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Summary 

The objective of this study was to compare the colony development cycle (unsealed and sealed worker brood, drone brood, pollen and colony 

strength) of two Apis mellifera carnica subpopulations in two distinct environments (alpine and continental). At each test location were two sub 

groups of 12 colonies headed by naturally mated sister queens from either the Institute of Apiculture Lunz am See, Austria (AT) or from the 

Faculty of Agriculture University of Zagreb, Croatia (HR). Colony development was monitored every 14 days. The HR genotype, adapted to a 

continental climate, had faster spring brood development in both environments. During spring and early summer the AT genotype maintained 

the number of sealed brood cells at a constant level in the more favourable conditions, although the amount of unsealed brood reached its 

maximum in early June. The environment influenced colony development, food stores and colony strength. Interaction between genotype and 

environment did not affect the number of unsealed brood cells, but the difference was statistically significant for the number of sealed brood 

cells. The study indicated the presence of a number of genotype and environment interactions between the two honey bee genotypes and their 

colony traits.  

 

Desarrollo de colonias de dos genotipos Carniola (Apis mellifera 

carnica) en relación con el medio ambiente 

Resumen 

El objetivo de este estudio fue comparar el ciclo de desarrollo de la colonia (cría de obreras operculada y no operculada, cría de zánganos, el 

polen y la fuerza de colonias) de dos subpoblaciones de Apis mellifera carnica en dos ambientes distintos (alpino y continental). En cada lugar 

de prueba se pusieron dos subgrupos de 12 colonias encabezadas por reinas hermanas fecundadas naturalmente, ya sea del Instituto de 

Apicultura Lunz am See, Austria (AT) o de la Facultad de Agricultura de la Universidad de Zagreb, Croacia (HR). El desarrollo de las colonias 

se controló cada 14 días. El genotipo HR, adaptado a un clima continental, tuvo un desarrollo más rápido de la cría en primavera en ambos 

ambientes. Durante la primavera y principios del verano el genotipo AT mantuvo el número de celdas de cría operculadas a un nivel constante 

en las condiciones más favorables, aunque la cantidad de cría abierta alcanzó su máximo a principios de junio. El ambiente influyó en el 

desarrollo de las colonias, la reserva de alimentos y la fuerza de la colonia. La interacción entre el genotipo y el medio ambiente no afectó el 

número de celdas de cría sin opercular, pero la diferencia fue estadísticamente significativa para el número de celdas de cría operculada. El 

estudio indicó la presencia de una serie de interacciones del genotipo con el medio ambiente entre los dos genotipos de abejas y los 

caracteres de sus colonias. 
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Introduction 

Honey bees (Apis mellifera L.) have the ability to adapt to very different 

environments and climatic conditions. Adaptation of honey bees together 

with geographical isolation has resulted in numerous races and ecotypes 

even over relatively small areas (Ruttner, 1988). Carniolan bees (A. m. 

carnica) have a natural distribution from central to the south and south 

east of Europe. Distinct subpopulations of A. m. carnica have been 

described based on morphological data (Ruttner, 1988; Dietz, 2003) 

but also at the molecular level (Susnik et al., 2004; De la Rúa, et al., 

2009; Muňoz et al., 2009). These populations were result of geographic 

isolation, but over the last few centuries, they have been influenced by 

the trade of swarms and queens. Transfer of genotypes to a new 

environment can show that genotypes superior in one environment 

may not be superior elsewhere (Burdon, 1977). Inconsistent responses 

to environmental factors such as temperature, humidity, and rainfall 

between locations and years are a function of genotype by environment 

interactions (GxEI). GxEI have been defined as the failure of genotypes 

to achieve the same relative performance in different environments 

(Baker, 1988). GxEI may affect the efficiency of breeding programmes 

by decreasing performance, reproduction and survival rates in genotypes 

raised under different environmental conditions (Montaldo, 2001). A 

study within the A. m. ligustica race (Costa et al., 2012a) confirmed 

significant GxEI for spring development and honey yields. Similar results 

are reported for the Europe-wide experiment involving 16 different 

genetic origins of European honey bees (Costa et al., 2012b) confirming 

presence of GxEI on colony survival (Büchler et al., 2014), behaviour 

(Uzunov et al., 2014), and colony development (Hatjina et al., 2014). 

