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Abstract

Survival and fecundity of Colorado potato beetle adults, Leptinotarsa decemlineata (Say), that had or had not
fed previously on non-transgenic potato before exposure to transgenic potato containing the Bacillus thuringiensis
subsp. tenebrionis Cry3A toxin (Bt) was investigated. In the laboratory, < 5% of first-generation adults survived
after two weeks when restricted to Bt foliage since eclosion, but over 85% of adults that had fed initially on non-
Bt potato survived exposure to Bt potato for two weeks. In field experiments, less than 0.5% of adults that were
exclusively provided Bt potato plants survived overwinter, whereas 44% to 57% survived overwinter when fed
non-Bt potato plants for two weeks before being provided Bt potato as a final pre-overwintering host. Survival
through the winter increased as the duration of initial feeding on non-Bt potato increased and was similar for
beetles provided either tubers or Bt potato plants as a final pre-overwintering host. Only overwintered beetles that
fed initially on non-Bt potato before encountering either tubers or Bt potato as a final pre-overwintering host laid
eggs the following spring. Survival and reproduction of potato beetle adults after colonizing Bt potato fields should
not be adversely affected as long as they have had sufficient time to feed initially on non-Bt potato. Implications for
how potato production practices in the Mid-Atlantic US may affect the utility of general resistance management
plans for Bt potato are discussed.

Introduction

The Colorado potato beetle, Leptinotarsa decemlin-
eata (Say) (Coleoptera: Chrysomelidae), is a major
pest of potato worldwide primarily because of its abil-
ity to evolve resistance to insecticides (Hare, 1990;
Weber & Ferro, 1994). In the eastern US, few in-
secticide chemistries are effective in managing potato
beetle infestations. The Bacillus thuringiensis subsp.
tenebrionis Cry3A toxin (Bt) continues to work well
and is contained in both foliar sprays and in trans-
genic potato (Nault & Speese, 2000; Nault, unpubl.).
In contrast to the duration of control achieved using
Bt foliar sprays, Bt potato provides season-long pro-

tection from potato beetles due to continuously high
levels of Cry3A toxin expressed throughout the plant
(Perlak et al., 1993). Yet, both theoretical models
(Gould, 1988; Ferro, 1993) and laboratory selection
experiments (Whalon et al., 1993) suggest that contin-
uous toxin expression will increase the risk for potato
beetle populations to adapt to the Cry3A toxin.

Recognizing the importance of Cry3A toxin as
a management tool for the potato beetle, a resis-
tance management strategy has been established that
requires Bt potato and non-Bt potato fields to be
planted in close proximity (see Hoy, 1999). Theoreti-
cally, non-Bt potato would provide a refuge for potato
beetles that are susceptible to the Cry3A toxin, and
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resistant beetles in the Bt-potato field would mate with
them, reducing the frequency of resistant individuals
(Gould et al., 1994). To promote mixing of popula-
tions while minimizing mortality of beetles from the
refuge, Bt-potato fields should be harvested first to en-
courage movement of Cry3A-resistant beetles into the
non-Bt field (Hoy, 1999). In eastern Virginia, most of
the potato acreage consists of early-maturing, non-Bt
potato (var. ‘Superior’) and the only Bt potato vari-
ety that has acceptable agronomic qualities is a mid-
season-maturing one, ‘NewLeaf� Atlantic’. Because
land for potato production is limited and few culti-
vars are grown, NewLeaf� Atlantic potato is typically
planted adjacent to Superior potato. Consequently, Su-
perior fields are harvested first and susceptible beetles
from the Superior crop migrate into the neighboring
NewLeaf� Atlantic crop. High mortality of these bee-
tles would considerably reduce the benefit of a refuge
by selecting a greater percentage of the population and
potentially reduce the number of susceptible beetles
available to mate with resistant ones.

The fate of Colorado potato beetle adults that im-
migrate into Bt-potato fields is not known. In labora-
tory experiments, all potato beetle adults continuously
exposed to Bt potato since eclosion died within two
weeks (Wierenga et al., 1996). In contrast, few adults
(<5%) initially provided with non-Bt potato for six
days before they were restricted to Bt potato died
within two weeks (Alyokhin & Ferro, 1999a). Per-
haps, teneral potato beetles do not survive exposure
to Bt potato because they consume a lethal dose of
Cry3A toxin, whereas most adults that feed initially
on non-Bt potato survive because they do not resume
feeding on Bt potato. Alternatively, by feeding on
non-Bt potato first, beetles might accumulate enough
resources to survive subsequent starvation.

