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T
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. WE T ANS SUNEE ICUEd T IoaEHed ad BN ewdr
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e fag vy |
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« R IYE WE T HE AYAT HAH GAH WIH |
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. T HAAEHTE A T AAYIF T ¢ UF AT T8 Al gt
S ch e 1 e T S E 2 M Tl e e |
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T (Diploid) WiHwg | ATel, FHR AT AeaT G0-9% faer Ser woaAr
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F U I AR AN T LA | T AR A AR,
IS ST T TH SHATHI B A | A Tl Wi qaedr
©-90 = TTH! AN L00 R 3000 ATEFA Al JeqE 4 |
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AT /2T I I AT
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2. Artificial Insemination Method of Honeybee Breeding

Basically, mating in honeybees can be divided into two systems viz.
open and closed system of mating. The term controlled or closed
mating is the system where some influence is exercised over the mating
of the queen. One of these controls is artificial insemination by which
specific drones are mated to specific queens. Artificial insemination
includes:

a. Hand mating
b. Instrumental insemination

Hand mating is the attempt to copy natural copulation by eversion of
the drone's copulatory structure into the sting chamber of the queen
with ejaculation of semen into the vagina whereas instrumental
insemination is the injection of semen into the female reproductive
tract with a syringe.

2.1 Instrumental Insemination in Honeybee

Honeybee queens are highly polyandrous and mate in flight with an
average of 10 to 20 drones at congregation areas consisting of 10,000
to 30,000 drones from diverse genetic sources. The queen mates during
the first week of her adult life and stores the sperm collected in her
spermatheca for use over her lifetime. She stores a small percentage of
sperm from each drone with whom she mated and this is mixed in her
spermatheca. All the drones the queen mated with are represented in
the many subfamilies of her colony, although the ratio of these may
change over time. Instrumental Insemination provides a valuable tool
to control this random mating process.

Instrumental Insemination (II) was coined by Dr. Lloyd Watson, the
first to successfully demonstrate a technique of instrumental
insemination in 1926. Instrumental insemination is an essential tool

(3%)



that provides complete control of honeybee mating for research and
breeding purposes. II technique requires proper instruction, precision
equipment, practice, fine motor skills, maintaining sanitary conditions,
patience, and a commitment. The technique requires specialized
equipment to anesthetize and immobilize the queen and to collect and
deliver semen from the drones. Semen is harvested from mature drones
by hand eversion of the endophallus and collected into a syringe. The
queen is placed in a chamber and anesthetized during the procedure of
insertion of semen into the oviducts. Queens are introduced into
colonies and their performance can equal to that of naturally mated
queens, given proper technique and care.

2.2 Advantages of Instrumental Insemination in Honeybee

* A ssingle drone can be mated to one or several queens, isolating
and amplifying a specific trait.

* Semen from hundreds of drones can be pooled to inseminate a
group of queens, which increases the uniformity and effective
breeding population size for stock improvement and maintenance
purposes

e II provides is the ability to hold fresh semen for several days,
enabling the safe and easy transport of desired stock without the
risk of introducing parasites.

e Instrumental insemination allows beekeepers to control the
genetics of their colonies by selectively breeding queens with
desirable traits.

e Instrumentally inseminated queens are less likely to pass on
diseases to their offspring because they can be mated with drones
from disease-free colonies.

e Instrumentally inseminated queens can produce more colony
offspring because beekeepers can ensure that they are mating
with drones from highly productive hives.

*  Swarming can be a problem for beekeepers because it reduces the
population of the colony and can lead to queen loss. However,
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instrumental insemination can reduce swarming because
beekeepers can selectively breed queens that are less likely to
swarm.

* Instrumental insemination can be a rewarding activity for
beekeepers who are interested in the genetics of their hives. It
allows them to experiment with different crosses and produce
colonies with desirable traits.

2.3 Equipment Required for Instrumental Insemination

Specialized beekeeping skills and proper care of queens and drones
are essential to quality control. Several options of instrumentation are
currently available, which offer choice but can vary in quality and lack
standardization. The basic instrument consists of a stand, a set of
hooks, queen holder assembly, syringe, and syringe tips (Figure 1, 2,
&3). The microscope stand must be compatible with the instrument
and provide sufficient depth of field and instrument clearance (Figure
1). A cold light source is also recommended to prevent heating and
drying. A source of carbon dioxide with flow regulator and flexible
tubing to the instrument are also required.

