Winter Mortality and Nosema The Diagnostic Value of Nosema Spore Counts- a Clinical Approach
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During research work in the years 1996-1999 at the experimental station of The Finnish Beekeepers´association nosema infestation and winter mortality were monitored  yearly in 33-49 bee colonies, altogether 117 overwinterings. Infestation was examined from pooled samples collected from bees fallen on bottom boards in the spring prior cleansing flight. During three winters 22 colonies were lost. The higher the nosema spore count was, the bigger were the losses.
From bee colonies, which gave samples with over 20 million spores per bee, survived from 13 only 5 (losses made 61,5%)
Samples with 10 - 20 millions spores numbered 7, 3 were lost (43%)
Colonies with 1-10 millions spores were 33, 30 survived (mortality 9 %)
colonies with less than 1 million spores 64, losses 8 (12,5%).

The influence of weather could clearly be seen. Warm winter 1997/1998 resulted in less infestated bee colonies and small winter mortality. Warm spring 1998 facilitated the recovery of heavily infestated bee colonies. So in the year only two samples out of 33 showed over 10 million spores and only 3 bee colonies were lost. In the year 1999 13 samples out of 49 showed over 10 million spores and 10 bee colonies were lost.

Besides Nosema apis were also other infectious agents contributing to losses: in two colonies pathogenic Enterococcus faecalis infection and in one colony heavy Malpighamoeba mellificae infestation was diagnosed. In eight lost colonies no infectious cause was recognized. However only limited number of samples had whole microbiological examination.

Introduction

Nosema is diagnosed by finding spores in the bees´midgut. Samples for examinations can be taken from live bees or dead bees collected from the bottom boards. Counts vary depending on the site where the sampling was made (L´Arrivee 1963) Spore counts are higher  in dead bees collected from the bottom board than in live bees but there is a correlation between these counts in the winter time before the emerging new nosema free spring bees (Pohorecka & Muszynska 1996). Bees can be examined individually or they can be pooled. If the pooled sample contains about 25 bees, the spore count of the sample has been found to give as adequate information of the infestation of the bee colony as the percentage of infestated bees (L´Arrivee 1963, Fingler et al 1982).

Although there is a common agreement about the significance of a heavy nosema infestation for the colony performance are colony losses due to nosema considered to be rare (Bailey & Ball 1991)

Materials and methods

In the mating station of the Finnish Beekeepers´ Association in southwestern Finland there was an expertimental group of around 40 bee colonies divided in 8 bee yards in the years 1996-1999. Main purpose was to monitor the colony performance of the different strains of bees belonging to A.m. ligustica, carnica and mellifera races and Buckfast strain. As a part of the monitoring each colony was taken a sample of dead bees fallen on to bottom prior to the cleaning of the bottom boards in the spring. Examination for the nosema spores was made crushing  25 bees in 25 ml water and counting the spores with Bürker erythrocytometer. A limited number of samples collected from dead bee colonies were sent to bacterial and virological examinations to laboratorium of  the Faculty of Veterinary Medicine of the University of Agriculture in Lublin. Methods and results of these examinations have been partly published elsewhere (Glinski et al 1996, Kauko et al 1999).

Varroa destructor was present in the mating station, but it was controlled with fluvalinate strips (Apistan). Especially in the first years Apistan was working well and only in the third year there started to be signs of rising resistance against fluvalinate, however the mite populations were rising to dangerous levels only after the experimental period. 

Meteoroligical data was obtained from weather station 10-15 km from the experimental bee yards.

Results

During the experimental time the bee colonies were overwintered 117 times: winter 1996/97 35 colonies, 1997/98 33 colonies and 1998/1999 49 colonies. Losses from all three winters were 22 colonies, in the first winter 9, second 3 and third 10 colonies.  0,1-2,5 liters dead bees were collected from the bottom boards. Spore counts per bee varied from 0 to 76 millions. Although there was in hives with high spore counts often even more dead bees on the bottom board, was there no clear correlation between  spore count and amount of dead bees.

From 117 samples 13 showed more than 20 million spores per bee (y 1997 3, 1998 2 and 1999 8). From this group 8 colonies were lost (61,5%).

10-20 million spores were found in seven samples (1997 2, 1998 0 and 1999 5), colony losses were 3, all in the year 1999 (43 %)

33 colonies gave samples with 1-10 million spores per bee, from these colonies 30 survived in good condition (losses made 9 %)

Less than million spores /bee were found in 64 samples, from colonies represented by these samples, 8 were lost (12,5%) (Fig 1).
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Fig1. Mortality in bee colonies with different levels of infestation in per cents

Difference in mortality rate when spore count/bee was over 10 millions is statistically significant (P<0,01).

There was a marked variation in the infestation  and mortality rates in different years. Winter 1997/1998 was warmer than other winters, also the spring was warm allowing rapid recovery from infestation. In the year 1998 only 2 samples showed over 10 millions spores/bee (6 %), while in the year 1997 such samples were 5 (14%) and 1999 after the coldest winter 13 (26%) (fig 2). 
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Fig 2. Division of bee colonies in  infestation classes (< 1 million , 1-10 million

and >10 million spores/bee).

Discussion

During the experimental period high infestation of nosema was found to be connected in 11 colony losses of total 22 losses. Diagnostically significant values in southwestern finnish climate were 10-20 million spores per bee in samples collected in the spring from bottom boards before their cleaning. As one bee can contain 40-50 millions spores, or even a lot over 100 million spores in undefecated bees(Lotmar 1943), means 20 million spores/bee that at least 20-30 % of the bees have been infestated. The highest measured values were 60-70 million spores/bee, which means that over 50% of bees have been infestated.