In the Mid-Atlantic US, overwintered Colorado
potato beetles colonize potato fields in late April
through May. Only one generation of potato beetle
typically is completed before the potato crop is har-
vested in June or July. First-generation adults may
emerge before or after harvest and therefore will have
varying periods of access to potato foliage. Many of
these first-generation adults enter the soil within the
harvested potato field in June and July and this gener-
ation comprises a majority of the overwintering popu-
lation (Nault et al., 1997). Survival of adults through
the winter is dependent upon sufficient consumption
of potato foliage before potato is harvested, and sur-
vival increases as the access to potato foliage increases
(Nault et al., 1996; Nault & Kennedy, 1999). Thus,

subsequent overwinter survival of potato beetle adults
that feed very little after immigrating into Bt potato
fields following harvest of non-Bt potato fields may
depend on the period they previously spent feeding on
non-Bt potato. If this is true, the sequence in which
non-Bt and Bt potato fields are harvested may affect
Cry3A resistance management if adults do not con-
sume sufficient non-Bt potato foliage to survive over-
winter before migrating from harvested non-Bt fields
into neighboring Bt fields. Further, because mating in
or near overwintering sites after diapause termination
is likely to be important for ensuring adequate gene
flow between Bt-susceptible and Bt-resistant beetles
(Ferro et al., 1999), it is critical that previous expo-
sure to the Cry3A toxin not reduce fecundity of adults
the following spring. Based on these concerns, the
primary objective of this research was to determine
if feeding on non-Bt potato by first-generation potato
beetle adults before encountering Bt potato in the sum-
mer affected their subsequent survival overwinter and
fecundity.

Materials and methods

Test insects and host material. Colorado potato bee-
tles were collected from Virginia Polytechnic Institute
and State University’s Eastern Shore Agricultural Re-
search and Extension Center near Painter, VA. In May,
over 5400 (1998 and 1999 experiments) and 200 (2000
experiment) first-generation, fourth-instar potato bee-
tles were distributed equally into four nylon-screen
cages (3.5 m long × 3.5 m wide × 1.8 m high) con-
taining potato plants and raised to adult. To ensure
that no food would be available to emerging adults,
all vines were removed soon after larvae had pupated.
After emergence, 30 adults each were transferred
into small field cages containing non-Bt potato plants.
These cages were constructed of fiberglass window
screen and were 1.3 m tall, 0.6 m in diameter and
extended beneath the soil. Beetles were maintained in
these cages for varying periods depending upon the
experiment.

Potato seed pieces, Solanum tuberosum L. (cul-
tivar ‘Superior’), were planted in the rearing cages
on 3 April 1998, 13 April 1999, and 7 April 2000.
At the same time, Superior and NewLeaf� Atlantic
[NatureMark, Boise, ID]) were planted in 0.02 ha
field plots for use in laboratory feeding assays and
late-season survival experiments. All potato received
1121 kg ha−1 (10:10:10, N:P:K) of fertilizer and were
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treated one time using metribuzin (0.4 kg [AI] ha−1)
+ metolachlor (1.7 kg [AI] ha−1) to control weeds
before plants emerged. Potato was not treated with
insecticides.

Laboratory feeding assays. In 1998 and 2000, con-
sumption levels of non-Bt and Bt-potato foliage by
first-generation adults that were or were not provided
non-Bt potato as a first host were compared. Half of
the test insects were provided non-Bt potato for seven
days in the field, whereas the remainder had no access
to potato foliage. Following this period, beetles were
collected from the cages and a single adult (fed or un-
fed) was then placed into a petri dish (10 × 1.5 cm)
(= experimental unit) lined with filter paper and main-
tained in the laboratory for three days at 27±2 ◦C and
L16:D8 photoperiod.

Fully expanded leaves from the top-third (young
foliage) and bottom-third (old foliage) of non-Bt and
Bt potato plants were removed and disks were cut from
the leaflets using a cork borer (2.8 cm in diameter).
Four disks, two each from the top and bottom of the
same cultivar, were placed into the petri dish. After
24 h, disks were removed and the area remaining was
recorded using a CI-400 Computer Image Analysis
System (CID, Inc., Vancouver, WA). Freshly excised
disks were replaced daily and total consumption of
foliage per adult was determined after 72 h.