A — A dissecting microscope

B — Handle for ventral hook

C — Ventral hook base (left C arrow)
and ventral hook (right C arrow)

D — Syringe base (upper D arrow)
and syringe (lower D arrow)

E — Syringe plunger

F — Plastic tubing leading to CO,
source

G — Chamber in which queen is
placed

H — Sting hook (left H arrow) and
sting hook base (right H arrow)

I — Handle for sting hook

J — Microscope base

Figure 1: Standard equipment and arrangement for performing instrumental

insemination of honeybee queens.
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Complete set of equipment required for Instrumental Insemination
includes:

* Complete insemination instrument, including an instrument
stand, manipulators, syringe, and accessories (available through
specialty honeybee supply companies)

e Binocular stereos zoom microscope, 10x to 20x, and cool light

*  Carbon dioxide source with flow regulator and tubing

»  Sterile vials, pipettes and bulb or syringes

*  95% ethanol

»  Sterile tissues, cotton swabs and paper towels or wipes

*  Squeeze bottles

*  Queen cages

*  Drone holding cages and drone flight box

Syringe
Holder

Attachment
for CO2




Figure 3: Harbo large capacity syringe for semen collection and storage

2.4 Insemination Techniques

Instrumental Insemination in honeybee includes following major three
steps.

1. Selection of drones and eversion of endophallus
Semen collection
3. Queen insemination

1. Selection of drones and eversion of endophallus
Selection of drones

Semen is collected directly from mature drones, 14 days postemergence
or older. For identification purposes, drones can be collected
immediately after emergence and stored in cages placed in a bank
colony. Mature drones can be captured the day prior to or the day of
insemination by capturing drones returning from failed mating flights
or collecting them from the outside combs within the colony.

(39)



Note: Selection of drone should be proper. As experienced in our
training, no semen was found in the drones as we had initially
practiced squeezing drone by collecting them from the hives in the
afternoon. It may be due to the fact that those drones were not
matured enough to collect semen. So, we again collected drones after
5 “0 clock returning from failed mating which were matured enough,
and semen was found after squeezing them. So, careful consideration
should be given in selecting appropriate drones. In addition, special
feed supplement could be the one option to expedite the maturation
of drones within few days.

Eversion of the endophallus

To expose semen, the endophallus is readily everted by hand in two-
steps: the partial eversion, and the full eversion. Extraction of semen
by everting endophallus is tedious, depending on quality and maturity
of drones and requiring utmost precautions. The precautions to be
adopted during the eversion of endophallus are given below:

* Drones may defecate during the procedure, so proper sanitary
measures should be ensured.

*  Hold the drone to avoid the endophallus touching the drone body
or your fingers and keep a towel soaked in alcohol to clean up.

Figure 4: A matured endophallus everted drone with semen.
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Any drone that does not evert properly or does not present
sufficient (~1 pl) semen on the bulb (Figure 4) should be discarded.
Plan to have a plentiful supply of mature drones, more than is
needed, as not all will yield semen.

Keep drones warm and well fed until they are used. A light above
the flight box provides warmth and bee candy or a piece of
honeycomb will extend their activity.

Procedure for eversion of endophallus

1.

The syringe for the extraction of semen should be sterilized either
by heat or an alcohol and rinsed with distilled water.

To obtain partial eversion, grasp the head and thorax of the drone
between the thumb and forefinger, ventrodorsally, with the
abdomen facing upward. It is helpful, if the individual is right-
handed, to hold the drone’s head with the right hand and squeeze
the abdomen with the left so that the drone remains held in the left
in position for sperm collection.

Figure 5: Holding drones for endophallus extraction

To obtain partial eversion, roll or crush the thorax between your
fingers. Partial eversion is identified by the emergence of a pair of
cornua. The abdomen and color of cornua helps us to distinguish
the mature and immature drones.



Ves‘t.ibulum

Figure 6: Partial Eversion of Figure 7: Full Eversion of
endophallus endophallus

a. If mature, the abdomen will contract and a pair of yellow orange
cornua emerge (Fig. 7).

b. If the abdomen remains soft or the cornua lacks colour, the drone
is immature and will not yield semen (Fig. 8).

