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Abstract

The experiment was conducted during the period of January, 1998 to May 1999 in the Apicultural Sector of the Zootechny Department of the Universidade Estadual de Maringá, at the Experimental Farm of Iguatemi (FEI), in Maringá, Paraná State, Brazil. The apiary is located inside of a closed area in a forest in the North of Paraná State. The aim was to evaluate how much the techniques interfere to increase the propolis productivity in the longevity of africanized workers bee of Apis mellifera. The tested techniques were: Glass (T1); Scraping (T2); Smart Propolis Collector (T3) and Control (T4). To the establishment of the internal colonies conditions, it was evaluated the hives referring to the occupied areas as breeding and feeding. To this step, it was used the software SPRING – Processing System of Geocoded Information, to the analyses. The data were arranged randomly and analyzed with the support of GLM (SAS, 1996), where the means were compared by the Tukey Test (p<0,05). It was realized an analysis of correlation between the longevity of workers bee and the breeding and feeding areas of the swarm off bees. On Winter season, the CPI presented a media of longevity of workers bee (20,06 days) 127,4% superior to the scraping technique (8,82 days). In the same season, the treated honeycomb T2 (scraping) presented an overall breeding area 7,49 times bigger than T3 (CPI) showing the possibility of less longevity of the workers bee because of the tiredness in the processing of feeding the breeds, since the food storage in this period in honeycombs of this treatment were lower too. The results showed too that low temperatures and high moisture caused prejudice to the longevity of the workers bees.
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Introduction

More studies of new techniques are produced, having the goal to enhance propolis production due to its economics importance in brazilian apicultural scenery. The resins collection, meanly propolis by workers bees is a hard working activity, which may affects their longevity. Even though, there are no works about this essential feature to the development and survival of the swarm. 

Several factors may affect the longevity such as seasonal variation which have strict influence on the internal thermoregulation of the swarm, the size of the colony, quantity of offspring to be fed, diseases such as Nosema apis, parasites like acarides of Varroa jacobsoni, the presence or not of the queen, genotypic differences, relative temperature during the period of ontogenesis and the metabolic activity made by workers. 

Feeding may affect longevity and according Doull (1980); Azevedo et al. (1996); Benitez (2000), deficient diets hardly interfere on the lifetime of the workers of Apis mellifera.

The presence of the ectoparasites such as Varroa jacobsoni may compromise the longevity of Apis mellifera with mean values of 13,6 days to parasitized Africanized bees and 27,6 days to africanized bees without infestation (De Jong & De Jong, 1983).

Bianchini Silva e Nogueira-Couto (1997) studied in Brazil the levels of infestation by Varroa jacobsoni and found a significant difference affecting the viability of the africanized Apis mellifera offspring, but not related to weight or longevity of the workers.

According De Jong (2000), the compromising on the longevity due to diseases is directly related on the production, pointing index of economics lost of 2,5% of the swarm population/year, which reflects the lost of 2,5% of the honey production.

Other factors which must be considered in the evaluation of the longevity of Apis mellifera sp are seasonality and the characteristics of the climate (Sakagami e Fukuda, 1968; Terada et al., 1975). In addition of the activities made by the bees, the lifetime of each worker depends on the month and season of the year when they were born and grown up (Eischen et al., 1982).

The studies on the longevity of Apis mellifera workers constitute indeed a high complex analysis since it would be influenced too by the genetic origin and subspecies (Bruckner, 1980; Kulincevic & Rothenbuhler, 1982; Couto and Nogueira-Couto, 1990; Garcia, 1992; Pereira et al., 1996). 

Betioli & Chaud-Neto (1999) consider the swarms constituted by great bees swarms, having bigger longevity. Considering several factors that interfere on the workers longevity, the goal of this research was to evaluate how much some techniques used to enhance propolis productivity may interfere on the longevity of workers bees of africanized Apis mellifera, and indeed the hives areas occupied by offspring, food, extras and total of tested colonies in the 4 seasons of the year.

