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The biology of the strawberry crown moth, Synanthedon

bibionipennis (Boisduval), was studied in the laboratory and in
seven strawberry fields in Washington County, Oregon during 1976
and 1977.

An effective sex attractant for the strawberry crown moth
was found through field screening of chemicals structurally similar
to components of the sex pheromones of two other sesiids, the

peachtree borer, Sanninoidea exitiosa (Say), and the lesser peach-
tree borer, Synanthedon pictipes (Grote & Robinson). Pheromone
traps baited with 100 micrograms of (E., Z)-3, 13- octadecadien- 1 -ol

acetate and 50 micrograms of (E, Z)-3, 13-octadecadien-1-ol
captured significantly more strawberry crown moth males than
traps baited with other combinations of these chemicals.

Density estimates from emergence cages and field sampling
of strawberry crown moth adults with a flying insect net were com-
pared with temporal counts of male moths in the pheromone traps.
The line representing the daily number of moths emerging in the
cages is similar to but slightly ahead of that for the number of males



in the pheromone trap collections. There was a significant linear
correlation between the number of moths captured per hour in the
time search collections and the number of males captured per
day in the pheromone traps.

Strawberry crown moth eggs were obtained from females
collected in the field and from females reared from pupae and
allowed to mate in the laboratory. There was a highly significant

difference in the mean time required for the development of eggs
incubated at two temperatures. The mean number of days to hatch

was 9.33 and 12.98 days for eggs incubated at 26°C a 1.5°C) and
23oc

(± u) respectively.
Strawberry plants from Washington County strawberry fields

and from the Oregon State University entomology experimental farm
were inspected to determine the activity of strawberry crown moth
larvae. Upon ectosion, the larva penetrates the strawberry plant
and feeds for a period of a few days in the cortical parenchyma.
Older larvae travel beneath the parenchyma to the xylem and phloem
and to the pith of the strawberry crown.

pheromone traps baited with a synthetic sex attractant were
used to monitor the strawberry crown moth adult flight period.
Strawberry crown moths were captured until September 10, 1976
and between June 4 and August 23, 1977. In 1977, the greatest
number of adults were collected between June 25 and July 1. It

was predicted from the above flight period data and laboratory

studies that eggs were present from early June to mid August.
Larvae were first observed on June 20, 1977.

Five parasitoid species have been reared by different workers
from larvae and pupae of the strawberry crown moth. Only two
species were collected during 1976 and 1977. Neither were

collected in significant numbers.



Acephate, endosulfan, and malathion were evaluated for
strawberry crown moth control. Two trials were established in
Washington County strawberry fields. Insecticides were applied
during the first half of the strawberry crown moth adult flight
period as determined by the pheromone trap collections. All of the

treatments resulted in reductions in the number of strawberry crown
moth larvae per strawberry crown but these reductions were not
statistically significant.
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SEASONAL DISTRIBUTION, SEX ATTRACTANTS, AND
APPLIED BIOLOGY OF THE STRAWBERRY CROWN

MOTH, SYNANTHEDON BIBIONIPENNIS
(BOISDUVAL), IN OREGON
(LEPIDOPTERA: SESIIDAE)

INTRODUCTION

The strawberry crown moth, Synanthedon bibionipennis

(Boisduval), is a clearwing moth of the family Sesiidae (=Aegeriidae)
native to the Pacific Northwest. It is a serious pest of cultivated
strawberries, Fragaria x ananassa Duch., and blackcap rasp-
berries, Rubus occidentalis L., in Oregon (Zeller and Schuh, 1944;
Rosenstiel and Vaughn, 1952). It has also been observed on black-
berries, Rubus laciniatus Wind.; loganberries, Rubus x loganobac-
cus Bailey hv Logan; and other Rubus species (Wilcox et al., 1932).
Numerous fields in Washington and Marion counties, the largest
strawberry producing area of Oregon, are currently infested by
the strawberry crown moth.

The adult strawberry crown moth varies from 12 to 20 mm in
length, is yellow and black, and when in flight resembles a yellow-
jacket. Injury to strawberry plants is caused by the larva which
feeds both externally and internally in the roots and crown of
plants. A larva is capable of hollowing out large portions of the
strawberry crown which weakens and may predispose the plant to
other stress factors. Occasionally, entire plants are killed.
However, research is lacking which relates strawberry crown moth
damage and level of infestation to subsequent strawberry yields.

Field observation and experience have shown that currently
registered insecticides as presently used are ineffective in con-
trolling this pest. Presently there are no insecticides registered
for its-control. Some control of this pest has been achieved by
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using cultural methods such as the removal of infested plants and
the topping of plants after harvest. However, even these techniques
have been inadequate and many fields have become sufficiently
infested to warrant their removal from production. Potential
control of this pest is complicated by the fact that the seasonal
activity of the adult is coincidental with the strawberry harvest.

The purpose of this research was to study certain aspects of
the biology of the strawberry crown moth to aid in the selection and
timing of optimal control strategies. Emphasis was placed on its
seasonal distribution in the field. A synthetic sex attractant for the
male was identified and used ina sticky trap to define the flight
period of the moth. Laboratory and greenhouse studies were also
conducted to study the development of immature stages of the
strawberry crown moth.
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LITERATURE REVIEW

Taxonomy

This species was first described and named Sesia bibionipen-
nis by Jean Alphonse Boisduval (1869) from a male taken in flight in
California. However, Henry Edwards (1881) described it as a new
species, Albuna rutilans, from a female taken in Virginia City,
Nevada. Subsequently, William Buetenmueller (1896, 1901) grouped
several species originally described by Edwards in the species
Sesia rutilans (Henry Edwards). In 1928, Englehart (1928) found
the original type specimen collected by Boisduval which had been

presumed lost and determined this to be the same as Buetenmueller's
Sesia rutilans. Therefore, bibionipennis was brought back by pri-
ority and rutilans relegated to synonomy.

In 1946, Englehart erected the genus Ramosia and included
bibionipennis. MacKay (1968) has since placed this species in
Huebner's genus Synanthedon in her revision of the family based on
late instar larvae.

History as a Pest

Riley (1887) and Klee (1888) in California first reported that
larvae of this species occurred in the roots of cultivated straw-
berry plants. Rivers (1883, 1888) reared strawberry crown moth
adults from larvae found in the roots of raspberries and cultivated
blackberries and reported that color variations existed among the
larvae. Lovett (1913) and Thompson (1927) first reported that the

strawberry crown moth was a pest of strawberries and blackcap
raspberries in Oregon.
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The pest status of the strawberry crown moth is cyclical in
certain fields. One or more seasons of extensive and serious
infestation may be followed by a variable number of seasons with
little or no infestation (Thompson, 1927; R.G. Rosenstiel, personal
communication). Recently it has again become a serious pest over
a large area in the Willamette Valley. Since 1927 the status of this

insect has been reported by Mote et al. (1929), Wilcox et al.
(1932), Edwards and Zeller (1938), Schuh and Zeller (1944),

Rosenstiel and Vaughn (1952), and others.

Distribution

Piper and Doane (1898) documented the occurrence of this

insect in California, Nevada, Washington, Texas, and Colorado.
Essig (1926) reported collections from these states as well as Utah,
Idaho, Oregon, and British Columbia. However, Englehart (1946)
reported that

. . specimens at the United States National Museum
adequately cover the wide range of the species along the
Pacific coast from California to British Columbia and
inland to, but not east of, the Rocky Mountains. More
eastern records are based on misidentifications.
Lovett (1913) reported that the strawberry crown moth

occurred wherever strawberries were grown in Oregon. Thompson
(1929) subsequently restricted its distribution in Oregon to Douglas,
Hood River, Polk, Clackamas, Marion, Yamhill, Morrow, Columbia
and Jackson counties. Wilcox et al. (1932) reported it to be a pest
of strawberries in the Willamette Valley and of black raspberries
in Douglas County. Contemporary collections of this insect in
Oregon have been made in Washington, Polk, and Marion counties.
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Biology

Mote, Wilcox, and Hills (1929) first described the life stages
of the strawberry crown moth and studied its biology in detail.
These authors reported that the insect overwinters as an inactive
late stage larva in the strawberry crown. Larvae resume feeding
for a short period in the spring and then pupate. They reported
that the adults occur in June and July and mate immediately upon

emergence. According to these authors, the eggs are deposited
primarily at the base of plants among dead leaves and on the soil.
Larvae hatch in early summer and feed until late fall at which time
the nearly grown larvae cease feeding and prepare to pass the
winter. There is one generation a year.

Wilcox, Gray, and Mote (1932) continued study of the straw-
berry crown moth and researched chemical and cultural controls.
These authors found that eggs deposited in the field began hatching

approximately ten days after oviposition. They described the
position of various aged larvae in the strawberry crown (Table 12).
They reported that flood irrigation, which had been recommended
for strawberry crown moth control in California (Essig, 1915),
was not effective in Oregon. These authors found no insecticides
which were effective against the strawberry crown moth. They

suggested that all plants in a field with the exception of a few rows
should have the leaves removed (plants topped) and be covered with

straw after harvest. According to these authors the untopped rows
would receive most of the eggs deposited by strawberry crown moth
females. These plants could then be removed and destroyed after
the egg laying period.



