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Abstract

DE GRUYTER
OPEN

While observing: non-acceptance, frequent replacements, and reduced performance in
honey bee (Apis mellifera ligustica) queens, we were induced to analyse a certain number
of queens to detect the causes. For this purpose, 99 newly mated queens were bought
from 20 Italian queen breeders. In addition, 109 older or at-the-end-of-their-career
queens, that showed poor productivity, were collected from honey production hives
throughout Italy. All the queens were dissected to check the status of their reproductive
system and/or the presence of various anomalies and diseases.

Anatomical and functional anomalies, pertaining to ovaries and spermatheca, also in
association with tissue alterations and microorganisms like Nosema spp. and protozoa,
were common in both newly mated and older queens, but they were more prevalent
in the latter. Observed differences permitted us to highlight the causes of the reduced
performance of the queens and of the colonies they originated from. The obtained
information could prove useful when it comes to improving queen breeding techniques.

Keywords: enterolith, Italy, melanosis, ovaries, protozoa, queens anomalies.

INTRODUCTION

A honey bee colony, composed of thousands of indi-
viduals, can be considered to be like a super organism,
with the queen keeping the balance. Colony biological
developments and productive results depend on her
(Fyg, 1961; Gauthier, 2011; Porporato and Laurino,
2013). Only the queen is able, after mating, to
produce the extremely large and essential number
of male and female progeny for the prosperity of
the colony. She alone possesses fully developed re-
productive organs, and can be mated.

Through reproduction, the queen transmits to the
progeny her own characteristics as well as those of
the drones which mated with her. In this way she
determines the good and bad characters of her
colony (Fyg, 1961). It is easy to understand that
the entire bee colony is adversely affected when
the queen is afflicted with hereditary or structural
defects, or becomes ill and ceases to lay eggs.

On the contrary, good colony productivity depends
on a strong egg-laying queen who is in good condition
(Fyg, 1961; Kaftanoglu et al., 1988; Laidlaw, 1992;

Bienkowska et al.,, 2011; Blchler et al., 2013). From
a general point of view, a “high quality” queen
should be heavier, disease-free, have a large sized
spermatheca, have a high number of spermatozoa in
it, and have a high number of ovarioles. The queens
should also have high egg laying ability/fecundity and
eventually should have a high brood and population
production, show very good hygienic behaviour,
should increase honey vyield, should show a low
degree of defensive behaviour, be calm on the comb,
and have a low swarming tendency (Hatjina et al.,
2014). All these desired traits have a genetic basis
and queens can be selected for them, but it is fun-
damental to consider the environmental conditions
too. The latter influence not only the development
of the colony, but also the quality of queens and
sperms produced by the drones. Climate, tempera-
ture (Fyg, 1961), humidity, pesticides, and other
toxic substances (Nifio et al, 2011) have a high
impact on all the above-mentioned characteristics.

Anatomical and physiological anomalies and other
issues of a different nature can have an influence on
the physical condition of the queen and, consequently
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on the development of the colony (Porporato and
Laurino, 2013).

The queen’s fully developed reproductive system is
formed by:

- 2 ovaries, which take up almost all the room in
the abdomen. The ovaries are composed overall
by 300 - 400 ovarioles, and each of them can
give 3 - 5 eggs per day (Jackson et al, 2010;
Gauthier, 2011; Porporato and Laurino, 2013).
This means that every day, the queen could lay up
to 2000 eggs, which in weight, correspond to the
average weight of the very queen (Buchler et al,
2013). There is a tendency for the right ovary to
contain more ovarioles than the left ovary. A huge
physical effort is required to lay eggs, so the queen
must be constantly fed with high nutritional food.
The queen is fed royal jelly, secreted by the hy-
popharyngeal glands of the young worker bees, that
are members of her court.

- 2 lateral oviducts, each connecting an ovary to the
median oviduct or vagina.

- 1 vaqgina, that continues into a copulating bursa
shaped like an oval sac (Snodgrass, 1956; Crane,
1990; Goodman, 2003).

