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ABSTRACT. This study aimed to estimate live weight, the length and the width of wing and abdomen 
and the length, the width and the height of thorax in newly emerged Africanized honeybee queens up to 
192 hours and their influence on final quality regarding appropriate storage techniques in queen banking or 
incubator and to verify the possibility of using these parameters as selection criteria in honeybee breeding 
programs. Queen honeybees were produced in summer, autumn and winter. The queen production 
method used throughout the experiments was adapted from Doolittle, and 68 the queens were weighed at 
emergence. Data were analyzed in R software by regression analysis of queen weight at emergence 
according to life time after emergence, in two types of storage. The weight of queens emerged in queen 
banking and incubator was significantly different (p < 0.05), with mean values of 165.61 and 157.04 mg, 
respectively. Queens kept in an incubator and in queen banking showed no significant differences  
(p > 0.05) in wing length, abdomen length and thorax height. The weight of queen at emergence can be 
used as a selection criterion in honeybee breeding programs. 
Keywords: queen size, emergence, honeybee breeding, queen production. 

Medidas morfométricas de rainhas africanizadas mantidas em estufa ou colmeia banco de 
rainhas  

RESUMO. O objetivo do trabalho foi estimar peso vivo, comprimento e largura de asa e abdome e 
comprimento, largura e altura do tórax de rainhas Apis mellifera africanizadas recém-emergidas até 192h e 
sua influência na qualidade final com relação às técnicas apropriadas de armazenamento em banco de 
rainhas ou estufa e verificar se estes parâmetros podem ser utilizados como critério de seleção. Foram 
produzidas nas seguintes estações do ano: verão, outono e inverno. O método utilizado durante todo o 
experimento foi o adaptado de Doolitlle para a produção de rainhas e 68 rainhas foram pesadas à emersão. 
Os dados foram analisados no software R pela análise de regressão do peso da rainha à emergência em 
função do tempo de vida após a emersão, nos dois tipos de alojamento. Para peso, os efeitos da colmeia 
banco de rainhas e estufa foram significativos (p < 0,05), médias de 165,61 e 157,04 mg, respectivamente. 
As rainhas mantidas em estufa e colmeia banco de rainhas não apresentaram diferenças em relação ao 
comprimento da asa, ao comprimento do abdome e à altura do tórax. O peso de rainhas à emergência 
mantidas em colmeia banco de rainhas foi maior que o peso das rainhas mantidas em estufa. O peso das 
rainhas à emergência pode ser utilizado como critério de seleção. 
Palavras-chave: tamanho de rainhas, emersão, melhoramento de abelhas, produção de rainhas. 

Introduction 

Some characteristics are little influenced by the 
environment but highly correlated with honey 
production, and can assist in selecting colonies with 
greater production capacity for more efficient 
analysis. Kahya et al. (2008) suggested that queen 
weight might be one of these characteristics and the 
queen can transmit this characteristic via drone. 

The haplo-diploid sex determination system in 
Apis mellifera enables the transference of 100% of the 

genetic material of the drone from its mother to its 
offspring, because it is originated from an egg 
without fertilization (Cobey, 2007). Tarpy et al. 
(2000) reported a potential selection for newly 
emerged queens, as there is variation in the 
reproductive potential. 

Queen reproductive potential is correlated with 
weight at emergence (Gilley et al., 2003; Tarpy et al., 
2000). On the other hand, Kahya et al. (2008) found 
no significant correlation between queen weight at 
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emergence and number of ovarioles. Harano et al. 
(2007) reported that even when the ovaries are 
poorly developed, the abdomen of queens with 
potential for high production of eggs is heavy, which 
can adversely affect long mating flights, so that the 
temporary weight loss becomes a benefit to the 
flight. 

The thorax is the locomotor center of insects, 
grouping the legs and wings containing the muscles 
that move them. Furthermore, natural fertilization 
occurs in flight and thus depends on wings to 
perform this movement (Moritz & Southwick, 
1992). 

Faquinello et al. (2011) associated the 
morphometric characteristics of newly emerged 
queens with royal jelly production in mini-hives and 
found potential selection for production, based on 
the abdomen width. Costa-Maia et al. (2011) 
estimated genetic and phenotypic parameters, via 
Bayesian inference, for weight and morphometric 
measurements of wing and abdomen in newly 
emerged Africanized honeybee queens and 
registered potential selection in all characteristics 
separately. Akyol et al. (2008) reported that queen 
weight is the most important among morphometric 
characteristics assessed given the positive correlation 
between queen weight and the brood area of the 
colony, the number of sperm and the diameter of 
spermatheca. In addition to this correlation, Akyol  
et al. (2006) observed a variation between 
morphological and physiological characteristics 
between subspecies and ecotypes. 

