Instrumental Insemination:

The Possibility of Semen Storage
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THE successful storage of mamma-
lian semen has enabled the effi-
cient maintenance of gene banks for
breeding and stock improvement of
various farm animals. In the future,
hopefully this will be a reality of the
beekeeping industry as well. There are
many benefits to gain with the perfec-
tion of instrumental insemination and
the practical storage of honey bee se-
men. Long-term storage would con-
tribute significantly to the low cost
maintenance -of valuable lines, and
material for genetic selection. Inbred
lines " are difficult and laborious to
maintain and propagate. The number
of colonies and labor now required to
manage a breeding program would be
reduced. Numerous hybrid combina-
tions could be produced year-round.

The use of stored semen would make
us less vulnerable to. weather condi-
tions and’ seasonal restrictions. Virgins
could be inseminated when drones are
unavailable. We could easily produce
early queens for the northern beekeep-
ers, and late queens for fall requeen-
ing. This could also eliminate the
necessity of close coordination and
timing of queen and drone rearing for
LI, especially during the busy pack-
age season; The maximum use of
drones could be made when they nat-
urally occur in large numbers and are
easily reared.

Practical storage of honey bee se-
men may offer a solution to some of
the potential problems facing the bee-
keeping industry. The use of stored
semen would provide a method to im-
port and export genetic material with-
out the chance of spreading diseases
and/or mite infestations. Importation
of live bees into some countries is re-
stricted for these reasons. If and when
the Africanized bee reaches the United
States, reselection programs may he
necessary. Gene banks could be util-
ized to supply African gene-free stock.

Part IV — Conclusion
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Honey bee spermatozoa have a re-
markable longevity of three or more
years within the spermatheca of the
queen, For successful semen storage,
we need to know the factors responsi-
ble for this. The development of LI.
raised the question; how long can
honey bee semen survive after being
removed from the drone? In 1929, at
the International Apicultural Congress
in Berlin, Germany Dr. Rosch demon-
strated the life of sperm in various
media. She was able to keep sperma-
tozoa alive for at least 24 hours at
room temperature (Nolan, 1929).
Honey bee semen is sensitive to dry-
ing. Undiluted semen placed on a slide
protected with a glass cover slip
was reported to survive 2 or 3 days
at room temperature (Woyke, et al,
1966).

The need to develop a technique to
collect, store and test honey bee semen
was recognized, Jaycox (1960) experi-
mented with the storage of semen in
glass capillary tubes held at 95°F. He
was able to store undiluted semen for
22 days. Success of storage was based
on sperm motility, which is used to
measure viability of stored mammalian
sperm. Jaycox states that this criterion
cannot be accurately used to determine
viability of honey bee spermatozoa,
which becomes inactive after ejacula-
tion. Stored semen in a passive con-
dition will become motile when diluted
with saline solution and a small
amount of honey. Taber and Blum
(1960) found fructose present in fresh
honey bee semen which is rapidly
metabolized. They suggest sperm
stored in the spermatheca may have
a low metabolic rate and little or no
nourishment.

To test stored semen for its fertiliz-
ing capacity, it had to be used to in-
seminate virgins. Taber and Blum
(1960) were the first to report semen
could be stored at room temperature
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for up to 68 days and successfully
used for insemination. Storage was
considered a success if 50% of the
resulting eggs were fertilized. Of the
105 queens inseminated with stored se-
men, 31 produced fertilized eggs.

The partial success of honey bee
semen storage encouraged the possible
international exchange of genetic mate-
rial without the need to import or
export live bees. Shipments of semen
were made by airmail to Europe and
Brazil (Taber, 1961). Virgins insemi-
nated with shipped semen were re-
ported to produce some worker prog-
eny. Not all shipments were satisfac-
tory and not all queens produced fer-
tilized eggs.

