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A B S T R A C T

Honey bees are the most important managed pollinators and provide income because of bee products. In Austria and
Czechia, we monitored winter losses of honey bee colonies and also collected information on the apicultural sector, hive
management, population dynamics and treatment against the mite Varroa destructor from 2013–14 to 2016–17.
Numbers of beekeepers and colonies, colony density and percentage of beekeepers in human population are higher in
Czechia than in Austria. Winter loss rates of honey bee colonies ranged from 8.1% to 28.4% in Austria and 6.4% to
19.4% in Czechia, with significantly higher loss rates in all 4 investigated winters in Austria. The portion of colonies lost
because of living colonies with unsolvable queen problems ranged from 3.6 to 4.4% in Austria and from 2.2 to 3.0% in
Czechia. Despite of colony losses during winter, colony production in summer allows for compensation or even ex-
pansion of colony populations in both countries. We identified differences between the two countries in the treatments
applied by beekeepers against the parasitic varroa mite. In Austria, organic acids are most commonly used, whereas the
application of synthetic acaricides is widely spread in Czechia. Our study points at the better understanding of api-
culture and the importance of international comparisons to facilitate our knowledge on honey bee colony losses.

1. Introduction

Honey bees are the most important managed pollinators of wild plants
and agricultural crops. The total economic value of pollinators was esti-
mated to represent 9.5% of the value of the world agricultural production
used for human food (Gallai et al., 2009). Despite wild insect pollinators
have higher pollination impact on crops (Garibaldi et al., 2013), honey bees
are still the most important managed pollinators of wild plants and agri-
cultural crops. Given the importance of managed honey bee colonies for
economy and ecology, colony losses have been in the focus of research in
the last years. Honey bee colony failure may occur at any time of the year,
but in temperate climate, winter is a drastic challenge for colonies. Forage is
not available, brood production is ceased and workers need to survive
several months instead of a few weeks in summer. One of the main in-
formation sources on winter colony losses is voluntary crowd sourcing data
from internationally standardized questionnaire studies. In many countries,
data collection is coordinated by the international association COLOSS
(Prevention of honey bee COlony LOSSes, Neumann and Carreck, 2010; van
der Zee et al., 2013). Loss rates presented by COLOSS fluctuated from very
high winter losses to winters with moderate or low mortality rates

(Brodschneider et al., 2016, 2018; van der Zee et al., 2012, 2014). A similar
trend was reported from United States beekeepers (van Engelsdorp et al.,
2010; Lee et al., 2015a; Kulhanek et al., 2017).

Austria and Czechia have historically shared beekeeping thanks to
geographical as well as cultural proximity. Some historically important
persons related to beekeeping, e.g. Franz Hruschka, the inventor of the
honey extractor or Gregor Johann Mendel, beekeeper and father of ge-
netics, have their cultural background in the common history of both
countries. Empress Maria Theresia founded the first beekeeping school in
Vienna in 1769 and induced other activities for prosperity of apiculture
(Pechhacker and Moosbeckhofer, 2003). She influenced the beekeeping
of Austria and Czechia until today by her 1775 document on the freedom
and prosperity of apiculture (Schulz, 1991). Both countries breed mainly
Apis mellifera carnica bees in last decades (Brascamp et al., 2016). Today,
a vast majority of beekeepers in the two countries are hobby, or back-
yard, beekeepers with a small number of hives. Beekeeping practice of
backyard beekeepers might be different compared to large beekeeping
operations, which could affect honey bee colony winter loss rate. This
effect was demonstrated in multi-country comparisons of winter colony
losses (Brodschneider et al., 2016, 2018). In both countries, beekeepers
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are organized in local and national beekeeping clubs. Official informa-
tion about number of beekeepers and their colonies are collected by
beekeeping organizations or administrative authorities, e.g. ministeries.
Registration as a beekeeper, including the number of maintained colonies
and apiary location, is mandatory in Czechia for many years, but has only
started recently in Austria.