The main predisposing factor was the strength of the winter. Long and cold winter resulted in high infestation rates. The weather in spring has an  influence on recovery of sick colonies. Beginning of april was very warm in 1998, colony which gave a sample with 72 million spores/bee was able to recover to productive colony. On the other hand cold april in 1999 resulted that from five colonies with samples with 10-20 millions spores only to survived.

Besides Nosema apis can also other infectios agents lead to colony losses during overwintering. During experimental period  pathogenic Enterococcus faecalis infection was found in two lost colonies and  heavy Malpighamoeba mellificae infestation in one colony (Kauko et al 1999). Hence about 65 % of losse were connected to infectious agents. The percentage could be even higher, if more samples would have been examined microbiologically. The high percentage of losses connected with infectious agents is in accordance with Faucon et al 2002, who rarely found large losses without infectious agents (fig 3).
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Fig 3. Infections connected with beelosses of total 22 colonies

Summary

During research work in the years 1996-1999 at the experimental station of The Finnish Beekeepers´ Association  nosema infestation and winter mortality was monitored  yearly in 33-49 bee colonies, altogether 117 overwinterings. Infestation was examined from pooled samples collected from bees fallen on bottom boards in the spring prior cleansing flight. 

During three winters 22 colonies were lost. The higher the nosema spore count was, the bigger were the losses.

From bee colonies, which gave samples with over 20 million spores per bee, survived from 13 only 5 (losses made 61,5%)

Samples with 10 - 20 millions spores numbered 7, 3 were lost (43%)

Colonies with 1-10 millions spores were 33, 30 survived (mortality 9 %)

colonies with less than 1 million spores 64, losses 8 (12,5%).

The influence of weather could clearly be seen. Warm winter 1997/1998 resulted in less infestated bee colonies and small winter mortality. Warm spring 1998 facilitated the recovery of heavily infestated bee colonies, could spring 1999 hindered it.

Besides Nosema apis were also other infectious agents contributing to losses: in two colonies pathogenic Enterococcus faecalis infection and in one colony heavy Malpighamoeba mellificae infestation was diagnosed.
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		22.3		6.8

