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INTRODUCTION

Prolonged development, spanning more than one grow-
ing season, is a well known phenomenon in insects liv-
ing in harsh and cold environments in the high Arctic (e.g. 
Kukal & Kevan, 1987; Mikkola & Kononenko, 1989) or 
high mountains (e.g. Wipking & Mengelkoch, 1994). In 
addition, to the need to prolong development in short-
season environments, this has been attributed to parasit-
ism by parasitoids (Varkonyi et al., 2002), host plant de-
fences (Dennis et al., 2004), predator saturation (Gilg et 
al., 2006) or weather catastrophes such as several long 
winters (Valle, 1933). A genetic background for biennial 
development has also been sought (Douwes & Stille, 1988; 
Vila & Bjorklund, 2004). Answering the general ecological 
question: What is the effect of regional climate vs. popula-
tion history on length of development? – is difficult, as it 
is obscured by a paucity of robust quantitative data, even 
for otherwise well-studied European butterflies (Settele et 
al., 2009).

The butterfly genus Erebia Dalman, 1816 (Lepidoptera: 
Nymphalidae: Satyrinae) is notable for its radiation in 
northern temperate cold regions, mainly in the mountains, 
and is increasingly used as a model insect for studying 
mountain biogeography and ecology (e.g., Konvicka et al., 
2002; Cizek et al., 2003; Schmitt et al., 2006; Schmitt & 

Haubrich, 2008; Vrba et al., 2012). Biennial development, 
resulting in much higher adult numbers in alternate years, 
is a common feature of this genus (Warren, 1936). To date, 
the most reliable information on the development of Er-
ebia originates from studies carried out over several years, 
mainly in the Alps (Wipking & Mengelkoch, 1994; Son-
deregger, 2005) and the Arctic (Douwes, 1980; Douwes & 
Stille, 1988). These authors agree that biennial develop-
ment occurs in some species and there are regional vari-
ations in the pattern. The records of adult abundance ob-
tained from museum collections or field observations can 
be biased. For instance, Erebia “poor seasons” could be 
part of entomology folklore, making it difficult to separate 
an existing biennial pattern from a biennial bias in visits to 
the mountains. In addition, captive breeding reports, which 
often document single-year development, may reflect more 
favourable breeding conditions (Roos & Arnscheid, 1981; 
Sonderegger, 2005). 

This contribution, based on observations carried out over 
a period of five-years along transect in three mountain are-
as in the Czech Republic, presents quantitative evidence of 
biennial fluctuations in the adult abundance of the butterfly 
Erebia euryale (Esper, 1805). This butterfly inhabits open 
woodlands and clearings in the montane zone of European 
mountains (Kudrna et al., 2011), where the conditions are 
less harsh than those experienced by the majority of its al-
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1140 m, entire length below the timberline. The mountains con-
sist of a flat elevated plateaux, not reaching the timberline in the 
Czech part of the mountains (max altitude: Plechý/Plockenstein, 
1378 m) but rising above it marginally in Germany (Großer Ar-
ber, 1456 m). Prevailing vegetation along this transect was Picea 
abies – Sorbus aucuparia mountain taiga, fragmented by clear-
felled areas. (2) Krkonoše Mts: transect length 7  km, altitude 
range 1050–1510 m. These mountains, the highest in the Czech 
Republic (Sněžka Mt, 1602 m), have a well-developed subalpine 
(dominated by Pinus mugo dwarf pine) and alpine (alpine grass-
lands) zones, with the timberline at ca 1250 m. In these mountains 
observations were carried out along a transect that ascended from 
cultural grasslands within Picea abies – Sorbus aucuparia taiga, 
through the Pinus mugo belt towards alpine grasslands. (3) Hrubý 
Jeseník Mts: transect length 4 km, altitude range 1320–1460 m. 
These mountains are similar to the Krkonoše in many aspects, 
except for the absence of a Pinus mugo zone (the timberline is 
formed by clumps of Picea abies) and the timberline slightly 
higher, at ca 1300  m alt. In these mountain observations were 
carried out along a transect that ascended from the timberline to-
wards alpine grasslands. 

pine zone relatives. A biennial life cycle has been reported 
in the Alps (Wipking & Mengelkoch, 1994; Sonderegger, 
2005) and High Tatra Mts (Slaby, 1947). No similarly de-
tailed information exists for the lower altitude mountain 
ranges in Central Europe.