6

Pheromones

A pheromone is a chemical or mixture of chemicals which is
emitted by an organism and which induces a certain response in
another individual of the same species. The name was first sug-
gested by Karlson and Luscher (1959). These chemicals may either
be synthesized de novo or acquired by the organism from its environ-
ment (Shorey and McKelvey, 1977). The response of the individual
receiving the pheromone may be an increase or decrease in loco-
motor activity; an attraction to or repulsion from the source of the
chemical; or a stimulation or deterrent of some biological function
such as mating, feeding, or oviposition. (Dethier et al 1960). The

different components of a pheromone mixture may each have a
separate function. For example, sex attractant pheromones may

include components for long range attraction, arrestants, and
mating stimulants.

Wilson (1963) distinguished releaser and primer pheromones.
Releaser pheromones act on the central nervous sytem to evoke an
immediate response as described above. Primer pheromones cause
a permanent physiological change in the receiver although there
may be no obvious immediate effects (example, caste differentia-
tion pheromones).

Chemical communication appears to be the primary means of
information transfer among the insects (Birch, 1974). Several
characteristics of pheromones have led them to be considered as

potential aids in pest management programs. Pheromones are
active in minute quantities; as little as one molecule may trigger a
response in the receiving individual (Birch, 1974). Pheromones
are relatively specific and there are usually minimal effects on
non-target organisms. The use of pheromones in detecting and
controlling a pest insect can be less costly than other methods.
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Beroza and Knipling (1972) suggested that the gypsy moth could be

prevented from spreading into new areas with a pheromone trap
barrier for a cost of less than $200 per acre compared to a cost of
approximately $2, 000 per acre for chemical control after infesta-
tion which, incidentally, has not been effective.

Pheromones are being used in pest management programs
for detecting and monitoring insect populations. Pheromone traps
have been used to detect small and localized infestations of insect
pests. This has been especially useful for cryptic insects such as
the California red scale, Aonidiella aurantii (Maskell) (Shaw et
1971), and insects in relatively inaccessible areas such as the
gypsy moth, Porthetria dtspar Linnaeus (Beroza and Knipling,
1972) which are not easily detectable by other means. Pheromone
traps have been used as population indicators to time chemical
control applications for the codling moth, Laspeyresia pomonella
(L.) (Madsen and Vakenti, 1972, 1973); the pink bollworm, Pectin-
ophora gossypiella (Saunders) (Toscano et al., 1974); the redbanded
leafroller, Argyrotaenia velutinana (Walker) (Trammel, 1974);
the boll weevil, Anthonomus grandis Boheman (Hardee et al., 1970);
and others. Pheromone traps have also been used to evaluate the
dispersal and competitiveness of sterilized insects during sterile
insect release programs (Tette, 1974).

Presently, direct control with pheromones is being investi-
gated with several pest species. Attempts to control insects
directly with pheromone have involved the prevention of mating
through disruption of pheromone communication and mass trapping
of individuals. Direct control of insect pests with pheromones
seems most promising when pest populations are low. As of yet,
no pheromonal pest control program has been developed to the point
that it can be considered practically applicable (Birch, 1974).
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Tumlinson et al. (1974) identified Z) and (Z, Z)-3,

octadecadien-l-ol acetate (ODDA) as the sex pheromones of the
lesser peachtree borer, Synanthedon pictipes (Grote & Robinson),
and the peachtree borer, Sanninoidea exitiosa (Say), respectively.
Nielsen et al. (1975) demonstrated that isomers of ODDA may be the
essential components of the pheromones of many members of this
family, This supports the view of Duckworth and Eichlin that
sesiids are more alike as a group than many other families of
Lepidoptera.



MATERIALS AND METHODS

Study Sites

The strawberry crown moth was studied in seven strawberry
fields in Washington County, Oregon. All fields were Hood variety
strawberries. Canada thistle, Circium arvense; prickly lettuce,
Lactuca scariola; and dogfennel, Anthemis cotula, were the pre-
dominant weeds occurring in these fields. The soil in these fields
was predominantly clay loam soil.

The field locations, ages, and other information are as
follows: Field 1 was a 1.6 hectare field at the farm of Mel
Finnegan, 3,2 km north of Cornelius, Oregon on the Cornelius
Road, Township 1N Range 3W Section 28. The planting was estab-

lished in 1973. The field was bordered on the north and west sides
by a field of winter wheat and on the south and east sides by areas
of wild blackberries, Rubus laciniatus, and various unidentified
grass species.

Field 2 was a 2.0 hectare field at the farm of Mr. Don
Anderson, 6.4 km southwest of Cornelius, Oregon on the Lafollet
Road, Township 1S Range 3W Section 17. This planting was estab-

lished in 1975. This field was bordered on the south by Douglas-fir,
Pseudotsuga menziesii, on the north by Wild blackberries, and on
the east and west by newly planted fields of Hood variety straw-
berries. This field was on a hillside with a northeast exposure and

approximately a 30 o slope. This planting of strawberries was the
first crop after clearing this land. Many plants were stressed by a
root rot caused by the fungus Armillaria mellea.

Field 3 was a 3.2 hectare field at the farm of Mr. Don Jesse,
4.8 km south of Cornelius, Oregon on the Blooming-Fern Hill Road,
Township 1S Range 3W Section 16. Plants were established in 1973
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and portions of the field were disced under on July 7 and August 25,
1977. This field was bordered by a residential area to the east, the
paved road and a field of winter wheat to the north, a field of
domestic oats to the west, and another field of Hood variety straw-
berries to the south.

Field 4 was a 4.9 hectare field at the farm of Mr. William
Unger, 11.3 km southwest of Hillsboro, Oregon on the Charles
Robinson Road, Township 1S Range 3W Section 26. This planting

was established in 1973 and plants were disced under on July 12
and August 25, 1977. This field was bordered by the paved road to
the north, a field of winter wheat to the west, Douglas-fir and
thimbleberries, Rubus parviflorus, to the south, and another field of
Hood variety strawberries to the east.

Field 5 was a 2.0 hectare field located at the north end of the
Malensky Brothers' Farm, 12.8 km south of Hillsboro, Oregon on
State Highway 219, Township 1S Range 2W Section 31. This plant-
ing was established in 1973 and portions of the field were plowed
under on June 29 and August 11, 1977. This field was bordered on
the east by Highway 219, on the south by a field of winter wheat,
and on the north and west by Douglas-fir.

Field 6 was a 1 . 6 hectare field located at the south end of the
Malensky Brothers' Farm. This field was bordered on the north
by winter wheat, on the east by another field of Hood variety straw-
berries, and on the south and west by Douglas-fir. There was
also a planting of blackcap raspberries in the vicinity.

Field 7 was a 4.1 hectare field located at the Tankersly farm,
14.5 km north of Hillsboro, Oregon on the Pumpkin Ridge Road,

Township 2N Range 3W Section 24. This field was established in
1974. This field was bordered on the northeast side by the road and
on the south and west by Douglas-fir and thimbleberries.
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Attractant Formulations

Four combinations of synthetic (E, Z)-3, 13-octadecadien-1-ol

((E, Z)-0H)and/or the corresponding acetate ((E, Z)-ODDA) were
evaluated for their relative attractiveness to male adults of the
strawberry crown moth. Previous work has indicated that the
attractiveness of octadecadien-l-ol acetate to sesiid males may be
enhanced with the addition of the corresponding alcohol (Dave
Nielsen, unpublished data). The combinations used in this experi-
ment were 50 lig (E, Z)-ODDA to 100 1.14 Z)-0H, 100 p.g (E, Z)-
ODDA to 100 p.g LE, Z)-0H, 100 1.1,g (E, Z)-ODDA to 50 Fig (E, Z)-0H,

and 100 µg (E, Z)-OH alone. These attractants were provided by
Dr. Dave Nielsen of the Ohio Agricultural Research and Develop-
ment Center, Wooster, Ohio. The chemicals were impregnated on
5 x 9 mm rubber septa 1 and suspended in a 28 x 23 x 12 cm trap
with a top and an adhesive bottom surface (Zoecon Pherocon 1C TM

trap). 2

Three study sites were used, one site in field 4 and two sites
in field 7. Each site was divided into quadrants and an attractant
combination was assigned at random to each quadrant. Traps were
located in the strawberry rows 20 m apart and ca. 0.5 m above
ground among the strawberry plants (Figure 1). Traps were placed
in the field on August 8, 1976 and inspected at weekly intervals until

September 27. At each inspection, the moths were removed from
the traps and cleaned with hexane. They were then placed in 70%

ethanol and sent to Dr. Thomas D. Eichlin, California Department
of Food and Agriculture, for identification. The trap's adhesive
surface was cleaned and changed as necessary.

