of adult introduction (1 995). In the 

s p ~ g  followùig the introduction ( 1 W6), the rapid drop in egg density is still apparent, 

but less pronounced compared to 1995. Al1 8 values fiom the two 1995 release sites 

confkned an excellent fit of Taylor's model to the observed density-distance data. 

Both Libau Marsh and Delta Marsh-A received initial introductions of adult 

Galerucella in 1993 and the pooled density-distance data looks very different fiom the 

two sites that received introductions in spring of 1995. In 1993 release sites, density- 

distance data was more variable and Taylor's model was not always a good fit to the 

observed data. However, an increase in the a parameter fiom 1995 to 1996, similar b 

parameter estimates and r2 values were observed in the Libau Marsh-A and Delta Marsh- 

A release sites. The half bell-shaped distribution of eggs dong the southeast transect (Fig. 

7) in Delta Marsh-A: 1995 was only observed in sites that received introductions of 

Galerucella spp. in 1993. 



Total Egg Estimates from Four Release Sites 

In sites where releases were made in spring of 1993, the total number of 

Galerucella spp. eggs iocreased fkom spring of 1995 to 1996. The largest increase in 

spring egg density occurred in Delta Marsh-A, followed by Libau Marsh-A. A small 

increase in total egg density &om one year to the next occurred in Delta Marsh-B and in 

Libau Marsh-B a decrease occurred. Both Libau and Delta Marsh-B release sites 

received introductions of aduit Galerucella in the spring of 1995. 

Density of L. snlicarin: Stem and Fruit Data 

In spring and faIl of 1995 and 1996, L. salicaria stem densities and fali f i t  

densities were recorded fiom the same locations as egg densities along al1 transects 

radiating fiom the central release point. This dowed for comparison of stem densities 

nom spring and fa11 of the same year and provided some measure of the change in 

loosestrife stand density. The number of Galerucella spp. eggs lm2 and the spring stem 

density were used to calculate the number of eggs /stem within each quadrat sampled. 

Figures 17-3 1 represent L. salicaria stem and fivit densities and number of Galerucella 

spp. egg /stem in 1 m2 quadrats at various distances fiom release points along individual 

transects. Due to the large number of plots generated fkom each release site in 1995 and 

1996, a representative sample was selected. 

Libau Marsh-A: 1995 & 1996 

Excluduig the West transect in 1996, the density of L. salicaria stems in Libau 

Marsh-A gradualiy decreased with distance fiom the release point. A similar stem 
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density as the release point at a distance of 3 m suggests that the reduction in stem 

density with distance was not as pronounced dong the west transect (Fig. 19A). The 

de- of L. salicaria stems at the release point in Libau Marsh-A: 1995 increased 

slightly fiorn spring to fa11 of 1995, and no obvious reduction in loosestrïfe stem density 

was observed along the other transects during the 1995 growing season (Fig. 17A). At 

most distances along the west transect, except for 2 m £iom the release point, L. salicaria 

stem density was similar from spring to fall of the 1996 growing season (Fig. 19A). A 

slight increase in stem density at a distance of 2 m was observed, even though the number 

of Galerucella spp. eggs /stem was highest at this distance. As in 1995, no obvious 

reduction of L. salicaria stems was observed along transects during the 1996 growing 

season, despite an increase in the number of eggs /stem dong the majority of transects 

from s p ~ g  of 1995 (Fig. 17B) to 1996 (Fig. 19B). 

In general, h i t  production in Libau Marsh-A was variable along transects, either 

being the sarne (Fig. 18) or gradually decreasing (Fig. 20) with distance from the release 

point. The density of h i t s  at the point of release declined h m  fa11 of 1995 to 1996 (Fig. 

18,20). At most distances along the southeast transect, fiuit production was variable 

fiom one year to the next, although at 16 and 18 meters, a decrease in finiit production 

/m2 was observed fiorn fa11 of one year to the next (Fig. 18). At these distances, the 

numbers of eggs /stem were highest and only slight reductions in stem density were 

observed during the 1995 growing season (Fig. 17A & B). However, by fa11 of 1996, 

fhit production at these distances was negligible (Fig. 18) and even though stems were 

present at these distances, minimal h i t  production occurred. No stem or egg data were 

collected fiom beyond 6 meters along the southeast transect due to the presence of a large 
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willow (Salk spp.). At all distances along the west traosect, except the point of 

release, the density of h i t s  /m2 increased fiom fa11 of 1995 to 1996 (Fig. 20). 

Libau Marsh-B: 1995 & 1996 

Characteristic of transects in Libau Marsh-B, the number of loosestrife stems /m2 

along the northeast (Fig. 29A) transect was uniform up to the Iast distance sampled 

during both years. In 1995, the highest number of Galerucella spp. eggs Istem was 

sampled at the release point @ig. 29B) and a reduction in the number of L salicaria 

stems was observed fiom sprinp to fdl (Fig. 29A). However, this reduction in stem 

density at the release point was expected to be larger due to the enormous density of eggs 

present there in 1995. Beyond the release poiof numbers of eggs /stem along the 

northeast transect decreased until no eggs were sampled at a distance of t 9 meters. In 

spring of 1996, the numbers of eggs /stem were lower than 1995, especiaily at the point 

of release. 

Unfortunately, no matching fruit density data are available for the northeast 

transect in Libau Marsh-B: 1995 as only the north, south, east and West transects were 

sampled in fall. Also, the distances at which stem density data were collected along these 

four transects in fa11 of 1995 and 1996 did not match distances sampled in spring of the 

same years. However, similar to stem density, f i t  production lm2 dong transects in 

Libau Marsh-B was relatively uniform up to the last distance sampled d&g fall of 1995 

and 1996. 



Delta Marsh-A: 1995 & 1996 

L y h m  salicaria stem densities dong the south-A transect (1 995) were uniform 

up to the last distance sampled during both years (Fig. 21A). However, as with the 

rnajority of transects in this site, the density of stems aiong the east transect (1 996) 

gradually decreased with distance fiom the central release point (Fig. 23A). Along the 

south-A transect in Delta Marsh-A: 1995 (Figs. 2 1A & B) the numbers of eggs /stem are 

relatively low and the stem densities fiorn spring to fa11 of the same growing season are 

somewhat variable at each distance. Despite the highest number of epgs /stem at the 

release point, the stem density increased slightly fiorn spring to fa11 of 1995 (Fig. 2 18). 

As in Libau Marsh-A, an overail increase in the number of Galerucella spp. eggs /stem 

was observed fkom spring of 1995 (Fig. 2 1 B) to 1996 (Fig. 23B). During the 1996 

growing season, loosestrife stem densities dong the east transect were reduced to zero at 

the release point and a distance of 2 meters (Fig. 23A). The same reduction in stem 

density near the point of release was obsewed along a11 other transects in Delta Marsh-A. 

In general, fruit production was variable aiong transects, being either relatively 

constant (Fig. 24) or decreasing (Fig. 22) with distance fkom the release point. The fhit 

production lmî along the south-A and east transects in Delta Marsh-A was reduced fiom 

high numbers in fail of 1995 to zero ui 1996 (Fig. 22,24). A similar reduction was 

consistent along remainiog transects in Delta Marsh-A during the fa11 of 1996 (Fig. 24). 

Delta Marsh-B: 1995 & 1996 

Along 7 of 8 individual transects in Delta Marsh-B, the number of loosestrife 

stems lm2 decreased with distance fiorn the central release point during 1995 and 1996 
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(Fig. 2SA, 27A). The stem density dong the south transect remained relatively 

d o m  up to the last distance sampled during the 1995 growing season. During both 

growing seasons, a reduction in stem density was observed at the point of release (Fig. 

25A, 27A). Few Galerucella spp. eggs were sampled in this site during s p ~ g  of 1996, 

and eggs were only found at the point of release dong the south transect (Fig. 27B). 

In 1996, the density of fkuits along the south transect (Fig. 28) was somewhat 

variable and did not decrease with distance fiom the release point as along the east 

transect in 1995 (Fig. 26). The numbers of eggs /stem decreased from spring of 1995 

(Fig. 25B) to 1996 (Fig. 27B) and f i t  production /m2 at the release point ùicreased five 

fold during this period (Fig. 26), despite a reduction in stem density at the release point 

during both years. Overall, the density of Galerucella spp. eggs in this site was low and 

sampling began approxirnately 2 weeks d e r  initial adult introduction. 

Libau Marsh-C 

Along the east transect in Libau Marsh-C, the density of L. salicaria stems 

gradually decreased with distance f?om the center of the site (Fig. 30). Similady, h i t  

production along the west transect also decreased with distance from the center of the site 

in fa11 of 1995 and 1996 (Fig. 3 1). Sampling in Libau Marsh-C began at an arbitrary 

point near the center of the weed's distribution and no Galerucella spp. eggs, larvae or 

adults were found in this site during the course of this study. In the absence of 

Galerucellu spp. (Libau Marsh-C) the density of purple loosestrife stems clearly 

increased fiom spring to fa11 during the 1995 & 1996 growing seasons. A slight increase 
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in fruit production /m2 by purple loosestrife was also observed along the majority of 

transects f?om fall of 1995 to 1996. 

In al1 four release sites, the overall variability in the number of Galemcella spp. 

eggs /stem and f i t  production /m2 and the reduction of stem density with distance fiom 

the release point was consistent along the majority of transects sampled during 1995 and 

1996. The reduction in loosestrife stem density with increasing distance fiom the release 

point is somewhat artificial and a resdt of the release points being chosen to correspond 

to the weed's center of distribution within each site. Also, the density of Galerucella spp. 

eggs appears to mirror the reduction in stem density with distance fiom the release point. 

Pooled Stem and Fruit Data 

Mean s p ~ g  and fa11 stem density, fd l  bit density and Galerucella spp. spring 

egg density from five study sites during the 1995 and 1996 growing seasons are presented 

in Table 9. Data fiom the four release sites represent the pooled egg, stem and fruit 

densities along transects radiating away fiom the center of each site. Mean spring stem 

density fiom Libau Marsh-C was obtained by sarnpling along a single transect running in 

an east-west direction. 

In Libau Marsh-A, the density of Galerucella spp. eggs increased approximately 

three fold fiom spring of 1995 to 1996; however, no difference between mean spring and 

fd l  stem densities was observed during either growing season. Mean fa11 bit production 

increased slightly fiom fail of 1995 to 1996, despite an overall reduction in mean stem 

density fiom one year to the next. In Delta Marsh-A, the spring density of eggs increased 

fifteen fold fiom 1995 to 1996. In 1995, no difference between spring and fd l  stem 
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densities was observed; however, in 1996 a sizable reduction in loosestrife stem 

density and f i t  production /m2 occurred in Delta Marsh-A. In Delta Marsh-B and to a 

greater extent in Libau Marsh-B, a reduction in the mean nurnber of Galerucella spp. 

eggs /mL was obsemed fkorn spring of 1995 to 1996. The reduction in mean loosestrife 

stem density during both growing seasons was iarger in Delta Marsti-B compared to 

Libau Marsh-B, in which only a slight reduction was observed. A large increase in mean 

f i t  production lm' was observed in Libau Marsh-B fiom fail of 1995 to 1996, while in 

Delta Marsh-B a decrease in mean fruit density occurred. 

In 1995 and 1996 the log transfomed spring stem density decreased with distance 

fiom the release point in all study sites (Fig. 32) (r = 0.13, d.f. = 379, p<O.OS). Fa11 stem 

density also decreased with increasing distance from the release point (Fig. 33) (r = 0.1 1, 

d.f. = 278, p<0.05) and the relationship between s p ~ g  and fa11 stem densities (Fig. 34) is 

positive. (r = 0.57, d.f. = 23 1, p4.05). The relationship between fniit density and 

distance was also negative (r = 0.06, d.f. = 262, p<0.05) (Fig. 35). 

A series of density dependent plots were generated using the pooled data fiom 

individual release sites in 1995 and 1996. Tbere was no significant relationship between 

bits /stem and loglo (egg density /stem), iogio (1996 egg density data) and logio (1 995 

egg density data), logio (spring stem density) - loglo (fa11 stem density) and loglo (egg 

density /stem), or fa11 stem density/spring stem density and logIo (egg density /stem). 

Due to the relationship between stem density and distance fiom the release point, as well 

as that between egg density and distance, the effect of Galerucella spp. on purple 

ioosestrife is not easily observed. To elucidate these relationships, it is necessary to 
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examine the merences between L. salicaria spring stem density and subsequent fall 

stem or fruit density during the same growing season. 

Effects of Galerucella spp. on L. salicaria stands 

Broken Stick Remession 

The difference between the number of fa11 and spring L. salicaria stems /mZ 

provides a measure of the change in stand density during a particular growing season. 

When the difference is positive the density of loosestrife stems has increased during the 

growing season and when negative, stem density has decreased fiom spring to f ' l .  When 

this difference is plotted against the number of Galerucella spp. eggs lm2 we can 

determine the egg density at which a reduction in stem density was observed. After 

initial examination of plots it appeared that there was a break point at which a M e r  

increase in egg density resulted in a reduction of loosestrife stem density. To quantify 

this break-point, s p ~ g  and fall loosestrife stem densities and Galerucella spp. egg data 

fiom each quadrat were pooled from al1 release sites in both years. In Figure 36, the log 

transfomed L. salicaria fa11 stem density - spring stem density was plotted against the 

log transformed Galen<cella spp. egg density. nie egg density at which an overall 

reduction in stem density occurred during the growing season was 2.753 on the log scale 

which iç equivalent to 566 Galerucella spp. eggs /m2. The observed vs. predicted rZ was 

0.533 with 234 degrees of fieedom. Below this egg density the slope of the regression 

line is not significantly diffèrent from zero (95% Wald Confidence Interval) and the 

difference between fa11 and spring stem densities is minimal. 
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A similar break-point is expected when the difference between the nurnber of 

fruits /m2 and s p ~ g  stems lm2 is plotted against the number of Galerucella spp. eggs 

/m2. In most cases this difference is positive, meaning that more bits are produced per 

meter squared than stems in spring. Since each stem has the potential to produce 10-200 

h i t s ,  we expect this difference to be positive most of the tirne. The intercept of the 

regression equation represents an estimate of the number of h i t s  /spring stem and is 2.2 

on the log scale which translates into 158 fhits /spring stem. When the merence is 

negative, fh i t  production lm2 has been reduced to less than the spring stem density /mZ. 

The log transformed L. salicaria fi-uit density - spring stem density was plotted against 

the log traasformed Galerucella spp. egg density Fig. 37). The breakpoint is 2.636 

which is equivaient to 432 Galerucella spp. eggs /m2. The observed vs. predicted ? was 

0.468 with 232 degrees of fieedom. The negative slope of the regression Iine prior to the 

break-point is significantly different fiom zero (95% Wald Confidence Interval). Below 

the breakpoint, a reduction in the dserence between bit and spring stem densities 

occurred with increasing egg density. In other words, with increasing egg density there 

was a small rate of reduction in bit production until the breakpoint was reached; above 

the breakpoint, there was a rapid reduction in h i t  production with increasing egg 

density. 

DISCUSSION 

Many researchers have used some indication of insect presence as a measure of 

dispersal or density (Wadley and Wolfenbarger 1944; Wolfenbarger 1940; Annand et al. 

1932). Such is the case using the egg masses of Galerucella spp. as a measure of adult 
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dispersal, and ultimately total population. Although time consuming and somewhat 

difficult to count, egg masses of the introduced biologicai control agents provided direct 

evidence of the pnor presence of ovipositing female Galenicella spp. M e r  researchers 

have used adult or larval feeding damage (Wolfenbarger 2940; Hawley 1934; Gaines 

1932) as indicators of insect dispersal. However, during the survey of hsects associated 

with purple loosestrife in southern Manitoba several species of insects were found that 

damaged the leaves of the plant (Diehi et al. 1997). Egg masses were chosen as an 

indicator of dispersal as they are quantsable and easily disthguished fiom ail other eggs 

by the thin line of fiass deposited on each egg after it has been laid. 

Dispersal has been defined as any movement within or away f?om a population, 

resulting fiom either long distance migration or short meandering movements limited to 

one particular habitat (Southwood 1966). Freeman (1 977) defined dispersal as the 

movement of flying insects fi-orn a central release point in such a way as to Iower their 

population density with increasing distance. However, movement within release sites 

rnay not always be away fiom the central point and there is usually some randorn 

component involved (Freeman 1977). For purposes of this study, elements of both 

definitions are considered appropriate. Aithough not obsewed, long distance movement 

of adult Gderucelln spp. fiom southem Manitoba wetland release sites is likeiy occurririg 

(Lindgren, personal communication). Adult Galerucelia spp. have been observed sitting 

on the windshields of research vehicles while driving distances of 1 or 2 km fiom release 

sites (DiehI, personai observation). However, the short meandering movements of aduits 

within release sites were the focus of this particular dispersal study. 
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According to Wadley and Wolfenbarger (1944), several elements contribute to 

the change in insect density with distance fiom a center release point. They stated that 

the density of dispersing insects would grow less as the circumference expands and this 

observed trend would be modified primarily by the tendency of insects to stop after they 

have found a satisfactory place. According to Kennedy (196 1), migrants temporarily 

inhibit their responsiveness to vegetative stimuli; when the inhibition ceases, the 

vegetative stimuli induce cessation of movement. In contra*, non-migrants or insects 

with shoa meandering movements are readily interrupted by behavioral responses to such 

stimuli. In addition to a considerable random element, dispersal of insects also occurs so 

that al1 individuals do not compete for the same resources or so they c m  find and utilize 

new resources (Freeman 1977). When independent dispersal and reproduction are 

combined with the previously mentioned conditions, movement of insects c m  be partly 

descnbed as a two-dimensional difision process (Freeman 1977; Hengevold 1994). The 

c parameter of Taylor's (1978) general mode1 can be used to describe random diffusion 

and non-random processes. Only when c = 2 is movement considered to be random, in 

which there is neither repulsion nor attraction among diaising individuals. Taylor 

(1978) stated that any deviation fiom c = 2 is considered non-random and believed to 

result fiom some combination of differences in the populations dispersal power (Skellam 

1951) and a breakdown in the assumption of independent behavior (Bateman 1950). 