		9.2		6.5

		3.1		9.2

		0.1		11.1

		0.4		12

		2.1		10.3

		0		7.5

		0		8.2

		0		7.8

		0		10.7

		0		13.5

		0		13.7

		0		13.9

		0		12.1

		0		6.7

		0		5.3

		1		6

		5.3		9.1

		0.3		4.9

		6.2		3.6

		1.7		5.6

		0.1		7.1

		0		11.5

		0		10

		5.7		8.4

		2.3		8.8

		2.5		9.4

		3.8		9.4

		2.8		9

		3.7		12.2

		0		10.3

		0		11.5

		0		12.9

		0		14.9

		5.9		13.5

		0.1		17.1

		0		17.8

		2.1		18.9

		1.3		15.7

		0.1		16

		0.6		15.8

		1.1		20

		1.1		11.6

		8.4		10.8

		0.2		13

		0		11.4

		39.2		12.9

		4.9		10.6

		0.8		9.4

		13.4		12

		0		12.7

		0.5		14.6

		0		16.2

		0		17.8

		0		16.5

		6.1		14.7

		2.9		13.9

		0.8		14.4

		0		15.3

		1.3		13.1

		0		13.7

		0		16.5

		0		17.1

		0.1		16.4

		5.4		16.9

		0		17.4

		0		15.3

		21.1		18.9

		0.9		16.9

		6		15.6

		2.1		13

		5.6		13.5

		3.6		13.5

		1.2		14.7

		0		14.7

		0.6		13.4

		2.2		14.9

		0		16.5

		0		18

		0		16.7

		1.3		16.3

		0		12.9

		0		12.2

		6.4		15.2

		0.4		14

		6		15.6

		4.1		14.8

		1.2		15.6

		0.4		16

		0		16.3

		0		14.5

		2		15.5

		0		13.8

		5.8		12.6

		5		13.8

		0.9		14.2

		7.3		12.9

		0.1		14.7

		0		13.5

		0		13.1

		0.6		12.1

		1.2		12.1

		0.2		11.4

		10.9		14.2

		0.8		13.8

		1.7		10.7

		4.5		10.6

		4.9		13.8

		8.6		13.2

		4.7		12.7

		4.9		13.2

		5.5		13

		0.1		12.5

		2.1		9

		0		4

		8.5		11.9

		1.9		12.2

		0.6		9.1

		0.1		9.4

		0		9.6

		0		9.8

		0		10.5

		0		11.6

		0		10.4

		0		11.8

		0		13.2

		0		15.9

		2.7		14.9

		5.9		12.3

		0.4		15.1

		3.2		16.2

		0		15.7

		1.8		12.4

		0.4		11.1

		0		10.1

		0.4		10.8

		9.5		10.8

		0		9.4

		0		11.5

		0		12

		0		7.1

		0		8.3

		0		4.5

		0		4.4

		0		5.6

		3.8		8.1

		0		5.9

		0		2.6

		0
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		0		2.7

		0.1		1.4

		0		-0.9

		0		-0.3

		0		0.9

		0		3.5

		0.1		3.9

		0		4.6

		0		6.4

		3.2		2.7

		3.9		1.6

		0		0.9

		1.4		4.8

		9.1		5

		4.4		3.7

		4.1		3.1

		2.1		10

		2		6.7

		1.1		11.2

		0		7.2

		0		6.8

		4.6		8.2

		0.4		10

		1.1		10.4

		0		8.1

		0		5

		0		1.7

		0.8		4.7

		0		0.3

		3.6		1.2

		0		3.6

		0		4.5

		2		5.6

		0		4.8

		0.1		2.2

		0		3

		0		3.3

		0		1.8

		0		2.9

		0		4

		0		5.1

		0		7

		0		8.3

		0		8.3

		0		9.3

		0		12.7

		0		13.4

		0		13.3

		0		15.3

		0		10.9

		0		10.8

		2.7		12.1

		0.1		12.7

		0.9		9.3

		0.8		12

		0.3		11.9

		3.2		9.8

		0.1		8.5

		2.4		11.1

		0		13.7

		0		12.8

		0		13.8

		1.2		13.5

		0.4		14.6

		0.1		13.3

		0.1		16.9

		9.4		17.8

		0		15.8

		0		16.6

		0.5		19.5

		0		20.8

		0		22.5

		0		20.8

		0		19.8

		0		19.4

		0		17.2

		0		16.1

		0		19

		0		18.1

		0		19

		0		20.2

		0		13.7

		0		17.4

		15.2		21.6

		0.2		17.5

		0		19.9

		1.1		20.5

		0		19.8

		0		19

		1.4		17.1

		0		14.8

		5		15.5

		0		15.3

		0.9		18.5

		0.4		16.1

		0		14.8

		0		15.9

		0		19.9

		0		21

		0		21.6

		0		22.5

		0		24.9

		0.8		21

		4.4		17.5

		0.1		17.2

		3		16.9

		0.5		17.7

		0.8		19.2

		0.1		19.9

		2.8		17.9

		6.5		15.1

		0.7		14.3

		2.2		16.4

		4		14.7

		2.2		13.7

		0		15.3

		0		16.1

		0		15.2

		0		16.2

		0		20.2

		0.7		19.5

		0		20.9

		0		20.1

		0		15.6

		4.2		11

		3.9		11.5

		0		11.8

		0		14.2

		11.1		17.5

		16.5		15.2

		0.5		13

		0		13.2

		0		11.6

		0		10.8

		0		10.8

		0		12.4

		0		14.5

		0		13.8

		0.2		14.2

		4.6		13.1

		0.3		10.1

		1		10.1

		2.4		12.4

		0		13.5

		0		13.9

		0		15.8

		7.8		15.2

		4.4		12.6

		0		13.5

		0.1		13.6

		2.2		15.5

		0		15.8

		0		17.5

		0		17.4

		0		16.8

		0		16.6

		0		15.7

		0		15.1

		0		13.3

		0.1		14.8

		0		11.9

		0		9.3

		0		6.1

		0		5.4

		0		6.2

		0		8.9

		0		10.6

		0		10.6

		0		11.6

		0.1		11.3

		7		12.2

		0.9		6.7

		0		5.1

		0

		0		11.7

		17.1		12.9

		9.1		11.6

		8.2
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Kaavio1

		9.8

		7.5

		5.7

		8.5

		8.8

		9.6

		10.1

		11.4

		10.7

		7.5

		4.8

		9

		5.8

		1.1

		4.6

		3.4

		4

		6

		7.2

		7.9

		6.6

		5.1

		3.5

		1.4

		6.7

		5.5

		6.3

		4.5

		8.4

		6.5

		0.7

		1

		3.4

		7.7

		6.6

		6.6

		7.2

		5.7

		2

		1.3

		1.3

		-1

		-1.1

		1.9

		-2.1

		3.2

		5.5

		5.9

		4.5

		5.9

		4.2

		6.6

		4.3

		2.7

		0.7

		-1.3

		-4.1

		-3.5

		-2

		1.1

		0.1

		0

		-0.4

		0.8

		2.1

		2.6

		2

		1.5

		1.3

		3.7

		3.9

		-1.9

		0.4

		-2.4

		-9

		-12.7

		-4.9

		-7.1

		-12.6

		-13.1

		-11.7

		-10.3

		-13.1

		-19.7

		-10.5

		-22.6

		-16.6

		-1.5

		-2

		-6.9

		-11.8

		-15.6

		-7.9

		-8.8

		-3.7

		-6.2

		-12.6

		-13

		-3.7

		-6

		-5.1

		-10.7

		-8.3

		-9

		-0.4

		0.5

		1.7

		0.3

		-2.4

		-1.2

		-0.2

		-12.3

		-2.9

		-0.5

		-1.6

		-4.4

		-9.7

		-2.3

		0.6

		-6.1

		-7

		1.3

		-2.4

		-6.8

		-6.6

		-1.8

		-0.1

		-2

		-6.5

		0.7

		0.7

		-7.4

		-3

		-0.7

		-2.5

		-5.3

		-16.9

		-17.4

		-14.4

		-12.6

		-13.8

		-7.3

		-2

		-1.2

		-1.2

		2.1

		3.3

		3

		1.3

		0

		-1.5

		1.9

		3.4

		2.6

		0.9

		0.1

		1.3

		1.9

		2.8

		2.9

		4.6

		2.6

		3.8

		1.6

		-2

		-3.7

		-5.6

		-4.6

		-5.9

		-6.4

		-6.2

		-8.3

		-8.4

		-6.6

		-6.1

		-5.2

		-2.7

		-0.4

		1.5

		0.7

		0

		4.3



1996/97

X               XI                XII                  I                 II                  III

Average daily temperatureduring winter



Arkusz1

		

