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Materials and method
The number of observed apiaries and colonies varied over 
the three years of monitoring and are summarized in Table 
S1. 2014 in total, 74 colonies were involved in the mon-
itoring (on site number 12 only four colonies were avail-
able instead of five). As a consequence of the reduced 
number of apiaries in 2015 and 2016, also the number of 
bee colonies decreased in to 65 resp. 64 (in 2016 only four 
colonies were present on site number 9 instead of five)

Bee colonies
The bee colonies were kept in different beehive-types like 
Zander, Deutsch-Normal-Maß (DNM), and Dadant. Some 

beehives of the monitored colonies were made by local pro-
ducers and the frames used within differed slightly from gen-
eral standards. This was taken into consideration when the 
surface area of the frames had to be calculated for the evalu-
ation of colony size. On two sites and even within the five col-
onies from one site, different beehive-types were used (in the 
years 2015 and 2016 at site 1 and at site 13 in 2015). No in-
formation on the ages of the queens and their genetics were 
available. Some beekeepers migrated with their colonies dur-
ing the monitored period to another site (as is marked for site 
9 in Fig. S1 and noted in Table S2).

Monitored apiaries
The apiaries positioned southern from Bozen/Bolzano (sites 
no. 5, 9, 10, and 11) were in the "non-AP-area" whereas col-
onies on sites north of Bozen/Bolzano (site no. 1, 2, 3, 4, 6, 
7, 8, 12, 13, 14, and 15) were within the AP-area (see Fig. 
S1).

For some reason, it was not possible to observe the same api-
aries for all three years. For instance, the beekeeper of site 
6 preferred to switch the position of his apiary from 2014 to 
2015 by around 1 km, whereas in another case (site no. 11 in 
2014) the apiary was difficult to reach by vehicle and there-

Table S1. Overview of the number of observed colonies in each 
year within the monitoring.

year number of colonies number of apiaries

2014 74 15
2015 65 13
2016 64 13

Fig. S1. Positions of the ob-
served apiaries in 2015 on a 
map of South Tyrol (province of 
Italy). The spots indicate the po-
sitions of the monitored apiar-
ies in the "AP-area" (black) and 
in the "non-AP-area" (white). 
The numbers were given to the 
13 different apiaries for identifi-
cation (more details in Table S2). 
Apiary 9 was at the beginning of 
the monitoring on position 9.1 
and migrated during the moni-
toring to position 9.2.
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fore had to be changed. In Table S2, the exact positions of 
all apiaries in each year are given. Most of the apiaries over 
600 m were present in the AP-area (exception site no. 5 in 
2015 in Mölten (Verschneid)).

An overview of the distribution of the positions of the api-
aries over different altitudes is given in Fig. S2. The altitudes 
ranged from 222 m a.s.l. (in Pfatten) up to 1,181 m a.s.l. (in 
Mölten (Verschneid)).

Table S2. Summarizes some information from the different apiaries monitored from 2014-2016 in the project Apistox I. For apiaries where 
the beekeepers migrated with the colonies (for example apiary 5 in 2014) two different positions are listed: the first one corresponds to 
the position at the start of the monitoring and the second one is the one to which he migrated.

apiary number Year Township Coordinates m a.s.l. "AP" or "non-AP"

1 2014 Lana (Pawigl) 46°37'05.8"N 11°08'01.9"E 504 AP
2015 Lana (Pawigl) 46°36'42.0"N 11°07'33.6"E 520 AP

2016 Lana (Pawigl) 46°36'42.0"N 11°07'33.6"E 520 AP

2 2014 Tisens 46°34'41.4"N 11°09'04.0"E 753 AP
2015 Dorf Tirol (Putzengütl) 46°40'29.0"N 11°09'55.7"E 487 AP

2016 Dorf Tirol (Putzengütl) 46°40'29.0"N 11°09'55.7"E 487 AP

3 2014 Algund 46°40'35.6"N 11°06'09.4"E 488 AP
2015 Algund 46°40'35.6"N 11°06'09.4"E 488 AP

2016 Algund 46°40'35.6"N 11°06'09.4"E 488 AP

4 2014 Plaus 46°38'42.5"N 11°02'10.4"E 560 AP
2015 Meran 46°38'18.4"N 11°11'11.8"E 540 AP

2016 Meran 46°38'18.4"N 11°11'11.8"E 540 AP

5 2014 Terlan  
and  

Mölten (Verschneid)

46°32'01.8"N 11°15'26.6"E 
and 

46°33'52.2"N 11°15'56.9"E

286 
and 

1181

non-AP

2015 Eppan 46°24'46.1"N 11°17'32.3"E 530 non-AP

2016 Eppan 46°24'46.1"N 11°17'32.3"E 530 non-AP

6 2014 Schenna 46°40'23.7"N 11°11'50.9"E 562 AP
2015 Meran 46°39'48.7"N 11°11'17.3"E 367 AP

2016 Schenna 46°41'47.6"N 11°11'33.7"E 615 AP

7 2014 Tisens 46°34'47.8"N 11°09'19.3"E 715 AP
2015 Tisens 46°34'47.8"N 11°09'19.3"E 715 AP

2016 Tisens 46°34'47.8"N 11°09'19.3"E 715 AP

8 2014 Dorf Tirol 46°41'38.7"N 11°09'21.0"E 646 AP
2015 Dorf Tirol 46°41'38.7"N 11°09'21.0"E 646 AP

2016 Dorf Tirol 46°41'38.7"N 11°09'21.0"E 646 AP

9 2014 Eppan 1 
and 

Eppan 2

46°27'28.3"N 11°17'47.3"E 
and 

46°25'58.6"N 11°16'44.0"E

449 
and 
511

non-AP

2015 Eppan 1 
and 

Eppan 2

46°27'28.3"N 11°17'47.3"E 
and 

46°25'58.6"N 11°16'44.0"E

449 
and 
511

non-AP

2016 Eppan 1 
and 

Eppan 2

46°27'28.3"N 11°17'47.3"E 
and 

46°25'58.6"N 11°16'44.0"E

449 
and 
511

non-AP

10 2014 Kaltern 1 
and 

Kaltern 2

46°24'43.7"N 11°13'47.8"E 
and 

46°24'29.7"N 11°15'53.2"E

576 
and 
378

non-AP

2015 Kaltern 2 46°24'29.7"N 11°15'53.2"E 378 non-AP

2016 Kaltern 2 46°24'29.7"N 11°15'53.2"E 378 non-AP

11 2014 Nals 
and 

Grissian

46°32'41.4"N 11°11'43.4"E 
and 

46°32'20.5"N 11°10'50.1"E

407 
and 
860

non-AP

2015 Pfatten 46°22'46.7"N 11°17'11.7"E 222 non-AP

2016 Pfatten 46°22'46.7"N 11°17'11.7"E 222 non-AP
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Observation period

In 2014, there were some organizational problems to fix 
the last two sites which participated at the monitoring and 
therefore the first evaluation at site 10 and site 15 was made 
6 resp. 13 days later than the first evaluation on the other 
sites, where the monitoring could start in time as planned. 
In the years 2014 and 2016, the evaluation of colony size 
started on all apiaries in cw 12, whereas in 2015, it started 
in cw 11.

