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Abstract:
The ragwort flea beetle, Longitarsus jacobaeae (Waterhouse) (Coleoptera: Chrysomelidae) is
considered to be the most important biological control agent for the suppression of tansy ragwort,
Senecio jacobaea L. (Asteraceae) in the Pacific Northwest. A recent infestation of tansy ragwort in
northwest Montana has rekindled the search for a cold adapted strain of the ragwort flea beetle. This
study endeavored to determine the molecular taxonomy, host specificity, bionomics and life history of
the Swiss strain. I found that populations of L jacobaeae from Switzerland are phenologically adapted
to cold continental climates.

Molecular techniques of species determination were applied to L. jacobaeae and three other species in
the genus Longitarsus. Application of these techniques were able to discriminate between L. jacobaeae
and its cryptic sister species L. flavicornis (Stephens). Five Swiss flea beetle populations and three
Oregon populations were determined to be clustered together in the L. jacobaeae species.

This is the first report of life history observations for naturally occurring populations of L. jacobaeae in
Switzerland. Adult flea beetles emerge in early spring and immediately start oviposition by mid-July.
Oviposition continued into November for captive beetles. Eggs enter a diapause phase and hatch in the
spring after exposure to cold temperatures. Larvae initially feed in the leaves and then move to the root
crowns in their second instar to complete their development. Pupation occurs in the soil after the third
instar leaves the plant.

Twelve plant species closely related to S. jacobaea were exposed to ragwort flea beetles in three host
tests. In all three host tests, larval development was completed only in the usual host plant, S. jacobaea.
Limited larval feeding was observed in the cut foliage host test on three non-target species, S.
eremophilus, S. flaccidus, and S. triangularis, however all the larvae tested died during development.
Very slight damage to no-target plants was observed in host tests utilizing whole potted plants in the
greenhouse. An. open field host test in Switzerland revealed no substantial attack on non-target plants
and no larval development. Eight previously untested North American plant species were found
unacceptable hosts to L jacobaeae. 
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ABSTRACT

The ragwort flea beetle, Longitarsus jacobaeae (Waterhouse) (Coleoptera: 
Chrysomelidae) is considered to be the most important biological control agent for the 
suppression of tansy ragwort, Senecio jacobaea L. (Asteraceae) in the Pacific Northwest. 
A recent infestation of tansy ragwort in northwest Montana has rekindled the search for a 
cold adapted strain of the ragwort flea beetle. This study endeavored to determine the 
molecular taxonomy, host specificity, bionomics and life history of the Swiss strain. I 
found that populations of L  jacobaeae from Switzerland are phenologically adapted to 
cold continental climates.

Molecular techniques of species determination were applied to L. jacobaeae and 
three other species in the genus Longitarsus. Application of these techniques were able 
to discriminate between L. jacobaeae and its cryptic sister species L. flavicornis 
(Stephens). Five Swiss flea beetle populations and three Oregon populations were 
determined to be. clustered together in the L. jacobaeae species.

This is the first report of life history observations for naturally occurring 
populations of L. jacobaeae in Switzerland. Adult flea beetles emerge in early spring and 
immediately start oviposition by mid-July. Oviposition continued into November for 
captive beetles. Eggs enter a diapause phase and hatch in the spring after exposure to 
cold temperatures. Larvae initially feed in the leaves and then move to the root crowns in 
their second instar to complete their development. Pupation occurs in the soil after the 
third instar leaves the plant.

Twelve plant species closely related to S. jacobaea were exposed to ragwort flea 
beetles in three host tests. In all three host tests, larval development was completed only 
in the usual host plant, S. jacobaea. Limited larval feeding was observed in the cut 
foliage host test on three non-target species, S. eremophilus, S. jl.accidus, and S. 
triangularis, however all the larvae tested died during development. Very slight damage 
to no-target plants was observed in host tests utilizing whole potted plants in the 
greenhouse. An. open field host test in Switzerland revealed no substantial attack on non
target plants and no larval development. Eight previously untested North American plant 
species were found unacceptable hosts to L  jacobaeae.
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CHAPTER I

INTRODUCTION AND LITERATURE REVIEW

Tansy ragwort, Senecio jacobaea L. (Asteraceae), is an invasive rangeland and 

forest weed that has recently been found in northwestern Montana (Richardson 1997, 

Coombs et al. 1999, Markin and Birdsall 1999). Senecio jacobaea is native to Eurasia 

where it is also an important pasture and wasteland weed (Harper and Wood 1957).

Tansy ragwort is highly toxic to cattle and causes significant economic losses in its native 

and introduced ranges (Syrett 1983, Coombs et al. 1999, Clay et al. 2000). Preventing 

the invasion and spread of tansy ragwort in Montana is a statewide priority as 

demonstrated by its inclusion on the noxious weed list in 1997 (Rice 1997).

The ragwort flea beetle, Longitarsus jaeobaeae (Waterhouse) (Coleoptera: 

Chrysomelidae), is a specialist herbivore that feeds on S. jacobaea both as adults and 

larvae (Frick 1970a, Doguet 1994). Longitarsus jaeobaeae populations originating in 

Italy are considered to be responsible for the successful control of tansy ragwort in the 

Pacific Northwest west of the Cascade Mountains (Hawkes and Johnson 1978, McEvoy 

and Coombs 1999), but attempts to establish L. jaeobaeae populations from Oregon into 

Montana have met with little success (Markin 2003). This study was initiated to explore 

the suitability of an alternative population from Switzerland first investigated by K. E. 

Frick in the early 1970s (Frick 1970a, 1971). Based on this research, I hypothesized that 

ragwort flea beetles from Switzerland have a life history that is preadapted to short 

summer/cold winter climates such as found in northwest Montana, and therefore would 

be superior to populations originating from Italy.
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This thesis is an examination of the suitability of the Swiss strain of the ragwort 

flea beetle. This first chapter describes the taxonomy, distribution, morphology and life 

history of L. jacobaeae and its host plant S. jacobaea from the literature. The subsequent 

chapters outline the experiments that were used to evaluate the suitability of the Swiss 

strain of L. jacobaeae for release into Montana. Chapter 2 examines the identification of 

the Swiss strain using molecular determination techniques to separate L. jacobaeae from 

three other Longitarsus species, including the cryptic sister species L. flavicornis.

Chapter 3 explores the phenological suitability of the Swiss strain life history and 

bionomics under field conditions. Chapter 4 tests the host specificity of the Swiss 

populations in open field and laboratory experiments that were conducted prior to the 

release of the Swiss populations into Montana in autumn of 2002.

Senecio jacobaea

Taxonomy

Taxonomy is an important component of biological control research, especially in 

the area of host specificity testing. The centrifugal phylogenetic approach for host 

specificity tests presented by Wapshere (1974) has become the basis for modern host 

screening. He recommended first testing potential biocontrol agents against a small 

group of very closely related plants that exhibit morphological and biochemical 

similarities with the target weed. Paramount to successful implementation of host testing 

based on taxonomy is a clear phytogeny of the target weed. An exponential growth in 

systematic analysis has occurred as molecular phylogenetic techniques have become
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cheaper, easier, and more widely utilized. These new techniques combined with 

traditional morphological methods have resulted in a better understanding of the 

evolutionary relationships within speciose genera such as Senecio.

Note: The science of systematics is a dynamic endeavor and taxonomic 

designations change periodically; therefore, all plant species nomenclature used in this 

thesis is from the National PLANTS Database (USDA-NRCS 2002).

Tribe Senecioneae. Tansy ragwort, Seneciajacobaea, is a member of the largest 

plant family, Asteraceae (Bremer 1994). There are 17 tribes within Asteraceae and most 

of them date back to the early nineteenth-century works of Henri Cassini (Bremer 1994). 

The tribe Senecioneae Cass, includes more than 3000 species in 120 genera (Bremer et al. 

1994). Senecio L. sensu sticto is found within the largest subtribe Senecioninae Durmort 

which also includes several closely related genera that were formerly synonymous with 

the genus (Bremer et al. 1994).

Genus Senecio. Senecio is a very speciose genus occurring on every continent 

except Antarctica (Pelser et al. 2002). The genus is one of the largest plant genera in the 

world, and the largest genus of the family Asteraceae (Bremer et al. 1994). It includes 

about 1250 species (Jeffrey 1992, Bremer et al. 1994), however estimates have varied 

between 1000 (Jeffrey 1986) and 3000 species (Jeffrey et al. 1977) depending on how 

inclusive the generic concept of Senecio is viewed. The phylogenetic relationships 

within Senecio are difficult to determine due to this huge diversity and widespread 

hybridization between species (Pelser et al. 2002). There is a wide range of 

morphological variation in habit, leaf shape, flower color, surface texture and other
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characters both within and between Senecio species (Barkley 1978). Molecular and 

morphological studies show that the Senecio genus is paraphyletic or even polyphyletic 

(Jeffrey et al. 1977, Knox and Palmer 1995, Pelser et al. 2002). Jeffrey (1992) outlined 

46 species sections within the genus Senecio s.l. in order to better explore evolutionary 

relationships within the genus.

Jacobaea Species Section. Some of the sectional divisions within the Senecio are 

believed to be paraphyletic or even polyphyletic. However, the section Jacobaea (Mill.) 

Dumort has been shown to be a monophyletic group based on molecular data including 

nuclear and plastid DNA sequence data (Pelser et al. 2002). Closely related species 

within the Jacobaea species section include S. jacobaea, S. aquations L. and S. 

erucifolius L. (Pelser et al. 2002). The genera Emilia Cass., Packera A. Love & D. Love, 

and Pseudogynoxys (Greenm.) Cabrera form the sister clade of section Jacobaea, 

indicating a closer relationship with these genera than other sections of Senecio s. I. 

(Pelser et al. 2002).

Distribution

Tansy ragwort is native to the Palearctic and is distributed from the British Isles 

through Europe (Harper and Wood 1957) and eastward to Siberia and western China 

(Jeffrey and Chen 1984). The plant also extends from Sweden and Norway in the north 

to Greece and Asia Minor in the south (Harper and Wood 1957). The tansy ragwort 

distribution also covers a wide spectrum of elevations, with populations persistent near 

sea level in the Netherlands (van der Meijden 1974) up to elevations of 1570 m in 

Germany (Harper and Wood 1957, van der Meijden 1974).



5

Senecio jacobaea has been accidentally introduced into moist temperate and 

maritime regions around the world. This weed is spreading throughout these introduced 

ranges wherever climate, land use and livestock practices are similar to Europe (Coombs 

et ah 1999). Tansy ragwort was probably introduced in ships’ ballasts (Greenman 1915), 

and plants were initially most abundant in port areas (Poole 1915). The seeds of several 

weedy species, including tansy ragwort, retain viability and readily germinate from 

ballast material (Jutila 1996). The spread of this weed continued farther inland primarily 

through human mediated transport of contaminated straw, animal feed and logging 

equipment (Coombs et al. 1991, Coombs et al. 1996b). Extensive infestations of tansy 

ragwort have been reported from Australia, New Zealand, South Africa, South America 

and North America (Harper and Wood 1957).

The first records of tansy ragwort introduction in North America were from Nova 

Scotia, Canada (1874) and Pennsylvania, U.S.A. (1876) (Greenman 1915, Poole 1915). 

Today the highest concentrations of tansy ragwort in North America are found in the 

Pacific Northwest region (Figure 1.1) (Coombs et al. 1999, Trainor 2003). Herbarium 

records (Rice 1997) demonstrate the progressive invasion of S. jacobaea in the Pacific 

Northwest from port areas in Washington (1901), and Oregon (1910). Harris et al.

(1971) reported that tansy ragwort appeared on the west coast of Canada, in British 

Columbia, in 1913 (Harris et al. 1971). During the last thirty years tansy ragwort has 

spread into Montana (1979) and Idalro (1991) and has continued to spread to new 

counties within the region (Rice 1997).
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Figure 1.1. Tansy ragwort infestations within the Pacific Northwest region of North
America. Shading indicates counties (U.S.A) or regional districts (Canada) that 
have reported tansy ragwort. (Modified from Trainor 2003)

In the mid-1990s a major new infestation of tansy ragwort was found in 

northwestern Montana. In 1996, two years after the Little Wolf forest fire complex of 

1994, a weed survey of the burned area revealed a small infestation of tansy ragwort 

(Richardson 1997). A more thorough follow-up survey in 1997 discovered that S. 

jacobaea was wide-spread over several thousand hectares in the Flathead and Kootenai 

National Forests and the lands surrounding the 1994 fire (Markin and Birdsall 1999). It 

is suspected that the plants were introduced with logging equipment because the weed 

was primarily located on units harvested before the fire, and then rapidly colonized the 

nutrient rich, open niches created in the burn (Richardson 1997).
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Habitat

The degree of physiological plasticity exhibited by S. jacobaea makes it very 

difficult to predict what habitats are susceptible to invasion. Senecio jacobaea is known 

to occupy a wide variety of habitats in its native and introduced ranges. The most 

common habitats, in both its native and introduced range, are low-grade grasslands, 

overgrazed pastures, roadsides and Other disturbed plant communities (Harper 1958, 

Coombs et al. 1999). Tansy ragwort seeds do not establish or compete well in closed 

grassland swards (Watt 1987b), yet the plant is persistent in established plant 

communities that are periodically disturbed. In its native habitat, repeated small scale 

disturbances allow tansy ragwort to persist in established and immature juniper, hawthorn 

and beech seres (Watt 1934, Watt 1987a). Other habitats include coastal and inland sand- 

dune communities in Great Britain and the Netherlands (Harper ,and Wood 1957, van der 

Meijden 1974). In the western United States, human activity and grazing have facilitated 

tansy ragwort’s spread into timber clear cuts and woodland pastures typical of the 

Douglas fir (Coombs et al. 1997) and ponderosa pine-Douglas fir habitat types (Hawkes 

1981).

Tansy ragwort grows in a wide range of soil types including light sands, loams, 

clays and alluvial deposits (Harper 1958). It is found on soils across a wide range of pHs 

in the grasslands of Great Britain, (pH 3.95 to 8.20) (Watt 1940). Senecio jacobaea is 

intolerant of flooding and is uncommon where the water table is high, preferring well 

drained soils (Harper 1958, Albrecht et al. 1997).
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In England, tansy ragwort is found in districts that receive 58 to 130 cm of rainfall 

per year (Harper 1958). In the Pacific Northwest, most infestations occur in areas that 

receive annual precipitation exceeding 40 to 51 cm (Coombs et al. 1999). However, • 

satellite infestations of tansy ragwort has been reported in areas of eastern Oregon that 

receive only 30 to 35 cm of annual precipitation (Hawkes 1981).

Life History and Morphology

Senecio jacobaea is a biennial or short-lived perennial herb. Rosettes are formed 

the first year and may reach 30 cm in diameter (Harper 1958). Plants may persist in the 

rosette stage for several years without flowering if suppressed by competition (Harper 

1958), mechanical damage or herbivory (Cameron 1935, van der Meijden 1978). Tansy 

ragwort typically begin flowering in their second year starting mid-June and continuing 

through the summer into late autumn (Cameron 1935). Biennial plants typically die after 

the flowering season; however, a large percentage of undisturbed S. jacobaea plants have 

been shown to survive after flowering (Forbes 1977). These plants act as perennials; 

flowering repeatedly over several years (Schmidl 1972, Forbes 1977).

Rosettes arise from short, thick, non-rhizomatous taproots. The rosette leaves are 

15 cm long or longer and are petiolate, lyrate-pinnatifid with a large ovate, blunt terminal 

lobe (Clapham et al. 1962). As the plant bolts the basal leaves become deciduous and are 

usually shed by anthesis (Jeffrey and Chen 1984). Stem leaves are 5 to 25 cm long, 

pinnatifid to bipinnatifid, alternate, and equally distributed but gradually reduced in size 

upward (Barkley 1978). Stems are 0.3 to 1.5 m tall, strictly erect, and branching only 

upward into the inflorescence (Barkley 1978). The flower capitulae are held in flat
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topped corymbs with 20 to 60 heads each. Composite flowers are yellow with 10 to 13 

female ray florets, and numerous perfect disc florets (McEvoy 1984b). Each capitula is 

capable of producing 50 to 80 achenes (Cameron 1935, McEvoy 1984b), resulting in 

potential seed production of over 150,000 seeds per plant (Cameron 1935, Coombs et al.

1999).

Chemical Ecology

Pyrrolizidine Alkaloids in Senecio jacobaea. Senecio jacobaea is regarded as an 

undesirable weed both in its native and introduced ranges primarily because of the 

presence of highly toxic pyrrolizidine alkaloids (PAs) (Watt'1987a, Coombs et al. 1999). 

Allelochemicals such as PAs act as defensive compounds against herbivores and 

competing vegetation (Wink et al. 1998). The herbivore deterrent properties of PAs 

(Vrieling et al. 1991b) and their allelopathic interactions with other vegetation (Ahmed 

and Wardle 1994) enhance the invasive ability of tansy ragwort.

Pyrrolizidine alkaloids have been extracted from over 200 Senecio species, 

including S. jacobaea (Hartmann 1994). The PAs found in Senecio plants are 

synthesized de novo from amino acids exclusively in the root tissue (Hartmann 1992). 

PA production is initiated from the onset of seedling growth and continues through the 

life of the plant, thus affording continual protection against herbivory (Schaffner et al. 

2003). The costs of production of these secondary metabolites is energetically low in 

growing plants and is only limited by very low light conditions in S. jacobaea (Vrieling 

and van Wijk 1994a). PAs are found in two transformable chemical forms, N-oxide and
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tertiary PAs; however, in Senecio they exist only as the non-toxic N-oxides in vivo 

(Hartmann 1992).

