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Abstract approved:

This study of the strawberry root weevil, Otiorhynchus ovatus (L.),

on peppermint, Mentha piperita (L.), in central Oregon provided

biological information to assess economic importance and to develop a

sequential sampling plan.

Teneral adult weevils emerged from the soil from late May until

late July. Oviposition of new generation adults commenced in early

July. A minimum 12 day egg incubation period was observed. Larvae were

present in peppermint fields all year and were the dominant life stage

from late August until mid-May the following year. Pupation commenced

during early to mid-May and was completed by late June. Overwintered

adults were found in spring samples at densities not greater than 11.6%

of the sampled population. Developed ova were observed in the over-

wintered adults in late May. A carabid beetle, Pterostichus vulgaris

(L.), was predaceous on larval, pupal and adult strawberry root weevils,

no other predators or parasites were observed.

Fall plowing of peppermint fields increased the depth at which

weevils were found the following spring. When fields are sampled in



mid-May, a minimum depth of 15 cm is suggested for fall plowed fields

and ten cm for unplowed fields.

Strawberry root weevil adults, pupae, larvae and the total of all

these life stages have a clumped distribution that fit the negative

binomial distribution when sufficient data were available to determine

frequency distributions.

Statistically significant negative relationships were found between

pupae, larvae and the total strawberry root weevil population and

peppermint oil yields.

A modified sequential sampling plan was developed for the total

strawberry root weevil population using a common K-value (0.411) and a

tentative estimate of the economic injury level (ca. 8.19 weevils/1000

cm2).
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BIOLOGY, DISTRIBUTION AND ECONOMIC THRESHOLD OF

THE STRAWBERRY ROOT WEEVIL, OTIORHYNCHUS

OVATUS (L.), IN PEPPERMINT

INTRODUCTION

The strawberry root weevil (SRW), Otiorhynchus ovatus (L.), is an

important pest of many agricultural crops. SRW is an omnivorous insect

(Wilcox et al. 1934) that causes considerable damage to strawberry,

cranberry, blueberry, blackberry, currant, nursery plants, hop and

peppermint plants in the Pacific Northwest (Berry 1971, Emenegger and

Berry 1978).

Peppermint produced for oil is an important commercial crop in

Oregon. In 1978 approximately 23,067 hectares of peppermint, Mentha

piperita L., were grown in Oregon, with a yield of 1,499,591 kilograms

of mint oil. This constituted over 57 percent of the total peppermint

oil produced in the United States. During this same period, central

Oregon peppermint oil production reached 817,382 kilograms or 31.5

percent of the United States production (U.S.D.A. 1979).

Strawberry root weevils were reported as a peppermint pest as early

as 1945 (Thompson 1946). A tabulation of data from the 1978 and 1979

Oregon State University Mint Scouting Program for central Oregon showed

that strawberry root weevils were dispersed throughout much of the area.

In 1978 and 1979, scouting reports indicated that strawberry root

weevils infested 48.6 and 35.8 percent, respectively of the central

Oregon peppermint fields monitored (unpublished data).
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The larvae cause serious damage to peppermint by feeding externally

on the roots. Adults, which emerge in the spring and restrict feeding

to the foliage during the period when the plant is rapidly growing.

Adult feeding is seldom considered serious, except on certain nursery

plants (Emenegger and Berry 1978).

No simple or reliable sampling methods have been available to

assess populations of this pest. In practice, growers may decide 1) to

apply an insecticide as an "insurance treatment," 2) not to apply an

insecticide and take the risk that economic damage may result from an

undetected infestation of strawberry root weevil larvae, or 3) to employ

very time-consuming, fixed sample-size sampling methods which are very

costly relative to time and labor. A simple, reliable sampling method

is needed to estimate strawberry root weevil populations in peppermint

so that decisions regarding the necessity of treatment can be made with

a minimal expenditure of time and labor.

As with other pests of economic importance, economic and

ecologically sound control measures depend on an understanding of the

biology, dispersal characteristics and economic injury levels of the

pest. Therefore, a study of the seasonal life history, dispersal

characteristics and economic injury levels was undertaken to develop

sequential sampling plans for strawberry root weevils in central Oregon

peppermint.
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LITERATURE REVIEW

Nomenclature and Distribution

The strawberry root weevil, O. ovatus (Coleoptera: Curculionidae)

was originally described as Curculis ovatus by Linnaeus (1761) and has

been assigned to several genera: Brachyrhinus Latrielle, and

Otiorhynchus Germar. Germar (1824) proposed the genus Otiorhynchus

which has been the accepted generic name by most workers world-wide

(some European literature refers to Otiorhynchus as Otiorrhynchus).

The use of the generic name Brachyrhinus was discontinued by most

European workers, but some United States and Canadian workers continued

using Brachyrhinus until 1972 (Breakey 1959, Downes 1927, Eide 1955,

Essig 1933, Leng 1920, Pierce 1913, Wilcox et al. 1934). In 1972, the

International Commission of Zoological Nomenclature honored a request by

Zimmerman in 1968 to validate the genus Otiorhynchus and the subfamily

Otiorhynchininae suppressing the genus Brachyrhinus and the subfamily

Brachyrhininae (Opinion 982...).

Further confusion exists in the earlier literature of O. ovatus

apparently stemming from Leconte and Horn (1876). In their The

Rhynchophora of America North of Mexico, Leconte and Horn listed the

species as Ligneous, but Ligneous has been used very little in

literature in referring to. O. ovatus.

Many common names have been used for O. ovatus in North American

literature. Emenegger (1976) listed nine common names used at various

times in the literature. The American Association of Economic

Entomologists in 1933 approved the name strawberry root weevil as the

accepted common name (Common names...).
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The strawberry root weevil is a widely distributed species through-

out the Old World (Emenegger 1976, Wilcox et al. 1934). In North

America, this weevil has been reported extending across the continent in

a broad band that includes all the provinces of Canada and the northern

half of the United States. This species has been reported as far south

as Welder Wildlife Refuge, Sinton, Texas Warner and Negley 1976).

As to the origin of 0. ovatus, many workers are of the opinion that

it arrived in North America with early European immigrants and trade

(Saccer 1922, Warner and Negley 1976, Weiss 1915). The first account of

O. ovatus in the United States was given by Wickham (1894) from the

Leconte collection collected in Massachusetts prior to 1852. Some

workers argue that O. ovatus is indigenous to North America because of

its restricted dispersal and occurrence in remote areas of North America

early in United States history and related fossil records (Downes 1922,

Hamilton 1889, Heyden 1887, Leconte et al. 1876). A more detailed

account of this argument is found in Wilcox et al. 1934.
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ECONOMIC IMPORTANCE

The strawberry root weevil has been a major pest of strawberries in

the United states for nearly a century (Weed 1884). Melander and Spuler

(1926) reported that root weevils destroyed entire plantings of straw-

berries in one season. Wilcox et al. (1934) reported that considerable

damage occurred on raspberry, loganberry, blackberry and cranberry

plants in the Northwest. He also referred to reports of serious damage

to coniferous forest nurseries throughout the United States and several

European countries. In recent literature, the strawberry root weevil

has been reported to cause considerable damage to several specialty

crops including hops and peppermint (Berry 1971). Lists of different

host plants for adult weevils and larvae have been reported by Emenegger

(1976), Patch (1905) and Wilcox et al. (1934).



6

BIOLOGY

A number of studies have been conducted on various biological

aspects of the strawberry root weevil in strawberries; Downes 1922) and

Treherne (1914) in British Columbia, Lovett (1913) and Wilcox et al.

(1934) in Oregon. These studies included such aspects as time of adult

emergence, duration and habits of the life stages, preoviposition

period, parthenogenesis, fecundity, period of oviposition, egg

deposition, egg fertility and incubation period. Similar work was

conducted in Europe (Burov 1959, Spessivtseff 1923, Stein and KUthe

1969).

Emenegger and Berry (1978) reported on several biological aspects

of strawberry root weevils inhabiting peppermint in Western Oregon.

They discussed descriptions of the life stages, adult emergence,

duration and habits of the life stages, fecundity, egg incubation and

fertility. Wilcox et al. (1934) provided taxonomic descriptions of

adult, pupal and larval forms of 0. ovatus and keys to the genera and

species of economically important root weevils of the Pacific Northwest.



