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SUMMARY

THE strawberry crown moth is a serious pest of the strawberry in
Western Oregon. The loganberry, blackcap raspberry, and black-

berry are subject to crown-moth injury at times. The injury is due to
the feeding of the larva on the outside of the crown and tunneling
within the crown of the strawberry.

The larvae of crown moth remain in the crown of the straw-
berry over winter and spin their cocoons and pupate in late spring.
The adult moths are flying and laying eggs in the strawberry patches
the latter part of June and July.

Control tests indicate that topping and covering the plants with
straw are of value in preventing infestation. Very little information,
however, is available on the effect of topping and covering of plants, =

on the formation of fruit buds, yield, growth, and other factors in =

strawberry production. Flooding by irrigation, which appears to
be of value in preventing infestation in California, has not proved
satisfactory in control tests under Oregon conditions.

The following suggestions may be of value to those growers
who may wish to try topping as a control measure:

Seven-eighths of the patch may be topped and one-eighth of the
I patch left untopped. The position of the untopped rows in the field

does not appear to be important and may be left where most con-
venient, probably at the edges of the field.

In heavy infestations, all of the untopped plants may be plowed
up and burned or otherwise destroyed in September or October. In
light infestations, it might be practical to destroy only the heavily
infested plants in the untopped rows.

A young patch, adjoining an old planting which is to be removed,
should be topped and the old patch left with the tops on throughout
the summer and then plowed and destroyed in the fall.

The covering of the topped plants with straw also offers possi-
bilities in control and is suggested for trial. The following procedure
may be followed: most of the patch topped, leaving an occasional
row untopped and uncovered, then covering all the topped plants
with straw.

= The time to top the strawberry plantings is immediately after
I harvest because the moths usually start emerging at this time.

The most appropriate time would be on the day before the emergence
Iof the first moth. This can be predicted by an examination of the

pupae, as the colors of the adults can be seen through the pupal case
a day or two before emergence. The longer the delay in topping after
the moths have started to emerge, the less control can be expected
by this method.
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The Strawberry Crown Moth
By

J. WiLCOx, K. W. GsAY, and D. C. MOTE

INTRODUCTION

THE
Strawberry Crown Moth Synanihedon bibionipennis Boisd. (S. rutilans

Hy. Edw.)t has been known as a strawberry pest in Oregon for a number
of years. Until recent years, however, it has not been considered to be a
serious pest by growers, although Lovett7 in 1913 says, "This root borer
is a serious pest of strawberry, occurring in the state wherever the straw-
berry is grown." Thompson12 in 1927 says, "The damage done by this insect
during the past three seasons, 1924-25-26, has been unusually severe." In
our observations, this pest has been very injurious in some locality in the
state each year since. In 1927 in response to repeated requests from growers
for information on this insect, preliminary work was started, and on July
1, 1928, the investigation was continued as a Purnell Project of the
Oregon Agricultural Experiment Station. The life-history observations,
made during the 1927 and 1928 seasons, were published by Mote, Wilcox,
and Hiliss in 1929. The present circular is a report on the progress of the
project up to the present date.

Crown moth seriously affects crop yield. The plants are injured, main-
ly, in two ways: by the younger larvae feeding on the outside of the crown
and by the older larvae feeding within the crown. Figure 2 is a series of
pictures of strawberry crowns showing typical injury caused by the larvae.
Small plants attacked by this insect are usually destroyed outright, but
fortunately this insect does not ordinarily attack newly set plantings.
When it does, the larva is usually a victim of circumstances and dies with
the plant. Plants set in the fall or spring and infested the following sum-
mer, are usually dead by the following September and can be replaced that
fall by resetting. Although this type of injury is serious and sets part of
the patch back a season in heavy infestations, the loss is usually not more
than 5 or 10 percent. Reports are frequently received from growers of
injury of this type varying from 35 to 50 percent, but it has not been
possible to confirm any of these reports.

The most serious loss to the grower is not in the total destruction of
the plants, but in the devitalization of the plants and consequent loss in
yield. In older plantings, it is astounding the number of borers the plants
can maintain and still look thrifty enough to cause the grower to hesitate
about removing the patch. Patches have been examined in which the num-
ber of borers averaged from 20 to 30 per plant; plants with from 50 to
60 borers are not uncommon. An occasional plant has been found to main-
tain more than 90 larvae. Conditions of this kind are usually observed in
August and September when the borers are only one-fourth to three-fourths
grown. Later in the fall, they are found to be considerably reduced in
numbers. Evidence of cannibalism is often seen at this time of the year.

'Resigned August 1, 1931.
tFor change in names see Englehardt, G. P., 1928, Boisduval Types of Aegerszdae so tee

Wra. Barnes CoIlec/.,on of N. A. Lepidoptera. Bull. Brooklyn Ent. Soc., Vol. XXIII, p. 67.
The references are to Literature Cited, page 29.



Figure 1. Young plants killed by the crown moth.
Left: Normal plant and plant killed by crown-moth larvae. Note the

frass or borings on the outside of the crown of the dead plant.
Right: Typical injury caused by large crown-moth larvae. Note the

two larvae in the plant on the left.
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Figure 5 shows typical burrows of the Strawberry Crown Miner Arisiolelia
fragarioc Busck which also attacks strawberry in Oregon but which, at the
present time, is considered of minor importance. This insect is readily
distinguished from the crown moth in the larval stage as it is red in color,

Figure 2. Injury to strawberry crowns by crown-moth larvae of different ages.

smaller, more slender, and more active. The miner larvae usually are
found only in the upper part of the crown.

Crown moth not likely to be introduced in new plants. Some growers
are of the opinion that the crown moth has been introduced into their
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patches in new plants. With this in mind, extensive examinations of run-
ners for larvae have been made. None have been found. The reasons new
plants are not infested are: (1) Runners are usually allowed to form only
on new plantings where the crown-moth population is small. (2) The run-
ners are usually not allowed to root until August or September, a time
when there are no moths flying, thus affording no chance for eggs to be
laid on the new plants. It is also likely that a larva in a runner would kill
the plant and itself die because of lack of sufficient food material.