Material and Methods

The experiment was conducted between January of 1998 and May of 1999, in the Apicultural Sector of the Experimental Farm of Iguatemi (FEI), Municipality of Maringá, Parana State, connected to the Zootechny Department of the State University of Maringá (UEM). The FEI/UEM is sited in the Northeast region of the Parana State in altitude of 542 meters and geographic coordinates between 23º25’ South latitude and 51º57’ West longitude. The climate in the region is temperate tropical, having rainy Summers and dry Winters. The mean temperature of the region in the last 19 years was 22,9ºC and mean pluvial precipitation of 1607,6 mm, according to Centro de Meteorologia information at the State University of Maringá.

It was made four experiments of longevity being assigned to a colony containing 10 little boxes and a queen to each treatment. The first period was carried on from 10/01 to 23/02 (Summer), the second period from 13/06 to 23/07 (Winter) and the third from 16/11 to 21/12/1998 (Spring), and the fourth period from15/04 to 12/05/1999 (Fall).  The methodology used in this experiment was developed by Terada et al. (1975). The workers recently born (50 bees/treatment) were individually labeled with a numbered plaquete Opalithplättchen mit which was adapted in the thorax where: blue was for T1=glass; green to T2=scratching; white to T3= Intelligent Propolis Collector (CPI) and red to T4= control. The revision in the swarms were made in alternate days and made 10 days after the observation of the last labeled bee.

It was made the mapping of the internal condition establishment of the swarms of africanized Apis mellifera related on feed areas, offspring, extra and total. In a transparent plastic bag, it was delimited the areas of the classes previously defined, supported by a projector pen, using a modified method of Freire (1997). The number of hexagons with pollen found in the middle of other different areas were counted and registered. 
To the areas determination it was utilized a system of geographical information (Assunção et al., 1990) and a program named Sistema de Processamento de Informações Geocodificadas – SPRING (Inpe, 1999). 

It was established a data bank whose concept structure presented one category only (theme) with thirteen classes. The food area (AAL) correspondent to the sum of the operculated honey classes area (MO), green honey (MV), pollen (P) and green honey in hexagon of drone (CZ), egg/worker worm (O) and egg/drone worm (OZ). The extra areas (AE) are the result of sum of the values of an empty classes area (V), queen cell (R), empty drone (ZV), hived wax  (C) and defected comb (FD). The mapping was made using a calibrated and digitized table. In the Figure 1 it is possible to observe the reproduction on screen the SPRING software functioning. In the center, both sides of a comb represented by specific colors, on the left the control panel window and on the right the class windows and the calculus of the area.  To calculate areas of additional pollen present in schematic drawings in plastic bags, it was utilized the values to convert area according Couto (1991), where each square of 4 cm2 of area, contain an average of 13 cells. The final area was subtracted of the class where it was inserted and added to the pollen class. The external maximal and minimal temperatures, relative moisture of the air maximal and minimal and pluvial precipitation were obtained in the Meteorological Center of FEI/UEM. The maximal and minimal temperature of the colonies were collected weekly using a thermometer with a maximal and minimal controller fitted to the little box seated in the center of the nest, where the average period of the experiment was connected to the respective longevity used to statistics analysis.

The data were arranged randomly and analyzed using the GLM proceeding  (Sas, 1996), when the average was compared to the Test of Tukey (P<0,05).
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 Figure 1: Features of the SPRING Program and classification of classes of area.

Result and discussion

The test of longevity of bees were made in different period and swarms, which means there were no use of the same experimental units and the statistical analyses were made in each season separately. 

The Table 1 presents a significant difference (F=4,38** and CV=60,73%) to longevity during the winter season. The results obtained showed a significant difference (P< 0,05) between technique of scratching (T2) and the Intelligent Propolis Collector (T3) during Winter of 1998, confirming the data in the study of Winston et al. (1981) who relate the season of the year is a factor which can affects the longevity of bees. 

