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ABSTRACT: Phenotypic characters of honeybees, relevant to beekeepers, can be evaluated by 
studying correlations between them, and the correlated characteristics can be evaluated in the 
short term to assist in monitoring of annual genetic progress. This work therefore aims to evalu-
ate the production of honey and propolis, the hygiene and defensive behaviours of two genera-
tions of Africanized Apis mellifera (Hymenoptera, Apidae), to estimate the correlations between 
them and their heritability. We used 30 Langstroth beehives in apiaries in Marechal Cândido Ron-
don, Paraná State, Brazil. We used a method of drilling pupae to evaluate hygiene behaviour and 
the velveteen ball method to test defensive behaviour. We selected ten colonies which had the 
best honey and propolis production, and which produced F1 queens that were then transferred 
to beehives at an experimental farm, in order to observe honey and propolis production, hygiene 
and defence behaviours of their female offspring. The estimated differences for each character-
istic between the generations, the correlations between them within each generation and their 
heritability suggest that selection of colonies based on propolis production was more efficient at 
maintaining this high production than was selection based on honey production according to the 
performance of the colonies for this characteristic. The selected behavioural characteristics can 
be used to enhance performance, but not for improving yield characteristics evaluated. 
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Introduction

The honeybee Apis mellifera L. (Hymenoptera, Ap-
idae) is clustered into subspecies or geographical races, 
based on possession of similar characteristics and region 
of origin, also called as “races of tropical or temperate 
evolution” (Rinderer, 1986; Hepburn and Radloff, 1998; 
Winston, 1987). Although there are morphometric dif-
ferences among tropical African races of honeybee, they 
share many common features that are mainly adaptations 
to their common tropical environment, called “tropical 
honeybee characteristics”. These include seek shelter in 
smaller cavities, to stock less food for the winter period 
and invest more in offspring than in food, greater capac-
ity for swarming and defence, and also are found,  in 
tropical Apis races (Fletcher, 1978; Rinderer, 1986; Gar-
cia and Nogueira-Couto, 2003; Winston, 1987).

Swarms from 26 colonies of the African honeybee 
A. m. scutellata L. escaped in Brazil in 1957, making 
crossing and backcrossing with previously introduced 
European honeybee races, initiating a hybridization 
process called “africanization” of the honeybee (Kerr, 
1967; Sheppard et al., 1991a,b; Clarke et al., 2002). In 
less than 50 years, Africanized honeybees had spread 
throughout South, Central and North America (De Jong, 
1996; Kaplan, 2007), replacing of the latter by the for-
mer in the Neotropical regions (Lobo and Krieger, 1992; 
Gusmán-Novoa et al., 2005). This rapid expansion has 

been attributed to the rapid introgression and increase 
in the prevalence of mitochondria of African origin of 
the African genotype in areas previously dominated by 
European genotypes (Smith et al., 1989), adaptation and 
reproductive efficiency of the Africanized bees, which 
inherited adaptive characteristics of their African an-
cestors (Fletcher, 1978; Rinderer, 1986; Rinderer et al., 
1993; Winston, 1987). 

Honey production in Brazil grew by 97.3 % and 
propolis production by 232.7 % in 2001/02 (SEBRAE, 
2006), due to export demand. In 2009, the state of Paraná 
was the second largest producer of honey, and western 
Paraná accounted for approximately 20 % of this pro-
duction (IBGE, 2009), mainly from small producers, who 
generally do not exchange or select queens and do not 
produce propolis commercially. The genetic improve-
ment of A. mellifera, mainly of European races, for hon-
ey production has been practised for decades (Rinderer, 
1986); however, little has been achieved in genetic im-
provement for propolis production. 

This work therefore aims to evaluate honey and 
propolis production, both in the context of its high com-
mercial potential in the region, as well as in terms of the 
hygiene and defence behaviours of two generations of 
Africanized A. mellifera, and estimates their correlations 
and heritability.