The honey bee colony development cycle follows seasonal changes 

in the environment. With honey bee colonies adapted to local foraging 

conditions, the peak in forager population coincides with maximal 

nectar flow (Hauser and Lensky, 1994). In temperate climates, brood 

rearing generally starts during mid-winter. The brood area rapidly 

increases following food availability. After reaching a peak during the 

late spring or early summer, it slowly decreases, or can have another 

smaller peak before finally stopping in the autumn (Harris, 2008; Mattila 

et al., 2001). According to Woyke (1984), colonies with the largest 

amount of brood do not always become the most populous, nor do the 

most populous colonies always produce the most honey. During brood 

development, not all individuals survive. Fukuda and Sakagami (1968) 

have calculated survival of successive immature stages under normal 

colony conditions from 77.2 to 92%. Various factors can contribute to 

brood survival, and one of them can be the transfer of a colony to a 

new environment. The objective of this study was to compare colony 

development cycle of two A. m. carnica subpopulations in two distinct 

environments. For this purpose, we reanalysed data from the experiment 

on characterization of two A. m. carnica genotypes in the field conditions 

reported by Bubalo (1995). In comparison to this earlier study, and in 

line with a different question asked, data were reanalysed and discussed 

in the context of GxEI.  

Material and methods 

The study was carried out simultaneously in Croatia (Mala Dapcevica) 

and Austria (Lunz am See). Mala Dapcevica (county of Bjelovar-bilogora) 

is a village at the edges of the Pannonian Plain, situated at an altitude 

of 150 m with global positioning system (GPS) coordinates of 45°42’50”N 

and 17°17’55”E. The area is agricultural, with equal shares of cultivated 

land and natural vegetation (meadows and lowland forests). This site 

is hereafter referred to as “Pannon”. The apiary at Lunz am See (the 

district of Scheibbs, Lower Austria) was located at an altitude of 746 m 

with GPS coordinates of 47°50’98”N and 14°59'28''E. The flora there 

consists of grassland, managed forests and natural vegetation with a 

low share of farmland and urban areas. This site is hereafter referred 

to as “Alps” (Fig. 1). 

 

 

 

 

 

Apiary set-up and the protocol for the experiment was the same 

at both locations. Training and harmonisation of the methods between 

team members took place at the Institute of Apiculture apiary at Lunz 

am See during the summer of 1992. Test apiaries were established on 

5 July 1992 with 24 colonies of similar strength chosen from existing 

apiaries. At each test location, colonies were divided into two sub-groups. 

Colonies, in standard Langstroth hives, were arranged in a line, with 

10 m between test groups. The original queens were removed on 10 July 

1992 and replaced by the caged test queens one day later. Each sub-

group contained 12 naturally mated A. m. carnica sister queens from 

either the Institute of Apiculture Lunz am See, Austria (AT) or from 

the Faculty of Agriculture University of Zagreb, Croatia (HR). Colonies 

were fed sucrose solution (1:2 water: sugar) during the next four weeks. 

Standard treatment of colonies against varroa was performed using 

Apistan® strips during early autumn 1992. Colonies were overwintered 

on two supers.  

The colonies lost during overwintering, which swarmed or superseded 

during the active season, were removed from the study. The colonies 

were allowed to develop without a queen excluder during the experiment. 

Fig. 1. Locations of the experiment (Blue: Lunz am See, refered as 

“Alps”, Red: Mala Dapcevica, refered as “Pannon”) Photograph from 

Google Maps: Map data ©2014 Basarsoft, GeoBasis DE/BKG (©2009), 

Google, basado en BCN ING Espana. 



