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Using instrumental insemination with pooled and deliberately mixed
semen from many drones for larger groups of honeybee queens (Apis
mellifera L.) is a valuable breeding tool. Collecting sperm from as many
as 7000 males and inseminating 250 queens with the mix requires sev-
eral days. Hence, sperm storage equipment to keep sperm viable for
longer periods is needed. A portable storage box to temperate the cap-
illaries at 17.5 ± 0.3 °C was developed using peltier elements and sophis-
ticated electronics. The instrumental insemination results after storage
of 75-76 days are reported.
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The ability to pool and deliberately mix semen from many drones and then use
this mixture for instrumental insemination of larger groups of queens is a valu-
able tool for honeybees, Apis mellifera L., breeding. Used in closed breeding it
results in a greater effective breeding population (Page & Laidlaw 1982, Cobey &
Lawrence 1990). As the mixing of diluted sperm followed by centrifugal recon-
centration leads to larger amounts of dead sperms, this system is abounded
(Collins 2003). Kühnert et al. (1989) reported on a successful breeding program
using this way of homogenizing. Nevertheless, this method is more or less aban-
doned.

Manual stirring with equal amounts of a buffer makes double instrumental
insemination necessary. Even the insemination of 2 × 8 mm3 diluted sperm
results in reduced amounts of sperm in the spermatheca as compared to classical
insemination with 8 mm3 (Konopacka & Pohorecka 1994). Therefore a method
to stir large amounts of sperm (3 ml sperm = ca. 7000 males) using relatively
small amounts of buffer (10% by volume) was developed and used in a Buckfast
closed breeding project.

Mixing and storing large volumes of honeybee
(Apis mellifera mellifera) sperm integrated in a
breeding program
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Collecting sperm from as many as 7000 males and inseminating 250 queens
with the mix requires a number of days. Sperm-quality is the key-factor for suc-
cessful insemination. Sperm that is able to enter into the spermatheca after stor-
age is a long pursued goal. Mostly the use of cryo-preservation is chosen
(Hopkins & Herr 2010, Wegener et al. 2012). Up till now the results are disap-
pointing. The sperms demonstrate active motion after thawing, but after insem-
ination with it, the sperm apparently did not manage to enter into the sperma-
theca (Wegener et al. 2013).

To keep collected semen vital for longer periods, a sperm storage devise was
developed. From older research (1989) we knew that at temperatures below 19 °C
sperm is immobilized. A portable storage box to temperate the capillaries at 17.5
± 0.3 °C was developed using peltier elements and sophisticated electronics.

MATERIALS AND METHODS
Mature drones were stimulated to ejaculate by the standard method and the
semen was collected with a Winkler devise (capillary volume 160 μl) (Winkler,
1988; Fig. 1). Each sexually mature male with sperm was pinned-up, effectively
separating the ejaculation process from the sperm collection. Sperm from differ-
ent genetic sources was stored separately. The scale on the sperm collection tube
allowed for the collection of known volumes of sperm per genetic source. Each
completely filled (160 μl) capillary was immediately closed airtight and stored at
17.5 ± 0.3 °C (Fig. 2).

After completing the semen collection, all capillaries are sucked empty into
the stirring vessel and 10% (vol.) of modifed Kiew-buffer (Paufler 1974, Moritz
1984) was added to allow for a good mixing. Mixing was checked by eye. After
the mixing had resulted in an optically homogenous mass, clean sterile Winkler-
equipment is used to excavate the vessel (Brauße & van Praagh 2010) and the
completely filled capillary was closed airtight. These capillaries with mixed
sperm were kept at 17.5 ± 0.3 °C in a box for 75 (2010) or 76 days (2012) after col-
lection and mixing.

At the end of the breeding seasons 2010 and 2012 young queens were prepared
for insemination with portions of 10 μl long-stored sperm. From the same series
some young queens were open mated. All queens were kept in standard Apidea®
nuclei. Around 14 days after the instrumental insemination, all experimental
queens were transported alive to the Dol Institute for photometric estimation of
sperm numbers that had entered the spermatheca after insemination or natural
mating, according to their protocol (absorbance method). For calibration pur-
pose it uses two natural-mated queens as well. To be able to compare all the steps
in the process also queens inseminated with freshly collected sperm were meas-
ured, as well as queens inseminated with sperm with a shorter period of storage
(49 and 22 days).
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Absorbance to estimate sperm numbers/spermatheca
The intact spermatheca is placed on a microscope slide and 20 μl of 1% NaCL
(kitchen quality) is added. The spermatheca wall is punctered by forceps and a
pin. Two insect pins are used to spread the spermatheca wide open and the con-
tent is stirred intensely with the saline solution. Within about 30 s the semen is
activated; the drop is homogenous and milky white. Using 4 ml aqua dest, the
semen drop is moved from the microscope slide into a 25 ml glass vessel. Due to
the osmotic shock the individual sperm cells ball and absorbance of the solution
is measured in a 1-cm cell at 400 nm using a Shimadzu 160 UV-VIS double beam
spectrophotometer. The correlation between absorbance and semen content is
given by the equation: y = 0.0569x – 0.0129, r = 0.977 (Fig. 3).
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Figure 1. Winkler equipment. The glass tip holder, union nut (= clamping part for the
tip) and the piston are made of stainless steel, all other metal parts are made of brass.
The sperm storage capillary is made of glass and is 109 mm long (volume 160 μl).

