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SUPPLEMENTARY MATERIALS 

Table S1. Comparisons of the tested models investigating the influence of phoretic Varroa (per 100 bees) 
numbers, capped brood cell numbers, varbrood and date on next phoretic Varroa numbers in function of the 
estimation length, using the AICc criterion. N=867 for a data adjustment at one month (x=1) and N=93 for a 
data adjustment at three months (x=3). 

 Adjustment for x=1 Adjustment for x=3 
 no random 

effect 
apiary 
random 
effect 

no random 
effect 

apiary 
random 
effect 

Models AICc AICc AICc AICc 
phoretic Varroa  -2477.5 -2487.4 -268.3 -284.0 
capped brood cells  -2320.5 -2356.8 -261.8 -282.7 
varbrood  -2540.1 -2539.6 -296.9 -316.9 
time -2413.0 -2505.7 -260.9 -280.6 
phoretic Varroa + capped brood cells -2488.0 -2493.4 -271.1 -285.4 
phoretic Varroa + time -2561.7 -2599.9 -266.3 -281.6 
phoretic Varroa + varbrood -2538.2 -2537.6 -295.7 -316.5 
capped brood cells + time  -2412.1 -2505.2 -261.4 -280.4 
capped brood cells + varbrood -2580.1 -2578.8 -297.7 -316.1 

time + varbrood  -2618.2 -2635.2 -294.7 -314.6 

phoretic Varroa + capped brood cells + time -2564.9 -2598.2 -269.1 -282.8 

phoretic Varroa + capped brood cells + varbrood -2582.4 -2583.1 -296.0 -314.7 
phoretic Varroa + time + varbrood  -2616.2 -2633.1 -293.8 -313.9 

capped brood cells + time + varbrood -2645.5 -2651.1 -295.5 -313.6 

phoretic Varroa + capped brood cells + varbrood + 
time 

-2647.8 -2652.7 -293.9 -312.0 
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Table S2. R graphic output of model A summary. 
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Table S3. R graphic output of model B summary. 

 
  



5  

Table S4. Performance comparisons between different quantiles (Q97.5, Q85, Q75, Q50) for models A and B, 
depending on the observed phoretic Varroa numbers at t-x and the observed phoretic Varroa numbers at t. Error rates 
represent the colony percentage, which were badly predicted with cross-validation method to predict new apiary. For 
each quantile, number of hives to treat depends of error rate and their percentage were reported.  

Cross-validation 
Model A 

Observed 
colony 

numbers 
Observed 
Vpt-x 

Observed 
Vpt 

Q 97.5 Q 85 Q 75 Median 
Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

584 ≤3 >3 2.1 572 
(97.9%) 19.9 468 

(80.1%) 39.6 353 
(60.4%) 77.2 133 

(22.8%) 

3445 ≤3 ≤3 65.4 2253 
(65.4%) 26.9 927 

(26.9%) 14.1 486 
(14.1%) 2.5 86 (2.5%) 

388 >3 >3 0 388 
(100%) 3.1 376 

(96.9%) 12.9 338 
(87.1%) 51.3 189 

(48.7%) 

582 >3 ≤3 98.6 574 
(98.6%) 80.4 468 

(80.4%) 62.4 363 
(62.4%) 19.9 116 

(19.9%) 

4999 All All 56.8 3787 
(75.8%) 30.5 2239 

(44.8%) 22.6 1540 
(30.8%) 13 524 

(10.5%) 
           

Model B 

Observed 
colony 

numbers 
Observed 
Vpt-x 

Observed 
Vpt 

Q 97.5 Q 85 Q 75 Median 
Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

266 ≤0.7 >3 0 266 
(100%) 0 266  

(100%) 60.5 105 
(39.5%) 95.5 12 (4.5%) 

858 ≤0.7 ≤3 100 858 
(100%) 100 858  

(100%) 23.8 204 
(23.8%) 1.5 13 (1.5%) 

368 >0.7 >3 0 368 
(100%) 0 368  

(100%) 38 228 (62%) 84.5 57 (15.5%) 

836 >0.7 ≤3 100 836 
(100%) 100 836  

(100%) 39.1 327 
(39.1%) 4.2 35 (4.2%) 

2328 All All 72.8 2328 
(100%) 72.8 2328  

(100%) 35.7 864 
(37.1%) 26.3 117 (5%) 

Example: for model A and Q97.5, colonies, that had less or equal to 3 Varroa one month before and that now have more than 3 
varroa, were predicted with an error rate of 2.1%. Thus, 572 colonies of 584 colonies (fulfilled threshold condition above) must be 
treated according to the model (i.e. 97.9% of the 584 hives). Global error for this quantile is 56.8% with 3787 
(572+2253+388+574) colonies to treat (75.8% of 4999 colonies), knowing that 2827 (2253+574) colonies will be treat while it’s 
not necessary because they don’t exceed the threshold of 3 varroas.  
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Table S5. Performance comparisons between different quantiles (Q97.5, Q85, Q75, Q50) for models A and B, 
depending on the observed phoretic Varroa numbers at t-x and the observed phoretic Varroa numbers at t. Error rates 
represent the colony percentage, which were badly predicted with training-validation method to predict new apiary. 
For each quantile, number of hives to treat depends of error rate and their percentage were reported.  

Training-validation 
Model A 

Observed 
colony 

numbers 
Observed 
Vpt-x 

Observed 
Vpt 

Q 97.5 Q 85 Q 75 Median 
Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

210 ≤3 >3 1.9 206 
(98.1%) 22.4 163 

(77,6%) 32.4 142 
(67.6%) 58.1 88 (41.9%) 

1086 ≤3 ≤3 50 543 (50%) 24.2 263 
(24.2%) 16 174 (16%) 5.3 58  

(5.3%) 

88 >3 >3 0 88  
(100%) 0 88  (100%) 1.1 87  

(98.9%) 2.3 86  
(97.7%) 

54 >3 ≤3 100 54  
(100%) 100 54  

(100%) 100 54  
(100%) 96.3 52  

(96.3%) 

1438 All All 41.8 891 (62%) 25.3 568 
(39.5%) 20.7 457 

(31.8%) 11.7 284 
(19.7%) 

           

Model B 

Observed 
colony 

numbers 
Observed 
Vpt-x 

Observed 
Vpt 

Q 97.5 Q 85 Q 75 Median 
Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

Error 
rate 
(%) 

Number 
of hives to 

treat 

145 ≤0.7 >3 8.3 133 
(91.7%) 36.6 92 (63.4%) 49.7 73 (50.3%) 71 42 (29%) 

397 ≤0.7 ≤3 45.6 181 
(45.6%) 31.7 126 

(31.7%) 28.2 112 
(28.2%) 20.4 81 (20.4%) 

58 >0.7 >3 0 58 (100%) 3.4 56 (96.6%) 13.8 50 (86.2%) 31 40 (69%) 

149 >0.7 ≤3 88.6 132 
(88.6%) 87.9 131 

(87.9%) 83.9 125 
(83.9%) 63.8 95 (63.8%) 

749 All All 43.4 504 
(67.3%) 41.7 405 

(54.1%) 42.3 360 
(48.1%) 39.7 258 

(34.4%) 

 

 
 
 
 
 
 
 