- 1 spermatheca, that preserves live sperm and
stores them for several years after mating. It is
a small organ with an average diameter of 1.08 mm,
totally enveloped by the tracheae, which assure
perfect oxygenation, and which is necessary to
keep the sperm alive. The spermatheca has a special
gland that secretes a fluid with a pH of 8.6 and
a proteinic concentration of 15.3 mg/mL. This fluid
is fit to assure sperm preservation throughout the
life of the queen (Lodesani et al., 2004; Al-Lawati
et al., 2009; Gauthier, 2011; Porporato and Laurino,
2013).

The queen mates typically with 15 or more drones
and each of the drones can supply as many as
10 million sperm; only some of these sperm,
crossing the vagina and the copulating bursa, reach
the spermatheca and are stored there (Goodman,
2003; Porporato and Laurino, 2013). The sperms
spill from the spermatheca only when they must
fertilise the eggs that descend from the ovaries.

A fertilised queen, during oviposition, has an average
weight of 180 mg. Small queens can be excellent
egg-layers as can larger queens.

Oviposition rhythm is regulated by several internal
and external factors: genetic characters, availabil-
ity of space, diseases and/or anomalies, weather
conditions, availability of food resources, and toxic
substances from agricultural activities or pollution
(Porporato and Laurino, 2013). Polluting molecules
can in fact induce negative consequences on queen
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and drone quality. Similar effects were demonstrat-
ed not only for animals but also for humans (Matsuda
et al, 2009).

Although it is not difficult for the beekeepers
to replace an unfit queen before the colony is
weakened, research into diseases and anomalies
of queens is necessary for scientific reasons, and
important from a practical standpoint as well.
Knowing about the many anomalies and diseases
allows for deciding whether it is the queens fault
for a weak or manifestly diseased bee colony (Fyg,
1961).

The aim of the research was to provide a brief
review on the numerous and most important hetero-
geneous anomalies and diseases that can be found
in queen bees in Italy.

MATERIAL AND METHODS

The study was an analysis that was conducted in
2012 and 201 3. Ninety-nine newly mated queens of
the subspecies A. m. ligustica were bought between
20 July - 2 August, 2012 from 20 queen breeders
of different regions in Italy. One hundred and nine
older queens, that were removed from their colonies
by eight beekeepers (1 - 55 queens/beekeeper)
because the queens were not effective or were at
the end of their career, were also used in the study.
The queens were observed exteriorly and dissected
immediately after killing to preserve the ovaries that
otherwise become extremely brittle (Dade, 1962).
Dissections were carried out using the method
suggested by Dade (1962).

The queens were divided according to age and were
weighed with an analytical scale. For each queen,
the following data were registered: number of
ovarioles in the right ovary, diameter of the sper-
matheca, number of sperm in the spermatheca, the
presence of Nosema spp. spores in the queen, and
for the queens that had accompanying workers in
their cages, also for these worker bees.

Number of ovarioles

Only the ovarioles in the right ovary were counted.
The number of ovarioles was estimated with
a method derived from Jackson et al. (2010).
The ovary was dissected in a saline solution and
removed. It was kept in Coomassie brilliant blue
for 10 seconds, and then cut into two parts with
a transverse section. The upper part of the ovary
was placed under a Nikon SMZ-U stereomicroscope
(Nikon Corporation, Tokyo, Japan), the ovarioles were
separated with the dissecting needle and counted.
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Fig. 1. Number of defects / queen in newly mated and old queens.

Diameter of the spermatheca

The diameter of the spermatheca was evaluated
after removal of the tracheal net which surrounds it.
Since spermathecae do not have a perfect spherical
form, three orthogonal diameters were measured
and their average was calculated.

Very accurate results were obtained by use of digital
photographs and an Image Analysis system using
Leica Microsystems MZ 16 A (Leica Ltd, Heerbrugg,
Switzerland).

Number of sperm

The tracheal net that surrounds the spermath-
eca was removed. The spermathecal content was
dispersed in a volume of saline solution (1 mL of
NaCl 0.15%) and then homogenated. A drop of
this suspension was used for counting the sperms
in a standard hemacytometer counter chamber
(Burker Camera) under a light microscope (Human
et al, 2013).

Nosema spp. spores

The digestive system of the queen was analysed
after beingremoved from the abdomen. The digestive
system was macerated in @ 1 ml saline physiologic
solution of 0.9%. A drop of this suspension, was
used for counting the spores in a standard hemacy-
tometer counter chamber (Burker Camera) under a
light microscope (Human et al., 2013). If there were
also worker bees with the queens, nosema analysis
was done on them using the same method.