		Rys.2 Średnie dzienne temperatury w okresie od 1.X do 31.III





Arkusz1

		9.8

		7.5

		5.7

		8.5

		8.8

		9.6

		10.1

		11.4

		10.7

		7.5

		4.8

		9

		5.8

		1.1

		4.6

		3.4

		4

		6

		7.2

		7.9

		6.6

		5.1

		3.5

		1.4

		6.7

		5.5

		6.3

		4.5

		8.4

		6.5

		0.7

		1

		3.4

		7.7

		6.6

		6.6

		7.2

		5.7

		2

		1.3

		1.3

		-1

		-1.1

		1.9

		-2.1

		3.2

		5.5

		5.9

		4.5

		5.9

		4.2

		6.6

		4.3

		2.7

		0.7

		-1.3

		-4.1

		-3.5

		-2

		1.1

		0.1

		0

		-0.4

		0.8

		2.1

		2.6

		2

		1.5

		1.3

		3.7

		3.9

		-1.9

		0.4

		-2.4

		-9

		-12.7

		-4.9

		-7.1

		-12.6

		-13.1

		-11.7

		-10.3

		-13.1

		-19.7

		-10.5

		-22.6

		-16.6

		-1.5

		-2

		-6.9

		-11.8

		-15.6

		-7.9

		-8.8

		-3.7

		-6.2

		-12.6

		-13

		-3.7

		-6

		-5.1

		-10.7

		-8.3

		-9

		-0.4

		0.5

		1.7

		0.3

		-2.4

		-1.2

		-0.2

		-12.3

		-2.9

		-0.5

		-1.6

		-4.4

		-9.7

		-2.3

		0.6

		-6.1

		-7

		1.3

		-2.4

		-6.8

		-6.6

		-1.8

		-0.1

		-2

		-6.5

		0.7

		0.7

		-7.4

		-3

		-0.7

		-2.5

		-5.3

		-16.9

		-17.4

		-14.4

		-12.6

		-13.8

		-7.3

		-2

		-1.2

		-1.2

		2.1

		3.3

		3

		1.3

		0

		-1.5

		1.9

		3.4

		2.6

		0.9

		0.1

		1.3

		1.9

		2.8

		2.9

		4.6

		2.6

		3.8

		1.6

		-2

		-3.7

		-5.6

		-4.6

		-5.9

		-6.4

		-6.2

		-8.3

		-8.4

		-6.6

		-6.1

		-5.2

		-2.7

		-0.4

		1.5

		0.7

		0

		4.3
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śr.dzienne temperatury w okresie zimowym



