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The seasonal life history of the cereal stem moth (CSM), Ochsenheimeria

vacculella Fischer von Roslerstanun, (Lepidoptera : Ochsenheimeriidae) was investigated

in a commercial field of annual ryegrass in the Willamette Valley, OR from January

1993 to August 1994. Phenology of life stages, effect of temperature on eclosion, and

development of larvae on potential hosts of economic importantce were also studied. First

records of parasitization and effects of cultural practices on this potential pest in annual

ryegrass were reported.

CSM is a recent introduction to North America from a monobasic family of the

Palearctic region. Its life cycle is functionally univoltine in commercial ryegrass seed

fields. Eggs are characteristically deposited on interior wooden walls, ceilings and straw

bales or piles in outbuildings from June through September. Eclosion occurs bimodally

with approximately fifty percent of current season eggs hatching in late June and July.

The remainder overwinter and hatch in February and March. Larvae ballooned from

Redacted for Privacy



oviposition sites to potential hosts and were found in annual ryegrass from February to 

early June. First instar larvae typically mine leaves; later stadia are stem borers. 

Variance to mean ratios of larvae sampled in annual ryegrass described a clumped 

population. Pupation occured from late May to early July. The pupa was enclosed in a 

flimsy cocoon usually located on the inside of a flag leaf's sheath. Shortly after 

emergence in early June and July, adults fly to outbuildings preferentially remaining 

within those where grass straw has been stored. Migration from the field and subsequent 

flight, copulation and oviposition within buildings occurred only on bright days from 

approximately noon to 4:30 pm (PDT) through September at which time most adults have 

died. 

Two species of larval parasitoids in the Eulophidae and Ichneumonidae were very 

abundant in the annual ryegrass field under study during June and July 1994. Their 

combined parasitization rate of CSM larvae exceeded ninety percent. 

A frequency distribution of head capsule widths indicates CSM larvae probably 

develop through five instars. However, inter-instar ratios of head capsule widths did not 

conform to Dyar's hypothesis. 

Eggs deposited by females collected in the field and allowed to oviposit in the 

laboratory did not hatch at either room temperature or 6°C. However, cohorts of eggs 

hatched readily during incubation at either 10° or 14°C when observed after two and 

three months exposure. 

Nine varieties of six commercially important species of grasses and cereals were 

evaluated for suitability as larval hosts. Annual ryegrass, Lolium multiflorum Lam., 

consistently supported the greatest population densities in the field and resulted in greatest 



survival of larvae in laboratory and greenhouse tests. 

Removal of annual ryegrass foliage in plots during late winter or early spring to 

simulate the effect of sheep grazing significantly reduced subsequent larval populations 

relative to plots without vegetation removal. 
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CEREAL STEM MOTH, OCHSENHEIMERIA VACCULELLA
 
FISCHER VON ROSLERSTAMM
 

(LEPIDOPTERA OCHSENHEIMERIIDAE):
 
FIELD BIOLOGY AND LARVAL DEVELOPMENT ON
 

SELECTED GRASSES AND CEREALS IN WESTERN OREGON
 

INTRODUCTION AND LITERATURE REVIEW 

Occurrence and Status as a Pest 

The cereal stem moth, Ochsenheimeria vacculella Fischer von Raslerstamm, 

(CSM), is a native insect of the Palearctic region of Eurasia (Davis, 1975). Here, it has 

been reported to occur between 45 and 60 degrees north 'attitudes from Great Britain 

through western Asia (Davis, 1975; Karsholt and Nielsen, 1984). CSM was first 

recorded as a pest in winter wheat and rye in the former Soviet Union (Zhukovskiy and 

Selivanova in Pavlov, 1961). Pavlov further reported that larvae of CSM damaged winter 

wheat (Triticum aestivum L.) and rye (Secale cereale L.) as well as several perennial 

grasses, such as crested wheatgrass (Agropyron cristatum), couch grass (Bromus 

tenerum), awnless brome (Bromus inermis)and upright brome (Bromus erectus) in 

Europe. 

When and how CSM was introduced to North America is unknown. Davis (1975) 

speculated that this species was inadvertently introduced into the United States prior to 

1964 by way of ship traffic on the St. Lawrence Seaway. The initial point of introduction 

was suggested to be Cleveland, Ohio, from which a relatively rapid expansion through 

the eastern United States was chronicled. The first North American record of its presence 

was in 1964 in Geaugga County, Ohio. The following year moths were observed near 
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Ithaca, New York. In 1971, large numbers of moths were collected in Slippery Rock, 

Pennsylvania (Davis, 1975). A perusal of Canadian literature indicates that CSM was 

first reported in Cayuga, Ontario in 1978 as part of an arthropod pest complex in a field 

of bluegrass (Poa sp.) produced for seed (Ellis, 1978). 

The introduction of CSM into the Pacific Northwest is also speculative, but likely 

to have been by vehicular traffic moving straw or items contaminated with overwintering 

eggs from the eastern United States. To date, its presence in the western United States 

appears to be documented for only a relatively small geographical area in the southern 

Willamette Valley of western Oregon (Kamm and Fisher, 1990). Larvae and symptoms 

of injury in annual ryegrass being grown for seed in Lane County, OR near Harrisburg, 

were observed in the mid 1980s (Kamm and Fisher, 1990). In 1990, a few larvae were 

collected and reared to adults. These specimens were tentatively determined to be CSM 

by Mr. Gary Parsons, Insect Identification Specialist, Department of Entomology, 

Oregon State University. Subsequent confirmation was provided by Dr. Donald R. Davis 

of Smithsonian Institute in 1994. Larvae of CSM have been consistently collected from 

a few annual ryegrass fields at varying population levels since first detection. Economic 

damage as measured by seed yield reduction or effect on quality have yet to be 

documented in western Oregon. Growers and seed industry field representations believe 

seed yields may be reduced by 20 percent or more in certain areas. 
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Taxonomy 

Davis (1975) provided a comprehensive review of the Ochsenheimeriidae as well 

as the introduction of CSM into the United States. The genus Ochsenheimeria was 

proposed by Hiibner in 1825 for two previously described insects, Tinea bubalella 

Hiibner and Tinea taurella Schiffermiiller in the family Tineidae (Davis, 1975). Because 

of the uniqueness of the genus, which shares little commonality with other Tineidae, 

Heinemann (1870) proposed elevating it to family status (Davis, 1975), hence the 

Ochsenheimeriidae. It is a monobasic family and its only genus, Ochsenheimeria, consists 

of 15 described species (Karsholt and Nielsen, 1984). Only two species, the cereal stem 

moth, 0. vacculella and the rye stem moth, 0. taurella Schiffermilller are noted as 

economic pests of cereals and grasses (Davis, 1975; Karsholt and Nielsen, 1984). 

Because of taxonomic and behavioral similarity of the genus members, synonymy 

within Ochsenheimeria is extensive. CSM was first described as Ochsenheimeria 

vaculella by Fischer von Roslertarnm in 1935 and with a subsequent spelling change to 

0. vacculella in 1842. Zagulajev (1972) described this species damaging wheat and rye 

in Russia as Ochsenheimeria danilevskii. In 1984 the genus was revised by Karsholt and 

Nielsen. Previous names of CSM were relegated to synonymy and the name 

Ochsenheimeria vacculella Fischer von Roslerstamm was established (Karsholt and 

Nielsen, 1984). 
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Life History 

There are relatively few scientific citations concerning the biology of CSM. 

Pavlov (1961) has summarized other workers' field observations on this species in the 

eastern hemisphere that were made in the early 1950s. He also reported on the 

occurrence and survival of the larvae on selected cereals and grasses of economic 

importance at that time. Ellis (1978) was the first and only to report its occurrence and 

possible economic significance on a commercial crop, bluegrass grown for seed, in 

Canada. 

The following generalized life history of CSM is based on observations made by 

Pavlov (1961) in the former Soviet Union. There is one generation per year. Adults 

emerge in June. Flight activity is predominantly diurnal, occurring in the late morning 

through early afternoon. Oviposition does not begin until August and continues through 

September. In Europe, eggs are laid on various nonhost substrates including thatched 

roofs, wood of barns and clumps or piles of straw and chaff left in fields after harvest. 

Females select old, decomposing straw or piles as opposed to piles of recently harvested 

straw and chaff. He theorized the odor of decomposing piles made them more attractive 

than recently harvested straw. 

The egg is elongate, oval and reported as being 0.6-0.8 mm long and 0.3-0 5 mm 

wide. Females often lay several eggs at a time in rows adhering them together and 

positioning them endwise on the substrate. The newly laid eggs are light yellow, but 

subsequently darken with age. 
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Embryonic development occurs soon after oviposition and culminates in the 

formation of fully formed first instar larvae that overwinter within the eggs. Eclosion 

occurs in late winter and early spring. The first instar larvae secrete long strands of silk 

and balloon with wind currents to surrounding areas. Pavlov indicated that during the 

larval dispersal phase, potential infestations were easily noted by the abundance of silk 

in fields and nearby buildings. He estimated that individual larvae could travel up to 3 

kilometers from the oviposition site if wind patterns were favorable. Calm weather 

during the period of mass eclosion resulted in tremendous mortality by preventing larval 

dispersal to host plants. Larvae that successfully reach a host plant bore into leaf blades 

and mine for 8-12 days. This stage is followed by a "stem boring stage" during which 

time larvae are found within stems. This stem boring can result in symptoms referred to 

as "white head" or "silvertop" in which tissue supplying nutrients to the seed heads or 

the seed heads themselves are damaged. The heads prematurely whiten and provide very 

little, if any, viable seed at harvest. Kamm and Fisher (1990) refer to this symptom in 

annual ryegrass as "silvertop". Late instar larvae migrate among stems and individual 

larvae can damage a dozen or more stems Larval mortality is quite high. Pavlov 

reported the survival capacity on rye and wheat grass as being 2.5% and 0.5% 

respectively for cohorts of first instar larvae placed on these hosts. Mortality factors were 

not identified. 