Figure 2. The portable storage box to temperate the capillaries. Eight air-tightly closed
capillaries in place, one pulled out to show it. The peltier-elements and the electronics
regulate a storage temperature of 17.5 ± 0.3 °C. 



RESULTS
In both years the numbers of sperm cells that reached the spermatheca after stor-
age was clearly lower as compared to insemination with fresh sperms or natural
mating (Tables 1 and 2). Except for queen 7 (2010) all queens had their sperma-
thecae filled up with sperm amounts sufficient for at least one complete season
of undisturbed worker brood production. All small hives showed normal undis-
turbed worker brood patterns, except for nrs. 2, 5 and 10 (2012) as these queens
had not started laying spontaneously after instrumental insemination or natural
mating, before being transferred to Dol.

The difference between the years in average number of stored pool sperm
that reached the spermatheca (2010: 1.6 × 106; 2012: 2.5 × 106), could well be caused
by opening the 2010 capillary during storage time.

DISCUSSION
The described methods are a useful tool to keep honeybee sperm ready for
insemination for >10 weeks after collection. Apparently, the addition of 10%
(vol.) Kiew-buffer and the stirring leads to a mix that offers better storage pos-
sibilities compared to just clean untreated sperm (2010, compare queens 1-4 to 5-
7). Nevertheless the storage reduces the number of sperms per portion able to
enter the spermatheca. A comparative statistical analysis of immobile and active
sperm cells after storage was never done in detail.

Storage of sperm from one season into the next using this method seemed not
possible up till now. Our actual experience is compatible with the data published
(Brauße 1989). The proven successful storage period was improved from 42-43
days (Brauße 1989) to 75-76 days (this paper). The number of sperm cells/sper-
matheca has not significantly decreased during the longer storage period – 1989:
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Figure 3. Relationship between absorbance and counted number of sperms based on 17
samples.

 



2.06 × 106; 2012: 2.5 × 106 (this paper). But the sperm condition is optimised, allow-
ing our breeding programs to be reliable, even for some necessary inseminations
later in the season. In 2013, 2.1 ml sperm from 4045 males was collected, stirred
and used for the Buckfast POOL-breeding program (Brauße & van Praagh 2010).

Nevertheless, a temperate storage of honeybee semen – whether at 17.5 ± 0.3 °C
(this paper) or cryo-storage – can up till now not replace the very effective nat-
ural storage procedures as realised in the spermatheca of the honeybee queen.
‘Despite the need of oxygen for maintaining the fertilizing ability of spermato-
zoa in the bee queen's spermatheca (Koeniger, 1970), the ether linkages of phos-
pholipids are successfully protected and can still be maintained even after 2 years
of storage in vivo.’ Koeniger herself points out that the products from the sper-
mathecal glands appear to be an important factor in the quality assurance of the
sperm inside those glands. Apparently those glands are very dependent on an
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Table 1. Data on the 2010 experimental queens.
Nr. Inseminated Laying on day Origin of semen Sperm count (× 106)
1 2-Sept-2010 6 Pool mixed stored 75 days 2.1 
2 2-Sept-2010 6 Pool mixed stored 75 days 1.2 
3 2-Sept-2010 6 Pool mixed stored 75 days 1.5 
4 2-Sept-2010 5 Pool mixed stored 75 days 1.6 
5 2-Sept-2010 5 Fresh stored 22 days (control) 1.1 
6 2-Sept-2010 5 Fresh stored 22 days (control) 1.2 
7 1-Sept-2010 6 Fresh stored 49 days (control) 0.9 
8 - ok Natural mating (control) 3.2 
9 - ok Natural mating (control) 4.8 

Table 2. Data on the 2012 experimental queens. Queens 2 and 5 did not start laying eggs
spontaneously, but their spermatheca were filled.
Nr. Inseminated Laying on day Origin of semen Sperm count (× 106)
1 2-Sept-2012 7 Pool mixed stored 76 days 1.5 
2 2-Sept-2012 †14 Pool mixed stored 76 days 3.3 
3 2-Sept-2012 10 Pool mixed stored 76 days 2.2 
4 2-Sept-2012 9 Pool mixed stored 76 days 2.8 
5 2-Sept-2012 †14 Pool mixed stored 76 days 2.5 
6 2-Sept-2012 9 Pool mixed stored 76 days 2.8 
7 31-Aug-2012 8 Fresh (control) 4.6 
8 11-Sept-2012 7 Fresh (control) 2.1 
9 11-Sept-2012 7 Fresh (control) 3.6 
10 - not Natural mating (control) 4.0



intensive gas-exchange through the tracheal-net. Not despite the need of oxy-
gen, but thanks to the need of oxygen by the spermathecal glands, the ether link-
ages of phospholipids are successfully protected. The inner-lining of the sper-
mathecal lumen regulates the internal environment of the place where the
sperms are stored for years.

One of the steps for future improvements could be adding the triacylglyc-
erides detected by Wegener et al. (2013), and protective means in line with the
protection mediating enzymes described by Collins et al. (2004) and Baer et al.
(2009), to the KIEW-buffer used. Another step would be to give the 3-D cell cul-
ture technics a chance to mimic the diffusion of the known compounds to
sperms in an airtight compartment.
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