Evaluating colony size

Every 21 days, a scientific assistant of the Research Centre 
Laimburg estimated the adult bee population and the num-
ber of brood cells present in the colonies using the Liebefeld 
Method; in doing so, he was accompanied by another collab-
orator of the research centre or the owner of the colonies. 
The 21-day-interval could have had a deviation of one or two 
days in case of bad weather conditions or some organization-
al issues, but in most of the cases, there were intervals of 21 
days between two inspections. Most of them were made in 
the early hours of the morning, before the colonies started 
with their normal flight activity (as described in (Imdorf et al., 
2008; Liebig, 1993a)). In a few cases, estimations were made 
in the evening (due to heavy rain in the morning or organiza-
tional issues with beekeepers). To get the real raw numbers of 
adult bees, sealed and open brood cells out of the estimated Fig. S2. Distribution of the apiaries disaggregated by altitude.

Table S2. Continued

apiary number Year Township Coordinates m a.s.l. "AP" or "non-AP"

10 2014 Kaltern 1 
and 

Kaltern 2

46°24'43.7"N 11°13'47.8"E 
and 

46°24'29.7"N 11°15'53.2"E

576 
and 
378

non-AP

2015 Kaltern 2 46°24'29.7"N 11°15'53.2"E 378 non-AP

2016 Kaltern 2 46°24'29.7"N 11°15'53.2"E 378 non-AP

11 2014 Nals 
and 

Grissian

46°32'41.4"N 11°11'43.4"E 
and 

46°32'20.5"N 11°10'50.1"E

407 
and 
860

non-AP

2015 Pfatten 46°22'46.7"N 11°17'11.7"E 222 non-AP

2016 Pfatten 46°22'46.7"N 11°17'11.7"E 222 non-AP

12 2014 Dorf Tirol 46°41'49.7"N 11°08'46.8"E 662 AP
2015 Lana 46°37'09.3"N 11°08'39.3"E 300 AP

2016 Lana 46°37'09.3"N 11°08'39.3"E 300 AP

13 2014 Lana 46°37'09.3"N 11°08'39.3"E 300 AP
2015 Partschins 46°41'38.3"N 11°05'02.2"E 873 AP

2016 Partschins (Rabland) 46°40'26.0"N 11°03'17.7"E 530 AP

14 2014 Eppan 3 
and 

Eppan 4

46°27'28.1"N 11°17'15.9"E 
and 

46°26'02.9"N 11°17'38.3"E

398 
and 
520

non-AP

2015 - - -

2016 - - -

15 2014 Algund (Ried) 46°39'13.4"N 11°03'14.1"E 553 AP
2015 - - -

2016 - - -
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covered frame-areas were used with the following parame-
ters: 1.25 bees/cm2 and 4 brood cells/cm2 (Wallner, 1995). In 
Table S3 are listed the exact dates of evaluation of colony size 
for each apiary and year.

Observed mortality

The simplest way to observe mortality was to position a tarp 
in front of the hives with a width of around 1.5 m and to use it 
to catch the accumulating dead bees. At some apiaries (only 
for 2015 and 2016, see Table S4), it was possible to work with 

underbaskets (see Fig. S3 first picture left). They allowed 
catching dead bees per single colony. In addition, dead bees 
were protected there and could not easily be transported 
away by wind or rain.

Climatic conditions

For the analysis of the climatic conditions, only those time 
spans in which data on the bee colonies of the different apiar-
ies had been collected were considered. If the investigations 
started in mid-March, only those days from that moment 

Table S3. Lists the dates (first row) when colony-size over the different sites (here expressed as numbers; explanation of them in Table 
S2) was evaluated. In the first column the date from the 1st of March – 30th June is shown. From the other six columns two columns per 
year are always shown: in the column "apiary" the apiary which was evaluated is shown, and in the column "calendar week" the calendar 
weeks of the year are shown.

Date
2014 2015 2016

apiary calendar week apiary calendar week apiary calendar week

1. March

2. March

3. March 9

4. March

5. March 10

6. March 10

7. March

8. March

9. March 11

10. March 8; 3; 2 10

11. March 10; 9; 7; 5

12. March 13; 12; 4; 1 11

13. March 11

14. March

15. March

16. March

17. March 11

18. March 7; 3; 2; 1

19. March 12; 8; 6; 4 12

20. March 13; 11; 5 12

21. March 14; 9 9; 5; 12

22. March 10; 4; 3

23. March 11; 8; 2

24. March 10 1; 13 12

25. March 7

26. March 13 6

27. March 13

28. March

29. March

30. March 11; 9; 5

31. March 15 8; 6; 4; 2 13

1. April 13; 10

2. April 12; 7; 3; 1 14

3. April 14

4. April

5. April
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Table S3. Continued

Date
2014 2015 2016

apiary calendar week apiary calendar week apiary calendar week

6. April

7. April 9; 5 14

8. April 4; 3; 1

9. April 13; 7; 2 15

10. April 12; 11; 8; 6 15

11. April 10 9; 5; 12

12. April 14 4; 3; 13

13. April 10; 8; 2

14. April 7 15

15. April 11; 1

16. April 16 6

17. April 16

18. April

19. April

20. April 9; 5

21. April 8; 6; 2 16

22. April 15 11; 10; 7

23. April 13; 4 17

24. April 17 3; 1

25. April

26. April

27. April

28. April 14; 9; 5 17

29. April 4; 3

30. April 11; 2 18

1. May 12; 8; 6 18

2. May 13; 7; 1 9; 5; 12

3. May 10; 4; 3

4. May 13

5. May 10 11; 8; 2 18

6. May 7; 1

7. May 19 6

8. May 19

9. May

10. May

11. May 9; 5

12. May 8; 6; 4; 2 19

13. May 15 11; 10

14. May 13; 7 20

15. May 20

16. May 12; 3; 1

17. May

18. May 5

19. May 14; 9 20

20. May 4; 3

21. May 11; 2 21

22. May 12; 8; 6 21

23. May 13; 7; 1 9; 5; 4

24. May 10; 3; 12

25. May 8; 2
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on were considered. The same applies also for June: not the 
whole month was analysed but only those days until the end 
of the investigations (mostly in mid-June). In 2015, the last 
two days of February for site 11 were also observed, but they 
were not considered for the analysis of the climatic condi-
tions. Data for the weather data analysis were taken from the 
weather stations closest to the apiaries from the South Tyro-
lean Consulting organization for fruit and viticulture.