Therefore, this study aimed to estimate queen 
weight at emergence and morphometric 
characteristics of the wing, abdomen and thorax of 
Africanized honeybee queens regarding storage 
techniques after emergence in queen banking or 
incubator. 

Material and methods 

Matrixes colonies that supply larvae located at 
the apiary in the farm at Universidade Estadual de 
Maringá were used to produce queens in summer, 
autumn and winter. Queens were produced by the 
method adapted from Doolittle (1889) throughout 
the experiments. On the day of larvae grafting, the 
unsealed brood comb was taken to the Laboratory of 
Queen Production at appropriate temperature (34 ± 
2ºC) and humidity (60 ± 10%) to maintain the 
quality of the larvae until the time of grafting. 

The grafted larvae were subsequently placed in 
mini-hives consisting of two overlapping nuclei 
separated by a queen excluder screen. The lower 
nuclei was composed of five combs and the upper, 

of four combs and a frame with cell cups spaced on 
cell bars (Mouro & Toledo, 2004). This cup bar 
frame consisted of 28 acrylic cups, 14 at the upper 
bar and 14 at the lower bar. During the experimental 
period, every 12 days, mini-hives were managed 
following method proposed by Faquinello et al. 
(2011), and received sugar syrup at a ratio of 2: 1 
sugar and water. 

On the tenth day after the grafting, bars with 
accepted cell cups were removed from the mini-
hives and taken to the Laboratory of Queen 
Production. To house them, we prepared 20 mL-
glass vials containing a strip of paper, so that when a 
new queen emerged it could move and reduce the 
risk of injury. Each glass vial was identified as by bar 
and mini-hive. Later, the vials with cell cups were 
taken to the incubator at an average temperature of 
34ºC and 60% humidity. The technique of 
providing queen food (made of powdered sugar and 
honey) inside the vial for maintenance was not used 
because it could interfere with the queen weight at 
emergence. 

Newly emerged queens were anesthetized with 
CO2 for determining measures of body weight (mg) 
on a precision balance AL500 MARTE from 0.001 
to 500 g, the length and width of the right forewing 
and abdomen (cm), the length, width and height of 
the thorax (cm) by using a caliper accurate to 0.01 
mm. The length and width measurements were 
taken from the right forewing, and the abdomen 
length was measured at a relaxed position in width 
to the third segment. 

Queens were then placed in an introduction cage 
and the variation in weight was monitored every 
hour for six hours per day after emergence to check 
its variation. Morphometric measurements were 
taken again at the last weight assessment for possible 
variations within this period due to dehydration 
after emergence. 

Queens were stored in the bacteriological 
incubator 002CB or in the queen banking, 28 in the 
incubator and 40 in the queen banking. In the 
incubator, each queen was housed in a JZsBZsTM 
cage and received four nurse worker honeybees and 
queen candy. The queen banking consisted of a 
populous colony with a queen excluder screen in 
mini-hive system with young worker honeybees 
ensuring the care and maintenance of virgin queens. 
Weight and morphometric measurements of the 
queens stored in both systems were monitored once 
a day over an eight day-period, i.e. until the 
reproductive viability of the queen. 

We used the Bayesian inference, implemented in 
R software Development Core Team (2011). Data 
were tested for the effect of life time of the queen on 



Queen s

Acta Sci

the cha
For thi
the eff
effects, 
fixed ef

Results

The
abdome
statistic
African
and qu
were 9
analysis
of Afric
the com
on the 
honeyb

The
length, 
transpo
grafted 
where 
influen
monito
or to e
time of
2011). 
greater 
9.33 m
African
relation

Ove
increase
study o
importa
in conv
and dep
(Moritz

 

Figure 1
in relatio
banking o

Fo
re

w
in

g 
le

ng
th

 (m
m

) 

survival in diffe

entiarum. Anima

aracteristics me
is, we assume
fects of anim
and the life ti

ffects. 

s and discussio

e length of th
en and heig
cally differen
nized honeybe
ueen banking, 
9.60, 9.43 and
s of morphom
canized honey
mparison of re

basis of the e
bees. 
ere was no s

but the gra
ort of combs 

to the ideal
cell cups are

nce on this cha
oring so that t
establish a mo
f year for rea
The average 
than that regi
m. Figure 1 il

nized honeyb
n to the life tim
er time after e
ed linearly un
of wing size 
ance because th
ventional colon
pends on this
z & Southwick,

1. Forewing length
on to life time (
or incubator.  

L

  Y = 

rent storages 

al Sciences 

easured by a re
ed a mixed m

mal and mini-
ime of the que

on 

e right forewi
ght of the t
nt between 
ee queens kep

and their ove
d 4.71 mm, 
metric characte
ybees is little s
esults. Many d
existing literat

significant effe
afting as a w

containing t
l conditions o
e put for the
aracteristic. It i
this effect is a
ore appropria

aring queens (
length of th

istered by Tarp
lustrates the fo

bee queen a
me for the two 
emergence, th
ntil reproduct

in virgin qu
he process of n

nies or nuclei o
s for the succe
, 1992). 

