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OBSERVATIONS ON THE OVERWINTERING POTENTIAL OF THE
STRIPED CUCUMBER BEETLE (COLEOPTERA: CHRYSOMELIDAE) IN

SOUTHERN MINNESOTA

R. L. Koch1, M. A. Carrillo1, E. C. Burkness1, and W. D. Hutchison1

ABSTRACT

The striped cucumber beetle, Acalymma vittatum (Fabricius) (Coleoptera:
Chrysomelidae), is an important pest of cucurbit crops.  However, the overwinter-
ing capacity of this pest in temperate regions is poorly understood.  In this study,
the in-field survival of A. vittatum was examined during three consecutive winters.
In addition, the supercooling points of A. vittatum were determined as an index of
cold hardiness for adults.  During each winter, the survival of adults decreased
significantly through time, with no individuals surviving until spring.  By compar-
ing the supercooling points and in-field survival of adults to soil temperatures, it
appears that winter temperatures in Minnesota are cold enough to induce freez-
ing of the beetles.  Moreover, a considerable amount of mortality occurred before
minimum monthly soil temperatures dropped below the supercooling point of
overwintering individuals, suggesting the occurrence of prefreeze mortality.  An
improved understanding of the response of A. vittatum to winter temperatures in
temperate regions may aid in early season management of this pest.

____________________

INTRODUCTION

In Minnesota, USA, cucurbits (i.e., pumpkins, squash, cucumbers, and
melons) are grown on 1,942 ha for a total value of $8,477,000 (Hutchison and
O’Rourke 2003).  The striped cucumber beetle, Acalymma vittatum (Fabricius)
(Coleoptera: Chrysomelidae), is the most important insect pest of Minnesota
cucurbits (Noetzel et al. 1985).  Damage caused by this beetle results from adult
and larval feeding injury and from transmission of pathogens (e.g., bacterial
wilt, Erwinia tracheiphila [Smith]) (Capinera 2001).  A diversity of research has
been conducted to develop and improve integrated pest management (IPM)
programs for A. vittatum, including sampling plans (Burkness and Hutchison
1997, Burkness and Hutchison 1998a), economic thresholds (Burkness and
Hutchison 1998b, Brust and Foster 1999), biological control (Ellers-Kirk et al.
2000), and chemical control (Foster and Brust 1995, Brust et al. 1996).  In
temperate regions these IPM programs for A. vittatum, as with other pests,
could benefit from an understanding of the capacity of the pest to survive winter
conditions.

The magnitude of early season pest infestations can depend upon the
overwintering survival of the pest, which relates primarily to its cold hardiness
(Leather et al. 1993).  Insects that survive freezing temperatures are generally
classified under two strategies of survival, freeze tolerance or freeze intolerance
(Salt 1961).  Freeze-tolerant insects survive extracellular ice formation, while
freeze-intolerant insects avoid ice formation by supercooling or by seeking physical
protection from their microhabitat (e.g., Lee Jr. and Denlinger 1991, Leather et
al. 1993).  The supercooling point, defined as the temperature at which body
fluids spontaneously freeze (Zachariassen 1985), represents the absolute lower
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lethal temperature for freeze-intolerant individuals (Lee Jr. and Denlinger 1991).
However, death may occur at warmer temperatures due to chill injury (Baust
and Rojas 1985, Lee Jr. and Denlinger 1985, Knight et al. 1986, Bale 1996).  For
example, aphids have relatively low supercooling points, but generally attain
high mortality at temperatures well above the supercooling point (Knight et al.
1986).  Regardless, the supercooling point is often measured in cold hardiness
studies to aid in classifying the survival strategy at low temperatures (e.g., Lee
Jr. and Denlinger 1991, Renault et al. 2002, Koch et al. 2004, Carrillo et al.
2005a).

To our knowledge, the overwintering potential of A. vittatum has not been
examined.  However, in other U.S. locations it has been observed that A. vittatum
adults overwinter under debris (Cranshaw 2004) in woodlands, hedgerows, and
weedy fence rows (Houser and Balduf 1925, Gould 1944).  The objective of this
study was to examine the overwintering survival of adult A. vittatum in southern
Minnesota.  In addition, the supercooling point was measured as an index of cold
hardiness.