Each Senecio chemotype has a specific pattern of secondary PA derivatives that 

are modified from a common chemical template, senecionine N-oxide (Hartmann 1999). 

Various chemotypes of 5' jacobaea differ in individual PA composition, number of PAs 

(7 to 16), and their relative proportions (Witte et al. 1992). The salt-like polar alkaloid 

N-oxides are water soluble and are transported through the phloem to all plant tissues 

(Hartmann 1999). These PAs are stored in vacuoles of the epidermal and subepidermal 

cell layers (Hartmann 1999) and are especially concentrated within new growth (de Boer 

1999) and flowers (Deinzer et al. 1977, Hartmann and Zimmer 1986). The total 

concentration of PAs in S. jacobaea varies between 0.04 to 1.85% dry weight and is 

environmentally and genetically determined (Vrieling et al. 1993, Vrieling and van Wijk 

1994b).

Allelopathic Potential. Pyrrolizidine alkaloids contribute to the invasive ability 

and persistence of S. jacobaea (Ahmed and Wardle 1994). Senecio jacobaea has 

demonstrated allelopathic affects on other pasture species, such as clovers, Lucerne, and 

ryegrass (Ahmed and Wardle 1994). Plants that do not produce PAs lack the ability to 

transport or store these alkaloids (Hartmann 1999), and their cells are susceptible to PA 

toxicity in vitro (Wink et al. 1998). Pasture species experienced lower germination and 

reduced growth in bioassays with either aqueous extracts or litter decomposition products 

of tansy ragwort, especially from flowering plants (Ahmed and Wardle 1994). Tansy 

ragwort seeds colonize gaps formed by old rosettes four times more often than the
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vegetation immediately surrounding these openings in some plant communities (McEvoy 

1984c). Senecio jacobaea seedlings germinate with fully functional biochemical 

pathways for PA translocation and storage, thus imparting immunity to these residual 

alkaloids.

Pyrrolizidine Alkaloid Toxicity in Animals. N-oxide PAs have low toxicity in 

animals and are readily excreted in vertebrates (Mattocks and Bird 1983), and by some 

specialist insects (Narberhaus et al. 2003). However, damaged plant cells release their N- 

oxide PAs and spontaneous reduction reactions transform these into tertiary alkaloids. 

Anaerobic gut bacteria in herbivores continue the breakdown of the plant tissue, 

facilitating further reduction reactions which increase the concentration of biologically 

active tertiary PAs (Powis et al. 1979).

Tertiary PAs and their metabolites are toxic to vertebrates, insects and other 

invertebrates, bacteria (Wink et al. 1998) and fungi (Hoi and van Veen 2002). The 

lipophilic tertiary PAs are absorbed through cell membranes and cause DNA 

intercalation, inhibition of protein biosynthesis, and binding of acetylcholine and nervous 

system receptors (Wink et al. 1998).

The tertiary PAs are transported to the liver of vertebrates where they are 

converted to highly reactive alkylating metabolites called pyrroles (Mattocks and Bird 

1983). Pyrroles react immediately with the surrounding tissue to cause severe hepatic 

damage (Johnson and Smart 1983), and pulmonary and renal lesions in mammals 

(Hooper 1974) and birds (Hooper 1978). Damage caused by PAs metabolites are not 

easily repaired and cumulative damage occurs with each subsequent feeding (Craig et al.
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1991). PAs have also been found to be carcinogenic, teratogenic, and mutagenic in 

laboratory experiments (Petry et al. 1984, White et al. 1984, Mori et al. 1985). The PAs 

of Senecio species are responsible for more plant poisonings in livestock and humans 

than all other plants combined (Hooper 1978, Hartmann 1994).

Susceptibility of mammals to ragwort toxicity is dependent upon dosage, species, 

sex, and age (Schoental 1968, Watt 1987a). Chronic tansy ragwort intoxication and death 

can occur with cumulative consumption of 5 to 14% of body weight in cattle (Hooper 

1978, Craig et al. 1991) and horses (Hooper 1978). Yet, North American black tailed 

deer (Odocoileus hemionus (Rafmesque) ssp. columbianus (Richardson)) showed no 

adverse effects from consumption of 24% of their body weight (Dean and Windward 

1974). The minimal chronic lethal dose of tansy ragwort for goats was approximately 

125%, or 1.25 kg/kg of body weight (Goeger et al. 1982). Sheep are resistant to tansy 

ragwort, with a chronic toxicity threshold exceeding 2.0 kg/kg body weight (Hooper 

1978). Males and young animals are more susceptible to the chronic effects of tansy 

ragwort poisoning (Hooper 1978)

Wild and domesticated grazers, including sheep and deer, find S. jacobaea to be 

highly unpalatable but can eventually become habituated to the bitter taste (Dean and 

Windward 1974, Hartmann 1999, Sutherland et al. 2000). Because of the lowpalatability 

of fresh tansy ragwort, acute poisoning is usually caused by feeding dried plant material 

in hay, silage or prepared food pellets. Acute tansy ragwort poisoning can occur in cattle 

with as little as 5 to 10 days of continual feeding on S. jacobaea contaminated forage 

(Cockbum et al. 1955). Although sheep are resistant to the chronic effects, they are quite
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sensitive to acute poisonings (Hooper 1978). Ragwort payability and toxicity are 

increased after 2,4-D herbicide treatments as the plants reallocate nutrients, and increase 

carbohydrate and PA concentrations in the leaves for several weeks following treatment 

(Irvine et al. 1977).

Pvrrolizidine Alkaloids and Insects. The PAs found in Senecio are also feeding 

deterrents to insect herbivores (Hartmann 1992). In tansy ragwort, increased 

concentration of PAs reduced the amount of insect herbivory from generalist feeders (de 

Boer et al. 1999). Generalist insects that feed on diets containing PAs have reduced 

growth and slower weight gain (Vrieling et al. 1991b) and build up toxic levels of the 

tertiary PAs in their haemolymph (Lindigkeit et al. 1997).

In the native range of S. jacobaea, specialist herbivorous insects have co-evolved 

to tolerate the presence of PAs within tansy ragwort. Specialist insects such as L  

jacobaeae, and Aphis jacobaeae Schrank prefer host plants with lower PA concentrations 

(Vrieling et al. 1991a, Vrieling and van Wijk 1994b). Some species of specialist insects 

sequester PAs to defend themselves against vertebrate and invertebrate predators (Brown 

1984, Rowell-Rahier et al. 1995, Orr et al. 1996, Silva and Trigo 2002). Tyria jacobaeae 

(L.) (Lepidoptera: Arctiidae) has been shown to store the N-oxide form of S. jacobaea's 

PAs in the integument (Ehmke et al. 1990, Lindigkeit et al. 1997, Wink and Legal 2001). 

Several Longitarsus species also sequester PAs in concentrations up to 0.5% of their dry 

weight (Haberer and Dobler 1999, Dobler 2001). Longitarsus jacobaeae has 

demonstrated the ability to detoxify tertiary PAs through oxidation into N-oxides after 

direct injection into the haemolymph (Narberhaus et al. 2003). This indicates that tansy
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ragwort flea beetles absorb S. jacobaea PAs through the gut and then efficiently convert 

and store the N-oxides in tissues outside their haemolymph (Narberhaus et ah 2003).

Insect Fauna

Cameron (1935) recognized that S. jacobaea is associated with a unique set of 

insect herbivores it in its native range. A survey of herbivores in Great Britain, compiled 

from literature, museum collections and unpublished food plant lists, found a total of 72 

insects including eight monophagous species (Watt 1987b). Additional herbivorous 

species were recorded in Western Europe from surveys conducted in Switzerland, France 

and Germany (Schroeder 1978). The eastern reaches of tansy ragwort’s native range 

have not been surveyed for the purpose of finding insect herbivores of S. jacobaea, 

therefore additional specialist and generalist insects may yet be recognized.

In the introduced range of tansy ragwort in the United States, Canada, New 

Zealand, and Australia, several generalist herbivorous insects have been found on S. 

jacobaea. Over 40 endemic or cosmopolitan insects have been identified from tansy 

ragwort in the Pacific Northwest (Frick 1964, Frick and Hawkes 1970, Frick 1972).

More recent surveys of tansy ragwort in Montana added three other native insect species 

associations (Markin and Birdsall 1999). Eight polyphagous species of native insects 

were identified on tansy ragwort in Canada (Harris et ah 1971). Endemic species have 

also been identified on S. jacobaea invasions in Australia, New Zealand and elsewhere. 

Despite the number of insects found on these new infestations, endemic species from the 

invaded habitats have had very little impact on S. jacobaea. Only the magpie moth 

caterpillar, Nyctemera annulata Boisduval (Lepidoptera: Arctiidae), of New Zealand has
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exhibited any capability for causing extensive damage, but its. effectiveness is reduced by 

high levels of native parasitism (Syrett 1983).

Biological Control

Since 1915 there has been active interest in the biological control of tansy ragwort 

in North America (Poole 1915, Julien and Griffiths 1998). Currently five species of 

monophagous and narrowly oligophagous insects have been released as biological control 

agents in the United States and Canada (Julien and Griffiths 1998). In the United States 

the defoliating cinnabar moth T jacobaeae, the seed head fly Botanophila seneciella 

(Meade) (Diptera: Anthomyiidae), and ragwort flea beetle, L  jacobaeae have been 

approved, released and established (Hawkes 1981, Piper 1984, McEvoy et al. 1991).

Two additional root feeding insects have been released in Canada, L  flavicornis 

(Stephens) (Coleoptera: Chrysomelidae), and Cochylis atricapitana (Stephens) 

(Lepidoptera: Cochylidae) (Julien and Griffiths 1998). These agents have been credited 

with the successful biological control of tansy ragwort in the Pacific Northwest 

(Pemberton and Turner 1990, Turner and McEvoy 1995, Coombs et al. 1996b).

Biological control has provided strong and persistent suppression of the weed in 

Oregon, primarily through the damage caused by the flea beetles (McEvoy et al. 1991). 

The economic benefits gained by successful biological control of tansy ragwort were 

calculated to be more than $5 million (1993 dollars) per year in Oregon alone (Coombs et 

al. 1996b). The estimated cost-to-benefit ratio of 1:13 came primarily from reduced 

livestock loss, increased pasture productivity and reduced herbicide use (Coombs et al. 

1996b). Due to the demonstrated success of biological control of S. jacobaea in North
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America, Australia and New Zealand have investigated and released several biological 

control insects for tansy ragwort suppression (Mien and Griffiths 1998).

Lonsitarsus iacobaeae

Taxonomy

Lonsitarsus Genus. The ragwort flea beetle, Longitarsus jacobaeae, is part of the 

subfamily Alticinae, the largest subfamily in the family Chrysomelidae (Konstantinov 

1994). The diversification of the Alticinae is the result of the rapid speciation allowed by 

the creation of new niches during the explosive evolution of angiosperm plants (Scherer 

1988). Longitarsus is the largest genus of the subfamily Alticinae and has more than 500 

species worldwide (Konstantinov and Vandenberg 1996). The radiation of the 

Longitarsus genus is attributed to the co-evolution of flea beetle adaptations to the 

myriad of secondary defensive compounds of their host plants (Dobler 2001).

Eleven Longitarsus species are recorded on Senecio in Eitrope (Newton 1933, 

Cameron 1935, Shute 1975, Windig and Vrieling 1996). Of these, eight species; L  

dorsalis F., L  gracilis Kutschera, L. flavicornis (Stephens), L. jacobaeae, L  ochroleucus 

Marshal, L  piciceps Stephens, L. succineus Foudras, and L. suturellis Duff, are reported 

to feed on tansy ragwort (Newton 1933, Cameron 1935, Shute 1975). Longitarsus 

jacobaeae is the most common European flea beetle found feeding on S. jacobaea 

(Windig and Vrieling 1996).

Cryptic Sister Species. Shute (1975) reviewed collections of Longitarsus 

'jacobaeae ” from several museums in Western Europe and found that these specimens
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contained two cryptic sister-species, L  jacobaeae and L  flavicornis. Identification by 

traditional methods is particularly difficult because of the great morphological similarity 

of these sister-species. Only the male genitalia are diagnostically useful in distinguishing 

the two species (Shute 1975). The shape and form of the aedeagi are the most important 

distinguishing characteristics, since the aedeagus size is highly variable in both species 

(Windig and Vrieling 1996). Female genitalia are nearly identical morphologically 

(Shute 1975).

Shute (1975) reported the distribution of L. flavicornis to be southeastern Europe 

and the southern parts of Great Britain (Figure 1.2). She presented evidence of areas of 

sympatric overlap between these species in France. These sister-species are presumed to 

share a narrow host range (Windig and Vrieling 1996), however, host specificity testing 

has only been completed with L. jacobaeae (Frick 1970a, Wapshere 1983, Syrett 1985). 

These two flea beetles species exhibit similar behavior and life history associations with 

S. jacobaea (Newton 1933, Frick 1971, Frick and Johnson 1973, Ireson et al. 1991).

The taxonomic confusion caused by the presence of the cryptic sister-species has 

resulted in the accidental introduction of both species. In the 1970s biological control 

projects in Canada unintentionally released a mixture of L. jacobaeae and L. flavicornis 

collected from the area of sympatric distribution in Britain (Shute 1975, Harris et al.

1984). Both species are reported to have had limited establishment in British Columbia 

(Harris et al. 1984). In Australia, L  flavicornis was inadvertently released in Victoria in 

1977 and Tasmania in 1979 (Field 1989), even though the host testing was conducted 

with L  jacobaeae (Wapshere 1983).
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Figure 1.2. European distribution of L  jacobaeae (light gray) and L  Jlavicornis (dark
gray). Modified from Shute (1975).

Strains of Lonsitarsus jacobaeae. Three populations of L. jacobaeae sensu stricto 

have been described in the literature from Italy, Switzerland (Frick 1970a) and the 

Netherlands (Windig 1991). These populations are considered separate strains based 

upon their distribution and life history characteristics. Although adapted to very different 

climatic conditions, both Italian and Swiss strains were tested extensively and were 

approved for release into the United States (Frick 1970b). Windig (1991) identified the 

Netherlands strain based on ShuteN 1975 revision for the species. Windig and Vreiling 

(1996) suggested that only two strains may exist based on life histories, a summer 

breeding strain (the Netherlands and Swiss populations) and an autumn breeding (Italian 

population) strain. The native climate, habitat and life history traits of each geographic

strain are discussed below.
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Distribution

Longitarsus jacobaeae sensu stricto is native to Eurasia and is widely distributed 

throughout most of the natural range of its host plant, tansy ragwort (Shute 1975). It is 

found in Britain north of 52° 50’ N latitude and is distributed east of longitude 5° E on the 

European continent (Figure 1.2). Collections of L  jacobaeae have been recorded as far 

east as Siberia and Tibet (Shute 1975).

Longitarsus jacobaeae has been introduced to several countries around the world 

as a biological control agent of S. jacobaea. The first release of L. jacobaeae was made 

in Fort Bragg, California in 1968 and 1969 with a flea beetle population collected from 

central Italy (Frick 1970b, Frick and Johnson 1973). The early establishment and success 

of this Italian population prompted wide-spread redistribution of these beetles throughout 

the region (Hawkes 1981, McEvoy 1984a, Turner and McEvoy 1995), and later in British 

Columbia (Harris et al. 1984), New Zealand (Syrett 1985) and Australia (Field 1989). A 

second population from northwestern Switzerland was also released near Smith River, 

California in 1969 (Frick 1970b, 1971), but there has been no evidence of establishment 

of the this population (Frick and Johnson 1973, Turner and McEvoy 1995).

In northwest Montana, releases of L. jacobaeae were made from populations 

collected from different elevations in Oregon, over a four year period (1998 -  2001) 

(Markin 2003). These populations are descended from the Italian strain originally 

released in California (Hawkes 1981, McEvoy 1984a). Oregon ragwort flea beetles 

persisted at some of the Montana release sites at very low levels. Recent observations 

have found a declining percentage of plants exhibiting larval feeding damage, and no
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adult beetles have been collected from any of the release sites in 2002 or 2003 (G. P. 

Markin unpublished data).

Habitat

Rome. Italy. Italian ragwort flea beetle populations were collected from S. 

erraticus Bert, near Rome in 1964-68 (Frick 1970a). The area around Rome is highly 

cultivated and weedy Senecio species are most often found in orchards, along field 

margins and along roadsides. Elevations near Rome range from sea level up to 500 m. 

Central Italy is typified by Mediterranean climates, having hot, dry summers and cool, 

wet winters. In the vicinity of Rome, precipitation is relatively low from June through 

August (average total 84 mm) but increases throughout the remaining months of the year 

(average 100 mm per month). Shorter day length in September coincides with the onset 

of the rainy season in Italy. The monthly mean temperatures in Rome during the summer 

(June-September) are between 21.1° and 24.4°C (Frick and Johnson 1973).. Temperatures 

may occasionally drop below O0C during the winter but the average monthly temperatures 

are never below freezing (eg. December monthly mean is 7.8°C) (Frick and Johnson 

1972). In Rome there is very little snow accumulation and periods of snow cover are of 

short duration (Frick and Johnson 1972).

Delemont Switzerland. The Swiss strain of ragwort flea beetles was originally 

collected in 1964 in Jura Canton near Delement, Switzerland (Frick 1971). Longitarsus 

jacobaeae were collected from S. jacobaea (Frick 1971), which is abundant in 

moderately to heavily grazed pastures and along roadsides. The region is dominated by 

the Franches-Montagnes habitat type, composed of a mixture of deciduous and conifer
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forests on the slopes intermixed with large open meadows and pastures. The Jura 

Mountains are composed primarily of limestone and range in elevation from 400 to 1600 

m. This region lies within the humid continental climate zone, with warm moist summers 

and cold winters. The average summer rainfall in the Delemont area is about 100 mm per 

month with a total of 516 mm May through September (Frick 1971). The monthly mean 

temperature in July is 18.2°C (Frick 1971) and freezing temperatures are common during 

the winter months (monthly average -0.5°C) (Frick and Johnson 1972). Snow cover near 

Delemont is estimated to last a total of 60 -  70 days, though warming trends cause 

occasional mid-winter melting (Frick and Johnson 1972).