A major pest in the Willamette Vailey. The distribution in Oregon
has been given by Thompson to be Douglas, Hood River, Polk, Clacka-
mas, Marion, Vamlull, Morrow, Columbia, and Jackson counties. In our
observations, this insect is of major importance as a strawberry pest only
in the Willamette Valley, in Lane, Linn, Benton, Marion, Polk, Yamhill,
Clackamas, Multnomah, Washington, and Columbia counties. In 1925 it
was reported as being a serious pest of black raspberries in Douglas county.

Brambles as well as strawberries serve as food plants. Although in this
bulletin this insect is considered only as a strawberry pest, it has also been
known to attack other plants. In 1883 Rivers5 reported it as a pest of rasp-
berry in California. In 1888 Rivers'0 reported it as attacking blackberries.
Thompson" in 1927 reported it as a pest of black raspberries in Oregon.
Smithy' in 1930 reported it as a pest of raspberries in California.

In our observations in Oregon, we have noted it only as a pest of black
raspberry and strawberry. The adults, however, have been observed laying
their eggs on other plants such as corn, blackberry, Canada thistle, snow-
berry, bracken or fern, and other weeds and herbs in the fields. The native
host plant is probably wild strawberry, several species of which are native
to Oregon. B. G. Thompson of the Oregon Station, who has special-
ized in a study of the Aegeriidae for a number of years, has reported one
instance of taking the larvae of this species in wild strawberry. Baker5 in
1930 reports taking the larvae in wild strawberry at Easton, Washington.

DESCRIPTION OF LIFE STAGES

The adult. The following description is that given by Beutenmueller'
in his Monograph of the North American (Aegeriidae) Sesiidae and may
be used to distinguish the strawberry crown moth from other closely
related clear-wing moths. Since the Monograph is inaccessible to many
workers and growers the description is copied verbatim.

'Male. Head black, pslpi yellow, with a black stripe outside; collar and under-
side of thorax yellow. Antennae black. Thorax black, patagia tipped with yellow at
the posterior end or with a yellow line. Femora black, tibia black outside, with a
yellow band, yellow inside; tarsi yellow, Anterior coxae yellow. Abdomen black, with
a rather broad yellow band on the second and fourth segments, sometimes edged on
each side with yellow points. Anal tuft black above, yellow on each side beneath and
at the middle. Fore wings with borders rather broad, brown black, slightly violaceous;
between the veins, along the broad Outer border, are traces of yellow rays, more or less
distinct. Discal mark large; basal transparent area small and triangular; Outer area
small and round. Underside streaked and washed with golden yellow. Hind wings
transparent, bordered with brown, black and a few yellow hairs at the base of the
inner margin. Underside with costa yellow and a line of the same color in the Outer
and inner margins." (See Figure 3.)

Female. Head black, palpiand collar yellow; Antennae black. Thorax black,
with a yellow stripe along each side and a small transverse yellow spot on ihe
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Figure 3. Upper left: Male adult, Female adult (2.7X). Upper right: Eggs (32X). Lower left: Larva, dorsal andventral aspect (3.25X). Lower right: Pupa (2.5X). Cocoon cut away to show the pupa inside (2.5X).



Figure 4. Left: Crown-moth larva in winter cell (3.25X). Right: (a) Cocoon (4.5X). (b) Pupal case.
(c) Position of pupal case after emergence of the moth (4.5X).



posterior portion; thorax yellow beneath. Abdomen black, a yellow band on each
side of the second, fourth, fifth, and sixth segments, sometimes the band on the fifth
segment absent, or with a band on the first, second, fourth, and sixth segments.
Anal tuft yellow, black at the base and middle above. Legs similar to those of the
male, but yellower. Fore wings blackish brown, bright orange between the veins in
the opaque portions. Transparent area smaller than in the male. Underside washed
and rayed with golden yellow. Hind wings transparent, outer border brown with a
more or less distinct golden yellow line. Underside with yellow line distinct."
(Figure 3.)

"Expanse: male and female, 13-22 mm.
"Habitat, Nova Scotia, Northern New York, Minnesota, Utah, Nevada, Colo-

rado, Idaho, Texas, California, Oregon, Washington, Vancouver, ritish Columbia.

The egg. From Mote, Wilcox, and Hills:' "Length 0.52 mm. to 0.54
mm; average of ten measurements, 0.53 mm. (1/50 inch). Width, 0.35 mm.
to 0.37 mm.; average of 10 measurements, 0.35 mm. (1/70 inch). Thickness,
0.25 mm. to 0.28 mm.; average 10 measurements, 0.27 mm. (1/100 inch).
The egg, from one viewpoint, is oval in outline with one end distinctly
flattened and slightly concave. From the other view, the sides of the egg
are distinctly cupped or concave, making a difference between the width
and thickness of 0.09 mm. to 0.10 mm. Color, brown, surface reticulate."
(See Figure 3.)

The larva. From Mote, Wilcox, and Hill:5 "When first hatched, the
larva is about 1.5 mm. in length and white in color. The full grown larva
is about 20 mm. (* inch) in length. The head is dark brown and the thorax
and abdomen white, although during the growing season, when the larva
is actively feeding, the abdomen takes on a pinkish color from the food
within. The thorax bears three pairs of legs and the third, fourth, fifth,
sixth, and tenth abdominal segments each bear a pair of pseudo-legs."
(See Figure 3.)

The larva can be distinguished readily from the larva of the Straw-
berry Crown Miner as noted above (pages 5-7). In raspberry and black-
berry, however, it is likely to be confused with the larva of the Raspberry
Root Borer Bembecia ntarginata Harris. These two species can be readily
separated by the following characters:

A. A single row of crochets present on the 10th (anal) abdominal segment. Cro-
chets on the 3d abdominal segment (see Figure 5) heavily chitinized and the
base at least twice as long as the hooks, arranged in two transverse
rows Strawberry Crown Moth.

AA. Crochets not present on 10th (anal) abdominal segment. Crochets on the 3d
abdominal (Figure 5) segment weakly chitinized and the base less than the
length of the hooks; arranged V shape, the gap being lateral and the closed
portion mesial Raspberry Root Borer.

For a characterization of the larvae of the Aegeriidae see Dyar* and
Fracker.l

The cocoon. Length from 16 mm. to 20 mm. ( to inch), width from
3 mm. to 5 mm., rounded at the anterior end and somewhat pointed at the
posterior end. Constructed from frass from the strawberry crown and

Dyar, H. G., 1901, Monograph of the Sesiidae of America, North of Mexico by Beuten-
mueller. Memoirs of the Amer. Mus. Nat. Hist., V. 1, part 6, p. 227-229.

