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Summary

The effect of the instrumental insemination of honeybee queens after they performed their
orientation flight or attempted to perform the flight, on the number of sperm in the spermatheca was
observed. Naturally mated queens and instrumentally inseminated queens were examined. Queens
were instrumentally inseminated under one of the following 4 circumstances: the instrumentally
inseminated queens were either 7 day olds and had been given either a short or long-CO, treatment,
or they were inseminated after the trial flight or after returning from the orientation flight. Queens
from the various groups had a similar number of spermatozoa in their spermatheca (on average, from
4.7 to 5.3 million). The number of spermatozoa filling the spermatheca influenced both the color
and the texture of spermathecae. Significant differences in the number of spermatozoa were stated.
Instrumentally inseminated queens that did not lay eggs had significantly less spermatozoa in their
spermathecae (3.9 mln) than egg laying queens (5.5 mln).

Keywords: honeybee, number of sperms, spermatheca, instrumental insemination, flight
activity, natural mating, texture and color of spermatheca.

INTRODUCTION does not directly depend on the number of
spermatozoa in the spermatheca of queens.
Kaftalongu and Peng (1982) reported
that even non-inseminated queens treated
with CO, gas started laying unfertilized

One of the indicators of a queen’s
readiness for mating and semen admission
are the orientation flights. Instrumental
insemination of bee queens when they
are ready for the mating flight or after the €885 , .
orientation flight, does not significantly Properly inseminated honey bee queens
affect acceleration of oviposition. When have from 3 to 5 million spermatozoa
queens are inseminated at the above 10 their spermathecac (Mackensen
mentioned period, the percentage of and Roberts, 1948; W'(’)yk'e, 1960,
queens that start laying eggs is slightty 197% Woyke and Jasifiski, 1979).
higher than among queens inseminated ata ~ Many factors influence this number.
scheduled time (Gerula et al., 2011). The One of them is the age of the bee queen
most secure way to accelerate oviposition 4t th? time of insemination. Woyke and
of instrumentally inseminated queens is Jasinski (1976) recommend inseminating

to treat them with CO, gas (Mackensen, dueens when they are 5-7 days old, while
1947: Ebadi an(i Garry 1980: Mackensen (1964) recommends 7-10

Kaftalongu andPeng, 1982; Janousek, days old. Another important. factqr that
1987; Konopacka, 1991; Gerula et al. guarantees the success of insemination

2011). The earlier oviposition, however, 1S the appropriate temperature in which
queens should be kept before and after
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the treatment. The right temperature is
preferably the temperature of the nest.
Queen contact with worker bees during the
first 48 hours after the insemination when
spermatozoa migrate from the oviducts
to the spermathecae, is important as well
(Laidlaw, 1954; Mackensen, 1964;
Woyke and Jasinski, 1973; Woyke,
1979). The volume of semen introduced
into queen oviducts, the number of semen
doses, and quality of semen used for
insemination influences the number of
spermatozoa entering the spermathecae
(Woyke, 1960; Woyke and Jasinski,
1978; Prabucki et al., 1987; Gontarz et
al., 2005; Bienkowska et al., 2008). The
diameter of the insemination needle tip also
influences the success of the insemination
(Bienkowska and Panasiuk, 2006).

In the case of naturally mated queens, the
number of spermatozoa in the spermatheca
mostly depends on the number of
matings, which is associated with the
number of copulating drones (Woyke,
1960). The number of spermatozoa in the
spermathecae of naturally mated queens is
higher than in instrumentally inseminated
queens (Mackensen and Roberts, 1948;
Woyke, 1960; Harbo, 1986; Wilde,

1994).
The filling of spermatheca can be
organoleptically assessed. After the

removal of tracheal tissue, the color shade
and density of the spermatheca indicate
the reproductive status of the queen. In
the virgin queen, the color is crystal clear.
The spermatheca of a well-mated queen is
the color of drone semen; a creamy, coffee
latté color with a pattern of marbled swirls.
A cloudy or milky whitish appearance,
indicates an inadequate supply of semen
(Cobey, 2012; Glenn, 2012).

