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Abstract.  The adaptation of  Colorado potato beetles (CPB) (Leptinotarsa decemlineata Say) 
to low temperatures has been the basis for the formation of a local permanent population in 
Estonia. The number of this pest fluctuates in different years on a large scale. The hibernation 
of the beetles in field conditions during the years 2000–2005 was observed and some factors 
influencing the beetles’ mortality was discussed in this study. Soil with a lighter texture - loamy 
sand proved better for the hibernation of CPB than clay loam soil with a heavier texture. 30 cm  
confirmed to be more suitable depth for hibernation than 50 cm, demonstrating  lower mortality 
rate. Every autumn CPB populations were differently prepared for hibernation: part of the 
beetles burrowed themselves into the soil considered to be ready for over-wintering, and there 
were more survivals than among the beetles staying on the soil surface: that could not complete 
their maturation feeding.  The temperature may become lethal for a majority of the hibernating 
population only during extreme winters when the temperature falls to -30oC for a longer period 
of time. During our observation period, it happened only once: in 2002/2003. In more mild 
winters there were no problems with over-wintering: about two third of the beetles survived in 
clay sand and about a half in loamy clay soil. It is difficult to predict the annual damage caused 
by CPB because the Estonian population consists of adapted over-wintered beetles and beetles 
migrated from southern regions. In some years we have had a great number of immigrant 
beetles and, in some years, no immigration has occurred.  
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INTRODUCTION 

 
The history of the Colorado potato beetle (CPB) (Leptinotarsa decemlineata) in 

Europe is not long. The beetles reached Europe from the North America for the first 
time at the end of 19th century and established here only in 1922 (Roman & Radcliffe, 
1992). The potential northern limit of their distribution area was considered 54–56° 
north latitudes. As environmental conditions, especially low temperatures, which are 
the main hindrance for their survival and spread, determine the borders of the beetle’s 
distribution; CPB further spread to northwards was restricted. However the CPB has 
great ability to adapt to variable environmental conditions. Despite all predictions, the 
area of its distribution has been expanding continuously, and the first findings of the 
beetles in Estonia, at 59° north latitudes, come from the year 1965 (Kuusksalu & 
Kangilaski, 1972; Kuusik, 1978). Due to application of eradication measures and 
susceptibility of the beetles to cold they were not established in the area at that time. 
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Newerless according to our inspections during the last decades, CPB has formed a 
permanent population in Estonia (Hiiesaar et al., 2001; 2005). Expansion of the beetles 
habitat has not finished yet and, at present time, it is suggested that the area of CPB 
could widen as far as potatoes can be cultivated. 

There are a numerous factors influencing the value of the low temperature 
exotherm and survival of the beetles. CPB overwinter as adult in the soil in diapause 
state. In case of hibernating beetles, a direct relationship between diapause and cold 
tolerance has been established (Pullin, 1994; Sømme, 1999). By the termination of 
diapause and in the course of cold-hardening, initiated already in fall by low 
temperatures and a short photoperiod, supercooling ability and cold tolerance of CPB 
increase noticeably (Merivee, 1978; Hiiesaar et al., 2001).  

Many insects are able to increase their cold tolerance seasonally, which also 
enhances their winter survival (Bale 1989). Acclimation, which suppresses the effect of 
lethal temperatures on the insect, is also important factor increasing cold tolerance 
(McDonald et al., 1997). Non-acclimated active CPB can tolerate temperatures only 
some degrees below zero (Ushatinskaya, 1974; Merivee, 1978), whereas after the 
acclimation the temperatures tolerated are lower (Sømme, 1996; Block et al, 1999; 
Hiiesaar et al., 2001).  

Cold tolerance of many insects is characterised by their supercooling points (Bale, 
1987). Different authors have obtained different results by measuring supercooling 
points of CPB: from -6°C to -17°C (Rodionova, 1969; Minder & Chesnek, 1970; Lee 
et al., 1994; Boiteau & Coleman, 1996; Hiiesaar et al., 2001). There can be several 
reasons for that, however, we consider one reason to be the fact that the supercooling 
ability of CPB populations in different geographic areas is largely different. 
Nevertheless, the SCP (supercooling point) of beetles should not be considered the 
only criterion of cold hardiness, as many freezing-intolerant insect die at temperatures 
above their supercooling point before they freeze (Bale 1993; Renault et al., 2002). The 
exposure periods shall be taken into consideration as well. The beetles can tolerate 
temperatures near the supercooling point for a very short time, for a longer period they 
can survive only on much higher temperatures (Mail & Salt, 1933; Sømme, 1996). 