Materials and Methods

Africanized A. mellifera L. colonies were utilized 
in this study and comprised two stages. The first stage 

Africanized honey bees

§Present Address: UFPR – Depto. de Zootecnia, R. dos Funcionários, 1540 – 
80035-050 – Curitiba, PR – Brasil.



Garcia et al. Correlated traits and heritability in Africanized honey bees

75

Sci. Agric. v.70, n.2, p.74-81, March/April 2013

was undertaken from June 2007 until January 2008, at 
five properties in Novo Horizonte, Boa Vista and Marga-
rida, districts of Marechal Cândido Rondon (24º33’40” S; 
54º04’00” W; 400 m altitude), Parana state, Brazil, with 
colonies managed for honey production, but non-select-
ed. The second stage was undertaken from January 2008 
until January 2009 in Marechal Cândido Rondon, using 
the hives established on the site, and queens that were 
later replaced, as described later. 

The region’s climate is subtropical, with rain 
well-distributed throughout the year and hot summer 
seasons. The mean temperature of the coldest trimester 
varies between 17 ºC and 18 ºC, of the hottest semester 
varies between 28 ºC and 29 ºC, and the annual mean 
is temperate, between 22 ºC and 23 ºC. The mean pre-
cipitation varies between 1,600 and 1,800 mm, with its 
most rainy trimester having 400 mm to 500 mm of rain 
(IAPAR, 2008).

Initially, we evaluated six colonies per apiary, a to-
tal of 30 colonies, according to their propolis and honey 
production, and their hygiene and defence behaviours. 
We selected the best honey producer and the best propo-
lis producer (selection criteria) from each apiary, and we 
then produced queen bees (F1) from these colonies, so 
that the worker bees descending from these ten queens 
could be evaluated in the same environment, that is, the 
apiary at the experimental farm.  

Honeycombs hosting one- to three-day-old larvae 
from the ten hives were selected and moved to the labo-
ratory to produce queens in the apiary at the experimen-
tal farm.  We transferred larvae, in a method adapted 
from Doolittle (1899), from their alveolus to plastic re-
cipients containing one drop of royal jelly, in which they 
were placed. On the 10th day after transfer, all the queen 
cells with pupa were placed in Miller cages with a small 
amount of extra fine sugar with honey, and then waited 
for the queens to emerge in this same hive. Ten receptor 
colonies for these daughter queens (F1) were used, tak-
ing 50 days to evaluate the productive and behavioural 
characteristics of the descending worker bees.

To evaluate propolis production, Apis Flora-type 
collectors were used, as described by Manrique and 
Soares (2002a), introduced both between and above the 
nests, and carried out weekly collections from June to 
August. The parental as well as descendant colonies 
were fed weekly with a protein supplement, based on 
soy scraps, wheat and corn, and containing sugar and 
water, from June to August in both 2007 and 2008. 

To evaluate honey production in parental and F1 
generations, honeycombs were chosen with a minimum 
of 2/3 capped combs as this reduces the level of subse-
quent fermentation because capped honey is ideal for 
storage and contains around 17-18 % moisture, while un-
capped honey (green honey) still has too much moisture 
for storage (Nogueira-Couto and Couto, 2006).  These 
honeycombs would all be taken to the Honey Beneficia-
tion Unit (UBM), decapped and the honey extracted and 
weighed. 

The defensivity test was conducted according to 
the method adapted by Brandenburgo (1993), in which 
a black velveteen ball of two centimetres in diameter 
was waved near the hive entrance for 60 s. The time 
intervals until the first sting and the formation of the 
cluster as a heat-ball of bees on the ball were mea-
sured, as well as the number of sings left in the ball 
after 60 s. The test was carried out at 3 PM and 5 PM, 
only once in the parental generation (October 2007) 
and in the F1 generation (May 2008).