Wrack-er, S. B., 1915, The Cfass-i/lcatioss of Lepidopterous Larvae. Univ. of Ill. Biologi-
cal Monographs, V. 2, No. 1, p. 7577.

THE STRA\VBERRY CROWN MOTH 11
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fastened together with silk by the larvae. Color varies from light to dark
brown depending on age. (Figure 4.)

The pupa. Length 10 mm. to 13 mm. ( to inch), width 2 mm. to 3
mm. at the anterior end, and about 1 mm. at posterior end. Color
brown. Wings, legs, proboscis and antennae folded together on the ventral
surface; wings, proboscis, and mesothorasic legs reaching to the middle of

-

At left:
Figure 5. Crown miner tunnels at the top

of the crown and crown-moth Injury lower.

Above:

Figure 6. Difference between raspberry
root borer and strawberry crown moth.

Crochets on 3d abdominal segment,
raspberry root borer, B. rnargsnata.

Crochets on 3d abdominal segment,
strawberry crown moth, S. btb,o,stpetsn,s.

Left: Pseudopodia on 10th abdominal
or anal segment, raspberry root borer.

Right: Pseudopodia on 10th abdominal or
anal segment, strawberry crown moth. Note
the crochets.

the fourth segment and the metathorasic legs reaching to the third of the
fifth segment. In the females, two rows of spines are present on the dorsal
surface of segments 2 to 6 of the abdomen, one row on the segments 7 to 9,
and a circlet of eight large spines on the 10th segment. In the males only
one row is present on the 2d segment although the anterior row is some-
times feebly represented, and two rows are present on the 7th, otherwise
same as the female. For a characterization of the pupae of the family
Aegeriidae see Mosher.5 (Figures 3 and 4.)

SEASONAL LIFE HISTORY IN OREGON
The winter is passed by the nearly full-grown larvae in the crown of

the plants in an inactive state. In April and May they become active and
do some feeding. In May and June, they form their cocoons and change to

Mosher, Edna, 1916, A Cla.ssijlcation of the Lej,idopter,a Based on Lharacters of the
Pupa. Dull, of the Ill. State Lab, of Nat. History, V. 12, art. 2, pp. 48-51.
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pupae. The adults emerge during the latter part of June and in July.
Mating and egg laying also take place during this time. The eggs hatch in
July and August and the young larvae feed on and in the crown of the plant
until October, when most of them are fully grown in which stage they pass
the winter. The life cycle is completed in 12 months.

The time of emergence and activity of the adults varies considerably
with the season.

In 1928, Mote, Wilcox and Hills8 reported the moths present from
June 5 to August 13.

In 1929, the first moth was found June 30 and the last moth August 6,
the peak of emergence being about July 17.

In 1930, the first moth was found June 26 and the last moth August 4,
the peak of emergence being about July 15.

In 1931, the first moth was found June 4 and the last moth July 12, the
peak of emergence being about July 2.

SEASONAL LIFE HISTORY CHART

LIFE HABITS
Adult moths resemble yellow-jackets in appearance and flight. The

moths emerge from the pupal cells in greatest numbers apparently in the
morning. Soon after emerging mating occurs and the female begins laying
eggs on the same or next day. The period of day during which the greatest
number of moths are observed flying is between 9 am, and 5 p.m. They
are more active on warm, sunny days and during the middle of the day
than on cool, cloudy days. The fiight is fairly straight and swift, resem-
bling somewhat the flight of a yellow-jacket, and is usually not higher than
9 to 10 inches above the plants. Some feeding apparently is indulged in by
the adult moths during the span of their existence, for they have been
observed visiting flowers of several different kinds, such as false dandelion,
clover, and the like.

Eggs usually laid on underside dead leaves near crown. A female de-
positing eggs usually flies very low, not more than a few inches above the
tops of the plants. She may fly directly to a plant or may hover around it
before alighting. After alighting she usually makes her way down among

Jan. to Apr. May June July Aug. Sept. Oct. to Dec.

Pupa

Adult L
Egg

Larva

Larva
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the dead leaves and stems as close to the crown as possible. Here she
spends some time crawling about. When ready to oviposit, she extends her
abdomen and curls it around to the underside of the object upon which she
is resting and attaches an egg insecurely on the undersurface. At times the
egg is dropped without attempting to place it on the underside of an object.
After the moth has deposited several eggs she flies to the next plant or
may fly for some distance and hover around several plants before she
again alights.

On one occasion a moth was observed to deposit several eggs on a
blackberry plant closely adjacent to a strawberry plant. This same moth
also was observed laying eggs on the underside of clods three or four
inches away from the plant. Eggs are occasionally found on the very top
leaves of especially large plants.

In close confinement, such as a test tube, the females lay their eggs
very rapidly, often depositing from one to two eggs per minute. This rate
is not continued all day, however, as usually not more than 50 or 60 eggs
are laid per moth per day. Temperature apparently has a direct influence
on the number of eggs laid. On cool cloudy days the number of eggs laid
in a day is usually only half of the maximum number.

In the field, the rate of egg laying apparently is reduced very material-
ly. The moth lays one egg about every four minutes, much of her time
being spent in crawling about on the leaves, runners, and on the ground
about the plant.

A female may lay several hundred eggs. Table I shows the number of
eggs laid by 13 moths collected in 1930 in the field while mating. During
the observations these moths were kept in test tubes in the insectary
cages.

TABLE I. EGGS LAID BY CROWN MOTHS, 1930

In 1930, 276 female moths of various ages were collected in the field
and from them eggs were obtained for use in the artificial infestation of
plants. These moths averaged 146 eggs per individual and laid a total of
40,296 eggs.

The moths live a very short time under artificial conditions. The aver-
age life of the 13 females after mating, kept in test tubes for egg laying

Moth No. Date ovipositiOn began Date of death of the moth Number of eggs laid

68
69
70
71
72

125
126
127
128
129
130
132
133

July 16
July 16
July 16
July 16
July 16
July 17
July 17
July 17
July 17
July 17
july 17
July 17
July 17

July 22
July 22
July 25
July 23
July 25
July 25
July 24
July 25
July 25
July 28
July 25
July 22
July 26

321
458
362
267
560
378
338
253
572
527
443
410
375

Total for 13 moths
Average number per moth
Maximum number by one moth
Minimum number by otie moth

5,264
404.9
572
253



observation, was 7.76 days. In screen cages 30 inches square, Orin A. Hills
in 1928 observed the average length of life of the males to be 7.2 days and
the females 14.4 days. The maximum life of the males was 14.4 days and
of the females 33 days.

