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ABSTRACT The failure of crop rotation to protect corn from larval western corn rootworm,
Diabrotica virgifera virgifera LeConte, injury has become common in regions of Illinois and Indiana,
and is apparently spreading east intoOhio andMichigan. The extensive use of a corn-soybean rotation
is considered to have selected a variant of the western corn rootworm that has expanded its ovipo-
sitional range to include soybean Þelds. Laboratory and Þeld observations suggest that suspected
variantwesterncorn rootwormadults haveagreater acceptance for soybean foliage as anadult feeding
site than that ofwild type adults.Weattempted to identify variantwestern corn rootwormpopulations
based on their propensity to feed on soybean foliage and what factors inßuence the consumption of
soybean foliage.Feedingonsoybeanandcorn leaveswasquantiÞed in laboratory feedingassays.There
was no signiÞcant difference in amount of soybean leaf area eaten by western corn rootworm from
Illinois versus those from Nebraska or Michigan, both regions were rotation failures have not been
reported. To identify what factors inßuence western corn rootworm feeding on soybean, we Þrst
demonstrated thatwestern corn rootworm feeding on corn foliagewas inßuenced by corn phenology.
Corn phenology also inßuenced the consumption of soybean leaves; more soybean leaf area was
consumed in the presence reproductive stage corn leaves than younger, vegetative stage corn leaves.
A phenology effect was observed also with corn silks; soybean consumption was reduced in the
presence of corn silks compared with leaves. Given that western corn rootworm acceptance for
soybean increases in thepresenceofolder corn,wepropose anexplanation forwesterncorn rootworm
oviposition in soybeans based on corn phenology.
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DAMAGE TO FIRST year (rotated) corn by western corn
rootworm, Diabrotica virgifera virgifera LeConte, has
been reported in Illinois (Levine and Gray 1996),
Indiana, (Sammons et al. 1997), Iowa, (Rice and
Tollefson 1999),Michigan, (DiFonzo 1998), andOhio
(Onstad et al. 1999). Formerly, female western corn
rootwormswere thought tooviposit only in cornÞelds,
and since the larvae can survive only on the roots of
corn and a few grasses, crop rotation was a highly
effective management practice (Levine and Oloumi-
Sadeghi 1991). However, during the late 1980s, root-
worm injury to corn following soybeans was reported
in isolated areas of east central Illinois (Levine and
Gray 1996, Levine and Oloumi-Sadeghi 1996). By
1995, western corn rootworm larval injury to corn
following soybeanswasobserved throughout east cen-
tral Illinois and northwestern Indiana (Levine and
Gray 1996, Onstad et al. 1999).
Entomologists hypothesized that widespread adop-

tion of corn-soybean rotation had selected a variant of
the western corn rootworm that lays at least a portion
of its eggs in soybean Þelds (Levine and Gray 1996,

Sammons et al. 1997, Spencer et al. 1999). In a corn-
soybean rotation, larvae from eggs oviposited and
overwintering in soybean emerge in a cornÞeld the
following spring. These Þrst-year Þelds are typically
not treated with a soil insecticide and can experience
extensive root injury and yield reduction from west-
ern corn rootworm larval feeding (OÕNeal et al. 2001).
Alternatively, eggs laid in cornÞelds hatch the follow-
ing year in a nonhost Þeld (i.e., soybean). Thus,where
corn is grown in rotation with soybeans there is an
advantage for female western corn rootworms to lay
eggs in soybeans. Accordingly, OÕNeal et al. (1999)
found greater numbers of adult western corn root-
worms in soybean versus cornÞelds in east central
Illinois, including a greater percentage of females in
soybean Þelds than in cornÞelds during August
(OÕNeal et al. 1999), when western corn rootworm
likely laid the majority of their eggs (Hein and Tollef-
son 1985). InterÞeld dispersal of western corn root-
worms is common, with Þrst-year cornÞelds a site of
female immigration (Godfrey and Turpin 1983).
While corn phenology has been shown to inßuence
northern corn rootworm (Diabrotica barberi Smith &
Lawrence) dispersal (Naranjo and Sawyer 1988), and1 E-mail: onealmat@pilot.msu.edu.
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is thought also to affect movement of western corn
rootworm (Naranjo 1991), its role in western corn
rootworm movement into soybeans has not been in-
vestigated.
Both Sammons et al. (1997) and Spencer et al.