Pupation occurs within dense, white, elliptical, silken cocoons located inside 

leafsheathes or between leaves. The pupae are pale white, accuminate at both extremities 

and 12-14 mm long (Pavlov, 1961; Davis, 1975). 
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Host Plants 

Species of the Ochsenheimeriidae apparently utilize members of only 3 families 

of monocotyledons as larval hosts, the Cyperaceae, Juncaceae, and Poaceae. However, 

as Davis (1975) points out, host plants are unknown for over half of the Ochsenheimeria 

species. All reported host plants of larval CSM are within the Poaceae. Pavlov (1961) 

reported that larvae of CSM were found in stems of winter wheat, winter rye, crested 

wheatgrass, quackgrass, couch grass, upright brome, awnless brome, and meadow grass, 

Poa sp.. Davis (1975) indicated that other host plants mentioned in European literature 

include Festuca elatior L., Lolium sp. and Phleum pratensis L.. Interestingly, even 

though Davis (1975) reviewed the family and documented the first North American 

introduction of this species, no larval hosts were reported. Apparently the only other 

nearctic host for CSM documented to date in the literature is bluegrass, Poa sp. (Ellis, 

1978). 

CSM was officially recognized as being present in Oregon when larvae were 

collected in a commercial field of annual ryegrass, Lolium multiforum Lam. in Linn 

County. Kamm and Fisher (1990) found larvae and damage. In 1993 larval CSM were 

found in a field of perennial ryegrass, Lolium perenne L.. Laboratory observations 

preceding this research confirmed that CSM larvae could feed on and produce adults 

when fed certain weed species such as meadow foxtail, Alopecurus pratensis L.; rattail 

fescue, Vulpia myuros (L) Gmelin and velvetgrass, Holcus lanatus L.. 
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Natural Enemies 

No specific parasitoids, predators or diseases have been reported in either North 

America or Europe. Pavlov (1961) infers that generalist predators such as ground beetles 

and ants feed on the young larvae. 

Applied Control 

Economic damage on winter wheat and rye by CSM larvae in Russia resulted in 

recommendations for control. Soon after eclosion, but prior to ballooning from the 

primary overwintering sites of thatched roofs, manual removal of webbing and larvae 

were suggested. Application of chlorinated hydrocarbon insecticides to overwintering egg 

sites during larval emergence periods as well as to cereal fields during the period when 

early instar larvae actively ballooned to the fields or when later instar larvae were 

migrating from stem to stem were recommended. Removal of straw piles in fields after 

harvest was suggested as a way to eliminate oviposition sites (Pavlov, 1961). 

Economic Importance 

Pavlov (1961) first documented the pest status and magnitude of damage by CSM 

to winter wheat and rye as well as some perennial grasses around the southwestern region 

of the former Soviet Union. His records taken during the early 1950s indicate that in 

certain years from 5 to 40% of the heads of commercial winter rye were chewed upon 

by the larvae, resulting in yield and quality loss. In addition, he documents two other 

types of damage done by larvae in cereal crops: 1) death of individual stems precluding 
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head formation, and 2) partial damage to stem tissue resulting in heads that turn 

prematurely white with few or no kernels. He noted that considerable damage occurred 

when late instar larvae migrate from one plant to another during the "earing stage" 

destroying up to a dozen stems. 

Agriculturalists serving annual ryegrass seed crop growers in the Willamette 

Valley of Oregon first brought to the attention of public service entomologists a high 

incidence of "silver top" in certain fields during the mid 1980s. Lepidopterous larvae 

eventually associated with these symptoms were reared to adults and identified as 0. 

vacculella by Mr. Gary Parsons, Insect Identification Specialist, Department of 

Entomology, Oregon State University. This was apparently the first confirmed report of 

this species in the western United States (Fisher, unpublished). 

Recently, Kamm and Fisher (1990) estimated that up to 15 percent of the seed 

heads of annual ryegrass in several hundred acres near Harrisburg displayed CSM-

induced "silvertop". They also expressed concern for potential economic damage to the 

grass seed industry. Based on similarities of economic hosts and latitudinal distribution 

in Europe, Davis (1975) warned that CSM had the potential to become a serious pest of 

cereal grasses in the United States. 

Indeed, if introduced to the western hemisphere in the absence of Palearctic 

biological controls and if North American biological control agents are ineffective, the 

potential exists for economic damage to cereal and grass crops grown in the Pacific 

Northwest. The economy of Oregon benefits significantly from the production of grain 

and grass seed. Miles (1993) reported that in 1992, the production values of grains 
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(wheat, barley, oats) and grass seed (bentgrass, Kentucky bluegrass, chewing fescue, tall 

fescue, red fescue, annual ryegrass, perennial ryegrass, orchardgrass) were $209,378,000 

and $167,274,000, respectively. This represents about 20% of the state's annual total 

crop production value. A substantial increase in production expense to manage this pest 

could affect the economic viability of certain cereal and grass seed crops in Willamette 

Valley. This is particularly true of annual ryegrass which already has a slim margin of 

profit (Taylor et al., 1990; Young et al., 1994). 

Research Objectives 

Even though CSM was discovered in the United States thirty years ago, no reports 

concerning its injury to commercial crops outside of the Willamette Valley, OR have 

been found. Virtually nothing is known concerning its life history, host range, potential 

for economic damage or natural and applied controls. Infestations of CSM consistently 

observed in annual ryegrass seed fields of western OR have provided the impetus to 

develop pertinent information concerning this species. 

Specific objectives included in this study were to: 

1. Describe field biology and seasonal development of CSM in an annual ryegrass seed 

field. 

2. Determine the number of larval instars by using head capsule width measurements. 

3. Determine the effect of temperature exposure on eclosion. 
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4. Evaluate the suitability of selected economically important cereal and grass seed crops 

as larval hosts. 

5. Determine if the practice of grazing sheep in annual ryegrass fields in the late winter 

and spring significantly reduces larval populations of CSM. 
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MATERIALS AND METHODS 

Objective 1 

Describe field biology and seasonal development of CSM in an annual ryegrass 

seed field. 

Study area 

A 44.5 hectare field of Gulf variety annual ryegrass on the Smith Farm located 

in Linn County, OR, previously infested with CSM was selected as the primary site to 

study the biology and phenology of CSM from January 1993 to August 1994. This 

particular field was devoted to the production of annual ryegrass seed for at least the last 

seven consecutive years (Smith, personal communication). Three buildings adjacent to 

the field were used in this study. They were designated Buildings A, B and C. Building 

A was a polebarn measuring 25x76 m Building B was an old wooden barn approximately 

10x20 m. The north end of building B was used as a workshop; the south end was an old 

stable with several bales of straw over five years old. Building C, 6x15 m, housed heavy 

machinery. A small grove of oak trees (Quercus ganyana) was situated about 20 m in 

front of Buildings B and C. 

Annual ryegrass is an excellent crop for heavy, wet soils of western Oregon. It 

is grown on the same ground for many consecutive years. Production enterprise sheets 

detail essential inputs for optimum yields (Taylor et al., 1990; Young et al., 1994). This 

particular field was seeded at the rate of 13.44 kg/ha on 43.2 cm rows on September 18 
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and 21, respectively, in 1992-93 and 1993-94 growing seasons. A 16-20-0 fertilizer was 

applied at the rate of 111 kg/ha at seeding. A second application was made in late March 

using a 30-0-14 mixture at the rate of 504 kg/ha. Pesticides were not applied during 

either season. Water requirements were met by rainfall Sheep were confined on a 

portion of the field from October to March. This practice is common in the Willamette 

Valley with little or no impact on the seed yield of annual ryegrass (Young, 1981). Seed 

harvest begins by windrowing the crop, which occurred at the study site on June 15 in 

1993 and June 24 in 1994. Windrows can be left in the field for two to three weeks until 

seed moisture approaches 12%, at which time the crop is combined. Straw residue on 

this and many other fields is baled and stored under cover for future sale. 

The first infestation of CSM in this field was reported in June 1990 (Kamm and 

Fisher, 1990). Since then, infestations have recurred annually with an apparent gradual 

increase in severity (Smith, personal communication). Various field representatives and 

growers have suspected economic losses of varying degrees attributed to CSM in this 

field in recent years. The field research reported here began in February, 1993 using the 

following procedures. 

Egg stage: Oviposition sites, phenology ofegg deposition, embryonic development 

and phenology of eclosion were determined. Pavlov (1961) reported that in the former 

Soviet Union, moths deposit eggs on straw heaps, thatched roofs and grain inside barns. 

Thus, when moths were first observed in the field, outbuildings, straw piles and other 

potential oviposition sites were inspected for moths, oviposition activity and eggs. 

Weekly records chronicling the parameters of oviposition mentioned above provided the 
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Weekly records chronicling the parameters of oviposition mentioned above provided the 

basis for comparing and contrasting two seasons of activity. Three random samples of 

eggs from Building B were collected weekly by scrapping about 6-7 sq cm of wood well 

below the eggs with a sharp knife into small plastic containers. Samples were transported 

to the laboratory for inspection under a stereomicroscope. Eggs in each sample were 

counted. Number of hatched and unhatched eggs with embryonic development were 

recorded. 