MATERIALS AND METHODS

Overwintering survival.  In-field survivorship experiments were conducted
in the winters of 2002-2003, 2003-2004, and 2004-2005.  On 17 September 2002,
three cages were placed in a wooded area at the University of Minnesota Out-
reach, Research, and Education (UMORE) Park, Rosemount, Minnesota.  Each
cage consisted of a 45 × 45 × 70 cm wooden frame covered with fine nylon mesh on
the top and sides.  The bottom of each cage was open and the sides were buried 5
cm into the soil.  The mesh on the top of the cage was attached with Velcro, so
that the cage could be opened.  A ca. 5 cm layer of deciduous leaf litter and grass
was placed on the soil surface in each cage.  Fifty A. vittatum adults (ca. 7 mm
long each, Capinera 2001) collected on the same date from a squash field at
UMORE Park were released into each cage.  In addition, a piece of ‘We-Be-Little’
pumpkin (6 × 6 × 4 cm) was placed into each cage to provide the beetles with
food.  On 20 September 2002, 30 additional A. vittatum were added to each cage,
resulting in a total of 80 beetles per cage.  On 9 April 2003, the cages were
opened, and the leaf litter and top 2.5 cm of soil were carefully examined for
surviving beetles.  Survival was defined as the presence of movement after
beetles were prodded with a pair of soft forceps.

For the winters of 2003-2004 and 2004-2005, cages consisted of plastic
dishes (8.0 cm high × 18.5 cm diameter; Pioneer Plastics, Inc., Dixon, KY) with a
10.2-cm diameter hole cut into the bottom of the dish and the lid to provide
ventilation and drainage.  The holes were covered with fine, 30-mesh wire cloth
(The Cleveland Wire Cloth and Mfg. Co., Cleveland, OH), which was attached to
the dishes using silicone sealant (GE Sealants and Adhesives, Huntersville,
NC).  On 6 October 2003, 11 cages were placed into a wooded area at UMORE
Park.  A 3.8-cm-thick plug of sod (soil with roots and above ground growth)
containing deciduous leaf litter was placed into each cage, with the sod cut to
cover the entire bottom of the cage.  In addition, a piece of a ‘We-Be-Little’
pumpkin (3 × 3 × 2 cm) was also placed on top of the sod in each cage as a food
source for the beetles.  The cages were then buried in the soil so that the top of
the soil in each cage was level with that outside the cage.  Thirty A. vittatum
adults were collected on the same date from a squash field at UMORE Park,
and were placed into each cage.  The lids were placed on the cages, and the cages
were covered with a 3-cm layer of deciduous leaf litter.  Throughout the winter,
cages were retrieved from the field and returned to the laboratory, with two
cages being retrieved on each of 20 November, 15 December 2003, 13 January,
16 February, and 15 March 2004, and one cage on 15 April 2004.  In the labora-
tory, the cages were maintained at 25 ºC for 24 h, and then thoroughly inspected
for surviving A. vittatum, with survival defined as previously explained.
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On 19 October 2004, eight cages were constructed and deployed in the field
as described for the 2003-2004 winter.  Each cage contained 30 adult A. vittatum
collected from a squash field at UMORE Park.  Throughout the winter, cages
were retrieved from the field and brought back to the laboratory, with two cages
retrieved on each of 18 November, 15 December 2004, 19 January, and 8 Febru-
ary 2005.  Survival was assessed in the laboratory, as previously explained,
after the cages were held at 25 ºC for 24 h.

The proportionate survival after initiation of the experiment for each cage
was arcsine-square-root transformed (Southwood and Henderson 2000), and
the data were analyzed separately for each winter using analysis of variance
(ANOVA) (PROC GLM, SAS Institute 1995).  Month within each winter was
the only predictor included in the ANOVA models.  Means were separated using
the REGWQ test at α = 0.05.

Supercooling point.  Adult A. vittatum were collected at UMORE Park
and returned to the laboratory for supercooling point measurements.  In 2003
beetles were collected using an aspirator on 21 November from a cucurbit field.
An additional supercooling point measurement was taken on surviving beetles
retrieved from the survivorship study on 15 December 2003.  In 2004, supercool-
ing point measurements were made on surviving beetles retrieved from the
survivorship study on 19 November and 15 December.

Following the methods of Carrillo et al. (2004), supercooling points were
determined, using surface-contact thermometry, as an index of cold hardiness.
Adult A. vittatum were attached to 24-gauge copper-constantan thermocouples
using a thin layer of high-vacuum grease (Dow Corning®, Dow Corning Corpora-
tion, Midland, MI), and placed at the center of 19 × 19 × 19 cm polystyrene
containers with a starting temperature of ca. 0 ºC.  Prior to thermocouple at-
tachment, individuals were immobilized at ca. 0 ºC for 2 min.  Polystyrene
containers were closed with rubber stoppers, and then transferred to -80 ºC in
an ultra-low-temperature freezer (Revco Scientific Inc., Asheville, NC ) to cool
the beetles at ca. 1 ºC min-1 (Carrillo et al. 2004). For each cooling period, a total
of five containers were used with two beetles per container.  During cooling, the
temperature of each individual was recorded with a multi-channel data logger
(Personal Daq/56 data acquisition system, IOtech, Inc., Cleveland, OH) that
transferred data at 1-s intervals through a USB cable into a desktop computer.
Temperature data were downloaded to a spreadsheet (Microsoft Excel) and
graphed as a scatter plot.  On the scatter plot, the supercooling point was iden-
tified as the lowest temperature attained prior to the sudden increase in tem-
perature, indicative of the heat released during the phase change from liquid to
solid (Lee Jr. 1991).