The hygiene behavioural test was carried out 
according to the methods described by Gramacho 
and Gonçalves (2009a), by perforating 100 pupae 
(area of 10 × 10 alveoli) from combs from the tested 
colonies, using an entomological pin “size no. two”. 
After perforation, the comb was replaced in the hive 
where it remained for 24 hours for decapping by 
worker bees and removal of the dead or defective 
offspring. After this period, the number of decapped 
cells was calculated, and hives that had removed 80 
% of dead offspring after 24 h were considered to 
be hygienic and those that had removed less than 80 
% were considered unhygienic�������������������  (�����������������Gramacho and Gon-
çalves, 2009a). 

In the second stage of the research in Marechal 
Cândido Rondon, we undertook an initial mapping of 
the combs in the hives, according to the method adapt-
ed by Al-Tikrity et al. (1971) for homogenizing the dis-
tribution of the offspring (eggs, larvae and pupae) and 
food (honey and pollen) quantities, before the queens 
selected at the first stage were introduced. Thus, both 
the external and internal environments of the hives 
for the descendent generation (F1) were homogenous.

Our hypothesis was that there is no difference 
in the production of honey and propolis between the 
parental and descendant generations, regardless of 
the selection criteria adopted. With respect to correla-
tions, the hypothesis was that there is no correlation 
between the observed phenotypic characteristics. The 
aim of experiments is usually to determine the dif-
ferences and reject the null hypothesis (Snedecor and 
Cochran, 1989).

For the statistical analyses, we used System 
Statistics and Genetics Analysis software (R. Devel-
opment Core Team. 2011). Pearson’s correlation was 
used between the dependent variables, and a T test 
was used to compare means. The estimation of com-
ponents of variance and degree of heritability of the 
phenotypes was carried out using mother–daughter 
regression analysis, based on a Bayesian approach, 
through the Multiple Trait Gibbs Sampling in Animal 
Models software developed by Van Tassel and Van 
Vleck (1995); this software undertakes Bayesian esti-
mation using the Gibbs sampling technique. Accord-
ing to these authors, this method allows the analysis 
of small to large data sets, providing accurate esti-
mates of variance components, breeding values and 
confidence intervals.
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Results and Discussion

For honey production, there were no differences 
(p > 0.05) between apiaries, with a variation of 8.7 to 
10.8 kg (Table 1), presumably because they were in the 
same locality, in a similar landscape, with similar areas 
of forest and agricultural surroundings, and because the 
honeybees were not selected. The values ​​were close to 
the mean productivity of the state of Paraná, at around 
10 kg colony−1 year−1 (Silva, 2003) and below the na-
tional mean, most recently estimated by SEBRAE (2006), 
a maximum of 15 kg colony−1 year−1.

For propolis production, apiary 2 presented the 
lowest production (46.9 ± 29.6 g) compared to the oth-
ers, with 97.5 ± 50.4 g being the highest performance 
observed. Manrique and Soares (2002a) also found dif-
ferent productions between apiaries. Inoue et al. (2007) 
evaluated propolis production for 11 months using vari-
ous methods and obtained means of 114.8 g, 120.9 g 
and 85.7 g using the “intelligent” collector CPI, a plastic 
screen and conventional scraping, respectively.

For defensive behaviour variables, the time until 
formation of clustering on the ball differed between api-
aries 2 and 5, at 18.9 and 42.7 s, respectively, as well in 
terms of the number of stings in the ball, at 22.2 and 10.8 
stings, respectively. Funari et al. (2004) and Nascimento 
et al. (2005), evaluated the defence behaviour of bees in 
Botucatu (22º52’20” S; 48º26’37” W; 840 m altitude), São 
Paulo state, and in Mossoró (05º11’16” S; 37º20’38” W; 
16 m altitude), in Rio Grande do Norte state, Southeast-
ern and Northeastern Brazil, respectively, obtaining a 
mean of 43 and 22 stings, respectively. Nascimento et al. 
(2005) obtained a mean time to first sting of 3.7 s, lower 
than the mean obtained in this work, which ranged from 
6.9 to 13.1 s. It appears that there is variability in this 
characteristic between regions, counties and within the 
same apiary, due to genetic causes of polygenic determi-
nation (Stort, 1978; Rinderer, 1986) and environmental 
factors (Brandenburgo and Gonçalves, 1990), as would 
be expected when comparing Africanized bees (hybrid).