According to Taylor and Woiwood (1978), individuals in a population are not likely to 

behave independently of one another and as a result, truly random dispersa1 is rare in 

nature. 
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1993 Release Sites: Libau and Delta Marsh-A 

Observed density-distance data and standardized density estimate plots fiom both 

Libau & Delta Marsh-A clearly depict the reduction in egg density with increasing 

distance fiom the release point. Compared to 1995 release sites, this reduction is more 

gradua1 and expected, since the beetles are well established and have passed through a 

number of generations withùi these two sites. Initial dispersa1 of adults in Libau & Delta 

Marsh-A was Limited during the first few weeks by the presence of a release cage. 

However, by the second and third years after initial introduction, Galerucella spp. had 

several opportunities to disperse and egg masses were found further fiom the release 

point compared to 1995 release sites. The half bell-shaped distribution of eggs observed 

dong some transects only in 1993 release sites is an indication that within a few meters 

of the release point the density of eggs was relatively uniform. 

The reduction in the density of insects with increasing distance fiom a central 

release point has also been observed in rnany other dispersai studies (Dobzhansky & 

Wright 1943; Wadley & Wolfenbarger 1944; Finch & Skinner 1975; Withers et al. 1997). 

Density-distance plots fiom these studies also show a steep reduction or fd ing  off fiom 

the point source with the slope becoming less steep as distance iocreases. The leveling 

off of the downward slope of Galerucella spp. egg masses with increasing distance was 

also observed by Wadley and Wolfenbarger (1 944) during their dispersa1 study of the 

European E h  bark beetle, Scolytus rnultistriatus (Marsham) (Coleoptera: Scolytidae) and 

by Macleod and Donne- (1963) during their dispersal study of blow flies (Diptera: 

Calliphoridae) . 
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The density of Galerucella spp. expressed as the number of eggs /stem vs. 

distance appears highly variable compared to the n w b e r  of eggs /rn2 vs. distance. The 

same reduction in the density of eggs with distance is not observed when plotting the 

number of eggs /stem vs. distance. However, presenting the egg density-distance data as 

the number of eggs /stem vs. distance does in some instances help explain some of the 

changes in loosestrife stem density-distance data during the growing season. 

The value of the b parameter represents the slope of Taylor's general non-linear 

mode1 equation. Shce the Galerucella spp. egg density decreases with increasing 

distance away fiom the ceneal release point along al1 transects, the value of the b 

parameter is always negative. The negative value of the b parameter estimate fi-om 

individual transect and pooled data in 1995 and 1996 is also symptomatic of the reduction 

in egg density with distance fiom the release point in both sites. Taylor's (1978) a 

parameter estimates fiom the pooled data and those fiom individual transects dernonstrate 

similar patterns in both 1993 release sites. The value of the a parameter increased fiom 

spring of 1995 to 1996, reflecting the increase in Galerucella spp. egg density at each 

release point. Despite the presence of two release points in Delta Marsh-A, similar 

individual estimates of the a parameter corresponding to RPW or M E  were obtained. 

According to Taylor (1975), the c parameter value is a measure of non-randomness of 

dispersal. When c = 2 insect dispersal is considered random, when c < 2 insects tend to 

aggregate close to the point of release and when c > 2 insects are demonstrating repulsion 

from one another, leading to a more uniform distribution (Taylor 1978). Along al1 

transects in Libau Marsh-A, excluding the west of 1996, c parmeter values were less 

than 2. Along the west transect, numbers of Galerucella spp. eggs /m2 were higher at a 
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distance of 3 m than at the release point, contributhg to the higher c parameter value 

(>2). In 1995, estimates of the c parameter fkom transects in Delta Marsh-A were 

somewhat variable with 5 estimates > 2 and 7 estimates < 2. However, in 1996 al1 

individual e parameter estimates were Iess than 2,  as was the case in Libau Marsh-A. The 

pooled estunate of the c parameter fiom Taylor's rnodel was obtained using the combined 

density-distance data fiom individual transects, and for this reason is the most important 

indicator of repulsion or attraction between addt  beetles within release sites. In both 

1993 release sites, the pooled value of the c parameter was less than 2, indicating a 

tendency for females to oviposit close to the point of release, despite the completion of a 

number of generations. During the 1996 growing season, the nurnber of eggs /rn2 

dramaticaily increased and a severe reduction in stem and fruit density was observed in 

Delta Marsh-A. Despite this large population increase of Galerucella spp. in spring of 

1996, the distribution of eggs within the site did not appear to differ fkom the previous 

year. The majority of egg masses sarnpled in spring of 1996 were found close to the 

point of release. 

Observed vs. predicted 8 values fiorn individual transects appeared to be equally 

variable in 1993 release sites; however, the 8 values asçociated with the pooled data fiom 

these two sites were similar in 1995 and 1996. In most instances, a poor fit of Taylor's 

rnodel, as indicated by a low r2 value, was explained by the density of eggs being higher 

at some distance aiong the transect than at the point of release. 

Taylor's (1978) general model was successfully applied to the observed 

Galerucella spp. egg density-distance data and estimates of the total number of eggs 

within release sites were obtained. For the summation technique used to obtain the h a i  
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estimate of the total egg number within release sites, it was assumed that loosestrife 

stems and Galerucella spp. eggs were present for al1 estimated spaces between individual 

quadrats and for the 118 annulus corresponding to each transect. Beyond a distance of 5 

rn fiom the release point, the distribution of loosestrife stems in 1993 release sites 

became somewhat patchy (visually) and estimates of egg density perhaps less accurate 

than close to the point of release, where the distribution was more uniform. 

The total egg estimate fiom Libau Marsh-A increased fiom 116,474 in spring of 

1995 to 306,689 in 1996 (Table 8), representing a 163 % increase in the number of 

GaZerucella spp. eggs within this site fiom one spring to the next. A total of 680 adult G. 

calmariensis were released into Libau Marsh-A, 605 in the summer of 1993 and 75 in 

1994. Upon the start of sarnpling in spring of 1995, two generations were iikely 

completed after the 605 adults released in 1993 and one after the 75 adults released in 

1994. The total egg estimate fiom Delta Marsh-A also increased fiom 87, 054 in spring 

of 1 995 to more than 2 million in 1 996, representing a 25 3 7 % increase in the number of 

Galerucella spp. eggs in the site (Table 8). A total of 716 adult G. calmariensis and G. 

pusilla were released into Delta Marsh-A, 6 16 in the summer of 1993 and 100 in 1994. 

At the start of sarnpling in spring of 1995, two generations were likely completed after 

the 6 16 adults released in 1993 and one after the 100 adults released in 1 994. In Libau & 

Delta Marsh-A release sites, the increase in mean s p ~ g  egg density and total egg 

estimate fiom spring of 1995 to 1996 are a suggestion that male and female Galerucella 

spp. are effectively fkding each other for mating purposes. The Allee effect as described 

by Allee (193 1) in which individuals in a small population have a disproportionally low 



recnutment rate is not applicable to 1993 release sites due to the higher densities of 

eggs during the 1996 growing season. 

With few exceptions, the density of purple loosestrife stems along individual 

transects in Libau & Delta Marsh-A declined with distance fiom the release point. 

Release point data fkom 1993 sites clearly demonstrates that fruit production decreased 

fiom fa11 of 1995 to 1996, even though stem densities at the release point in Delta Marsh- 

A: 1995 and Libau Marsh-A: 1995 & 1996 were sirniiar. In Libau Marsh-A, no obvious 

reduction in stem density was observed at the point of release during the 1995 and 1996 

growing seasons (Figs. 17, 19). In fact, there was a slight increase in the number of 

Loosestrife stems during the 1995-growing season. Despite this, f i t  production at the 

point of release was reduced fiorn >3000 f i t s  lm' in 1995 to 4 0 0 0  h i t s  /m2 in fa11 of 

1996 (Fig. 18,20). This reduction of f i t  density at the release point in Libau Marsh-A 

suggests that even though the stem density was relatively constant, an impact of 

Galerucella spp. on h i t  production rnay have been observed. 

A slight increase in loosestrife stem density at the release point was also observed 

in Delta Marsh-A during the 1995 growing season (Fig. 2 l), suggesting no impact of the 

beetles on stem densities at the release point. However, during the 1996 growing season, 

loosestrife stem and bit densities were reduced to O at and within a few meters of the 

release point (Fig.23) along al1 sampled transects. 

Frorn spring of 1995 to 1996, mean nurnber of GuZemcella spp. eggs lm2 (Table 

9) and correspondhg number of eggs /stem increased in both 1993 release sites. In Libau 

& Delta Marsh-A an increase in mean egg density was mirrored by an increase in the 

total egg estimate fiom one year to the next. The response of L. salicaria mean stem 
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1996 this was not repeated. in Libau Marsh-A, mean L. salicaria stem densities were 

relatively constant Eom spring to fa11 of the same year, however, fiom 1995 to 1996, an 

overall reduction of 5 stems /rn2 was observed (Table 9). Despite this slight reduction in 

mean stem density, h i t  production /m2 in Libau Marsh-A appeared to increase fiom fall 

of 1995 to 1996. However, upon consideration of the standard errors associated with 

each mean f i t  density and stem density /mZ, observed differences fiom s p ~ g  or fa11 of 

1995 to 1996 are minimal. During the 1995-growing season in Delta Marsh-A, mean L. 

salicaria stem densities were the same in spring and fdl. However, in 1996 the mean 

density of purple loosestrife was reduced fiom 28 to 4 stems /m' (Table 9) and fhi t  

production was reduced to nearly O h i t s  /m2 along the rnajority of transects sarnpled 

during the growing season (Fig. 22,24). 

In Libau Marsh-A, a mean egg density of 84 to 227 eggs /m2 was not s f ic ient  to 

cause a reduction in the rnean number of stems lm2 during the 1995 and 1996 growing 

seasons. It is unclear whether the slight reduction in mean stem density fiom 1995 to 

1996 was a result of the feeding action of the introduced agents or simply natural 

variation in stand density caused by udavorable environmental factors. Fruit production 

at the release point was reduced fiom fa11 of 1995 to 1996, suggesting that Galerucella 

spp. had a measurable impact on fniit production by purple loosestrife. Even though G. 

calmariensis are well estab iished in Libau Marsh-A, a measurable impact on L. salicaria 

stem density was d a c u l t  to observe during the 1995 and 1996 growing seasons. 

Although there is no direct evidence that stem density affects Galerucella spp. 

egg density, the reduction in egg density with distance closely rnirrors the decline in 
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loosestrife stem density dong the majority of transects sarnpled in al1 release sites. As 

a result, oviposition at the penphery of the loosestrife stand may never reach a level close 

to that at the point of release due to the limited stem density and dispersal in the site may 

have aiready reached a peak. 1 believe this occurred in the DeIta Marsh-A release site, in 

which the dramatic population increase of Galerucella spp. during the 1 996 growing 

season caused a measurable reduction of mean loosestrife stem and fkuit density. A 

contributing factor to the population increase in Delta Marsh-A was the coinpletion of 

two generations during each of the 1995 and 1996 growing seasons (Diehl, persona1 

observation). The ability of Galerucella spp. to complete more than one generation per 

year in North America was predicted by Vega et al. (1992). This was not observed in any 

of the remaining three release sites during the course of this study. The reductions in 

mean stem and h i t  density during the 1996 growing season in Delta Marsh-A are 

consistent with a direct result of the feeding action of the introduced biological control 

agents, G. pwilla and G. calmariemis (Blossey and Schat 1997). In Delta Marsh-A, a 

mean egg number of 1771 eggs /m2 was enough to contribute to a reduction in the 

number of L. salicaria stems and fkuits /m2. The observed reduction in stem density and 

h i t  production during 1996 was almost certainly due to introduced agents and not a 

result of variation in stand density caused by unfavorable environmental factors. Both 

species introduced into Delta Marsh-A in 1993 are well established and a measurable 

impact on L. salicaria stem density and fimit production was observed during the 1996 

growing season. 
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1995 Release Sites: Libau & Delta Marsh-B 

Introductions into Libau & Delta Marsh-B were mixed species releases of both G. 

pusilla and G. calmariensis. Observed density-distance data (Fig. 15, 16) and 

standardized density estimate plots (Fig. 10, 12) fiom both sites clearly demonstrate the 

rapid reduction in Galerucella spp. egg density with distance during spring o f  1995 and 

1996. This reduction in egg density with distance was more rapid compared to1993 

release sites and based on the observed data, dispersal of newly introduced adults was 

minimal during the initial and subsequent year of introduction into Libau Marsh-B and 

Delta Marsh-B. Dispersa1 of adults during the fkst year was lirnited by the presence of a 

cage positioned over the release point for a one-week penod afier introduction. In both 

L 995 release sites, the standardized density cuve  generated from the 1996 observed data 

is slightly greater than the c w e  in 1995. Thus, the proportion of Galerucella spp. eggs 

was lower close to the point of release in 1996 than in 1995. 

Examination of Taylor's parameter estimates fiom individual transects (Tables 4, 

6) and the pooled data (Table 7) fiom both 1995 release sites clearly show a reduction in 

the a parameter value fiom one year to the next, reflecting the drop in Galerucella spp. 

egg density at the release point. As expected, egg density decreased with distance fiom 

the release point in both sites and the b parameter estimates from the pooled and 

individual transect data were negative in 1995 and 1996. Compared to 1993 release sites: 

values of the b parameter fiom 1995 sites were more negative, M e r  demonstrating the 

more rapid reduction in egg density with distance fiom the release point. Pooled 

estimates of the c pararneter were considerably less than 2 in both sites (Table 7) and the 

overall tendency was for beetles to lay a majonty of their eggs close to the point of 
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parameter estimates were lower in 1995 release sites compared to sites having received 

introductions in 1993. Although "within site'' dispersal during the first few years after 

release is limited, there is still a tendency for beetles to slowly extend their egg laying 

away fkom the point of release. Observed vs. predicted 2 values fiom individual 

transects and pooled data indicated an excellent fit of Taylor's mode1 to the observed 

density-distance data fiom both 1 995-release sites. 

From spring of 1995 to 1996 in Libau Marsh-B, the estirnate of the total number 

of eggs decreased by 87% (Table 8). In 1995, a total of 892 adult G. calmariensis and G. 

purilla were released into Libau Marsh-B; however, at the start of sarnpling, only one 

oviposition penod had been completed by 835 adults. The remaining 57 adult G. 

calmariensis were introduced into this site during fa11 of 1995 as part of the 

o v e h t e r i n g  study and did not lay eggs in 1995. Mate hd ing  during the penod of 

Uiitial confinement to the release cage in Libau Marsh-B was likely not difficult and no 

Allee effect (Allee 193 1) would be likely to occur. 

Despite a slight reduction in mean spring egg density fiom spring of 1995 to 

1996, the estimate of the total number of eggs in Delta Marsh-B increased by 3 5% (Table 

8). This result was not expected, especially since the mean egg density in Delta Marsh-B 

decreased slightly fiom s p ~ g  of 1995 to 1996. Of the 877 eggs estimated to be in Delta 

Marsh-B in 1995,80% were sampled at the point of release and 20% were estirnated 

fiom the remainder of the site. In 1996, only 25% of the total number of eggs were 

sampled at the release point and 75% were estimated fiorn the remainder of the site. The 

distances along individual transects at which Galerzrcella spp. eggs were estimated were 
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release compared to 1995. This contributed to a higher total egg estirnate from Delta 

Marsh-B during the 1996-growing season. As in Libau Marsh-B, the 800 adult G. purilZri 

and G. calmariensis released in spring of 1995 completed only one oviposition period 

prior to sampling in 1995. The remaining 1 1 8 adult G. pusilla and G. calmariensis were 

introduced during fa11 of 1995 as part of the ovenvintering study, and no oviposition 

occurred in that year, 

Growth rates, as measured by the total egg estimate fiom l996/1995, indicate that 

there are differences between some release sites. Exchding Libau Marsh-B, an increase 

in the total egg estimate was observed fiom spring of 1995 to 1996 in al1 release sites. 