The aim of this publication is to compare apiculture in Austria and
Czechia. We therefore collected key numbers that describe beekeeping in
both countries. We analysed data which were collected by citizen scientist
beekeepers between 2014 and 2017 using the COLOSS questionnaire. Such
data has previously been used to identify regions with high loss rates and to
identify risk factors, for example due to parasites, diseases or environ-
mental factors (van der Zee et al., 2012, 2014, 2015; Simon-Delso et al.,
2014; Switanek et al., 2017; Kuchling et al., 2018). Although winter loss
rates of honey bee colonies in the two countries of single years have been
published previously (Brodschneider et al., 2010, 2016, 2018) we here
present a comprehensive summary of winter losses since 2013-14 to 2016-
17 and accompanying information. In this study, we emphasize honey bee
winter losses due to queen problems. Genetics, health and fitness of honey
bee queens have been identified as important factors for overall colony
health and winter colony losses, nevertheless the occurrence of this pro-
blem has rarely been investigated on a large scale (Genersch et al., 2010;
van Engelsdorp et al., 2013; Smart et al., 2016). Our aim is therefore to
clarify, if queen problems remain at a constant level or increase when high
colony loss rates are recorded. We were also interested if there is a dif-
ference in the frequency of queen related problems between the two dif-
ferent countries. Based on winter loss rates and net changes of colony
numbers during summer, we have modelled the changes of honey bee
population in Austria and Czechia. Finally, we investigated different
treatment strategies of beekeepers against the ectoparasitic mite Varroa
destructor (Rosenkranz et al., 2010) in Austria and Czechia.

2. Material and methods

2.1. Comparison of apiculture in Austria and Czechia

To compare the apicultural sector between Austria and Czechia, of-
ficial information from beekeeping organizations (Biene Österreich in
Austria) or ministeries (Ministry of Agriculture of the Czech Republic) on
numbers of beekeepers and honey bee colonies was used. From these
data, calculations of average operation size, colony density, colonies per
capita, percentage of beekeepers in population, change in number of
beekeepers and colonies between 2013 and 2016 and response rate in
winter loss survey were made. Calculations based on country area or
population were made using the EUROSTAT dataset (EUROSTAT, 2018).

2.2. Honey bee colony winter loss rate

The winter loss rate was surveyed using the standardized COLOSS
questionnaire in Austria and Czechia each spring between 2014 and
2017 (van der Zee et al., 2013). Participation was based on voluntary

basis and anonymous responses were possible. In both countries, the
survey was promoted by beekeeping journals, internet and during
beekeepers meetings. Data were collected mostly online but also in
paper form to reach all interested beekeepers from all regions. Multiple
entries, incomplete or illogic datasets were removed prior the data
analysis. The winter loss rate and 95% confidence intervals were cal-
culated according to van der Zee et al. (2013). Since 2014/15, bee-
keepers were asked also to differentiate their losses between colonies
that were dead or reduced to a few hundred workers (empty hives) and
colonies that were alive but had unsolvable queen problems (like a
missing queen, laying workers, or a drone-egg laying queen). Both ca-
tegories were used for separate loss rate calculation, but summed up for
overall loss rate. In 2017, beekeepers additionally could submit
counting of colonies lost by natural disaster during winter 2016/17.
These colonies were not included in overall loss rate calculation as they
are the result of occasional events, rather than disease or other epide-
miologic relevant causes of colony losses.

We calculated the relative frequencies of operational loss (i.e. the
loss rate experienced by individual beekeeping operations) divided into
5 categories. These categories were no operational losses (0%), losses
between> 0 and 10%,> 10 and 30%,> 30 and 50% and more than
50% of the wintered honey bee colonies (Brodschneider et al., 2010).

2.3. Biannual honey bee colony population dynamic

From 2014 to 2017 we asked beekeepers in Austria and Czechia on
the number of colonies in previous spring and previous autumn using
standard mandatory questions from the COLOSS questionnaire. The
number of colonies in spring of the actual survey year was derived by
subtracting the number of colonies lost during winter from the number
of colonies managed in autumn. From this we calculated the total
colony stock numbers of all participants providing all necessary num-
bers. Then we calculated ‚summer change rate‘, ‚winter loss rate‘,
‚spring-spring change ‘and ‚spring autumn estimation ‘of this subsample
of beekeeping operations according to Fig. 1. Here we defined ‚winter
loss rate ‘as the sum of dead colonies and the colonies with queen
problems for the first three years. For 2016-17, the wording of the
questionnaire was slightly changed, hence also the colonies lost due to
natural disaster were included in this analysis (Brodschneider et al.,
2018). ‚Summer change ‘is the net change in number of colonies from
spring to autumn, mostly comprised of own breeding or purchase of
colonies. Summer change could also include colonies lost, merged or
sold colonies. ‚Spring-spring change ‘compares the colony numbers in
spring of two consecutive years. ‚Spring-autumn estimation ‘calculates
the rate of colony production needed to re-establish the number of
colonies before winter (previous autumn). The latter is therefore only
affected by the winter loss rate and not by any other measured para-
meter. After calculating all these change rates for each country, we
applied these change rates to 100 fictitious honey bee colonies for
Austria and Czechia, respectively, to model the theoretical development
of honey bee populations based exclusively on these change rates.