Arkusz3

		7.1

		6.3

		4.3

		3.5

		4.3

		4.5

		2

		2.5

		8.6

		7.5

		4.3

		2.4

		2

		1.9

		3.3

		1.3

		1.7

		7.1

		7.6

		1.6

		-1.2

		-1.1

		-2.6

		-3.9

		-2.8

		-2

		-3.8

		-0.3

		2.3

		2.8

		3.9

		4.6

		-2.4

		-3.9

		-4.5

		-6.6

		-1.1

		1.5

		5

		4.6

		3.4

		3.2

		2.7

		4.9

		4.3

		4

		2.7

		-0.6

		-3.7

		-2.9

		-3.4

		-5.2

		-1.8

		-1.4

		0.1

		-1.2

		-3.1

		-5.6

		-1.8

		-0.7

		-2.4

		-4

		-6.5

		-8.4

		-10.9

		-5.1

		-0.3

		-7.5

		1.6

		2

		2

		-0.2

		-4

		-3.2

		-5.8

		-8.6

		-0.7

		0.8

		-1.8

		-3.8

		-2.8

		-3.5

		-3.9

		-2.9

		-4.3

		-3.1

		-3

		-4.4

		-8.3

		-1.9

		-1.6

		-4.6

		-4.6

		-3.8

		-1.3

		0.6

		1.1

		0.6

		0.4

		0.2

		-1.7

		-2.7

		1.1

		-1.4

		-2.6

		0

		1.8

		2.6

		2.5

		0.6

		0.3

		-2.9

		-8.3

		-0.9

		0.1

		-4

		-0.3

		0.2

		0

		-5.7

		-13.8

		-10.8

		-15.3

		-20.3

		-13.3

		-9.3

		-14.6

		-14.6

		-18.1

		-4

		-0.6

		-2.6

		1.9

		0.2

		-3.1

		-5.1

		-3.6

		-6.2

		-2.8

		-15.6

		-1.5

		4.7

		0.9

		3.8

		2.9

		2

		-6.3

		-10

		1.5

		2.4

		0.3

		-2.8

		-7.4

		-5.2

		-2.4

		-7.1

		-11.3

		-11.3

		-8.9

		-8.3

		-11.2

		-11.5

		-8

		-11.7

		-9.6

		-10.8

		-5

		-1.7

		0.7

		-2

		-2.9

		-2.1

		-4.7

		-4.4

		-3.6

		-0.3

		1.7

		1.5

		1

		0.4

		3.4

		1.8
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		1.5

		1

		2.3

		6.1

		4.6

		0.4

		1.8

		4.5

		6.2

		8.7

		9.1

		7.4

		7.2

		6.4

		6.9

		5

		4.2

		5.6

		2.6

		4.1

		1.7

		4.6

		10.5

		7.4

		6.4

		7.3

		5.9

		3.6

		3.7

		3.2

		1.8

		1.9

		1.8

		0.7

		-0.8

		-0.8

		-0.7

		-3.1

		-6

		-7

		-7.8

		-7.2

		-5

		-5.3

		-7.1

		-8

		-6

		-7.9

		-9.6

		-12.6

		-17.2

		-5.2

		1.6

		1.1

		0.6

		0.6

		-1.5

		-3.5

		-1.2

		-0.8

		-1.5

		-0.5

		1

		1.4

		-0.5

		-3.9

		-5.8

		-5.4

		-9.5

		-10.4

		-5.9

		-9.3

		-6.3

		-5.3

		-4.3

		0.7

		0.9

		3.3

		3.3

		0.7

		-3.5

		-13.1

		-13.9

		-10

		-5.7

		0.3

		0.9

		-0.9

		1.9

		1.6

		-2

		-0.6

		0

		0.5

		-2.3

		-1.1

		0

		-0.8

		-4.4

		-6.9

		-11.7

		-14.9

		-9.2

		-8.5

		-13.3

		-12.8

		-2.6

		0.2

		1.4

		2.1

		1.9

		3.6

		3.5

		0.4

		-0.7

		-5

		-8.6

		-15

		-20.9

		-26.8

		-22

		-19.5

		-3.1

		0.2

		-8.3

		-6.1

		-0.8

		-4.8

		-17.6

		-24.4

		-25.4

		-20.2

		-22.1

		-11.1

		-7.1

		-4.3

		-0.3

		-0.4

		0

		-7.2

		-9.1

		-6.2

		-5.7

		-5.9

		-4.2

		-2.9

		-4.9

		-3.9

		-4.6

		-4.7

		-3.7

		0.4

		-1.1

		-7.2

		-9.3

		-4.2

		-0.5

		0.6

		-2.9

		-8.9

		-6.1

		-5.7

		-4.9

		-4

		-5

		-5.4

		-5

		-1

		0.1

		1.5

		-0.1

		0.4

		0

		-0.2

		-2.6

		-0.1

		1.3

		4.2

		2.3

		1.8

		3.9

		3.2
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		0.2		3.3

		2.1		2.6

		1.1		-1.5

		1.3		-2.2

		0		-2.4

		0		-2.3

		0		-2.2

		0		-2.2

		3.2		1.6

		0.8		-0.3

		0.4		-2.5

		0.1		-1.4

		4.6		1.1

		6		0.4

		0		1.9

		0		3.1

		0		0.3

		0		0

		1.4		0.4

		0		1.3

		0.5		3.1

		9.3		0.9

		1.1		2.5

		0		2

		0		1.1

		0		4.4

		0		5.8

		0		5.4

		10		5

		3.1		5.7

		0.7		5.3

		0.7		4

		0		3.5

		0		4.1

		0		5.1

		0		9.2

		0.1		6.9

		6.7		8.7

		2.5		7.5

		3		8.9

		0.1		14.9

		0.8		13.2

		0		12.4

		0.1		11.9

		0		9.6

		0.1		8.2

		0		7.6

		0		5.3

		0		4.9

		0		5.1

		0		6

		0		5.1

		0		6.2

		0		7.6

		0		7.5

		0.4		8.2

		0		8.8

		0.6		9.2

		0		7

		0		12.4

		0		14.4

		0		15.5

		0		13.9

		0		10.1

		0		11.5

		0		15.8

		0		17.3

		0		19.2

		0		20.8

		0.3		18.3

		0.5		18.4

		0		20.1

		0		21.6

		13		16.4

		3.6		18.1

		0.1		16.9

		27.6		14.6

		0		15.3

		0		15.3

		0		15.1

		0		15.5

		0		15.2

		21.9		14.9

		0.1		13.2

		14.2		13

		16.1		13.4

		3.8		14.9

		0		17.7

		0		17.3

		0		20.6

		0		23.9

		0		23.9

		0		21.6

		0		18.4

		10.8		17.9

		2.3		17.9

		0		18.2

		0		18.1

		1.6		13.2

		0		14.2

		0		13.4

		0		16.2

		0		15.2

		0		17.3

		0		15.7

		0		16.3

		0		15.5

		0		15.8

		0		17.7

		0		19.2

		0		20.2

		0		20.9

		0.8		20.8

		0		18.5

		0		19.2

		1.9		17.2

		12.5		17.2

		64.9		17.8

		5.3		15.8

		8.4		16.3

		28		16.9

		4.6		17.5

		0		20

		0		19.6

		0		19

		0		19.2

		0		18.5

		0		20.1

		0		19.9

		0		20.4

		0		20.8

		0.1		16.4

		0		15.3

		7		14.8

		0		12.8

		0		11.3

		0		12

		0		14.2

		0		14.3

		0		17.2

		0		18.9

		17.3		19.1

		0		19.4

		0.7		18.8

		1		18.8

		3.3		15.2

		14.3		20

		0		20.4

		0		20

		0		20.9

		0		19.9

		0		17.4

		0		15.1

		0		12.4

		0		11.6

		0		13.6

		0		16.7

		5.2		14.5

		20.4		13.5

		1		11.3

		3		11.2

		0.1		11.3

		5.7		11.8

		0.1		10.3

		14.6		13.3

		1.3		10.1

		5.1		10

		3.1		11.3

		4.2		11.4

		7.7		6.9

		0.8		6.4

		0.9		6.4

		0.3		8.3

		0.2		7.4

		2.8		5.8

		1.5		4.8

		0		11.1

		0.2		9.3

		0		6.6

		0		6.7

		0		6.2

		0		4.8

		0



opady (mm)

śr.temperatura

dni od 1.04

opady (mm)