There were no significant differences (P>0,05) of longevity between treatments during summer and Spring of 1998 and Fall of 1999.

The number on lifetime of the workers bees were similar to those related by Sakagami and Fukuda (1968), who verified a brief longevity during summer and long during the winter. Therefore, Terada et al. (1975) estimated an average longevity of 24,3 days to workers bees of Apis mellifera during winter, bigger than the averages of the four treatments obtained in this experiment in the same season. 

During the Winter of 1998, the age average of the workers bees in four treatments (14,56 days) was bigger than the averages of other seasons, whose values were 9,85 days during the Summer, 12,67 days during the Spring and 11,75 days during the Fall of 1999.

Benitez (2000) obtained an average value of 39,41 days of longevity, resulted by 7 essays, where Apis mellifera bees received different protein basis diets during three days. This number was 223% bigger than the average obtained in four longevities found in this experiment during four seasons, which was of 12,20 days. 

The average in this experiment was 135,64% lower, because the bees exhaust to search for food was bigger due to not present race producing (arraçoamento= produção de raças?).

Winston (1988), using periods with a great amount of food sources, obtained values of 15 to 38 days of age to africanized bees and 12 to 18 days of age to European bees, different from those observed in this experiment during Spring which was of 12,67 days to africanized bees. 

Table 1: Values of F, coefficient variation (CV%) and media obtained in the analysis of variance of conditioned africanized workers bees in cast boxes Langstroth, matched in four techniques of propolis collection  in four seasons in a  year

Statistics
Seasons


1998

1999


Summer

Winter

Spring

Autumn


(10/01 a 23/02)

(13/06 a 23/07)

(16/11 a 21/12)

(15/04 a 12/05)

F to Treat (T)
1,11 ns

4,38**

1,84 ns

0,96 ns

CV%
98,87

60,73

72,78

54,88

Treatment
Means
SD
CV%

Means
SD
CV%

Means
SD
CV%

Means
SD
CV%

Glass
11,32
11,63
102,79

13,25ab
9,95
75,07

12,12
9,07
74,84

12,56
8,62
68,64

Scratching
9,47
7,95
8,39

8,82b
4,98
55,51

17,39
10,06
57,85

7,67
2,08
27,15

CPI
10,87
10,21
93,94

20,06a
9,91
48,39

7,50
6,63
88,34

11,64
4,18
35,90

Control
7,74
8,55
110,47

16,10ab
10,84
67,32

13,67
10,90
79,77

15,13
8,25
54,57

GENERAL
9,85
9,69
98,98

14,56
10,26
64,42

12,67
10,03
73,99

11,75
6,80
54,76

** - significance at 1% of Probability, ns – no significance

Means followed by the same letter in the column, no differ by Tukey test (P<0,05)

T1 = Glass, T2 = Scratching, T3 = Smart Propolis Collector - CPI, T4 = Control

The bigger longevity showed in this experiment occurred in winter season, although the average of the numbers in the food area and offspring (table 2) were lower than the observed during seasons. 

These data were different from those presented by Toledo (1997) in the same region and during winter which was of 20,20 days of age to africanized bees and of 23,28 days to Italian bees. The food area, offspring and extra presented in Table 2 are the result of a sum of areas of the classes obtained in SPRING software. 

During winter season, T3 (CPI) presented an average of longevity of workers bees (20,06 days), 127,4% bigger in the technique of scratching (8,82 days). Observing data of offspring and food areas (Table 2), it is verified that during Winter, the colony of treatment T2 (scratching) presented the offspring area 649,97% bigger and a food area 69,98% lower of T3 (CPI), denoting the investment of T2 in the offspring production were much bigger to T3, as well deficiency of stocked food in T2 which provokes more wearing, reducing longevity. 