Fig. 1. Scheme of terminology and dates of colony numbers as
collected using the COLOSS questionnaire in Austria and
Czechia 2014–2017 (in boxes) and terminology and para-
meters calculated from the colony numbers in ‚previous
spring‘, ‚previous autumn ‘and ‚spring‘. Calculated parameters
of colony population change are shown as arrows (‚summer
change rate‘, ‚spring-spring change‘, ‚winter loss rate ‘and
‚spring autumn estimation‘). Spring autumn estimation is the
increase needed to re-establish the previous autumn popula-
tion based on the number of surviving colonies in spring. To
further illustrate calculations, examplary data of 2014-15
from 959 Czech beekeeping operations is shown.
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2.4. Treatment against Varroa destructor

In all four years the questionnaire contained the same question on
the months when beekeepers started a treatment or management plan
against V. destructor during the period April of the previous year to
April of the respective year. The table in the questionnaire contained a
number of different treatments, irrespectively the treatment is re-
commended or authorised in the two countries.

3. Results

3.1. Structure of apiculture in Austria and Czechia

The comparison of some key characteristics of Austrian and Czech api-
culture is summarized in Table 1. Number of beekeepers, honey bee colonies,
colony density and percentage of beekeepers in human population are higher
in Czechia than in Austria. Average operation size is comparable between the
two countries. Based on the official datasets, we calculated the change in
number of beekeepers and colonies for the study period. We found that
number of beekeepers increased in both countries (Table 1). Colony numbers
increased in Czechia, whereas there was a slight decrease in Austria.

3.2. Winter losses of honey bee colonies

In both countries, participation in the surveys increased during the
four years of investigation presented here. Altogether we collected 5227
answers from beekeepers wintering 108,946 colonies in Austria, and from
3688 beekeepers collectively managing 72,225 colonies in Czechia.
Sample sizes (number of participating beekeeping operations) for in-
dividual years and winter honey bee colony loss rates are shown in Fig. 2.
For comparability, Fig. 2 includes older data from the Austrian study on
winter loss rates that have partially been published before (Brodschneider
et al., 2010; van der Zee et al., 2012, 2014; Brodschneider and Crailsheim,
2013). Our study represents between 4.0 and 6.2% of Austrian beekeeping
operations and 1.1 and 2.0% in Czechia (Table 1). Beekeepers from all
regions of Austria and Czechia participated in our study, as shown in
Fig. 3. There were no significant differences in response rates among
different districts in Czechia (data not shown).

We found that in both countries the winter loss rate was fluctuating from
year to year, whereas beekeepers in Czechia always experienced significantly
lower losses compared to Austria (which can be seen by non-overlapping
95% confidence intervals in Fig. 2). The highest loss rates were recorded for
the winter of 2014-15, where 28.4% of honey bee colonies in Austria and
19.4% of colonies in Czechia did not survive winter. The lowest loss rates
were found for the following winter 2015-16, where in Austria 8.1% and in
Czechia 6.4% of colonies did not survive winter. Winter losses in Austria and
Czechia also varied among regions of the two countries, Fig. 4 depicts

regional loss rates of the four investigated years. We found that the majority
of beekeeping operations in both countries experienced no or low losses
(Table 2). Substantial losses of more than 50% of the colonies were experi-
enced by less than a quarter of all beekeeping operations, and particularly
happened in the two winters with higher loss rates (2014–15 and 2016–17).

Queen problems marginally contributed to winter colony losses in both
countries. The extent varied between 3.6 and 4.4% in Austria and from 2.2
to 3.0% in Czechia (Fig. 5). Losses caused by queen problems are relatively
stable in both countries among surveyed years, whereas the losses due to
dead colonies or empty hives fluctuated greatly in both countries.