The aim ofthis study was to check whether
the honeybee queens instrumentally
inseminated at the time when they are
starting to prepare for their first flights, or
after the first flights, have the same number
of spermatozoa in their spermatheca than
in queens inseminated at a scheduled time,
regardless of the flight activity.

MATERIAL AND METHODS

The study was performed in 2007-
2008 and in 2010, in the Department of
Apiculture, The Research Institute of
Horticulture (previous name: The Research
Institute of Pomology and Floriculture) in
Putawy, Poland.

Altogether, 133 Caucasian honeybee
queens were investigated. The queens were
either naturally mated or instrumentally
inseminated. They were kept in 3-skewer
trapezoidal styrofoam mating nuclei with
a capacity of about 1.5 dm?. Previously,
a test was done on queens instrumentally
inseminated when preparing for their first
flights, or after the first flights, to check to
see if they began oviposition earlier than
queens inseminated at a scheduled time,
regardless of the flight activity (Gerula et
al., 2011).

Five groups of queens were used: a
group for natural mating, and 4 groups for
instrumental insemination at different ages
and with different treatment with CO, gas.
Queens were instrumentally inseminated
with a dose of 8 ul of semen. Semen was
collected from mature, free flying drones,
caught at the entrance of the hives.

- Queens naturally mated presented the
control group (NM),

- Queens instrumentally inseminated,
at the age of 7 days and treated with long
CO,. The treatment lasted 3 minutes during
insemination and 3 minutes two days later
(I17CO,L),

- Queens instrumentally inseminated at
the age of 7 days and treated with short
CO,. The treatment lasted for only about
30 seconds. This was just sufficient time to
immobilize the queen for semen injection
(I17CO,8),

- Queens instrumentally inseminated
after their first flight and treated with short
CO, (30 seconds) (I1a1F),

- Queens instrumentally inseminated
after the first attempt to fly and treated with
short CO, (30 seconds) (IItMF).

Queens from the 1.NM group were
released for a free flight as they attempted
to leave the mating hive, regardless of the
number of their attempts to fly. Queens
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from the 4.11alF group were released for
a free flight only on the first attempt. If the
queens did not have a mating sign after
returning from the first flight, they were then
instrumentally inseminated. The queens
that returned with the mating sign were
eliminated from the experiment. Queens
of the 5.IItMF group were instrumentally
inseminated when observed at the covered
runway in the nuclei entrance as they
tried to perform the flight. Observations
of queens at the nucleus entrances were
conducted each day from the 5% to 35" day
of their life. The observations started from
12:00 until the end of the queens’ flight
activity.

Age of queens at the time of instrumental
insemination and the age at the start of
oviposition as well as the time duration
from queen insemination to the onset of
oviposition were determined.

The time that eggs appeared in the mating
nuclei was noted daily, starting from the
second day after the insemination. This
observation continued until the queens
started laying eggs or were 41 days old.
Queen excluders were left on the entrances
until the end of the experiment.

The queens were killed and dissected
after starting oviposition, when the
brood of the worker bees was capped.
The queens that did not start laying eggs
were killed at the age of 41 days when the
experiment was finished. The spermatozoa
were counted according to the method

described by Bienkowska et al. (2008).
The tracheal tissue was removed from the
spermathecae and the texture and color of
the spermathecae were determined before
counting the spermatozoa.This procedure
was performed for 96 honey bee queens.
When there was an absence of clear
spermathecae, only the color was taken
into consideration. There were 5 types
of spermathecae: transparent or slightly
hazy, white, with a granular structure in
three different variants- granular creamy,
granular white and granular glassy.

For the data analysis of the number of
spermatozoa in the spermathecae, ANOVA
was used. Two-factor ANOVA analysis
was used to detect interaction between
texture and/or color (external appearance)
of the spermatheca and insemination
technique, on the number of sperm in a
spermatheca. For the statistical analysis of
the number of sperms in the spermathecae
of egg laying and non-egg laying queens,
the Student's t-test was used.