Regarding hygiene behaviour, three apiaries (1, 2 
and 5) were more efficient in removing dead brood than 
the apiary 3, and apiary 4 did not differ significantly 
from the others according to the T test. Gramacho and 
Gonçalves (2009a) consider honeybees to be hygienic 
when 80–100 % of the grubs killed are removed within 

24 h of the test drilling. These authors observe slightly 
lower levels of hygiene in the Africanized colonies in 
Brazil (mean of 75.16 %), a variability expected in this 
honeybee.

Correlation between characteristics in the parental 
generation

The production of honey in the 30 initial colonies 
is not correlated with any other measured productive 
or behavioural characteristic (Table 2), in disagreement 
with Manrique and Soares (2002b), who demonstrate a 
positive correlation between propolis and honey produc-
tion (r = 0.42), suggesting that the bees producing more 
propolis also produce more honey. 

As these authors used a greater number of colo-
nies (100) in their study, the sampling error was de-
creased and the phenotypic correlation between them 
is perhaps better represented. Another factor may that 
these swarms are wild, newly captured from an area of 
savannah and forest reserves that were previously un-
managed. In contrast, in our experiment, although the 
colonies were not selected, they were already managed 
for honey production. We found a very similar level of 
honey production between apiaries, which did not occur 
in relation to the ability of workers to exploit resources 
for production of propolis.

The production of propolis was not correlated 
with any analysed variable, although the colonies of api-
ary 2 had a lower production of propolis and a more pro-
nounced defensive behaviour, as discussed previously. 	
Variables associated with defensive behaviour did not 
correlate to hygienic behaviour. Studies with hygienic 
and unhygienic strains of European honeybees, and later 
with Africanized bees, revealed no correlations between 
hygiene and defensiveness behaviours, both in terms 
of polygenic inheritance and greater variability in the 
population (Rinderer, 1986).

The time taken until the first sting was positively 
correlated with the time taken for the formation of the 
cluster as a heat-ball (r = 0.57), and this was negatively 
correlated with the number of stings (r = -0.58). These 
results agree with those of Malaspina et al. (1989) and 
these correlations are understandable, since shorter 
times taken before attack and an increased number of 
stings indicate an increased aggression or defensiveness 
of the colony. 

Table 1 – Means and standard deviations for honey production (Hon), total propolis (Pro), time to the first sting (Tab), time until formation of the 
clustering on the ball (Tag), number of stings (Fer) and percentage perforated brood removal (Hig) of hives from five apiaries (n = 6).

Apiary Hon Pro Tab Tag Fer Hig
kg g --------------------------------------- s --------------------------------------- %

1  10.27 ± 2.51ª(1)  88.23 ± 31.85ª 7.81 ± 2.39ab  28.36 ± 11.66ab 16.16 ± 3.06ab 87 ± 13.37ª
2  10.82 ± 2.20ª  46.89 ± 29.63b 6.91 ± 1.50b 18.93 ± 8.50b  22.16 ± 10.61ª 83 ± 2.73a

3  9.71 ± 1.70ª 81.85 ± 42.88ª 9.01 ± 3.95ª  29.24 ± 15.36ab  16.83 ± 12.93ab  64 ± 15.37b

4  8.65 ± 1.35ª 68.54 ± 42.96ª  11.46 ± 6.75ª 29.60 ± 9.32ab 12.66 ± 4.84ab 76 ± 7.42ab

5  9.36 ± 2.57ª 97.56 ± 50.42ª  13.13 ± 3.30ª 42.67 ± 24.87ª 10.83 ± 2.13b 88 ± 5.32a

¹Means followed by similar letters in the column do not differ by T test  (p > 0.05).
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Some authors have found a positive correlation be-
tween the number of guard bees, age, production of the 
alarm pheromone, and the number of stings deposited in 
the ball, since the greater the number of worker guard 
bees, the faster is the attack (Downs and Ratnieks, 1999; 
Jassim et al., 2000; Sullivan et al., 2000; Breed et al., 
2004; Leoncini et al., 2004). In our study, age and num-
ber of guard honeybees were not controlled.