Delta Marsh-B and Libau Marsh-A possessed similar site characteristics and rates of 

growth, despite having received introductions a couple of years apart. However, the 

initial density of eggs at the release point in Delta Marsh-B was smaller than expected 

due to presence of a fungal pathogen, believed to be Beazwaria spp., attacking adults 

inside the release cage. n i e  growth rate in Delta Marsh-B was expected to be similar to 

that in Libau Marsh-B, but instead a small increase in the total egg estirnate was 

observed. Growth rates fiom these two sites represent very low rates of population 

increase. Despite the large reduction in mean egg density observed in Libau Marsh-B 

Erom 1995 to 1996, the total egg estirnate in 1996 was stil13.5 times higher than in Delta 

Marsh-B. 

In both 1995 release sites, the density of purpIe Ioosestrife stems quickly 

decreased with increasing distance fiom the release point in 1995 and 1996. A reduction 

in the density of loosestrife stems was also observed at the point of release in both sites 



77 
during the 1995 and 1996 growing seasons (Figs. 25,27,29). However, in Libau 

Marsh-B, loosestrife stem density was reduced only 35% fiom spring to fa11 of 1995, 

despite the enormous density of Galerucella spp. eggs at the release point in s p ~ g .  

Releases of adult Galerucella spp. into this site were made at the start of June in 1995. 

By this tirne, plants had already begun s p ~ g  regrowth, and possibly were able to tolerate 

feeding by first instar Galerucella spp. larvae. The number of eggs /stem was highest at 

the reiease point due to the enormous egg density sampled in spruig of 1995. At a 

distance of 13 m along the northeast transect, the lowest number of eggs /stem appears to 

have caused a reduction in loosestrife stem density (Fig. 29). This apparent reduction 

may have been due to the 1 m2 wire-fiamed quadrat not being placed in exactly the sarne 

position fiom spring to fa11 of the sarne year. During sarnpling with the quadrat, care was 

taken to place it in the same location as the previous; however, there may have been 

occasions when this did not occur. Along with environmental factors, misplacement of 

the quadrat may account for some of the variation observed in stem density fiom spring 

to fa11 or fiom one year to the next. 

Fruit production data were collected f?om Libau Marsh-B in fa11 of 1995 and 

1996. Unfortunately only four of eight transects sampled in 1995 could be repeated in 

1996 and the distances from which data were collected did not match. As in Libau 

Marsh-B, f i t  production by purple loosestrife in Delta Marsh-B was variable along 

transects, either not differing or gradually decreasing with distance fiom the release point 

(Fig. 26,28). 

A Iarge reduction in the mean Galerucella spp. egg density was observed in Libau 

Marsh-B fiom spring of 1995 to 1996, whereas in Delta Marsh-B only a slight reduction 



was observed (Table 9). The large reduction observed in Libau Marsh-B was 

somewhat of an ariifact and related in part to the enomous density of eggs present at the 

point of release in spring of 1995. 

The low mean spring egg density recorded fiom Detta Marsh-B: 1995 compared 

to Libau Marsh-B: 1995 was surprishg and expected to be similar, since the number of 

adults introduced and the release techniques utilized were similar in each site. Ln spring 

of 1995, heavy rainfall was recorded for 3 days &er aduits were introduced into the 

release cage. Humidity inside the release cage was hi& and a fimgal pathogen, assumed 

to be Beauvaria spp., killed some of the introduced adults prior to oviposition. 

Consistent with ~ e c t i o n  by Beauvaria spp. (Kight et al. 1 999, many addt  cadavers 

covered in white fungal spores were observed on the leaves of purpte loosestrife plants. 

Beauvaria spp. is a soil-bom fungus; however, it is unknown whether it was present 

inside cages prior to adult release or if the beetles were infected with spores during 

laboratory rearing at Corne11 University. 

There was an increase in mean faII stem and fniit density fiorn 1995 to 1996 in 

Libau Marsh-B, and in the year of initial adult introduction, stem density and to a greater 

extent f i t  production /rn2 may have been negatively aEected by the beetles. In Libau 

Marsh-B, a mean egg number of 285 eggs /m2 may have been sufficient to contribute to a 

slight reduction in the number of stems and larger reduction in the number of fruits /m2 

during the 1995 growing season. In 1996, a low mean spring egg density had no 

measurable impact on purple loosestrife stem or h i t  production. This result was 

opposite of Delta Marsh-B, in which mean stem and nuit production decreased fiom one 



year to the next. This also demonstrates that mature, weil-established purple 

loosestrife plants do not respond similarly in al1 sites. 

During the summer of 1997 a large increase in the Galerucella spp. population 

was observed in Libau Marsh-B by the coordinator of the Manitoba Purple Loosestrife 

Project, (Lindgren, personal communication) and minimal flower production was 

observed. During the 1998 growing season, loosestrife stem density in addition to flower 

production were both visibly reduced by the feeding action of the introduced biological 

control agents. Libau Marsh-B was the only site in which the total egg estimate 

decreased fiom spring of 1995 to 1996. Similarities between Delta Marsh-A and Libau 

Marsh-B include the dense, uniform centrally located areas of purple loosestrife, the 

ability of these sites to hold water fiorn spring runoff well into Iuly and the release of 

both G. pusilla and G. calmariensis. 

Opposite to Libau Marsh-B, and as one would expect, the mean h i t  density was 

m e r  reduced fiom fa11 of 1995 to 1996 in Delta Marsh-B, suggesting an impact of the 

beetles on fiuit production during the 1996-growing season. Indeed, the larger reductions 

in mean stem density fiom spring to fd l  of 1995 and 1996 in Delta Marsh-B seem to 

support this. However, mean egg densities in spring of 1995 and 1996 were consistently 

iow and so these observed reductions may not have been the direct result of feeding by G. 

pusNa and G. calmariensis. Instead, they rnay be due to unfavorable environmentai 

factors andor plant competition. Although there is no quantitative data for support, the 

composition of plants in Delta Marsh-B changed markedly during the 1995 and 1996 

growing seasons. On the basis of visuai assessments, the density of Typha spp., 

Phragmites spp. and Bronzus spp. increased during 1995. This trend continued in 1996, 



and may have ultimately contributed to the slight reduction in loosestrife stem density 

during both growhg seasons. Evidence of marsh plants such as reed canary grass, 

Phalaris anrndinacia L., competing well with and even replacing mature purple 

loosestrife plants has been documented (Novak 1968). 

Broken Stick Remession 

Although some variability in stem and fruit density was apparent from one year to 

the next along individual transects, mean stem and fkit densities fiom release sites did 

provide a way of measuring the effect of the introduced biological control agents. In 

Delta Marsh-A, feeding by G. calmariensis and G. pusilla during the 1996-growing 

season reduced both the mean stem density and h i t  production fiom spring to fall. Due 

to the effect of Galerucella spp. on loosestrife stem density and fruit production in al1 

release sites, the broken stick regression technique successfülly identified the egg density 

at which subsequent effects of the introduced agents were observed. Compared to Delta 

Marsh-A: 1996, the overail impact of Galerucella spp. on loosestrife stand density in most 

of the remaining three release sites was minimal. However, at the point of release within 

these sites, a measurable impact on either stem and fruit density was ofter. observed and 

as a result, the importance of these data points to the broken stick regression cannot be 

understated. Sorne of the data points appearing after the breakpoint in the downslope of 

the broken stick regression are fiom the other three release sites, suggesting that the 

regressions are not just an artifact of the observed data from Delta Marsh-A during the 

1996 growing season. Instead, these regressions appear to represent a generally 
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applicable relationship between the density of Galerucella spp. eggs /m2 and L. 

salicaria stem and fimit production within release sites in southern Manitoba wetlands. 

CONCLUSIONS 

1 .) The introduced biological control agents, G. pusilla and G. calmariensis, were 

successfklly established in the two 1995 wetland release sites; one located at Delta 

Marsh and one at Libau Marsh. 

2.) Galerucella spp. egg density and L. salicaria stem density decreased with increasing 

distance eom the central release point in al1 four-release sites. 

3.) Fruit density of L. salicaria decreased slightly with increasing distance fiom the 

release point. 

4.) Taylor's general non-linear mode1 fit the observed Galerucella spp. egg density- 

distance data and can be used to predict the total egg population within release sites. 

5.) The numbers of eggs were larger in 1993 release sites cornpared to sites receiving 

beetles in 1995. Based on egg mass sampling, ''within site" dispersal of Galerucella 

spp. during the f i s t  few years after introduction is slow. Taylor's pooled c parameter 

estimate was less than two in al1 four release sites, indicating a tendency for fernale 

Galerucella spp. to lay their eggs within a few meters of the release point. 

6 . )  GaZerucella spp. did have a measurable effect on the density of L. salicaria stems and 

h i t s  in Delta Marsh-A during the 1996-grcwing season. In the other three release 

sites, measurable effects on plants were confined to the point of release. 

7.) Densities 2 566 Galerucella spp. eggs /m2 were associated with reductions in fa11 

stem density relative to spring stem density. 

8.) Densities $. 432 Galerucella spp. eggs lm' were associated with rapid reductions in 

f i t  production relative to spring stem density. At egg densities < 432 lm2, a slight 

reduction in the number of fiuits is still observed. 





Table 2. Sampling dates of spring egg density and fa11 Çuit density within study 
sites in southern Manitoba. 

Location Site Year Egg Density Fruit Density 
Sampling Date Sampling Date 

Libau Marsh A 1995 09,16,21 .vi 2 8 .viii 
1996 26-27.vi, 02-04 .vii 07-08.ix 

Delta Marsh A 1995 06-07, 13-14.vi 3 1 .viii, 01,05,07.ix 
1996 17-2 1 .vi, 24-25 .vi 03,OS.i~ 

Libau Marsh B 1995 23,27.vi, 06,Og.vii 25,29.viii 
1996 09-1 1 .vii, 15- 1S.vii 10,12.ix 

Delta Marsh £3 1995 1 1,18.vii 
1996 20.vi, 0S.vii 

Libau Marsh C 1995 09.vii 29.viii 
1996 NA 12.ix 

vi = June; vii = July; viii = August; ix = September 
NA = Date not available, but sampling did occur. 



Table 3. Estirnated values of a, b, c parameters h m  the nonlinear mode1 
density = exp(a + b*distance? and associated Z values for each 
transect in Libau Marsh-A. 

Year Transect a b c ? 

1995 East 

North 

Northeast 

Northwest 

South 

So utheast 

Southwest 

West 

1996 East 

North 

Northeast 

Northwest 

South 

Southeast 

Southwest 

West 



Table 4. Estimated values of a, b, c parameters h m  the nonlinear mode1 
density = exp(a + b*distance') and associated P values for each 
transect in Libau Marsh-B. 

Year Transect a b c t-= 

1995 East 

North 

Northeast 

Northwest 

South 

Southeast 

Southwest 

West 

1996 East 

North 

Northeast 

Northwest 

South 

Southeast 

Soutliwest 

West 



Table 5. Estimated values of a, 6,  c parameters fkom the nonlinear mode1 
density = exp(a + b*distance3 and associated rZ values for each 
transect in Delta Marsh-A. 

-- 

Year Transect a b c rZ 

1995 East 

Northeast 

Northwest 

No rth-A 

North-B 

North-C 

Southeast 

Southwest 

South-A 

South-B 

South-C 

West 

1996 East 

North-A 

North-B 

South-A 

South-B 

West 



Table 6 .  Estimated values of a, b, c parameters fiom the nonlinear mode1 
density = exp(a + b*distance9 and associated i.2 values for each 
transect in Delta Marsh-B. 

-- 

Year Traosect a b c r' 

1995 East 

North 

No rtheas t 

Northwes t 

South 

Southeast 

Southwest 

West 

1996 East 

North 

Northeas t 

Northwest 

South 

S outheast 

Southwest 

West 



Table 7. Coinparison of pooled estimates of the a, b and c araineters fromTaylor's iioliliiiear inodel P deiisity = exp(a + b (distancec ) ) aiid associated r values. 

Location Site Sampling Year cr parameter b parameter c parameter r2 value 

Libau Marsh A 1995 6.080 -0.772 0.336 0.68 
1996 6.983 -0.378 0,635 0.57 

Delta Marsli A 1995 5.744 -0.079 1.409 0.56 
1996 8.740 -0.074 1.338 0.64 

Libau Mars11 B 1995 9.625 -3.626 0.278 0.99 
1996 5.098 -2.525 0.069 0.96 

Delta Mars11 B 1995 6.54 1 -3.994 0,335 0.99 
1996 5.823 -2.903 O. 148 0.99 



TabIe 8. Estirnates of the total number of eggs w i t h  study sites during spring of 
1995 and 1996. 

- - 

Location Site Release Total Egg Total Egg N96 / N95 
Year Estirnate: 1995 Estimate: 1996 

Delta Marsh A 1993 87 054 2 209 324 25.37 

Delta Marsh B 1995 877 1 355 1.54 

Libau Marsh A 1993 116 474 306 689 2.63 

Libau Marsh B 1995 36 518 4 759 0.13 





North 

East 

South 

Figure 1. Pattern of transects used to sample Galerucelln spp. egg and loosestrife 
stem density at various distances h m  the central release point. Libau 
Marsh-A & 43, and Delta Marsh-B contain a single release point (RP) and 
the pattern of transect establishment was the same in 1995 and 1996. 
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Figure 2. Pattern of transects used to sample Gnlerucelln spp. egg and Ioosestrife 
stem densities at various distances fiom the central release point. In Delta 
Marsh-A release point west (RPW) and reiease point east w E )  are 
approximately 10 meters apart. 



North 

annulus 

Figure 3. Diagram of release point surrounded by two-l metre wide annuli. 
Dashed lines represent a 1/8 sector of a circle. 



DISTANCE FROM RELEASE POINT (m) 

Figure 4. Gderzxelln spp. egg density at vanous distances from central 
release point along east transect in Libau Marsh-A: 1995. 
Observed values A and fitted line (see Table 3 for parameter 
values). 



Figure 5. 

DISTANCE FROM RELEASE POINT (m) 

GalemceZlo spp. egg density at various distances h m  central 
release point along nortliwest transect in Libau Marsh-A: 1996. 
Observed values A and fitted line (see Table 3 for parameter 
values). 



Figure 6. 

DISTANCE FROM RELEASE POINT (m) 

Galerucella spp. egg density at various distances fiom central 
release point along south transect in Libau Marsh-B: 1 996. 
Observed values A and fitted line (see Table 4 for parameter 
values). 



Figure 7. 

DISTANCE FROM RELEASE POINT (m) 

Galerucella spp. egg density at various distances fiom central 
release point along southeast transect in Delta Marsh-A: 1 995. 
Observed values A and fitted line (see Table 5 for parameter 
values). 



DISTANCE FROM RELEASE POINT (m) 

Figure 8. Galerucella spp. egg density at vanous distances fiom central 
release point along north-A transect in Delta Marsh-A: 1996. 
Observed values A and fitted line (see Table 5 for parameter 
values). 



Figure 9. 

DISTANCE FROM RELEASE POINT (m) 

Standardized estimate of Galerucella spp. egg density in relation to 
distance h m  central release point in Libau Marsh-A. 



DISTANCE FROM RELEASE POINT (m) 

Figure 1 O. Standardized estimate of Galerucelin spp. egg density in relation to 
distance fiom central release point in Libau Marsh-B. 



DISTANCE FROM RELEASE POINT (m) 

Figure i 1. Standardized estimate of Galerucella spp. egg density in relation to 
distance fiom central release point in Delta Marsh-A. 
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Figure 17. A. Lythrurn salicaria stem densities in spring and fall of 1995 dong 
the southeast transect in Libau Marsh-A. B. Gderzlcella spp. eggs 
/stem in spring at various distances from centrai release point. 
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Figure 18. Fruit density at various distances fiom central release point in 1995 
and 1996 along the southeast transect in Libau Marsh-A. 
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Figure 19. A. Lythrum salicnria stem densities in spring and fa11 of 1996 along 
the west transect in Libau Marsh-A. B. Galerucella spp. eggs /stem in 
spring at various distances fiom central release point. 
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Figure 20. Fruit density at various distances fiom central release point in 1995 
and 1996 along the w-est transect in Libau Marsh-A. 
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Figure 2 1. A. Lyihriim solicarin stem densities in spring and faIl of 1995 along 
the south-A transect in Delta Marsh-A. B. Galerzicella spp. eggs /stem 
in spring at various distances fiom central release point. 
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Figure 22. Fruit density at various distances fiom central release peint in 1995 
and 1996 along the south-A transect in Delta Marsh-A 
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Figure 23. A. Lyhirn salicaria stem densities in spring and fa11 of 1996 along 
the east transect in Delta Marsh-A. B. GalerzrceZZu spp. eggs /stem in 
spring at various distances from central release point. 
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Figure 24. Fruit density at various distances fiom central release point in 1995 
and 1996 along the east transect in Delta Marsh-A. 
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Figure 25. A. Lythrum salicaria stem densities in spring and fa11 of 1995 along 
the east transect in Delta Marsh-B. B. Gnlenccelfa spp. eggs /stem in 
spring at various distances from central release point. 
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Figure 36. Fruit density at various distances from central release point in 1995 
and 1996 along the east transect in Delta Marsh-B. 
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Figure 27. A. Lythrum sdicarin stem densities in spring and fa11 of 1996 along 
the south transect in Delta Marsh-B. B. Gaierztcella spp. eggs /stem in 
spring at various distances from central release point. 
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Figure 28. Fruit density at various distances fiom central reiease point in 1995 
and 1996 along the south transect in DeIta Marsh-B. 
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Figure 29. A. Ly~hrzrm salicaria stem densities in spring and fa11 of 1995 along 
the northeast transect in Libau Marsh-B. B. Gczlertrcelln spp. eggs 
/stem in spring at various distances from central release point. 
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Figure 30. A. Lythrurn snlicaria stem densities in spring and fa11 of 1995 along 
the east transect in Libau Marsh-C. B. Galenicella spp. eggs /stem 
in spring at various distances from central release point. 
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Fruit density at various distances frorn central release point in 1995 
and 1996 along the west transect in Libau Marsh-C. 