3.3. Biannual honey bee colony population dynamics

The loss rates presented in Table 3 slightly differ from the loss rates in
Fig. 2, because only the subsample of beekeepers that completely sub-
mitted all relevant information for calculation of population dynamics
(Fig. 1) were used (compare sample sizes in Table 3 and Fig. 2). Colony
population numbers for the dates‚ previous spring‘, ‚previous autumn ‘and
‚spring ‘of years 2014 to 2017 are presented in Table 3. Summer change
rate was between +24.4 and +44.9% in Austria and +15.2 and +27.2%
in Czechia. These exceed our calculated ‚spring-autumn estimation ‘which
is needed to re-establish the previous autumns colony population (see
Table 3, compare ‚spring autumn estimation ‘with ‚summer change rate ‘of
next year). ‚Spring-spring change ‘of colony numbers has been negative in
only one year in Austria (2014–15) and Czechia (2016–17), respectively.
This underlines that the number of colonies maintained the previous
spring was reached or even overrun in most of the years.

Based on the change rates shown in Table 3, we modelled the devel-
opment of 100 fictitious honey bee colonies each in Austria and Czechia,
respectively. Fig. 6 shows the decrease of colony numbers during winter,
which is always followed by an increase during summer. After four years,
the models suggests a possible net increase of 52 colonies in Austria and of
36 colonies in Czechia based on ‚winter loss ‘and ‚summer change ‘rates.

3.4. Varroa fighting strategies in Austria and Czechia

Approximately three quarters of Austrian and Czech beekeepers
monitor the mite infestation level of their colonies (Fig. 7). The exact
monitoring methods were not recorded in the questionnaire. The bio-
technological treatment method ‘drone brood removal’ was performed by
63% of Austrian beekeepers, but only by 36% of Czech beekeepers, re-
spectively. Among the medicaments to fight Varroa, treatments based on
organic compounds are preferred by beekeepers in Austria. Czech bee-
keepers rather apply synthetic treatment strategies. Short term formic acid
(52%) and long term formic acid (46%) evaporation, followed by oxalic
acid sublimation (42%) and oxalic acid trickling (28%) are the most
commonly applied treatments in Austria. On the other hand, Czech bee-
keepers mainly fumigate colonies with amitraz (84%) or apply short term
evaporation of formic acid (60%). Gabon strips are inserted into colonies
by 33% of Czech beekeepers and 20% apply long term evaporation of

Table 1
Comparison of the apicultural sector in Austria and Czechia.

Austriaa Czechiab

Number of beekeepers (2016) 26609 58581
Number of honey bee colonies (2016) 354080 693069
Average operation size (number of colonies) 13.3 11.5
Honey bee colony density per square km 4.2 8.8
Honey bee colonies per capita 0.04 0.06
Change in number of beekeepers between

2013 and 2016
+4% +13%

Change in number of colonies between 2013
and 2016

−8% +40%

Percentage of beekeepers in population 0.3% 0.6%
Response rate in winter loss survey

(percentage of beekeeping operations,
2014-2017)

4.0%, 5.0%,
4.9%, 6.2%

1.1%, 1.7%,
1.7%, 2.0%

a Data and calculations based on annual reports from Biene Österreich.
b Ministry of Agriculture of the Czech Republic.

Fig. 2. Winter loss rate (and 95% confidence interval) of honey bee colonies in
Austria (red) and Czechia (blue) for the last ten and four years, respectively.
Sample size=number of beekeeping operations.

R. Brodschneider et al. Agriculture, Ecosystems and Environment 274 (2019) 24–32

26



formic acid. Only a limited number of Czech beekeepers use hyperthermia
compared to Austria (1 and 5%, respectively). Products like Bienenwohl/
Beevital-Hiveclean were used only in Austria because they were not re-
gistered in Czechia at the time of the study. The opposite situation is for
tau-fluvanilate and amitraz, which are not applied in Austria. Beevital-
Hiveclean has been renamed to VarroMed in all EU countries since 2017.

4. Discussion

4.1. The structure of apiculture in Austria and Czechia

Apiculture in agricultural context is often characterized by key
numbers that allow international comparisons (Daberkow et al., 2009;

De la Rúa et al., 2009; Chauzat et al., 2013). In this study we present the
probably most detailed comparison of the apiculture of two countries.
Austria and Czechia are two neighboring European countries of similar
size and common history, but have different development of bee-
keeping in the last 100 years. Our study, for example, underlines that
there is more than the double number of honey bee colonies managed
in Czechia, compared to Austria. In both countries, operation size is
rather small (Table 1) compared to other countries (Chauzat et al.,
2013; Lee et al., 2015a), with the majority of beekeeping operations
being hobbyist or sideline beekeepers (Brodschneider et al., 2010). One
could base this difference in colony numbers and colony density be-
tween the two countries to different landscape composition in the two
countries, but except for the larger areas of mountainous regions in