Correlation among the characteristics of the select-
ed hives: first stage

In the hives selected for propolis and honey pro-
duction, propolis production did not present a correlation 
with productive or behavioural characteristics (Table 3), 
similarly to what was observed in the full set of the 30 
evaluated parental colonies. In the case of propolis and 
honey production, the hives in each apiary showed no 
superiority in either simultaneously, according to the 
selection criteria. In apiary 1, for example, the colony 
which selected for higher propolis production (125.9 
kg) also had a high honey production (12.8 kg), approxi-
mately the same as the colony selected for higher honey 
production (13 kg). On the other hand, in apiary 5, the 
colony selected for higher honey production (12.64 kg) 
produced very little propolis (1.51 kg). 

Correlations among the features of behaviour de-
fensive observed in the analysis of all the colonies were 
kept and increased in the analysis in selected colonies. 

Hygiene behaviour had a rather high correlation with 
honey production (r = 0.73), but this was not observed 
in the analysis of all 20 apiary colonies. Although the 
number of colonies selected was small, if this magni-
tude of correlation remained in the colonies daughters 
could suggest some genetic correlation between these 
traits, indicating that selection based on hygiene behav-
iour, which can easily be evaluated in a short period of 
time, might help predict honey production (Szabo, 1982; 
Rinderer, 1986). These authors comment that, as honey 
production can only be evaluated in flowering periods, 
the selection process for performance becomes slow.

Hygienic behaviour is genetically determined by 
but is not always expressed, being highly variable and 
determined by two, three or seven genes (Gramacho and 
Gonçalves, 2009b; Lapidge et al., 2002 and Rothenbüh-
ler, 1964), maternal effect (Bienefeld et al., 2007), climat-
ic conditions such as humidity and temperature, as well 
as colony conditions such as population factors (Spivak 
and Gilliam, 1993; Gramacho et al., 1998). Malaspina 
et al. (1989) found no correlation between these char-
acteristics. As the studies were undertaken in different 
locations, with Africanized bees, polyhybrid with high 
genetic variability, and that both traits are polygenic in-
heritance, new experiments should be conducted with 
larger sample size, estimating the genetic correlation be-
tween them.

Correlation among characteristics in the F1 hives: 
second stage

Propolis production did not show correlation with 
any productive or behavioural characteristics (Table 4), 
in agreement with results in the whole set of colonies of 
the parental generation, as well as in the selected paren-
tal hives. The repetition of this tendency in their daugh-
ters reinforces the discussion, with respect to parental 
colonies, about the high genetic variability for propolis 
production, which is reflected in the capacity utilization 
of plant resources, as also observed by other authors 
(Manrique and Soares, 2002a,b). 

The time until the first sting had a positive correla-
tion with the time taken to form  the cluster on the ball 
(r = 0.87) and a negative correlation with the number 

Table 3 – Pearson correlation coefficients and levels of significance 
among the variables: propolis production (Pro), defense behavior 
- time to the first sting (Tab), time until formation of the clustering 
on the ball (Tag) and number of stings (Fer), percentage perforated 
brood removal (Hig) and honey production (Hon), in the ten selected 
parental hives for honey and propolis production.

Tab Tag Fer Hig Hon
------------------- s ------------------- % kg

Pro (g) -0.24 0.06 0.34 0.03 -0.48
Tab 0.78* -0.78* -0.18 -0.007
Tag -0.77*   0.15   0.17
Fer   0.06  -0.31
Hig   0.73*
*Pearson correlation coefficients significant (p ≤ 0.05).