Although each treatment presented as an experimental unit a different colony in each season of the year, T4 tended to present a bigger average of longevity related on T1 (12,31 days), T2 (10,84 days and T3 (12,52 days). This bigger longevity may have been due to the fact of these colonies even being different depending on the season of the year belonged to treatment T4 (control) where the propolis was extracted only in the last season of the experiment, what means, during the Fall of 1999, which agrees with Eischen et al. (1982), who consider the month, the season of the year, year in focus and the fact that the lifetime of the bees may have been connected to their activities as well, when propolis collection was the less important task to do in this treatment due to no be extracted in each season like in other treatments. 

It was verified bigger acceptation tax from workers bees referred to longevity during summer  season (76,5%) and they present bigger food area (7625,262cm2) during four seasons. Therefore, due to the activities of bees would be more intense, the global mean of longevity was lower of the four seasons. The table 2 shows that during winter season the lower mean production of offspring and food in four treatments, presenting less wearing of the workers bee activities and consequently bigger mean of life. 

This weary was observed too during summer season when although the data was not significantly different (P>0,05), the lower longevity was of T4 (7,74 days). This colony obtained the lower food area (4296,166 cm2) and the bigger offspring (10669.235 cm2), and then the results of the investment to search food were similar to treatment T2 during winter season, although the data were independent in the seasons.

Table 2: Means values in cm2, of food (AAL), breed (AC) extra (AE) and total (AT) areas obtained in the swarm off africanized Apis mellifera mapping submitted by four techniques of propolis collection in four seasons.

Treatment

1998

1999



Summer
Winter
Spring

Autumn



AAL


Glass
7744,669
7489,826
9724,469

9022,750

Scratching
8200,710
2023,089
4314,777

4496,710

CPI
10259,502
6739,845
9470,337

3441,026

Control
4296,166
9524,629
6380,744

9459,438

Means
7625,262
6444,347
7472,582

6604,981



AC


Glass
6075,208
10218,523
6884,546

8418,527

Scratching
10627,275
10882,355
8321,953

10679,485

CPI
8543,365
1451,036
9444,210

10625,064

Control
10669,235
5479,160
9274,877

11120,126

Means
8978,771
7007,769
8481,397

10210,801



AE


Glass
8490,961
4478,152
6823,938

3960,311

Scratching
2821,583
10283,056
7756,040

7648,444

CPI
3613,298
13150,069
3159,433

7485,361

Control
6728,255
8226,920
5381,649

2558,605

Means
5413,524
9034,549
5780,265

5413,180



AT


Glass
22310,838
22186,501
23432,953

21401,588

Scratching
21649,568
23188,500
20392,770

22824,639

CPI
22416,165
21340,950
22073,980

21551,451

Control
21693,656
23230,709
21037,270

23138,169

Means
22017,557
22486,665
21734,243

22228,962

Means followed by the same letter in the column, no differ by Tukey test (P<.05).

T1 = Glass, T2 = Scratching, T3 = Smart Propolis Collector - CPI, T4 = Control.

An evaluation was made by Pereira et al. (1995) to honey production in comparison to longevity which showed that the internal behavior of the swarm related to the activity present an essential importance in the longevity of the workers bees, confirming the results of T4 in this experiment.

The expected behavior presented a lower acceptation in the technique of T3 (CPI) because the boxes were laterally opened, although the mean percentage of the numbers of bees accepted in T3 was 42,5% in the four seasons, similarly to T1 (46%) and T4 (48,5%), being different in T2 (35%).

The data of the analysis of the coefficient of correlation of Pearson in the total longevities and the condition of maximal and minimal internal temperature of the colonies and external behavior, food areas, offspring extra and total were presented in Table 3.  

Table 3: Correlation Coefficient of Pearson and probability between longevity of bees during the seasons of Summer, Winter, and Spring of 1998 and Autumn of 1999, according to the following variables: treatment, repetition, maximal e minimal internal and external temperatures, maximal e minimal external relative moisture air and precipitation.