 Since successful hibernation of insects does not respond only to temperatures but 
depends on many environmental factors, and, it is not possible to imitate in a 
laboratory all field circumstances like moisture, fluctuating temperatures, 
microclimate, etc., it is recommended to carry out some experiments directly in nature 
(McDonald et al., 1997).  

The aim of this paper was to determine the mortality of CPB in different years 
through their over-wintering under field conditions and to analyse some factors 
influencing the formation of a permanent local population of CPB.  
 

METHODS 
 

In the 2000/2001 one preliminary experiment was carried out to establish the 
influence of the feeding rate and over-wintering depth of the beetles on their survival 
during hibernation. 

CPB of mixed sexes were collected from potato fields in southern Estonia during late 
August and September. The collected field-fresh beetles were placed in 3 litre glass jars 
half filled with slightly moist Sphagnum peat and kept at room temperature for 24 hours. 
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The beetles were divided into two groups according to their behaviour: part of them 
immediately dug themselves into the soil and part of them remained on the surface. Then 
the beetles were put into string bags filled with peat and placed in a refrigerator at +5oC 
for one month. In October the bags were dug into the soil in an open field at different 
levels in 30 cm and 50 cm depth. The lowest temperatures during the entire over-wintering 
period were registered with two special minimum thermometers placed at the same depths 
into the soil.  

In the years from 2001 to 2005, the CPB overwintering experiment was repeated. 
To imitate natural conditions entirely, the beetles were not separated anymore according 
to their behaviour and feeding rate. The beetles collected in the fields in September were 
immediately transferred in 0.5 litre perforated plastic jars filled with loamy sand and 
clay loam, brought to the field and dug into the soil at 30 cm depth.   

In the middle of May, the beetles were retrieved from the soil and their mortality 
rate was determined.  

Three replicate experiments were carried out at each soil type and digging depth. 
The data were processed by using the t-test and one-way ANOVA. 

 
RESULTS 

 
Over-wintering depth. The beetles were kept at the hibernation site from October 

until May, i.e. during the same period as they do usually under natural conditions. 30 
cm proved to be more suitable depth for hibernation: the mortality of the beetles was 
lower than at 50 cm depth (Fig. 2). There was significant difference in mortality 
between the over-wintering depth of beetles irrespective of their feeding rate (t-test, 
 P < 0.05).  

Feeding rate. Beetles gathered from the field differed in their behaviour: part of 
the beetles dug themselves into the soil within the first 24 hours. These beetles had 
completed their feeding and it was considered them to be in diapause and ready for 
hibernating. Part of the beetles stayed on the surface of soil and moved actively around 
during the first 24 hours at room temperature and also when they were taken to a 
refrigerator at +5oC. These beetles had not managed to finish their maturation feeding 
and were not ready for hibernation. A post-hibernation analysis showed that the beetles 
that dug into the soil over-wintered more successfully than those who remained on the 
soil surface, the mortality rates being 52% and 76% at 50 cm depth and 32% and 61% 
at 30 cm depth, respectively (Fig. 2). There was significant difference between the 
mean mortality of different feeding rate of beetles (t-test, P < 0,05). 

The lowest temperature of the winter in this experiment was recorded -7.0°C at 
30 cm depth and -4.0°C at 50 cm depth.  

Soil type. A soil with lighter texture, loamy sand, proved to be better for the 
hibernation of CPB: the mortality rate there was lower than in clay loam soil. A 
statistical analysis of the test results showed the dependence of the mortality rate on 
the soil type clay loam: F(3;8) = 120.6; P = 0.0000005 and  loamy sand  
F(3;8) = 54.3964; P = 0.00001, ANOVA test (Fig. 3).   
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Fig. 1. Temperature data for 2001–2005 based on data provided by Tartu 

automatic weather station situated in Erika. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Mortality of Colorado potato beetles by over-wintering in field conditions at 
different depth of soil. A. Beetles burrowed in the ground before overwintering; B. 
Beetles did not burrow in the ground before overwintering. Preliminary experiment of 
2000/2001. 
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Fig. 3. The mortality of Colorado potato beetles overwintering in field conditions 

on different years in loamy sand and clay loam soil. Error bars indicate standard error 
of the mean. Mean values with same letters do not differ significantly (based on t-test). 
The horizontal bars mean that statistical comparisons are valid within the one and same 
winter.  
 

Temperature and mortality of beetles. Estonian climate is highly variable in 
different years by temperatures and rainfall (Fig.1). The winter of 2001/2002 was not 
very cold but there were often long-term periods of thaw with a maximum temperature 
of up to +7.0°C (Fig. 1). During this period, more than a half of the beetles over-
wintering in clay loam perished while only about one third died in loamy sand (Fig. 3). 