The experiment had four treatments (adults not fed
initially, then fed non-Bt potato; adults not fed ini-
tially, then fed Bt potato; beetles fed non-Bt potato
initially, then fed non-Bt potato; beetles fed non-Bt
potato initially, then fed Bt potato) that were arranged
in a completely randomized design replicated five
times. There were five subsamples (i.e., five petri
dishes) per replication. Means of data for subsamples
within a replication were used in the analyses. Cu-
mulative foliage consumption was analyzed using a
general linear model of a two-way ANOVA (PROC
GLM, SAS Institute, 1990) and treatment means were
compared using LSMEANS (P < 0.05). Additionally,
cumulative consumption of foliage from the top-third
(young foliage) and bottom-third of the plant (old
foliage) was compared within each treatment by a
one-way ANOVA and means were compared using a
single-degree-of-freedom F test (P < 0.05).

Late-season survival. First-generation adults were
initially provided non-Bt potato for either 0 or 5 days
in the field (1998 and 1999 experiments). Following
this period, ten adults each (= experimental unit) were

placed into sand-filled, ventilated plastic boxes that
contained non-Bt foliage, Bt foliage, or several tubers,
and were maintained for two weeks in the labora-
tory as mentioned previously. Foliage consisted of two
leaves, the basal ends of which were submerged into
floral pics containing water. Fresh leaves were pro-
vided daily. The number of live and dead adults was
recorded periodically for two weeks. The experiment
was a 3 × 2 factorial arranged as a split-plot in a ran-
domized complete block design with main plot equal
to final host (non-Bt foliage, Bt foliage, or tubers)
and subplot equal to initial access to non-Bt potato
(0 and 5 days). Treatments were replicated five times.
Data were analyzed by a two-way ANOVA (PROC
GLM) and significant differences among means were
determined using Fisher’s Protected LSD at P ≤ 0.05.

Overwinter survival. In the 1998–1999 experiment,
first-generation adults were initially provided non-Bt
potato for 0, 5, 10 or 15 days in the field, whereas
in the 1999–2000 experiment these periods were 0, 7
or 14 days. Following their access to non-Bt potato, 40
adults each (= experimental unit) were transferred into
experimental field cages (identical to the small, pre-
experimental cages) that contained either Bt-potato
plants or tubers as their final pre-overwintering host.
After two weeks, plants were removed from the soil
and allowed to decay on the soil surface as would
normally occur after potato harvest. Soybean seeds
were then planted into the cages so that the soil sur-
face would be shaded for most of the summer and fall.
Planting soybean in fields after potato has been har-
vested is common in the Mid-Atlantic US. Cages with
tubers also included an excised potato vine, and even-
tually, soybean plants to provide shade. The following
spring, greenhouse-grown non-Bt potato plants were
transplanted into the experimental cages to provide
food for surviving adults. Emergence of adults was
monitored weekly from April through May. The 1998-
1999 experiment was designed as a factorial with two
levels of final pre-overwintering host type (Bt potato
or tuber) and four levels of initial access to non-Bt
potato (0, 5, 10 and 15 days) arranged in a randomized
complete block replicated ten times. The 1999–2000
experiment was similar in design; however, there were
only three levels of initial access to non-Bt potato (0,
7 and 14 days) and there were only eight replications.
Data were analyzed using a two-way ANOVA to de-
termine significant differences among means using the
procedure PROC GLM of SAS at P ≤ 0.05.
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Figure 1. Mean ± SEM cumulative non-Bt potato and Bt potato
leaf area consumed by first-generation L. decemlineata adults that
had or had not fed initially on non-Bt potato in (A) 1998 and (B)
2000. SEMs for Bt potato are very small.

Beetle fecundity. Fecundity of adults from the 1999–
2000 overwinter survival experiment was determined
in the spring. Adults were collected from field cages,
transferred into a similar cage containing a potted,
non-Bt potato plant and then maintained in the green-
house. Two pair of males and females (= experimental
unit) were placed into each cage. The number of eggs
laid per female was recorded over two weeks. Because
no beetles survived over winter in some treatments and
others did not have two mating pairs, treatments were
not replicated equally. Data were analyzed by a two-
way ANOVA (PROC GLM) and treatment means were
compared using LSMEANS at P ≤ 0.05.