RESULTS

Number of spermatozoa in
spermatheca of queens

Spermatozoa in the spermathecae of all
experimental individuals, were counted
in both laying and non-laying queens.
Queens of various groups had a different
average number of spermatozoa, which
ranged from 0 to 9.125 min. The highest
number was found in the 3.117CO,S group

Table 1.

the

Number of spermatozoa in the spermathecae of naturally mated queens,
instrumentally inseminated queens regardless or according to the flight activity

.| No.of Number of sperms in the spermatheca (min)

Groups of queens queens Min Max Mean™* SD
1.NM 21 0 8.950 4892a 2525
2l1I7CO, L 16 2.000 7.300 4.856a 1.585
3.1I7CO, S 24 2.050 9125 5.331a 1.815
4.1tMF 43 1600 7133 4812a 1.385
5.lla1F 29 2650 8.300 4770a 1454
Total 133 0 9125 4.914 1.710

*1.NM-queens naturally mated, 2.117CO,L queens instrumentally inseminated at the age of 7 days, and
treated with long CO,, 3.117CO,S queens instrumentally inseminated at the age of 7 days old,

and treated with short CO,, 4.IItMF queens instrumentally inseminated after the effort to perform

a 1%flight, 5.11alF queens instrumentally inseminated after their 1* flight;

**different letters indicate significant differences at 0=0.05, F(4,128) = 0.443, p = 0.776.
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(above 5 mln, on average). Other queens
had less than 5 mln spermatozoa in their
spermathecae, but significant differences
between the groups were not found
(Tab. 1).

Three queens from the 1.NM group had
an extremely low number of spermatozoa
in their spermathecae. One of them
(NM/17/2008) returned from her mating
flight with a mating sign, however the
spermatheca was empty. Two others
(NM/71/2007, NM/65/2007) mated, but
they had only 0.4 and 0.35 mln spermatozoa
in their spermathecae. Both queens had
suffered some leg injuries and visible signs
of being balled by the bees. Nevertheless,

they were included in the experiment. The
variability of spermatozoa number in the
1.NM queen group was higher than in the
remaining groups.

The appearance of the spermatheca,
way of insemination, and length of the
CO, treatment determining the number
of spermatozoa in the spermatheca

The texture and color of the spermatheca
determined the differences in the number of
spermatozoa in the spermatheca (Tab. 2).
The lowest number of spermatozoa was
in transparent or slightly hazy colored
spermathecae. This was the type of
spermatheca that 4 queens had, and the
average number of their spermatozoa

Table 2.

Number of spermatozoa in the spermatheca according to the appearance
of the spermatheca in naturally mated and instrumentally inseminated queens

No.of | Number of spermatozoa in the spermatheca (min)
Appearance of spermatheca queens Vin Vax Voar® D

Transparent or slightly hazy 4 0 2.050 0.700a 0.917
White 13 1.600 6.650 3.780b 1419
Granular and creamy 64 2.350 8.950 4878b 1.450
Granular and white 12 3.300 7.000 5.312bc 1.061
Granular and glassy 3 5400 7.250 6.616c 1.053
Total 96 0 8.950 4.71 1.680

*different letters indicate significant differences at a=0.05, F(4,91)=12.091, p<0.01.
Table 3.

Number of spermatozoa in the spermathecae of queens that started laying eggs
and did not start laying eggs up to the age of 41 days

Queen groups* No. of queens: egg laying | Number of spermatozoa in the sperm.atheca (min)
Non-egg laying Mean SD Statistics
18 5.666 b 1.749
= = <l
1NM 3 02503 2179 t=5.242, df=19, p<0.01
21I7CO.L N/A N/A N/A N/A
11 6.354 b 1518
3.I7CO,S - 44552 1619 t=2.929, df=22, p<0.01
30 4972a 1.260
4.1tMF 3 14123 1631 t=1.156, df=41, p=0.254
15 5.746b 1.239
g =9. , U= 1, <0.
5.lla1F ” 375a 0789 t=5.195, df=27, p<0.01
74 5503b 1482
Total** =5.3227, df=115, p<0.01
ota 43 30232 | 1680 | oo d=115,p<00

*1.NM - queens naturally mated, 2.117CO,L queens instrumentally inseminated at the age of 7 days,
and treated with long CO,, 3.117CO,S queens instrumentally inseminated at the age of 7 days old, and
treated with short CO,, 4.IItMF queens instrumentally inseminated after the effort to perform a 1+ flight,
5.IIalF queens instrumentally inseminated after their 1*flight;

*#2.117CO,L - excluded group.
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was 0.7 mln. Three of these queens laid
unfertilized (drone) eggs and one did not
start oviposition although her spermatheca
was filled with 2.050 mln of spermatozoa.

