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Abstract
Dzurenko, M., Galko, J., Kulfan, J., Váľka, J., Holec, J., Saniga, M., Zúbrik, M., Vakula, J., Ranger, 
C.M., Skuhrovec, J., Jauschová, T., Zach, P., 2022. Can the invasive ambrosia beetle Xylosandrus germa-
nus withstand an unusually cold winter in the West Carpathian forest in Central Europe? Folia Oecologica, 
49 (1): 1–8.

The capability of a non-native species to withstand adverse weather is indicative of its establishment in a no-
vel area. An unusually cold winter of 2016/2017 that occurred in the West Carpathians of Slovakia and other 
regions within Europe provided an opportunity to indirectly assess survival of the invasive ambrosia beetle 
Xylosandrus germanus (Coleoptera: Curculionidae, Scolytinae). We compared trap captures of this species in 
the year preceding and succeeding the respective cold winter. Ethanol-baited traps were deployed in 24 oak 
dominated forest stands within the southern and central area from April to August 2016, and again from April 
to August 2017 to encompass the seasonal flight activity of X. germanus and to get acquainted with temporal 
changes in the abundance of this species in these two distant areas. Dispersing X. germanus were recorded in 
all surveyed stands before and after the aforementioned cold winter. Their total seasonal trap captures were 
lower in the southern area following low winter temperatures, but remained similar in the central area. Our 
results suggest that X. germanus can withstand adverse winter weather in oak dominated forests of the West 
Carpathians within altitudes of 171 and 450 m asl. It is likely that minimum winter temperatures will not 
reduce the establishment or further spread of this successful invader in forests in Central Europe.
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Introduction

The black timber bark beetle Xylosandrus germanus 
(Blandford) (Coleoptera, Curculionidae, Scolytinae) is an 
ambrosia beetle native to Eastern Asia (Ito et al., 2008) 
that has become a destructive alien pest in North America 
and Europe (Ranger et al., 2016; Cabi, 2019; Galko et al., 
2019). In North America, X. germanus reportedly attacks 
living but weakened trees in ornamental nurseries (Ranger 
et al., 2016) and tree fruit orchards (Agnello et al., 2015, 
2017). Within Europe, this species has been documented 
attacking living but weakened trees (La Spina et al., 2013) 
and recently felled logs (Galko et al., 2019; Hauptman et 
al., 2019). Its present spread in Central Europe is facilitated 
by timber trade and climate change (Olenici et al., 2014; 
Galko et al., 2019; Fiala et al., 2020).

Xylosandrus germanus is univoltine in Central Europe 
(Galko et al., 2014; 2019) and overwinters as an adult 
in host trees, presumably clustered within host galleries 
(Weber and McPherson, 1983). The flight activity of this 
species in the West Carpathians in Slovakia begins in April, 
peaks in mid-June, and ends in August (Galko et al., 2014). 
After emerging in spring from their overwintering galleries, 
dispersing adults show a strong attraction to ethanol 
(Klimetzek et al., 1986; Ranger et al., 2010; Reding 
et al., 2010) which is emitted from recently felled logs 
(Kelsey, 1994) and physiologically-stressed trees (Ranger 
et al., 2013; 2019). Ethanol-baited traps are effective for 
monitoring of the seasonal flight activity of this ambrosia 
beetle (Oliver and Mannion, 2001; Reding et al., 2013; 
Agnello et al., 2017). 

The distribution and abundance of bark and ambrosia 
beetles in novel habitats is limited by various factors, 
including habitat heterogeneity, availability of host 
resources, climate, and antagonists (Park and Reid, 2007; 
Brin et al., 2011; Bussler et al., 2011; Marini et al., 2011; 
Watanabe et al., 2014; Rassati et al., 2016; Gossner et 
al., 2019). In particular, minimum winter temperatures are 
considered an important factor influencing the reproduction, 
development, and flight synchronization of scolytines 
following their introduction to novel habitats (Ungerer 
et al., 1999; Sauvard, 2007; Brar et al., 2015; Formby 
et al., 2018). For instance, Brar et al. (2015) measured 
the temperature-dependent development of the redbay 
ambrosia beetle, Xyleborus glabratus (Eichhoff), and 
predicted that minimum winter temperatures will limit the 
northern range of this exotic species. Formby et al. (2018) 
provided additional evidence that X. glabratus is a freeze 
intolerant and chill susceptible species. Similarly, minimum 
winter temperature has been proposed as a key parameter 
that could limit the survival, establishment, and distribution 
of X. germanus (Holzschuh, 1993; Bruge, 1995; Henin 
and Versteirt, 2004; Hauptman et al., 2019), but the cold 
tolerance of this species has not been characterized. Bruge 
(1995) proposed that temperature regime explains why X. 
germanus is univoltine in Europe and bivoltine in North 
America. 

