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Introduction 

As an introduction to instrumental 
insemination (I.I.) this article ad-
dresses the frequently asked ques-

tions about the technique. The answers are 
meant to give direction to further inquiry 
and to help evaluate the need and what is 
involved in mastering this skill. As a user 
and teacher of instrumental insemination, 
this article is in response to an increasing 
interest in this specialized technique. 

Commercial queen producers recognize 
the need for more rigorous programs to se-
lect, improve and maintain their breeding 
stocks. The public awareness of “CCD” 
and the movement of Africanized honey 
bees adds to this urgency. The develop-
ment of micro-breeders and programs to 
select locally adapted and survival stocks 
are becoming more prevalent. Given these 
issues and concerns, a method of controlled 
mating is essential in achieving the goals of 
selective breeding.

Varroa is the key player in the challenge 
to keep our European honey bees, Apis mel-
lifera, healthy and productive. This ecto 
parasite, feeds on the hemolymph of devel-
oping bees and is a major vector of patho-
gens. Varroa is a species complex. The 
shift of Varroa jacobsoni from its natural 
host, the Asian honey bee Apis cerana, to 
the Western honey bee, Apis mellifera, hap-
pened when European bees were introduced 
there. The mite jumped hosts, adapted and 
evolved to infest Apis mellifera requiring 
the re-naming of this parasite. The name 
given, Varroa. destructor, reflects its dev-
astating impact on beekeeping.

In our 30-year history with Varroa in the 
U.S., infestations have traditionally been 
controlled chemically. The reduced efficacy 
of our arsenal of in–hive miticide treatments 
have turned attention to alternative controls 
and selective breeding. The interest in selec-
tion of honey bee stocks that can manage, 

tolerate and/or show resistance to Varroa 
mite infestations has greatly increased. Of 
concern are the multiple pesticide residues 
in colonies resulting from exposure to mi-
ticides, and their compounding synergistic 
impact in combination with agricultural 
chemicals residues. 

The impact and movement of African-
ized honey bees (AHB) is another motiva-
tor to establish bee breeding programs. In 
the southern U.S., the AHB is increasingly 
interbreeding with our domestic European 
honey bees. The dominating traits of the 
AHB, their defensive and migratory be-
haviors, are problematic. This is especially 
critical in providing pollination services. 
The AHB also poses a public health risk. 
The need to control and maintain breed-
ing stocks to avoid the “Africanization” 

of our domestic European stocks is well  
recognized.

Stock improvement requires controlled 
mating and a program of systematic and 
scientific breeding methods. Instrumental 
insemination offers an essential tool to con-
trol honey bee mating. To gain the benefit 
of this tool also requires advanced beekeep-
ing skills, the resources to run a selection 
and breeding program, and a long-term 
commitment. 

Of critical importance to consider and 
research is the supporting information and 
material on bee breeding methods. In the 
selection process, to maintain low Varroa 
mite levels and also maintain productive 
colonies involves selection for a complex 
of behaviors and traits. To ensure colony 
fitness, selection for a variety of traits such 

Susan Cobey teaching an Insemination Class in Tlapacoyan, Veracruz, Mexico 
Dec. 2015. Classes are also held annually in WA. state.  Photo by IAZ Martha 
Salazar Ulloa, UNAM
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Susan Cobey demonstrating collection of honey bee semen. Tlapacoyan, Vera-
cruz, Mexico Dec. 2015. Photo by IAZ Martha Salazar Ulloa, UNAM

Eversion of the drone endophallus for semen collection, Susan Cobey and Luz 
Maria Saldaña. Tlapacoyan, Veracruz, Mexico Dec. 2015. Photo by IAZ Martha 
Salazar Ulloa, UNAM

as productivity, temperament, overwinter-
ing ability, etc. must also be considered. 
The selection criteria must be weighted and 
balanced in terms of colony productivity 
and the “colony cost” of selection for “mite 
tolerance/resistance”. 

Honey bees are unique, in that selection 
is based upon behavioral traits of a super or-
ganism with a complex social structure, in a 
constant state of change. Varroa and its as-
sociated pathogens are also undergoing con-
stant change. For these reasons, honey bee 
breeding can be challenging. Yet, with the 
current focus on bee breeding and advances 
of research and new scientific technologies, 

applying this knowledge in the field will 
hopefully offer real solutions. To gain the 
benefits of I.I., beekeepers must first build a 
solid foundation in establishing a breeding 
program or research project. Instrumental 
insemination is simply a tool in this process.