There was no interaction between the
texture and/or color of a spermatheca and
technique of insemination on the number
of sperm in the spermatheca (Fig. 1). Both,
the texture and the color of spermatheca
and the number of spermatozoa in
spermatheca were not dependent on the
insemination technique.

When only the method of queen
insemination was taken into account,
the naturally mated individuals had
slightly less spermatozoa in their
spermatheca (average 4.892 min, n=21)
than instrumentally inseminated queens
(average 4.918 mln, n=112). No statistical
differences between the averages were
found T(131)=-0.063, p=0.949.

Queens were analyzed according to
the duration of CO, treatment during
insemination. No statistical differences
were found between the number of
spermatozoa in the spermatheca of queens
treated with CO, for different time and
the queens that were not anesthetized
(F(2, 130)=0.014, p=0.985). Naturally
mated queens that were not treated
with CO, gas (n=21) had 4.892 miln

spermatozoa in their spermatheca. Queens
that were treated with CO, gas for 30 s
(3.117CO,S, 4.1ItMF, 5.11alF, n=96) had,
on average, 4.929 mln spermatozoa in their
spermatheca. The queens that were treated
with long, 6 min CO, (group 2.117CO,L,
n=16) had 4.856 mln spermatozoa.

Number of spermatozoa in the
spermathecae of egg laying and non-egg
laying queens

Three queens in the naturally mated
group (1.NM) were considered to be
non-laying, although they returned to the
hive with the mating sign. One of them
did not start laying eggs, the remaining
two laid unfertilized eggs. Queens from
the 2.IICO,L group were omitted in this
calculation as each dissected and checked
queen was laying eggs.

There was a similar number of
spermatozoa only in laying and non-
laying queens from the 4.IItMF group.
Other groups of egg laying queens had
significantly more spermatozoa in their
spermathecae than non-egg laying queens
(Tab. 3). Egg laying queens had, on
average, 1.6 mln more of spermatozoa
in their spermathecae, but the greatest
disparity was observed in the 1.NM group
of queens.

Texture and/or color of spermatheca*Queen; LS Means
Current effect: F(4, 86)=1,532, p=0,199
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

1E7

8E6

6E6

4E6

2E6

I Queen
-®- Queen

Naturally mated
Instr tally inseminated

Transparent or slightly hazy White

Granular and creamy

Granular and white Granular and glassy

Texture and/or color of spermatheca
Fig. 1. Interaction between the texture and/or color of spermatheca and technique
of insemination, on the number of sperm in the spermatheca.
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Table 4.

Number of spermatozoa in the spermathecae of queens instrumentally inseminated
at various ages, regardless of the oviposition

Age of queens at No.of | Number of spermatozoa in the spermatheca (min)
insemination queens Min Max Mean* SD
5-6 15 1.650 6.645 4.350a 1.313
7 56 2.000 9125 5.251a 1.681
8-9 25 2.650 6.650 477 a 1211
10-16 16 1.600 6.650 4518a 1402
Total 112 1.600 9.125 4.918 1.526

*different letters indicate significant differences at 0=0.05, F(3,108)=2.085, p=0.106.

Table 5.

The number of spermatozoa in spermathecae of queens in relation
to length of time between instrumental insemination and oviposition

Length of time between No. of | Number of spermatozoa in the spermatheca (min)
insemination and oviposition | queens Min Max Mean* SD
39 18 2.000 7.300 4.647 a 1491
10-16 23 2.700 9125 5351a 1.491
17-23 19 1.600 7.750 5642a 1.353
24-33 12 3.800 8.300 5.752a 1.271
Total™* 72 1.600 9125 5.318 1453

*different letters indicate significant differences at 0=0.05, F(3,68)=2.041, p=0.116.