Statistical analysis

Parametric data, i.e., bees/colony, brood cells/colony, brood/
bee, open brood/bee, mean lifespan and production, losses 

and balance of bees per colony/day, were analysed by the fol-
lowing steps: (i) Linear and Nonlinear Mixed Effects Models 
(package nlme) (Pinheiro et al., 2016) and (ii) one-way ANO-
VA with subsequent Tukey-test at α = 0.05, for multiple com-
parisons (multcomp package) (Hothorn et al., 2008). Colony 
ID and exact date of the evaluation of colony-size were con-
sidered as a random effect.

Results
Not all colonies could be considered for a final analysis. For 
example, if a colony was swarming or if beekeepers inter-
vened with measurements which had a strong impact on 

Table S3. Continued

Date
2014 2015 2016

apiary calendar week apiary calendar week apiary calendar week

26. May 10 11; 7; 13 21

27. May 6

28. May 22 1

29. May 22

30. May

31. May

1. June 9; 5

2. June 8; 6; 4; 2 22

3. June 11; 10; 7; 3

4. June 15 13 23

5. June 23 12; 1

6. June

7. June

8. June 9

9. June 14; 5 23

10. June 13; 7

11. June 4; 3 24

12. June 12; 11; 8; 6; 2 24

13. June 1 9; 5; 12

14. June 10; 4; 3

15. June 8; 1; 2

16. June 10 11; 7; 13 24

17. June

18. June 25 6

19. June 25

20. June

21. June

22. June

23. June 25

24. June

25. June 26

. June 15 26

27. June

28. June

29. June

30. June
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colony development (for example: removing brood frames to 
build up new colonies) they were not considered.

Observed days per month

In April and May, the observations were always made for the 
whole month, whereas in March and June, when the obser-
vations started resp. ended, only a part of the month was 
always monitored (see Fig. S4). In March 2014, fewer days 
were observed than in March 2015 or March 2016 (median: 

13 resp. 28 and 27 days). This must be taken into considera-
tion especially when comparing climatic parameters for this 
month of the different years in the next graphs (Fig. S5, Fig. 
S6, Fig. S7, Fig. S8).

Temperature
With the ongoing season in each of the three years from 
2014-2016, a decreasing no. of days per month with mean 
temperature < 10°C was observed. In March-May of 2015, 
most days displayed mean temperature < 10°C in comparison 
to 2014 and 2016 (see Fig. S5). For April, the lowest number 
of days with mean daily temperature < 10°C was observed in 
2014. For March 2014, is to consider that only around half as 
many days were observed as in 2015 and 2016 (see Fig. S4). 
In none of the three years were days with mean daily temper-
ature < 10°C observed in June.

Looking at the mean temperatures in Table S6, we see that 
the coolest March and April were in 2015 (mean tempera-
ture 7.5 resp. 10.9°C). The coolest May was in 2014 (13.9°C), 
whereas the coolest June in 2016 (16.7°C); it was also in June 
2016 that the most days of rain were observed (see Fig. S7). 
The warmest March and April were registered in 2016 (8.3°C 
resp. 12°C) and the warmest May and June in 2015 (15.1°C 
resp. 19.6°C). In 2015, it was warmer in May and June than 
in the other two years but slightly colder in March and April.

Wind
In Fig. 7S we see the days where the mean wind speed dur-
ing the hours 8:00-17:00 of a day were above 3 m/s. In total, 
the lowest number of days in which the mean wind speed 
exceeded 3 m/s was observed in 2016. The highest number of 
days with a mean daily wind speed above 3 m/s was observed 

Fig. S3. On the left is a picture 
of apiary 11 from 2015 with an 
underbasket in front of each 
hive. In the middle is shown an 
open underbasket and on the 
right, a picture of apiary 3 from 
2016 with only a tarp in front of 
the hives without underbasket 
is shown.

Table S4. Lists on which apiaries for 2015 and 2016 a tarp or under-
baskets (or even both) were used for the collection of dead bees 
accumulating in front of the honeybee colonies.

apiary tarp underbasket for 
each colony

underbasket for 3 of 
5 colonies

1 x

2 x

3 x

4 x

5 x

6 x

7 x

8 x

9 x

10 x

11 x

12 x

13 x

Fig. S4. Distribution of the observed days per month during mon-
itoring. Medians of observed days for each month are displayed.

Fig. S5. Distribution of days over March-June during which the 
mean daily temperature did not exceed 10°C.
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Table S5. Shows colonies and the reasons why they were not considered for further analysis.

site colony reason

2014
1 I and II not in normal conditions (very weak adult population after winter)

III, IV, V removing brood frames to build up new colonies
2 II, III, IV, V removing brood frames to build up new colonies
6 I, IV, V removing brood frames to build up new colonies
7 V introduction of replacement queen
8 II introduction of replacement queen
9 III, IV queen cells present during monitoring
11 II, V queen cells present during monitoring
12 no colony V beekeeper could offer only four instead of five colonies
13 II swarmed during the monitoring
14 III removing brood frames to build up new colonies
15 II queen cells present during monitoring

2015
1 I, II, III removing brood frames to build up new colonies
2 I, II, IV swarmed during the monitoring
3 I queen cells present during monitoring
3 II removing brood frames to build up new colonies
4 I swarmed during the monitoring

V queen cells present during monitoring
6 all 5 colonies removing brood frames to build up new colonies
7 I and V queen cells present during monitoring
8 V no 1st evaluation of colony size; was present as from the 2nd

9 III queen cells present during monitoring
V removing brood frames to build up new colonies

10 I introduction of replacement queen
II removing brood frames to build up new colonies

11 I, II, IV swarmed during the monitoring
12 II queen cells present during monitoring

IV removing brood frames to build up new colonies
13 I removing brood frames to build up new colonies

2016
1 V swarmed during the monitoring
2 II, IV swarmed during the monitoring

V introduction of replacement queen
3 II, V swarmed during the monitoring
4 I swarmed during the monitoring
5 I, V swarmed during the monitoring
6 II removing brood frames to build up new colonies
8 I, II, III introduction of replacement queen
9 I introduction of replacement queen

no colony III beekeeper could offer only four instead of five colonies
10 IV swarmed during the monitoring
11 III swarmed during the monitoring
12 II, V swarmed during the monitoring
13 IV not in normal conditions (very weak adult population after winter)
13 III and V no 5th evaluation was made because due to a heavy thunderstorm after colony II the evaluation had to be 

stopped before the beekeeper than migrated to another apiary.
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in the months of March and April of 2015 (in both months 
median 1 day) and in May 2014 (median 2 days).