(1999) observed suspected variant western corn root-
worm adults feeding on soybean leaves. SpeciÞcally,
Sammons et al. (1997) reported that suspected variant
beetles from Indiana fed more on soybean leaves in a
no-choice assay than western corn rootworms from
Iowa and Nebraska. They found that beetles from
Nebraska did not feed at all on soybean leaves. In
Illinois, Spencer et al. (1999) also reported Þeld ob-
servations of western corn rootworms feeding on soy-
beans. They suggested that although a preference for
soybeans is not necessary to explain rootworm ovipo-
sition in soybeans, it may be possible to identify west-
ern corn rootworms that have oviposited in soybean
Þelds based on the presence of soybeans in their gut.
Recent reports of injury to rotated corn in south-

western Michigan (DiFonzo 1998) suggest that vari-
ant populations are present in Michigan as predicted
by Onstad et al. (1999). Our initial objective was to
determine if feeding assays could identify the pres-
ence of variant western corn rootworms within re-
gional populations. We Þrst evaluated if western corn
rootworm adults from the regions tested by Sammons
et al. (1997) varied in their consumption of soybean in
no-choice assays. Results from these tests led us to
studywestern corn rootworm acceptance for soybean
when in thepresenceof corn at different phenological
stages. Finally, we investigated whether the inßuence
of corn phenology on soybean feeding is unique for
western corn rootworm from putative variant popu-
lations. Based on the results, we suggest a model that
can explain western corn rootworm dispersal from
corn and oviposition in soybeans.

Materials and Methods

General Assay Conditions. We measured the sur-
face areaof corn and soybean leaves fedonbywestern
corn rootworm adults in no-choice and choice assays
basedon theno-choice assayof Sammonset al. (1997),
in which 10 adult beetles were presented individual
soybean leaves within a petri dish. In our preliminary
studies, as fewasone in10 individuals fedona soybean
leaf during a 24-h period; moreover, females fed more
thanmales. Feeding bywestern corn rootworm adults
often occurs in groups, on both corn and soybeans.
Therefore, we decided to use 10 adult female beetles
in a petri dish as the experimental unit to assure mea-
surable feeding would occur, and to allow us to com-
pare our results to that of Sammons et al. (1997). Plant
material and western corn rootworm source varied
among experiments, but unless otherwise speciÞed,
the following conditions were kept constant. All bee-
tles were kept in wire screen (30 cm by 30 cm by 30
cm) cages in an insect rearing facility (24�C and 16:8
[L:D] h) on the campus ofMichigan State University.
Toensure thatexposure to soybean leaves in theassays
was not a novel experience, beetles were provided

with a potted soybean plant (V6 to R3 stage), as well
as a fresh corn ears, silks, and leaves. Water was pro-
vided continuously fromdentalwicks placed inwater-
Þlled ßasks. Beetles were taken from cages, brießy
chilled on ice for easier handling, and then separated
by sex based on the shape of the last abdominal ster-
nite (White 1977). Beetles and test foliage were
placed in petri dishes (15.5 cm diameter and 1 cm
high) on Þlter paper (WhatmanNo. 2, Hillsboro, OR)
moistened with water. Unless otherwise speciÞed, fo-
liage used in feeding assays was from the third fully
expanded leaf from the apex of both corn and soy-
beans. Beetles were allowed to feed for 24 h in a
growth chamber (24�C and 16:8 [L:D] h). After 24 h,
beetle mortality was recorded and the leaf area con-
sumedwas digitallymeasuredusing thepublic domain
NIH Image software (National Institutes of Health
1999). Every beetle survived the 24-h assay; therefore,
leaf area consumed is reported as a mean per dish. A
subsample of beetles from each assay was saved and
preserved as voucher specimens in the A. J. Cook
ArthropodResearchCollectionatMichiganStateUni-
versity.

