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SUMMARY

Six species of strawberry root-weevils have been found doing
serious damage to strawberry plantings in the State of Oregon. The
six important species are the Strawberry Root-Weevil (Brachyrhinus
ova/us L.), the Black Vine Weevil (Brachyrhinus sulcatus Fabr.),
the Rough Strawberry Root-Weevil (Brachyrhinus rugosostria/us
Goeze), the Decorated Strawberry Root-Weevil (Dyslobus decoralus
Lec.), the Western Strawberry Root-Weevil (Dyslobus ursinus Horn),
and the Lacomb Strawberry Root-Weevil (Drslobus wi1cox Van
Dyke).

The genus Brachyrhinus, although distinctly European, is repre-
sented in North America by eleven species, some of which apparently

= are indigenous. The genus D',slobus is characteristic of western
North America and is found in no other part of the world.

Many of the species of the strawberry root-weevils are partheno-
genetic, a fact which largely explains why the weevils can reproduce
so fast and become destructive in so short a time.

With the finding of so many species of weevils on strawberry
plants and with so many differences in life history, habits, import-
ance and control, it has become increasingly difficult for the grower
to know what species lie has in his patch or when and what control
measure is to be applied.

Illustrations of all the various species of weevils taken in Oregon
in strawberry plantings, and keys to aid in identifying them, are

=

presented in this bulletin in order to enable the reader to determine
more readily the species attacking his patch. As indicated hereto-
fore, there are two groups of root-weevils that each year do great
injury to strawberries in Oregon. These groups are the Brachyrhinus
group, which are supposed to be introduced pests, and the Dyslo bus
group, which are native insects that have changed their food habits
from native vegetation to strawberries. The Brachyrhinus group
contains the strawberry root-weevil, the rough strawberry root-
weevil, and the vine weevil. The Dyslo bus group contains at least
three different weevils doing serious injury to strawberry plantings:
(1) the decorated strawberry root-weevil, (2) the western strawberry
root-weevil, and (3) the Lacomb strawberry root-weevil.

The species of the Brachyrhinus group differ from those of the
Dyslo bus group in their life history and in the color of adult weevils.
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The former are either shiny brown or black, more often black, in
color without scales on the body. The Dyslobus group usually appear
to be grayish-brown, but on closer examination can be seen to be
covered with minute scales that give off metallic copper or brass
reflections.

The Strawberry Root-Weevil and its close relatives, Bra chyrhinus
species, pass the winter principally in the grub stage although in
some parts of Oregon, at higher elevations than the Willamette
Valley, the adults also overwinter. These overwintering grubs pupate
(form cocoon-like cells) in the ground and change to the adult weevil
stage at berry harvest.

The Decorated Strawberry Root-Weevil and its close relatives,
Dyslobus species, differ from the above group in their life history in
that they overwinter in the adult stage in the ground. The adults
come out of the ground early in the spring, in March, and feed on
the leaves of the strawberry. These weevils lay eggs in April and

=

May and the resulting grubs feed on the roots of the strawberry until
late summer, when they pupate and change to adults.

The problem of finding a practical control for the strawberry
root-weevils has occupied the attention of entomologists horticul-
turists, and other persons for over half a century in the United
States and almost a century in Europe. During the course of these
studies, various measures for combating the strawberry root-weevils
have been investigated, including the influence of the weather, para-
sites and diseases, as well as cultural practices and artificial measures
such as the collection of adults, trapping, flooding, barriers, the use
of soil fumigants, repellents, poison sprays, and poison baits.

Cultural practices have probably been the most efficient and
practical of all methods used to control these insects up to the present
time. Although not perfect as control measures, cultural methods
in most cases tend to keep the insects in subjection and usually insure
the grower a more healthy, thrifty plant, better able to withstand
the attacks of insects.

=

Poison baits, however, are now the accepted method for the
control of the strawberry root-weevils. Two types of poison bait
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have been developed as a result of the control experiments carried on
by the Oregon Experiment Station. These comprise the apple poison
bait and the bran poison bait. Of the various insect poisons that
have been tested, calcium arsenate and sodium fluosilicate have

Igiven the most consistent results in the control experiments. The I

Ipoison apple bait consists of 95 pounds of dried apple peelings and I

1 5 pounds of the insect poison. The bran bait may be made by the I

I following formula: bran 50 pounds, water 5 gallons, sugar 10 pounds, 1

calcium arsenate or sodium fluosilicate (98 per cent pure) 5 pounds. I
I The following procedure has proved satisfactory in mixing the
1

bran bait: the sugar is dissolved in the water and the solution thor- I
ioughly mixed with the bran. As soon as the bran has absorbed all i

the solution and is uniformly moistened, the powdered poison is
added and thoroughly mixed with the moistened bran. The apple
bait is a patented product and may be purchased from dealers in
spray materials and insecticides.

The bait is applied by placing about one teaspoonful in the I

center (crown) of each plant. One hundred pounds of the bran or
I apple bait will treat from one to three acres, depending on how close
I the plants are set.

The life history of each species of the strawberry root-weevils
was studied with a view to determining the most effective date of
application of the bait, which is exceedingly important in combating
the pests. It was found that the common strawberry root-weevils,
Brachyrliinus group, can be controlled by an application of bait when I

I from 75 to 90 per cent of the pupae have changed to adults. This
I application usually is made during berry harvest. In some places
1 (mostly in higher elevations and in climates colder than the Willam- I

ette Valley) it is necessary to make an additional application for the I
overwintering adults in April or May, about blossoming time. The I

I application of the bait for the native strawberry root-weevils is made I
about April 1. The apple baits appear to be better adapted for the

i
control of the native strawberry root-weevils, although the bran

i
bait using sodium fluosilicate as a poison, has given very satisfactory
control when applied early in April followed by several days of
clear weather.

S
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The Root-Weevils Injurious to
Strawberries in Oregon

By

J. Wnxox DON C. MOTE, and Lenoy CHILDS

INTRODUCTION

A study of the root-weevils attacking strawberries in Oregon was under-
taken in the spring of 1926 and was continued through the 1931 season. At the
time of beginning the work, three species of root-weevils were known seriously
to injure strawberry plants in Oregon. They are, namely: the Strawberry
Root'vVeevil (B-rachyrhinus ovatus L.) the Black Vine vVeevil (Brachyrhinus
.tulcatus Fabr.) ; and the Rough Strawberry Root-Weevil (Brachyrhinus rugo-
.cos&iatus Goeze).

During the course of this study three additional species of root-weevils
have been found doing serious damage to strawberry plants and several other
weevils have been found that are potential enemies of the strawberry industry
in the state. The three species found doing serious injury are: the Decorated
Strawberry Root-Weevil (Dyslobus decoralus Lec.) ; the Western Strawberry
Root-Weevil (Dyslobus ursinus Horn) and the Lacomb Strawberry Root-
Weevil (Dyslobus wilcoxi Van Dyke). The other weevils found on strawberries
and thought to be potential enemies are Dyslo bus granicollis Lec., Dyslo bus
simplex Van Dyke, Plinthodes taeniatus Lec., Sciopithes obscurus Horn, Pan-
sco pus lorpidus Lec., and Geoderces sp. Other species of weevils found on
strawberries but at the present time thought to be of little importance are:
Trigonoscuta pilosa Mots., Thricolepis inornata Horn, Sitona isis pidula Fabr.,
and Cleonus kirbyi Casey.*

The six species listed above as serious pests (Brachvrhinus and Dyslobits)
all injure strawberries in a similar manner. The adult weevils feed on the
leaves of the plants, eating in from the margins, resulting in a characteristic
ragging. The larvae or grubs feed on the roots and crowns of the plants.
Usually only the smaller fibrous roots are eaten, and they are either cut off,
barked (girdled), or split in a characteristic manner. It is not uncommon to
find the larvae boring in the crown or feeding around it so as to girdle it.

I GENERIC DISTRIBUTION

The genus Brachyrhinusf is distinctly European and is represented in the
various European countries by more than a thousand species according to
Hustache (111)1: many of which do serious injury to plants. Blatchley and

We are indebted to Dr. E. C. Van Dyke of the University of California for the deter-
mination of specimens.

t The American literature previous to 1920 and practically all of the European literature
refers to the genus as Otioshynchus.

8 Numbers in parentheses refer to BIBLIOGRAPHY, page 98.
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Leng (21) list six species in North America and these are also found in Europe,
from where they are thought to have been introduced into America. \Vith the
differentiation of the Rough Strawberry Root-Weevil (B. rugosostrialus
Goeze) from B. rugifrons Gyll. by Bnchanan (33), the discovery of B. cribri-
collis Gyll. and B. nieridionalis Gyll. in California reported by Lockwood and
Keifer (131) and Keifer (115), B. ligustici L. recently reported from New
\rork by Herrick (103), and two more species5 from the New England states,
eleven species are now known to occur in North America.

Whether some of the species of Brachyrliineis that occur in North America
are indigenous or introduced seems open to question.f Most authors seem to
take it for granted that the species have been introduced and no doubt have
good foundations for their claims, as on several occasions specimens of these
insects have been intercepted on nursery stock and other plants shipped to this
country from Europe. Some of these records are those of vVeiss (210), Sasscer
(164, 165, 166), and Britton (30). Those holding the other opinions, however,
cannot be discredited entirely as there is evidence of, quoting from Horn (120),
'their distribution being due to natural laws and not through the agency of
commerce." The Strawberry Root-Weevil (B. ovatus) has been recorded from
Arctic Siberia as early as 1881, Heyden (108) ; and as Hamilton (94) points
out, it would not be impossible for a number of our North American species
to be common to North America, as well as Europe and Asia, considering that
in comparatively recent (geologic) times Alaska was connected with the
mainland of Russia.

Following a careful research of the Strawberry Root-\'\Ieevil (B. ovatus)
and allied species in British Columbia, Downes (50) says, "There seems to be
no doubt that the beetle is a native one. It is present in all the settled portions
of the southern part of the province and has been found on rocky islands away
from settlements where it could not possibly have been introdisced artificially
and at various altitudes up to 4,000 feet in the mountains." More recently,
Downes (54) definitely says, "The strawberry root weevil is a native insect
abundant everywhere.

Another point that favors the theory that the species of Bracliyrliinus are
indigenous is that four species belonging to this genus have been described as
fossils from the early Tertiary Rocks discovered in the Roan Mountains of
Western Colorado, and in the Green River Shales of Wyoming; see Scudder
(169) and Wickham (214). Regarding these fossil insects Scudder (169)
says, "Although it is evident to any student of fossil insects that even in
Tertiary deposits we possess but a mere fragment of the vast host which must
be entombed in the rocks, it is nevertheless true that we have already discovered
such a variety and abundance of forms as to make it clear that there has been
but little important change in the insect fauna of the world since the beginning
of the Tertiary epoch." B. rugifrons Gyll. and several other species existing
in Europe today have been described as fossils from Europe in the Pleistocene;
these are listed by Feytaud (67) and Hustache (111) and are indistinguishable
from the forms no\v common and in some cases injurious in Europe at the
present time.

L. recorded by Blatctiley and Leng (21), and the senior writer has seen
specimens of B. 1t9,ICIAS from Maine.

Essig (215) has recently published on the various species of Brachyrhinus "introduced"
and likely to be introduced into North America.

Estimated at 40,000,000 years.
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The genus Dvslobus is characteristic of western North America and is
found in no other part of the world. The members of this genus are therefore
native insects and until recent years have fed only on native vegetation.
Regarding the finding of D. decoratus Lec. (then reported as D. ranicoI1is
Lec.) feeding on strawberries in Oregon in 1926, Van Dyke (199) says, "It is
the first time that any member of this widely distributed Pacific Coast genus
has been reported as developing in any of our cultivated plants. The adults
of a number of species, however, have often been found to be injurious to
foliage." Three species are here considered as serious pests on strawberry in
Oregon and two other species have been taken on strawberry; Keifer (115)
has recently reported rearing D. granulatus Casey on strawberry in California.

PARTHENOGENESIS

A number of the weevils of the genus Brachyrhirrus have been found to be
parthenogenetic and among these are the Black Vine vVeevil (B. sulcatus) and
the Strawberry Root-Weevil (B. ovatus). This method of reproduction appears
to be rather uncommon in the Coleoptera but seems to be quite general in
Brachyrhinus. Species found to be parthenogenetic are: B. turca by Ssilant-
jew (178) in 1905; B. lignstici by \Vassiliew (205) in 1908; B. cribricollis by
Grandi (91, 92) in 1913; B. sulcatus by Feytaud (65, 67) in 1917 and 1918, and
by Smith (174, 176) in 1927 and 1932; B. ovatus by Treherne (197) in 1920,
Downes (50) in 1922, and Spessivtseff (177) in 1923; and B. rugifrons by
Wilson (80) in 1925. The Rough Strawberry Root-Weevil (B. rugosostriatus)
is si.spected of being parthenogenetic as we have found no males among thou-
sands of specimens.

Feytaud (67) examined thousands of specimens of B. sulcatus and actually
dissected 3,400 without observing a single male. Downes (50) reared isolated
pupae of B. ovatus to adults and had them lay eggs that in no way differed
from those laid by adults collected indiscriminately in the field; he also dissected
hundreds of weevils without finding any but females. This fact in a great
measure explains why the weevils can reproduce so fast and become destructive
in so short a time. Based on his studies and assuming that each weevil lays
150 eggs each year, Feytaud (67) gives the following interesting data for the
number of offspring from one individual for five years.

These figures are based on the average number of eggs laid per weevil in
his experiments where the maximum production was 281. Smith (174) has
had single insects lay as high as 1,085 eggs. Downes (50) obtained a maximum
egg .production for B. ovatus of 298. Mr. G. R. McGinnis, who assisted with
the work in Oregon in 1927, had an average production for one batch of eight
B. ovatus of 272.3 eggs per weevil.

The above figures of Feytaud's undoubtedly grossly exaggerate the condi-
tion to be found in the field as only a very small percentage of the eggs laid
ever produce adults the following year. In addition to the numerous natural

First year 150
Second year 150X 150 22,500
Third year 22,500X 150 3,375,000
Fourth year 3,375,000>< 150 506,250,000
Fifth year 506,250,000X 150 75,937,500,000
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factors working (weather conditions, parasites, predators, etc.) against such
a high rate of reproduction, under the most favorable conditions all of the eggs
do not hatch. Smith (174) found that from 89 to 92 per cent of the eggs of
B. sulcatus hatch. Treherne (197) found that 80 per cent of the eggs of
B. ovatus hatch. G. R. McGinnis in Oregon in 1927 had less than 10 per cent.
of the 14,356 eggs of B. ovalus hatch. Downes (50) makes the statement that
a great many of the first eggs laid are infertile and do not hatch, and that on
the average six weevils per plant represented a potential larval maximum of
1,800 but that in the field the maximum number of larvae per plant was 120
with an average of from 10 to 30.

In the genus Dyslobus, parthenogenesis is apparently in a fairly advanced
stage of development. No males of deco ratus, ursinus, or granicollis have been
found in the extensive material studied from Oregon and Washington. Van
Dyke (200), however, mentions males of granicollis in California, where the
species is broken up into minor races. Peculiarly enough, Horn's type of
ursinus from Oregon was a male, which would indicate that the species in
Western Oregon has developed a definite biological race; typical specimens
are apparently limited to the extreme eastern part of Oregon and \'Vashington.
Males and females of wilcoxi occur in about equal numbers in the fields at
Lacomb; if otherwise, the males are more numerous than the females. In
about a hundred specimens of bakeri from Westport, Washington, less than
10 males were found. Individuals of decoratus and ursinus were taken from
their pupal cells early in the spring and placed in separate containers. These
isolated females laid eggs that in no way differed from the eggs laid by weevils
not isolated.

DIFFERENTIATION OF THE SPECIES OF WEEVILS
With the finding of so many species of weevils on strawberry and differ-

ences in life history, habits, importance and control, it has become increasingly
difficult for the grower to know what species he has in his patch or when and
what control measure is to be applied. No general ru1e can be given or applied
as to what species is likely to occur in a certain patch. For example at Wood-
burn, the Strawberry Root-Weevil (B. ovatus) and the Decorated Strawberry
Root-Weevil (D. decoratu.r) were both found in several patches, while other
patches in the same district only contained the Strawberry Root-'vVeevil
(B. ovatus) or the Rough Strawberry Root-Weevil (B. rugosostrialus). At
North Howell Prairie, the Western Strawberry Root-Weevil (D. ursinus)
was found to be heavily infesting one planting, while not more than a hundred
yards away, but separated from the first patch by a stream and some timber,
another planting was found to be heavily infested with the Decorated Straw-
berry Root-Weevil (D. decoralus), and other patches in the immediate district
were found infested with the Strawberry Root-Weevil (B. ovatus). At La-
comb, four species were found within a radius of not more than a mile; the
\Vestern Strawberry Root-Weevil (D. ursinus) in the southwest; the Rough
Strawberry Root-Weevil (B. rugososiriatus) in the west and northwest; the
Strawberry Root-Weevil (B. ovatus) in the southeast; and the Lacomb Straw-
berry Root-Weevil (D. wilcoxi) in the north and northeast; in most plantings
only one species occurred, although the Western (D. ursinus) and the Rough
(B. rugosostriatus) Strawberry Root-V'eevils occurred in quite large numbers
in the same field; and in one of the fields infested with the Rough Strawberry
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Root-\'Vecvil (B. rugososiriatus) quite a large number of the weevil Plinthodes
faenialus Lec. was collected.

It is hoped that with the aid of the photographs of the various species the
grower will be able to determine what weevil or weevils are present in his
patch.

KEY TO THE ADULT WEEVILS5

Mandible with a deciduous tip, leaving a scar 2

Mandible without scar, usually pincer-shaped 14

Thorax without ocular lobes 3

Thorax with ocular lobes more or less distinct 9

Antennal grooves (scrobes) lateral, directed inferiorly; form oval,
robust, densely covered with gray scales and moderately long gray-
ish hairs sparsely placed. Length .22 to .36 inch. On the ocean
beach, on wild strawberry Trigonoscuta pilosa Mots.

Antennal grooves (scrobes) short, superior, lateral, and then di-
rected toward the eyes 4

Claws free (not joined at the base) 5

Claws connate (joined at the base) 8

Metasternal side pieces entirely concealed by the elytra; suture
obliterated; hind tibiae with two short fixed spurs; shining brown
or black species without scales on the body (Brachyrhinus) 6

Metasternal side pieces linear; suture distinct in its entire length;
form oval, body densely covered with luteous scales; length .22 to
.24 inch. On strawberries ustlally planted in orchards

Sciopithes obscurus Horn
. Femora toothed 7

Femora not toothed; thorax coarsely granulate; rostrum sulcate,
elytra with rough sculpture; length .38 inch. The ROUGH STRAW-
BERRY ROOT-WEEVIL occurs in the Willamette Valley and Coos
county Brachyrhinus rugosostriatus Goeze.

Tooth very small. Rostrum sulcate, at tip with a bifid carina, elytra
sulcate; length .34 inch. The Black Vine VTeevil, all over the state
where strawberries are grown. The BLACK VINE WEEVIL

Brachyrhinus sulcatus Fahr.
Tooth large, rostrum not sulcate, tip not carinate, elytra not sulcate;

length .20 inch. The STRAWBERRY ROOT-WEEVIL, all over the state
where strawberries are grown Brachyrhinus ovatus L.

Scrobes superior and convergent above; small, oval species sparsely
clothed with small round whitish scales; length .14 inch, an orchard
species, likely to be found on interplanted strawberries

Thricolepis inornata Horn
Scrobes more lateral and not converging above; small, bluntly oval

species covered densely with brownish scales; length .25 inch
Found breeding in strawberries in northern Benton county

Geoderces sp.
Metasternal side pieces rather wide, suture distinct; elytral punc-

tures setigerous or squamigerous, when squamigerous the scales
are small and never striate (Dyslobus) 10

Following Horn (120) and Van Dyke (200) for Dyslabus.
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Metasternal side pieces indistinct, suture obliterated; elytral punc-
tures large and closed by large striate scales; form, elongate oval,
elytra densely covered with dark brown scales; length .19 inch;
found on strawberries in Benton county, likely to breed on straw-
berry Ponsco pus orpidus Lee.

Funicular segments elongate, always longer than broad, humeral an-
gles well defined, larger species usually more than .31 inch in length 11

Only the first two or three funicular segments elongate, the re-
mainder moniliform and generally broader than long; smaller
species .24 inch 12

Pronotum more or less smooth and even, not granulate, elytral
setae not conspicuous, very little elevated; elytral punctures
sqilamigerous; color brown or chocolate brown, generally marbled
with white, the scales submetallic, serial punctures of elytra fine
and close together; length .31 to .51 inch; found on strawberry in
the upper Hood River Valley Dyslobus simplex Van Dyke

Pronotum more or less uneven, verrucose or granulate, elytral inter-
vals alternately more elevated, especially posteriorly; elytral punc-
tures setigerous; both sexes much alike, robust, granules rather
fine and restricted to pronotum, humeral angles moderately promi-
nent; surface of elytra even and uniformly and densely clothed
with large scales, sutural prominence feeble, all tibiae denticu1ate;
length .31 to .47 inch. All over \Vestern Oregon

Dyslobus granicollis Lee.
Elytral intervals strongly alternating in degree of convexity, species

rather small and elongate, the males in particular; scales golden,
broad, closely and densely applied to elytra, elsewhere sparse; the
setae short and much inclined, not particularly evident; pronotum
verrucose and with distinct longitudinal sulcus; elytra with hu-
meral angles well defined but not prominent, odd intervals well
elevated, the striae distinctly impressed with strial punctures
large, deep, setigerous, declivity rounded, a faint prosternal tu-
bercle behind forelegs; length 19 to .27 inch. northern Benton and
Linn counties. The LACOMB STRAWBERRY ROOTViTEEVIL

Dyslo bus wilcoxi Van Dyke
Elytral intervals slightly or not at all alternating in degree of con-

vexity throughout their length, elytral suture not prominent or
keeled near summit of declivity, serial punctures of elytra setiger-
ous, species robust 13

Alternate intervals of elytra not more evident than others, tipper
surface clothed in addition to scales with long sub-erect pile;
general color brown, dull, with sides of prothorax lighter and
light patches near humeri and on apex of declivity, pronotum dis-
tinctly rugose, or verrucose. Length .24 to .31 inch. Occurs in the
Willamette Valley. The WESTERN STRAWBERRY ROOT-\VEEVIL

Dyslobus ui-sinus Horn
Alternate intervals of elytra somewhat more prominent than others,

especially posteriorly, the upper surface with setae very short and
as a rule only evident on declivity; prothorax much broader than
long, general color brown more or less mottled with white, humeral
angles prominent, striae shallowly impressed and strial punctures
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moderate; length .24 to .35 inch. The DECORATED STRAWBERRY
ROOT-WEEVIL, occurs throughout Willamette Valley

Dysiobus decoratus Lec.
14. Lateral angles of first ventral segment covered by elytra 15

Lateral angles of first ventral segments uncovered; form elongate,
subcylindrical; elytra without acute post-humeral angle; elytra
striped with black and white; length .6 inch. In 1vVillamette
Valley Cleonus kirbyi Csy.

15. Beak short, broad; ventral segments nearly equal; gular peduncle
short, broad; mentum large, quadrate; small, elongate, grayish
species; length .25 inch; occurs in VJillamette Valley

Sitona hispidula Fabr.
Beak as long as thorax; ventral segments unequal; gular peduncle

long; mentum small, rounded; large, black, elongate oval species;
length 55 inch. Occurs in Willamette Valley

Pilot hodes toeniatus Lec.

KEY TO THE GENERA AND SPECIES OF LARVAE5

Head with seven prominent epicranial setae (both sublaterals promi-
nent) ; a longitudinal hyaline area parallel to epicranial suture
including part of frons; skin completely spinulate (except sclero-
tinizations) ; nine setae on prothoracic shield; one prominent
hypopleural seta on abdomen; four setae on scutellum of eighth
segment; spiracles circular, opening round, air-tubes absent
(Dysiobus) 2

Head with six prominent epicranial setae; longitudinal hvaline
areas when present not including part of frons; skin with com-
paratively few inconspicuous spinules; eight setae on prothoracic
shield; two prominent hypopleural setae on abdomen; five setae
on scutellum of eighth segment (in some cases II may be minute
or anterior) spiracles circular, nearly always before. Meso-and
metascuto-scutellum with seta IV always separated from upper
three, which are usually on same tubercle; no posterior segments
largely sclerotinized (except on setiferous tubercies) ; sternal
setae of ninth segment about the same as those on preceding seg-
ments (Brochyrhinus) 3

Epicranial suture edged with sclerotin; setae longer than in the fol-
lowing species, the spinules not as long; spiracular opening
smaller; setae on dorsal ninth usually on more or less confluent
sclerotinized tubercles. The DECORATED STRAWBERRY ROOT-WEEVIL

Dysiobtts decoratus Lee.
Epicranial suture edged 'ith sclerotin; setae not as long as deco-

rains, spinules more conspicuous, quite heavy; spiracular opening
larger; setae on dorsal ninth on separate scierotinized tubercies.
The WESTERN STRAWBERRY RooT-WEEVIL...Dyslobus ursinus Horn

Seta I of scuto-scutellum (sc-sd) and scutellum (sd) long, much
longer than II, as long as III, both preepipleurtsm (ea) and epi-

Following Keifer (115). A binocular microscope with a magniRcation of at least 30x
is necessary for examining larvae. Only Ijyslobus and Braciiyrhivus are extracted, Keifer
also differentiates T-rigonoscuta and Geoderces.
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pleurum (e) of last two thoracic segments with a long seta. The
STRAWBERRY ROOT-WEEVIL Brachyrhinus ovatus U

Seta I of scuto-scutellum and scutellum short, at most slightly longer
than II; only meso-and metapreepipleurum with a prominent seta,
epipleura with minute setae 4

4. Setae all rather long and attenuate, short setae not stout and spine-
like; sclerites of mentum not especially thickened. The BLAcK VINE
WEEVIL Brachvrhinus sulcalus Fabr.

Setae shorter, the short setae quite stout and spinelike; sclerites of
mentum notably thickened behind junction of cross pieces. The
ROUGH STRAWBERRY ROOT-WEEVIL

Brachyrhinus rugosostriatiss Goeze

KEY TO THE GENERA AND SPECIES OF PUPAE
Ventral apical abdominal segments with transverse rows of more or

less conspicuous setae; not more than six setae in the posterior
row on the pronotum (Brachyrhinus) 2

Ventral apical abdominal segments without transverse rows of setae;
eight set in the posterior row on the pronotum (Dyslobus) 4

The outer pair of setae in the anterior row on the pronotum arising
from conspicuous conical tubercies. The BLAcI VINE WEEVIL

Brachyrhinus sulcatus Fabr.
None of the setae on the pronotum arising from conspicuous

tubercles 3
Six setae arranged in pairs in the anterior row on the pronotum not

arising from tubercles ; four setae each in the middle and posterior
rows, the two median setae in the posterior row approximate. The
ROUGH STRAWBERRY ROOT-WEEVIL

Brachy.rhinus rugosostrialus Goeze
Four setac in the anterior row on the pronotum arising from small

tubercies (Following Barrett (17)). The STRAWBERRY Rooi-
WEEVil Brachyrhinus ovatus L.

A pair of lateral sctae between the middle and anterior rows on the
pronotum. The DECORATED STRAWBERRY ROOT-WEEVIL

Dyslo bus decoratus Lec.
Only a single seta on either side of the pronotum between the middle

and anterior rows. The WESTERN STRAWBERRY ROOT-WEEVIL
Dyslobus ursiflus Horn

KEY TO THE GENERA OF EGGS
1. Eggs white, always twice as long as wide, somewhat kidney shaped

Dyslobus species.
Eggs brown, spherical or oval, length never more than slightly longer

than wide Brachyrh inns. species

SUMMARY OF CONTROL MEASURES
FOR BRACHYRHINUS

The problem of finding a practical control for the Strawberry Root-Weevils
has occupied the attention of entomologists, horticulturists, and other persons
for a great number of years. Investigations for the control of the Strawberry
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Root-\Veevil (B. ovatus) began with the finding of it as a strawberry pest iii
Michigan by Weed (208) in 1884. Further investigations in this country are
those conducted by Cooley (40, 41) in 1904; Patch (151) in 1905; Treherne
(186, etc.) in 1912 and later; Lovett (132) in 1913; Melander (138) in 1917;
Downes (48, etc.) in 1920 and later; Melander and Spuler (142) in 1926; and
Mote and \'Vilcox (145) in 1927.

The problem of the control of the Black Vine Weevil (B. sulcalus) has
been before the entomologists of Europe, North America, and Australia for a
long time. It was first reported as a pest by Bouche (26) in Germany in 1834
and by Westwood (212) in England in 1837. The most complete study of this
species that has been found is that of Feytaud (60-70) beginning in 1906, in
France. More recent studies include the later ones mentioned for the Straw-
berry Root-Weevil (B. ovatus) and the studies made by Thiem (185) in 1922 in
Germany, and by Smith (174, 175, 176) in 1927 in Pennsylvania.

The Rough Strawberry Root-Weevil (B. rugosostriatus) has been studied
rather incompletely, but the more important facts are given by Mote and Wilcox
(145) and by Browne and Keifer (32).

NATURAL CONTROL

Natural control, or the action of such agencies as weather conditions, soil
conditions, parasites, predators, etc., probably is of more value in keeping these
insects in control than any other means. The value of these agencies in most
cases is hard to estimate as so little is known about them.

Weather conditions. Weather conditions apparently have some effect
on the insects as usually it is only in the coastal and more humid places that
they are found to be injurious. Dry, arid, or semi-arid conditions do not seem
favorable for their rapid reproduction.

Soil types. Soil types also seem to influence these insects as they
seem to be more injurious on the lighter soils such as sand, humus, or peat soils.
Heavy clay soils are almost impenetrable by the larvae, as has been pointed out
by Smith (174). Reh (160) and Feytaud (67) have found the Black Vine
'Weevil (B. sulcatus) more prevalent on the lighter soils. Fernald (58) states
in regard to the injury by the Strawberry Root-Weevil (B. ova/us) in a forest
nursery that the attack was most severe on light and sandy soils. It is most
injurious in the Parkdale district in Oregon where the soil tends to sandiness.
(TypeParkdale loam).

