
Supplementary information for the article: 

Brodschneider, R.; Schlagbauer, J.; Arakelyan, I.; Ballis, A.; Brus, J.; Brusbardis, V.; Cadahía, 
L.; Charrière, J.-D.; Chlebo, R.; Coffey, M. F.; Cornelissen, B.; da Costa, C. A.; Danneels, E.; 
Danihlík, J.; Dobrescu, C.; Evans, G.; Fedoriak, M.; Forsythe, I.; Gregorc, A.; Johannesen, J.; 
Kauko, L.; Kristiansen, P.; Martikkala, M.; Martín-Hernández, R.; Mazur, E.; Mutinelli, F.; 
Patalano, S.; Raudmets, A.; Simon Delso, N.; Stevanovic, J.; Uzunov, A.; Vejsnæs, F.; 
Williams, A.; Gray, A. Spatial Clusters of Varroa Destructor Control Strategies in Europe. J 
Pest Sci 2022. https://doi.org/10.1007/s10340-022-01523-2. 

 

This work is licensed under a 
Creative Commons Attribution 4.0 International (CC BY 4.0)

https://doi.org/10.1007/s10340-022-01523-2
https://creativecommons.org/licenses/by/4.0/


Supplementary Information 

Spatial clusters of Varroa destructor control strategies in Europe. Journal of Pest 
Science, 2022. 

Robert Brodschneider1, Johannes Schlagbauer, Iliyana Arakelyan, Alexis Ballis, Jan Brus, 
Valters Brusbardis, Luis Cadahía, Jean-Daniel Charrière, Robert Chlebo, Mary F. Coffey, 
Bram Cornelissen, Cristina Amaro da Costa, Ellen Danneels, Jiří Danihlík, Constantin 
Dobrescu, Garth Evans, Mariia Fedoriak, Ivan Forsythe, Aleš Gregorc, Jes Johannesen, 
Lassi Kauko, Preben Kristiansen, Maritta Martikkala, Raquel Martín-Hernández, Ewa Mazur, 
Franco Mutinelli, Solenn Patalano, Aivar Raudmets, Noa Simon Delso, Jevrosima 
Stevanovic, Aleksandar Uzunov, Flemming Vejsnæs, Anthony Williams, Alison Gray 

1 Institute of Biology, University of Graz, Graz, Austria. robert.brodschneider@uni-graz.at  

 

Table S1. Utilized packages of the statistical software R version 4.0.4.   

Name Reference

tidyverse Wickham et al., (2019). Welcome to the tidyverse. Journal of Open Source Software, 4(43), 
1686, https://doi.org/10.21105/joss.01686

here Kirill Müller (2020). here: A Simpler Way to Find Your Files. 
R package version 1.0.1. https://CRAN.R-project.org/package=here

readxl Hadley Wickham and Jennifer Bryan (2019). readxl: Read Excel Files. 
R package version 1.3.1. https://CRAN.R-project.org/package=readxl

gridExtra Baptiste Auguie (2017). gridExtra: Miscellaneous Functions for "Grid" Graphics. 
R package version 2.3. https://CRAN.R-project.org/package=gridExtra

factoextra
Alboukadel Kassambara and Fabian Mundt (2020). factoextra: Extract and 
Visualize the Results of Multivariate Data Analyses. R package version 1.0.7. https://
CRAN.R-project.org/package=factoextra

Factoshiny
Pauline Vaissie, Astrid Monge and Francois Husson (2021). Factoshiny: 
Perform Factorial Analysis from 'FactoMineR' with a Shiny Application. 
R package version 2.4. https://CRAN.R-project.org/package=Factoshiny

reshape2 Hadley Wickham (2007). Reshaping Data with the reshape Package. 
Journal of Statistical Software, 21(12), 1-20. URL http://www.jstatsoft.org/v21/i12/.

rstatix Alboukadel Kassambara (2021). rstatix: Pipe-Friendly Framework for Basic Statistical Tests. 
R package version 0.7.0. https://CRAN.R-project.org/package=rstatix
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Table S2. Provided estimations of numbers of colonies and calculated extrapolations for 19 
surveyed Varroa diagnosis and control methods in Europe. For abbreviations of Varroa control 
options, see table 1. 
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125 
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000 0
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II Estonia 5 215 49 300 2019  
29 

334
6 

064
31 

848 26 326
3 

007
29 

925 11 438
5 

029
6 

261
6 

409
8 

825 1 233
3 

747
5 

916
1 

923 296 0 0 0
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29 
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600
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II Greece 9 022
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907 2018  

526 
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467

106 
637

27 
647
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823 41 075
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529 8 689
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924 0 0 0

11 
849

II
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549

132 
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34 
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695

15 
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II Latvia 4 300
103 
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806 61 033
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887
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Table S3. Respondents per European country who applied 0*, 1 or multiple different Varroa control 
options during April 2019 and March 2020;  
0* stands for "no answer" or "no treatment"; responses for Varroa monitoring excluded from calculations. 