Rain

Most days with rain were registered in 2016 (especially dur-
ing the months of April and June – see Fig. S7). In the years 
2014 and 2015, the most days with rain were observed in 
May (median 12 and 13 days), whereas in 2016, it was in June 
(median 16 days).

Potential of days for normal flight activity

To get an idea of the available potential of conditions for nor-
mal flight activity, we considered only days when no precipi-
tation was registered, mean daily wind speed was < 3 m/sec, 
and mean daily temperature remained >10°C. Unfortunately, 
through this analysis it is not possible to consider that a day 
with a storm in the evening could have had also good condi-
tions for normal flight activity during the day. Nevertheless, 
this parameter should make it easier to analyse the observed 
period regarding their favourableness of the weather condi-
tions to bees' outdoor activities. The potentially available days 
to fly were very similar for the years 2015 and 2016 in March. 
For April and May in 2014 and 2016, the median remained 
constant at 19 resp. 18 days, whereas in 2015, 21 days were 

available in April and 16 days in May. Since the most days with 
rain were registered in June 2016 (see Fig. S7), the potential 
of available days for a normal flight activity were the lowest.

Chemical residue analysis of dead bees
In total, 347 analyses were made, and 16 of them were zero 
samples where we didn't expect any residues of plant protec-
tion products. In 210 of the 347 (60.5 %) analysed samples, 
products harmful to bees were found. Every year, more than 
50 % of the samples were contaminated with products harm-
ful to bees. Some samples were contaminated with more 
than one product harmful to bees: 51 samples with two and 
17 samples with three or more (see Table S7). In general, be-
tween 4 to 16 analyses per apiary in one season were made.

Production, losses, and balance
Figure S9 shows the daily rates of production, losses, and bal-
ance in bees/colony for the four intervals between the five 
evaluations of colony-size over the three monitored years.  
Production is represented in green and increased significantly 
from the 1st to the 2nd (from + 549 bees/day to + 1,140 bees/
day; p-value <0.01) and from the 2nd to the 3rd evaluation (from 
+ 1,140 bees/day to + 1,652 bees/day; p-value <0.01). In the 
last interval (from the third to the fourth evaluation), the me-
dian of production increased from + 1,652 to + 1,702 bees/day 
but this difference is not significant. The red boxes in Figure 
10 represent the daily losses of bees/colony and in general 
show an increasing tendency from the 1st until the 4th interval. 

Table S6. Mean temperatures from March-June.

mean temperature

2014 2015 2016

March 8 7,5 8,3
April 11,4 10,9 12
May 13,9 15,1 14,3
June 18,3 19,6 16,7

Fig. S6. Distribution of days in which the mean wind speed exceed-
ed 3 m/sec in the observed months (displayed numbers show the 
median).

Fig. S7. Distribution of days per month during which it rained (dis-
played numbers show the median).

Fig. S8. Shows the number of days per month which potentially 
showed good conditions for normal flight activity (displayed num-
bers show the median).
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As it has already been observed for production, for the losses, 
too, the highest increase was registered in the 1st (from -393 
bees/day to -844 bees/day; p-value <0.01) and the 2nd interval 

(from -844 bees/day to -1,335 bees/day; p-value <0.01). The 
rate continued to increase significant also from the 3rd to the 
4th evaluation (from -1,335 to -1,501 bees/day; p-value < 0.01). 

Table S7: Shows the number of analysed samples per year and apiary and how often products harmful to bees were detected on them.

year apiary number of analysed 
samples

Samples with 
products harmful 

to bees

Samples with 1 
product harmful to 

bees

Samples with 2 
products harmful 

to bees

Samples with 3 
or more prod-

ucts harmful to 
bees

2014 1 6 6 4 2

2 6 5 3 1 1

3 9 6 5 1

4 7 5 4 1

5 6 3 1 2

6 4 2 1 1

7 8 7 5 2

8 12 11 6 5

9 5 3 1 2

10 7 6 4 1 1

11 7 5 4 1

12 4 4 2 2

13 10 7 5 1 1

14 6 3 1 2

15 5 4 2 2

Total 2014 102 77 48 25 4

2015 1 12 7 7

2 14 6 4 2

3 8 4 3 1

4 9 5 3 1 1

5 10 4 3 1

6 7 4 3 1

7 10 4 4

8 9 5 5

9 7 2 1 1

10 8 5 4 1

11 16 11 6 3 2

12 9 7 5 2

13 9 5 4 1

Total 2015 128 69 52 8 9

2016 1 8 3 3

2 15 7 5 2

3 5 4 4

4 15 7 5 2

5 8 6 2 1 3

6 9 5 2 3

7 9 5 3 1 1

8 4 2 1 1

9 7 3 3

10 5 2 1 1

11 12 7 4 2

12 11 8 5 3

13 9 5 3 2

Total 2016 117 64 41 18 4

TOTAL 347 210 142 51 17
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The difference between the daily production and daily losses 
of bees/colony are represented as daily balance by the blue 
boxes in Figure 10. The balance increased significantly from 
the 1st to the 2nd interval (from 158 bees/day to 287 bees/day) 
and tended to decrease from the 2nd to the 3rd evaluation (from 
287 bees/day to 251 bees/day). From the 3rd to the 4th evalu-
ation, the rate continued to decrease, and this difference was 
significantly different from the previous rate (from 251 bees/
day to 153 bees/day; p-value < 0.01). This means that the adult 
population of colonies increased mostly over all intervals and 
particularly in the 2nd and the 3rd interval.