Meyendek The Netherlands. The Netherlands strain was collected in the 

Meyendel area north of the Hague. This strain has been studied by various researchers 

(eg. Windig 1991, 1993, Vrieling et al. 1996) since 1973, mostly under natural field 

settings . Longitarsus jacobaeae was collected from S. jacobaea (Windig 1991). Tansy 

ragwort is found throughout the country in coastal dune habitats (van der Meijden 1974). 

These very calcareous dunes were formed about 800 years ago (Windig 1991). The 

Hague has a temperate, marine climate with cool summers and mild winters. Average 

precipitation for De Bilt is 766 mm per year; with peak rainfall occurring in August 

(Rudloff 1981). Mean daily temperatures in July are 17°C, while in December the mean 

is 3°C (Rudloff 1981). Snow cover usually starts in December in the Meyendel area and 

can persist into April (Windig 1991).

Life History and Morphology

Adults. There are clear morphological differences between the sexes of adult L.
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jacobaeae (Frick 1971). Males are 2.5-3.25 mm long, while the females are 2.8-3.75 

mm long (Frick 1971). Females often have enlarged abdomens, especially when they are 

about to lay eggs (Coombs et al. 1996a). Sexual determination can be made externally 

using the shape of the last sternite. In females the last sternite is convex and bluntly 

angled at the posterior (Figure 1.3), while males have a circular concave depression in the 

last visible sternite (Frick 1971).

Figure 1.3. Adult Longitarsus jacobaeae showing the last visible sternites.
Male (inset): smooth posterior margin and circular concave depression. 
Female: convex, bluntly angled posteriorly.

Alticinae such as L. jacobaeae have enlarged hind femora that contain internal 

metafemoral springs, which they use to voluntarily jump (Furth 1988). Adult L. 

jacobaeae have fully developed wings and are capable of flight, although they rarely fly 

(Shute 1980). Adult ragwort flea beetles are a uniform golden tan except for the darker 

antennae and labrum (Windig and Vrieling 1996). A reddish form sometimes occurs in
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L  flavicornis but is never observed in L  jacobaeae s.s. (Shute 1975, Windig and Vrieling.

1996).

Eggs. Eggs of L  jacobaeae are 0.66 mm long, yellow in color and have surface 

sculpturing similar to that of other flea beetle eggs (Newton 1933). Ragwort flea beetle 

eggs become darker five to seven days before hatching and the embryonic larva can be 

seen through the egg shell (personal observation). Eggs are laid singly at the base of the 

plant or in the soil immediately surrounding it (Newton 1933, Frick 1970a, Windig 

1991). Senecio jacobaea rosettes that are at least one year old are the preferred 

oviposition sites for adult beetles (Frick 1971). Eggs are sensitive to desiccation and 

require high humidity conditions to hatch (Frick and Johnson 1972).

Larvae. Longitarsus jacobaeae have three larval instars (Windig 1991). Larvae 

are cruciform, with short, stout, five segmented legs (Newton 1933). The larvae are 

mostly soft bodied except for the strongly sclerotized head capsule, prothoracic shield 

and dorsal anal plate (Newton 1933). Larval insfars are determined by the width of the 

head capsule and color of the head capsule and anal plate (Windig 1991). The first instar 

larva (Figure 1.4) is approximately 1.5 mm long and 0.25 mm wide (Newton 1933),

Freshly hatched larvae are white, with yellow fat deposits visible through the cuticle and 

black head, prothorasic shield and anal plate. Later the larval body is almost entirely 

white with darker legs. The second instar larvae have dark brown head capsules between 

0.25 and 0.33 mm wide and light brown prothorasic shields and anal plates (Windig 

1991). The third instar larvae have lighter brown head capsules between 0.33 and 50 mm 

wide and white prothroasic shields and anal plates often with darker longitudinal streaks
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(personal observations). Third instars reach a length of 6 mm long and are about I mm 

wide as they leave the plant before pupation (Newton 1933). Development is completed 

after approximately 80 days under greenhouse conditions (Frick 1971).

Figure 1.4. Longitarsus jacobaeae egg hatch in sequence over 10 minutes at room 
temperature. Egg approximately 0.66 mm in length.

Pupae. After leaving the plant, the third instar larva becomes foreshortened and 

assumes the normal recurved shape of the prepupa (Newton 1933). The prepupa forms 

an earthen chamber in which to complete its development (Newton 1933). The pupa is 

white and takes on the usual flea beetle form as described by Newton (1933). The pupa 

is somewhat mobile and will thrash about when stimulated (personal observation). 

Pupation requires approximately three weeks for completion (Frick 1971, Windig and 

Vrieling 1996).

Life Flistorv Differences Among Strains. The three strains of L. jacobaeae have 

different life histories, each adapted to the specific climates where they were originally 

collected (Frick 1970a, Windig 1991). All strains are univoltine but adult behavior, 

oviposition timing and egg hatch differs among strains.
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Beetles of the Italian strain emerges as adults in late May, feed briefly and then 

aestivate through the late summer (Frick and Johnson 1973). Oviposition starts at the 

onset of the Mediterranean rainy season during the shorter days of September (Frick and 

Johnson 1973). Italian beetles do not become sexually mature under long photoperiod 

conditions and their ovaries and testes only become fully developed when exposed to 

short days (Delpachitra and Emberson 1992). Frick and Johnson (1973) found that 

temperature also influenced the adult aestivation and oviposition in the Italian population. 

The Italian strain of L  jacobaeae lays eggs that hatch after two to three weeks (Frick and 

Jolmson 1973). The larvae attack the root crowns and development continues throughout 

the cool, wet winter months and into early spring (Frick and Johnson 1973, James et al. 

1992).

Ragwort flea beetles of the Swiss strain emerge the first week of June and are 

active throughout the summer (Frick 1971). Sexual maturity is attained approximately 

two weeks after adult emergence and oviposition begins immediately thereafter (Frick 

1971). Experiments reveal that the eggs have an extended facultative diapause and 

required one to nine months before they hatched in the laboratory (Frick 1971, Frick and 

Johnson 1972). Frick (1971) concluded that the eggs laid early in the summer hatch in 

the fall and the larvae overwinter in the plant, while eggs laid later in the season 

overwinter and hatch in the spring. Freshly hatched larvae immediately attack the root 

crown where they complete their development by the middle of May (Frick 1971). This 

is a similar situation as the one described by Newton (1933) for the British populations of 

L. jacobaeae.
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Adults of the Netherlands strain of L. jacobaeae emerge in the middle of June and 

early July and are present until the last week of December (Windig 1991). The 

Netherlands population is an example of a summer breeding strain, where oviposition 

begins approximately three weeks after adult emergence (Windig and Vrieling 1996). 

Adults captured in the field in the third week of July immediately started to lay eggs, and 

oviposition was observed until December (Windig 1991). Eggs enter a diapause and do 

not hatch until the following spring (Windig 1991). Larval development in the 

Netherlands strain begins in early spring between February and April; depending on the 

severity of the winter (Windig and Vrieling 1996). Windig (1991) found that the larvae 

of the Netherlands strain of L  jacobaeae were found initially in the leaves and only later 

instars infested the root crowns.

Behavior and Impact on Senecio iacobaea

Adults. Although Longitarsns jacobaeae have fully developed wings (Shute 

1980), and wing musculature (Delpachitra and Emberson 1992), ragwort flea beetles are 

not easily provoked into flight and disperse primarily through walking and jumping 

(Shute 1980). Recent experiments have shown that some flea beetles utilize their wings 

in directed and long distance jumping (Brackenbury and Wang 1995). Jumping serves as 

an efficient method of locomotion for flea beetles, and at least one Longitarsus species 

has been found to jump more than 100 times its body length (Furth 1988).

Adult L. jacobaeae are very adept at dispersing within the local environment and 

are capable of finding and colonizing all sizes of tansy ragwort infestations (Harrison and 

Thomas 1991, McEvoy et al. 1993). Ragwort flea beetles are sensitive to upwind odors
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from S. jacobaea and will orient themselves and move in the direction of these scents 

(Zhang and McEvoy 1996). Hawkes and Johnson (1978) noted that ragwort flea beetles 

are capable dispersing 5 km or more in only three years after initial release of 500 adults.

McEvoy et al. (1993) found that females were more likely than males to be found 

in larger patches of tansy ragwort, presumably because of the increased opportunity to 

find suitable oviposition sites. Females ragwort flea beetles reabsorb their flight muscles 

as they become reproductively active thus limiting their long range dispersal ability after 

the onset of oviposition (Delpachitra and Emberson 1992). Conversely, male L. 

jacobaeae were more often collected from smaller patches of S. jacobaea (McEvoy et al. 

1993). Males retain their flight muscles throughout their lives (Delpachitra and 

Emberson 1992) and are attracted to cues associated with conspecific females, actively 

seeking out these odors in field and laboratory tests (Zhang and McEvoy 1994). The 

propensity to disperse and find new mates may cause more males to leave large patches 

and converge upon isolated females in lower density weed infestations.

Adult herbivory does not appear to cause significant impacts on their host plants 

(Frick 1970a), and has no direct influence on S. jacobaea overwinter mortality (Windig 

1993). Occasionally adult feeding is extremely damaging to ihdividual plants under high 

beetle density situations (Binns 1975) or when plants are water stressed (Hawkes and 

Johnson 1978). Adults eat through the top layers of the leaves down to the lower 

epidermis, causing characteristic shot-holes about 0.5 in diameter (Frick 1970a, Windig 

1991). Windig (1993) suggested that adult damage may affect the overall plant size but 

not plant survival. Zangerl et al. (2002) found that isolated folivory results in a
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physiological wound response throughout the entire leaf, causing reduced photosynthesis 

well beyond the site of injury. The indirectly affected areas were six times as large as the 

wound site and remained impaired for at least three days (Zangerl et al. 2002). Adult 

folivory may cause more stress to the tansy ragwort than is visually apparent due to their 

wide-spread attack on many different leaves over an extended period of time.

Larvae. The larval stage is the most destructive to their host plants S. jacobaea 

(Windig 1993). Larval feeding rate depends on the age and developmental stage of the 

larvae (Kyi et al. 1999). To complete their development, ragwort flea beetles require 

tansy ragwort rosettes that are at least one year old (Frick 1970a). The larvae of L. 

jacobaeae feed on the root crowns of tansy ragwort, greatly reducing plant survivorship 

and resulting in lower weed population density (McEvoy et al. 1991, Windig 1993). The 

Italian strain and late instar larvae from the summer breeding strains feed almost, 

exclusively in the epidermal and cortex layers of the root crown (Frick 1970a, Windig 

1991). Feeding on the roots depletes the plants’ energy reserves, causing lower or 

delayed reproductive output (McEvoy 1984a).

Longitarsus jacobaeae reduced weed populations 99% upon establishment at Fort 

Bragg, California (Hawkes and Johnson 1978). Hawkes & Johnson (1978) found an 

average of 30 larvae per plant and several plants with more than 50 larvae per plant. In 

plants with high larval density they observed extensive root damage, often resulting in 

plant mortality (Hawkes and Johnson 1978). Laboratory and greenhouse tests have 

shown that larval densities above 49 per plant cause direct mortality because they 

consume more biomass than plant produces (Kyi et al. 1999). In the field smaller larval
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densities are thought to be as effective, since secondary attack by other organisms is 

commonly observed. Although cannibalism has never been seen in L  jacobaeae, Kyi et 

al. (1999) found that larval density is directly correlated with larval mortality, possibly 

due to intraspecific competition. High densities of L. jacobaeae larvae also negatively 

affects their per capita feeding rate, especially in later instars (Kyi et al. 1999).

Host Specificity

There are no records in the literature of L. jacobaeae feeding on any plants of 

economic importance in their home range despite exposure to over 60 crop species (Frick 

1970a, Wapshere 1983). In their native range L. jacobaeae were only reported in the 

field from S. jacobaea and Senecio spp. (Newton 1933, Cameron 1935). Host specificity 

testing of L  jacobaeae in North America, New Zealand and Australia have included a 

total of 89 plant species (Frick 1970a, Wapshere 1983, Syrett 1985). Their host tests 

have shown that the adult ragwort flea beetles will feed on 18 species of closely related 

Asteraceae within the tribe Senecioneae (Frick 1970a, Syrett 1985, Scherber et al. 2003). 

In choice tests, L. jacobaeae preferred S. jacobaea over all other plants except for the 

exotic weed S. vulgaris and Emilia coccinea from Florida, both of which are annuals 

(Frick 1970a). When adult beetles were given an exclusive diet of S. vulgaris or E. 

coccinea they experienced a longer preoviposition period, reduced number and viability 

of eggs and shortened lifespan compared to those fed S. jacobaea (Frick 1970a).

Longitarsus larvae generally feed on a more limited range of host plants than the 

adults (Frick 1970a). The results of Frick’s (1970a) host specificity tests have indicated 

that L. jacobaeae has the physiological ability to complete development only on S.
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jacobaea, and two other species, S. erraticus, and S. aquations. These three species are 

the closest related relatives in the Jacobaea section (Pelser 2002) and readily hybridize in 

nature (Harper 1958). Freshly hatched larvae were also reared to adulthood on bare roots 

of S. erucifolius and S. vulgaris, but were unable to complete their development on whole 

plants (Frick 1970a). Syrett (1985) was able to rear one adult from S. wairauensis, which 

is in the more distantly related group found in Australia and New Zealand. Differences in 

morphology and life history suggest that it is unlikely that the larvae of L  jacobaeae will 

encounter or utilize these three non-target plant species in the field (Frick 1970a, Syrett 

1985).

The Emilia genus has been shown to be very closely related to the Jacobaea 

section of Senecio (Pelser et al. 2002). Emilia coccinea, a Florida native annual, has also 

been shown to be a suitable larval host although the adults do not feed or oviposit on this 

plant except in no-choice/starvation tests (Frick 1970a). Under starvation tests adult 

ragwort flea beetles consume more of this test plant than any other, presumably because 

of the poor nutritional content of its leaves (Frick 1970a).

Reviewers have stated that the artificial setting of starvation/no-choice testing 

may unrealistically restrict potential biological control agents, thus rejecting agents based 

on situations that they are unlikely to encounter in their natural environment (eg.

Wapshere 1989, Harris and McEvoy 1992). Several of the no-choice tests conducted by 

Frick (1970) did show some non-target feeding, yet these were limited to close relatives 

of tansy ragwort. The physiological host range of L. jacobaeae is very narrow and was 

tested with extremely conservative laboratory experiments. Based on the results of Frick



(1970) approval was granted by the USDA-APHIS for release of the ragwort flea beetles 

in the United States in 1968.
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CHAPTER 2

THE USE OF MOLECULAR TAXONOMY IN THE SEARCH FOR COLD-HARDY 

POPULATIONS OF THE TANSY RAGWORT FLEA BEETLE LONGlfARSUS

Introduction

The ragwort flea beetle, Longitarsus jacobaeae (Waterhouse) (Coleoptera: 

Chrysomelidae), is considered responsible for the successful biological control of tansy 

ragwort, Senecio jacobaea L. (Asteraceae), in western portions of the United States 

(Coombs et al. 1991, McEvoy and Coombs 1999). The larvae of L. jacobaeae feed on 

the roots of tansy ragwort, greatly reducing plant survivorship thereby lowering weed 

population density (McEvoy et al. 1991). Initially released at Fort Bragg, California, in 

1969 (Frick and Johnson 1973), L  jacobaeae reduced weed populations by 99% after 

establishment (Hawkes and Johnson 1978). As a result of the successful control by L. 

jacobaeae, beetles were spread throughout the Pacific Northwest. The progeny of the 

California and Oregon ragwort flea beetle releases were also introduced into Canada in 

1971 (Shute 1975), New Zealand in 1983 (Syrett 1985), and Australia in 1988 (Field 

1989, Julien 1992).

Some introductions of L. jacobaeae outside the Pacific Northwest have had 

difficulty establishing in their new environment, particularly in Canada (Harris et al. 

1984, Julien 1992). Repeated releases were made in British Columbia, Ontario, and the 

Maritime Provinces throughout the 1970s (Harris et al. 1984). Although limited
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establishment has been recorded in coastal areas there has been little impact on weed 

population densities (Harris et al. 1984). One of the leading hypotheses in explanation of 

the poor establishment is that these populations have a life history that is incompatable 

with the cold environment (Harris et al. 1984). The ragwort flea beetles that established 

in the United States and were the source of most of the redistributed material originated 

from the Mediterranean climates of Italy (Harris et al. 1984, McEvoy 1984, Piper 1984). 

The autumn breeding Italian populations are adapted to survive hot, dry, Mediterranean 

summers through adult aestivation, and only begin oviposition in the cool wet autumn 

and winter months (Frick and Johnson 1973). The summer breeding L. jacobaeae strain 

from Switzerland was also investigated (Frick 1971). This strain was thought to be 

adapted to cold, continental climates because they oviposit throughout the short summer 

months. Both strains were used in the original 1960s host specificity and prerelease 

studies (Frick 1970, 1971, Frick and Johnson 1972). However, the Swiss population was 

only released at a single research site in northern California and establishment was never 

confirmed (Frick and Johnson 1972, Turner and McEvoy 1995).