Figure 32. 

DISTANCE FROM RELEASE POINT (m) 

Density (logio transformed) of L. salicaria stems in spring in relation 
to distances from central release point. Figure includes data fiom al1 
four release sites in 1995 and 1996. 
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Figure 33. Density (logio transformed) of L salicaria stems in fa11 in relation to 
distances Gom central release point. Figure includes data from a11 four 
release sites in 1995 and 1996. 
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Figure 34. Density (loglo transformed) of L. salicaria stems in fa11 in relation to 
stem density (logio transformed) in the proceeding spring. Figure 
includes data fiom al1 four release sites in 1995 and 1996. 
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Figure 35. Density (loglo transformed) of L. salicaria fruits in fall in relation to 
distances &om central release point. Figure inchdes data from al1 four 
release sites in 1995 and 1996. 
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Figure 36.  Fall stem density - preceding spring stem density (log transformed) piotted 
against Galerzxella spp. egg density (log transformed). Figure includes 
data fiom al1 four release sites in 1995 and 1996. 
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Figure 37. Fruit density - s p h g  stem density (log transfomed) plotted against 
Galerucella spp. egg density (log transformed). Figure includes data fiom 
al1 four release sites in 1995 and 1996. 
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ABSTRACT 

During the winter of 1995-96, plots were set up within four release sites 

in southern Manitoba to examine the overwintering ability of the introduced biological 

control agents, Galemcella pusilla @&S.) and G. calmariensis (LJ (Coleoptera: 

Chrysomelidae). In August of 1995, Lm2 areas of purple loosestrife vegetation close to 

the point of release were repeatedly vacuumed with a D-Vac sarnpler to obtain adult 

Galerucella spp. Collected adults were taken to the laboratory to determine sex, 

identify to species, and mark. Cages were setup over the vacuumed 1-m' areas, and 

marked beetles were introduced into them. Cages were removed in late September 

when loosestrife foliage had senesced and al1 adult Galerucella spp. entered the soil. in 

spring of 1996, cages were replaced and addt  Galemcella spp. were collected fiom al1 

five cages during a two week penod of emergence ending 12 June, 1996. Overwintered 

adult G. calmariensis were recovered fiom five of five cages and G. pusilla fiom two of 

three cages. While outside air temperature dropped below -38.7OC in release sites, 

temperature at the soil surface or 5 cm below remained relatively stable at -8OC to -2OC, 

respectively. Despite these constant temperatures, per cent recovery was highly 

variable within and between overwintering sites in southem Manitoba. There was no 

daerence between the survival of males or females @-value = 0.56) and no consistent 

difference between the sunrival of G. pusilla and G. calmarienris. A highly signifiant 

three-way interaction between species, survival and cage suggests the pattern of species 

survival was different between cages. It was also determined that adult Galerucella 

spp. c m  tolerate prolonged periods of s p ~ g  flooding as overwintered adults with 

marks were recovered fiom cages completely flooded by spring runoff. 



INTRODUCTION 

In summer of 1993, the two European leaf-feeding chrysomelid beetles, 

Galerucella calmariemis (L) (Coleoptera: Chrysornelidae) and G. pusilla @&S.) were 

introduced into southern Manitoba to help control purple loosestrife, Lythrurn sakaria 

L. (Lythraceae). Both GaleruceZZa spp. have sirnilm life cycles and the adults 

overwinter in leaf litter or soil at the base of L. salicaria plants. Hight et al. (1995) 

stated that adults will also overwinter in hollow loosestrife stems and old 

inflorescences. Emergence occurs in late May to early June, and adults irnrnediately 

begin feeding on the meristematic tissues and young leaf tips of emerging purple 

loosestrife plants (Blossey et al. 1994). Adults feed for a penod of one-week before 

copulation and oviposition begins (Hïght and Drea 199 1). Eggs of both species are 

opaque, round, covered with a thin line of frass and laid in batches of variable size on 

the leaves, stems, axils and flowers of the purple loosestrife plant (Malecki et aI. 1993). 

Newly hatched fxst instar larvae move to growing tips where they feed on young tissues 

of newly unfolding leaves (Hight and Drea 199 1). Second and third instar larvae feed 

on al1 parts of the plant, but generally prefer the undersides of older unfolded leaves or 

developing flower buds (Hight and Drea 1991). Mature third instar Larvae move d o m  

the stem and drop off the plant to pupate in the leaf litter or top few centimetres of the 

soil (Blossey 1992). The pre-pupal and pupal stages together last approximately 10 

days, after which the teneral adults emerge and commence feeding. After feeding for 

approximately one week adults may copulate and produce a partial second generation 

before oveniintering (Blossey and Schroeder 199 1). 
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The distribution of G. pusilla and G. calmariemis in Europe and Asia is 

nearly identical, each being found throughout the Palaearctic distribution of L. solicaria 

(Blossey and Schroeder 1991; Blossey, 1995a). In Europe, ninety per cent of purple 

loosestrife populations show evidence of attack by Galerucella spp. (Malecki et al. 

1993a). One difference between the two species is that G. pusilla is relatively iess 

abundant than G. calmariensis in the northern parts of the distribution such as Finland 

and Sweden. (Blossey and Schroeder 1 99 1 ; Blossey 1995a). Adult Galerucella spp. 

released in Manitoba were the descendants of insects collected fiom two different 

sources in Germany; a southem source in Gelnhausen and a northern location in 

Meggerdorf (Hight et al. 1995). The proportion of G. calmuriensis collected at the 

northern collection site was 90%, while in the southem site the proportion of this 

species was 30% (Hight et al. 1995). In central Europe, mixed species beetle 

communities dominate and the two species are equally abundant (Blossey 1995a). 

Shidies in which adult Galerucella spp. were forced to oveminter outdoors in 

PVC tubes lined with Eesh moss or oak leaves demonstrated highly variable mean 

survival rates ranging fiom 0-40 per cent, and no differences between G. calmariensis 

and G. pusilla (Blossey 1995a). During this ovenvintering study, outside air 

temperatures averaged between O and -5OC and adult beetles were active during warm 

days in Febmary (Blossey 1995a). The ability of adult Galerucella spp. to survive the 

harsh prairie winters is no longer in doubt and in North America, Kight et al. (1 995) 

estimated the mean survival of Galerzlcella spp. at al1 1992 release sites to be 10 per 

cent. None of the sites used in this ovenvintering study were included in the initial 
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estimate of mean sunrival, as releases of Galerucella spp. in southern Manitoba 

were not made until the summer of 1993. 

Climatic conditions of the northern and southem sources of Galerucella spp. in 

Germany are mild and humid with temperatures in the northern collection site ranging 

fkom O to 5°C dun'ng the winter and those in the southern site averaging around 5OC 

(Hight et al. 1995). Even though G. calmariensis was more abundant in the northern 

collection site, the two sources of adult beetles released in North Amenca were 

climaticdly similar and no differences in ovenvintering ability were observed d u ~ g  

initial caged studies conducted in New York and Pennsylvania (Hight et al. 1995). 

Temperatures during the winter months in these two locations are milder than in 

southern Manitoba; however, it is h o w n  that both species are able to survive extreme 

winter temperatures on the prairies. Since there is no specific information on survival 

rates in southem Manitoba, the purpose of tEiis study was to estirnate the overwintering 

mortality of G. calmariensis and G. pusilla under caged field conditions at several 

release sites. 

MATERIALS AND MIETHODS 

Five ovemintering plots were setup in study sites; hvo cages in Delta Marsh-A, 

and one each in Delta Marsh-B and Libau Marsh-A and B. Each plot was a 1 -m2 area 

of purple loosestrife close to or at the point of release. In August of 1995, after adults 

emerged fkom pupation, but prior to them entering the soi1 to ovenvinter, each plot was 

repeatedly vacuumed using a D-Vac sampler with a nozzle diarneter of approximately 

25 cm. When no further GaZerucelln spp. were collected, each 1-m2 plot was covered 
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with a 1 m-x lm-xl.3 m cage. Cages consisted of fine, white colored, polyethylene 

mesh materd held in place using 2.54cm diameter steel tubing at the comers. The 

gauge of the monofilament mesh screen was number 8 with 25 squares per 2.54 cm 

horizontally and 23 squares per 2.54 cm vertically. The bottom perimeter of the cage 

was dug into the ground to prevent aduits fiom escaping. 

Collected Galerucella spp. were taken to the laboratory to determine sex, 

identiQ to species and mark. Two techniques were used to mark adult beetles; the first 

consisted of a small amount of waterproof naii polish placed on a single elytron and the 

second was the branding of an elytron with a red-hot pin. After marking, adult beetles 

were allowed to recover for 24 hours in the laboratory where they were supplied with an 

abundance of fiesh purple loosestrife vegetation. In most cases, the adult Galerucelln 

spp. were reintroduced to plots fiom which they were initially collected. There were no 

Galerucella spp in Delta Marsh-B, so adults fiom Delta Marsh-A were marked and 

released into the overwintering cage in this site. In the case of Libau Marsh-B, adults 

were obtained fiom the Brookside Greenhouse rearing facility in Winnipeg, MB. (Table 

10). Numbers of adults in these two sites were small and it was difficult to obtain 

enough individuals for experimental purposes. 

Overwintering cages were removed in late September when loosestrife foliage 

had senesced and adult Galerucella spp. were not visible above ground. The steel 

tubing which anchored the four comers of the cage was left in the ground and the mesh 

portion of the cage was removed. Air temperature and temperature at the soi1 surface 

and at a depth of 5 cm in overwintering cages were measured using Hobo X F  

temperature data loggers. Data loggers placed into Libau Marsh-B to monitor air and 



soil ternperature failed and no data was collected. In Libau Marsh-A, only daily 

mean air temperature and temperature 5 centimeters below the soi1 surface were 

recorded during the winter of 1995-96. Ln Delta Marsh sites, Hobom data Ioggers 

functioned correctly and al1 temperature data were obtained. In mid-March of 1996, 

just as the snow began to melt, cages were replaced over the steel tubing in the exact 

position as before. Initially, cages were not dug into the ground due either to the 

presence of a thick layer of ice or the ground still being fiozen. Beginning at the end of 

May, sites were visited weekly, and any adult Galerttcella spp. in cages were removed 

and taken to the laboratory to examine what proportion of each species and sex s w i v e d  

the winter. Sampling ceased and cages were removed when no additional beetles 

emerged. Data were analyzed using a loglinear rnodeling technique of contingency 

tables within the Loglin module of Systat for Windows, standard version 7.0 with delta 

= 0.5. This technique was used to analyze the relationship of survival with species, sex 

and cage. 

Adult Calerucelia spp. Survival 

Fa11 release and spring recovery data of marked adult GaZerucellu spp. 

fiom overwintering cages in four release sites are presented in Table 10. In spring of 

1996, marked adult Galerucella spp. were recovered fiom each cage during a two-week 

emergence penod ending 12 June. Adult G. calmariensis were recovered fiom al1 five 

overwintering cages and G. purilla fiom two of three cages. The majority of marked 

beetles recovered fiorn cages were identified by the presence of waterproof nail polish 
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on the elytron and only a few beetles with branded elytra were recovered. The 

technique of elytral buming caused higher mortdity during the 24 hour recovery penod 

compared to matking the elytron with nail polish @iehl, personal observation). Many 

adult Galerucella spp. without marks were also recovered fiom overwintering cages and 

it was decided not to include these data in the analysis. 

Per cent recovery of G. calmariensis ranged fiom 2 % in Libau Marsh-B to 82 

% in Delta Marsh-B, whde that of G. pusilla ranged fiom O % in Delta Marsh-B to 47 

% in Delta Marsh-A. There was no significant difference between the survival of males 

or females (Log ratio X2 = 0.28, d.f. = 3, p > 0.05). However, a significant effect of 

species on survival (X2  = 13.56, d.f = 3, p < 0.05) was identified. However, the 

significance of this interaction was heavily influenced by the results obtained fiom the 

cage in Delta Marsh-B. In Delta Marsh-A & -B, the overwintering cage did not 

significantly affect suMval (X2 = 0.76, d.f. = 2, p > O.OS), however, the interaction of 

cage and species signifïcantly affected survival (X2 = 58.75, d.f. = 2, 

p c 0.05); thus the pattern of species survival was different in different cages. 

Conditions in Plots 

At the time of adult re-introduction in fail of 1995, al1 ovenuintering sites were 

dry and purple Ioosestrife plants had finished flowering. However, in spring of 1996, 

plots in Delta Marsh-A and Libau Marsh-B release sites were completely flooded with 

40-50 cm of water fiom spring runoff. Delta Marsh-B and Libau Marsh-A 

overwintering plots remained dry, even though water fiom spring runoff was present in 

these sites. 



Daily mean air temperature in Libau Marsh-A (Fig. 38) was variable, 

reaching - 38.7"C or lower at the start of Febniary and gradually warming to above 0°C 

in April. HoboTM data loggers do not record temperatures below -38.7"C and at Gimli 

industrial Park, MB (50" 37' 38" N 97" 02' 04" W), approximately 45 km North of 

Libay outside air temperature dropped to - 42.6OC at the start of February. Daily mean 

temperature 5 cm below the soil surface was constant at - 2°C fiom the end of 

December to the begïmhg of May, after which tirne it warmed up and reached a peak 

of 22°C near the start of June (Fig. 39). Even though outside air temperatures were 

below - 30°C near the end of January, the temperature 5 cm below the soi1 surface was 

constant at - 2OC during the entire winter of 1995-96. 

Daily mean temperature at the soil surface in Delta Marsh-A (West Release 

Point) was relatively constant and ranged fiom -8.S°C at the beginning of Decernber to - 

1°C near the end of February (Fig. 40). At the east reiease point soil surface 

temperatures were less variable, ranging fiom -45°C in early February to -lS°C near 

the end of March (Fig. 41). Data loggers monitoring outside air temperature during the 

winter months in Delta Marsh-A failed and no data were recorded. In spring of 1996, 

daily mean outside air temperature (Fig. 42) and temperature 5 cm below the soi1 

surface (Fig. 43) were recorded fiom the west release point in Delta Marsh-A. Soi1 

temperatures were constant at - l a c  in April and gradually increased to 18°C near the 

end of May. While temperatures 5 cm below the soil surface were constant at 

- 1°C for the rnonth of April, outside air temperatures were above 0°C. 

During the winter of 1995-96, air temperatures at Delta Marsh-B ranged fiom a 

high of 0°C to a low of -38.7"C during the middle of January (Fig. 44). Temperatures at 



the soil surface rernained were constant at about - 2°C fiom 1 December to the 

beginning of April (Fig. 45). 

DISCUSSION 

Some addt  Galerucella spp. were recovered fiom overwintering cages without 

marks and it is possible that some beetles lost their marks during the winter. Another 

alternative is that some beetles were not vacuumed and remained in the 1 m2 area when 

the cage was erected. As neither scenario c m  be proven, it was decided not to include 

unmarked individuals in the data set. 

Adult Galemcella spp. released in North America in 1992 were the descendants 

of insects collected fiom either a southern source in Gelnhausen, Germany or a northem 

location in Meggerdorf (Hight et al. 1995). Despite the source of Galenlcella spp., the 

rnajority of initial introductions established the following year and overall survival of 

the beetles was estimated to be 10% (Hight et al. 1995). In southern Manitoba 

introduced Galerucella spp. are able to survive the harsh prairie winter; however, the 

overwintering ability of beetles was highly variable, ranghg fiom 0-82 %. Some of this 

variability c m  be explained by a lack of replication within sites combined with 

differences within and among sites such as local topography, faIl moisture, amount of 

snow cover & spring runoff and the source of beetles. Due to differences between sites, 

it was decided not to pool the data to determine mean recovery rates of either species. 

Results of the overwintering study in Gemany were also variable with survival 

ranging fiom 0-40 % in PVC tubes containing soi1 Iined with oak leaves or Sphagnum 

moss kept outdoors or in a concrete bunker (Blossey 1995a). In agreement with 
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Blossey (1995a), we observed no difference in survival between males and fernales 

of either species. According to Hight et al. (1995), the source of beetles, amount of 

litter, number of erect dead stems, and density of host plants did not influence 

ovenvintering success and subsequent establishment of adult Galenicella spp. under 

caged field conditions in New York and Pennsylvania. 