No-Choice Assay. In 1999, our objective was to dif-
ferentiate variant from wild type western corn root-
worm using no-choice assays. We conducted no-
choice assayswith beetles from Illinois, Nebraska, and
Michigan. Based on the Þndings of Sammons et al.
(1997),wehypothesized thatwesterncornrootworms
from Illinois (variant) would feed on soybeans and
those from Nebraska (wild type) would not. We fur-
ther postulated that feeding by Michigan beetles
might be an intermediate between Nebraska and Il-
linois, based on whether they were predominately of
a variant or wild type population.

Insects. Adult western corn rootworms were col-
lected from cornÞelds inNebraska (Saunders County,
30 July 1999; 3.2 km from the collection site of Sam-
mons et al. 1997), a region of corn production that has
not reported rootworm larval injury to rotated corn.
Western corn rootworms from Michigan were col-
lected in a continuous cornÞeld at the Michigan State
University Entomology Research Farm (East Lansing,
MI), also a region where western corn rootworm in-
jury to rotated corn has not been reported. Beetles
from Illinoiswere collected froma rotated cornÞeld in
Champaign County in a region frequently reporting
injury to rotated corn (OÕNeal et al. 2001). Beetles
from Nebraska were sent to Michigan in containers
with corn ears, silks, water, and arrived within 48 h of
collection. Beetles from Illinois and Michigan were
collected 48 h before the arrival of those from Ne-
braska; Illinois beetles were transported by car in
cages with corn ears, silks, and water.

Plants. Soybeans used for all feeding assays (Asgrow
Ag2201)were planted on 12May 1999 at theMichigan
State University Entomology Research Farm (East
Lansing, MI) and maintained using conventional ag-
ronomic practices. Soybeans used in the no-choice
assaywere in the lateR2 toearlyR4 stage (Sinclair and
Backman 1989).
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Experimental Design and Data Analysis. Beetles
were offered a single soybean leaf within an 8.5 cm
diameter and 1.5 cm high petri dish. No-choice assays
were performedwith females fromeach state on three
separate dates: 2, 3, and 9August 1999. Each treatment
was replicated three times on each day. Results from
the 3 d were combined and analyzed using analysis of
variance (ANOVA) for a randomized complete block
design, with assay date as the block, state of origin as
the treatment and the interaction between the block
and treatment included in the ANOVA. The amount
of soybean leaf foliageconsumedwascomparedacross
the three treatments (western corn rootworm from
Illinois, Nebraska, and Michigan) using least signiÞ-
cantdifference(LSD)mean separation(SAS Institute
1996).

Corn-Soybean Choice Assays. Based on preliminary
data, we observed that corn age affectedwestern corn
rootworm feeding on corn leaves, such that feeding on
corn leaves decreases as the plant enters the late
vegetative to reproductive stage. Overall, our results
support those of Sifuentes and Painter (1964) who
found that delaying the plantings of similar lines of
corn by a month decreased leaf feeding by corn root-
worms.
Based on these results, we inferred that corn phe-

nology may inßuence western corn rootworm con-
sumption of soybean leaves. We postulated that soy-
bean leaf consumption would be greater in the
presence of corn fromaphenological stage not readily
eaten by western corn rootworm adults (late vegeta-
tive to reproductive stage) than in the presence of
corn from a phenological stage more readily eaten
(early vegetative stage). We further postulated all
postreproductive stages of corn (R1- R6, Ritchie et al.
1986) would have a similar effect on soybean con-
sumption. We also tested western corn rootworm
feeding on soybean leaves in the presence of corn
silks. Becausewestern corn rootworm feeding on corn
silks is more commonly observed than feeding on
leaves, we tested the hypothesis that soybean leaf
feedingoccursonly inpresenceof corn foliageandnot
in the presence of corn silks.