In 1994 at initiation of egg hatch in late winter, six 30.5 x 22 cm sticky traps 

(Pherocon 1C, TRECE ®), with 22 x 17 cm one sided sticky surface, were hung randomly 

at about 2 m above ground inside buildings A, B and C to monitor ballooning larvae. 

Three traps were also hung from limbs of nearby oaks to determine if these trees were 

a possible site of egg deposition. All traps were replaced and inspected weekly. Traps 

were collected and covered with plastic wrap for transport to the laboratory. Here, traps 

were examined under a stereomicroscope at 40x. Numbers of first instar CSM larvae on 

each trap were recorded. Average numbers of larvae per trap from each building and oak 

tree area were calculated weekly. Traps were discontinued when no larvae were observed 

on the traps for two consecutive weeks at each site. 

Larval stage: Coincident to the first observation of egg hatch in buildings, samples 

of annual ryegrass plants were taken weekly. Ten samples consisting of 100 stems with 

attached leaves were randomly collected within 200 m of the buildings. Samples were cut 

at ground level, placed in labeled paper bags and placed in a cooler with ice for 

transportation to the laboratory. Larvae were extracted from individual samples using 
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Berlese funnels with 25 to 75 watt bulbs (Nef, 1962; Southwood, 1978; Pedigo, 1989; 

Hutchins, 1994). Samples remained in the funnels for from 3 to 5 days until the plants 

were sufficiently dry and the larvae had exited the host materials. Extracted larvae fell 

into jars filled with 75% alcohol and were transferred to glass vials for quantification. 

Numbers of larvae in each sample were recorded by date of sample collection. Spatial 

dispersion of larvae in the field was determined by calculating the ratio of the variance 

to the mean for samples collected (Southwood, 1978; Vandermeer, 1990; Davis, 1994). 

A number of CSM larvae were noticed to be parasitized during routine sampling 

on June 7, 1994. Therefore, 100 stems of annual ryegrass displaying the "white head" 

symptom were collected weekly from June 7 to July 5, 1994. Samples were taken to the 

laboratory and dissected for the larvae. Individual larvae were placed in a small plastic 

container with a perforated cover and dated. A few drops of water were applied on a 

cotton ball to provide moisture. Numbers of parasitoids emerging from each larva were 

categorized, recorded and preserved. Percent CSM larvae parasitized at each sample date 

was computed. Parasitoids were submitted to the Systematic Entomology Laboratory, 

USDA-ARS for identification. 

Pupal stage: Pavlov (1961) and Davis (1975) indicated pupation occurs on plants 

between leaves or between leafsheathes and stems. When CSM larvae from Berlese 

samples approached maturity, ten samples consisting of 100 annual ryegrass stems were 

randomly taken from the field each week. Samples were cut at ground level, taken to the 

laboratory and thoroughly inspected for pupae. The number of pupae and location of each 

was recorded. Average pupal number/100 stems/week was calculated. 
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Adult stage: The cycle of emergence by adults and flight activity were determined 

in part by observation. Karsholt and Nielsen (1984) noted that moths have a strong 

preference for resting on white walls by day and they further suggested that the sweep 

net may be the best method for collecting moths in the field while white sticky boards 

that attracted and held moths were thought to have potential for monitoring activity. 

Thus, white sticky boards, sweep nets and focused observations were used to document 

moth emergence and behavior from May through September 1993. 

When pupae were detected in plant samples, the study site was visited weekly to 

detect adult activity. A sweep net with hoop diameter of 38 cm and handle length of 90 

cm was used to randomly sample six locations situated progressively more distant from 

the building. Each sample consisted of twenty, 180° sweeps through the upper 30-40 cm 

of the plant canopy. The series of samples taken on a given date was such that each 

sample subsequent to the previous sample was taken 20 m distant in the direction away 

from the south end of Building B. Sweep net contents were emptied into plastic bags, 

transported to the laboratory on ice and refrigerated at 6°C for at least 1 hour. Contents 

were inspected and numbers of moths in each sample were recorded and categorized by 

date of collection. 

White sticky boards were also used to detect and monitor CSM flight. Two white 

poster papers, 50 x 70 cm, coated with Tanglefoot® were positioned 1.5 - 2.0 m above 

ground level against the interior walls of Buildings A and B. Traps were collected and 

replaced weekly . Numbers of moths per trap were recorded by date and site of 

collection. Weekly mean numbers of moths collected by each method were calculated and 
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compared for suitability to describe flight initiation, weekly fluctuation and termination 

of flight. 

Flight, mating and resting behavior of adults were investigated daily from June 

4 to July 2, 1993. Pavlov (1961), Davis (1978) and Karsholt and Nielsen (1984) 

indicated that moth activity is strictly diurnal and occurs only on sunny days during the 

afternoon from approximately 12 pm to 16 pm daylight. Because the majority of moths 

flew to and aggregated within Building B, this site was selected for observing moth 

activity. Flight initiation, duration and behavior were observed and recorded. 

Objective 2 

Determine the number of larval instars by using head capsule width 

measurements. 

A quantitative description of an insect's life history contributes to an 

understanding of the species at the population level. Instar number and determination of 

specific stadia in field collections is central to the timing of pest suppression operations 

(Pedigo, 1989). Various researchers have used head capsule widths of lepidoptera, 

coleoptera and hymenoptera larvae to develop morphometric measurements for indirectly 

determining instar (Leibee et al., 1980; Caltagirone et al., 1983; Hamon et al., 1984; 

Nealis, 1987; Beaver and Sanderson, 1989; Neal Jr. and Santamour Jr., 1990; Charlet 

and Gross, 1990; Jobin et al., 1992; McAvoy and Kok, 1992). Dyar (1890) proposed 

that the widths of the head capsules of lepidoptera larvae of successive instars followed 

a constant geometrical progression. Leibee et al. (1980) used head capsule width 
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frequency distribution of the clover root curculio, Sitona hispidulus (F) to determine 

instar number. He divided the larval stage into five instars by placing a boundary at the 

lowest frequency between two adjacent peaks. Caltagirone et al. (1983) used peak 

numbers of naval orangeworm, Amyelois transitella (Walker) (Pyralidae) within a head 

capsule width frequency distribution to indicate number of instars. He assigned 

individuals between peaks to one of the two adjacent instar classes. 

In this study, 319 CSM larvae extracted by Berlese funnels from first instar 

leafminers through prepupal stem borers were preserved in 70% ethanol. Head capsule 

widths of the larvae were measured with an ocular micrometer in the lens of a binocular 

stereomicroscope (Leica Wild-M3Z) at 40x. Widths were recorded and transformed to 

mm with a calibrated slide. Numbers of instars were determined using peak numbers 

within the head capsule width frequency distribution. Instar classification was determined 

by proportionately assigning individuals between the peaks to one of the two adjacent 

instar classes. 

Objective 3 

Determine the effect of temperature exposure on eclosion. 

Diapause in insects allows survival through adverse environmental conditions. It 

occurs in many species and may occur in any major life stage. Various factors have been 

reported to affect the onset and termination of diapause. These include season, 

temperature, photoperiod, temperature-photoperiod interaction, photo-intensity, drought, 

food, population density and chemicals (Lees, 1955; Brown and Hodek, 1983; Danks, 
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1987). Termination of diapause by exposure to cold temperature is known for many 

insect species. Eclosion is a definitive expression of diapause termination ( Andrewartha, 

1952; Lees, 1955; Brown and Hodek, 1983; Danks, 1987). Andrewartha (1952) 

demonstrated that diapausing eggs of the South Australian plague grasshopper, 

Austroicetes cruciata will hatch only when chilled for a minimum of 60 days at 10°C. 

Probably the best example of the effect of cold temperature on diapausing eggs is 

provided by the silkworm, Bombyx mori L.. The optimum temperature for terminating 

diapause is 7°C. Ninety-nine percent of the eggs hatched after exposure to this 

temperature for 30 days. At 5°C, 90% hatched at 60-70 days, but at 2.5°C, 80 days 

were required. At higher temperatures, 12.5 and 15°C, over 100 and 160 days were 

required and only 50% of the eggs hatched (Muroga, 1951). 

Pavlov (1961) reported that CSM overwinters as a fully developed first instar 

larva visible through the chorion of the egg. This researcher was interested in 

determining if exposure of eggs to low temperatures was necessary for eclosion. Over 

one thousand moths were collected from the Smith Farm from June 25 to 30, 1993. 

Moths were placed in a 50x45x65 cm wooden cages with transparent plexi-glass fronts 

and tops. The cage was located at the west side of a laboratory near windows for 

exposure to external light intensity. The interior walls of the cage were covered with 

black poster paper which served as an oviposition site. Annual ryegrass straw and water 

were placed inside the cage to facilitate mating and oviposition by providing familiar 

odors and moisture. As copulation and oviposition occurred, eggs on the poster paper 

were incubated at room temperature (21 ±2 °C). Eggs were inspected under a microscope 
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for embryonic development at least once a week. When black head capsules and well 

defined larval forms were observed through chorions, eggs were maintained undisturbed 

at room temperature for another 30 days and then exposed to different temperatures and 

incubation periods. 

This experiment was initiated from October 6, 1993 and ended on January 6, 

1994. It was a 4x4 factorial arranged in a completely randomized design. Four levels of 

temperature; 6°C, 10°C, 14°C and 21°C and four incubation periods; 1, 2, 3, and 4 

months, were chosen. Three replications of 100 eggs each which had been deposited and 

left on poster paper were used. Eggs were placed in 8 cm diameter plastic containers 

with perforated caps, and placed in appropriate environators. Trays of water placed on 

the bottoms of the chambers elevated the relative humidities to ca. 80%. Twelve 

replications of 100 eggs each were kept at ambient light and temperature in the 

laboratory. At the termination of an incubation period, three replications of eggs were 

taken from the chambers. Eggs were observed under a microscope and numbers of 

emerged larvae were recorded. 