The winter of 2002/2003 was extremely harsh, when temperature fell 
continuously near -30°C: then all the beetles hibernating in clay loam perished, 
however, about 12% of the beetles hibernating in lighter loamy sand survived (Fig. 3). 
The winters of the next two years were much milder.  

The winter of 2003/2004 was the most favourable of the observation years. In that 
winter, the soil was frozen by December and there were no long periods of thaw. So in 
that year only about 12% of the beetles perished in loamy sand and over 20% in clay 
loam soil.  

The minimum and average temperatures of the winter of 2004/2005 were 
somewhat higher than in the previous year, however, the mortality of the beetles was 
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over twice higher than in the previous year: 32% in loamy sand and 57.6% in clay 
loam soil (Fig. 3).   

 
DISCUSSION 

 
Feeding. The success of the hibernation and formation of a permanent local 

population in northern regions depends on several factors influencing the survival of 
the beetles. One of the factors is the preparation for hibernation. Newly emerged CPB 
must be able to feed before going into soil for hibernation, because they require energy 
to survive long period at low temperatures. As our long-term observations show, in 
August and September, when most of young beetles emerge from the soil and begin 
feeding, potato plants in unsprayed fields have already perished due to late blight 
(Phytophtora infestans). However the chemical composition of food plants plays an 
important role in the formation of the beetle’s diapause (De Wilde et al., 1959). This is 
the reason why all beetles have prepared differently for over-wintering by autumn. The 
beetles emerging earlier have enough time to feed sufficiently, their diapause has 
already been formed; beetles become positively geotactic and borrow into soil (de 
Wilde, 1969). The digging behaviour has been used as a criterion of the onset of 
diapause (Beck, 1968). Those beetles over-wintered better and their mortality level was 
relatively low. The beetles emerging later because of poor quality or lack of food could 
not store enough resources and kept wandering about in the field in search of food. 
They were not yet ready for hibernation and the mortality of these beetles was high.  

 According to some studies, the quality of the host plant has a great effect on 
development of CPB and the population growth (Voss et al., 1990). Healthy 
undamaged potato leaves contain the most well-balanced configuration of amino 
acids, which are the main components in synthesis of proteins (Cibula et al., 1967). If 
leaves have been destroyed by diseases, the beetles start eating potato stems and even 
the tubers on the ground, however, this does not provide them with all necessary 
nutrients, and over-wintering potential of the beetles is in danger (Ushatinskaya, 
1981). Not only completion of maturation feeding of newborn beetles is important for 
successful hibernation. Development conditions of the earlier stages, like the 
temperature and the quality of food, which determines the weight of the adults, are 
also important. According to our research, beetles weighing less than 100 mg are not 
able to survive the winter (Hiiesaar et al., 2005).  

Soil quality. In northern regions, where insects are subject to low subzero 
temperatures for a long time, temperature and behaviour adaptations are necessary for 
the occurrence and survival of species (Block, 1990). Continuous gradual declining of 
temperature fosters the acclimation, intensifies the diapause and increases the cold 
tolerance of beetles (Sømme, 1982). To avoid to be killed by frost, CPB burrow 
themselves in the soil where the fluctuation of temperature is lower than in the air and 
the temperature does not drop too low, especially when a snow layer covers the soil. 
The soil type, its physic-chemical attributes like structure, texture, water potential etc. 
play also an important role in overwintering of CPB. Hibernation was compared in 
two soil types most common in central and southern Estonia: loamy sand and clay 
loam soil. Loamy sand with better aeration and no excessive water proved to be the 
more suitable for CPB (Figure 3). There are data in literature suggesting that the 
mortality of the beetles may be 7–8 times lower in loamy sand than in clay loam 
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(Ushatinskaya, 1973). We, however, did not find such great differences. In lighter 
soils rich in organic substance, the beetles may penetrate to a depth of up to 60–80 cm, 
without any risk of oxygen lack (Kuusik et al., 2001). In heavier clay loams, the 
beetles penetrate only to a depth of 20 cm, however, there the outflow of melt-water is 
an obstruction and the beetles may easily suffer due to lack of oxygen. Ushatinskaya 
(1973) considers one of the main reasons for the lethality not directly freezing, as soil 
and snow cover create a considerably good insulation layer, but a lack of oxygen. 
Under such conditions, the beetles are often attack by several diseases caused by 
pathogenic micro-organisms (Sandner & Stanuszek, 1968; Minder & Tshesnek, 1970). 
An analysis of our material showed more often occurring fungal- and bacterial 
diseases while over-wintering in clay loam. Even if the disease does not kill the CPB, 
it reduces their cold- hardiness (Lee et al., 1994).  