Insects. Western corn rootworm used in the corn-
soybean choice assays came from a continuous corn-
Þeld on the Michigan State University Entomology
ResearchFarm(EastLansing,MI).Adultbeetleswere
collected by hand from corn plants the day before
assay.

Plants.Corn used in the corn-soybean choice assays
was planted on 29 April and 15May, 2000. As with the
corn phenology assay, a 6 by 3-cm section of corn leaf
tissuecut fromeither sideof themidribwasused in the
corn-soybean choice assays. Soybean was planted on
16 April 2000. A whole soybean leaßet was taken from
the third fully expanded trifoliate, below the apex of
the plant. We were interested in how corn phenology
inßuences soybean consumption, and not in compar-
ing corn and soybean leaf consumption by western
corn rootworm.Therefore,wedidnot attempt to offer
equal mass or surface area of each leaf type.

Experimental Design and Data Analysis. Petri dishes
contained a section of corn leaf from one of the two
planting dates along with a full soybean leaf. Assays
were conducted on three separate dates (21 July, 29
July, and 3 August 2000), to compare feeding on corn
at differingphenological stages.On theÞrst assaydate,
leaves came fromcorn ineitherearlyor late vegetative
stages. On the second assay date, leaves came from
corn in either the mid-vegetative or reproductive
stages. The Þnal assay date, leaves came from corn in
early or late reproductive stages. On 3 August, corn
silks were tested in a separate choice test. Corn silks
were taken from plants in the R1 or R2 stage (Ritchie
et al. 1986), representing fresh versus older silks
(browning) respectively. Silks from plants in the R1
stage were selected if that plant was shedding pollen,
and silks from plants in the R2 stage were selected if
pollen shedding had ceased. Silks were cut from the
corn-ear tip and weighed. The weight of corn silk
provided was equal to the weight of the soybean leaf
included in the petri dish. On 21 and 29 July, 10
replications of each choice assay were conducted,
whereas on 3 August only seven replications were
conducted for each of the four choice assays.
For each assay date, data were analyzed separately

as a completely randomized design with type of plant
material (corn or soybean) eaten as the treatment
factor. ANOVA was used to test the effect of corn
phenology on corn consumption, and corn phenology
andorgan type (silk versus leaf) on soybean consump-
tion (SAS Institute 1996). A student t-test compared
the amount of soybean consumption when the silks
presented came from R1 versus R2 corn plants.

Regional Corn-Soybean Choice Assays. Finally, we
tested whether corn phenology (early vegetative or
reproductive stage) affected corn and soybean con-
sumption of western corn rootworms from different
regions. Beetles from Illinois (putative variant), Ne-
braska (putative wild type), and Michigan were ana-
lyzed using the corn-soybean choice assay.

Insects. In 2000, we used beetles from the same
locations in Illinois and Nebraska, as well as Michigan
beetles from our corn-soybean choice assay. Western
corn rootworms from Illinois and Michigan were col-
lected 48 h before the arrival of those from Nebraska
(5 August 2000), with Illinois beetles transported by
car in containers with corn ears, silks, and water.

Plants. Soybean planted for the corn-soybean
choice assays was used. In 2000, corn used in the
regional choice assays came from the 29April planting
used in the corn-soybean choice assay and additional
planting made on 30 May, to ensure a source of veg-
etative stage corn.

ExperimentalDesign andDataAnalysis.On8August
2000, we conducted choice assays with beetles from
Michigan, Illinois, and Nebraska. An intact soybean
leaf was offered alongwith a 6 by 3-cm section of corn
leaf, with 10 replications for each state. The statistical
analysis followed that of the corn-soybean choice as-
say, with separate analyses conducted for western
corn rootworms from each state.
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Results

No-Choice Assay. Beetles from each location con-
sumed measurable amounts of soybean foliage (Fig.