Fig. 3. Geographic origin and number of beekeeping operations participating in Austria and Czechia during the four studied years. Respondents from Vienna are
excluded.
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Austria, the landscape structure, in particular the cultivation of agri-
cultural crops (data not shown), is quite similar. Our analysis rather
suggests that this gap in number of bee colonies and colony density can
be attributed to the higher interest in beekeeping in Czechia. We il-
lustrate this higher interest in beekeeping by the higher number of
beekeepers related to the total population and the higher number of
hives per capita in Czechia, compared to Austria (Table 1). For Czechia,
a comparison with older literature suggests that the proportion of
beekeepers in the population has not much changed, as Pokorný (1928)
similarly to our findings reported about six beekeepers per 1000 capita.
The strong connection between human management for hobby or in-
come underlines the importance to enthuse and reward people for
beekeeping to maintain stable honey bee populations (Vural and
Karaman, 2009; vanEngelsdorp and Meixner, 2010; Simpach, 2012;
Brodschneider and Crailsheim, 2013). Therefore, the socio-economics
of beekeeping as a source for income need to be strongly considered for
sustainable honey bee populations (Sumner and Boriss, 2006). A survey

performed in UK found that a household would pay around 43 £ yearly
for protection policy (Mwebaze et al., 2018).

4.2. Losses of honey bee colonies

The major problem in beekeeping seems to be colony losses (van
Engelsdorp et al., 2010; Brodschneider et al., 2016; Kulhanek et al.,
2017). In this study we summarize the existing winter mortality data of
Austria and Czechia (Fig. 2). In the four years we present comparable
data from both countries, Czechia always experienced lower losses than
Austria, although the trends for high or low losses are the same in both
countries. We need to point out that these results are based on sub-
samples of beekeepers, and hence honey bee populations. The response
rate of our survey was higher in Austria (between 4.0 and 6.2% of
beekeeping operations) than in Czechia (1.1 to 2.0%, Table 1). The
difference in loss rates between the countries could therefore also be
affected by slight differences in the beekeeper population surveyed (van

Fig. 4. Honey bee colony losses (sum of dead colonies and colonies lost due to queen problems) for the winters 2013–14 to 2016–17 in Austrian and Czech regions.
Total sample size per year is the same as in Fig. 2.

Table 2
Percentage of beekeeping operations with no operational losses (0%) or that experienced winter losses between> 0 and 10%,> 10 and 30%,>30 and 50% and
more than 50% of their wintered honey bee colonies. Data is from four winters in Austria and Czechia, sample size is the same as in Fig. 2.

Operational loss Austria Czechia

2013-14 2014-15 2015-16 2016-17 2013-14 2014-15 2015-16 2016-17

0% 40.0% 19.9% 49.0% 26.3% 58.6% 38.7% 62.4% 41.9%
>0% - 10% 19.3% 10.7% 19.9% 12.3% 20.7% 16.4% 17.8% 18.6%
>10% - 30% 24.6% 26.2% 20.4% 28.5% 15.3% 20.2% 15.3% 24.0%
>30% - 50% 8.8% 19.8% 6.1% 15.0% 3.2% 10.9% 3.1% 9.0%
>50% - 100% 7.3% 23.4% 4.7% 17.8% 2.2% 13.7% 1.4% 6.5%
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der Zee et al., 2013). Our results show large variations in winter colony
loss rates between regions in both countries (Fig. 4) and also among the
beekeeper community. Table 2 shows the latter bias of losses, which
severely affect only a small portion of beekeeping operations. This
distribution of operational losses seems to be a general pattern and has
been demonstrated before for Austria (Brodschneider et al., 2010) and
Germany (Genersch et al., 2010).

Previous studies identified different factors of hive management to
contribute to honey bee colony winter losses. For example, operation
size, age of queens, disease control (treatment against mites), landscape
composition and beekeeper education are believed to influence colony
mortality (van der Zee et al., 2012, 2014; Brodschneider et al., 2016;
Jacques et al., 2017; Kulhanek et al., 2017; Kuchling et al., 2018). The
fluctuations we report here among years and regions are next to these
factors probably depending on factors other than hive management.
Albeit the general lower losses in Czechia, both countries experienced
similar trends in high or low winter loss rates. Next to variations in
amount and quality of forage available or disease and parasite pres-
sures, weather could be a factor partially explaining such year to year
variations (Simon-Delso et al., 2014; Switanek et al., 2017).