Figure S10 shows the parameters analysed in Fig. S9 for the 
three different years 2014-2016 in the four intervals. In inter-
val 1 (first graph from the left in Fig. S10), the lowest numbers 
were observed for all the three analysed parameters. In the 
same interval in 2015, the production was with + 371 bees/

day significantly lower than in 2014 and 2016 (+593 resp. + 
610 bees/day; p-value < 0.01). The same trend was observed 
in the 2nd interval: in 2014 and 2016, the production of bees/
day was with + 1,235 and + 1,320 significantly higher as in 
2015 with + 863 (p-value in both cases < 0.01). In the 3rd inter-
val, no significant differences between the production rates 
of the three years were found, whereas in the 4th interval in 
2015, the production was with + 1,942 bees/day significantly 
higher than in 2016 with + 1,644 (p-value < 0.01); 2014 did 
not differ significantly from the other two years. In the 1st in-
terval, losses between 2015 and 2016 differed significantly 
(-332 resp. -429; p-value = 0.04). In the 2nd, significant differ-
ences between all the three years were found (2014: -1,036, 
2015: -639, 2016: -852; p-value always < 0.01 except 2016 vs. 
2014: p-value = 0.03). In the 3rd interval, significant differenc-
es were found between 2014 and 2016 (-1,466 resp. -1,210; 
p-value =0.01) and the last interval 2016 showed significant-
ly lower bee losses/colony than the other two years (2016: 
-1,251 resp. 2014: -1,643 and 2015: -1,802; p-value in both 
cases < 0.01). Regarding the balance bees/day in the 1st in-
terval, significant differences were found (2014: + 226, 2015: 
+ 68 and 2016: + 171; p-value always < 0.01 except 2016 vs. 
2014: p-value = 0.02); whereas for the other three intervals 
in 2016, the balance resulted always significantly higher than 
in 2014 and 2015: 2nd interval: 2014: + 243, 2015: + 237 and 
2016: + 381; 3rd interval: 2014: + 213, 2015: + 213, and 2016: 
+ 445; and 4th interval: 2014: + 77, 2015: + 131 and 2016: + 
368 (p-value in all cases < 0.01).

The adult population of the bee colonies

From 2014 -2016, the first evaluation of colony-size was made 
roughly in the second half of March (earliest first determina-
tion on March 9, 2015 and latest first determination on March 
31, 2014; for details, see Table S3). The median for the adult 
population at this point in time in 2014 was 3,312; in 2015, 
it was 4,856; and in 2016, it was 6,004 (first graph on the left 
in Fig. S11). These populations were all significantly different 

Fig. S9: Shows the production, losses, and balance of bees/day 
in the colonies between the five evaluations of colony-size from 
March-June in the years from 2014 until 2016.

Fig. S10. Shows the production, losses, and balance of bees/day in the colonies in the three years 2014, 2015 and 2016 for four intervals 
from March-June.
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from each other (p-value always < 0.01). At the moment of 
the 2nd determination of colony strength, colonies from the 
years 2014 and 2016 were composed of significantly more 
bees than the colonies from 2015, whereas at the third de-
termination in cw 18 (begin of May), no differences between 
the three years were found. In cw 21 (end of May), significant 
differences between the colonies of 2015 (median: 16,367 
bees) and those of the other two years (2014 median: 18,091 
bees; 2016 median: 26,268 bees) were found. The differenc-
es regarding the fifth evaluation (cw 24 = beginning/mid of 
June) are represented in the last graph on the right of Figure 
12. In 2014 and 2015, the median of the adult population was 
below 19,000 bees (18,956 and 18,283), whereas in 2016, it 
was approximately 15,000 bees higher at 34,430. At the end 
of the monitoring in 2016, the colonies were composed of 
significantly more bees than in 2014 and 2015 (p-value for 
both years < 0.01).

Analysing the number of adult bees in the colonies at the 1st 
evaluation, the distribution over six different classes is shown 
in Fig. S12. Most of the colonies were in the two classes of 
2,500-5,000 (51 colonies) and 5,000-7,500 (44 colonies) adult 
bees, which corresponds to 74.2 % (95 of 128) of the whole 
colonies. 19 colonies were in the group of < 2,500 bees, 11 in 
the group of 7,500-10.000 bees, and only 3 in the group of 
more than 10,000 bees.

The number of brood cells

The number of brood cells at the 1st evaluation of colony-size 
resulted in significantly smaller amounts in colonies from 
2015 (median of brood cells: 7,520) compared with those in 
2014 and 2016 (2014: 12,808 and in 2016: 12,757) (first graph 
on the left in Fig. S13). The same situation has been observed 
at the 2nd evaluation in cw 15: 2014 with a median for brood 
cells of 27,832, 2015 with 18,765 and 2016 with 27,520. At 
cw 18, no significant differences between 2014 (median: 
35,399), 2015 (median: 35,096), and 2016 (median: 31,824) 
were found. Interesting at this moment is the dispersion of 
the data around the median: from 2014 to 2016, the variance 
tended more and more to decrease. At the 4th determination 

(cw 21) in 2015 (median: 41,244), significantly more brood 
cells were present than in 2016 (median: 34,880, p-value 
< 0.01) and 2014 (median: 35,880, p-value = 0.04). At the last 
determination (cw 24), colonies from 2016 (median: 30,800) 
had significantly smaller amounts of brood cells than those 
in 2014 (median: 35,875, p-value < 0.01) and those in 2015 
(median: 36,720, p-value = 0.02).

Ratio of brood cells/bee

The number of total brood cells/bee within the colonies over 
all the three years is represented in Fig. S14. The median of 
this ratio started at the end of March with 2.3 total brood 
cells per bee and increased until mid-April up to 3.0; then it 
started to decrease until the end of the observations (begin 
of May 2.5, end of May 1.8, and mid-June 1.7). From March 
until June, colonies got more and more homogeneous with 
regards to this parameter (fewer outliers and smaller boxes 
at the end of May and mid-June in comparison with those at 
the end of March and mid-April). Between all the medians of 
the five different points in time, significant differences were 
found except between the median for the 1st evaluation of 

Fig. S11. The graphs show the number of adult bees present in the colonies at the five points in time of colony-size evaluation.

Fig. S12. The bars represent the number of colonies according to 
their adult population at the point in time of the 1st evaluation 
of colony-size. Numbers at the bottom of the bars show the exact 
number of colonies within each class.
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colony-size (cw 12: 2.3) and the one for the 3rd determination 
(cw 18: 2.5).