1). Overall, there was a signiÞcant effect on the
amount of soybean leaf area consumed due to the
western corn rootworm source (F � 6.24, df � 2, 18;
P � 0.01) as well as an interaction between assay date
and western corn rootworm source (F � 3.56, df � 4,
18; P � 0.03). Female western corn rootworms from
Michigan consumed more leaf area than beetles from
Nebraska. There was no signiÞcant difference in the
amount of soybean leaf area eaten between beetles
from Illinois and Nebraska.

Corn-Soybean Choice Assay. There was signiÞ-
cantlymore feeding on the younger of two corn leaves
(Fig. 2), when corn phenology varied from early to
late vegetative stages (21 July, F � 4.86, df� 1, 18; P �
0.04), and when the corn phenology varied from veg-
etative to reproductive stages (29 July, F � 4.53, df �
1, 18; P � 0.05). There was no difference in amount of
western corn rootworm feeding when both corn
leaves were taken from plants in reproductive stages
(3 August, F � 2.08, df � 1, 12; P � 0.18).
Corn phenology also inßuenced soybean consump-

tion, with more soybean area eaten in the presence of
theolder corn leaves (Fig. 2).Western corn rootworm
feeding on soybean was greater in the presence of the
late versus early vegetative stage corn leaves (21 July,

Fig. 1. Mean�SEMsoybean leaf area eatenby10 female
western corn rootworms from Michigan, Illinois, and Ne-
braska ina24-hno-choiceassay.Means labeledwith the same
letter are not signiÞcantly different (LSD, P � 0.01).

Fig. 2. Mean � SEM corn and soybean leaf areas eaten by 10 adult female western corn rootworms. Corn and soybean
leaves were offered in a choice assay. Corn leaves came from one of two planting dates, with the younger corn indicated by
the black horizontal bar and the older corn indicated by the vertical strips. All soybean leaves came from the same planting
date. The gray bar indicates soybean offered with the younger corn and the gray vertical strip indicates soybean offered with
the older corn. Timing of the three assays was such that the phenology of the two planting dates produced a comparison of
early versus late vegetative corn (21 July), late vegetative versus reproductive stage corn (29 July), and early versus late
reproductive stage corn (3 August). Asterisks indicate if corn phenology affected corn or soybean consumption (*, P � 0.05;
** , P � 0.01).
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F � 5.26, df � 1, 18; P � 0.03). This trend was present
in the latter two assays, but was not signiÞcant when
leaves were from late-vegetative and reproductive
stage corn (29 July, F � 1.71, df � 1, 18; P � 0.21) and

only marginally so when both leaves came from re-
productive stage corn (3 August, F � 4.36, df � 1, 12;
P � 0.059).
Western corn rootworm feeding on soybean was

signiÞcantly reduced in thepresenceofcorn silks (Fig.
3, F � 61.56, df � 1, 27; P � 0.01). However, feeding
on soybean occurred in 12 of 14 replications where
silks were present. Although the extent of feeding on
silks was notmeasured, therewas signiÞcant evidence
of feeding on silks fromboth theR1 andR2 stage corn.
Silks were still present in each treatment at the end of
the 24-h assay. A signiÞcantly greater amount of soy-
bean was consumed (t-test, t � 3.7, df � 7, P � 0.01)
in the presence of silks from corn in the R2 stage (no
pollen shed) than from corn in the R1 stage (pollen
shedding).

Regional Choice Assay. Feeding on corn by beetles
fromMichigan (F � 76.23, df� 1, 18; P � 0.01), Illinois
(F � 76.47, df � 1, 18; P � 0.01), and Nebraska (F �
83.58, df � 1, 18; P � 0.01) was affected by corn
phenology (Fig. 4). Beetles from each state ate more
of the younger than older corn leaf. Feeding on soy-
bean leaves was greater in the presence of older
corn than younger corn for beetles from Illinois
(F � 48.10, df � 1, 18; P � 0.01) and Michigan (F �
48.10, df� 1, 18; P � 0.01). ThoughNebraska beetles
also consumed more soybean in the presence of
older corn, this affect was not signiÞcant (F � 3.30,
df � 1, 18; P � 0.09).