** only egg laying queens.

Number of spermatozoa in
spermatheca of queens in relation
to the age of queen at instrumental
insemination, and the length of time
between insemination and oviposition

Queens were inseminated at the age
of 5 to 16 days (Tab.4). No significant
differences were found in the number of
spermatozoa in the spermatheca of queens
inseminated at different ages. However,
instrumentally inseminated queens at the
age of 7 days old, had a higher number
of spermatozoa. Among 56 inseminated
individuals when 7 days old, as many as
40 were from 2.II7CO,L and 3.117CO,S,
and these queens were inseminated at the
scheduled time, regardless of the flight
activity. The remaining 16 queens were
from 4.IItMF and 5.11alF groups, where
the time of insemination depended upon
their flight activity.

The first queens began oviposition
just 3 days after insemination, while the
last - after 33 days. However, there no
significant differences were found in the

average number of spermatozoa in the
spermathecae (Tab. 5).

DISCUSSION

The number of spermatozoa in the
spermatheca of queens was similar between
particular groups of queens. Insemination
of queens who had tried to perform a flight
or who had performed a first flight, did not
affect the process of semen migration from
the oviducts to spermathecae. Some of the
queens, among both the naturally mated
or instrumentally inseminated, never
started oviposition. These queens had
significantly fewer spermatozoa in their
spermathecae than egg laying individuals.
The greatest disparity between laying and
non-laying queens was noted among the
naturally mated queens. An explanation
concerning those queens which did not
start oviposition could be the low number
of spermatozoa in their spermathecae.
Instrumentally inseminated queens
probably had enough spermatozoa in their
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spermathecae, however they did not start
egg laying.

The texture and color of the spermathecae
after tracheal tissue was removed is a clear
indicator of the insemination quality. Well-
filled spermathecae are white to cream
with a distinct texture, while spermathecae
of non-inseminated queens or not well-
filled queens are transparent or slightly
hazy colored. Our observations are the
same as in Cobey (2012) and Glenn
(2012). The color and texture of the
spermathecae depends only on the number
of spermatozoa in them, regardless of the
method of insemination, as shown in Fig. 1.

Most queens were inseminated at the
optimum age for semen migration into
the spermathecae. According to Woyke
and Jasinski (1976), the optimum age
is between 4 to 14 days. They stated that
queens which were inseminated at the
age of 14 days or older had significantly
fewer spermatozoa in their spermathecae,
whereas in our study the number of
spermatozoa was not dependent on the age
of instrumentally inseminated queens (5 to
16 days old).

Woyke and Jasinski  (1976)
investigating queens 4 to 47 days old, and
Bienkowska et al. (2008) investigating
queens 5 to 10 days old showed that
migration of spermatozoa from the
oviducts into the spermathecae is most
effective when queens are 4-5 days old
and it decreases with the age of queens. In
our study of queens 5 to 16 days old, there
was no such regularity. Nevertheless, we
found that absolutely the highest number
of spermatozoa was in spermatheca of
queens inseminated at the age of 7 days.
The reason is probably because most of
our experimental queens were inseminated
when they tried to make the flight or after
performing first flight. This was their way
of demonstrating their readiness to accept
semen.

The number of spermatozoa did not affect
the time to oviposition. Queens started
laying eggs 3 to 33 days after insemination
and the number of spermatozoa in queen
spermathecae  was similar (Tab. 5).

The data show that this factor does not
influence the time between insemination
and oviposition. This is in accordance
with Kaftanoglu and Peng (1982), who
brought on oviposition when they exposed
virgin queens to a CO, treatment.

In our study, naturally mated and
instrumentally inseminated queens had
a similar number of spermatozoa in their
spermathecae. Different results were
obtained by Mackensen and Roberts
(1948), Woyke (1960), Harbo (1986)
and Wilde (1994), who reported a higher
number of spermatozoa in naturally mated
queens. Differentiation in the number of
spermatozoa in the spermathecae was
higher in naturally mated queens than
in instrumentally inseminated queens
according to these researchers. This
indicates the big influence of external
conditions on the success of mating.
In instrumentally inseminated queens,
these conditions are more stable and
standardized.