One special case of winter losses is caused by queen problems.
Queen vitality is crucial for colony health and survival (Genersch et al.,
2010; van Engelsdorp and Meixner, 2010; van der Zee et al., 2012,
2014; vanEngelsdorp et al., 2013v; Smart et al., 2016; Amiri et al.,
2017). Honey bee colonies rely on a healthy and mated queen, which
lives several years, greatly exceeding lifespan of workers (Corona et al.,
2005; Brodschneider et al., 2012; Pettis et al., 2016). Colonies with eggs
or young brood are able to rear emergency queens, in case of a queen

running out of sperm stores, decreasing pheromone production, queen
death or accident (Châline et al., 2003; Moritz et al., 2005; Sagili et al.,
2018). However, in countries with a temperate or cold climate, no
queen rearing is possible during winter and no drones will be available
for mating with queens after winter. Beekeepers therefore may add
surviving workers to other colonies, but colonies with queen problems
after winter are regarded as lost colonies (van der Zee et al., 2013).

We found that queen problems account for a rather low and remarkably
constant amount of winter losses, suggesting a baseline mortality of honey
bee colonies during winter based on queen problems. The rate of queen
problems during winter found in this study is lower than reports from the
United States (Smart et al., 2016). Pettis et al. (2016) attribute colony
failure to low sperm viability due to poor shipping conditions of queens,
whereas in the by far smaller countries of our investigation, the majority of
queens is typically bred and traded locally. It is important to point out that
no trends in rise or decline of queen problems were found during the three
years we studied this topic in Austria and Czechia. One limitation in the
assessment of overwinter success and the assignment to simple symptoms
of colony failure is caused by an often considerable time gap between the
occurrence of an event, and the assessment by the (citizen science) bee-
keeper or apiary inspector. Also, our analysis on national level, without
exceptional high queen problem rates, does not exclude local areas where
elevated queen problems may exist, or certain factors, as shipping or pes-
ticide exposure, harm queen quality (Williams et al., 2015; Pettis et al.,
2016). The isolated view on queen problems during overwintering as de-
scribed in this study can be approximately equalized to a natural winter
loss rate in an almost ideal environment for the honey bee, without any
external stressors. The established drivers that influence winter survival of
the superorganism include exposure to pests and pathogens, pesticides or
danger of starvation (Döke et al., 2015; Goulson et al., 2015). Even without
these biotic or abiotic factors, queen problems will remain a biological
relevant factor for colony survival, as there is a biological limit for honey
bee queens’ survival and functionality. Still, the queen loss rates presented
here must be interpreted with caution as they are influenced by super-
sedure and beekeeping management, in particular Varroa fighting strate-
gies with varroacides (Pettis et al., 1991; Rosenkranz et al., 2010;
Giacobino et al., 2015).

4.3. Biannual honey bee population dynamics

Our model of honey bee populations displays regular fluctuations in
colony numbers. Winter is characterized by losses, whereas in summer
colony numbers increase. This model focuses on biannual changes that
include winter losses, but also for the first time summer change rate, a
hitherto understudied subject (van Engelsdorp and Meixner, 2010;
Brodschneider and Crailsheim, 2011; Moritz and Erler, 2016). The
‘summer change’ rate is mostly characterized by the net increase of
honey bee colonies through making splits or buying new colonies, but
could exceptionally include decreases for single operations. Reduction
in colony number during the summer season could derive from colony

Fig. 5. Percentage of colonies lost during winter in Austria and Czechia due to
dead colonies (many dead bees or empty hives) and due to queen problems (a
missing queen, laying workers, or a drone egg laying queen). The 95% con-
fidence intervals for both, queen problems and dead colonies are shown
(n= sample size of number of beekeeping operations).

Table 3
Number of beekeeping operations from Austria and Czechia providing complete data, winter loss rate of this subpopulation, colony numbers for the dates ‚previous
spring‘, ‚previous autumn ‘and ‚spring ‘of years 2014 to 2017 are shown. ‚Summer change rate‘, ;spring-spring change ‘and ‚spring-autumn estimation ‘were cal-
culated according to Fig. 1.