'Arthur H. Thomas Co., Philadelphia, PA.
2

Zoecon Corp., Palo Alto, CA.
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Figure 1. Strawberry crown moth pheromone trap
positioned in strawberry field.
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Adult Seasonal Distribution

In 1977, adhesive traps were used to survey adult males of
the strawberry crown moth. The combination of 100 1.1.g (E, Z)-

ODDA and 50 Fig (E, Z) -OH, which was the most attractive mixture

in the 1976 experiment, was used in Zoecon Pherocon 1C TM traps.
These chemicals were sent in 8 cc glass vials from the Ohio
Agricultural Research and Development Center and impregnated on
9 x 5 mm rubber septa in Corvallis. The chemicals were stored in
vials at -3oC until used Culver and Barnes (1977) indicated that
septa that had field-aged for at least 3 weeks were significantly
less attractive than unaged septa to the codling moth, Laspeyresia
pomonella (L.). The septa in these traps were changed at 2 week
intervals.

Six fields were monitored with one trap in each field. Traps

were placed near the center of the predominantly upwind edge of
each field. This position varied with the field. Traps were placed
in the rows approximately 0.5 m above the ground among the plants.

The traps were inspected at 2 to 4 day intervals. Moths were
removed from the traps and identified by sex in the field. The

adhesive linings of the traps were cleaned and changed as necessary.
The traps were placed in the field May 27, 1976 and maintained
until October 12, 1977.

Half of the plants in field 5 were plowed under on June 29,
1977. The trap in this field was taken out on June 29 and replaced
in the remaining portion of the field on July 4. All of the remaining

plants in field 5 were plowed under and the trap in this field was
removed on August 11, 1977.
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Pheromone Trap Efficacy

Density estimates from emergence cages and field sampling
of strawberry crown moth adults with a flying insect net were com-
pared with temporal counts of male moths in the pheromone traps.

Emerging strawberry crown moth adults were collected in

cages constructed of nylon organdy fabric over a roof shaped
81 x 48 x 28 cm wooden frame. The cages were designed to fit
over one row of strawberry foliage and allow a tractor to pass over
without disturbing them. The base of the cages was buried in the
soil. The cages were placed over strawberry plants infested with
strawberry crown moth larvae (Figure 2). The cages were
inspected at 2 to 4 day intervals. Adults collected in the cages were
removed and recorded by sex. Four cages were used in each of
four fields. The cages were placed in the field on May 26, 1977
and maintained until September.

Strawberry crown moth adults were collected in the field in a
time search with a flying insect net. The technique used for
collecting adults was developed in 1976. Sections approximately
20 m2 in the vicinity of the pheromone traps were used as collecting
areas. Collections were made by walking slowly up and down rows

of strawberry plants and netting the observed moths. Moths were
captured at rest and while flying. Moths were netted, identified
by sex, and transferred to 5 dram glass vials. A moth was con-
sidered captured when it was inside the net. Moths were collected
for periods of 0.5 hour at a time. Collections were made between
June 13 and August 11, 1977. Each collection in a given field was
made at the same time of day.
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Egg Development

Mote, Wilcox, and Hills (1929) found that the incubation period

of strawberry crown moth eggs in the field ranged from 11 to 17 days

with an average of 13.48 days. Wilcox, Gray, and Mote (1932)

reported a range of 10 to 16 days with an average of 13.53 days.
However, temperatures were not recorded.

In this experiment eggs were incubated in growth chambers.

Temperatures of 23 oC and 26 oC were chosen. The growth chambers

were regulated to produce 16 hours of light and 8 hours of dark.
Eggs were obtained both from females collected in the field and
from females reared from pupae and allowed to mate in the labora-
tory. Mating of moths in the laboratory was accomplished by
placing three male and three female moths per dish in 100 x 15 mm
Petri dishes for a period of one or two days. A large number of
the laboratory matings were not effective. One day old males
were paried with newly emerged females. Females were placed
in Petri dishes with strawberry leaves and moist filter paper for
oviposition. Females were removed and placed in a new Petri
dish on a daily basis so that each dish contained eggs of a known
age, Dishes were incubated in growth chambers on a five-shelf
15 x 11 x 6 cm plexiglass racks in 2.4 liter plastic cartons (Figure
3), Relative humidity in the containers was maintained between
65-85% by using saturated salt solutions of KC1, NaC1, and NaNO2

as described by O'Brien (1948). Larvae were removed from the
Petri dishes and their numbers were recorded daily.

Larval Activity

Larvae obtained from the egg development experiments were
transferred to Hood variety strawberry plants grown in the
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laboratory, in a greenhouse, and at the Entomology Department
experimental farm. Larvae were placed at the base of plants with
a camel hair brush between 9:00 and 11:00 AM or 11:00 PM and
1:00 AM. Some plants were covered with a black plastic sun
screen in order to shade the larvae. The plants were removed from
the soil after various periods of time and inspected for larvae.
The order in which plants were infested and removed from the soil
for inspection were assigned at random.

Seasonal Distribution

The seasonal distribution of all stages of the strawberry
crown moth was predicted in six Washington County fields for 1977.

These predictions were based on information developed on the adult
seasonal distribution and both recorded and observed data on the
biology of the strawberry crown moth.

Strawberry crown moth females mate soon after emergence
and begin oviposition within 1 or 2 days. Observations during this

study showed that the females continue to lay eggs for most of their
lives. Therefore, the relative number of strawberry crown moth
females in each field as estimated by the number of strawberry
crown moth males captured in the pheromone traps was used to
estimate the relative number of eggs deposited. Because the
current studies supported previous reports that eggs hatch within
13 days of deposition this number was chosen as the average
duration for egg incubation.

Upon emergence from the egg, the larva penetrates the
strawberry plant and feeds for a period of a few days in the cortical
parenchyma. However, during this period the larva may make its
way out through the epidermis and become exposed to the exterior.
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For the purpose of this study, those larvae feeding just under the
epidermis were classified as unestablished larvae.

Older larvae travel beneath the parenchyma to the xylem and
phloem and to the pith of the crown and no longer become exposed
to the exterior. Those larvae beneath the parenchyma were classi-
fied as established larvae.

The work of Wilcox et al. (1932) on the position of strawberry

crown moth larvae of various ages in the strawberry crown (Table 12)
suggests that approximately 50% of the larvae move below the
parenchyma 3 days after hatching, another 40% move below the
parenchyma after 6 days, and that all of the larvae are located
below the parenchyma after 10 days. Therefore, these intervals
were used to predict the time required for strawberry crown moth
larvae to become established in strawberry plants in the test fields.

In predicting the seasonal distribution of the strawberry
crown moth it was assumed that each individual has an equal chance
of surviving from one life stage to the next and that all mortality
occurs in the period between life stages. The life stages considered
were egg, larva, pupa, and adult with no distinction for the different
larval instars. These predictions assumed a 1:1 ratio of males
to females.

Three fields were used to validate the predictions of straw-
berry crown moth seasonal distribution. At approximately weekly
intervals five plants samples consisting of all plant material in an
area 484 cm2 were taken from fields 2, 3, and 6. These plants
were taken to the laboratory and inspected for larvae. Chi-squared
analyses were made on predicted and observed numbers of estab-
lished and unestablished larvae for the three fields combined. An
effective technique for sampling strawberry crown moth eggs has
not been developed and eggs were not sampled in the field.
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Natural Enemies

Five parasitoids have been reared from the larvae and pupae
of the strawberry crown moth by previous researchers (Essig,
1926; Wilcox et al., 1932; Heinrich, 1962). These parasitoids
include: Microbracon nevadensis (Ashmead) (Hymenoptera:

Braconidae), Rubicundiella simplicior Heinrich (Hymenoptera:

Ichneumonidae), Parafischeria eucerata (Bigot) (Diptera: Tachinidae)
(as P. venatoris (Coquillett)), Sipholeskia occidentalis (Coquillett)
(Diptera: Tachinidae) (as Leskia gilensis (Townsend)), and an
unidentified fly (Diptera: Sarcophagidae).

To determine the species and their relative numbers of the
contemporary parasitoid complex, several hundred strawberry
crown moth larvae and pupae were collected in the spring of 1976
and 1977. The larvae and pupae were plcaed in 5 dram glass vials
or 2.4 liter plastic containers with host plant tissue. Parasotoid
adults which emerged from these larvae and pupae were placed in
70% ethanol and sent to the Insect Identification and Beneficial

Insect Introduction Institute in Beltsville, Maryland for identifica-
tion. Larvae and pupae were collected in fields which had been
infested with strawberry crown moth for at least two years. All of
the collections were made in fields in Washington County, Oregon,

Chemical Control

At present there are no insecticides registered for the control
of strawberry crown moth. Additionally, cultural and natural
controls of this insect have not given satisfactory control in the
past. Therefore, three insecticides were evaluated for their
effectiveness and potential use for control of strawberry crown
moth. The insecticides used were acephate, endosulfan, and
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malathion. These insecticides and the rates used were chosen
because they are currently registered for use on strawberries to
control other insect pests.

Two trials were established in a third year planting of Hood
variety strawberries. Each experiment consisted of a randomized
block design with four replications. Experimental units consisted
of three strawberry rows in an area 3.2 m wide and 7.62 m long.
The rest of this field was roto-tilled and disced under in June.

61)A Stiehl gasoline-powered backpack sprayer was used to apply
the materials. Insecticides were applied in 15.14 liters of water
per treatment, the equivalent of 1,552 liters of water per hectare.