In 1995 an extensive infestation of S. jacobaea was discovered in adjacent ranger 

districts within the Flathead and Kootenai National Forests in Montana the year after a 

major forest fire (Richardson 1997). Chemical eradication was suggested but found to be 

impractical when it was realized that the tansy ragwort infestation covered several 

thousand hectares (Markin and Birdsall 1999). This prompted a long term containment 

and control program, which incorporated experimental releases of biological weed 

control agents including L. jacobaeae (Markin and Birdsall 1999). The autumn breeding
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strain of ragwort flea beetles were collected in Oregon and released at several locations 

over a period of four years. The Oregon beetles had low levels of establishment that have 

steadily declined over subsequent years (unpublished data G. P. Markin). In 2000 I 

began to investigate several Swiss populations that might be better suited to survive the 

short summers and cold, snowy winters of Montana’s continental climate. Investigations 

of these L. jacobaeae populations were initiated at CABI-Bioscience in Delemont, 

Switzerland, and the Insect Quarantine Laboratory at Montana State University in 

Bozeman. Early laboratory studies indicated that the Swiss populations have a cold- 

adapted life history and a high degree of host specificity (Frick 1970, 1971) and this was 

recently confirmed in field studies in the Jura Mountains of Switzerland (Chapter 3).

Original morphological examination of the Swiss and Italian populations studied 

by Frick (1971) identified them as L. jacobaeae, and was later confirmed by Shute 

(1975). However, published reports suggested extra caution was warranted for any new 

projects utilizing Longitarsus "jacobaeae”. In 1979 an Australian biological weed 

control project collected, identified and tested a population of L  jacobaeae from France 

adapted to conditions similar to ragwort-infested regions in Victoria (Wapshere 1983). 

Unfortunately the final release contained the cryptic sister-species, L. flavicornis 

(Stephens) which became established in several locations in southern Australia (Field 

1989). Because of the great morphological similarity of these sister-species, 

identification by traditional methods is particularly difficult. Only the male genitalia are 

diagnostically useful at the species level (Shute 1975). Furthermore, the shape and form 

of the aedaegus are the most important characteristics because the size is highly variable
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in both species (Windig and Vrieling 1996). In order to screen several populations 

simultaneously, I chose to investigate molecular techniques for species discrimination. 

Dobler (2001) demonstrated the discriminating power of the mitochondrial DNA 

sequencing techniques for the Longitarsus genus. Molecular techniques also provided an 

opportunity to explore the relationship between the Swiss populations and Italian L. 

jacobaeae introduced to North America.

Materials and Methods

Populations Under Investigation

Collections of tansy ragwort flea beetles were made from five populations located 

within the continental climate zone of Switzerland and three North American populations 

of the Italian strain redistributed from the initial releases (Table 2.1). Based on 

morphological characteristics, specimens from Silverton, Oregon, and two Swiss 

populations (Mettembert and St. Imier) were determined to be L. jacobaeae. I also 

included a population of the cryptic sister-species L. flavicornis, collected and identified 

in Tasmania by K. Potter. Comparison groups included two other Longitarsus species, L. 

suturellus Duft collected in Switzerland and L. ganglebaueri Heikertinger from Oregon. 

These species were chosen because they are morphologically distinct but are often 

collected from S. jacobaea in their native habitats.

To test my methodology I included Longitarsus from two additional European 

populations that were morphologically similar to the Swiss L. jacobaeae. One 

population, from the Meyendel dune area north of the Hague in the Netherlands, had been
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sampled during earlier ecological studies by Windig (1991) and had been determined to 

be L  jacobaeae (Windig 1991, Windig and Vrieling 1996). A further test of the protocol 

was to identify an unknown population of the sister-species from an area of sympatric 

distribution. A small range of overlapping distributions of L. jacobaeae and L  

flavicornis in England was discovered through examination of museum collections from 

across Europe (Shute 1975). A flea beetle sample collected from Silwood Park near 

Ascot, England, is from the center of this area of sympatric overlap and was used to test 

the determination power of this protocol. The identification of this unknown population 

was later confirmed morphologically to be L. flavicornis. Morphological determinations 

were made by A. Konstantinov, Systematic Entomology Laboratory, USDA-ARS, 

Washington, D C.

Table 2.1. Longitarsus collection sites and specimens examined.

Species Strain Population Elevation Coordinates
L. jacobaeae Autumn Mt Hood, OR, USA IlOOm 45o09’N 121°44’W

breeding Silverton, OR, USA 75 m 45o01’N 122°47’W
Indian Creek, OR, USA 125 m 44°10’N 123°51’W

Summer Meyendel, Netherlands <100 m 52°08'N 4°22,E
breeding Goldau, Switzerland 500 m 47°03’N 8033’E

L'Himelette, Switzerland 1160 m 47o08’N 7°0UE
Mettembert, Switzerland 640 m 47°24’N 7°20’E
Rothenthurm, Switzerland 940 m 47°07’N 8041’E
St. Imier, Switzerland 820 m 47°09’N 6°59’E

Unknown Ascot, England 50 m 51°N I0E

L. flavicornis Tasmania, Australia NA NA NA

L. ganglebaueri Mt. Hood, OR, USA 1100 m 45°09,N 121°44’W

L. suturellus Boecourt, Switzerland 490 m 47°215N 7012’E
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All beetles were collected from tansy ragwort infestations with a gasoline 

powered vacuum and sweep nets, or individually with handheld aspirators. Live beetles 

were shipped to the quarantine facility at Montana State University and then immediately 

frozen at -SO0C until DNA extraction. All of the molecular techniques and analysis 

described was conducted in Adam Richman’s laboratory at MSU.

Molecular Techniques and Analysis

Mitochondrial DNA (mtDNA) sequencing techniques were used to compare 

variability of the complete tRNA leucine gene and adjacent regions of the cytochrome 

oxidase I and II genes (COI & COII). A minimum of four individuals per population 

were sampled to identify species. Larger samples of the Tasmanian L  flavicornis, and L. 

jacobaeae from introduced (Silverton, OR) and native (St. Imier, Switzerland) 

populations were used to explore within-population genetic variation.

DNA from each frozen beetle was obtained by pulverizing the whole insect with a 

sterilized polypropylene pestle inside a 2 ml micro-centrifuge tube packed in dry ice.

The DNA extraction followed the protocol of Farrell (1999) without the phenol and 

phenol-chloroform purification steps. Because of the high purity achieved with “salting- 

out” procedures, the latter purification steps were excluded due the toxicity of the 

reagents. The final elution step yielded a total DNA extract in 50 pL of Qiagen® EB 

Buffer.

MtDNA fragments were amplified by standard hot-top PCR using a Robocycler 

40 (Stratagene®). Amplification conditions were 2 minutes denaturing at 95° C, 

followed by 35 cycles of 45 seconds denaturing at 950C, I minute primer annealing at
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47°C, and I minute extension at 72°C, after which a final 5 minute extension at 72°C was 

preformed. Reactants were then cooled to 4°C until removal. PCR products were 

cleaned of primers and enzymes with the QIAquick PCR Purification kit (Q'iagen®) and 

recovered in 30 pi double-distilled water. The PCR product was sequenced with the ABI 

Prism 310 Genetic Analyzer® using !!orescent BigDye® terminators v.3.1 with an 

ethanol/EDTA precipitation. Primers used were TL2-N-3020 with Cl-J-2183, and C2-N- 

3661 with Cl-J-2798 for PCR and sequencing reactions (Dobler personal 

communication, Dobler and Farrell 1999). Final sequenced PCR fragments were 

approximately 600 bp long and shared 150 to 350 bases with their complementary 

sequences.

Sequences were aligned initially based on chromatography data with Sequencher 

4.1.2© ( Gene Codes Corp). Amino acid sequences were translated using Se-Al v. I .d I © 

(Rambaut 1995) and then compared to similar gene regions from other alticine beetles 

retrieved in a BLAST search (NCBI2003). The final sequence length of 814 nucleotides 

was aligned based on amino acid sequence and compared by sight using the Se-Al.

Aligned sequences were analyzed with PAUP 4.M0© (Swofford 2002). 

Unweighted maximum-parsimony analysis was chosen because of its highly conservative 

nature and its tolerance for missing data. Because of the large data set, all parsimony 

trees were generated using an heuristic search. Bootstrap analysis of 100 replicates 

utilized trees initially generated using step-wise addition; 100 trees per replicate were 

rearranged with the tree-bisection-reconnection (TBR) branch swapping algorithm.



5 1 -

A maximum likelihood nuclear substitution model for the data was obtained using 

the Akaike information criterion (minimum theoretical information criterion, AIC) 

approach implemented in MODELTEST v. 3.06© (Posada 2000). Maximum likelihood 

models measure the proportion of nucleotide sites that are different after the algorithm 

corrects for back-mutations and parallel substitutions (Nei and Kumar 2000). Bootstrap 

and jackknife analyses were conducted with UPGMA and neighbor-joining techniques 

with 1000 replicates for each analysis. Genetic distances and variances were calculated 

from the results of MODELTEST output using customized distance matrix adjustments 

in PAUP.

Results, and Discussion

The average length of mtDNA sequences was 776 bp for 77 individual beetles.

An additional four sequences were approximately 100 bp shorter than the total sequence 

length and used only in the maximum parsimony analysis. Maximum parsimony analysis 

of these sequences was based on the 18% of the nucleotides that were informative. Over 

75% of the bases were constant, while the remaining 6% of the bases were parsimony- 

uninformative. The sequence analyzed was from an A + T biased region, with either 

adenine or thymine representing 70% of all bases, and 85% of third position bases. The 

majority of variable sites across all taxa were at the third position (88%), followed by 

first (9%) and second codon positions (3%). Most third position and many first position 

substitutions are synonymous codon changes that do not result in changes of the amino 

acid sequence but are useful for phylogenetic analysis (Nei and Kumar 2.000). These data
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indicate that this gene region has sufficient variation for separation of closely related 

species within the genus Longitarsus.

Maximum Parsimony Results

The maximum parsimony bootstrap tree (Figure 2.1) was 244 steps long. The tree 

was very robust to bootstrap resampling and jackknife deletion analyses. Differences in 

topology were typically variations in terminal taxa within the sub-branches of each 

species. Consistency indices exceeded 0.90 for all maximum parsimony analyses, 

likewise the retention indices for all trees were greater than 0.95 indicating well 

supported branching patterns. Based upon variations of the mtDNA sequence data, 

phylogenetic analysis clearly separated four species, L. jacobaeae, L. flavicornis, L. 

ganglebaueri, and L  suterellus (Table 2.2). The Swiss tansy ragwort flea beetle 

populations are well within the L. jacobaeae species cluster that includes the beetles 

collected in Oregon. The unknown flea beetles collected from Ascot, England clustered 

with the L. flavicornis from Tasmania, which corresponds with the morphological 

determination of the sample. Maximum parsimony topology was also well supported in 

UPGMA and neighbor-joining distance matrix trees (1000 replicates each).
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Figure 2.1. Phylogram of maximum-parsimony bootstrap tree (100 replicates). Value 
above the lines = base pair substitutions. Value below lines = bootstraps values, 
n = number of individuals. Longitarsus jacobaeae enclosed in box with strains 
indicated: (s) = summer breeding (a) = autumn breeding. Tree length = 244, 
Consistency Index: 0.922, Retention Index: 0.977.
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Maximum .Likelihood Results ..

The maximum likelihood model that best describes the genetic distances found in 

this data set is the TrN + I model .(Tamura and Nei 1993). The MODELTEST results 

indicated that there was no difference in among-site transversion rate variation. The 

proportion of invariable sites (I) was equal to 0.7074. Base frequencies were heavily 

biased toward A + T (Table 2.2). All these factors were utilized in the in the model 

entered into PAUP. The TrN + 1 corrected genetic distance between the sister-species 

. was between 2.2 and 3.4% of the total sequence. Using the standard calibrations for the 

insect COI/COII sequences of 2 -  2.3% divergence per million years (Brower 1994, 

Trewick 2000), I calculate that these sister species branched off from each other in the . 

Pleistocene between I to 1.6 million years ago, at about the time a major ice sheet 

covered most of northern and central Europe (Singer 1999). The out-group species L. 

suterelhis and L. ganglebaueri show greater genetic distance from the other two species 

and each other (Table 2.3). From the unrooted tree I calculate that the divergence of all 

the species clusters occurred an average of about 3.5 to 4 million years ago in the 

Pliocene, as the Alps were rising (Singer 1999).

Table 2.2. Nucleotide base frequencies calculated with MODELTEST.

Base Frequency
A 0.365
C 0.179
G 0.085
T 0.371
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Table 2.3. Genetic distances within populations and between species as calculated with 
the TrN + I likelihood model and their corresponding amino acid sequence 
variation. Nucleotide base pairs (bp). Amino acids (aa).

Species # o f Variation Distance from L. jacobaeae COI /COII
(population) Samples Within

Populations
Nucleotide
Variation

Amino Acid 
Variation

L. jacobaeae n = 22 O -Sbp O -S b p a 0 - 3 aa*
(introduced) 0-0.0104 0-0.0105 0-0.0120

L. jacobaeae 0 - 2  bp 0 - 5  bp ^ 0 -  3 aa b
(European) 0-0.0026 0-0.0664 0-0.0120

L. flavicornis n = 18 0 - 5  bp 
0-0.0054

16-25 bpc 
0.0220-0.0336

I -  5 aac 
0.0041 -0.0205

L. ganglebaueri n = 4 0 -  2 bp 
0-0.0026

122- 130 bp" 
0.1773 -0.1891

2 5 -2 7 aa °
0.0964-0.1076

L. suturellus n = I NA
118-123 bpc 
0.1725-0.1782

2 7 -2 9 aa"
0.1120-0.1213

Longitarsus jacobaeae variation between a introduced or b native European populations. 
c Distance from combined L. jacobaeae populations.

The close relationship of the sister-species L. jacobaeae and L. flavicornis was 

suggested by their morphological, host range and behavioral similarities. Parsimony 

analysis clearly demonstrates their recent divergence in mtDNA sequences and the sister- 

species pairs are separated by one and up to five amino acid substitutions (0.4 to 2.1% 

difference, 1000 parsimony bootstrap replicates). The genetic variance of each individual 

gene region indicates that almost all nucleotide mismatches in these taxa occur within the 

cytochrome oxidase subunits (COI = 27% and COII = 71%). There were no amino acid 

differences in the highly conserved tRNA leucine sequence between the sister-species, 

and only one amino acid substitution in the tRNA leucine sequence of the out-groups. 

This supports the hypothesis that the species within Longitarsus are closely related 

(Simon et al. 1994). The low ratio of nucleotide transitions vs. transversions (ti:tv =
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3.269) demonstrates the lack of substitution saturation as does the well supported 

bifurcating topology.

Conclusion

The use.of mtDNA sequence identification provided an accurate and quick 

method for simultaneously evaluating several Longitarsus populations. As Dobler (2001) 

indicated, the cytochrome oxidase one and two gene regions were useful for 

discriminating between Longitarsus species. These techniques can be applied in any 

subsequent study of Longitarsus beetles where identification may be uncertain.

Molecular identification techniques require small tissue samples and can be applied in a 

non-lethal manner thus preserving critical breeding stock. These techniques also allow 

identification at any time during the insects’ development, including the egg and early 

larval stages when species are morphologically indistinguishable.

The results of the current study indicate the usefulness of molecular species 

discrimination techniques. This is the first report of mtDNA sequences from some of 

these species, including L. flavicornis and L. ganglebaueri. The L. jacobaeae 

populations were genetically distinct from the cryptic sister-species L. flavicornis 

(Stephens), with 16 to 25 nucleotide substitutions separating the groups. I calculate that 

these sister species branched off from each other in the Pleistocene between I to 1.6 

million years ago. The out-group species L. suterellus and L  ganglebaueri show greater 

genetic distance from the other two species and each other. The divergence of all four 

species clusters occurred about 3.5 to 4 million years ago in the Pliocene.
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This study is the first to investigate multiple populations of L  jacobaeae. This is 

significant because L  jacobaeae is known to have at least two geographically and ■ 

behaviorally segregated strains that may be incipient species. The Swiss and Oregon L. 

jacobaeae populations clustered together and are clearly the closest relatives of one 

another. Although the bottleneck hypothesis predicts that genetic diversity should be 

reduced in introduced populations (Nei et al. 1975), my results show a significant degree 

of variability in the sequenced gene regions of the imported beetles (up to 1%). Indeed, 

two of the introduced populations from Oregon show at least twice the within-population 

variation of any of the European sites (maximum 0.3%). This may reflect introductions 

from multiple locations, or possible local adaptations in the North American populations. 

The European samples were only collected from northern and central populations and I 

have not fully explored the genetic diversity represented in more southern populations. A 

comparative diagnosis of additional L. jacobaeae population could be made by aligning 

sequences with the results from this study using GenBank. Further investigations will 

increase our understanding of the genetic consequences of establishment, human 

mediated redistribution and natural dispersal of biological control agents in new 

environments.

\
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CHAPTER 3

LIFE HISTORY AND BIONOMICS OF LONGITARSUS JACOBAEAE 

(WATERHOUSE) (COLEOPTERA: ALTICINAE) FROM SWITZERLAND.

Introduction

The ragwort flea beetle, Longitarsus jacobaeae (Waterhouse) (Coleoptera: 

Alticinae), is a specialist herbivore that feeds on Senecio jacobaea (Asteraceae) 

throughout its entire life (Frick 1970, Doguet 1994). Longitarsus jacobaeae populations 

originating in Italy are considered to be responsible for the successful control of tansy 

ragwort in the Pacific Northwest west of the Cascade Mountains (Hawkes and Johnson 

1978, McEvoy and Coombs 1999). Senecio jacobaea population densities were reduced 

by 99% in the three to four years after an experimental release o ff. jacobaeae near Fort 

Bragg, California (Hawkes and Johnson 1978).