Austria Czechia

Year 2014 2015 2016 2017 2014 2015 2016 2017

n 973 1188 1195 1537 556 959 951 1166
Winter loss of subpopulation (%) 12.9 28.6 7.9 22.5 6.6 19.4 6.3 14.9
Previous spring 14319 17355 15102 27695 8497 15557 13408 20940
Previous autumn 17816 21616 21800 40141 10458 19495 17050 24127
Spring 15518 15437 20070 31108 9772 15716 15969 20529
Summer change rate (%) 24.4 24.6 44.4 44.9 23.1 25.3 27.2 15.2
Spring-spring change (%) 8.4 −11.1 32.9 12.3 15.0 1.0 19.1 −2.0
Spring-autumn estimation (%) 14.8 40.0 8.6 29.0 7.0 24.0 6.8 17.5
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losses because of diseases, merging of colonies or selling of colonies,
which could have different reasons. Next to biological reasons it could
also be due the personal motivation of a beekeeper to reduce operation
size. However, we applied the obtained ‘winter loss’ rates and ‘summer
change’ rates on a fictitious population of 100 honey bee colonies. The
result depicts the regular but fluctuating decreases during winter and
(net) increases during summer (Fig. 6). ‘Summer change rate’ was be-
tween 15.2% and 44.9% and underlines the strong potential in api-
culture to produce new livestock during summer.

Our findings clearly demonstrate that, although in some years many
colonies are lost during winter, it is theoretically possible to increase
the fictitious 100 colonies at the start to up to around 150 after 4 years,
even considering losses during winter. Based only on losses during
winter, followed by increase of honey bee colonies in summer, our
model predicts a growing or at least stable number of honey bee co-
lonies. We therefore suggest, that mechanisms other than colony losses
and colony production by beekeepers additionally influence honey bee
colony populations, that have in some countries or regions been re-
ported to be declining (van Engelsdorp and Meixner, 2010;
Brodschneider and Crailsheim, 2011; Moritz and Erler, 2016). For ex-
ample, the socio-economic mechanisms related to the proportion of
people in a country engaged in beekeeping deserve further research.
This could, next to colony losses and increases, further elucidate our
understanding of honey bee colony numbers in a country. Interestingly,
the annual net increase in honey bee colonies is higher in Austria,
compared to Czechia. In all four years of this investigation, Austria has
suffered higher colony losses than Czechia. This finding therefore could

be an adaption of Austrian beekeepers, who got used to higher losses
and therefore make higher efforts during summer to maintain or even
exceed colony numbers as reserve colonies or for sale. Notably, both
countries exhibit the pattern, that low losses result in peak numbers of
honey bee colonies, further supporting the hypothesis that reserve-co-
lonies are being wintered. The fact that changes in colony stock num-
bers are rather moderate, as shown by the ‚spring-spring ‘comparison in
Table 3, underlines the importance of monitoring honey bee colonies
losses to better understand dynamics of apiculture (Lee et al., 2015b;
Kulhanek et al., 2017).

One limitation of our modelling approach is, that our methodology
may include new beginners that contribute data, but people that quit
beekeeping for whatever motivation, are not representated at all in our
dataset. We therefore believe we slightly overestimate the upwards
development of honey bee colonies as shown in this model. On the
other hand, the number of officially registered colonies in Czechia in-
creased by 40% between 2013–2016 (Table 1). This is consistent with
our model, which suggests a 36% increase in number of colonies during
the same time period (Fig. 6). Still, our analysis demonstrates the im-
portance of understanding also the production of colonies during the
active bee season to better react on threats to honey bee colony po-
pulation. The parameter used in our model is a very rough approx-
imation to the changes that honey bee colony stock numbers undergo,
and we therefore deliberately do not speak about reproduction rates.
The ‚summer change rate ‘as defined in this study, only reflects net
changes in colony numbers, no matter where the colonies come from or
where they go to. It is therefore not clear, whether single operations

Fig. 6. Model development of temporal changes in honey bee colony numbers based on winter loss rates and summer change in Austria and Czechia 2014–2017.
Change rates (see Table 3) were applied to 100 fictitious colonies in spring 2013 (n= number of operations in Austria and Czechia, respectively).

Fig. 7. Comparison of treatments against Varroa destructor used by Austrian (n= 4986) and Czech (n= 3688) beekeepers in the four investigated years. Percentage
of beekeepers that applied the specified method in at least one month during the period April to April is shown.
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sold or obtained any colonies to reach the number of colonies in au-
tumn or produced them theirselves. As this renewal of honey bee life-
stock is at the work and financial expense of beekeepers, it is important
to reduce colony losses for an economically sustainable apicultural
sector. As suggested by our model, the situation in beekeeping may also
be influenced by politics which financially support the beekeeping
sector. Districts in Czechia stimulate citizens to start beekeeping with
subsidies and flat-rate payments. The Czech national government up-
dated § 10 from the Act No. 586/1992 Coll. in January 2014, which
allows to keep up to 60 colonies without paying taxes. Similar efforts
are undertaken in Austria. We believe that the biannual changes in
honey bee colony livestock, we report here for Austria and Czechia, can
be generalized for other countries with similar structural and climatic
conditions.