śr.temperatura

temperatura i opady w sezonie 1997



		0		-6.1

		0		-6

		0		-3.9

		0		-2.4

		0.2		0.9

		0		0.9

		0		-0.5

		0		-2.2

		0		-2.1

		0		-1.3

		0		-1.3

		0.1		-2.1

		0.6		0.6

		0		0.3

		0		2.7

		0		3.4

		1.9		3.3

		0.7		6.3

		0.1		6.2

		0.4		7

		0		8.8

		2.1		7.8

		0		6.9

		0		6.9

		0		11

		6.5		9.7

		2.5		13.9

		0		16.1

		0		14.1

		0		13.6

		0		13.1

		0.1		12

		3		9.4

		0		7.4

		22.3		6.8

		9.2		6.5

		3.1		9.2

		0.1		11.1

		0.4		12

		2.1		10.3

		0		7.5

		0		8.2

		0		7.8

		0		10.7

		0		13.5

		0		13.7

		0		13.9

		0		12.1

		0		6.7

		0		5.3

		1		6

		5.3		9.1

		0.3		4.9

		6.2		3.6

		1.7		5.6

		0.1		7.1

		0		11.5

		0		10

		5.7		8.4

		2.3		8.8

		2.5		9.4

		3.8		9.4

		2.8		9

		3.7		12.2

		0		10.3

		0		11.5

		0		12.9

		0		14.9

		5.9		13.5

		0.1		17.1

		0		17.8

		2.1		18.9

		1.3		15.7

		0.1		16

		0.6		15.8

		1.1		20

		1.1		11.6

		8.4		10.8

		0.2		13

		0		11.4

		39.2		12.9

		4.9		10.6

		0.8		9.4

		13.4		12

		0		12.7

		0.5		14.6

		0		16.2

		0		17.8

		0		16.5

		6.1		14.7

		2.9		13.9

		0.8		14.4

		0		15.3

		1.3		13.1

		0		13.7

		0		16.5

		0		17.1

		0.1		16.4

		5.4		16.9

		0		17.4

		0		15.3

		21.1		18.9

		0.9		16.9

		6		15.6

		2.1		13

		5.6		13.5

		3.6		13.5

		1.2		14.7

		0		14.7

		0.6		13.4

		2.2		14.9

		0		16.5

		0		18

		0		16.7

		1.3		16.3

		0		12.9

		0		12.2

		6.4		15.2

		0.4		14

		6		15.6

		4.1		14.8

		1.2		15.6

		0.4		16

		0		16.3

		0		14.5

		2		15.5

		0		13.8

		5.8		12.6

		5		13.8

		0.9		14.2

		7.3		12.9

		0.1		14.7

		0		13.5

		0		13.1

		0.6		12.1

		1.2		12.1

		0.2		11.4

		10.9		14.2

		0.8		13.8

		1.7		10.7

		4.5		10.6

		4.9		13.8

		8.6		13.2

		4.7		12.7

		4.9		13.2

		5.5		13

		0.1		12.5

		2.1		9

		0		4

		8.5		11.9

		1.9		12.2

		0.6		9.1

		0.1		9.4

		0		9.6

		0		9.8

		0		10.5

		0		11.6

		0		10.4

		0		11.8

		0		13.2

		0		15.9

		2.7		14.9

		5.9		12.3

		0.4		15.1

		3.2		16.2

		0		15.7

		1.8		12.4

		0.4		11.1

		0		10.1

		0.4		10.8

		9.5		10.8

		0		9.4

		0		11.5

		0		12

		0		7.1

		0		8.3

		0		4.5

		0		4.4

		0		5.6

		3.8		8.1

		0		5.9

		0		2.6

		0



&A

Page &P

opady

śr.temperatura

dni od 1.04

opady (mm)