Statistical analysis
Differences observed in the quantitative features
of newly mated and old bee queens were compared

with the Mann-Whitney Rank Sum Test using the
PAST (Hammer et al.,, 2001) statistical package.

RESULTS

Observed queen defects are summarised in Tab. 1.
The sum of the defects is greater than the number
of defective queens because many queens showed
more than one anomaly. Up to 6 defects per queen
were observed in old queens, who altogether
showed many more anomalies than newly mated
queens. Most of the newly mated queens had no
defects and only 20.5% of the defective, newly
mated queens showed 2 defects (Fig. 1).

Body weight and some reproductive system features
observed in newly mated and old queens are shown
in Tab. 2. Newly mated queens were significantly
lighter and had significantly less ovarioles and sperm
in their spermathecae than older ones. The overall
average number of sperm found in each spermath-
eca was 5,093,006.

During a first visual observation, some queens
had abnormal colourations, reduced dimensions,
or other immediately visible characteristics and
anomalies. All the subjects with these characteris-
tics always showed anatomic/functional anomalies.
Among structural abnormalities, malformations of
the abdomen and wings were noteworthy (Tab. 1;
Fig. 2a,b,c). It was also observed that often “sister
queens” had common characteristics, such as weight,
number of ovarioles, and various anomalies.

Ovarian anomalies and diseases

The ovaries were quite rudimentary, but all
other parts of the reproductive organs were well
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Table 1.
Number of defects present in newly mated and old bee queens
Newly mated bee queens Old bee queens
number of queens* 99 109
defects* 39 82
no defects 60 27
OVARY
absence of one ovary 0 1
hypoplasia/atrophy of ovaries 1 18
other ovarian problems 0 1
melanosis 0 42
viroses 0 2
absence of oviducts 0 1
other egg anomalies 1 2
SPERMATHECA
absence of spermatheca 0 2
abnormal shape of spermatheca 9 14
double spermatheca 1 1
white spermatheca 1 3
transparent spermatheca 0 2
black spermatheca 0 2
8 shaped spermatheca 4 6
absence of sperms 2 6
abnormal sperms 0 2
OTHER PATHOLOGIES
deformed wings 2 3
deformed abdomen 1 3
Nosema spp. spores 3 2
flagellate protozoa 10 2
ciliate protozoa 12 0
enteroliths 0 5
abnormal malpighian tubules 0 1
abnormal proventricolus 0 1
*the sum of the defects is greater than the number of defected bee queens.
Table 2.
Quantitative features of newly mated and old bee queens
Newly mated queens Old queens
mean SD mean SD p*
body weight (g) 0.186 0.024 0.210 0.042 <0.001
number of ovarioles 7445 14.56 81.63 25.03 0.001
diameter of spermatheca (mm) 1.133 0.204 1.126 0.162 0.068
volume of spermatheca (mm?3) 0.811 0.383 0.779 0.380 0.080
number of sperms 2993517 3,714567 7,170,395 10,721,670 <0.001

*Probability of Mann-Whitney Rank Sum Test
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Fig. 2. a Queen with a malformation of the abdomen. b Queen with wing deformations. ¢ Queen with a mal-
formation of abdomen and wings. d Normal apparatus of the queen. e Queen with rudimentary
ovaries. f Queen without one ovary. g Queen without oviducts. h, i Queens with melanosis of the

ovaries.

Fig. 3. @ Queen with melanosis of the ovaries. b Queen with ovarian atrophy. ¢ Queen with the presence of
dead tissues in the proximal part of ovaries and melanosis in the distal part.

developed (Fig. 2e). The few ovarioles in the rudi-
mentary ovaries contained only degenerated germ
cells.

There was only one case where there was an
absence of one ovary. The queen had only the
left ovary (Fig. 2f) and there were no eggs in the
ovarioles.

There was an absence or malformation of the
oviducts in some queens. Usually only one of the
oviducts was malformed, but sometimes both were
malformed (Fig. 2g).

Melanosis, a very important pathology of the queen'’s
ovaries, was observed in 42 of the 109 older queens,
but in not one of the newly mated queens. Melanosis
is characterised by discolouration of the egg cells

and trophocytes which turn from yellow-brown to
black (Fig. 2h,i; Fig. 3a).