7

CONTROL STRATEGIES AND METHODS

Several control strategies have been attempted to reduce crop

losses caused by the strawberry root weevil. Early attempts included

cultural control, using cover crops, crop rotation, weed control, and

fall plowing as methods of starving weevils to avoid a concentration of

the pest (Downes 1927, Mote and Wilcox 1927, Lovett 1913, Treherne

1914). Fernald (1916) reported the use of a spray repellant together

with plowing and trapping as an attempt to prevent migration and

oviposition. Lovett (1913) and Patch (1905) tried unsuccessfully to

develop repellants.

Other methods of cultural control in strawberries that were

partially successful included, burning (Melander 1917, Treherne 1914),

crusing soil (Melander 1917), and weevil proof barriers (Downes 1927).

Downes (1927) reported that cultural methods and crop rotation were

not satisfactory, and in most cases cultural methods did not reduce the

danger of immediate re-infestation.

In the late 1920's, workers discovered that insecticides provided

effective control. Evaporated chopped apple poisoned with arsenate or

flouride compounds proved fairly successful. However, many growers

found this method unsatisfactory and costly. Often the bait was

dissipated by rain soon after application or the timing was faulty

(Downes 1927, Mote and Wilcox 1927, Wilcox et al. 1934). It soon became

apparent that some new insecticides were needed. Work in Connecticut

(Schread 1950) showed the strawberry root weevil could be controlled in

nursery plantings by incorporating suitable insecticides in the soil

prior to planting strawberries. Breakey (1959) and Eide (1955) found
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that soil incorporation of certain chlorinated hydrocarbon insecticides

prior to planting strawberries resulted in over five years control of

strawberry root weevil.

In the late 1970's, many chlorinated hydrocarbon insecticides were

restricted for use in the United States because of their relatively

persistant residues in the environment. Berry (1971) found that

carbofuran was effective as a fall applied pesticide for strawberry root

weevils in peppermint. In 1980, Furadan (carbofuran) was granted a

Section 18 for use in Oregon to control strawberry root weevils in

peppermint (Johnson 1981).

There are numerous natural enemies of the strawberry root weevil.

Birds have been observed feeding on weevils (Kalmbach and Gabrielson

1921, Lovett 1913, Treherne 1914, and Weed 1884). Weed (1884) found O.

ovatus in the stomachs of crows, blackbirds, robins and other species.

Spiders are known to feed on adult strawberry weevils (Lovett 1913,

Treherne 1914). A Gamarid mite was reported feeding on O. ovatus eggs

by Lovett (1913). In Germany, Kuthe and Stein (1969) reported a

nematode species that controlled strawberry root weevils. Moles and

skunks have been listed as important predators by Treherne (1914) and

Weed (1884) respectively. To date, no parasites have been observed or

reported to attack strawberry root weevils.

Several different predaceous beetles have been found to feed on

strawberry root weevils. Downes (1922) observed the larvae of

Therevidaes feeding on larvae of O. ovatus. Weed (1884) reported that

carabids fed on pupae of O. ovatus. Treherne (1914) found that carabid,

Amara farcta, feeding on adults and larvae of the strawberry root

weevil. Thiele (1977) reported that carabid, Pterostichus vulgaris (L.)
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fed on curculionidae. Emenegger (1976) observed that the carabid,

Pterostichus (Omaseas). vulgaris (L.) (melanarius (ILL.)) consumed an

average of three adult 0. ovatus per day when confined in the

laboratory. Pterostichus vulgaris has been reported to consume more

than three times its own weight daily (Scherney 1959). Theile (1977)

discussed the potential of Pterostichus vulgaris and other entomophagous

carabids as tools in biological control.
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SAMPLING

Simple and reliable sampling methods should be available to growers

and fieldmen to assist them in determining whether or not strawberry

root weevil populations are at high enough densities to warrant control.

Various sampling methods have been described to study soil insects in

small plots. Bell (1977) employed a soil sampling and screening method

to measure distribution of immature obscure root weevils, Sciopithes

obscurus (Horn), on rhododendrens. Danielson (1976) and Danielson and

Berry (1978) compared sequential sampling to stratified-random sampling

plans using a soil sampling method to detect distribution and densities

of redbacked cutworm larvae, Euxoa ochrogaster (Guenee), in Oregon

peppermint. The immature stages of the strawberry root weevil have been

collected using soil sampling and screening methods (Eide 1955,

Emenegger 1976, Emenegger and Berry 1978, Wilcox et al. 1934).

Collection and monitoring adult strawberry root weevils using a sweep

net at night has been done by Eide (1955) and Emenegger (1976). A pit

fall trap technique was used to monitor the relative numbers of adult

strawberry root weevils in peppermint during the season and the duration

of their field activity (Emenegger 1976). However, Emenegger (1976)

found that large numbers of carabids that fell into the traps destroyed

the weevils. Currently a suitable sampling method for strawberry root

weevils has not been developed for growers or fieldmen to determine

weevil densities in commercial-sized peppermint fields.

A possible solution to the problem of developing a simple and

reliable sampling method may be the development of a sequential sampling

plan. Waters (1955) discussed sequential sampling for forest insects.
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Pieters (1978) stated that the main advantage of sequential sampling was

that it permitted the sampler to rapidly classify insect populations

that were either of low or high density without a fixed sample number

size. Wald (1947) and Danielson (1976), using sequential sampling

methods, demonstrated 50 percent and 73 percent average sampling time

reductions compared to stratified-random sampling methods. Other

advantages include the predetermined accuracy and the range of economic

injury levels which can be incorporated into the sequential sampling

plans (Onsager 1976). Hammond and Pedigo (1976) developed a sequential

sampling plan to determine whether or not to control the green clover-

worm in soybeans. Sequential sampling plans were developed by Sylvester

and Cox (1961) for aphids on sugar beets. Harcourt and Guppy (1976)

devised a sequential sampling plan for alfalfa weevils in alfalfa.

Danielson and Berry (1978) developed sequential sampling plans to deter-

mine population densities and treatment levels for redbacked cutworms in

peppermint.

Major disadvantages of sequential sampling are that the spatial

distribution of the insects must be known and numerous samples are often

necessary when the population level is intermediate. The former problem

is further compounded by the difficulty of obtaining a common K-value

when the negative binomial distribution best describes the insect

counts. The latter problem of excessive sampling can be remedied

through the use of truncation (Bliss and Owen 1958).



METHODS AND MATERIALS

Field Locations

1979

12

Stratified-random sampling was conducted in the spring in five

naturally-infested commerical Todd's Mitcham peppermint fields in

central Oregon. Fields 1, 2 and 4 were located in Crook County, approx-

imately 10 to 12 kilometers northwest of Prineville at an elevation of

853 to 883 meters. Fields 3 and 5 were located in Jefferson County.

Field 3 was located 11 kilometers north of Madras at an elevation of 652

meters. Field 5 was approximately 12 kilometers northwest of Madras at

an elevation of 721 meters. Fields 3 and 4 were three years old, field

2 was four years old, and fields 1 and 5 were five years old. Field 3

was the only field studied in 1979 that had been plowed the previous

fall. The soils in all fields studied were of a sandy-loam texture.

Single, 0.5 hectare plots were located in each of the fields in

areas that contained SRW based on preliminary sampling of soil around

and under peppermint plants in different portions of the fields. Each

0.5 hectare plot was divided into nine equal-sized strata (23.57 m x

23.57 m). Each stratum was further divided into eight equal-sized sub-

strata (11.78 m x 5.89 m) from which eight random samples were taken

within each sub-stratum. A total of 72 soil samples were taken from

each 0.5 hectare plot. The sample unit size was 31.62 x 31.62 cm and 10

cm deep in fields 1, 2 and 3. Soil samples were further stratified at

5, 10 and 15 cm depths in fields 4 and 5. Sample surface areas (1000

cm2) were kept uniform by using a standardized metal sampler. This

device consisted of a strip of steel (5.08 cm deep by 0.79 cm thick)
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bent into a square with one side open. This sampling device was dropped

on the soil surface at each sample location and pressed into the soil.

Enclosed soil and plants were removed to the desired depth with a shovel

and placed into a set of screens and sifted in the field (Figure 1).

All samples were sifted through two 58.42 x 58.42 cm screen sieves. The

sieve sizes were 1.57 openings per centimeter in the upper screen and

5.51 openings per centimeter in the lower screen. The lower screen had

sufficiently small openings to retain the immature weevils while

allowing most of the soil to pass through. Remaining soil was examined

twice by hand for SRW, and larvae, pupae and adults were recorded

separately for each sample. In fields 4 and 5 where soil depths were

stratified, the number of weevils in each life stage from each stratum

was recorded.