For the ratio open brood cells/bee, the same trend was ob-
servable as for the ratio total brood cells/bee. The median for 
cw 12 with 1.0 was slightly lower than the 1.3 in cw 15. Then 
the ratio tended to decrease (cw 18: 0.95; cw 21: 0.72) un-
til attaining 0.54 in cw 24 in mid-June. Significant differences 
were found between all the medians except between the one 
at the 1st and the 3rd evaluation of colony-size.

Figure S16 displays the different ratios of total brood cells/
bee between the single years from 2014 until 2016 at the 
five moments of colony size-evaluation. At cw 12, there was 
a significant higher total brood cell/bee ratio in 2014 (median 

= 3.4) than in 2015 (1.9; p-value < 0.01) and 2016 (2.2; p-val-
ue = 0.014). At cw 15, only between the years 2014 and 2016 
were significant differences found (2014: 3.4; 2015: 3 and 
2016: 2.7), whereas 2015, with a median of 3.0, did not dif-
fer from the other two years. At the third determination (cw 
18), the highest median for total brood cell/bee ratio 3.0 was 
measured in the year 2015 (2014: 2.7 and 2016: 1.9; p-value 
always < 0.01) and in cw 21, the ratio remained highest in 
2015, with a median of 2.5 total brood cells/bee (2014: 1.9 
and 2016: 1.3; p-value always < 0.01). In mid-June (cw 24), 
the ratio, with 0.9, was below 1 only in 2016, and was thus 
the lowest observed in the whole monitoring period, differing 
significantly from the other two years (2014: 2 and 2015: 1.9 
p-value in both cases < 0.01).

Fig. S13. The graphs show the amount of brood cells (open and sealed) per colony at the five points in time of colony size evaluation.

Fig. S14. The boxes represent the ratio number of total brood cells/bee at the five moments of colony size evaluation.
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Mean lifespan
Mean lifespan of the bees in the monitored bee colonies 
was calculated for the four intervals between the five colo-
ny size-evaluations and is represented in Fig. S17. At the be-
ginning of spring (interval 1), the median was 12.2 days and 
therefore higher than in the succeeding two intervals (9.7 
resp. 10.2). In the last interval, the median was again above 
12, at 12.4 days.

Analysing the different mean life spans between the three 
years from 2014 until 2016 were found significant differ-
ences in the 1st interval between 2014 and the other two 
years (2014: 9.6 resp. 2015: 14.3 and 2016: 13.5 days; 
p-value < 0.01). In the 2nd interval, again, significant differ-
ences between 2014 and the other two years (2014: 8.4 
resp. 2015: 9.7 and 2016: 10.9 days; p-value < 0.01 resp. 
< 0.02) were found. In the 3rd and 4th interval, significant-
ly different mean life spans always between 2016 and the 
other two years (3rd interval: 2016= 14.1 2015: 8.5 and 
2014: 9.1; p-value in both cases < 0.01 and in the 4th in-
terval: 2016: 19.1 2015: 9.3 and 2014: 11; p-value in both 
cases < 0.01) were found.

Discussion
The weather conditions for the development of bee colonies 
in spring of the three monitored years can be described as 
bad in 2014, very good in 2015, and moderate in 2016. Re-
garding the analysed parameters, the best colony develop-
ments were observed in 2016. In the spring of 2014, when 
the monitoring started, it wasn't possible to immediately get 
the right fifteen sites (criteria: distributed over different alti-
tudes, optimal suited to monitor also the number of dead 
bees/day in front of the hives, easy accessible with a car) and 
so the first evaluation of colony-size for some sites was de-
layed in comparison with the earliest first determination of 
other apiaries within the same year (for example site 13, 
where it were already thirteen days). In addition, the fact that 
in 2015 the first evaluation of colony-size was done mostly in 
cw 11 and in 2014 and 2016 mostly in cw 12 was at least one 
reason for the significant higher amount of brood cells at the 
beginning of the monitoring (cw 12 and 15) in the colonies 
from 2014 and 2016 in comparison to those from 2015 (Fig. 
S13). The reason for the higher brood/bee ratio in early spring 
is a consequence of the fact that the bee colonies must mul-

Fig. S15. The boxes represent the ratio open brood cells/bee to the five points in time at which the evaluation of colony-size was conducted.

Fig. S16. The plots represent the total brood cell/bee ratios between the three different years at the five points in time of colony evaluation.
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tiply their adult population in a short time. A ratio of 2.3 
brood cells/bee in early spring seems to be comparable with 
observations in Germany. In Hohenheim a ratio of about 1.6-
1.9 brood cells/bee was observed in smaller colonies (with 
5,000 bees) in mid-March of 1990-1992. For the same period, 
in colonies with around 10,000 bees, the ratio resulted in 
1-1.5 brood cells/bee (Liebig, 1993b). Harbo (1986) also ob-
served that bee colonies with a lower number of bees (4,500 
bees) were able to rear more brood/bee than colonies with a 
higher number of bees (35,000 bees). Considering that, in 
2014 and 2015, the median for the adult population at the 
start of the monitoring was always below 5,000 bees, it could 
be explainable why in this monitoring a slightly higher brood 
cells/bee ratio was observed (1.9 in Germany vs. 2.3 brood 
cells/bee in South Tyrol). The observation of colonies with 
more than 2 brood cells/bee in late May or the beginning of 
June (Fig. S16) is comparable with results in other regions. 
Brood per bee ratios of more than 2 in June were for example 
observed frequently in honeybee colonies in Louisiana (Har-
bo, 1986) and in Germany (Wallner, 1995). The main reason 

