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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.

11



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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the sting chamber was opened by a ventral hook similar to
Nolan’s and a sting hook that fitted between the bases of the
sting lancets. The leaves of the queen holder and the move-
ments of the opening hooks were controlled by screw
mechanisms. The syringe was held in a “slip” holder similar
to MACKENSEN’s that was supported on an adjustable rod
fastened to the stage of the microscope.

The final design was made in 1948; and a modification of
the anesthetization chamber in 1949 is the only change
(LAIDLAW, 1949, 1953). This instrument differs from
MACKENSEN’s in that the movements of the opening hooks
are controlled by racks and pinions, and the queen is adjus-
ted for insertion of the syringe by moving the queen manipu-
lator with the queen over the microscope stage, rather than
by moving the syringe. The syringe movement is also con-
trolled by the rack and pinion mechanism of a syringe micro-
manipulator that is borne by a rod attached to a plate on
which the microscope rests and the syringe is independent of
the queen manipulator.

Syringes

MACKENSEN used NOLAN’s syringe until 1948 when
he designed and made a syringe without a tight-fitting plun-
ger and with a tapered tip. The metal syringe barrel had a
threaded rod that could push arubber diaphragm into a cone-
shaped cavity in the basal end of a plastic removable insemi- -
nation tip. The tip was filled with fluid that served as a plun-
ger.

The first removable and plastic tip originated with W. C.
ROBERTS (1947) who also invented a plastic syringe mecha-
nism. A plungér rod extended into the tip and caused wear.
MACKENSEN’s syringe avoided wear in the tip because the
plunger rod did not extend into it, and fluid served as a plun-
ger.

LAIDLAW designed and LORENZEN made in 1957 an
adapter for MACKENSEN’s syringe so that glass tips could
be used, and this was enlarged and slightly modified by RUT-
TNER (1975). MACKENSEN’s syringe and the adapter make
a versatile and efficient combination.

John HARBO (1979, 1985) made a simple and efficient sy-
ringe from a glass capillary tube, a drawn capillary point, fine

15



tubing, and a Gilmont micrometer syringe. The micrometer
can accurately measure the amount of semen taken into the
capillary and injected into the queen.

A glass capillary with attached point can be connected
with fine tubing directly to a Gilmont micrometer syringe to
make a satisfactory syringe for use with instruments provi-
ded with a syringe micromanipulator.

RUTTNER, SCHNEIDER, FRESNAYE instrument

The evolution of queen bee instrumental insemination
instruments reached a probable economic limit with the addi-
tion of the instrument of RUTTNER, SCHNEIDER and
FRESNAYE (1974) to those of MACKENSEN and LAID-
LAW. The three are about equal in efficiency and ease of ope-
ration. The RUTTNER, SCHNEIDER, FRESNAYE instru-
mentis modeled after MACKENSEN’s and has a manipulator
for the syringe similar to LAIDLAW?’s but with an added til-
ting movement. The syringe manipulator was first added to a
Mackensen-type instrument by V. V. TRYASKO (1958). A
special apparatus designed by RUTTNER (£964) to receive
the queen-holding tube and to direct the CO“ is an improve-
ment of the Mackensen-type instrument.

Semen must be placed beyond the valvefold into ovi-
ducts. This can be done with any of the queen manipulators
or the syringes. The valvefold can be pushed aside with the
syringe tip (VESELY 1965) or with a probe (LAIDLAW,
1934). LAIDLAW (1977) by properly pulling the sting base
dorsally with the sting hook inserted the syringe directly past
the valvefold into the vagina.

Sanitation

In 1951, 1952 and 1953 MACKENSEN and LAIDLAW,
suffered severe losses of instrumentally inseminated
queens. The cause was diagnosed as bacterial contamination
of the semen as it was collected in the syringe. RUTTNER ex-
perienced the same problem. When strict sanitation was
adhered to and an antibiotic was added to the plunger fluid of
the syringe the problem subsided (LAIDLAW, 1956; RUT-
TNER, (1976). Strict sanitation is essential for successful ins-
trumental insemination.
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Multidrone matings

Until 1944 when W. C. ROBERTS showed that it is com-
mon for queens to make more than one mating flight, and V.
V.TRYASKO in 1951 proved by measurement of semen in the
oviducts of queens returning from their mating flight that
the queens had mated with more than one drone, it was belie-
ved that queens mate with only one drone. The discoveries of
ROBERTS and TRYASKO explained partially at least why it
is necessary to inseminate queens with semen from several
drones to obtain normal or near normal inseminations.

Sex determination

The “spottiness” that characterized the brood of so many
inseminated queens before 1952 was considered a reflection
of deficiencies in the-insemination technique. MACKEN-
SEN’s 1951 report on viability and sex determination in the
honey bee established that spottiness is not a defect in inse-
mination technique butis a consequence of the peculiarity of
sex determination in bees. The multiple mating and sex de-
termination contributions are of such fundamental impor-
tance to instrumental insemination as well as to bee genetics
and bee breeding that they should be considered part of in-
strumental insemination methodology.
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MATING BEHAVIOUR AND ANATOMY OF THE RE-
PRODUCTIVE ORGANS

G. KOENIGER
F. RUTTNER

In many insects there is a certain interval of time
between the mating of males and females and the fertilization
and laying of eggs. Often, the optimum conditions to seek for
a mate are altogether different from the optimum conditions
required for egglaying and rearing of the offspring. Females
have a special organ, the spermatheca, where semenis stored
until it will be necessary for fertilization of eggs.

In honey bees too, mating and egg laying take place un-
der completely different conditions. Egg laying takes place
only in the hive, where the queen and eggs are protected and
constant conditions are available for brood rearing, irrespec-
tive of the weather and foraging conditions at one time or
another. But, in order to mate, the queen flies to the drone
congregation areas. On warm and sunny afternoons (ap-
proximately between 12.00 and 17.00 hrs, at temperatures
above 20°C) several thousand drones from different apiaries
gather in such places waiting for the queens which come to
mate (JEAN-PROST, 1957, RUTTNER and RUTTNER 1963;
ZMARLICKI and MORSE, 1963). They usually fly at 10-25 m
above the ground. The sizes of such congregation places vary
between 30 m diameter and over 200 m diameter. In general,
the flight range of drones is on average 3—6 km, and over 10
km at the most. Queens will usually fly 1—3 km (PEER, 1957;
RUTTNER and RUTTNER, 1972).

Because of this behavioural pattern, the possibility of the
queen mating with her brothers is substantially reduced. In
addition, the queen can mate with many drones from diffe-
rent apiaries in quite a short period of time, which provides
for a profitable combination of hereditary characteristics.
And, for the same reason, the beekeeper has no control over
the queen and cannot determine with which drone she mate.

Not only selection of queens is a prerequisite for selec-
tion programmes, but also the selection of drones. It can be
provided for as follows:

1. Queens are leftto fly and mate freely inisolated mating
stations. When such stations are not on islands but on the
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mainland, the area within a 10 km radius around them should
be free of any bees (flight ranges are added).

2. By using the instrumental insemination. Instrumental
insemination weds the advantage of using drones of diffe-
rent lines, obtained on purpose. In mating stations only one
type of drone is available. The disadvantage of the instru-
mental insemination is that it requires proper equipment, ri-
gurously aseptic conditions and high skill in performing it.

The instrumental insemination technique requires tho-
rough knowledge of the anatomy of the sexual reproductive
and of their natural mating behaviour. All attempts of instru-
mentally inseminating queens have failed before the role
played by the valvefold was discovered (LAIDLAW, 1944);
the ascertainment of the fact that the queen mates with 10—
17 drones was also very important (ADAMS et al., 1977; RO-
BERTS, 1944; RUTTNER, 1955; TABER, 1954; TRYASKO,
1956; WOYKE, 1955).

We shall first describe the anatomy of the reproductive
organs, then the mating behaviour, fertilization and laying of
eggs and in conclusion we shall point out the differences
between the natural and the instrumental inseminations.

The reproductive organs of the queen

1. The sting chamber and Bursa copulatrix (Fig. 3).

The sting chamber and bursa copulatrix (Bc) lie between
the last sternite and tergite. The sting chamber (S) lies in the
centre, and above it, in a pocket, is the rectal opening (R); be-
low it — the vaginal opening. When the queens is relaxed, the
vaginal opening is covered by the projecting base of the sting
and by the sting plate (Fig. 3,7).

A proeminent skin fold short brown chitinous spines on
it, leads from the outside of the sting apparatus, over the
floor of the sting chamber, to the ventral sclerite. It separates
the copulatrix from the sting chamber.

Three structures open into the bursa copulatrix: in the
centre the vagina, and two bursal pouches — one on each side
(St). All three are covered by skin folds.

The bursal pouches on each side of bursa copulatrix are
prominent structure from which muscle fibres extend to the
sternite, which probably help in opening the vagina during
mating (Fig. 5a).
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S e

Fig. 3— Longitudinal section through the abdomen of an unfertilized queen
B¢ — Bursa copulatrix (Vaginal vestibulum) ; ESt — entrance to the lateral copulatory pouch of Bursa copulatrix;
D —intestine; Lo — lateral oviducts (ovarian tubule); Mo — median oviduct (ovarian tubule); K —rectal opening;
O — ovary; Ov — vaginal orifice; S — sting; St — lateral bursal pouches; Spt — spermatheca; Vk — vaginal cham-
ber; Vp — vaginal passage; Vv — valvula vaginalis

2. Thevagina .

The stretchable wall of the vagina has many folds and
protrusions so that its shape changes depending on the ex-
pansion or contraction of the abdomen. The vaginal orifice is
a horizontal slit which is closed when the queen is relaxed,
and when seen from the outside it looks like a hump.

A short narrow segment (the vaginal passage, VP) leads
into a sack-like enlarged section (the vaginal chamber, VK),
into which a muscle flap (valvula vaginalis, Vv) extends ven-
trally, from the sternum. Its end extends to the dorsal part of
the vagina, blocking the passage to and from the oviducts.
During mating and egglaying the valvefold is folded back by
the queen towards the vaginal orifice in order to allow the
passage of semen and eggs.

3. The ovary and oviducts

The pair of ovaries (O) consist of approximately 360 ova-
rioles where eggs will mature after mating. The ovarioles
lead into two lateral oviducts (LO) which both end into the
median oviduct (MO). The lateral oviducts are highly expan-
dable so that they can hold large amounts of semen during
mating (Fig. 6). Unlike them, the median oviduct is a narrow
passage with a T-shaped cross section, which is imbedded in
strong muscles which also tightly fixes it to the last sternite.
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4. The spermatheca

The spermatheca (Spt) lies above the median oviduct. Its
shape is spheric, with a 1.2 mm diameter. It consists of a thin
and translucid chitinous membrane covered by a one-cell
layer. The covering layer consists of a thin network of tra-
cheae which makesitlook whitish. Above the network of tra-
cheae lie two glandular ducts (the spermathecal gland) which
branch out of the spermathecal duct just before it reaches
the spermatheca. In unfertilized queens the spermatheca
contains a clear fluid, while in fertilized queens it is full of
spermatozoa (Fig. 9). When filled up, the spermatheca holds
5—6 million spermatozoa. It is the tracheae and the sper-
mathecal gland which provide for the preservation of the fer-
tilizing capability of spermatozoa for up to 5 years.

The spermatheca is linked to the oviduct by the sper-
mathecal duct (ductus spermaticus) shaped like an arch. At
the bending pointitis covered by thick muscle bundles —the
Bresslau seminal pump — which help the semen to reach the
spermatheca and play a role in the fertilization of eggs as
well.

The reproductive organs of the drone

1. The copulatory organ (endophallus):

The endophallus is a long, soft membranous duct which
lies inside the abdomen, with 3 distinguishing zones:

a. Thevestibulum (V) is close to the genital orifice, with a
thick hairy area on the ventral side — the rhomboidal field
(RF). On the dorsal side two apendices, with an orange colour
coating are tightly folded up, which will subsequently be
everted —the horns (cornua) (CO) (Fig. 4 and 8 respectively).

b. In the middle, a more slender section — cervix (C), the-
re also is a hairy area (TF) and one folded appendix impaired,
— the fimbriate lobe.

c. The bulb (B) is the innermost section, with a membra-
ne ring (WOYKE and RUTTNER), 1958). Its ventral side is
very slender, while on the lateral and dorsal sides lie very
thick plates of a specific shape — the chitinuous plates (CD).

2. The testes

The spermatozoa develop inside the oval, cream-colou-
red testes (T) thatliein the front part of the abdomen, on both
sides of the gut. They consist of approximately 200 testioles
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— (testicular tubules). The seminal duct (vas deterens) enlar-
gesinto the bottle-shaped seminal vesicle whose walls consist
of strong muscles.

Spermatozoa start migrating from testes to the seminal
vesicle when about 2—3 days old (KURENNOY, 1953;
MINDT, 1961). They attach their head to the gland cells of the
wall, undergoing a second physiological process during this
second stage of maturation. Meantime the gland cells empty
their contents into the vesicle among the spermatozoa. When
the drone is 12 days old the spermatozoa are mature and may
be used for inseminating the queens.

3. The mucous glands

At the rear of the seminal vesicle, the mucous glands
(MD) open into the seminal duct. The left and right mucous
glands are so tightly bound to one another as they form a U-
shaped body. The outer layers of the wall are formed by
strong muscles, while the inner layer of the wall consists of

T VS

B CD &

Fig. 4 — Longitudinal section through the abdomen of a drone
B — bulb; C — cervix; CD — dorsal chitinous plates; CO — the horns (cornua); FA — feathery appendage; MD —
mucous gland; RF — hairy rhomb field; TF — hairy triangular area; V— vestibulum; VS — vezicula seminalis
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secretory epithelial cells. They secrete a white mucous subs-
tance which will be one of the component elements of the ma-
ting sign. Secretion of mucous starts immediately after
emergence of the drone. After the 5th day the mucous glands
dissolve but the mucous is still too fluid and it takes a couple
of days to ripe.

4. Semen

The semen consists of two components, from different
sources:

The first are the spermatozoa from testes. They are 250 m
(1/4 mm) long filaments that make snake-like movements
when active. The heads incorporating the nucleus are very
small.

The second element is the semen fluid from the seminal
vesicles.

The colour of the ripe semen is yellowish. Its structure is
also specific because spermatozoa are in bundles. The semen

is easily distinguishable from snow-white homogenous mu-
cous.

Mating

The flight of sexual reproductives

The queen bees are sexually mature when 5—6 days old.
They fly out on sunny days, early in the afternoon. First they
perform one or two flights for orientation, and then they fly
to the drone congregation area for mating. Drones make
their first flight when 6—8 days old, but only for orientation.
The are sexually mature when 12 days old and then they fly to
the drone congregation areas (DRESCHER, 1969, MINDT,
1962).

In the mountain zones, drones and probably also the
queens orient themselves in relation to the horizon in order
to reach the congregation area. In Austria, the congregation
areas have been the same for 20 years (RUTTNER and RUT-
TNER, 1966; personal observations, 1987).

Recognition and mounting of the queen

When the queen reaches the congregation place she is
immediately spotted by the drones, first as a flying, dark co-
loured object. This is the reason why drones also fly after
butterflies and thrown stones. Butin the end she is identified
to be a queen by her smell (the queen substance) (GARY,
1962; PAIN and RUTTNER, 1963). She will be followed by
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many drones. One of them will grasp her while flying, mount
on her and hug her tight with its 6 legs. By means of the sen-
sory cells in the genital area he will find the queen’s sting
chamber (RUTTNER, 1962), and introduce its organ of re-
production into the sting chamber — mating being thus com-
pleted. Spt

‘\&%\-s%

=
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Fig. 5a — Copulation of the queen and drone at eversion;
E —copulatory organ; Lo — lateral oviduct filled with sperm; MMo — muscle of lateral pouch of Bursa copulatrix:
S — sting; Spt— spermatheca

H

Fig.5b — Longitudinal section through the endophallus during eversion
CD — chitinous plates; FA — feathery appencage; H — haemolimph; arrow indicating the haemo-
limph’s course; M — mucous; RF — hairy rhoms field
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Fig. 5¢ — Unsectioned endo-
phallus

Copulation of the queen and drone

Eversion of the endophallus is induced by the simulta-
neous contraction of all muscles of the abdomen, which com-
presses both the haemolymph and the air in the air sacs. Un-
der this pressure, the of chitinous plates around the genital
orifice raise up, and the endophallus is everted and pressed
out. (For better understanding the process of eversion see
footnote 1.)

First the hairy vestibulum comes into sight which was
pushed out by eversion. In fractions of a second the vestibu-
lum penetrates completely into the sting chamber, and the
drone is motionless because the haemolymph had been pus-
hed into the endophallus (Fig. 6). At this moment the sting
chamber is utmostly distended by the half everted endophal-
lus. The contact is so tight that the benumbed drone cannot
detach itself from the queen, although its legs do not hug her
so tightly any more, and it is now turned on its back (Fig. 6).
By contraction of the muscles of the seminal vesicle and of
the mucous glands the semen and white mucous are pushed
into the bulb (Figs. 6 and 7).

The endophallus is so large and rigid that the sting cham-
ber, which normally lies in the abdominal opening, is now pu-
shed upward (Figs. 5a, 7a and b). Consequently, the chitinous
membrane of bursa copulatrix and of the sting chamber
stretches so much that the ribbed flap covering the orifice of
the vagina is folded back thus clearing the entrance (Fig. 7b).
The queen is probably also involved in this process. The slen-
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der cervix penetrates into the vagina at this moment (Fig. 5a),
the drone being benumbed and motionless.