 Country Respon
dents 0* 1 2 3 4 5 6 ≥7

Austria 1 453 20 (1.4
%) 82 (5.6

%) 394 (27.1
%) 521 (35.9

%) 313 (21.5
%) 109 (7.5

%) 14 (1.0
%) 0 (0.0

%)

Belgium 564 72 (12.8
%) 111 (19.7

%) 159 (28.2
%) 138 (24.5

%) 71 (12.6
%) 9 (1.6

%) 3 (0.5
%) 1 (0.2

%)

Bulgaria 51 4 (7.8
%) 15 (29.4

%) 23 (45.1
%) 7 (13.7

%) 0 (0.0
%) 1 (2.0

%) 1 (2.0
%) 0 (0.0

%)

Czech 
Republic 1 729 88 (5.1

%) 169 (9.8
%) 588 (34.0

%) 537 (31.1
%) 253 (14.6

%) 79 (4.6
%) 11 (0.6

%) 4 (0.2
%)

Denmark 1 087 18 (1.7
%) 80 (7.4

%) 308 (28.3
%) 617 (56.8

%) 54 (5.0
%) 10 (0.9

%) 0 (0.0
%) 0 (0.0

%)

England 1 262 233 (18.5
%) 461 (36.5

%) 402 (31.9
%) 133 (10.5

%) 25 (2.0
%) 5 (0.4

%) 3 (0.2
%) 0 (0.0

%)

Estonia 178 5 (2.8
%) 32 (18.0

%) 44 (24.7
%) 49 (27.5

%) 34 (19.1
%) 10 (5.6

%) 4 (2.2
%) 0 (0.0

%)

Finland 215 22 (10.2
%) 10 (4.7

%) 60 (27.9
%) 110 (51.2

%) 12 (5.6
%) 1 (0.5

%) 0 (0.0
%) 0 (0.0

%)

France 1 030 140 (13.6
%) 643 (62.4

%) 188 (18.3
%) 46 (4.5

%) 10 (1.0
%) 2 (0.2

%) 0 (0.0
%) 1 (0.1

%)

Germany 10 610 1 
091

(10.3
%) 669 (6.3

%)
2 

234
(21.1
%)

4 
129

(38.9
%)

1 
915

(18.0
%) 498 (4.7

%) 73 (0.7
%) 1 (0.0

%)

Greece 170 47 (27.6
%) 74 (43.5

%) 39 (22.9
%) 9 (5.3

%) 0 (0.0
%) 1 (0.6

%) 0 (0.0
%) 0 (0.0

%)

Ireland 375 79 (21.1
%) 165 (44.0

%) 108 (28.8
%) 18 (4.8

%) 5 (1.3
%) 0 (0.0

%) 0 (0.0
%) 0 (0.0

%)

Italy 364 35 (9.6
%) 41 (11.3

%) 125 (34.3
%) 80 (22.0

%) 62 (17.0
%) 12 (3.3

%) 6 (1.6
%) 3 (0.8

%)

Latvia 364 26 (7.1
%) 91 (25.0

%) 122 (33.5
%) 87 (23.9

%) 31 (8.5
%) 2 (0.5

%) 4 (1.1
%) 1 (0.3

%)

Netherlands 1 857 420 (22.6
%) 305 (16.4

%) 534 (28.8
%) 465 (25.0

%) 113 (6.1
%) 17 (0.9

%) 3 (0.2
%) 0 (0.0

%)

North 
Macedonia 217 11 (5.1

%) 27 (12.4
%) 68 (31.3

%) 50 (23.0
%) 47 (21.7

%) 13 (6.0
%) 1 (0.5

%) 0 (0.0
%)

Northern 
Ireland 117 11 (9.4

%) 34 (29.1
%) 48 (41.0

%) 20 (17.1
%) 2 (1.7

%) 2 (1.7
%) 0 (0.0

%) 0 (0.0
%)