 

 

Results  

From the total of 48 colonies, 8 were lost during overwintering period 

of 1992/93. At each test location (Alps, Pannon) 2 AT and 2 HR colonies 

were lost. Seven colonies of AT genotype reached the end of the 

experiment at each location in comparison to five colonies of HR  

genotype at Alps and 9 colonies at Pannon (Fig. 2).  

At the Alps location, over 154 days (from 19 October 1992 to 22 

March 1993) AT colonies consumed on average 5.32 ± 1.10 kg (34.56 

g/day) and HR 6.28 ± 1.36 kg (40.74 g/day) of honey per colony. Winter 

food consumption per colony from 20 November 1992 to 21 March 1993 

(121 days) at the Pannon location was 3.44 ± 1.53 kg (28.45 g/day) 

for AT and 4.79 ± 1.26 kg (39.61g/day) for HR genotype (Fig. 3). The 

mean number of unsealed worker brood cells per colony was higher at 

Pannon compared to Alps for most measurements (Fig. 4). All test 

groups had several peaks in this trait through the study period, with 

largest unsealed brood area in June. HR had an obvious decline in 

brood area at Pannon on 7 July, followed by a sharp increase, but the 

decline in other groups was less evident. AT decreased brood rearing 

at both locations from mid-August, as did HR at Alps. This decrease 

did not occur in HR at Pannon until the end of August.  

Colonies of both genotypes reared significantly (p < 0.0001) more 

sealed worker brood at Pannon, and the difference was most pronounced 

during August (Fig. 5). When we compare genotypes within location, 

the most obvious difference was measured during May and June at 

Pannon, where AT genotype reared significantly less sealed worker 

brood. At Alps, sealed worker brood did not differ between test groups, 

and the largest selaled worker brood area was measured in June. After 

this date, sealed brood steadily declined in both genotypes. The main 

effects of environment, measurement and interactions between geno-

type, environment and measurement were all significant (P < 0.0001) 

for worker brood development (Table 2). The effect of genotype was 

significant on unsealed (P < 0.0170) and not significant on sealed  

(P = 0.0740) worker brood, but GxEI was not significant for unsealed 

(P = 0.0971), but significant for sealed brood (P = 0.0146). 

 

 

Available space was checked each control day and supers were added 

or removed according to each colony need. Colonies did not receive 

empty frames, and for drone brood rearing they modified part of the 

worker comb. The bees were also regularly checked for signs of diseases. 

No treatment against diseases was carried out during the testing period.  

Winter food consumption was measured from the weight of each 

colony in autumn and spring (using a “Tefal” digital scale; sensitivity 

0.1 kg). At the Alps location, colonies were weighed on 19 October 1992 

and on 22 March 1993, and at the Pannon location on 20 November 1992 

and 21 March 1993.  

The colony development was monitored every 14 days (Bromenshenk 

and Lockwood-Ogan, 1990) starting on 21 April. At each location, 10 

measurements were taken, finishing on 8 September 1993. In the case 

of rain at one location, activities were postponed at both locations. From 

each comb, the outline of unsealed and sealed worker brood, drone 

brood and pollen in the brood chamber were drawn on transparent 

sheets. The surfaces of drawn areas were digitized by computer assisted 

image analysis. All areas of the same trait were calculated in mm2 per 

control day and colony. Conversion of the areas to the number of cells 

was calculated by dividing area in mm2 with 23.34 for worker and 38.46 

for drone size cells (Dadant, 2003; Wray et al, 2011). The strength of 

the colonies was estimated on each observation date by counting gaps 

between combs occupied by bees, and honey yield was measured as 

weight difference of combs before and after extracting the honey 

(Ruttner et al, 1972; Pechhacker et al, 1991).  

Daily air temperatures were recorded from the weather station at 

the experimental site in Lunz am See, and from the local Meteorological 

station at Bilogora, closest to Mala Dapcevica location (Table 1).  