Predators. Birds, insects, mammals, reptiles, arachnids, and plants
play their part in the control of these insects.

Birds, especially poultry and most of all turkeys have been found to destroy
large numbers of the insects when allowed to follow the plow. This has been
observed by Feytaud (61, 67), Lovett (132), and Treherne (189). Feytaud
(70) reports that quail eat Brachyrhinus; Kalmbach and Gabrielson (113)
report finding B. ova/us and B. sitica/us in the stomachs of the starling; Theo-
bald (182) says several other birds such as tits (Paridae), fly-catchers (Musci-
capidae), and some warblers (Sylviinac), also devour B. sulcatus; and Weed
(208) found B. ova/us in the stomachs of crow-blackbirds, robins, and other
species.
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Insect predators reported by Feytaud (61) are the Carabid, Carabus aura-
/us, the Staphylinid, Ocypus olens, and the wasp, Cerceris arenaria. Curtis
(99) probably gives the first report of C. arenaria collecting and burying the
adults of B. sulca/us in its nest. Weed (208) found that Carabids ate the pupae
of B. ova/its in a bottle. Lovett (132) found adults and larvae of Carabids
numerous about strawberry hills and Treherne (189) found thc Carabid Arnara
(Celia) farcta eating the adults and larvae of B. ova/us. Downes (50) found
the larvae of Therevidae predacious on the larvae of B. Ova/Us.

Toads were considered by Thiem (185) to be of little importance; but
Weed (208) found that immense numbers were eaten by toads and frogs. In
one frog he found 8 whole beetles and numerous fragments of others, and
thought it to be a common element of food in the frog species Rana haleciva
and R. clarni/ans. He found 5 beetles of B. ova/us in the stomach of R. claiii-
tans. Harrmngton (98) found a great quantity of B. rugifrons in the ejecta of
toads, and concluded that 50 or more were required for one meal. Feytaud
(67) also considered these animals important.

Arachnida have been found preying on these insects and have been consid-
ered of importance by some authors. Thiem (185) did not consider mites of
much value; Lovett (132) found a Gamasid mite feeding on the eggs of
B. ova/us, and found two species of spiders attacking the adults; as high as 18
adults were found in a single web. Treherne (189) found one species of spider
attacking B. ova/us.

Moles were considered important predators of B. ova/its by Treherne (189),
and Theobald (182) says, "Moles are also very fond of the maggots (larvae)
and destroy numbers of them in raspberry and strawberry beds."

The skunk is considered a great enemy of B. ova/us by Weed (208). In
the fecal mass of one of these mammals found in the college garden, he dis-
closed the remains of more than 200 of these weevils.

Hedgehogs and shrews are considered of great value as predators on
B. sit/ca/us by Feytaud (62), and Feytaud (67) even suggests that the hedge-
hogs be introduced as control agencies. He thinks that the damage they might
do would be more than compensated for by their value in controlling B. sulcatus.

Animal parasites. Weed (208), Lovett (132), and Treherne (189) were
unable to find any parasites af B. ova/us. Feytaud (62) says the Braconid,
Blacus tuberculalus, and some Diptera were parasitic on Brachyrhinus.
Thiem (185) says, "the Tachinid parasite from larvae (B. sn/ca/us), believed
to be Pandellema sexpunc/ala Pand., seems to be of greater value (than
mites or toads)

Plant parasites. Insectivorous fungi that have been found to destroy
Brachyrhiuus are En/onioph/hora plusiae, and E. saccharina as listed by Feytatsd
(67), and potential enemies are F. phytouomi, Isaria des/rue/or, and I. denso.

CULTURAL CONTROL

Cultural practices have probably been the most efficient and practical
of all the methods used to control these insects up to the present time.
Although not perfect control measures in most cases, they tend to keep
the insects in subjection, and also usually insure the grower a more healthy,
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thrifty plant better able to withstand the attack of the insects. Cultural
practices also yield him a better return in money for his efforts. Cultural
practices have been arranged under several headings as follows:

Crop rotation. Some of the many authors who have suggested crop
rotation as a means of control lot- these insects, are the following: Hender-
son (101), Melander and Heald (141), Patch (151), Dowries (50), Cooley
(41), and Treherne (189). Dowries (50) is probably the only investigator
who has conducted experiments showing the effectiveness of this method,
while the others have observed cases where rotation was of value Regard-
ing the evils of continuous cropping, Downes (50) says, The constant
cropping of land with strawberries cannot be too strongly condemned
Such a practice not only exhausts the soil but is responsible for a tre-
mendous increase and concentration of weevils and other pests." The
rotation recommended by Downes (50) is as follows:

First year plant strawberries
Second year first crop of strawberries
Third year second crop berries, plough and plant

fall wheat
Fourth year fall wheat with clover
Fifth year clover sod, manure if possible
Sixth year potatoes, prepare land for strawberries

the following spring
A similar system of crop rotation is now being used in Oregon and

differs mainly in that three or four crops of berries are usually harvested.
Growers have found, even if weevils are not present, that rotation is
absolutely necessary, since probably no other plants exhaust the soil as
do strawberries. A legume, vetch or clover, is essential to build up the
humus and nitrogen content of the soil the second year previous to
planting. A cultivated crop such as kale, soy-beans, millet, or corn should
immediately precede the strawberries. This is essential both for weed
control and for weevil eradication. The potato is a Rhizoctonia-suscepti-
ble crop, and it is therefore not advisable to plant strawberries after
potatoes.

Time of plowing. The time of plowing old patches is important in
eliminating weevils from the plantation. Peirson (152), Fernald (58), and
Pettit (154) recommend plowing and cultivating the patches in June and
say that numbers of larvae and pupae can be destroyed in this manner.
Though there may be considerable truth in these statements, a large
percentage of the insects would probably escape this treatment and migrate
to other patches to lay their eggs. Plowing immediately after harvest, as
practiced by large numbers of growers, should be strongly condemned,
as this merely serves to drive the weevils from that patch to others in
order to complete their oviposition. The time of plowing old patches
advocated by the writers is that recommended by Downes (50) and Mote
and Wilcox (145). Complete eradication of the weevils from plantings
by this method have been reported by Downes (50) for the Strawberry
Root-Weevil (B. ovatus) and by Smith (171) and Tjrbahns (198) for the
Rough Strawberry Root-Weevil (B. rugosostriatus). By this method the
plants are plowed in the fall, August or September, and lifted and burned.
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The ground is then plowed and cultivated for a period of six weeks and
then planted to fall crops. This method, instead of attempting the destruc-
tion of pupae and full-grown larvae, which are both quite hardy, as would
be the case with spring plowing, directs its attack upon eggs and young
larvae that succumb more easily to starvation and adverse weather
conditions.

Unbroken or sod land should be handled much in the same way as an
old strawberry patch. It should not be planted to strawberries except
following at least one cultivated crop. The reasons for this will be
obvious from the following reports: Fletcher (74) reports that a corres-
pondent had found the Black Vine Weevil (B. sulcalus) injurious on
strawberries planted on newly plowed sod, but very few in adjacent patches
not planted on sod. Cooley (40) also says, Weevils (B. ova/us) already
in soil before planting; starve out before putting in strawberriesdo not
plant on newly broken land." Treherne (191) considered all three species
of Brachyrhiuus primarily grass infesting.

Cultivation. Gossard (90) and Patch (151) suggest that clean cultiva-
tion would assist in control. This no doubt is important especially on
adjacent fields, fence rows, ditch banks, and other places that may serve as
breeding places for the weevils from which they may migrate to the straw-
berry patches. Thiem (185) considers, "starving out methods of little
value because of the marked migratory habits of the weevils." Feytaud
(67) is of the same opinion as Thiem and says, 'Destruction of food plants
is of little value as they can live on vine the year around." Even on such
a long-lived plant as the vine, the writers cannot see but that clean cultiva-
tion would be of value, and of course it is much more valuable since the
development of the baiting method of control.

Time of planting. Cooley (40) recommends that planting be delayed
until the beetles have deposited their eggs; with some crops this is, no
doubt, a valuable suggestion. With strawberries in Oregon, however,
there seems to be no choice as to planting time. An equal number of
plantings have been made in the late fall and the early spring, with appar-
ently no appreciable difference in growth by the next fall.

Selection of plants. Melander and Heald (141) recommend the plant-
ing of varieties that yield well the first year and can be plowed under the
second or third year. Lovett (132) and Childs (36) recommend the selec-
tion of plants from non-infested districts, and also advocate the destruction
of the soil and packing about them. Treherne (189) could find no differ-
ences of immunity in the commercial varieties grown in British Columbia.
He says, "Certain varieties of strawberries may resist an attack better
than others, but this degree of resistance is not resultant from any
standard of immunity possessed by the variety so much as by the produc-
tivity and vegetative capabilities of that variety." If proven standard
varieties are grown, and if vigorous, well rooted plants of these varieties
are selected for new planting, the planting will have a good chance to get
well established to withstand limited attacks of weevils.

Fertilizers. Occasionally reports are received at the Experiment
Station that growers have been able to control the weevils by applications
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of fertilizers in the fall or spring. Usually the recovery of the plants the
following summer can be attributed to a lack of activity on the part of
the weevils, and in some cases this recovery may be attributed to weather
conditions, rather than to any insecticidal effect that the fertilizer might
have had. The following maxim by Treherne (186) will serve to make
this point clear: "If no injury to the plantation has become apparent by
the end of June of one year, no further injury will become apparent that
year, or, in other words, the plants attacked in the spring of one year have
reached their highest degree of injury by the end of June, and for the
remainder of the year they tend to improve and re-establish themselves in
the soil."

Schaffnit and Lustner (167) have reported control of B. sulcatus on vine
by the application of 7 ounces of Kainit per plant in the dormant season.
This amount per strawberry plant would mean that the growers would
have to apply 20 times more fertilizer to their plants than they are now
doing.

Applications of commercial fertilizers to strawberry plantings are
necessary, however, in order to realize the most from the patch. Commer-
cial fertilizers are preferable to barnyard manure, because barnyard manure
carries weed seed, and because weevils might be introduced into the patch,
as the following report by Thiem (185) would indicate: "Barnyard manure
is a source of food for the larvae, and by applying manure you are also
introducing the weevils."

Greenhouse practice. Regarding the weevils as pests in greenhouses
Dyckerhoff (55) says, "Larvae in greenhouses, introduced in peat, can be
prevented by storing soil a year or by sifting it." Boisduval (22) recom-
mends repotting plants and obtaining clean roots. Kemner (114) recom-
mends, "that infested pots be replanted or placed in water for some time."
Sod, manure, peat, leaf mold, sand or other materials used in the compost
should be examined thoroughly for larvae before being used, as they are
evidently the means by which B. .culcatus mainly gains entrance to green-
houses and potted plants.

Trap crops. Feytaud (61) found that by planting alfalfa between the
vine rows he could attract the weevils away from the vines as they were
very fond of this plant.

ARTIFICIAL CONTROL

Many artificial methods for the control of these insects have been
recommended and experimented with, none of which has proved very
satisfactory except the poison bast method. In the following paragraphs
the methods that have been used are summarized.

Collection of adults. This method has been recommended several
times, especially in the case of B. sulcalus. Hand picking the adults at
night with the aid of a lantern or shaking them off the plants onto a sheet
or basin of liquid, are essentially the operations suggested. This method
has been recommended by Bolton (23), England; Feytaud (61, 62, 64, 67),
France; Kemner (114), Sweden; McDaniel (136), Michigan; and Palmer
and Westell (149), England.
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Although this method of control might seem to be rather crude com-
pared with present-day methods of fighting insects, its effectiveness was
demonstrated by Feytaud (62, 67, 69) in France in 1914. A syndicate of
growers formed in that year collected 204 pounds or 1,400,000 adults, almost
all before oviposition. This campaign diminished the infestation in 1915
and 1916, and there was almost a total disappearance in 1917. The cost .of
this campaign was approximately $462 for 150 acres, and the beetles did
not again increase to injurious numbers until 1923.

In houses Gossard (90) suggests sweeping the beetles from the walls
into pans containing kerosene and water, and Patch (151) suggests sweep-
ing them up and destroying them.

Trapping. Trapping by means of boards, bundles of moss, leaves or
straw, burlap, old waste sacking, hay, inverted flower pots filled with
excelsior, heaps of weeds, and tufts of wood and wool seem to be more
popularly recommended, but are evidently not as efficient as collecting the
adults at night. The traps are placed on the ground in the evening and
examined in the morning, when the beetles are destroyed by either picking
up and killing or by burning the inflammable materials. Fernald (58) says
that the traps are more effective in hot weather. These various suggestions
come from the following sources: Barbey (16), France; Fernald (58),
Massachusetts; Feytaud (64), France; Lovett (132), Oregon; MacDougall
(134), Scotland; Ormerod (148), England; Peirson (153), Maine; Weigle
and Sasscer (209), United States; Reh (160), Germany; Weiss (210), New
Jersey; and Treherne (189), British Columbia.

Trap lights. Treherne (189) considered trap lights of no attraction to
the weevils. In fact the habit of hiding in the daytime indicates that the
weevils are either negatively phototropic or thermotropic.

Flooding. Where practicable, flooding is satisfactory for the control
of these insects. Crowley (45) says that the insects can be held in check
by winter flooding on cranberry in Washington; Feytaud (61) reports good
results with immersion, in Greece; Feytaud (67) says that submersion
where possible is a successful remedy. Contrary to this, Feytaud (62)
considers prolonged submersion impracticable, and Melander (138) con-
siders, "Submergence for two days not effective." Lovett (132) found
that in certain sections, where irrigation of the berries was practiced,
community irrigation ditches spread the weevils in the water, and says that
private pumping plants were more desirable.

Barriers. Barriers of 2" x 10" lumber set on edge around the Straw-
berry plantings to prevent the weevils from coming into the patches have
been used by Lovett (132), Treherne (189), and Downes (50, 51). The
boards were either smeared with tangle-foot or a groove cut in the top
of the boards and filled with crude oil. The crude oil barrier was considered
by Downes (51) to be most satisfactory and, although not perfect, was
considered of great value in British Columbia where it has been used
quite generally. The initial cost of a barrier for an acre varied from $70
to $100. Childs tested this method (oil barrier) at Hood River, inclosing
more than two acres. Wind blew the oil from the grooves and dust covered
the tangle-foot at joitits to the end that the barrier was effective for not
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more than two or three days. This method is of no value under conditions
existing at Hood River.

In connection with his barriers Downes (51) also used traps that were
very satisfactory. These consisted of tin cans sunk in the ground so that
their tops were level with the surface of the soil and one side of the can
was next to the barrier. These were filled with kerosene and water, and
as the weevils tended to follow along the outside of the barriers, thousands
dropped in. In one such trap, Downes (51) counted 44,600 weevils, and in
another 17,000.

Ormerod (148) has suggested the use of a sticky band around trees.
Treherne (189) tried filling a furrow in the ground with road oil but
decided it was impractical.

Carbon bisulfide. This material has been used by a number of investi-
gators with varying results. Britton (29) suggests the use of this material
in late summer. Feytaud (61) says that carbon bisulfide is very efficient,
but not always susceptible to application," and also (62) that carbon
bisulfide is too costly and very little used because of sandy nature of soil."
Swaine (181) says, Carbon bisulfide has no effect on larvae." Thiem
(185) says, "Carbon bisulfide fumigation can be used in summer and
autumn and although largely used the experimental results with it have
been bad." Treherne (189) says, Carbon bisulfide killed larvae when
injected into the soil but was also detrimental to the plants."

Melander (138) reported good results with carbon bisulfide fumiga-
tion using the following method. The strawberry rows were covered with
a 30-foot canvas made air tight by painting with linseed oil and the sides
of the canvas covered with earth. Under the canvas at 5-foot intervals,
ounces of carbon bisulfide was placed in saucers. This method killed larvae,
pupae, and adults. Applied best a few days after crop is gathered and
before egg laying begins."

Cyanide. Cyanide has also been tried in several forms with various
results. Crowley (45) says that a solution of sodium cyanide, 1 ounce to
15 gallons of water, was effective on cranberries when used at the rate of
1 gallon per square foot of soil. Melander (138) used hydrogen cyanide
but found that it killed the plants. Schaffnit and Lustner (167) reported
that calcium cyanide was successfully used against the larvae of B. sulcalus.
Treherne (189) says, "Powdered potassium cyanide killed most of adult
weevils but also the plants."

Other fumigants. Thiem (185) used chloropicrin and found it to be
very effective against the weevils but seriously injurious to the vines.
Melander (138) tried the following poisonous fumes and gases with no
results - carbolineum, crude petroleum, gasoline, kerosene, turpentine,
chloroform, chlorine, and sulfur dioxide.

Greenhouse. MacDougall (134) says that the larvae can be destroyed
by incorporating naphthalene or vaporite in the soil. McDaniel (136)
recomniends that the grass sod used for soil be steam sterilized. Dycker-
hoff (55) says not to use heat or chemicals to sterilize soil. Smith (174)
has recently found that the incorporation of lead arsenate in the soil at the
rate of from .5 to 16 ounces per bushel of soil will kill the larvae. Weigle
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and Sasscer (209) suggest the use of tangle-foot around the benches in
greenhouses to prevent the migration of adults Kemner (114) says to
kill larvae in pots by placing them in water for some time.

Repellents. Several materials have been used as sprays that are said
to be repellent to the adults and to prevent migration and oviposition.
Fernald (58, 59) says a repellent spray of whale-oil soap, kerosene emul-
sion, and Black Leaf 40 was effective together with plowing and trapping.
Feytaud (61) says bordeaux mixture either with or without nicotine or
other materials has repellent action only for a short time. Feytaud (67)
said to apply repellents of bordeaux mixture, nicotine sulfur sprays, or
bordeaux with nicotine or aloes from May to September, to stop spread.
The repellent needs renewing every 8 or 10 days from June to August.
Poison sprays, such as arsenicals, require constant renewal and are useful
only as repellents. Lovett (132) tried numerous materials with the idea of
killing the grubs and repelling the beetles, with no results. Patch (151)
found that powdered sulfur, camphor, and pyrethrum did not repel the
beetles.

Burning. Burning the plants after harvest by piling straw on the
plants should kill the adults as they have been found to be very sensitive
to heat. Treherne (189) tried burning the plants with a gasoline torch,
and concluded it was of little value. Melander (138) also considers burning
of no avail.

Poison sprays. Considerable diversity of opinion seems to exist re-
garding the value of poison sprays. Anonymous (6) says that a spray
composed of 1 ounce of paris green and 2 pounds of lime in 19 gallons of
water is useful against B. .rulcatas, and Bernard (19) says that 2 per cent
bitter aloes added to copper sprays against mildew is also useful. Cooley
(41) says that lead arsenate spray has merely a repellent effect, finding
that the beetles fed on the crown after the application of the spray. Fey-
taud (61) says arsenicals and other insecticides act for short periods only,
and further states (67) that arsenicals and other sprays require constant
renewal and are useful only as repellents. Feytaud (69) more recently
says that the equal of 1 per cent of dry lead arsenate in a spray will kill
all the beetles in 5 days and can be combined with bordeaux for mildew.
Lovett (132) says beetles would not feed on foliage sprayed with lead
arsenate. Miles (143), for B. sitica/us on strawberries, says that 4 pounds
(paste) of lead arsenate to 100 gallons of water, sprayed about 14 days
before blossoming and again after blossoming, kills the adults. Palmer
and Westell (149) make about the same recommendations. Patch (151)
found that lead arsenate 4-50 sprayed on leaves killed the weevils in labora-
tory tests. Mote and Wilcox (145) reported good results for B. rugosos-
irio/us on strawberries with arsenical and fluosilicate dusts.

Miscellaneous methods. Cooley (40) tried dipping the plants in lead
arsenate solution before setting out and found it to be effective for several
weeks. Melander (138) found that crushing the soil with a sledge hammer
killed only about 50 per cent of the insects; and t]iat soaking the ground
with strong soapsuds, oil emulsions, and copperas solutions not only killed
the plants but also failed to affect larvae or weevils.
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Poison baits. Poison baits are now the accepted method of control for
the Strawberry Root-Weevils, supplemented by the cultural practices men-
tioned in the previous summary. The history of the poison bait method of
control is discussed rather completely under the Strawberry Root-Weevil
along with the experiments for the control of this species. The control
experiments for the other species are discussed briefly under each species.

THE STRAWBERRY ROOTWEEVIL*
INJURY TO THE STRAWBERRY

The Strawberry Root-Weevil is one of th most serious insect
pest of strawberries in the Pacific Northwest. Patches heavily infested
by this insect are either destroyed in two or three years or the yield in
berries is so reduced that the patch is unprofitable. "The appearance of a
field infested by weevils is characterized mainly by distinct areas, usually
circular, in which the plants are stunted. These spots vary in size from
1/20 to - acre. This peculiar spotted infestation can best be explained by
the fact that the weevils usually gain entrance to the field by crawling,
and being somewhat gregarious, naturally collect in groups. The plants
in this area are stunted at the end of the first year so that the adult weevils
move out to more healthy plants to lay their eggs. This instinct on the
part of the weevils to seek out healthy plants is quite pronounced." Quota-
tion from Mote and Wilcox (145).

Individual plants affected by weevils have been described by Downes
(30) as follows: "Instead of showing a vigorous growth in the spring, the
plants have a stunted appearance and the leaves are closely bunched
together and take on a dark bluish-green color. If an examination is made
all the fine feeding roots of the plant will be found to have been destroyed
and nothing remains but a few hard fibrous roots and the crown, and even
the latter may be partly eaten in the case of a heavy infestation. Those
plants which survive a heavy attack will produce a poor crop of undersized
berries and later in the season, with the advent of hot weather, will wither
and die."

This damage to the root system is done entirely by the larvae. The
small larvae feed entirely on the small rootlets, and as they get larger
they feed on the larger roots and even on the crown. Three types of root
injury are described by Treherne (189) as "nip, spiral, and split;" in one
case the root is cut off entirely, in the second the bark of the root is cut
off in spiral rings, and in the third the root is split longitudinally. Feeding
upon the crown (boring into, through, and around it) is not uncommon in
heavily infested areas, the larvae being forced to the crown due to shortage
of food. The adults feed on the leaves and stems of the plant and some-
times on the fruit, but this injury has never been found to be serious.

The following is a list of the places and the references where this
weevil has been recorded as a pest of strawberry: United States (4-6);
California (12, 198); Kansas (5); Illinois (79, 100); Maine (2, 151); Massa-
chusetts (126); Michigan (154, 208); Minnesota (133, 204); Montana (40,
41); New York (123, 130); Ohio (90); Oregon (5, 31, 36, 132, 145); Utah

B-achyrhinus OVtU L.
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Figure 1. View of strawberry field showing healthy three-year-old \Vilson plants.

Figure 2. View of same field in practically the same rows showing the result of weevil injury
on the plants.
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(4, 101); Vermont (4); Washington (3, 7, 52, 137, 142); \,Visconsin (144);
Canada, British Columbia (2, 8, 9, 10, 48, 50, 51, 52, 53, 54, 85, 89, 104, 105,
106, 107, 163, 186, 189, 191); Ontario (162).

It might appear from the above list that wide-spread damage is done
to strawberries by this pest in North America. The list is somewhat
deceiving, however, as it is only in Oregon, Washington, and British
Columbia that it has continued as a serious pest over a period of years.
Limited outbreaks have occurred in other states; namely, Montana, Michi-
gan, and Maine, but apparently the damage was not wide-spread nor did
it last over a period of years.

INJURY TO OTHER CROPS

Although primarily a pest of strawberry, the Strawberry Root-Weevil
is not confined to this plant alone. Considerable damage has also been
done to raspberry, loganberry, blackberry, and cranberry in the Northwest,
especially raspberry and cranberry.

In the coniferous forest nursery, this pest also seems to find conditions
extremely favorable. It has been reported doing damage to such plants in
the following places: Connecticut (28, 29); Massachusetts (58); Sweden
(177); France (16); and Germany (160). The loss in Massachusetts in
1916 amounted to $15,000; and in Sweden in 1923 more than 400,000 three-
year-old spruce trees were destroyed. Fernald (58) regarding the infesta-
tion in Massachusetts says, First noticed May 13 in beds of two-year-old
white pines, the tops turned brown, the larvae having girdled the stems
and roots at from 1 to 3 inches below the surface of the ground. Entire
beds were destroyed while larger trees in blocks also showed considerable
infestation." Other varieties attacked were red pine, Scotch pine, Juimi-
perus virgi-niana, blue, Douglas, and Norfolk spruce, and even sugar maple
seedlings in the two-leaf stage were attacked, in some cases severely. The
injury in Sweden was done by the larvae stripping the bark off the roots,
although the adults fed to some extent on the needles in the spring. Several
coniferous nurseries in Oregon and Washington have suffered serious
damage on several occasions. McDaniel (223) has recently noted injury
of this type in Michigan.

A HOUSEHOLD PEST

Another habit of the weevils that to a certain extent cannot be classed
as injurious but which in a number of cases has caused considerable alarm
is that of making their way into households in the spring and fall. This
habit has been observed a number of times in Oregon and the following
cases have been recorded in the literature: Maine (2, 151); Ohio (90);
Illinois (100); New York (123, 124, 125, 126, 127, 128, 129); Michigan (161);
and British Columbia (188). The following quotations from Patch (151)
will serve to illustrate how they are regarded in the household: "We have
been overrun with the hateful pest. I killed more than 400 one evening
in the front room. They travel all over the house and crawl from the
baseboard to the ceiling only to drop to the carpet and try it over and over
again. They hide under any protection, carpet, clothing, bedding, and arc
a general nuisance.'
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EARLY HISTORY IN NORTH AMERICA

The early history in North America is given by Wickham (213) in
1894, who gathered his information from the literature and from corres-
pondents in various parts of the country. The first report is that given
to him by Samuel Henshaw, who states in correspondence: "The Leconte
collection contains a specimen of ovatus, No. 1952 of his manuscript cata-
logue. Against this number Dr. Leconte wrote, Pear tree, Harris, Mass.'
As Harris collected all his beetles between 1820 and 1852, ovatus must have
been here (Massachusetts) as early as 1852." Other records gathered
by Wickham and not readily found in the literature are: Cambridge, Mass.,
1865 and 1874 (Henshaw); Allegheny, Penn., 1875 (Hamilton); Detroit,
Mich., 1878 (Hubbard and Schwarz); Hanover, N. H., 1880 (Henshaw);
Iowa City, Iowa, 1886 (Wickham); Laramie, Wyo., 1893 (Niswander); and
Santa Fe, N. M., 1894 (Cockerell).

Cooley (40) gives in addition the following early reports: Minnesota,
1895 (Lugger); Missoula, Mont., 1897 (Wilcox); Bozeman, Mont., 1899
(Cooley); and Lake Washington, Wash., 1904 (Melander).

EARLY HISTORY IN OREGON

The early history in Oregon is given by Lovett (132) as follows:
The first report we have on file of this insect as a strawberry pest in the

state is in 1900 near Montavilla. In 1908 Professor J. C. Bridwell, then of
this department, visited the Milton-Freewater district and collected con-
siderable data concerning this pest." In 1913 Lovett (132) gives the
localities where this pest had been found in the state as follows: Mt. Ta-
bor, Gresham, Oswego, and Russelville districts about Portland, in the
Walla Walla Valley, and in small numbers at Hood River. He further
says, So far we have no authentic report of its occurrence south of a line
roughly estimated as running east and west through McMinnville." As
stated previously, the weevil now occurs practically everywhere in the
state that strawberries are grown.

GEOGRAPHICAL DISTRIBUTION

The Strawberry Root-Weevil although an insect of wide distribution
has never been reported from outside the northern hemisphere. In injurious
numbers it is also apparently confined to the northern part of this hemis-
phere. The following is the distribution as we have traced it:

North America (20, 44, 130, 111, 112, 121) ; United States: California
(12, 56, 198) ; Connecticut (28, 29) ; Kansas (5) ; Illinois (3, 79, 94, 100)
Indiana (21) ; Iowa (95) ; Maine (2, 151) ; Massachusetts (1, 58, 59, 126,

152, 214) ; Michigan (94, 154 ,155 161, 208) ; Minnesota (133, 204)
Montana (40, 41, 42, 43) ; New England states (21, 94, 108) ; New Hamp-
shire (214) ; New Mexico (21, 38, 57) ; New York (21, 123, 124, 125, 128,

130) ; Ohio (90, 206, 207) ; Oregon (5, 31, 36,132, 145) ; Pennsylvania
(94, 96, 214) ; Utah (4, 101) ; Vermont (4) ; Washington (2, 3,4, 7,45,81,
82, 83, 137, 142) ; Wisconsin (144); Wyoming (21) ; Canada (157)
British Columbia (2, 8, 9, 10, 48, 50, 51, 52, 53, 54, 85, 89, 104, 105, 106, 163,
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186, 188, 189, 191, 192, 193, 194, 195, 196, 197) ; Newfoundland (21) ; Nova
Scotia (94, 97, 98) ; Ontario (21, 72, 162) ; Ottawa (72) ; Quebec (84,
94)

Ewrope (111, 122) : Czechoslovakia (159) ; England (88, 108)
France (16, 111, 118, 208) ; Germany (160, 208) ; Italy (208) ; Spain
(208) ; Sweden (47, 177).

Asia: Central Asia (Ill) ; Arctic and Western Siberia (94) ; Siberia
(108).

The distribution of this insect in Oregon has been shown by Mote and
\\Tilcox (145), and it can be said that the insect now occurs practically every-
where that strawberries are grown on a commercial scale. This includes the
extensive berry plantings in the Willamette, Hood River, Walla Walla, and
Rogue River valleys. Figure 3 shows the distribution in the state at the
present time.

Figure 3. Map of Oregon showing areas from which the Strawberry Root-Weevils have
been reported.