Trial 1 was established June 21, 1977. This date corresponded
with the first appearance of large numbers of strawberry crown moth
adults as determined by the sex attractant-baited traps. This time
was chosen because of the successful experience in controlling
other sesiids such as the lesser peachtree borer with chemicals
applied at the initiation of the adult flight period (Bobb, 1961). The

treatments in trial 1 included acephate applied at the rate of 1.68 kg
of active ingredient per hectare, malathion applied at the rate of
2.42 kg of active ingredient per hectare, and an untreated control.
On August 23, 1977, samples of all plant material in five areas
22 cm square were taken from each experimental unit. The plant

tissue was dissected and the numbers of live strawberry crown moth
larvae per sample and per strawberry crown were recorded. A
two-way analysis of variance was used to determine differences
among treatment means.

The treatments in trial 2 consisted of endosulfan applied at
the rate of 1.12 kg of active ingredient per hectare, a split applica-
tion of acephate at 1.68 and 1.12 kg of active ingredient per hectare,
and an untreated control. The first application of acephate was
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made June 21, 1977. The second application of acephate and the

application of endosulfan were made June 28, 1977. This trial
was evaluated on the same date and in the same manner as trial 1.
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RESULTS

Sex Attractant Formulations

In the 1976 trials, no strawberry crown moth males were
attracted to the traps baited with (E, Z)-OH alone but all other formu-
lations attracted strawberry crown moth males (Table 1). The

most effective attractant was a mixture of 100 p.g (E, Z)-ODDA and

50 p,g (E, Z)-011. Formulations of 50 p.g (E, Z)-ODDA to 100 1.14

(, Z)-OH and 100 p.g (E, Z)-ODDA to 100 p.g (E, Z) -OH, although less

attractive than the 100 to 50 ratio did not differ significantly from
one another in their attractiveness to adult males.

The 1976 trapping experiments were made near the end of the
strawberry crown moth flight period. Because of this the largest
number of moths was captured during the first week of the experi-
ment. The largest number of moths captured in any one trap during
a 1-week period was five moths. This did not approach the satura-
tion point for these traps. Representative specimens from these
collections were all identified as Synanthedon bibionipennis
(Boisduval) by Dr. Eichlin.

Adult Seasonal Distribution

The occurrence of strawberry crown moth adults in 1977 as
determined by the pheromone trap collections ranged from June 4 to
August 23 (Figure 4). It is interesting to note that this agrees in
general with the observations made by Wilcox et al, (1932) for the
average flight period of the moth during the 1928-1931 seasons..
The average of all fields showed a distribution with one peak. Peak
flight activity occurred between June 27 and July 1, 1977. Over
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Table 1. Strawberry crown moth captures in traps
baited with candidate sex attractants during
August-September 1976, Washington
County, Oregon.

Baitl' 2

(14)
x Males per trap 3

EZ-A:EZ-OH (100:50)

EZ-A:EZ-OH (50:100)

EZ-A:EZ-OH (100:100)

EZ-OH (100)

8.3 a

2.0 b

1.7 b

0.0 c

1 OH = 3, 13- octadecadien -1 -ol

zA = 3,13-octadecadien-l-ol acetate

3Means followed by the same letter are not significantly
different according to Duncan's New Multiple Range
Test, P = 0.5.
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95% of .the total number of moths collected were captured by July
18. Relatively few moths were captured between July 18 and
August 23.

The date of the first appearance of strawberry crown moth
adults in the six fields monitored during 1977 varied from June 6 to
June 13 (Table 2). The date of collection of the last moth varied
from August 11 to August 23, In the 1976 experiment the last moth
was collected on September 10. The temporal distribution of straw-
berry crown moth adults was similar in all fields with the exception
that adults were collected a few days earlier in field 5 and field 6
than in the other fields (Figure 5). Also, fewer strawberry crown
moth adults were collected in field 1 than in the other fields. How-
ever, the relative temporal distribution of the collections in field 1
was similar to those of the other fields.

No collections were made in field 5 between June 27 and July 4.
The trap in this field was removed on June 27 and a portion of the
field was rototilled and disced up. The trap was returned to the
remaining portion of this field on July 4.

Few moths were collected in field 1 between July 4 and July 8
(Figure 6). A possible reason for this was that the field received
rain and a heavy sprinkler irrigation during this period. The water
in this field may have reduced the flight activity of the strawberry
crown moth as well as possibly reducing the effectiveness of the
trap's adhesive lining.

The number of moths collected in field 2 between June 25 and

June 27 was also low (Figure 7), even though the trap and adhesive
liner were in good condition and several moths were observed in
the vicinity of the trap on both dates. It is possible that the rubber
septum charged with the attractant formulation, which was changed

on June 25, was contaminated. A new septum with fresh attractant
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Table 2. Number of strawberry crown moth adult males collected
per day in pheromone traps in 1977. Pheromone traps
were baited with 100:50 ratio of (E, Z)-ODDA and
(E, Z) -OH.

Date Field Average
for all
fields1 2 3 4 5 6

May 26 X X X X X X X

June 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
June 6 0.0 0.0 0.0 0.0 0.5 0.0 0.1
June 10 0.0 0.0 0.3 0.3 2.5 1.3 0.9
June 13 0.3 0.0 3.0 2.0 3.0 4.0 2.1
June 15 0.0 1.5 3.5 4.0 7.5 16.5 5.5
June 17 1.0 1.0 11.0 3.0 26.0 21.0 10.5
June 21 0.3 6.8 7.8 6.0 14.3 12.3 7.9
June 23 3.5 19.0 20.0 20.0 53.0 18.0 22.3
June 25 7.5 40.0 25.0 33.5 28.5 26.5 26.8
June 27 4.0 2.5 25.5 40.0 30.0 7.5 21.4a
June 29 3.5 36.5 18.0 33.5 XX 9.0 20.1b

July 1 6.0 36.0 31.5 41.5 XX 31.0 29.3
July 4 6.0 25.0 13.0 32.6 XX 6.0 16.5b
July 8 1.5 22.5 10.0 23.0 17.3 16.3 14.4
July 11 7.7 25.3 9.7 17.0 8.6 4.7 12.2
July 15 3.3 12.8 3.0 15.3 4.5 6.0 7.5
July 18 1.7 17.7 6.3 3.3 14.0 3.3 7.7
July 20 2.5 12.0 5.0 1.5 2.0 0.5 3.9
July 23 0.7 5.7 3.7 2.0 1.7 1.0 2.4
July 27 0.5 3.0 1.3 0.8 0.5 0.3 1.0
July 29 0.0 1.5 1.0 0.0 0.0 0.5 0.5
August 2 0.0 1.5 0.8 0.3 0.3 0.3 0.5
August 5 0.3 0.3 0.0 1.0 0.0 0.0 0.3
August 11 0.5 0.0 0.8 0.8 0.2 0.2 0.4
August 15 0.0 0.5 0.3 0.0 XX 0.0 0.1
August 19 0.0 0.0 0.0 0.0 XX 1.0 0.2b
August 23 0.0 0.0 0.3 XX XX 0.0 O. lb

aDoes not include data from Field 2.
bMean for only those fields with a trap.
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Figure 8. Number of strawberry crown adult males per day in pheromone trap in 1977.
Field 3.
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was placed in the trap in this field on June 27. Moth collections
thereafter increased.

Moth catches were very erratic in field 6 (Figure 11). The

nature of this variation was not correlated to change of attractant
or adhesive liners. However, a strawberry field approximately
50 m from field 6 was used for chemical control experiments. It

may be possible that the increased number of moths collected on
June 25 and July 1 may be attributed in part to some effect of the
chemical applications of June 21 and June 28.

Pheromone Trap Efficacy

The strawberry crown moth, Synanthedon bibionipennis

(Boisduval), was the only sesiid captured in the pheromone traps.
All of these specimens were males. However, other insects were
captured. These included species in the families Muscidae,
Tabanidae, and Tipulidae (Diptera); Ichneumonidae (Hymenoptera);
and Cicadellidae (Homoptera). The largest number of moths cap-
tured in a pheromone trap was 106 moths. This number of moths

and the scales from them covered most of the adhesive surface in
the trap. More than 100 moths in a pheromone trap may reduce
the effectiveness of the trap's adhesive lining.

The number of moths emerging per day in the emergence
cages was compared to the average number of adult males captured
per day in pheromone traps baited with the mixture of 100 p.g (E, Z)-

ODDA and 50 1.ig (E, Z) -OH. The line representing the daily number

of moths emerging in the cages is similar to but slightly ahead of
that for the number of males in the pheromone traps (Figure 12).
The greatest number of moths was noticed in the emergence cages
between June 21 and June 27 while the greatest number of moths

was collected in the pheromone traps between June 25 and July 1.
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The first moths were collected on June 6 and June 10 in the phero
mone traps and emergence cages respectively. The last moths

were observed in the emergence cages on July 15 while the phero-
mone traps collected males through August 23. This discrepancy
is not unusual as some moths may live as long as 30 days or more
(Wilcox et al., 1932) and the synthetic sex attractant is attractive
to low numbers of moths.