Mint oil yield data were collected from each field. Three, one

m2 mint foliage samples were randomly selected from the eight sub-

strata within each of the nine strata in the 0.5 hectare plots.

Therefore, 27 samples of mint were harvested for oil yield from each

plot. To maintain a uniform sample size, a three sided wooden square

with inside dimensions of lmxlmwas used. Harvested samples were

identified to correspond with their respective soil samples which had

been taken during the spring. Fields 1, 2, 3, 4 and 5 were harvested

August 14, August 13, July 27, August 13 and July 27, 1979,

respectively. Samples were air dried in open mesh bags and oil yields

were determined for each sample using modified pressure cooker mint

stills. All samples were distilled between September 20-24.

Oil yields were converted from milliters/10,000 squa.re centimeters

to Kg/hectare. Those yields were compared with the mean adult, pupal
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Figure 1. One thousand cm
2
soil sampler and sifting screens used

to extract strawberry root weevil from plant material
and soil.
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and larval densitites and the total SRW population (adults, larvae, and

pupae) from corresponding plots using linear regression analysis to

determine the relationship between SRW density and oil yields.

Knowledge of developmental base temperature provides a basis for

computing accumulated heat units (day-degrees) in association with

biological events. Once known, the accumulations could serve as a basis

for more timely surveys to predict SRW development. Guppy and Mukerji

(1974) found that a base developmental temperature of 10°C was satis-

factory for predicting seasonal development of the alfalfa weevil,

Hypera postica (Gyll.). Shanks and Finnigan (1973) reported that

minimal egg development occurred at 10°C for the black vine weevil,

Otiorhynchus sulcatus (F.), a weevil similar to SRW. Since

developmental base temperatures have not been developed for SRW, an

assumed base threshold of 10°C was used to provide a basis for

calculating accumulated day-degrees (realizing the choice of a base

temperature that is too high predicts events after they occur, and one

that is low predicts events too soon).

The term accumulated Julian day-degrees refers to the daily

accumulation of heat units from January 1 through December 31. Daily

day-degrees (DD) were calculated using the following equation described

by Pfadt (1971):

Maximum Daily Minimum Daily
DD = Temperature - Temperature - Base Developmental

2 Temperature

Local temperature data were obtained from weather recording

stations located less than 12 kilometers from all field locations

(Nat'l. Oceanic and Atmospheric Admin. 1978-80).
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1980

Sampling was conducted in the spring in three naturally infested

commercial Todd's Mitcham peppermint fields in central Oregon.

Field 6 was the same as field 3 studied in 1979. Field 7 was

located 4 kilometers east of Culver at an elevation of 832 meters.

Field 8 was located 11 kilometers northwest of Prineville at an

elevation of 868 meters. Only fields 6 and 8 were fall plowed. The

soil texture of all fields studied was sandy-loam.

Strawberry root weevil population centers were determined in each

field studied by transecting the population several times. Once a

relatively high population was located, soil samples were taken in a

radius around the population center. Sampling continued until five

points along a population density range (0 to 25 SRW per sample site)

contained a minimum of five sample sites, thus the number of sites

sampled per field varied from 65 to 85. The sample unit size was kept

uniform by using the same standardized metal sampler and screen sieves

used in 1979. All sample sites were destructively sampled with roots

and SRW removed from each site. Each sample site was stratified into

three stratum each five cm deep. Records were kept to identify the

sample site, sampling date, SRW life stage and weevil density for each

stratum. Peppermint root masses were collected from each site and dry

weight was determined later in the laboratory. Percent soil moisture

was determined from the first ten sites sampled each sampling day. Soil

from each stratum was placed into an identified canister, sealed and

processed in the laboratory using the gravimeteric method (Buckman and

Brady 1969). Immediately after sampling, each sample site was filled

with soil and identified with a plastic flag.
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Fields 6, 7 and 8 were harvested August 8, August 10 and August 26,

1980, respectively. Mint oil yield was determined from all sample

sites. To maintain uniform sample size, a 434.16 cm long piece of 1.9

cm (outside diameter) polyethylene tubing was made into a hoop. The

hoop's radius was 69.01 cm and the inside area was 15,000 cm2. The

hoop was centered over each flagged sample site and placed in contact

with the soil. Mint stems within the inner area of the hoop were

harvested with a hand scythe. Harvested mint was placed in labelled

bags to air dry until it could be distilled. All samples were distilled

between September 19-24.

One thousand cm2 of the 15,000 cm2 of mint harvested were

destructively sampled during the spring soil sampling. Therefore, oil

yields were converted from milliters/14,000 cm2 to kilograms/hectare.

These yeilds were compared with the mean adult, pupal and larval

densities as well as the mean total SRW density from corresponding

sample sites using linear regression analysis to determine the

relationship between SRW density and oil yields.

Local temperature data for 1980 were obtained from the same site

used in 1979. Temperature data were converted to Julian day-degrees,

assuming a base threshold of 10°C, to compare life stage development

with accumulated day-degrees.
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PREOVIPOSITION PERIOD

Soil sampling for SRW was conducted from June 13 to August 1, 1980

in fields 6, 7 and 8. Five soil samples (1000 cm2), selected 'near

predetermined high SRW populations, were drawn weekly from each field

location. All soil samples were stratified into three depths (stratum

1 = 0-5 cm; stratum 2 = 5-10 cm; and stratum 3 = 10-15 cm). The

densities of all SRW life stages and carabid beetles were recorded for

each sample date. All adult SRW collected from each field location were

placed in a labelled pint plastic carton partially filled with damp soil

for transport to the laboratory. Within 24 hours after collection, ten

to twenty adult weevils were randomly selected from each field location.

Adults were dissected under a microscope (10X) using rapid dissection

procedures to determine ovarial development (Kamm and Ritcher 1972).

The ovaries were examined and categorized (Figure 2) into one of the

following four stages of development: 1) no oocyte development; 2)

slight oocyte development; 3) distinct oocyte development; 4) oocytes in

common oviduct.

The percentage of O. ovatus at various stages of ovarial develop-

ment were compared to accumulated Julian day-degrees, assuming a base

threshold of 10°C, to assess the rate of ovarial development under 1980

field conditions at three field locations. Local temperature data were

obtained through the National Oceanic and Atmospheric Administration

(1980).
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Stage 1 2 3 4

Figure 2. Four stages of SRW ovarial development in adult
0. ovatus.
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DISPERSION OF STRAWBERRY ROOT WEEVIL LIFE STAGES

In studying the occurrence of plants and animals in nature, the

number of individuals may be counted in each of many equal units of

space or time. The original counts can be summarized in a frequency

distribution, showing the numbers of units containing R = 0, 1, 2, 3...

individuals of a given species. The frequency distributions involved

can tell us of the tendencies of the organism concerned, and shed light

on proper statistical analysis. The frequency distribution of an

organism may follow one of several mathematical distributions when

examined at a given mean population density. Anscombe (1950), Bliss and

Fisher (1953) and Wadley (1950) describe a number of mathematical

distributions ranging from the Poisson series (randomness) to the

logarithmic series. Bliss and Fisher (1953) found the negative

binominal distribution, (a derivation of the Poisson series) has wide

applicability to biological data when comparisons are made between

observed and expected frequency distributions. The negative binomial

distribution is defined by the arithmetic mean R and a parameter K

measuring dispersion. It has been suggested that the K-value is related

to the intrinsic power of a species to reproduce (Sylvester and Cox 1961).

SRW densities from the stratified-random samples taken in 1979 from

the five naturally-infested 0.5-hectare field locations were fit into

frequency distributions. To determine if the larvae, pupae, adults and

total SRW occurred in a clumped distribution, a chi-square goodness-of-

fit for the assumed negative binomial distribution was calculated as

given by Southwood (1966) with the aid of a computer program, *KOMPUTE

(Issacson 1974).
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Frequency distributions were based on 72, 1000-cm2 samples taken

from each 0.5 hectare plot. All classes were pooled when the expected

frequency fell below 1.0. Estimations of the K-values were calculated

for the frequency distributions which fit the negative binomial distri-

butions using Southwood's (1966) second equation:

N 1 + )

Log 010)= K Log( K

Where: N = total number of samples,

n
o = number of samples containing no individuals,

= mean number of individuals per sample,

K = dispersion characteristics,

Log = common log.

According to Southwood (1966), this method of determination is

efficient for most populations where about one-third of the samples are

zero and the mean density is below ten.