Note 1. The eversion of endophallus is understood by pushing inside the fingers of a
thin plastic glove. When inflating the glove, the compressed air presses the fingers on
all sides and little by little pushes them out. In order to obtain the necessary pressure
the drone compresses haemolymph and air into the endophallus.

By the sustained pressure of the queen, the eversion of
the endophallus is completed and semen is ejaculated. First
the semen reaches the median oviduct after the queen has
folded back the valvefold (Fig. 5) (KOENIGER, 1984, 1986).

Concomitantly, the bulb with its chitinous plates and the
white secretion of the mucous glands is pushed through the
slender cervix.. The chitinous plates and mucous separate
themselves from the bulb and when eversion is completed
they are leftin the queen as the mating sign (Fig. 7b). Now the
endophallus is so long (Fig. 8aand c) that thereis no room for
itin the sting chamber any more. First the vestibulum is pus-
hed out, with horns completely eversed. Their orange colour
covering was left inside the queen. With the penetration of
the chitinous plates and mucous in the sting chamber the
drone detaches itself from the queen and falls on the ground.
The orange covering was left on the mating sign.

Fig. 6— Movement of vulnerable organ during mating R
Above: Vulnerable organs in normal state (the plates are vertically placed and cover the Yagmal_ qnfx.ce);
Below: Vulnerable organ during eversion (the plates are oblically pushed upward. The vaginal orifice is free
and enlarged through dilatation)
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During a mating flight the queen mates with up to 8 dro-
nes. The next drone removes the mating sign left by the pre-
ceding drone with the hairy area of the vestibulum (Fig. 7¢).
The semen penetrates into the lateral oviducts filling them
up (Fig. 6a).

Fig. 7— Movement of vulnerable apparatus during mating
above: the vulnerable apparatus at rest (its plates are vertically placed covering the vaginal orifice)
below: the vulnerable apparatus while pushing forward sperm (its plates are pushed transversally) upwards.
The vaginal orifice is free and enlarged by stretching.

Filling of the spermatheca with semen

After having mated with several drones, the queen flies
back to her colony. The oviducts are full of semen. The large
amount of semen (up to 20ul) obtained by several matings
was pushed from the median oviductinto the lateral oviducts
(Fig. 5a). Almost always both oviducts are full with semen,
but often not to the same extent.

But the oviducts are not a proper store room for sperma-
tozoa, and therefore a transfer is made during the following
24 hours, as follows:

Shortly after the return of the queen, she presses the ab-
domen by adequate movements. The semen is pressed from
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Fig. 8 — a) Last ever-
sion stage of the en-
dophallus of first
drone. The mating
sign is introduced
into the queen; b) Po-
sition of the mating
sign into the queen;
c) Last stage of ever-
sion of the endophal-
lus of the second
drone: the mating
sign of the first dro-
ne is glued to the one
of the second drone,
while it gives off its
own mating sign;
B — bulb; BZ — mating
sign; CD — dorsal chitinous
plates; Co — horns (cor-
nua); FA — feathery appen-
dage; RF — hairy rhomb
field; S — sting; STA — vul-
nerable apparatus
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the lateral oviducts into the median oviduct, the semen pas-
sing by the orifice of the spermathecal duct. A small amount
of the semen (approximately 1/10) enters the narrow duct
(0.01—0.25 mm in diameter and approximately 1 mm long)
and reaches the spermatheca: the passage of semen is the re-
sult of both the individual motility of spermatozoa and the
pressure from the Bresslau seminal pump (RUTTNER and
KOENIGER, 1971; GESSNER and RUTTNER, 1977). The
rest of the semen is eliminated through the sting chamber as
dry, white-brownish sticks (HAMMANN, 1956). The process
is not controlled by the central nervous system. It still conti-
nues even after sectioning the ventral nervous trunk (KOE-
NIGER, 1985).

Some of the beekeepers are mistaken in considering that
the semen sticks are mating signs; not only their origin dif-

Fig. 9— Transversal section through the spermatheca of a mated queen
A —gland; Ep — spermatheca wall made up of high cells; Sp— spermatozoa gathered in interdepen-
dent clusters; Tr — extern cover of tracheae
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fers, but also their aspect. The mating sign is | mm long, with
one side bordered by brown chitinous plates. The white mu-
cous, the main element of the mating sign, is coated by a thin,
orange and sticky layer. Shortly after the queen has returned
from the mating flight, the worker bees remove the mating
sign.

The filling of the spermatheca depends on how the
worker bees take care of the queen. That is why the mating
hives must be stocked with enough bees (WOYKE, 1983).

Storage of semen

After 24 hours there is no semen in the oviducts, the 5—6
million spermatozoa being stored in proper conditions into
the spermatheca (Fig. 9) This “store room” endowed with tra-
cheae and a spermathecal gland provides for the preserva-
tion of the fertilizing capability of spermatozoa for up to 5
years. The processes involved are not yet precisely known. It
is known that an alcaline medium (pH=8.6) is maintained in-
side the spermatheca, by sodium and kalium ions. It is likely
that the one-cell layer actively controls the supply of ions
(GESSNER and GESSNER, 1976; VERMA, 1973). After sur-
gical removal of the spermathecal gland, the spermatozoa are
still alive after 90 days, but 30 days later the queen will only
lay unfertilized eggs. If the network of tracheae is removed,
after 30 days all spermatozoa in the spermatheca are dead (G.
KOENIGER, 1970).

In the spermatheca the number of spermatozoa origina-
ting from different drones is not the same. From some dro-
nes more semen has penetrated into the spermatheca, and
less from others. In the practice of instrumental insemina-
tion evidence was obtained that the semen which entered the
last into the oviduct and hence the first to reach the sper-
mathecais slightly more favoured. In contrast to previous re-
ports, it has been lately found that the semen is uniformely
mixed in the spermatheca (MORITZ, 1986; PAGE et al.,
1984). Consequently, the number of the descendants of diffe-
rent drones is not the same, but the ratio of these different
numbers is always the same. For example: more than 1/7 of
worker bees will be yellow although only one of the ten dro-
nes with which the queen had mated was yellow. This finding
is important in queen rearing. With artificial insemination,
the drones whose semen was injected the last contribute
more semen in the spermatheca (MORITZ, 1986).
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Maturation and laying of eggs

When the queen has mated with the necessary number of
drones (10—17) during one or two mating flights, the neuro-
secretory changes and the maturation of egg begins (BIE-
DERMANN, 1964; HERRMANN, 1969). No precise evidence
has been obtained of the stimuli during mating which are de-
cisive in starting egg laying. Neither the active flight of the
queen, nor the degree of filling of the oviduct and of the sper-
matheca have any influence. Itis likely that the extreme dila-
tation of the queen by the endophallus of the drone plays the
decisive role (G. KOENIGER, 1981). As early as 2 days after
the last successful mating flight the queen already starts
egglaying.

In the ovaries of queens there are approximately 360 ova-
rioles, and 30 egg follicles in each of the latter. A queen well
attended by the worker bees can lay up to 1500—2000 eggs
daily, in peak season. This daily amount of egg production
exceeds the queen’s body weight. She is able to lay so many
eggs because she includes the proteins from the food with
which she is fed by worker bees directly into eggs, without
breaking them up into the component elements (amino-
acids) (LACOMB, 1977; RUTZ and LUSCHER, 1974).

When a worker bee egg must be laid, then several sper-
matozoa will be released from the spermatheca into the me-
dian oviduct. The queen always releases only limited amount
of semen from the spermatheca. The number of spermatozoa
depends on the degree of filling of the spermatheca (HAR-
BO, 1979a). 1—10 spermatozoa penetrate into an egg, but
only one unites with the egg nucleus (NACHTSHEIM, 1914;
WOYKE etal., 1966).

When an egg is to be laid into a drone cell, the queen is
aware of this fact because of the different sizes of the cell,
and does notrelease semen from the spermatheca. She deter-
mines the sizes of the cell by inspection with her front legs
(KOENIGER N., 1969).

Differences between instrumental insemination and na-
tural mating

With instrumental insemination, many actions taking
place during natural mating are eliminated. For example, the
queens are not left to fly freely to avoid undesired semen. But
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it is important to take into account as much as possible of
what is already-known about the natural mating. For exam-
ple, instrumental insemination will be efficient only if the
age of queens and drones is the age at which they mate under
natural conditions.

Differences with respect to queens

During instrumental insemination the queens are anes-
thetized, so that the operator must perform all actions ins-
tead of the queen. The sting chamber is kept open by hooks,
and the skin folds at the vaginal orifice must be drawn aside.
The folding back of the valvefold from the vagina, is of ut-
most importance because otherwise the semen will not reach
the oviduct (Fig. 6a).

The many skin folds in the vagina may have different
shapes depending on the degree of opening of the queen and
of the pressure on her. The operator must try to be as closeas
possible to the natural conditions (Fig. 5b). At present, the in-
semination instruments are being modified so as to enable a
dilatation of the queen similar to that induced by the drone
endophallus.

Also, during instrumental insemination, one of the natu-
ral mating stimuli inducing egg laying is available. A double
anesthetization with CO, has the same effect (HERRMANN,
1969).

Differences with respect to drones

In drones, too, none of the stimuli which induce mating
under natural conditions are available. Contraction of the ab-
dominal muscles, prerequisite of the eversion of the endo-
phallus, is induced in laboratory in two ways by pressing the
thorax between fingers and concomitantly lightly touching
the abdomen, or by anesthetization with cloroform. In gene-
ral, the endophallus is everted up to the cervix, hence up to
the moment when, during natural mating, the benumbed
drone has turned on its back. At this moment the semen and
mucous must already be in the bulb.

Now the operator must again perform the activities of the
queen: pressure for ejection of the semen and of the mating
sign. This operation is never performed as during natural
matii.g because the endophallus is not under the pressure of
the queen’s sting chamber and vagina. The resistance oppo-
sing the eversion during the natural mating is absent. In ge-
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neral, by pressing the abdomen, when the bulb is everted the

semen and mucous are also ejected, while the chitinous pla-

_ tes — the outer coating of the mating sign — remain inside
the bulb.

Attempts are also being made for optimizing the collec-
tion of semen. *

In conclusion, it is obvious that instrumental insemina-
tion is a highly advanced technique having been successfully
and routinely utilized on a large scale, for several decades.
However, constant perfection by new findings and by brin-
ging it the closest possible to the natural mating are impor-
tant targets.



REARING AND MAINTAINING QUEENS
AND DRONES

V. MAUL

A. Rearing and maintaining queens

A large range of thoroughly experimented procedures
have been available for a long time in rearing queens of
known origin. H. RUTTNER (1980) made a detailed survey so
that I shall not dwell on details. In principle, it must be poin-
ted out that for the instrumental insemination to attain its
target, special care must be taken in providing for optlmum
rearing conditions. The large and v1gurous queens are easier
to inseminate and also justify the special insemination work
by their longevity. Therefore, particular attention must be
paid to the methods of rearing in normal colonies. Grafting
may also be used as itis an efficient technique, the essentials
being a 9 mm diameter for the artificial queen —cell cups and
an age of up to one day for the grafted larvae (WEISS, 1980).

Confinement and marking of queens

Although according to some experts (for example
ADAM, 1969) the highly performing queen should emerge in
the mating nucleus prepared for her, which means that
queen-cell cups with queens ready to emerge should be intro-
duced into the nuclei prepared for this purpose, this is not
possible with instrumental insemination because of techni-
cal reasons. Catching the unmarked young queen takes a
long time and very often confusion is possible. That is the
reason why another method is widely used, namely confine-
ment in emergence cages on the 10th or 11th day which are
left in the nurse colony until the emergence of queens, or are
introduced into adequate incubators. H. RUTTNER (1980)
made a general survey of the adequate procedures in this res-
pect too.

Marking of queens, which isindispensable for identifica-
tion, may be done very easily before introducing the queens.
The mark must provide as much information as possible.
Therefore, the use of numbered opalite labels is recommen-
ded, in the colour of the current year. Approximately 1000 in-
dividual markings are posible if not only the number, but also
the clockwise position are registered (see Fig. 10), in the re-
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cord of the reared queens. Even when the mark is lost, the
wing clipped during insemination provides another possibili-
ty to locate and verify it as the inseminated queen.

Kopf
12

Fig. 10 — Position of the marking plate with additional information
Figure’s base is estimated like the clock’s hand. We take 8/11 for our example

Maintenance of queens after emergence

Just as in rearing and maintaining of young queens, fa-
vourable conditions should be provided so that the optimum
insemination results are obtained. First, one must remember
that for successful migration of the semen injected into ovi-
ducts to the spermatheca, a temperature equal to that in the
brood chamber is necessary (VESELY, 1969, 1970; WOYKE
and JASINSKI, 1973). On the other hand, the successive ope-
rations must be carried outin their normal order. The queens
to be inseminated will be transferred to a place close to the in-
semination laboratory. It is desirable to provide them with
everything they need so that permanent watching should not
be necessary.

For this purpose, storage of the queens in mating nuclei
with a few combs is advantageous. Good results are also ob-
tained when storing them in cages together with several at-
tendant bees in an incubator, at a temperature 34°C (WOYKE
and JASINSKI, 1973), but this method is applicable only for
small batches of queens to be inseminated for experimental
purposes, as they require much work for maintenance. In
the United States unmated and inseminated queens are mos-
tly stored in “queen banks” (in cages, in special queenless co-
lonies), but following recent experiments the efficiency of
this method of storage is questionable. WOYKE and JA-
SINSKI (1986) reported many cases of queen’s arolia (foot
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pads) having been harmed by bites of worker bees, which re-
sulted in atrophy and the removal of segments of legs. In this
way even young queens, reared under optimum conditions,
become queens of poor quality.

The Kirchhain mating nucleus as a mating nuce with se-
veral combs deserves special mention as it was particularly
developed for instrumental insemination (MAUL, 1971).
Being made of stryofoam it always ensures, a favourable cli-
mate inside even with a small amount of bees. The hive en-
trance is on the bottom and an excluder may be attached to it.
The new types are provided with optional entrances so that
the hive entrance may be left either open, or closed, or with
the queen excluder in place. The secondary entrance in the
darkness under the bottom board discourages the queens to
fly and so they can be stored there long before insemination.
In addition, robbing and overheating when placed in the sun
is prevented with this nucleus. In the other types of nuclei
the entrance and aeration are usually unprotected being on
the front wall (as for example the Austrian mating nucleus or
the “Taunus-Apidea” nucleus, both made of plastic material.
Butif they are placed in the shade, and not used for long term
the queens they are also most adequate for the purposes of
instrumental insemination. Absolutely inappropriate are the
single-comb mating nuclei still widely used in Central Euro-
pe. Very much time is wasted catching the queens. As no bee
way exists (having one comb only) the temperature inside the
nucleus decreases when it is cold. This entails insufficient
filling of the spermatheca and consequently blocking of the
oviducts with the remaining semen (VESELY, 1969, 1970).

As arule, these small mating nuclei are stocked with arti-
ficial (shaken) swarms. For the initial stocking of a Kir-
chhain mating nucleus for example, 4 small combs with ap-
proximately 120 g of bees are necessary. The queen will be in-
troduced into a cage with candy. If not so, the queen may be
introduced into the nucleus 1—2 hours after it has been
stocked. It is very important that the young queens move
freely inside the nucleus during the first few days.

After being keptin the dark for 3 days, the mating nuclei
are arranged in rows, close to one another, hence in a diffe-
rent manner than in the natural mating (see Fig. 11). Howe-
ver, alternating the flight direction is recommended, as well
as painting the front walls with different colours to avoid
heavy drifting of bees. Hive stand of the height of usual ta-
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bles are very efficient as they facilitate subsequent opera-
tions.

The mating nuclei widely used in the United States are
larger. They are formed at the beginning of the season with
standard combs which can be divided in two halves. Such nu-
clei are used several times for a batch of queens. This is also

Fig. 11 — Kirckhain mating nuclei on rows, at a most convenient height for work.
It has construction steel bars for support, transversally linked by other fused
bars.

possible with the baby- mating nuclei used in Central Europe,
with the emergence of queens early in the season. Good re-
sults are obtained when the young queen is introduced one
week after removal of the laying queen and if the cage with
queen in it is kept closed for 24 hours. In the Kirchhain ma-
ting nucleus, one can even store laying queens for several
months. After removing the queen excluder, two more little
combs may be introduced into the feeder section. For
stocking new mating nuclei, bees and combs with brood may
be taken from strong nuclei.

B. Rearing and maintaining drones

In selection programmes instrumental insemination pro-
vides for the decisive advantage of immediate and multiple
combinations of queens and drones of different origins. But

38



successful accomplishment of such combinations requires
careful planning and co-ordination of queen and drone rea-
ring, as well as reliable techniques, in order to make sexually
mature drones, of the desired type and age available.

The timing of rearing drones and queens in critical, be-
cause of their different development to sexual maturity. The
queen is sexually mature when 5—6 days old, which means
on the 21st—22nd day of the general development, whereas
drones are sexually mature when 12—14days old, i.e. on the
36—40th day of the general development respectively (it ta-
kes a longer time after sealing of the brood). In practice
queen development is considered to start on the day of graf-
ting, which reduces this time by 4 days. As a general rule,
drone rearing must start at least 3 weeks before the day of
grafting. If it is impossible to determine the date of egg-
laying, the age of the sealed drone brood can be estimated by
the colour of eyes (see Table 1), and then the time to start the
batch of queen’s can be determined.