Protection fkom low wuiter temperatures depends primarily on the insulating 

power of the substrate and of any overlying snow (Danks, 1991). Temperature data 

measured in release sites demonstrate that while outside air temperature dropped below 

-38.7OC, the temperature at and 5 cm below the soil surface was relatively constant at - 

8OC and -2"C, respectively. Adequate snow cover on top of leaf litter and 

ovemintering adults helped to maintain a constant temperature just below eeezing at or 

below the soil surface. 

Along with cold temperature, predators and parasites are likely sources of adult 

mortality during the late fall and early spring, pnor to overwintering and emergence. 

Unfortunately, in North America, there is no information regarding predators and 

parasitoids that attack overwintering adult Galeruceh spp. in leaf litter. In southern 

Manitoba, the predatory stink bug, Apoecilus bracteatus Fitch (Hemiptera: 

Pentatomidae), only attacks the sofi-bodied larval stage of Galerucella spp. (Diehl et al. 

1997) and is not a factor resuiting in winter mortality. While studying the subnivean 

invertebrate activity in southern Manitoba, Aitchison (1 977) found that generalist 

predators such as staphylinids were extrernely abundant in October and November, 

carabids were active down to - 4OC and 49 species of arachnids were active during the 

entire winter. As temperatures at the soil surface ranged £?om -I0C to -8S°C, it may 



be possible for some winter active invertebrates to utilise overwintering adult 

Galerucella spp. as a potential food source, thus contributhg to mortality during the 

winter. Also, handling of individuai adults was extensive during the procedure of sex 

and species identification and it is possible that some addt beetles rnay have died after 

the 24 hour recovery period. 

Two overwintering plots were present in Delta Marsh-A and per cent recovery 

of both G. pur illa and G. calmariemis varied beîween them. Both plots had a similar 

amount of snow cover during the winter; however, temperatures at the soil surface were 

slightiy different. At the east release point the lowest recorded temperature at the soil 

surface was -4.5"C, compared to -8.S°C at the West reIease point; both species of 

Galerucella s w i v e d  at the colder plot. Some of the variability in per cent recovery 

may be explained by differences in microciimate between the two cages. 

Adult Galerucella spp. recovered in Delta Marsh-B were originally fiom Delta Marsh- 

A and a similar per cent recovery of adults was expected fkom both sites; however, this 

did not occur. The highest per cent recovery of G. calmariensis and iowest per cent 

recovery of G. puilla were obtained fiom Delta Marsh-B. Despite low daily mean air 

temperatures during late January, temperatures at the soil surface were constant at - 1 OC 

to -3°C. Temperatures at the soil surface were slightly warmer compared to Delta 

Marsh-A and recovery of G. calmariensis was highest in this site. No G. pusilln were 

recovered fiom the ovenvintering cage in Delta Marsh-B, despite the release of more 

than 100 individuals. The highly variable per cent recovery of both species fiom the 

overwintering cage in Delta Marsh-B was responsible for the nearly significant 
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interaction between species and survival. For this reason we conclude that no 

consistent difference in survival exists between G. pusilla and G, calmariensis. 

In Libau Marsh-A, per cent recovery of addt  G. calmariensis was close to 50%. 

Snow cover was good during the winter of 1995-96 and temperatures 5 cm below the 

soi1 surfiace were constant at -2OC, while outside air temperatures dropped below - 

38.7OC at the start of February. Good per cent recovery of addt G. calmariensis from 

Libau Marsh-A was expected as beetles have completed three generations and survived 

two winters since initial introduction in 1993. The source of adult G. calmariensis used 

in the Libau Marsh-B ovenvintering study was the Brookside greenhouse rearing 

facility in Winnipeg, MB . Galerucella calmariemis introduced into the overwintering 

cage in Libau Marsh-B were newly emerged addts never exposed to low temperatures. 

The poor recovery rate of adults the following spring may have been indicative of the 

lack of adaptation of cultured insects to field conditions. 

Amount and duration of spring runoff in ovenuintering plots did not appear to 

influence recovery of adult Galerucella spp. Plots in Delta Marsh-A and Libau Marsh- 

B were completely submerged in 40-50 cm of water for extended periods in spring of 

1996. Marked adult Galeruce~la spp. were found on spring regrowth of purple 

loosestrife which had broken the water's surface, thus demonstrating their ability to 

s w i v e  complete subrnergence with water prior to their ernergence fiom ovenvintering 

areas. Adults are known to ovenvinter in dead stems and inflorescences; however, 

heavy snow cover during the winter lodged stems fiom the previous growing season. In 

spring these stems were completely covered with water fiom spring runoff and the 

mechanism by which they survived under these conditions is unknown. 
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CONCLUSIONS 

The introduced biological control agents, G. calmariensis and G. plcrilla are 

capable of ovenvintering in southeni Manitoba under field conditions, and the rate of 

survivd did not consistently differ between species or sexes. Adult Galerucella spp. in 

the field experienced fairly constant temperatures of - 8 T  to -2OC, while air 

temperatures dropped below -38.7"C. Recovery of marked adults was highly variable, 

ranging fiom O to 8 1 %. Reasons for this may include loss of marks, microclimatic 

variation, predation and the number of winters of field selection since release in 

Manitoba. Both species of Galerucella were able to tolerate prolonged spring flooding 

of the ovemintering site. 



Table 10, Fa11 release and spring recovery data of marked G. calmariensis and G. pusilla adults fion1 overwintering 
cages witliin four release sites. Experiment was conducted during winter of 1995-96. Note Delta Marsh-A 
coiitained two separate ove~wintering cages. 

Site Species Beetle Relerse Cage Number Number Percent 
Source Released Recovered Recovery 

Delta Marsh-A G. crrln?ariensis DM-A 

G. pusilla DM-A 

Delta Marsh-A G. calr?lariensis DM-A 

G. pusilla DM-A 

DeIta Marsli-B G. caln~ariensis DM-A 

G. ylrsitto DM- A 

Libau Marsh-A G. cnlninriensis LM- A 

Libau Marsli-B G. calmar iensis Greenhouse Central- A 
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Figure 3 8. Daily mean air temperature at Libau Marsh-A during winter 
of 1995-96. 
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Figure 38. Daily rnean temperature 5 cm below soi1 surface at Libau Marsh-A 
during winter of 1995-96. 
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Figure 40. Daily mean temperature at soi1 surface in Delta Marsh-A 
(West Release Point) during winter of 1995-96. 
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Figure 4 1. Daily mean temperature at the soi1 surface in Delta Marsh-A 
(East Release Point) during winter of 1995-96. 
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Figure 42. Daily mean air temperature at Delta Marsh-A during spring of 1995-96. 
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Figure 43. Daily mean temperature 5 cm below soi1 surface at Delta Marsh-A 
(West Release Point) during spring of 1995-96. 
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Figure 44. Daily mean air temperature at Delta Marsh-B during winter 
of 1995-96. 
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Figure 45. Daily mean temperature at soi1 surface in Delta Marsh-B during 
winter of 1995-96. 
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ABSTRACT 

In 1994 and 1995, insects were collected from several sites in southern Manitoba, 

where purple loosestrife, L y t b  sakar ia  L., is dominant. Collection techniques 

included the use of trap plants, sweep netting, vacuum sampling, and hand collecting. 

Insects fiom 38 families were collected, and grouped into four general feeding guilds: 

herbivores, predators, omnivores and fungivores. Herbivores that directly fed on L. 

salicaria included: Golerucelln nymphaeae Linné (Coleoptera: Chrysomelidae), Myzus 

Iythri (Schrank) (Homoptera: Aphididae), Poecilocapst~s linerrtus (Fabricius) (Hemiptera: 

Miridae), Kleidocerys reserlne (Panzer) (Hemiptera: Lygaeidae), Ametastegin glnbmta 

(Fallén) (Hymenoptera: Tenthredinidae), Orgyia lez~costigrn~ (Smith) (Lepidoptera: 

Lymantriidae), Lophocampn rnaczdata (Harris) (Lepidoptera: Lymantriidae), Spilosorna 

virginica (Fabncius) (Lepidoptera: Arctiidae), Simyra henrici (Orote) (Lepidoptera: 

Noctuidae), Dichorneris ligdello (Hübner) (Lepidoptera: Gelechiidae), Melanchropicta 

(Harris) (Lepidoptera: Noctuidae), Hyles galli (Rottenburg) (Lepidoptera: Sphingidae), 

and Biston betularin cognataria (Gn) (Lepidoptera: Geometridae). These herbivores do 

not severely Iimit the density of purple Ioosestrife in southem Manitoba and any 

interactions with introduced biological control agents should be minimal. The predatory 

stink bug, Apoecilus bracieatza Fitch (Hemiptera: Pentatomidae) was identified as a 

potentially important predator of the introduced biological control agents, Galerz<cella 

pztsilln Duftschmidt and G. calmot-iensis (L.) (Coleoptera: Chrysornelidae). 



INTRODUCTION 

Purple loosestrife, L y t h m  salicaria L., is a herbaceous, perennial wetland plant 

that was introduced £kom Europe to North America in the early 1800's (Hïght 1990; 

Stuckey 1980). Afier its introduction, purple loosestrife quickly estab1ished.itself along 

the eastem seaboard of the United States and gradually spread westward across New 

York State into the St. Lawrence River valley (Stuckey 1980). By the mid 1800s' large 

areas of the plant were well established along the St. Lawrence River in southern Ontario 

and Quebec (Thompson et al. 1987). Currently in Canada, purple loosestrife can be 

found in al1 ten Canadian provinces (DeClerck-Floate 1992). In southern Manitoba, L. 

salicarin is found along every major river system, with large areas of concentration along 

the Cypress, Assiniboine, and Red Rivers, as well as in the Netley-Libau and Delta marsh 

systerns, south of Lake Winnipeg and Lake Manitoba. 

The highly cornpetitive nature of purple loosestrife in North America has led to 

the displacement of native wetland plant species and the formation of large monospecific 

areas of L. salicarin (Thompson et al. 1987; Malecki and Rawinski 1979). A classical 

biological control program using host-specific, non-native insects has been implemented 

in Canada to help control populations of purple loosestnfe W g h t  et al. 1995). In 

Manitoba, the host-specific, leaf-feeding beetles, Galen~cella pwilla (Dufis.) 

(Coleoptera: Chryçomelidae), Galerucella calmariensis (L.) and the root-feeding weevil, 

Hylobius transversovitfntzrs (Goeze) (Coleoptera: Curculionidae) have been released. 

In addition to introduced organisms, the naturally occurring insect fauna may play 

an important role in reducing plant fitness, or otherwise interact with the introduced 
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biological control agents. Inventories of naturally occurrhg insects on L. salicaria 

have been compiled for Europe (Batra et al. 1986) and eastem North Amenca (Ebght 

1990; Anderson 1995), but no information is available for the northem great plains 

region. The main objective of this study was to characterize the insect fauna associated 

with the above-ground parts of L. salicaria in southem Manitoba and identie any 

species that may interact with the introduced biological control agents, G. caZmariensis 

and G. pusilia. 

MATERIALS AND METHODS 

During the summer of 1994, insect collections were made at six sites in southern 

Manitoba dominated by purple loosesûife. Two sites were located at Delta Marsh (50' 

1 1 ' N 98" 1 8 ' W), three at Libau Marsh (50° 12 ' N 96' 43 ' W), and one site in Winnipeg 

(49' 53' N 97O 09' W), Manitoba. A single site at Delta Manh and one site at Libau had 

previously received introductions of the biological control agents, G. pusilln and G. 

caZmariensis in the summer of 1993; there were no introductions in the rernaining four 

shidy sites. In 1994, al1 sites were visited weekly fiom 15 May, soon after emergence of 

purple ioosestrife, until 15 September, when the aboveground parts of the plants had died. 

In 1995, insect herbivores of purple loosestrife were also collected; however, sites were 

not as intensively sampled as in 1994. The surnmers of 1995 and 1996 were dedicated to 

the completion of Galerucella spp. releases and subsequent egg mass sampling within the 

four release sites. 
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Four collection methods were used to obtain insects fiom purple loosestrife. 

Trap plants, consisting of five potted seedlings, were placed dong transects radiating 

from a central point, soon after spring emergence of the plant. The purpose of trap plants 

was to attract herbivores to seedlings, which could then be removed fkom sites with 

minimal disturbance to the surrounding area. Plants were watered as necessary and each 

week one pot was coilected fiom a predetemiined distance along each transect. The pots 

were brought back to the laboratory and the abovegound portion of the plant sampled for 

insects. Initially, the trap and wild plants were similar in size and appearance; however, 

as the season progressed trap plants were overshadowed by the nanirally occurring purple 

loosestrife. 

The majority (75 - 80%) of collections fiom L. salicorin were made using a sweep 

net; however, collections were also made using a vacuum sarnpler which sucked insects 

fiom the vegetation and flowers of purple loosestrife. Aperture size of the D-Vac was 

approximately 25 cm in diameter. Al1 weekly sweep net and vacuum sarnpling occurred 

during the day and involved intensive sarnpling of individual plants fiom randomly 

chosen areas within the site. The two collection techniques were targeted on the 

vegetation and flowers of L. salicaria; occasionally plants of other species may have been 

sampled. Plants in the field were examined in situ and any insects were hand picked and 

taken to the laboratory to test for herbivory on L. solicaria. 

Once in the laboratory, insects were placed into petri dishes containing fiesh 

purple Ioosestnfe vegetation and observed for feeding activity. If feeding was observed, 



insects were reared to adulthood and identified. Voucher specimens of al1 taxa are 

deposited in the J. B. Wallis Museum of Entomology at the University of Manitoba. 

In this study, an insect was classifïed as a herbivore of purple looseçtrife based on 

one of three criteria: observation of feeding on L. salicaria in the field, observation of 

feeding in the laboratory, or collection of adults and immatures fiom L. sniic~rin and 

confirmation fiom the literature of herbivory on herbaceous pIants (if none was directly 

observed on purple loosestrife). Observations and Somat ion  fi-om the literature were 

used to characterize remaining insect taxa as predators, omnivores or fûngivores. 

IiESULTS AND DISCUSSION 

A complete Iist of insects collected is provided in Table 1. Ln total, 63 insect 

genera, representing 38 farnilies and seven orders were collected from L. salicaria during 

the study. The introduced biological control agents, G. pusilZa and G. cnlmuriensis are 

included in the 63 genera collected. Our discussion concentrates on common taxa (>50 

specimens collected), herbivores of purple Ioosestrife and insects that may interact with 

the introduced biological control agents. 

Coleoptera. Galerucella culmnriensis and G. pzrsilla were collected from sites at Libau 

and Delta Beach in which there were previous introductions. Eggs, larvae, and adults of 

both European species were collected fiom the leaves, flowers, and stems of purple 

loosestrife. Neither species were present in sites where there had not been introductions. 

The biology and feeding habits of these beetles has been described in detail by Hight and 
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Drea (199 1) and Blossey and Schroeder (1 99 1). Larvae and adults of the water lily 

beetle, G. nymphaeae (Linné), were also observed feediig on L. salicaria at Libau and 

Great Falls, MB. Larval feeding darnage to the leaves of purple Loosestrife was 

comparable in type to that of the introduced GaZerucella spp.; however, numbers of G. 

nymphaeae appeared too low to have a significant impact on purple loosestrife in 

southem Manitoba. The European immigrant, G. nymphczene occurs throughout the 

United States and Canada and feeds on plants belonging to the genera Nuphar Sm. 

(Nymphaeaceae), Polygonurn L. (Polygonaceae) and occasionally on native and 

introduced Lythrzm species (Lythraceae) (Manguin et al. 1993 ; Hight 1 990). 

Members of the coccinellid genera, Hippodarnia Dejean, Coccinella Linné and 

Anisosticta Dejean, are predatory and feed on aphids belonging to many different genera, 

including Myzzis (Gordon 1985). Adults of H. tredecimpunctata tibialis (Say) and C. 

scptemprtnctata (L.)  were frequently collected fiom L. salicaria. Coccinellid larvae 

were also observed on the leaves of purple loosestrife, but were not collected. Larval 

stages of the Coccinellidae are known to feed on the eggs of Galerucella sagirtariae 

(Hippa et al. 1984) and G. nymphaene (flippa et al. 1982) in Europe. Therefore, in 

southem Manitoba, it is possible that coccinellids are consuming eggs and early larval 

instars of Galenicella spp., as well as aphids such as 1Myzus lythri. 

n i e  family Scirtidae was represented by members of the genus Cyphon Paykull., 

of which marshes are believed to be the typical habitat (Young and Stribling 1990). In 

both sites at Libau, adults were commody collected fiom the vegetation and Bowers of 

purple loosestrife; no adults were collected fiom Delta Beach. Larval Scirtidae are 
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aquatic in lentic habitats (Stribling and Young 1990), and feed on algae, b g i  and 

other organic matter (Woodward et al. 1988). Adults of this genus are commonly 

observed on foliage and have been collected fiom purple loosestrife in Europe (Batra et 

al. 1 9 8 6) .  Adults of the genus Cortinicara Johnson (Coleop tera: Lathndiidae) were very 

abundant on the foliage of purple loosestrife at both Delta Beach and Libau. Adult 

Cortinicara are commonly found on foliage, flowers, or in leaf litter, and the larvae feed 

on moulds and decomposing leaf material (Johnson 1975). Although adults of 

Cortinicarn and Cyphon are abundant within sites, these beetles are likely having 

minunal impact on the purple loosestrife. 