Table 4 – Pearson correlation coefficients and significance levels 
among the variables: propolis production (Pro), defense behavior - 
time to the first sting (Tab), time until formation of the clustering on 
the ball (Tag), number of stings (Fer), percentage perforated brood 
removal (Hig) and honey production (Hon) in ten F1 hives.

Tab Tag Fer Hig Honey
------------------- s ------------------- % kg

Pro (g) 0.14 -0.05 -0.22 -0.19 0.18

Tab 0.87* -0.76* -0.11 - 0.01

Tag -0.70* -0.21 - 0.04

Fer -0.23 0.38

Hig - 0.52

*Pearson correlation coefficients significant (p ≤ 0.05).

Table 2 – Pearson correlation coefficients for the 30 initial hives for 
the variables: honey production (Hon), total propolis (Pro), defense 
behavior - time to the first sting (Tab), time until formation of the 
clustering on the ball (Tag), number of stings (Fer) and percentage 
perforated brood removal (Hig).

Variables Pro Tab Tag Fer Hig
g -------------------- s -------------------- %

Hon (kg) -0.22 0.22 0.21 -0.15 0.22
Pro 0.04 0.24 0.002 0.054
Tab 0.57* -0.58* -0.14
Tag -0.52* -0.06
Fer 0.21
*Pearson correlation coefficients significant (p ≤ 0.05).
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of stings (r = -0.76), confirming the trends observed be-
tween the whole set and selected hives, in the parental 
generation, and highlighted the important genetic com-
ponent conferred by this polygenic trait, with behav-
ioural characteristics specific to different geographical 
races, as has been verified by other authors (Stort, 1978; 
Rinderer, 1986; Malaspina et al., 1989; Winston, 1987). 
Beekeepers report that, after small perturbations in the 
hives, more offensive attacks usually occur in African-
ized bees due to rapid mobilization of the colony, result-
ing in a large number of stings, in contrast to more even-
tempered bees, which are slower to organize themselves 
and the intruder therefore receives less sting (Winston, 
1987).

Hygiene behaviour did not present any correlation 
with other variables, nor to the honey production, in 
contrast to what was observed in the selected colonies. 
Honey production was damaged by the low rainfall, 
which may have interfered with the correlation results. 
According to Lohmann (2009), president of the Beekeep-
ers Association of Paraná, the honey harvest of 2008/2009 
(around 120 t) showed a decrease of 70 % when com-
pared to the previous year’s harvest, 2007/2008 (around 
400 t), due to excessive rain during harvesting of nectar 
by bees followed by a prolonged period of water short-
age, so that the plants produced fewer flowers. A similar 
situation occurred in the rest of the state of Paraná in 
Brazil (Alves, 2008).

Heritability coefficients
The heritability coefficients estimated were me-

dium for honey production (0.36) and high for propolis 
production (0.87), time until first sting (0.86), time until 
formation of the bees’ heat-ball (0.84), number of stings 
(0.71) and hygiene behaviour (0.52) (Table 5). 

The heritability of honey production may have 
been underestimated, since there was a considerable un-
controlled environmental variation due to weather con-
ditions during observation of the daughter colonies, as 
discussed. When there are major environmental varia-
tions, deviations caused by environmental components 
in the variations of phenotypic expression often mask 
the importance of the genetic component of this expres-
sion (Falconer, 1989). Honey production generally has 
heritabilities values ranging from low (0.26) to medium 
(0.57), although estimated values up to 0.75 are also 

reported (Rinderer, 1986; Bienefeld et al., 2007). Costa-
Maia et al. (2011) found values of between 0.40 to 0.47, 
using queens’ morphometric characteristics as a selec-
tion criterion. 