Table 1
Progressive colouring of eyes of drone brood depending on development, in days

No.of days after egglaying No. of days before emergence Colour of pupa eyes

white
yellowish
light pink
light pink
dark violet

15 approxim. 1
16 2

17 i<

18 2

19 <

20 2 the simple eyes are visible

21 2 black

22 2 2—3 colouring of the body begins

S 01O NN 0o

What is true for queens, is also holds for drones: high-
quality individuals can be obtained only under optimum rea-
ring conditions. This means on the one hand the abundance of
food stores in the nurse colony, and on the other hand the
“inner impulse” to rear drones. During the build-up phase
(spring/early summer) both conditions are available, and the
impulse to rear drones may be only supressed when many
drones exist in the colony (WEISS 1962). The impluse gra-
dually declines as the colony development slows down, the
driving out of drones being the manifest evidence. The time
when this occurs depends on the weather and flow condi-
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tions, but differences between colonies may also exist, de-
pending on race and propensity.

If drone brood must be obtained during a “reluctant” pe-
riod, changesin the internal conditions of the colony must be
made. Stimulative feeding is just as important as is the in-
crease of the number of nurse-bees by introducing combs
with brood. If in this critical period the queen can be induced
to lay drone eggs by confining it in frame cage, then a normal
drone nurse colony must be available, to take care of the
brood. It has to be a strong recently dequeenced colony, with
a great amount of brood and food. This colony may also be
used for rearing queens. But care must be taken to remove all
queen cells before emergence. Only a young unmated queen
confined in a cage is left in the colony, and if needed young
bees are added by introducing extra combs with brood, but
not with no drone brood on them.

Identification

Providing for precise identification of the newly emer-
ged drones is as important as in queens, but it is much more
difficult. Coloured marking is possible (see below) but sel-
dom used in practice because it requires much work. Usual-
ly, the first step is confinement of the drone brood (so that
newly emerged drones should not get mixed with other dro-
nes). The time of confinement is established by random
checks of the eye colour of the sealed drone brood. The dro-
ne brood may be stored in confinementin the honey chamber
of the drone-rearing colony, in a reserve (stocking) colony,
in drone free nuclei in frame cages in colonies, or in incuba-
tors.

Storage in the honey chamber

Confinementin the honey chamber is mostly used in top-
opening hives (the multiple-storey- hives for example). All
drones and bees must be brushed down into the brood cham-
ber. The honey chamber can be kept out of reach of undesi-
red drones by placing on an excluder screen; introduction of
combs with bees must be avoided. The comb with brood from
which drones will emerge is placed in the centre of the honey
chamber as well as two combs with the youngest possible
brood certainly after all bees have been brushed off. These
bees will subsequently walk up back into the honey chamber
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very quickly. In strong colonies, instead of brushing the bees
from combs, a bee free super can be placed on the excluder,
the next operations being the same.

If the honey- chamber of a strong colony is used, the
combs with worker brood must be taken from the parent co-
lony. If not, the drone brood from the foreign colony must be
destroyed. In any case, the safest way is to “behead” the sea-
led drone brood cells every 8—10 days.

The emerged drones may safely stay for a longer time in
the isolated honey- chamber. The honey chamber must be
opened only early in the morning (up to approximately
10.00), because otherwise drones will fly out. In the build-up
period, itis better to introduce the newly- emerged dronesin
separate nuclei already after a few days. This can be easily
achieved by placing the honey chamber (super) with all the
beesinit on a new hive stand (with the excluder at the bottom
of the super), and by transferring it to a place outside the pre-
vious flight range. If no emergency- brood is available, un-
sealed brood is added again, or an unmated queen is introdu-
cedinacage. Thismethod cannot be used with drone-rearing

Fig. 12— Drone management in multistoreyed hives.
On left, hive with queen excluder over a very high bottom;

On right, an intermediary lid provided with an orifice that can be closed

Behind, a verandah with an excluder to keep the drones that want to fly.
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colonies which are tested for production efficiency. In such
cases storage in reserve colonies is preferable. If necessary,
a collective brood colony can be formed with small amounts
of drones and bees, in a nucleus with combs with food stores
and with brood.

Storage in nuclei

When confining drones in nuclei the procedure is on
principle similar. The nucleus will be stocked with honey
combs and 2—3 combs with brood (the foreign drone brood
must be destroyed!). The bees necessary will be taken from
different colonies (mostly young bees if possible, to be active
as nurse bees) and sifted to remove drones. For 5—6 standard
combs, approximately 1kg of bees is needed. The emerged
drones are kept in the nucleus until needed. With an average
or poor honey flow, continuous stimulative feeding is requi-
red. Not more than one comb full of drone brood should be
provided/kg of bees. Whether one wishes to obtain drones
from several sister colonies in a single nucleus, then half fra-
mes can be be fastened together to form normal frames with
mixed brood.

The emergency queen cells must be destroyed, on the
10th day after formation of the nucleus, at the latest. Next, an
unmated queen is introduced, inside a cage, and if necessary
extra brood.

It is not recommended to let queens emerge from the
emergency queen cells because they are often small, pass
through the excluder, and fly to mate. After they have emer-
ged a lot of time is wasted in catching and confining them in
cages. For a better care of the drones, a virgin queen should
always be present in the hive.

Free of undesired drones

It is very important to keep foreign drones off. This is
possible, as already mentioned, by fixing an excluder to the
hive entrance which prevents the drones from flying out (the
possible effects on drones in relation to their use for insemi-
nation will be discussed later). For multiple storey hives, the
bestis an excluder fixed inside, covering the whole area. The
excluder is placed under the brood chamber, which means
between it and the bottom board of the hive (see Fig. 12).
High bottom boards are preferred. The confined drones stay
in complete darkness, which allows storing them for a longer
time. This method is preferable to the entrance appliance
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whereby the excluder extends outward and upward at a 45°
angle, which was widely used previously (see Fig. 13). In spi-
te of the projecting roof, the drones staying there in the sun-
shine were very excited during their active period and lost vi-
tality much sooner than those confined in the dark. The sizes
of the passages of the excluder and its inclination are neces-
sary in order to let worker bees pass through. This appliance
had the advantage that several drones ready to fly could be
caught, as it covered the hive entrance entirely.

Out of the smaller nuclei for maintaining drones (up to 5
combs) the “Benjamin” nucleus having the shape of a super
is very useful (Fig. 13). At the opening on the bottom of the
hive, (for ventilation during transport, instead of the ventila-
tion screen) an excluder may be attached which prevents the
drones to fly out. The regular hive entrance is closed in this
case. In this nucleus drones are also confined in the dark.

If drones are confined 1in the lower part, the death rate
must be checked each week (in the morning, the superis easi-

Fig. 13— Drone management in nuclei.
On left, an attached verandah (advisable only for a short period of time);
On right, “Benjamin” hives with excluder in the ventilation orifice, placed on the bottom of the hive.
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ly turned over!) because it is known that the life span of dro-
nes in confinement is short. In case the death of drones oc-
curs very early and the death rate is high, the utilization of
the remaining drones is questionable.

Taking out of drones

Drones may be taken out very easily by using the entran-
ce appliance with excluder at a 45° angle, or an empty super,
with an excluder on top. In this case, the nucleus in the shape
of a super must be provided with an inner cover with an ex-
cluder at the hive entrance (Fig. 12): A hole is bored in the
front wall of the empty super which is closed with a cork. The
drones caught on top of the entrance appliance with excluder
are transferred in wire cages (Fig. 14) onto the window glass
of a closed cabinet and are used inmediately, or are left in the
cages for a short time, in a nurse colony (LAIDLAW, 1954).
After the transfer into the cabinet, drones will heavily defe-
cate during the excited flight against the window glass. The-
refore, drones must be taken one by one from the entrance
appliance with excluder to prevent heavy reciprocal splas-
hing with faeces. A glass cage, heated and provided with light
1s most useful for the purpose. Up to 10.00 hrs. a.m. adult dro-

Fig. 14 — Drone cages
On left, triangular shape with closing cork (very handy)
On right, rectangular shape with sliding lid (very quickly propolized)
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nes can be taken directly from the nuclei, without great loss.
They are usually found on the outer combs, outside the
brood area.

Exceptoccasional difficulty in collecting semen because
of incomplete defecation, no other obvious disadvantages of
permanent confinement were recorded. It seems that many
drones would release faeces in the hive. Where a yard far
from other apiaries is available, (outside the flight range of
the drone nuclei) the drones could be carried there for their
cleansing flight. A second bottom board on which the nu-
cleus will be placed in the new yard, without excluder, is use-
ful for this purpose, the initial bottom board with excluder
and with closed hive entrance (not to let out the foreign dro-
nes trapped) is placed close to it. In the evening, it is fixed
back to the nucleus. Also useful is an ampty super with an ex-
cluder on top of the open inner cover. During their flight in
this “flight cage” drones can release faeces (do not forget to
replace the papers!) and in the evening they are brought back
to their colony.

Special storage methods

Compared to the methods.described above, confinement
in a frame cage of excluder material is only an intermediary
solution. Inside, only little room for movement is available
for all drones obtained from an entire brood comb. Therefo-
re, at short intervals of time, the emerging drones are trans-
ferred to another place, after being marked with different co-
lours depending on their origin and age. LAIDLAW (1954) re-
commends storage of small groups of drones in excluder ca-
ges which hang between the brood combs in the drone nurse
colony. The same method should be used when the drone
brood comb, together with the nurse bees, is introduced for
emergence of drones in the incubator (JAYCOX, 1961; MO-
RIMOTO, 1963). But confinement in the frame excluder ca-
ges or incubators requires much work, being of interest for
experimental purposes only, because only very few drones
are necessary, and only for short periods of time.

Spraying the sifted drones with different colours, as re-
commended by SCHLEY (1987), would be useful only if dro-
nes of a few origins were stored concomitantly. The colour
scale is limited and, in addition, the different ages of drones
should also be individually marked. Also, because of the free
flight the percentage of the drones lost is always very high.
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INSEMINATION APPARATUS

J.R. HARBO
V. MAUL

Equipment used for the instrumental insemination of
queen bees can be divided into three categories: (1) beekee-
ping equipment (cages for queens and drones), (2) some stan-
dard laboratory equipment (tank of carbon dioxide, regula-
tor, gas flowmeter, dissecting microscope with about 10X
magnification, and a microscope light, and (3) specialized
equipment (insemination stand, hooks and syringe). This
chapter will deal only with the specialized equipment. This
equipment varies throughout the world, so two authors, one
from the USA and one from the FRG, will describe the equip-
ment used in their respective countries.

Fig. 15— Mackensen insemination stand and syringe.
The ventral hook is on the left and the sting hook is on the post with the syringe. The posts can be reversed
for left-handed use of the syringe. Upper left is an enlargement of the sting hook (top view), ventral hook
(side view), and tip. The plug for the queen holder is attached to the end of the insemination hose. The moun-
tings for the hooks and syringe are identical except for the size of rod that they will hold. These mountings
allow for three types of movement: (1) a horizontal turning around the vertical post, (2) vertical turning
around the horizontal axis where the mounting attaches to the box that holds the syringe or hook, and (3) in-
out movement. Measurements and detailed mechanical drawings of all parts of the syringe and stand are gi-
ven by Mackensen and Tucker (1970).
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Fig. 16 — Insemination equipment in use:
(A) A Mackensen insemination stand holds the syringe shown in Fig. 3. The micrometer for the syringe (200 ul
capacity) is mounted in a stand made of acrylic plastic. (B) Side view of a queen ready for insemination.
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A. Equipment used in the USA

1. The stand

The MACKENSEN stand (Fig. 1) was first described by
MACKENSEN and ROBERTS (1948). It was modified
slightly by MACKENSEN and then redescribed in detail by
MACKENSEN and TUCKER (1970). This stand is used by ne-
arly everyone doing instrumental insemination of bees in the
USA. The device aligns the holders of the ventral hook, sting
hook, syringe and queen into one vertical plane. Within this
plane, the operator can set the heights of the syringe and the
hooks as well as the angle and horizontal placement of the
queen.

The mountings for the syringe and hooks are similar and
allow for horizontal and vertical rotation as well as in-out mo-
vement of the syringe and hooks (Fig. 15). The absence of ge-
ars enables the operator to feel the contact between the in-
struments and the queen. The mounts hold the syringe and
hooks in place when the hands are removed.

Although separate pieces, the plug and queen holder
(shown in Figures 1 and 2, respectively) are part of the inse-
mination stand. After a queen backs into the acrylic holder,
the plug positions the queen so that about 2 1/2 abdominal
segments protrude (Fig. 16 B). Carbon dioxide gas (about 35
ml/min) passes through the plug to immobilize the queen. To
keep each queen in the same position relative to the hook and
syringe, one must align the end of the queen holder with the
top of the block as shown in Fig. 16 B.

2. The syringe

Two types of syringes are described here, but there are
many types used in the USA (MACKENSEN, 1954; KAFT-
ANOGLU and PENG, 1980; HARBO, 1985; LAIDLAW, 1985).
All can be used with the Mackensen stand.

The Mackensen syringe (Fig. 15) has been the standard
syringe since 1954. It is made on a lathe and is composed of
stainless steel and acrylic plastic (MACKENSEN and TUK-
KER 1970). The Mackensen syringe is used throughout
much of the world and is the most commonly used syringe in
the USA.

A syringe designed by HARBO (1985) is shown in Figs. 16
and 17. It is an hydraulic system that consists of a tip made
from glass capillary tubing connected by plastic tubing to a

49



10X

Fig. 17 — The barrel and tip portions of an insemination syringe designed by Har-
bo (1985)

The tip (c) is a glass capillary tube that was drawn to a point with heat and polished to an angular point (see
enlargement). The inside diameter (ID) at the orifice of the point is 0.16—0.20 mm; the outside diameter (OD)
at the orifice is 0.26—0.32 mm. The storage tube (d) is a glass or plastic tube (usually about 1 mm ID) that recei-
ves semen when large amounts are collected and that can be removed and stored, if desired. The syringe bar-
rel (e) is glass tubing with an ID 5—6 mm and an OD 7—8 mm. The opening at the tip end of the barrel is redu-
ced to a diameter of ca. 4.2 mm. This reduced orifice forms a tight fit around the latex connector that holds
the tip. Thus the tip is held firmly for inseminations and yet is flexible enough to avoid breaking if bumped.
The connectors (a) are sections of latex tubing ID 1.2, OD 4.5 mm). Tube b (polyvinyl tubing; ID 0.5 OD 1.5
mm) forms the hydraulic connection to the syringe micrometer shown in Fig. 2A. To assemble the parts, the
storage tube, followed by tube b, is pushed into the barrel until the storage tube protrudes out the end where
the tip attaches. The tip and the latex connector are attached to the storage tube, and then these parts are pu-
shed back into the barrel until the connector fits as shown. The syringe and plastic tubes are filled with saline
that has been boiled to remove dissolved air, thus keeping the hydraulic system responsive. However, the sa-
line in the storage tube and tip and that used during insemination should not be boiled.

syringe micrometer. The system has a 200 ul capacity that
can be expanded after this limit has been reached by discon-
necting the tubing where it attaches to the syringe and di-
scharging fluid from the micrometer. The syringe was origi-
nally designed for use in semen storage but is also useful
when large quantities of semen are collected and mixed, or
when an operator simply wants to collect all the semen be-
fore beginning the inseminations.

3. Insemination tips
~ The tip for the Mackensen syringe is made of acrylic pla-
stic and has an inside diameter of 0.13 mm and an outside dia-
meter of 0.23 mm at the point (MACKENSEN, 1954; MAK-
KENSEN and TUCKER, 1970). Unlike glass tips, the plastic
tip enlarges rapidly from the point.
Glass tips for the syringe in Fig. 17 are described in the fi-
gure caption. The tip is filed to an oblique point (see 10X in
Fig. 17) and put briefly into a flame to polish the cut surfaces
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(HARBO, 1973). The angled point eases the insertion of the
tip into the median oviduct and thus allow_s the operator to
use a tip that has a relatively large outside diameter at the po-

int.
B. INSEMINATION APPARATUSES USED IN

EUROPE
The standard apparatus
When the insemination technique was introduced in Eu-
rope, the basic design of the insemination apparatus develo-
ped by MACKENSEN and ROBERTS was adopted. But the
interest for easier handling resulted in many subsequent in-

Fig. 18 — Ruttner, Schneider, Fresnaye standard device. Stand’s columns and

queen support are fixed to the longitudinal orifices from the foundamental plate.
Their position can be changed. The handles for the ventral hook (left) and for sting’s hook (right) are passed
through certain balls and could be revolved anyhow. The fine F adjustment is moved through the syringe’s
support frontward and backward, and the Stadjustment screw modifies the inclination. The syringe is provi-
ded with a larger adapter for glass points.
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dividual developments. Almost all constituent parts have
been substantially modified to provide for technical improve-
ments (i.e. the queen holder devised by RUTTNER, inclu-
ding fine adjustments for alignment of the various parts).
Special heed was paid to the introduction of the glass tips to
replace the plastic tips used by Mackensen. The reason was
their lower cost, but primarily providing for better hygienic
conditions.

The “standard” apparatus (RUTTNER, SCHNEIDER,
FRESNAYE, 1974) — brings together several of the above
improvements. Since then, the standard apparatus has asser-
ted itself for its performances many times. It will be descri-
bed with its latest improvements.