Herniptera. Poecilocapsus lineatus (Fabricius) (Hemiptera: Miridae) typically occurs 

on weeds in moist, shaded areas, and its host plants inchde more than 250 species in 57 

families (Wheeler and Miller 198 1). This mirid is widely distributed in Canada (Kelton 

1982b), and its eggs (Wheeler and Miller 198 l), nymphs and adults (Hight 1990) have 

been previously recorded fkom L. salicaria in North America. In our sites, much of the 

feeding damage caused by P. Zineatw nymphs occurred on purple loosestrife; however, 

fiorn observations in the field, Canada thistle, Cirsium arvense (L.) Scop. (Compositae) 

and field mint, Mentha arvensis L. (Labiatae) were also fed upon. First and second instar 

nymphs were frequently collected in early-June and caused noticeable damage to the 

young leaves of newly emerged purple loosestrife shoots. However, plants showed no 

persistent damage and few adult P. lineattrs were collected late in the growing season. 

Despite conspicuous black necrotic spots on the leaves resulting fiom nymphal feeding 
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(Wheeler and Miller 198 1 ), damaged purple loosestrife plants usually recover by 

terminal bud or lateral shoot growth (Hight 1990). 

Adult Lygus Zineolaris (Pallisot de Beauvois) and L. rubrosignatus (Knight) 

(Hemiptera: Miridae) were commody collected during the initial bloom period of L 

salicaria, which began in mid-July. In addition, relatively small numbers of L. Zineolaris 

nymphs were collected before bloom. Lygus lineolaris is polyphagous, and host plants 

include at Ieast 328 species or subspecies uicluding Lythrurn lanceolaturn Ell. (Young 

1986). Lygus Zineolaris feeds on leaf buds and reproductive structures such as fl ower 

buds and developing fruits (Pack and Tugivell 1976) and it is likely that L. salicarin, with 

its long bloom period, is serving prirnarily as a mid-late season liost for adults and 

nymphs of L. Zineolaris. No adults of Lygus spp. were collected fiom newly emerged L. 

salicaria in spring, so it is likely that adults migrate to purple loosestrife fiom earlier 

emerging host plants that are utilized at the beginning of the growing season. 

Adults of P lagiognathzls rnedicagt~ Arrand and P. obscurus Uhler (Hemiptera: 

Miridae) were obtained in late season collections fiorn the leaves and flowers of L. 

saZicarin. Plagiognothzrs obsctrrm has been collected fkom a wide variety of herbaceous 

plants (Kelton 1982a) and adults of this species have been previously recorded fiom 

purple loosestrife in North Amerka (Hight 1 990). Plagiognathus obscurus is both 

phytophagous and predacious on mites, codling moth larvae and aphids (MacPhee and 

Sanford 1954). 

KZeidocerys resedue (Panzer) (Hemiptera: Lygaeidae) is a Holarctic species that 

feeds on the seeds of many plants, including L. salicarin (Hight 1990). In our study, 



nymphs were abundant prior to, and during the early bloom stages of purple 

Ioosestrife, whereas adults were collected Eom the reproductive structures of the plant 

and fiom fa11 collections of seed heads. Seed production of L. salicaria may be 

depressed if numbers of K. resedae exceed 30 nymphs and adults per fl owering shoot 

(Hight 1990); however, in our sites a maximum of 5-10 K. resedae per flowering shoot 

was observed only on a few isolated plants. 

Orizls tristicolor (White) (Hemiptera: Anthocoridae) is widely distributed across 

Canada and is abundant on the flowering heads of herbaceous plants (Kelton 1978). 

Adults and nymphs of O. tristicolor are generalist predators on smali arthropods and 

supplement their diet by feeding on pollen (Salas-Aguilar and Ehler 1976). 

The predaceous stink bug, Apoecilus brncteatur Fitch (Hemiptera: 

Pentatomidae), attacks a wide range of soft-bodied insects that feed on leaf surfaces 

(Evans and Root 1980). Within release sites, nymphs and adults of A. brocteatm were 

observed consuming the larvae of the two Galenrcella spp. biological control agents. In 

sites that did not receive introductions of the Galerucella spp., predaceous stinkbugs were 

not found. It is not known whether A. bracteatia was present in release sites prior to the 

introduction of the biological control agents, or if they invaded these sites from the 

surrounding area in response to the presence of Galerucelin spp. 

Homoptera. Adults of Macrusteles qzladrilinentus Forbes (Homoptera: Cicadellidae) 

were most abimdant during the sumrner and early fall; however, nymphs were not 

collected fiom L. salicarin. Nymphs of M. quadrilineatzls feed on grasses and cereals in 

the spring, then migrate to herbaceous plants in the early surnmer (Beime 1952). The 
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presence of adults on L. salicaria during the summer is consistent with the literature. 

'However, the lack of nymphs for M quadrilinentur. as well as the Delphacidae and 

Psyllidae suggest that these insects are not ushg L. salicaria as a reproductive host. 

n i e  winter hosts of the European aphid, Myzm [ythri (Schrank) (Homoptera: 

Aphididae) are Przrnus spp. L. (Rosaceae) and the summer hosts are Lythntm and 

Epilobizm spp. L. (Onagraceae) (Voegtlin 1995). It has been suggested that M. Zythri 

could be manipuiated to contribute to the biological control of purple l o o s e s ~ f e  

(Voegtlin 1995); however, the numbers of M Iythri collected in our study sites were 

small and there was no noticeable effect on the loosestrife plants. This may have been 

due to a shortage of Prilnzn spp. near sites, or because of environmental factors inhibiting 

migration (Voegtlin 1995). 

Lepidoptera. Orgyia leucostigmn (Smith) (Lepidoptera: Lyrnantriidae) is a native 

defoliator that feeds on bo t .  deciduous and coniferous trees (Wilson 199 1). Eggs and 

iarvae of this insect have been previously recorded fiom purple loosestefe in North 

America (Hight 1990). In the field, larvae typically fed in the shade, on the underside of 

leaves and in the laboratory we observed feeding on all parts of the purple loosestrife 

leaf, including the mid-ri b. 

Spilosorna virginica (Fabricius) (Lepidoptera: Arctiidae) is common throughout 

most of North America (Peterson et al. 1993), and its host plants include more than 100 

plant species, particularly low growinp forbs, grasses, sedges, and herbaceous plants 

@ethier 1988). Larvae of S. virginica were abundant and frequently observed feeding on 

L. salicar.in within sites at Delta Beach. 
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Simyra henrici (Grote) (Lepidoptera: Noctuidae) is common in moist habitats 

across North Amerka and its host plants include Typha spp. L. (Typhaceae), Polygonzrm 

sp., Sulzk sp. L. (Salicaceae) and a nurnber of grasses and sedges (Decker & Maddox 

1971). Larvae of this native species have not been previously recorded fiom purple 

loosestrife in North Arnerica. The feeding habit of the fnst and second instar larvae is 

described as leaf skeleto~zation, while later instars scallop the leaf margins (Decker & 

Maddox 197 1). This description of feeding is consistent with the observed feeding habit 

of this caterpillar on L. salicaria within collection sites. 

Larvae of Melnnchru picfa (Harris) (Lepidoptera: Noctuidae) were hand collected 

from the foliage of L. salicarin at Libau and Winnipeg. The larvae feed on the leaves of 

many crop plants (Rockbume and Lafontaine 1976) and have also been recorded fiom 

Salk, Vaccinium L. (Ericaceae), and TrifoZium L. (Fabaceae) (Covell 1984). In the field, 

larvae of this species were usually collected in groups of >IO individuals fiom isolated 

purple loosestrife plants. In five days, under laboratory conditions, 10- 12 larvae 

completely defoliated a plant consisting of 10 stems. However, the occurrence of larvae 

in the field was infiequent and noticeable damage to stands of purple loosestrife within 

collection localities was not observed. 

The larvae of Dichorneris ZiguZelZa (Hübner) (Lepidoptera: Gelechiidae) feed by 

skeIetonizing leaf matenal and host plants of econornic importance include Qzterczrs spp. 

L. (Fagaceae), and Mahis spp. L. (Blumenthal and Sirnons 1980). Larvae of this native 

species have been previously recorded fiom purple loosestrife in the United States (Hight 

1990). 
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HyZes galli (Rottenburg) (Lepidoptera: Sphingidae) is a Holarctic, native 

sphinx moth whose hosts include Epilobium, Galium L. (Rubiaceae), Aspe& L. 

(Rubiaceae) and Goderia (Hodges 1971). A single lama of this species was collected 

from L. salicaria and reared in the laboratory where it consurned 4-5 leaves of purple 

loosestrife per day. Larval densities of this hawkrnoth were too low to cause significant 

damage to the purple loosestrife within study sites. 

Larvae of Biston betulnria cognataria (Gn) (Lepidoptera: Geometridae) were 

collected fiom the foliage of purple loosestrife kt Winnipeg, MB. Some host plants of 

this Holarctic species include SaZix, Cornta L (Cornaceae)., Acer L. (Aceraceae), 

Populrrs L. (Çalicaceae) and Przmzcr (McGuffin 1977). Larvae of this species have not 

been previously recorded fiom purple loosestnfe in southem Manitoba. 

The adult stage of Nymphaiis nntiopa Linnaeus (Lepidoptera: Nymphalidae) was 

collected fiom the flowers of L. salicaria but no larvae of this species were observed 

feeding on the plant. 

Diptera. Adult Chloropidae were the most fiequently collected flies in this study. 

EZachiptercl spp. occur in marshy areas and the adults are secondary invaders of darnaged 

plant tissues, feeding on associated bacteria (Sabrosky 1948). The adults of many species 

of Sciomyzidae and Otitidae generally feed on liquids and are commonly collected while 

resting on vegetation or flowers near the larval habitat. Beyond invading and feedùig on 

already darnaged ioosestrife plant material, members of the Chloropidae and Otitidae 

likely have minimal impact on purple loosestrife. 
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Mernbers of the genus HelophiZm Meigen (Diptera: Syrphidae) are cornmoniy 

found in wet areas such as marshes and polluted ponds, where the larvae are filter feeders 

in marshy soi1 or water (Harîley 1961). Larvae of Sphaerophoria cont igu Macquart 

(Diptera: Syrphidae) are generalist predators and feed on a variety of aphids including 

members of the genus M ~ Z I S  (IG1utson 1973). Adult syrphids were fiequently collected 

while resting on vegetation and flowers of purple loosestrife near the larval habitat. 

Hvmeno~tera. The larvae of Ametastegia glabrata Fallén) (Hymenoptera: 

Tenthredinidae) are early-mid season feeders on the purple loosestrife foliage and were 

commonly collected fÎom the underside of leaves, on the lower half of the plant. Adults 

were cornmon late in the growing season and easily collected using a sweep net. 

Ametastegin spp. feed on plants fÎom the genera Rzrrnew sp. (Polygonaceae), Polygonum 

sp. and VioZn sp. (Violaceae) (Smith and Barrows 1987). Both adults and larvae of A. 

glubrata have been previousiy recorded fiom L. salicaria in Europe (Batra et al. I986), 

but not from North Amerka. 

Hylaezrs spp. (Hymenoptera: Colletidae) are solitary bees that were fkequently 

coliected from the flowers of L. salicaria. Little is known about the biology of the 

Hylaezrs spp. because adults cany pollen intemally and are believed to nest in abandoned 

galls or pithy stems, hcluding those of Rhzls L. (Anacardiaceae) and Snrnbucus L. 

(Caprifoliaceae) (Scott 1994). Adults of the Apidae and Megachiliidae were also 

coliected from the flowers of purple loosestrife during the bloom period of the plant. 

Other than collecting pollen and fertilizing the plant, these Hymenoptera should have 

minimal interactions with introduced biological control agents. 



CONCLUSIONS 

Of the 41 genera of herbivorous insects collected, members of 14 were obsemed 

feeding on purple loosestrife in the field or laboratory. Eight genera of Lepidoptera were 

collected in this study (Table l), of which three have been previously recorded from L. 

salicarin (Batra et al. 1986). The other six herbivorous genera observed feeding on L. 

salicaria were: Myzus Zythn (Schrank), Poecilocapsus Iinenfzu (Fabricius), Kleidocerys 

resedae (Panzer), Ametastegin glabrata (Fallén) and Gderzlcella ny mphaeae (L .), al1 of 

which have been previously recorded from purple loosestrife either in Europe or the 

United States. Because of the presence of immatures on the plant, it was also inferred 

that Lyg2c.s ZineoZaris (Pallisot de Beauvois) was herbivorous on L. salicaria. Several 

species of Lygus have been recorded fiorn purple loosestrife in Europe (Batra et al. 1986) 

and L. lineolaris was collected fiom the plant in the northeastern United States (Hight 

1 990). The remaining genera, although collected fiom purple loosestrife, were 

represented by few specirnens and apparently had M e  or no effect on the plant. The 

majonty of these herbivores were likely incidentals collected by vacuum sarnpling, a 

technique which collected insects not only resting on purple loosestrife, but also on other 

vegetation in close proximity. 

The predatory guild of insects represented 17 of the 63 genera collected during 

the survey. Of these, only one appears likely to lirnit the success of the introduced 

biological control agents. n e  predatory stink bug, Apoeciltc; bracteafus Fitch 

(Hemiptera: Pentatornidae), was consistently found in sites which had received 
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introductions of the biological control agents, G. calmariensis and G. pusilla. 

Nymphs and adults of this species were most abundant within 2 rn of the release point of 

Galerucella spp. and predation by A. bracteatus on the larvae of the biological control 

agents was observed under laboratory and field conditions. Adults and late instar nymphs 

were observed with Galerucella spp. larvae irnpaled on their mouthparts. Because of 

their abundance near the point of release, this predatory species may theaten the 

continued reproduction and spread of the Galenicella spp. biological control agents after 

establishment. 

A nwnber of naturdly occurring herbivores of L. salicarin in southern Manitoba 

were identified as a result of this survey. By using L. salicaria as a host plant, a11 of 

these herbivores have the potential to interact with the introduced biological control 

agents. However, during the survey, it was observed that populations of naturally 

occwring herbivores did not reach high enough Ievels to cause noticeable darnage to the 

large, central areas of purple loosestrife present within survey sites. For this reason, we 

conclude that the existing herbivores of L. salicaria in southem Manitoba will not limit 

the amount of loosestrife available for the introduced biological contrd agents. Instead, 

these herbivores rnay supplement the increased herbivore loac! on purple loosestrife that 

is being provided by the introduction of the European biological control agents. 
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ABSTRACT 

During the surnmer of 1994, nymphs of the predatory stink bug, Apoecilzrs 

bracteatzts Fitch (Herniptera: Pentatornidae), were observed in release sites at Libau 

Marsh (50a 12' N 96O 43' W) consuming larvae of the introduced biological control 

agents, Galerucella pzrsillcr Dufts. (Coleoptera: Chrysomelidae) and G. cnlmariensis L. 

A study using diRerent densities ofA. bracteatus nymphs attacking second and 

third instar Galenicella spp. Iarvae was conducted to determine the predatory abilities of 

this stink bug. Five densities of stink bug nymphs were introduced h t o  fieLd cages each 

containing 2 1 second and third instar Galerzlcelia spp. larvae previousiy established on 

potted Lythrzmm salicaria L. (Lythraceae) plants. The number of Galerucella spp. larvae 

observed on the above groound portion of the plants was recorded each day until the end 

of the experiment. Afier the first and second days, there was a significant difference @- 

value < 0.05) in the nurnber of Gnlerz~cella spp. remaining between cages with stink bugs 

and those without. These differences were attributed to predation by the stink bug, A. 

brcicrearus. In Libau Marsh-A, where A. bracteatus nymphs were most abundant, 

introduced ajents have been present since 1993. Compared to another site having 

received beetles in 1993, a smaller increase in the total egg estimate was observed frorn 

2995 to 1996. The predatory stink bug may be a contributhg factor to the slow 

population increase observed in Libau Marsli-A. 



INTRODUCTION 

In southem Manitoba, the two leaf-feeding chrysomelid beetles, Galenicella 

culmariemis (L.) (Coleoptera: Chrysomelidae) and G. pusilla @&S.) were introduced in 

1993 to help limit the population of purple loosestrïfe, Lythrzm salicaria L. (Lythraceae). 

Pnor to initial introduction of adult Galerucella spp. in North America, beetles collected 

in Gemany were quarantined for several generations after arriving to the United States to 

ensure fieedorn fiom native parasites and diseases. 

Predation of G. piailia and G. cnlmariensis by spiders has been obsemed in many 

European field sites, and in North America, several failures to establish beetles have been 

attributed to egg and larval predation by arachnids (Malecki et al. 1993b). In studies of 

the closely related North Amencan species G. nymphaene, no parasites or pathogens of 

that species likely to attack G. ccrlmariensis or G. pzrsilla have been discovered. 