Both study countries have different ways of registration of number
of beekeepers and colonies. Whereas this is long established in Czechia,
in Austria such a system has just been introduced recently. As we can
only speculate about the coverage of the national registration systems,
and the way of data collection differs from our voluntary study, com-
parison of the development of the officially registered honey bee colony
populations and our results based on biannual changes must be made
with caution. Further longitudal analysis of a subsample of (identifi-
able) beekeeping operations are recommendable. Our results on the
high renewal of colonies during summer could provoke speculations
about higher production rates of honey bee colonies as a result from
winters with high losses. We therefore suggest further research aiming
on the reasons for renewal on honey bee livestock and the exact way
this is accomplished by beekeepers (Büchler et al., 2013).

4.4. Varroa fighting strategies in Austria and Czechia

Infestation of colonies with varroa mites and the methods to fight
mites have strong effects on winter survival of honey bee colonies
(Genersch et al., 2010; Rosenkranz et al., 2010; van der Zee et al., 2012,
2014; Giacobino et al., 2015). We present the first comprehensive
survey data on strategies applied by beekeepers to fight V. destructor,
which differ significantly between the two countries. In both countries,
the majority of beekeepers do regularly monitor the infestation levels of
their colonies (Fig. 7). To treat colonies, in Austria the majority of
beekeepers follows the recommendation to evaporate formic acid after
honey harvest and trickle or sublimate oxalic acid products in winter
(Moosbeckhofer et al., 2015). In contrast to this recommendation of
organic acids or essential oil treatments in Austria, the official authority
State Veterinary Administration in Czechia recommends other ob-
ligatory treatments. Briefly, Czech beekeepers collect winter hive debris
for examination of varroa mites before each spring, which is performed
by offical laboratories. The debris from 10 colonies is pooled and
mixed. If the debris sample contains more than 3 mites per colony, then
spring Varroa treatment (with a product containing amitraz) is com-
manded. Summer treatment can also be commanded by authorities with
Gabon strips (contains either tau-fluvanilate or flumethrin and till 2016
also acrinathrin). If there is no commanded treatment, there is still a
recommendation for a summer treatment with any other registered
product (based on formic acid or thymol; eAGRI, 2016). Autumn
treatment is also commanded by veterinary authorities, the treatment is
performed with Varidol 125mg/ml (amitraz) or by other registered
products (e.g. Formidol, Thymovar, Apiguard; ÚSKVBL, 2018). It was
mandatory to treat the colonies 3x with fumigation of Varidol 125mg/
ml or MP10 (tau-fluvanilate) until 2013. Since 2013 Czech beekeepers
have free choice in which product they will use, but the treatment in
autumn remained obligatory. In contrast to this, use of synthetic acar-
icides is rather restricted in Austria.

As treatment strategy against the varroa mite is the most obvious
difference in bee management, one is tempted to attribute the lower
losses experienced in Czechia to the commanded treatments and use of
synthetic acaricides. However, one needs to be careful with such

declarations and final conclusions can only be made from controlled
field trials. The two different strategies of Varroa control both have
their advantages and disadvantages. These drawbacks include for ex-
ample the risk of poor efficacy or undesired side effects on honey bees
(Rosenkranz et al., 2010). Residues in the wax or honey, or growing
resistance in mites, are drawbacks that concern mainly synthetic acar-
icides and their use should therefore be critcially evaluated. One such
resistance, regarding the pyrethroid tau‐fluvalinate, was recently in-
vestigated in Czechia (Stara et al., 2019), whereas it is longer known for
Austria (Trouiller, 1998).

4.5. Conclusions

Honey bee health and colony losses are an international problem.
We therefore underline the importance of internationally standardized
data collection for to facilitate our understanding of the problem. In this
article, we compare the apicultural sectors of Austria and Czechia, that
have some similarities, but strongly differ for example in strategies to
fight the varroa mite. In both countries, colony losses during winter
were fluctuating from year to year, with strong regional differences.
Winter losses related to queen problems occurr at rather stable and low
levels. In both countries, we could in the last years successfully involve
beekeepers as citizen scientists to collect quantitative data on a large
scale. With this method, valuable long term data can be obtained, that
allows further investigations of honey bee colony losses.
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