The insemination apparatus (Fig. 18) consists of the fol-
lowing basic elements:

1. A stand with horizontal adjustment of the vertical sup-
porters (posts) and of the queen block;

2. The queen block with the gas tube and the queen hol-
der (Fig. 19);

3. The sting hook and the ventral hook, each of them
fixed in a ball joint in the vertical support;

4. The syringe block with the rack-and-pinion drive and
the adjustment screw;

5. The syringe (Mackensen type) with adapter for plastic
or glass tips.

The queen holder developed by Ruttner _

Figure 19 shows the position of the queen-holder in the
queen block. The stopper is tightly fitted into the fixing plate.
Gas supply is provided through the openings in the main
component part and in the fixing plate. The queen block and
the gas tube are fixed in the stand with tightening screws.
The queen is first introduced into an auxiliary tube, with the
same diameter as the queen holder, opened at one end only.
She will walk inside the tube, and when she reaches the clo-
sed end of the tube she will go back, into the queen holder.
The stopper will be pushed in before she has a chance to move
forward again. When the queen holder is attached to the
queen block carbon dioxide flows in at the prior adjusted.
The inclination of the queen block can be afterwards adjus-
ted, if necessary, after firstloosening the nut M. For fine ad-
justment, the queen block can be moved or turned to the left
or right, which is an important improvement as compared to
the older types.
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Fig. 19— Queen’s block (according to Ruttner).
Assembled on left, from lateral position. On right without stopper, having in front queen’s support and ente-
ring tube.

Fig. 20 — Ventral hook (left) and sting’s hook (right)

Hooks and their mounting

The standard sizes of the hooks are given in Fig. 20. Parti-
cularly the sting hook must be made so accurately as to preci-
sely fit into the sting chamber. Because its very thin neck it
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may be easily broken, and must be handled with utmost care.
He who cannot manufacture the hooks himself should make
a sound choice among the products of several suppliers. Spa-
re hooks must always be available. :

The hooks are fitted into the handles either by plastic
sockets or by soldering. The handles are mounted in ball
joints and fixed into the hook holders of the two vertical sup-
goi‘ts. The tension on the ball is controlled by a tightening

olt.

SCHAFFERHANS (1987) developed a modified hook
which, when in a more inclined position, provides for a more
efficient opening of the sting chamber and the vagina.
SCHLEY (personal communication) devised and made a
ring-shaped holder which helps open the vagina even wider.

Mackensen syringe

The basic principle of the Mackensen syringe has asser-
ted itself as the most adequate and it was therefore used also
for the standard apparatus. Because the pressure of the pus-
her is exerted on a column of liquid with no air at all, by
means of arubber or silicon membrane, there is no mechani-
cal play between the forward and backward motion. This is
very important for an efficient collection of semen.

The adapter for glass tips devised by LAIDLAW and HAI-
DINGER is now made in general of metal to allow for sterili-
zation in autoclaves. The larger adapter developped by
SCHNEIDER (Fig. 18) has proved to be most efficient, ena-
bling the drawing of approximately 70 ul semen into the lar-
ger glass capillaries. Pressure is very easily equalized so that
the capillaries can be removed and shipped, stored or atta-
ched again to the syringe (publication in preparation).

Schley-plunger-syringe

In Europe, various suggestions have been made for
drawing in large amounts of semen by plunger-syringes. The
most adequate is that of SCHLEY (Fig. 21). The syringe can
be readily removed for sterilization in the autoclave. The
screwing plunger is particularly useful for semen collection.
Additional facilities include a fast tensioning device and a do-
simeter (for details see Schley’s description, 1987).

The syringe block

The syringe block is attached to the right vertical suppor-
ter (stand post), above the hook holder. The syringe holder is
a groove in which the syringe is easily and quickly introdu-
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ced. Itis fastened to a rack-and-pinion drive serial product of
microscope mechanical stages screw enables fine adjus-
tment of the inclination angle. When the tip is initially intro-
duced incompletely and more inclined and is next slightly
moved ventrally by means of the adjustment screw, it can be
further inserted past the valvefold without using a vaginal
probe (VESELY, 1967). To ease this operation, SCHLEY
(1987) added another adjustment screw for parallel lateral
control of the syringe movements. Another adjustment
screw enables diagonal positioning, which previously could
be obtained only by revolving the whole syringe block round
the vertical support.

The tension of the rack-and-pinion drive of the syringe
holder is adjusted so that the holder may be lightly moved
and yet remain steadily in place. If it happens to slip down
slowly, when the temperature is too high, the use of a harder
vaseline is recommended for greasing the rack-and-pinion
drive.

The distance between the insemination syringe and the
queen block is relatively short in the standard apparatus so
that the use of larger capillaries as syringe tips is not possi-
ble. But the distance can be slightly increased by attaching
the syringe block to a third vertical support post (longer than
the other two) (SCHNEIDER, publication in preparation).
For this position the Mackensen syringe with a short barrel
in current insemination laboratories is recommended to be
used.

Fig. 21 — Piston syringe (according to Schley).
Assembled backward. On constituent parts frontward.

Glass tips
Glass tips are mostly used and are available on the market
at fair prices. Their advantages are smooth surfaces which
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Fig. 22 — Syringe’s block (according to Schley) (seen from the back)
rew Sv makes the horizontal movement of the entire syringe’s block easier, so that the point might
be introduced without using the probe. Below is shown the ball for hooks’ handles.




enable easier introduction, and efficient cleaning and sterili-
zation.

SCHLEY (1981, a, b) devised a special apparatus for auto-
matic stretching of the usual micropipettes into a desired tip
shape which is also equipped with a device for re-sharpening
the tips. The inner diameter at the end of the tip is 0.18 mm,
and the outer diameter is 0.3 mm. The micropipettes of the
initial, normal size may be usedfor storage or shipping of se-
men, being provided for this purpose with a cap made of a sili-
con or tygon tubing.

Other individually devised insemination apparatuses

In eastern Europe the apparatus devised by VESELY is
widely used. A rack and pinion drive is directly attached to
the syringe barrel and provides for back and forward move-
ment.

A.and CWINKLER (1981, 1986) integrated the insemina-
tion apparatus, the microscope and CO, supply into a single,
portable unit. Plunger syringes are used, similar to the
Schley syringes.

In Denmark, HOLM (1986) has developed an apparatus,
initially devised by SWIENTY, in which the movements of
hooks and syringe are controlled by micromanipulators. Fi-
nally we mention a Dutch model as representative for all ori-
ginal individual achievements. It is devised almost entirely
with elements of the Fischer technique toy kit and works per-
fectly well.

Microscope, illumination and CO, supply

When making a choice from the very many stereoscopic
microscopes available, special heed has to be paid to
o the heightto which it can be adjusted during insemina-

2 the magnification range,

— the field of view and

— the sharpness of spot focus.

At present, fluorescent lamps with glass fibres are pre-
ferred instead of the low-voltage lamps with heat-proof fil-
ters. As the light is projected from the end of the flexible
“swan neck” it can be brought very close to the queen
without requiring much space for that.

The carbon dioxide necessary for anesthetization is ge-
nerally available in cylinders, the flow being adjusted by a
valve. Small cylinders are easier to handle than the large ones
and can be re-filled with gas from the large cylinder.
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Fig. 23 — Insemination apparatus (anyone
can make it), according to Fischer’s techni-
que

Addresses of suppliers of insemination apparatuses and
auxiliary equipment

W. Seip, Hauptstr. 34—36, D-6 308 Butzbach-Ebersgéns;
the standard apparatus with various modifications according
to Schley, with plunger syringe, all component parts, and
courses of instrumental insemination.

W. Uhl. Loherstr. 7, D-6 334 ABlar; standard apparatus
with Mackensen syringe (large adapter with threads in centi-
meters), and all auxiliary equipment and parts.

K. Burmeister, Bonebittelar Weg 12, D-2350 Neumiins-
ter: glass tips.

Hessische Landesanstalt fir Tierzucht, Abteilung fiir
Bienenzucht, Erlenstr. 9, D-3575 Kirchhain: larger adapter
for Mackensen syringes (with threads in inches); instrumen-
tal insemination courses.

Vaca Valley Apiaries G745 Buchtown Lane, Vacaville CA
95688 USA — Mackensen/Dowe apparatus, hydraulic syrin-
ge, glass tips, Schley instrument

Sweetwater Apiaries Box 449, Tylertown MI 39667 USA
— Mackensen/Dowe apparatus, hydraulic syringe, glass tips

Honey Bee Genetics Box 1672 Vacaville CA 955696 USA
— Modified Mackensen apparatus, glass & plastic tips with
metric threads and threads in inch.
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SPERM STORAGE

J. R. HARBO
A. Natural Storage

Storage of sperm in a specialized pouch (the spermathe-
ca)is anormal process for queen honey bees, as it is for most
female insects. The spermatheca of a queen bee receives
sperm from a natural insemination (when a queen is 1 — 2
weeks old), or during instrumental insemination. Once inse-
mination occurs and egg laying begins, no more sperm will
enter the spermatheca; breeders have not been able to suc-
cessfully reinseminate queens after they have been mated
and laying, and queens will not mate naturally again. A queen
releases sperm from her spermatheca as she lays eggs, so all
sperm are stored in the spermatheca for at least 2 days (the
time from insemination until the laying of the first egg) and
some are stored for the entire lifetime of the queen, often as
long as 3 years.

Thus the storage of honey-bee sperm is standard practice

and occurs in every mated queen. Since sperm can be taken
from the spermatheca of one or more queens and used to in-
seminate a virgin queen (CALE and GOWEN, 1964), a bee
‘breeder has the opportunity to use this natural storage sys-
tem. Sperm that have been in a spermatheca for over 2 years
are still able to migrate to the spermatheca of a second queen
and produce worker progeny. Therefore, one could insemi-
nate a group of queens with sperm that are to be stored and
then recover these sperm (possibly 1 or 2 years later) from
the spermathecae of the surviving queens.

Little is known about the metabolic activity of sperm whi-
le in the spermatheca, but they are probably stored at a very
low metabolic state (TABER and BLUM, 1960; LENSKY and
SCHINDLER, 1967; POOLE, 1970). Operating on live, mated
queens, KOENIGER (1970) removed 50 — 70% of the tra-
cheal net that surrounds the spermatheca and discovered
that sperm became immobile in about 3 weeks. POOLE (1970
and 1972) concluded that the function of the dense tracheal
network surrounding the spermatheca is to supply oxygen to
the columnar cells that form the spermathecal wall. By ope-
rating on live queens, POOLE (1972) learned that the colum-
nar cells died in areas where the tracheal network had been
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Fig. 24 — A glass capillary tube of semen that is ready for storage in
liquid nitrogen.
This tube is inside of a larger plastic tube (glass was used for the photograph) that has an
inside diameter of 2 mm and a length of 29 mm. The large tube is sealed at the bottom and
keeps the tube of semen from becoming lost in the tank of liquid nitrogen.
Nearly all methods of storing semen use capillary tubes as containers for semen and seal

the ends by various means. The semen in the tube above was sealed between plugs of petro-
latum. No visible air was allowed between the semen and the plugs. A plug is formed by mo-
ving a column of semen to one end of the capillary tube and then pushing that end through
a mound of petrolatum. The column is then pushed to the other end of the capillary (the
plug of petrolatum follows, intact), and the other end is pushed through the mound of pe-
trolatum. When it is time to use the semen, the plug that leads the column is collected as it
emerges from the tube; the plug following the column acts as a piston to reduce the amount
of semen that coats the inside of the capillary.

The tube above has a thermocouple entering from the right and ending near the center of
the semen. When storing many tubes at once, only one tube needs a thermocouple. The ra-
tes of cooling and warming can be monitored by connecting the thermocouple to a milli-
volt, strip-chart recgrder.

removed, and he concluded that the spermatheca serves as an
isolating structure for sperm. The survival of sperm in vitro
for 8 months in a sealed glass capillary tube (POOLE and TA-
BER 1970), support this hypothesis by showing that sperm

can survive long periods with little oxygen and no additional
nutrients.

B. In Vitro Storage

1. Storage methods

Nearly all methods of storing honey-bee sperm use glass
capillary tubes as containers for the semen and seal the ends
by various means. TABER (1961) observed that it was better
if the tube contained less air than semen rather than more air
than semen. Therefore, HARBO (1973) began storing semen
in tubes that contained no visible air (Fig. 24).

There is no standard diluent for honey-bee semen, nor is
there a standard rate of dilution for semen thatis to be stored.
POOLE and TABER (1970) did not dilute semen when they
successfully stored it for 35 weeks at 13 — 15°C. They simply
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dusted a dry capillary tube with an antibiotic (streptomycin
sulfate) before semen was collected into the tube. HARBO
(1979 a) diluted semen 1:1 when storing in liquid nitrogen
(—196°C). Others have diluted semen ata much higher rate in
order to test diluents (CAMARGO, 1975; VERMA, 1978; WIL-
LIAMS and HARBO, 1982; WILLIAMS, 1983; MORITZ,
1984). Nearly any diluent is adequate when semen is diluted
only slightly (such as 10:1, semen: diluent), but the composi-
tion of the diluent becomes very important at higher dilution
rates (1:10 or 1:100). POOLE and EDWARDS (1970) found
thatif sperm motility is used as an evaluation criterion, sugar
must be present in the final diluent.

2. Storage at nonfreezing temperatures

Studies have show that sperm should be kept between 13°
and 25°C when stored at nonfreezing temperatures. Cooler
temperatures, 2°(TABER and BLUM, 1960), 5° and 10°C
(HARBO and WILLIAMS, 1987) cause high mortality of
sperm. For long-term storage (13 — 35 weeks), POOLE and
TABER (1970) showed that 13° — 15° was far better than
room temperature (about 24°), but for short-term storage (2
days), HARBO and WILLIAMS (1987) calculated the opti-
mum temperature to be 21°C.

There is evidence that honey-bee sperm can survive for
at least one week with little or no loss in viability. Vesely and
Titera (unpublished) stored undiluted semen in capillary tu-
bes at room temperature. While in a capillary tube, a column
of semen in their study was sealed at each end with an air spa-
ce, a short column of semen, another air space, and a mecha-
nical plug. Seven days of storage did not reduce the number
of sperm entering the spermatheca; however, 12 and 16 days
of storage showed a 37 and 75% decline, respectively. In a si-
milar study, Harbo (unpublished) sealed diluted semen with
petrolatum (Fig. 24) and stored it at 15°C for 1, 3, 6, 10, 15 and
30 days. Semen was diluted 8:1 (semen: saline), and the saline
consisted of 0.85% NaCl and 0.25% dihydrostreptomycin sul-
fate. Samples stored 15 days or less did not differ from con-
trols (diluted but not stored) in the number of sperm entering
the spermatheca; samples stored 30 days had 27% fewer
(B <0.01).

3. Storage at subfreezing temperatures
The first successful reports of storing honey-bee sperm
at subfreezing temperatures were those of SAWADA and
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CHANG (1964) for storage in dry ice (-=79°C) and MELNI-
CHENDO and VAVILOV (1975) for storage in liquid nitrogen
(—196°C). Since that time, others (HARBO, 1977; KAFTANO-
GLU and PENG, 1984) have produced progeny from sperm
that have been stored for 1 (KAFTANOGLU and PENNG,
1984) and 2 years (HARBO, 1983) in liquid nitrogen.

When storing sperm in liquid nitrogen, the diluent often
contains a chemical that protects the sperm from freeze da-
mage. Melnichenko and Vavilov (1975) and Verma (1983)
used hemolymph of the honey bee as a cryoprotective mate-
rial; Harbo (1977) and Kaftanoglu and Peng (1984) used di-
methyl sulfoxide (DMSO). The most common dilution with
DMSO consisted of 10% DMSO, 40% saline and 50% semen.

When used with honey bee sperm, both hemolymph and
DMSO have undesirable qualities. Hemolymph makes inse-
minations difficult because it causes the semen to coagulate
(VERMA, 1983). DMSO caused sterility in about 3% of the
queens that were produced from spermatozoa that had been
in a 10% solution of DMSO (HARBO, 1986).

*The rate at which sperm are cooled from room tempera-
ture to liquid nitrogen (—196°C) and the rate of warming back
to room temperature are important. All agree that rapid war-
ming allows the best survial for honey bee spermatozoa, but
researchers have found success with various cooling rates.
MELNICHENKO and VAVILOV (1975) found that a rapid
rate of cooling and warming was far better than either gra-
dual cooling and warming or rapid cooling and gradual war-
ming. A fourth possibility, gradual cooling and rapid war-
ming, was recommended by HARBO (1979) and KAFTANO-
GLU and PENG (1984). The gradual cooling rate used by Har-
bo was between 4 and 40° per minute (usually about 25° per
minute) throughout the 220°range. Cooling rates used by
Kaftanoglu and Peng ranged from 0.5 to 30° per minute, and
theyoplunged the sample into liquid nitrogen when itreached
—40°C.