Figure 8: Immature drone Figure 9: Mature drone

4. The buildup of pressure and compression of hemolymph and air
sacs force the full eversion of the endophallus. To obtain full
eversion,

a. Grasp the base of the dorsal abdomen close to the thorax with the
thumb and forefinger. Apply pressure along the sides of the
abdomen, starting at the anterior base and working toward the
posterior tip.
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Squeeze and roll your fingers together in one steady forward
motion, forcing the eversion to complete.

Hold the drone with his abdomen pointing downward to keep the
endophallus from falling back onto your fingers and contaminating
the semen as in Figure 10. This positioning also provides ready
placement under the microscope.

Figure 10: Contaminated semen.
The exposed semen is a creamy, marbled tan colour, with an
underlying layer of white mucus.

L

Figure 11: Full eversion of endophallus with exposed semen.
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Note: Extraction of semen by everting endophallus should be done
precisely. As observed in our training initially, due to improper
holding and squeezing of the drone, the semen was touched and
contaminated in the fingers. Similarly, due to improper squeezing,
the abdomen along with the faecces was also pooped out instead of
semen. Sometime the faeces can be confused with semen. So, clear
identification of semen should be done before extracting the semen.

2. Semen Collection

The semen is collected directly from the endophallus of drone honeybee
into a syringe and stored in glass capillary tubes. The amount and
consistency of semen obtained from each drone varies and depends on
skill and experience. Generally, each drone will yield approximately 1
ul of semen. The standard volume of semen to inseminate one queen
is~8to 12 pl.

Procedures for semen collection

1. After assembly of the syringe, collect an air space (~5 pl) to
separate the saline and semen column in the syringe. Then collect
a small drop of saline into the glass tip (~2 pl). This will be the
last fluid to be injected into the last queen inseminated, which will
help wash any remaining semen adhering to the capillary walls
out of the tip and into the queen.

2. Collect another small air space and collect a small drop (0.5 pl) of
saline in the syringe tip. Use the drop of saline to make contact
with the semen on the endophallus of the first drone.



Semen

Saline
Air space

Figure 12: Collecting semen through the syringe.

Skim the semen off the mucus layer and draw it into the syringe.
Be careful on avoiding the collection of the viscous mucus layer
at all costs. If resistance is felt, back off or expel any mucus in the
tip. Excess mucus in the tip can leave it clogged.

Mucus Semen

Figure 13: Collection of semen

Total desired amount of semen can’t be collected from single
drone. Hence, Step 3 should be repeated until the total desired
amount of semen is collected.

Expel a small drop of semen from the syringe tip on to the semen
load of the next drone and draw semen into the syringe.



Figure 14: Collecting semen from subsequent drones by expelling out a small

drop of collected semen on syringe tip.

b. Avoid collection of air bubbles and additional saline in the semen
column. The column of semen should be uniform in color and
density.

c. Between semen loads, keep the tip moist with saline to prevent
drying, taking care not to excessively dilute the semen. Drone
semen quickly dries, and the sperm dies when exposed to air.

Note: While extracting semen, mucus should not be extracted. The
most common mistake while extracting semen in our training was
extraction of some mucus along with semen which leads to plugging
of the pipes as the mucus is sticky in nature. If some mucus enters
inside the syringe, it should be discarded, and the syringe should be
cleaned properly before extracting semen again.

3. Queen insemination

Queens after 5 to 12 days of emergence can be inseminated with the
collected semen in the syringe. It is important to anesthetize the queen
by placing it on queen holder using carbon dioxide. This helps us to
handle the queen easily and also stimulates oviposition. Proper
sanitation measures must be adopted as queen may defecate during the
process.
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Procedure for inseminating the queen

1.

3.

CO, treatment: Usually two CO, treatment are required.

First Treatment: Give the first CO, treatment for 1-to-4-minute
exposure, one or two days before the insemination procedure.
Second Treatment: Give the second treatment during the procedure

of insemination.

The CO, treatment can be done individually by caging the queens

and placing then in a jar or plastic bag filled with CO,,.

Align the syringe and queen holder on the instrument stand at a
30° to 45° angle (depends upon the instrument used) to facilitate

bypassing the valve fold.

spermatheca
median oviduct
lateral oviducts

ovaries

Figure 15: Positioning the queen-on-queen holder.

Place the queen in the holding tube abdomen first, ventral side up,
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with her abdomen protruding several segments, and administer a
slow continuous flow of CO,,.