Results

Laboratory feeding assays. All adults exclusively
fed non-Bt potato survived and only a few that were
exposed to Bt potato died within 72 h (8% and 1%
mortality in 1998 and 2000, respectively). Cumulative

consumption of potato foliage was affected signifi-
cantly by a final host/initial feeding interaction (1998:
ANOVA, df = 1, 64, F = 141.96, P < 0.0001; 2000:
ANOVA, df = 1, 71, F = 104.61, P < 0.0001)
(Figures 1A and 1B). Cumulative consumption of non-
Bt potato foliage after 72 h by beetles that had not
fed previously was 5.6 (1998 experiment) and 4.2
(2000 experiment) times greater than consumption by
those that were provided non-Bt potato as a first host,
whereas consumption of Bt foliage did not differ be-
tween beetles that were or were not initially provided
non-Bt potato.

First-generation adults consumed significantly
more young non-Bt potato foliage than old non-Bt
foliage regardless of whether or not they had fed ini-
tially on non-Bt foliage (beetles fed initially in 1998:
ANOVA, df = 1, 22, F = 24.91, P < 0.0001; and
2000: ANOVA, df = 1, 24, F = 12.43, P = 0.0017;
beetles not fed initially in 1998: ANOVA, df = 1, 23,
F = 163.69, P < 0.0001; and 2000: ANOVA, df =
1, 23, F = 44.97, P < 0.0001) (Figures 2A and 2B).
Similarly, adults consumed more young Bt potato fo-
liage than old Bt foliage; however, these differences
were significant only for beetles that had not fed pre-
viously (beetles fed initially in 1998: ANOVA, df =
1, 22, F = 1.34, P = 0.2599; and 2000: ANOVA,
df = 1, 24, F = 3.41, P = 0.0770; beetles not fed
initially in 1998: ANOVA, df = 1, 21, F = 29.69, P <

0.0001; and 2000: ANOVA, df = 1, 24, F = 4.89, P =
0.0368) (Figures 2C and 2D). Overall, beetles tended
to consume more young foliage than old foliage (3.3,
2.3, 1.8, and 2.7 times more young than old foliage in
Figure 2A–D, respectively).

Late-season survival. Over the duration of the ex-
periments in 1998 and 1999, percentage survival of
first-generation adults was affected by an interaction
between final host and initial feeding on non-Bt fo-
liage (1998 ANOVA, df = 2, 22, F = 3.19, P =
0.0608; 1999 ANOVA, df = 2, 22, F = 36.56, P <

0.0001) (Figures 3A and 3B). However, the interac-
tion effect only approached significance in 1998. In
1998, survival of previously unfed beetles exposed to
Bt foliage was lower than survival of previously un-
fed beetles provided either tubers or non-Bt foliage,
whereas survival of previously fed beetles did not dif-
fer regardless of their final host (Figure 3A). In 1998,
the initial decline in survival (first two days) of pre-
viously unfed beetles was likely caused by heat stress
immediately before and during transport from the field
to the laboratory. In 1999, survival of previously unfed
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Figure 2. Mean ± SEM non-Bt potato leaf area consumed (young
versus old foliage) by first-generation L. decemlineata adults that
had fed initially on non-Bt potato (A) or had not fed initially (B).
Mean ± SEM Bt potato leaf area consumed (young versus old fo-
liage) by adults that had fed initially on non-Bt potato (C) or had
not fed initially (D). The period beetles had fed initially on non-Bt
potato was seven days. Means followed by the same letter within
each year are not significantly different (LSMEANS; P > 0.05).

Figure 3. Mean percentage survival ± SEM of first-generation L.
decemlineata adults that had or had not fed initially on non-Bt potato
and then were restricted to non-Bt potato foliage, tubers or Bt-potato
foliage as a final host in the laboratory in 1998 (A) and in 1999 (B).
Beetles had initial access to non-Bt potato for either 0 or 5 days.
Means sharing a common letter on Day 14 are not significantly
different (LSMEANS; P > 0.05).

beetles exposed to Bt foliage was lower than survival
of previously unfed beetles provided either tubers or
non-Bt foliage, whereas survival of previously fed
beetles did not differ regardless of their final host (Fig-
ure 3B). In both years, over 90% of beetles restricted
to Bt foliage died within two weeks.