h (mm) of African
(h) after emerge

ife time after emergenc

9.634859+0.001264*h 

egression analy
model, conside

-hive as rand
een and storag

ing, length of 
thorax were 

newly emer
t in an incub
erall mean va
respectively. T
eristics, espec
tudied preven
data are discus
ture on Europ

fect for the w
whole, from 
the larvae to
of the incuba
e emergence
is recommend
lways minimi
te technique 
(Faquinello et
he forewing 
py et al. (2000

forewing length
t emergence 
types of storag
e forewing len
ive viability. 
ueens is of g
natural fertiliza

occurs during fl
ess of fertiliza

nized honeybee qu
nce, stored in q

ce (h) 

ysis. 
ring 
dom 
ge as 

f the 
not 

rged 
bator 
alues 
The 
ially 

nting 
ssed 
pean 

wing 
the 

o be 
ator, 
had 
ed a 
zed, 
and 

t al., 
was 

0) of 
h of 

in 
ge.  
ngth 
The 

great 
ation 
flight 
ation 

 
ueens 
queen 

A
but 
insem
abdom
queen
the in

Q
show
to a p
brood
the sp
area r
this le
aimin
produ

In
Afric
relati
Ther
durin
that t
emer
emer
due t
soon 

A
queen
two t
again 
Evide
also c
(2009
decre
flight

 

Figure
queen
queen 

Fi
honey
for th
signif
appro

Ab
do

m
en

 le
ng

th
 (m

m
) 

Maring

As to the abdo
Delaney et

mination, foun
men width. B
ns with larger
nstrumental in

Queens instrum
wed a complete 
positive correlat
d area of the co
permatheca (A
raises, the num
eads to a higher
ng an increase i
ucts and by-pro
n Figure 2 is 
anized honey
on to life tim

re was a red
ng the first hou
the queen mu
rgence. App
rgence, the le
to the large w
after, the weig

Approximately 
ns gained weigh
types of storage

due to the a
ently, the searc
consider that th
9) reported th
ease the numbe
ts and hence the

e 2. Abdomen 
s in relation to 
banking or incub

igure 3 shows t
ybee queen at 

he two types of
ficant effect. 
oximately 130 

gá, v. 37, n. 1, p. 

omen width, t
t al. (2011
nd a positive 
ogomolov et a

r abdomen hav
nsemination. 
mentally or na

filling of the s
tion between th
olony and the 

Akyol et al., 200
mber of adult i
r effective prod
in the effective
oducts.  

shown the a
ybee queens 

me for the tw
uction in th
urs after the em
ust be weighed
proximately 
ength of the 

weight loss in t
ght increased a
72 hours fo

ht due to the c
e and subseque
advanced age o
h for heavier (

here is a limit, s
hat the heavi
er of flights, the
e total time spe

length (mm) of
life time (h) afte

bator. 

the thorax heig
emergence in 

f storage, demo
The thorax h
hours after em

Life time after emerge

  Y = 9.651401-0

91-96, Jan.-Mar

there was no 
), working 
correlation fo

al. (2013) state
ve greater succ

aturally insem
spermatheca, le
he queen weigh
number of spe

08). While the 
individuals rise

duction of the c
eness of all hon

abdomen leng
at emergen

wo types of st
e abdomen l
mergence indi
d immediately
96 hours 
abdomen incr
the early hour
again. 
ollowing emer
care of workers 
ently they lost w
of up to eight
longer) queens
since Hayworth
ier queens te
e average durat
ent in flight. 

f Africanized ho
er emergence, sto

ght of the Afric
relation to life

onstrating the l
height decreas

mergence, due 

ence (h) 

.008951*h+0.000048*h

93 

r., 2015 

effect, 
with 

or the 
ed that 
cess at 

minated 
eading 
ht, the 
erm in 
brood 

es too, 
colony, 
neybee 

gth of 
ce in 
torage. 
length 
icating 
y after 

after 
reased 

rs and, 

rgence, 
in the 

weight 
t days. 
s must 
h et al. 
nd to 
tion of 

 
oneybee 
ored in 

anized 
fe time 
lack of 
sed to 
to the 

h2 



94 Metorima et al. 

Acta Scientiarum. Animal Sciences Maringá, v. 37, n. 1, p. 91-96, Jan.-Mar., 2015 

proximity of reproductive viability, once after the 
mating flight queens remain in the hive. However, 
during swarming periods queens are essential because 
they fly with the workers in search of a new place to 
nest. Delaney et al. (2011) reported that queens with 
larger thorax are prone to mate with a higher number 
of drones and also found a positive correlation between 
the thorax width with mating frequency and number 
of sperm stored. 