The results of the time search collections were closely
related to the pheromone trap collections (Figures 13 to 16). In

each field there was a significant linear correlation between the

number of moths captured per hour in the time search collections
and the number of males captured per day in the pheromone traps
(Tables 3 to 10). The ratio of males to females in the time search
collections decreased with time (Figure 17). This decrease was due
to two factors. Males actively fly to seek a mate soon after
emergence. In contrast, the females tend to remain concealed at
the base of plants after emergence until copulation is completed.

Also, females are longer lived than males (Wilcox et al., 1934).
The change in the ratio of males to females is minor in relation to
the change in the total number of moths, however. The number of
males captured in the pheromone traps was significantly correlated
to both the number of females and to the total number of moths in
the time search collections.

The regression equation between the number of moths in the
pheromone trap and the time search collections is not constant for
all fields (Tables 3 to 10). Site differences such as wind, tempera-
ture, geography, purity of attractant, and species strain can affect
pheromone trap collections (Shorey and McElvey, 1977). These
factors were not examined in this study.
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Table 3. Total number of strawberry crown moth adults per hour
time search and number of strawberry crown moth adult
males per day in pheromone traps June 15 to July 1, 1977.
Field 3.

Regression equation is y = 8.69 + 0.212 X. r2 = 0.59

Date
Total number of adults
per hour time search

X

Mean number adult males
per day pheromone trap

June 15 6.0 3.5
June 17 6.0 11.0
June 21 16.0 7.8
June 23 28.0 20.0
June 25 44.0 25.0
June 27 102.0 25.5
June 29 72.0 18.0
July 1 69.0 31.5

t-test for significance of correlation

Ho: e =_- 0
r

t 1 1 - rZ
n - 2

t 2.96*

Significant at P <0.05 .
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Table 4. Number of strawberry crown moth adult females per hour
time search and number strawberry crown moth adult
males per day in pheromone trap June 15 to July 1, 1977.
Field 3.
Regression equation is Y = 11.11 + 0.69 X. r 2 = 0.55

Date
Number of adult females

per hour time search
X

Mean number adult males
per day pheromone trap

June 15 0.0 3.5
June 17 0.0 11.0
June 21 0.0 7.8
June 23 4.0 20.0
June 25 12.0 25.0
June 27 28.0 25.5
June 29 18.0 18.0
July 1 15.0 31.5

t-test for significance of correlation

Ho: p = o

r

J
1 r2

n-

t = 2.74*

Significant at P < 0.05.
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Table 5. Total number of strawberry crown moth adults per hour
time search and number of strawberry crown moth adult
males per day in pheromone trap June 15 and July 11,
1977. Field 4.

Regression equation is Y = 0.05 + 0.646 X. r 2 = 0.846

Date
Total number of adults
per hour time search

X

Mean number adult males
per day pheromone trap

June 15 8.0 4.0
June 17 4.0 3.0
June 21 10.0 6.0
June 23 30.0 20.0
June 25 34.0 33.5
June 27 57.0 40.0
June 29 58.0 33.5
July 1 57.0 41.5
July 8 46.0 23.0
July 11 3 38.0 17.0

t-test for significance of correlation

Ho:
o

= 0

r
t =

1 - r2
n - 2

t = 6.62**

Significant at P < 0.01.
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Table 6. Number of strawberry crown moth adult females per hour
time search and number strawberry crown moth adult
males per day in pheromone trap June 15 to July 11, 1977.
Field 4.

Regression equation is Y = 0.4 + 1.89 X. r2 = 0.90

Date
Number of adult females
per hour time search

X

Mean number adult males
per day pheromone trap

June 15 2.0 4.0
June 17 0.0 3.0
June 21 2.0 6.0
June 23 14.0 20.0
June 25 16.0 33.5
June 27 18.0 40.0
June 29 16.0 33.5
July 1 21.0 41.5
July 8 14.0 23.0
July 11 12.0 17.0

t test for significance of correlation

Ho: e = 0

r
t I - r 2

n - 2

t = 8.48**

Significant at P < 0.01.



t=I

C.3w

C1
C.D

30

20

10

time
search

pher omone

trap

15 2T3

JUNE JULY

43

Figure 14. Number of strawberry crown moth adult females
per hour time search and number of strawberry
crown moth adult males per day in pheromone
trap June 15 to July 11, 1977. Field 4.
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Table 7. Total number of strawberry crown moth adults per hour
time search and number of strawberry crown moth adult
males per day in pheromone trap June 13 to June 27,
1977. Field 5.

Regression equation is Y z: 2.3 + 0.646 X. r 2 = 0.94

Date
Total number of adults

per hour time search
X

Mean number adult males
per day pheromone trap

June 13 2.0 3.0
June 15 12.0 7.5
June 17 22.0 26.0
June 21 22.0 14.3
June 23 74.0 53.0
June 25 34.0 23.5
June 27 52.0 30.0

t-test for significance of correlation

H: PO = 0

r
o

t = - r 2

n 2

t = 8.82*

Significant at P < 0.01.
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Table 8. Number of strawberry crown moth adult females per hour
time search and number strawberry crown moth adult
males per day in pheromone trap June 13 to June 29,
1977. Field 5.

Regression equation is Y = 6.25 + 1.427 X. r 2 = 0.77

Date
Number of adult females
per hour time search

X

Mean number adult males
per day pheromone trap

June 13 2.0 3.0
June 15 0.0 7.5
June 17 8.0 26.0
June 21 6.o 14.3
June 23 22.0 53.0
June 25 16.0 23.5
June 27 24.0 30.0

t-test for significance of correlation

1402 °

r

1 r2,

n 2

t = 4. 11**

Significant at p < 0.01.
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Table 9. Total number of strawberry crown moth adults per hour
time search and number strawberry crown moth adult
males per day in pheromone trap July 8 to August 11,
1977. Field 5.
Regression equation is Y = 1.01 + 0.153 X. r 2 = 0.745

Date
Total number of adults
per hour time search

X

Mean number adult males
per day pheromone trap

July 8 116.0 17.3
July 11 46.0 8.5

July 15 36.0 4.5
July 18 26.0 14.0

July 20 14.0 2.0

July 27 4.0 0.5

July 29 0.0 0.0

August 2 2.0 0.3
August 5 0.0 0.0
August 11 0.0 0.2

t-test for significance of correlation

Ho: P = 0

r
t=

1 r2
n - 2

t = 4.82**

Significant at P < 0.01.
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Table 10. Number of strawberry crown moth adult females per hour
time search and number strawberry crown moth adult
males per day in pheromone trap July 8 to August 11,
1977. Field 5.
Regression equation is Y = 0.77 + 0.26 X. r2 = 0.74

Date
Number of adult females
per hour time search

X

Mean number adult males
per day pheromone trap

July 8 68.0 17.3
July 11 28.0 8.7
July 15 22.0 4.5
July 18 16.0 14.0
July 20 12.0 2.0
July 27 4.0 0.5
July 29 0.0 0.0
August 5 2.0 0.3
August 8 0.0 0.0
August 11 0.0 0.2

t-test for significance of correlation

Ho: 9 = 0

t =

r

1 r 2

n - 2

t = 4.78 ):":=

Significant at P < 0.01.
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Egg Development

A total of 6, 480 strawberry crown moth larvae were reared
from eggs in the growth chamber studies. There was a highly
significant difference in the mean time required for the development
of eggs incubated at the two different temperatures (Table 11).
The mean number of days to hatch was 9. 3 and 13.0 days for eggs

incubated at 26 °C a 1.5 °C) and 23 °C a 1 °C) respectively. It should

be noted that a greater number of larvae were incubated at 26 °C than
at 23 °C. Therefore, the difference in the total number of emerging
larvae is not a function of temperature.

Eggs first began to hatch seven days after oviposition when
incubated at 26°C. This is in contrast to ten days after oviposition
when incubated at 23 °C. The longest period required for egg hatch
was 15 days at 26 °C and 18 days at 23 °C. A large number (71.8%)

of the eggs maintained at 26°C hatched nine days after oviposition.

This uniformity was not observed for the eggs maintained at the
cooler temperature. No one developmental period accounted for
more than 38% of the larvae emerging from these eggs.

Larval Activity

The activity of strawberry crown moth larvae was determined
by direct observation of the larvae as well as inspection of larval
tunnels in the plant tissue. Upon eclosion, the larva burrows into
the strawberry plant, often beneath the sheathing stipules of live or
dead leaves, and is out of sight within minutes or hours. The larva
burrows under the epidermis in the cortical parenchyma. The
larva may crawl to the base of the crown and feed at the base of
roots or burrow inside small rootlets. Larvae occasionally burrow
just under the epidermis of the plant in the vicinity of the initial



Table 11. Number of dais to hatch for strawberry crown moth eggs incubated at 26°C (-± 1.5°C)
and 23°C (±- 1 C).