The individual estimates of K-values for each field location

differed considerably. However, for practical application of K-values,

that is, for population estimates, sampling methods and sequential

sampling, a common K-value that represents the population parameter is

needed. A common K-value, (Kc), was derived for the total SRW

popualation using Bliss and Owen's (1958) weighted estimate of Kc as

given in the equation:

K
c

= E(wx'2) /E(wx'y').

Where: x' = u-2 -s2 /N; where: 5 = observed means,

s2 . observed variance; N = number

individual counts.
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YI s2

wx' = A/(5 + K')2, where: A = is a constant,

K' = is a provisional K-value

0.5(N-1)K'A=
K'(K' + 1) - [(2K' - 1)/N] - 3/N2

(wx'2)= wx' x'

(wx'y') = wx' y'

To test the validity of the common K-value, an F test designed by

Bliss and Owen (1958) was employed. Approximate Kc confidence

limits were determined by usual regression theory.

Since the distribution of 1/K
c

is more symmetrical, the

standard errors of Kc are computed in terms of 1/Kc An

approximate variance was computed using Bliss and Owen's (1958)

equation: V(1/Kc) = X2/ En E(wx'2)I, when X2 with n degrees of

freedom exceeded its expected value at P < 0.1 and the regression met

the test for a zero intercept, F test.
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ECONOMIC INJURY LEVELS

Current pest control recommendations emphasize the economic and

ecological importance of justifying pesticide use. The term "economic

injury level" described by Stern (1966, 1973) was defined as "the lowest

population density that will cause economic damage."

Economic injury levels (EIL) were based on SRW densities and oil

yields from 1980 field locations, 1981 peppermint oil prices paid to

growers and the cost of insecticides to control SRW in 1981. The EIL

was calculated using the formula of Danielson and Berry (1978):

It

EIL =

Where: t = cost of controlling pest,

p = average value of peppermint oil paid to growers,

b = regression coefficient in terms of yeild

reduction (Kg/ha/pest/1000 cm2).
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SEQUENTIAL SAMPLING FOR STRAWBERRY ROOT WEEVILS

A single sequential sampling plan was developed For the total SRW

population sampled in peppermint in central Oregon. The sampling plan

was developed from 1979 SRW population dispersion data from the five

field locations and the economic injury level was derived from fields 7

and 8 sampled in 1980. Sequential sampling was developed with a two-

decision plan which provided either a treat or no treat decision.

Predetermined accuracy levels were assigned to the two types of

errors involved in sequential sampling: a, which is the risk of calling

a low insect infestation high and 0, which is the risk of calling a high

insect infestation low. A compromise must be reached between a

realistic sample size and a desired degree of precision, since more

precision requires more samples before a decision can be reached (Waters

1955).

The following information was used to develop the sequential

sampling plan:

1. The total SRW population had a clumped distribution and

fit the negative binomial distribution with a common K-value

of 0.411 based on the 1979 dispersion data. This common

K-value was calculated using Bliss and Owen's (1958)

weighted estimate of common K:

Kc = E(wx12)/E(wlyl)

and validated with an F test. The individual K-values from

which Kc was derived were determined from calculations using

Southwood's (1966) second equation:

+ x)Log (Li). K Log ( 1 Kn
o
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and fitness to the negative binomial distribution was

determined using a chi-square goodness-of-fit computer

program, *KOMPUTE (Isaacson 1974).

2. An average density equal to or less than 2.73 total

SRW/1000 cm2 was the no treat limit (m1 = 2.73).

3. An average density equal to or greater than 5.46 total

SRW/1000 cm2 was the treat limit (m2 = 5.46) (m1

and m
2 are based on one-third and two-thirds of an

economic injury level estimate of 8.19 total SRW/1000 cm2

(Hammond and Pedigo 1976).

4. The probability of failing to recommend a needed

treatment (3) was 0.05.

5. The probability of recommending treatment when it was

not needed (a) was 0.10.

The above information was incorporated into Waters' (1955)

equations for the negative binomial distribution and a pair of parallel

decision lines were generated to form the decision-making framework.

The decision line equations for the negative binomial distribution were:

d
1

bn + h
1

(lower line)

d
2

= bn + h
2

(upper line)

where d was the cumulative number of total SRW, n was the number of

samples taken, b was the slope of the lines, and h1 and h2 were

the intercepts. The slope and intercepts were calculated as follows:

c12

9

Log 7,

b = K
1

P2q1
Log
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Log

Log 132q1

Plq2

-13

=
Log

1

2
a

Log
P2q1

131q2

Where:

m
p
1 K

=
1
and q

1
= 1 + p1

m2

p2 = and q2 = 1 + p2

m
1
= the no treat limit

m
2

= the treat limit

The operating characteristics and average sample number curves were

also calculated for the sequential sampling plan using the formulae

given in Waters (1955).

Operating characteristic curves show the probability of making a

correct decision at different SRW densities. The equations for these

curves for the negative binomial distribution according to Waters (1955)

are:

A
L(m)

x - 1

Ax -e

Where: A
1 - a
a

B
1 -a

x = a "dummy" variable
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1 1

P = 2 ) ,and m = Kc(P)

(P2c11) 1

P1c12

Average sample number curves indicate the average number of

samples which need to be taken before making a decision at different SRW

densities. The equation for these curves for the negative binomial

distribution is according to Waters (1955):

h2 + (h, - h2) L(m)
E(n)

m b
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RESULTS AND DISCUSSION

Life History and Habits

The seasonal life history of the SRW on strawberries was given by

Wilcox et al. (1934) and on peppermint in Western Oregon by Emenegger

(1976). Wilcox et al. (1934) found that temperature had the greatest

effect on weevil oviposition and adult emergence.

Accumulation of Julian day-degrees varied from one experimental

location to another and from one year to the next. Figure 3 shows the

variation in the amount and rate of accumulated Julian day-degrees for

April through September in 1979 and 1980 in central Oregon. In all

locations in 1979 the rate of accumulating day-degrees (base 10°C)

exceeded the same locations in 1980 after early June. Figure 3 shows

that the Madras location accumulated day-degrees at a faster rate and

received a greater number of heat units during the growing season than

either Culver or Prineville locations in 1979 and 1980. There was very

little difference in the rate or the quantity of accumulated day-degrees

between the Prineville and Culver locations in 1979 and 1980 (Figure 3).

Data from the present study on peppermint in central Oregon is

summarized in Figure 4 which represents the progression of weevil life

stages expressed as a percentage of the population sampled and the

corresponding accumulated Julian day-degrees for the samples taken in

1979 and 1980. Using accumulated day-degrees with the assumed

developmental base threshold of 10°C, the occurrence of specific life

stages can be predicted more accurately for different seasons and

growing areas in central Oregon.
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Adults

Overwintering by adult SRW is a common occurrence in the higher

elevations and more northerly latitudes. In Sweden, Spessivtseff (1923)

reported that adults were formed in the fall but remained in the ground

until the following spring with oviposition occurring in July and

August. Downes (1922) in British Columbia reported that adults migrated

to and from overwintering sites. He also observed that overwintered

adults collected in strawberry fields began to oviposit as early as

May 13 and continued until the end of August. Numerous overwintered

adults were found in strawberry fields at about 549 meters elevation in

Hood River County, Oregon, by Wilcox et al. (1934). Melander and Spuler

(1926) stated that overwintered adults were known to lay eggs in early

spring in eastern Washington. Lovett (1913) observed overwintered

adults in the Willamette Valley nurseries in 1911. However, he

questioned whether they would deposit eggs in the spring. He dissected

nearly a hundred individual adults during late April and failed to find

a single forming ovum. Emenegger (1976) reported not finding any

overwintered adults in Willamette Valley peppermint. In the present

study, overwintered adults were found in the peppermint fields and

surrounding areas. Overwintered adults were observed under rocks in

ditches adjacent to fields. Migration habits were not studied. The

overwintered adult population represented 11.6 percent, 0.1 percent and

1.8 percent of the SRW populations sampled in fields 1, 6 and 7 from

March to mid-May. Dissection of adults revealed developed ova in the

common oviduct as early as May 15 (56 DD).

Spring emergence of new generation adult SRW from the soil is

dependent on the weather, especially temperature, soil moisture and
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texture. Studies conducted in the Willamette Valley by Wilcox et al.

(1934) indicated that the first teneral adults emerged as early as April

28 and as late as May 23 in successive years. Emenegger (1976) reported

first emergence on May 17, 22 and 28 with final emergence on June 10, 14

and 14, respectively, for three consecutive years (1974, 1975 and 1976)

in the Willamette Valley. In British Columbia, Downes (1922) reported

that the first emergence of SRW in 1920 occurred on June 10. In the

present study, the first teneral adults were observed in the soil on

May 23, 1979 (84 DD) and May 23, 1980 (100 DD). The last teneral adults

were collected July 31, 1980 (467 DD).