Storage of semen was complicated
by the adverse effects of bacterial
growth from contamination. The addi-
tion of antibiotics was found to pro-
long the viability of stored semen. Se-
men treated with streptomycin or te-
tracycline retained at least a portion
of its fertilizing capacity for 16 to 18
weeks at room temperature. Queens
inseminated with untreated semen
stored beyond 12 to 13 weeks did’ not
produce fertilized eggs (Poole and Ta-
ber, 1969). Storage at cooler tempera-
tures was also found to prolong via-
bility of stored semen. Streptomycin
treated semen could be stored up to
35 weeks at 55°F to 59°F (Poole and
Taber, 1970). Previous experiments
with cold storage at freezing tempera-
tures were found to be detrimental
resulting in no fertilized eggs being
produced.

There are many kinds of environ- -
mental stress on sperm that are known
to cause mutations, The aging of sperm
in some animals is known to increase
the frequency of lethal mutations. The
decreased fertility of stored honey bee
semen raised these questions. ‘Storage
at 55°F for 35 weeks was tested to
determine the occurrence of mutations,



No mutations were found in the 17,503
drones reared from queens inseminated
with stored semen. This test did not
eliminate the possibility of embryonic
lethals or the possible damage to
sperm that would prevent egg fertiliza-
tion (Laidlaw et al, 1977).

Semen prepared for storage by the
Poole and Taber method was collected
in a Mackensen syringe which has a
limited capacity of 10 microliters (ul)}.
Several syringe loads had to be col-
lected and transferred into a glass cap-
illary tube, centrifuged to remove air
bubbles, and heat sealed for storage.
The stored semen had to be transferred
back into the syringe to be used for
insemination. The transfer of semen
was a time consuming job with a high
risk of contamination. The need to
design a syringe that would simplify
this procedure was recognized.

Dr. John Harbo (1974) developed
a new method of collection, handling,
and storage of semen which eliminated
the transfer and centrifuge steps, and
made ‘the insemination of a large num-
ber of virgins more efficient. A modi-

fied capillary tube was designed to
serve as a syringe tip, collection cham-
ber, and storage container. The tube
holds a large volume of semen so that
reloading was no longer mecessary, and
it could be connected and disconnected
without disturbing the column of se-
men. Strong suction and pressure per-
mit precise movement of semen during
collection and insemination. Harbo
(1979) has improved and refined this
technique. The amount of semen col-
lected is metered with the use of a
microburette or gilmont syringe, elimi-
nating the need to calibrate the top
or storage tube. Semen could now be
accurately measured, diluted to a de-
sired ratio, and delivered. More ef-
ficient use of semen was possible with
a petrolatum plug to separate the se-
men and saline. This reduces the loss
of semen left on the side walls of the
capillary tube and prevents mixing of
semen with saline. It also provides an
air tight seal for storage. A larger
volume of semen could now be col-
lected with the shortened and detach-
able tips. Interchangeable tips are con-

nected with rubber tubing, which gives
flexibility to the syringe and prevents
breakage. Glass tips are cheaper and
easier to clean compared to the plastic
Mackensen tips. The tapered and an-
gled glass tip, which has a smaller out-
side diameter, is more easily slipped
past the valve fold ito inject semen
into the oviduct of the queen. Semen
collected with a glass tip may be more
difficult for a person just learning
the technique, because the opening of
the tip is smaller, and therefore more
easily plugged with mucus. However,
I feel this is good training and will
make the inseminator more careful,
considering the fact mucus will also
plug the queen.

A new large capacity syringe was
also designed by Kaftanoglu and Peng
(1980a). The Mackensen tip was mod-
ified to accommodate a capillary tube
at its base. The syringe barrel has a
screw type plunger for precision move-
ment of semen, and allows easy re-
moval and replacement of tubes by
equalizing pressure in the barrel. The
Harbo syringe and the Kaftanoglu-
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Susan Cobey inseminating a virgin using the Mackensen instrument and Harbo syringe. A. photo by D. Lawrence, B. photo by

K. Lorenzen.



Peng syringe were designed for semen
storage as well as routine insemina-
tions. The large capacity syringes al-
low many queens to be inseminated
with a single semen load. Varying
amounts of semen may be collected
depending on the size of the capillary
tube used. The maximum capacity of
the Harbo syringe is 200 ! (enough
to inseminate 25 virgins with 8 ul
each), and the Kaftanoglu-Peng syr-
inge holds up to 150 ul. The process
of semen collection and insertion can
by separated with the use of a large
capacity syringe. Semen may be col-
lected and conveniently held overnight
or for several days. When collecting
a large quantity of semen, the insemi-
nator must be extra careful to avoid
contamination with fecal material
This can cause considerable loss of
queens.