Ovarian atrophy (Fig. 3b) was also frequentin queens.
It was observed in young as well as in older queens.
Ovarian atrophy was characterised by a rapid dis-
integration of the contents of the ovarioles, with
relative withering and volume reduction.

A vellow colouration was frequently found in the
terminal parts of the ovaries and corresponded with
the presence of dead tissues (Fig. 3c).

Spermatheca anomalies and diseases

Usually every queen had only one spermatheca, but
in some cases there were two spermathecae. Such
a phenomenon appeared twice out of 208 queens.
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In these cases, the two spermatecae were always
in a single tracheal wrapping. It was possible to
observe the spermatecae only after the removal of
the tracheae (Fig. 4a); the average number of sperm
was 2,005,208.

Other interesting anomalies of the spermatheca
were: the absence of the spermatheca, the small
size of the spermatheca compared to average
dimensions, and an abnormal spermatheca shape
(Fig. 4b). Frequently, spermathecae with an irregular
shape, like the number “8" (Fig. 4d), were found. The
average number of sperm inside these irregularly
shaped spermathecae was 9,560,417.

The spermatheca is characterised as having an
external pearl colour, but we found different kinds
of colours with relative differences. In all of our
findings, white spermathecae never had sperminside
(Fig. 4e). Queens with white spermathecae were
always replaced; they were not accepted, and they
failed to lay eggs. Transparent spermathecae were
found in an important number of queens (Fig. 4f).
The transparent spermathecae were without sperm.
In one case, a black spermatheca was found (Fig. 4g).
This queen was characterised by nonacceptance
and she failed to lay eggs, yet she presented a high
number of vital sperm inside the spermatheca.

Fig. 4. a Queen with two spermathecae b C Sper-
mathecae with non-conformable shapes.
d Spermatheca with an “8” shape. e White
spermatheca. f Transparent spermatheca.
g Black spermatheca.

Anomalies of bee queens

Other anomalies and diseases

Two new and two old queens showed rather high
levels (more than one million spores/queen) of
Nosema spp. spores. Also their accompanying worker
bees were infected. Similar levels of Nosema spp.
spores were also found in the accompanying workers
of several queens in which the queens were not
infested (Fig. 5a).

Of special interest were the pathological stone
formations or enteroliths in the rectum of the
queens. These enteroliths were reminiscent, in
many cases, of gall-stones, renal and urinary calculi
of human and domestic animals (Fig. 5b, c). The en-
teroliths appeared in the rectum as single or several
hard, spherical or polymorphus concretions, which
often formed agglomerations. Four of the examined
queens had enteroliths. The average diameter of the
enteroliths was 409.6 pm. The coulour was quite
variable: from brick red to grey-brown or brownish-
black.

The majority of enteroliths showed a distinct
concentric stratification and an outward radiating
structure.

In one queen, very dark Malpighian tubes were
found (Fig. 5d). Similarly, only one queen presented
an abnormal proventricle which was stiff and very
dark in colour (Fig. 5e).

L ] o R
Fig. 5. @ Nosema spp. spores in the a queen.
b Enterolithes in the rectum of a queen.
¢ Details of enterolithes. d Anomaly of
Malpighian tubes. e Anomaly of a proventricle.
f Sperm anomalies.
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Fig. 6. a Ciliate protozoa of the genus Tetrahymena in the spermatheca. b Ciliate protozoa of the genus
Tetrahymena surrounded by sperm in the spermatheca. ¢ Ciliate protozoa of the genus Tetrahymena
and flagellate protozoa surrounded by sperm in the spermatheca. d Flagellate protozoa in the sper-

matheca.

Sometimes, while observing the spermatheca, it
was possible to find the presence of degenerated
sperm, which were curled into ringlets. Each ringlet
consisted of only one sperm. In some cases, other
sperm anomalies were found. For example, sperm
that appeared rolled up, forming a “loop knot” on one
extremity (Fig. 57).

In 22 queens, protozoa were observed in the
spermatheca. Two different kinds of protozoa
were identified: ciliate and flagellate protozoa
(Fig. 6a,b,c,d). The ciliate protozoa are representa-
tives of the order Hymenostomatida, genus Tetrahy-
mena, probably T. rostrata. The flagellate protozoa
could not be identified.