Unfortunately, temperatures in the 14°C environator exceeded 60°C during the 

fourth month and all eggs perished. To satisfy assumptions necessary for application of 

two-way ANOVA, all data from the fourth month were disregarded (Gomez and Gomez, 

1984). Data collected were analysed at 4 levels of temperature (6°C, 10°C, 14°C and 

21°C) combined with 3 incubation periods (1, 2, and 3 months). Analysis of variance 

with square root transformation and comparison of the means were performed. 
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Objective 4 

Evaluate the suitability of selected economically important cereal and grass seed 

crops as larval hosts. 

Host records of CSM in the eastern hemisphere comprise a few cereals and 

grasses that are represented by cultivars grown commercially in the western United States 

and particularly in Oregon (Pavlov, 1961; Davis, 1975; Karsholt and Nielsen, 1984). 

Ellis (1975) provided the first North American record for a host plant of CSM when he 

reported its occurrence in a field of bluegrass grown for seed in Ontario, Canada. 

Although the potential exists for economic damage by this species to several 

grasses and cereals of western OR, a significant number of larvae and related damage 

have only been reported from Gulf variety annual ryegrass (Mellbye, personal 

communication). 

Entomologists have used many types of "feeding tests" to determine the host plant 

range of insect species (Deaner, 1941; Oatman, 1959; Hsiao and Fraenkel, 1968). A 

major criticism of the techniques cited in these literature sources is that the cohorts of 

the immature stages tested were preconditioned on an alternate diet prior to being 

exposed to a potential host plant. Such findings can contradict results from tests using 

non-preconditioned immatures (Jeremy et al., 1968; Schoonhoven 1967). 

A second criticism of the aforementioned feeding tests is that subsequent adults 

were not maintained and observed for the ability to reproduce viable offspring (Oatman, 

1959). However, the production of fertile moths was not a primary concern of this 
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research. Instead, the intent of the following experiments was to identify economic plants 

that in allowing partial or complete larval development could be susceptible to damage 

and subsequent yield suppression. 

Seven varieties of four of the more significant grass species grown for seed on 

Willamette Valley soils ( Miles, 1994) and two cereals were selected for evaluation as 

larval hosts and potential damage from CSM. 

Field trial 

It was felt that the most relevant trial for determining economic host plants of 

CSM would be to grow the plants in a field with a history of damage from CSM. A 

replicated and randomized experiment was established adjacent to the south side of 

Building B at Smith Farm. Blocks were established at progressively greater distances 

from the building. This was done to account for a potential gradient of infestation 

resulting from greatest numbers of ballooning larvae landing on hosts nearest to the 

building. 

Cereals and grasses in this trial included : 

1. Annual ryegrass, Lolium multiflorum Lam. (CV. common). 

2. Annual ryegrass, L. multiflorum (CV. Gulf). 

3. Perennial ryegrass, Lolium perenne L. (CV. Linn). 

4. Perennial ryegrass, L. perenne with endophyte (CV. SR4200). 

5. Tall fescue, Festuca arundinacea Schreb. (CV. Fawn). 

6. Tall fescue, F. arundinacea with endophyte (CV. Titan). 
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7. Orchardgrass, Dactylis glomerata L. (CV. Potomac). 

8. Winter wheat, Triticum aestivum L. (CV. Madsen). 

9. Cultivated oat, Avena sativa L. (CV. Grey Winter). 

The trial was seeded on November 12, 1993. A randomized complete block 

design with 4 replications was chosen. Each block consisted of 9 treatments. Four 4.5 

meter long rows of each variety tested were seeded per block with a single row planter. 

Thirty centimeter row spacings were seeded with from 100 to 150 seeds per meter of 

row. A 2.5 cm wide charcoal slurry band was applied at the rate of 88.96 kg/ha over the 

rows following seeding to inactivate the herbicide, diuron (Karmex ®) used for weed 

control (Lee, 1973). No insecticides or fungicides were applied during the trial. Fertilizer 

was applied by the grower at rates and times mentioned earlier. 

Because of an extended dry fall, heavy rainfall during the last two weeks of 

January and poor drainage at the study site, over 90% of the seedlings of all varieties 

died except within the winter wheat and Gulf variety annual ryegrass replications. 

Therefore, only winter wheat and annual ryegrass were evaluated as hosts in this trial. 

After CSM eggs were first observed to hatch on February 8, 1994, one hundred 

stems of wheat and annual ryegrass were randomly taken from each plot on a weekly 

basis. Stems were cut at ground level and transported to the laboratory Larvae were 

extracted by Berlese funnels as described in Objective 1. Numbers of larvae were 

recorded and categorized by date of collection. Analysis of variance and comparison of 

means were performed (p 0.05). 
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Greenhouse trial 

This experiment was initiated in response to the poor stand establishment of 

grasses in the field trial. This experiment also allowed for more detailed observations on 

larval development. It was conducted at the West Greenhouse, Oregon State University 

from March 4 to April 25, 1994. The following hosts were planted at the rate of 30 to 

40 seeds in 30 cm diameter pots in a standard potting mixture. Four replications of the 

following hosts were used. 

1. Annual ryegrass, Lolium multiflorum Lam. (CV. Gulf). 

2. Perennial ryegrass, Lolium perenne L. with endophyte (CV. Lindsay). 

3. Perennial ryegrass, L. perenne (CV. Linn). 

4. Tall fescue, Festuca arundinacea Schreb. (CV. Fawn). 

5. Orchardgrass, Dactylis glomerata L.(CV. Potomac). 

6. Winter wheat, Triticum aestivum L. (CV. Gene).
 

Thirty newly hatched first instar CSM, collected on egg masses in the Smith Farm
 

barn, were carefully inoculated with a camel hair brush onto 30-35 cm tall plants on 

March 11, 1994. Temperatures ranged from approximately 27 ±2°C day to 15 ±2°C 

night. Larvae were allowed to feed undisturbed until pupation. Pots were inspected daily. 

Pupae were collected, counted and recorded daily by host. All pupae were carefully 

removed intact with plant parts and placed into 12cm diameter plastic containers covered 

with perforated caps. Containers were kept in the laboratory at 21 ±2°C until adult 

emergence. 
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Laboratory trial 

This experiment was conducted from February 9 to March 28, 1994. Newly 

hatched first instar CSM, collected from egg masses at Building B were inoculated singly 

on each of thirty of the following plants. 

1. Annual ryegrass, Lolium multiflorum Lam. (CV. common). 

2. Tall fescue, Festuca arundinacea Schreb. (CV. Fawn). 

3. Tall fescue, F. arundinacea with endophyte (CV. Titan). 

4. Winter wheat, Triticum aestivum L. (CV. Madsen). 

Plants were seeded and maintained in 10 cm diameter pots at weekly intervals in 

a greenhouse at the Entomology Farm and used in this experiment when they were 5-8 

cm tall. Individual seedlings were removed and their roots wrapped with cotton to which 

a few drops of water were applied. Glass tubes, 18x150 mm, were used to enclose the 

plants on which individual larvae were inoculated. Parafilm covers on the tubes prevented 

excessive drying of seedling plants. Observations were made on larval development and 

the host plants were replaced every other day. Age specific mortality, stadial duration 

and survival to adult were recorded for each host. 

Objective 5 

Determine if the practice of grazing sheep in annual ryegrass fields in the late 

winter and spring significantly reduces larval populations of CSM. 
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Grazing sheep in annual ryegrass seed fields is a common practice in the 

Willamette Valley, Oregon (Young, 1981). Annual ryegrass can grow, assimilate biomass 

and tiller prolifically in the late fall and winter producing surplus vegetation that can be 

used as green feed (Bean et al., 1976). According to Young (1981), grazing fall seeded 

annual ryegrass through early or mid-April has little impact on seed yield. Several 

investigators have used clipping techniques to simulate the effect of animal grazing on 

annual and perennial grasses as well as on annual cereal grasses (Cooper and Saeed, 

1949; Gardner and Wiggans, 1960; Day et al., 1968; Cam lin and Stewart, 1975). Cutting 

or grazing prior to internode extension results in the removal of leaf material only. 

Subsequent regrowth arises from the extension of leaf primordia of the growing points 

and from meristems of axillary tillers. The growing points remain intact because of their 

location below grazing height which is near or below the soil surface (Jewiss, 1972). 

Cam lin and Stewart (1975) compared results of mechanical cutting with cattle grazing on 

ten cultivars of annual ryegrass over two seasons and developed correlations between the 

two methods. Cutting results in the removal of all vegetation above a certain height, 

whereas grazing preferentially removes younger tissues (Milthorpe and Davidson, 1966). 

