Dr. R.F.A. MORITZ APIMONDIA

The Instrumental Insemination
of the Queen Bee




APIMONDIA
THE INTERNATIONAL BEEKEEPING TECHNOLOGY
AND ECONOMY INSTITUTE

THE INSTRUMENTAL
INSEMINATION

OF THE QUEEN

BEE

The book was edited under
the guidance of Dr. R.F.A. MORITZ

1989



Authors

J.M. CORNUET
Laboratoire Neurobiologie Sensorielle de I’Insecte, CNRS-INRA,
Bures-sur-Yvette, France

John R. HARBO
USDA, ARS, Honey-Bee Breeding, Genetics & Physiology Labora-
tory, 1157 Ben Hur Road, Baton Rouge, LA 70820, USA

Elke HILLESHEIM
Zoologisches Institut, Universitdt Basel, Rheinsprung 9, 4051 Basel,
Switzerland

Gudrun KOENIGER

Institut fiir Bienenkunde (Polytechnische Gesellschaft), Fachbe-
reich Zoologie, J.W. Goethe Universitat, Frankfurt/Main, Karl-von-
Frisch-Weg 2, 6370 Oberursel, Fed. Rep. Germany

Harry H. LAIDLAW, ]Jr.

College of Agrlcultural and Environmental Sciences, Agricultural
Experlment Station, Department Entomology, Unlvers1ty of Califor-
nia, 761 Sycamore Lane, Davis, CA 95616, USA

Volprecht MAUL

Hessische Landesanstalt fiir Leistungspriiffungen in der Tierzucht,
Abteilung Bienenzucht, Erlenstr. 9, 3575 Kirchhain, Fed. Rep. Ger-
many

Robin F.A. MORITZ

Bayerische Landesanstalt fiir Bienenzucht, Fachbereich Zoologie,
Friedrich Alexander Universitat, Erlangen- Nurnberg, Burgbergstr.
70, 8520 Erlangen, Fed. Rep. Germany

Friedrich RUTTNER

Institut fur Bienenkunde (Polytechnische Gesellschaft), Fachbe-
reich Zoologie, J.W. Goethe Universitdt, Frankfurt/Main, Karl-von-
Frisch-Weg 2, 6370 Oberursel, Fed. Rep. Germany

Jerzy WOYKE
Szkola Gléwna Gospodarstwa Wiejskiego, Akademia Rolnicza, No-
woursynowska 166, 02—766 Warszawa, Poland

Executive editor of english version:
Liliana TRESTIOREANU, Romania

Cover Photography: H. SCHNEIDER, Kirehhain, FRG
2



PREFACE

Instrumental insemination of the queen bee has become
an integrative part of beekeeping in the last few decades. It
has application in both beekeeping practice and the research
activity. Further advance of the technique is being promoted
by many bee breeders and the scientists. Today, many appa-
ratus for instrumental insemination have become available,
meeting both the requirements of the experienced operator
and of the beginner, who only inseminates a few queen bees
annually. In addition to the improvement of the apparatus
for instrumental insemination, new methods of obtaining
and storing semen have been developed in the last few years.
New approaches are already operational in storage of semen-
a major problem of planned beekeeping. New strategies of
selection have been developed, seeking for ever higher effi-
ciency and based on modern methods of insemination, which
have opened new, most promising vistas in apiculture. In or-
der to maintain continuous record of these fast develop-
ments and to make them widely known another fully revised
edition of “The Instrumental Insemination of the Queen
Bee” was required. This new edition, designed as a handbook
for both the beginner and skilled operator, is thought as a re-
ference source and guide on the benchtop in the insemina-
tion laboratory. It will help the operator to trouble shoot mis-
takes in his insemination method and will, at the same time,
be of help in planning and conducting the selection projects.

I do hope this book will be a guide to instrumental insemi-
nation and beebreeding, and that it will stimulate further ad-
vance in this domain.

Robin F. A., MORITZ,
PD, Dr. Erlangen,
November 1987
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ORIGIN AND DEVELOPMENT OF INSTRUMENTAL
INSEMINATION OF QUEEN BEES

Harry H. LAIDLAW, Jr.