Collecting a large amount of semen
is a tedious and time consuming job.
The washing technique, developed by
Kaftanoglu and Peng (1980b), is a
simple fast method of semen collec-
tion without the use of a microscope.
Semen and mucus are scraped into a
funnel containing diluent. The mix-
ture is centrifuged to separate the se-
men from the mucus in a capillary

tube, which is then placed in a large

capacity syringe to inseminate virgins.
The washing technique was reported
not to affect the quality of brood,
though it was found to delay onset
of oviposition (egg laying). A portion
of the seminal plasma is removed dur-
ing the washing process, possibly this
is responsible for the delayed oviposi-
tion. This question is presently being
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investigated. The perfection of this
technique offers practical application
in bee breeding programs. Semen of
different sources can be mixed homo-
genously (uniform dispersal) or at a
desired ratio to produce consistent and
improved quality stock. )

The improved design of equipment
and handling techniques for semen
storage make it seem practical. A
method of long-term storage in which
honey bee spermatozoa retain high
viability has proved a more difficult
and complex task, compared to mam-
malian semen storage. A mammal is
inseminated with a large number of
sperm in which only one or a few
viable sperm are necessary to immedi-
ately fertilize one or a few eggs. A
queen bee must store 3 to 6 million
sperm to continuously fertilize many
eggs over several years. During the
peak season, a queen will lay between
1500 and 2000 eggs per day. There-
fore, the number of sperm that sur-
vive storage is much more critical
compared to mammalian sperm. A
queen inseminated with stored semen
must receive a very high percentage
of viable sperm to be able to head
a productive colony.

A practical method of storing cattle
semen in liquid nitrogen has been used
for over 20 years. Several researchers
have attempted to apply similar meth-
ods to the storage of honey bee se-
men. Development of a suitable di-
luent to protect honey bee spermatozoa
against the harmful effects of freezing
has become a frustrating and compli-
cated task. Millions of sperm must
remain viable for several years in the
queen’s spermatheca after it has been
recovered from storage. Glycerol has
been used as a protective agent for
storage of mammalian sperm at low
temperatures. Swada and Chang (1964)
reported some success with diluted se-
men containing glycerol stored at
-79°C. They were also able to store
semen in the seminal vesicles and in
the spermatheca at -79°C. Melnick-
enko and Vavilov (1975) used drone
haemolymph as a protective diluent
for storage of semen in liquid nitrogen
at -196°C. Verma (1973, 1978) in-
vestigated the storage of sperm in dif-
ferent diluents, and showed that osmo-
tic pressure plays a role in control of
sperm motility and longevity. He in-
seminated queens with stored semen
which showed no reduction in motility
and reported that few sperm reached
the spermatheca.

Queens inseminated with semen
stored in liquid nitrogen produced
fewer eggs, and laid unfertilized eggs
in worker cells. 'Unmated queens and

queens inseminated with dead sperm
are also known for reduced and non-
uniform egg laying (Harbo;  1976).
The queen controls. fertilization :by re-
lease: of sperm  from the. spermatheca
Possibly the effects of ‘storage “cause a
disruption in ‘the egg fertilization’ proc-
ess and result in irregular laying be-
havior.