1. Instrumental Or Artificial Insemina-
tion, What’s the difference?

The terms, artificial insemination and 
instrumental insemination, are used inter-
changeably. The term “instrumental insemi-
nation” was coined by Dr. Lloyd Watson, 
the first to successfully demonstrate a tech-
nique of instrumental insemination in 1926. 

He disliked the term artificial. The term arti-
ficial insemination is more commonly used 
and recognized by other industries such as; 
cattle, poultry, sheep, swine, equine etc. 

2. Why Use Instrumental Insemination?
Instrumental insemination is simply a tool 

to control breeding. It also provides a means 
to create novel crosses for research purposes. 
Honey bee mating behavior is highly ran-
dom and difficult to control. Queens mate in 
flight with numerous drones, averaging 15 to 
20. Virgin queens fly to drone congregating 
areas, consisting of 10,000 to 30,000 drones 
from diverse genetic sources. The queen, 
who only mates during the first week or two 
of her adult life, stores the sperm collected 
in her spermatheca for use over her lifetime. 
The queen stores only a small percentage 
of sperm from each drone she mated with 
and this is mixed in her spermatheca. All the 
drones the queen mated with are represented 
in the many subfamilies of her colony, al-
though the ratio of these may change over 
time. 

3. Who Needs It?
I.I. is simply a tool for the bee breeder 

and researcher requiring specific crosses. 
It provides a method to control honey bee 
mating. This technique enables the control 
of who the queen mates with, the number of 
drones she mates with and the semen dosage 
given and stored in her spermatheca. 

Just because a queen is instrumentally 
inseminated does not mean she will be su-
perior. The goal of producing Top Tier and 
“Rock star” breeder queens is dependent 
upon the selection of stock and the breeding 
program employed. In this process, many 
queens must be culled. 

4. Is it Difficult to Learn?
Learning the technique requires; good 

instruction, precision equipment, practice, 
fine motor skills, good hygiene, patience 
and a commitment. The process can ini-
tially be awkward and frustrating to learn, 
as meticulousness precision is essential. The 
beekeeping knowledge and skills to rear a 
plentiful supply of mature drones and virgin 
queens is also required. To gain proficiency; 
practice, manual dexterity, and attention to 
detail are necessary. The pre and post care 
of queens also plays a critical role in the 
success of I.I. 

To gain confidence in the technique I sug-
gest, inseminating 30 queens in the initial 
practice. Keep good notes as to the success 
of each insemination. Bank the queens in a 
nursery colony for 2 days to allow for sperm 
migration. Check for vigor and mortality. 
Lethargic or dead queens indicate problems 
with injury or infection. Dissect the sperma-
thecas of these queens to determine the rate 
of success. The color of the spermatheca 
will indicate how well inseminated the 
queen is, as described in reference listed: 
Dissection of the Spermatheca. Inseminate a 
second batch of queens and introduce these 
into nucleus colonies to establish them as 
laying queens. 
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A frame of Carniolan drone brood in Washington, in April 2015.  To rear a 
plentiful supply of drones to maturity from select colonies can be challenging. 
Photo by S. Cobey.

5. What Equipment Is Needed? 
The insemination instruments are special-

ized and vary widely in quality and price. 
The technique requires precision and ac-
curacy in fine adjustments and this will 
determine the ease and repeatability of the 
procedure. There is no standardization in 
equipment and some parts are not inter-
changeable between instruments. Therefore, 
research the options. 

The basic instrument consists of a stand, a 
set of hooks or forceps, queen holder assem-
bly, syringe and syringe tips. A microscope 
with a magnification of 10X to 20X, cold 
light and compatible stand with sufficient 
depth of field and instrument clearance are 
required. A cold light prevents heating and 
drying of tissues, a gooseneck L.E.D. light 
works well. A source of carbon dioxide, 
with a flow regulator and flexible tubing 
to the instrument, is used to anesthetize the 
queen during the procedure. 