In January 2017, unusually cold winter temperatures 
occurred in Central, Southeastern and Eastern Europe 
(Anagnostopoulou et al., 2017; Turňa et al., 2017). In 
Slovakia, Central Europe, the winter of 2016/2017 was 
reported to be the 30th coldest winter since 1901 and the 
coldest winter since 2006. In most parts of this country, 
January 2017 was the coldest January since 1985 (Turňa 
et al., 2017). Similar characteristics for this winter were 
reported from Slovenia where January 2017 was the 
coldest January over the last three decades (Hauptman et 
al., 2019). This climatic event provided an opportunity to 
indirectly assess whether X. germanus can withstand these 
cold temperatures. 

To gain more insights into the capability of X. 
germanus to withstand cold winter temperatures in the 
forested stands in the West Carpathians of Slovakia, where 
this species was first recorded in 2010 (Galko, 2013), 
our current study compared the captures of this species in 
ethanol-baited traps deployed within southern vs. central 
forests in the West Carpathians in the year preceding and 
succeeding the respective cold winter of 2016/2017. 

Xylosandrus germanus has been established in 
Western Europe since at least 1951 (Wichmann, 1955; 
Kamp, 1968). We hypothesized, in the given context, this 
species could withstand instances of unusually cold winter 
temperatures in Central Europe. 

Materials and methods

Research area

Our study was carried out in oak (Quercus spp.) dominated 
forest stands in the southern and central area of the West 
Carpathians in Slovakia, Central Europe. The two areas 
are approximately 60 km from each other. The southern 
area is situated in Krupinská planina Plateau (locations 
Medovarce, Plášťovce, Dudince) within altitudes between 
171 and 304 m asl, and is characterized by warm and dry 
climate; the central area lies in Pliešovská kotlina basin 
(location Breziny) and Kremnické vrchy Mountains 
(locations Veľká Stráž, Budča, Kováčová, Železná 
Breznica) between 259 and 450 m asl, and is characterized 
by moderately warm and moderately humid climate 
(Šťastný et al., 2015). Temperature measurements (1961–
2010) in the month of January range between –2 to –1 °C 
in the southern area, and –3 to –2 °C in the central area 
(Šťastný et al., 2015). 

Daily air temperatures during the exceptionally cold 
winter of 2016/2017 were provided by the meteorological 
stations of the Slovak Hydrometeorological Institute 
(SHMÚ) at the location Dudince for the southern area (Fig. 
1A) and at the location Sliač for the central area (Fig. 1B). 

To gain broader climatological insights about an 
unusually cold January 2017, the temperature averages for 
January 1991–2020 and January 2001–2020 were compiled 
using the data from these meteorological stations.
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Trapping protocol

Twelve locations were selected for deploying traps within 
both the southern and central forested areas. One trap was 
then deployed per oak stand (n = 12) in the southern area 
and one trap per stand (n = 12) in the central area to capture 
X. germanus during their seasonal flight activity in 2016 
and 2017. The position of traps in forested stands was the 
same in 2016 and 2017. During the first year of the study, 
traps were deployed from 15 April 2016–26 August 2016 
in the southern area, and 25 April 2016–23 August 2016 
in the central area. In the second year of the study, traps 
were deployed from 22 April 2017–24 August 2017 in the 
southern area, and 25 April 2017–22 August 2017 in the 
central area. Trapping in each forested stand started before 
X. germanus emerged from overwintering sites within host 
substrates and terminated when few or no X. germanus 
were captured. 

The traps were 1.5 L plastic bottles with a cutout 
window (10 × 20 cm) (Steininger et al., 2015). The 
bottles were inverted with the collecting solution (an 
aqueous NaCl) contained within the bottle neck. Each trap 
was baited with aqueous solutions of 85% absolute ethanol 
(Galvex, LLC) contained in a 100 ml plastic bottle with 
four circular openings (diameter 2.5 mm) spaced regularly 
along the upper circumference of the bottle. Each plastic 
bottle contained an equal amount (75 ml) of ethanol. The 
release rate of ethanol was measured as 0.73 ± 0.09 g per 
day (n = 10) at 19 °C. The traps were attached to the lower 
branches of oak trees at 1.5–1.8 m above the ground with 
the cutout window of each trap facing the south-east. A 
minimum distance of approximately 100 m was maintained 

between the nearest traps to ensure independence of 
captures. All traps were inspected, ethanol replenished, 
and captured beetles collected approximately every two 
weeks. Captured beetles were stored in 40% ethanol, 
identified, and counted in the laboratory.

Statistical analysis

The average and minimum daily temperatures in January 
2017 (data from meteorological stations at Dudince and 
Sliač) were compared between the southern area and the 
central area using a paired two-sample t-test. The Shapiro-
Wilk normality test was used to test the temperature 
data for the normality, and the F-test for homogeneity of 
variances was applied to find whether the variances of the 
two temperature data sets had equal (similar) variance. 