for the significant higher brood/bee ratio in 2014 at the point 
in time of the first evaluation of colony-size (cw 12) in com-
parison to the other two years (first graph in Fig. S16) could 
be that, in 2014, one site was estimated in cw 13 and another 
even in cw 14 (see Table S3). Therefore, their development 
was probably already further ahead than that one of the oth-
er colonies, mostly evaluated in cw 12 and so they shifted the 
ratio to a higher level because in all years, an increasing ten-
dency for this parameter with the ongoing season was shown 
in this moment. The lower brood/bee-ratio in the year 2016 
than in the other two years at the points in time of cw 18, 21, 
and 24 (3rd, 4th and 5th graph of Fig. S16) could be related to 
the fact that, in 2016, colonies had a higher adult bee popula-
tion and stronger colonies were rearing fewer brood/bee 
than smaller ones (Harbo, 1986). The significantly higher 
brood/bee ratio in 2015 in cw 18 and 21 (Fig. S16) is not total-
ly clear but could be explained at least partially for cw 21 with 
the fact that, at this point in time, significantly fewer bees 
(Fig. S11) and significantly more brood cells (Fig. S13) were 
present in these colonies in comparison to the other two 
years. The development of the open brood/bee ratio during 
the monitoring showed the same trend as it was for the 
brood/bee ratio (see Figure 15: brood/bee and Fig. S15: open 
brood/bee). The fact that, in spring (mostly between mid-
April and mid-May), this ratio is often above 1 was also de-
scribed by authors from Switzerland (Imdorf et al., 2008). 
Regarding the open brood, it is important to consider that 
this is to some authors the most difficult parameter to esti-
mate/analyse. Liebig wrote that to determine the open 
brood, good light conditions are necessary, especially in older 
frames early in the morning. Sometimes it is necessary to 
shake off all the bees covering the frame, and it has to be 
checked precisely if recently laid eggs are really deposited in 
each cell (Liebig, 1993a). According to Bühlmann (1997), the 
open brood is also a parameter difficult to analyse because 
bees can influence their own colony development by remov-
ing eggs or young larvae. The lowest mean lifespan (9.7 days 
in cw 15) was observed in interval 2 (Fig. S17) – at the same 

Fig. S17. Shows the mean lifespan in days over three years in the 
four intervals between the five colony size-evaluations.

Fig. S18. The plots show the 
different mean life spans in 
days for each single year from 
2014-2016 in the four intervals 
between the five colony size 
evaluations.
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time when the brood/bee ratio was the highest (Fig. S14). Lit-
erature shows that hatching bees have a lifespan-reducing 
effect on the worker bee population of a colony (Fluri, 2012; 
Imdorf et al., 2008) but it seems not to be the brood rearing 
process itself which causes the lifespan-reducing effect (Fluri, 
2012; Kratky, 1931). For Ligustica, colonies values of mean 
lifespan frequently below 10 days were also observed (Wille, 
1984). Extreme values of mean lifespan observed in Switzer-
land by Bühlmann ranged from 12.9-29.5 days (Bühlmann, 
1986) which is similar to the expectations of Wille: 15-25 days 
(Wille, 1984). Bühlmann observed in June a median life ex-
pectancy below 17 days which is true in our observations for 
2014 and 2015 (9.3 and 11 days) but is not congruent with 
19.1 days in 2016 (4th graph in Fig. S18). There is no clear rea-
son why mean lifespan in 2016 in May/June was higher than 
in 2014 and 2015, but it was one factor which explains the 
higher mean adult population at the end of the observations 
of 2016 as compared to the previous years (5th graph Fig. 
S11). One reason for the higher mean lifespan in interval four 
of 2016 (Fig. S18) could be related to the fact that colonies at 
this point in time had significant smaller amounts of brood. 
Moreover, it should be considered whether this high discrep-
ancy might not be only explainable by one single factor like 
weather conditions, pollen-supply, or measurements of bee-
keepers but will be influenced also by some inner-factors of 
the bee colonies which are difficult to analyse (Wille, 1984). 
The production-rates of bees increased significantly in the 
first two intervals (Fig. S9) and tended to then remain con-
stant for interval three and four (Fig. S9). This stagnation 
seems also logical and normal in view of the fact that the col-
onies reach their maximum population in May/June (the time 
of the last determination of colony strength). At least for the 
first interval, the slightly lower production in bees/day in 
2015 can be explained by the fact that the first evaluation of 
colony-size was conducted one calendar week earlier than in 

the other two years (same also for the losses). Losses of 
around 1500 bees/day (median in the 4th interval = 1501) 
were also comparable with data of other studies: Wallner 
thought that 1600 bees/day could be a maximum of normal 
losses, Bühlmann published examples where the losses 
ranged from 1200 up to more than 1600 bees/day (Bühl-
mann, 1985). Wille showed in exemplary colonies losses be-
tween ca. 1500-1900 bees/day (Wille, 1984). Higher bee loss-
es like in the second interval for 2014 or in the fourth interval 
for 2015 (see Fig. S10) could be related to the fact that these 
colonies had a higher brood production at these times (Fig. 
S13). Liebig observed in his investigations that the more 
brood colonies are rearing the higher their losses of bees are 
(Liebig, 1993c; 1993d). The low number of bee losses in the 
4th interval of 2016 (4th graph Fig. S10) was very likely an im-
portant factor which induced the significant higher balance in 
the same interval which consequently resulted in a high bee 
population. The balances of the 2nd and 3rd interval were high-
er than those in the 1st and the 4th which means that at these 
times was the highest increment in adult population in the 
colonies. The high balance in interval one for 2014 in Figure 
11 was probably due to the fact that some colonies (site 10 
and 15 in 2014) for the 1st evaluation of colony-size were eval-
uated later, on March 24 resp. March 31 (which corresponds 
to cw 13 resp. 14, whereas all other colonies mostly were 
evaluated in cw 12 or even cw 11). This was probably also the 
reason for the lowest balance for the colonies in 2015 in the 
first interval in Figure 11 (+67.5 bees/colony per day whereas 
in 2014 + 226 and 2016 + 171). The fact that the balance from 
interval two to four was always significant higher in the year 
2016 compared to the other two years is not easy to explain 
(production and losses were not always significantly higher in 
comparison to 2014 and 2015, see Fig. S10) although at least 
in interval four the low number of losses compared to the 
other years was probably a leading factor.

Annex
Table S8: Calculated number of dead bees per apiary and day (mostly two collection’s each week).