COMMON NAME

Many common names have been applied to this insect, mainly in the
literature of the United States and Canada. Weed (208) in 1884 applied
the name, Strawberry Crown-Girdler," a name that has existed and is
in use in the literature at the present time. Since then many names have
been proposed or have been used; they are as follows: Lintner (129) in
1895 calls it The Ovate Snout-Beetle;" Hamilton (94) in 1889, The Grave-
yard Bug," because he had collected specimens in a local cemetery and
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believed it to have been introduced on cemetery shrubbery from Europe;
Lugger (133) in 1899 terms it "The Pitchy-Legged Otiorhynchus;" Tre-
herne (186) in 1912 appears to be first to apply the name "Strawberry Root-
'vVeevil ;" Lovett (132) in 1913 says it is commonly referred to by growers
as the Strawberry Grub' but prefers the name used by Treherne; Fletcher
(74) in 1905 and Gibson (84) in 1913 call it the 'Sleepy Weevil;" Hewitt
(104) in 1916 calls it "The Strawberry Weevil;" and Mote and \'Vilcox
(145) in 1927 "The Small or Common Strawberry Root-Weevil," to dis-
tinguish it from the other species.

The name "Strawberry Root-Weevil" has recently been approved as
the accepted common name for this species by the committee on common
names of the American Association of Economic Entomologists.* This
appears to be the most appropriate name and is justified by Treherne
(186) as follows: "Considering the facts that the larvae of this weevil
work entirely on the main and fine roots of the plant and do not normally
appear to attack or 'girdle' the crown, and from the prevalence of this
species in strawberry plantations over 0. sulca/us and 0. rugifrorts, the
name 'Strawberry Root-Weevil' is now suggested as a general name for
0. ova/us." Lovett (132) regarding the name says: "In my observations,
the habit of girdling the crown is rather exceptional, the majority of the
grubs feeding on the small, fibrous, lateral rootlets. When they attack the
crown, the habit of burrowing straight through it is just as common as that
of feeding around it. So, while realizing that a mass of common names
tends but to confuse, the author feels justified in adopting the name
STRAWBERRY ROOT-WEEVIL."

HOST PLANTS

The Strawberry Root-Weevil has well earned the name of an omnivor-
ous insect as the following list of host plants will show:

Adults
Apple fruit (186, 189)
Apple leaves (79)
Beet (159)
Blackberry (189)
Blue-grass (79)
Borage leaves (79, 189, 208)
Cabbage (84, 129, 189)
Cauliflower (84, 189)
Cherry (189)
Corn (189)
Corn stalk (79)
Currant (189)
Dahlias (bloom) (189)
1-lemlock (189)
Loganberry (189)
Muskmelon (foliage) (189, 206)
Neottia (Opisius) nidus-avis (111, 118)

Orchid (fruit) (189)
Peach (foliage) (155)
Peach (fruit) (186, 189)
Pears (fruit) (189)
Potato (72, 189)
Pumpkin (79, 189)
Raspberry (foliage) (41, 186, 189)
Raspberry (fruit) (186, 189)
Red clover (189)
Roses and other shrubbery (189)
Sorrel, Runex acetose/la (189)
Strawberry (see page 31)
Sweet Briar (wild rose) (47)
Wheat (79, 189)
Wild Buckwheat (189)
Wild Rose (189)

Patch (151) in 1905 conducted some laboratory tests with this weevil
and found that in confinement they would eat the following plants:

Jr. Ec. Ent. v. 26, No. 6 p. 1170, 1933.



Larvae

Apple
Asparagus
Basswood
Bean
Birch
Blackberry
Box elder
Cauliflower
Celei'y
Chickweed
Cottonwood
Currant
Dahlia
Handel iii
Fall dandelion
Flosvering currant
Geranium
Gooseberry

Horseradish
Iris
Lasvn grass
Lettuce
Maple
Mountain ash
Mulberry
Nasturtium
Night shade
Oak
Pea
Peony
Plantain
Radish
Raspberry
Red clover
Red clover (blossom)
Roman wormwood

Alfalfa (93)
Apple-young (72)
.Arhot' vitae (1)
Balsam (189)
Balsam root, Balsantorhiza sagittata

(41, 186)
Beet (159)
Blackberry (82, 132, 189)
Bluegrass (186, 207)
Blue spruce_young (58)
Cabbage (54, 129)
Clover (132)
Red clover (54)
Cranberry (45, 142)
Conifer seedlings (54)
Currant (41)-young (72)
Douglas fir-yottng (58)
Hemlock young (28, 29, 189)
June grass (100, 151)
Juniperiii viigitLiafla-young (58)
Loganherry (83, 132, 189)
Norfolk spruce-young (58)
Oak (48, 54)
Peach tree (186, 189)
Pear-young (72)
Perisvinkle, l7inca minor (50, 54, 186,

189)

Rose (bloom)
Rhubarb

Sell STeal"
Sorrel
Spirea
St rasvberry
Svringa
Tartarian honeysuckle
Thistle
Timothy grass
Turnip
White clover
White clover (blossom)
Wild cherry
Willow
Wolf weed
Woodbine

Pitch fir--young (16)
Pine (160)
Pan f/asia (100)
Poa pratensis (186, 189)
Pen terotina (100, 151, 186, 189)
Polyanthus (50, 54)
Potato (186, 189)
Potentillo glanduosa (41, 100, 186, 189)
Quack grass, Agropyross s-epens (145)
Raspberry (43, 51, 186, 189)
Red clover (45)
Red pine-young (58)
Rhubarb (186,189)
Scotch pine-young (58)
Snowberry, Syniphoricarpus racemosus

(48, 54)
Sorrel, Ru,ncx acefosetla (186, 189)
Spruce-three-year (177)
Strawberry (see page 31)
Sugar maple-seedlings (58)
Timothy (41, 101, 151, 186, 189)
Trefoil, Trifo]iuru dubium (50, 54)
\Vhite clover (101, 151, 186, 189)
\Vhite pine--young (58)
\Vild strasvberry (100, 101, 151)

DESCRIPTIONS OF THE VARIOUS STAGES

The adult. The following description is taken from Blatchley and
Leng (21). Oblong-oval. Piceous, shining, antennae and legs reddish
brown. Beak flat, coarsely, closely and rugoscly punctate; front with a
deep oblong puncture. Thorax subglobose, base and apex truncate, disc
with numerous elongate tubercles or ridges separated by deep grooves.
Elytra oval, the striae more distinct on the sides, marked with rows of
large rounded punctures; intervals flat or feebly convex, they, as well as
the ridges of thorax, bearing numerous short, yellowish, semi-prostrate
hairs Length .19 to .24 inch."

For additional characters see the Key to Species, page 19.

THE ROOT-WEEVILS INJURIOUS TO STRAWBERRIES 37



38 AGRICULTURAL EXPERIMENT STATION BULLETIN 330

The larva. The following description is taken from Keifer (115).
"Length .31 inch. Body not tapering quite as much as in the four following
species. Ocellar pigment absent; paragnaths with short spinules; sclerites
of mentum not unusually thickened. Seta I on all segments long, much
longer than II and as long as III or nearly so; I of metascutoscutellum
long, II rather short, III very long, IV moderately long; a prominent seta
on meso- and metaepipleurum; pedal lobes with eight setae, five, of which
are prominent; integument discontinuously spinulate with dorsal spinules
from the mesothorax to the eighth abdominal segment; scutellum of eighth
with II short, no shorter than IV, slightly anterior; each side of dorsum
of ninth segment with three set at the points of a triangle, apex forward.

"Brachyrhinus ova/us is our smallest immigrant of the genus and is a
destructive pest which has not yet gained much of a foothold in California"

See also the Key to the Larvae, page 21.

The pupa. The following description was made by Barrett (17).
'Head exposed, flexed against the prosternum; mandibles transverse

to body axis; dorsal surface with twelve recured setae arising from
tube rcles.

"Proriotum evenly convex; base truncate basal angles broadly rounded;
sides arcuate, with two setae; apex arcuate, with four recurved setae
arising from tubercies; central area with two small setae.

"Elytra without any trace of striae.
"Legs prominent laterally, not appressed against the body, distinctly

compressed and comparatively broad; tarsi indistinguishable; distal end
of femur with two, unequal, strongly recurved setae arising from tubercles.

"Abdominal segments convex dorsally, less so ventrally; dorsal sur-
face, except last two segments, with but few feeble setae, last two segments
with longer and more robust setae; apex terminating in two chitinous,
brown tipped, spine-like processes.

"Color of alcoholic specimens yellowish white, setae brown, append-
ages somewhat semitranslucent.

"Length .27 inch; width from knee to knee .13 inch."
See also the Key to Pupae, page 22.
The egg. Oblong oval, .015 inch wide by .019 inch long. Pearly white

when first laid but changes to an amber color within 24 hours.

SEASONAL HISTORY

In general the seasonal history of the Strawberry Root-Weevil can be
related as follows: Winter is passed in the ground as larvae from half to
full grown in a dormant condition. Feeding continues in the spring with
the coming of warmer weather. In April and May the larvae form oval
earthen cells in the soil and change to the pupal stage. They remain as
pupae for about three weeks and then change to adults. After several
days, in which time their bodies harden, they make their way to the surface
of the ground where they feed on the plants at night and remain inactive
about the base of the plants during the daytime. After about two weeks of
feeding they begin to lay eggs, in May or June, and continue to lay eggs
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until Septembet-. The eggs hatch in about three weeks, and the young
larvae work their way into the soil and feed on the roots of the plants
until October or November at which time they are from one half to full
grown.

In the seasonal history, variations occur that in the main are unac-
counted for. In the Hood River district apparently a large percentage of
the adults that emerge in the spring (June) do not complete their oviposi-
tion by September and overwinter as adults, mainly about the base of the
plants. They again become active about blossoming time and commence
to lay eggs in May and continue to lay eggs the remainder of the summer.
These eggs hatch and the resulting larvae act much in the same manner
as do the larvae resulting from the eggs laid by the adults emerging in
the spring. These numerous overwintering weevils were found at an
elevation of about 1,800 feet in the Parkdale district of Hood River county.
In the Willamette Valley, at elevations of from 200 to 300 feet, practically
no weevils overwinter and they have not been of sufficient importance to
warrant the application of special control measures. Downes (50) reports
that the overwintering weevils laid but few eggs compared to those laid by
the weevils emerging in the spring, the highest average obtained from them
being 78 per individual in 1919 and 66 in 1920, while the other weevils
averaged from 150 to 200 eggs per individual. Although Downes (50)
makes no statement as to the numbers of overwiritering weevils, appar-
ently they are much more numerous in British Columbia than they are in
the Willamette Valley, but less numerous than they were found to be at
Parkdale. Evidently the shorter growing season caused in one case by
higher latitude and in the other by higher altitude shortens the oviposition
period, and the weevils remain over winter in order to complete their
oviposition.

Another variation in the seasonal history is that reported by Spessivt-
seff (177) in 1923, in Sweden, where the adults transform in the autumn,
hibernate in an immature stage in the ground, and oviposit in July and

August. Apparently this is another variation caused by an extremely
short growing season. Although comparable to a certain extent to the
seasonal history of Dyslobus species in the Willamette Valley in so far as
the overwintering of the adults is concerned, the difference in the length of
the growing season and the time of oviposition are not comparable.

LIFE HISTORY
The Adults

TIME OF EMERGENCE. The time of emergence of the adults varies with the
season and the locality. Treherne (189), Downes (50), and Lovett (132)
all seem to agree that emergence takes place in the latter part of May and
the first part of June. Downes (50), however, says that in the backward
season of 1920 the first date of emergence was June 10.

In the Willamette Valley the first date on which adults were found in
numbers in 1926 was April 28, while in 1927, in the same patch, it was May
23, actually 25 days later. At Parkdale, in Hood River County, the adults
had not emerged in numbers until June 4 in 1926, as determined by D. A.
Wilbur, although they had apparently been emerging for some time.

The time elapsing between the appearance of the first adult and the
last adult is about 30 days, although the majority, at least in the Willamette
Valley, change over much faster than this. In 1926 in one patch where
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no adults were found April 14, 90 per cent had changed to adults by April
28. In 1927 in a patch in which only 6.09 per cent adults were found on
May 30, 95.7 per cent had changed to adults by June 10.

The time after emergence that it takes the adult to reach the surface of
the ground varies with the moisture content and texture of the soil. In
loose soils it apparently takes only about two days while in heavier soils
it takes from 7 to 8 days. Treherne (189) found it took from 2 to 4 days
to reach the surface of the soil. Regarding this, Downes (50) says, The
adult is at first pure milky white like the pupa but commences to harden
at the end of 12 hours. At the end of 24 hours the color has changed to
a pale brown. Within 7 to 10 days the beetles are able to make their way
to the surface of the soil. In experiments, they have been observed to
reach the surface in 4 days but they were not completely hardened."

DURATION OF THE ADULT STAGE. The drrration of the adult stage, as has
been pointed out elsewhere in this bulletin, depends largely on weather
conditions. Under favorable weather conditions, such as in the Willamette
Valley where oviposition can be completed by fall, a large percentage of
the weevils die by the time winter weather sets in. A count made in one
unbaited patch the first of September in 1926 showed that 60 per cent of
the adults were dead. This would indicate that the average length of life
of the adult weevils in the Willamette Valley is about four months.

Counts niade at Parkdale in April 1927 showed that a large percentage
of the adults had overwintered. Records kept by Leroy Childs on these
weevils showed that they lived and laid eggs all summer. Downes (50)
indicates that the overwintering adults oviposit until August and says,
"The overwintered adults die shortly after their oviposition is completed."
The adults that pass the winter therefore live for about 15 to 16 months.

HABITS. The adults are nocturnal and gregarious. During the daytime
they remain hidden about the plants, under clods and dead leaves, and in
crevices under the plants. When disturbed they draw their legs and
antennae in close to their bodies and 'play possum." The beetles cannot
fly as their elytra are fused together along the dorsal median line, and
only vestiges of die second pair of wings remain underneath. They come
out only at night and feed on the leaves of the plants, moving from one
plant to another. The gregarious habit is displayed by the adults, as
usually two or more are found about each plant. Cooley (40) says they
are found in great abundance under clods of earth, under stones, boards,
etc., in hibernation.

PacovIFosITloN PERIOD. As control b the poison bait method depends on
whether the bait is applied in time to kill all the weevils before they lay
fertile eggs, the length of the preovipositioni period is important. This has
been determined by various investigators as follows: Treherne (189)
found it to be a minimum of 8 days; Lovett (132) says, "About two weeks
after the new generation of beetles commences to emerge the first eggs are
found;" Downes (50) found that adults emerged about the last of May or
the first of June, and that they commenced oviposition the middle of July,
the first date being July 14.
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G. R. McGinnis found that the weevils did not begin laying eggs until
from 23 to 33 days after emergence. The accuracy of the length of this
period is questioned, because it is not known what effect confinement has
on the weevils. Apparently confinement lengthens the preoviposition
period considerably, as the length as determined by Downes (50) and G. R.
McGinnis would mean that the bait could be applied after harvest and still
kill all the adults before they laid eggs. In 1926, experiments were per-
formed to ascertain if this was correct, and it was found that patches
baited immediately after harvest (25 to 30 days after emergence) were
heavily infested with weevil larvae the following fall, indicating that ovipo-
sition had been going on for some time prior to baiting. Plots baited at
Hood River in 1926 by D. A. Wilbur, 26 days after 97 per cent of the weevils
had emerged, averaged 52.2 weevils per plant the following spring (bait
91 per cent effective in 6 days); the unbaited plots averaged 54.49 weevils
per plant. This record is probably incorrect because of the presence of
overwintering weevils in the patch, but, according to the notes of D. A.
Wilbur, overwintering weevils were scarce in this patch in the spring
of 1926.

NUMBER OF EGGS LAID PER WEEVIL. The maximum number of eggs laid per
weevil was found by Treherne (189) to be about 50, and the largest number
laid in confinement by a single weevil was 43, as determined by Lovett
(132); Downes (50) found individuals to average from 150 to 200 eggs,
the maximum number being 298; and McGinnis had an average egg deposi-
tion for one group of 8 weevils of 272.3.

The number of eggs laid by the overwintering weevils was found to
average 78 and 66, respectively, in the years 1919 and 1920 as determined
by Downes (50). In the 1927 season, Leroy Childs found the overwintering
weevils taken at Parkdale laying large numbers of eggs, although no actual
counts were made. In dissection of overwintering weevils at Parkdale in
1926, D. A Wilbur found an average of 45 eggs per weevil. In dissections
of overwintering weevils in the Willamette Valley, Lovett (132) was unable
to find any eggs or developing ova.

PERIOD OF OVIPOSITION. The period of oviposition, on the average, extends
over a period of about two months for the weevils emerging in the spring.
The records are: Treherne (189) found the period in 1912 to extend from
June 22 to August 22; Downes (50) says it commences July 14 and con-
tinues into the first week of September; Lovett (132) says it extends to
July 20 with the majority of eggs being deposited in June. His earliest
adult was found on May 21. If two weeks were allowed for the preoviposi-
tion period, the first weeks in June would be the beginning of oviposition.

Apparently the egg-laying period in the Willamette Valley is somewhat
longer than 2 months, although the majority of the eggs were laid in June
and July. In 1926 oviposition began June 1 and continued until July 20 in
the records kept by E. G. Davis, although a few weevils collected in August
laid eggs as late as August 15. From weevils collected in the Woodburn
district, G. R. McGinnis had eggs laid as early as June 25 and as late as
August 29.

The overwintering weevils according to Downes (50) begin to oviposit
about the middle of May, the earliest date being May 13. He says, "Ovipo-
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sition by these adults . . continues until the end of August, the eggs
being produced at irregular intervals, depending greatly on the tempera-
ture, very few or none at all being deposited when the weather is cool and
an increase being observed as soon as the temperature rises."

As egg laying is apparently influenced by temperature, as pointed out
by Downes (50) and Treherne (189), there is little doubt why oviposition
is completed in the Willamette Valley in the summer after emergence and
not, for example, in the Parkdale district of Hood River county. A glance
at the weather records of the U. S. Department of Agriculture shows that
over a period of years, the mean temperature at Salem (elevation 138 feet,
an example for the Willamette Valley) is 52.7° F., and at Parkdale (eleva.
tion 1,740 feet) is 47.1° F., a difference of 5.6°. Monthly temperature dif-
ferences show the following in favor of Salem: January 9.0°, February 8.1°,
March 4.6°, April 4.8°, May 4.3°, June 3.1°, July 2.8°, August 3.5°, September
4.9°, October 5.3°, November 6.7°, and December 8.9° F. Lower tempera.
ture affects not only the Oviposition of the weevils but also the time of
emergence of the adults. Comparisons made in 1926 showed that the
weevils emerged 20 days earlier in the Willamette Valley than they did at
Parkdale.

THE EGGs. The eggs are usually deposited near the crowns of the straw-
berry plants and may be thrust or dropped indiscriminately in the loose
soil; they may sometimes be found at a depth of about a quarter of an inch,
Downes (50). Cooley (40) found the eggs deposited in burrows in the soil
that he thought were made by the adults. Lovett (132) considered that
these burrows were made by earthworms and not by the adults, and the
deposition of eggs in them was accidental rather than intentional. Lovett
(132) says, The eggs are deposited promiscuously through the soil from

to 3 inches below the surface and extending from close about the crown
out in a radius as great as that covered by the foliage of the plant." Tre-
lierne (189) says the eggs are laid for the most part promiscuously on the
surface of the soil, in cracks and crevices, and under debris. According
to the observations of the writers the above statements are essentially
correct; regarding the depth of oviposition in the soil, however, we believe
they are misleading. We have not found that the adults burrow into the
soil for the purpose of oviposition but that they do take advantage of loose
materials under which they can crawl to deposit their eggs. They also
deposit their eggs in natural cracks and crevices.

EGG FERTIlITy. Treherne (189) determined that 80.34 per cent of the eggs
laid were fertile. Downes (48) says 68 per cent of the eggs laid by over-
wintering weevils and 80 per cent of the eggs laid by summer weevils are
fertile. Downes (50) states that a number of the first-laid eggs are infertile.
Melander and Spuler (142) also consider that the weevils lay a considerable
number of infertile eggs before they begin to lay fertile ones. Only 1.43
per cent of the eggs observed by G. R. McGinnis in the 1927 season proved
to be fertile, although the confinement of the weevils or the method of
handling the eggs must have had some influence on them.

Theoretically eggs that are laid by insects that are parthenogenetic
should be 100 per cent fertile. Consequently, it is somewhat hard to
account for the above-mentioned lack of fertility. One reason is the fact
that the eggs that are laid first are undersized and therefore undernour-



THE ROOT-WEEVILS INJURIOUS TO STRAWBERRIES 43

ished. This was observed by D. A. Wilbur, and in 1926 E. G. Davis found
that the Rough Strawberry Root-Weevil laid a large quantity of eggs
that were only one half the size of the normal eggs. These eggs soon dried
up when exposed to the air, often cracking open and exposing a hollow
center.

INCUBATION PERIOD. The incubation period 'aries from 0 to 33 days, with
an average of about 18 days. The records are: Lovett (132) says the eggs
hatch in 9 to 24 days, with an average of 14 days; Cooley (41) says they
hatch in about 20 days; Melander and Spuler (142) say the weevils lay
living young; Downes (50) says the incubation period lasts 15 to 22 days,
while Treherne (189) found a minimum incubation period of 12 days and
a maximum of 25 days. In 1926 all of the eggs under observation by E. G.
Davis hatched in 18 and 19 days. McGinnis in 1927 found that the eggs
hatched in Ito 33 days, but that more than 75 per cent of them hatched in
20 days or more.

The Larvae
HARITS. The newly hatched larvae are slightly longer than the egg, being

about .019 inch in length. 'On hatching," according to Downes (50), "the
young larvae at once commence to make their way down to the fine rootlets
and the existence of a large root system is sufficient for the support of
many larvae. Coarse, wiry roots will not sustain the young larvae which
will always be found during their early stages at a depth of from 6 to 10
inches in the soil feeding on the fine roots of the plant."

Downes (50) considers that large numbers of the small grubs are
starved before they can reach suitable food. He thinks that this natural
factor is responsible for the destruction of the majority of the young grubs.
Lovett (132) says the young grubs are fairly hardy and active, and "they can
live in dry soil for 36 hours without food and can travel over loose dry soil
at the rate of 8 inches in 16 hours." Cooley (40) also says that in a soft
soil they are perfectly at home and get about slowly but with ease.

DURATION. The average duration of the larval stage in the Willamette
Valley is about 10 months. It begins about June 1 to July 1 and extends
to April or May. During this time the larvae go through a number of
moults, a process which has been described by Treherne (189) as follows:
"At periodic intervals the larva moults. A small earthen cell is formed in
the soil to suit the size of the larva and in this the larva lies in a curved
position while it casts its old skin and takes on a new one. Freshly
moulted, the head is white and smooth, but it gradually takes on the brown
coloration of the mature larva. At least one moult occurs during the
winter, when the larva is 1/6 to 1/4 of an inch (4 mm. to 6 mm.) in length."
The number and length of the various instars has never been determined,
but in the Willamette Valley apparently there are at least five. At least
three of these are completed by fall, the fourth taking place during the
winter, and the fifth occupying the period in the spring before pupation.

Pupation
TiMe. Pupation takes place in the spring, either in April or May. The

larva forms a smooth oval cell in the soil from to 3 inches deep, in which
the full grown larva casts its skin and forms a pupa. In 1926 in the Willa-
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mette Valley pupation began about the first of April and continued to the
first of May in 1927 it began about the first of May and continued to June 9.

DUSATION, The average duration of the pupal stage is about 20 days, as
the following records will show. Downes (50) found the duration of the
pupal stage to be from 10 to 26 days; Lovett (132) reared a single pupa in
8 days; and i'relierne (189) says that 21 days is the average duration of
the pupal stage.

Migration and hibernation
Treherne (189) and Downes (50) have made the most complete study

of the migratory habits of this weevil. Downes (50) summarizes this
information as follows: 'The two principal migratory periods of the
weevil are in the spring, when the adults leave winter quarters and move
back again to the plantations, and again in late summer, when the fall
migration begins and the movement is away from the plantations to winter
quarters. Our observations have not tended to show that there is any
definite migration in mid-summer for the purpose of distributing eggs, but
rather that there is simply a general movement of the weevils back and
forth throughout the season. In June and July owing to the great increase
in the number of weevils, it may be thought that a migration is in progress,
but it is not until the middle of August that any decided general movement
takes place. About that time the weevils begin to get restless and frequently
enter the houses in their search for winter quarters. They may hibernate
in any conceivable spot that affords protection, under clods, stones, and
among grass roots and piles of rubbish, while many do not leave the plants
at all but may be found among the strawberry crowns throughout the
winter. They are gregarious in habit and often may be found in hibernation
clustered together in numbers. Their movement back to the strawberry
fields commences usually about the end of March, their activity being
entirely governed by the state of the weather, a vigorous migration taking
place upon the advent of the first warm spring days. Usually the weevils
begin to bestir themselves from March 15 to 20 in the Saanich district on
Vancouver Island, B. C., and from then until the end of April there is a
steady return to the strawberry plantations."

Observations made at Parkdale in April 1927 indicated that a very
large percentage of the weevils overwintered on the strawberry plants. An
unbaited plot, completely surrounded by baited plots, yielded thousands
of adult weevils, while in the adjacent baited plots only isolated individuals
were found. The general dispersal in the summer seems to be influenced
in part by the size of the plants, the weevils showing a marked preference
for the larger plants. This probably can be explained by the fact that the
weevils are very sensitive to heat. In 1926 adults that were placed on the
ground in the heat of the day were killed in ten minutes.

CONTROL

APPLE BAITS

The poison bait method of control for the Strawberry Root-Weevil is
a comparatively recent development. In 1925 rumors were circulated that
an effective control for this insect had been discovered in the form of a
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poison bait to be applied to the plants immediately following harvest. Soon
after this it was announced that the Washington Experiment Station was
soon to issue a bulletin on the control of these weevils by the baiting
method. Extreme interest was shown in this bait by the growers in
Oregon, and the Oregon Experiment Station immediately made plans to
test these baits under Oregon conditions.

The Washington Experiment Station bulletin issued in the spring of
1926 by Melander and Spuler (142) recommended the use of a bait made
from dried apple chops, super dried and crushed with rollers and mixed
with 5 per cent poison. They gave preference to poisons for the bait in
he following order: magnesium arsenate, zinc arsenite, calcium arsenate,

arLd sodium fluoride.
A commercial bait called Go West" was placed on the market in the

spring of 1926. According to the label it contained not less than 3 per
cent magnesium arsenate, which, according to correspondence with the
manufacturer, M. J. Forsell of Seattle, Washington, was found to be the
most effective poison in a number of tests.

Experiments conducted in Oregon in 1926 and reported by Mote and
Wilcox (145) gave preference to calcium arsenate, with lead arsenate, zinc
arsenite, magnesium arsenate, and sodium fluosilicate following in order
for the apple baits.

Experiments conducted in British Columbia by Downes (53) in 1926
gave preference to sodium fluosilicate for apple baits.

Moisture content. The bait made with apple chops recommended by
Melander and Spuler (142) contained about 12 per cent moisture. The
moisture content of the "Go West" sold in 1926 averaged from 9 to 13 per
cent. Experiments by Mote and Wilcox (145) showed that baits containing
from 20 to 25 per cent moisture were more effective than baits containing
a smaller percentage of moisture. This claim has been supported by
experiments conducted in British Columbia by Downes (53).

Apple pomace. Apple chops, consisting of the whole apples sliced and
dried, were used by Melander and Spuler (142) in their experiments and
apparently were very satisfactory. As this is an expensive article costing
from 7 to 15 cents per pound, Mote and Wilcox (145) confined their apple
experiments to apple waste which consisted of the peelings and cores, as
waste products from the canneries which, when dried, can be obtained for
2 to 5 cents per pound. This material proved very satisfactory when
ground, although no comparison was made with apple chops.

Grinding. As stated before, the apple chops used by Melander and
Spuler (142) were super dried and then crushed by running through rollers
which reduced the chops to particles approximately 1/8 inch in diameter
or less. In 1926 Mote and Wilcox (145) used a power meat grinder which
worked quite satisfactorily when water was added to the apple waste before
grinding. This was rather a slow process but resulted in particles of an
average of 1/8 inch in diameter and also resulted in an increased moisture
content. Experiments conducted at Corvallis in 1927 showed that the
apple waste could be very economically and satisfactorily ground with
the 'J. B." hammermill type of grinder. In fact, one concern offered to
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grind this material with this type of machine for 25 cents per 100 pounds.
More than 20 tons of this material were ground by the Oregon Canning
Company of Newberg in the 1927 season using this machine. This material
without the addition of moisture was used entirely in the tests conducted
in the 1927 and later seasons.

Mixing. The mixing of the poison with the ground apple pomace is
quite easy. Mote and Wilcox (145) used a 50-gallon steel drum with an
axle running through it diagonally lengthwise, that worked very satisfac-
torily. By rotating this machine for 1 minutes at the rate of 35 revolutions
per minute, the bait was found to be thoroughly mixed. The powdered
poison adheres readily to the moist apple pornace. In the 1927 season a
group of growers and the writers used a small cement mixer and found it
very satisfactory. It has the advantage over the steel drum of being easier
to fill and empty. The only precaution necessary is that the top must be
covered to prevent the powdered poison from flying; this was successfully
accomplished by covering a barrel hoop with canvas and fitting it over
the end of the mixer.

OTHER BAITS CONTAINING FRUIT
Pear and prune baits, prepared essentially in the same manner as the

apple baits, were used in the 1927 season by the writers. Pear waste (peel-
ings and cores) was dried in a prune drier and was ground with the J. B."
hammermill type of grinder. Some difficulty was experienced in drying and
grinding this material because of its sticky nature, apparently due to the
high sugar content. Whole dried prunes were also ground with a "J. B."
hammermill grinder, but difficulty was also experienced with the prunes
because of their sticky nature and the pits. The ground materials were
mixed with dry poisons and checked against other baits, and fairly satis-
factory results obtained (see Tables 1, 2, 3, 8). These materials could
probably be used if the other materials were not available or were not
found to be successful.