CONCLUSIONS

Queens inseminated when attempting to
perform flights, or after the first flight, had
a similar number of spermatozoa in their
spermathecae. Queens inseminated at the
age of 7 days, and the queens naturally
mated also had a similar number of
spermatozoa in their spermathecae.

A significant  correlation ~ was
stated between the color and texture
of spermathecac and the number of
spermatozoa in the spermathecae, however,
the appearance of the spermathecae is not
dependent on the method of insemination.

Instrumentally inseminated but non-
egg laying queens had significantly fewer
spermatozoa in their spermathecae than
egg laying individuals.

Queens instrumentally inseminated
at different age (6 to 16 days old) had
similar number of spermatozoa in the
spermathecae.

The length of time between instrumental
insemination of queens and starting
oviposition is not affected by the number
of spermatozoa in the spermathecae.
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SZTUCZNE UNASIENIANIE MATEK PSZCZELICH
W OKRESIE AKTYWNOSCI LOTNEJ
2. LICZBA PLEMNIKOW W ZBIORNICZKACH
NASIENNYCH MATEK

Gerula D., Panasiuk B., Wegrzynowicz P., Bienkowska M.

Streszczenie

Badano, czy sztuczne unasienienie matek pszczelich w okresie kiedy probuja wykonac loty
lub po wykonaniu przez nie pierwszych lotow, wptywa na liczbg plemnikéw w ich zbiorniczkach
nasiennych. Obserwacje wykonano w latach 2007-2008 i w 2010 w Instytucie Sadownictwa
i Kwiaciarstwa w Putawach. Przebadano tacznie 133 matki pszczele rasy kaukaskiej. Przyjete
w ulikach matki podzielono losowo na 5 grup: grupg matek do naturalnego unasienienia, i 4 grupy
doswiadczalne matek sztucznie unasienionych nasieniem w ilosci 8 pl, ktore réznily si¢ terminem
inseminacji, sposobem ich traktowania i dlugoscia narkozy CO,. Obserwowano nastgpujace grupy
matek: 1.NM - matki naturalnie unasienione, 2.117CO,L - matki sztucznie unasienione w wieku 7 dni
poddane narkozie CO,, 3 minuty w trakcie inseminacji i 3 minuty 2 doby po inseminacji, 3.117CO,S
- matki sztucznie unasienione w wieku 7 dni poddane krétkiej narkozie CO,, okoto 30 sekund
na czas wstrzyknigcia nasienia matkom, 4.IItMF - matki unasienione sztucznie kiedy probowaty
wykona¢ swoj pierwszy lot, poddane narkozie CO, na okoto 30 sekund jw. oraz 5.1lalF - matki
sztucznie unasienione po pierwszym locie, poddane narkozie CO, na okoto 30 sekund jw. Matki
z poszczegolnych grup miaty podobna liczbg plemnikow w zbiorniczkach nasiennych, srednio od
4,7 do 5,3 mln. Stwierdzono istotnie r6zna liczbe plemnikéow w zalezno$¢ od koloru i wygladu
zewngtrznego zbiorniczkow nasiennych. Najwigcej plemnikoéw miaty matki, u ktorych zbiorniczek
nasienny mial wyrazna ziarnista strukturg zewngtrzng o zabarwieniu biatym lub kremowym oraz
z charakterystycznym potyskiem. Najmniej plemnikéw miaty te matki, u ktorych zbiorniczek byt
lekko metny lub biaty bez wyraznej struktury zewngetrznej. Matki unasienione ale nieczerwiace mialy
istotnie mniej plemnikéw (3,9 mln) w zbiorniczkach nasiennych niz matki czerwiace (5,5 mln).
Matki unasieniane w réznym wieku: 5-16 dni mialy podobna liczbg plemnikéw w zbiorniczkach
nasiennych. Nie stwierdzono, aby liczba plemnikow w zbiorniczkach nasiennych matek wptywata
na dtugos$¢ okresu od unasienienia do rozpoczgcia czerwienia.

Slowa Kkluczowe: pszczola miodna, liczba plemnikow w zbiorniczkach nasiennych,
inseminacja, aktywno$¢ lotna, naturalne unasienianie, tekstura i kolor
zbiorniczka nasiennego.