Anton JANSHA, appointed in 1770 as Royal Teacher of
Bee Culture to Empress Maria Theresia of Austria, was pro-
bably the first to observe and record that virgin queen bees
fly from their hives when young and return bearing a part of
the copulatory organ of the drone. He observed further that
they will fly again only if they do not return with the “mating
sign” (ALFONSUS, 1931). Jansha made other astute observa-
tions but apparently displayed no curiosity about the mating
fligh itself. i

First attempt to artificially inseminate a queen bee

A Swiss beekeeper, Francois HUBER, also in the late
1700’s, made the same observation as JANSHA and surmized
that queens mate outside their hive rather than within the
hive (HUBER 1814). To test this, Huber confined young vir-
gin queens along with drones to their hives by means of a
glass tube in their hive entrance that permitted workers to
pass through but not drones or queens. Such restricted
queens did not lay within several weeks following confine-
ment. This excited his curiosity about how and where queens
mate. His friend, the biologist Charles BONNET, in whom
HUBER confided, proposed that HUBER place a hive with a
virgin queen and drones in a tall cage so the mating of the
queen could be observed. HUBER did this but no matings
took place.

BONNET then suggested that HUBER try to artificially
inseminate virgin queens by introducing semen into the vagi-
na with a hair pencil. HUBER reported unsatisfactory resul-
ts; and he was no more successful in observing queens’ ma-
tings with clipping part of the queens’ wings to prevent them
from flying so rapidly or so great a distance, or by covering
part of the queens’ eyes with opaque varnish to render their
sight less acute. These experiments leave little doubt that
HUBER was the first to attempt to artificially inseminate a
queen bee, and to try to observe natural mating.



Other early efforts to inseminate queens artificially and
control mating

After HUBER, interest in artificial insemination of queens
was practically nonexistant until WANKLER (1927 — 1957),
a German beekeeper and clock maker, demonstrated in 1883
the introduction of semen into a queen by means of an “artifi-
cial penis” he had invented and which he constructed of sil-
ver. This device was a type of syringe and was, with little
doubt, the first to be used in artificial insemination of queen
bees. But it was not established that WANKLER’s insemina-
tion efforts were successful.

WANKLER may have had a dual interest in artificial in-
semination: to determine if it could be done, and to control
mating for practical reasons. Since then, interest in artificial
insemination has resided almost exclusively in searching for
a method to control mating for genetic and breeding purpo-
ses.

Shortly after Wankler’s insemination attempts, Nelson
McLAIN (1886 a, b, 1887) apiculturist of the United States De-
partment of Agriculture, began a series of controlled mating
experiments, including artificial insemination. At first, se-
men from an ejaculated drone was dropped upon the “open
vulva” of a virgin queen as she was held back downward in
the hand. Later, the queen was held in a wooden “queen
clamp” and semen was collected and injected into the queen
with a modified hypodermic syringe. None of these attempts
could be considered truly successful.

The meager success of his artificial insemination experi-
ments prompted McLAIN (1888) to investigate mating
queens in enclosures. Six queens in the scores of trials may
have mated. McLAIN’s disappointing results and the appea-
rance and development of commercial queen rearing in the
United States caused the then feeble attention to artificial in-
semination of queen bees to disappear.

The honey bee continued to interest insect morpholo-
gists, however, and early in the 20th century two contribu-
tions were made to our knowledge of honey bee reproductive
morphology that are important to artificial insemination.
The first of these was the description by E. BRESSLAU in
1905 of the flaplike invagination in the vagina of the queens
which he called the “Ventilwulst” or valvefold. The second
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was the thorough description and illustration of the morpho-
logy of the honey bee by R. E. SNODGRASS in 1910.

The first of the 20th century efforts to artificially insemi-
nate queen bees were made by Francis JAGER and C. W. HO-
WARD in 1914. They used a modified hypodermic syringe,
and they failed, as did the experimenters that followed them
until 1927 when Lloyd R. WATSON (1927 a, b) demonstrated
the first repeatably successful method of artificial insemina-
tion of queen bees.

Beginning of success and the use of modern laboratory
instruments

L. R. WATSON’s demonstration proved that artificial in-
semination of queen bees is possible and it elevated the pro-
cedure to a skilled laboratory technique. It was, however,
only the beginning of development; the attainment of highly
successful routine inseminations was accomplished by
others after his demonstration. Nevertheless, to WATSON
belongs the honor of proving to a skeptical apicultural world
that in spite of a long history of failures artificial insemina-
tion of queen bees is a fact and can be accomplished in the la-
boratory.

Fig. 1 — Watson instrumentally inseminating a queen bee.
From: Watson, 1927. Controlled Mating of Queenbees.
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WATSON first tried methods of artificial insemination
that had been claimed to be successful, and failing, he turned
to the use of a capillary syringe of his own design and cons-
truction for collecting and injecting the semen, and of a bino-
cular stereoscopic microscope to which he attached a Barber
pipette manipulator to provide fine control of syringe move-
ment (Fig. 1). Light from a microscope lamp was deflected
onto the queen by an adjustable mirror. A cradle for the
queen and fine forceps completed the equipment he used.
WATSON’s instruments were enormous improvements over
prior equipment, and he chose the term “instrumental inse-
mination” as being more descriptive of his method and more
appropriate for honey bees than “artificial insemination”.