The discovery of a major infestation of tansy ragwort in northwest Montana has 

rekindled interest in the biological control of this noxious weed. The success of the L. 

jacobaeae along with its compatibility with other biological control agents recently 

released in Montana (Hawkes and Johnson 1978), made introduction of this agent a high 

priority. However, repeated attempts to establish populations from Oregon into Montana 

from 1998 to 2002 have met with little success (Markin 2003).

This study was initiated to explore the suitability of alternative populations of L 

jacobaeae from northwestern Switzerland. The Swiss strain of ragwort flea beetle is a 

summer breeding biotype that was first investigated by K. E. Frick in the early 1970s.
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The life history characteristics of the Swiss strain described by Frick (1971) indicated 

several differences between this population and the Italian flea beetles released in Oregon 

and California. I hypothesized that the ragwort flea beetles from Switzerland have a life 

history that is preadapted to short sumrher/cold winters found in Montana’s continental 

climate.

Materials and Methods

Field and Laboratory Locations

Studies on the ecology and seasonal phenology of L  jacobaeae were conducted 

, during the summers of 2000, 2001 and 2002 at four field sites in the Jura region of . 

Switzerland. Site's were located on gentle to moderately steep south to southwest facing 

slopes in seasonally grazed pasture land. Sites were: L’Himelette (47°08’ N, 7°01’ E ,.

1160 m), St. Imier (47°09’ N, 6059’ E, 800 m), Mervilier (47°24’ N, 7918’ E, 660 m), and 

Mettembert (47°24’ N, 7°20’E, 640 m). These sites were within a 50 km radius around 

Delemont and varied in elevation. Summer field work, garden and laboratory 

experiments were based at CABI Bioscience Switzerland Centre in Delemont (47°24’N, 

7°19’E, 520 m).

An additional population of L. jacobaeae was collected from the Silverton, 

Oregon (45°01 N, 122°47’ W, 75 m) in the Willamette Valley by C. Homing. This 

population is derived from Italian populations, and was used primarily for comparisons 

with the Swiss beetles in laboratory experiments.
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Comparative laboratory experiments were conducted at the Insect Quarantine 

Laboratory at Montana State University-Bozeman, USA. After approval for release of 

the Swiss population of L. jacobaeae was granted further garden and greenhouse 

experiments were also conducted at the USDA Forest Service -  Rocky Mountain 

Research Station (RMRS) on the MSU campus in Bozeman, Montana.

Adults

Emergence -  Field. Weekly vacuum samples for Swiss ragwort flea beetle adults 

were made before and during the emergence period in June and July, 2001 and 2002. A 

light weight gasoline powered vacuum was used to collect beetles into a nylon mesh bag 

inserted into the suction tube (Stewart and Wright 1995). Rosettes and small flowering 

plants were completely covered by the end of the suction tube, whereas larger flowering 

plants were vacuumed in a single sweep upwards from the bottom of the stem. The mesh 

bag was then emptied into a canvas sweep net, the Longitarsus beetles crawled to the 

open end and were collected using aspirators. Further collection and observation of adult 

beetle activity was recorded during August. Adult emergence and behavior, especially 

mating, escape and feeding behavior, were observed from 2000 to 2002 at all four Swiss 

field sites.

Emergence -  Laboratory. Supplementary information on adult emergence was 

obtained during the rearing of ragwort flea beetles under garden and greenhouse 

conditions at the RMRS and MSU laboratories in Bozeman, MT.

Eggs laid by field collected adults from Mettembert placed on potted plants in the 

garden at the RMRS laboratory 2 December 2002. Recording temperature probes were
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placed in the garden plot. Plants were randomly assigned a treatment and 0, 5, 10, 15, 20 

or 30 eggs per plant, and four replicates were completed for each treatment. The 

destructive sampling was started in June and ended in early-July when the first prepupa 

was found.

Greenhouse experiments started in January 2003 utilized St. Imier larvae that 

were transferred potted plants using a moistened paint brush within 24 hours of hatching. 

Plants were randomly assigned a treatment and 0, 5, 10, 15, 20 or 30 larvae per plant. All 

treatments were replicated five times and all plants were inoculated within eight days.

An additional treatment of five larvae was started at the same time and then destructively 

sampled periodically to determine the stage of larval development.

When it was determined that the larvae reached the late third instar and pre-pupal 

stages in the destructive samples, all the test plants were placed in emergence cages. 

Excess foliage was trimmed to approximately 8 cm from the root crown and whole plants 

were place within 10 / airtight plastic bags. The opening of the bag was attached to an 8 

cm section of 2 cm diameter black plastic pipe with masking tape. The tube was inserted 

into a clear plastic vial that was exposed to outside light. Each plastic bag was then 

placed inside an opaque paper bag that also provided support for the vials. Adult beetles 

were attracted to the light and moved into the vials. Vials were checked and emptied 

daily and the date of adult emergence was recorded. At the end of the experiment the 

bags were opened and inspected for adult beetles that did not move into the vials.

Oviposition. Four populations of L. jacobaeae were utilized in three oviposition 

experiments (Table 3.1). The first objective was to determine the onset of oviposition



66

from several field collected populations. The second objective was to monitor changes in 

oviposition rates at 20°C for second generation St Imier beetles. The final objective was 

to investigate the effects of temperature on long term rates of oviposition of the St. Imier 

population.

Table 3.1. Percent female Longitarsus jacobaeae used in oviposition experiments.

Year Population Source Onset of 
oviposition

Oviposition
at20°C

Oviposition
at25°C

2001 Delemont field 50% —— ——

2001 L ’ Himelette field 50% — —

2001 St. Imier field 50% — —

2002 Silverton field . 40% —

2002 St. Imier field 50% 45% 47%
2003 St. Imier lab reared 55% 53% —

The design of each experiment was the same except for modifications in 

temperature and duration as needed to meet the objectives. At the beginning of each 

experiment ten randomly selected adult L. jacobaeae were placed within a I I clear 

plastic cylinder with a nylon mesh lid. Each cylinder was considered a replicate, Sex 

determination was based on external morphology of the last visible stemite as described 

by Frick (1970). Throughout the experiment the date of mortality and sex of the all 

expired beetles was recorded. At the end of the experiment all remaining beetles were 

. sexed from each cylinder. Average sex ratio at the beginning of each experiment are 

presented for all replicates that contained at least one female (Table 3.1). For each 

replicate the number of eggs per female per day was calculated.

All of the oviposition experiments were held at a constant temperature and 

exposed to 14 hours of incandescent and florescent light. Beetles were provided with
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fresh cut S. jacobaea leaves inserted into 2 x 2 x 2 cm cubes of green floral foam 

saturated with water. Foam blocks were placed on a sheet of clean 90 mm white filter 

paper on the bottom of the cylinders. Free water was provided for the beetles from the 

moistened foam. Occasional misting of the cylinders preserved the leaf and prevented 

desiccation of the eggs and adult beetles. Every two to three days the beetles were 

transferred to clean containers and then the floral foam, filter paper, leaf and container 

were thorough inspected for flea beetle eggs.

Field collected adults were used to determine the starting date of oviposition of 

ragwort flea beetles from different populations. The first beetles captured in each season 

from each field population were sexed and five pairs were put into two cylinders to 

determine the onset of oviposition. Only one replicate from the Silverton population 

collected August 20, 2002 was examined because all shipments received after the first 

week of October were already laying eggs. After the beginning of oviposition was 

recorded the containers were maintained for three additional observations and then the 

beetles moved to other experiments.

Laboratory reared beetles were used to investigate the changes in oviposition rates 

over the life span of adult L. jacobaeae. Freshly emerged adults from the second 

generation St. Imier population (described in the greenhouse experiment above) were 

used for this experiment. Two replicates of 10 beetles were placed directly into cylinders 

upon emergence to determine the interval required before the onset of oviposition. These 

beetles were provided with a new leaf daily until the first eggs were recovered. The 

remaining flea beetles were held on a potted plant for two weeks and then were placed in
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cylinders to make a total of 12 replicates. Due to the number of cylinders requiring 

inspection, Beetles were moved to clean containers with fresh leaves every two to three 

days. However, a thorough inspection for the exact number of eggs was conducted every 

10 to 12 days for each replicate. These beetles were maintained for approximately four 

months before the remaining adults were released.

The third oviposition experiment was conducted to determine the rate of 

oviposition at 20° and 25°C. Field collected L. jacobaeae from St. Imier were prepared in 

24 cylinders as described above and then divided randomly into two groups and place in 

either 20° or 25° (+ I0C) environmental chambers. Temperatures were held constant 24 

hours per day throughout the experiment. The beetles were maintained with the same 

light regime (14L: IOD hours) and provided with leaves of plants from the same source. 

Replicates that failed to produce eggs for more than two consecutive observations were 

terminated. This experiment was maintained from the last week of August to the end of 

December, 2001.

E g g s

Eggs were collected from the summer breeding St. Imier population and the 

autumn breeding Silverton population using the protocols described above. Eggs laid by 

adult beetles held at 20°C and a 14 hour photophase were used to determine the time 

required for eclosion for each strain.

Eggs were stored in disposable plastic 90 mm petri dishes. Each petri dish 

contained a Kimwipe paper towel (® Kimberley-Clark) and a moistened filter paper 

pressed across the bottom. Eggs were placed on the filter paper after oviposition. The lid
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was closed so that the Kimwipe was overlapping the lower edge of the dish, forming a 

barrier to freshly hatched larvae, thus prevented their escape. The eggs were periodically 

remoistened by squirting the outer portion of the Kimwipe, which acted as a wick.

Each treatment consisted of five replicates of ten apparently viable eggs. Eggs for 

each replicate were held in a separate petri dish and all dishes for each treatment were 

stored in a clear plastic bag to maintain constant humidity. The bag was placed in a 20.0° 

+ 0.5° C growth chamber and held at a constant temperature. All the dishes were laid on 

a flat to evenly expose them to the 14 hour photophase in the same environmental 

chamber. Eggs were observed daily using a stereo-microscope. Egg hatch and egg 

mortality were recorded, after which all hatched and dead eggs were removed.

Treatments varied in length of exposure to cold. The zero day treatment was 

placed in the growth chamber immediately and observed for eclosion the beginning the 

first day after egg collection. All other treatments were cooled to 2° + 2°C and stored for 

20 to 180 days without light. At 20 day intervals a treatment group was removed from 

the refrigerator and the eggs were inspected then moved into the growth chamber for 

observation.

Egg, hatch data is typically highly skewed and is not normally distributed, because 

most eggs hatch within a short interval at the beginning, while a few eggs take more time 

to hatch (Gray et al. 1991). Efowever, values calculated from the each replicate, such as 

the mean, median, and percent egg hatch, represented a sample of the larger population 

and are normally distributed. The use of these calculated parameters increases model 

robustness and decreases the influence of outlying data points. Normal data was
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analyzed using Student’s t-test for paired data and an analysis of variance (ANOVA) for 

multiple comparisons of calculated parameters (Neter et al. 1996).

Larvae

To investigate the spatial and temporal aspects of Ljacobaeae larval biology, 

field sampling of Swiss populations of S. jacobaea was conducted March through August 

in 2001. Ten samples were collected along a wandering transect that started at a 

randomly selected point in the pasture. The transect began at the nearest tansy ragwort 

plant and continued in the direction of the closest neighboring tansy ragwort for 10 m 

where the next sample was located. Each sample centered around a tansy ragwort plant 

and included all of the soil and other plant material in a 7 cm radius surrounding the 

sample plant. Samples were removed using a spade and hand trowel and stored 

individually in a plastic bag at 2°C until dissection. Plant samples were collected March 

15th and then every two weeks starting April 15th from L’Himelette, St. Imier3 Mervilier 

and Mettembert The last sampling period was July 27th for lower elevations and August 

11th for the L’Himelette site.

Senecio jacobaeae plants from each sample were categorized into five 

demographic groups: seedling (<5 leaves), rosette, multiple rosettes (attached to a single 

root crown), bolting, and flowering. Plants were dissected under a stereo-microscope and 

the locations of larvae and determination of the larval instars were recorded. Larval 

instars were determined according to the morphology and color of the sclerites, and the 

width of the head capsule (Newton 1933, Windig 1991).
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To extract larvae from the soil, each sample was placed in an unheated Berlese 

funnel for about 18 hours. A 40 W incandescent light bulb was then turned on until the 

soil was completely dry to the touch (approximately 4 days). Larvae were recovered and 

larval instars were determined. All larvae from sampling date from a single population 

were retained together in 70% ethanol separately.

To collect pupae and prepupae, late spring and early summer soil samples were 

also sifted after drying in the Berlese funnels. A standard set of soil sieves were used to 

separate the various sized particles. The white prepupae and pupae contrasted sharply 

with the dried soil. These were collected and allowed to complete their pupation in tight 

sealing petri dishes.

Statistical Analysis

Statistical analysis was conducted with Minitab v. 12 (McKenzie and Goodman 

1998). Normality was tested using the Anderson-Darling normality test. For normally 

distributed data comparisons of means was accomplished with either paired two-tailed t- 

tests or analysis of variance (ANOVA) for multiple comparisons. Non-parametric 

analysis is noted in the text. For non-normal data pairwise comparisons of median values 

were accomplished with the Mann-Whitney test whereas the Kruskal-Wallis test was 

used for multiple comparisons of medians, Simple linear regression analysis was used to 

describe rates of change and are expressed with the slope + standard deviation and 

con-elation coefficients (R2 values). Comparison of regression lines were accomplished 

using paired t-tests. All other data are expressed with standard errors.
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Results

Adults

Emergence -  Field. Field surveys in Switzerland indicated that adult flea beetles 

emerge in early summer. The first adult L  jacobaeae flea beetles were collected in 

during the week of June 23rd -  29th from the 600 m sites during the two years surveyed, 

2001 and 2002. At 800 m adult emergence was approximately one week later on 7 July 

2001. Populations at the highest elevation surveyed, 1150 m, emerged during the week 

of 18 July 2001. There was a greater degree of year to year variation in the emergence of 

beetles from the highest elevation but they were always observed later in the season than 

the low elevation populations.

Teneral adults were easily distinguished by their pale white coloration. The 

newly emerged adults continued to be observed for a period of two weeks following the 

emergence of the first L  jacobaeae adults. In 2001, 1 estimated that adult emergence 

from the St. Imier and L’ Himelette sites occurred approximately 120 days after the first 

egg hatch was observed in March.

Emergence -  Laboratory. Second generation ragwort flea beetles reared in the 

garden required a similar amount of time to develop into adults as the beetles observed in 

the field in Switzerland. The temperature probes indicated that the final snow melt 

occurred on 11 March 2003. Longitarsus jacobaeae from Mettembert reared under field 

conditions in Montana completed their development in 130.7 + 0.8 days (n=41) after 

snowmelt, with mean adult emergence on 20 July 2003. These beetles emerged over a
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period of almost three weeks (Figure 3.1). There was no significant difference in the date 

of adult emergence between treatments (F=0.31, df=40, P=O. 870).

The proportions of adults that emerged from each inoculation treatment were used 

to compare egg density effects in the garden plants. These proportions were not normally 

distributed due to the variability in replicates (A2 = 1.998, P < 0.001, n = 24). The non- 

parametric Kruskal-Wallis test found no significant differences between median percent 

emergence of each inoculation treatment (H = 3.90, df = 4, P = 0.450).

—O— Greenhouse Plants 
- *  - Outdoor Plants

Days after first emergence

Figure 3.1. Percent of adult emergence of L jacobaeae. St. Imier population raised in 
the greenhouse (3c = 11.6 + 0.8 days, n = 61 adults). Mettembert population 
raised in open field conditions at Bozeman, MT in 2003 (x = 6.7 + 0.1 days, n = 
41 adults).

Second generation St. Imier larvae placed directly on greenhouse plants 

completed their development an average of 80.6 + 0.1 days (n=61) after inoculation 

(Figure 3.1). Adult ragwort flea beetles emerged over a period of 21 days (adjusting for a 

single unexplained outlier that emerged after 116 days). There was no significant
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differences in the date of adult emergence between treatments (F=0.83, df=45, P-0.484). 

The proportions of adults emerging across inoculation treatment levels were not normally 

distributed for the greenhouse plants (A2 = 1.03, P = 0.009, n = 26). From the Kruskal- 

Wallis test there was no significant differences in median percent of emergence from 

these treatments (H= 1.91, df = 4, P = 0.752).

Observations of Adult Behavior. One week after adult emergence the first mating 

attempts by male beetles were observed in Switzerland. Mating was observed regularly 

throughout the season and well into October for field collected adults held in captivity.

The daily peak period of adult activity, determined by the number of adults 

observed, was during the two hours preceding sunset. During this period adults were 

regularly seen on the tops' of rosettes. Collections during the warmest part of the day 

(12:00 to 3:30 PM) produced very few beetles. In one example on 24 August 2001, less 

than 10 beetles were collected in an hour under clear skies at mid-day at Court, 

Switzerland, 30 km from Delemont. The following day, from the same field under the 

same weather conditions, but starting at 6:00 PM, I captured an averaged of 30 adults per 

10 minutes with standard vacuum collecting techniques., Adult beetles were found to be 

locally abundant within a patch of their host plant, but did not aggregate in large groups. 

There were an average of 2.5 beetles observed per rosette (range 0-6) in a typical high 

density infestation at St. Imier. Vacuum sampling yielded up to 50 beetles per 10 minute 

sampling period from this pasture.