The peak adult populations were observed on June 13 (108 DD),

June 28 (193 DD) and July 3, 1980 (208 DO) for fields 6, 8 and 7,

respectively. After this date the adult populations rapidly declined.

An attempt was made during this study to determine the early

mortality factors acting on the adult population in field 6 (Figure 5).

Dead adults varied from light yellow to near black in color with some

showing evidence of being fed upon. Emenegger (1976) suggested that

mortality of teneral adult weevils was caused by desiccation. In the

present study it was observed that when adult weevils were placed on a

dark surface exposed to the hot sunlight, they immediately abandoned

their feign dead posture in an attempt to escape the light and heat and

died within seconds.

Emenegger (1976) found a carabid beetle, Omaseus melanarius,

(synonymous with Pterostichus vulgaris (L.)), in weevil pit fall traps.

As mentioned earlier, Emenegger (1976) reported this carabid consumed an

average of three adult weevils per day in the laboratory.
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Results of the present study confirm that P. vulgaris will feed on

O. ovatus adults, pupae and larvae. P. vulgaris was observed in fields

6, 7 and 8. Abdomens of numerous adults were found with signs of being

preyed upon with substantial crushing and holes observed in the

posterior abdominal segments and elytra. Figure 5 shows the association

of mean SRW densities to the total P. vulgaris/five samples during June

and July, 1980. A rapid decline of adult weevils in field 6 and a

corresponding increase in the P. vulgaris population may explain the

early decline of the adult SRW population and the delay in ovary

development (Figure 6). This inverse relationship continued until July

12 (360 DO).

The farmer treated the field with acephate (Orthene) on July 12,

1980. Shortly thereafter the P. vulgaris and weevil populations reached

very low densities. Moribund and dead O. ovatus and P. vulgaris were

observed above the ground in other fields treated with acephate.

The emerged adult SRW are primarily nocturnal, although a small

number may be found on upper peppermint foliage during the daylight,

especially if observed in the cool early mornings before the dew

dissipates. During the day, the majority of adult weevils are inactive

and remain hidden at the base of plants, in dry curled leaves, under

clods and in shallow soil crevices.

Adult weevil feeding injury on peppermint is of little consequence

in the field. Damage is almost impossible to detect on leaves and the

notched or ragged appearance results from marginal leaf feeding or holes

produced from feeding on lower-side leaf veins (Emenegger 1976).
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Preoviposition Period

Success of adult weevil control programs depends on proper appli-

cation of effective weevil control measures prior to weevil oviposition.

Treherne (1914) found that the minimum length of the preoviposition

period was eight days. Lovett (1913) stated that the preoviposition

period was about two weeks following adult emergence. Downes (1922)

found that adults emerged from about the end of May to the first of

June. Egg deposition commenced the middle of July and continued until

autumn (Downes 1922). In the present study, ovaries of dissected new

generation adults were categorized into one of four stages described in

Figure 2. Ovarial development is shown in Figure 6, expressed as the

percent of the sample population at various developmental stages over

accumulated day-degrees units for fields 6, 7 and 8. The first teneral

adults were observed on May 23, 1980 (100 DD). Approximately 112.5 +

4.5 day-degrees later on July 2 (217 DD) and July 3 (208 DD) ova were

observed in the common oviduct in fields 8 and 7, respectively.

Several new generation adults were collected July 3, 1980 from

field 7 and placed in a covered plastic gallon jar with window screen

substituting for the jar's bottom. The container was placed into a pie

tin and slightly raised so eggs could be deposited through the screen

and onto the pie tin. Freshly cut mint stems were supplied daily for

the weevils. The first SRW eggs were observed four days after

laboratory confinement at room temperature. Based on these obser-

vations, oviposition by new generation adults would be expected to

commence in the field approximately the first week of July (208 to 217

DD).
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Eggs

Reports in the literature indicated that the incubation period for

0. ovatus eggs was variable. Workers reported eggs hatching in as short

as one day and as long as 33 days. The majority of workers reported

that eggs hatched in 12 to 24 days (Cooley 1907, Downes 1922, Lovett

1913, Treherne 1914, and Wilcox et al. 1934). Emenegger (1976) found

that under controlled temperatures and photophases (constant 20°C with

24 hours of darkness in 1973 and 24°C with 16 hours light and 15°C with

eight hours darkness in 1974) the mean incubation periods for eggs was

12.6 and 13.9 days in 1973 and 1974, respectively. Eide (1955) found

that eggs started hatching about ten days after they were laid. In the

present study, eggs started hatching 12 days after being placed on moist

paper towels in covered petri plates at room temperature.

Larvae

After hatching, the juvenile larvae seek fine rootlets in the soil.

Figure 7 shows extensive root injury in peppermint resulting from a SRW

population in excess of 30 larvae/1000 cm2. Downes (1922) reported

that the largest number of larvae were found beneath healthy strawberry

plants, suggesting that adults were attracted to the abundant shelter of

the more vigorous plants, resulting in an increased number of adults for

oviposition. Preliminary observations in peppermint in 1977 were

consistant with Downes' (1922) observations in strawberries. In areas

where weevils had apparently reduced the vigor and density of the

peppermint stand over a period greater than one year and control

measures had not been applied the previous season, examination of

stressed plants versus adjacent healthy plants revealed a greater number

of adult weevils beneath the healthy peppermint plants.
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In the Willamette Valley, Emenegger (1976) reported that larvae

were found largely in the fields from June until late May the following

year. In the present study, SRW larvae were present in substantial

numbers in the field from about the first of August (460 DO) until about

mid-June (160 DD) the following year (Figure 4).

Knowledge of the position and the rate of upward movement of straw-

berry root weevil larvae in the soil profile is important for accurate

sampling and to minimize sampling time.

Comparisons made between unplowed and fall plowed peppermint fields

in central Oregon showed that fall tillage practices and accumulated

day-degrees influenced the depth at which SRW were found in the spring.

For example, Figure 8 shows that in unplowed fields when 80 day-degrees

have accumulated (mid-May), approximately 66.9 percent of the SRW were

found in stratum 1 (0-5 cm deep); 30.6 percent in stratum 2 (5-10 cm

deep); and 3.3 percent in stratum 3 (10-15 cm deep). This compares to

31.6 percent of the SRW being found in stratum 1; 25.2 percent in

stratum 2; and 16.2 percent in stratum 3 in the fall plowed fields

(Figure 9). Both Figures 8 and 9 show that as the accumulated day-

degrees increased a larger percentage of the SRW population were found

nearer the soil surface. In Figure 8, approximately 100 percent of the

SRW were found in stratum 1 of the unplowed fields after 316 day-degrees

(early July) had accumulated. In contrast, this percentage of SRW was

not achieved until 391 day-degrees (mid-July) had accumulated in fall

plowed fields (Figure 9). These data suggest that the upper ten cm of

unplowed fields and the upper 15 cm of fall plowed peppermint fields

should be examined for SRW when taking soil samples in the spring.



39

Figure 7. Strawberry root weevil injury on peppermint at 9

population densities exceeding 30 larvae/1000 cm'.
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Soil moisture content was monitored in soil samples taken in 1980.

No correlation between soil moisture and the position of SRW in the soil

profile was observed. Rainfall and irrigation kept soil moisture

relatively high (15-25 percent).

No larval parasites or predators were found during this study.

Downes (1922) found that larvae of Therevidae fed on 0. ovatus larvae

and Treherne (1914) reported that the carabid, Amara farcta, was a

predator on larvae of 0. ovatus. The carabid larvae of Pterostichus

vulgaris were collected in soil samples in the present study, but

predation on larvae was not observed.

Pupae

Pupae were found in oval earthen cells formed by the larvae prior

to transformation. Pupae were always found in close proximity to

peppermint roots and between one and ten cm below the soil surface,

rarely deeper, especially in unplowed fields.