The eggs hatch in about ten days. The position where the egg is laid
has been mentioned in describing oviposition. Mote, Wilcox and Hills8
found the incubation period to vary from 11 to 17 days; the average length
was found to be 14.38 days.

The length of time for the egg to hatch varied, in 1929 from 10 to 14
days and in 1930 from 11 to 16 days. The records obtained are shown in
Table II.

TABLE II. INCUBATION RECORD, 1929, 1930

Fertility. In 1930, 32,121 eggs were obtained for hatching records. Of
these, 18,621 hatched, giving a fertility of 57.97 percent.

Larvae tunnel into crown after browsing on external surface for
several days. On hatching, the larvae begin seeking for food. They have
been found feeding less than an hour after hatching. The position of their
first burrowing probably depends on where they happen to find green
tissue on which to feed. As they are rapid feeders, they disappear from
sight very quickly. Examples have been found where the very small larvae
entered leaf petioles, or small roots, and worked to the main crown. The
greater percentage of them make their way to the main crown, where they
feed in no particular direction under the leaf scales. As the larvae get
larger they bore deeper until at the age of about 30 days they enter the
inside of the crown below the cambium. Here, they may make a long
tunnel up or down the crown, or they may hollow out a section at the
point of entry.

Observations in 1930 failed to confirm the statement recorded by Mote,
Wilcox, and Hill8 that the larvae enter at the base of the plant exclusively
and work up through the center of the crown. Although the larvae work
toward the top of the crown before they pupate, they do not enter the
crown at any particular point or work in any particular direction after
entrance.

Of the 131 larvae on .vhich records were kept, 40 entered in the upper
third of the crown, 42 entered in the middle third, and 49 entered in the

No. of days of
incubation

No. of eggs hatching on
various days

Percentage of eggs hatching
on various days

1929 Record %
10 22 18.6
11 33 27.9
12 47 39.8
13 13 11.0
14 2.5

1930 Record
11 11 0.05
12 1,095 5.88
13 6,789 36.45
14 10,239 54.98
15 461 2.47
16 26 0.13

THE STRAWBERRY CROWN MOTH 15
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Lower third. A few entered the petioles. Others entered the large roots and
worked from there into the crown. In many instances, the larvae worked
from side crowns into main crowns and vise versa. The burrows in the
main crosn may be fairly straight and extend the full length of the crown
or they may be confined to not more than one-third of the length of the
crown, in which case that portion is completely hollowed out and the
crown usually girdled (Figure 2).

Position in the crown of larvae of various ages. Table III shows the
age of larvae and the position and percentage of larvae found in various
parts of the crown at different ages. At three days most of the larvae were
just under and below the scales although a few had penetrated to the
cambium; after 10 days, none were found under the leaf scales; after 14
days all were found in the cainbiuin; after 25 days all were found below the
cambium. The first larva to go below the cambium was 10 days old. This
was exceptional as it was not until the larvae were 20 days old that more
than 50 percent were found in this position.

TABLE III. POSITION OF THE CROWN MOTH LARVAE IN YOUNG
MARSHALL STRAWBERRY PLANTS AT VARIOUS AGES

Larvae just un-
der leaf scales in

the crown

Larvae below
leaf scales in

crown
Larvae in cain.
bium of crown

Larvae below
ca,nbium in pith

of crown

The larva feeds until late September or early October, when it spins a
thin silken resting cell within the burrow, providing a fairly tight covering
in which to overwinter. Here it remains inactive until the following spring,
when it resumes feeding.

Just before pupation, the larva bores to the outside above the ground,
leaving an opening through which the pupa may work out just before the
adult emerges.

Building of cocoon: After the emergence hole has been made, the larva
moves back a short distance and begins building a cocoon preparatory to
pupation. (See Figure 4.) This occurs during May and June and occasion-
ally early July.

Pupation takes place, about 9 days after the cell is built. The pupal
stage, is approximately 23 days,. malcin.g it.ab.out.32 days front the time the

Age of larvae
No. of
larvae

Percent-
age of
larvae

No. of
larvae

Percent-
age of
larvae

No. of
larvae

Percent-
age of
larvae

No. of
larvae

Percent-
age of
larvae

Days- %
4 44.4 4 44.4 1 11.2
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 3.2
12 -. 9 29.0 20 64.5 6.5
14 -. 5 L..0 37 88.0
16 34 100.0
18 22 55.0 12.0
20 19 46.3 22 53-7
23 4 40.0 6 60.0
25 I .. 7 35.0 13 65.0
29 2 100.0
33 18 100.0



cell is built until the adult emerges. At emergence, the pupa pushes the
cap off the pupal cell and works out until only the caudal end remains in
the cocoon (Figure 4). In cases where the plant is covered by a recent
cultivation, the pupa will move up far enough to stick out of the soil. The
pupal case then splits longitudinally along the back of the thorax and
transversely between the head and thorax, permitting the adult to emerge.
These pupal cases remaining after emergence may be found by looking
among the old stems near the crowns in July and August.

NATURAL ENEMIES OF THE CROWN MOTH

Natural enemies of the crown moth. Two Dipterous and two Hymen-
opterous parasites have been reared from the crown moth. Two of these
species are of relatively little importance, one a Sarcophagidae, of which
only a single specimen has been reared, and the other an Ichneumonidae,
of which only a few specimens have been obtained. Neither of the species
has been determined specifically. Both species were reared at Corvallis.

The Braconid, Microbracon nevadensis (Ashmead)* is the one that has
been reared most commonly. This species has been taken at Corvallis,
Salem, and Lacomb. In 1929, in a four-year-old patch of Ettersburgs at
Corvallis, it was found in limited counts that 34.8 percent of the crown-
moth larvae were parasitized. This is by far the highest percentage of
parasitism found. At Lacomb in 1931, in a seven-year-old patch of Mar-
shalls, from 1 to 4 adults were found hovering around each plant. In both
of these patches where this species was found in numbers, the crown moth
was also exceedingly abundant, averaging more than 20 larvae per plant.