In addition, supercooling points and adult survival from the study de-
scribed above were compared to soil temperatures measured 2.5 cm below the
surface 20 cm away from the cages used in the survivorship study at UMORE
Park. Temperature data were recorded using a HOBO® data logger (Onset Com-
puter Corporation, Cape Cod, MA).

RESULTS AND DISCUSSION

In Minnesota, it has remained uncertain whether A. vittatum successfully
overwinters or if it immigrates into the state each year (Burkness 1996). In the
preliminary in-field survivorship study conducted in the winter of 2002-2003, no
beetles survived through the winter (Fig. 1A).  In more detailed in-field survivor-
ship studies conducted in the winters of 2003-2004 and 2004-2005, A. vittatum
survival decreased significantly as winter progressed (2003-2004: F = 19.51; df
= 5, 5; P = 0.0027; 2004-2005: F = 21.02; df = 3, 4; P = 0.0065), with 0% survival
of adults by spring (Fig. 1BC).  These results contrast those obtained for adult
bean leaf beetle, Cerotoma trifurcata (Förster) (Coleoptera: Chrysomelidae)
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(Carrillo et al. 2005b), which has a similar overwintering behavior (Lam and
Pedigo 2004).  Under the studied conditions, it seems unlikely that A. vittatum
consistently overwinters in Minnesota.  However, further research is needed to
determine the causes of A. vittatum mortality at low temperatures under vary-
ing field conditions.  In addition to temperature, the effect of other factors on
beetle mortality should be evaluated.  For example, Lam and Pedigo (2000)
examined the potential impact of entomopathogenic fungi and ectoparasitic
mites on overwintering C. trifurcata.  Furthermore, the impact of abiotic factors
(e.g., moisture) on overwintering mortality should be studied.

Soil temperatures at the experimental sites were low enough to induce
freezing in all individuals.  The mean supercooling points recorded at the begin-
ning of the winters were -5.5 ºC in December 2003 and -6.5 ºC in December 2004
(Table 1).  If we assume the average of these two values (i.e., -6.0 ºC) to be the
overwintering supercooling point for this species, we find that winter minimum
monthly soil temperatures dropped below this value in all years (Fig. 1), sug-
gesting that A. vittatum adults could have frozen.  However, it is interesting to
note that temperatures dropped below the overwintering supercooling point
after a considerable amount of mortality had already occurred, indicating mor-
tality due to factors other than freezing (Lee Jr. and Denlinger 1985, Lee Jr. and
Denlinger 1991).  A direct comparison between the supercooling point and mor-
tality at different subzero temperatures under controlled conditions should be
conducted to determine the strategy of survival (i.e., freeze tolerance or freeze
intolerance) of A. vittatum during winter months (e.g., Bale 1991, Carrillo et al.
2005a).  Such work would also elucidate the ecological relevance of the super-
cooling point as an index of cold hardiness for this pest.

To our knowledge, this study is the first report on the overwintering poten-
tial of A. vittatum in temperate regions. Our results suggest that A. vittatum is
unlikely to overwinter in Minnesota.  However, it is possible that some beetles
may survive under microhabitat conditions not captured by our study.  There-
fore, initial infestations of Minnesota cucurbits may result primarily from im-
migration of A. vittatum from southern locations.  The present results improve
our understanding of the response of this pest to winter temperatures in tem-
perate regions. Furthermore, results from this study may aid in forecasting
early season populations (e.g., Carrillo et al. 2005b) as part of an overall IPM
program for this pest.

Table 1.  Late season supercooling points of adult Acalymma vittatum in southern
Minnesota, USA.

Supercooling point (°C)

Month n Mean ± SE Median Range

2003
November 17 -6.0 ± 0.20 -6.2 -7.1, -3.9
December 13 -5.5 ± 0.41 -5.6 -7.5, -3.0

2004
November 21 -5.3 ± 0.23 -5.5 -7.3, -3.1
December 21 -6.5 ± 0.22 -6.4 -8.4, -4.1
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Figure 1.  Mean (± SE) overwintering survival of Acalymma vittatum adults (circles)
and minimum monthly soil temperature recorded 2.5 cm below the soil surface
(dashed line) at Rosemount, Minnesota, USA.  All trials started with 100% survival
(open symbols), and the survival at subsequent sample dates is represented by filled
symbols.  Means within winters with different letters differ significantly (P < 0.05;
analysis of variance and REGWQ test).  The overwintering mean supercooling point
of this insect ranged between -6.5 and -5.3 ºC among the years studied.
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