MATERIAL AND METHODS

Erebia euryale occurs in three Czech mountainous regions 
(Fig. 1): Šumava Mts (southwest); Jizerské Mts and Krkonoše 
Mts (north); and Králický Sněžník Mts, Rychlebské Mts, Hrubý 
Jeseník Mts and Orlické Mts (northeast) (Benes et al., 2002). Its 
altitudinal distribution differs in these mountain ranges and adult 
flight period varies with altitude, starting ca one month earlier 
at the lower than the upper limit of their altitudinal distributions 
(Cizek et al., 2003). 

From 2009 onwards, we established permanent transects in 
each of the three main mountainous areas in the Czech Repub-
lic, specifically targeting habitats of Erebia spp. and aiming to 
monitor their adult numbers and phenology. The three transects 
were: (1) Šumava Mts: transect length 14 km, altitude range 990–

Fig. 1. Map of the recent (post-2002) distribution of Erebia euryale in the Czech Republic, expressed in terms of the grid cells used 
for Czech Butterfly Recording (Benes et al., 2002) occupied by E. euryale (black dots), with three diagrams showing the numbers of 
E. euryale recorded in 2009–2013 along fixed transects in the three main mountain ranges (standardized in terms of the annual number 
of transect walks and transect length). Note the different scales of the vertical axes of the diagrams.
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These transects were walked along by volunteer biology stu-
dents, trained to distinguish the target butterflies. Following the 
method of Pollard & Yates (1993), students walked along tran-
sects when weather conditions were appropriate and counted all 
the individuals seen in ca 5 m cubes in front of them. Targeting 
only a specific set of species, transects were walked from the be-
ginning of July to mid-August, except in 2009 when recording 
terminated at the end of July. By walking transects daily more 
detailed information on changes in seasonal abundance were ob-
tained than by standard transect monitoring schemes. 

To compare the numbers of E. euryale recorded annually along 
the three transects over the five year period of this study, we 
summed the daily records from each transect and year, and stand-
ardized them by dividing this annual sum by the number of tran-
sect walks in that year and the transect length (in km). In this way, 
we obtained a standardized yearly index of the average number of 
butterflies seen along each kilometre of transect per day. As the 
period of observation spanned most of the species’ flight season, 
this index should be robust enough to not be affected by seasonal 
variation in the daily records. Next, we computed, separately for 
each transect, a generalised linear model relating the yearly index 
to even (i.e. those years terminating with an even numeral: 2010, 
2012) versus odd (terminating with an odd numeral: 2009, 2011, 
2013) years. The presence/absence of biennial fluctuation in the 
records for particular transects and differences in the fluctuations 
among transects were tested using generalised linear models in 
programme R v. 2.15.2 (R Development Core Team, 2011). We 
used year as a two-level (even, odd) predictor and the yearly in-
dex as the response variable (quasipoisson distribution). First, 
we tested the occurrence of fluctuations in the records for each 
transect separately. Second, we investigated if there were differ-
ences in the biennial patterns in the records for the different tran-
sects. We used transect as a three-level predictor (Hrubý Jeseník, 
Krkonoše, Šumava) and compared the model containing its inter-
action with year (yearly index ~ year + transect + year*transect) 
with the model not containing it (yearly index ~ year + transect). 

To assess the effect of weather on adult abundance, we re-
gressed, separately for each transect, the yearly index against 

average July and August temperatures and precipitation. To com-
pare the effects of weather across the three transects, we added the 
weather predictors to the above model, which compared transects 
and contained the year*transect interaction. Weather data was 
obtained from the Czech Hydrometeorological Institute (http://
www.chmi.cz) for the Olomouc (Jeseník Mts), Hradec Kralové 
(Krkonoše Mts) and South Bohemian Regions (Šumava Mts).

RESULTS

For the Šumava Mts transect, a total of 41,654 E. eury-
ale were observed during 78 walks; for the Krkonoše Mts 
transect, 5,372 during 98 walks and for the Hrubý Jeseník 
Mts transect, 1498 during 82 walks. From Table 1, it is ap-
parent that the beginnings of flight season varied by several 
weeks, usually starting at the end of the first or during the 
second week of July. In years when the abundance of E. eu-
ryale was low, the earliest individuals were recorded as late 
as the end of the third week of July. The periods in which 
the maximum butterfly abundance were recorded also dif-
fered among years and transects. The interval between the 
beginning of the flight season and when the maximum 
abundance was recorded varied from one to three weeks. 
Because the maximum sightings were recorded close to the 
termination of monitoring in 2009 (end of July), we pro-
longed the monitoring until mid-August in the following 
years. The time suitable for butterfly activity was restricted 
by weather, with every year only about half of the 30–45 
days covered by the monitoring period suitable for butter-
fly activity. In 2009, due to an extremely rainy July, only 
one week was suitable for butterfly activity.