However, egg predation by the ladjjbird beetle, Coleomegilln maculata (Coleoptera: 

Coccinellidae), was observed (Malecki et al. 1993b). Predation of eggs, larvae and adults 

by spiders and ladybird beetles does occur in North Arnerica and may affect populations 

of the introduced Galerucel~a spp. (Malecki et al. 1993b). Some failures to establish in 

western Canada have also been attributed to the soil-borne fungal pathogen, Benuvaria 

bassiana (Balsamo), which attacks the larval and adult stages of GaZerucelln spp. (Hight 

et al. 1995). 

In southem Manitoba, larvae of G. calmariensis and G. pzisilla are attacked by  the 

predatory stink bug, A. bracfeatus (Hemiptera: Pentatornidae) (Diehl et al. 1997). 

Nymphs and adults of this stink bug are solitary hunters, attacking a wide range of soft- 

bodied insects that feed on leaf surfaces (Evans & Root 1980). Within a few rneters of 
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release points at Libau Marsh (50' 12' N 96O 43 ' W), individual A. bractentus 

nymphs were observed consumïng fist, second and third instar Galerucella spp. larvae 

(Diehl, unpublished data). No stink bug nymphs were observed in release sites at Delta 

Marsh, MB (Diehl, persona1 observation). 

There is no information on the predatory abilities of A. bracteaim on the Iarval 

population of the introduced biological control agents; however, their abundance in close 

proximity to the point of release may threaten population increases of Galerucella spp. 

after establishment. The purpose of this study was to examine the predatory abilities of 

the stink bug, A. brncteatzrr on the lamae of G. calnzariensis and G. pusilla in field cages 

and predict what affect, if any, they may have on their continued reproducticn and spread 

in southem Manitoba. 

MATERIALS AM) MXTEXODS 

In 1996, 15 field cages were set up on a grassy area at the Point Field Laboratory 

on campus of the University of Manitoba in Winnipeg. Cages were lm x lm x lm, and 

consisted of fine, white coloured, polyethylene mesh material held in place using 2.54cm 

steel tubing at the corners. The gauge of the monofilament mesh screen was number 8 

with 25 squares per 2.54 cm horizontally and 23 squares per 2.54 cm vedically. The 

bottom perimeter of the cage was dug into the ground to prevent insects &om entering or 

escaping. Cage bonoms were lined with heavy gauge, black polyethylene sheeting to  

reduce grass growth and vacuumed using a D-Vac sampler (aperture diameter = 25 cm) 

to remove any insects that were present. Three pots, each containing two healthy, single- 

stemmed purple Ioosestrife plants previously established in a gro~vtli room (22°C and 



I6:8hr; dark:light) were grouped in the center of each 

experiment were established from naturally o c c u r ~ g  

the bank of the Assiniboine River in Winnipeg, MB. 
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cage, Plants used in this 

purple loosestrife collected from 

The five treatments were replicated three times and included the fotlowing 

combinations of Galenicella spp. larvae and A. bracteatio nymphs: O larvae, O nymphs; 

21 larvae, O nymphs; 21 larvae, 1 nyrnphs; 2 1 larvae, 2 nymphs and 21 larvae, 

3 nymphs. Experimental cages were placed in three rows of five treatments arranged in a 

randomized complete block design. Second and third instar Galerucella spp. larvae were 

collected fiom purple loosestrife in the Libau Marsh area. Larvae of Galenicella spp. are 

indisiinguishable (Manguin et al. 1993) and no effort was made to identifi them to 

species. Stink bugs were collected from release sites at Libau Marsh and heId in a 

growth charnber at 22OC, 16:8hr; dark:light, until initiation of the experiment hvo weeks 

Iater. While in the growth chamber, A. bracfenfr~s nymphs were provided with an 

abundance of Galerucella spp. larvae as a food source. Prior to stink bug introduction on 

15 July, purple loosestrife in each pot was inoculated with seven 2nd or 3rd instar 

Galerzrcella spp. larvae, for a total of 21 larvae per cage. A period of 12 hours was 

allowed for the larvae to establish themselves on the potted loosestrife plants. 

lmmediately prior to the introduction of stink bugs, the number of GalerirceZlcz spp. 

larvae on stems was recorded. Fourth instar nymphs of A. brczcreutus were introduced by  

placing the 5cm x 5cni clear-plastic holding container in the center of the group of three 

potted plants. Counts of Galerrtcella spp. larvae were made each day until the end of the 

experiment. The number of larvae observed on the above ground portions of the 

loosestrife plants was recorded during each observation period. 
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Mortality of Gaierucella spp. larvae due to predation (%) was estimated after 

applying Abbott's (1925) formula to correct for losses due to pupation or mortaiity not 

associated with predation. The per cent larvae living through the previous day or 

"apparent survival" was determined by dividing the mean number of lamae living after a 

specific day by the rnean number of the previous day. At the start of the experiment (Day 

= O), 1 00% of the GuZeruceZh spp. Iarvae were Iiving and available for predation. For 

days O, 1 and 2, Abbott's formula was used to determine the corrected predation (%) in 

each treatment. The per cent larvae living through the previous day in the control was 

subtracted from that for the corresponding day in each treatrnent. This value was divided 

by the pzr cent larvae living through the previous day in the control and multiplied by 

100 to give the per cent corrected predation. Contingency tables were used to determine 

whether Gdewcella nurnbers were affected by the presence of stink bugs. Tables were 

analysed by loglinear modeling with delta = 0.5 (Bishop et al. 1975). 

RESULTS 

The number of stink bugs, mean number of Galerucella spp. larvae per cage f 

SEM, per cent larvae living through the previous day afier 1 and 2 days and corrected 

predation values are presented in Table 12. In control cages with no stink bugs, there was 

a gradua1 reduction in the mean number of larvae observed afier day 1 and 2. The larvae 

of Gnlerucelln spp. pass through three instars and tliis reduction is attributed to 

movement of 3'* instar larvae into the soi1 for pupation. Also apparent is the quick 

reduction of larvae in cages containing 1 ,2  and 3 stink bugs cornpared to the control 

cage. The number of stink bugs per cage affected the nuinber of Gnlerrrcella spp. iaivae 
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present both on Day 1 (LR X2 = 14.72; d.E= 3; p<0.00 1) and on day 2 (LR XZ = 55.63; 

d.f.= 3;  p4 .00  1). Afier Day 1, there was no difference in the nurnber of Galertxello 

spp. larvae between cages containing 1,2, and 3 stinkbugs (LR X 2  = 0.79; d.f.= 2; 

p = 0.67); however, after Day 2, differences were observed (LR X2 = 28.55; d.f. = 2; 

p<O.OO 1). Analysis of data fiom Day 2 included only changes in the nurnber of 

Gnleniceiln spp. larvae observed fiom Day 1 to Day 2. As a result, it was concluded that 

differences in the mean number of larvae per cage between the control and other 

treatrnents are due to the predatory ability of the stink bug, Apoecilus brncreatus. 

Per cent-corrected predation after 24 hours was sirnilar between cages containing 

1,2,  or 3 stink bugs; however, after hvo days, differences between treatments were 

observed. In cages containing a single stink bug nymph, corrected predation decreased 

from 33.4% after one day to 2.4% after day two. Sometime during the initial 24 hour 

period, the stink bug nymph inside each c a p  consumed enough Galerucella spp. larvae 

to temporarily satisS its appetite and stop feeding. Feeding continued after the first day 

in cages with two s tu i k  bug nymphs and 80.1% of the remaining Galerucella spp. larvae 

were consumed. Ln cages containing three stink bug nymphs, a11 available Galen~cellrr 

spp. larvae were consumed after 2 days. Al1 A. brncteatis nymphs introduced into capes 

were alive and recovered afier completion of the experimerit. 

DISCUSSION 

In al1 thee  treatments, approximateiy 30 % of the available Ga~enlcelln spp. 

larvae were consumed during the first 24-hour period. In cages containing a single stink 

biig, the niean nuinber of larvae at the start of the experiment was 18 and after 24 hours, 
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corrected predation was equal to 35.4 %. This translates into a consumption rate of 

6.40 Gnlen~celln spp. larvae /nyrnph during the first 24 hours inside cages containing a 

single stink bug. During the second day, the consumption rate decreased to 0.24 larvae 

/nymph. In cages with two stink bug nymphs, the consumption rate during the first 24 

hours was 2.5 Galenicella spp. larvae per nyrnph and 4.10 during the second 24-hour 

period. Ln cages with 3 stink bugs, consumption rates per nyrnph were 2.2 Galerrrcella 

spp. larvae during the first 24 hours and 2.9 larvae during the second 24 hour period. 

Larval consumption rates were very similar during the first 21 hour period in cages 

containing 2 and 3 stink bug nymphs. However, during the second 24 hour period the 

consurnption rate of Galenicella spp. larvae in cages with 3 nymphs was lower than in 

cages containhg two stink bug nymphs. This result is somewhat artificial and cm be 

explained by the limited number of GaleruceZZa spp. larvae available for predation by the 

stink bug. In cages containing three A. bractentzis nyrnphs, al1 available larvae (mean = 

8.7) were cons~imed during the second 24 hour period. If more larvae were available in 

cages with three stink bugs, the rate of consumption during the second day might have 

been higher. Group feeding by A. bractentzw, in which a single Grtler2rceZln spp. larvae is 

attacked and fed upon by two or more stink bug nymphs at the same tirne, was observed 

in release sites at Libau Marsh, MB (Diehl, persona1 observation). Aldiough not 

observed in cages during periods of observation, this type of feeding behaviour might 

tend to reduce the number of Galerucellrt spp. larvae killed in cages with many stink 

bugs. 

Stink bugs used in this study were recently molted fourth instar nymphs, which 

likely possess larger appetites than first, second or third instars. Consurnptiori rates 
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during the second 24-hou period in cages with 3 stink bugs are presumably an 

underestimate due to the limited number of Galenrcella spp. larvae. As a result, these 

data are not used in the calculation of the mean consumption rate of fouah instar stink 

bug nymphs. Based on corrected predation rates, the mean consumption rate of fourth 

instar A. bracteatzlr nymphs was estirnated to be 3.1 + 1.2 Galenccella spp. larvae duriog 

a 24 hour period. Despite being supplied with an abundance of GaleruceZZa spp. for hvo 

weeks pnor to initiation of the experiment, A. bractentzrs nymphs continued to consume 

larvae. It is assumed at some point, the stink bug's appetite will be satisfied or some 

other cue will cause it to stop consuming larvae. Such a cue to stop feeding may occur 

prior to molting when stink bugs detect pheromones, causing them to aggregate together 

on a single host plant (Evans & Root 1980). Feeding by A. bractentzis nymphs was 

sornetimes observed under field conditions while they were in molting aggregations 

(Diehl, persona1 observation). However, after completion of molting, individual stink 

bugs would leave the group to begin a solitary hunt for prey. Nymphs remained in close 

proximity to the release point of Galerzccella spp. and were often observed with second 

and third instar larvae impaled on their mouthparts. The developrnent of stink bugs from 

nymph to adult appeared to coincide well with Galerz<cel[a spp. larval development in 

reIease sites at Libau Marsh @iehl, persona1 observation). First and second instar A. 

brnctentrls nymphs were observed consuming first instar Gderucelln spp. larvae early in 

the season, while older stink bug nymphs fed on second and tliird instar larvae later in the 

season. 

In Europe, the larvae of Gnlemcella spp. are attacked by Asecodes mento Walk. 

(Hymenoptera: Eulophidae) and adult beetles by Centistes ~zlfithom. Telenga 
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(Hymenoptera: Braconidae), both parasitic wasps. In northern Germany, the second 

flight penod of C. rufithorar is synchronized with emergence of the new generation of 

adult Gnlerucella spp. during summer and mortality in excess of 80 per cent has been 

observed from field-collected aduIts (Blossey and Schroeder 1991). First instar C. 

rufithora.. larvae overwinter inside adult Gnlerucella spp., continuing development in 

spring and quickly killing their host before egg laying begins. In North America, two 

species of Centistes are recorded (Muesebeck et al. 195 1) and both are believed to be 

capable of utilizing adult Gaiert~eZZa spp. in some release areas (Blossey and Schroeder 

199 1). 

Early in the season, second and third instar Galer~rcella Iarvae are attacked by 

another European parasitic wasp, Asecodes mento. Rates of parasitism as high as 35 per 

cent have been reported fiom Galerucella spp. larvae collected in northern Germany 

(Blossey and Schroeder 1991). Ln North America, the genus Asecodes has not been 

recorded and will pose no threat to the introduced biological control agents. 

Ln addition to attacking the introduced biological control agents, the predatory 

stink bug also attacked other soft-bodied insects within release sites including the sawfly, 

Amefasfegio glubrarn (Fallén) (Hymenoptera: Tenthredinidae) and the marsh caterpillar, 

SNnyra henrici (Grote) (Lepidoptera: Noctuidae). Feeding on the Larvae of Gnlerucella 

spp. by A.  bractenrrrs is likely a result of their concentration near the point of release in 

Libau Marsh-A & B. No density estimates for stink bug nyrnphs were obtained h m  

Libau Marsh-A; however, the largest number of nyniphs observed at one time was a 

inolting group of 15 second instars aggregated on a single loosestrife plant close to the 

point of release. It is uiknown whether A. bracfeafrzs was present in release sites prior to 
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the introduction of adult beetles, or if they invaded these sites £kom the surrounding 

area in response to the presence of Galerucella spp. ui either case, introduced biological 

control agents were able to establish themselves in both release sites at Libau Marsh and 

the predatory stink bug should not be a factor preventing successful establishment. 

Fourth and fifth instar nyrnphs and aduIts are assumed to possess higher rates of 

consumption compared to earlier instars. Each fourth instar nyrnph is estirnated to 

consume 2 1.6 GaZemceZla spp. larvae per week. Therefore, this estimation of 

consumption is !ikely an underestirnate for f i f i  instars and adults, which Iikely consume 

more larvae tlian fourth instars. Assumine a fixed consumption rate of 21 -6 Galerztcellcz 

spp. larvae per week for all growth stages and a development time of one week for each 

nymphal instar, a single stink bug may be capable of removing up to 130 GalenrceZZo 

spp. larvae from the relzase site over as six week period. In Libau Marsh-A, 8-15 

individual stink bugs rnay consume 1036- 1944 Galenicelia spp. larvae during their 

developmental period. If no other food source is available, removal of this many larvae 

from close proximity to the release point in Libau Marsh-A may be one of the factors 

contributing to the slow build up of Gnlentcella spp. in this site. 

In Libau Marsh-A, where A. bracteatus nymphs are most abundant, Golerztcella 

spp. have been present since 1993. Although total egg estimates have increased in this 

site from 1995 to 1996, population growth is much lower than that observed in other 

release sites after 2-3 years. The predatory stink bug may be one of the factors 

contributing to the slow population increase observed in Libau Marsh-A. 



CONCLUSIONS 

The predatory stink bug, A. bracteatus readily consumes Galerucella spp. larvae 

within release sites at Libau Marsh and under experirnental conditions. A consumption 

rate of 3.4 Galerzrcella spp. larvae per day for fourth instar A. brncteatzls nymphs has 

been estimated. Predation by this stink bug is likely a contributing factor to the slow 

growth rate observed in the Libau Marsh-A release site. 



Table 13. ResuIts of 2 day predation study using 3 densities of the predatory stink 
bug, A oecilza bracteatus Fitch (Hemiptera: Pentatomidae), attacking 2nd g. and 3' mstar Galerz~cellu spp. larvae caged under field conditions. 

S tink Bugs/ Day Mean Larvae/ % Larvae Corrected ' 
Cage Cage t SEM Living Through Predation (%) . . 

Previous Day 
O O 14.3 k 0.7 - O 

' Corrected for loss due to causes other than predation using Abbott's formula 
(Abbon 1925). 



CHAPTER VII 

GENERAL DISCUSSION 

hsects Associated with L. salicaria in southem Manitoba 

Surveys conducted in Europe (Batra et al. 1986) and eastern North America 

(Hight 1990; Anderson 1995) have identified many insects associated with L. salicaria, 

however no information is available for the northern Great Plains region. The main 

objective of the initial European survey conducted by Batra et al. (1986) was ta identiG 

potentially important candidates for the North American biological control program. In 

the survey conducted by H i e t  (1990), unexploited feeding niches in the roots, leaves and 

flowers of the plant were identified in the eastem United States. During my survey of 

insects associated with L. salicarin, 35 families of insects were collected in southern 

Manitoba. Fourteen species of herbivorous insects were found directly feeding on purple 

loosestrife, eight of which were lepidopteran larvae. Three of these lepidopteran larvae 

and the remaining six herbivorous insects were previously recorded from L. salicaria 

either in Europe or the United States (Batra et al. 1986; Hight 1990; Anderson 1995). 