An experiment to determine effect of vegetation removal and its timing on CSM 

infestations was conducted at the Smith Farm from March 8 to May 7, 1994. A 

randomized complete block design with 3 replications blocked in perpendicular seed rows 

was used. Each block, 120x600 cm, was divided into three 120x120 cm subplots with 

60 cm buffer zones between and around borders. Effect of grazing was simulated by 

clipping annual ryegrass at 3 cm above ground level with a hand held, battery operated 
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An experiment to determine effect of vegetation removal and its timing on CSM 

infestations was conducted at the Smith Farm from March 8 to May 7, 1994. A 

randomized complete block design with 3 replications blocked in perpendicular seed rows 

was used. Each block, 120x600 cm, was divided into three 120x120 cm subplots with 

60 cm buffer zones between and around borders. Effect of grazing was simulated by 

clipping annual ryegrass at 3 cm above ground level with a hand held, battery operated 

grass edger. Vegetation was clipped on March 8 and April 5. Grass was allowed to grow 

freely in plots of the third treatment (untreated control). Clipped forage was removed 

from plots and buffer areas were cut and sprayed with herbicide to eliminate a source of 

infestation by later instar, migrating CSM. Evaluation of treatments was done by 

randomly collecting 100 stems from each plot weeky from April 26 to May 24. Numbers 

of CSM larvae in each sample were determined by using Berlese funnels to extract the 

larvae as described in Objective 1. Analysis of variance with square root transformation 

and mean comparison were used to compare larval densities of treatments subsequent to 

last clipping (Gomez and Gomez, 1984). 
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RESULTS 

Objective 1 

Describe field biology and seasonal development of CSM in an annual ryegrass 

seed field. 

Egg stage: Newly deposited eggs of CSM were first observed in Buildings A and 

B on June 18, 1993, two weeks after adults had begun to migrate to buildings. Of all 

observation sites, eggs were only found in Buildings A and B which both contained well 

aged grass straw, loose and baled. Significantly more eggs were deposited on the walls 

and straw in Building B than in Building A, probably a reflection of adult populations 

in the two buildings. Eggs were occasionally found on other substrates such as metal or 

cloth but they were most often deposited on wood and grass straw. Eggs on the walls 

were found in clumps and massed together. Cracks and crevices of the walls were highly 

favored oviposition sites. Eggs deposited on straw were nearly always located within the 

external grooves of the dry stems (Figure 1). 

Weekly samples of eggs in Building B revealed completed embryonic development 

in some eggs by July 2, 1993, two weeks after eggs were first noticed. Fully formed, 

first instars were visible through chorion and morphologically appeared to be ready for 

eclosion (Figure 2). 

Contrary to reported observations in Europe, roughly fifty percent of the eggs 

deposited in this building hatched in late June and July, 1993 (Table 1 and Figure 3). 
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Figure 2. CSM egg with fully developed larva visible through chorion. 
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Table 1. Percent of unhatched CSM eggs (n = 200-400/sample) collected from June 1,
1993 to April 12, 1994. 

Date of collection 

6/ 1/93 
6/ 8/93 
6/15/93 
6/22/93 
6/29/93 
7/ 6/93 
7/13/93 
7/20/93 
7/27/93 

8/ 3/93 
8/10/93 
8/17/93 
8/24/93 
8/31/93 
9/ 7/93 
9/14/93 
9/21/93 
9/28/93 
10/ 5/93 
10/12/93 
10/19/93 
10/26/93 
11/ 2/93 
11/ 9/93 
11/16/93 
11/23/93 
11/30/93 
12/ 7/93 
12/14/93 
12/21/93 
12/28/93 

% unhatched eggs (mean±SE)a 

0.00±0.00 
0.00±0.00 
0.00 ±0.00 
0.00±0.00 
3.49±3.49 
11.07±4.60 
34.51 ±2.21 
55.19 ±5.33 
54.61±2.62 

47.64±11.72 
52.76±3.54 
44.06±1.79 
43.66±10.10 
58.28 ±3 .24 
56.15±1.57 
51.63±1.29 
47.15±9.18 
46.73 ±5 . 91 
42.33 ±5.61 
49.72±6.63 
54.77±7.11 
50.76±4.32 
40.19±8.94 
46.15 ± 7. 76 
48.92±6.81 
46.28±8.13 
54.65 ±9.07 
58.18±1.22 
51.09±7.55 
49.67±7.34 
52.85 ±6.92 

(Continued) 
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31 

Table 1. (Continued) 

Date of collection % unhatched eggs (mean±SE)a 

1/ 4/94 49.70±7.34 
1/11/94 49.04±10.61 
1/18/94 65.43 ±5.06 
1/25/94 41.85±11.77 
2/ 1/94 67.87±5.93 

mean = 51.02±1.26 

2/ 8/94 45.51±14.30 
2/15/94 42.42±10.53 
2/22/94 24.18±9.56 
3/ 1/94 28.94±14.50 
3/ 8/94 18.63±6.61 
3/15/94 10.34 ± 26. 63 
3/22/94 2.14±1.86 
3/29/94 0.95±1.33 
4/ 5/94 0.00 ±0. 00 
4/12/94 0.00±0.00 

a = Mean ± Standard error. Means derived from 3 replications. 

http:0.00�0.00
http:0.95�1.33
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http:18.63�6.61
http:28.94�14.50
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http:49.04�10.61
http:49.70�7.34
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Figure 3. Percent of unhatched CSM eggs (n = 200-400/sample) collected from June 1,
1993 to April 12, 1994. 
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The summer hatch was first noticed by the fine whitish webs of first instar silk which 

covered the walls, poles, doors and floor at the north end of Building B. Live first instar 

CSM were easily confirmed by microscope. Based on accumulated webbing and results 

of the weekly egg surveys, this summer hatch occurred approximately between June 29 

and July 27, 1993, ultimately resulting in a summer eclosion rate of nearly 50 percent 

(Table 1). The remaining eggs hatched between February 8 and March 29, 1994, as 

determined by monitoring ballooning first instars with sticky traps in the buildings (Table 

2 and Figure 4). Numbers of ballooning larvae trapped at the south end of Building B 

were significantly greater (4.51 times) than those trapped at the north end of the same 

building (Table 2 and Figure 4). 
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Table 2. Weekly mean number of first instar CSM larvae on sticky traps in Building B, 
at Smith Farm, Linn Co., OR in 1994. 

Mean larval number (mean ±SE)a
 
Date of
 

collection Bldg. B.(S)b Bldg. B.(N)° Average
 

2/ 8/94 0.00±0.00 0.00±0.00 0.00±0.00 
2/15/94 41.83±7.09 14.00±4.90 27.92±13.92 
2/22/94 195.17±40.74 51.33±15.73 123.22 ±71.88 
2/28/94 1035.17±387.46 230.00±46.00 632.59±402.59 
3/ 7/94 1196.67±345.66 232.00±31.94 714.34±482.34 
3/14/94 353.00±75.15 66.50±14.42 209.75±143.25 
3/21/94 18.83 ±7.70 35.67±10.87 27.25±8.42 
3/28/94 20.50±2.14 4.83±1.87 12.67±7.83 
4/ 4/94 0.00±0.00 0.00±0.00 0.00±0.00 
4/11/94 0.00±0.00 0.00±0.00 0.00±0.00 

mean' 286.12a ±143.38 63.43b±28.87 

a = Mean±Standard error.
 
b = Building B. (south end). Means derived from 6 samples/ week.
 
c = Building B. (north end). Means derived from 6 samples/ week.
 
d = Means within a row followed by the same letter are not significantly different
 

(p = 0.01; ANOVA-LSD with Square Root (x+1) Transformation). 

Very few larvae were collected on sticky traps in the oak grove. Although the 

trees were scrutinized for silk, eggs and larvae, none were found. The few larvae trapped 

here are believed to have ballooned from the nearby buildings. 

Larval stage: Seasonal occurrence of larvae began with the first appearance of 

larvae on sticky traps and in samples of grass processed in the Berlese funnels. The last 

detection of larvae was in grass samples processed in the Berlese funnels (Table 2 and 

3). 
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Figure 4. Weekly mean numbers of first instar CSM larvae on sticky traps in Building 
B at Smith Farm, Linn Co., OR in 1994. 
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In 1994, larvae were first detected on sticky traps on February 15, 1994 (Table 2). 

However, few larvae were collected in Berlese funnels a week earlier (Table 3). In 1993, 

the first detection of larvae in grass samples was on April 14, populations peaked on May 

20 and declined thereafter. In contrast, the first larvae detected in grass samples in 1994 

appeared about 8 weeks earlier on February 8. The number of larvae peaked on March 

22 and then slowly declined through early June. Interestingly, the last larvae collected 

from grass samples in both years were separated by only 3 days. In 1994, the duration 

of the larval stage lasted 18 weeks compared to only 9 weeks in 1993 (Table 3 and 

Figure 5). 
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Table 3. Seasonal occurrence and spatial distribution of CSM larvae in an annual 
ryegrass seed field at Smith Farm, Linn Co., OR in 1993 and 1994. 