Norway 765 175 (22.9
%) 241 (31.5

%) 274 (35.8
%) 68 (8.9

%) 6 (0.8
%) 0 (0.0

%) 1 (0.1
%) 0 (0.0

%)

Poland 426 7 (1.6
%) 40 (9.4

%) 136 (31.9
%) 126 (29.6

%) 80 (18.8
%) 25 (5.9

%) 6 (1.4
%) 6 (1.4

%)

Portugal 125 23 (18.4
%) 48 (38.4

%) 27 (21.6
%) 17 (13.6

%) 5 (4.0
%) 3 (2.4

%) 1 (0.8
%) 1 (0.8

%)

Romania 121 5 (4.1
%) 25 (20.7

%) 31 (25.6
%) 27 (22.3

%) 15 (12.4
%) 10 (8.3

%) 2 (1.7
%) 6 (5.0

%)

Scotland 292 36 (12.3
%) 93 (31.8

%) 116 (39.7
%) 39 (13.4

%) 6 (2.1
%) 1 (0.3

%) 1 (0.3
%) 0 (0.0

%)

Serbia 125 0 (0.0
%) 9 (7.2

%) 45 (36.0
%) 43 (34.4

%) 14 (11.2
%) 7 (5.6

%) 4 (3.2
%) 3 (2.4

%)

Slovakia 548 49 (8.9
%) 48 (8.8

%) 118 (21.5
%) 158 (28.8

%) 112 (20.4
%) 49 (8.9

%) 10 (1.8
%) 4 (0.7

%)

Slovenia 105 4 (3.8
%) 0 (0.0

%) 19 (18.1
%) 35 (33.3

%) 35 (33.3
%) 8 (7.6

%) 4 (3.8
%) 0 (0.0

%)

Spain 156 4 (2.6
%) 57 (36.5

%) 56 (35.9
%) 30 (19.2

%) 6 (3.8
%) 2 (1.3

%) 1 (0.6
%) 0 (0.0

%)

Sweden 1 646 131 (8.0
%) 411 (25.0

%) 704 (42.8
%) 347 (21.1

%) 45 (2.7
%) 7 (0.4

%) 1 (0.1
%) 0 (0.0

%)



Switzerland 1 665 5 (0.3
%) 65 (3.9

%) 466 (28.0
%) 925 (55.6

%) 167 (10.0
%) 34 (2.0

%) 3 (0.2
%) 0 (0.0

%)

Ukraine 702 66 (9.4
%) 272 (38.7

%) 198 (28.2
%) 105 (15.0

%) 35 (5.0
%) 15 (2.1

%) 4 (0.6
%) 7 (1.0

%)

Wales 90 27 (30.0
%) 35 (38.9

%) 19 (21.1
%) 6 (6.7

%) 3 (3.3
%) 0 (0.0

%) 0 (0.0
%) 0 (0.0

%)



Table S4. Number of respondents and total coumaphos usage (either trickling or in 
strips) in Northern Macedonia in the years 2014/15 to 2020/21. 

Season No. of responses Percentage of beekeepers applying coumaphos

2014/2015 190 0.00

2015/2016 296 2.70

2016/2017 320 1.56

2017/2018 171 1.75

2018/2019 115 2.61

2019/2020 217 30.73

2020/2021 151 4.64



 

Figure S1. Varroa matrix question used in the study. 



 

Figure S2. Third and fourth dimension of correspondence analysis of Varroa diagnosis 
and control methods in Europe based on respondent data. a) Factor map of 30 countries 
and the three clusters they form. b) All 19 factors (Varroa control methods). For abbreviations 
of Varroa control options, see table 1. 

 

Figure S3. Correspondence analysis of Varroa diagnosis and control methods in 
Europe based on colony data. a) Factor map of 30 countries and the three clusters they 
form. b) All 19 factors. For abbreviations of Varroa control options, see table 1. 



 

Figure S4. Dendrogram of agglomerative hierarchical clustering conducted on 
components of correspondence analysis. Dashed lines mark different numbers of clusters 
and their compositions. 



 

Figure S5. Temporal dynamics of application of Varroa diagnosis and control 
methods. Count of colonies treated with respective control options in a certain month for the 
three different clusters are shown. For abbreviations of Varroa control options, see table 1. 



 

Figure S6. Proportion of surveyed colonies. The percentage of surveyed colonies in a 
participating country is shown. The calculations are based on estimations of existing 
numbers of colonies provided by national coordinators.