temperatura

temperatura i opady w sezonie 1998



		0		2.7

		0.1		1.4

		0		-0.9

		0		-0.3

		0		0.9

		0		3.5

		0.1		3.9

		0		4.6

		0		6.4

		3.2		2.7

		3.9		1.6

		0		0.9

		1.4		4.8

		9.1		5

		4.4		3.7

		4.1		3.1

		2.1		10

		2		6.7

		1.1		11.2

		0		7.2

		0		6.8

		4.6		8.2

		0.4		10

		1.1		10.4

		0		8.1

		0		5

		0		1.7

		0.8		4.7

		0		0.3

		3.6		1.2

		0		3.6

		0		4.5

		2		5.6

		0		4.8

		0.1		2.2

		0		3

		0		3.3

		0		1.8

		0		2.9

		0		4

		0		5.1

		0		7

		0		8.3

		0		8.3

		0		9.3

		0		12.7

		0		13.4

		0		13.3

		0		15.3

		0		10.9

		0		10.8

		2.7		12.1

		0.1		12.7

		0.9		9.3

		0.8		12

		0.3		11.9

		3.2		9.8

		0.1		8.5

		2.4		11.1

		0		13.7

		0		12.8

		0		13.8

		1.2		13.5

		0.4		14.6

		0.1		13.3

		0.1		16.9

		9.4		17.8

		0		15.8

		0		16.6

		0.5		19.5

		0		20.8

		0		22.5

		0		20.8

		0		19.8

		0		19.4

		0		17.2

		0		16.1

		0		19

		0		18.1

		0		19

		0		20.2

		0		13.7

		0		17.4

		15.2		21.6

		0.2		17.5

		0		19.9

		1.1		20.5

		0		19.8

		0		19

		1.4		17.1

		0		14.8

		5		15.5

		0		15.3

		0.9		18.5

		0.4		16.1

		0		14.8

		0		15.9

		0		19.9

		0		21

		0		21.6

		0		22.5

		0		24.9

		0.8		21

		4.4		17.5

		0.1		17.2

		3		16.9

		0.5		17.7

		0.8		19.2

		0.1		19.9

		2.8		17.9

		6.5		15.1

		0.7		14.3

		2.2		16.4

		4		14.7

		2.2		13.7

		0		15.3

		0		16.1

		0		15.2

		0		16.2

		0		20.2

		0.7		19.5

		0		20.9

		0		20.1

		0		15.6

		4.2		11

		3.9		11.5

		0		11.8

		0		14.2

		11.1		17.5

		16.5		15.2

		0.5		13

		0		13.2

		0		11.6

		0		10.8

		0		10.8

		0		12.4

		0		14.5

		0		13.8

		0.2		14.2

		4.6		13.1

		0.3		10.1

		1		10.1

		2.4		12.4

		0		13.5

		0		13.9

		0		15.8

		7.8		15.2

		4.4		12.6

		0		13.5

		0.1		13.6

		2.2		15.5

		0		15.8

		0		17.5

		0		17.4

		0		16.8

		0		16.6

		0		15.7

		0		15.1

		0		13.3

		0.1		14.8

		0		11.9

		0		9.3

		0		6.1

		0		5.4

		0		6.2

		0		8.9

		0		10.6

		0		10.6

		0		11.6

		0.1		11.3

		7		12.2

		0.9		6.7

		0		5.1

		0

		0		11.7

		17.1		12.9

		9.1		11.6

		8.2



&A

Page &P

opady

śr.temperatura

IV               V                VI               VII             VIII              IX

opady (mm)

śr.temperatura

temperatura i opady w sezonie 1999




_1117821017.xls
Kaavio2

		7.1

		6.3

		4.3

		3.5

		4.3

		4.5

		2

		2.5

		8.6

		7.5

		4.3

		2.4

		2

		1.9

		3.3

		1.3

		1.7

		7.1

		7.6

		1.6

		-1.2

		-1.1

		-2.6

		-3.9

		-2.8

		-2

		-3.8

		-0.3

		2.3

		2.8

		3.9

		4.6

		-2.4

		-3.9

		-4.5

		-6.6

		-1.1

		1.5

		5

		4.6

		3.4

		3.2

		2.7

		4.9

		4.3

		4

		2.7

		-0.6

		-3.7

		-2.9

		-3.4

		-5.2

		-1.8

		-1.4

		0.1

		-1.2

		-3.1

		-5.6

		-1.8

		-0.7

		-2.4

		-4

		-6.5

		-8.4

		-10.9

		-5.1

		-0.3

		-7.5

		1.6

		2

		2

		-0.2

		-4

		-3.2

		-5.8

		-8.6

		-0.7

		0.8

		-1.8

		-3.8

		-2.8

		-3.5

		-3.9

		-2.9

		-4.3

		-3.1

		-3

		-4.4

		-8.3

		-1.9

		-1.6

		-4.6

		-4.6

		-3.8

		-1.3

		0.6

		1.1

		0.6

		0.4

		0.2

		-1.7

		-2.7

		1.1

		-1.4

		-2.6

		0

		1.8

		2.6

		2.5

		0.6

		0.3

		-2.9

		-8.3

		-0.9

		0.1

		-4

		-0.3

		0.2

		0

		-5.7

		-13.8

		-10.8

		-15.3

		-20.3

		-13.3

		-9.3

		-14.6

		-14.6

		-18.1

		-4

		-0.6

		-2.6

		1.9

		0.2

		-3.1

		-5.1

		-3.6

		-6.2

		-2.8

		-15.6

		-1.5

		4.7

		0.9

		3.8

		2.9

		2

		-6.3

		-10

		1.5

		2.4

		0.3

		-2.8

		-7.4

		-5.2

		-2.4

		-7.1

		-11.3

		-11.3

		-8.9

		-8.3

		-11.2

		-11.5

		-8

		-11.7

		-9.6

		-10.8

		-5

		-1.7

		0.7

		-2

		-2.9

		-2.1

		-4.7

		-4.4

		-3.6

		-0.3

		1.7

		1.5

		1

		0.4

		3.4

		1.8



1997/98

X               XI                XII                  I                 II                  III



Arkusz1

		