The statistical analysis was performed using the SAS statistical 

package (SAS, 2009). All data sets were tested for normality and 

homogeneity of variances using Shapiro-Wilk test. For the analysis of 

unsealed and sealed brood cells, we used a repeated measures ANOVA 

model (SAS proc mixed). The fixed effects were genotype (AT, HR), 

environment (Alps; Pannon), measurement day (1 to 10), and their 

interactions. Changes related to observation day (1 to 10) were included 

in the model as repeated measures. 

  

yijkl=µ+Gi+Ej+Mk+GEij+GEMijk+eijkl 

 

where: yijk = traits (unsealed or sealed worker brood); µ = overall mean; 

Gi = genotype (i=1, 2); Ej = environment (j=1, 2); k = measurement  

(k=1, 2, ..., 10); GEij= interaction between genotype and environment;  

GEMijk  = interaction between genotype, environment and measurement; 

eijkl = residual. The data on drone brood, pollen cells, colony strength 

and honey yield did not meet the normality assumption, and were 

compared using Wilcoxon rank-sum test. Correlations between traits 

were calculated using Corr procedure.  
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Table 1. Number of days with minimal, average and maximal  

temperatures below 0 and 12oC and above 20oC in period from 1 April 

to 15 September 1993.  

Location Daily temperature 
Number of days 

<0°C <12°C >20°C 

Alps     

Average 0 77 5 

Minimal 8 143 0 

Maximal 0 28 69 

Average 0 17 61 

Pannon Minimal 0 76 0 

Maximal 0 5 129 
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Both genotypes had higher average number of drone brood cells 

at Pannon compared to Alps, except on the last observation day (8  

September) when colonies ceased drone brood rearing at both locations 

(Fig. 6). Within location, AT reared more drone brood cells in most 

measurements. The highest difference was mesured on 7 July at Alps, 

where this diference was significant (Table 3). From this day, HR 

decreased drone brood rearing, and maintained a low number of drone 

brood cells until the end of experiment. AT continued with drone brood 

production until the end of August.  

At Alps, both genotypes did not have pollen at the first measurement. 

The highest number of cells containing pollen was measured on 12 May. 

After this date, colonies gradually decreased pollen stores. From the 

beginning of July, pollen was found sporadically in the colonies (Fig. 7). 

On the contrary, both genotypes gradually increased pollen stores at 

Fig. 3. Average daily winter food consumption (g) at experimental 

locations per genotype. Boxplot: horizontal line: medians; symbol in 

the box interior: mean. 

Fig. 4. The average number of unsealed worker brood cells per location 

and genotype. UWBC – Unsealed worker brood cells. 

Fig. 5. The average number of sealed worker brood cells per location 

and genotype. SWBC-sealed worker brood cells. 

Fig. 6. The average number of unsealed and sealed drone brood cells 

per location and genotype. 

Fig. 7. The average number of cells containing pollen per location 

and genotype. 

Fig. 8. The average colony strength estimated as a number of gaps 

between frames with bees per location and genotype. 

Fig. 2. Survival of colonies at experimental locations.  



Pannon. The highest stores were measured on 11 August, with slow 

decrease in the following observations. Within test locations differences 

were not significant (Table 3).  

The strength of colonies estimated as a number of gaps with bees 

was significantly different for each genotype in different enviromental 

conditions (Fig. 8). Local colonies were stronger when compared to 

introduced at both locations in most measurements, but this difference 

was significant at Pannon and not significant at Alps (Table 3).  

The relationship between unsealed and sealed worker brood was 

statistically significant and strong for both genotypes at Alps, and 

medium at Pannon; similar results were obtained for sealed worker 

brood and colony strength at Pannon. Correlation of sealed worker 

brood and colony strength at Alps was low (Table 4).  

Honey yields differed between locations (Table 5) and the average 

honey yields at Pannon were higher than at Alps. The difference between 
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genotypes at Pannon was not significant, but the average honey yield 

of AT at Alps was almost five times higher than HR.  