Raisin-shorts baits. Mr. W. Downes in 1928 told the writers of his
experiments with this bait, and tests of it were made in the 1929 season.
VtThile the results obtained with this bait were excellent (see Tables 12, 13)
it does not seem advisable to recommend the use of this bait because of
the cost and the difficulty of preparation. Downes (54) has more recently
published on this bait and has recommended its use for the control of the
Strawberry Root-Weevils in British Columbia. The formula for the bait
is as follows:

Raisins . 50 pounds
Water 5 quarts
Shorts 50 pounds
Sodium fluosilicate , 5 pounds

The bait is mixed as follows: the raisins are soaked in the water for
six to twelve hours (over night). The sodium fluosilicate is mixed with the
shorts, and both are then mixed with the raisins, from which the surplus
water has been drained away. The mixture is then passed through a large-
sized butcher's mincer which is set to cut coarsely.

Apple bait patent. As shown by Mote and Wilcox (145),* the apple
bait is protected by a patent, which would probably also apply to other

Mimeograph insert in Circular 79, Oregon Agricultural Experiment Station, February
1927.
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baits containing fruit products. The patent, No. 1,618,702, issued to M. j.
Forsell, of Seattle, Washington, contains the following claims:

An insecticide consisting of powdered apple and powdered poison
that has been mixed so that the particles of the apple and poison
have been thoroughly coated with one another.

"An insecticide consisting of a derivative of apple in powdered form
and powdered poison mixed so that the particles of the derivative
of apple and poison have been thoroughly coated with one another."

The use of apple material as an attrahent for insects and a carrier of
poison for killing animals, however, is not new. Farmers' Bulletin No. 1302
(1923) of the United States Department of Agriculture, Washington, D. C.,
recommends the use of apple mixed with a poison to kill rats. In June
1q21, Messrs. A. L. Ford and W. H. Larrimer of the Federal Bureau of
Entomology published the results of their tests of apple as an attrahent
for grasshoppers in which apple bait gave considerable promise (Journal
of Economic Entomology, Vol. 14, No. 3, june 1921).

Growers who wish to make their own baits should use bran or shorts
as a carrier for the poison. Experiments with this material are discussed
subsequently.

BEET PULP BAITS
This material was tried in several tests in the 1927 and 1928 seasons

but was discarded in later tests because of the poor results obtained from
its use (see Tables 1 and 2). These baits were mixed in the same propor-
tions and manner as the bran baits described below, replacing the bran in
the formula with beet pulp.

BRAN BAITS

Mote and Wilcox (145) were the first to use bran baits for the control
of the Strawberry Root-Weevils. Smith (173) working in California found
the bran bait, recommended by Mote and Wilcox (145) in 1927, inferior to
the commercial bait "Go West" in experiments for the control of the Black
Vine Weevil (B. sulcalus). Smith (176) working in Pennsylvania found the
bran bait superior to apple baits for the control of the same insect.

The first experiments with bran baits were conducted in 1926 for the
control of the Rough Strawberry Root-Weevil (B. rugososiriatus). Tests
with this material were initiated at that time, because it was considered
that apple chops were too expensive and that apple waste might not always
be readily available on the market at a reasonable price. These first experi-
ments were so promising that additional tests with other species were con-
ducted in the following seasons. The issuance of the patent on the apple
bait also made it imperative to continue these tests so that the growers
would have an effective bait that they could mix themselves.

Following numerous tests the following formula was considered to be
the most satisfactory:

Bran 50 pounds
Water 5 gallons
Sugar 10 pounds
Calcium arsenate or sodium fluosilicate 5 pounds

Molasses, if desired, can be used in the place of sugar at the rate of two and one-half
gallons in the above formula; when molasses is used the amount of water is reduced to three
and three-quarters gallons.
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Of the various sweetening agents used, sugar gave the most uniform
results. Some of the molasses used were satisfactory while others,
especially the black molasses, did not give good or uniform results. Where
it is more convenient, however, molasses can be used in place of sugar with
a rather high percentage of kill assured.

Mixing bran baits. In mixing the baits for our tests, two methods have
been employed as follows:

The usual way is to dissolve the sugar in the water and then
to mix the solution with the bran until it is uniformly moistened;
then the powdered poison is added and the material thoroughly mixed
again.

The second method used was to dissolve the sugar in the water,
then stir in the powdered poison; this solution and mixture was then
added to the bran and mixed until the bran was uniformly moistened.
Baits containing both calcium arsenate and sodium fluosilicate, and

mixed by both these methods, were tried only once in experiments against
the Lacomb Strawberry Root-Weevil (D. wilcoxi). In this test the first
method of mixing was superior (see Table 28), and as this has been the
method used in preparing the baits for all of our experimental tests, it
would be preferable to use it in preparing baits.

The big disadvantage with either of the foregoing methods is that the
bait must be applied within a day or two after mixing, or it will mold and
lose its effectiveness. Many tons of this bait have been mixed by county
agents and horticultural inspectors with entire satisfaction, according to
all the reports we have received. The method, indicated under 1, above, is
as follows:

The powdered poison and the sugar, dissolved in a minimum
amount of water (or the molasses) are thoroughly mixed with the
bran; then the mixture is sacked and distributed to the growers and
can be held for an indefinite length of time without molding or spoiling.
The grower, when ready to apply the bait, spreads the mixed bran
thinly out on a floor, sprinkles it with the necessary amount of water
using a sprinkling can, if available, and then works the material over
once or twice with a hoe or shovel to distribute the moisture evenly.

Cost of bran baits. One hundred pounds of apple bait will cover from
one to three acres of strawberries, depending on the size of the plants,
degree of infestation, and space between the plants. Because of the greater
bulkiness of bran, the previous formula for the bran bait (containing 50
pounds of bran) will cover approximately the same area as 100 pounds of
apple bait. The estimated cost of this bait is as follows:

Bran, 50 pounds $075
Sugar, 10 pounds .50
Calcium arsenate or sodium fluosilicate, 5 pounds .50

Total cost of materials $1.75

The price will vary, of course, above or below this estimate depending
on market conditions and the amount purchased for mixing at one time.
But even at the top price of $1.75 an acre for each application, the cost is
extremely reasonable.
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TIME AND NUMBER OF APPLICATIONS OF BAIT

The time and number of applications of bait for the Strawberry Root-
Weevil (B. ova/us) remain essentially the same as recommended in 1927 by
Mote and Wilcox (145); the time of application for the other species of
weevils will be found in the discussion of those species. In the Willamette
Valley, only one application of bait is necessary. This is applied when
from 75 to 90 per cent of the pupae have changed to the adult stage.in the
soil, usually about the time of the second regular picking of strawberries,
or at least two weeks before the end of harvest. As the time of chang-
ing to the adult stage varies in different patches, depending on slope,
exposure, texture of soil, and probably other factors, the grower should
determine the time of application for his own planting by digging specimen
plants and noting what stage the weevils have attained from time to time.
The recommendation of Melander and Spuler (142), that the bait be
applied immediately after harvest,
will not apply in Oregon, as the
weevils will have laid a considerable
number of eggs by that time. In the
experimental results shown later
(page 58), one, two, and three appli-
cations were applied at different
times and intervals during the sea-
son. Although in these tests two
and three applications were more
efficient, one application should be 6
sufficient for the emerging beetles
when the whole patch is baited. In
our tests unbaited plots were ad-
jacent to the baited plots and thus
furnished a source of infestation to
the baited plots throughout the sea-
son.

In the Hood River Valley, and
possibly in some of the plantings at
higher elevations in the Willamette
Valley, where overwintering weevils
occur in fairly large numbers, it is
advisable to make an additional ap-
plication for these weevils. This ap-
plication is made about the middle
of May or when the berries are
blossoming (see Tables 4 and 10).

METHOD OF APPLICATION

Melander and Spuler (142) rec-
ommended that the bait be broad-
cast over the field. Experiments by
Mote and Wilcox (145) showed that
this method was not as effective, nor
as economical, as applying the bait
at the rate of a teaspoonful to a

Figure 4. Drawing of 'bait gun" giving the
more important measurements.
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tablespoonful, directly in the center of the crown of the plant. By this
method, moreover, there is little or no danger of the bait coming in contact
with the fruit. A bait gun (see Figures 4 and 5) was d.evised independently by
Mr. John Ramage of Woodburn and Mr. Maurice Walton of Parkdale for mak-
ing application of the bait to the crown of the plant. This device was ,pic-
tured by Mote and Wilcox (145) in 1927. The bait gun consists of a piece
of two-inch drain pipe about three feet long, into the top of which is
soldered a six-inch tin funnel; a handle is fastened just beneath the funnel
(see Figures 4 and 5). This device eliminates the very laborious method of
application by stooping and bending to put the material on each plant by
hand.

EXPERIMENTS

METHODS OFTESTING AND CHECKING MATERIALS

Procedure. In the experiments presented in the tables that follow, all
of the baits shown in any single table were applied on the same days, and
the results checked on the same days. This method we believe is the most
satisfactory and reliable, since baits applied on different days cannot
be compared directly because of differences in the age and stages of
weevils and in weather conditions to which the baits are subjected. In
checking the tests it was found that all of the weevils per plant could be
obtained by cutting the plant off just below the surface of the ground
using a sharp shovel and then placing the dirt and plant on a shaker (see
Figure 6) especially designed for this purpose. The plant was first torn
to pieces and then shaken on the shaker a given number of times (usually
fifty). By this method all the trash, leaves, crown, larger clods, and other
foreign materials remained on the ton screen (four meshes to the inch),
and the weevils and some earth fell through the upper screen onto the lower
screen (sixteen meshes to the inch). The weevils were then picked off the
lower screen and the number of live and dead counted. Usually separate
counting screens were used, and the material from the shaker screen
transferred to them; in this way the shaker was in continuous use. The
surface of the ground from which the plant was removed was also scratched
over with a knife or stick so as to get any weevils that might have fallen
off the shovel or were outside of the area dug by the shovel.

In doubtful cases of life or death, the weevil could be stirred into
action, if alive and "playing possum," by blowing cigarette or cigar smoke
on it, or by placing a lighted match near it or under the screen. If a weevil
could stand and crawl on its legs at all, it was deemed alive.

Average number of weevils per plant. In most cases, when there was
a choice, the portion of the field most heavily infested was used for our
experiments. Likewise in selecting plants for counting, usually the most
heavily infested plants in the plot were selected by noting the amount of
feeding on the leaves. In some of the tables or in the discussion of the
experiment, the number of plants examined per plot or the average number
of weevils per plant is indicated, so that some idea of the infestation can be
formed. In the experiments conducted in 1927 (Table 1) no selection of
plants was made, and only four plants per plot were examined regardless
of the number of weevils found, although in most of our tests enough
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Figure 5. Mr. John Rainage of Woodburn, applying Strawberry weevil bait with bait gun
he devised.

Figure 6. Shaker used in checking weevil control experiments.
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plants were dug to bring the weevil count to above 100 weevils per plot.
The field examined (Table 1) was about 100 yards long and 20 rows wide
and represents probably an average infestation in the lower Willamette
Valley; the variation in the number of weevils per plot is more or less
typical of all weevil infestations.

1927 EXPERIMENTS

Experiments checked by counting dead and live weevils. Three series
of experiments on two plantings, were conducted in the 1927 season, in
which the effectiveness of the bait was judged by the number and per-
centage of dead weevils at the end of various periods, usually one, three,
and seven days. Two additional experiments were started, one at Park-
dale and one at Woodburn, to test the time of applications and the number
of applications necessary for control; these experiments were checked by
determining the larval population of the plants in the spring of 1928.

Table 1. MISCELLANEOUS MATERIALS TESTED FOR THE STRAWBERRY ROOT-WEEVIL
-B. L. Carothers' Planting, Woodhurri, Oregon

Bait Applied June 10, 1927

Based on four plants examined in each plot.

Note: These plots were checked primarily to determine the weevil population per plant,
hence only four plants per plot were checked at this time. Those plots that did not produce
an appreciable number of weevils are not included, even some of those included in the above
chart do not show enough weevils on which to base definite conclusions. Indications only of
What might he expected to result from the use of these baits cars be taken from most of the
figures.

Table 1 shows the results of a few miscellaneous tests conducted on
the B. L. Carothers planting at Woodburn. As explained previously, one
of the objects of the test other than to determine the effectiveness of the
several baits was to determine also the infestation in the various parts of
the field. The average number of weevils per plant varied from 5.25 to
47.25. For comparison, see the discussion of the number of weevils per
plant in the 1929 experiments; in these experiments, the plants were
selected. The number of live and dead weevils found in most of the plots
was not large enough on which to base conclusions; indications show,

Plot number and baits used

Number and per cent of dead
weevils at end of five days

Average
number

of Weevils
per

plant5
Number

dead
Number

live
Per cent

dead

I Pear, calcium arsenate 5% 12 9 57.15 5.25
4 Apple, white arsenic 5% 7 34 17.06 10.25
5 Apple, calcium arsenate 5%, casein spread.

er ij oz. in 1 to 2 pt. water 37 4 90.24 10.25
6 Apple, magnesium arsenate 5% 174 15 92.04 47.25
7 Apple, sodium fluosilicate 5% 31 2 93.96 8.25
8 Apple, lead arsenate (basic) 5% 34 18 65.39 13.00
9 Apple, zinc arsenite 5% 46 19 70.78 16.25

10 Apple, manganese arsenate 5% 64 5 92.76 17.25
11 Apple, lead arsenate (acid) 5% 43 14 75.46 14.25
12 Apple, calcium arsenate 5% 52 4 92.85 14.00
18 Beet pulp 5 lb., calcium arsenate 8 az. mo-

lasses 1 Pt., Water 1 qt 25 20 55.55 11.25
19 Bran 5 lb., calcium arsenate 8 oz., molasses

(black) 1 Pt., Water 3 Pt 28 3 90.33 775
20 Bran 5 lb., calcium arsenate 4 oz., molasses

(black) 1 Pt., water 2 qt 35 10 77.78 11.25



Table 2. SUMMARY OF EXPERIMENTS WITH VARIOUS BMT5 APPLIED FOR THE STRAWBERRY ROOT-WEEVIL
B. L. Carothers' Planting, Woodburn, Oregon

Bait Applied June 14, 1927

Plot number and baits used

Number and per cent of dead weevils (B. ovatus)

One day Three days Seven days

Number
dead

Number
live

Per cent
dead

Number I Number
dead live

Per cent
dead

Number
dead

Number Per cent
live dead

1 Apple, calcium arsenate 5% 56 38 59.5 89 28 76.0 121 9 I 93.07
2 Bran, molasses (Brier), calcium arsenate 8 oz
3 Pear, calcium arsenate 2%
4 Pear, sodium Iluosilicate 5%

60
24
49

65
48
68

40.0
33.3
41.8

48 17
14 10
78 33

75.3
58.3
55.0

96
24

139

9 91.42
5 82.75

16 89.67
5 Beet pulp 2 lb., sugar 1 lb., water 1 qt., cal-

cium arsenate 4 oz 4 194 2.0 21 110 16.0 63 93 40.32
6 Bran 2 lb., molasses (Brier) 1 Pt., water 1

pt., calcium arsenate 2 oz 10 24 29.4 19 10 65.5 57 15 79.16
7 Pear, calcium arsenate 5%
8 Prune, calcium arsenate 5%
9 Bran, sugar, calcium arsenate 2 lb

15
45
68

42 26.3 38 20 65.5
47 48.9 50 14 78.1
21 71.9 57 12 82.6

56 23 70.88
107 10 91.45
125 6 95.42

10 Bran, 5 lb., sugar 2 lb., calcium arsenate 5 lb 6 2 75.0 26 5 83.8 57 4 93.44
11 Pear, lead arsenate (acid) 5% 41 50 45.0 80 10 88.8 104 7 93.67
12 Pear, magnesium arsenate 5% 49 47 51.0 93 41 69.4 91 15 85.84
13 Bran 5 lb., molasses (black) 1 qt., water I qt.,

calcium arsenate 8 oz 25 30 45.25 79 49 61.7 141 32 81.50
14 Pear, zinc arsenite 5%. 21 13 61.76 60 30 66.6 86 16 84.31
X Check, no bait 6 128 4.47 1 54 1.81 5 110 4.34
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however, that the following baits are likely to give inferior results: pear,
calcium arsenate 5 per cent; apple, white arsenic 5 per cent; apple, basic
lead arsenate S per cent; and beet pulp, molasses and calcium arsenate bait.

Table 2 shows a series of baits applied to the Carothers planting at
Woodburn, June 14, 1927; the number of dead and live beetles per plot was
determined one, three, and seven days after baiting. It will be noted that
the bran baits containing sugar (Numbers 9 and 10) were quite superior at
the end of one day, were equal to the other better baits after seven days,
and were only surpassed by the pear, acid lead arsenate bait after three
days. The inferior baits in this experiment were the beet pulp bait and the
pear, calcium arsenate bait. Two of the bran baits containing molasses
were also not as effective as some of the others; in the one case, however,
this was obviously due to the smaller amount of poison. One peculiar
thing to be noted in this experiment is that calcium arsenate, which has
proved superior in most baits, is inferior in the pear bait; while acid lead
arsenate, which is rather inferior with apple, is quite superior in the pear
bait. Good results were also obtained with prune, using calcium arsenate
5 per cent (Number 8, Table 2).

Table 3 shows the results of materials tested on the Ferschweidler
planting at Woodburn, the bait being applied June 22, 1927. The plots
were checked only once, seven days following application. All of the apple
baits testedi.e., containing lead arsenate, manganese arsenate, zinc
arsenite, magnesium arsenate, sodium fluosilicate, and calcium arsenate
(3 per cent)gave a kill greater than 90 per cent, the sodium fluosilicate and
calcium arsenate baits being superior. The pear, acid lead arsenate bait
also gave very good results. Several different formulae of bran baits were
tried here for the first time; the superior bait, however, was the recom-
mended formula of bran, sugar, calcium arsenate bait. Glycerine was used

Table 3. SUMMARY OF EXPERIMENTS WITH VARIOUS BAITS FOR THE STRAWBERRY ROOT-WEEVIL
G. Ferschweicller's Planting, Woodburri, Oregon, June 22, 1927

Plot number and baits used

Check of dead and live weevils
at end of 7 days

Number
dead

Number
live

Per cent
dead

I Apple, lead arsenate 5%
2 Pear, lead arsenate 5%
3 Apple, manganese arsenate 5%
4 Apple, zinc arsenite 5%
5 Apple, sodium fluosilicate 5%
6 Bran 5 lb., glycerine 1 pt., Sugar 2 lb., Water 3 pts.,

calcium arsenate 5 oz
7 Bran 5 lb., Water 2 qts., sugar 2 lb., calcium arse-

111
119
122
107
107

98

10
7

10
11

3

7

91.73
94.44
92.43
90.67
97.27

93.33

nate S oz
8 Bran 5 lb., Water 3 pts., molasses (black) 1 qt., cal-

127 4 96.94

cium arsenate S oz
9 Bran 5 lb., Water 3 pts., Karo (blue) 1 qt., calcium

90 23 79.64

arsenate 8 oz
10 Bran 5 lb., water 2 qts., sugar 1 lb., calcium arse-nate 4 01
11 Bran 5 lb., water 2 qts., sugar 1 lb., calcium arse-

nate 8 oz
12 Apple, magnesium arsenate 5%
13 Apple, calcium arsenate 3%
X Check, no bait

110

115

130
105
105

17

13

11

3
6
3

80

89.43

93.65

97.74
94.59
97.22
17.52
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in one bait with the object of finding a material that would keep the bait
moist longer and therefore attractive to the weevils for a longer period of
time; the results obtained were good but not up to the superior baits. Two
molasses baits were tried; that containing black molasses (Number 8) was
rather inferior, while that containing a high grade of sirup (Blue Karo,
Number 9) was not quite up to the standard of some of the better baits.
Twice the recommended amount of sugar was used in one bait (Number 7)
but was not equal to the recommended formula. Half the amount of
calcium arsenate (Number 10) was likewise inferior to the regular formula.

Experiments checked by determining the weevil population per plant.
Two series of experiments were started in 1927, one at Parkdale in the
upper Hood River Valley and one at Woodburn, with the object of deter-
mining the time of application and the number of applications necessary
to obtain control. The bait used on all plots was apple, calcium arsenate
5 per cent. A series of five or six plots was arranged, all plants of which
received the first application on a set date. Subsequent applications were
made to part of the plots at later dates, so that some of the plots received
one, some two, and some three applications, at different intervals of time.
The plots were checked by sifting five plants from each plot in the spring
of 1928 and determining the average weevil-larval population per plant.
One thing that more or less defeated the object of the experiments was the
variations in the number of the weevils in various parts of the fields. As it
was necessary to leave adjacent unbaited plots as checks, they served as a
source of infestation to the baited plots throughout the season. The results
obtained, however, showed sufficient differences to be given here in full.

Table 4 shows the results of the experiment conducted at the Walton
planting at Parkdale and Table 5 shows the development of the weevil in
relation to the time of baiting. It is to be recalled that a considerable
number of overwintering weevils were present in this patch for which the
May baits were applied. According to the life-history record, the correct
time for the application of bait for the emerging weevils was about June 14.
Apparently the overwintering weevils were not a big factor, or else the
baits applied as late as May 31 were effective in their control. The bait
plots as a whole are so much more favorable than the check plot that it is
not difficult to form conclusions; the plots receiving an application of
bait on or after June 13, however, appear to be superior.

Table 6 shows the results of the experiment on the Carothers planting
at Woodburn, and Table 7 shows the life-history records taken in this
planting in 1927. Eight rows of three-year-old Ettersburg 121 were used
in this test; each plot or series of plots (receiving the first application on
the same date) was 50 feet long and 8 rows wide. The two center rows
served as checks and were not baited, and the three rows on each side
received one, two, and three applications of bait respectively. The rows
on the west side were baited at 6-day intervals, and those on the east side
at 3-day intervals. It should be remembered that this experiment was
aimed only at the control of emerging weevils as practically no overwin-
lering weevils were present, while the Parkdale experiment was aimed at
the control of both overwintering and emerging weevils. As the weevil
population in the checks was obtained for each series of plots, to arrive at



Table 4. EXPERIMENTS ON THE TIME AND NuMBER OF APPLICATIONS OF BAIT FOR THE STRAWBERRY ROoT-WEEVIL, 1927-28
C. C. Walton's Planting, Parkdale, Oregon

Three plants.

Number and time of application (Applied in 1927)

Check on weevil popu-
lation (larvae, pupae,
adults) in the spring

of 1928

1st 2d 3d 4th 5th 6th 7th 8th Number of Average
Plot May May May May

I
June June June June weevils per number

number 8 15 23 31 6 13 20 29 fiveplants perplant

A-I x - - . . 137 27.4
B-I X X .. . .. . 43 8.6
C-i X .--. X ---- ---. ... .. 18 3.6
D-1
E-i

X
X

----
.-..

X
----

----
X

X
..-.

----
X .

27
21

5.4
7.0

A-2 --.- X ---- .--- .-.- . ... .. 18 3.3
B-2
C-2 .-..

x x .--.
X ---- X

..
----

...
.

38
27

7.6
5.4

D-2 --.- X .--. X ---- -.-. 7 1.4
E-2 X ---- X . .. X 8 1.6

Check, no bait ... ... .. ... 105 21.0

A-3 . X ... ... .... ... 15 3.0
B-3 .--- .-.. X X .. . 3 0.6
C-3 . - x .--- x ... ... . 12 2.4
D-3 . I x x - x . 3 0.6
E-3 X ---- .--- X ---- ---- 8 1.6

A-4 - ---- X 4 0.8
B-4 .... ... .. >< x .. .. 16 3.2
C-4 .--- X X 10 2.0
D-4 .. x - x X 2 0.4
E-4 .. . -. X . ---- X 0 0.0
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a means of comparing the several series of plots, the number of weevils
found in the checks was divided into the number of weevils found in each
of the other plots; the column to the right in Table 6 shows the figures
arrived at by this method. According to the life-history records, the time
for the application of the bait was about June 6. Although the results as
a whole are favorable, considering that one fourth of the area received no
bait applications, the most effective bait application was about ten days
after the time when most of the weevils were in the adult stage in the soil.
Under the c&nditions of the experiment-i.e., a continuous source of
infestation-single applications were not particularly effective. Two appli-
cations made later in the season were just about as effective as three

Table 5. LIFE HISTORY OF THE STRAWBERRY ROOT.WEEVIL 1926-1928
C. C. Walton's Planting, Parkdale Oregon

Mr. D. A. Wilbur made the following note May 18, 1927: 'A large larval count was
obtained from two infested plants considerably apart from the general infested area."

f On these dates it was observed that many beetles had left the soil. As a result, the
percentages presented do not represent total populations but only insects remaining in
the soil.

applications. It would appear from this experiment that the first applica-
tion of bait should be made about ten days following the time when about
90 per cent of the insects are found to be in the adult stage in the soil. This
conclusion, however, is not substantiated by Tables 1 and 2, showing tests
in the same field; on the whole, baits applied June 10 (Table 1) were just
as good or better than baits applied on June 14 (Table 2). Baits applied
on the Ferschweidler planting on June 22 (Table 3) were more effective
than those on either of the other two; but the weevils were more backward
in this planting. A count made on June 8 showed only 69 per cent to be in
the adult stage, while 97 per cent were found in the adult stage in the
Carothers planting on June 6.

Date of
Year observation

Per cent
larvae

Per cent
pupae

Per cent
adults

1926
May 7 16.8 78.8 4.4
May11 11.1 74.3 14.7
May 13 6.0 77.6 16.4
May 15 4.1 73.3 22.6
May 18 13.8 68.2 18.0
May 25 1.0 34.6 64.4
June 4 0.0 3.0 97.0

1927
May 31 19.5 80.5 0.0
June 6 12.2 87.8 0.0
June 14t 4.26 46.2 49.5

1928
May 29 45.5 52.8 1.7
June 7 47.7 31.8 20.4
June 18? ---------_----_ 23.5 45.0 31.3



Table 6. EXPERIMENTS ON TEE TIME AND NUMBER OF APPLICATIONS OF BAIT FOR TIlE STRAIVBERRY ROOT-WEEVIL, 1927-1928
B. L. Carothers' Planting, Woodburn, Oregon

Plot
number

Number and time of application: applied in 1927
Number of
weevils per
five plants

Average
number

weevils
per plant

Per cent
infestation

1st
June 3

2d
June 6

3d
June 9

4th
June13

5th
June16

6th
June20

7th
June23

8th
June27

9th
July 1

XI-W1 X . ... .... .. .--. .. 49 9.8 45.7XI-W2
XI-W3

X
X

.. X .. .._ .-.. .. 52 10.4 47.7
xI-x .--- X .--- X .--. . 5 1.0 4.5

Check-no bait--------
XI-E1

. 109 21.4 100.0
X -.-- .-.. ---- .-.. .--- . 102 20.4 93.5XI-E2 X x ---- ---- .--. .--. 61 12.2 55.8XI-E3

XW1
X X X ---- ..-- .--- .. 15 3.0 13.7

. X ---- ---- -. ---. 78 15.6 38.4X-W2 . X .--- X
J ..-- ---. 40 8.0 19.7X.W3

x-x X ..-. X .--. X X . . 54 10.8 26.6

Check-no bait . 203 40.6 100.0
X-E1 ... x .. . 123 24.6 60.5X-E2 ... x x . . 104 20.8 51.2X-E3
IX-W1

.. x x x I . . 52 10.4 25.6
. . X .- ---- .--.I 34 6.8 39.2IX-W2 .... . X --. X ---- ... 50 10.0 56.1IX-W3

Ix-x .. X .-. X ---- X .. 21 4.2 23.4

Check-no bait . I . .- . 89 17.6 100.0
tX-El . X . . . 109 21.8 122.4[X-E2 X X --.- .--- 60 12.0 67.4[X-E3 .--. X X X . ... . . 18 3.6 20.2
VIII-W1 . .. X . .. .. 67 13.4 97.1V'III.W2 . . x . x .. 39 7.8 56.5VIII-W3
vIII.x .. X ... X X . 30 6.0 43.4

Check-no bait-------- 69 13.8 100.0
Vill-El . . X .. . ... 51 10.2 73.9VIII--E2 .-.. X X ... .. .... 40 8.0 57.9VIII.E3 _ . .. X X X ... .. . 24 4.8 34.8tIJw1
VII-W2

. x . . .. 52 10.4 29.8
II-W3

¼711-X
.

.-
.

x ... x
X

...
...

.... 40
X 18

8.0
3.6

23.9
10.3

Check-no bait........ . . 174 34.8 100.0
II-E1 .. .. x . .. 49 9.8 28.1VIt-E2 . .--- x x ----

-- I

5 1.0 2.8VII.E3 . .. x x x .-. .--. 12 2.4 6.8
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Table 7. LIFE-HISTORY RECORDs or THE STRAWBERRY ROOT-WEEvIL, 1927
B. L. Carothers' Planting, Woodburn, Oregon

Sixty per cent of the adults above ground.

1928 EXPERIMENTS

Woodburn experiments. Two series of experiments were conducted
in the 1928 season on the Carothers planting. The first series of plots was
baited on June 5, and the results obtained are shown in Table 8. As a
whole, the results were very good. A comparison of a fresh sample of
apple waste obtained in the 1928 season was made with apple waste held
over from the 1927 season without any apparent differences. Two and
one-half per cent calcium arsenate in the apple bait was about as effective as
a 5 or 10 per cent bait; the 10 per cent bait apparently does not justify the
additional cost. The addition of 10 per cent moisture to the 1928 apple
waste did not materially increase the kill. The bran baits were equally
effective, excepting the bait containing only half the recommended amount
of poison (Plot 10). Calcium arsenate and sodium fluosilicate were about
on a par. Molasses baits were only slightly less effective than the sugar
baits and were about on a par with baits containing no sweetening agents
at all (Plots 11 and 12). The good results obtained with bran baits without
a sweetening agent were the outstanding feature of this series of tests.

Table 9 shows the results of the additional tests; these plots were
baited June 15. The results with all baits were very good. Bran baits
containing sugar were slightly superior to baits not containing a sweet-
ening agent. No material difference was evident between baits containing
5 pounds and 7 pounds of calcium arsenate to 50 pounds of bran.

Parkdale experiment. A series of plots was baited on the Davidson
planting at Parkdale in 1928 which was checked by determining the larval
population in the spring of 1929. The results are shown in Table 10.