In 1931 specimens were obtained for life-history studies. From the
notes taken, the life history has been summarized as follows: The adults
begin emerging from their cocoons in which they overwinter on about
May 15. The adults live from one to two weeks. The eggs laid on the
crown moth larvae hatch in approximately 4 days. The larval stage is
usually from 6 to 7 days and the prepupal and pupal stages occupy from
15 to 18 days. There are two and possibly three generations per year.

The Tachinid, Paraftscheria venatoris (Coq.)t has been taken at Shaw and
Corvaltis. The adults emerge from the crown-moth pupa from June 15 to
August 1. In 1929 at Corvallis the adults of this species were quite numer-
ous in the field. It was found that 20 percent of the pupae collected that
year were parasitized by this species.

CONTROL EXPERIMENTS
Experiments with the object of working out a control for this insect

were started in 1928 and have been continued each season. Experiments
with insecticides for the most part have been rather disappointing although
several materials have been developed that show considerable promise.
Experiments with topping and other cultural methods have proved more

Deterniination was kindly made through the Taxonomic Division of the Bureau of
Entomology, U. S. Department of Agriculture, by C. E. W. Musekecle.

tSpeciniens of this species were kindly determined by Dr. J. M. Aldrich of the United
States National Museum.

THE STRAWBERRY CROWN MOTH 17
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applicable and appear to offer considerable promise as a means of control-
ling this pest although further experiments along all lines are necessary.

INSECTICIDES PROMISING BUT CANNOT BE RECOMMENDED
AT PRESENT FOR GENERAL PRACTICE

Numerous insecticides have been used at various strengths, in various
manners, at various times of application, and various numbers of ap-
plications. At the present time, however, no chemicals can be recom-
mended for the control of this pest. Some of the materials that show
promise are quite expensive, and others are not entirely safe to use
on the plants. The most promising chemicals, together with others less
promising, are mentioned in the discussion which follows.

Napthalene both in the crystal and crude form has given good results
in the control of this pest and is one of the least injurious to the plants.
The material has been used both dry and as a spray. To prepare this
material for a spray it is dissolved in Benzol and then emulsified in water
by the use of a calcium-caseinate spreader (1 ounce to 5 gallons of spray),
and sprayed on the plants at 300 pounds pressure. One hundred percent
kill was obtained in 1930 by using this material at the rate of 10 pounds to
5 gallons of Benzol in 100 gallons of water. The results obtained in the
1931 season are shown in Table IV.
tABLE IV. CONTROL WITH NAPHTHALENE WITH CALCIUM-CASEINATE

SPREADER, 1931

Paradichloroberizene has been used as a spray for the past three sea-
sons. It has been dissolved in kerosene, gasoline, and benzol principally
and the resulting solution emulsified with water by using calcium caseinate.
Seventy-five percent control has been obtained by using this material at
the rate of 10 pounds to 2 gallons of benzol emulsified and diluted to 100
gallons of water, and 100 percent control has been obtained by using 20
pounds to 5 gallons of benzol emulsified and diluted to 100 gallons of water
although severe burning resulted from the latter solution. With this ma-
terial the plants appear to be more susceptible to burning.

Carbon bisulfide both in the miscible form and also the pure form
emulsified with calcium caseinate has been used with some success in con-
trol. The use of this material is limited, however, because of severe injury
to the plants. A 3.70-percent solution has killed 66.6 percent larvae while a
5 percent solution has given 100 percent kill. It is doubtful whether either
dilution èan be used with safety to the plant.

Sulfur. The use of sulfur for the control of the crown moth has been
quite vigorously recommended by some of the agents of sulfur companies.

Five pounds naphthalene to 100 gallons water.
Ten pounds naphthaletse to 100 gallons water.

2.33
1.33

19.66
18.00

88.1
92.6

Average
Average No. borers Percent-

No. borers per plant age of
Rate used per plant in check control
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In our tests so far we have been unable to confirm any of these claims.
Besides the absence of control for the crown moths, some burning of the
foliage occurred. The first injury appeared just after a few hot days.
Applications made in July produced the same burning of the edges of the
leaves. Leaves in contact with the sulfur were often entirely killed.

Other materials. Other materials that have been used are the
following:

Alcohol (denatured as a solvent for
beta naphthol)

Anthracine (dry crystals)
Barium fluosilicate
Benzol
Beta naphthol (dry and as a spray)
Bichloride of mercury
Bordeaux mixture
Bordeaux oil emulsion
Calcium arsenate
Calcium cyanide
Carbon bisulfide
Carbon bisulfide emulsion
Carbon tetrachloride
Cresylic acid
Dry lime sulfur
Evergreen
Fish oil
Gasoline (emulsion)
Helebore
Hydrated lime
Kerosene
Kerosene emulsion
Lead arsenate (spray and dust)
Lime sulfur
Molasses (in lead arsenate sprays)

Napthalene (flake) (dry and as
spray)

Napthalene (crude) (dry and as
spray)

Nicona (oil and nicotine spray)
Nicotine (95 percent)
Nicotine sulfate 40 percent
Paradichlorobenzene (dry and as

spray)
Paris green (as spray)
Penetrol (alone and in combination

with nicotine)
Pine oil (i-'alustrex)
Potassium fluoaluminate (as spray)
Pyrocide (in alcohol) (as spray)
Pyrocide (in kerosene) (as spray)
Red Arrow (as spray)
Rotenone (as spray)
Semesan (as spray)
Semesan Jr. (as spray)
Sodium fluoaluminate (as spray)
Sodium fluosilicate (as dust)
Spray Oils, number 3, 4, 5, 6, and 7
Sulfur (soil and ilowers applied dry)
Wettable sulfur (as spray)
Zinc arsenite (as spray)

TOPPING HAS SHOWN CONSIDERABLE PROMISE AND IS
SUGGESTED AS A CONTROL MEASURE

Topping consists in the cutting of the leaves, stems, runners, and old
fruit spurs from the plants immediately after harvest. (Figure 6.) Growers
in the Willamette arid Hood River valleys have been practicing topping
for a number of years. The plants can be topped either by hand, using a
large butcher knife or a sickle, or by a mowing machine. The theory is
that this process invigorates the plants and stimulates new growth.