Modern instruments offer micro-manipu-
lators that provide fine precision in move-
ments. Large capacity syringes provide 
efficiency in semen collection, storage and 
shipment of semen. Various designs of sting 
manipulation tools offer personal choice in 
techniques. The Schley Instrument is cur-
rently the most widely used instrument, val-
ued for its fine precision and wide range of 
flexibility in adjustments. The Harbo large-
capacity syringe, designed for ease of semen 
handling and storage, is also popular and 
compatible with most instruments. 

6. What Are The Most Common  
Problems?

Good sanitation and proper techniques are 
critical to success. Injury and infection are 
the most common problems for beginners. 
Drones tend to defecate during the eversion 
process for semen collection, and can be 
very messy. Care must be given to maintain 
highly sanitary conditions and avoid feces 
contamination during the procedure.

The insemination procedure is very 
delicate and injury to the queen will pro-
duce poor results. Manipulations; opening 
and positioning the queen, bypassing the 
valvefold and insertion of semen, must be 
precise and brief. Queens vary physically, 
especially between the subspecies, and these 
nuances of differences must be learned and 
recognized.

Care of queens, their pre and post insemi-
nation treatment and introduction method, 
require careful attention. The queen signals 
her many changes of reproductive status to 
the workers, from virgin to mated and lay-
ing. These changes vary more among IIQs 
and therefore introductions need attentive 
treatment. These factors are discussed in the 
reference listed: Comparison of instrumen-
tal inseminated and naturally mated honey 
bee queens and factors affecting their per-
formance, (Cobey 2007).

7. What Is The Most Overlooked Aspect?
Rearing a plentiful supply of select 

drones to maturity can be a major limiting 
factor. Queen production methods have 

been perfected and are routine. Most bee-
keepers are not accustomed to giving the 
same detailed attention to drone production. 
Drones appear plentiful during peak season, 
yet are seasonally produced and the most 
vulnerable to stressors; such as parasites and 
pathogens, malnutrition, miticide and pesti-
cide residues, poor weather conditions, etc. 
The colony will regulate the seasonal drone 
population based on many factors. 

Strong healthy, well fed colonies are 
required for drone production. A colony 
can rear about 2000 drones during peak 
season, of which about half will be imma-
ture. Drones are mature at 2 weeks post 
emergence and peak at 3 weeks. Stressed 
colonies will eliminate mature drones and 
often continue to rear a new batch of young 
drones for the future. Colonies headed by 
older queens tend to rear and care for more 
drones. In extreme cases when seasonal con-
ditions are unfavorable, queenless colonies 
will hold and care for drones, although this 
method requires intensive management. 

8. How Long Does The Procedure Take? 
The timing required for the insemina-

tion procedure is dependent upon the skill 
of the inseminator, the quality of the equip-
ment used and the quality and quantity of 
the live material produced. It is always best 
to overproduce queens and drones to ensure 
an adequate supply and allow for culling. In 
mastering this skill, it takes time to perfect 
techniques and gain proficiency. The begin-
ner must learn proper procedures. Beekeep-
ing skills essential to rear and care for virgin 
queens and drones are also essential. 

The actual insemination procedure is very 
quick. Once the semen has been collected, 
it is a matter of seconds to insert the semen 
and inseminate the queen. The semen col-

lection process is more time consuming and 
tedious. Timing is generally determined by 
the quality and maturity of drones. In gen-
eral, about half the drones will yield usable 
semen. Many semen loads must be dis-
carded due to contamination during the ex-
plosive force of the eversion. Some drones 
may not be mature and some simply will not 
yield semen. 

A skilled inseminator can collect semen 
and inseminate 50 queens in 5 hours. The 
standard semen dosage per queen is 8 to 10 
microliters. The procedure of semen col-
lection and insemination can be separated. 
Collection of a 100 microliter tube of semen 
takes about 40 minutes. Each drone yields 
about one microliter of semen. Once the 
semen is collected, 40 - 50 queens can be 
inseminated in one hour. It is helpful to have 
a “runner” assist in supplying virgins to the 
table and caring for the inseminated queens 
after the procedure, including record keep-
ing and marking queens. 