The total captures of X. germanus over the trapping 
period preceding and succeeding the cold winter of 
2016/2017 were compared to assess temporal change in 
the beetle population. Due to violation of the independence 
assumption (sequential captures of the beetle within the 
same forested stands), Generalised Estimating Equations, 
GEE (Liang and Zeger, 1986), were used to analyse the 
data. The response variable was the number of X. germanus 
captured in oak stands in the southern (n = 12) and the 
central area of the West Carpathians (n=12) over the entire 
trapping period. The categorical explanatory variable 
consisted of two levels (“2016” and “2017”) referring to 
particular years before and after the respective cold winter. 
The grouping structure in the data was designated by the 
identity of the particular block identification within the 
forested stands. 

Computations were performed in R (R Core Team, 
2019). GEE were applied using the geepack package 
within R (Halekoh et al., 2006). 

Results

The variation in temperatures in the southern and the 
central area of the West Carpathians during the winter of 
2016/2017 showed similar temporal patterns (Fig. 1A, B). 
The average daily temperatures in January 2017 did not 
significantly differ between the southern (–8.9 ± 5.4 °C) 
and the central area (–9.7 ± 4.9 °C) (t = 1.895, df = 30, p 
= 0.068). The minimum daily temperatures over the same 
time period were also not significantly different between 
the southern area (–15.3 ± 6.8 °C) and the central area 
(–14.5 ± 5.5 °C) (t = –1.535, df = 30, p = 0.135). The range 
of minimum temperatures in January 2017 was wider 
in the southern area (–30.3 to –1.9 °C) than the central 
area (–24.9 to –1.8 °C), indicating greater extremeness 
of winter temperatures in the southern area. Minimum 
daily temperatures in January 2017 compared with the 
average temperatures in January 2017, January 1991–2020 
and January 2001–2020 provide broader insights about 
extremeness of the cold January 2017 in the southern area 
(Fig. 2A) and the central area (Fig. 2B). 

Fig. 1. Daily air temperatures during the winter of 2016/2017 
(December–February) for the southern (A) and the central 
area of the West Carpathians (B). Thin lines: minimum and 
maximum temperatures, thick line: average temperatures. 
Source data: southern area – Meteorological Station Dudince, 
central area – Meteorological Station Sliač (Slovak Hydrome-
teorological Institute 2019).
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Judged from the meteorological data, snow cover 
during the winter persisted for 44 days in the central area 
and 36 days in the southern area, and it was 1–22 mm thick 
in the central area and 1–17 mm thick in the southern area.

A total of 23,855 X. germanus specimens were captured. 
Specifically, a total of 1,620 specimens were collected from 
the southern area in 2016 and 2017 combined compared to 
22,235 specimens from the central area. Before and after 
the cold winter of 2016/2017, X. germanus was recorded 
in all surveyed oak stands.

In the southern area, significantly lower captures of X. 
germanus were recorded after the cold winter of 2016/2017 
(GEE, Wald = 7.64, p = 0.0057) (Fig. 3A). A total mean of 
99.9 beetles per trap (95% CIs: 32.4, 307.7) were captured 
in 2016 before the cold minimum temperatures compared 
to 35.1 beetles per trap (95% CIs: 14.3, 85.8) captured in 
2017. The sequential observations on the number of X. 
germanus in the stands were correlated (cor = 0.58, number 
of clusters = 12, cluster size = 2). A positive correlation 
(residuals) indicates dependence between the repeated 
captures of X. germanus from the same forested stands – 
captures in these stands after the cold temperatures were 
proportional in size to captures in these stands before the 
cold temperatures (Fig. 3).

In the central area, the total captures of X. germanus 
in 2016 were not significantly different from trapping 
conducted in 2017 (GEE, Wald = 0, p = 1.0) (Fig. 3B). 
The total mean number of captured beetles per trap before 
the cold winter was 926 specimens (95% CIs: 523, 1,640) 
compared to 927 specimens (95% CIs: 604, 1,424) captured 

Fig. 2. Minimum daily temperatures in January 2017 (so-
lid line) compared to the average temperature in January 
2017 and the long-term temperature averages in January 
(1991–2020, 2001–2020) for the southern (A) and the central 
area of the West Carpathians (B). The long-term temperature 
averages for the southern area are overlapping. Source data: 
southern area – Meteorological Station Dudince, central area 
– Meteorological Station Sliač (Slovak Hydrometeorological 
Institute 2019). Fig. 3. Mean number of captured Xylosandrus germanus  in 

oak dominated stands over April–August 2016 and April–
August 2017 in the southern (A) and the central area of the 
Western Carpathians (B). In total, 12 stands were surveyed in 
each area every year. Bars denote the means, vertical lines the 
95% confidence intervals (CI) for the means. Differences at 
the 0.05 significance level are indicated by different letters 
above the CIs. Low winter temperatures occurred in January 
2017.

after the cold winter. There was a lower correlation between 
the sequential observations on the number of X. germanus 
in the forested stands (cor = 0.41, number of clusters = 12, 
cluster size = 2) than in the southern area. 