Separate the abdominal plates to expose the vaginal orifice using
a pair of hooks or forceps. Lift the sting structure dorsally, to
expose the vaginal cavity. During this manipulation, position the
ventral hook only to stabilize the queen.

Figure 16: Separation of abdominal plates to expose vaginal orifice.

Position the syringe tip dorsally above the "V", defining the
vaginal orifice. Insert the tip into the vaginal orifice 0.5 to 1.0
mm, slightly forward of the apex of the "V".

Insert the tip further, another 0.5 to 1.0 mm, while using the tip to
lift the valvefold ventrally. Use a slight “zigzag” movement to
bypass the valvefold.

The valvefold, a stretchy flap of tissue covering the median
(¥%)



b.

C.

oviduct, must be bypassed or semen will backflow out of the
vaginal orifice.

Correctly inserted, the tip slips easily past the valvefold without
resistance. Bypassing the valvefold allows passage of the tip into
the median oviduct.

It is useful to leave a tiny air bubble between the saline and semen
and release some of the saline for lubrication before inserting the
tip in the queen.

Figure 17: Inserting tips through the valvefold.

Deliver a measured amount of semen directly into the median
oviduct. The standard dosage is 8 to 12 pl per queen. When giving
a 12 ul semen dose, release the queen directly into her mating
nucleus colony to promote sperm migration or give two 6 ul
semen doses 48 hours apart.

spermatheca

median oviduct

lateral oviducts

ovaries

Figure 18: Inseminating the queen by delivering the semen directly into to

median oviduct.
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After insemination, remove the syringe tip, collect a small air
space and small drop of saline, (~0.5 pl) to precede the next
insemination.

Keep a drop of saline in the tip to prevent any residual semen
from drying and to initiate subsequent semen collection.
Ifinseminating queens with different drones where precise genetic
crossings are paramount, rinse the insemination tip with distilled
water then saline to completely cleanse the syringe of semen from
the previous drone.

Release the queen from the holder, place her in a cage, and return
her to her nucleus colony.

Note: In our training we have observed overflowing of semen while
inserting into the queen due to improper stretching and wrong
placement of the semen in the queen. So, the insertion of semen
inside the queen is very sensitive task and should be done carefully.

2.5 Confirmation on degree of Insemination success

To determine the degree of insemination success we can check the
appearance of spermatheca. Sperm migration requires about 40 hours
post insemination. After insemination, a subset of queens can be held
in a nursery colony until tested.

Procedure for dissection of spermatheca

1.

It is a destructive process in which we must sacrifice the queen,
by crushing her head and thorax.

Grasp the queen’s terminal abdominal segments, dorsally and
ventrally.

Pull and separate the terminal segments from the rest of the
queen’s body, with your fingernails or forceps. The spermatheca
is a white, spherical structure about 1 mm in diameter, and appears
rough in texture due to the trachea net covering.

(¥g )



Figure 19: Exposing spermatheca by separating terminal segments.

4. Tease the spermatheca out of the body cavity with your thumbnail
or forceps.

Tracheal Net Covering
Spermatheca

¥

Figure 20: Spermatheca with tracheal net covering (spherical structure and

about 1 mm in diameter)

5. To remove the tracheal net, gently roll the spermatheca between
your fingers. The net will collapse in a small white mass.

6. The color shade and density of the spermatheca indicates the
relative insemination success of the queen.

a. The spermatheca of a virgin queen is clear.



Spermatheca From
a Mated Queen

Spermatheca From

a Virgin Queen

Trachael Net

Figure 21: Clear spermatheca of virgin queen.

b. A cloudy or milky appearance of the spermatheca indicates an
inadequate insemination or a failing queen.

Figure 22: Milky color spermatheca of poorly mated queen

c. For a fully inseminated queen, the spermatheca is a creamy tan
color with a pattern of marbled swirls (Figure 21).



3. Horner method of Bee Breeding (Control Mating)

The Horner method of Bee Breeding also known as moonlight mating
station is one of the methods of selectively breeding high quality
queens. It is an alternative method of controlled mating in which the
flight time of selected virgin queens and drones is regulated as a form
of reproductive isolation. This is done by placing excluders on drone
colony entries and manipulating the ambient conditions (light and
temperature) of the virgin queen mating boxes.