Days to hatch (26°C)
Total7 8 9 10 11 12 13 14 15

Chamber 1
96 1105 165 146 33 11 7 1 1, 570# Eggs 6

# Eggdays 42 768 9945 1650 1606 396 143 98 15 14, 663
Chamber 2

102 1079 130 94 57 3 5 1 1, 472# Eggs 1

# Eggdays 7 816 9711 1300 1034 684 39 70 15 13, 676
Chamber 3

75 891 123 63 72 16 1, 240# Eggs 1

# Eggdays 7 600 8019 1230 682 864 208 11,610
x = 39, 949 eggdays 4, 282 eggs = 9.3 days

Days to hatch (23°C)
Total10 11 12 13 14 15 16 18

Chamber 10
194 172 359 66 17 1 2 811# Eggs

# Eggdays 2134 2064 4667 924 255 16 36 10, 096
Chamber 20

15 156 247 244 98 9 769# Eggs
# Eggdays 165 1872 3211 3416 1470 144 10, 278

Chamber 30
3 37 112 231 165 66 4 618# Eggs

# Eggdays 30 407 1344 3003 2310 990 64 8, 148
x = 28, 522 eggdays 4 2, 198 eggs = 13.0 days
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penetration. During the initial period of activity some larvae
tunnel to the surface and expose their burrows. After several days
the larvae tunnel deeper into the plant and feed in the pith of the
crown.

The time required for strawberry crown moth larvae to make
their way below the epidermis into the crown was reported by
Wilcox et al. (1932) (Table 12). These authors infested Marshall
variety strawberries with strawberry crown moth eggs and inspected
plants at two to three day intervals. The age assigned to each
larva was an estimate based on the day on which most eggs hatched.

An experiment was designed in an attempt to develop more precise
estimates of the time required for larvae to become established in
strawberry plants by infesting plants with newly emerged straw-
berry crown moth larvae.

In this experiment approximately 20 larvae were placed at
the base of strawberry plants in the early morning with a camel
hair brush. Plants were dug up at various intervals after infesta-
tion and inspected for larvae. By July 21, 10 plants had been
inspected and only two larvae had been found. The experiment was
therefore redesigned in an attempt to evaluate the success of infest-
ing strawberry plants with strawberry crown moth larvae at differ-
ent times. Plants were infested with 20 to 40 larvae in the morning
and at night. Some plants were covered with a black plastic sun
screen to shade the larvae. The greatest numbers of larvae
surviving to become established in strawberry plants were among
those placed on the plants at night or placed on the plants in the

morning and protected with the sun screen (Table 13).
Because of the low number of larvae surviving in the original

experiment, no new estimates of the time required for larvae to
become established in strawberry plants could be made. The times
suggested by Wilcox et al. (1932) required for strawberry crown



Table 12. Position of strawberry crown moth larvae of various ages in young Marshall
variety strawberry plants. (Taken from Oregon Agricultural Experiment Station
Bulletin No. 296)

Age of larvae

(days)

Larvae just under
leaf scales in

the crown

Larvae below
leaf scales
in crown

Larvae in cambium
in crown

Larvae below
cambium in

pith of crown
No. No. No. No.

3 4 44.4 4 44.4 1 11.2
5 5 19.0 22 52.4 12 28.6
6 1 9.0 4 36.5 6 54.5

10 4 12.5 9 28.1 18 56.2 1 3.2
12 - 9 29.0 20 64.5 2 6.5
14 5 37 88.0 -

16 34 100.0
18 - - 22 88.0 3 12.0
20 19 46.3 22 53.7
23 4 40.0 6 60.0
25 - 7 35.0 13 65.0
29 2 100.0
33 18 100.0
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Table 13. Number of strawberry crown moth larvae in Hood
variety strawberries infested at various times.

Infestation
Number
plants

Total
larvae Larvae /plant 1

Night 9 28 3.1 a

Morning
(with sun screen)

6 17 2. 9 a

Morning
(cloudy)

10 17 1.7 b

Morning
(rainy or wet)

5 7 1.4 b

Morning
(sunny)

27 23 0. 9 b

1Means followed by the same letter are not significantly
different according to Least Significant Difference.
P = O. 05 .
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moth larvae to get well beneath the leaf scales (Table 12) were
accepted as approximate values for the time required for larvae to
become established. Predictions of the distribution of strawberry
crown moth larvae in 1977 assumed that 50% of the larvae move

beneath the parenchyma to the crown three days after hatching,
90% move below the parenchyma after six days, and that all straw-
berry crown moth larvae are below the parenchyma ten days after
they hatch.

Seasonal Distribution

The strawberry crown moth overwinters as a late instar
larva. In the spring, larvae feed for a period of time and then
pupate. The first pupa of 1977 was observed on May 17. The

greatest number of pupae were observed in mid June. Strawberry
crown moth adults emerge approximately 23 days after pupation
(Wilcox et al., 1932). Adults were collected through September 10,
1976 and between June 4 and August 23 of 1977. The greatest
numbers of adults were present between June 25 and July 1, 1977.

It was predicted that eggs were present between early June and

mid August with the greatest numbers occuring between July 1 and
July 6 (Figure 18). In the predicted seasonal distribution of the
strawberry cronw moth for 1977, the first appearance of larvae
and their first rise in numbers corresponded to the same periods
of the adult activity but with a 15 day delay. It was predicted that
one-half of the larvae hatching in 1977 had become established below

the parenchyma of the strawberry crown by July 15. Almost all
larvae were established in strawberry crowns by July 31. The

observed and predicted numbers of established and unestablished
strawberry crown moth larvae were not significantly different
(Tables 14 and 15). The fields used for this experiment had
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Figure 13. Seasonal distribution of the strawberry crown moth in
Washington County, Oregon during 1977. Squares repre-
sent field observations from pheromone traps and inspec-
tion of strawberry plants. Circles represent predictions
based on the seasonal distribution of the adult.
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Table 14. Number of predicted and observed strawberry crown
moth larvae per 2000 cm2 sample July 4 to September
17, 1977, Washington County, Oregon. Unestablished
larvae.

Date Expected Observed

July 4 2.86 3.67
July 11 7.26 7.67
July 18 5.28 6.33
July 23 3.10 4.00
July 29 1.65 1.67

August 5 1.00 1.30

August 11 to 0.83 1.00
September 17

Degrees of freedom = 5

Chi- squared = 0.868

P < 0.05



Table 15. Number of predicted and observed strawberry crown
moth larvae per 2000 cm2 sample July 4 to September
17, 1977, Washington County, Oregon.
larvae.

Established

Date Expected Observed

July 4 1.53 1.67
July 11 5.78 7.00
July 18 13.70 11.00
July 23 17.70 15.67
July 29 20.30 16.00

August 5 22.10 21.30

August 11 22.61 22.67
August 15 22.78 18.67
August 19 22.95 23.00
August 23 23.10 22.30
August 28 23.10 22.30

September 17 23.10 23.67

Degrees of freedom = 10
Chi- squared = 2.764

P <0.025
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relatively high populations of strawberry crown moth with several
larvae per strawberry plant in the late summer.

Natural Enemies

Four parasitoids of the strawberry crown moth representing
two species were found in pupae collected in the field. Three

ichneumonid (Hymenoptera) parasitoid females emerged from pupae
collected in 1976. These specimens were identified as Rubicundiella
simplicior Heinrich by R.W. Carlson of the United States Systema-
tic Entomology Laboratory in Beltsville, Maryland. The fourth
specimen was a dipterous pupa found inside a strawberry crown
moth pupa. This parasitoid died as a pupa and was not identified to
species. These four specimens were the total parasitoids of
several hundred strawberry crown moth larvae and pupae collected
during 1976 and 1977. The level of parasitism was never above
2% in any strawberry field inspected.

Representative specimens of the ichneumonid wasps captured
in the pheromone traps were taken to Dr. Toro lf Tcrgersen,
ichneumonid taxonomist at the Oregon State University Forestry.
Sciences Laboratory, for identification. These specimens were not
identified to species but it was ascertained that none belonged to
the species Rubicundiella simplicior. These specimens were placed
in the Oregon State University insect museum.

Some strawberry crown moth larvae were found dead and
infested with a fungus. However, this fungus was not identified and
there was no evidence to suggest whether the larvae were infected
before or after they died.



61

Chemical Control

Three insecticides were evaluated for control of strawberry
crown moth larvae and adults. Chemicals were applied on June 21
and June 28, 1977. One treatment involved an application of
acephate on both days. All other treatments involved one application
only.

The most effective chemical treatment was the split applica-
tion of acephate. This treatment resulted in a 44% reduction in
the number of strawberry crown moth larvae per sample when com-
pared to the untreated control (Table 16). Applications of endosulfa.n

and malathion resulted in 36% and 31% reductions, respectively,
when compared to the controls. There was little effect with a single
application of acephate. All treatments were associated with
reductions in the number of strawberry crown moth larvae per
sample when compared to the untreated checks but the differences
in mean numbers of larvae per sample were not statistically
significant.

Likewise, the treatments were not significantly different
when the data were expressed as numbers of strawberry crown moth
larvae per strawberry crown rather than per sample. The treat-
ments did not repel ovipositing females for long periods of time.

Adult activity was similar in both treated and untreated sections of
the field as observed two or three days after the chemical applica-
tions.