Studies conducted in the Willamette Valley by Wilcox et al. (1934)

and Emenegger (1976) reported that pupation began in early to mid-April

and by mid-May to early June the majority had pupated and teneral adults

were forming. The duration of the pupal stage under controlled tempera-

tures averaged 22.6 days (equivalent to 113 day-degrees, base 10°C)

(Emenegger 1976). Downes (1922) reported that pupal periods ranged from

10 to 26 days. Treherne (1914) found that the pupal period lasted 21

days. In the present study, pupae were observed in the field from early

to mid-May, the earliest was May 14 (38 DD) and May 3 (35 DD) for 1979

and 1980, respectively. Figure 4 shows that pupal formation rapidly

increased by mid-May (45 to 50 DO) and peaked in late May (84 to 100
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DD). The majority of pupae had transformed into teneral adults by mid

to late June (160 DO- The pupal duration calculated from the time of

accelerated pupal formation to teneral adult formation was approximately

110 to 115 DD. These results correspond very closely to Emenegger's

(1976) average of 22.6 days or my calculation of 113 DD.
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THE ECONOMIC INJURY LEVELS OF

. STRAWBERRY ROOT WEEVILS

Economic injury levels were developed for SRW in peppermint grown

in central Oregon. As previously described, linear regression analysis

was used to test for any significant relationship between the mint oil

yield (Kg/hectare) and SRW density per 1000 cm2.

Results from the 1979 data comparing oil yields and weevil density

did not show any significant relationships (P = 0.10). As a result,

weevil sampling and harvest procedures were modified in 1980 to reduce

sampling error.

In 1980, a significant linear regression was found in fields 7 and

8 between mint oil yields and SRW densities (P = 0.05), however, field 6

did not show any significant relationship between oil yield and weevil

density (P = 0.10). As explained earlier, it is likely that predators

and other mortality factors reduced the SRW population, which probably

explains the lack of any significant correlation between oil yields and

weevil density (Appendix 1). The regression coefficient values for

fields 7 and 8 and their mean values for various life stages and the

total SRW are shown in Table 1.

The regression coefficients (Table 1) were used to determine the

economic injury levels. The formula used by Danielson and Berry (1978)

for determining economic injury levels was employed:

EIL =g)

Economic injury levels were not calculated for adult SRW, because no

relationship was obtained between adult densities and oil yield
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(P = 0.10). Tables 2, 3 and 4 give the economic injury levels for

pupae, larvae and total SRW based on regression coefficients given in

Table 1 and including varying costs of insecticide treatment and the

value of peppermint oil. These results should be considered tentative,

since they are based on data from only one season and from two fields.

TABLE 1. Regression coefficients for peppermint fields 7 and 8, 1980.

Field No. Adults Pupae Larvae Total SRW
g

7

8

Mean

-2.1080ns

+0.1751ns

-0.4761*

-0.3699**

-0.4230

-0.3353**

-0.6599**

-0.4976

-0.3471**

-0.2362**

-0.2917

ns
not significant at P = 0.10.

*
significant at P = 0.10.

**
significant at P 0.05.

SRW = the summation of adults, pupae and larvae.
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Based on the results of this study, the average estimated economic

injury levels are as follows: 5.65 pupae/1000 cm2; 4.80 larvae/1000

cm2; and 8.19 total SRW/1000 cm2. These estimates are based on the

average value of peppermint oil paid to growers of $19.84/Kg in

19811/ and total cost of $47.35/hectare including application for

each insecticide treatment? /.

1/Personal communication with central Oregon mint growers and mint
buyers.

2/Personal communication with Mr. Brett Dunn, Round Butte Seed
Growers, Inc., Culver, Oregon.



TABLE 2. Tentative economic injury levels for strawberry root weevil pupae in
peppermint fields in relation to costs of insecticide treatment and
value of peppermint oil.

Cost oW
treatment

No. pupae/1000 cm2 responsible for loss equal to cost of
treatment if $/Kg of oil return to producer is:

$/hectare 6.61 13.23 19.81 26.46 33.07 39.68 46.30

24.70 8.83 4.41 2.95 2.21 1.77 1.47 1.26

29.65 10.60 5.30 3.54 2.65 2.12 1.77 1.51

34.59 12.37 6.18 4.13 3.09 2.47 2.06 1.77

39.54 14.14 7.07 4.72 3.53 2.83 2.36 2.02

44.48

12/

15.19 7.95 5.31 3.97 3.18 2.65 2.27

47.35 16.93 8.46 /5.65/ 4.23 3.38 2.82 2.42

49.42 17.68 8.80 5.90 4.42 3.53 2.94 2.52

54.36 19.44 9.71 6.49 4.86 3.89 3.24 2.78

59.30 21.21 10.54 7.08 5.30 4.24 3.53 3.03

64.25 22.98 11.48 7.67 5.74 4.59 3.83 3.28

a/
Including labor, machinery and insecticide; or custom application. Based on
loss of 0.4230 Kg of oil/pupa/1000 cm2.

12/

Brackets enclosed tentative economic injury level for strawberry root weevil
pupae in peppermint. This EIL is based on 1981 average oil value in central
Oregon and a recent estimate of treatment cost.



TABLE 3. Tentative economic injury levels for strawberry root weevil larvae in
peppermint fields in relation to costs of insecticide treatment and
value of peppermint oil.

Cost of
a/

treatment
No. larvae/1000 cm

2
responsible for loss equal to cost of

treatment if $/Kg of oil return to producer is:
$/hectare 6.61 13.23 19.81 26.46 33.07 39.68 46.30

24.70 7.51 3.75 2.51 1.88 1.50 1.25 1.07

29.65 9.01 4.50 3.01 2.25 1.80 1.50 1.29

34.59 10.52 5.25 3.51 2.63 2.10 1.75 1.50

39.54 12.02 6.01 4.01 3.00 2.40 2.00 1.72

44.48

12/

13.52 6.76 4.51 3.38 2.70 2.25 1.93

47.35 14.40 7.19 /4.80/
b/

3.60 2.88 2.40 2.06

49.42 15.03 7.51 5.01 3.75 3.00 2.50 2.15

54.36 16.53 8.26 5.51 4.13 3.30 2.75 2.36

59.30 18.03 9.01 6.02 4.50 3.60 3.00 2.57

64.25 19.53 9.76 6.52 4.88 3.90 3.25 2.79

a/
Including labor, machinery and insecticide; or custom application. Based on
loss of 0.4976 Kg of oil/larvae/1000 cm2.

b/
Brackets enclosed tentative economic injury level for strawberry root weevil
larvae in peppermint. This EIL is based on 1981 average oil value in central
Oregon and a recent estimate of treatment cost.



TABLE 4. Tentative economic injury levels for the total SRW population in
peppermint fields in relation to costs of insecticide treatment and
value of peppermint oil.

Cost of
a/

treatment
No. strawberry root weevil/1000 cm

2
responsible for loss equal

to cost of treatment if $/Kg of oil return to Producer is:
$/hectare 6.61 13.23 19.81 26.46 33.07 39.68 46.30

24.70 12.81 6.40 4.27 3.20 2.56 2.13 1.83

29.65 15.38 7.68 5.13 3.84 3.07 2.56 2.20

34.59 17.94 8.96 5.99 4.48 3.59 2.99 2.56

39.54 20.51 10.25 6.84 5.12 4.10 3.42 2.93

44.48

12/

23.07 11.53 7.70

12/

5.76 4.61 3.84 3.29

47.35 24.56 12.27 /8.19/ 6.13 4.91 4.01 3.51

49.42 25.63 12.81 8.55 6.40 5.12 4.27 3.66

54.36 28.19 14.09 9.41 7.04 5.64 4.70 4.02

59.30 30.76 15.37 10.26 7.68 6.16 5.12 4.39

64.25 33.32 16.65 11.12 8.32 6.66 5.55 4.76

gIncluding labor, machinery and insecticide; qr custom application. Based on
loss of 0.2917 Kg of oil/root weevil/1000 cm'.

12/

Brackets enclosed tentative economic injury level for strawberry root weevil
in peppermint. This EIL is based on 1981 average oil value in central Oregon
and a recent estimate of treatment cost.
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DISPERSION CHARACTERISTICS OF STRAWBERRY

ROOT WEEVILS

Results of studies to determine the dispersion characteristic of

SRW adults, pupae, larvae and the total SRW population are shown in

Tables 5, 6, 7 and 8, respectively. Sample variance (s2) and mean (R)

estimates for each life stage were calculated using standard formulae

given in Neter and Wasserman (1974) for simple random sampling. The

computer program, *KOMPUTE (Isaacson 1974), was used to determine

variance and mean values. Southwood (1966) indicated that a s2/5"(

ratio greater than 1.0 corresponded to an organism with a clumped

distribution and that a tendency towards randomness (i.e., s2 = 50 as

sample means decreased should not be unexpected with insect counts.