Adult feeding causes numerous shot holes, 0.5 to 2 mm2 in diameter, on the 

rosette leaf blades. When presented with whole plants in cages, adults preferentially fed
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on young leaves that were fully opened up. The flea beetles rarely damaged the 

unopened leaves from the center of the rosette, which were often tomatose and have been 

reported to have high concentrations of pyrrolizidine alkaloids (de Boer 1999). In 

captivity the adults also fed on the larger veins and petioles of older leaves, but this was 

not commonly observed in the field except in high density flea beetle infestations.

Adults were seldom collected or observed after the first snowfall through the last 

week of June. Extensive vacuum sampling of numerous sites known to be infested with 

L. jacobaeae throughout the 2000, 2001 and 2002 field seasons produced only one adult 

ragwort flea beetle before June. This beetle was found on the 12 March 2001 after a 

particularly mild winter, in a field cage at a low elevation site in the CABI gardens in 

Delemont. Windig and Vrieling (1996) reported a similar absence of adulfs in the 

Netherlands during the winter and early spring months.

Ovinosition. Adult flea beetles collected in Switzerland began laying eggs within 

two weeks of emergence. The first day of oviposition was on 4 July 2001 for adults 

collected the 29 June 2001 from Delemont Paired beetles from St. Imier began 

oviposition 10 July 2001, while the Ljacobaeae adults collected from L’Himelette began 

to lay eggs on 24 July 2001.

In comparison, ten Oregon flea beetles collected near Silverton on the 20 August 

2002 began oviposition on 9 September 2002. By 2 October 2002, all flea beetle adults 

were considered fully sexual mature as demonstrated by their high rate of oviposition.

Longitarsus jacobaeae females oviposited for an extended period. Adult females 

from St. Imier collected 7 September 2002 were fully sexually mature and ovipositing.
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Most of these females laid eggs over a 60 day period, through the end of October. Fifty 

percent cumulative mortality was observed for these populations during the first week of 

November regardless of the temperature in which they were held (20° and 25°C). After I 

November 2002, adult mortality greatly increased in both temperature regimes and in all 

Swiss populations. A few St. Imier flea beetles continued to lay eggs up to 6 January 

2003 or about 120 days after capture, on this date the experiment was terminated.

Oviposition rates of the St. Imier and Silverton ragwort flea beetle populations 

were similar for the first four weeks of the oviposition period (Table 3.2). There was no 

significant differences (F= 1.67, df=66, P=O.096) in mean oviposition between the 

individual samples of the two populations for the first 28 days. Oviposition rates 

significantly differ (F=5.72, df=64, P=O.002) among weeks due to the increasing rate of 

egg laying during this four week period.

Table 3.2. First four weeks of oviposition. Analysis of variance of weekly oviposition 
rates (eggs/female/day) of individual sample canisters from St. Imier and 
Silverton populations.

Interval
Mean (e/f/d) Probability

(P)
F-statistic degrees of 

freedomSt. Imier* Silverton
Week I 1.44 ±0.34 0.57 ± 0.16 0.794 0.52 13
Week 2 2.98 ±0.39 1.11+0.41 0.053 2.42 27
Week 3 4.07 ±0.62 1.77 ±0.56 0.209 1.85 13
Week 4 5.55 ±0.98 2.90 ±0.52 0.101 3.76 7

28 Day Total 3.13 ± 0.31 1.59 ±0.32 0.087 1.72 62
*St. Imier mean from combined samples. Silverton mean from'a sample of four females.

Oviposition of second generation St. Imier, Switzerland beetles started 12 + 3

days after adult emergence (range = 8-18 days, n = 8 samples of 10 adults, average 55% 

female) at a constant 20°C and 14 hours of light (Figure 3.2). The changes in oviposition
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of St. Imier females is best described by the polynomial curve (y = 3 * IO'7 x4 + I * ICT4 x3 

-0.011 x2 + 0.461 x -  2.232) (R2=0.506) (Figure 3.2).

Days After Emergence

Figure 3.2. Oviposition of 2nd generation St. Imier females at 20°C, 14 hour photophase. 
Polynomial=3E-07x4 + lE-04x3 -0.0Ix2 + 0.46x -2.23 (R2 = 0.506) [solid line]. 
Onset of oviposition = 0.25x -  1.70 (R2 = 0.768) [dotted line].
Oviposition decline = -0.045x + 6.499 (R2 = 0.405) [dashed line].

Longitarsus jacobaeae oviposition can be divided into two phases, the onset 

phase describes the initial period of egg laying, while the decline phase describes the 

decline in oviposition over time as beetles mature (Figure 3.2). Simple linear regression 

was useful for predicting changes in oviposition for these two phases. There was an 

increase in the rate of oviposition (R2 = 0.768, P < 0.001) for the first 21 days of egg 

laying averaging 0.25 + 0.03 eggs per female per day. Peak oviposition occurred at 

approximately 21 days after the onset of oviposition. After peak oviposition, fecundity 

significantly (t=9.0021, df=56, PO .001) declined at a rate o f-0.05 + 0.01
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eggs/female/day (IV=O.405, P < 0.001) throughout the remainder of the reproductive 

period for second generation St. Imier beetles. Similar declines in oviposition were 

observed during long term oviposition trials for St. Imier, Mettembert and IfHimeIette 

field collected populations in 2001 and 2002.

Increased temperatures had a negative impact on egg laying (Figure 3.3). Adults 

from St. Imier held at 25°C laid an average of 1.3 + 0.1 eggs per female per day. This 

was significantly lower (t=5.51, df=292, PO .0001) than the mean oviposition rate of 

those females held at 20°C (2.1 + 0.1 e/f/d). These results indicate that the optimum 

temperature for oviposition may be closer to 20°C. Further testing with other 

temperatures regimes would help to clarify the optimal oviposition temperature for L. 

jacobaeae.
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Figure 3.3. St. Imier oviposition under two temperature regimes and 14 h photophase. 
Mean values of a (2.08 e/f/d) and b (1.28 e/f/d) are significantly different 
(PO .001). Error bars indicate standard error.



79

E g g s

Longitarsus jacobaeae eggs from the Oregon population started hatching 

approximately two weeks after oviposition. Whereas the eggs of the Swiss ragwort flea 

beetle had a prolonged diapause which was broken after cold treatment. The pattern of 

changing incubation requirements for the Swiss eggs was apparent from cumulative egg 

hatch data (Figure 3.4). The Swiss diapause eggs that were not cold treated (0 days) 

required a significantly longer median period of incubation (t=21.57, df=4, P O .001) than 

the Oregon eggs (Figure 3.5). However, by the 80 day cold treatment non-diapause 

Oregon eggs and post-diapause Swiss eggs had no significant differences (t=1.61, df=6, 

P=0.16) in the median time required to hatch (Figure 3.5). After the 80th day of cold 

treatment there were no consistent differences in egg hatch between populations.
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Figure 3.4. Cumulative percent of total egg hatch for the Swiss and Oregon populations 
of L jacobaeae after incubation at 20°C for cold treatments (2° ± 2°C) from 0 to 
100 days long.
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Switzerland
Oregon

-§ 40

Days at 2°C

Figure 3.5. Median number of days required for incubation of L. jacobaeae populations 
from Switzerland and Oregon. * indicates significant difference (P<0.05).
** indicates significant difference (P<0.01).

Levene’ s test was used to determine the homogeneity of variance for non- 

parametric data. A small variance in the time to egg hatch is typical of non-diapause 

eggs, and therefore an indication of diapause completion. The homogeneity of variance 

showed no significant differences within the Oregon population for any treatment 

( t[\ = 1.015, P=0.428) indicating synchronistic egg hatch in all treatments (Figure 3.6).

The variance of egg hatch for Swiss populations was significantly different ( \t[ | = 18.645, 

PO .001) between treatments less than 80 days. The Swiss and Oregon populations also 

significantly differed ( |z* | >2.705, PO.01) for treatments less than 80 days. At the 80 

day cold treatment the homogeneity of variance for the two populations was not 

significantly different ( |z* | = 0.379, P=0.939) indicating that the eggs hatch in the same
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synchronistic pattern. The differences between populations were not significant for any 

of the longer cold treatments (Figure 3.6).

^  120
Switzerland
Oregon

re 40

>  20

Days at 2°C

Figure 3.6. Variance of total egg hatch in days at 20°C after cold treatments at 2°C.
Highly synchronized hatch is indicated by a smaller variance of time required to 
complete hatch. * indicates significantly difference (P<0.01).

The Swiss flea beetle eggs exhibit two phases of development, a diapause phase 

and a post-diapause phase. The first 60 days of cold treatment was marked by a decrease 

in time required for post treatment incubation period. The median days to hatch were 

significantly different (F=l 10.24, df=24, P<0.001) between treatments. The rate of 

change in the mean incubation period was -0.732 + 0.039 mean days per day of cold 

treatment (R2=O.93 8, P<0.001). The rate of declining incubation period changes 

significantly as all the eggs completed diapause between the 60 and 100 day of cold 

treatment (t=17.31, df=46, P O .0001) (Figure 3.7). Post-diapause eggs of 80 days and 

longer treatments were significantly reduced with increasing intervals of cold treatment 

(R2=O.532, PO .001) but the reduction in incubation time (-0.052 + 0.009 mean days per
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day of cold treatment) was very close to zero. The period required for diapause 

completion was approximately 69 days from oviposition as determined from the 

intersection of the two regression lines (Figure 3.7).

y = -0.733x + 67.068 
= 0.938

y = -0.0517x+ 19.997 
R2 = 0.5619

100 120 140 160 180

Treatment Days at 2°± 2°C

Figure 3.7. Mean incubation period of Swiss L. jacobaeae eggs held at 20°C with 14 hour 
photophase after removal from low temperature treatments (20+2°C). Points 
represent mean incubation period for each replicate. The regression lines are 
significantly different (PO .0001).

Fertility of the eggs obtained from the St. Imier flea beetles remained high for the 

first 75 days of captive oviposition and then declined sharply after 15 November 2002. 

Eclosion was reduced to 1.1% hatch in eggs laid after 15 November versus 66.7% hatch 

in eggs laid by 5 week old females. The infertile eggs appeared to of high quality but live 

embryos failed to develop.

Embryonic development was visible through the egg shell approximately seven 

days prior to eclosion in both populations. The first signs of the embryo was as white 

spots at either end of the egg which eventually developed into the head and anal sclerites.
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These spots became progressively larger and darker over the next few days. The day 

before eclosion the larva was clearly evident, and was visibly curled with its head and 

anal sclerites nearly touching. The unhatched larva moved within the egg in response to 

touch and changes in light at this stage. Eclosion occurred when the larva would chew its 

way out of the egg shell, leaving only a small hole in the otherwise intact egg.

Larval Development

Plants samples collected the second week of March (11th thru 16th), 2001, 

revealed the range of Swiss L  jacobaeae over-wintering phenologies (Figure 3.8). At ■ 

sites with elevations greater than 1000 m, no larvae were present in the plants collected 

(n=23), however 42% of the soil samples (n=12) produced freshly hatched first instars 

after four days of heating in a Berlese funnel. Only one out of 14 plants at the middle 

elevation site (800 m) was infested with first instar larvae, while 82% of the soil samples 

(n=l I) yielded newly hatched larvae in the Berlese funnels. Whereas, at a lower 

elevations (650m), 51% of the plants (n=47 plants) collected were infested and 36% of 

the soil samples (n=22 samples) had first instar larvae present. All the larvae collected 

from the plants at this date (n=55 larvae) were found exclusively in the lower, older leaf 

blades and petioles. The length of the feeding tunnels produced by the first instars were 

longer in the lower elevation rosettes than those collected at 800 m, which indicates that 

the lower elevation larvae hatched much earlier. These temporal differences in larval 

development persisted at different elevation sites throughout the season (Figure 3.8).
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2001 Low Elevation 650 m

2001 L'Hime lette 1160m

—•  - 1st Instar —0— 2nd Instar —*— 3rd Instar - - -Q- - - Total
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I

Figure 3.8. Temporal distribution of larvae throughout the growing season in
Switzerland. Mean number of larvae per infested plant. Low elevation data is a 
composite of Mettembert and Mervilier sites. Bars indicate standard error of the 
total.

In Switzerland tansy ragwort plants were classified into five demographic groups: 

seedlings, rosettes, multiple-rosettes, bolting or flowering at the time of dissection.
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Although the field collection of samples may have been biased toward plants with more 

than five leaves, representatives from all seasonally available demographic groups were 

collected at each sampling period. Bolting plants were not present until the I May 2001 

sample period. Flowering plants were first collected at Mettembert, Mervilier and St. 

Imier on 28 June 2001, and comprised 8.9% of the plants from these sites. Flowering 

plants were not collected until 27 July 2001 from the high elevation site at L’Himelette, 

where they comprised 7.6% of the total plant population.

There were significantly differences (F=7.15, df=148, P O .001) in the infestation 

rates of the plant demographic groups (Figure 3.9). Seedlings, characterized by having 

fewer than five leaves, comprised 15% of the plants examined, however these plants were 

utilized significantly less than other plants (F=5.40, df=400, P< 0.001). Seedling plants 

were only used by first instar larvae in the early spring, despite their availability in all the 

sampling periods. There were no differences (F=0.21, df=324, P= 0.809) in the mean 

infestation rates of bolting plants, single rosettes and multiple rosettes. Larvae were 

equally distributed between these three groups of plants in proportion to their seasonal 

abundance within the environment. Larval feeding damage (Figure 3.9) indicates that the 

flowering plants were also attacked earlier in the season even if they did not contain any 

larvae during the late season sampling period.
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Seedling Rosette Multi- Bolt Flower
Rosette

■  Infested B Damaged □ Undamaged

Figure 3.9. Plant demographic utilization by 2001 Swiss L  jacobaeae larvae. Percentage 
of available plants of each age class infested and damaged. Percent damage 
includes all infested plants, n = total of demographic group. * indicates 
infestation (P<0.01). ** indicates damage (P<0.01)

Larvae of the Swiss L. jacobaeae had a distinct spatial distribution pattern within 

the plant that changed over time as the larvae and plants developed (Figure 3.10).

Almost all first instar larvae (94.7%) were found in the basal rosette leaves of S.jacobaea 

(Figure 3.11). Fresh hatched larvae entered the plant through the leafblade and fed 

between the epidermal layers as they moved toward the leaf veins and petiole. Once the 

first instars reached a leaf vein they continued to feed downward to the base of the 

petiole. It was common to find more than one larva in a single leaf and their feeding 

tunnels were intertwined in the petiole. Second instars continue to feed in the lower leaf 

petioles and then they all move into the upper root crown over a period of two weeks 

(Figure 3.10). A small percentage (6.1%) of the larvae of all instars were found within
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the base of the stems of bolting plants (Figure 3.11). However, there were no larvae or 

signs of larval feeding damage in stems above the lowest stem leaf or approximately 2.5 

cm above the basal rosette. Most third instar larvae (83.5%) were found within the root 

crown. Larval feeding on the root crown occurred in the root cortex. Larvae do not 

appear to spend much time within the primary roots as only 0.43% of the larvae were 

found occupying these roots. However, there was often evidence of feeding damage 

made by larvae exiting the plant, mostly from the epidermis and cortex of the primary 

roots, I cm down from the root crown.

-X— Crown — Leaves Stems - - -a - - Roots

Figure 3.10. Temporal distribution of larvae within the plant from the 2001 L’Himelette, 
Switzerland population.



89

Stems n = 28
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■ 1st Instars □  2nd Instars H 3rd Instars

Figure 3.11. Within plant spatial distribution of larval instars from 2001 Swiss
populations. Percentage of all larvae recovered from each plant part, n = total 
larvae recovered.

Prepupae, pupae and larvae of all instars were collected from soil in Berlese 

funnels and from the sifted soil samples. The appearance of the first pupa was observed 

at the 1160 m elevation on 28 June, approximately two weeks later than at the 650 m sites 

(14 June). Prepupa and pupa were collected from soil samples over a period of one 

month at each site (e.g. 28 June -  27 July, L’Himelette), and were found up to two weeks 

after the first observed adult emergence.

The first detailed, experimental accounts of L  jacobaeae life history were 

published by Frick (1970, 1971) and Frick and Johnson (1972, 1973). These reports 

describe the basic biology and host specificity of the ragwort flea beetle. The work of

Discussion
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Frick (1971) provided the impetus and starting point for my research. However, some of 

the results from these early experiments may have contained some laboratory artifacts 

because there is a lack of field validation (Windig and Vrieling 1996). My experiments 

and observations in Switzerland were designed to clarify some of the earlier data 

concerning Swiss L. jacobaeae population bionomics. Laboratory experiments were 

intended to provide clarification of some of the important events in the life history of the 

ragwort flea beetle.

Adult Emergence and Oviposition Behavior

My observations showed a significant elevation effect on the date of adult 

emergence in 2001. Adults emerged in the field June 29th from the low elevation field 

sites near Delemont This was more than two weeks before adult emergence from the 

highest elevation site (July 18th). My results are at least a month later than those reported 

by Frick (1972), however his results were from beetles transplanted to Rome, Italy and 

Albany, California where it is warmer earlier in the year.

The time required for complete larval development observed in the greenhouse 

experiment corresponded well with the laboratory results of Frick (1971). He stated that 

laboratory reared larvae required an average of 80 days to complete development. This is 

almost exactly what I observed for adult emergence from the greenhouse experiments 

using freshly hatched larvae (mean = 80.6 + 0.6 days). Garden results from Bozeman, 

likewise, corresponded well with the development observed from the field in

Switzerland.
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Fecundity of the ragwort flea beetles is an important factor contributing to the 

potential success as a biological control agent. Freshly emerged adults start mating 

within a few days and oviposition begins an average of 12.3 + 2.9 days after adult 

emergence. There are significant difference reported in the initiation of oviposition for 

the two flea beetle strains (Frick and Johnson 1972, Delpachitra and Emberson 1992). 