This planting of 15 acres was so heavily infested in 1927 that half of
the patch was plowed up; the tests were located on the border of the
remaining patch adjacent to the plowed area. It was anticipated that this
location would be subjected to maximum attack as a result of beetles
migrating into the patch. The two outside rows were left as the check
(Plot 1); rows 3 and 4 were Plot 2, rows 5 and 6 Plot 3, and rows 7 and 8
Plot 4; the remainder of the patch was baited twice. Overwintering weevils
were numerous at the time of making the first application, May 15.

'The following conclusions are taken from Childs' notes: (1) Beetles
may be prevented from entering a strawberry patch by proper baiting even

Larvae
Date of

Pupae Adults

observations Number Per cent Number Per cent Number Per cent

May 17 4 3.22 120 96.78 0 0.00
May 23 5 3.20 151 96.80 0 0.00
May 27 o 0.00 31 91.12 3 8.82
May 30 2 1.22 152 92.69 10 6.09
June 1 2 0.80 224 89.60 24 9.60
June 3 0 0.00 76 67.18 37 22.82
June 6 0 0.00 4 2.35 166 97.65
June 9 0 0.00 5 3.33 145 96.67w



Table 8. EXPERIMENTS WITH VARIOUS BAITS FOR TIlE STRA\VBERRY ROOT-WEEVIL, 1928
B. L. Carothers' Planting, Woodburn, Oregon

Applied June 5, 1928

Fresh, 1928 sample of apple waste was used on these plots.
f Left Over, 1927 samples of apple and pear waste used on these plots.

Number and percentage of dead weevils at end of various periods

Plot number and baits used

One day Two days Three days Seven days

Number
dead

Number
live

Per cent
dead

Number
dead

Number Per cent
live dead

Number
dead

Number
live

Per cent
dead

Number
dead

Number
live

Per cent
dead

1 "Apple, calcium arsenate 5% 65 19 77.38 72 9 88.88 I 62 14 81.58 84 5 94.39
2 "Apple, calcium arsenate 5%,

water 10% 48 6 88.84 81 2 97.59 97 4 96.05
3 "Apple, calcium arsenate 10% 117 25 82.58 156 14 91.77 136 3 97.83
4 tApple, calcium arsenate 5% 88 22 80.00 58 14 80.56 81 94.19

fApple, calcium arsenate 2% 22 18 54.99 48 3 94.10 79 6 92.94
6 fApple, sodium fluosilicate

5% 40 9 81.64 34 5 87.18 66 2 97.27
7 tPear, calcium arsenate 5% 55 72 i 43.31 67 15 81.72 99 95.19
10 Bran 50 lb., sugar 10 lb.,

calcium arsenate 2 lb.,
water 5 gal 82 23 78.09 83 23 78.30 99 15 86.84

9 Bran 50 lb., sugar 10 lb.,
calcium arsenate 5 lb.,
water 5 gal 70 51 57.84 75 12 86.22 67 4 94.36 157 4 97.52

11 Bran 50 lb., calcium arse-
nate 5 lb., water 5 gal 108 22 83.08 66 14 82.49 156 11 93.42

12 Bran 50 lb., calcium arse-
nate 5 lb 110 16 87.30 65 1 6 91.54 110 7 94.01

13 Bran 50 lb., molasses (black)
lit gal., calcium arsenate
5 lb., water 3i gal 63 8 88.72 47 9 83.92 93 7 93.00

14 Bran 50 lb., sugar 10 lb.,
sodium fluosilicate 5 lb.,
water 5 gal 147 14 91.33 156 2 98.72 157 4 97.52

X Check, no bait 18 164 9.89 11 104 9.56 32 123 20.65



' 1928 apple waste used.

1'able 9. EXPERIMENTS WITIS VARIOUS BAITS FOIl THE CONTI1OL OF THE STRAWBERRY ROOTWEEVIL, 1928
B. L. Carothers' Planting, Woodburn, Oregon

Applied June 15, 1928

Number and percentage of dead weevils at end of various periods

Plot number and baits used

One day Three days Seven days

Number
dead

Number
live

Per cent
dead

Number
dead

Number
live

Per cent
dead

Number
dead

Number
live

Per cent

16 Bran 50 lb., sugar 10 lb., calcium arsenate Sib.,
water 5 gal 217 71 75.36 181 11 94.28 137 97.:

17 Bran 50 lb., calcium arsenate 5 lb., water 5 gal. 59 41 59.00 93 7 93.00 114 9 92.68
18 Bran 50 lb., sugar 10 lb., calcium arsenate 7.5

lb., water 5 gal 119 17 87.50 115 9 92.74 126 3 97.68
19 Bran 50 lb., calcium arsenate 7.5 lb., water 5 gal. 92 24 79.30 135 8 94.41 111 6 94.86
20 Apple, calcium arsenate 5% 74 23 76.28 106 6 96.85 133 7 95.01
V Check, no bait 4 82 4.65 11 85 11.46 13 86 13.12
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though adjacent to fields killed out by weevil attack; (2) Beetles from
adjacent infested areas are killed as a result of the baited area; (3) In the
vicinity of severe weevil infestation border baiting (including four to six
rows) of three applications is believed desirable; (4) Providing the patch
is relatively free from the insects, two well-timed applications will give
commercial control.

Table 10. EXPERIMENTS ON THE TIME AND NUMBER OF APPLICATIONS OF BAIT FOR THE
STRAWBERRY ROOT-WEEVIL, 1928-29

Davidson's Planting, Parkdale, Oregon

Apple, calcium arsenate 5% bait was used on all plots.

1929 EXPERIMENTS
The 1929 experiments were conducted on the J. W. Cox planting at

Lacomb. Overwintering weevils were found in this planting in the spring
of 1929 in small numbers; so two plots were baited on May 23. The results
are shown in Table 11. Although it rained three out of the four days follow-
ing application of the bait, 87 per cent kill was obtained with the bran bait,
and 82 per cent kill with the apple bait; the plots were checked four days
following application. Sixty plants were examined to obtain these records,
which gave an average of 5.4 overzvintering adults per plant. It is to be
remembered that this planting is at Lacomb where the elevation is about
750 feet, 500 feet or more higher than the plantings in which the other
experiments were conducted in the Willamette Valley. The infestation

Table 11. SUMMARY OF EXPERIMENTS FOR OVERWINTERING ADULTS OF THE STRAWBRRRY
ROOT-WEEVIL, 1929

J. W. Cox's Planting, Lacontb, Oregon
Bait Applied May 23, 1929

Note: Rained three out of four days.

Check after four days

Plot and time of
applying the baits

Number of
plants

infested
with

weevils

Total number
of weevils

(larvae, pupae,
adults) on ten
plants, May

15, 1929

Average
number of
weevils per

plant

Per cent
of

infestation

I Check, no bait. 10 556 55.6 100.00

2 1st, May 15, 1928
2nd, June 8, 1928 p 426 42.6 76.5

3 1st, May 15, 1928
2nd, June 18, 1928 7 38 3.8 6.83

4 1st, May 15, 1928
2nd, June 18, 1928 2 9 .9 1.61
3rd, July 2, 1928

Plot number and baits used Live Dead Total
Per cent

dead

I Apple, calcium al-senate 5%..__ 19 87 106 82.08
2 Bran 5 lb., calcium arsenate 8 oz., sugar

1 lb., water 2 qt
)< Check, no bait

14
99

96
9

110
108

87.28
8.33
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was also much heavier as will be shown in connection with the following
experiments.

The first series of baits for the emerging weevils was applied on June 12
(Table 12). Heavy rains followed this application and, as a result, the percent-
age of kill recorded seven days following baiting was rather disappointing. The
plots were again checked 14 days after baiting. Both apple and bran baits
containing sodium fluosilicate showed a decided increase in kill over the
kill obtained 7 days after baiting, while the baits containing calcium
arsenate remained stationary. The raisin-bran bait recommended by
Downes (54) was tried for the first time in this field and was made both
with calcium arsenate and sodium fluosilicate. The results obtained were
about equal to the apple and bran baits containing sodium fluosilicate; but,
in this particular bait, calcium arsenate was slightly superior to sodium
fluosilicate.

A second series of experiments for the emerging weevils was started
on June21 (Table 13). All of the baits used gave very good results. Apple baits
containing sodium fluosilicate were slightly superior to apple baits con-
taining calcium arsenate, as were also the bran baits containing sodium
fluosilicate. The recommended formula for bran bait containing sodium
fluosilicate gave 100 per cent kill at the end of seven days. The raisin-bran
bait also gave very good results, that containing sodium fluosilicate being
slightly superior.

As mentioned in connection with the discussion of the tests for over-
wintering weevils, this planting was very heavily infested. For example,
in checking the plots on June 22, only 26 plants were examined and 2,388
dead and live weevils were counted, an average of 91.8 weevils per plant.
The highest number of weevils found on one plant in checking this field
was 311. A number of plants were found with more than 200 weevils, and
many plants with more than 100; in fact, on June 26, 3,039 weevils were
counted on 26 plants, an average of 116.8 per plant. This does not represent
the average infestation of the whole field, as the more heavily infested
portion of the field was used for tests.

The plants with the greatest amount of feeding on the leaves were
selected for sifting, as they were most likely to have large numbers of
weevils.

THE ROUGH STRAWBERRY ROOTWEEVIL*

The Rough Strawberry Root-Weevil is either a native insect, as out-
lined in the introduction, or else it has been introduced into North America
from two directions, east and west. The first record of its presence in
North America is that of Horn (120) in 1876 when he recorded specimens
from the "Middle States;" this apparently refers to the more northern
states east of the Mississippi River. Although recorded from the eastern
states, it apparently has developed to be a pest of serious importance only
on the Pacific Coast.

Brachyrhinus ru9osostriatus Goeze.



Table 12. SUMMARY OF EXPERIMENTS FOR TIlE STRAWBERRY ROOT-WEEVIL, 1929
J. W. Cox's Planting, Lacomb, Oregon

Bait Applied June 12, 1929

Counts of weevils at end of various periods

Plot number and baits used

One day Three days Seven days Fourteen days

Live Dead
Per cent

dead Live Dead
Per cent

dead Live Dead
Per cent

dead Live Dead
Per cent

dead

1 Apple, calcium arsenate 5% 83 76 47.79 57 122 6455 101 79 43.88 75 56 42.75
2 Apple, calcium arsenate 7.5% 79 77 49.37 103 135 56.71 51 74 59.20 51 179 77.84
3 Apple, calcium arsenate 2.5% 82 88 51.77 34 i 64 65.31 75 129 63.24 135 264 66.16
4 Apple, sodium fluosilicate 5% 65 129 66.49 38 170 81.72 53 223 80.79 10 179 94.71
S Apple, sodium fluosilicate

I7.5% 64 167 72.30 25 119 82.62 60 281 82.39 11 305 96.51
6 Apple, magnesium arsenate

5% 78 52 40.00 30 81 72.98 47 177 79.21 32 148 65.31
7 Bran 5 lb., calcium arsenate

8 oz., sugar 1 lb.,
water 2 qt. 47 79 62.69 37 87 64.43 138 37 21.14 84 203 70.73

8 Bran 5 lb., calcium arsenate 4
oz., sugar 1 lb., water 2 qt. 76 44 36.67 38 57 59.87 74 62 45.69 37 65 63.72

9 Bran 5 lb., calcium arsenate
8 oz., water 2 qt 62 60 49.18 51 102 66.64 174 94 35.08 94 238 66.68

10 Bran 5 lb., sodium fluosili-
cate oz., sugar 1 lb.,
water 2 qt. 38 144 79.12 56 179 76.17 60 159 72.61 ii 265 96.01

11 Bran 2 lb., calcium arse.
nate 6 oz., raisins 2 lb.,
Water 1 qt 85 66 43.69 140 147 51.22 43 129 75.01 17 264 93.96

12 Bran 2 lb., sodium Iluosili-
cate 6 oz., raisins 2 lb.,
Water 1 qt i 29 94 74.67 43 86 65.15 33 93 73.81 15 138 90.20

X Check, no bait 178 2 1.11 99 5 4.80 205 0 0.00 140 23 14.11



Table t3. SUMMARY OF BAIT EXPERIMENTS P05 tHE STRAWBERRY ROOT-WEEVIL, 1929
J. W. Cox's Planting, Lacomb, Oregon

Bait Applied, June 21, 1929

Plot number atid baits used

Counts of weevils at end of various periods

Percent
dead

One day Three days Seven days

Live Dead
Per cent

dead J.ive Dead
Per cent

dead Live
I

Dead

1 Apple, calcium arsenate 5% 77 96 55.50 19 147 88.55 12 214 94.69
2 Apple, calcium arsenate 7.5% 84 78. 48.15 16 252 94.04 I 18 180 90.44
3 Apple, calcium arsenate 2.5% 130 89 40.64 38 170 81.72 14 152 91.56
4 Apple, sodium fluosilicate 5% 22 159 87.84 1 108 99.08 7 2t4 96.83
5 Apple, sodium fluosilicate 7.5% 18 114 86.36 3 204 98.54 1 165 99.40
6 Apple, sodium fluosilicate 2.5% 23 205 86.14 4 140 97.21 1 17t 99.42
7 Bran 5 lb., calcium arsenate 9 oz., sugar 1 lb.,

water 2 qt. 37 167 81.91 17 161 90.44 4 160 97.57
8 Bran 5 lb., calcium arsenate 4 oz., sugar 1 lb.,

water 2 qt. 43 101 70.13 20 83 80.60 8 184 95.83
9 Bran 5 lb., calcium arsenate 8 oz., water 2 qt 41 202 83.14 14 193 93.24 3 193 98.47

10 Bran 5 lb., sodium fluosilicate 8 oz., sugar 1 lb.,
water 2 qt. 23 149 86.64 1 175 0 265 100.00

11 Bran 2 lb., calcium arsenate 6 oz., raisins 2
lb., water 1 qt 17 91 84.26 3 111 97.36 7 187 96.38

12 Bran 2 lb., sodium fluosilicate 6 oz., raisins 2
lb., water 1 qt 9 99 91.64 6 192 96.96 2 169 98.83

X Check, no bait 275 4 1.43 186 6 3.12 2t7 2 00.91
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HOST PLANTS

This species is a serious pest of strawberries. It is usually associated
with the other species of weevils, but not so widely distributed in the state.
It has been recorded as a pest of strawberry only in Oregon, Washington,
California, British Columbia, and Colorado. Serious infestations have
been recorded only in Oregon. Lovett (132) in 1913 reported plantings at
Oswego destroyed, and Mote and Wilcox (145) in 1927 reported a planting
at Shaw that was so badly injured that the third crop was practically a
total failure. Serious infestations have been noted in Marion, Linn,
Benton, and Clacicamas counties in later years. Other host plants are
raspberry, blackberry, gooseberry, and grass sod. Raspberries have been
noted to be seriously injured in Multnomah county, and a few specimens
were taken on gooseberry in Polk county. Treherne (191) mentions this
species as being primarily grass feeding. Browne and Keifer (32) found it
breeding on privet (Ligustruni japonicuni) together with B. cribricollis in
California. Keifer (115) records it from Cotoneaster and other shrubs.
Hardouin (218) in France recently found the larvae injuring cyclamen and
Primula, and the adults were taken on blackberry and rose, especially in
large numbers on rose. No doubt this species feeds on a great number of
other host plants, as do the other two species of this genus, but as very
little time has been spent in studying this species, host plants have not
been recorded as yet.

DISTRIBUTION

The distribution in Europe has been rather difficult to trace because
of the confusion of names. Although apparently common in Europe as
expressed by Hustache (111) in 1923, it has not been considered an economic
pest. rn Europe it has gone under the incorrect name scabrosus Marsh and
in this country under the name rugifrons Gyll. up to 1927, when Buchanan
(33) pointed out the differences between the two species.

The following is the distribution as we have been able to trace it:
North America (102); United States: California (12, 32, 37, 110, 170,

171, 172, 198); Colorado (33, 146); District of Columbia (21, 33, 37);
Maryland (33); Michigan (33); New Jersey (21, 174); New York (21,
33, 37); Oregon (33, 145, 147, 150); Pennsylvania (21, 33, 37); Utah
(33); Virginia (21, 33, 37); Washington (33, 37, 50, 89, 142). Canada:
British Columbia (33, 37, 50, 89, 191); Nova Scotia (33); Ontario (21,
33, 37); Quebec (21, 37).

Europe (111, 179, 180); England (135); France (111, 218); Central
Europe (111).

Africa, north (111).

In Oregon the species occurs throughout the 'vVillamette Valley,
extending to the Coast in the counties along the Columbia River, and we
also have reports of damage to strawberries from Coos county.

AS A HOUSEHOLD PEST

The attention of the Entomology Department of the Oregon Experi-
ment Station has been brought to a number of instances where this insect
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has entered households in the fall and spring and made itself a nuisance.
Identified specimens have been received from Lane and Washington
counties. Mr. 0. A. Hills, who assisted with the work in 1927, found tw
specimens in his house in Corvallis.

COMMON NAME

Until the last few years this weevil has had no definite common name
applied to it, and as yet no common name has been approved for general
use. lit is usually referred to as the Strawberry Root-Weevil. As this is
now the approved name for Brachyrhinus ovatus L., it seems necessary to
apply some name that will distinguish it from the other root-weevils on
strawberry. Essig (56) in 1926 referred to it under the name Rough
Strawberry Weevil," and Mote and Wilcox (145) in 1927 called it the
Medium Sized Strawberry Root-Weevil." Neither name seems exactly
suitable, as the name applied by Essig does not distinguish it as a root-
weevil and the name applied by Mote and Wilcox is suitable only when
the three species of Brachyrhinus are concerned, and is undesirable because
of its length. The name Rough as used by Essig is evidently taken from
the name rugfrons when that was the accepted name for this species. As
rugososiriatus (striate wrinkled) could be termed rough, the writers sug-
gest that the name for this insect be the "Rough Strawberry Root-Weevil."
Essig (215) in a recent paper has used this name for this species.

DESCRIPTION OF THE VARIOUS STAGES

This species has had a rather confi.sing existence. In Europe it has been
known for more than a hundred years as B. scabrosas Marsh. In North
America it has been known as B. rugifron.s Gyll. since 1876. B. scabrosus
Marsh apparently is synonymous while B. rugifrons Gyll. is a misnomer.
Buchanan (33) characterizes the two species and gives the localities from
which he has seen specimens as follows:

"B. rugosostria.tus Goeze. Length .24-29 inch; color reddish to piceous-
black; femora mutic; antennae slender, the outer segments elongate;
rostrum sulcate along middle above, and feebly set off from the head
in profile; pronotum evenly tuberculate over the entire surface; elytra
more oblong. Specimens from Canada: Nova Scotia, Ontario, and
British Columbia; United States: Virginia, Maryland, District of
Columbia, New York, Michigan, Colorado, Utah, Oregon, Washington,
and Pennsylvania.

"B. rugifrons Gyllenhal. Length .16-22 inch; deep black throughout;
femora with a small tooth; antennae stout, outer segments moniliform;
rostrum and head continuous in profile; alae more abruptly dilated;
front of head and upper surface of rostrum closely, longitudinally
strigose, the latter not sulcate along middle; eyes nearly flat, more
lateral in position and more widely separated above; no interocular
fovea; pronotal tubercles more or less coalescent, especially at middle,
to form short, sinuous, irregular rugae. In some specimens the middle
of the pronotum is very coarsely punctate, the sides tuberculate.
Elytra suboval, with smaller, more irregular tubercles, and a double
row of shorter hairs along each interval. Sydney, Nova Scotia."
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The larva, description taken from Keifer (115). "Length .43 inch. Pig-
mented ocelli present; spinules on ental side of maxillae reduced in most
cases to minute knobs, those on paragnaths distinctly longer; sclerites of
mentum distinctly thickened in the angles posterior to the junction of the
crossed pieces; seta I on all segments short, the metascuto-scutellum as in
sulcatus; no prominent seta on thoracic epipleura; pedal lobes with seven
setae, five prominent; integument with spinules on some areas, apparently
more or less present on dorsum of all segments; bod'y setae shorter than
sulcalus, the short ones especially stout and spine-like; scutellum of eighth
and dorsum of ninth as in.sulcatus."

The pupa, description taken from Barrett (17). "Head exposed, flexed
against the prosternum; mandibles oblique to body axis; dorsal surface
with ten recurved setae arising from tubercies. Pronotum evenly convex;
base slightly incised, basal angles rather acute; sides and apex arcuate;
lateral margin with two small setae; apex with four recurved setae; central
area with two setae. Elytra with distinct striae. Legs prominent laterally,
not appressed against the body, distinctly compressed and comparatively
broad; tarsi indistinguishable; distal end of femur with two, unequal,
slightly recurved setae. Abdominal segments convex dorsally, less so
ventrally; dorsal surface with row of setae to each segment; setae on seg-
ments one to four very minute; last three segments with robust setae; apex
terminating in two chitinous spine-like processes. Color of alcoholic speci-
mens, yellowish white, setae brown. Length .27 inch; width from knee to
knee, .14 to .16 inch."

The egg is pearly white when laid but soon changes to an amber color.
Oval in shape and .019 inch wide by .022 inch long.

SEASONAL AND LIFE HISTORY

The seasonal and life history of the Rough Strawberry Root-Weevil
is practically identical to that of the Strawberry Root-Weevil. The main
differences are that the adults emerge about two weeks later in the season
and that egg laying is delayed until August and September. Indications
are that a number of the adults overwinter and continue oviposition in the
spring in some places, although no weevils were found in the patch at
Shaw, Oregon, in the spring of 1926. A number of adults were found over-
wintering at Lacomb, 750 feet elevation, in 1929; attempts to obtain eggs
from specimens from this planting, however, were unsuccessful.

Table 14 shows a few life-history records obtained in two plantings in
the 1929 season. In addition to these records, a count was made in the
S. C. Rickard planting at North Howell Prairie, and the following records
were obtained: larvae 12 (15.06 per cent), pupae 64 (81.01 per cent),
adults 3 (0.038 per cent).

CONTROL EXPERIMENTS

Two opportunities were presented in the 1929 season to test baits for
the control of this species.

The first series of tests was applied for overwintering weevils which
were found in small numbers in the A. A. Ayres planting at Lacomb, eleva-



Table 14. LIFE-HISTORY RECORDS OF THE ROUGH STRAWBERRY ROOT-WEEVIL, 1929

"Four adults found in examining around the crowns of ten other plants.
f Adults found above ground on this date, so not a true percentage.

Larvae which were found in this planting may have been Dy.slobus wilcoxi.

Date of observation

Larvae Pupae Adults Larvae Pupae Adults

Number Per Cent Number I Per cent Number Per cent Number Per cent Number Per cent Number Per cent

June 4 42 70.0 18 30.0 0 0.0
June 7 89 42.4 120 57.2 1 0.04
June 8 89 50.0 89 I 50.0 0" 0.0
June 12 16 14.6 94 85.4 0 0.0
June 22 0 0.0 58 76.3 18 23.7
June 25 15 7.9 118 61.4 59 30.7
July if 23 13.4 99 57.2 51 29.4
July 68 4.0 7 5.5 115 90.5

W. H. Worrell's planting, Albany A. A. Ayres' planting, Lacomb
elevation about 200 feet elevation about 750 feet
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tion 750 feet. The results of this test are shown in Table 15. Only the
apple, calcium arsenate bait and the standard formula for bran bait con-
taining calcium arsenate were tried. The apple, calcium arsenate bait was
superior to the bran bait. Fifty-eight plants were examined to obtain these
records, showing an average of 5.6 weevils per plant.

An opportunity was offered to try baits for the emerging weevils on
the W. H. Worrell planting in northern Benton county, near Albany. The
results of this test are shown in Table 16. As a whole the apple baits were
superior to the bran baits, but the bait showing the highest percentage of
kill at the end of seven days was the recommended bran calcium-arsenate
bait without sugar. The only bait showing rather poor results was this
same formula using sodium fluosilicate as the poison. Half of the recom-
mended amount of sodium fluosilicate in the recommended bran bait was
slightly superior, while with calcium arsenate it was the opposite.

The abundance of weevils in this field can be judged from the follow-
ing record obtained July 10, in checking the plots for dead and live weevils;
thirty-five plants were examined and 1,740 weevils counted, an average of
49.7 weevils per plant.

Table 15. SUMMARY OF EXPERIMENT FOR OVERWINTERING ADULTS OF B. rugosostriatus GOEZE
A. A. Ayres' Planting, Lacomb, Oregon

Bait Applied May 23, 1929

Plot number and baits used

Note: Rained every day but one.

CONTROL RECOMMENDATIONS

Either an apple bait containing 5 per cent calcium arsenate or sodium
fluosilicate, or a bran bait containing either calcium arsenate or sodium
fluosilicate (for formula see page 47) can be used for this species. A bait
of bran and calcium arsenate without sugar appears to be very effective
for this weevil and would warrant trial. If sodium fluosilicate is to be used
in the bait, half the recommended amount appears to be as effective as the
regular amount.

As this weevil emerges somewhat later in the season and also takes
considerable time before laying fertile eggs, the bait application for the
emerging weevils can be delayed until the end of the picking season.

The bait is applied to the crown of the plants as in the case of the
other species.

If overwintering weevils occur in the patch, apple or bran bait applied
during May can be expected to give a fairly high percentage of kill, if
heavy rains (10 nOt immediately follow the bait application.

Check after four days

Per cent
Live Dead Total dead

-1 Apple, calcium arsenate 5% 14 121 135 89.64
2 Bran 5 lb., calcium arsenate 8 oz., sugar

1 lb., water 2 qt 21 106 127 83.47
X Check, no bait 67 0 67 0.00



Table 16. SUMMARY OF EXFRRIMENTS FOR THE CONTROL OF B. rugosostriatus GOEZE
W. H. Worrell's Planting, Albany, Oregon

Bait Applied July 9, 1929

Note: The baits used on plots I and 12 were mixed with calcium arsenate brand No. I.
The baits used on plots 2, 4, 6, 7, and 8 were mixed with calcium arsenate brand No. 2.

One day Three days Seven days

RatingPlot number and baits used Live Dead
Per cent

dead Live Dead
Per cent

dead Live Dead
Per cent

dead

1 Apple, calcium arsenate 5% (No. 1) 21 108 83.71 21 100 82.64 5 113 95.76
2 Apple, calcium arsenate 5% (No. 2)
3 Apple, sodium fluosilicate 5%

21
15

153
137

- 87.94
90.14

17
to

138
131

89.04
92.92

4
3

167 97.70
97 97.00

2
34 Apple, calcium arsenate 2% (No. 2)

S Apple, sodium fluosilicate 2%
6 Bran 5 lb., calcium arsenate 8 oz.

14 108
12 117

88.51
90.67

15
16

121
100

88.98 6
86.20 8

181 96.81 4
116 93.56

(No. 2), sugar 1 lb., water 2 qt
7 Bran 5 lb., calcium arsenate 4 oz.

17 90 84.10 II 102 90.26 8 99 92.49 9

(No. 2), sugar 1 lb., water 2 qt
8 Bran 5 lb., calcium arsenate 8 oz.

18 94 83.92 16 105 86.78 14 109 1 88.61 1!

(No. 2), water 2 qt 21 128 85.90 14 133 91.62 135 99.269 Bran 5 lb., sodium fluosilicate 8 oz.,
sugar 1 lb., water 2 qt

10 Bran 5 lb., sodium iluosilicate 4 ox.,
14 146 91.26 6 169 96.58 19 261 93.19 8

sugar 1 lb., water 2 qt
It Bran 5 lb., sodium fluosilicate 8 oz.,

10 102 90.99 12 93 88.57 6 133 95.70. 6

water 2 qt.
12 Bran 5 lb., calcium arsenate 8 ox.

22 102 82.26 19 84 81.56 19 99 83.89 12

(No. 1), sugar 1 lb., water 2 qt
X Check, no bait

33
116

123
8

84.24
6.45

25
108

I

146
4

85.39
3.57

13
86

110 89.43
25 22.52

10
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THE BLACK VINE WEEVIL*
The Black Vine Weevil is probably the least important of the root-

weevils attacking strawberries in Oregon. It is well distributed in Oregon
in the strawberry districts, and where it occurs can do considerable dam-
age. It is usually associated with the other species of weevils, however,
which almost always exceed it in numbers. This weevil probably does
its most serious damage to vine (grape) in Europe; hence its common
name. Besides being a pest of strawberry and grape, it has been recorded
as a serious pest in greenhouses on a number of plants. It has done serious
injury to raspberries, and has been recorded as a pest of various shrubs and
other plants in nurseries. As no opportunity has been presented to study
or to apply control measures for this species in the field, and as this weevil
has been treated extensively by Smith (176)t recently, only a rather brief
summary will be given here.

AS A STRAWBERRY PEST

As a pest of strawberries the Black Vine \\Teevil has a wider distribu-
tion than the Strawberry Root-Weevil, although no outstanding examples
of serious or extended damage have been recorded. It has been reported
from the following places as injuring strawberries:California (12); Illinois
(76); Missouri (76); Oregon (132, 145); New York (130); Washington (82,
83, 139, 140, 142); British Columbia (50, 54, 73, 89, 188, 189, 190); Ontario
(34); France (22, 203); Germany (160, 185); Holland (25); Norway (168);
Russia (116); Sweden (117); England (109, 143, 148, 182); and Tasmania
(34).

The following quotations will serve to illustrate how it is considered
as a pest of strawberries in several places.

France: Vercier (203) in 1913 says, "Eats leaves at night, but is
not a very common pest." (Literal translation.)

Germany: Thiem (185) in 1922 says, 'Though considerable, the
recorded damage to Tazus, Rhododendron, Camellia, gooseberries, and
strawberries is slight compared to that in vineyards." (Literal trans-
lation.)

England: Hodson and Beaumont (109) in 1925 say, "0. sulcalus
caused serious injury to strawberries in southwest Devon, and as many
as 40 larvae were found tunneling in one root crown."

Holland: Bos (25) in 1917 says, "The larvae of 0. sulcalus L. did
considerable injury to strawberries in 1914."

Oregon: Lovett (132) in 1915 says, "Occurs in the Portland and
Milton-Freewater district and in the last-named district is doing con-
siderable damage in a few of the strawberry fields. 0. sulcalus is not
considered of especial importance by the growers. It apparently does
not spread rapidly nor multiply fast enough to injure a field to a
noticeable extent."