4. Damage to sperm

Sperm sustain various levels of damage as a result of
being stored in liquid nitrogen. A sperm may be dead or per-
fectly viable after storage, but many express partial damage.
Five examples of partial damage are arranged below in a pro-
gression from the most to the least severe. A typical sample
that has been stored in liquid nitrogen will contain sperm
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from each of the categories below plus dead and perfectly
viable cells.

a. Sperm show at least some motility when examined mi-
croscopically but do not enter the spermatheca after insemi-
nation. A sample contains sperm with this level of damage
and worse (dead and immobile) only when there is some moti-
lity and no sperm enter the spermatheca. In another exam-
ple, if some sperm enter the spermatheca but the number is
fewer than expected, then the sample contains sperm with
this level of damage, possibly some dead cells, and certainly
some cells that are damaged less or undamaged.

b. A sperm enters the spermatheca but is not able to ferti-
lize an egg. One can expect 100% worker brood from a young
newly-inseminated queen that has 100,000 or more sperm in
her spermatheca (HARBO 1985). However, queens insemina-
ted with sperm stored in liquid nitrogen often contained
600,000 in their spermatheca and these produced only 55 or
75% worker brood (HARBO, 1979 a; KAFTANOGLU and
PENG, 1984).

c. A sperm enters the spermatheca and apparently enters
an egg, but causes the eggnot to hatch. Nearly all queens pro-
duce a small percentage of eggs (about 5%) that do not hatch
(HARBO, 1981). However, queens inseminated with sperm
that have been stored in liquid nitrogen sometimes produce
more non-hatching eggs than control queens (HARBO,
1979b). After entering the egg, the sperm pronucleus proba-
bly combines with the egg pronucleus to produce a nonviable
zygote. ,

d. A sperm enters the spermatheca and enters the egg,
butit does not combine with the egg pronucleus, and both the
sperm pronucleus and the egg pronucleus develop into male
tissue. This results in the production of normal mosaic males
which were detectable because of the use of genetic eye and
body markers in the stored sperm (HARBO, 1980). Thus a
sperm pronucleus contributed to the development of a mo-
saic male because it did not unite with an egg pronucleus. But
when queens were inseminated with semen from these mo-
saics, the identical genetic replicates of this sperm pronu-
cleus did unite with egg pronuclei to produce normal worker
bees, and no mosaic males. Therefore, if freezing in liquid ni-
trogen caused some sperm to be unable to unite with an egg
pronucleus, this inability was not expressed by their genetic
replicates in the next generation.
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e. An apparently normal female is produced from stored
sperm, but the queen is sterile and produces only non hat-
ching eggs. Harbo (1986) found that this sterility, found in
about 3% of the queen progeny, was caused by the cryopro-
tecting chemical, dimethyl sulfoxide (DMSO), and not by the
freezing process.

5. Present Use of Sperm Storage

Routine long-term storage of bee sperm (storage for 6
months or more) is not used anywhere. Although problems
remain for storage of bee sperm in liquid nitrogen, nitrogen
storage shows more promise than other methods, and consi-
derable progress has been made in the past 15 years. For
example, honey bee sperm can survive the harsh transition
from room temperature to —196°C, methods for handling
and storing semen have been developed, and various levels of
damage to sperm have been identified and can be used as gui-
delines for evaluating future results.

In contrast, short-term storage (storage for 1 week or
less) at nonfreezing temperatures is widely used. This inclu-
des semen that is shipped, semen that is collected into syrin-
ges or storage tubes and used the following day, and semen
that is diluted and mixed (perhaps centrifuged as KAFTANO-
GLU and PENG [1980] and MORITZ [1983] suggest) and used
later the same day.
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THE INSEMINATION PROCEDURE
R.F.A. MORITZ

With thorough knowledge of the anatomy of the repro-
ductive organs, the artificial insemination technique is not
difficult. But with cheaper insemination apparatuses the
operator must be skilled not to hurt the queen during insemi-
nation. The latest advances in the field have made the work
easier for beginners, as the micromanipulators with which-
they are equipped move the syringe and the sting hook al-
most without the slightest shaking. Experienced insemina-
tion operators often prefer simpler models because when
working intensively they are more resistant and more quick-
ly handled. ’

Recommendations to beginners

Under the guidance of an experienced operator it is not
difficult to learn how to perform instrumental insemination.
In several countries, private or state institutions regularly
organize training courses. But often such courses are not
available, so that the beginner must travel by himself along
the difficult road which leads — after trials, error and accom-
plishments —to the successfully instrumentally inseminated
queen. Guidelines for instrumental insemination are given
here to minimize mistakes and to provide for actually succes-
sful inseminations from the very beginning.

Preliminary practising

First, the simpler technique of drawing semen into the
syringe must be practised. This provides experience for sub-
sequent handling of the insemination apparatus and of the
different mechanisms controlling the movement of the mi-
cromanipulators. Coordination of the movements under the
microscope is quite elaborate and requires practising. We re-
commend the beginner to draw semen into the insemination
syringe by usinga 10—12 x magnification When he can draw
semen satisfactorily (8ul semen in 15 minutes) he can start
handling the queens.

First of all the fixing of the hooks must be practised with
queens. After several successful trials, attempts tointroduce
the insemination syringe can be made. For the first trials the
syringe must be filled with saline solution (Table 2) not with
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semen.With an adequate positioning of the syringe the saline
solution should be readily and easily injected into the vaginal
orifice. If strong resistance is opposed, the angle of inclina-
tion must be changed and then another trial to introduce the
syringe must be made.

The large queens are the most adequate for training.
First, one should try to inseminate only the queens in which
the valve fold is easily located. Great differences may exist in
this respect depending on the queens’ origin. A 20x magnifi-
cation makes the work easier.

Atthe beginning, positioning of the queen and proper ad-
justment of the position of the syringe might take a very long
time. Thereis a greatdanger in drying of the exposed tissues.
In such a case, the syringe cannot be inserted without pro-
blems and the queen is very likely to be hurt. Thatis why, the
beginner must work in conditions of high air humidity. Also,
the semen may dry and clog in the insemination syringe. This
may be avoided by regularly moistening the tip with sterile
buffer solution (Table 2).

Table 2

Buffer and dilution solutions to be used during instrumental insemination
(in % weight). The substances will be dissolved in sterile distilled water.
The pH value is adjusted by adding a few drops of NaOH. Be careful! Solu-
tions should always be prepared only shortly before use; storage may alter

thei pH value.
Physiological saline Varhom or Kiev diluant ) Tris buffer solution
solution according to Hyes
0.9% NaCl — 1.1% NaCl
0,2% KCl 0,04% KCl1 —
0,2% CaCl — —
0,1% NaHCO3 0,21% NaHCO3 —
— 0,3% glucose D 0,1% glucoseD
— 2,43% trinatrium-citrate
2-hydrate —
— 0,3% sulphamilamide —
L = 0,01% arginine
— — 0,01% lysine
— — 0,61% tris
pHS8.,5 ph8,7 pHS8.,8
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Obtaining and drawing semen into the syringe '

First the insemination syringe must be prepared: it must
be filled with sterile buffer solution in keeping with the type
of syringe and directions for use given by the producer (see
Table 2). The plunger is pushed down until enough space is
available for drawing in the necessary amount of semen.
Then the syringe is mounted into the holder of the insemina-
tion apparatus. The microscope is adjusted to a 10x magnifi-
cation and is focused on the tip of the syringe. Now drones
are prepared.

Obtaining the semen for instrumental insemination is of-
ten the most difficult problem. Even in routine practice of
instrumental insemination the necessary number of drones
is often not available, or the drones are not sexually mature
when needed (see the chapter “Rearing and maintaining dro-
nes”). Therefore, utmost care should be taken of the drones
before insemination, and above all they should not be kept in
cold places. The acclimation boxes are now widely used, insi-
de which drones can fly freely and release faeces. Even when
using this method, the amount of semen obtained from diffe-
rent drones will not be the same as it considerably depends on
the conditions in the drone rearing colony. For the first at-
tempts one should select the drones ready to perform the ma-
ting flight, caught in the first afternoon hours from the hive
entrance. Obtaining semen from drones kept for a long time
in cages is always difficult. Eversion and ejaculation may be
induced.manually or by using chloroform.

Inducing eversion manually

The drone is grasped by the thorax with the thumb and
fore finger of the left hand, with the drone’s ventral surface
upwards. While the head and the anterior part of the thorax
are squeezed with the left hand, the dorsal part of the abdo-
men is teased or repeatedly squeezed lightly with the thumb
and forefinger of the right hand. In a sexually mature drone
this usually causes contraction of the abdominal muscles and
a partial or complete eversion of the endophallus. If no se-
men is visible after eversion the abdomen is squeezed from
the dorsal to the ventral part in order to continue the ever-
sion by force until the semen is ejected. Usually, no semen is
obtained without abdominal contraction. When the abdomen
contracts without partial eversion, semen can be obtained by
enhanced pressure on the abdomen.
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Inducing eversion by using chloroform

Contraction of the abdomen may also be induced by
using chloroform. A narcosis bottle (approximately 100 ml)
with large neck is used. Itisimportant that the bottle is closed
air tight with a glass cap. The walls and bottom are lined with
filter paper. This is very convenient because by taking out
the filter paper, the drone faeces are readily and properly re-
moved. A cotton ball on which a few drops of chloroform are
poured is placed between the filter paper and the bottom of
the bottle. Drones are introduced into the bottle, one at a
time. First they are very agitated. After few seconds the ab-
domens of adult drones become rigid and eversion takes pla-
ce. If eversion is only partial the process can be completed by
squeezing the abdomen until semen is ejected.

When using chloroform utmost care should be taken.
The use of a breathing protection mask and gloves recom-
mended is because chloroform is a highly toxic substance for
man. Itis readily absorbed through skin and can produce le-
sions of the liver, if constantly used. In addition, it is inflam-
mable and one should by no means smoke (which in general
is desirable, not only when using chloroform)! While a num-
ber of experts assess that use of chloroform substantially fa-
cilitates starting of eversion, others say that too much time is
wasted. Taking into consideration its undesirable effects,
chloroform should only be used by way of exception, as for
example with highly valuable drones, but by no meansinrou-
tine insemination operations.

Mucus and semen

After successful eversion, semen and mucus appear on
the endophallus. The amount of semen and its distribution
may vary greatly. Usually, the cream-coloured semen lies on
a layer of white mucus. Immature drones produce only mu-
cus butno sperm. Before the beginner collects the semen, he
must be sure which is semen and which is mucus; Itis helpful
to distinguish both on a few drones before collecting semen
for the first time. If mucus is drawn into the syringe it will
hinder insemination; this is one of the most frequent mista-
kes made by beginners. !

After eversion, semen quickly spreads in a thin layer
over the mucus, and can only be collected with difficulties. It
is therefore important to avoid any delay in drawing the se-
men into the syringe.
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After eversion, the drone is brought between the thumb
and forefinger of the left hand, with the endophallus near the
tip of the syringe. The plunger is slightly withdrawn to provi-
de an air space so that semen cannot mix with the buffer solu-
tion and be diluted by it. The surface of the semen is then
made to touch the point of the syringe at about a 45-degrees
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Fig.25—Forinsemination, the queen’s sting chamber is opened using the VH ventral
hook and the SH sting’s hook. The Hf skin folds form an isoscele triangle. The vagi-
nal opening ais found on the site marked with x and underneath is the vaginal valva,

which cannot be seen from the outside.
Bc — Bursa copulatrix; ESt — entrance to the lateral pouches; Hf — skin folds; Ch— queen’s support; a— vaginal
orifice; S — sting; SH — sting’s hook; St — sternite; T — tergite; VH — ventral hook
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angle (do not take up semen Fig. 26). When semen adheres to
the tip, the drone is pulled away from the syringe slightly
without breaking contact so that the semen will continue to
adhere to the tip. When withdrawing the plunger the semen
will flow easily and fast toward the capillary tip. This proce-
dure avoids taking up the mucus into the syringe. Mucus is
too viscous to pass into the tip. Taking up mucus requires
greater efforts, which an experienced operator notices at
once. Therefore, when the beginner sees that the loacking of
the syringe requires greater effort he must stop in order to
avoid obstruction of tips which are very difficult to clear.
When this happens the plunger must be pushed out toremove
the mucus. If it is not removed, moistening of the tip with a
sterile cotton soaked in a buffer solution will often help.

Fig. 26 — Drawing of sperm
a) first the buffer solution is drawn out from the syrin-
ge (F) and afterwards an air bubble is sucked up; b) the
S sperm surface found on the drone’s endophallus is
very carefully drawn nearer the point of the insemina-
tion syringe; c) the sperm is absorbed, yet without in-
troducing the point into it. The air bubble should be
found in between the buffer solution and the sperm
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After the entire amount of semen is collected from a dro-
ne, the plunger is withdrawn to let a little air in. No semen
should be leftin the syringe tip until handling the next drone,
to prevent obstruction of the tip. Depending on the capacity
of the syringe and on the amount needed, semen can be suc-
cessively collected from several drones. In general, 1ul of se-
men is obtained from one adult drone. It was found that for
an efficient insemination of a queen 8ul semen are necessa-
ry. In routine operations, much larger amounts are necessa-
ry for mating many queens with the same paternal line or for
preparing semen samples to be used for the mixing technique
(Figs. 25 and 26).

The first insemination

After the operator gets to know the construction of the
insemination apparatus and is conversant with all clues in
handling it and when he is able to collect semen fast, he may
try the first inseminations.

If the syringe is not already positioned in the holder from
collecting the semen, the first step is to mount it in the appa-
ratus according to the directions given by the producer. The
insemination tip should be moved sideways out of handling
area under the microscope to avoid tip damage while instal-
ling the queen holder.

Next the queen narcosis has to be prepared. The carbon
dioxide supply tube is connected to the queen holder and the
gas flow is adjusted to approximately 80 ml/min. The gas flow
should be controlled with a wash bottle by observing the gas
bubbles passing through the water.

After the gas flowis adjusted, the queen is mounted in the
holder. She is forced to enter a plastic tube of the same dia-
meter as that of the queen holder. At the other end of the tube
there is a small hole. When the queen reaches this end she
will try to escape walking in opposite direction. The queen
holder is placed above the large opening of the plastic tube
and the queen will walk on her own into the proper position
in the queen holder. Before she has a chance to move forward
again, the queen holder is mounted in the insemination appa-
ratus and if the gas flow is correctly adjusted, narcosis sets in
shortly afterwards. The queen’s abdomen will make a few
deep respiration movements which will decline after a few se-
conds. Finally the queen remains still even when touched.
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Opening of the sting chamber

The queen is correctly positioned in the queen holder
when only the last three abdominal segments are visible. The
hind legs must be placed inside the queen holder. The holder
has to be turned so that the dorsal side of the queen faces the
insemination syringe to the right. The two hooks for opening
the sting chamber are brought close to the queen. The wider
(sting) hook is to the right and the slender one, for the ventral
sclerite, to the left of the microscope field. A 20x magnifica-
tion is necessary for a good view of the structure of the sting
chamber of the queen. First the ventral hook and then the
sting hook are inserted into the sting chamber. During the
subsequent operation it is essential that the end of the
queen’s abdomen outside of the holder is level with that of
the queen’s body, without any torsion. Therefore the hooks
must be handled very carefully not to hurt the queen. Ope-
ning the sting chamber is indeed one of the most critical sta-
ges of instrumental insemination. Opening it too widely or in-
completely will make insertion of the syringe in the vaginal
orifice difficult. In Fig. 25 a correct opening of the queen’s
sting chamber is shown. As a basic rule, the triangle between

the bases of the sting lancets must be equilateral.

- Due to technical constraints the opening of the sting
chamber is never optimal. During natural mating, all sides of
the sting chamber are stretched out and the vaginal orifice,
in the center is much more widely open. Otherwise the drone
would not even be able to mate with the queen during the ma-
ting flight. Bidirectional opening is unnatural, and an essen-
tial impediment, asitis the result of the utilization of all types
of insemination apparatuses available at present. Because of
the stretching of the tissue, the vaginal orifice is narrowed
rather than enlarged. New types of hooks have been develo-
ped, to provide for less tension and easier access to the vagi-
nal orifice.

After opening the sting chamber, the hooks should not
be touched any more, and the tip of the insemination syringe
is adjusted to be alittle above the vaginal orifice. With insemi-
nation apparatuses with only vertical adjustment of the sy-
ringe, the valvefold must be pushed to the left with a vaginal
probe and then the tip is inserted, after which the probe is re-
moved. With other types of apparatuses, with horizontal ad-
justment of the syringe, this operation is performed with the
syringe tip itself: the tip is inserted about 1/2 mm into the visi-
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ble vagina, is slightly moved to the left and the syringe is in-
clined a little more. Then the tip is inserted another 1.5 mm
into the vagina. If the surrounding tissue begins to move be-
fore the syringe had reached this depth, it has probably been
inserted into one of the bursal pouches that lie to either side -
of the vagina. The syringe must be taken out and inserted
again after slightly adjusting the inclination angle. The same
thing must be done when the column of semen in the tip does
not begin to move immediately. In such cases, either the tip
has been improperly positioned, or it was obstructed. But
when the semen begins to move properly without any leaka-
ge around the tip the injection can proceed rapidly. Usually,
8 ul semen is injected into one queen.

If semen cannot be injected after several trials, one must
startall over again, from the beginning, namely with the posi-
tioning of the queen. If one fails again, the queen must be in-
troduced back into the nurse colony and one must continue
with another queen. Most often, on the next day the insemi-
nation will be successful. Irrespective of the size of the
queens, some of them are more difficult to inseminate than
others. (Fig. 27A-D).

Preventing infection

Spreading of diseases is a great threat with instrumental
insemination. The agents involved are not germs of human
diseases dangerous to bees, but specific pathologic agents on
the bees’ bodies or from their faeces. Mucus and semen han-
dled during insemination are an ideal culture medium for
these germs as they are rich in carbohydrates and proteins.
Moreover, after insemination, the queen is introduced into
an “incubator” — the brood chamber of the bee colony, whe-
re the temperatureis precisely 35°C; no wonder, that death of
queens after insemination is often caused by bacterial and vi-
rus infections as a consequence of poor hygiene.