Fig. 3. Mean� SEM soybean leaf areas eaten by 10 adult
female western corn rootworms when offered with either
corn leaves or silks. Silks fromcorn in theR2 stagewere taken
from plants that were no longer producing pollen, and silks
from R1 corn were producing pollen.

Fig. 4. Mean�SEMcorn and soybean leaf areas eatenby10 adult femalewestern corn rootworms from Illinois,Nebraska,
andMichigan.Leaveswereoffered inachoice assay,with soybean leaves fromthe sameplantingdatewitheither reproductive
stage (R3) or vegetative stage (V9) corn leaves. The black horizontal bar indicates leaves from vegetative stage corn and the
vertical strips indicate the reproductive stage. The gray bar indicates soybean offered with the vegetative stage corn and the
gray vertical strip indicates soybean offered with reproductive stage corn. Asterisks indicate if corn phenology affected corn
or soybean consumption (*, P � 0.05).
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Discussion

No-Choice Assays.Unlike Sammons et al. (1997), in
our tests western corn rootworm from Nebraska
readily fed on soybean leaves and beetles from Illinois
(putative variant western corn rootworm) did not
consume a statistically greater amount of soybean fo-
liage than beetles from Nebraska (wild type western
corn rootworm). Rather, we consistently observed
that western corn rootworm consumed soybean foli-
age regardless of source population. Feeding on soy-
bean occurred in both no-choice and choice assays,
even when corn silks, considered highly attractive to
western corn rootworm, were offered (Fig. 3). Feed-
ing on soybeans bywestern corn rootworms is also not
unique to the conÞnes of a petri dish. We observed
beetles fromall threepopulations feedingon soybeans
in holding cages and by Michigan populations in the
Þeld. Western corn rootworms in Illinois (Spencer et
al. 1999), and Nebraska (L. Mienke, personal commu-
nication) have also been observed to feed on soybean
plants in the Þeld. These observations suggest that
adult feeding on soybeans is not unique to western
corn rootworms taken fromareaswhere oviposition in
soybeans is common.

Corn-Soybean Choice Assays. After establishing
that leaves from corn in an early vegetative stage
elicited greater western corn rootworm feeding than
those from corn in a reproductive stage, we examined
if this Þndingmight inßuence western corn rootworm
feeding on soybeans. As predicted, we observed
greater western corn rootworm consumption of soy-
bean foliage in the presence of phenologically older
versus younger corn.We refer to this phenomenon as
a phenological affect.
It iswell known thatwesterncorn rootwormsprefer

to feedonßoralparts (Krysan1986)of cornwhen they
are present. We investigated whether western corn
rootwormswould feed on soybeans in the presence of
corn silks, and if thephenological effect observedwith
corn leaves could be produced with silks. Though
western corn rootworm fed less on soybean leaves
whensilks insteadof corn leaveswerepresent, feeding
on soybean leaves still occurred (Fig. 3). In addition,
a phenological effect was present when the silks came
from older plants (i.e., more soybean leaf area was
eaten).

Regional Choice-Assays. In 2000, we again com-
pared western corn rootworms from Michigan, Illi-
nois, and Nebraska in choice tests with old and young
corn.Beetles fromall three states fedmoreonyounger
corn (Fig. 4). Consistent with our previous three as-
says (Fig. 2), Michigan beetles consumption of soy-
bean was inßuenced by corn phenology. Illinois and
Nebraska beetles feeding on soybeans was decidedly
lower than that of Michigan beetles, though both
tended to feed more on soybean in the presence of
older corn leaves. Therefore, we conclude that the
inßuence of corn phenology on soybean feeding is not
unique to beetles from Michigan. However, only Illi-
nois and Michigan beetles fed signiÞcantly more on
soybean when the alternative was older corn. Ne-

braska beetles followed the same trend, though the
relationship was not statistically signiÞcant.