Brcichyrhinus s-ilcatus Fabr.
t rowers should be able to obtain copies of this publication (U.S. Dept. of Agric. Tech.

Bul. No. 325) through their Senator, Representative, or County Agent.
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British Columbia: Downes (50) in 1922 says, This is another
weevil that is prevalent in the strawberry fields associated with the
Strawberry Root-Weevil. From our observations, however, it is not
nearly so destructive. It is seldom found in such great numbers, nor
is it so generally distributed in strawberry fields, being quite absent
from some farms."

Pennsylvania: Smith (176) in 1932 says, "Adults of B. sulcalus,
when given a choice, fed almost entirely on primroses (Prirnula spp.),
cyclamens, or dock (Ruinex spp.) and very little on strawberry, and
when confined on strawberry deposited fewer eggs than others caged
on more favored hosts."

The conditions that prevail in British Columbia and as they have been
summarized by Lovett for Oregon, according to the writers' observations,
still apply in Oregon. The weevil has extended its range considerably iii
Oregon from that found by Lovett, but in no cases in the Willamette
Valley has it been found on strawberries except associated in small num-
bers with other, more numerous root-weevils infesting the same planting.
One planting in the Hood River Valley, in which the Black Vine Weevil
apparently was the only species, was considerably damaged. No opportu-
nity has been afforded to study it in the Milton-Freewater district, but
from reports received in 1927, it is more numerous there than in the
Willarnette Valley and does considerable damage, but is not as numerous
or as injurious as the Strawberry Root-Weevil.

AS A PEST OF THE VINE (GRAPE)

As a pest of the vine (grape) this weevil has done serious injury in
Europe for a number of years. It is from its depredations on this plant
that it receives its common name, the Black Vine Weevil. The first report
we have seen on this insect as a pest of vine is that of Laboulbene and
Linder (119) in 1861 in France. Puls (158) in 1881 recorded serious injury
to vine in Belgium, and Ormerod (148) in 1890 records it as a pest of vine
in England.

Following these earlier reports, numerous reports of injury by this
pest have come from Europe. The most complete work that has been
seen is that of Feytaud (60 to 70) who studied this pest in France over a
period of twenty years, beginning in 1906. His most complete report is
that published in 1918 (67), in which he summarizes the situation in Europe
as follows: '1vVeevils attack the tender vine stocks and feed during the
night, cutting away and destroying the leaf-buds. Later they attack the
branches, eating away the bark and leaving large scars. Eat leaves in cap-
tivity, but rarely in nature at least before the middle of August. Larvae live
in soil during winter, cutting the smaller vine roots and attacking the larger
ones more or less severely, and wounding the trunk, weakening it until it
eventually dies. Severe outbreaks of this pest recorded in Belgium, Ger-
niany, Italy, and France."

Thiern (185) in 1922 gives the following account of its destructiveness
in Germany. In 1920, 4,000 to 6,000 young grafted vines were destroyed
at Berncastle-Cues. The roots were eaten, ringed or bitten through, and
numerous grooves were gnawed on the stem to a height of 8-12 inches.
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Eight-year-old vines have been destroyed; old vines were not attacked.
Adults feed on newly opened buds in spring, also on young berries and
their stalks and shallow roots."

There are apparently no records of this insect attacking vine in this
country. It has been recorded from southern California (11) in 1926, and
from northern California (12) in 1927, and might become a pest on grape
in that state.

OTHER INJURIOUS HABITS

On a number of occasions this pest has done considerable damage in
greenhouses, coldframes, nurseries, and to potted plants. So severe and
frequent have been these infestations that it has earned the names "Cycla-
men Borer" and "Yew Beetle." Cyclamen, saxifrages, Gloxinia, Rhododen-
dron, and primroses seem to be most frequently injured.

One peculiar thing about these infestations is the method by which
the weevils gain entrance to the houses. Unlike the other two species of
Brachyrhinus, this species apparently does not commonly enter houses in
the fall for the purpose of hibernation. Only one such record was found,
that of Venables (202) who in 1911 reported it entering houses in British
Columbia. Another record occurs in the files of the Entomology Depart-
ment, in which a house in Portland was invaded August 27, 1914. This
infestation was investigated by Mr. G. F. Moznette, then of the Oregon
Experiment Station. Smith (176) is of the opinion that the adults gain
entrance to the greenhouses before oviposition and has evidence to support
this theory. Thiem (185) is of the opinion that the larvae or eggs are
present in the soil used for potting plants and for the benches, and that
the infestations are started in this manner; he has found the insect breeding
in compost heaps, humus, and manure. Smith (176) found the larvae
unable to subsist in potting soil which contained leaf mold and well-rotted
cow manure, and which was devoid of all living plant roots. When root-
lets of food plants were present, however, as many as 80 per cent of the
larvae matured.

Injury under greenhouse and nursery conditions is quite general and
has been reported not only from various parts of the United States and
Canada but also from England and continental Europe. The injury is
twofold, that of the larvae eating off and girdling the roots and stems (or
bulb in some cases); and that of the adults eating the stems, foliage, or
blossoms.

COMMON NAMES

The approved common name in the United States is the Black Vine
Weevil. Other names under which this species has been listed are: Bos
(24) in 1913, 'Yew Beetle;" Caesar (34), Carpenter (35), Collinge (39),
and Fletcher (71), "Black Vine Beetle;" Forbes (75), "Common Weevil;"
Forbes (77, 78), "Black Fruit Weevil;" Gibson and Ross (86), "Cyclamen
Grub;" Gillanders (87), Miles (143), Theobald (183, 184), "Vine Weevil;"
Theobald (182), "Night-Feeding Weevil;" Weigle and Sasscer (209),
"Cyclamen Grub" and "Cyclamen Borer;" Mote and Wilcox (145), "Large
Strawberry Root-Weevil;" Feytaud (67), "l'Otiorhynque de Ia Vigne;" and
Berlese (18), "Oziorine della Vite."
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DISTRIBUTION AND HOST PLANTS

Smith (176) has given the complete distribution of the species and
lists more than eighty plants on which it feeds. As the more important
liost plants have been mentioned in the previous discussion, the others will
not be repeated here. In general, the distribution can be summarized as
follows: most of the northern states in the United States, most of the
Canadian provinces (and Nova Scotia and Newfoundland), practically all
of the western European countries and Russia, and Australia, New Zealand,
and Tasmania in the southern hemisphere. In Oregon it occurs in the
\Villamette Valley, in the northern coastal counties, in the counties along
the lower Columbia River, in the Hood River Valley, and in the Milton-
Freewater district in the Walla 'vValla Valley.

DESCRIPTION OF THE VARIOUS STAGES

The adult, taken from Blatchley and Leng (21). Oblong, brownish-
black, subopaque. Thorax subcylindrical, not longer than wide, its surface
densely covered with rounded tubercles, each bearing a short hair. Elytra
oblong-oval, striae coarsely punctured and with small remote patches of
short yellowish hair; intervals feebly convex, each with a row of shining
rounded tubercles. Femora strongly club-shaped, deeply sinuate near tip.
Length .33 inch."

The larva, taken from Keifer (115). Length .51 inch or more. Pig-
niented ocelli present and easily seen; spinules on ental side of maxillae and
sides of hypopharynx (paragnaths) rather short; sclerites of mentum not
thickened; seta I on all segments short; setae of nietascuto-scutellum:
I short, II long, III nearly as short as I, IV long; no prominent seta on
thoracic epipleura; pedal lobes with seven setae, five prominent; integu-
inent partly spinulate, dorsum with spinules except sixth, seventh, and
eighth segments. All body setae distinctly and strikingly longer than those
of ruosostria!us; scutellum of eighth with II minute, anteri&r; each side on
dorsum of ninth with three setae at points of a triangle, apex forward."

The pupa, taken from Barrett (17). Head exposed, flexed against
the prosternum; mandibles parallel to body axis; dorsal surface with twelve
recurved setae arising from tubercles. Pronotum with median longitudinal
impressed line; base slightly incised, basal angles broadly rounded; sides
and apex arcuate; lateral margin with two setae; apex with four slightly
recurved setae arising from prominent tubercles; lateral setae twice the
size of median setae; central area with four setae, posterior pair very
small. Elytra with faint striae. Legs prominent laterally, not appressed
against the body, distinctly compressed and comparatively broad; tarsi
indistinguishable; distal end of femur with two, unequal, and slightly
recurved setae arising from tubercles. Abdominal segments convex dor-
sally, less so ventrally; dorsal surface with longitudinal row of setae on
each segment; setae on posterior segments more robust than setae on
anterior segments; ventral surface without setae except last two segments;
apex terminating in two, chitinous, brown-tipped, spine-like processes.
Color of alcoholic specimens yellowish white, setae brown. Length .31
inch; width from knee to knee .19 to .22 inch."
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The egg is almost spherical, from .024 to .026 inch in diameter. When
first laid the eggs are a glistening pearly white, but after 24 or 48 hours they
change to a light brown or amber color.

LIFE HISTORY AND SEASONAL HISTORY

The life and seasonal history is very similar to that of the Strawberry
Root-Weevil and will not have to be related in detail. Emergence is some-
what later in the season as is also oviposition.

The following summary is taken from Smith's (176) recent bulletin:
Out of doors, B. sulca!vs passes the winter in the nearly full-grown larval,

prepupal, or, less frequently, adult stage. In some years the larvae com-
plete development before fall, but in most years a greater part of the larvae
hibernate before completing growth. These immature larvae complete
feeding early in the spring and pupate with overwintering prepupae in
May and June. Adults emerge in June or July, oviposit during July and
August, and go into hibernation in September, most of them dying, how-
ever, before spring. The few adults hibernating successfully emerge in
May and oviposit through the second summer. The eggs laid early hatch
to larvae, which mature in the fall and spend the winter as prepupae. Out
of doors, adults laid up to 488 eggs during the first season with an average
of 216.1. One adult deposited 863 eggs in two seasons. The number of
eggs laid varied with the species of host plant fed upon. There is, then,
one annual generation, but there is also a partial overlapping of adults
of the main generation with the few hibernating adults from the preceding
one. In the greenhouse, weevils Oviposit during July and August, and the
larvae mature from October to December. These develop into adults from
January to March and oviposit during the succeeding summer on the next
crop of plants."

CONTROL RECOMMENDATIONS

The writers have not had an opportunity to try control measures for
this species in the field. Melander and Spuler (142) first reported tests
with baits effective in the control of this species. Mote and Wilcox (145)
reported success with baits for this species in rather limited tests in the
laboratory. Smith (173), working in California, tried the bran bait recom-
mended by Mote and Wilcox (145) and also 'Go West" made with sodium
fiuosiltcate. He found the "Go West" more effective. Smith (176), work-
ing in Pennsylvania, found the bran bait superior to the apple bait in
experiments conducted in cages, in the greenhouse, and in the field on
yew. A dust made of equal parts of calcium arsenate and hydrated lime
he also found to be very effective.

Considering the success reported both with apple and bran baits in
several parts of the country and on several host plants, there appears to
be no doubt that strawberry growers can expect good results when these
materials are used as recommended for the Strawberry Root-Weevil. If
the grower is interested in a more detailed account of this weevil or in the
control of the species in the greenhouse or nursery, it is suggested that he
obtain a copy of Smith's Bulletin.*

Technical Bulletin No. 325, 1932, U.S. Dept. of Agric., by Floyd F. Smith, Biology cod
ConIrol of the Black f/inc Weevil.
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THE DECORATED STRAWBERRY ROOT.WEEVIL*

The Decorated Strawberry Root-Weevil was first found feeding on
the roots of strawberry in the Woodburn district in 1926. This is the
infestation recorded by Mote and Wilcox (145) as Dyslobus granicollis Lee.,
but additional infestations in the same district and in other districts, in
each year since, have shown the species to be Dyslobus decoratus Lec. and
not Dyslobus granicollis Lec. as then reported, Numerous specimens from
several localities have been determined as this species by Dr. E. C. Van
Dyke of the University of California.

The 1926 record according to Van Dyke (199) is not only the first
record of this species feeding and breeding on strawberry but also the
first record of any member of this Pacific Coast genus breeding on a culti-
vated plant. While this is apparently the first published record of the
species breeding on strawberry or a cultivated plant, Mr. W. Downes of
the Dominion Entomological Laboratory at Victoria, British Columbia,
had found the species on strawberry in British Columbia several years pre-
vious to this. Downes (49), who prepared and read a papel' on this insect
before the Entomological Society of British Columbia in 1921, has kindly
loaned the writers a copy of this paper. He found the adults in a teneral
condition on strawberry at Gordon Head in April, and took notes on the
life history of the species. He considers it of only minor importance in
British Columbia, however, even at the present time.

Indications are, however, that this or one of the other species of
Dyslobus have been feeding on and injuring strawberries in Oregon for
some time. This can be gathered from talks with growers whose patches
have been found infested with these weevils, and a statement by Lovett
(132) indicates they may have been injurious or at least present on straw-
berry as early as 1912. He says, 'The larger grubs are often found buried
in the tap root, and this food seems to give them a more pinkish cast,
giving rise to the belief that two species of larvae are present."t A higher per-
centage of the larvae of Dyslobus, according to our observations, bore in
the crown of the strawberry plant, than do the larvae of Brachyrhinus.
Larvae of both groups when found boring in the plant assume the pinkish
cast, which is due to the ingestion of the cortex of the strawberry crown.
Lovett (132) in his observations also found that very few of the larvae of
the Strawberry Root-Weevil (B. ovatus) bore into the strawberry crown.
He says regarding this, "In my observations, the habit of girdling the
crown is rather exceptional, the majority of the grubs feeding on the small,
fibrous, lateral rootlets. When they do attack the crown the habit of bur-
rowing straight through it is just as common as that of feeding around it."

More recently, Baker (14) has reported this species (depauperized
specimens) on strawberry at Grand Mound and near Seattle, Washington,
but not in sufficient numbers to be considered injurious. At Puyallup
typical specimens were found feeding on cherry roots, about three hundred
adults being taken under one tree. Baker (15) has also reported this
species very abundant around strawberry plants set in the spring of 1930

Dy.sJob.w decoratus (Leconte).
t The itatics are the writer's.
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in some fields at Grand Mound, Washington, particularly so in fields bor-
dering timber and brush.

HOST PLANTS

Strawberry is the only cultivated plant on which this insect has been
found breeding, the native host plant being unknown. The adults have
been collected on Douglas Fir, and in 1931 were found doing serious injury
to the buds of young pear and prune trees that were interplanted with
strawberries which had been plowed under in the fall of 1930. In another
plowed-under patch, numerous adults were around sorrel on which they
were feeding. Baker (15) reports finding the adults feeding on strawberry
and cherry in Washington. Dr. Van Dyke, in correspondence, says he has
taken this species mostly by beating shrubbery along water courses and
margins of meadows and fields, as he remembers it, on salmonberry, salal,
and hazel. Mr. Wm. W. Baker has kindly furnished the following list of
plants on which he has taken the species in Washington: Thimbleberry,
Cherry, Hydrophylluni, Alder, Strawberry, Osniaronia, Geunz, Rubus mac-
ropelalus, Rhamnus purshiana, and depauperized specimens on cultivated
and wild strawberry.

DISTRIBUTION

In Oregon serious infestations on strawberry have been observed in
a number of localities in Marion county ranging from 200 to 1,400 feet in
elevation; and in Linn, Washington, Polk, and Multnomah counties. Speci-
mens have been found on strawberry in Columbia and Clackamas counties.
Pierce (156)* records the species from Astoria, Clatsop county, May 25
(Hubbard and Schwartz). This is the only record from the coastal belt.

Dr. Van Dyke has kindly supplied the following localities from which
he has specimens in his collection: CaUforniaCastle Crags, Shasta county,
July 26, 1931; Carrville, Trinity county, June 16, 1913; McCloud, Siskiyou
county, July 26, 1916. He thinks he has specimens from eastern Hum-
bolt county. OregonMilton, Umatilla county, April 8, 1910; Waldo, Jose-
phine county, June 8, 1910; Warner Mts., Lake county, June 20, 1920.
WashingtonPort Angeles, May 28, 1907; Seattle; Easton (Koeble, Coil.).
He says, "Their general area of distribution is throughout the Puget Sound-
Willamette Basin extending in the east through the Cascade Mountains
into eastern Oregon and Washington and south well into northern California."
He has not taken decoratus west of the true Coast Range Mountains of
either Washington or Oregon.

Downes' (49) records from British Columbia at Gordon Head and
Baker's (14, 15) records from Washington about make the record complete.
The senior writer has seen and collected numerous specimens from both
western and eastern Washington; the eastern Washington specimens were
from Easton, Cle Elum, Yakima, and White Swan (collected by Wm. W.
Baker, C. W. Getzcndaner, S. E. Crumb, and Wilcox), and out of more
than 200 specimens less than 5 per cent were typical western Washington
and Oregon forms, the great majority of the specimens having longer,
finer, and more erect pile.

Probably not decoratu.g as itt his key Pierce separates decoratu.,- on the character, elyiral
punctures squanjigerous.



THE ROOT-WEEVILS INJURIOUS TO STRAWBERRIES 79

COMMON NAME

As common names seem to be desirable, and in most cases necessary,
the writers have applied the name, Decorated Strawberry Root-Weevil.
This name is taken from the scientific name and is quite applicable, as the
adults are covered with numerous scales that give off metallic copper and
brass reflections in various lights. Other species of Dyslobus possess simi-
lar scales,- but they are usually not as striking or evident as in decoralus.
Two coastal species* have quite bright green scales.

INJURY

At the present time, next to the Strawberry Root-Weevil (B. ovalus),
the Decorated Strawberry Root-Weevil is the most destructive weevil of
strawberries in Oregon. The larvae of this species feed much in the same
manlier as do the larvae of the weevils of the genus Brachyrlunus. The
smaller roots are eaten entirely or cut off, the larger roots girdled, and the
crown girdled and burrowed into. As stated above, a larger percentage of
the larvae of this species burrows into the crown of the plant than do the
larvae of Brachyrhnius. The one great difference between the two genera
is in the time of intensive feeding. The species of Dyslobus do their most
intensive feeding in the hot summer months of June and July, at a time
when the strawberry plants are poorly prepared to resist such an attack.
Consequently more plants are killed outright by the feeding of the larvae
of this genus even though usually occurring in smaller numbers. The larvae
of Brachyrhinus do their most intensive feeding in the fall and spring when
the weather is usually cool and moist.

The adults feed on the leaves of the plants, ragging them at the edges
much in the same manner as do the other species. This feeding by Dyslo-
bus, however, in cages at least, seems to be much more ravenous, and
extends to the mid-rib of the leaves at times. The adults can be located
quite easily in the fields in the early spring (March and April) by noting
whether the leaves have been eaten or not.

DESCRIPTION OF THE STAGES

The adult. The following is the description given by Horn (120).
'Form oblong oval, surface densely covered with cinereous scales, varie-
gated with brownish and cupreous spaces. Head and rostrum nearly as
long as the thorax, surface rather coarsely punctured, moderately densely
scaly, scales cupreous; rostrum above feebly subcarinate. Thorax oval,
slightly broader than long, apex and base truncate, the apex slightly nar-
rower, sides rather strongly arcuate especially at posterior third, lobes
very feeble; disc very feebly convex, subrugosely punctate and feebly
granulate, sparsely scaly, scales silvery and cupreous and with extremely
short, inconspicuous setae. Elytra oblong oval, conjointly emarginate at
base, humeri rectangular, sides moderately arcuate, disc moderately convex,
apex rather suddenly declivous, surface striate, striae with moderate, rather
closely placed punctures, intervals slightly convex, and alternately slightly
more convex near the declivity, densely scaly, scales cinereous or pale-

Dyslobns taken Van Dyke and Dysiobus vinidescens Van Dyke.
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brownish, variegated with cupreous and darker scales. Body beneath
piceous, with sparsely placed scale-like hairs, intercoxal process and last
ventral segment densely cribrate punctate. Legs sparsely scaly and pubes-
cent. Length .26 inch; 6.5 mm. Although very different in appearance
from the preceeding species (Dyslobus granicollis Lec.),* there is some dif-
ficulty in finding characters expressible in words to separate the two.
The thorax of the present species is relatively much broader and at its
widest part but little narrower than the elytra. The alteration of elevation
of the intervals is very little marked on the disc and is but slightly more
evident near the declivity. A variety (?) occurs in Oregon with intervals
nearly flat and similar. Occurs in Oregon and Vancouver."

The eggs are pearly white in color when laid, turning darker with age,
some becoming nearly black. Elongate with rounded ends, in some speci-
mens tending to be kidney-shaped. Length 1.040 mm., width .39 mm.
(.041 to .015 inch) (average of three eggs).

The larvae. Keifer (115) has described the larvae as follows: "Larvae
up to .39 inch in length have been examined. The body is rather robust.
curved, somewhat tapering. Head brownish with two median longitudinal
whitish unsclerotinized areas, rather wide and prominent; epicranial suture
bordered with sclerotin; seven prominent epicranial setae; few spinules
on ental side of maxillae. Body generally covered with spinules except on
sclerotinized areas. Some of the setigerous tubercles tending to be rather
large and confluent, the majority small. Spiracular opening comparatively
small. Setigerous tubercles on dorsum of ninth segment tending to be
large and confluent, usually uniting all of the posterior tubercles, and
sometimes taking in the tubercle of the anterior seta, the spinules are thus
restricted and do not occur between the setae, at least not between
the posterior lateral and the nearest posterior median seta. (It is not im-
probable that spinules may be between all of these setae on some indi-
viduals, which specimens would then be indistinguishable from ursinus by
that character.)"

See also the description of the larvae of the genus Dyslobus and the key
to the genera, page 21.

SEASONAL HISTORY

The seasonal history, so far as known, can be stated briefly as follows:
The larvae or grubs are found in the ground around the plants from May to
August, pupation taking place in August and September. The transforma-
tion to adults in the pupal cells takes place in August and September. The
winter is passed by the adults in the pupal cells in the ground. The adults
come above ground early in the spring, usually about the first of March,
feed on the leaves of the plants, and lay their eggs in April, May, and
June. The larvae hatching from these eggs, for the most part, are mature
by August and September, when pupation again takes place.

Most of the adults are dead by June, although a few live all summer
and may pass a second winter. Also a few larvae are found passing the

Insert by the writers.
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winter. They are evidently the result of eggs laid late in the season; when
these individuals emerge as adults is not known.

LIFE HISTORY

The adults. As stated in the seasonal history, the adults pass the
winter in the oval pupal cells in the ground just beneath the plants. The
depth of these cells usually varies from one to three inches. Adults dug
from their winter cells vary in color from a light immature brown color to
a deep blue black. Adults taken at this time usually always possess the
long sharp-pointed deciduous cusps or accessory mandibles. Emergence
from the ground normally takes place about the first of March, and the
adults apparently do not begin to feed actively until they have been above
ground a week or ten days, when feeding begins in earnest. The charac-
teristic ragging of the edges of the leaves is very evident and is not
entirely confined to the new succulent leaves; old dried leaves are sometimes
eaten and also the old leaf stems.

Oviposition. In cages and ointment cans in which the adults were
kept for oviposition records, the eggs were laid on and under clods of dirt,
or were attached to leaves, or laid loosely in the cans. The eggs are laid
either singly or stuck together in groups, sometimes as many as fifty or
sixty in a group. In the field, eggs were found in several situations. They
were commonly found under small clods of earth from a half inch to one inch
or more in diameter, and in this situation they were frequently found in
clusters. On several occasions they were found inserted in dried hollow
runner or leaf stems, either singly or several placed in a single row. Some
were found as far as four inches from the crown of the plant. Single eggs
were frequently found stuck to the dried leaf stems or to the scales around
the crown of the plants. Occasionally an egg was found deposited on a
green leaf or leaf stem.

Records on oviposition have been kept each year. It would be iniprac-
ticable to include all of these in this paper, but a typical series will be
given. The oviposition records given in Table 17 were taken from weevils
collected at Forest Grove, Oregon, March 5, 1930. The weevils were kept
together in one cage until oviposition began on April 2, 1930. On April 4,
1930, each adult was isolated and put in the insectary under outdoor condi-
tions. Twelve eggs had been laid up to April 4, 1930, by all the weevils.

The records from this series of adults can be summarized as follows:

Oviposition began from the second to the twenty-second of April and
continued until the sixteenth of June as the above records show.

Length of egg stage. Apparently the conditions under which the eggs
were kept were not favorable for normal hatching. Records kept on forty.
three eggs in 1928 required from 33 to 66 days to hatch, the average hatch-
ing in 47.2 days. This is apparently not the normal time of hatching as

Average number of eggs laid per weevil 127.4
Average number of eggs per weevil of ihose that

oviposited (iwo died) 132.9
Maximum number of eggs laid per weevil 253
Minimum number of eggs laid per weevil 54
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Table 17. OviposiTioN RECORDS OF TWELVE ADULT DECOmo STRAWBERRY ROOT-WEEVILS
Collected at the E. A. Reuter's Planting, Forest Grove, Oregon, March 5, 1928

Weevil

APRIL
Number of eggs laid

MAY
Nun ber of eggs laid

JUNE
Number of eggs laid

Total
number

per
14 18 22 24 1 8 23 4 11 16number weevil

0 0 0 0 0 0 0
4 12 7 2 3 9 29 55 63 184
3 4 7 0 6 19 21 42 27 136
0 0 8 0 0 11 8 13 13 54

5 16 10 21 64 12 6 24 162
7 2 3 16 19 8 51 15 81 51 253
0 0 0 0 0 0 0

8 10 15 14 9 9 11 25 37 45 225
9 0 0 0 21 7 25 1 55

10 12 9 19 4 20 3 26 28 128
11 0 0 0 6 11 17 5 28 43 114
12 0 11 8 3 9 45 42 57 41 218
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observations in the field disclosed, but repeated attempts under several
conditions in the insectary failed to lessen the time of hatching. Downes
(49) states that eggs under his observation hatched in 21 to 29 days.

Pupation. Pupation usually begins in August and continues into Sep-
teinber. No individual records on the length of the pupal stage were
obtained, but it is estimated to be about 24 days. Table 18 gives some idea
of the time and length of the pupal stage. These observations were made
in a patch at Forest Grove, in the 1928 season.

Table 18. OBSERVATIONS ON THE PUPAL STAGE OF THE DECORATED STRAWBERRY ROOT.WEEVIL
E. A. Reuters Planting, Forest Grove, Oregon, 1928

Some of these overwintering larvae were probably the Rough Straw-
berry Root-Weevil (B. rugosostriatus) as several specimens of this species
were found in this planting in 1929. At the time of making these observa-
tions it was thought that only the Decorated Strawberry Root-Weevil
(D. decoralus) was present in the planting.

Natural enemies. No insect enemies have been observed to attack this
species. A nematode5 parasite was noted by W. D. Edwards in the 1930
season emerging from adult weevils collected in a planting at Forest
Grove. The nematodes kill the weevils and emerge during April and May.
It was estimated that about 40 per cent of the weevils from this planting
were parasitized in the 1929 season. This parasite has not been noticed in
this species from other localities.

Moles are very fond of the larvae, and plants heavily infested early
in summer are often found circled by a burrow later in the season, and
the larvae gone. Such a plant nearly always dies, and it is doubtful if the
moles can be terthed beneficial, as usually enough larvae are left to con-
tinue the infestation, and the burrow about the roots destroys any chances
that the plant still has of recovering. The following note, taken August
3, 1928, will serve to illustrate the work of the mole: Moles had evidently
been feeding on the grubs at all places examined today (Forest Grove and
Salem; also North Howell Prairie forD. ur.cinus). The plants were entirely
circled by a burrow, and but very few larvae could be found on these
plants. it is doubtful which is the worst pest, the moles or the weevils.
The moles loosen the dirt around the plants; and this with the feeding by
the larvae almost insures the destruction of the plant."

VIerrneri sj'.; determination of specimens was kindly made by the late N. A. Cobb
of the Bureau of Plant Industry, Division of Nematology, of the United States 1)epartinent
of Agriculture.

Larvae
One of

Pupae Adults Number
of plants
examinedobservation Number Per cent Number Per cent Number Per cent

July 19 Numer.
ous 0 -.-. 1

August 3 68 100.0 0 0.0 0 0.00
August 23 19.52 33 8048 0 0.00 5

September 7 8.70 42 91.30 0 0.00 5

September 21 11 17.09 4 6.15 50 76.76 11

October 11 4 13.80 0 0.00 25 86.20 15

December 7 All
sizes 0 0.00 i 40 6
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CONTROL

Since the weevil was discovered, experiments for the control of this
species have been carried on each year when possible. Several difficulties
have been encountered in applying materials and in making checks on the
effectiveness of the materials. Weather conditions during March and
April, when the adults appear, are usually adverse to the application of
control measures, due largely to the frequent and very often heavy rains.
Because of these limitations it was not always possible to make adequate
checks on the tests applied or to make the checks on the percentage of kill
at any definite intervals, as was usually possible with the tests for the
species of Brachyrhinus.

The first tests were conducted in the laboratory in the fall of 1926 on
immature weevils taken from their pupal cells in the ground. The weevils
were placed in petri dishes with small amounts of baits or other materials.
The first test was made October 11, 1926; ten weevils each were put in the
dishes as shown below.

C The "Go \Vest" marketed in 1926 contained, according to the label, not less than 3.5
per cent magnesium arsenate by weight.

On October 31, ten weevils were put into each of two petri dishes with
the following materials and the ensuing mortality recorded.

These experiments demonstrated that the weevils would eat the bait,
as shown by the numbers killed and the presence of excrement in the dishes,
and indicated also that this species might be controlled in the field by this
method.

No opportunities for testing materials for control were presented iii
the 1927 season. The first field test was applied in 1928 on the Knauf
planting in the Silver Creek Falls district. Table 19 shows the results of
this experiment. The baits were applied April 7, 1928.
Table 19. FiELD EXeLSIMENT roy THE CoNTRol, or THE DEcoRATEs STRAWRERRY ROOT.\VEEVII.