Date of collection 

4/ 7/93 
4/14/93 
4/21/93 
4/29/93 
5/ 6/93 
5/13/93 
5/20/93 
5/27/93 
6/ 3/93 
6/10/93 
6/17/93 
6/24/93 

mean' 

2/ 1/94 
2/ 8/94 
2/15/94 
2/22/94 
3/ 1/94 
3/ 8/94 
3/15/94 
3/22/94 
3/29/94 
4/ 5/94 
4/12/94 
4/19/94 
4/26/94 
5/ 3/94 
5/10/94 
5/17/94 
5/24/94 
5/31/94 

Larval No. (Mean±SE)a 

0.00±0.00 
1.60±0.45 
1.90±0.50 
7.50±0.60 
10.10±1.65 
27.00±2.16 
29.40±3.86 
16.40±1.86 
9.60±1.32 
0.50±0.22 
0.00±0.00 
0.00±0.00 

11.56a±3.40' 

0.00±0.00 
0.40±0.22 
0.40±0.17 
0.60±0.22 
1.10±0.31 
3.20±0.55 
5.80±1.04 
11.40±1.84 
10.00±1.60 
10.70±1.52 
9.50±1.99 
8.80±1.14 
9.40±1.10 
5.20±0.92 
1.80±1.10 
2.60±0.62 
2.60±0.36 
1.50±0.35 

Distribution (s2 /mean)b 

1.28 
1.35 
0.48 
2.70 
1.73 
5.05 
2.10 
1.81 
1.00 

-
-

1.94 

-
1.20 
0.68 
0.82 
0.89 
0.17 
0.52 
0.95 
3.39 
2.39 
2.43 
1.29 
1.62 
6.77 
1.48 
0.49 
0.84 
1.29 

(Continued) 
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Table 3. (Continued) 

Date of collection Larval No. (Mean±SE) Distribution (s2/mean) 

6/ 7/94 0.70±0.21 0.64 
6/14/94 0.00±0.00 
6/21/94 0.00±0.00 

meand 4.54b ±0.93f 1.55 
.. 

a = Mean ± Standard error. Each mean derived from 10 samples of 100 stems of
annual ryegrass. 

b = Variance-to-mean ratios. 
c = Data of 4/ 7/93, 6/17/93, and 6/24/93 (zero data) were excluded from the 

calculation. 
d = Data of 2/ 1/94, 6/14/94, and 6/21/94 (zero data) were excluded from the

calculation. 
e,f = Mean number followed by the same letter are not significantly different 

(p = 0.01; 26 df; t = 2.779). Larval numbers were averaged from 10
samples/week. 

Spatial dispersion patterns of CSM larvae in the annual ryegrass field of study 

indicated by variance-to-mean ratios showed that the larval distribution was clumped. 

Average variance-to-mean ratios for 1993 and 1994 were 1.94 (range = 0.48 - 5.05; p 

= 0.05; 18dt) and 1.55 (range = 0.17 6.77; p = 0.05; 9 df), respectively (Table 3). 

The larval population in the field was significantly lower in 1994 with a weekly 

seasonal mean of 4.54 larvae/100 stems compared to 11.56 larvae/100 stems in 1993 

(Table 3). 
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Figure 5. Seasonal occurrence and relative abundance of CSM larvae in an annual 
ryegrass seed field at Smith Farm, Linn Co., OR in 1993 and 1994. 
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Parasitization was likely the primary reason for the larval population decline. Two 

species of parasitoids were found in the grass samples. The parasitoids were placed in 

the Eulophidae (Figure 6) and Ichneumonidae (Figure 7) by Mr. Gary Parsons, Insect 

Identification Specialist, Department of Entomology, Oregon State University. The 

collective parasitization rate was extremely high, reaching 100% on of June 28, 1994. 

Individually, the Eulophids accounted for a rate of parasitization from 71.83 % to 

89.90%, while the Ichneumonids accounted for rates of from 8.08% to 18.18% (Table 

4 and Figure 8). 

Figure 6. Larval parasitoids of CSM in family Eulophidae: adult female and male. 
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Figure 7. Larval parasitoid of CSM in family Ichneumonidae: adult female and male. 
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Table 4. Percent parasitization of CSM larvae by two species of larval parasitoids in an 
annual ryegrass seed field at Smith Farm, Linn Co., OR from June 7 to July 5, 1994. 

Date of na 
Parasitization (%) 

collection EULb ICHb Total 

6/ 7/94 71 71.83 16.90 88.73 
6/14/94 55 76.36 12.73 89.09 
6/21/94 99 89.90 8.08 97.98 
6/28/94 88 81.82 18.18 100.00 
7/ 5/94 97 83.51 15.46 98.97 

a = Numbers of CSM larvae found per 100 stems of annual ryegrass samples.
b = EUL = Eulophidae; ICH = Ichneumonidae. 

Figure 8. Percent parasitization of CSM larvae by two species of larval parasitoids in an 
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Pupal stage: Probably due to the phenomenally high rate of parasitization 

observed in larval populations, pupae were not detected in stem samples on 1994. Results 

and descriptions of the pupal stage were based on data from 1993. 

In 1993, the first pupa was detected on May 28. Numbers per sample peaked on 

June 4 and none were collected after July 2. The peak seasonal density was 4.90±0.94 

pupae/100 stems on June 4 (Table 5 and Figure 9). 

The predominant pupation site was located on the inner side of the flag leafsheath. 

Occasionally, cocoons were attached to both the leafsheath and the flowering culm. No 

natural enemies were observed to attack or were reared from this stage. 

Table 5. Seasonal occurrence of CSM pupae in an annual ryegrass seed field at Smith 
Farm, Linn Co., OR from April 16 to July 9, 1993. 

Date of collection Pupal No. (Mean±SE)a 

5/14/93 0.00±0.00 
5/21/93 0.00±0.00 
5/28/93 3.20±0.59 
6/ 4/93 4.90±0.94 
6/11/93 4.80±0.83 
6/11/93 3.20±0.98 
6/25/93 1.60±0.50 
7/ 2/93 0.40±0.16 
7/ 9/93 0.00±0.00 

meanb 3.02±0.72 

a = Mean ± Standard error. Means derived from 10 samples of 100 stems of annual 
ryegrass/week. 

b = Data from 5/14/93, 5/21/93 and 7/9/93 (zero data) were excluded from the 
calculation. 
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Figure 9. Seasonal occurrence and relative abundance of CSM pupae in an annual 
ryegrass seed field at Smith Farm, Linn Co., OR in 1993. 
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Adult stage: All accounts of adult activity are based on observation made in 

1993. Probably due to the high rate of parasitization, adults (Figure 10) were not 

observed in the field or inside buildings during summer of 1994. 

Figure 10. Adult cereal stem moth, Ochsenheimeria vacculella Fischer von Roslerstamm. 
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In 1993 both sweep net surveys and sticky traps placed in the buildings detected 

the first moths on June 4. Sweep net samples for adults in the field were conducted only 

during 3 weeks from May 28 to June 11 at which time harvest preparation began with 

swathing. Moths in Buildings A and B were first observed at the same time as those 

collected in the field, providing evidence for migration soon after emergence. No adults 

were collected on sticky traps or observed in Building C. Numbers of moths on sticky 

traps in Building A and B sharply increased after June 11, peaking on July 2. Thereafter, 

numbers of moths collected slowly decreased. No live adults were observed after 

September 17. The population level of adults in Building B was significantly higher than 

in Building A as indicated by weekly mean numbers of moths collected per trap, 

29.43 ±4.15 and 6.23 ±1.01, respectively (Figure 11 and Table 6). 

Figure 11. Seasonal occurrence and relative abundance of CSM adults in Buildings A and
B at Smith Farm, Linn Co., OR in 1993. 
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Table 6. Seasonal occurrence of CSM adults in an annual ryegrass seed field (sweep net) 
and in Buildings A and B (sticky boards) at Smith Farm, Linn Co., OR from May 28 to 
September 24, 1993. 

Mean adult numbers (Mean±SE)a 
Date of 

collection Sweep net Bldg. A. Bldg. B. 

5/28/93 0.00 ±0.00 0.00±0.00 0.00±0.00 
6/ 4/93 0.67±0.67 1.50±1.50 10.50±3.50 
6/11/93 4.17±2.27 7.50±4.50 34.00±11.00 
6/18/93 Windrowed 1.50±0.50 57.00±5.00 
6/25/93 10.50±3.50 42.00±6.00 
7/ 2/93 10.50±0.50 56.00±12.00 
7/ 9/93 12.00±4.00 24.50±0.50 
7/16/93 6.00±2.50 30.50±5.50 
7/23/93 - 8.50±3.00 33.50±2.50 
7/30/93 12.00±1.50 31.50±6.50 
8/ 6/93 6.50±5.00 36.50±7.50 
8/13/93 7.00±1.50 22.50±1.50 
8/20/93  1.50±0.50 25.00±0.00 
8/27/93 2.50±0.50 19.50±1.50 
9/ 3/93 - 2.50±2.50 14.00±3.00 
9/10/93 3.50±2.50 4.50±1.50 
9/17/93 0.00±0.00 1.00±1.00 
9/24/93 - 0.00±0.00 0.00±0.00 
mean" 6.23a±1.01c 29.43b±4.15d 

a = Mean ± Standard error. Means from sweep net method derived from 6 samples. 
Means from sticky boards derived from 4 samples. 

b = Means within a row followed by the same letter are not significantly different
(p = 0.01; 14df; t = 2.977). 

c,d = Data of 5/28/93, 9/17/93 and 9/24/93 (zero data) were excluded from the 
calculation. 
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In 1993 flight and copulation occurred only from June 4 to July 2 even though 

females continually laid their eggs until mid September. During this time, flight was 

noticed to occur only during sunny days from about 12:00 pm to 4:30 pm. Copulation 

took place only after moths flew into the buildings and landed on the walls. Flight in the 

field and within buildings did not occur on overcast or cloudy afternoons. Moths would 

aggregate and rest on the walls and roof in the buildings. Cracks and crevices were 

favored spots in which numerous moths were formed. The life cycle of CSM through a 

calendar year is shown in Figure 12. 

Figure 12. Generalized schematic representation of CSM life cycle in the Willamette 
Valley, OR. 
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Objective 2 

Determine the number of larval instars by using head capsule width 

measurements. 