 

 

Discussion 

Adaptation to the local environment can be explained by the ability of 

honey bees to maintain colony cycle for several seasons. All colonies 

within each genotype in this experiment were highly related, headed 

by naturally mated sister queens. Two genotypes, one local and one 

introduced, were monitored for one season in two distinct environments. 

Both genotypes showed similar results for winter survival, but HR 

showed higher losses during the active season at Alps. At the end of 

test period, colonies of introduced genotype had lower survival rates 

at both locations, which is comparable to results of Büchler et al. (2014).  

A. m. carnica genotype and environment interactions  

Source of variation 
  Unsealed brood Sealed brood 

DF F P F P 

Genotype 1 5.76 0.0170 3.22 0.0740 

Environment 1 35.47 <0.0001 497.47 <0.0001 

Measurement 9 79.38 <0.0001 83.70 <0.0001 

Genotype x Environment 1 2.77 0.0971 6.04 0.0146 

Genotype x Environment x Measurement 27 1.74 0.0150 4.34 <0.0001 

Table 2. Summary of repeated measures ANOVA results for the number of unsealed and sealed worker brood cells (p < 0.05). 

Source of variation Genotype Location 

 AT HR Alps Pannon 

Trait Z p Z p Z p Z p 

Winter food consumption 1.5200 0.1285 -1.1539 0.2485 -1.8845 0.0595 2.2189 0.0265 

Drone brood -3.0086 0.0026 -4.8068 <.0001 -2.5724 0.0101 0.6003 0.5483 

Pollen -6.3898 <.0001 -6.9859 <.0001 -0.5935 0.5528 -0.6503 0.5155 

Colony strength -6.7012 <.0001 -9.5974 <.0001 -0.8494 0.3957 -2.2945 0.0218 

Table 3. Summary of wilcoxon test statistics for winter food consumption, the number of drone brood and pollen cells and colony strength by 

genotype over test locations and between AT and HR within test location. 

Correlation Location AT HR 

Unsealed and sealed worker brood 
Alps 0.72** 0.81** 

Pannon 0.50 ** 0.52 ** 

Unsealed worker brood and colony strength 
Alps 0.12 * 0.24 ** 

Pannon 0.46 ** 0.17** 

Sealed worker brood and colony strength 
Alps 0.10 0.17 ** 

Pannon 0.49 ** 0.31** 

Table 4. Correlation coefficients between unsealed and sealed worker brood and sealed worker brood and colony strength within genotype 

per location. * p < 0.05, ** p < 0.01. 

Location Genotype Yield (kg) mean± sd Z p 

Alps 
AT 14.56±5.64 

-2.7803 0.0054 
HR 2.84±3.97 

Pannon 
AT 44.96±23.76 

0.2451 0.8064 
HR 40.00±10.43 

Table 5. The average honey yields in kg ± sd per location and genotype.  



experiment, bees adapted to the Alpine climate (AT) reduced brood 

earlier in both environments, in comparison to HR (Figs 4 and 5). The 

genotype influence on autumn brood reduction was more obvious for 

unsealed than for sealed brood.  

Performance of honey bee genotype transferred to a new  

environment can be measured by its ability to recognize foraging sources, 

and to collect pollen and maintain honey stores. However, pollen is 

collected on the basis of colony needs, with small quantities kept as a 

reserve (Dreller et al., 1999). In our experiment, the  local genotype 

had higher pollen reserve in most measurements, which is similar to 

findings of Louveaux et al. (1966). 

Influence of genotype was not so evident when it is transferred to 

more favourable conditions compared to less favourable conditions. 

Yields of HR at Alps were low and ranged from 0 to 8.5 kg of honey in 

comparison to AT whose average production was higher than the 

maximal yield of HR colonies. The difference in yields by genotype was 

not significant at Pannon. Honey yields are result of foraging conditions 

specific for the location of apiary and characteristics of colony. Generally, 

honey yields were significantly higher at Pannon due to favourable 

conditions during the season (Tables 1 and 5).  