Bacterial septicemia develops very fast. The pathogenes
are usually Pseudomonas bacteria (for example (Pseudomo-
nas antiseptica, BAILEY, 1981). The disease is easy to recog-
nize from the first symptoms: the slow and unsteady move-
ments, and the swollen abdomen are typical. The queen will
not start oviposition or will stop it shortly after these symp-
toms appear. Finally she will fall from the comb and stay alive
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for some time on the bottom board before dying. Dissection
of dead queensreveals black spots on various internal organs
— venom gland, ovaries, the Malpighian tubules, etc. (symp-
toms which FYG described in 1936 as “bacterial melanosis™),
which are equivocal symptoms of the disease. With acute di-

Fig. 27 — The four stages of instrumental insemination
A — adjustment of insemination syringe; 1) ventral sting; 2) buffer solution; 3) vaginal valva; 4) air bubble; 5) sperm;
6) sting; 7) the sting’s hook;
B — introduction of the probe (if necessary): 1) the probe; 2) vaginal valva; 3) point of the insemination syringe; 4) the
spermatheca;
C —introduction of the insemination syringe point (1) the probe (if previously used) is now withdrawn (2):
D —injecting the sperm 1) the point of the insemination syringe; 2) buffer solution; 3) air bubbles; 4) the sperm; 5) the
rectum; 6) vulnerable apparatus; 7) spermatheca’s gland; 8) annex gland; 9) venom pouch
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sease the queen will die in 1—2 days (MACKENSEN, 1969). In
the final stage the body disintegrates at the joining points of
the head, thorax and abdomen.

The symptoms of chronical paralysis of bees are similar,
butits progressis slower. Several days after infection queens
are still on combs, sluggish and bloated with body fluid.
Some will even lay a few eggs before they become sick. Final-
ly they fall on the bottom board where they stay alive for a
few days. The disease develops but much more rapid in the
acute paralysis of bees, but the symptoms are similar.

Preventing such infections is not simple. Particularly
with virus infections the possibilities are limited. Only the
symptoms of bee diseases are known and the pathogenes are
described only morphologically. Not much knowledge is
available about the causal relationships between pathogene
and the disease, and about the vast domain of physiopatholo-
gy of the honey bee as well. Consequently, infections may be
avoided only by rigorous hygienic conditions.

Nosema disease of the queen can be prevented. It is a
slowly developing disease which considerably shortens the
queen’s life because of its associate symptom, diarrhea. In-
fection occurs notduring insemination butin the nurse colo-
ny or the mating nucleus. Nosema apis spores spreads
through the faeces of diseased insects which they release in-
side the hive. Therefore, under natural conditions, mostly
worker bees will be infected as they clean the hive. Infections
of queens occurs rarely, because usually they do not take
food from combs (BAILEY, 1972). Infection of the queen
only occurs when she is fed by infected worker bees. This
can easily be prevented by stocking the mating nuclei with
young bees from healthy colonies. The mating nuclei must
always be filled with bees from the best colonies. This is often
painful, but this is the only way that failures and mass infec-
tion of highly performing inseminated queens will be preven-
ted.

The steps taken outside the insemination laboratory for
preventing bee diseases are as equally important as the hy-
giene requirements in the insemination laboratory. Mating
nuclei must be disinfected before being used, by sterilization
in flame or immersion into hot lye wash. The mating nuclei
must be stocked with bees from strong and healthy- colonies.
The queen cannot be more vital than the nurse colony; spa-
ring of the bee stock is in no case advantageous.

75



Consequently, rigorous observance is required of speci-
fic rules in the insemination activity and with respect to the
laboratory equipment. Absolute sterile conditions in an inse-
mination laboratory are impossible, but aseptic work condi-
tions considerably reduce number of pathogenes and hence
also the possibility of an infection. Cleanliness itself plays an
essential role: hands must be washed whenever necessary
with a disinfectant solution which is not harmful to the skin,
and the desk top and all equipment and devices used must be
regulary cleaned with alcohol 80% or with other efficient di-
sinfectants. No bees must fly around in the laboratory (as a
matter of fact bees should never be introduced). They are
usually the major cause of infection. The desk top material
must be easy to clean and therefore wood is not recommen-
ded. The best are strong plastic materials or stainless steel.
Faience is resistant enough but difficult to be cleaned
between tiles and, in addition causes frequent breakage of
glass ware.

An absolutely necessary equipment in an insemination
laboratory is the autoclave (or atleasta pressure cooker). Be-
fore inseminating a new batch of queens, all equipment with
direct contact with the queen and semen must be kept in the
autoclave for 20 minutes, at approximately 120°C. Even the
distilled water and the saline solutions should be sterilized in
the autoclave, or at least boiled again.

Items of plastic material cannot be introduced into the
autoclave, and some of them do not tolerate alcohol and other
organic diluting substances. Such items will be immersed
into a special aqueous disinfectant solution. After taking the
items from the autoclave, they must be kept in alcohol 80%
before being used. But neither the alcohol, nor the disinfec-
tant solutions must reach the queen or semen.

Preparation of the buffer solution

The saline solution with which the syringeis filled before
taking up semen substantially contributes to the success of
insemination. The pH value and the concentration of salts in
the solution (osmolarity) are of primary importance. WIL-
LIAMS (1983) reported that the saline solution with low
concentrations have a negative effect on the viability of se-
men. If semen is not diluted for use, and if the solution is only
used as buffer solution, the most adequate is the physiologi-
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cal saline solution of Hyes (see Table 2). The pH value of the
solutionis adjusted to 8,5 with sodalye. Itis therefore deside-
rable that an insemination laboratory be also equipped with a
pH-meter. But the pH can also be determined quite accurate-
ly by using an indicator paper. The solution must be prepared
in a sterile glass beaker and be subsequently boiled or sterili-
zed in the autoclave. Inside the autoclave, the beaker must be
covered by a sheet of aluminium foil, in order to avoid exces-
sive evaporation of the solutions. The amount of solution lost
by b01hng must be replaced by sterile distilled water.

»In many insemination laboratories a diluent solution
containing citrate is also used: “Varohm” or Kiev diluent (Ta-
ble 2). It is also used in insemination of swine and is available
on the market. Unfortunately, this diluent has the disadvan-
tage that it cannot be sterilized in the autoclave or boiled
without setting a browmsh colour. This can be avoided by
heating it to only 90°C. For avoiding infections, some insemi-
nators also add antibiotics after sterilization (pemcﬂhn Gand
streptomycin). But the most important rule for the preven-
tion of infections by use of buffer solutions is to always have
freshly prepared solutions. They should not be usedafter
three days storage in the refrigerator.

Before filling the insemination syringe with the buffer
solution, it must be thoroughly rinsed with sterilized water to
remove possible traces of alcohol. It is also recommended to
have a small dish with sterile buffer solution at hand to soak
the cotton tip for cleaning. The sterilized equipment, the

‘queen and semen should by no means be touched with the
hand. Especially when mounting the syringe tip sterile for-
ceps or sterile (medical) gloves must be used. After each inse-
minated batch, the capillaries and tips must be thoroughly
cleared of semen and mucus. This is not only a hygienic re-
quirement. They are indeed an ideal medium for pathogenic
agents, but it is also very difficult to remove dried mucus
from the thin capillaries (for example with a stranded wire).’

Anesthetization of queen with CO,

Anesthetization with carbon dioxide used initially for
keeping the queen still during insemination, was found to
have also another important effect which was an essential
contribution to the success of the instrumental insemination
(MACKENSEN, 1974). The queens undergoing two anesthe-
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tizations with CO7 on the same day will, as a rule, start ovipo-
sition one week later, even if they have not mated before. Vir-
gin queens will start egglaying after being anesthetized with
CO;. Because these queens lay unfertilized eggs only, this is
a proven method for producing drones even after the active
season is over. Without CO2 anesthetization, the queen will
start egglaying after 4—5 weeks at the earliest. The start of
oviposition depends on environmental factors which have a
strong impact, and also considerably on the season. The
queens inseminated in March start laying eggs after 5—6
days, while those in September on average after two weeks
(MORITZ and KUHNERT, 1984).

The practice of anesthetizing the queen for the first time
one day before insemination is in wide use now. The caged
queen usually defectes during this procedure. After a while,
when insemination is made, the queens do not release more
faeces, thus the hazard of infection is substantially reduced.
The container in which the queens get anesthetized should
be very hygienic. The first anesthetization with CO; of the
5—6 days old queen takes place in a air tight closed container
filled with CO,. After a 5—10 minutes’ period the queen will
be taken out, marked and one wing clipped off.

Recommandation is that each queen is separately
marked, putiing a number on her back. Such plates with
numbers are available in special shops. Utilization of such la-
bels takes a little more extra time but avoids subsequent
confusion. After marking the queens, one should wait until
they recover from narcosis and only then they should be
transferred back into the nurse colony.

Often, a single anesthetization with CO3 is enough to in-
duce oviposition after 8—12 days (WOYKE, 1963a). But in
this case release of faeces during insemination may be a pro-
blem. Therefore, as two anesthetizations require only a little
extra work as compared to the entire procedure of instru-
mental insemination, itis recommended to currently use this
method as a routime in instrumental insemination.

Age of queens and drones

The best queens for instrumental insemination seem to
be those of the natural mating age (6—13 days, OERTEL,
1940). But also queens of other ages can be successfully inse-
minated. Environmental factors are likely to have a greater
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influence on the insemination results than the age of the
queen. But in practice, there is a trend to shorten the period
of time between emergence and insemination. The unmated
queens require care which entails greater expenses and pro-
duction losses. Primarily, the commercial queen breeder is
interested in a fast production flow providing for the most ef-
ficient utilization of his queen production capacity.

Usually, availability of drones is the major problem in
instrumental insemination. Drone rearing must be carefully
planned and be a sustained activity (see the chapter “Rearing
and Maintaining Drones”) in order to be successful. When
well cared for, drones are sexually mature when 8—days old
at the earliest. Particularly in temperate climate sexual matu-
ration of drones takes a little longer. In general, satisfactory
amounts of semen are obtained from over 12—days old dro-
nes. For insemination drones are as important as queens and
that they require the same intensive care. He who is sparing
with the bee stock in drone rearing will be paid back later by
insemination failures.

Amount of semen

The amount of semen injected depends primarily on the
semen available. If enough semen is available, queens will be
inseminated with 8—10 ul semen, to provide for approximate-
ly 3—5 million spermatozoa reaching the spermatheca of the
queen (MACKENSEN, 1964; WOYKE, 1960). This ia almost
the same number as in natural mating. By double insemina-
tion, the amount of semen in the spermatheca increases
slightly, but this is not very important in practice. The mini-
mum advantage of a slightly greater number of spermatozoa
in the spermatheca is not worth performing an extra wark
and handling the queen once again for a second insemina-
tion.

Particularly, in selection programmes and genetic expe-
riments such a great number of spermatozoa in the sper-
matheca is not always needed. Usually, one season is enough
for obtaining another generation. In extreme conditions,
queens may be inseminated with the semen obtained from
one drone alone, but the amount mustbe atleast 1ul. The best
drones yield more than 1.25 ul of semen.

In special cases, it might be necessary to obtain semen di-
rectly from the seminal vesicles. This procedure may be use-
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ful when a small number of sexually mature drones is availa-
ble or when drones have been reared poorly. With very sharp
fine-pointed scissors and forceps the seminal vesicles are ex-
posed and clipped off at the point where they are in contact
with the mucous glands. With great care they will be laid on a
glass slide and pinched with forceps near the testis end. This
will start peristaltic contraction forcing the semen out at the
other end where it is taken up into the syringe. Often, the
sperm collected by this method is not as effective as that col-
lected after eversion and ejaculation (MACKENSEN, 1955).

A singular procedureis the insemination of a queen with
the semen from the spermatheca of another queen. CALE
and GOWEN (1964) used this technique for obtaining high in-
breeding coefficient. They inseminated a daughter queen
with semen from the spermatheca of the mother, which had
been inseminated with the semen from a single drone. In 12
weeks only they obtained inbred lines with inbreeding coeffi-
cients of 95.5%. For this, the removed spermatheca was pla-
ced on a glass slide and covered with a thin film of sterile phy-
siological saline solution. Then the tracheal network was re-
moved and the spermatheca punctured with a pin, after
which the syringe was inserted in the punctured area and the
semen drawn in.

Another procedure of obtaining a high inbreeding coef-
ficient in a short period of time is insemination of queens
with the semen of her own drones.

By two anesthetizations with CO, the queen is induced to
start oviposition. She will lay unfertilized eggs only, from
which drones will emerge. When enough drones are sexually
mature, the queen will be confined into a small cage inside
the colony. She will stop egglaying and the ovaries will
shrink. After 8 days she may be instrumentally inseminated.

Keeping record of inseminated queens

All inseminators working in a laboratory know very well
that alongside with a devoted activity a rigorous record must
also be kept. Each laboratory must keep a “record of the inse-
minated queens” to contain all data concerning each and eve-
ry inseminated queen. This is necessary on the one hand for
avoiding confusion with respect to individual queens, and on
the other hand because it enables trouble shoothing of failu-
res and eliminate them subsequently. So, it will be found out
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if certain lineages give poor results or are easily infected.
Also, such a record is important for assessing whether the
operator’s skill in performing the insemination has improved
or not. With the availability of personal computers, keeping
record by a computing procedure is quite attractive, as all
data concerning any individual queen would be readily obtai-
ned. However, after 4-years experience at our insemination
laboratory we found that it takes a very long time to enter the
necessary data. With about 100 queens being inseminated
weekly, 2 days are necessary for this purpose. So that this
does not exactly mean readily obtainable information. Al-
though sustained publicity is made for specific commercial
software, it is unlikely that the queen breeder will increase
his income by using a computer. But those who like to watch
the display panel may use their personal computer also for
other purposes than the pre-set video games. A precise and
carefully kept record, which is always at hand, provides the
sufficient information about the insemination activities. A
model chart of which is now widely used, is given in Table 3.

Table 3

Data record sheet for instrumental insemination

Queenno. No. of’ Label.| Date | Mother Drone COo Ins | Ins | Egg | Cardno.

hive planned | used | Il Observations

81



With such record cards the genetic characteristics of in-
dividual queens are easily found even after many years. And
this is essential in carrying out and planning breeding pro-
grammes. This method enables to know both the pedigree
and the inbreeding coefficient of every individual queen.

Mixed semen procedure

In the last few years the “mixed semen” procedure has
been used in instrumental insemination (developed by KAF-
TANOGLU and PENG, 1980). When a queen is inseminated
by the classical procedure already described, the semen
which reaches the spermatheca does not consist of equal
amounts from all drones. Only a few drones are the fathers of
most of the worker bees of a colony (LAIDLAW and PAGE,
1984; MORITZ, 1986). This is a disantvantage for selection,
because the inbreeding coefficientincreases faster than with
a genetic balance (equal amounts of semen from each and
every drone). In such a case, the assessment of the compati-
bility of crossing two lines is also more difficult. The contri-
bution of drones with unequal amounts of semen can be tech-
nically corrected very easily, namely by inseminating the
queen with homogenously mixed semen.

Semen from a great number of drones (depending on the
number of queens to be inseminated) is collected with inse-
mination syringe as already described. Use of high capacity
capillaries is recommended. Especially with small numbers
(20 drones) care should be taken to obtain approximately the
same amount of semen from each and every one of them.
When large amounts are collected, the semen may be stored
in several capillaries until mixed. Mixing proceeds as fol-
lows: semen is diluted, mixed, and then is concentrated back
in a centrifuge. In this way a homogenously mixed semen
sample is obtained from a great number of drones (MORITZ,
1983).

A small sterile glass vial is used, with a capacity 20 times
greater than the amount of semen to be mixed. The sterile di-
luent solution is poured in it (10 times the amount of semen =
1:10 dilution). Then the semen is added which deposits in
threads on the bottom of the vial. Now, one carefully pro-
ceeds to homogenization. The best is to use a wide bore Pas-
teur pipette. Solution is drawn in and injected back into the
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recipient; the operation is repeated until the solution turns
into a uniform suspension of creamy colour. The homogeni-
zation should not take for more than 1—2 minutes.

- The semen suspension is introduced into a centrifuge
tube and is centrifuged for 5 minutes at 1000 g. The rotation
per minute depends on the diameter of the rotor. In adjusting
it one must follow the guide lines given in the centrifuge ma-
nual. When the semen sediments at the bottom, the superna-
tant liquid is carefully removed with a Pasteur pipette with .
narrow opening. Now semen is drawn from the centrifuge
tube into the insemination syringe, and it should be injected
into queens immediately. In this technique it is essential to
keep the semen in the diluent solution as brief as possible —
15 minutes at the most to prevent possible damage of the se-
men, which will result in poor insemination.

In the “mixed semen” technique, the diluent solution for
semen has a much greater influence on the success of inse-
mination than in the classical method of insemination. The
pH value and the concentration of salts (osmolarity) are ab-
solutely essential: when the semen is diluted, each spermato-
zon is no longer surrounded by semen fluid, being exposed to
the diluent solution. During centrifuging, the water-soluble
proteins are removed from the surface of spermatozoa —
which could reduce their viability. The Kiev solution, which
gives good resultsin classical insemination, is hardly adequa-
te for this technique. The inseminated queens have often be-
come drone laying queens. Up to now the best results have
been obtained with Tris buffer solution (Table 2) (MORITZ,
1984). But with this solution, too, the fertilizing capacity is
reduced fast (FISCHER, 1987), when semen is stored for a
longer pemod of time.