Date Lana Partschins Laimburg Kaltern Eppan 1/ 
Eppan 2

D. Tirol Tisens Meran Eppan Sallmann Marling D. Tirol Pawigl

01.03.15 14 5.75

02.03.15 14 5.75

03.03.15 1.67 9 3.33 1.5 20.67 3.67

04.03.15 1.67 9 4.9 6 3.33 1.5 2 20.67 3.67

05.03.15 1.67 10 4.9 4.5 3.33 2.67 2 20.67 3.67

06.03.15 9.4 10 4.9 4.5 2.2 21.4 2.67 2 48.8 53 14.5

07.03.15 9.4 10 4.9 4.5 2.2 21.4 2.67 2 48.8 53 14.5

08.03.15 9.4 10 4.9 4.5 2.2 21.4 2.67 2 48.8 53 14.5

09.03.15 9.4 10 4.9 4.5 2.2 21.4 2.67 2 48.8 53 14.5

10.03.15 9.4 29 4.9 4.5 2.2 21.4 2.67 2 48.8 53 17.25

11.03.15 21 15 29 3 45 8.5 46 11.33 2 28.71 30.33 25 17.25
12.03.15 21 15 29 3 3.2 8.5 18.6 11.33 16 28.71 30.33 25 17.25
13.03.15 21 15 19 1 3.2 3 18.6 11.33 3.5 28.71 30.33 25 17.25
14.03.15 43 14 19 1 3.2 3 18.6 6.67 3.5 12.54 16.33 21 6.33
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Table S8: Continued

Date Lana Partschins Laimburg Kaltern Eppan 1/ 
Eppan 2

D. Tirol Tisens Meran Eppan Sallmann Marling D. Tirol Pawigl

15.03.15 43 14 19 1 3.2 3 18.6 6.67 3.5 12.54 16.33 21 6.33
16.03.15 43 14 19 3.33 3.2 3 18.6 6.67 3.5 12.54 16.33 21 6.33
17.03.15 20 14.33 33 3.33 13.67 14.67 26 13.25 26.33 64 22.75 15 30.5
18.03.15 20 14.33 33 3.33 13.67 14.67 26 13.25 26.33 64 22.75 15 30.5
19.03.15 20 14.33 33 2 13.67 14.67 26 13.25 26.33 64 22.75 15 30.5
20.03.15 20 6.5 39 2 15.4 15.25 33.8 13.25 11.6 64 22.75 15 30.5
21.03.15 32 6.5 39 2 15.4 15.25 33.8 9.33 11.6 109.89 10.67 19 26.67
22.03.15 32 6.5 39 2 15.4 15.25 33.8 9.33 11.6 48.51 10.67 19 26.67
23.03.15 32 6.5 39 2 15.4 15.25 33.8 9.33 11.6 46.53 10.67 19 26.67
24.03.15 29 7.33 39 3 15.4 16.25 33.8 7.5 11.6 48.51 11.67 21 20.75
25.03.15 29 7.33 34 3 15 16.25 33 7.5 12.5 48.51 11.67 21 20.75
26.03.15 29 7.33 34 2.5 15 16.25 33 7.5 12.5 48.51 11.67 21 20.75
27.03.15 29 24 23 2.5 26.5 16.25 19.8 7.5 21.5 28.2 10.2 21 20.75
28.03.15 19 24 23 2.5 26.5 72.67 19.8 13.75 21.5 28.2 10.2 30 13.5
29.03.15 19 24 23 2.5 26.5 72.67 19.8 13.75 21.5 28.2 10.2 30 13.5
30.03.15 19 24 23 6.75 26.5 72.67 19.8 13.75 21.5 28.2 10.2 30 13.5
31.03.15 19 24 46 6.75 40.5 76.67 19.8 13.75 26.33 28.2 10.2 30 13.5
01.04.15 22 14.5 89 6.75 40.5 76.67 20 70.33 26.33 21.45 13 45 19.67
02.04.15 22 14.5 134 6.75 5.5 76.67 33.5 70.33 26.33 21.45 13 45 19.67
03.04.15 22 13 271 7.8 5.5 43.5 33.5 70.33 40.6 21.45 13 45 19.67
04.04.15 56 13 101 7.8 5.5 43.5 37 58 40.6 37.5 32 60 57
05.04.15 19 22 101 7.8 5.5 27 15.25 7.5 40.6 37.5 18.25 60 19.75
06.04.15 19 22 101 7.8 5.5 27 15.25 7.5 40.6 8.58 18.25 25 19.75
07.04.15 19 22 101 7.8 5.5 27 15.25 7.5 40.6 8.58 18.25 25 19.75
08.04.15 43 22 69 4 25.5 41.33 15.25 7.5 49.5 8.58 18.25 25 19.75
09.04.15 43 15 69 4 25.5 41.33 28.5 109 49.5 23 23.5 93 33
10.04.15 18 15 52 8.75 23.75 41.33 28.5 68.5 18.5 23 23.5 93 33
11.04.15 18 50.25 52 8.75 23.75 45.33 27.67 68.5 18.5 21.75 15 74 23.75
12.04.15 18 50.25 52 8.75 23.75 45.33 27.67 68.5 18.5 21.75 15 74 23.75
13.04.15 18 50.25 52 8.75 23.75 45.33 27.67 68.5 18.5 21.75 15 74 23.75
14.04.15 20 50.25 106 17.5 28.5 43.5 33.5 50 18.5 21.75 15 74 23.75
15.04.15 20 18 106 17.5 28.5 43.5 33.5 50 18.5 47 19 53 9
16.04.15 48 18 52 11.83 243.2 18 37 50 24 47 6.5 53 9
17.04.15 23 16 52 11.83 243.2 18 16 115 24 46 6.5 86 20
18.04.15 23 12 52 11.83 243.2 48 16 109 24 20.43 21 71 41
19.04.15 23 12 52 11.83 243.2 48 16 109 24 20.43 21 71 41
20.04.15 23 12 52 11.83 243.2 48 16 109 24 20.43 21 71 41
21.04.15 23 12 90 11.83 572 33.25 16 82.75 63.67 20.43 21 71 41
22.04.15 49 60 90 93 23 33.25 16.33 82.75 63.67 20.43 26.67 71 117.33
23.04.15 49 60 485 93 23 33.25 16.33 82.75 63.67 20.43 26.67 71 117.33
24.04.15 73 60 68 20.8 33.25 16.33 82.75 38.4 20.43 26.67 71 117.33

25.04.15 73 17.67 68 20.8 55.33 49.33 75.67 38.4 41.58 45 124 27

26.04.15 73 17.67 68 20.8 55.33 49.33 75.67 38.4 41.58 45 124 27

27.04.15 28 17.67 68 20.8 55.33 49.33 75.67 38.4 41.58 45 124 27

28.04.15 28 26.5 68 20.8 86 18 116 38.4 34 22.5 135 20.5

29.04.15 28 26.5 318 82.5 45.5 36.5 39.5 103.33 58.5 90.42 22.5 135 20.5
30.04.15 62 22 318 82.5 45.5 36.5 39.5 103.33 58.5 90.42 38 182 28.5
01.05.15 62 22 127 38 19 36.5 49 103.33 280 90.42 38 182 28.5
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