A randomized block design was utilized because in the 1976
season there seemed to have been a gradient in the level of straw
berry crown moth infestation across the field. This gradient was
not evidenced in 1977, however, and blocking was not effective in
reducing experimental error.



Table 16. Number of live strawberry crown moth larvae per 2,000 cm2 sample in
chemical control experimental plots.

Material Kg rate Block
I U III IV Total x % Reduction

Trial I a

Orthene 75S 1.68 35 33 23 20 111 27.8 3

Malathion 25W 2.42 24 21 19 15 79 19.8 31

Untreated check 20 25 23 47 115 28.8

Trial IIb

Orthene 755 1.68, 1.12 18 19 8 5 50 12.5 44
Thiodan 50 WP 1.12 23 7 13 14 57 14.3 36

Untreated check 19 43 14 13 89 22.3

aApplication Date 6 /21/1977.
bApplication. Date: Thiodan. 6/28/1977; Orthene 6/21/1977 and 6/28/1977.
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There were high numbers of strawberry crown moth in this
field. It is possible that the number of females active in the area
was able to effectively overcome the chemical treatments. These
applications were made before the peak occurrence of strawberry
crown moth adults and it is possible that females ovipositing and

larvae emerging some time after the applications were not affected
by the treatments.



Table 17, Number of live strawberry crown moth larvae per 100 strawberry crowns in
chemical control experimental plots.

Material Kg rate Block
II III IV Total x % Reduction

Trial I a

Orthene 75S 1.68 70 83 68 71 292 73 12

Malathion 25W 2.42 92 88 59 68 307 77 7.2
Untreated check 74 66 61 131 332 83

Trial IIb
Orthene 75S 1.68, 1.12 56 55 24 14 150 37.5 37.8
Thiodan 50 WP 1.12 74 27 52 67 220 55.0 8.8
Untreated check 46 114 42 39 241 60.3

aApplication Date: 6 /21 /1977,
bApplication Date: Thiodan 6/28/1977; Orthene 6/21/1977 and 6 /28 /1977.
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DISCUSSION AND CONCLUSIONS

Pheromone Traps

Pheromone traps represent a potentially useful tool for straw-
berry crown moth control programs for several reasons. Phero-
mones and synthetic sex attractants are active in minute quantities
and are relatively specific. Also adverse effects on non-target
organisms are virtually nonexistent although adult parasites are
occasionally collected in the traps (Tette, 1974). Additionally,

pheromones and synthetic sex attractants are potentially inexpensive,
especially after an initial period of research and development.

Zoecon Pherocon 1C TM pheromone traps baited with a synthe-
tic sex attractant were effective monitors of adult strawberry crown
moth populations. In each field studied there was a significant
linear correlation between the number of strawberry crown moth
adult males collected in pheromone traps and the number of straw-
berry crown moth adults in time search collections. The phero-
mone traps detected low numbers of strawberry crown moth. Most
importantly, the traps collected adults before emergence cages or
visual searches.

Pheromones and pheromone traps have been used in pest
control programs for detection and survey of insect pests. The

possible use of pheromones for direct insect control is being
investigated with several pest species. The current research has
shown that the traps are useful for survey and detection of straw-
berry crown moth and predicting seasonal distribution of the adult.
This information is necessary for optimal timing of insecticide
sprays and cultural control practices such as topping plants and
plowing out fields. However, pheromone traps should not be used
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in attempts to directly control strawberry crown moth. The sex

pheromone of strawberry crown moth has not been identified. The

bait used in the pheromone traps is a synthetic sex attractant
selected after field screening of several chemicals structurally
related to chemicals which have been identified in the sex phero-
mones of two other sesiids, the peachtree borer, Sanninoidea
exitiosa Say, and the lesser peachtree borer, Synanthedon pictipes
(Grote & Robinson). It is possible that the sex pheromone of the
strawberry crown moth does not include these chemicals but may
include chemicals similar in composition to these. It may also be
that these chemicals are part of a more complicated pheromone.
Strawberry crown moth males may be ab Le to detect differences

between the molecular components of the natural sex pheromone of
the strawberry crown moth and the attractant used in the traps.
The increased selective pressure caused by attempts to control
strawberry crown moth with pheromone traps may result in the
development of populations which ignore the synthetic sex attractant

and respond preferentially to components distinct to the natural
pheromone.

The traps used for collecting strawberry crown moth should

prove effective for future use in a control program. The Pherocon
1C

TMtrap or a trap of equivalent construction should be used. One
trap per field should be sufficient. As mentioned earlier, the
most effective sex attractant in the field trials was a mixture of
100 µg of (E, Z)-3, 13-octadecadien-l-ol acetate and 50 lag of Z)-
3, 13-octadecadien-l-ol. This attractant should be used in the field
traps unless or until the natural sex pheromone trap of strawberry
crown moth is isolated and identified. The attractant should be
dispensed on rubber septa or rubber bands. Care should be taken
to avoid contamination of the attractant. Contamination of the sex
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attractant may result in reduced effectiveness in attracting straw-
berry crown moth males as shown in the pheromone trap collections
in field 2 between June 25 and June 27, 1977.

Male moths usually locate females by following the scent of
sex pheromone upwind (Jacobsen, 1972; Schwinck, 1956). The

pheromone trap should, therefore, be placed near the center of the
upwind edge of the strawberry field. The trap placement should
approximate the natural position of the strawberry crown moth
female, near ground level in the canopy of the strawberry plants.

The pheromone traps should be inspected often to maintain
the trap and liner in good condition. Farm equipment, field
workers, and animals can upset the traps. Dust, debris, and insects
on the adhesive surface reduce its effectiveness in trapping adult
moths. Almost all of the adhesive surface in a pheromone trap
with 106 adult moths was covered with moths and scales. The

saturation point for effective collection of adult moths with the
Pherocon 1CTM trap, therefore, is approximately 100 moths.
Trap capacity may be increased with an adhesive surface on the top
as well as the bottom section as moths were observed flying into
the top of the traps while investigating the septa.

Many factors other than total number of strawberry crown
moths in a field may affect the numbers of males collected in
pheromone traps baited with a synthetic sex attractant. Differences
in trap design, type of chemical dispenser, number of traps per
field, and site differences such as wind, temperature, geography,
purity of attractant, and species strain can affect pheromone trap
collections (Shorey and McElvey, 1977). These factors were not
investigated in this study. It is also possible that strawberry crown
moths may be attracted from other fields or wild areas, thereby
prejudicing the interpretation of trap collections. These factors
must be investigated before pheromone trap collections can be used



68

to estimate absolute numbers of moths present. Studies on the

influence of environmental conditions on the production and release

of sex pheromone by strawberry crown moth females and the
response of males may be of value in evaluating their effect on
pheromone trap collections.

Control of Strawberry Crown Moth

An effective control program has not been developed for the
strawberry crown moth. However, the seasonal distribution of
strawberry crown moth adults may be used to better time and select
control practices in the future. Strawberry crown moth adults can
be monitored with pheromone traps. If pheromone traps are not
available, the first emergence of strawberry crown moth adults
can be estimated by inspection of pupae. Strawberry crown moth
pupae show the yellow and black colors of the adult as they complete
development. The first increase in numbers of strawberry crown
moth and the peak of the flight period can be estimated with periodic
time search in the strawberry fields.

Cultural Control

Light infestations of strawberry crown moth may be economi-
cally controlled by removing infested plants and either replanting
or allowing runners to fill in. The infested plants are most easily
distinguished in the fall and spring and readily break off at the base
when pulled.

It is common practice to top (remove the foliage from) straw-
berry plants after harvest. In the past it has been recommended
that growers leave sections of fields infested with strawberry crown
moth untopped in order to attract ovipositing females to these plants.
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The untopped plants, which may receive a large portion of the ovi-
posited eggs, could then be removed and destroyed after the egg
laying period. However, as a result of the current research it was
found that this practice may not be useful. This is particularly
true of a large number of eggs has been deposited prior to topping.

When a field heavily infested with strawberry crown moth
adjacent to other fields not infested is to be removed, it has been
recommended that a portion of the infested field by left until after
the adult flight period. The purpose of this is to keep ovipositing
females in the infested field to reduce subsequent strawberry crown
moth infestation in adjacent fields. However, current research has
shown that the effectiveness of this practice may vary depending on

the timing of the strawberry crown moth adult flight period, the
timing of the removal of the infested field, and the distance between
fields. The plowing out of a portion of a strawberry field is most
effective if a large number of strawberry crown moth adults has
emerged before the field is to be removed and if the infested field
is separated from others by temporal or geographical barriers.

Chemical Control

Currently there are no insecticides registered for strawberry
crown moth control. Experiments conducted during the course of
this research showed that endosulfan, acephate, and malathion did
not give satisfactory control when applied during the first half of
the adult flight period.

Basically, strawberry crown moth control with insecticides
would include adulticides applied during or after strawberry harvest
and systemic larvacides with some residual properties applied after
harvest. The selection of the material and its application should
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depend on the timing of the occurrence of strawberry crown moth

adults and larvae relative to the strawberry harvest. Adulticides
should be applied as soon as possible after the emergence and both
before and after the peak occurrence of strawberry crown moth
adults. Larvacides should be applied as soon as possible after
strawberry crown moth larvae begin to hatch and before they become
established beneath the parenchyma of the strawberry crown. Large
amounts of water may be required for larvacides to penetrate the
trash surrounding the base of strawberry plants.