9. What Is The Success Rate? 
Success depends upon two major factors; 

the skill of the inseminator and the beekeep-
ing skills to provide proper care of queens 
and drones. Assuming this expertise has 
been mastered, instrumentally Inseminated 
queens (IIQs) have the capability to pre-
form as well or better than naturally mated 
queens, (NMQs). Better performance of 
IIQs is based upon the ability to do selec-
tion and control the semen dosage given. 
The longevity and performance of the queen 
is largely based upon the genetic diversity of 
drones she mates with and how much semen 
she stores in her spermatheca. 

The pre- and post-insemination care 
given to IIQs affects sperm migration and 
queen performance. The claim that IIQs do 
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not preform as well as NMQs is unfounded. 
Tiring of this perception, I wrote a review of 
supporting studies. This discussion, listed in 
the references, ( Cobey, 2007) clearly dem-
onstrates how the differences in quality of 
care affect queen performance, over the ac-
tual procedure of insemination. 

10. How Long Can Honey Bee Semen Be 
Held? 

Honey bee semen can be held at room 
temperature for about 2 weeks and maintain 
good viability. The short-term storage of 
semen offers a huge advantage for the trans-
port of semen and insemination scheduling. 
The type of diluent used and the temperature 
of storage (do not refrigerate) are important 
factors affecting viability, see (Cobey, S., 
Tarpy, D., Woyke, J. , 2013). New tech-
niques are being developed for the long-
term storage of bee semen at above freezing 
temperatures. 

Advances in cryopreservation tech-
niques for the long-term storage of honey 
bee semen now enable the conservation of 
select stocks and threatened subspecies, 
(Hopkins,B., Herr, C. Sheppard, W. 2012).

Indigenous subspecies, threatened by the 
introduction of pests and pathogens and the 
introgression of imported non-native sub-
species, can be preserved. This ability also 
offers unique breeding and research tools, as 
the ability to do selection across time. 

Cryopreserved semen can be held indefi-
nitely. Although, using current techniques 
there is some damage to the sperm. The 
laying patterns of queens inseminated with 
previously frozen semen are not sufficient 
to head productive colonies, although ad-
equate to recover stock. Research is con-
tinuing in this area, with the worldwide 
interest in establishing honey bee germ-
plasm repositories. 

11. Can I Mix Semen From Many 
Drones? 

Genetic diversity increases colony fitness. 
Semen, from the numerous drones the queen 
mated, is naturally mixed and stored in the 
spermatheca. The ability to pool semen from 
a diversity of drone sources has advantages 
for breeding purposes and stock mainte-
nance programs, although the techniques 
have not been perfected to date. 

The natural mixing and migration of 
sperm from the queen’s oviducts into the 
spermatheca is a complex process, requiring 
about 40 hours. This involves contraction of 
queen’s muscles, mediated by the Bresslau’s 
pump (the muscular system of the sperma-
theca duct) and specialized composition of 
fluids in the semen and the oviducts, as well 
as active movement of the queen. 

Perfecting a technique to homogenizing 
bee semen is difficult because the sperm 
tails are very long and fragile, and the semen 
is highly viscous, very dense and tightly 
coiled. Mixing techniques require dilution, 
mechanical movement and reconstitution 
of the semen, in which some critical com-
ponents are removed. For routine insemi-
nations, live active drones from different 
sources can be mixed in a flight box for 
semen collection.

12. What Can I.I. Do Beyond Natural 
Mating? 

I.I. is a powerful tool for breeding as well 
as research purposes. It provides a means 
to create specific and novel crosses, beyond 
what occurs naturally. A single drone can 
be mated to one or several queens, isolating 
and amplifying a specific trait. On the other 
extreme, semen from hundreds of drones 
can be homogenized and inseminated 
to a batch of queens. Varying degrees of 
inbreeding can be created to produce dif-

Color of the queen’s spermatheca is checked to determine the success of 
insemination. The virgin queen’s spermatheca is crystal clear and the mated 
queen’s is a marbled “café au lait” color. Photo by  S. Cobey.

ferent relationships, including “selfing”; 
the mating of a queen to her own drones. 
Semen from the spermatheca of one queen 
can be extracted to inseminate another. 
These abilities provide a means to study 
and tease out the complexities of honey 
bees. The ability to store semen, over 
the short and long term, also offers many  
advantages. 
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