However, once oviposition began in my experiment there was no significant differences 

in the early onset phase of oviposition for either the Oregon or the Swiss populations. 

Rates of oviposition quickly increased for the first month and reaching a peak of 4.8 + 0.9 

eggs per female per day near the 29th day after emergence. Oviposition in both 

populations slowly declined throughout the remainder of the beetles’ lifespan.

Temperature affects oviposition behavior significantly, which was consistent with 

results reported by Frick (1971). Flea beetles held at 25°C produced an average of 38% 

fewer eggs than the females from the same population held at 20°C but otherwise 

identical conditions. This indicates that the optimal temperature for oviposition may be 

closer to 20°C, while higher temperatures inhibit reproductive output. Further studies at a 

wider range of temperatures would be useful to find the upper threshold temperature for 

oviposition.

Observations of L. jacobaeae longevity in the laboratory found that fifty percent 

of field collected adults lived until early November under controlled environmental ■ 

conditions. Observations from the field in Switzerland have found beetles to be abundant 

in early October (U. Schaffner, personal communication). Windig and Vrieling (199.6)
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reported that Ljacobaeae in the Netherlands also remain active until the arrival of snow 

or prolonged freezing conditions.

Egg Diapause and Larval Development

Insects in temperate climates have a variety of overwintering strategies, including

diapause (Leather et al. 1993). Differences in egg eclosion have previously been reported

for the Italian and Swiss L. jacobaeae populations (Frick 1971, Frick and Johnson 1972).

I believe that the time required for completion of diapause is an important indicator of the

overwintering capacity of the Swiss population.

Frick (1971) concluded that a facultative diapause explained the wide range in the

incubation period required for hatch in the Swiss flea beetle eggs. My results showed a

similar range in incubation of eggs from the Swiss populations held at a constant 20°C

immediately following oviposition. I found that the termination of diapause could be

manipulated by placing the eggs in cold temperatures for a prolonged period. A regime

of cold temperatures approximately 69 days long will break diapause, resulting in a

synchronous period of eclosion. Prolonged egg hatch was evident for all cold treatments

less than 60 days. The eclosion period of eggs from Swiss populations held at a

minimum of eighty days at 2°C was statistically the same as the eggs from Oregon
*

ragwort flea beetles.

The length of the incubation period decreased with increasing cold treatments and 

could be fit to two phases, diapause and post-diapause (Figure 3 .7). Gray, et al. (1991), 

reported that a two phase model can be used to illustrate the temperature dependence of 

diapause and post-diapause on ontogeny development in other species, such as gypsy
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moths. The diapause phase of the L. jacobaeae egg development was strongly influenced 

by the length of exposure to low temperatures. Increased exposure to low temperatures 

decreases the time required to complete diapause when the eggs are returned to 20°C.

The biochemical pathway that breaks diapause has a low optimal temperature and is 

catalyzed by low temperatures (Gray, et al. 1991). The post-diapause phase incubation 

period decreases only slightly with additional exposure to cold temperatures. The 

changes in post-diapause development of the Swiss populations were not significant in 

comparisons of cold treatments greater than 80 days in our experiments.

Field data supports the hypothesis of that egg diapause in the Swiss ragwort flea 

beetle populations is an adaptation to cold snowy winters. Plants collected immediately 

following snowmelt from the 1150 m site showed no sign of fresh larval feeding damage 

in any part of the plant. All the larvae recovered from lower elevations in mid-March, 

2001, were freshly hatched as indicated by their size and presence of yellow colored egg 

fat bodies. The large number of freshly hatched larvae recovered from the soil samples in 

mid-March, especially at higher elevations (> 800 m) demonstrates that the termination 

of diapause corresponds with the end of winter conditions.

Swiss flea beetle egg diapause is reported to be facultative, suggesting that some 

eggs hatch in the fall and larval development starts before the onset of winter (Frick 

1971). Although Swiss flea beetle eggs did have an absolute requirement for a cold 

period to eventually end diapause, there are strong environmental consequences imposed 

on individuals that hatch early. Tansy ragwort plants exposed to prolonged freezing 

temperatures exhibit pronounced foliage die off. Thus larval development must progress



94

to the point where larvae move into the root crown in order to survive the winter. My 

study indicated that the middle the second instar stage was typically the point at which 

larval feeding moves from the leaves into the root crown. Frick (1971) reported that 

advanced larval development was dramatically slowed under lower temperature regimes, 

such as those experienced in autumn.

Frick (1971) stated that “the great majority of larvae surely overwinter in the root 

crowns where they feed.” This was not supported by field data from any of the sites 

surrounding Delemont, Switzerland. Of the 42 larvae recovered from S. jacobaea plants 

on April 14, 2001, only a single first instar larvae, (2.4% of the total) was found within 

the root crown. Most first and second instar larvae were found in the leaves from March 

until May 2nd (Figure 3.11). Larvae were evenly distributed between the leaves and root 

crowns during the mid-May sampling period. The transition to feeding within the root 

crown occurred over a span of two weeks, after which less than 7% of the larvae were 

collected from the above ground portions of the plants. This transition took place 

between the 2nd and 20th of May at 650 m elevations and about two weeks later at the 

high elevation site (1160 m) (Figure 3.12). Third instars completed their feeding almost 

exclusively within the root crowns before leaving the plant to pupate.

Conclusion

I found that Swiss populations of L. jacobaeae has several life history traits that 

make them suitable candidates for biological control in cold continental climates. Adult 

beetles were reproductively active throughout the summer. They laid diapause eggs that
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persist through the winter and were ready to hatch in early spring. The larvae attack the 

rosette plants just as they are recovering from the winter stress. Larvae of the Swiss L  

jacobaeae inhabit the fresh leaves in early development and then move into the root 

crowns during the second and third instars.

The ragwort flea beetles collected near Delemont Switzerland differed in several 

important life history traits from the original study by Frick (1971). There was strong 

evidence of egg diapause that was broken by extended cold treatment. No signs of 

overwintering larvae or pupae were found from extensive field collections and 

observations during the three year period of this study. The larvae of the Swiss 

populations have distinct spatial partitioning of their host plants as they developed, first 

and early second instar larvae almost exclusively inhabited the foliage and above ground 

portions of the plant, while most third instar larvae were found only in the root crowns. 

Finally, adult emergence was recorded at the end of June and first two weeks of July in 

their native habitats in Switzerland. I believe that almost all of the differences between 

found in this study and the results originally published by Frick (1971) can be attributed 

laboratory artifacts caused by raising cold adapted Swiss flea beetles under the conditions 

better suited for their Mediterranean counterparts from Italy.
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CHAPTER 4

EXPANDED HOST SPECIFICITY TESTING OF THE SWISS LONGITARSUS

JACOBAEAE (WATERHOUSE) (COLEOPTERA: CHRYSOMELIDAE)

Introduction

The ragwort flea beetle, Longitarsus jacobaeae (Waterhouse) (Coleoptera: 

Chrysomelidae), has been a major contributor to the successful biological control of 

Senecio jacobaea (Asteraceae) in the United States since its establishment in 1969 (Frick 

1970b, Turner and McEvoy 1995, Coombs et al. 1999). The Swiss strain of L. jacobaeae 

was used extensively in the original host specificity tests conducted prior to introduction 

of this biological agent (Frick 1970a). Longitarsus jacobaeae has the physiological 

ability, as indicated in choice/no-choice starvation tests, to complete its development on 

only a few species primarily within the Jacobaea section of Senecio, along with one 

closely related species, Emilia cocciriea (Sims) G. Don., within the sub-tribe 

Senecioninae (Frick 1970a, Wapshere 1983, Syrett 1985). Under natural field conditions 

the ecological host range is more restrained than laboratory tests might reveal, due to 

insect physiology and behavior that segregates non-target plant species spatially and 

temporally from herbivory (Schaffner 2001). Furthermore, there have been no reports of 

non-target feeding since the release of L. jacobaeae in the United States, Australia or 

New Zealand.

Life history studies of the Swiss populations indicate several adaptations that 

allow it to persist in areas with short summers and cold winters (Chapter 3). These
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results have prompted further investigation into the suitability of these summer breeding 

populations for controlling northwestern Montana’s tansy ragwort infestations. To 

reduce the risks of damage to native flora, further host specificity tests were conducted 

prior to release of the Swiss strain. This study is a series of laboratory and open field 

host tests of Swiss L. jacobaeae focused primarily on native relatives of tansy ragwort 

that are found in the same region as the Montana infestation.

Materials and Methods

Test Plant Selection and Collection

Thirteen plant species were included in these host specificity tests (Table 4.1), 

including ten species that have not been tested with L  jacobaeae in previous studies.

Test plants were selected based on several criteria, including taxonomic relationship to 

tansy ragwort, distribution, and regulatory concerns.

All the plants tested are in the Asteraceae tribe Senecioneae Cass,, sub-tribe 

Senecioninae Dumort., and the genus Senecio L. sensu stricto or the closely related 

Packera A. & D. Love (Bremer et al. 1994). Plants within Senecio included members of 

the Jacobaea (Mill.) Dumort. species section along with plants belonging to more 

distantly related sections of the genus (Barkley 1978, Jeffrey 1992).

Native North American plants with distributions potentially overlapping that of 

the introduced weed were the highest testing priority. The test plant list included most of 

the Senecio relatives that occur in the Montana tansy ragwort infestation (J. L. Birdsall, 

personal communication). Due to the diversity of S. jacobaea habitat preferences, native
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plants included representatives from a diverse group of ecological niches. Distributions 

of species occurring in the United States were obtained from the National PLANTS 

database (USDA-NRCS 2002), along with national and regional floras (Dorn 1984, 

Cronquist 1994, Barkley 1978). Two European Senecio species that are common in tansy 

ragwort infested areas in Switzerland were also included in the open field host test.

Table 4.1. Species utilized in laboratory, greenhouse and open field host tests.

Senecio Native
Range

Open Larval- Larval-
Species Species Field Foliage Potted

section Test Test Plant
Packera cana N.America3 X4 X X(Hook.) Weber & Love 
P. paupercula XN.America3(Michx.) A.& D. Love 
P. pseudaurea X4 X XN.America(Rydb.) Weber & Love
S. hydrophilus Nutt. Integerrimi' N.America X X

S. jacobaea L. Jacobaea2 Europe X X X

S. erucifolius L. Jacobaea2 Europe X

Senecio atratus Greene Lugentesi N.America X X X

S. Jlaccidus Less. Suffruticosii N.America X

S. hddellii Torr. & Gray Suffruticosii N.America X

S. eremophilus Richards. Triangulares2 N.America X4 X

S. triangularis Hook. Triangulares2 N.America X X X

S. ovatus (Gaertin.) Willd. Europe X

S. polyodon D.C. South Africa X

Notation: 1 sensu Barkley 1978;2 sensu Jeffery 1992; 3 threatened or endangered 
species;4 plants that died in open field host test and are not included in that analysis.
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There are no native Senecio s. s. species federally listed as threatened or 

endangered in the United States. Two Packera species (Seneco s. I.) are federally listed 

as threatened, P. Iayneae (Greene) W.A. Weber & A. Love from California and P. 

franciscana (Greene) W.A. Weber & A. Love from Arizona (USDA-NRCS 2002). Two ' 

Montana Packera species {P. cana, and P. pauperculd) that are abundant regionally were 

tested because they are listed as threatened or endangered in four states in the Midwest 

and New England (USDA-NRCS 2002). Packera indecora (Greene) A. & D. Love and 

P. plattensis (Nutt.) W.A. Weber & A. Love are listed as threatened in five Midwestern 

and New England states (USDA-NRCS 2002), but were not tested because they do not 

occur in the current or potential tansy ragwort infested areas of Montana (Dom 1984).

Plants were collected in the field were bare-rooted whenever possible. After field 

material was collected, the roots were thoroughly cleaned, and then the whole plant was 

dipped in insecticidal soap (® Safers) prior to planting in a standard soil mixture. Plants 

that are not found in Montana, along with some less common Montana species, were 

propagated from seeds. Seedlings were germinated and grown in peat starter pots and 

then moved to larger pots, after establishment.

Assessment of Larval Feeding Damage

Larval feeding is characterized by distinct feeding trails found tunneling just 

beneath the epidermal layer of above- and below-ground plant tissues (Chapter 3). The 

extent of larval feeding is determined by removing the plant epidermis with a scalpel to 

reveal these trails. Recovery of live larvae can be accomplished by following the feeding

I
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damage until a larva is discovered, and then using water and a fine paint brush to coax it 

out of the tunnel.

Total damage was assessed for each individual plant and compared to the damage 

found in the control plants dissected at the same time. The average damage found in the 

controls was considered to be 100% and the average damage from each test species is 

reported as a proportion of 100%. This estimation allows side by side comparisons 

between plant species and is the same style as the results reported by Frick (1970).

Larval No-choice Foliage Host Test

No-choice larval host testing was conducted in the Insect Quarantine Laboratory 

at Montana State University-Bozeman. Screening with cut foliage is believed to 

accurately reflect the physiological host specificity of foliage feeding insects (Palmer 

1999), such as L. jacobaeae, which has been found to feed in the leaves during all three 

instars in field trials (Chapter 3). All testing was conducted in an environmental 

chamber set at 20° + 0.5°C with a 14 hour photophase. The test arena was a tightly sealed 

Petri dish, 90 mm in diameter and 20 mm tall, with a piece of moistened filter paper 

covering the bottom of the dish. A cut leaf of either a test plant or the control was 

inserted into a cube of moistened floral foam blocks and placed in the Petri dish. Nine 

test species including the control, S. jacobaea, were exposed to larvae of L  jacobaeae 

(Table 4.1). One to four freshly hatched larvae were placed on the upper surface of each 

leaf with a moistened paint brush. A minimum of 10 larvae were tested against each 

plant species and larvae that died within the first 24 hours were excluded from analysis.
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Dishes and leaves were inspected six days a week using a stereo-microscope. 

Individual larval location and condition were recorded. Larval behavior was classified 

as: feeding, roaming on the leaf, roaming off the leaf, missing or dead. Larvae found 

wandering off the leaf were moved back to the upper leaf surface at each inspection.

Each larva was observed individually until pupation or death occurred.

Whenever a feeding trail was found, the status of the larva was determined by 

gently applying pressure at the terminal end of the trail with the paint brush. Movement 

of the larva was often visible through the epidermis of the leaf, especially when backlit 

with a fiber optic light: If there was no movement, the leaf was dissected and any live 

larvae were moved to a new leaf. Leaves showing signs of rot dr in generally poor 

condition were also dissected and replaced with a fresh leaf. At each change of the leaf, 

larval instars were determined according to the width of the head capsule and color 

scheme as described by Windig (1991). The larval instars of all dead larvae were also 

recorded.

Larval No-choice, Host Test -  Potted Plants

Six plant species were tested for larval acceptance and development utilizing 

whole potted plants in the Quarantine greenhouses (Table 4.1). Each plant was 

inoculated with 10 freshly hatched larvae in the laboratory and then moved to the 

greenhouse 24 hours later. Senecio jacobaea plants were used as positive controls and 

were inoculated at the same time as other test plants. Plants were held in natural day light 

which was supplemented with artificial light in the mornings to make the minimum
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photoperiod 12 hours long. Greenhouse temperatures averaged 25°C during the day and 

approximately 20°C at night.

After four to six weeks the plants were dissected under a stereo-microscope. The 

number of larvae, their developmental instar and location were recorded for each plant. 

The number of damaged leaves and larval feeding trails within the stems and root crowns 

were counted, and damage was compared to the controls.

Open Field Host Test

Open field host testing was conducted in the Jura region of Switzerland. Test 

plots were placed in three pastures, one each at Delemont (47°24’ N, 7°19’ E, 520 m), St. 

Imier (47°09’ N, 6°59’ E, 800 m) and Mettembert (47°24’ N, 7°20’ E, 640 m). The St. 

Imier and Mettembert plots were placed within a tansy ragwort infested paddock near the 

pasture’s edge and surrounded with electric fence to exclude livestock. These plots were 

surrounded by large naturally occurring S. jacobaea infestations with substantial L. 

jacobaeae populations. The Delemont plot was placed in a hay field that had no recent 

history of S. jacobaea infestation or L  jacobaeae presence, although a small population 

of tansy ragwort with ragwort flea beetles was located approximately 100 m away.

Bare rooted test plants were transplanted into 20 cm diameter, 30 cm tall black 

plastic pots containing a peat/sand/vermiculite potting mix. Ten plant species were 

included in this experiment (Table 4.1). Two populations of S. jacobaea were used as 

controls, one from the Rhine Valley, Germany, and another from northwestern Montana. 

Packera cana and P. pseudaurea were started from seeds on 9 June 2001 and 

transplanted to pots during the first, week of July. All other test plants were established in
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their pots for a minimum of six weeks. All test plants spent at least three weeks in the 

CABI gardens, exposed to full sun, prior to transfer to the field experiment on 8 August 

2001. This date coincided with peak beetle abundance and oviposition (Chapter 3).

At the start of the experiment 11 replicates from 10 plant species including both S. 

jacobaea populations (making 11 test populations) were placed at each of the three plots 

for a total of 363 plants. A complete randomized block design was used for the 

placement of the plants, within an 11 by 11 grid, with each point spaced 0.5 meters apart. 

Each row of the grid constituted a block and each block contained one randomly assigned 

potted plant from each test species. Naturally occurring S. jacobaea plants were left in 

place except when they were removed for the placement of test plants.