Environmental adaptation implies a higher fitness of local strains 

(Hatjina, et al., 2014). This adaptation can be presented by annual 

dynamic of brood and adult population; however, an optimal use of 

natural resources (pollen and honey stores), a positive food balance, 

the reproductive success and the survivability reveal failure or success 

of the genotype in given environment. The environment influenced 

colony development, food stores and colony strength (Table 2 and 3). 

Interaction between genotype and environment did not affect the 

number of unsealed brood cells, but the difference was statistically 

significant for the number of sealed brood cells. Our findings are similar 

to research of Louveaux et al. (1966), who transposed bees originating 

in areas with a spring or summer peak, and demonstrated that the 

bees were unadapted to the new environment, which was shown by 

worse performances (weight of hive, pollen harvest, extent of the 

brood-comb) than those of the indigenous colonies. They found that 

change of the queen had the same effect. The rearing of the brood, 

which can be seen as the number of sealed brood cells, depends on 

nursing by the bees, which are under stronger influence of GxEI 

(Hatjina et al., 2014).  
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In this experiment, colonies of the same genotype had similar 

winter food consumption across locations (Fig. 3; Table 3). AT had lower 

consumption at both locations, which can be an indication of native 

environment effect on winter food intake. The results of this study 

suggest that bees adapted to hard winter climate were more economical 

in food consumption, as measured in both environments.  

The Alps site has an alpine climate; during the experiment, 77 days 

had average daily temperature below 12°C, inadequate for foraging 

(Hoopingarner and Waller, 2003). During the same period, the Pannon 

site had only 17 days with such low temperatures (Table 1). The results 

of this experiment indicate that environment had strong effect on colony 

development (Table 2). Colonies at Pannon had almost twice the amount 

of unsealed brood on 21 April compared to Alps. The difference was 

even more pronounced for sealed and drone brood (Figs 4-6). While 

the number of unsealed worker brood cells was similar among geno-

types and locations; colony strength was significantly lower at Alps. 

Compared to currently recommended methods (Delaplane, 2013), the 

method used for measurement of adult population in this experiment 

was approximate and gave only a rough estimation of colony strength. 

Nevertheless, our observations suggest that the colony strength is not 

strongly related to the laying activity (unsealed brood) of the queen 

(Figs 4 and 8). These results correspond with observations made by 

Woyke (1984) that colonies with the most brood do not always become 

the strongest.  

HR, adapted to a continental climate, had faster spring brood 

development in both environments, in comparison to AT. During spring 

and early summer, AT kept the number of sealed brood cells on a 

constant level at Pannon (Fig. 5) although the amount of unsealed brood 

reached its maximum in early June (Fig. 4). Such difference in the ratio 

of unsealed and sealed brood could be attributed to losses due to brood 

cannibalism by adult bees during protein food shortages (Schmickl and 

Crailsheim, 2001), which is usually related to unfavourable weather 

conditions (Dustmann and von der Ohe, 1988). Surprisingly, it occurred 

at Pannon, characterized with more favourable climate conditions 

(Table 1). At the same time, AT colonies had higher number of drone 

brood cells. Boes (2010) reviewed drone production and maintenance 

in honey bee colonies and concluded that drones are an important, but 

costly, investment, so colonies regulate the number of drones they 

produce. This regulation is result of joint activities of the queen and 

workers, who must respond to environmental factors (Wharton et al, 

2007). AT colonies reared more drone brood at both experimental 

locations, but this difference was more distinct at Alps (Fig. 6). AT 

maintained drone brood longer in the season compared to HR, which 

showed reduced reproductive ability in the severe environment.  

Several reasons such as varroa infestation and treatments, (van 

Dooremalen et al., 2012) or food availability (Eckert et al., 1994; Dreller 

et al., 1999; Sagili and Pankiw, 2007) can influence the amount of 

worker brood and duration of the brood period in autumn. In our 
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