Biennial fluctuations were most prominent in the records 
for the Šumava Mts transect, along which E. euryale was 
most abundant in even years (null model deviance: 280.97; 
fitted deviance: 269.39; d.f. = 1,3; P < 0.0001). There were 
no fluctuations in the records for the Krkonoše Mts transect 

Table 1. Overview of the data collected during 5-years’ monitoring of the butterfly Erebia euryale in the Šumava, Krkonoše and 
Hrubý Jeseník Mts in the Czech Republic. The numbers of transect walks and sightings are summed per year. The day of first appear-
ance, maximum number observed and the last record (vii – July, viii – August) roughly indicate the beginning, peak and termination 
of the adult flight periods.

Mountains Year No. of walks No. of sightings
Flight period

Beginning Maximum Last record

Šumava   2009* 5 13 16. vii. 26. vii. 26. vii.
2010 22 16462 8. vii. 22. vii. 14. viii.
2011 18 93 9. vii. 16. vii. 11. viii.
2012 19 25027 5. vii. 27. vii. 15. viii.
2013 14 59 16. vii. 3. vii. 7. viii.

Krkonoše   2009* 7 1754 12. vii. 22. vii. 23. vii.
2010 23 789 3. vii. 21. vii. 12. viii.
2011 25 1521 5. vii. 13. vii. 12. viii.
2012 24 487 1. vii. 26. vii. 12. viii.

Jeseník 2013 19 821 2. vii. 26. vii. 10. viii.
  2009* 5 61 14. vii. 22. vii. 23. vii.
2010 18 24 21. vii. 2. viii. 12. viii.
2011 22 679 7. vii. 29. vii. 14. viii.

  2012 19 14 23. vii. 4. viii. 10. viii.
2013 18 720 18. vii. 3. viii. 11. viii.

* In 2009, the monitoring terminated two weeks earlier than in the subsequent years.
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(null model deviance: 50.51; fitted deviance: 19.93; d.f. = 
1,3; P = 0.269). In the records for the Hrubý Jeseník Mts 
transect (null deviance: 25.64; fitted deviance: 21.45; d.f. 
= 1,3; P = 0.025) the abundance of the moth was greatest 
in odd years (Fig. 1). The difference among transects was 
further corroborated by comparing models relating yearly 
index to year + transect (null deviance: 469.2; fitted devi-
ance: 283.2, F = 2.19, d.f. = 3,11, P = 0.146), with a model 
containing the transect*year interaction (fitted deviance: 
46.36; comparison with null model: F = 15.93, d.f. = 5,9, 
P < 0.0001). The latter model was a significantly better 
fit to the data (F = 22.31, d.f. = 2,9, P < 0.0001), indicat-
ing the existence of contrasting patterns in the three Czech 
mountain areas.

Neither temperature nor precipitation during the study 
period affected the abundance recorded along any of the 
three transects (when compared with null models, all P > 
0.1). Moreover, none of the weather variables improved 
the fit of the model containing the transect*year interac-
tion (temperature: fitted deviance: 36.24, F = 2.09, d.f. = 
1,8, P = 0.187; precipitation: fitted deviance: 46.24, F = 
0.019, d.f. = 1,8, P = 0.894) suggesting that the observed 
fluctuations in abundance were not caused directly by fluc-
tuations in weather conditions.

DISCUSSION

Our findings provide the first quantitative evidence based 
on transect counts in the field of biennial fluctuations in 
the abundance of E. euryale in the Czech Republic. The 
fluctuations occur with different periodicity, and perhaps 
intensity, in the different mountain ranges. The abundance 
is greatest in even years, and the butterfly is nearly absent 
in odd years in the Šumava Mts in the southwestern part 
of the Czech Republic. It is greatest in odd years in the 
Jeseník Mts in the northeastern part of the Czech Repub-
lic, and the biennial fluctuations are less pronounced there. 
There is no biennial synchronicity in the records for the 
Krkonoše Mts in the northern part of the Czech Repub-
lic. Wipking & Mengelkoch (1994) report that biennially 
fluctuating Erebia populations reach higher maxima than 
non-fluctuating populations, which agrees with our records 
for the Šumava Mts (distinct fluctuations). The fluctuations 
recorded for the Hrubý Jeseník Mts were not similarly dis-
tinct (Fig. 1). Elsewhere, higher E. euryale numbers in odd 
years are mentioned by Slaby (1947) for the High Tatra 
Mts, Slovakia and the Austrian, German and Swiss Alps 
(Wipking & Mengelkoch, 1994). In the Swiss Jura Mts, 
Sonderegger (2005) records populations with peaks of 
abundance in even years, and close by, populations that did 
not fluctuate. Thus, the biennial pattern in the abundance of 
E. euryale seems to vary across the species’ range.