When using this technlque utmost care should be taken
about sterile conditions. An infection of the semen can des-
troy several batches of queens. It is not recommended to re-
move the semen from the everted endophallus by rinsing it
with diluent solution as suggested by KAFTANOGLU and
PENG (1980). In doing so the threat of infection through the
drone faeces is obvious.

Assessment of the results of insemination

The best evidence of a successful insemination is certain-
ly the egglaying queen producing worker brood. But it takes
at least two weeks before the brood is sealed and one can de-
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termine that fertilized eggs have been laid. WILLIAMS and
HARBO (1982) described an effective and fast test which ena-
bles to immediately assess whether insemination was succes-
sful or not: the spermatheca is examined to see if there are
any spermatozoa in it. An experienced operator inserts a fin-
ger nail between the last two tergites and will uncover the
spermatheca. But those who are not so skilful (as myself) will
proceed as follows:

The queen is killed and then the abdomen is sectioned
starting from the sting chamber on the left side. In the front
end of the abdomen another cut is made along the first tergi-
te, from left to right. Next, the queen is fixed with pins in a
dish lined with beeswax, so that the abdomen is well streched
— with a pin fixed into the last sternite. Then the entire dorsal
part of the abdomen is lifted from the left and turned over to
the right, and fixed with two pins. Now the internal organs
are exposed. The intestine is carefully removed and the geni-
tal organs are exposed. The spermatheca can now be punctu-
red and examined. If it contains semen, the insemination was
successful because spermatozoa have reached the sper-
matheca. This procedure can be used by the beginner to
check his skill, and is also an efficient biological test when
one wishes to test the effect of diluent solutions. So, itis no
longer necessary to wait for a long time, and queen mainte-
nance capacities are used efficiently.
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MAINTENANCE OF QUEENS BEFORE AND AFTER
INSTRUMENTAL INSEMINATION

J. WOYKE

The conditions in which queens are kept before and after
insemination play an important role for instrumental insemi-
nation.

To date mostly three methods are used to store queens
before and after insemination:

1. storage of several queens in small cages in one bee
colony,

2. maintaining individual queens in separate nuclei or
bee colonies and

3. keepingindividual queens, each in a small box with se-
veral hundreds of worker bees.

Maintaining queens in storage colonies

Storage of several queens in a colony before and after in-
semination is widely used. This method saves time in sear-
ching for queens in individual nuclei, and avoids losses of
queens which try to escape through the queen excluder for
natural mating. Sometimes nuclei can be avoided completely
i.e. when inseminated queens are intended to be introduced
directly into normal colonies, when the queens are to be sold,
or when they are sent to the insemination station for insemi-
nation only.

Emerged queens are transferred to the storage colony
which may be queenless or queenright. In the latter case, the
queens are stored in the super which is separated from the
nest with the queen, by a queen excluder. In the storage com-
partment, honey and pollen should be present as well as open
brood. The brood attracts nurse bees which take care of the
queens. The frame or frames with caged queens face the
combs with open brood: When queens are stored for alonger
period, combs with unsealed brood must be renewed each
week. In absence of nectar and pollen flows, the nursery co-
lony should be fed sugar syrup.

Two modifications of this method are used:

a) queens maintained in 1nd1v1dual cages which can be
handled separately, or
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b) queens maintained in separated compartments of an
especialy prepared frame in which they are handled collecti-
vely. .

According to LAIDLAW (1954), LAIDLAW and ECKERT
(1962) and MACKENSEN and TUCKER (1970), mature
queen cells are put into individual cages. The cages are pla-
ced into holding frames in a strong queenless colony. The
queens emerge here and are fed by worker bees through the
mesh of the cages.

In Egypt, several mature queen cells are attached to
comb with unsealed honey and then are covered each with a
screenwire, halfsphere, push-in cage (diameter 5 cm) (perso-
nal observation). The comb is placed in a super of a queen-
right colony. The emerged queens can feed on the honey if
they are neglected by workers.

The collective handling of queens is also practiced in Chi-
na and in the USA. In China, a Langstroth frame is divided by
vertical and horizontal bars into 28 compartments. One side
of the frame is covered with unremovable wire mesh. The
mesh on the other side is cut into pieces which enable separa-
te acces to each compartment. Each mature queen cell is pla-
ced into one compartment and the frame is placed in the
queenless part of a colony. Emerged queens remain here un-
til instrumental insemination or introduction to bee colonies
(personal observations).

An advanced method of collective handling of queens has
been developed by HARBO (1985, 1986b). Instead of a frame,
he uses a 13 mm thick plywood board, cut to the same size as
a frame, in a colony. Queens are stored in 35 holes measuring
24 mm in diameter and covered with a permanent screen on
the back side and with hinged screens on the front. For ins-
‘trumental insemination, the whole board with all the queens
is taken from the colony. To keep the queens in good condi-
tion, worker bees are brushed into a shallow box and the
board with queens is placed on the top, to form a bee-tight
seal. Workers trapped below, feed and warm the queens
which can be kept outside the colony for over 8 hrs if neces-
sary. ; :
LAIDLAW (1954) treats the inseminated queens twice
with CO, on succeeding days. Later they may be introduced
to nuclei or further kept stored.

MACKENSEN and TUCKER (1970) cage each insemina-
ted queen with few worker bees and keep them in another
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nursery colony for at least 2 days. The inseminated queens
are treated with CO, and introduced in a cage one day after
nuclei have been made up. These queens should not be relea-
sed before they are ready for egglaying.

To stimulate oviposition, Harbo (1985, 1986) treats the
queens three times with CO, (insemination is counted as a
treatment).

For convenience, he gives the last treatment on the day
the queens are transferred from the queen bank to the bee
nuclei. For best success, he recommends to keep the queens
~ in the storage colony until they are 2 — 3 weeks old. Notonly
instrumentally inseminated queens are stored in one colony,
but also naturally mated queens can be stored this way for a
long period of time (REID, 1975; SZABO,1977; LEVINSOHN
and LENSKY, 1981). LAIDLAW and ECKERT (1962) descri-
be storage of 312 queens and DIERTZ and WILBANKS (1983)
360 queens in one colony.

FREE and BUTLER (1958) found that workers can
thrust their tongues through wire-gauze with apertures of
1.5 mm and imbibe syrup placed 1 mm apart. However,
workers will feed other workers only through wire-gauze
with at least 2.5 mm apertures, which allows antenna contact
between two bees. They concluded that apertures of at least
2.5 mm square are desirable in wire-gauze used for queen ca-
ges, and suggested that wire-gauze used for queen cages
should have apertures aslarge as is possible without allowing
bees to pass through. Consequently, screens with 2.5 mm
apertures are mostly used now.

The method to store several queens in one colony has
many advantages but it has also serious disadvantages
such as:

a) injuries of queens, :

b) retention of semen in the oviducts, and

¢) lownumber of spermatozoa entering the spermatheca

of caged queens.

WOYKE et al. (1956) found that worker bees injured the
queens when several of them were stored in a colony. The ex-
perimental queens were kept in cages with apertures of 0.2
mm, 1.2 mm and 3 mm. The workers could not thrust their
tongues through the smallest apertures, they could do that
through the larger apertures and they could thrust part of
head with the mandibles through the largest ones. After 8
days, 0.0,93.3 and 83.3% of the queens survived, respectively,
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but the percentage of non injured alive queens was 0.0, 93.3
and 33.3% respectively. Thus queens died in cages with gauze
which did not permit the contact with workers. The larger
the mesh size the more queens were injured. Queensin cages
with slots were injured even more. The workers bit claws,
tarsi, antennae and even wings. According to JASINSKI
(1987) 60% of 354 queens stored for 1 week in queenless colo-
nies were injured. He detected 26 different types of injuries.
Initial injuries occurred at the foot pad, which- normally is
white and soft. Black spots appear when it is injured only
slightly. Heavily injured arolia are black, dry and shrinken
(Fig. 28).

Fig. 28 — Injuries of pretarsus
A — normal; B — black spots on arolium and lack of
one point of one claw, C — black arolium, D — black
arolium and lack of one point on each claw, E — aro-
lium dry and folded up, F — pretarsus bitten off

LENSKY and SLABEZKY (1981) recorded an oily co-
lourless exudate deposited, from the foot-pad of a queen.
This is the so called foot-print, which together with the man-
dibular gland secretion inhibits the construction of queen
cell cups. WOYKE (1987, not published) found that queens
with black ariola do not deposit the foot-print and probably
are supersedured by worker bees. In contrast SZABO (1977)
concludes, that there is no significant differences in loss and
supersedure between queens overwintered in a storage colo-
ny or each in a small colony. However data show that from-
May to October 62% of the stored queens were lost, whereas
only 33% died of those overwintered in separate colonies.

Injuries of queens seem to be common. JASINSKI found
in 1977, 12.5% queens injured, which were imported to
Norway from USA. Woyke found in 1986, 40% queens inju-
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red stored in China and in 1987, 64% queens injured stored
for 10 days in Egypt.

- The second disadvantage of caging queens concerns the
retention of semen in the lateral oviducts. VESELY (1970)
found that queens caged for 24 h after insemination had ovi-
ducts filled with semen. Freely moving queens had empty
oviducts. A

The low number of sperm entering the spermatheca is
another disadvantage of stored queens. Queens inseminated
with 8 ul of semen and caged afterwards in a storage colony
had 2.9 million spermatozoa, while those in an incubator had
4.2 million (WOYKE and JASINSKI, 1973). Queens stored in
nursery cages had 2.7 million sperms while those kept on a
whole comb under a queen excluder had 4.7 million (WOY-
KE, 1979). Queens caged in a storage colony had 2.5 million
sperms, while those attended by 160 workers in an incubator
had 4.4 million (WOYKE and JASINSKI, 1979).

Maintaining queens in nuclei and bee colonies

Queens may be maintained before and after instrumental
insemination in nuclei or normal colonies. Mainly three ty-
pes of colonies are used:

a) small baby nuclei, with combs smaller than those used
in the apiary

b) nuclei with few combs of the size used in the apiary

c¢) normal colonies in one or two story hives.

Thereisalarge variety of boxes for baby nuclei available.
Some contain small frames and others only top bars. In re-
cent years, the Kirchhain trapezoic nucleus with four top
bars 17 cm long became very popular. The number of bees
present in those small nuclei boxes has a significant influen-
ce on the results of instrumental insemination. WOYKE and
JASINSKI (1982a) tested inseminated queens in Kirchhain
nuclei with various numbers of attendant workers (from
50 — 1000). Clearance of oviducts, number of semen in the
spermathecaand initiation of oviposition was only satisfacto-
ry if more than 350 workers were presentin the nuclei (WOY-
KE and JASINSKI, 1982b; WOYKE, 1987). So this should be
the minimum number of workers to attend queens in baby
nuclei.

Larger nuclei contain 3 — 5 combs of the size used in the
apiary and one frame feeder. One comb at least should
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contain sealed brood with emerging workers. Queen exclu-
ders must be fixed to the entrances of the nuclei. They may
be removed after the queens started to lay eggs.

The queens are maintained before and after instrumen-
tal insemination in different ways.

Some beekeepers store them till insemination in the so
called queen banks. After insemination, the queens are in-
troduced in cages into nuclei or normal colonies. Two days
later the queens are treated the second time with CO, and are
released. But the virgins are injured by worker bees during
the storage, and a low number of spermatozoa enter the
queen’s spermatheca while.they are caged in nuclei. Vesely
(1970) found 3.9 million spermatozoa in the spermatheca of
queens inseminated with 6 ul of semen and caged afterwards
in mating nuclei, in contrast to 4.9 million in freely moving
queens. Only 3.0 million spermatozoa were found in sper-
mathecae of caged queens inseminated with 8 ul of semen
whereas 5.1 million were in the spermatheca of queens mo-
ving on a whole comb (WOYKE 1979). Only 1.8 million ente-
red spermatheca of queens caged under push-in cages in
Egypt, but 5.2 million were found in the spermathecae of
queens moving freely in three comb nuclei (Woyke, 1987, not
published). So a 2.9-fold increase of the number of spermato-
zoa entering the spermatheca wag achieved.

Since caging has so many negative effects, it seems to be
better to introduce mature queen cells or young virgins to
bee nuclei. After the queens are accepted, they are treated
with CO, two days before insemination, and only than given
into cages. After insemination they are released immediately
or are introduced in cages plugged with very little candy.

If virgin queens are introduced into normal colonies, in-
seminated queens should be returned to the old colonies
which already accepted them before insemination to avoid
losses.

Mature queen cells or young virgins are introduced on
one comb which is cavered by a queen excluder isolator. This

"isolator is placed in the centrum of a brood nest in a queen-
less colony.

It is easy to examine whether the queen in the isolator is
accepted by the worker bees. Two days before insemination
the queen is treated with CO;. For the next two days, the
queen may remain caged in the colony or can be released in
the isolator. The queen must be released in the isolator
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within half an hour after insemination. She remains in the
isolator until she starts to lay eggs. There is no need to attach
a queen excluder on the hive entrance with this technique.

Maintaining queens in small boxes

Often instrumentally inseminated queens do not remain
in bee nuclei, but are sold, returned to the beekeepers who
reared them, or are introduced to other queenless colonies.
In a case like this, it is not practical to create bee nuclei to
keep instrumentally inseminated queens just for few days.
Usually such queens are caged and several of them are stored
in queen banks. However, as mentioned above, such queens
are injured, they do not clear their oviducts and a reduced
number of sperms enter their spermatheca. It is advanta-
geous to maintain the queens in small boxes about 12x 12x 6
cm. Each box should be supplied with a piece of comb, candy,
water and worker bees. The workers are treated with CO»,
and the queenisintroduced when the workers are still immo-
bile. This method of introduction assures safe acceptance of
- queens. Conditions in which those boxes are kept, as well as
the number of workers attending the queens, bear signifi-
cant influence on the results of insemination. The number of
workers attending queens before insemination, within the
range of 20 — 500, did not significantly influence the results,
when all queens were returned after insemination to the
same number of 250 workers (WOYKE and JASINSKI,
1980b).

WOYKE and JASINSKI (1979) showed that insemination
queens kept in nursery cages in a storage colony had 2.6 mil-
lion spermatozoa in their spermatheca.

Queens in the incubator with 0, 50, 150, 250 and 350 atten-
dants had 3.0, 3.2, 4.4, 4.5 and 4.1 million sperms respectively
and those moving freely in bee colonies had 4.7 million in
their spermatheca. Queens attended by 250 workers did ot
differ significantly from those moving freely in bee colonies.

Inseminated queens kept at room temperature (20°C) in ca-
ges with 20, 40, 80, 150, 250 and 350 attendants had 1.8, 2.2,
2.7,3.2,3.4 and 4.1 million sperms in their spermatheca, res-
pectively (WOYKE and JASINSKI, 1980 a).

Thus, it is recommended to keep queens in cages in the
incubator atleast with 250 attendants and in room temperatu-
re with 350.
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RESULTS OF INSTRUMENTAL INSEMINATION
J. WOYKE

The results of instrumental insemination depend on dif-
ferent characters like the process of entering of spermatozoa
into the queen’s spermatheca, the number of sperms in sper-
matheca, the duration of the beginning of oviposition, the
longevity of queens, honey production and others. Different
factors like rearing conditions of queens, temperature, age

of queens and drones, race of bees and others, affect the va-
rious results.

Duration and dynamics of entering of spermatozoa into
the spermatheca

During natural as well as instrumental insemination the
semen is injected into the lateral oviducts of a queen, where
from the spermatozoa pass into the spermatheca. In contrast
to naturally mated queens, instrumentally inseminated
queens do not clear the oviducts completly within 24 hrs (VE-
SELY, 1970; WOYKE, 1960). The duration and dynamics of
entering of spermatozoa into the spermatheca of instrumen-
tally inseminated queens depends upon both the amount of
injected semen and the conditions in which the queens are
kept after insemination.

Experimental queens were inseminated with 1,2, 4 or 8 ul
of semen and either held in small boxes with 250 workers at
34 ° C or caged without workers and stored in queenless colo-
nies.

The queens were killed and examined at various times af-
ter insemination (WOYKE, 1983; WOYKE and JASINSKI,
1985; WOYKE, 1987b). The highest entry rate of spermatozoa
into the spermatheca. Over time, the entry rate slows down
and fits a logarithmic function y = a+bxInt (t = time after
insemination Table 4, Fig. 29).

Table 4
Parameters fitting the logarithmic regression function £

Semen dose (ul) Intercept “a” Slope “b” Semen entered spermatheca after (h)

1 508.9 251000 4
2 284.28 446000 8
4 185,73 692000 12
8 122.38 1178000 16
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1t can be assumed that most spermatozoa enter the sper-
matheca within 24hrs after insemination and the process is
finished after 48 hrs. Semen which remains in the lateral ovi-
ducts after that period probably will not be cleared and may
cause the death of the queen.

The presence or absence of attending workers has little
or no influence on the final number of spermatozoa in the
spermatheca when small amounts of 1 or2 ul of semen are in-
jected. The presence of bees, however, clearly increases the
final number when larger amounts of 4 or 8 ul are injected
(Fig. 30).

Relation between the amount of semen injected and the
number of spermatozoa in the queens spermatheca

The number of spermatozoa of naturally mated queens
varies. MACKENSEN and ROBERTS (1984) found in 33 Ita-
lian queens (A. m. ligustica) an average of 5.73 million (3.34 —

7.36 mill.) spermatozoa and WOYKE (1960) in 102 European
queens (A. m. mellifera) 5.34 million (0.69 — 7.92 mill).
Queens mated during one, two, and three mating flights had
on the average 5.06, 5.98 and 6.98 million spermatozoa, res-
pectively. The number of spermatozoa entering the sper-
matheca after the first mating flight determines the subse-
quent behaviour of queens.