J. Knauf's Planting, Silver Creek Falls District
Bait Applied April 7, 1928

Mortality seven days after baiting

C The sodium fluosilicate used iii this bait svas only about 85 per cent pure.

1 Apple, lead arsenate 5% 55 9 15.38 9
2 Apple, calcium arsenate 5% 11 53 S2.8l 12
3 Apple, sodium fluosi!icatev 5% 53 15 22.06
4 Check, no bait 82 6 6.88

Number Number Per cent Plants
Plot number and baits used live dead dead eNa,llined

Number of sveevils dead
Material used October 25

Number of weevils dead
Material used November 3

'Go Weste 9
Apple, no poison
Check, no food 2

Apple, calcium arsenate 5% 10
Apple, no poison 0



Plot number and baits used

1 Bran 5 lb., sodium fluosili-
cate 12 oz., raisins 5 lb.,
water 2 qt

2 Bran 5 lb., calcium arsenate
12 oz., raisins 5 lb., water
2 qt.

3 Apple, calcium arsenate 5%
4 Apple, sodium fluosilicate 5%
5 Bran 5 lb., sodium fluosili.

cate 8 07., water 2 qts.,
sugar 1 lb

6 Bran 5 lb., sodiuns Iluosili-
cate 8 oz., water 2 qt.,
sugar 1 lb

X Check, no bait

Table 20. Stxatsrsev 01' EXPERIMENTS FOR TIlE CONTROL (It' TIlE DECORATES STRAWBERRY Roo-i-.\Vrevtt.
S. C. Rickard's Planting, N. 1{osvell Prairie, Oregon

Baited March 15, 1929

Four days

Per cent
Live Dead dead Live Dead

10 12

9

54.55

6 40.00

Eleven days Thirteen and fourteen days

2 13

11 1

Table 21. SusealARy OF EXPERIMENTS FOR TtIE CONTROL OF TIlE DECORATES STRAWBERRY IlOoT.WEEVIL
S. C. Rickard's Planting, N. Howell Prairie, Oregon

Baited April 15, 1929

Per cent Per cent
dead I.ive Dead dead

86.66 It 38 77.56 S

19 27 58.69

8.33 18 3 14.29

Live

Tltirty.three days

Dead
Per cent

(lead

12 70.60

Plot number and baits used

Two days

Dead

11
12

10

Per cent
dead

Fifteen days Sixteen days

Live

18
21

34

Live

8
4
7
5

4

20
17

Dead

13
25
27
12

2

27
7

Per cent
dead Live Dead

Per cent
dead

8 Apple, calcium arsenate 5%
9 Apple, calcium arsenate 10%

10 Apple, sodium fluosilicate 5%
11 Apple, sodium fluosilicate 10%
12 Bran 5 lb., calcium arsenate 8 oz., sugar 1 lb.,

water 2 qt
13 Bran 5 lb., calcium arsenate 16 oz., sugar 1 lb.,

water 2 qI
X Check, no bait

37.93
36.36

22.72

61.90
86.20
79.41
70.60

33.33

57.45
28.50

11 40 78.43
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The percentage of kill obtained with the apple, calcium-arsenate 5 per
cent bait, although not up to what we would have expected if we had been
baiting for the Strawberry Root-Weevil in the summer, was nevertheless
quite encouraging.

On April 12, 1928, an examination was made on the George Benson
planting at Woodburn. Mr. Benson had baited four rows through his
field with apple, calcium-arsenate 5 per cent bait on about March 15. The
baited rows yielded 20 dead and 10 live weevils or a mortality of 66.66 per
cent; unbaited rows yielded eight dead and 22 live weevils or a mortality
of 26.22 per cent. This was not as good as in the previous test, but the
bait had undoubtedly been applied before all of the weevils were feeding.

1929 EXPERIMENTS

The 1929 experiments were conducted on the S. C. Rickard planting
at North Howell Prairie (see Table 20). The first series of plots was
baited on March 15. Weather conditions were so poor following this ap-
plication, and the weevils so scarce, that it was only possible to check one
or two plots a day, on the few days that weather conditions permitted
examinations at all. The only adequate count was made 13 and 14 days
following baiting, and in this count apple, calcium-arsenate bait was super-
ior to bran, sodium-fluosilicate bait.

A second series of plots was baited on April 15 and a small check made
15 days following baiting (see Table 21). The apple baits were again
superior o the bran baits. Ten per cent poison in the apple baits was
superior to 5 per cent poison when calcium arsenate was used, but 10 per
cent sodium fluosilicate in the apple baits was not superior to 5 per cent.

1930 EXPERIMENTS

The 1930 experiments were applied to the planting of F. A. Reuter at
Forest Grove, the bait being put on March 28 (see Table 22). A check was
made of this application on April 11, fourteen days following application.
Although the number of weevils counted was not high, this check should

Table 22. SUMMARY or EXPERtHENTS FOR THE CONTROL OF THE DECORATED STRAWBERRY
R00T.\VizEVtL

E. A. Reuters Planting, Forest Grove, Oregon
Baited March 28, 1933

Check fourteen days after
application

Average number of weevils per plant, 3.78.
Plots 10 rows wide and 20 rows long, Marshalls set on 42-inch sQuares.

Plot number and baits used
Number

live
Number

dead
Per cent

dead

Number
of plants
examined

1 Apple, calcium arsenate 5% 6 39 86.6 16
2 Apple, sodium fluosilicate 5% 0 40 100.0 15
3 Bran 5 lb., sugar 1 lb., water 2 qt., cal-

cium arsenate 1 lb - 34 26 43.3 10
4 Bran 5 lb., sugar 1 lb., water 2 qt., sodium

fluosilicate lb 3 53 94.6 15
2< Check, no bait 54 2 3.57 12

TOTALS 97 160 ... 68
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fairly well represent the results to be obtained under rather favorable
weather conditions following application. Ten to sixteen plants per plot
were examined. Sodium fluosilicate was superior to calcium arsenate both
in the apple and bran baits, and the apple bait containing sodium fluosilicate
was slightly superior to the bran bait containing this poison.

RECOMMENDATIONS

The apple baits appear to be better adapted for the control of this
species than do the bran baits. When sodium fluosilicate is used as the
poison, it should be in a pure form (for formula and method of mixing see
pages 47 and 48). Application should be made about April 1 and the bait
applied to the crown of the plant as recommended for the other species.

THE WESTERN STRAWBERRY ROOTWEEVIL*

On July 12, 1928, our attention was called to a serious infestation of
strawberries in the North Howell Prairie district in Marion county. A
patch of about one acre of three-year-old Ettersburg 121 was infested, and
numerous larvae were found about the roots and boring in the crown.
When the adult weevils were reared they were determined by Dr. Van
Dyke as Dyslo bus ursinus Horn.

To our knowledge this was the first record of this species of weevil
feeding on a cultivated plant. The senior writer and M. \iV. Stone, how-
ever, collected about forty adults of this species at the base of gooseberry
plants in Polk county on April 2, 1926. This species has been encountered
in serious numbers in only two instances since. In the spring of 1931 large
numbers were found in a strawberry patch at Lacomb in Linn county, and

Table 23. SUMMARY or LIFE-HISTORY RECORDS OF TIlE %VETERN STRAWSERRY ROOT-WEEVIL
IN 1928 AND 1929

K. D. Coomler's Planting, North Howell Prairie

a Dyslobus ursinas Horn.

Date of
examination

Number
of larvae

Number
of pupae

Number
of adults Remarks

July 12, 1928 Numerous 0 0
August 3, 1928 42 0 0 On 3 plants, mostly full grown
August 15, 1928 40 45 0 On 10 plants
August 23, 1928 89 0 On 5 plants
September 4, 1928 70 0 On 8 plants, the larvae small
September 14, 1928 19 24 28 On 10 plants, adults in over-

wintering cell
September 19, 1928 18 9 64 On 10 plants, adults in over-

wintering cell
Septetitber 26, 1928 8 0 83 On 10 plants, adults in over-

wintering cell
October 22, 1928 7 0 37 On 3 plants, adults iii ovet-

wintering cell
December 6, 1928 Few 0 53 On plants, adults in over-

wIntering cell
February 6, 1929 7 0 41 On 6 plants; adults itt over-

wintering cell
February 15, 1929 26 0 70 Adults in overwintering cell
March 1, 1929 27 0 38 On 4 plants, 50% of adults

above ground
Match 8, 1929 14 0 6 Adults above ground, numer-

ous others collected
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a strawberry patch in the vicinity of the gooseberry patch mentioned
above in Polk county was badly damaged. A few adults have been col-
lected on strawberries in Washington county, and this species along with
decoratus was received from Holly, Linn county, where they were reported
doing injury to strawberries.

LIFE HISTORY

The life history and habits of this species are so nearly the same as
that of D. decoratus that it will not be necessary to treat it at length. The
life-history records obtained at the Coomler planting at North Howell
Prairie in 1928 and 1929 are summarized in Table 23.

Many records were obtained on the oviposition of this species. The
following record, however, should be sufficient to show when the eggs
were laid. These are the records obtained from twelve weevils collected
and isolated on March 1, 1929, and kept under out-door conditions.

Date of Nuasber of eggs
oviposition laid

April18 2
20 2
23 19
25 19
27 55
29 9

May 2 110
4 67
6 27
9 79

13 146
16 152
20 154
25 224
29 77

June 3 126
6 63
8 71

17 45
29 37

Total number eggs laid 1,484
Average number of eggs laid per weevil 123.6

The peak of oviposition apparently came between May 13 and May 25.
Individual records of these weevils show the lowest number laid was 63
ansI the highest 185. Twelve other weevils collected on the same date and
held in the greenhouse, began laying on March 20, finished laying on April
18, and were all dead April 20.

Hatching records were kept on 341 eggs, of which 143, or 41.9 per cent,
hatched. The eggs hatched in from 30 to 51 days, one each hatching at
these periods; 83, or 57.3 per cent, hatched between 35 and 38 days. These
records are taken only from weevils collected on or after March 1; some
of the eggs laid by weevils, which were collected before March 1, took as
long as 73 days to hatch. It is believed that even the least number of days
for hatching recorded above does not represent the length of time that it
takes for hatching in the field. One egg laid by the weevils collected in
1926 hatched in 11 days.
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DESCRIPTION OF THE VARIOUS STAGES
The adult. The following is the original description by Horn

(120). Amnesia ursina, n.sp. (D. urAnus Horn). "Form oblong oval, sur-
face densely covered with brownish scales and with rather long, pale-brown
erect hairs. Head and rostrum as long as the thorax, rostrum not sub-
carinate above, surface punctured, densely covered with brownish scales
becoming cinereous at the sides and beneath and with moderately long
erect hairs. Thorax not wider than long, apex and base equal and truncate,
sides evenly arcuate, lobes very short; disc moderately convex, not granu-
late, finely punctured, densely covered with brownish scales with slightly
pearly lustre, paler at the sides and with long erect hairs. Elytra oval,
very slightly wider at middle than the thorax, base feebly conjointly emar-
ginate, humeri rectangular, sides moderately arcuate, apex gradually decliv-
ous, disc moderately convex, striate; striae with rather coarse punctures
closely, placed, intervals slightly convex, densely covered with brownish
scales and with two rows of closely placed and rather long, pale brownish
hairs. Body beneath and legs sparsely scaly, scales slightly silvery, and
with moderately long hairs. Abdomen sparsely punctured. Length .28
inch; 7mm. One specimen male, Oregon."

It will be noted that the type specimen is a male. There is some
doubt on the part of the writers as to whether this is actually the species
under consideration or not. As has been mentioned under parthenogenesis
page 18, no males were ever found in our material from west of the Cascade
Mountains, but in a small series of specimens from the Blue Mountains
male and female specimens occur in about equal numbers.

The larva has been described by Keifer (115) and will not be repro-
duced here; see the description of the larvae of the genus Dyslobus, page 21
and the key to the larvae, page 21.

The pupa. (See key to pupae, page 22). Pupae of ursinus apparently
differ from the pupae of decoratus by having but a single seta on the sides
of the pronotum at the middle.

The egg. Bluntly oval, about twice as long as wide, pearly white in
color, shining. Length .72 mm., width .35 mm. (.028 to .014 inch).

CONTROL

The first experiments conducted for the control of this weevil were
made on the K. D. Coomler planting at North Howell Prairie, March 8,
1929. Weather conditions were so poor following application that the plots
were rebaited on March 15. The best control was obtained by using an
apple, calcium-arsenate 5 per cent bait, which showed 73.33 per cent control
three days following the second application (ten days following the first
application). A bran fish-oil bait was a close second. The results are
shown in Table 24.

An opportunity to test material for the control of this species was not
presented again until the spring of the 1931 season, at the Curran planting
at Lacomb. In the first series, applied April 6, the results were rather
unsatisfactory, apple, calcium-arsenate 5 per cent bait showing the highest



Table 24. SUMMARY OF EXPERIMENTS FOR THE CONTROL OF TIlE WESTERN STRAWBERRY ROOT-\VEEVIL
K. B. Coomler's Planting, N. Howell Prairie, Oregon

Baited March 8, 1929, Rebaited March 15, 1929, Rebaited plots 1 to 6, Dusted plot 7 for the first time

Plot number and baits used

Three days
Ten and eleven days three
and four days after second

Fifty-three days after first
forty-six days after second

Number
live

Number
dead

Per cent
dead

Number
live

Number
dead

Per cent
dead

Number
live

Number
dead

Per cent
dead

1 Bran 5 lb., water 2 t., raisins 5 lb., sodium
fluosilicate 12 oz 12 3 20.00 20 11 35.48

2 Bran 5 lb., water 2 qt., raisins 5 lb., calcium
arsenate 12 oz 39 0 0.00 18 18 50.00

3 Apple, calcium arsenate 5% 20 2 9.09 8 22 73.33 14 42 7500
4 Apple, sodium fluosilicate 5% 12 1 7.69 13 12 48.00
5 Bran 5 lb., calciuln arsenate 8 oz., water 2 qts.,

sugar 1 lb 2 0 0.00 17 7 29.16
6 Bran 5 lb., sodium fluosilicate 8 oz., water 2

qt., sugar 1 lb 1. 0 0.00 6 1 14.28
7 Calcium fluosilicate dust (15%). 0 0 0.00
X Check, no bait 6 0 0.00 6 0 0.00 16 0 00.00
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percentage of kill at the end of 10 days (57.14 per Cent). The results are
shown in Table 25.

Table 25. SUMMARY OF EXPERIMENTS FOR THE CONTROL OF THE \VESTERN STRA\VRERRY
ROOT-WEEVIL, 1931

J. G. Curran's Planting, Lacoinb, Oregon
Bait Applied April 6, 1931

Number and percentage of dead weevils at
end of various periods

Additional plots were baited at the Curran field on April 8. A check
was made the day following baiting, and very few weevils were found
killed. The plots were again checked sixteen days following baiting, and
a fairly high percentage of kill was recorded in several plots; but as the
records are based on a very small count of dead and live weevils they can-
not be relied on to any extent. Apple, calcium-arsenate 5 per cent, bran,
fish-oil bait, and a bran, sugar bait varied from 85.7 per cent to 75 per cent
control respectively. The results are shown in Table 26.
Table 26. EXPEREMENTS FOR THE CONTROL OP TEE WESTERN STRAWBERRY ROOT-\VEEVIL, 1931

J. G. Curran's Planting, Lacomb, Oregon
Bait Applied April 8, 1931

Number and percentage of dead weevils at
end of various periods

1 Bran 50 lb., sugar 10 lb., sodium
fluosilicate 5 lb., water 5 gal 3 24 11.11 12 4 75.00

2 Bran 50 lb., sugar 10 lb., calcium
arsenate 5 lb., water 5 gal 1 . 36 1.73 5 2 71.4

3 Bran 50 lb., sugar 10 lb., barium
fluosilicate 5 lb., water 5 gal 1 29 3.33 4 7 36.3

4 Apple, barium fluosilicate 5% 1 21 4.54 9 I 12 42.8
5 Apple, calcium arsenate 5% 0 I 13 0.00 6 1 85.7
6 Bran 12 lb., fish oil 1 qt., sodium

fluosilicate 1 lb 0 11 0.00 5 1 . 83.3
7 Bran 12 lb., fish oil 1 ct. sodium

fluosilicate 1 lb., sugar 2 lb 0 10 0.00 6 2 75.0
8 Apple, sodium fluosilicate 5% 1 11 8.33 1 I 1 50.00

N Check, no bait -. ... ... 0 4 0.00

Plot number and baits used

Three day Ten days

Number Number
dead live

Per cent
dead

Number
dead

Number Per cent
live dead

1 Bran 50 lb., sugar 10 lb., sodium
fluosilicate 5 lb., water 5 gal 1 9 10.00 11 17 39,28

2 Bran 50 lb., sugar 10 lb., calciuni
arsenate 5 lb., seater 5 gal 17 22 43.58 23 I 25 47.91

3 Bran 50 lb., Sugar 10 lb., barium
fluosilicate 5 lb., water 5 gal 5 22 18.55 31 39 44.2S

4 Appte, barium fluosilicate 5% 4 44 8.33 18 46 2S.12
5 Apple, calcium arsenate 5% 5 9 35.71 36 27 57.14
6 Bran 12 lb., fish oil 1 qt., sodium

fluosilicate 1 lb 8 19 29.62 10 8 55.55
7 Bran 12 lb., sugar 2 lb., sodium

fluosilicate 1 lb., fish oil 1 qt 4 10 28.57
8 Apple, sodium fluoailicate 5% 8 13 38.09
X Check, rio bait 0 24 0.00

One day Sixteen days

Number Number Per cent Number Number! Per cent
Plot number and baits used dead live dead dead live dead
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RECOMMENDATIONS

With the meager records on hand, no definite recommendation can be
made for the control of this species. Apple, calcium-arsenate bait 5 per
cent, the bran, sodium-fluosilicate sugar bait (for formula see page 47), or
the bran, fish-oil bait might be tried. The bran fish-oil bait is prepared by
very thoroughly mixing one quart of fish oil and one pound of sodium
fluosilicate with twelve pounds of bran. Application is made as with the
other baits.

THE LACOMB STRAWBERRY ROOTWEEVILt

The Lacomb Strawberry Root-Weevil was first collected in 1929 on the
Harrison planting at Lacomb, but was assumed at the time to be Dyslobus
decoralus Lec. Control experiments were carried on for the control of this
weevil in the 1930 and 1931 seasons under the assumption that it was
D. deco va/us, so no special attempt was made to obtain data on the life
history and habits of the insect. Later when working over his material in
the genus, Dr. Van Dyke found that the specimens from Lacomb repre-
sented a new species and lie described it as such in 1933.

LIFE-HISTORY NOTES

On June 7, 1929, the planting of W. S. Clarke at Lacomb (just east of
Harrison's) was examined and one, two, and three adults were found to
the plant. This patch had wilted down and was practically destroyed at
picking time in the 1928 season. Mr. Clarke had reset about two thirds of
the patch with small plants in most cases, and these young plants had tbe
leaves about eaten off by the adults. Small and medium-size larvae were
found at this time.

On August 27, 1929, six plants were examined at the Harrison planting
at Lacomb and 53 immature weevils were found in the following stages:
larvae 19 (35.8 per cent), pupae 34 (64.1 per cent). It can be seen from
this meager record that tIme time of pupation is practically the same as
that of the other two species of Dyslobus. Another planting was found to
be heavily infested with this species in the Lacomb district in the 1930 and
1931 seasons; and in checking over specimens it was found also that this
species was collected in Benton county in 1929, across the Willamette
River froni Albany. This species has been taken only on strawberry.

Biologically this species is radically different from the other two species
of Dyslobus, and also from the three species of Bracliyrhmnus, in that males
were present in the fields n numbers about equal to the females. Mating was
observed in cages several times, and on March 20. 1930, a rather cloudy
day, three pairs were collected in the field in copulation. No males have
been found in the species of Brachyrhinus or Dyslobus, discussed on the
previous pages. Further information will be found under Parthenogenesis,
page 17.

Dys1obis wilcoxi Van Dyke.
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DESCRIPTION OF THE ADULT WEEVIL
The following is the description of the adult given by Van Dyke (200):

Dyslobus wilcoxi Van Dyke, new species. Small robust, piceous, elytra
densely clothed with metallic golden-brown scales, the remainder of insect
somewhat sparsely clothed, the scales beneath slightly greenish, and with
short, much inclined setae. Head sparsely, shallowly punctured, the latter
generally concealed beneath the squamae; rostrum at least twice as long as
broad, separated from head by a shallow transverse impression, shallowly
sulcate in front and with a well-defined median longitudinal carina; eyes
much flattened, barely projecting beyond side margins; antennal scape
reaching hind margins of eyes, the first and second funicular segments
elongate, the first the longer, the third to sixth short, moniliform, seventh
slightly larger, the club fusiform, over twice as long as broad. Prothorax
slightly broader than long, sides evenly arcuate from base to apex or
barely constricted before apex, broadest at middle, disc regularly verru-
cose, each tubercle finely punctured at apex and with narrow and sharply
defined median longitudinal impression, the postocular lobes well defined
and fimbriate. Elytra less than twice as long as wide in male, and about
one-fourth longer in female, distinctly broader than prothorax in both
sexes, the hurneral angles quite prominent, the sides of elytra sinuate before
base as well as towards apex, the third, fifth, and seventh intervals dis-
tinctly more elevated than the alternate ones in the males and slightly
more elevated in the females, especially posteriorly; striae slightly im-
pressed and with moderately large punctures, each giving rise to a small
seta. Beneath coarsely, rather closely punctured, ventral segment sothe-
what rugose, especially in males, the prosternum slightly tuberculate behind
anterior legs. Males with first ventral segment shallowly sulcate and last
ventral convex and often slightly impressed at apex, the females with first
ventral non-sulcate and the last ventral obtusely carinate. Anterior tibiae
denticulate and slightly bent near apex. Length 7 mm., breadth 2.5 mm.
in male and 3.25 in female. (Length .27 inch, breadth .10 inch in male and
.13 inch in female.)

'This is one of the smallest of our species and may generally be dis-
tinguished by its small size, rather uniform dull golden color above, regu-
larly verrucose pronotum, prominent humeri and elevated alternate elytral
intervals. From bakeri with which it might be confused, it can be separated
by being in general slightly smaller, more uniformly colored, having promi-
nent humeri and lacking the prosternal spine."

CONTROL

Experiments for the control of this insect were carried on in the W. S.
Clarke planting in 1930 and in the R. L. Patterson planting in 1931, both at
Lacomb. The first series of experiments was begun April 10, 1930, on the
Clarke planting and consisted of several baits, dusts, and sprays. The
experiments were checked seven days after application, the results being
rather disappointing owing mainly to the continuous rains following appli-
cation. The baits showing the most promise were: apple, calcium-arsenate
5 per cent; apple, sodium-fluosilicate 5 per cent; and bran, calcium-arsenate;
giving 66.6 per cent, 61.1 per cent, and 56.5 per cent control respectively.
Dusts containing 20 per cent and 40 per cent lead arsenate gave 33.3 per
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cent control, and a spray of lead arsenate, 5 pounds to 100 gallons of water,
plus fish oil as a sticker, gave only 12.9 per cent control. The results of
these tests are shown in Table 27.

Table 27. SUMMARY or EXPERIMENTS FOR THE CONTROL OF THE LAC0MB STRAWEERRY RooT-
\VEE\'LL, 1930

W. C. Clarke's Planting, Lacomb, Oregon
Bait Applied April 10, 1930

Note: Continuous rain fell after bait application.

A second series of experiments was applied on the W. S. Clarke plant-
ing on April 22, 1930, and checked April 30, 1930. Although considerable
rain fell following this application, the results were more favorable. Apple,
calcium-arsenate 5 per cent, sodium-fluosilicate dust 85 per cent, and apple,
sodium-fluosilicate 5 per cent bait gave 86.6 per cent, 82.3 per cent, and 80.3
per cent control respectively. The best control obtained by the use of a
bran bait was 62.5 per cent. The complete results of this experiment are
shown in Table 28.

Table 28. SusistAitY OF EXPESiTMENTS FOR THE CONTROL OF THE LACOMR ST5AWEERRY
ROOT-WEEVIL, 1930

V. S. Clarke's Planting, Lacomb, Oregon
Bait Applied April 22, 1930

Note: It rained nearly every day after applicstion.

Plot number and baits used

Check eight days after application
Number

Number
live

Number
dead

Per cent plants
dead examined

1 Apple, calcium arsenate 5% 4 26 86.6 3

2 Apple, sodium iluosilicate 5% 10 41 80.3 3
3 Bran 5 lb., water 2 qts., sugar 1 ib., calcium

arsenate 8 lb 25 2 7.4 3
4 Bran 5 lb., water 2 qts., sugar 1 lb., sodium

fluosilicate 1 lb 16 Il 40.7 3
5 Same as 3, poison added to wet bran 6 10 62.5 3
6 Same as 4, poison added to wet bran 18 20 52.6 3

7 Bran 5 lb., water 2 qts., calcium at-senate
5 lb. 36 4 10.0 3

8 Bran 5 lb., water 2 qts., sodium fluosilicate
5 lb. 14 3 17.6 3

9 Sodium fluosilicate dust 85% 9 42 82.3 6
X Check, no bait 26 0 00.0 3

Plot number and material used

Check seven days alter
application

Number
of plantsNumber I

live
Number

dead
Per cent
dead examined

I Lead arsenate 5 lb., 100, fish oil 20 oz 27 4 12.9 5

2 Lead arsenate 28 lb., 100, fish oil 10 oz 12 1 7.6 5

3 Lead arsenate-lime dust 40-60 10 5 33.3 3

4 Lead arsenate-lime dust 20-80 10 5 33.3 3

S Calcium arsenate-lime dust 40-60 16 2 11.1 3

6 Calcium arsenate-lime dust 20-80 5 1 11.1 3

7 Apple, calcium arsenate 5% 7 14 66.6 6

8 Apple, sodium iluosilicate 5% 14 22 61.1 11

9 Bran, calcium arsenate bait (standard
formula) 10 13 56.5 6

10 Bran, sodium fluosilicate bait 9 6 40.0 9
11 Sodium fluosilicate dust 85% 15 25.0 3
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The 1931 tests were conducted on the R. L. Patterson planting at
Lacomb. Weather conditions following application of the material were
much more favorable than in 1930 and the ensuing results much more
encouraging. The first series of baits was applied April 21. Baits of apple,
calcium-arsenate 5 per cent; apple, sodium-fluosilicate 5 per cent; and apple,
barium-fluosilicate 5 per cent gave 96.9 per cent, 84.6 per cent, and 74.6 per
cent control respectively at the end of seven and eight days. At the end
of 28 days all three showed 100 per cent control.. The bran baits containing
sugar varied from 68.4 per cent to 47.8 per cent control at the end of seven
and eight days, and from 94.44 per cent to 80.0 per cent control at the end
of 28 days. The results of these tests are shown in Table 29.

Table 29. SUMMARY OF EXPERIMENTS FOR THE CONTROL OP THE LACOMB STRAWBERRY

ROOT-WEEVIL, 1931
R. L. Patterson's Planting, Lacomb, Oregon

Bait Applied April 21, 1931

Number and percentage of dead weevils at
end of various periods

Seven and eight days Twenty-eight days

The second series of experiments on the R. L. Patterson planting was
started on April 28, 1931. Two of the apple baits were applied at the rate
of 50, 100, and 200 pounds per acre, and two of the bran baits were applied
at the rate of 33, 66, and 165 pounds per acre. These latter weights are
based on the amount of bran in the bait and not on the total weight of the
prepared bait; the additional weight of sugar, water, and poison would
be 2.1 times the figures shown. The results of these experiments further
show the supertority of an apple over a bran bait and also show
that apple bait applied at the rate of 50 pounds per acre is about as effective
as the same bait applied at the rate of 100 or 200 pounds per acre. There
appears to be no choice between calcium arsenate and sodium fluosilicate
as a poison in the apple baits, but sodium fluosilicate appears to be superior
to calcium arsenate in the bran baits. The results of this experiment are
shown in Table 30.

RECOMMENDATIONS

An apple bait containing 5 per cent by weight of either calcium arsenate
or sodium fluosilicate should be used for the control of this insect. If a

Plot number and baits used
Number

dead
Number Per cent I Number

live dead dead
Number

live
Per cent

dead

1 Apple, calcium arsenate 5% 32 1 96.9 10 0 100.00
2 Apple, sodium fluosilicate 5% 33 6 84.6 22 0 100.00
3 Bran 50 lb., sugar 10 lb., calcium

arsenate 5 lb., water 5 gal 17 11 60.7 16 4 80.00
4 Bran 50 lb., sugar 10 lb., sodium

fluosilicate Sib., water 5 gal 29 20 59.4 I .17 94.44
5 Apple, barium fluosilicate 5% 47 16 74.6 29 0 100.00
6 Bran 50 lb., sugar 10 lb., barium

fluosilicate 5 lb., water 5 gal 21 23 47.8 5 83.33
7 Bran 12 lb., fish oIl 1 qt., sodIum

fluosilicate 1 lb 4 26 13.3 8 6 57.14
8 Bran 12 lb., fish oil 1 q., sodium

fluosilicate 1 lb., sugar 2 lb 26 12 68.4 8 2 80.00
X Check, no bait 4 59 6.3 1 28 3.44



96 AGRICULTURAL EXPERIMENT STATION BULLETIN 330

bran bait is to be used, the bran should be mixed according to the formula
on page 47, using sodium fluosilicate as the poison. Application should be
made early in April when the adults are found feeding on the plants and
for most effective results should be followed by several days of clear
weather.

Table 30. EXPERIMENTS FOR THE CONTROL OF THE LACOMB STRAWBERRY ROOT-WEEVIL, 1931
R. L. Patterson's Planting, Lacomb, Oregon

Bait Applied April 28, 1931

Number and percentage of dead weevils
at the end of various periods

OTHER WEEVILS ON STRAWBERRY
As mentioned in the introduction a number of other species of weevils

have been found on strawberry, some of which are potential enemies, and
others probably not. These are mentioned briefly below.