The frequency distribution of 319 head capsule widths appears to produce five 

distinguishable peaks, giving evidence that CSM larvae develop through five instars 

(Figure 13 and Table 7). Means and standard deviations of these peaks are 0.15 ±0.02 

mm, 0.33 ±0.03 mm, 0.52±0.06 mm, 0.71±0.03 mm and 0.88±0.05 mm, 

corresponding to first through fifth instars. There were no constant values for the ratios 

of head capsule widths between successive instars, contrary to Dyar's hypothesis (Dyar, 

1891). The ratios of head capsule widths between successive instars gradually increased 

in value for first through fifth instar and were 0.45, 0.63, 0.73, 0.81 deviating from the 

mean (0.655) by 31.30%, 3.82%, 11.45%, 23.64%, respectively (Table 7). Of course, 

Figure 13. Frequency distribution of 319 CSM larval head capsule widths (mm). 
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the possibility exists that an additional instar occasionally occurs but would easily be 

obscured by overlapping head capsule widths between prior and successive instars or sex 

related differences (Beaver and Sanderson, 1989). 

Table 7. Mean head capsule widths (mm) and inter-instar ratios of CSM larvae from an 
annual ryegrass seed field at Smith Farm, Linn Co., OR. 

Instar Number Head capsule width Inter-instar 
measured Mean± SD (mm)a ratio' 

1st 23 0.15 ±0.02 -
2nd 58 0.33 ±0.03 0.45 
3rd 125 0.52±0.06 0.63 
4th 67 0.71±0.03 0.73 
5th 46 0.88±0.05 0.81 

mean = 0.655 

a = Mean ± Standard deviation. 
b = Dyar's constant (Dyar's, 1891). 

Objective 3 

Determine the effect of temperature exposure on eclosion. 

This experiment provides evidence for an interaction between temperature and 

incubation period for eclosion (Table 8 and Figure 14). Both duration of incubation and 

temperature within the range of the study influenced eclosion. No eggs hatched at 6°C 

and 21°C over all incubation periods. Eclosion occurred seemingly normal at both 10°C 

and 14°C. Eggs required more than one month of incubation for the onset of eclosion 
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at 10°C and 14°C. Approximately fifty percent had hatched at the end of two months and 

all viable eggs had hatched after three months (Table 8 and Figure 14). 

Table 8. Percent eclosion of CSM eggs at different temperatures and incubation periods. 

hatchability (%)a 
Temperature(°C) 

1 mo. 2 mo. 3 mo. 

6 0.00 a 0.00 a 0.00 a 
10 0.00 a 50.67 b 96.67 b 
14 0.00 a 58.33 b 97.67 b 

21 (control) 0.00 a 0.00 a 0.00 a 

a = Means derived from 3 replications. Means within a column followed by the same 
letter are not significantly different (p = 0.01; ANOVA-LSD with square root 
transformation). 

Figure 14. Percent eclosion of CSM eggs at different temperatures and incubation 
periods. 
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Objective 4 

Evaluate the suitability of selected economically important cereal and grass seed 

crops as larval hosts. 

Field trial 

Significantly more larvae were found in plots of annual ryegrass than in winter 

wheat (p =0.01; df=34; t=2.734) (Figure 15 and Table 9). An average of 2.5 times 

more larvae were extracted from the ryegrass samples taken from late winter through 

spring (5.97+0.27 vs. 2.39±0.88 larvae per 100 stems). Very few larvae were found 

on winter wheat after May 3. Interestingly, numbers of larvae extracted from both hosts 

dropped considerably after this date. Evidently CSM larvae were unable to complete 

Figure 15. Mean CSM larval densities on winter wheat and annual ryegrass at Smith 
Farm, Linn Co., OR. 
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development on this variety of wheat. No larvae past the 3rd instar were recovered from 

field samples and no pupae were detected in the plots. The occurrence of "white heads", 

a typical expression of larval damage, was evidenced from the beginning of head 

formation in the ryegrass plots. White heads were conspicuously absent in the wheat. 

Table 9. Mean CSM larval densities on winter wheat and annual ryegrass at Smith Farm, 
Linn Co., OR from March 1 to May 31, 1994. 

Mean larval number/100 stems
 
Date of collection
 

Annual ryegrassa Winter wheatb 

3/ 1/94 1.10±0.31 0.10±0.00
 
3/ 8/94 3.20±0.55 1.50±0.65
 
3/15/94 5.80±1.04 1.00±0.41
 
3/22/94 11.40±1.84 0.25 ±0.25
 
3/29/94 10.00±1.60 2.00±0.71
 
4/ 5/94 10.70±1.52 9.25 ±1 . 89
 
4/12/94 9.50±1.99 7.00±3.19
 
4/19/94 8.80±1.14 5.50±2.25
 
4/26/94 9.40±1.10 0.25±0.25
 
5/ 3/94 5.20±0.92 3.00±0.82
 
5/10/94 1.80±1.10 0.75 ± 0.25
 
5/17/94 2.60±0.62 0.25 ±0.25
 
5/24/94 2.60±0.36 0.25±0.25
 
5/31/94 1.50±0.35 0.00±0.00
 
mean' 5.97a ±0.27 2.39b±0.884
 

a = Mean ± Standard error. Means derived from 10 replications of 100 stems of annual 
ryegrass. 

b = Mean ± Standard error. Means derived from 4 replications of 100 stems of winter 
wheat. 

c = Means within a row followed by the same letter are not significantly different 
(p=0.01; df=34; t=2.734). 

d = Data of 5/31/94 (zero data) were excluded from the calculation. 
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Greenhouse trial 

Overall larval mortality in this trial was quite high for all hosts which is consistent 

with findings of previous authors. Differential survival to the pupal and adult stage was 

quite variable, depending on the host, and ranged from less than 1% on tall fescue to 

nearly 20% on annual ryegrass (Table 10 and Figure 16). Annual ryegrass was the 

superior host although statistically inseparable from orchardgrass. Perennial ryegrass 

either with or without endophyte and winter wheat resulted in similar survival to the 

adult stage, but these host plants had significantly fewer adults emerging than from 

annual ryegrass. 

Table 10. Percent survival of CSM on selected host plants from first instar through pupal
stage and adult emergence. 

Survival (%)bc
 
Host plantsa
 

Mean (larva-pupa) Mean (larva-adult)
 

TF 0.83 a 0.83 a 
PRE 4.16 ab 4.16 ab 
WW 5.83 ab 5.83 ab 
PR 9.16b 8.33b 
OG 11.67 be 11.67 be 
AR 19.17 c 19.17 c 

a = TF = tall fescue; PRE = perennial ryegrass with endophyte; WW = winter wheat; 
PR = perennial ryegrass; OG = orchardgrass; AR = annual ryegrass. 

b = Means derived from 4 replications, each initiated with 30 first instar larvae. 
c = Mean numbers followed by a common letter are not significantly different (p =0.01; 

ANOVA-LSD). 
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Tall fescue was a poor host, allowing less than 1 % survival to pupal and adult 

stages. With only one exception, larvae surviving to the pupal stage also produced, 

seemingly, normal adults (Table 10.). 

Figure 16. Percent survival of CSM larvae on selected host plants from first instar 
through pupal stage and adult emergence. 
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Laboratory trial 

The survival of CSM from first instar to adult in the laboratory trial was quite 

different among host plants and also different from results of field and greenhouse 

studies. Larval survival was highest on annual ryegrass and lowest on winter wheat 

(Table 11). Percent CSM developing from first instar to adult emergence on annual 

ryegrass, tall fescue, tall fescue with endophyte and winter wheat were 20.00%, 13.33%, 

6.67% and 0.00 %, respectively. Greatest mortality occurred during the first and second 

instars, greater than 70% on each of the four hosts. 

When first instar CSM were inoculated onto annual ryegrass and tall fescue, they 

immediately crawled to the inner side of the leafsheath. Some bored into the leafsheath 

and became leafminers feeding distally to the apex of the leaf. Others bored into the main 

stems and immediately became stem borers as first instars. All larvae from second instar 

on were stem borers until pupation, regardless of grass host. In contrast, first instars 

inoculated onto winter wheat did not seek the leafsheath. Most larvae appeared to wander 

aimlessly only to be found dead on the tube surfaces the next day or the day after. 

Subsequent inoculations produced similar results. 

Annual ryegrass was the most suitable and winter wheat the least suitable host as 

measured by survival and overall developmental time. The tall fescue varieties produced 

intermediate results with the variety containing endophytic fungi producing significantly 

fewer adults than the non-endophytic variety. 



Table 11. Age specific survival rate, developmental times and adult longevity of CSM on four hosts in the laboratory. 

Life stage 
AR 

No. surviving to next stages 

TF 

Mean development time (d±SE)b 

TFE WW 
Larva 

1st 
2nd 
3rd 
4th 
5th 

14 
8 
6 
6 
6 

2.14±0.10 
2.38±0.18 
3.33±0.21 
5.17±0.17 
8.67±0.33 

10 
6 
5 
5 
4 

2.10±0.10 
3.17±0.31 
4.60±0.40 
5.60±0.25 
6.25 ±0.48 

11 

4 
4 
3 

3 

2.18±0.12 
3.75±0.25 
4.75 ± 0.48 
5.33 ±0. 66 
6.67±0.33 

5 
1 

1 

1 

1 

2.60±0.25 
4.00±0.00 
6.00±0.00 
7.00±0.00 
7.00±0.00 

1st - 5th 6 17.67±0.71 4 21.25±1.03 3 22.29±1.19 
1 27.00±0.00 

Pupa 6 8.67±0.33 4 9.75±0.25 2 8.00±0.00 
-

Larva adult 6 26.33±0.88 4 31.25±1.03 2 31.50±0.25 
emergence 

Adult longevity 6 20.33±1.65 4 20.25 ±0.48 2 10.00±0.00 
Survival rate (%) 20.00a 13.33b 6.67c 0.00d

larva - adulte 

a = Number surviving to next stage of 30 first instar larvae inoculated on each host. 
b = Mean (days) ± Standard error. AR = annual ryegrass; TF = tall fescue; TFE = tall fescue with endophyte;

WW = winter wheat. 
c = Mean numbers followed by the same letter are not significantly different (p=0.01; ANOVA-LSD). 
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Objective 5 

Determine if the practice of grazing sheep in annual ryegrass fields in the late 

winter and spring significantly reduces larval populations of CSM. 