Discussion

Due to climate change and rising air temperatures within 
Europe, cold winters are becoming infrequent and even 
rare (Murphy, 2000; Jacob et al., 2014). Despite this, 
extremely cold winters and their effects on wood boring 
insects should not be overlooked (Boggs, 2016; Forrest, 
2016; Lehmann et al., 2020). The absence of records 
of X. germanus in the West Carpathians until 2000 was 
attributed to the comparatively extreme continental 
climate, specifically, low winter temperatures (Zach et al., 
2001).  

After the winter of 2016/2017, we recorded X. 
germanus in all surveyed oak stands, supporting our 
hypothesis that this species could withstand unusually low 
minimum winter temperatures in the forested stands in the 
West Carpathians at an elevation of 171–450 m. Results 
from our trapping study suggest stable populations of X. 
germanus in the moderately warm, moderately humid 
central area, based on the lack of difference in trap captures 
in 2016 vs. 2017. In the comparatively warm, dry southern 
area a  significant reduction in trap captures occurred in 
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most forested stands after the cold winter. Although we did 
not find the southern and northern area to be significantly 
different with regard to minimum and average daily 
temperatures during January 2007, the southern area 
consisted of a  lower minimum temperature in January 
of –30.3 °C (average –15.3 °C) compared to a minimum 
temperature of –24.9 °C (average –4.5 °C) in the central 
area. This may provide indirect support to the statement 
that minimum winter temperature is a key parameter in 
limiting X. germanus (Holzschuh, 1993; Bruge, 1995; 
Henin and Versteirt, 2004). In Slovenia, Hauptman et 
al. (2019), comparing the captures of X. germanus before 
and after the cold winter of 2016/2017, suggested that 
minimum winter temperatures were not a  limiting factor 
for X. germanus in lowlands but they would likely limit the 
establishment of X. germanus at higher altitudes.

Wood boring insects in breeding substrates are exposed 
to less extreme temperature than measured ambient 
temperature (Mayr et al., 2006; Vermunt et al., 2012), 
which can also contribute to the overwintering success of 
species such as X. germanus. Overwintering success of 
xylophilous insects may also be affected by the thickness of 
snow cover. Low snow cover results in increased exposure 
of overwintering insects to cold temperatures, increasing 
their mortality (Bale and Hayward, 2010). During the 
winter of 2016/2017 snow cover was low in both areas 
and it probably did not provide significant protection of X. 
germanus from cold temperatures.

To our knowledge, the cold tolerance of X. germanus 
has not been described in the literature. Several works 
investigated cold tolerance in related invasive xyleborines 
Xyleborus glabratus (Formby et al., 2013; 2018) and 
Euwallacea fornicatus species complex (Cooperband et 
al., 2016). The lower lethal temperature and supercooling 
point for X. glabratus were calculated as –10 °C and –22 
°C, respectively, indicating that the beetle is a  freeze-
intolerant and chill-susceptible species (Formby et al., 
2013; 2018). In the case of E. fornicatus, after being 
exposed to –5 °C, 100% of larvae, 95.7% of pupae and 
69.2% of adults died. Of the surviving adults, many were 
on their backs, moving their legs only slightly after a 24‐h 
recovery period, and exposure to –1 °C caused similarly 
high levels of mortality in this species (Cooperband et al., 
2016). Since X. germanus has a more northerly distribution 
than either X. glabratus or E. fornicatus, extending into 
Canada in North America (Gomez et al., 2018; Rabaglia 
et al., 2019) and Scandinavia in Europe (Björklund and 
Boberg, 2017), we expect its lower lethal temperature 
to be lower than those recorded for X. glabratus or E. 
fornicatus. Our results indicate that X. germanus is capable 
of withstanding freezing ambient temperatures below  
–10 °C, but additional studies are warranted.

Conclusions

Based on the results of this study, it is likely that extreme 
climatic events in the form of minimum winter temperatures 
will not reduce the establishment or further spread of X. 

germanus in forests in Central Europe within altitudes of 
171 and 450 m asl. As observational longitudinal studies 
and, specifically, short-term observational longitudinal 
studies are less powerful to detect causal relationships than 
experiments (van der Krieke et al., 2017), we recommend 
to conduct long-term observations on the number of X. 
germanus combined with field and laboratory experiments 
(e.g. estimating low lethal temperatures and supercooling 
point) to determine ultimate causes (e.g. temperature, 
snow cover, breeding substrates, etc.) of temporal changes 
in the population of X. germanus during its development.
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