Natural Control

Five parasitoid species have been reared by different workers
from the strawberry crown moth. Only two of these were collected
in 1976 and 1977. Only in limited areas where the strawberry crown

moth was abundant have parasitoids been found effective in con-

trolling strawberry crown moth.

Prevention of Strawberry
Crown Moth Infestation

Prevention of the establishment of strawberry crown moth as

well as controlling established infestations is important to Oregon
strawberry production. An important way to prevent the spread of
strawberry crown moth is to avoid planting new strawberry fields
adjacent to infested fields. Fields should be separated by at least
one year, by a barrier, or by as much distance as possible. When
new plantings are started near old infested ones a barrier crop such
as grain planted between them will confine the moths largely to the
old field as the moths usually fly very low and hesitate to cross
these barriers (Schuh and Zeller, 1944) (see Figure 19).
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Figure 19. Strawberry field in Washington County, Oregon.
A. Barrier crop of winter wheat.
B. Strawberry crown moth resting on wheat. The

moth would fly along the strip of wheat but would
not fly over it.
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Strawberry crown moth should be eliminated from non-
strawberry hosts. Plants of the rose genera Potentilla (Englehart,
1946) and Rubus (Wilcox et al., 1932) have been reported as hosts
of strawberry crown moth. Non-crop plants infested with straw-
berry crown moth should be removed from within a distance of
several hundred meters of strawberry plantings and destroyed.
The same insecticides and timing used to control the raspberry
crown borer, Bem.becia marginata (Harris), in caneberries will
give some control of strawberry crown moth (Glenn Fisher,
unpublished data).
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SUMMARY

A mixture of 100 µg of (E, Z)-3, 13-octadecadien-1-ol acetate
and 50 1.1,g of Z)- 3, 13- octadecadien - l -ol was found to be an effec-

tive sex attractant for strawberry crown moth males. Pheromone
traps baited with this mixture captured significantly more males
than traps baited with other combinations of these chemicals.

Zoecon. Pherocon 10TH pheromone traps baited with this synthetic
sex attractant were used to survey adult males of the strawberry
crown moth. The line representing the daily number of moths in
emergence cages is similar to but slightly ahead of that for the
number of males in pheromone trap collections. There was a

significant linear correlation between the number of moths captured
per hour in time search collections and the number of males captured
per day in pheromone traps.

There was a highly significant difference in the mean time
required for the development of strawberry crown moth eggs at
two different temperatures. The mean number of days to hatching
was 9.3 and 13.0 days for eggs held at 26 °C (-± 1.5 oC) and 23 o

C

(± 1
oC) respectively. At 26 C the first larvae emerged 7 days and

the last larvae emerged 15 days after oviposition. At 23°C the
first larvae emerged 10 days and the last larvae emerged 18 days
after oviposition.

At eclosion, the strawberry crown moth larva bores into the
strawberry plant and feeds for a period of several days in the
cortical parenchyma. After several days the larva tunnels deeper
into the plant and feeds in the pith of the crown. Experiments
designed to determine the time required for larvae to become
established in the strawberry crown were not successful. This was
because in field and greenhouse studies sufficient numbers of
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strawberry crown moth larvae did not survive to become established
in strawberry plants. Of the larvae placed on field established
strawberry plants at different times, the greatest survival rate
occurred on plants inoculated at night and plants inoculated in early
morning and protected with a sun shield.

The strawberry crown moth overwinters as a late instar larva.
Pupation occurs in the spring. The first pupa of 1977 was observed
on May 17. Adult strawberry crown moths were collected through
September 10, 1976 and between June 4 and August 23 of 1977.

The greatest number of adults was collected in the 7 day period
between June 25 and July 1, 1977. In this year, over 95% of the
total number of moths were collected by July 18. Very few moths

were captured between July 18 and August 23. Strawberry crown
moth larvae were first found on June 20, 1977.

Two parasitoid species, Rubicundiella simplicior Heinrich
(Hymenoptera: Ichneumonidae) and an unidentified Diptera, were
found in pupae of the strawberry crown moth. Neither species was
collected in significant numbers.

Chemical treatments with acephate, endosulfan, and mala-
thion resulted in reductions in the number of strawberry crown moth

larvae per strawberry crown when compared to untreated controls
but these reductions were not statistically significant. The most
effective treatment was a split application of acephate. This treat-
ment resulted in a 44% reduction in the number of strawberry crown
moth larvae per sample when compared to the untreated control.
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Appendix I. Strawberry crown moth captures in traps baited with
candidate sex attractants during August-September
1976, Washington County, Oregon.

Unger Tankersly East Tankersly West
I II III IV I II III IV I II III IV

August 13 1 2 0 4 1 5 1 1

August 20 2 0 0 1 0 0 2 1

Aug us t 27 0 0 0 1 0 0 0 0 2

September 3 0 0 0 2 0 0

September 10 1 0 0 0 0

September 27 0 0 0 0 0 0 0

Total 3 3 0 1 1 7

Attractant
Attractant
Attractant
Attractant

I: 50 µg (E, )- ODDA and 100 Fig L, Z) -OH.
II: 100 p.g (E,Z)-ODDA and 100 [ig (E, Z) -OH
III: 100 p,g (E, Z) -OH.
IV: 100 p.g (E,Z)-ODDA and 50 fig (E, Z) -0H
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Appendix TI. Number of strawberry crown moth adults per day in
emergence cages during 1977, Washington County,
Oregon.

Date Field Total
1

May 26 X X X

June 4 0.0 0.0 0.0 0.0 0.0
June 6 0.0 0. 0 0. 0 0.0 0.0
June 10 0.0 0.0 0.3 0.0 0.3
June 13 0.0 0.0 0.0 0.0 0.0
June 15 0.5 0.0 1.0 0.0 1.5
June 17 0.0 0.0 1.5 0.0 1.5
June 21 0.5 0.5 3.5 1.0 5.5
June 23 0.5 1.0 2.5 1.5 5.5
June 25 0.5 1.0 2.5 3.0 7.0
June 27 1.0 0.5 0.5 0.5 2. 5
June 29 0.0 0.5 1.0 2.0 3.5

July 1 0.0 0.0 0.0 0.0 0.0
July 4 1.0 0.3 0.3 0.3 2.0
July 8 0.3 0.0 0.3 0.0 0.5
July 11 0.3 0.0 0.3 0.0 0.7
July 15 0.3 0.0 0.0 0.0 0.3
July 18 0.0 0.0 0.0 0.0 0.0
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Appendix III. Number of strawberry crown moth larvae in Hood
variety strawberry plants infested at various times.
Each plant was infested with 20 to 40 larvae.

Infestation Numbers of larvae in each plant

Morning
(s unny)
n = 27

Morning
(cloudy)
n= 10

Night
n= 9

Morning
(with sun screen)
n = 7

Morning
(rainy or wet)
n = 5

1

1

4

1

0

0

3

4

4

2

2

5

4

4

2

1

2

8

4

1

0

2

1

3

2

2

2

4

4

0

0

3

1

2

1

0

0

0

0

0

1

0 1 4 1 0 3 1 0 0 1 0 2 2 0 0 0 0
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Appendix IV. Analysis of variance for mean number of days to
hatch for strawberry crown moth eggs incubated at
26°C (+ 1.5 °C) and 23°C a 1 °C).

Source d. f. SS MS

Total 5 20.64

Temperature 20.16 20.16 168**

Error 4 0.48 0.12

Significant at P <0.01.
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Analysis of variance for mean numbers of strawberry
crown moth larvae per 2,000 cm2 sample in chemical
control experimental plots.

Source d. f. SS MS

Trial Ia
Total 11 856.9
Block 3 58.2 19.4
Treatment 2 194.7 97.3
Error 6 604.0 100.7

Trial IIb

Total 11 1090.7

Block 3 335.3 111.8
Treatment 2 216.7 108.4
Error 6 538.6 89.8

n. S.

n. S.

n. s.

n. S.

a
Application Date 6 /21/77.

bApplication Date: Thiodan 6 /28 /77, Orthene 6 /21 /77 and 6 /28 /77.

n. s. = not significant at P < 0.10.
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Appendix VI. Analysis of variance for mean numbers of strawberry
crown moth larvae per 100 strawberry crowns in
chemical control experimental plots.

Source d. f. SS MS

Total

Block

Treatment

11

3

2

Trial Ia

380.0 n. s.

99.3 n. S.

4229.0

1140.0

198.5

Error 6 2890.5 482.0

Trial IIb

Total 11 7573.0

Block 3 1534.0 511.0 n. S.

Treatment 2 1139.5 570.0 n. s.
Error 6 1899.5 317.0

aApplication Date 6 /21/77.
bApplication Date: Thiodan 6 /28/77; Orthene 6 /21 /77 and 6 /28 /77.

n. s = not significant at P < 0.10.