Topping most of the patch and leaving a few rows untopped to attract
the moths for oviposition, seems to offer more possibilities for control than
any of the other methods tried.

1928 experiments. In 1928, in connection with our spray plots, half of
the plots were topped and half were left untopped. The object was not to
attract the crown moths to the untopped plants, but to determine whether
or riot by the use of sprays on the topped plants better penetration of spray
materials could be obtained and likewise better control. The number of
larvae per plant in the topped plants was considerably smaller than in the
untopped plants although the plants were not topped until July 12 at about
the peak of the egg-laying season. This preliminary topping test looked
so encouraging that experiments along this line have been conducted each

Spray oils furnished to the Northwest Cooperative Oil Spray Project by the Standard
Oil Conipany of California.
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year since and were so promising that they were recommended to the
growers for trial in 1930* The results of the 1928 tests are given in
Table V.

Condition of
plants July

12, 1928

Ftgure 7. Topped and untopped plants.

TABLE V. FOUR-YEAR-OLD STRAWBERRIES TOPPED AND UNTOPPED ON
THE PATCH OF B. L. CAROTHERS, WOODBURN, OREGON, 1928

Variety

No. of
plants ex-

amined
Average No. of! Percentage

larvae per plant at control

1929 experiments. In 1929 the topping experiments were carried on in
two patches in two widely separated localities, but both on one-year-old
plants. At Woodburn, the patch was divided into equal parts, topped and
untopped, and each half sprayed with the same materials so that the total
number of plants examined are given in the table. The results are shown
in Table VI.

Untopped Ettersburgs in the same patch averaged 2.45 larvae per
plant. In both of the patches on which topping records are given in 1929
the source of infestation was in each case nearest to the topped plants; the
moths therefore had to fly over the topped plants before coming o the
untopped plants.

Wslcox, J., and Don C. Mote, 1930, Strawberry rawn-Mcth n Oregon. Ore. Agr.
Exp. Sta. Circular 0f Information No. 27, April 1930. 2 pages (mimeographed).

2

4

Topped
Untopped
Topped
Untapped

Ettersburg 121
Ettersburg 121
Marshall
Marshall

200 1.4
200 2.1
200 1.4
200 3.1

33.33

54.8

Plot
No.



TABLE VI, ONE-YEAR-OLD MARSHALLS TOPPED AND UNTOPPED ON THE
PATCH OF B. L. CAROTHERS, WOODBURN, OREGON. TOPPED JUNE 27, 1929.

(15 rows topped and 15 rows untopped, rows 34 rods long)

2

2

Topped or
untopped

Topped
Untopped

Topped or
untapped

Topped
Untapped

No. of
plants ex-

am med

No. of
plants ex-

am ned

Total No.
of larvae

found

TABLE VII. ONE-YEAR-OLD MARSHALLS TOPPED AND UNTOPPED 02'
STATE COLLEGE PATCH, CORVALLIS, OREGON. TOPPED JUNE 29, 1929

Total No.
of larvae

found

Average No. of
larvae per plant

0.027 97.0
0.842

Average No. of
larvae per plant

0.415
1.72 7

Percentage
of control

Percentage
of control

Topping and crop yield. The value of topping, with regard to crop
yield, is still somewhat of a question and at the present time is being tested
by the Department of Horticulture of the Experiment Station in Cooper-
ation with the United States Department of Agriculture. Brown5 has ex-
perimented with topping on the Clark Seedling in the Hood River valley
and considers it of considerable benefit. He says, As a rule the patch is
not touched until about three weeks after the harvesting season, and then
the grower uses a sharp hoe, and the entire top of the plant is removed.
This includes the runners, and in this way it gives the plant a new start.
It stimulates production of new leaves and the formation of a new head
early in the season." In 1919 they chose four blocks for topping tests,
three of which were topped on July 16, July 26, and August 5 respectively,
and the fourth was untopped. He says, The block which received the early
topping gave the largest yield * * * and the one which received no top-
ping stood last in point of production. The increase in production which
block number I with early topping, over the check block which received no
topping, \vas 30 percent, which is a substantial increase under our con-
ditions."

Topping, in addition to being of considerable aid in the control of the
crown moth, has in two tests in which the yields were taken on a large
scale in commercial fields, shown no injury to the plants nor any reduction
to crop yield in topped as compared to untopped plants.

1930 experiments. Tables VIII, IX, and X illustrate the results ob-
tained in two patches in the Woodburn district that were topped in the
1930 season and the yield from the topped and untopped portions taken in
the 1931 season.

In the case of the Ramage patch (Table VIII) the number of rows
was 20, of which 16 were topped and 4 untopped. An adjacent topped and

Brown, Gordon G. 1921, Strawberry Growing in the Hood River District. 13th
Annual Report of the Oregon State Horticultural Society, Dec. 1, 2, 3, 1921, p. 151-165.
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Plot
No.

370
380

10
320

Plot
No.

12
11

5
19

%
75.9
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untopped row was used as a check for crop yield. One row equals about
acre, the rows being 1,650 feet long. The topped plot in this test outyield-

ed the untopped plot by 35.8 percent.

TABLE VIII. RESULTS WITH ONE-YEAR-OLD ETTERSBURGS 121, TOPPED
JULY 1, 1930, J. RAMAGE PATCH, WOODBURN, OREGON

In Table IX are shown the results obtained at the Carothers place,
where one-year-old Marshalls were topped as follows in June, 1930: 10
rows topped by hand, 10 rows left untopped, 44 rows topped with a mowing
machine. Ten of those topped with a mowing machine were checked for
crop yield. The plots were 10 rows wide and 34 rods long.

TABLE IX. RESULTS WITH ONE-YEAR-OLD MARSHALLS AT THE B. L.
CAROTHERS PLACE, WOODBURN, OREGON

Another test conducted in the 1930 season, but in which the yields in
1931 were not obtained, was on the J. S. Coomler patch, North Howell
Prairie, Oregon (Table X). The plants were two-year-old Ettersburgs 121.
The results were especially interesting because the infestation was con-
siderably heavier than in the other two patches.

TABLE X. RESULTS WITH TWO-YEAR-OLD ETTERSBURGS 121 ON J. S.
COOMLER PATCH, NORTH HOWELL PRAIRIE, OREGON

Plot No.