Africanized honeybee queen weight at 
emergence in relation to life time for the two types 
of storage is presented in Figure 4. The weight of 
the queens housed in queen banking was higher  
(p < 0.05) than those stored in incubator; the 
mean values were 165.61 and 157.04 mg 
respectively. The live weight of virgin queens can 
be influenced by the time of the grafting, the type 
of the grafting and the mini-hive used for rearing 
larvae, indicating that there is potential for 
development (Padilha et al., 2013). The type of 
storage for the honeybee queens after emergence is 
part of the care for the efficient reproduction, since 
there is a waiting time required for their 
introduction in their respective colony. 
 

 
Figure 3. Thorax height (mm) of Africanized honeybee queens 
in relation to life time (h) after emergence, stored in queen 
banking or incubator.  

 
Figure 4. Weight (mg) of Africanized honeybee queens in 
relation to life time (h) after emergence, stored in queen banking 
or incubator.  

Gilley et al. (2003) and Kahya et al. (2008) 
verified an association between reproductive quality 
of the queen with weight at emergence and Akyol  
et al. (2008) concluded that heavier queens had 
higher mating rates and started laying eggs earlier 
than lighter queens. As a result, queen weight is 
studied as a selection criterion in honeybee breeding 
programs (Souza et al., 2013) due to high 
heritability. Rangel et al. (2013) observed that a 
honeybee colony can be evaluated as the extended 
phenotype of its queen, and thus the selection 
working mostly at the colony level may be 
equivalent at the individual level. Tarpy et al. (2012) 
did not notice a correlation between queen body size 
and mating success. 

Regarding weight, the average weight of 
honeybee queens at emergence was lower than that 
obtained by Tarpy et al. (2000) in European 
honeybee queens, in which the body weight was 
188.00 mg. However, with Africanized honeybee 
queens, Souza et al. (2013) found values of 180 to 
200 mg, while Tarpy et al. (2011; 2012) reported 
values of 206.6 and 218.7 mg for European 
honeybee queens. Even with lower weight of 
European honeybee queens, they showed a more 
hygienic behavior, once their infestation index by 
Varroa destructor is lower compared with the 
European queen (Guerra Júnior et al., 2010). 

Furthermore, it is noteworthy that the highest 
weight loss occurred in the first hours after the 
emergence indicating that the queen must be 
weighed immediately after emergence to obtain 
accurate data. Nevertheless et al. (2004) reported 
that the body weight of queens should be 
determined two days after emergence, because 
previous measurements can cause an error due to 
weight variation. The variation in the queen weight 
in relation to the life time was efficiently explained 
by the fitted model (r2 = 0.64). 

Africanized honeybee colonies are characterized 
by producing cell cups all year round, regardless of 
the age of the queen, both in times of food scarcity 
and abundance, with a weekly average of four cell 
cups (Toledo et al., 2012). This can be explained by 
the low number of drones to fertilize this queen. 
This fact is very important because if the beekeeper 
allow their colonies to replace their queens alone, 
they usually produce new queens from older larvae, 
resulting in the production of low-quality queens 
(Tarpy et al., 2011), which are produced with a 
higher frequency during the year, and cause the 
production of these colonies to remain low. 

Wang et al. (2014) concluded that nurse 
honeybees controlled the larval growth and the 
number of ovarioles, by temporarily manipulating 
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the delivery of food and that the response of larvae 
to food differs according to the larval stage and 
genotype. The body mass of the larvae was more 
sensitive to nutrition during the first (L1) and 
fourth instar (L4), whereas the number of ovarioles 
was more sensitive to the food in the fifth instar 
(L5). Therefore, during all larval stages, the 
conditions of temperature and humidity must be 
carefully controlled to obtain higher quality 
queens. 

Besides that, Andi & Ahmadi (2014) 
recommended supplemental vitamin C at 2,000 mg 
L-1 of syrup in the spring food (1:1, sugar: water) to 
the colonies, because it increases the brood area, the 
population of the colony and can help to increase 
body protein content and the body weight. The 
intention pointed out here is that not only genetic 
origin but also management techniques and rearing 
conditions of the rearing nurse honeybees and/or 
future queens are critical when seeking higher 
quality, because these factors are closely related 
(Oldroyd et al., 2014). 

Conclusion 

The storage of honeybee queens, either in an 
incubator or in queen banking, has no influence on 
the forewing length, abdomen length and thorax 
height. However, Africanized honeybee queens kept 
in queen banking emerged with greater weight than 
those stored in an incubator. Thereby, there is 
potential selection of Africanized honeybee queens 
based on their weight, since it is very important to 
weigh queen soon after its emergence to be 
efficiently used as a tool in honeybee breeding 
programs. 
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