Accurate estimation of the genetic value of individ-
uals, and hence the heritability, depends on the genetic 
differences in the population, the environment, the type 
of analysis, the method of estimating the variance and 
covariance components, and the effects included in the 
statistical model for the evaluation of animals (Bienefeld 
et al., 2007). These authors estimated genetic parameters 
through the minimum squares method; however, in our 
work we used Bayesian inference, as have other authors 
(Toledo et al., 2010; Costa-Maia et al., 2011; Faquinello 
et al., 2011), in researching other features of Africanized 
honeybees. This method allows analysis of small to large 
data sets, providing accurate estimates of variance com-
ponents, breeding values and confidence intervals (Van 
Tassel and Van Vleck, 1995).

The coefficient of heritability determined for prop-
olis production in our experiment was 0.87. Such a coef-
ficient is considered high in comparison to the classifica-
tion of Rinderer (1986) and Falconer (1989); therefore 
the variations observed between the hives for this char-
acteristic could be attributed more to the genetic varia-
tions between them than to environmental effects and, 
hence, significant increases in hive propolis production 
could be obtained through selection by performance.

Considering defence behaviour, the estimated 
heritability values were 0.71 for number of stings, 0.86 
for time until the first sting, and 0.84 for time until for-
mation of the heat-ball. Brandenburgo (1993) obtained 
low heritability values, from 0.02 to 0.05, for defence be-
haviour. Bienefeld and Pirchner (1990) estimated genetic 
parameters through the minimum squares method and 
determined a value of 0.41 for heritability for the same 
defence behaviour characteristics. 

Given the variable heritability values obtained in 
different studies, it is important to note that heritability 
is a property not only of a specific character, but varies 
from population to population and in accordance with 
variations in the environmental component, and herita-
bility value estimates made for one population may be 
different for that same population in another environ-
ment, or for a different population (Rinderer, 1986). The 
high heritability estimates in this study confirmed the 
importance of the genetic component of the observed 
variations for these characteristics, as discussed by oth-
ers authors (Melo et al., 1997; Guzman-Novoa et al., 
2005) and as cited in the correlations between the char-
acteristics associated with this behaviour, both in the pa-
rental and F1 generations.

The heritability coefficient obtained for the hygiene 
behaviour was 0.52, considered “medium to high” when 
compared to the coefficients of most of the other biologi-
cal characteristics (Rinderer, 1986; Falconer, 1989). The 
values for the removal of pupae from perforated cells 
were very similar in parental selected and F1 generations 

Table 5 – Values for heritability (h²), angular regression coefficient 
(B1) and the confidence intervals, at the 95 % level.

Variable h2 B1

Confidence interval 
(95 %)

Honey production 0.36 0.18 0.01 0.47
Propolis production 0.87 0.43 0.28 0.49
Time to first sting 0.86 0.43 0.28 0.49
Number of stings 0.71 0.35 0.10 0.49
Time for clustering 0.84 0.42 0.25 0.40
Hy Removal perforated brood 0.52 0.26 0.14 0.48
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(Table 6). This heritability value was lower than that 
found by Harbo and Harris (1999), which was 0.65 for 
removal of the perforated brood 24 h after death. Those 
authors suggested that a heritability value higher than 
0.25 is indicative of potential selection. Boecking et al. 
(2000) found a heritability estimate of 0.36 for removal 
of a perforated brood from 13 to 15 h after perforation. 
On the other hand, Milne (1985) estimates relatively low 
values: 0.14 for uncapping and 0.02 for removal of the 
dead capped brood, similarly to Costa-Maia et al. (2011), 
who estimate heritability values of 0.28, 0.15, 0.24, for 
removal of dead brood at 24, 48 and 72 hours after per-
foration, respectively.