Pounds
of bait

Plot number per
and baits used acre

Eight to ten days Twenty-eight to thirty days

Number
dead

Number
live

Per cent
dead

Number
dead

Number
live

Per cent
dead

1 Apple, calcium arse-
nate 5% 50 23 4 85.18 15 0 100.00

2 Apple, calcium arse-
nate 5% 100 24 0 100.0 35 2 94.59

3 Apple, calcium arse-
4 89.47nate 5% ................200 45 1 97.82 34

4 Apple, sodium fluo-
silicate 5% 50 43 2 95.55 42 0 100.00

5 Apple, sodium fluo-
silicate 5% 100 40 4 90.90 43 0 100.00

6 Apple, sodium fluo-
silicate 5% 200 53 4 92.98 21 95.45

7 Bran 50 lb., sugar tO
lb., calcium arsenate
5 lb., water 5 gal i 25 15 62.50 12 12 50.00

8 Bran 50 lb., sugar 10
lb., calcium arsenate
5 lb., water 5 gal 66 31 33 48,43 26 11 70.27

9 Bran 50 lb., sugar 10
lb., calcium arsenate
Sib., water 5 gal 165 13 28 31.70 18 10 64.21

10 Bran 50 lb., sugar 10
lb., sodium fluosili-
cate 5 lb., water 5
gal 33

it Bran 50 lb., sugar 10
lb., sodium fluosili-
cate 5 lb., water 5
gal 66

20

34 10

71.42 23

77.27 15

2

6

92.00

71.42
12 Bran 50 lb., sugar 10

lb., sodium fluosili-
cate S lb., water 5
gal 165 27 4 87.09 30 2 93.71

13 Apple, barium fluosilt-
cate, 5 % 100 31 8 79.48 43 1 97.72

14 Bran 50 lb., sugar 10
lb., barium fluosili.
cate 5 lb., water 5
gal 66 15 18 45.45 27 S 84.37

15 Bran 12 lb., fish oil
1 qt., sodium fluo-
silicate 1 lb 100 9 29 23.68 11 10 52.38

16 Bran 12 lb., fish oil
I qt., sodium fluo-
silicate 1 lb., sugar
2 lb 100 16 9 64.00 7 4 63.63

X Check, no bait 11 21 34.37 0 15 0.00
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Dyslobus granicollis Lec. was taken on strawberry in several places in
the Willamette Valley and might prove to be a pest.

Dyslobus smp1ex Van Dyke was taken at Parkdale in the upper Hood
River Valley in the spring of 1927. This species is apparently restricted
to higher elevations and may prove to be serious in such situations. A few
miles south of Parkdale but about 1,000 feet higher in elevation this species
is quite numerous in logged-off areas and also in the timber.

P1nthodes taenialus Lec. This large weevil has been taken on straw-
berry in the Willamette Valley, at Lacomb, and at Parkdale. It has never
been found in large numbers in any of the localities.

Geoderces sp. near puncticollis Casey. This weevil was reared from
cultivated strawberry in northern Benton county and may prove to be a
serious pest. The weevils in a teneral condition were quite numerous in this
one planting in July 1929.

Sciopithes obscurus Horn was taken in several places in the 'v\Tillamette
Valley on strawberry and may prove to be a pest. It was usually found in
orchards interplanted with strawberries.

Pan.rco pus torpidus Lec. was taken in small numbers in northern Ben-
ton county in 1929 on cultivated strawberry.

Trigonoscuta pilosa Mots. was taken on wild strawberry on the sea
beach near Seaside. This species is apparently confined to the Coast and
might develop into a pest in that area.

Thricolepis inornala Horn was found on strawberries interplanted in
orchards in the Willamette Valley; apparently it is primarily an orchard
species.

Sitona hispidula Fabr. The usual host of this species is clover; it has
been taken on strawberry at many places in the Willamette Valley.

Cleonus kirbyi Casey, the radish weevil, was found on strawberry at
North Howell Prairie.
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America, Northern Asia and Europe, with the Distribution and
Bibliography." Trans. Amer. Ent. Soc., v. 16, pp. 153-154. B. ova/us
sulcatus and rugifrons.

1894Ibid Second Edition." Trans. Amer. Ent. Soc.,
v. 21, p. 402. B. sulca/us, ova/us, and rugif tons.

1895Catalogue of the Coleoptera of Southwestern
Pennsylvania, with Notes and Descriptions." Trans. Amer. Ent.
Soc., v. 22, p. 344. B. siticatus and ova/us.

Harrington, W. H.-1891"Notes on a Few canadian Rhynchophora."
Can. Ent., v. 23, p. 22. B. sn/ca/us and ova/us.

1894"Notes on a Few Canadian Coleoptera." 25th Ann.
Rept. Ent. Soc. Ont., p. 49. B. sulca/us and rugif tons.

Curtis, John-1860--Farm Insects." Blackie & Son, Glasgow, Edin-
burgh and London, p. 386. B. sulcatus.
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Hart, Charles A.-1911--"The Strawberry Crown-Girdler." Ill. State
Ent. Rept. No. 26, pp. 90-94. B. ova/us, good account.

Henderson, \V. W.-1918---'Directions for the Control of Insect Pests,
Weeds, and Fungous Diseases." Rept. Utah State Crop Pest Com-
mission, Bul. No. 2, Salt Lake City, pp. 21-22. B. ova/us.

Henshaw, Samuel-1885"List of the Coleoptera of America, North of
Mexico." p. 134 Amer. Ent. Soc. Phila. D. grcinicollis, decoratus,
B. sitica/us, ova/us and rugifrons.

Herrick, Glenn 'vV.-1933'Scientific Notes." Jr. Ec. Ent., v. 26., p. 731.
Otiorhynchus ligustici L. in N. Y.

Hewitt, C. G.-1916--'Outline of Entomological Work Projected for
1916." Agric. Gaz. Canada, Ottawa, v. 3, No. 5, pp. 400-402. B. ova-
tus in B. C.

1917'Report of the Dominion Entomologist for the
Year ending 31st March 1917." Dom. of Canada, Dept. of Agric.,
Ottawa. B. ova/us.

1917"Report of the Dominion Entomologist for the
Year ending March 31st, 1916," pp. 34-69. Dom. of Canada, Dept. of
Agric., Ottawa. B. sulca/us and ova/us.

1920"Report of the Dominion Entomologist and Con-
sulting Zoologist for the two years 1917 and 1918." Dom. of Canada,
Dept. Agric., Ottawa, p. 14. B. ova/us.

Heyden, Lucas von-1887"Catalogue of the Coleoptera of Siberia and
the Russ-Asiatic Provinces." 1880-1881, 1885-1887. Berlin.

Hodson, W. E. H. and A. Beaumont-1925--'First Annual Report of
the Department of Plant Pathology for the Year Ending Sept. 30th,
1924." Seale-Hayne Agric. College, Pamphlet No. 16, Newton Abbott,
Devon. B. sulca/us.

Home, W. T., E. 0. Essig, and W. B. Herms-1927--"Plant Disease and
Pest Control." Univ. Calif. Agr. Exp. Sta. Cir. 265, p. 66. B. mgi-
frons.

Hustache, A.-1923"Curculionidae Gallo-Rhenans." Annales de la
Ent. Soc. de France, v. 92, pp. 1-148. B. sulcatus ova/us, rugo-
sos/na/us, ligneus, rugifrons.

Johannsen,O. A.-1911"Insect Notes for 1910." Maine Agr. Exp. Sta.
Bul. 187, p. 8. B. .culcatus.

Kalmbach, E. R. and I. N. Gabrielson-1921"Economic Value of the
Starling in the United States. U. S. Dept. of Agric. Btil. 868, 66 p.,
illus. B. ova/us as food of.

Kemner, N. A.-1916---"O/iorhynchus sulcatus F., ett skadedjur bland
annat pa krukvaxter." Tradgarden, Stockholm, No. 18, p. 145, 2 figs.
B. sulca/us in greenhouse.

Keifer, H. H.-1933"Some Pacific Coast Otiorhynchid 'vVeevil Larvae."
Eut. Amer., v. 13 (N. S.) No. 2, pp. 45-85, 6 plates. D. decoratus,
ursinus, and granula/us; B. ova/us, sulca/us, mugosos/riatus, nieridi-
onalis, and cribricollis.

Kiesenwetter, M. H. von-1851"Enumeratjon Des Coleopteres Trouves
Dans Le Midi De La France et en Catalogne." Annales Ent. Soc.
France, Ser. 2, v. 9, p. 638. B. ova/us.

Kitchunov, N. I.-1916--"Cultivation of bush-fruit." Petrograd. B. sul-
ca/us.
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Laboidhene, M. Al.-1853--Ann. Soc. Ent. France, Ser. 3, v. 1, Bul. I, p.
XLVIII. B. ovatus.

and M. Ljnder-1861-.-Seance dti 23 Octobre 891"
Annales Ent. Soc. France, Ser. 4, v. 1, Bul. 1, p. XXXVII. B. sulcatus.

Leconte, John L. and George H. Horn-1876"The Rhynchophora of
America North of Mexico." Proc. Amer. Phil. Soc. v. 15, No. 96,
Phila. B. sulcatus, ligneous (ova/us), rugifrons; Amnesia granicolLs,
decorota, ursinus; Pun thodes loenia/us.

Leng, Charles W.-1920"Catalogue of the Coleoptera of America,
North of Mexico." Pub, by John D. Sherman, Mt. Vernon, N. Y.,
pp. 310-315. All species listed with references.

Linne, Carl vonl767"Systema Naturae, etc., edition 12." Holmiac,
Laur. Salvii, 8. B. ova/us.

Lintner, J. A.-1885"Meeting of the Entomological Club of the Amer.
Assoc. for the Adv. Sci." 15th Ann. Rept. Ent. Soc. Ontario for
1884, p. 13. 0. ligneus (ovatus).

1885"Second Report on the Injurious and Other Insects
of the State of New York." State of N. Y. No. 162 in Assembly,
p. 51. 0. ligneus (ovatus), sulcajus.

1888"Fourth Report of the Injurious and Other Insects
of the State of New York." From 41st Rept. N. Y. State Mus.,
p. 141. 0. ligneus (ova/us).

1890"Insect Strawberry Pests." N. Eng. Farmer, 4
June, 1890, p. 1. B. ova/us.

1890"The Sixth Report of the Injurious and Other
Insects of the State of New York." State of New York No. 62 in
senate, pp. 107, 118, 189. B. ova/us.

1893"Ninth Report of the Injurioiss and Other Insects
of the State of New York." State of N. Y. No. 42 in Senate 1893,
pp. 297, 463. B. ovatus in house.

1895Tenth Report on the Injurious and Other Insects
of the State of New York." From the 48th Rept. N. Y. State Mtis.
Nat. Hist., pp. 416-419. B. ova/us in dwellings, summary, bibliog-
raphy. B. sulca/us.

1897'l3th Report on the Injurious and Other Insects of
the State of New York" from 51st Annual Rept. N. Y. Museum Nat.
Hist. B. sulcatus.

Lockwood, S. and H. H. Keifer-1930---.'Preliminary Observations on
a V',Teevil, Brachyrhinus cribricollis (Gyll.), with Comparisons to
Related Forms Found in California." Mthly. Bul. Cal. Dept. Agr.,
v. 19, pp. 17-39, 26 figures.

Lovett, A. L.-1913---'Strawberry Pests in Oregon. The Strawberry
Root Weevil." Ore. Agr. Exp. Sta. Bien. Crop Pest and Hort. Rept.
for 1911-1912, pp. 122-134. B. ova/us, good account with bibliog-
raphy. B. sulca/us and rugifrons.

Lugger, O.-1899"Beetles Injurious to Fruit-Producing Plants." Minn.
Agr. Exp. Sta. Bul. 66, pp. 268-269. B. ova/us.

MacDougall, R. S.-1916--"Insect and Arachnid Pests of 1915." Trans.
Highland and Agric. Soc. Scotland, 1916, v. 28, Ser. 5, pp. 107-139,
13 figs. B. sn/ca/us (pp. 121-122).
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Marsham, T.-1802Entomologia Britannica, sistens Insecta Britan-
niae indigena secundum Linneum disposita." Londini, White, 1802.
8. T. 1. Coleoptera, p. 298. Orig. desc. C. scrabrosus (syn. of B. rug-
0505/na/us).

McDaniel, E. I.-1924---"Greenhouse Insects." Michigan Agr. Exp. Sta.
Sp. Bul. 134, p. 68. B. sulca/us.

(17) Melander, A. L.-1916---."Strawberry Root Weevil." Calif. Cultivator
47, Oct. 14, 1916, P. 382. B. ova/us.

1917'The Strawberry Root 'vVeevil." Rept. Proc.
Wash. State Hort. Assoc., 13, pp. 121-125. Pullman, Wash. B. ova/us
account of control experiments.

1918"The Strawberry Root Weevil (Otiorhynchus ova-
/us)." Better Fruit, v. 12, No. 11, pp. 7-8.

1925Report of the Washington Station Div. of Ento-
mology and Zoology." Wash. Sta. Bul. 196, pp. 23-24. B. ova/us,
sulcatus, rugifrons.

and F. D. Heald-1916'The Control of Fruit Pests and
Diseases." Wash. Agr. Exp. Sta. Pop. Bul. 100, p. 27. B. ova/us.

and A. Spuler-1926--'Poisoned Baits for Strawberry
Root-Weevil." Wash. Agr. Exp. Sta. Bul. 199, 22 pp., 8 figs. B. ova-
/us, sulcatus and rugifrons; good account.

Miles, H. W.-1922"Some Important Insect Pests of Strawberries."
Jour. Bath and West and Southern Couities Soc., Bath, 5th Ser.,
v. 16, 1921-1922, 16 pp., 12 figs. B. sulca/us.

Moore, J. G.-1915Strawberry Culture in Wisconsin." Agr. Exp. Sta.
Univ. Wis., Madison, Bul. 248, 40 pp., 11 figs., 6 tables. B. ova/us.

Mote, D. C. and J. Wilcox-1927"The Strawberry Root-Weevils and
Their Control in Oregon." Ore. Agr. Exp. Sta. Cir. 79, 24 pp., 7 figs.,
I pl., 7 tables. B. ova/us, .culca/us, rugifrons (rugosos/ria/us) and
D. granicollis (decora/us).

Newton, J. H.-1926---Strawberry Root-Weevil, Brachyrhinus rugifrons
Gyll." 17th Ann. Rept. State Ent. Cob. Cir. 51, pp. 16-17. B. nugo-
sos/na/us.

Olcott, B. W.-1923"Quarantine Regulation on Strawberry Root Wee-
vil." Ore. Bien. Rept. State Bd. Hort. 17, p. 65.

Ormerod, E. A.-1890--'Manual of Injurious Insects and Methods of
Prevention and Remedy." Simpkin, Marshall, Hamilton, Kent &
Co., London, 2d ed., pp. 361-365. B. sulca/us.

Palmer, Ray and W. P. Westell-1922'Pests of the Garden and
Orchard, Farm and Forest." Henry J. Drane, London, pp. 119-120.
B. sulca/us.

Park, Chas. A.-1921"Quarantine on Strawberry Root Weevil." Ore.
Bd. Hort. Bien. Rept. 16, p. 9.

Patch, E. M.-1905"Strawberry Crown Girdler." Maine Agr. Exp.
Sta. Bul. 123. B. ova/us, good account.

Peirson, H. B.-1923--"Insects Attacking Forest and Shade Trees."
Bul. 1, Maine For. Ser., p. 33. B. ova/us.

1927"Manual of Forest Insects." Bul. 5, Maine For. Ser.,
Augusta, Maine, p. 101. B. Ova/us.

Pettit, R. H.-1906--"Insects New or Unusual in Michigan." Mich. Agr.
Exp. Sta. Bul. 244, p. 102. B. ova/us.
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1908"Insects of 1907." Mich. Agr. Exp. Sta. Bul. 251,
p. 123. B. ova/us.

Pierce, W. D.-1913'Misc. Cont. to the Knowledge of the Weevils of
the Families Attelabidae and Brachyrhinidae." Proc. U. S. Nat. Mus.,
v. 45, pp. 365-426.

Frovancher, L.-1879'Petite Faune Entomologique de Canada." Vol. I.
Coleopteres, 1877, 785 pp. Suppl. I, 1877, 38 pp. Suppl. II, 1878, 17
pp. Suppl. III, 1879, 30 pp. Reprinted from Le Naturaliste Canadien,
v. 4, 5, 6, 10, 11. B. sulca/us.

Puls, M.-1881"Sur les ravages de l'Q!iorltynchus sulca/us dans les
serres." Bul. d'Arboriculture, Gand.

Rambousek, F.-1925'Uber die Riibenschädlingc im Jahre 1924."
Zeitschr. Zucherind, d. Cechoslow. RepubI., v. 49, Nos. 35-38, pp. 267-
272, 275-279, 283-288, 291-295, illus. B. ova/us as beet pest in Czecho-
slovakia.

Reh, L.-1913Handbuch der Pflanzenkrankheiten, Der tierischen
Feinde III." Berlin, Verlagsbiichhandlung Paul Parey, p. 542.
B. s-u/ca/us, ova/us (Cat. under Sorauer.)

Riley, C. V.l892A Snout-Beetle O/iorhynchus ova/us, under Car-
pets." Insect Life, v. 5, pp. 46-47.

Ross, W. A. and L. Caesar-1923Insects of the Season." 54th Ann.
Rept. Ent. Soc. Ontario 1923, pp. 57-63, Toronto, 1924. B. ova/us.

Ruhman, M.-1915'Insect Notes from the Okanogan in 1914" Proc.
Ent. Soc. B. C., Victoria, No. 7, pp. 7-11. B. ova/us.

Sasscer, E. R.-1920--'Important Foreign Insect Pests Collected on
Imported Nursery Stock in 1919." Jl. Ec. Ent., v. 13, pp. 181-184.
B. sulca/us.

1921"Important Insects Collected on Imported Nursery
Stock in 1920." J. Ec. Ent., v. 14, pp. 353-355. B. sulca/us.

1922"Important Insects Collected on Imported Nursery
Stock in 1921." J. Ec. Ent., v. 15, pp. 158-162. B. sulca/us.

Schaffnit, and Lustncr-19l8.--"Bericht uber das Auftreten von Feinden
und Krankheiten der Kulturpflanzen in der Rhein-provinz im Jahre
1915." Boun. 1916, 67 pp. B. sulca/us.

Schoyen, T. H.-19l8Beretning am Skadeinsekter och Plantesykdom-
mer i Land-ag Havebruket 1918." Christiana, 1919, 71 pp., 44 figs.
B. sulcatus.

Scudder, S. H.-1893"Tertiary Rhynchophorous Coleoptera of the
United States." Monograph U. S. Geo. Sur., v. 21, Fossil species of
Brachyrhinus treated.

Smith, H. S.-1920---'Report of the Pest Control Service." Mthly Bul.
Calif. Dept. Agr., v. 9, Nos. 10, 11, pp. 417-421. B. sn/ca/us.

1921"Report of the Bureau of Pest Control." Mthly.
Bul. Calif. Dept. Agr., v. 10, Nos. 11 and 12, pp. 570-597. B. rugi-
frons.

1922.'Report of the Bureau of Pest Control." Mthly.
Bul. Calif. Dept. Agr.. v. 11, pp. 793-838. B. rugifrons.

Smith, L. M.l930---'The Snowy Tree Cricket and Other Insects
Injurioiss to Raspberries." Cal. Agr. Exp. Sta. Bul. 505, pp. 24-27,
3 figs. B. sulca/us, rugasos/ria/us.
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Smith, F. F.-1927'The Black \Tine Weevil(Brachyrhinus sulcatus
Fabr.) as a Pest in Greenhouses and Nurseries." J. Ec. Ent., v. 20,
pp. 127-131. Good account.---- 1930--'Studies of the Black Vine \'Veevil." Jour. vVash.
Acad. Sci., v. 20, PP. 185-188.

- - 1932'Biology and Control of the Black Vine Weevil."
T 5 Dept. Agr. Tech. Bul. 325, 45 pp., 16 figs. B. sulcatus. Excellent

account.
Spessivtscff, P.-1923Bidrag till Kannedomen cm Bruna Oronvivelns

(Oliorhynchus ova/us L.) Morfologi och Biologi." Medd. Stat.
Skogsforsoksanst., v. 20, pp. 241-260, 10 figs., Stockholm. Good
account.

Ssilantjew, A.A.-1905'Uber einen sicher konstatierten Fall der Par-
thenogenese bei einem Kafer (Otiorhynchu.s' lurca Bohem.)" Zool.
Anzeiger, Leipsiz, Tome XXIX, PP. 583-586.

Stierlin, W. G.-1861----'Revision der europaischen Otiorhynchus Ar/eu."
Entom. Zeitschr, 1861, P. 136. 0. scrabrosus Marsh recognized as
valid species, syn. of B. ruposost rio/us.

1861 Table Analytique de Otiorhynchus d'Europe."
(Trade par G. A. Baer). Ann. Ent. Soc. France, Ser. 4, v. 4, PP.
159-180. B. sulcalus, etc.

Swaine, J. M.-1911"Insect Notes from Ste. Anne'sNov. 15, Season
of 1910." Ont. Ent. Soc. Rept. 41, p. 99. B. sulcatus.

Theobald, F. V.-1909The Insect and Other Allied Pests of Orchard,
Bush and Hothouse Fruits." Pub, by Author, Wye Court, Wye.,
p. 426. B. sulcatus.

1914'Report on Economic Zoology." Southeastern Agr.
Coll., Wye., 2nd April 1914, 158 pp. B. sulcatus.

1925Cultivation, Diseases and Insect Pests of the Hop
Crop." Minist. Agr. and Fisheries, Misc. Pub. No. 42, 82 pp., 69 figs.,
London. Insects pp. 59-81, P. 71. B. sulcatus.

Thiem, H.-1922---'Zur Biologic und Bekampfung des gefurchten Dick-
maulri.isslers (Otiorhynchus sulcatus, F.)." Zeitschr. Angew. Ent.,
Berlin, v. 8, No. 2, Pp. 389-402. Good account.

Treherne, R. C.-1912'The Life-History of Otiorhynchus ova/us,
The Strawberry Root Weevil, under Lower Fraser Conditions."
Proc. Ent. Soc. B. C. No. 2, pp. 41-50.

1913'Notes on Injurious Insects in British Columbia
in 1912." Annl. Rept. Ent. Soc. Ontario 43, p. 109. B. ova/us.

- -- 1914'Report from Vancouver District: Insects Eco-
nomically Important in the Lower Fraser Valley." Proc. Ent. Soc.
B. C., No. 4, pp. 19-33. B. ova/us, sulca/us.

----1914--.'The Strawberry Root-Weevil (Otiorhynchus ova-
/us Linn.)." Can. Dept. Agr. Div. Ent. Bul. 8, 44 pp., 8 figs., 1 chart.
Good account, also B. sn/ca/us.

1915Shade-Tree and Ornamental Insects of British
Columbia." Proc. Ent. Soc. B. C., No. 7, pp. 35-41. B. sulca/us.

1915Popular and Economic Entomology Notes of
Economic Interest from British Columbia." Can. Ent. v. 47, p. 103.
B. so/ca/us, ova/us, rugifrons.
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1916--'Insects Affecting Agriculturists in B. C. During
the Past Year." Agric. JI., Victoria, B. C., v. 1, No. 10, Dec. 1916,
p. 168. B. ovatus, sulcatus.

1917The Natural Immunity or Resistance of Plants to
Insect Attack." Agric. Gaz. Canada, Ottawa, v. 4, No. 10, Oct. 1917,
pp. 855-859. B. ovatus.

1917"The Strawberry Root Weevil in British Colum-
bia." Can. Ent., v. 49, pp. 257-260. B. ovatus.

1918.'The Strawberry Root-Weevil." B. C. Dept. of
Agric. New Hort. Cir. 33. B. ovatus.

1919"Insect Notes of the Year 1918." Agric. Jl. Dept.
of Agric. B. C., v. 3, Nos. 11-12, pp. 258, 281, 301. Victoria. B. ovatus.

1920'Insects for the Year 1919." Agric. Jr. Dept. Agric.
B. C., v. 5, Nos. 1-2, pp. 25-26, 52-56. Victoria. B. ova/us.

Urbahns, T. D.-1923--"Insect Pest Control." Mthly. Bul. Cal. Dept.
Agr., v. 12, pp. 359-363. B. ovatus, rugifrons.

Van Dyke, E. C.-1927"Notes on Two Injurious Weevils." Pan-Pa-
cific Ent., v. 3, p. 63. D. granicollis (decora/us).

1933"A Short Review of Dyslobus LeConte, A Genus
of Broad-Nosed Weevils of the Subfamily Otiorhynchinae with
Descriptions of New Species." Pan-Pacific Ent., v. 9, No. 1, pp. 31-47.
All species of Dyslobus.

Venables, E. P.-1911'Report from Okanogan District." Proc. Ent.
Soc. B. C., No. 1, p. 9. B. sulcatus.

1912'Report from Okanogan District." Proc. Ent.
Soc. B. C., No. 2, pp. 11-16. B. ova/us.

Vercier, G.-1913"Les Fraisiers a gros fruits." La Vie Agricole et
Rurale, Paris, v. 2, No. 13, pp. 371-374. B. su1catus.

Washburn, F. L.-1901 "Strawberry Insects." 9th Ann. Rept. State
Ent. Minn. f. year 1904, pp. 74-75. B. ova/us.

Wassiliew, J.-1909'Ein neuer Fall von Parthenogenese in der Fami-
lie der Curculioniden." Zool. Anzeiger, Leipzig, Tome XXXIV,
pp. 29-3 1.

Webster, F. M.-1892"Fourth Annual Meeting of the Association of
Economic Entomologists." Can. Ent., v. 24, p. 207. B. ova/us.

1893'Some Insects of the Year." Insect Life, v. 6, p. 186.
B. ovatus.

Weed, C. M.-18g1 "The Strawberry Crown Girdler." 14th Rept.
Mich. Hort. Society, pp. 84-88. B. ovatus. Good account.

Weigle, C. A. and E. R. Sasscer-1923"Insects Injurious to Orna-
mental Greenhouse Plants." U. S. Dept. of Agric. Farmer's Bul.
1362, pp. 43-45. B. sulcatus.

Weiss, H. B.-191 5Notes on Some Unusual Nursery Insects." ji. Ec.
Ent., v. 8, p. 552. B. sulcatus.

1916'Foreign Pests Recently Established in New Jer-
sey." Jl. Ec. Ent. v. 9, pp. 212-216. B. sulcatus.

Westwood, J. O.-1837---"Metamorph. d'Otiorhynchus sulcatus." Lou-
don's Gardeners Magazine, Tome XIII, p. 157.

Vicicham, H. F.-1894Otiorlsynchus ovatus in North America. Soci-
etas Ent., v. 9, 1894, pp. 130-131.

1920"A catalogue of the North American Coleop. De-
scribed as Fossils." In Leng. Cat., Pub, by J. D. Sherman, Mt. Ver-
non, N. Y., pp. 347-365.
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Additional References

Essig, E. 0.-1933---"Economic Importance of the Genus Brachyrhinus
(Otiorhynchus)." Mthly. Bul. Cal. Dept. Agr., v. 22, Nos. 7, 8, 9, 10,
11, pp. 379-409, 2 plates, 8 figures. Discussed many SpeCieS, especially
B. sulcatus, ovatus, rugosostriatus, cribricollis, and meridional is.

Fulmek, L.-1930---"Der Erdbeerwurzelri'issler 0. oiiatus L." Genden
Ztg., Vienna, 1930, 3 pp. B. ovatus on strawberry.

Hamilton, C. C.-1931"Tests on the Control of Several Insects Attack-
ing Ornamental Plants." Jl. Ec. Ent., v. 24, pp. 162-169. B. sulca-
Ins controlled on yew with "Go-West." (sodium fiusosilicate 3%).

Hardouin, R.-1931"Matériaux d'éthologie concernant Oliorhynchus
rugosostrialus Goèze (Col. Curculionidae)." Bul. Soc. Ent. Fr.,
1931, No. 11, pp. 179-182, 1 fig. Larvae found to damage underground
parts of cyclamen and Priniula in Paris district, the roots being eaten
away. Adults taken on blackberry and in large numbers on rose,
working at night and cutting off leaves. Original food plant prob-
ably rose, the insect being introduced onto cyclamen in the compost
for potting. No males observed by either author (below) ; appar-
ently parthenogenetic. Mix powdered napthalene with soil before
potting.

Hoffmann, N. A.-1931"Description de la larve d'Oliorhynchus rugo-
sostriatus Goeze." Ibid, pp. 183-184.

Hodson, W. E. H. and A. Beaumont-1931"Seventh Annual Report of
the Department of Plant Pathology for the Year Ending Sept. 30,
1930." Pamp. Seale-Hayne Agr. Coll., No. 36, pp. 11-12. Newton
Abbot, Devon, 1931. B. sulcatus.

Jacobsen, W. C.l928--" (Report for 1927 of the) Bureau of Plant
Quarantine and Pest Control." Mthly. Bul. Cal. Dept. Agr., v. 16,
No. 12, pp. 633-677. B. sulcatus, rugosostriatus on strawberry,
blackberry, raspberry and loganberry; ovatus on strawberry.

Kolosov, Vu. M.l928---"Insects of Central Ural attacking Raspberries."
Sib. Plodov. Ogorodn, No. 3 (proof, 2 pp.), 1 fig. Omsk, 1928.
B. ovalus sometimes feeds on the raspberry fruit.

McDaniel, E. I.-1930"The Strawberry Root-Weevil as a Pest in Coni-
fer Nurseries." Quart. Bul. Mich. Agr. Exp. Sta., v. 12, No. 3,
pp. 102-105. On arbor-vitae, and numerous species of pine, spruce,
larchin one- and three-year plants especially on Norway spruce
(Picea excelsa).

Pack, H. J.-1930--"Notes on Miscellaneous Insects of Utah." Bul.
Utah Agr. Exp. Sta. 216, 30 pp., 8 figs. B. ovatus, sulcatus, rugi-
frons.

Schmidt, M.-1929"A. coniptana as a Strawberry Leaf-roller in Sax-
ony." Nachr Bl. deuts. PflSch Dienst., v. 9, No. 2, pp. 12-13, Berlin,
Feb. 1929. B. ovatus attacking roots of strawberry.
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