DISCUSSION

Newly mated queens are smaller than older ones
since queens can reach their reproductive potential
only after they are put into fully developed hives
(Laidlaw, 1992). For this reason, weight differences
observed in the present study were not surprising.
On the contrary, ovariole number does not change
during a queen'’s adult life. Ovariole numbers from
this study were lower that those reported in the
literature (Jackson et al., 2010; Gauthier, 2011)
especially when young queens were considered.
Low ovariole numbers can be the result of defective

genetic characteristics and/or of poor rearing
conditions and can lead to rapid queen superse-
dure. In any case, further investigations are needed
to highlight the extent of this phenomenon and to
understand its causes.

Substantial discrepancies in the average number of
sperm found in each spermatheca are reported in the
literature: 1 - 8 million in queens just mated, with
an average of 3.5 million during the life of the queen
(Al-Lawati et al, 2009); 4.7 - 5.3 million (Gerula
et al, 2012); over 7 million (Bienkowska et al.,
2011). The average sperm number observed by us
in newly mated queens, indicates that inadequate
mating and/or that defective sperm transfer into
the spermatheca occurred at least in a substantial
part of the sampled queens as the figures of the
first and the second quartiles suggest: 1,184,896
and 1,994,792 sperms, respectively. To better
understand the phenomenon, data on drone popula-
tions in the mating yards and on attendant workers
in the mating nuclei are needed. Nonetheless, the
effect of adverse weather conditions should also
be considered since all newly mated queens were
bought in the same short period at the end of July
2012 and they had probably mated more or less
during the same days. On the contrary most of the
examined old queens should have received a normal
number of sperm when they mated. The lower
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sperm counts found in some of the older queens
can be easily explained by the queen’s age. In fact,
sperm number and activity decrease considerably as
the queens get older. Sperm number and activity are
influenced by temperature conditions. After the first
year of a queen’s life, only 38% of sperm are still
present in the spermatheca, and after the second
year, only 21% of the sperm are still present in
the spermatheca compared with the normal sperm
number of a just mated queen (Al-Lawati et al.,
2009).

Indirectly, also the quality of the drones and the
quality of their sperm influences not only the colony
but also the activities of the queens after mating.
For example, it was demonstrated that, in drones,
the insecticide coumaphos has negative effects on
sperm vitality (Burley et al., 2008; Gauthier, 2011).

Ovarian anomalies and diseases

Ovarian atrophy, the development failure or
hypoplasia of the ovaries, causes permanent sterility
(Fyg, 1961). The cause of this disease is not yet
known, but a viral agent may be involved.

Absence or malformation of the oviducts probably
originate during postembryonic development.
According to Loschel (1916), the genital ducts of
the queen are formed from paired imaginal discs on
the ventral side of the tenth segment, and initially
they are not connected with the ovaries. Only during
the prepupa and pupa stages do the lateral oviducts
extend into the body cavity towards the gonads as
hollow ectodermal invaginations and connect with
the ovaries, generally on the third day of the pupal
period.

Occasionally, the oviducts may stop growing before
they have reached the ovaries. When this happens
there will be no connection between the normally
developed ovaries, which are closed at the posterior
ends, and the vagina (Fyg, 1961). Queens with
a single malformed oviduct are able to lay eggs
to a limited extent. Defects of the oviducts do not
exclude a successful mating (Fyg, 1961).

We observed melanosis in old queens only as it was
to be expected, since melanosis is usually a reaction
to various degenerative effects which can be due to
different causes. In the case of ovary stoppage, the
accumulated proteins would decompose and be trans-
formed into melanin by oxydizing enzymes (Arnhart,
1929), sperm masses can block the oviducts after
fungal infections in the genital passages or a viral
infection may be involved. Very often, though,
these degenerative effects derive from long term
intoxication. Experimental studies showed that the
coumaphos molecule, used for varroa control, had
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a negative effect on young queen development
(Burley et al., 2008; Gauthier, 2011).