Causes and mechanisms of these fluctuations, their dif-
ferent periodicity and intensity, remain unclear. We can ask 
two main questions. How long does it take E. euryale to 
complete its development in the Czech Republic and What 
triggers the synchronicity of the inter-year fluctuations in 
abundance and causes the geographic differences in their 
periodicity? It is frequently recorded that E. euryale takes 

two years to complete its development (Sonderegger, 
2005), but it is possible for it to take only one year, e.g. 
in more favourable conditions in captivity (Sonderegger, 
2005). The biennial peaks recorded in the Šumava Mts, 
and probably also in the Hrubý Jeseník Mts, result from 
synchronised two year development. The adults of E. eu-
ryale recorded in the Šumava and Hrubý Jeseník Mts in 
“poor years” may evade this synchronicity by taking only 
one year to complete their development. Alternatively, 
these adults may also take two years to complete their de-
velopment, but are not synchronized with majority of the 
population, which could be tested using molecular tools 
(cf. Vila & Bjorklund, 2004). Annual occurrence of E. eu-
ryale in the Krkonoše Mts may be a consequence of either 
more frequent one-year development, or coexistence of 
two alternating cohorts with two-year development. How-
ever, variation in the length of development in butterflies is 
affected by many environmental factors (Gotthard, 2008). 
Genotypes interact with environmental factors, such as 
temperature, photoperiod, host plant quality or popula-
tion age, all of which can affect adults and/or larvae (Got-
thard, 2008; Saastamoinen et al., 2013). For instance, we 
did not determine the effect of summer weather on adult 
abundance, but the length of development may also be af-
fected by conditions experienced by overwintering larvae, 
such as the quantity and duration of snow cover (cf. Vrba 
et al., 2012). The geographic variation in the fluctuations 
in abundance of E. euryale recorded in this study probably 
represent such a complex case.

It is likely that the triggers synchronising the biennial 
fluctuations differ in the different mountain ranges stud-
ied and can be weakened, if they exist at all, in such areas 
as the Krkonoše Mts. No synchronization was recorded in 
the Krkonoše Mts, which have a more complex topogra-
phy than the Jeseník Mts (weak synchronization) and the 
Šumava Mts (almost complete synchronization). Microcli-
matic conditions are more variable in topographically more 
complex areas, and indeed regional-scale variation in the 
fluctuations in the abundance of E. euryale are reported in 
the Swiss Jura Mts, a topographically rugged karstic region 
(Sonderegger, 2005). Although much more work, such as 
monitoring across entire mountain ranges, would be nec-
essary to confirm this, we propose the following working 
hypothesis: rugged terrain desynchronizes and flat terrain 
synchronizes the time it takes E. euryale to complete its 
development. 

What other factors synchronize biennial fluctuations? 
The hypothesis proposed by Wipking & Mengelkoch 
(1994) states that parasitization of larvae in years when 
they are very abundant reduces numbers of adults the fol-
lowing year, thus selecting against rapidly developing indi-
viduals and favouring those developing slowly. In addition 
to high parasitoid pressure, the individuals that developed 
rapidly may fail to locate mates. However, nothing is cur-
rently known about the spectra or host specificity of para-
sitoids attacking E. euryale in the mountains in the Czech 
Republic [several Satyrinae butterflies, possible alternative 
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hosts for parasitoids, coexist with E. euryale in all three 
mountain ranges studied (Benes et al., 2002)].

Finally, the different degrees of synchronization record-
ed in the mountain ranges studied may be due to the dif-
ferent postglacial histories of the respective populations. 
Each of the current Czech Republic populations might 
have had a different glacial refugium, the odd-year Hrubý 
Jeseník population possibly sharing a refugium with the 
odd-year populations now inhabiting the eastern Carpathi-
an Mts (Slabý, 1947). To test this hypothesis it necessary 
to expand the phylogeographic studies of extant E. euryale 
(Schmitt & Haubrich, 2008) to include populations from 
Europe north of the Alps. 

The synchronized biennial development of mountain 
insects remains a challenging phenomenon. Documenting 
the spatial patterns in development that exist in populations 
of E. euryale is a necessary first step for studies on the un-
derlying mechanisms, focusing on the populations’ history, 
interactions with parasitoids and effects of climate change 
(cf. Logan & Powell, 2001; Hodgson et al., 2011) on bien-
nial mountain species.
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