Nearly all of the s2/5"( ratios exceeded 1.0 for all life stages in

fields 1, 2, 3, 4 and 5. Taylor's power law was also used to determine

the SRW dispersion characteristics. Southwood (1966) stated that a

clumped distribution was supported if the relationship between the log

of s2 to the log of x tends to normalize the data or stabilize the

variance. Figure 10 shows a high degree of normalization of data and a

stabilization of variance when Taylor's power law was applied with which

further supports the conclusion that SRW have a clumped distribution. A

regression line was calculated for all weevil life stages using the

following equation:

y = -0.4615 + 0.697X (r = 0.97).

The results of the chi-square goodness-of-fit tests indicated that

all life stages and the total SRW population fit the negative binomial

distribution in nearly all fields studied (P = 0.05). For field 1, the



TABLE 5. Dispersion of strawberry root weevil adults in peppermint fields - 1979.

Field
No.

Dates
Sampled

Mean No .a/

Adults /1000 0 cm
2

(R)

Variance
a/

(s2) 2 -
s /x d.f.

Negative
Binomial

k-valuegX
212/

1 V/12-16/79 0.22 0.43 1.95 1 1.12 0.145

2 V/21-25/79 0.42 0.59 1.40 1 1.09 0.940

3 VI/16-18/79 9.76 74.80 7.66 18 18.95 1.075

4 V/30-VI/9/79 0.47 1.46 3.11 2 0.97 0.153

5 VI/15-16/79 8.65 141.19 16.32 13 5.19 0.415

-/Calculations based on simple random sampling formulae (Neter and Wasserman, 1974).

-12/No significant difference between observed and expected frequencies for the negative
binomial distribution (P = 0.10).

-C/Second K-value based on Southwood's (1966) formula.



TABLE 6. Dispersion of strawberry root weevil pupae in peppermint fields - 1979.

Field
No.

Dates
Sampled

Mean No.g
Pupae/1000 cm

(R)

Variance
a/

(s2)
2 -

S /x

Negative
Binomial

k-value
d/

d.f. X2

1

2

3

4

5

V/12-17/79

V/21-25/79

VI /16 -18/79

V/30-VI/9/79

VI /15 -16/79

0.10

1.04

0.07

0.39

0.04

0.17

5.20

0.15

1.68

0.05

1.74

5.00

2.14

4.31

1.25

1

4

0

2

0

1.74 12/

6.69
b/

--
c/

b1.60/

c/

0.130

0.273

0.108

-VCalculations based on simple random sampling formulae (Neter and Wasserman, 1974).

12/No significant difference between observed and expected frequences for the negative binomial
distribution (P = 0.10).

ClInsuffficient data to test X2.

-1/Second k-value based on Southwood's (1966) formula.



TABLE 7. Dispersion of strawberry root weevil larvae in peppermint fields - 1979.

Field
No.

Date
Sampled

Mean No.g
Larvae/1000 cm

2

(1)

Variances/
(s2)

2 -
s /x

Negative
Binomial

2
K-value

e/
d.f.

1

2

3

4

5

V/12-16/79

V/21-25/79

V1/16-18/79

V/30- VI/9/79

VI /15 -16/79

1.58

2.17

0.04

0.54

0.056

7.09

36.93

0.04

2.11

0.053

4.49

17.02

1.00

3.91

0.95

6

6

0

3

0

21.46
b/

4.65_c_/

d/
--

2.93 /

d/
--

0.288

0.213

0.250

a/
Calculations based on simple random sampling formulae (Neter and Wasserman, 1974).

/2/X2 goodness-of-fit test for negative binomial not coherent with s2/5C ratio and Taylor's Power
Law which suggest clumped distribution. Also there was no significant difference between
observed and expected frequencies for the negative binomial distribution (P = 0.10).

c/
No significant difference between observed and expected frequencies for the negative binomial
distribution (P = 0.10).

4/Insufficient data to text X2.

./Second K-value based on Southwood' (1966) formula.



TABLE 8. Dispersion of the total SRW population in peppermint fields - 1979.

Field
No.

Dates
Sampled

Mean No .
a/

2
Weevil/1000 cm

(g)

a/
Variance

(s4)
2 -

s /x

Negative
Binomial

2b
K-value

c/d.f. X

1 V/12-16/79 1.88 9.44 5.02 6 6.88 0.254

2 V/21-25/79 3.75 47.99 12.80 10 9.82 0.599

3 VI /16 -18/79 9.74 90.11 9.25 19 11.41 2.050

4 V/30-VI/9/79 1.69 15.65 9.26 6 4.66 0.273

5 VI/15-16/79 9.61 152.07 15.82 14 6.91 0.445

-/Calculations based on simple random sampling formulae (Neter and Wasserman, 1974).

1-)1No significant difference between observed and expected frequencies for the negative
binomial distribution (P = 0.10).

c/
Second K-value based on Southwood's (1966) formula.
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X2 goodness-of-fit test indicated that larvae tended to have a non-

clumped dispersion. However, Taylor's power law test (Figure 10) and

Southwood's (1966) s2/R ratio of 4.48 for the larvae suggested that

larvae were of a clumped distribution. In addition, there was no

significant difference between the observed and expected frequencies for

the negative binomial distribution (P = 0.01) when the K2 value was

used.

Values of K were computed for adults, pupae, larvae and the total

SRW for fields 1, 2, 3, 4 and 5 using Southwood's (1966) second equation

given previously. The lower the K-value the higher the degree of

aggregation according to Southwood (1966). A complete list of K-values

derived from the three equations given by Southwood (1966) are in

Appendix 2.

A common K-value was calculated for the total SRW population using

Bliss and Owen's (1958) weighted estimate of common K equation described

earlier. The common K was proven valid (P = 0.10) using the F test

designed by Bliss and Owen (1958) for testing the validity of K

(Appendix 3). The common K-value was calculated to be 0.411. The 90

percent confidence limits for K
c

were 1.563 and 0.237.

Since no statistically significant relationship (P = 0.10) was

found (Table 1) between adults sampled in the spring and peppermint oil

yield losses, a common K-value was not calculated. Common K-values were

not calculated for the pupae or larvae because the data were insuf-

ficient to test the validity of the weighted estimate of the common

K-values. A minimum of four field locations are needed to have enough

degrees of freedom to comfortably validate the assumption'of the common

K-value.
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SEQUENTIAL SAMPLING FOR STRAWBERRY ROOT WEEVIL

A sequential sampling plan was developed for the total SRW popu-

lation (adults, pupae and larvae) in central Oregon peppermint. The

formulae and procedures given in Waters (1955) were used to calculate

the sequential sampling plan. Strawberry root weevil distributions fit

the negative binomial distribution as previously verified.

The following information was used to develop a sequential sampling

plan for the total SRW population in peppermint fields:

1. The total SRW population counts had a common K-value of

0.411 with 90 percent confidence limits of 1.563 and 0.237

based on the 1979 peppermint field sampling study.

2. An average density equal to or less than 2.73 weevils/1000

cm2 was the no treat limit (ml = 2.73).

3. An average density equal to or greater than 5.46

weevils/1000 cm2 was the treat limit (m2 = 5.46),

(m
1

and m
2
were based on one-third and two-thirds of

the average estimated economic injury level of 8.19

weevils/1000 cm2 (Hammond and Pedigo, 1976)).

4. The probability of failing to recommend a needed treatment

(0) was 0.05.

5. The probability of recommending treatment when it was not

needed (a) was 0.10.

When these data were incorporated into equations given by Waters

(1955) the following values were calculated:

b = 3.80 h1 = -42.70 h2 = 33.26

These values were fit into a pair of parallel decision line equations
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described earlier and given by Waters (1955) for the negative binomial

distribution. The resulting parallel decision lines showed that

treatment was needed if d > 3.80 n + 33.26 and the treatment was not

needed if d < 3.80 n - 42.70; where d was the cumulative number of

weevils collected and n was the number of soil samples examined. This

sequential sampling plan may be useful in classifying SRW infestations

in peppermint fields (Figure 11). If the cumulative number of weevils

is on or below the lower decision line of the graph (Figure 11) a no

treatment recommendation is made. It is important to note that greater

than 11 samples are required before a no treatment decision can be made.

Fewer samples may be required if initial random samples show relatively

high weevil densitites in which the cumulative number of weevils is on

or above the upper decision line of the graph. In the event that the

cumulative number of weevils in relation to the number of samples

examined falls below the two parallel decision lines, further sampling

is suggested until the cumulative number exceeds one of the decision

lines or after taking 25 samples. If no decision is reached after

taking 25 samples the field should be resampled in a few days or a week.