No. of rows topped and un-
topped numbering from

east to west

Average No. of
larvae per plant in

fall 1930

Untopped plants destroyed by the glower in fall 1930.

Percentage of control
based on average num-

ber of larvae (9.6)
per plant in un-
topped plants

Plot
No.

Condition of plants
July 1, 1930

Yield per
row 1931

Yield per
act-c

- Average
No. of

larvae per
plant in

1930

Percentage
of control
by topping

2
Topped
Untopped

Lb.
257
165

Lb.
2,056
1,320

0.4
1.6

75.0

Plot
No.

-Condition of plants
June, 1930

Yield per
10 rows

1931 Yield per acre

Average No. of
larvae per plant

in fall 1930

Percentage
of control
by topping

1

2
3

Topped by hand
(Jntopped
Topped with niow-

ing machine

Lb.
853
921

958

Lb.
2,217.8
2,394.6

2,4908

0.2
1.5

0.2

86.66

86.66

Untopped-3 rows 11.0
2 Topped-124 rows 1.33 86.14
3 Untopped-6 rows 7.60
4 Topped-4 rows 1.80 81.26
S Iintopped-10 rows 10.20



Discussion of 1930 topping experiments. In the 1930 experiments
where a certain number of untopped rows were used as traps for moth
oviposition, the calculated percentage of control, based on the average
number of borers per plant in the topped and untopped plants, varied from
75.00 to 86.66 percent. In actual population counts, however, considering
that the larvae are destroyed in the untopped plants either by dgging up
the plants or by chemical treatment, the actual larval reduction varied from
46.04 to 53.96 percent. The actual reduction in the number of borers in these
plants is shown in Tables XI, XII, and XIII.

TABLE XI. LARVAL COUNT, ONE-YEAR.OLD ETTERSBURGS 121,
J. RAMAGE PATCH, WOODBURN, OREGON

TABLE XII. LARVAL COUNT, ONE-YEAR.OLD MARSHALLS,
B. L. CAROTHERS PATCH, WOODBURN, OREGON

TABLE XIII. LARVAL COUNT, TWO-YEAR-OLD ETTERSBURGS 121,

J. S. COOMLER PATCH, NORTH HOWELL PRAIRIE, OREGON

1931 topping experiments. The 1931 topping experiments for the most
part were carried on under controlled conditions on the Entomology de-
partment planting at Corvallis. Twelve cages were built of the following
dimensions: 6 feet high, 12 feet wide, and 24 feet long (Figure 8). Each
was covered with a good grade of cheesecloth- These were set over differ-
ent varieties of plants, different combinations of varieties, and different
combinations of topping. An equal number of fertilized female moths were

Plot
No.

No. of rows topped
and untopped Area

Percentage
of patch

Total No. of
larvae

Average
No. of

larvae per
plant

Percent-
age of

- actual
larval

popula-
tion

2
Untopped-4 rows
Topped-16 rows

Acre
0.504
2.016

20
80

3,520
3,520

1.6
.4

50
50

Plot
No.

No. of rows topped
and untopped Area

Percent-
age of
patch

Total
No. of
larvae

Total
No. of
plants

Average
No. of
larvae

per
plant

Percent-
age of
actual
larval

popula-
tion

1,3,5..
2,4

Untopped-19 rows
Topped-128 rows

Acre
0.1292

.8708

%
12.92
87.08

6,201.6
5,311.8

494
3,306

9.60
1.32

51.9
48.1

Plot
No.

No. of rows topped
and untopped Area

Percent-
age of
patch

Total No. of
larvae

Average No
of larvae
per plant

Percentage of
actual larval

population

Acre % %

2, 3, 4
Uotopped-10 rows
Topped-64 rows

0.40
2.56

13.5
86.5

5,250
4,480

1.5
.2

53.96
46.04
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introduced into each cage on several dates throughout the egg-laying
period. The results are shown in Table XIV.

TABLE XIV. LARVAL COUNT UNDER CONTROLLED CONDITIONS,
ENTOMOLOGY DEPARTMENT, OREGON STATE -COLLEGE

In the cage plots 9 and 10 thc actual reduction in larval population is
based on the ratio of 7 rows topped and 1 row untopped or 7 to 1. In cage 9
this would mean that the ratio would be for topped plants 7 x .2 or 1.4 and
for untopped plants 1 x 3 or 3, or in this case a reduction in actual borer
population of 68.1 percent. In plot 10 on this same basis the ratio for
topped plants would be 7 x .2 or 1.4 and for untopped plants 1 x3.6 or 3.6,
or an actual reduction in larval population of 72.0 percent. In both cases
this is assuming that the 1 untopped row with its contained borers is
destroyed. It is hoped that in future experiments the ratio between uts-
topped and topped plants can be worked out so as to give the best possible
reduction in larval population, and the least amount of untopped plants
necessary.

Is it of value to top the entire field? Growers have frequently asked
what the effect would be if they topped their entire patch. \Ve have been
unable heretofore even to guess at an answer to this question. The experi-
mental results in cages 1, 2, 3, 4, 11, and 12 apparently indicate that this
practice has some merit. Before it can be recommended for general prac-
tice, however, it should be tried more extensively in future experiments and
more accurate comparisons should be nsade with the trap-row method.

Are certain varieties more attractive? In the comparison of the varie-
ties, Marshall and Ettersburg l21 the two principal varieties grown in
the Willamette Valley at the present time, in every case except one (see
cages 1 to 8) the Marshall plants are shown to be more attractive to the
moths for oviposition than are the Ettersburgs. The Corvallis or O.A.C.
12, a new introduction in the Willamette Valley, does not appear to be
immune from crown moth attack (see cages 11 and 12). It has previously
been assumed, since the Ettersburg plants ordinarily are larger than the

Cage
No. Variety

No. of rows topped
and uniopped

Average No. of
larvae per plant Percentage of control

1. Mar sha Ifs Topped-8 rows 0.4 77.77
2 Marshalls Untopped-S rows 1.8
3 Ettersburgs 121 Topped-8 rows .8 87.09
4 Ettersburgs 121 Untopped-8 rows 6.2
5 Marshalls Topped-4 rows .4 0.00

Ettersburgs Topped-4 rows .4
6 Marshalls Untopped-4 rows 3.0 40.00

Ettersburgs Untopped-4 rows 1.8
7 Ettersburgs Untopped-1 row 1.00 54.54

Marshalls Untopped-7 rows 2.2
8 Marshalls Untapped-i row 4.0 20.00

Ettersburgs Untopped_7 rows 3.2
9 Ettersburgs Untopped-1 row 3.00 93.33

Marshalls Topped-7 rows .2
10 Marshalls Untopped-1 row 3.6 94.44

Ettersburgs Topped-7 rows .2
11 Corvallis

O.A.C. 12 Topped 4.00 50.00
12 Corvallis

O.A.C. 12 Un topped 8.00



Figure 8. Plants covered with straw.