A techmque to preserve honey bee
semen in liquid nitrogen was devel-
oped by Dr. John Harbo (1977).
found that DMSO (dimethyl sulfox-
ide) was superior to the protective
agents previously used. DMSO, used
as a cryoprotectant, enabled spermato-
zoa 'to survive the harsh transition into
and out of extreme cold (-196°C)
during the freezing and thawing proc-
ess. A mixture of 60% semen, 30%
saline, and 10% DMSO was used. His
results show that worker progeny can
be produced by queens inseminated
with sperm stored in liquid nitrogen,
though there is a reduction in the
number of sperm that reach the sperm-
atheca (Harbo, 1977). Queens pro-
duced a high proportion of unfertil-
ized eggs (drones), and had a lower
egg hatch rate than control queens
inseminated with -fresh semen (Harbo,
1979a). A 3% occurrence of the non-
hatching phenomenon was found in
daughters (F1 generation) of queens
inseminated with spermatozoa stored
in liquid nitrogen (Harbo, 1979b).
This may be a possible indication of
genetic damage that could show up in
subsequent generations. There is evi-
dence this may persist in the F2 gen-
eration, if so the effects are greatly
diminished (Harbo, 1981). Mosaic
drone honey bees were found as prog-
eny of queens inseminated with sperm
stored in liquid nitrogen. This may
be an inability of the spermatozoa to
unite with the egg pronuclei (Harbo,
1980). Both pronuclei produced hap-
loid tissue independently resulting in

2 types of sperm being produced by

a drone which normally produces only
one type of sperm. There are various
factors that may cause mutations and
egg death. Harbo suggests further re-
search and progeny testing are needed
before storage of honey bee semen in
liquid nitrogen can be safely used.
Variations of the freezing procedure,
diluents, and the chemical treatments
used need to be evaluated in terms of
viability and fertility of stored semen.
Kaftanoglu and Peng (1983), using
DMSO as a cryoprotectant, tested 1
different diluents for semen storage.
They were able to store semen up to
a year in liquid nitrogen. Queens in-
seminated with stored semen were re-
ported to produce an average of 47%



Syringe tip comparison. Top — Glass fip. The tip is tapered and angled with o
smaller outside diameter which makes it easier to bypass the valve fold, Bottom — Mac-

kensen plastic tip. photo by K. Lorenzen.

Different syringe designs for I.I. Top — Mackensen syringe with plastic tip. Syringe
must be reloaded between each insemination. Middle — Harbo large capacity syringe with

glass tip. Bottom ~— Kaftanoglu-Peng large capacity syringe with a

by K. Lorenzen,

Insemination of a virgin using the glass tip.

worker progeny, with some queens pro-
ducing as much as 75% worker brood.
Several queens inseminated with stored
semen were superseded by their daugh-
ters, which naturally mated and built
up strong colonies, Harbo, Kaftanoglu
and Peng agree that we now have the
capability to store genetic material in
liquid nitrogen. Queens can be reared
from progeny of frozen sperm, though
their brood production is not sufficient
to maintain a productive colony.
Sperm stored in liquid nitrogen has
a low migration efficiency. Bolten and
Harbo (1982) reported a significant
increase in the number of sperm reach-

photo by K. Lorenzen.

ing the spermatheca when queens were
given multiple inseminations with small
volumes of diluted semen. They sug-
gest queens II. with stored semen
should be given this treatment until
an improved or better technique is de-
veloped for long term semen storage.

An alternative method of semen
storage is being studied by Dr. Chris-
tine Peng and her graduate student,
John White. They are exploring the
possibility of developing an artificial
spermatheca for long term sperm stor-
age. An attempt to determine what
conditions are required for the lon-
gevity of spermatozoa in the sperma-

dapted plastic tip. photo

theca are being investigated. It may
be possible to duplicate or simulate
the environment of the spermatheca
for practical semen storage.

A method of long-term honey bee
semen storage, which results in high
brood viability and is practical and
usable by the commercial beekeeper,
has yet to be developed. If this is
pursued with as much persistence and
determination as' was required to de-
velop a technique for LI, it will be
accomplished. When we look at the
history of instrumental insemination,
we certainly had many frustrations and
misconceptions to overcome. The di-
rection of apiculture research today is
very important to 'the future of our
beekeeping industry. We must look at
the potential problems facing us as a
challenge, and find solutions. We need
to use the knowledge that is now avail-
able, and support further research.
This means taking the scientific theory
and current research developments out
into the bee yards.
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