WATSON (1928) made other contributions that have re-
mained elements of instrumental insemination. Among the-
se were repeated injections of semen and the recognition
that queens should be kept warm following semen injection.

Genesis of the basic design of most modern instruments

W. J. NOLAN (1929, 1932 a, b, 1937 a, b) learned instru-
mental insemination from Watson and was the first to use
WATSON’s instruments and procedures. Over a period of se-
veral years NOLAN developed an insemination instrument
and microsyringe of his own (Fig. 2). He replaced the queen-
holding cradle with a glass tube, and devised the back-up tube
now used to get the queen into the tube. The queen-holding
tube was eventually fastened on a bar between posts that
were attached to a rectangular metal false stage near each
end, and each post supported a hook to pull the sting cham-
ber plates away from the midline, but neither was a sting
hook. One post also supported the syringe which NOLAN
made inexpensively from a mechanical pencil he fitted with a
glass capillary and a metal plunger.

Because the flap-like ventral invagination of the vagina,
the valvefold, was unknown to either WATSON or NOLAN
they were unsuccessful in introducing semen into the ovi-
ducts, even with a syringe, and consequently only slightinse-
minations were attained. This is particularly regrettable be-
cause their pioneering contributions to instrumental insemi-
nation established its validity, and NOLAN’s final instrument
was the firstinstrument designed especially for instrumental
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insemination of queen bees. It was the original and seminal
model for most of the current insemination instruments.

Fig. 2—Nolan’s final queen bee insemination instrument.
From: Nolan, 1932. Breeding the honeybee under controlled conditions.
U.S.D.A. Technical Bulletin, Nr. 326

The valvefold and stinghook

Coincident with NOLAN’s experiments, H. H. LAIDLAW
(1931) with the aid of a binocular stereomiscroscope and
lamp was endeavoring to inseminate queens by direct ever-
sion, with ejaculation, of the coital structure of drones into
the reproductive canal of virgin queens, and also by modifi-
cation of direct eversion. He fastened the queen in NOLAN’s
queen-holding tube, anesthetized the queen with carbon
dioxide and later tried other chemicals, and to expose the va-
ginal orifice pushed the base of the sting dorsally by means of
a semicircular wire with a loop bent downward at the middle
of the wire to fit against the base of the sting. This was the
- prototype of the sting hook he devised later. The same wire
held the sting chamber open.

Persistent partial successes led LAIDLAW in 1932 to
search for the cause of failure to get normal inseminations
and he made dissections of queens just returned from their
mating flight. The oviducts of all were filled with semen, as
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had been recorded earlier by BISHOP (1920). Dissections of
queens that had been subjected to insemination attempts
(LAIDLAW, 1933 a, 1933 b) revealed no semen in the oviduc-
ts, and the valvefold was erect and completely obstructed the
median oviduct. In 1934 LAIDLAW pushed the valvefold ven-
trally with a probe and successfully deposited semen in the
oviducts of the queens treated. It was evident that the key to
successful artificial insemination is placing the semen
beyond the valvefold into the oviducts. All else is “fine tun-
ning”.

MACKENSEN’s model for most insemination instruments

The insemination instrument that is most familiar to
-practitioners of instrumental insemination is MACKEN-

SEN’s and it is his instrument that is the classical model for
similar ones that have appeared.

Otto MACKENSEN learned instrumental insemination
from NOLAN in 1936. NOLAN’s instrument was basically
well designed, Fig. 2, but difficult to use because its construc-
tion was quite crude. MACKENSEN built his own instrument
in 1936 as a refinement of NOLAN’s, and it has retained the
same design, including the “slip” supports for the sting
chamber opening hook handles and the syringe, except for
the 1939 modification of the dorsal opening hook into a sting
hook (MACKENSEN, 1939; MACKENSEN and ROBERTS,
1948) and the metal replacement of wooden parts (MACKEN-
SEN and TUCKER 1970). A valvefold probe was also included
with the instrumentin 1939. In 1944 MACKENSEN (1945) be-
gan using carbon dioxide as an anesthetic that was conveyed
to the queen-holding tube by rubber tubing, and in 1945 he
discovered that carbon dioxide caused instrumentally inse-
minated queens to begin oviposition nearly as soon as natu-
rally mated ones (MACKENSEN, 1947).

LAIDLAW micromanipulator insemination instrument

Concurrently with MACKENSEN’s development of his
instrument LAIDLAW (1936, 1937, 1939, 1944) made the proto-
type of his current instrument in 1936 and 1937. The queen
was held between “leaves” of a clamp on a movable base and
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