A Model for Western Corn Rootworm Oviposition
in Soybeans. Sammons et al. (1997) hypothesized that
corn residue accumulated on the soil surface due to
reduced tillage might attract western corn rootworms
into soybean Þelds. However, olfactometer results
were not consistent with this hypothesis, and they
concluded that corn residue was not responsible for
attracting western corn rootworms (Sammons et al.
1997). They suggested that injury to rotated corn was
due to a variant western corn rootworm that has a
preference for soybean environments, but did not
suggest amechanism for such apreference. Spencer et
al. (1999) investigated if suspected variant western
corn rootworm adults prefer soybeans to corn in a
ßight chamber. Overall, a greater percentage of fe-
males were collected on corn than soybean. This oc-
curredeven thoughcorn tassels and silks, both sources
of volatile attractants (Metcalf 1986), were removed
from corn used in their ßight chamber studies. Spen-
cer et al. (1999) concluded that suspected variant
western corn rootworm do not have an attraction for
soybean plants.
Regarding western corn rootworm ovipositional

habitats, all the cues necessary to inducewestern corn
rootworm oviposition in soybeans are apparently
present. Field and laboratory studieshaveconsistently
demonstrated that damp particulate substrate is suf-
Þcient to induce western corn rootworm oviposition.
Gustin (1979)observedmore thana four-fold increase
inoviposition in cornplotswithhigh (24.9%moisture)
versus low (16.2% moisture) soil moisture. Kirk et al.
(1969) demonstrated in the laboratory that damp cov-
ered soil with a large particle size (12.5Ð25.0 mm) is
sufÞcient to induce females to oviposit. Of these fac-
tors, moisture had the greatest inßuence (Kirk et al.
1969). Kirk et al. (1969) concluded that South Dakota
western corn rootworms had no inherent attraction to
corn as an oviposition site. More recently, Siegfried
and Mullin (1990) observed that caged western corn
rootworm from Pennsylvania would oviposit in the
absence of corn. They also concluded that oviposition
does not appear to be regulated by cues on or near a
host plant and suggest that adult feeding and ovipo-
sition are separate behaviors. Thus, it appears that
given appropriate soil moisture, western corn root-
worm oviposition is as likely in a soybean Þeld as a
cornÞeld.
Given the potential for indiscriminate ovipositional

behavior of western corn rootworm and a lack of
attraction to soybeans, understanding adult dispersal
from cornÞelds becomes key in explaining injury to
rotated corn. Western corn rootworms, especially fe-
males with mature eggs, have been observed to move
out of the cornÞelds from which they emerge and
enter rotated cornÞelds (Godfrey and Turpin 1983).
Also, later-planted (phenologically young) corn can
function as a trap crop drawing in large numbers of
adult corn rootworm late in the season as surrounding
Þelds mature (Naranjo and Sawyer 1988, Hill and
Mayo 1974). These observations suggest western corn
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rootworm adults commonly move in and between
cornÞelds to Þnd plants of a phenological stage ac-
ceptable for feeding. Our studies demonstrate that
westerncorn rootwormfeed littleon latevegetativeor
reproductive stage corn foliage and, in its presence,
chose to feed on soybean foliage. While silks brießy
offer a preferred food source, a preference for silks
does not preclude soybean feeding. Thus, where corn
is planted during a short period of time in the spring
and ismostly of a phenologically similar stage,western
corn rootworms are presented with the following sce-
nario. As corn matures and becomes a less acceptable
food, western corn rootworms will likely disperse. In
areas of strict corn-soybean rotation, they will either
encounter corn in a stage as unattractive as the Þeld
from which they left or, alternatively, encounter a
soybean Þeld.
The larger numbers of western corn rootworms