Overwinter survival. Overwinter survival was not
affected by a final pre-overwintering host/period of
initial access to non-Bt potato interaction in the 1998–
1999 experiment (ANOVA, df = 3, 53, F = 0.27,
P = 0.8486), but this interaction was significant in
the 1999–2000 experiment (ANOVA, df = 2, 35, F
= 5.16, P = 0.0109) (Figures 4A and 4B). In the
1999–2000 experiment, survival did not differ be-
tween beetles provided either tubers or Bt potato as
a final pre-overwintering host when both initially fed
on non-Bt potato for either 0 or 14 days. In contrast,
survival of beetles provided Bt potato as a final pre-
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Figure 4. Mean percentage overwinter survival ± SEM of
first-generation L. decemlineata adults initially provided non-Bt
potato and then had either tubers or Bt potato plants as a final
pre-overwintering host. In the 1998-1999 experiment (A), adults had
initial access to non-Bt potato for 0, 5, 10 or 15 days, whereas in the
1999-2000 experiment (B) adults had initial access to non-Bt potato
for 0, 7 or 14 days.

overwintering host was lower than survival of those
provided tubers as a final host when both were initially
fed non-Bt potato for seven days. It is not known why
survival of beetles provided Bt potato as a final pre-
overwintering host was lower than survival of those
provided tubers as a final host when both initially fed
non-Bt potato for seven days only in the 1999–2000
experiment. However, it is possible that the Bt potato
plants in the 1999–2000 experiment had greater levels
of Cry3A toxin at the time beetles encountered them
(61 days after planting) than in the 1998–1999 ex-
periment (72 days after planting) because plants were
11 days younger in the 1999–2000 experiment. In
both experiments, survival was highly affected by the
period of initial access to non-Bt potato (1998–1999
ANOVA, df = 3, 53, F = 171.69, P < 0.0001; 1999–
2000 ANOVA, df = 2, 35, F = 124.97, P < 0.0001).
Generally, overwinter survival was similar for beetles
provided either tubers or Bt potato as a final host and

Figure 5. Mean ± SEM number of L. decemlineata eggs laid per
female after diapause termination in May 2000. During the previous
summer, adults were provided initial access to non-Bt potato for
0, 7 or 14 days before they were ultimately confined to field cages
containing either tubers or Bt potato.

survival increased as the period beetles initially fed on
non-Bt foliage increased.

Beetle fecundity. Beetles denied access to non-Bt
potato the previous spring did not survive overwinter
and therefore no eggs were laid (Figure 5). Fecundity
of overwintered beetles was marginally affected by a
final pre-overwintering host/period of initial access to
non-Bt foliage interaction (ANOVA, df = 1, 11, F =
5.15, P = 0.0444). There was a trend for more eggs
to be laid by overwintered beetles provided tubers as
a final pre-overwintering host when initially fed non-
Bt potato for seven days than when fed for 14 days,
whereas fewer eggs were laid by beetles provided Bt
potato as a final pre-overwintering host when initially
fed non-Bt potato for seven days than when fed for 14
days (Figure 5). The explanation for this interaction
needs further investigation before conclusions can be
made about the effect that period of initial feeding on
non-Bt potato prior to exposure to Bt potato late in the
season has on fecundity of overwintered beetles the
following year. These results do indicate that overwin-
tered beetles will reproduce even after encountering Bt
potato the previous season as long as they feed initially
on non-Bt potato.

Discussion

First-generation Colorado potato beetle adults fed very
little on Bt potato foliage and the level of consumption
did not differ between beetles that had or had not ini-
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tially fed on non-Bt potato. These results indicate that
the Cry3A toxin had an equal effect on consumption
of Bt foliage by beetles that had not fed previously
and those that had fed previously for one week, despite
the fact that initially unfed beetles consume more non-
Bt foliage than those that have fed previously. In all
instances, previously unfed beetles and those that had
fed previously consumed more young non-Bt and Bt
potato foliage than old foliage, suggesting that a com-
mon factor in both non-Bt and Bt potato is responsible
for potato beetle preference for younger leaves.