When a new queen hatches it is called a virgin queen. Usually, virgin
queens leave the hive after 3 to 7 days to mate. She mates with 16 to
20 male drones by going on about 2 to 5 mating flights and never
mates again as she stores around 5 million sperm in her spermatheca.
Virgin queens leave the colony to mate away from colony between 11
am and 3 pm every day and male drones fly between 10 am and Spm.
So, if a high-quality virgin queen is allowed to fly between 11 am and
3pm she would mate with many poor-quality drones and results in
poor quality colony. So, the mating must be controlled.

Controlled mating allowed beekeepers to keep accurate records
including pedigree and performance information for use in directional
breeding. Attempts to achieve controlled mating by delaying the fight
time of queens and drones to avoid the time window of other drones’
natural fight were more successful. This practice, which has recently
been rediscovered and became known as the Horner system, was
occasionally used in Germany and the United States in the late
nineteenth century.

The Horner system was found to provide at least 85% control of
mating, equivalent to a 48% increase in the selection differential, when
queens and drones are selected in a breeding program. The key
advantages of this system over instrumental insemination are that it is
technically easier, and the quality of queens may be better because of
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the natural mating.
3.1 Steps of Horner method of Bee Breeding

Joe Horner had applied the following steps for bee breeding in his
Horner method:

Step 1:

For practicing Horner method, first the hives of the Queen Colonies
and the Drone colonies should be designed in the following ways:

[ Lid

Brood box
_—2nd entrance with closer
Main entrance with queen excluder
Base
Figure 23: Queen Hives
]
Drones unable to Drones free to leave
leave

DOOR

During day, door closed At S5Spm, door opened

Figure 24: Drone Hives
(4%)



Step 2: 13000ro

Firstly, the prolific
production of drones in
selected colonies by [
introducing drone combs [§
into these colonies 40 days &
prior to a planned mating is EEESESS
done.

Figure 25: Drone comb

Side by side virgin queens are produced by standard methods. Prior to
mating, selected drone pupae from 3 drone mother (DM) colonies are
transferred to a single drone source (DS) colony to mature. The DS
colonies are furnished with a queen excluder, which allows workers
(but not drones) to have constant passage from the hive.

Horner had used 10 such DS colonies with males from a total of 30
DM colonies for each controlled mating.

Step 3:

nucs (i.e., the hive box is
divided 4 ways, with
entrances facing in 4 |a
directions). Each virgin &
queen is confined to her
mating nuc by a queen
excluder. Two days prior to the virgins’ mating flight, the colonies are
placed in a darkened shed at 13—15 °C. The mating nucs are kept on
several trolleys that slide on rails, so they can easily be pushed by one
operator from the cold room out into the open.

Figure 26: Mating nucs
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Step 4:

The day before the nuptial flight, the mating nucs are brought out for
two hours in the late afternoon, so that the queens can perform their
orientation flights. The next day we must wait until after the time of
natural flights which is usually between noon and 17 clock.

Mating boxes in CFTM complex ready for 22.5 hour night

Figure 27: Placing mating nucs in dark.
Step 5:

Then flight of drones from these hives must be observed and should
wait 30 minutes after drones are no longer seen exiting the hive before
releasing the virgins and drones. Then to release the virgins the mating
nucs are brought out to the same position they had been the day before
and the entrance is opened.

Figure 28: Mating nucs ready to release virgin queen and drones

(4% )



Step 6:

Now the bees can go about their businesses, including nuptial flight in
the remaining hours of the day. To increase operator efficiency and the
accurate positioning of mating nucs, there are 6 rail tracks that run out
of the shed into the mating apiary. There are 10 hives on each track,
connected by chains. When the hives are pushed out of the shed, each
one ends up precisely positioned. Individual mating nucs are marked
with conspicuous colors and patterns, and the apiary itself has large
orientation cues provided.

Mated queen returni

Figure 29: Mated queen returning back.
Step 7:

For the monitoring of incorrect
mating color test is done. Bees used
for this purpose are uniformly
colored.

So, colonies with workers of a
different color have the highest
probability that the queen probably
also mated with foreign drones. Figure 30: Monitoring mating color
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3.2 Advantages of Horner method

1. This method requires less skill than the Instrumental Insemination
method.

2. This method is less costly in comparison to other methods.

3. High quality queens can be produced.

3.3 Disadvantages of Horner Method

1. This method requires detailed record keeping.
2. We can control only 85% of the drones a queen mate with.

4. Photo Gallery
Some Glimpses of Training on Honeybee Instrumental
Insemination
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