Adult L  jacobaeae were recorded in from within the St. Imier and Mettembert 

plots before placement of the plants. Vacuum collections using the methods of Stewart 

and Wright (1995) yielded at least 30 adults per 10 minutes of sampling from nearby 

tansy ragwort plants. One day after transferring the plants, 150 beetles were collected 

from other parts of these pasture and scattered into the test plot to supplement the 

population that may have been disturbed by the recent activity. Due to the high rates of 

dispersion, density of adult beetles remained high for only a few hours after release. At 

the Delemont site two batches of 150 adult flea beetles collected from a nearby 

infestation were released two and eight days after transplanting plants. Adult feeding was 

not monitored due to the presence of non-specific Longitarsus species within the plots.

At the end of October plants were removed from all the test plots and returned to 

the CABI gardens in Delemont Plants from each site were maintained separately in
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individual raised beds surrounded by a 1.5 m gravel walkway that prevented cross 

contamination by larvae moving through the soil. Starting the week of 21 April 2002, 

plants that survived the winter were dissected to determine the presence of larvae or 

larval feeding damage. All plants within a randomly selected block at each site were 

inspected simultaneously.

All test plants were completely dissected and larval damage was tabulated 

separately for leaves, stems, root crowns and roots. On the first of June all remaining test 

plants were moved into cold storage and maintained at 2°C until dissection. At this 

temperature larval development was arrested, but survival has been shown to remain high 

if the surrounding plant material is healthy (U. Schaffner, personal communication). The 

control plants that were completely dissected in April and May were used for comparison 

with test plants. The control plants dissected in June, however, were only qualitative 

dissections and each plant was considered infested after recovery of the first larva from 

the root crown.

Results

Larval No-choice Foliage Host Test

In larval no-choice foliage host tests, development to the pupal stage was only 

observed in the control, S. jacdbaea (Table 4.2). Almost all the larvae tested on the 

leaves of tansy ragwort fed extensively throughout the inside of the leafblade and 

petiole. Longitarsus jacobaeae larvae lived longer, 26.6 + 4.1 days on average, when fed 

S. jacobaea leaves compared to leaves of any other test species (Table 4.2). A higher
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percentage (64%) of larvae developed beyond the first instar on S. jacobaea than on any 

test species (Table 4.2). Most L jacobaeae larvae on S. jacobaea molted to the second 

instar 10 to 15 days after egg hatch and to the third instar between 24 and 32 days, while 

14% of the larvae tested on the leaves reached pupation.

Table 4.2. Larval no-choice foliage host test with larvae of Longitarsus jacobaeae.

Plant Species
Number

of
Larvae

Mean
Longevity ■ 

(days)

Max development attained
1st Instar 2"d

Instar
grd

Instar PupaNo
feeding

With
feeding

Packera cana 28 4.6+ 0.7 23 4 I —— —

P. pseudaurea 22 5.9 ± 1.0 15 5 2 — —
Senecio atratus 25 3.6 + 0.3 25 — — — —

S. eremophilus 16 12.4 + 2.1 4 9 3 — —
S. Jlaccidus 8 16.5 + 4.7 2 3 3 — —
S. hydrophilus 12 4.8 ±0.3 6 6 — — —
S. jacobaea 28 26.6 + 4.1 I 9 7 7 4
S. riddellii 9 6.3 + 1.9 5 3 I -- —
S. triangularis. 28 8.2 ± 1.3 9 16 2 I —

Senecio atratus and S. hydrophilus proved unacceptable hosts for L. jacobaeae 

larvae and little or no feeding was observed. The leaves of S. atratus were not fed on at 

all, whereas the leaves of S. hydrophilus contained shallow pits where larvae had sampled 

the leaf but rejected it. No larval development occurred in these test species.

Packera cana, P. pseudaurea, and S. riddellii were only slightly acceptable hosts. 

Most of the larvae placed on these plants died without feeding but a few individuals were 

able to persist and feed for more than two weeks before death. All the larvae observed 

feeding on test plants leaves experienced slower development compared to those in S. 

jacobaea. The maximum survival for an individual larva in these three test species was 

17 days, approximately when these larvae were molting to the second instar. The leaf
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surfaces of P. cana and S. ridddlii are covered with white wooly hairs which may have 

inhibited feeding. These leaves occasionally showed shallow pits from attempted 

feeding, but 82% of the larvae from P. cana and 55% of the larvae from S. ridddlii 

showed no inclination to feed on these plants. The larvae that did feed on these leaves 

usually entered the leaf through the cut petiole buried in the floral foam. Feeding on P. 

pseudaurea was more sporadic; the larvae would feed on this test plant for a few days 

and then abandoned the leaf. Of twelve larvae on P. pseudaurea, two reached the second 

instar before death.

Three test species were moderately acceptable to the larvae o f L. jacobaeae. 

Prolonged feeding and advanced larval development occurred in S. eremophilus, S. 

flaccidus and S. triangularis. Larvae fed on these species but often failed to molt to the 

second and third instars. Maximum survival was 29 days after inoculation for S. 

eremophilus, 33 days for S. flaccidus, and 37 days for S', triangularis. Development was 

slower on S. triangularis than on control plants, requiring 17 to 20 days to attain the 

second instar, and only one larva out of 28 molted to the third instar after more than 34 

days. Leaves of S. flaccidus required frequent changing due to their long, narrow 

lanceolate shape, and became increasingly difficult for later instar larvae to enter and 

feed.

Larval No-choice- Host Test -  Potted Plants

Senecio jacobaea was the only plant species tested in which any larval 

development occurred (Table 4.3). Forty-two percent of the larvae placed on control 

plants survived four to six weeks until plant dissection. Second and third instars were
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collected from the lower leaf petioles and root crowns of all S. jacobaeae plants. On S. 

pseudaurea, S. hydrophilus, and S. triangularis limited feeding damage occurred only in 

the blades and petioles of leaves on which the larvae were placed at the start of the 

experiment, and no live larvae were recovered from these species.

Table 4.3. Larval host test on potted plants dissected 4 - 6  weeks after inoculation. Each 
trial had 10 larvae/plant. Damage percentage compared with control plants.
Mean number of larvae recovered per plant + standard error.

Species Plants
examined

Plants
damaged

Damage
percentage

Average number 
of live larvae/plant

Packera cana I 0 0 0
P. pseudaurea 5 3 5 0
Senecio atratus I 0 0 0
S. hydrophilus 5 2 5 0
S. jacobaea 6 6 100 4.2+ 0.6
S. triangularis 7 2 5 0

Open Field Host Test Experiment

Longitarsus jacobaeae were only recovered from S. jacobaea, and no other plant 

species supported larval development in open field experiments. The larval feeding trails 

observed in S. jacobaea were numerous and extensive. Several of the tansy ragwort 

plants were so severely damaged that there was almost no root crown remaining and the 

surviving roots had started growing adventitious shoots as the above ground portions of 

the plant died. At least one larvae was recovered from every control plant dissected and a 

maximum of 74 larvae were found in one plant. Senecio jacobaea originating from 

northwest Montana had significantly more larvae per plant than their conspecifics from 

Germany (t=2.33, df=37, P=0.025) (Table 4.4).
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Five other test species, P. paupercula, S. atratus, S. erucifolius, S. ovatus, and S. 

polyodon, were slightly damaged, but yielded no larvae. All the damage was observed in 

the above ground portions of these test plants and the feeding trails found were never 

longer than 2 cm. These feeding forays appeared to cause only minor, localized damage 

to non-target plants.

Although this experiment was intended to test oviposition preference and 

subsequent larval performance all plants were exposed to active larvae because plants 

were not isolated within the holding areas at CABT Larvae were recovered from the soil 

within pots as well as from the media surrounding the pots. All larvae recovered from 

the soil were at the same instars as those found infesting the control plants indicating they 

were not from freshly hatched eggs. These larvae were confirmed as L. jacobaeae based 

on the morphological characteristics described by Newton (1935) and Windig (1991).

Table 4.4 Open field host test dissections in spring 2002 from all Swiss sites.
Mean number of Longitarsus jacobaeae larvae per plant + standard error. 
Damage percentage compared to average damage sustained by S. jacobaea.

Species Plants
examined/ surviveda

Plants
damaged

Damage
percentage

Average number 
of live larvae/plant

Packera paupercula 23/33 b 9 5 0
Senecio atratus 6/6 2 I 0
S. erucifolius 30/30 9 5 0
S. jacobaea 30/33 b 30 100 4.21 + 1.45
(Germany)
S. jacobaea 31/31 31 100 12.86 + 3.04
(Montana)
S. ovatus 28/28 11 5 0
S. polyodon 9/15 b I I 0
S. triangidaris 2/2 0 0 0

a Survived through the winter. b Not all replicates dissected due to time constraints.
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Some of the samples from two test species, S. paupercula and S', polyodon, were 

not dissected due to time constraints. These plants were very robust; S. paupercula had 

an average of 37 flowering stems and over 250 leaves per plant, and S. polyodon plants 

had an average of 22 stems and over 200 leaves. Over 50% of the plants from each 

species were dissected and neither of these species appeared to be impacted by L  

jacobaeae larval feeding, although a few leaves did show slight damage.

Two test plant species, P. cana and P. pseudaurea, were started from seeds and 

were used in the design of the plots but all of these plants died before winter due to poor 

establishment. The North American species, S. atratus, S. eremophilus, S. triangularis, 

(Table 4.1) had poor survival rates even though they were transplanted from mature bare 

root material. Habitat demands of the test plants were thought to be the main factor 

contributing to mortality. The experimental design called for placement of all test plants 

within the tansy ragwort stand. However, some of the North American species tested, 

such as P. pseudaurea, S. triangularis and S. eremophilus, required mesic and/or shaded 

(understory) habitats. Despite acclimatization and regular watering, these species could 

not tolerate the open pastures.

Two unidentified insect species impacted the non-target test plants. Larvae of an 

undetermined Cheilosia species were collected from more than 45% of the S. ovatus 

plants from the Delemont test site. Cheilosia Sppi larvae have been found in S. jacobaea 

from other Swiss field sites but none were recovered from the control plants in this 

experiment. An unidentified flea beetle larva was recovered from a root nodule of one S. 

erucifolius plant in the last week of May 2002. I determined that this larva was not L
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jacobaeae based on sclerite morphology (Newton 1933) and head capsule size and 

coloration (Windig 1991).

Discussion

Larval host tests are designed to determine the physiological host range of larvae 

by observing feeding behavior and development. Frick (1970) demonstrated that ragwort 

flea beetles can complete their development on six species, S. jacobaeae, S. aquations, S. 

erraticus, S. erucifolius, S. vulgaris, and E. coccinea. The molecular systematic 

examination of the Jacobaea species section found that these species are very closely 

related to each other (Pelser et al. 2002), and the first three species readily form fertile 

hybrids with each other (Harper and Wood 1957).

Of the eight test species examined in this experiment, three species were found to 

facilitate advanced larval development. These results demonstrate that S. eremophilus, S. 

flaccidus, and S. triangularis contain enough morphological and biochemical similarities 

with S. jacobaea to stimulate feeding in no-choice tests. However, a number of larvae 

failed to molt, indicating that the nutritional needs of the developing larvae were not 

adequately met in these host species.

Environmental differences may limit the suitability of some non-target host 

species. Larvae in no-choice feeding trials on S. ermophilus, S. triangularis (current 

study) and S. serra tested by Frick (1970b), all members of the species section 

Triangulares (Barkley 1978), experienced limited development. These plants are all 

associated with moderately to very wet habitats. In contrast, S. jacobaea is intolerant to
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prolonged emersion and do not live in areas prone to flooding (Newton 1933). Further, 

the larvae of the Swiss L  jacobaeae populations are active during the spring, typically 

the wettest part of year in Montana. It is therefore unlikely they would survive in habitats 

where these plants are found.

The morphological characteristics of non-host plants also limit their suitability in 

the field. Senecio flaccidus is a woody-stemmed perennial shrub (USDA-NRCS 2002), 

whereas larval feeding in tansy ragwort is only found in tissues under the epidermis and 

even late instars avoid woody tissue. Senecio flaccidus also has leaves that are much 

smaller than those of S. jacobaea. Although larvae exhibited limited development within 

a cut leaf of S. flaccidus they quickly depleted this resource and required new foliage to 

continue growth. Woody stems prevent larval movement within this plant thereby 

forcing them to abandon the protected confines of their feeding tunnel. Larvae so 

exposed quickly desiccate unless there is high humidity like that found within our 

experimental design. Therefore, I believe there is little risk of non-target feeding by L  

jacobaeae on S. flaccidus.

The extensive feeding damage by L  jacobaeae almost completely destroyed 

several of the tansy ragwort plants in the open field host test. Plant fitness does not 

appear to provide any protection from L. jacobaeae herbivory; rather, the level of 

infestation (and resulting plant destruction) may even increase as healthier, more robust 

plants are preferentially fed upon. For example, the average number of larvae recovered 

from Montana S. jacobaea was significantly higher than from the German plants. The 

initially larger North American tansy ragwort plants may have provided an extra strong
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stimulus for females who laid more eggs near these plants than near the smaller European 

plants in the summer of 2001. However, the presence of free moving larvae collected 

from the plant beds makes direct comparisons of oviposition choice impossible.

This study provides further evidence of the narrow host range of L. jacobaeae 

described by Frick (1970), Wapshere (1983) and Syrett (1985). Further, this study 

observed the ecological host range of the ragwort flea beetle through open field host tests. 

My examination of eight North American species not previously studied has provided the 

first evidence of the unsuitability of the previously untested genus Packera and three 

species groups within Senecio.

Conclusion

Host specificity of L. jacobaeae has been previously examined and found to be 

limited to a few species related to its native host plant, S. jacobaea (Frick 1970a, 

Wapshere 1983, Syrett 1985). My results support these reports. I tested nine native 

North American, three European, and one African Senecio and Packera plants, and found 

that larvae were not able to complete development on these plants under any of the tested 

regimes. Furthermore, larvae failed to develop beyond the first instar in all of the whole 

plants tested in the greenhouse, and open field situations. These results, combined with 

no known reports of non-target feeding by this beetle species in North America, give us 

confidence in the strict dietary habits of L  jacobaeae larvae. Based on these findings I 

believe the Swiss populations of L  jacobaeae pose a very limited risk to Montana’s 

native Senecio and Packera plants.
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CHAPTER 5 

CONCLUSION

Swiss populations of the ragwort flea beetle Longitarsus jacobaeae (Waterhouse) 

(Coleoptera: Chrysomelidae) were investigated to verify their suitability as biological 

control agents of tansy ragwort, Senecio jacobaea (Asteraceae) in northwestern Montana. 

I hypothesize that these populations are more phenologically adapted to Montana’s 

continental climate compared to the Italian populations of the flea beetle that has been 

utilized in the Pacific Northwest. Studies were conducted using molecular techniques to 

confirm the identity of these beetles, as morphological identification of this species is 

particularly difficult. A detailed investigation of the Swiss beetles’ bionomics was also 

conducted at several sites distributed across an elevation gradient in Switzerland. Host 

specificity tests, emphasizing the native Senecio and Packera flora found in northwestern 

Montana, were performed to determine the potential utilization of these species by L. 

jacobaeae.

The use of mtDNA sequence identification provided an accurate and quick 

method for simultaneously evaluating several Longitarsus populations. The L  jacobaeae 

populations were genetically distinct from the cryptic sister-species L. Jlayicornis 

(Stephens) by 16 to 25 nucleotide substitutions. Five Swiss populations were determined 

to be conspecifics of the Italian biotype of L. jacobaeae collected from three Oregon 

locations. The degree of sequence variability of the cytochrome oxidase I and II gene 

regions used in this study limits the discerning power of these techniques below the level
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of species for the beetles examined. However, there are indications that the Oregon 

populations may contain more variation than the beetles collected in Europe. The Swiss 

L  jacobaeae samples primarily represent only central European populations, therefore 

the genetic diversity expected from across the entire distribution has not been not fully 

explored. Sequences from a more variable gene region dr alternative techniques such as 

RFLP or AFLPs may be useful for exploration of the population dynamics of these flea 

beetles.

Field surveys indicted that the adults of the Swiss populations o f L. jacobaeae 

began to emerge in late June and July. Oviposition was initiated two to three weeks after 

emergence .and adult beetles were reproductively active throughout the summer. 

Overwintering of L. jacobaeae occurred as diapausing eggs. Egg diapause was 

terminated after approximately 69 days at low temperatures (2° + 2°C). Post-diapause 

eggs hatched after 10 to 14 days at temperatures of 20° + I0C in the laboratory. In the 

field, egg hatch started in early March at 600 m elevations and up to three weeks later at 

elevations higher than 1000 m. Larvae then entered the leaves of tansy ragwort where 

they fed until the middle of the second instar, thus avoiding inundation due to spring 

runoff. Second instar larvae moved to the root crown in May and continued to feed until 

the completion of the third instar. The larval feeding damage limited the ability of the 

plant to draw on the root reserves for early flowering and in some cases caused plant 

mortality. In June the third instar larvae left the root crown and formed a loose earthen 

pupation cell in the soil surrounding the host plant. These life history traits appear to
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make the Swiss L  jacobaeae suitable candidates for biological control of tansy ragwort 

in cold continental climates.

The results of host specificity testing supports previous findings that the host 

range of L  jacobaeae is limited to a few species closely related to its native host plant, S. 

jacobaea. Nine native North American, three European, and one African species of 

Senecio and Packera were tested in open field tests or in no-choice laboratory and 

greenhouse studies. Under no-choice starvation tests larvae were not able to complete 

development on any plant other than its host S. jacobaea. No larvae were found feeding 

on non-target plants under open field choice tests. My results provide evidence for the 

strict dietary restrictions of L. jacobaeae larvae. Furthermore, there are no known reports 

of non-target feeding by this beetle species in North America. I believe the Swiss 

populations of L  jacobaeae pose a very limited risk to Montana’s native Senecio and 

Packera plants.