		Rys.2 Średnie dzienne temperatury w okresie od 1.X do 31.III





Arkusz1

		9.8

		7.5

		5.7

		8.5

		8.8

		9.6

		10.1

		11.4

		10.7

		7.5

		4.8

		9

		5.8

		1.1

		4.6

		3.4

		4

		6

		7.2

		7.9

		6.6

		5.1

		3.5

		1.4

		6.7

		5.5

		6.3

		4.5

		8.4

		6.5

		0.7

		1

		3.4

		7.7

		6.6

		6.6

		7.2

		5.7

		2

		1.3

		1.3

		-1

		-1.1

		1.9

		-2.1

		3.2

		5.5

		5.9

		4.5

		5.9

		4.2

		6.6

		4.3

		2.7

		0.7

		-1.3

		-4.1

		-3.5

		-2

		1.1

		0.1

		0

		-0.4

		0.8

		2.1

		2.6

		2

		1.5

		1.3

		3.7

		3.9

		-1.9

		0.4

		-2.4

		-9

		-12.7

		-4.9

		-7.1

		-12.6

		-13.1

		-11.7

		-10.3

		-13.1

		-19.7

		-10.5

		-22.6

		-16.6

		-1.5

		-2

		-6.9

		-11.8

		-15.6

		-7.9

		-8.8

		-3.7

		-6.2

		-12.6

		-13

		-3.7

		-6

		-5.1

		-10.7

		-8.3

		-9

		-0.4

		0.5

		1.7

		0.3

		-2.4

		-1.2

		-0.2

		-12.3

		-2.9

		-0.5

		-1.6

		-4.4

		-9.7

		-2.3

		0.6

		-6.1

		-7

		1.3

		-2.4

		-6.8

		-6.6

		-1.8

		-0.1

		-2

		-6.5

		0.7

		0.7

		-7.4

		-3

		-0.7

		-2.5

		-5.3

		-16.9

		-17.4

		-14.4

		-12.6

		-13.8

		-7.3

		-2

		-1.2

		-1.2

		2.1

		3.3

		3

		1.3

		0

		-1.5

		1.9

		3.4

		2.6

		0.9

		0.1

		1.3

		1.9

		2.8

		2.9

		4.6

		2.6

		3.8

		1.6

		-2

		-3.7

		-5.6

		-4.6

		-5.9

		-6.4

		-6.2

		-8.3

		-8.4

		-6.6

		-6.1

		-5.2

		-2.7

		-0.4

		1.5

		0.7

		0

		4.3



1996/97

X               XI                XII                  I                 II                  III

śr.dzienne temperatury w okresie zimowym



Arkusz3

		7.1

		6.3

		4.3

		3.5

		4.3

		4.5

		2

		2.5

		8.6

		7.5

		4.3

		2.4

		2

		1.9

		3.3

		1.3

		1.7

		7.1

		7.6

		1.6

		-1.2

		-1.1

		-2.6

		-3.9

		-2.8

		-2

		-3.8

		-0.3

		2.3

		2.8

		3.9

		4.6

		-2.4

		-3.9

		-4.5

		-6.6

		-1.1

		1.5

		5

		4.6

		3.4

		3.2

		2.7

		4.9

		4.3

		4

		2.7

		-0.6

		-3.7

		-2.9

		-3.4

		-5.2

		-1.8

		-1.4

		0.1

		-1.2

		-3.1

		-5.6

		-1.8

		-0.7

		-2.4

		-4

		-6.5

		-8.4

		-10.9

		-5.1

		-0.3

		-7.5

		1.6

		2

		2

		-0.2

		-4

		-3.2

		-5.8

		-8.6

		-0.7

		0.8

		-1.8

		-3.8

		-2.8

		-3.5

		-3.9

		-2.9

		-4.3

		-3.1

		-3

		-4.4

		-8.3

		-1.9

		-1.6

		-4.6

		-4.6

		-3.8

		-1.3

		0.6

		1.1

		0.6

		0.4

		0.2

		-1.7

		-2.7

		1.1

		-1.4

		-2.6

		0

		1.8

		2.6

		2.5

		0.6

		0.3

		-2.9

		-8.3

		-0.9

		0.1

		-4

		-0.3

		0.2

		0

		-5.7

		-13.8

		-10.8

		-15.3

		-20.3

		-13.3

		-9.3

		-14.6

		-14.6

		-18.1

		-4

		-0.6

		-2.6

		1.9

		0.2

		-3.1

		-5.1

		-3.6

		-6.2

		-2.8

		-15.6

		-1.5

		4.7

		0.9

		3.8

		2.9

		2

		-6.3

		-10

		1.5

		2.4

		0.3

		-2.8

		-7.4

		-5.2

		-2.4

		-7.1

		-11.3

		-11.3

		-8.9

		-8.3

		-11.2

		-11.5

		-8

		-11.7

		-9.6

		-10.8

		-5

		-1.7

		0.7

		-2

		-2.9

		-2.1

		-4.7

		-4.4

		-3.6

		-0.3

		1.7

		1.5

		1

		0.4

		3.4

		1.8



1997/98

X               XI                XII                  I                 II                  III



		1.5

		1

		2.3

		6.1

		4.6

		0.4

		1.8

		4.5

		6.2

		8.7

		9.1

		7.4

		7.2

		6.4

		6.9

		5

		4.2

		5.6

		2.6

		4.1

		1.7

		4.6

		10.5

		7.4

		6.4

		7.3

		5.9

		3.6

		3.7

		3.2

		1.8

		1.9

		1.8

		0.7

		-0.8

		-0.8

		-0.7

		-3.1

		-6

		-7

		-7.8

		-7.2

		-5

		-5.3

		-7.1

		-8

		-6

		-7.9

		-9.6

		-12.6

		-17.2

		-5.2

		1.6

		1.1

		0.6

		0.6

		-1.5

		-3.5

		-1.2

		-0.8

		-1.5

		-0.5

		1

		1.4

		-0.5

		-3.9

		-5.8

		-5.4

		-9.5

		-10.4

		-5.9

		-9.3

		-6.3

		-5.3

		-4.3

		0.7

		0.9

		3.3

		3.3

		0.7

		-3.5

		-13.1

		-13.9

		-10

		-5.7

		0.3

		0.9

		-0.9

		1.9

		1.6

		-2

		-0.6

		0

		0.5

		-2.3

		-1.1

		0

		-0.8

		-4.4

		-6.9

		-11.7

		-14.9

		-9.2

		-8.5

		-13.3

		-12.8

		-2.6

		0.2

		1.4

		2.1

		1.9

		3.6

		3.5

		0.4

		-0.7

		-5

		-8.6

		-15

		-20.9

		-26.8

		-22

		-19.5

		-3.1

		0.2

		-8.3

		-6.1

		-0.8

		-4.8

		-17.6

		-24.4

		-25.4

		-20.2

		-22.1

		-11.1

		-7.1

		-4.3

		-0.3

		-0.4

		0

		-7.2

		-9.1

		-6.2

		-5.7

		-5.9

		-4.2

		-2.9

		-4.9

		-3.9

		-4.6

		-4.7

		-3.7

		0.4

		-1.1

		-7.2

		-9.3

		-4.2

		-0.5

		0.6

		-2.9

		-8.9

		-6.1

		-5.7

		-4.9

		-4

		-5

		-5.4

		-5

		-1

		0.1

		1.5

		-0.1

		0.4

		0

		-0.2

		-2.6

		-0.1

		1.3

		4.2

		2.3
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		>1		9.1				less than million spores/bee
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		Nosema apis		11
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