Variables
1998

1999


Summer

Winter

Spring

Autumn


(10/01 a 23/02)

(13/06 a 23/07)

(16/11 a 21/12)

(15/04 a 12/05)


Coef
P

Coef
P

Coef
P

Coef
P

Treatment
-0,1134
0,1628

0,2051
0,0645

0,0059
0,9598

0,1393
0,4548

Maxint
-0,1586
0,4720

0,2510
0,0229*

-0,0595
0,6094

-0,1543
0,4074

Minint
-0,0246
0,7624

0,0568
0,6121

-0,0024
0,9833

-0,0399
0,8314

Maxext
0,0030
0,9712

0,3731
0,0006**

-0,1779
0,1242

0,2446
0,1848

Minext
0,0103
0,0993

0,3187
0,0026**

0,1779
0,1242

0,2581
0,1610

Uramax
0,0151
0,8527

-0,3637
0,0008**

0,1779
0,1242

0,0488
0,7843

Uramin
0,0119
0,8837

-0,3438
0,0016**

0,1779
0,1242

-0,2326
0,2081

Prec
-0,0435
0,5931

0,1267
0,2568

0,1779
0,1242

0,0147
0,9376

AAL
0,1212
0,1356

0,1817
0,1024

-0,2280
0,0476*

0,2111
0,2542

AC
-0,1255
0,1220

-0,3635
0,0008**

0,0172
0,8827

0,0316
0,8660

AE
0,0069
0,9327

0,2351
0,0335*

0,1974
0,0874

-0,2525
0,1706

AT
0,01267
0,1186

-0,2684
0,0148*

-0,1778
0,1243

0,1019
0,5855

* - significance at a 5%, ** - significance at 1%

Maxint = Internal maximal temperature, Minint = Internal Minimal Temperature, Maxext = External maximal temperature, Minext = External minimal temperature, Uramax = Maximal Relative air moisture, Uramin = Minimal relative air moisture, PREC = Precipitation. AAL= offspring area, AC= food area, AE= extra area and AT= total area.

In the longevities, only the winter season obtained significant correlation of Pearson. The maximal internal temperature obtained a coefficient of correlation of 0,2510 with probability and 0,0229, indicating that higher internal temperature of colony, bigger the longevity.  Related to the external variables, the coefficients of correlation and probability presented high significant maximal external temperature (MAXEXT) (0,3731 and P=0,0006) and minimal external (MINEXT) (0,3187 e P=0,0026), showing that during Winter, the temperature showed external temperature oscillating from 12,37 to 24,49(C, and as much higher the temperature as higher will be longevity. The variables of the maximal relative moisture of air (URAMAX) (–0,3637 and P=0,0008) minimal (URAMIN) (–0,3438 and P=0,0016) obtained a negative correlation highly significant, showing that bigger moisture results in lower longevity of workers bees and during winter, low temperatures and high moisture were detrimental to longevity. The winter season was characterized by significant correlation of offspring areas, extra and total too, being negative to the first and last ones (-0,3635, P=0,0008 and –0,2684, P=0,0148, respectively) and positively to the second one (0,2351; P=0,0335).

The results proved that as much bigger offspring area (10882,355 cm2), smaller longevity (Tables 1 and 2). In the spring season, there is no significant difference (F=1,84ns) between treatments although the coefficient of treatment was negative (-0,22797) and significant (P<0,0476).

Conclusion

During winter season, the CPI presented longevity of workers bees mean of 127% superior (20,06 days) to the scratching technique (8,82 days). In this period the swarm participating in the treatment T2 (scratching) presented an offspring area totalizing 6 times bigger than T3 (CPI), showing that is possible a smaller longevity of workers bees due to the wearing in the food collection and offspring feeding, since the food stock in the swarms was already low. The results showed that low temperatures and high moisture were prejudicial to the longevity of the workers bees. 

The conditions in the internal (maximal) and external (maximal and minimal) temperature, as well the relative moisture of the air (maximal and minimal) had influence only during the winter season in additional in the development of the colony related on the offspring area, extra and total. 
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