The operating characteristics curve for the sequential sampling

plan of the total SRW population is shown in Figure 12. The probability

of making a correct no treatment decision at a given mean weevil popu-

lation can be determined from this curve. For example, the probability

of making a correct no treatment decision, when the mean weevil density

is 2.73 would be 0.90; while the probability of making a correct no

treatment decision when the mean weevil is 5.46 would be 0.05.

The average sample number curve (Figure 13) shows the average

number of samples that need to be examined before making a decision at
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0 2 4 6 8 10 12 14 16

SAMPLE NUMBER= n

18 20 22 24

Figure 11. Sequantial sampling plan for the total SRW population
(summation of adults, pupae and larvae) in central
Oregon peppermint fields in 1979 and 1980).

26
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Figure 12. Operating characteristic curve showing the probability
of making a correct no treatment decision using sequential
sampling for the total SRW population in central Oregon
peppermint fields in 1979 and 1980.
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Figure 13. Average sample number curve of the sequential sampling
plan for the total SRW in central Oregon peppermint
fields in 1979 and 1980.
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different SRW densities. The equation for the negative binomial

distribution is according to Waters (1955):

h2 + (h1 - h2) L(m)
E(n)

m - b
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SUMMARY AND CONCLUSIONS

This study of the SRW, O. ovatus, on peppermint in central Oregon

was to provide additional biological information as it pertains to this

region, to assess the economic importance of the weevil on peppermint,

and to develop a sampling plan for the weevil on this crop.

New generation adult weevils were found in the soil during late May

(ca. 84 to 100 accumulated Julian day-degrees (DD) assuming a base

development threshold of 10°C). The peak adult population occurred

during early July (208 to 217 DD). New generation adults were found as

late as the end of July (467 DD).

Overwintered adults were observed both in and adjacent to pepper-

mint fields in the early spring. Overwintered adults were found to

represent as high as 11.6 percent and as low as 0.1 percent in soil

samples taken during early spring in different peppermint fields. The

ovaries of the overwintered adults had developed oocytes by mid-May (56

DD), suggesting that oviposition could occur before the end of May.

Oviposition of new generation adults started in early July (208 to

217 DO), based on observed ova in the common oviduct. A minimum 12 day

egg incubation period was observed.

Larvae were present in the peppermint fields all year. The larvae

were the dominant life stage in soil samples taken from late August (650

DD) until mid-May (60 DD) the following year. Pupation started in early

to mid-May (45 to 50 DD), peaked in late May (84 to 100 DD) and was

completed by late June (160 DD).

Further study is needed to verify the use of the assumed 10°C base

developmental threshold and the accumulated Julian day-degrees concept

for predicting development in SRW.
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Fall plowing influenced the depth at which weevils were found the

following spring. In spring soil sampling (mid-May 80 DD), over 75

percent of the total weevil population in fall plowed fields were found

below five cm and 16 percent below ten cm. This compares to the

unplowed fields which had less than 45 percent of the weevil population

below five cm and less than four percent below ten cm in depth. There-

fore, results suggest soil samples taken in mid-May (80 DD) should be

taken at a minimum depth of 15 cm for fall plowed fields and ten cm for

unplowed peppermint fields.

The carabid beetle, Pterostichus vulgaris, was observed to feed on

SRW in the laboratory and may have been an important factor in the

collapse of the weevil population in one of the fields studied. Addi-

tional studies are necessary to determine the potential of this carabid

as a biological control agent for SRW in peppermint.

Adults, pupae, larvae and the total SRW population were found to

have a clumped distribution and fit the negative binomial distribution

in all fields where sufficient data were obtained.

Statistically significant relationships were found between pupae,

larvae and the total SRW population and oil yield reductions in 1980.

The average regression coefficient for pupae was -0.4230; larvae -0.4976

and the total SRW population -0.2917. For each increase of one weevil/

1000 cm2 there was an associated reduction in yield of 0.423 Kg/

hectare for pupae, 0.498 Kg/hectare for larvae and 0.292 Kg/hectare for

the total SRW population. Tentative economic injury levels were

calculated to be 5.65 pupae/1000 cm2, 4.80 larvae/1000 cm2 and 8.19

total SRW/1000 cm2, based on the above regression coefficients, a

value of $19.81/Kg for peppermint oil, and a total treatment cost of
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$47.35/hectare. These estimated economic injury levels are considered

tentative since they are based on experiments conducted during one

season and include only two field locations.

Future research is needed to quantify yield reductions caused by

the various life stages of the SRW. It is necessary for growers and

researchers to have economic injury levels for confident and sound pest

management decisions.

Additional research is also necessary to evaluate refined

sequential sampling plans which can be developed as more information is

obtained about the SRW-peppermint system. Based on the results of this

study, the following inputs are suggested for consideration in

developing sequential sampling plans for future evaluation and eventual

release to growers:

1. Pupae sampling

a) (a) = 0.10

b) (3) = 0.05

c) ml = 1.88 pupae/1000 cm2

d) m2 . 3.77 pupae/1000 cm2

(m
1

and m
2

are one-third and two-thirds of the

tentative economic injury level of 5.65 pupae/1000 cm2)

e) K = 0.170 (trial estimate of K)

2. Larvae sampling

a) (a) = 0.10

b) = 0.05

c) m1 = 1.60 larvae/1000 cm2

d) m
2

3.20 larvae/1000 cm2
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(m
1

and m
2

are one-third and two-thirds of the

estimated economic injury level of 4.80 larvae/1000 cm2)

e) K = 0.250 (trial estimate of K)

3. Total SRW populations (summation of adults, pupae and larvae

sampling

a)

b)

c)

d)

(a) = 0.10

(8) 0.05

ml = 2.73 weevils/1000 cm2

m2 = 5.46 weevils/1000 cm2

(m
1

and m
2

are one-third and two-thirds of the

tentative economic injury of 8.19 total SRW/1000 cm2)

e) common K = 0.411
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Appendix 1. Analysis of variance, correlation coefficients and
linear regression equations for the relationship between the
total SRW density and peppermint oil yields in fields 6, 7 and 8
in 1980.

Field 6

y = 67.76 - 0.24x Where:
r = -0.15

y=
x=

expected yield (Kg/Ha)
cummulated total SRW/
1000 cm2

Source d.f. S.S. M.S.

regression
error
total

Field 7

1

58

59

318.629
14180.300
14498.929

318.629
244.489

1.30ns

Source

regression
error
total

Field 8

Source

regression
error
total

y = 57.84 - 0.35x
r = -0.32

d.f. S.S. M.S.

1 1732.51 1732.51 7.33**
64 15118.20 236.22
65 16850.71

y = 63.73 - 0.24x
r = -0.28

d.f. S.S. M.S.

1 1101.67 1101.67 5.75*
71 13661.80 192.42
72 14763.47

ns
not significant at P = 0.10

*
significant at P = 0.05

**
significant at P = 0.01
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Appendix 2. Individual K-value derived from the three equations
given by Southwood (1966).

K
1
values

Field No.
SRW Life Stage

Total SRWAdults Pupae Larvae

1 0.2391 0.1239 0.4551 0.4650
2 1.0344 0.2612 0.1350* 0.3179
3 1.4658 -- -- 1.1794
4 0.2248 0.1174 0.1870 0.2057
5 0.5649 0.6484

K
2

values

SRW Life Stage
Field No. Adults Pupae Larvae Total SRW

1 0.1450 0.1300 0.2875 0.2583*
2 0.9400 0.2725 0.2125 0.5988*
3 1.0750* -- -- 2.0500*
4 0.1525 0.1075 0.2500* 0.2725*
5 0.4150 0.4450*

K
3

values

Field No. Adults Pupae Larvae Total SRW

1 0.1487 0.1241* 0.3194 0.2851
2 0.9569* 0.2674 0.2058 0.5009
3 0.6663 -- -- 1.6520
4 0.1609* 0.1081* 0.2747 0.2610
5 0.4230 0.4545

*
Best K-value based on visual examination of observed means
expected frequencies for the negative binomial distributions
when comparing the given three K-values within the SRW life
stage or total SRW.



Appendix 3. Analysis of variance test for the validity of a common
K-value (Ks) for the total SRW population in peppermire!.

Effect of d.f. ss MS

Slope, 1/Kc

Computed intercept
against 0

Error

1

1

43.994

9.77 9

6.463

43.994

9.779

3.231

13.615*

3.026ns

a/
Based on procedures developed by Bliss and Owens (1958).

ns
not significant at P = 0.10.

*
significant at P = 0.10.
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