Marshalls not topped and cage S which shows the same number, the Mar-
shalls proved more attractive than the Ettersburgs. In 1929, however, un-
topped Ettersburgs contained more larvae per plant than the Marshalls
(see 1929 Experiments, page 20).

Marshalls, that they would be more attractive to the moths than the Mar-
shalls and that for this reason Ettersburgs might be interplanted with
Marshalls and used for a trap crop. In each case (see cages 5 to 10) with
the exception of cage 10 where the Ettersburgs were all topped and the
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COVERING WITH STRAW APPEARS TO PROTECT PLANTS

In another cage of large size in which part of the plants were Mar-
shalls and part Ettersburgs, all two years old, all the plants were topped
and the plants treated as shown in Table XV.
TABLE XV. EFFECT OF COVERING STRAWBERRY PLANTS WITH STRAW

Figure 9. Photograph of life history and topping experiment cages.

FLOODING HAS NOT PROVED ENTIRELY SATISFACTORY

In 1898 Klee6 and in 1900 Chittenden3 in their reports on the occurrence
of this pest on strawberry in California, recommended flooding as a con-

Fertilized female moths were introduced into this cage as in the others
throughout the egg-laying period. The use of straw to cover the plants to
protect them from crown moth attack appears to offer excellent opportuni-
ties. With these limited tests, it appears to come as near to perfect control
as can be expected. It is not anticipated that the covering of straw on the
plants will have any injurious effects on the plants or cause any reduction
of crop yield. Some information on this point should be available next
season as part of a patch of Marshalls at H. F. Butterfield's at Woodburn
was covered with straw in the 1931 season and the yield from covered and
uncovered berries will be taken in 1932 (see Figure 8).

Plot
No. Treatment

Variety of
strawberry

Average No. of
borers per plant

Percentage of
control

Plants covered with Straw Marshalls 0.166 92.90
2 Plants covered with Soil Marshalls 1.66 40.78
3 Not covered Marshalls 2.82 00.
4 Plants covered with Straw Ettersburgs 0.00 100.00

Plants covered with Soil Ettersburgs 0.00 100.00
6 Not covered Ettersburgs 1.33 00.
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trol. Essig4 in 1915 also recommended submersion and said, When pos-
sible, this is a quick and thorough means of exterminating this pest. * * *
The fields should be flooded soon after the crop is harvested and the
water left standing over the vines 4 or 5 days." In 1926 Essig5 made the
following statement with regard to the control of this pest by this method:
It is most serious as a pest in small home gardens and does not appear to

be able to withstand the constant floodings by irrigation of the commercial
plantings of strawberries in California."

In 1930 (see Figure 8) plots were laid out in the Entomology depart-
ment planting at Corvallis. The plants were hand-infested to insure in all
plants an even infestation of larvae of known but varying ages at the time
of submersion. This experiment gave some promise although the results,
as shown in Table XVI, are not definite.

TABLE XVI. EFFECT OF FLOODING, 1930

In 1931, additional plots were laid out and infested as in 1930 and sub-
merged for somewhat longer periods. The results of these tests are shown
in Table XVII.

TABLE XVII. EFFECT OF FLOODING, 1931

The figures n the last control column of Table XVII are based on the
average number of larvae per plant in the checks in both Ettersburgs and
Marshalls.

Plot
No.

No. of
hours of
submer.

sion

No. of larvae Per-
cent

age
dead

Percentage of control
based on

Variety Live Dead Population
Average

check

%

1 12 Ettersburgs 40 2 4.8 0.00 23.0
Marshalls 58 12 17.1 14.7 00.0

2 24 Ettersburgs 29 0 0.00 19.4 44.2
Marshalls 28 3 9.7 58.8 46.1

3 36 Ettersburgs 40 1 2.4 0.00 23.0
Marshalls 47 2 4.1 30.8 9.6

X 0 Ettersburgs 36 2 5.3
Marshalls 68 3 4.2

Plot
No.

No. of hours
of submer-

sion Variety

Average No. of
live larvae per

plant
Percentage of

control

Percentage of
control based on

average check

%
1 48 Marshalls 3.3 54.1 656
2..._ 72 Ettersburgs 2.8 76.6 70.8
3 96 Marshalls 1.7 76.3 82.2
4 120 Ettersburgs 2.2 81.7 77.0
5 132 Ettersburgs 1.8 85.0 81.2
6_.. 144 Marshalls 2.0 59.0 79.1
X 0 Marshalls 7.2

Ettersburgs 12.0

Average 9.6
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These two experiments were applied in August when the larvae are
small and usually in the outside part of the crowns, in which position suc-
cessful control might be expected by flooding. Although irrigation for
strawberries is not practiced in Oregon to any extent at the present time,
the prospects are that strawberries and small fruits will be irrigated to a
greater extent each year. This method of control could be used in connec

Figure 10. Plants prepared for flooding.

Figure 11. Plants being flooded. Note that the crowns are entirely u1ooded



tion with topping, a portion of the patch being left untopped but flooded
after oviposition had ended.

Submersion during the winter time does not appear to offer any pos-
sibilities. In two instances representatives from the Entomology depart-
ment have examined plantings that were submerged by the winter floods.
The fit-st was in 1924 and the planting was examined by B. G. Thompson.
The plants in this case were submerged for about 10 days without any
apparent effect on the larvae. In 1931 one of the growers near Corvallis
became quite enthusiastic upon finding that after his planting had been
submerged for about four days, the larvae appeared lifeless. An examina-
tion a few days later, however, showed the larvae to be active and the
grower convinced himself of his mistake.
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