Winter temperatures. Mortality of several species can be predicted by winter 
temperatures (Bale, 1993). However, perishing in natural conditions is not always 
entirely consistent with the temperatures. Estonian winters can be highly variable: 
temperatures ranging from -30°C in one year and almost +10°C in another winter at 
the same time are not unusual. Low temperatures were considered a possible limiting 
factor in the northern spread of the CPB (Mail & Salt, 1933). Indeed, after their arrival 
in Estonia, CPB could not hibernate here. After first findings of the beetles in 1965, 
there followed many years with this pest absent (Kuusksalu & Kangilaski, 1972). 
Regular exposure to low temperatures may increase the frost tolerance of the beetles 
by lowering their supercooling points (Bale, et al., 2001). Due to their good adaptation 
ability the CPB has increased its cold hardiness continuously (Merivee, 1978) and 
adapted to over-wintering here. The temperature that can be survived by CPB (low 
temperature exotherm (LTE) is not a constant indicator. According to Boiteau and 
Coleman (1996), it is -11.7° C for the over-wintering beetles, but the value obtained 
by Ushatinskaya (1966) is only -7°C. Salt (1933) and Mail & Salt (1933) have 
obtained even higher values. According to our observation the supercooling point of 
CPB in diapause reached -14 to -17°C in mid-winter (Hiiesaar et al., 2001). Those 
records illustrate differences in LTEs of both spatially and temporally different 
populations but not their actual hibernation ability. CPB cannot survive long exposure 
to such low temperatures because their metabolic functions may be disrupted even at 
higher temperatures (Danks, 1987). In New Brunswick, 50% of over-wintered CPB 
adults survived only 3-h exposure to -7°C (Boiteau & Coleman, 1996). In our 
observations, also -7°C was measured the actual minimum temperature in the beetles’ 
hibernation at 30 cm depth in 2000/2001, however, then only a third of the over-
wintered beetles perished. It may be assumed that the beetles had to endure such a 
temperature for a longer period, which confirms the greater cold tolerance of Estonian 
CPB population. On the depth of 50 cm, the minimum temperature was measured -
4.0°C, but the mortality of the beetles was higher, about 50%.  

Thus the survival of CPB is not attributed only to one factor, low temperature, 
but there are other factors determine overwintering mortality in field conditions. Some 
authors consider that during long-term exposure to low temperatures the organisms 
may die from the exhaustion of energy supplies even if the insect does not freeze 
(Renault et al., 2002), and unfrozen individuals can be injured in above and below 0°C 
(Danks, 1996). Our perennial field experiments showed that temperature may become 
lethal for a big part of hibernating population only during extreme winters for instance 
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in 2002/2003 when the air temperature was about -30°C for a longer period of time. 
Then all beetles perished in clay loam, however, the one tenth who successfully 
hibernated in lighter soil let us assume that CPB has established in Estonia 
permanently. The real mortality of CPB over-wintering freely in nature may be lower 
as their priority is their free choice of the hibernation sites. Part of the individuals 
leave the fields and go to the forest edges which are better protected from 
unfavourable climatic conditions: trees act as a barrier to snow and the places are 
rarely under water.   

Summer immigration. In summers following a very harsh winter there can be 
predicted a low period for the local population, however, it is difficult to predict 
immigration from the southern regions. This depends primarily on weather conditions 
and prevailing wind directions, due to which, in some years, most of the fields have 
been infested with immigrant beetles but, in some years, no immigration has occurred. 
With thunderstorm air flows, large CPB swarms can be carried hundreds of kilometres 
in distance (Presman, 1968). Due to frequent south and south-east winds in 2002, we 
had abundant migration and outbreak of CPB that year. Much of adult beetles can be 
dispersed over long distances floating in sea water too. According to our laboratory 
experiments (unpublished data), the beetles could survive in sea water at least for 10 
days, and some of specimens even longer.  

Conclusion. The adaptation of CPB to low temperatures has been the basis for 
the formation of a local permanent population in Estonia. However, unfavourable 
climate of northern regions should be considered to be the limiting factor of the pest 
population. The beetles surviving over-wintering at low temperatures have functional 
changes in their organism like disorders of heart activity, metabolic disturbance etc. 
(Minder, 1969). Low temperatures during the vegetation period, spring-summer night 
frosts and lack of quality food affect through the preimaginal stages, the weight of the 
beetles and, as a result, also the success of their hibernation, later their fertility and 
therefore the population density (Hiiesaar et al., 2005). However CPB has so far been 
the only insect pest of potato in Estonia that requires application of chemical control 
measures from time to time. 
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