Comparison of characteristics between generations
There was a reduction in honey production from 

the parental to F1 generation, in the colonies selected 
both for honey and propolis production (Table 6). As al-
ready discussed, there was a severe reduction in honey 
production across the state of Paraná due to���������� ���������unfavour-
able conditions for the F1 generation exerting a strong 
influence on this trait, with heritability 0.36 in this re-
search, and so more influenced by environmental com-
ponents than genetic factors. Honey production herita-
bility is generally considered as low-moderate (Rinderer, 
1986; Bienefeld et al., 2007; Costa-Maia et al., 2011). 
Thus, the phenotypic value is somewhat related to the 
genetic value of the colonies but, according to Rinderer 
(1986), selection based on this characteristic can yield a 
good genetic gain, especially if they are used to aid selec-
tion, as representing data from relatives. 

For honey production, the phenotypic homogene-
ity of the experimental colonies in the parental genera-
tion was reflected in the small selection differential (that 
is, the difference between the means of the entire 30 
hive population and the 10 selected experimental hives), 
both of colonies selected for honey production (1.79 kg) 
and those selected for propolis production (0.19 kg). 
Therefore, the genetic gain was low not only because 
of the low heritability of traits (influenced by the large 

environmental variation), but also by low selection dif-
ferentials observed in the parental generation, as a char-
acteristic genetic gain is equal to the product of their 
differential selection in the parental generation for its 
heritability (Falconer, 1989).

Propolis production was less influenced by large 
differential in rainfall in the F1 generation (reduction 
of 15.55 %) than was honey production (reduction of 
62.57 %). In this case, the genetic component has great 
importance for the observed phenotypic variability, as 
evidenced by the high estimate of heritability at 0.87. 
Selection for honey production can be effective, espe-
cially if information from allied colonies is used, and 
will be slower if only using information about the paren-
tal colony from which queens are being selected. Our 
data suggested that propolis production can be improved 
by selecting the queens, based on information from the 
colony itself, for training of future generations. It can 
also be incorporated into breeding programmes, perhaps 
with the formation of productive strains, although this is 
more difficult with Africanized bees (polyhybrids), due 
to their high genetic heterogeneity.

Regarding behavioural variables, the colonies that 
were more defensive and more hygienic in the paren-
tal generation also showed the same behaviour in the 
F1 generation, as confirmed by the high heritability esti-
mates. Thus, the values for these characteristics relating 
to the colonies’ mothers can be effectively used to pre-
dict equivalent values in the colonies’ daughters. How-
ever, given the significant correlations with production 
traits, this would not be effective as an indirect selection 
criterion for the production of either honey or propolis.
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Table 6 – Means and standard deviation for honey and propolis production, defense behavior - time to first sting, time until formation of the 
clustering on the ball, number of stings; percentage perforated brood removal of the total and selected colonies (by honey and propolis 
production) in parental and F1 generations.

Variable/selection criteria
Parental

         F1Total                                            Selected
Honey production (kg)     9.75 ± 2.10 (30)                                                                                                                     10.74 ± 2.13* (10)      4.02 ± 4.29 (10)  
  - by honey production (kg) 11.54 ± 1.93* (5) 3.37 ± 4.61 (10)
  - by total propolis production (kg)        9.94 ± 2.21* (5)      4.67 ± 4.36 (10)
Total propolis production (g) 76.61 ± 41.48 (30) 74.52 ± 54.29 (10)    63.23 ± 47.75 (10)
  - by total propolis production (g) 122.14 ± 25.04  (5) 107.16 ± 12.06 (10)
  - by honey production (g) 26.91 ± 17.5  (5) 19.30 ± 12.67 (10)  
Time to the first sting (s)     9.67 ± 4.40 (30)                           10.74 ± 5.74 (10)      7.54 ± 3.83 (10)
Time for clustering (s)   29.76 ± 16.04 (30)                           27.45 ± 3.72 (10)    23.72 ± 10.62 (10)
Number of stings   15.73 ± 8.39 (30)                           17.70 ± 10.13 (10)     16.00 ± 7.60 (10)
Removal brood perforated (%)   79.83 ± 13.05 (30)                           83.20 ± 12.52 (10)     83.70 ± 9.94 (10)
*means of selected colonies differ from means of F1 colonies (T test, p ≤ 0.05). The number in parentheses represents sample size.
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