Spermatheca anomalies and diseases

Peterka (1938), Gontarski (1951), and Fyg (1961)
described, as a very rare exception, a queen with two
spermathecae. In our research, this phenomenon
was more frequent. In the cases examined by the
authors, the two spermathecae, with many sperm,
were close together and led separately into the
vagina. Loéschel (1916) explained that the sper-
matheca is formed in the prepupal stage from two
separated anlagen, and it can be assumed that they
did not unite during this stage, but continued to
develop independently. The “8" shaped spermath-
ecae could be explained by this theory; also the
higher number of sperm counted in these unusual
spermathecae, compared to the average number
inside of the normal ones, suggests a double origin
for “8" shaped spermathecae.

Other anomalies and diseases

The Nosema disease, to which the queen is as sus-
ceptible as the worker (Fyg, 1961), is often the cause
of the loss of queens in colonies or nuclei. Therefore,
the observed number of queens with high Nosema
spp. spore counts can be considered rather low.
Nosema spp. spores had been reported from the
ventricular epithelium and the midgut, but also the
fat body and the ovaries (Steche, 1960; Fyg, 1961;
Gauthier, 2011). Although the queen is very sus-
ceptible to the disease, she may frequently remain
immune to the infection in a diseased colony (Fyg,
1961), but the queens of colonies highly affected
by the disease resulted in infection with spores too
(Vecchi, 1972). In most cases, young queens are not
capable of surviving a high level of Nosema (Alaux
et al, 2011; Traver and Fell, 2012).

The enterolith structure was first described by
Fyg (1961), who also observed an accumulation of
faeces and a considerable enlargement of the hind
gut and stated that enterolithes are formed primarily
on the rectal epithelium which the enteroliths are
connected to by a short stalk. Chemical examina-
tions proved that enteroliths consist mainly of uric
acid (Fyg, 1961). Larger stones exert a pressure on
the genital ducts lying under the rectum and prevent
ovoposition as a consequence (Fyg, 1961). Usually
the queens become sterile, though the infection
does not spread to the reproductive organs. Entero-
liths and bacillary infections may cause an accumula-
tion of faeces in the rectum, affecting all abdominal
organs (Fyg, 1961).

Dark Malpighian tubes surely play a part in the



patology of the queens, but no record of them was
found in the literature.

Arnhart (1929) described a peculiar anomaly of the
sperm, which he described as “Ringelsamen”. His
opinion was that the degeneration of sperm is to be
attributed to damage from chilling which may occur
in springtime and late autumn when a sudden drop
in the temperature takes place. But this causal ex-
planation does not seem to be correct because the
morbid drone-laying not only appears in springtime
and autumn but often during the summer months as
well (Fyg, 1961). Also sperm forming a “loop knot”
on one extremity showed a shape totally different
from the normal shape (Dade, 1962; Al-Lawati et al.,
2009).

Ciliate and flagellate protozoa are a common
occurrence in the gut of worker bees and are
sometime reported as pathogenic organisms, but
they had never been observed till now in spermath-
ecal fluid (Fries, 1997).

Other cases of anomalies and diseases of queens are
cited in the literature, but they were not observed
in this study. The cited ones include: accessory
ovarioles, ovary and spermatheca tumours; septicae-
mia due to bacterial infection in the haemolimph or
in the ovaries (Fyg, 1961); infections of Malpighame-
ba mellificae and Acarapis woodi, since the queen is
susceptible to acarine disease (Morgenthaler, 1933).

CONCLUSIONS

The presence of diseases, anomalies, and defects in
most of the old queens that are removed from their
colonies by beekeepers because of their defects
or because they are at the end of their career, is
not surprising. The fact that the beekeeper only
acts when more than a single defect is present is
noteworthy. On the other hand, queen breeders
are expected to produce and distribute top quality
newly mated queens, whose reproductive perform-
ance should have been tested in the mating nuclei
before shipment to customers. The prevalence of
diseases, anomalies, and defects that emerged
during the present investigation in a large part of the
examined young queens, could easily explain the fact
observed by several Italian beekeepers, that often
newly mated queens are not accepted or rapidly
replaced by fully developed colonies. However, it
poses some serious questions not only about the
genetic characteristics of the reared honey bee
strains, but also about the rearing methods adopted
by a not negligible part of Italian queen breeders
and on mating station environmental conditions. In
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any case, defective queens could play a significant
role in honey bee colony decline, and queen features
should be taken into account when analysing the
phenomenon.
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