Important non-lepidopteran herbivores identified in more than one survey include: the 

aphid, Myzus Zylhri (Schrank) mornoptera: Aphididae), which Voegtlin (1995) suggested 

could be manipulated to contribute to the biological control of purple loosestrife; the 

four-lined plant bug, Poecilocaps~~s lineattrs (Fabricius) (Hemiptera: Miridae); the 

sawfly, Aniek-ïstegicl glnbrntcr (Fallén) (Hymenoptera: Tenthrediiiidae) and the tarnished 

plant bug, Lygrrs lineoinris (Pallisot de Beauvois) (Hemiptera: Miridae). Other than 

small, 1ocaIized effects on individual plants, these herbivores did not appear to limit the 

aniount of L. snlicoricr available to G. colmmiensis and G. pusilla in southem Manitoba. 
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Therefore, any interactions between herbivores and the introduced biological control 

agents in southem Manitoba should be minimal. Insects utilizing the plant will likely 

supplernent the increased herbivore Ioad being provided by the introduction ofthese two 

biological control agents. During this survey, the predatory stink bug, Apoecilus 

bractearrls Fiche (Herniptera: Pentatomidae), was also identified as a potentially 

important predator of the introduced agents. Caged field studies u shg  Galerzrcella spp. 

larvae and different densities o f  A. bractentzs nymphs were conducted to determine the 

predatory ability of this stink bug. 

Natural Enemies of Gulerztceila spp. 

In Europe, Galerucella spp. larvae are attacked by Asecodes mento 

(Hyrnenoptera: Eulophidae) and the adults by Centistes rzifithorau (Hyrnenoptera: 

Braconidae) (Blossey and Schroeder 199 1). Both insects are parasitic wasps; however, 

only Centistes is believed to be capable of utilizing adult Galerucelia spp. as a potential 

host in North America (Blossey and Schroeder 199 1). The genus Asecodes has not been 

recorded from North America and is not likely to be a factor in the sumival of the 

introduced biological control agents. There are no records of North American parasitoids 

of the introduced Galerucella spp. and techniques utilized during my survey of insects 

associated with purple loosestrife did not detect any attacking the egg, larval and adult 

stages of these introduced agents. However, predation of al1 stages o f  GnlerzrceZln spp. 

by arachnids, and of eggs by Coccinellidae has been observed either in European field 

sites or in the United States (Malecki et al. 1993). The soil-borne fiingal patliogen, 

Becmvclria bmsiann (Balsaino) Vuillemin ako attacks iarvae and adults of Gderztcella 
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spp. and has been associated with several failures to establish these agents in western 

Canada (Hight et al. 1995). 

During the survey of insects associated with L. salicaria in southem Manitoba, 

the predatory stink bug was observed consuming the larvae of the introduced biological 

control agents in release sites at Libau Marsh. Apoecilur brczctentirr is a generalist 

predator, attacking many types of sofi-bodied insects that feed on leaf surfaces (Evans 

and Root 1980). In addition to consuming Galerucella spp. larvae, stink bug nymphs 

have also been observed feeding on lepidopteran larvae and Ametastegin glabratn 

(Hymenoptera: Tenîhredinidae) lanrae withui release sites at Libau Marsh (Diehl, 

personal observation). In cage studies, predation by the stink bug may play a role in 

delaying or preventing the buildup of Galerucella spp. within the Libau Marsh-A release 

site. A group of 5-1 5 stink bug nymphs may be capable of consuming up to 1950 

Galenrcella spp. larvae during their developmental period fiom nymph to adult. 

Consumption of this many Gatenrceiln spp. larvae in close proximity to the point of 

release rnay be a factor contributing to the slow population buildup in this site. 

Ovenvintering Ability of Galerzrcelln spp. 

The recovery of adult Galerzrcella spp. in the spring following their initial 

introduction in 1993 demonstrated the predicted ability of adults to successfulIy 

oveminter and establish in North America (Blossey and Schroeder 199 1). In Gerniany, 

Blossey (1 995a) demonstrated variable ove~wintering s~irvival ranging frorn 2 - 40% for 

adults of both species. Until now, no comparable studies on the overwintering ability of 

adult Galertrcellcr spp. have been reported since their release into North Ainerican sites. 
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In southern Manitoba, per cent recovery of adult GaZerucella spp. fkom wetland 

release sites was more variable, ranging from O - 80%. Variability may be explained by 

considering the source of beetles used in each overwintering experùnent, in addition to 

the techniques of marking and handiing individual adult Galerucella spp. 

Survival was expected to be higher for individuals that were previously exposed 

to winter temperatures for one or two generations. Poor survivaI of adults obtained fiom 

the greenbouse rearing facility in Winnipeg did support this; however, no G. pusilla were 

recovered from the Delta Marsh-B cage in spring of 1996, despite these insects being 

descendents of those that ovenvintered in Delta Marsh-A dunng the previous winter. In 

agreement with Blossey (1 995a), no consistent differences were observed between the 

ovenvintering ability of G. calmnriensis and G. pzrsilla; however, better replicated studies 

are required to determine what differences if any exist between adults that have been 

overwintered in a previous generation and those that have not. 

Survival Under Conditions of Spring Floodinq 

The introduced biological control agents, Galerzrcella calmnriensis and G. pzrsilla 

successfiilly overwintered and established in several southem Manitoba wetland release 

sites. Apparent failure of these agents to establish in a third release site at Libau Marsh 

was thoright to be associated with unusually hijh water levels in the year following 

introduction (Lindgen, persona1 cornrnuiiication). However, ou- recovery of marked 

individuals from cages flooded with water fiom spring runoff is evidence that 

overwintered adults are capable of surviving some degree of flooding. During the fourth 

year afier the apparent failure to establish. large numbers of adult Galet-ucelln spp., and 
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visibly reduced loosestrife stem densities were observed in this third Libau Marsh 

release site (Herne, persona1 observation). Survival of adult Gnlerzrcella spp. under 

flooded conditions has been previously reported fi-om Pennsylvania and ad& are known 

to overwinter inside the erect dry purple loosestrife stems (Hight et al. 1995). Sorne dead 

stems were standing inside ovenuintering cages during the winter; however, by spring, al1 

were flattened and completely covered with water. The mechanism by which adult 

Galerucella spp. survived pdods  of prolonged flooding is unknown and warrants fùrther 

investigation. 

Dispersal and Population Growth of Galerzrcella spp. 

According to Freeman (1 9771, most mathematical models of dispersa1 are used 

for the purposes of description, explanation or prediction of biological processes. The 

general nonlinear model as described by Taylor (1 978) assumes the rate of change of 

insect density with distance is proportional to the number of eggs found at a given 

distance. Taylor also stated that any semilogarithmic curves generated using density- 

distance data do not specifically represent functional forms for dispersal, instead they are 

simple ernpirical descriptions of the phenomenon (this also applies to Taylor's general 

nonlinear model). In this study, Taylor's empirical mode1 was used not only as a 

descriptive tool, but also to predict the total population of Galerttceilcl spp. eggs in 

release sites. 

The application and extension of Taylor's non-Iinear model to obtain estimates of 

total egg density within release sites have never been attempted using data from the 

introduced biological control agents, G. picsilln and G. cciinrariensis. In doing sol 1 have 
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demonstrated that withh site dispersai of Galerucella is relatively slow and the 

rnajority of females tend to lay their eggs within 5 m of the initial point of release. 

Compared to sites receiving beettes in 1995, Iimited expansion of egg mass distribution 

close to the point of release was observed fiom spring of one year to the next in both 

1993 release sites. 

In 1995 release sites, rates of increase as measured by 1996 total egg estirnate 

divided by that from 1995 are lower compared to sites that received beetles in 1993 

(Table 8). The rate of increase of GaZerucella spp. appears to be slow for the first couple 

of years after initial introduction. A slow rate of increase was also observed during the 

control prograrn against tansy ragwort, Sertecio jacobuene L. (Compositae), in which the 

population of introduced cinnabar moth, Tyria jacobaeae L. (Lepidoptera: Arctiidae) did 

not begin to increase until the fourth year afler initial release (Harris et al. 197 1). 

Sirnilarly, the chrysomelid beetles, Chrysolina spp. (Coleoptera: Chrysomelidae), 

released against St. John's Wort, Hypericium perforattum L. (Hypericaceae), in British 

Columbia took 5-1 3 years for their population to build up (Harris and Peschken 1971). 

For some species, a sharp reduction in numbers during the first year is observed and may 

be related to selection during a period of climatic adaptation (Harris 1984). A large 

reduction in the total egg estimate and nurnber of adults from the 1995 to 1996 growing 

season in Libau Marsh-B supports this (Table 13). The niimber of adults also decreased 

from one year to the next in Delta Manh-B, which received beetles in the spring of 1995. 

According to Harris (1 97 1 ), if an agent introduced for weed control survives the sharp 

reduction in nurnbers during the first year, it may persist at low densities for several 

generations before the population starts to increase. This appears to Iiold true for 



Galerucella spp. introduced for control of purple loosestrife in some southem 

Manitoba release sites. During the first couple of years after initial introduction, 

measurable impacts of the beetles on stem density and large increases in their population 

are gen~rally not observed. However, by the third year after release into Delta Marsh-A, 

the population of Galerucella spp. increased to a level at which rneasurable impacts were 

observed on loosestrife stem density and Guit production. In Libau Marsh-B, a visible 

reduction in stem density and fkit production was obsewed during the 1998 growing 

season, four seasons after initial introduction in spring of 1995 (Lindgren, persona1 

communication). Libau Marsh-B was the only release site in which a reduction in the 

total egg estimate was observed from spring of 1995 to 1996. Despite this initial drop, 

the population was able to cause a visible impact on the plants by the fourth year. 

Unfortunately, there are no data on population changes during the first two years after 

initial releases were made into Libau Marsh-A and Delta Marsh-A. 

A slow initial buildup of the population may also be evidence of the Allee effect 

(Allee 193 l), in which individuals seeking mates have difficulty finding them when their 

numbers are low. It is unknown whether chemical attraction plays any role in mate 

finding by Galerucelia spp.; however, differences in male courtship behaviour between 

G. pusilla and G. calmariensis have been observed (Petersen 1994). If mate finding is 

solely based on visual cues, and adults spend most of their time wandering until they 

corne into close proximity, then an AIIee eîfect is more likely to be observed. Another 

factor contributing to the slow rate of increase is the presence of predators, pathogens and 

possibly parasites that utilize the newly introduced beetles. Although no parasites have 

been recorded froin Galerncelln spp. in North Anierica, the stink bug, A. brncrecms, has 



192 
been identified as a potentially important predator of the introduced biological agents 

(Diehl et al. 1997). Stink bug predation is one factor likely contributhg to the slow 

population increase in the Libau Marsh-A release site. Several failures to establish adult 

Gulertrcella spp. in western Canada have also been attributed to the fungal pathogen, 

Beazcvarin bassiana (Hight et al. 1995). This h g a l  pathogen appeared to play a role in 

the poor oviposition observed in Delta Marsh-B afier initial introduction in spring of 

1995 (Diehl, personai observation). 

Observed egg density-distance data collected during this study represent a 

snapshot in tirne, approxirnately midway or 2.5 weeks through the oviposition period of 

ovenvintered adult Galerucella spp. The average period of oviposition by Galerucella 

spp. is 4-5 weeks; however, eggs can continue to be laid at a reduced rate untif the end of 

July in northeastem United States (Hight and Drea 199 1). Based on the rnean egg 

production iday by newly emerged female G. calmariensis and G. purilla during an entire 

period of oviposition (Ragsdale 1995), the number of eggs laid 2.5 weeks d e r  the start 

of an oviposition period, can be determined. The average number of eggs /fernale /day 

was 10.5 for G. cnlmnriensis and 8.2 for G. ptlsilla (Ragsdale 1995). Using an average of 

9.35 for both species, the number of eggs produced /fernale dunng a 2.5 week oviposition 

period is estimated to be 1 17.6. There is no available literature describing the shape of 

the oviposition curve for Gnlerzicellcr spp. and it is unknown whether the rnajority of eggs 

are laid at the start, middle, or end of their oviposition period. This estimate of egg 

production does not take into accotint the effects of temperature on oviposition by adult 

Gnlerucelln spp. Blossey (1995a) determined that the highest rates of 10-12 eggs /fernale 
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/day occur when temperatures are 25-30°C and lower rates occur at temperatures 

below 20°C. 

In 1993 release sites, the number of adult female GalerzlceZla spp. required to lay 

the total egg estirnate for each year and the total number of adults are estimated using 

Ragsdale's data (Table 13). The number of Galerucella released into Libau and Delta 

Marsh-B is known and does not have to be estimated in 1995. However, in spnng of 

1996, the total egg estimate is used to predict the number of adult Galenlcelln spp. within 

these two sites (Table 13). As the initial number of females is known for 1995 release 

sites (assumed 5050 sex ratio), the total egg estimate fÎom 1995 is used to predict the 

nurnber of eggs laid /fernale during the 2.5 week oviposition period. In Libau Marsh-B, 

each female laid approximately 87.40 eggs during the 2.5 week period, whereas in Delta 

Marsh-B the number dropped to 2.20 eggs /fernale. The number of eggs /fernale frorn 

Libau Marsh-B (87.40) compares well with the estimates obtained using Ragsdale's data 

(1 6 The difference between the two rates of oviposition may be partly attributed to 

egg predation by the numerous arachnids and other invertebrates present Li Libau Marsh- 

B (Diehl, persona1 observation). Predation of GalerrrcelZa spp. eggs by spiders has been 

previously observed in European field sites (Malecki et al. 1993). n i e  low nurnber of 

eggs /fernale observed in Delta Marsh-B dunng spring of 1995 was a likely due to 

infection by the Beazivnrin spp. fungiis which killed a large number of adults prior to egg 

deposition (Diehl, personal observation). 

Excluding Delta Marsh-A, which Iiad a second generation of beetles in 1995 and 

1996, estimates ofegg to adult moi-tality were determined for the remaining tliree release 

sites (Table 13). Siiice beetles have completed a number of generations in Libau & Delta 
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Marsh-A, per cent egg to adult mortality was expected to be lower than in 1995 

release sites. However, this was not observed and mortality was similar in a11 three sites, 

ranging fiom 95.52% in Libau Marsh-A to 99.78% in Libau Marsh-B. In Libau Marsh- 

A, where the predatory stink bugs are most abundant, per cent egg to adult mortality 

represents the low end of the range. Therefore, feeding by A. bracteatzu may not be such 

an important factor limiting the population increase of GaZerucdZn spp. in Libau Marsh- 

A as suggested by the cage studies and furîher investigation is warranted. 

Two generations of Galerzrcellcr spp. were completed in Delta Marsh-A during 

1995, and egg density estimates were made only for the first generation. Therefore, the 

average per cent overwintering mortality fiom two cages in this site (78.25%) was used 

to estimate the number of adults (F2 generation) in this site during fa11 of 1995 (Table 

13). The number of eggs laid by the newly emerged adults (FI generation) in spring of 

1995 is estimated by dividing the number of adults in fa11 of 1995 (F2 generation) by a 

swvival rate of 80.69% (0.8069). The per cent survival fiom egg to adult, pnor to 

overwintering, was obtained by subtracting the average per cent overwintering mortality 

in Delta Marsh-A (78.25%) from the average per cent egg to adult mortality in the 

remaining three sites (97.56%). The result was then subtracted fiom 100% to obtain the 

survival rate of 80.69%. A large proportion of the rnortality from egg to adult occors 

during the process of overwintering. This is supported by data from the overwintering 

study of Gnler-rrcelln spp., which yields an average moi-tality of 72.85% from the five 

cages. Prior to adult GalertlceUa spp. overwintering, approximately 20% mortality is 

observed during the period of egg deposition and adult emergence from the pupal stage in 

Delta Marsli-A during 1 995. 
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Despite a similar distribution of eggs within al1 four release sites, a significant 

impact on stem and fnit production was only observed in the Delta Marsh-A release site 

during the 1996 growing season. This site differed nom the other three sites by the 

presence of two release points approximately 10 meters apart. Although difficult to 

prove, this was likely an important factor in the establishment of GuZerucelZa spp. in 

Delta Marsh-A. The completion of two generations by Galerucella spp. during the 1995 

and 1996 growing seasons was an important factor likely contnbuting to the population 

increase observed in Delta Marsh-A, especially during the 1996 growing season. During 

the 1998 growing season, the rnass emergence of F2 adults during a iwo week period 

starting the end of August was obsenred in a third site at Libau Marsh (Henne, persona1 

communication). The completion of a second generation by Galerucella spp. in these 

two sites has proven the suggestion by Vega et al. (1 992) that beetles might complete 

more than one generation in North America. 

FUTURE RESEARCH 

1 .) Overwintered adult Galerucella spp. were recovered fkom flooded cages. The 

mechanism by which they survive under flooded conditions could be determined 

and further investigated. 

2.) There is a lack of published information on predators, parasites and pathogens 

attackin; al1 stages of Gnlerucelln spp. in North America. Observed instances of 

predation, parasitism and activity of pathogens against these introduced agents 

could be summarized and p~iblished. 



3.) The importance of the predatory stink bug, A. brnctentus, as a factor 

contributing to the slow population increase observed in the Libau Marsh-A 

release site remains unclear. Consumption rates have been determined and 

accurate density estimates of stink bugs would heip answer the question of their 

importance as a predator of Gderttcefla spp. in this site. 

4.) Developmental rates and diapause cues of Guleracella spp. could be M e r  

investigated to help determine in what geographical areas the completion of two 

generations may be possible. 
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