Removal of annual ryegrass foliage by clipping to simulate the effect of sheep 

grazing greatly reduces numbers of CSM larvae found in leaf and stem samples taken 

subsequent to the last clipping date compared with unclipped plots (Figure 17 and Table 

12). It is interesting that date of clipping did not influence the magnitude of post 

treatment larval infestations in this trial. Reduced numbers of larvae noted in clipped 

plots on different dates were statistically similar, indicating that CSM population 

reduction was probably due to more than just the physical removal of larvae from plots 

at clipping time. 

Figure 17. Mean larval densities of CSM on clipped and unclipped plots of annual 
ryegrass after last clipping date. 

clipped 3/8 clipped 4/5 Ctrl 

Li Larvae 
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Table 12. Mean larval densities of CSM on clipped and unclipped plots of annual
ryegrass after last clipping date. 

Treatment Mean larval number' 

Tr 1. 2.75a±0.72 
(clipped on March 8, 94) 

Tr 2. 1.25a±0.16 
(clipped on April 5, 94) 

Unclipped 8.75b±0.52 
(control) 

a = Means from 5 sample dates with 4 replications each. 
Mean numbers followed by the same letter are not significantly different (p=0.01; 
ANOVA-LSD). 
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DISCUSSION 

The cereal stem moth is the first and only species of the Ochsenheimeriidae 

recorded in the western hemisphere. A recent introduction from Europe and first 

identified from adults collected in Ohio over 30 years ago, it has apparently been 

collected in only four locations since: New York, Pennsylvania, Canada and 

interestingly, the Willamette Valley, Oregon. It is only one of two species within this 

monobasic, Palearctic family to have attained pest status in the old world. The current 

study has been the first research on CSM since that of Pavlov (1961), and the only 

research conducted on CSM in the western hemisphere. It is also the first formal 

collection of immature stages and documentation of larval damage in America. 

The life history of CSM in western Oregon is similar to that of the species in 

northern Europe (Pavlov, 1961). There are notable exceptions which may be either 

distinct biological differences or simply a lack of scientific information published on the 

species in the old world. In western OR, the species is functionally univoltine on 

commercially grown annual ryegrass which germinates with fall rains and is harvested 

in early summer. Oviposition sites were generally restricted to the interior of outbuildings 

with easy access from the outside. Older wooden buildings and particulary those with a 

history of straw storage were favored. Eggs were commonly found massed on wooden 

walls, ceilings and straw piles or bales stored within the buildings. Contrary to Pavlov 

(1961), oviposition did not occur in the field, although straw residue, piles and bales 

were available and accessible. 
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A significant deviation in the phenology of the egg stage as reported in the old 

world was the eclosion of ca. fifty percent of the eggs during the summer of deposition. 

This results in what can be described as a suicide emergence in years of normal 

precipitation when virtually no host plants are available for larval colonization. In Europe 

all eggs apparently over summer and hatch in the late winter and spring. It is interesting 

and open to speculation why none of the eggs collected from pairs of adults confined in 

the laboratory hatched at room temperature. Assuming other factors were suitable for 

normal development, a portion of the eggs would be expected to hatch. However, eggs 

from the limited numbers of mated pairs used in this study hatched only during exposure 

to two of three low temperatures in this study, a result expected for a normally univoltine 

species of the northern hemisphere dependent on growth patterns of graminaceous hosts 

in late winter and spring. 

The presence of ballooning larvae from February to March coincides well with 

the annual ryegrass cropping system in the Willamette Valley when fall seeded plants are 

well established. Pupation occurs during heading and plant senescence in late May and 

early June. Adult emergence commences about two weeks before harvest with large 

numbers of moths observed during the two weeks when annual ryegrass is windrowed 

and combined. 

First instars were primarily leafminers with later stages boring into and feeding 

in stems which agrees with results reported by Pavlov (1961) and Davis (1975). In the 
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laboratory, first instars bored into stems. This may be an artifact of experimental design 

since only very young seedlings (5-8 cm tall) were used in this study. Feeding behavior 

may be in part determined by host plant size and tissue toughness. 

The spatial dispersion of larvae in an annual ryegrass field is aggregated or 

contagious with most larvae found in the immediate proximity of oviposition sites. 

It is interesting that even though first larvae occurred 8 weeks earlier in 1994 than 

1993, maturation of the larval population occurred on about the same date. The pupal 

stage occurs from late May to early July which is similar to that reported for the former 

Soviet Union (Pavlov, 1961). 

Flight, mating and oviposition activities of CSM were restricted to sunny day even 

after moths had migrated to buildings. As in Europe, moths were active only from 

approximately midday to about 4:30 pm (PDT). At other times, they would group 

together and rest on the walls and ceiling inside the buildings displaying highly 

thigmotactic behavior with one another and the resting substrate. 

Dyar's hypothesis (Dyar, 1890) proposes that the widths of larval head capsules 

of successive instars follows a geometrical progression. The immatures of some species 

follow this pattern (Goettel and Philogene, 1979; Nealis, 1987; McAvoy and Kok, 1992) 

and some do not (Beaver and Sanderson, 1989; Pasek and Dix, 1989; Neal Jr. and 

Santamour Jr., 1990; Charlet and Gross, 1990; Bastian and Hart, 1991; Jobin et al., 

1992). Dyar's hypothesis was based on the assumption that for each insect species the 

number of molts is constant and the head capsule does not increase in size during each 

stadium. Larvae that develop under optimal conditions seem to follow this pattern. The 
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use of head capsule width for larval instar classification is limited particularly when head 

capsule sizes of prior and successive instars overlap or differ by sex. Bliss and Beard 

(1954) report that head capsule width increases during a stadium in milkweed bug, 

Oncopeltus fasciatus (Dall.). In cereal leaf beetle, Oulema melanopus (L.) the increments 

in head capsule width do not follow Dyar's geometric progression because of a smaller 

ratio of growth in the last two instars (Hoxie and Wellso, 1974). A variable number of 

instars has been recorded for many insects (Plantevin, 1975; Wigglesworth, 1972) and 

under various conditions relating to temperature (Ingram, 1976; Pipa, 1976; 

Wigglesworth, 1972), temperature/photoperiod (Philogene and Benjamin, 1971), nutrition 

(Nijhout, 1975; Wigglesworth, 1972), geographic location (Raske, 1976; Jobin et al., 

1992) and parasitization (Nealis, 1987; Carolin, 1987). 

Even though the frequency distribution of CSM head capsule widths indicated five 

distinguishable peaks in this study, the ratios between those of prior to successive instars 

failed to produce a constant value. This may be the result of significant overlapping of 

head capsule widths, effects of stress, sex or even the occurrence of an occasional 

additional instar. 

Results from the experiment of objective 3 indicate that cold temperatures are 

necessary for eclosion in at least part of the population. In the laboratory, eggs hatched 

at 10° and 14°C when incubated for from two to three months. Lees (1955) stated that 

insects with facultative diapause commonly complete two or more generations annually, 

while those with obligatory diapause exhibit a strictly univoltine life strategy. My field 
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observations indicate that CSM may be capable of facultative diapause. The environment 

of the former Soviet Union or the laboratory may reflect suboptimal conditions resulting 

in diapause. 

Pavlov (1961) and Davis (1975) reported 12 species of cereals and grasses in a 

single family, Poaceae, as hosts of CSM. Economic losses were reported for winter 

wheat and rye (Pavlov, 1961). However, in the Willamette Valley, only annual ryegrass 

and perennial ryegrass fields have been infested (Kamm and Fisher, 1990). This study 

indicates that annual ryegrass is the most suitable host of the grasses and cereals 

evaluated. Winter wheat is a poor host in contradiction to reports by Pavlov (1961). This 

may be due to varietal differences or genetic variation within the North American 

populations of CSM. 

Results from host plant trials in the greenhouse and laboratory indicate CSM can 

survive on annual ryegrass, orchardgrass, perennial ryegrass and even winter wheat. 

However, field infestations were found only in annual ryegrass and perennial ryegrass 

within a relatively small area of Linn County, OR. 

Removal of foliage in winter or early spring in an annual ryegrass field, as might 

occur with grazing of sheep, results in a significant reduction of CSM larvae. The 

feeding sites of CSM larvae are restricted to leaves or soft tissue of the shoots. The 

common practice of grazing sheep in annual ryegrass fields in Willamette Valley appears 

to offer an effective cultural control. However, further study on timing, duration and 

numbers of sheep per unit area are required. 
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Of great significance in this study was the collection of two species of parasitoids 

in the spring of 1994 from immature CSM. Collectively, these two species in the 

Ichneumonidae and Eulophidae accounted for over 90% reduction in the larval population 

at my research site. Adult parasitoids have been submitted to SEL, USDA for 

identification. 

It is concluded that at this time CSM is only an occasional pest of annual ryegrass 

in a small area of the Willamette Valley. Cultural practices and biological controls 

effectively reduce larval populations in this crop. This research also indicates that other 

grass and cereal species currently produced in western OR are at very low risk for 

economic damage from CSM. 
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