found in soybean than cornÞelds, as observed by
OÕNeal et al. (1999), may thus be due primarily to
dispersal from cornÞelds whose phenology no longer
makes thecropanattractive feeding site.Theresponse
of western corn rootworm to corn phenology may be
particularly strong in areas of extensive corn and soy-
bean rotation, especially where corn is planted with a
high degree of synchrony. A prediction from the corn
phenologymodel is that oviposition in soybeans is not
unique to western corn rootworm from any particular
geographic area. Rather, any corn-soybean landscape
with highly synchronized planting resulting in phe-
nologically similar corn, should encourage western
corn rootworm dispersal into soybeans. An additional
prediction of the corn phenology model is that suc-
cessful oviposition in a corn-soybean rotated land-
scape is possible without an attraction to or a prefer-
ence to feed on soybeans. This may help explain the
occurrence of damage to Þrst-year corn in northeast-
ern Iowa (Rice and Tollefson 1999), an area well
outside the predicted range of the variant western
corn rootworm (Onstad et al. 1999).
Although the corn phenology model does not re-

quire a genetic component, there is a patternof spread
in damage to Þrst-year corn originating in east central
Illinois that is consistentwith the diffusion of a genetic
change in regional western corn rootworm popula-
tions (Onstad et al. 1999). We refer to this as the
genetic variation model. Western corn rootworm that
oviposit in soybean will have a selective advantage as
their offspring have a higher probability of survival,
and thus, selection could produce a variant. However,
no genetic differences between such beetles and the
wild type have yet been detected. Sammons et al.
(1997) suggested that a variant would have an in-
creased afÞnity for soybeans. Spencer et al. (1999)
refuted this, suggesting that survival in a corn-soybean
rotated landscape does not require an attraction to
soybeans, but rather a reduced Þdelity to corn. By
combining this reÞned genetic variation model from
Spencer et al. (1999) with the corn phenology model,
we suggest that a decreased Þdelity to corn, mediated
by corn phenology, is likely the primary behavior
selected for in a corn-soybean rotated landscape. We

suggest that in areas of extensive corn-soybean rota-
tion, especially with highly synchronous planting (as
is common in east central Illinois) a corn phenology
effect may have increased western corn rootworm
dispersal and consequent incidental oviposition in
soybeans. An increased acceptance of soybean, for
either feeding or oviposition, could be a secondary
adaptation, if present at all.
Inconclusion, adultwesterncorn rootwormfeeding

on soybeans per se is not a reliable predictor of po-
tential oviposition in soybeans, as this behavior was
not unique to western corn rootworm from areas
wherecorn-soybean rotation fails toprotect corn from
western corn rootworm larval injury. Rather, we
found that western corn rootworm feeding on corn
leaves is highly inßuenced by the phenological stage
of the plant, and that reduced acceptability of corn
inßuences western corn rootworm feeding on soy-
beans. We suggest that in regions of extensive corn-
soybean rotation, corn phenology is responsible for
the greater occurrence of western corn rootworm in
soybeans, and postulate that oviposition occurs coin-
cidentally while adults visit soybean Þelds. Given that
the affect of corn phenology on soybean feeding was
not unique to western corn rootworm from areas
where corn-soybean rotation has failed to protect
corn, the predictions of a corn phenology model for
western corn rootworm dispersal and oviposition in
soybean Þelds does not require the assumption of a
genetic variant. However, the advanced development
of corn when adult western corn rootworms emerge
in a corn-soybean landscapewould increase wild type
western corn rootwormoviposition in soybeans as less
time is spent in the aging corn. Over time, these con-
ditions would select for a variant western corn root-
worm with a decreased Þdelity to corn. To identify a
variant that is resistant to a corn-soybean rotation, we
suggest examining physiological (i.e., time to adult
emergence) or behavioral differences (i.e., sensitivity
to corn phenology) that would produce a greater
response to corn phenology in a variant than the wild
type.
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