Survival and fecundity of first-generation potato
beetle adults that had fed initially on non-Bt potato
were not affected by subsequent exposure to Bt potato,
whereas survival was profoundly influenced by the du-
ration of feeding on non-Bt potato. In the 1998 and
1999 late-season survival experiments, over 80% of
adults initially fed non-Bt potato for five days survived
two weeks of exposure to Bt potato in the labora-
tory. In contrast, < 5% of beetles that were restricted
to Bt foliage for two weeks survived. Alyokhin &
Ferro (1999a) also reported that potato beetle adults
could survive longer exposures to Bt potato if they
had previous access to non-Bt potato in the labora-
tory. Results herein suggest that mortality of adults
restricted to Bt potato was caused by starvation, rather
than by gut disruption and septicemia. Overwinter
survival of first-generation adults increased as the ac-
cess to non-Bt foliage increased during the previous
summer. In North Carolina, Nault et al. (1996) and
Nault & Kennedy (1999) reported similar trends in
elevated overwinter survival of first-generation potato
beetles when they fed for longer periods on potato
the previous season. In commercial potato fields in
the Mid-Atlantic US, first-generation adults will feed
on potato foliage until the crop is harvested, unless
they emerge after harvest. In both situations, tubers
remaining on the soil surface after harvest are typi-
cally the only food available to first-generation adults
(Nault et al., 1997). Because mortality levels of adults
ultimately provided either tubers or Bt potato foliage
were similar, ingestion of a lethal dose of Cry3A toxin
was not responsible for mortality of adults exposed to
Bt potato. Rather, mortality was caused by insufficient
consumption of non-Bt potato foliage the previous
summer.

The resistance management plan for Bt potato re-
quires planting non-Bt and Bt fields in close proximity
and harvesting the Bt field first to promote migration
of Bt-resistant beetles into non-Bt fields where they
will mate with Bt-susceptible adults. However, in re-

gions such as eastern Virginia where early-maturing
non-Bt potato fields are harvested before neighbor-
ing late-maturing Bt potato fields, the fate of Bt-
susceptible potato beetles is in question. The time
that the non-Bt crop is harvested with respect to the
duration of feeding by the resident adult potato bee-
tle population will affect survival (Nault & Kennedy,
1999) and consequently impact the effectiveness of the
resistance management strategy. Harvesting the refuge
before or soon after first-generation adults emerge
could exacerbate selection for Cry3A toxin resistance.
For example, an early harvest would force under-
fed adults to colonize nearby Bt fields where they
would not mate and eventually die (Alyokhin & Ferro,
1999a). Alternatively, some feeding before an early
harvest could allow partially resistant adults (i.e., het-
erozygotes) to become more tolerant of the Cry3A
toxin, allowing them to feed and reproduce in the
Bt crop (Gould et al., 1994). Both scenarios would
lead to greater selection of the population for Cry3A
resistance.

Harvesting the refuge at least two weeks after first-
generation adults emerge will not enhance selection
of the population for resistance after immigration into
Bt fields because adults are not likely to resume feed-
ing, but they would have had sufficient time to ingest
enough non-Bt foliage to enable them to overwin-
ter successfully. Moreover, fecundity of overwintered
beetles that encountered Bt potato plants the previ-
ous season should not be adversely affected as long
as they fed initially on non-Bt potato. Typically, non-
Bt potato (e.g., Superior) is harvested 10 to 20 days
before Bt potato (e.g., NewLeaf Atlantic) in the Mid-
Atlantic US. Thus, it would be reasonable for growers
to harvest non-Bt potato fields two weeks earlier than
adjacent Bt potato fields.

Maximizing the likelihood that Bt-susceptible bee-
tles will mate with Bt-resistant ones is critical for resis-
tance management to be effective. Alyokhin & Ferro
(1999a, b) reported that Bt-susceptible male and fe-
male beetles mate successfully with Bt-resistant ones
in the laboratory. So, if well-fed Bt-susceptible beetles
that immigrate into Bt fields mate with Bt-resistant
ones late in the summer, the resulting heterozygous
progeny of resistant × susceptible crosses are not
likely to survive the level of Cry3A toxin within the
Bt crop. However, if well-fed Bt-susceptible beetles
mate before immigrating into Bt fields and do not mate
within the Bt field, Bt-resistant beetles may be more
likely to mate with each other resulting in homozygous
resistant progeny. Mating between overwintered Bt-
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susceptible and Bt-resistant beetles in the spring may
play an important role in population mixing. Mating
is common near or within overwintering sites soon
after diapause (Ferro et al., 1999) and spring mating
is important in maximizing egg fertility (Ferro et al.,
1991). Although it is not known if overwintered Bt
susceptible beetles are more or less likely to mate in
the spring after encountering Bt potato as a final pre-
overwintering host, results herein indicate that these
adults can be expected to reproduce successfully.
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