Queens with an average of 5.25 million spermatozoa in
the spermatheca do not fly again, those with 4.62 million fly
out but do not mate again and those with 3.46 million only, fly
out and mate again on a second flight (WOYKE, 1958, 1964).
It seems that about 4 million sperms in spermatheca is the lo-
west number for a sufficiently inseminated queen.

The number of spermatozoa in the spermatheca of ins-
trumentally inseminated queens depends on the amount of
injected semen. WOYKE (1960) inseminated queens with dif-
ferent doses of semen ranging from 1 up to 20 ul, and kept
them afterwards with some attendants. MACKENSEN (1964)
inseminated queens with doses ranging from 2 up to 36 ul and
stored them without attendants in queenless colonies. Al-
though MACKENSEN found fewer sperms in the spermathe-
ca than WOYKE, the characters of the curves representing
the results were very similar (Fig. 31). Any doubling of the
amount of semen injected, resulted in an increase of about 1
million spermatozoa in the spermatheca.
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The concentration of spermatozoa in the semen is 7.5 —
7.6 million/ul (WOYKE, 1960; MACKENSEN, 1964). One dro-
ne produces about 1.5 ul semen with about 11 million sperma-
tozoa. Thus one drone produces twice as many spermatozoa
as a naturally mated queen has on the average in her sper-
matheca (5.3 million). However, if a queen is inseminated
with semen of a single drone, only about 1.5 million sperms
enter the spermatheca.

During instrumental insemination only 1.00 — 1.25 ul of
semen is collected from one drone into the tip of the syringe.
About 5% of the semen remains in the tip of the syringe and
only about 7 million spermatozoa are injected into queen’s
oviducts from each ul of semen. After queens are insemina-
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ted with either 1, 2, 4, 8 or 16 ul of semen, only 18.9, 17.6, 12.9,
8.5 and 5.3% of the sperms enter the spermatheca respective-
ly WOYKE, 1960).

If queens are inseminated twice, the second insemina-
tion contributes less than the first. This contribution decrea-
ses as the amount of semen increases (WOYKE, 1960;
MACKENSEN, 1964). With small doses of 2.2 ul each, it may
happen that the first insemination contributes less (39%)
than the second one (BOLTEN and HARBO, 1982).

A comparison of the results of single and double insemi-
nations with the same total amount of semen shows that
higher numbers of sperms enter the spermatheca when the
semen is injected on two separate doses. However, the diffe-
rences between single and double inseminations up to a dose
of 8 ul of semen were not statistically significant (WOYKE,
1960). The results suggest that no real advantage is gained by
double inseminations with small doses up to 6 ul. The advan-
tage of double insemination over single with 8 ul is discuta-
ble, but double insemination is recommended with 10 or
more ul of semen.

Contribution of successive drones to the insemination of
aqueen

When a queen is inseminated with 8 ul of semen from 8
drones, about 55 million spermatozoa are injected into her
oviducts. From those sperms only 4.0 — 4.5 million enter the
spermatheca. Thus the question rises whether the semen of
one drone only enters the spermatheca, or a proportion of all
drones.

TABER (1955) mixed semen of wild and cordovan drones
or injected two doses of semen of those drones. Queens inse-
minated this way produced both types of workers, but the
proportion varied with time within a single colony. A study
by MARTINHO and GONCALVES (1978) with Caucasian and
Italian bees confirmed Taber’s results. Also WOYKE (1936b)
and LAIDLAW and PAGE (1984) showed that each drone in-
seminating the queen participates in the production of pro-
geny. The phenotypic fluctuations were in some cases grea-
ter than that expected due to chance sampling alone, but did
not result in an abnormally high representation of a single
phenotype or the elimination of others.

When queens are inseminated several times, each time
with small amounts of semen (1 drone), the order of insemi-
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nation has only little effect upon progeny phenotypic fre-
quencies (LAIDLAW and PAGE, 1984; MORITZ, 1986). :

Daily fluctuations in progeny proportion may be obser-
ved even after queens are inseminated with mixed semen.
But the fluctuation is so low that one has to conclude that the
semen is mixed homogeneously (MORITZ, 1983; LAIDLAW
and PAGE, 1984).

Rearing conditions of queens and the results of insemi-
nation ;

Rearing conditions of the queens significantly affect the
results of instrumental insemination (Tab. 1). Queens reared
from eggs or younger larvae are heavier, have more ovarioles
in their oviducts (can produce more eggs) and have larger
spermathecae which can store more spermatozoa (WOYKE,
1967, 1971).

However, the concentration of spermatozoa in the sper-
matheca of all queens was almost equal (3.3 — 3.5 million/ul),
irrespective of their size. Table '5 shows that also naturally
mated queens which were reared from older larvae had less
spermatozoa in their spermatheca than those reared from
younger larvae. Thus queens should be reared from the
youngest brood.

Table 5
Volume of spermatheca and number of spermatozoa in spermathecae
of naturally and instrumentally inseminated queens reared from brood
of different age
Age of brood/used for rearing queens Egg 1day 2days 3days 4days
No. queens 27 27 27 27 6
Mean volume
of spermatheca (ul) 1.182 1.093 0.936 0.821 0.586
Queens mated No. queens Meanno. in sper- Millions
spermatozoa/ matheca
Naturally 20+1 6.133 5.737 5.026 3.942 1.520
Instrumentally
2x8 ul 20 6.145 5.820 5.269 4.630 —
8u 28+1 3.791 3.511 3.234 2.631 0.140
4ul 20+1 2.746 2.440 2.335 1.955 1.288
1pl 20 1.585 1.507 1.299 1.141 —

Incolumn 2, + 1indicates a mated queen reared from a larva 4 days old. Spermatozoa
were counted in only 3 out of 6 queens; their mean spermathecal volume was 0.683 ul.
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Temperature after insemination

The results of insemination depend very much upon the
temperature in which the queens are kept after insemina-
tion.

Queens inseminated with 8 ul of semen and kept with 10
attendant workers in an incubator at 24°C and 34°C, had 3.1
and 4.0 million sperms respectively in the spermatheca
(WOYKE and JASINSKI, 1973). Thus queens should be kept
for two days after insemination at brood nest temperature.
The storage of queens between two brood combs not necessa-
rily assures the right conditions. Queens stored with 10 atten-
dants in a queenless colony and in the incubator at 34°C had
3.0 and 4.3 million spermatozoa respectively (WOYKE and
JASINSKI, 1973). The right conditions may be assured even
at low outside temperatures, when the queens are released in
boxes with at least 350 attendant workers (WOYKE and JA-
SINSKI, 1980; WOYKE and JASINSKI, 1982a, b).

Age of queens

The age of the queens affects the number of spermatozoa
entering the spermatheca as well as survival of queens and
the onset of oviposition after instrumental insemination.

When queens were inseminated with semen from 1 drone
only, the number of spermatozoa in the spermatheca did not
vary among different ages, except at the first day of life when
few sperms entered the spermatheca (MACKENSEN, 1955).
The survival rate and the insemination success of young
queens is poor (14 —50% survival, FRESNAYE, 1966;
MACKENSEN, 1976; WOYKE and JASINSKI, 1976). When 5
days old queens were inseminated, significantly more
sperms entered the spermatheca (4.1million) and the survival
rate was improved (75%). The best results were obtained
(100% survival, 3.9 million sperms) with queens thatare 7 —

8 days old. Older queens up to 47 days or more may be insemi-
nated, but both the survival (73 — 100%) as well as number of
sperms in spermatheca (2.1 — 2.4 million) are lower.

Age of drones

The results of instrumental insemination also depend on
the age of drones. Very young drones(l — 2 days) fail to pro-
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duce semen or mucus. The colour of the cornua of the endo-
phallus is white. Around the fifth or sixth day, only mucus
comes out of the everted endophalus. The sticky substance
on the cornua is yellow. From the eight to the tenth day, one
can obtain light coloured semen, mostly mixed with fluid mu-
.cus. This mucus is easily drawn into the tip of the syringe,
where it coagulates and plugs the tip. Drones older than 10 —
12 days, have creamy-yellow semen, which is easy to separa-
te from the mucus. The colour of the cornua is now orange.
Semen of drones older than 4 weeks is more difficultly drawn
into the tip of the syringe (WOYKE and JASINSKI, 1978).
Experimental queens were inseminated with semen from
drones 2 — 9 weeks old. As the age of drones increased, mos-
tly alower number of spermatozoa entered the spermatheca.
With an increasing age of drones, the percentage of queens
with residue of semen in their oviducts increased (0 — 14% if
inseminated with four week old drones. WOYKE and JA-
SINSKI, 1978). Therefore, queens should only be insemina-
ted with semen of drones that are 2 to 3 weeks old.

Race of bees

The number of spermatozoa entering the spermatheca -
depends also on the race of the inseminated queen. WOYKE,
JASINSKI and SMAGOWSKA (1974) inseminated queens of
6 races and 3 hybrids. The highest number of sperms was
found in A. m. mellifera and A. m. caucasica queens, the lo-
west in A. m. carnica, and A. m. ligustica. The A. m. scutellata
(adansonii) and A. m. lamarckii had intermediate numbers.

Hybrids of A. m. mellifera x A. m. caucasica and A. m. mel-
lifera x A. m. carnica had more sperms than both paternal ra-
ces, but hybrids A. m. caucasica x A. m. carnica had less than
both original races.

Similar results were obtained when queens of different
races and their hybrids were allowed to mate naturally. The
differences were partly related to different sizes of sper-
mathecae, but this was not the only factor involved. Some
physiological differences must be typical for the various ra-
ces tested.

Behaviour of queens after instrumental insemination

Queens which are released after instrumental insemina-
tion into nuclei try to fly out, and mate naturally. WOYKE
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(1963a, 1966a) observed the behaviour of naturally mating
queens, treated with CO, only, and inseminated with 1 — 16
ul of semen.

30% of the naturally mated queens, flew out and 18% ma-
ted in a second flight. Out of those queens treated with CO,
only, or inseminated with 2 and 4 ul of semen respectively,
23, 29 and 24% flew out and 18, 14 and 10% mated naturally
again. Only 4% of the queens inseminated with 8 ul flew out,
but did not mate again. Queens inseminated with 12 and 16 ul
of semen did not fly out. Thus, an increasing amount of se-
men decreased the percentage of queens flying out and ma-
ting naturally.

To determine the effect of the second insemination or
the additional CO, treatment on the queen’s behaviour, they
were inseminated once or twice with 4 or 8 ul of semen. Some
of these were treated additionally with CO, (WOYKE, 1963a,
1966b). A second insemination as well as an additional CO,
treatment decreased the percentage of queens with multiple
mating flights.

Nevertheless, some queens inseminated with 4 x and CO,
(13%) and those inseminated twice (7%) mated naturally
again. Thus a queen excluder, attached to the entrance of hi-
ves with non laying, instrumentally inseminated queens, is
indispensable.

Onset of oviposition

Naturally mated queens start to lay eggs 3 days after the
last mating (OERTEL, 1940). But instrumental insemination
without the use of CO, haslittle, if any, effect on initial ovipo-
sition (MACKENSEN, 1947). Queens not treated with CO, du-
ring insemination started to lay eggs after 40 days. One car-
bon dioxid treatment, applied during insemination, reduced
the age at initial oviposition to 36 days and the second treat-
ment, 24 — 48 hrs later, reduced it to 15.4 days. A third or
fourth treatment did not further reduce the average initial
oviposition age. Which was confirmed by PRABUCKI et al.
(1987). ;

Thus two treatments with CO, are sufficient and laying
starts at the average 5.3 days after the last treatment.
MACKENSEN recommends two 10-minute exposures to CO,
spaced 24 — 48 hours apart, but JANUSEK (1987) showed
that shortening the second CO, treatmentto 5,3 or 1 min had
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no influence on the initiation of egg laying. On the other
hand, even a single treatment with CO, can affect the time of
initial oviposition. Queens inseminated by WOYKE (1963a,
1966a) started to lay eggs 8 — 12 days after insemination,
even when they were not treated a second time with CO,.

WOYKE (1963b, 1966b) did not find that a second insemi-
nation or a second treatment with CO, had any effect on the
interval between insemination and onset of oviposition.
These differences may be explained partly by the younger
age of queens inseminated by MACKENSEN (3 — 7 days),
than by WOYKE (7 — 12 days). It is known that the age of
queens at insemination determines the interval between in-
semination and onset oviposition.

Table 6 shows that young queens inseminated at the age
of 2 — 4 days start to lay eggs mostly after a long period of
20 — 30 days. The shortest interval between insemination
and onset of oviposition occurs when queens are insemina-
ted at the age of 7, 10 or 12 days (MACKENSEN, 1974; KEPE-
NA, 1985; JANUSEK, 1987; PRABUCKI et al., 1987).

In small nuclei, the number of bees in the colonies deter-
mine the beginning of oviposition (WOYKE and JASINSKI
1986a). Queens in 1 comb mating nuclei attended by 150, 350
and 750 workers started to lay eggs 15, 14 and 12 days after in-
semination and in 4 comb nuclei, after 13, 12 and 10 days res-
pectively.

Table 6

Average interval in days between first insemination of queens and onset of oviposition

Queenage Mackensen Kepena Janusek Prabuckiatal.
atfirst 1947 1985 1987 1987
insemination lins. 2ins. 1ins.+CO, lins. +CO, 1ins.+CO,and
2ins.+CO,
2 9.2 23
3—7 31
3 8.0 22 28
4 7-2 22 19
5 57 9—22
6 6.7 10 11
7 6.1 5—12 11
8 6.0 6 13
9 7.0 6 —10 13
10 4.5 9 8
11 3.0 7
12 8
13 8
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Queens in larger units with 19500 workers initiated egg
laying 7 days after insemination. Thus, increasing the num-
ber of attendant bees, shortened the interval betweén insemi-
nation and oviposition. One of the factors involved may be
the higher temperature maintained by the larger number of
bees. An increase of temperature by 1°C, decreased the onset
of oviposition by 1 — 2 days.

Do instrumentally inseminated queens mate naturally
after they start to lay eggs ?

Instrumentally inseminated queens fly out and mate na-
turally before the onset oviposition if they are not prevented
to do so by wing clipping or queen excluders fixed to the en-
trance.

Some beekeepers claim that queens fly out and mate na-
turally after they started to lay eggs. To investigate this,
WOYKE and JASINSKI (1986b) instrumentally inseminated
31 cordovan queens with semen of cordovan drones. The
queens were prevented from flying by queen excluders until
they started to lay eggs. They were located in area with black
bees. Black body colour is dominant to cordovan. Offspring
of all queens was examined 7 times during two years. All
52,000 workers examined were cordovan. Thus no evidence
was found that instrumentally inseminated queens naturally
mate after they started to lay eggs.

Longevity of queens

According to HARBO and SZABO (1984) instrumentally
inseminated (II) queens have a reduced longevity compared
to naturally mated ones (NM). However, their queens were
not treated identically before insemination. NM queens were
kept in nuclei and II stored in queen banks and so the latter
could be injured at a higher percentage. VESELY (1987, not
published) made a mass comparison of longevity of naturally
mated and instrumentally inseminated queens distributed in
the years 1961 — 1980 to the experimental bee yards of the
Bee Res. Inst. Dol in different bioclimatic regions of Cze-
choslovakia (Table 7). Queens failing to survive included tho-
se that died, were supersedured, were lost during swarming
or had to be removed by the beekeeper due to drone produc-
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tion, irregular laying and so on. Survival of instrumentally
inseminated queens was slightly lower in all the three conse-
cutive years. KONOPACKA (1986, 1987) also reported that
instrumentally inseminated queens survived in a little lower
percentage than the naturally mated ones, but also in this
study the queens were not treated identically before the inse-
mination.

Table 7
Survival of II and NM queens in Czechoslovakia from 1961 — 1980

Number of surviving queens

Year NM i %
0 1483 (100%) 672 (100%)
1 860 ( 58%) 336 ( 50%) 4.72*
2 400 ( 27%) 101 ( 15%) 27.52%%
3 89 ( 6%)) 7( 1%) 25.23*%
£ P<.05
**: p<.01

WILDE (1986) treated queens equally before II. He could
not find any statistical significant difference in the survival
of NM and II queens after two years.

Honey Production

Does instrumental insemination have any effect on ho-
ney production ? Of course, a good method of instrumental
insemination must be used before one can compare instru-
mentally inseminated with naturally mated queens. Again,
there is no point in comparing naturally mated with poorly
artificially mated queens.
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GENETIC ASPECTS OF INSTRUMENTAL
INSEMINATION

J. WOYKE
E. HILLESHEIM

Thanks to instrumental insemination, tremendous pro-
gress in bee genetics and bee breeding has been made. Many
mutants have been discovered and are maintained. Knowled-
ge of their inheritance helps to solve many genetical and phy-
siological problems.

The origin of unusual bees and sex determination have
been clarified. Progress has been made in breeding bees that
are resistant to diseases, better pollinators, and better honey
producers. These studies can serve as guides in other fields
of bee breeding.

Mutants

Many mutants were discovered and their genetics stu-
died (Tab. 5). The glossary at the end of the book provides the
reader with explanation of the scientific terms used in the ta-
ble in the text of this chapter.

The eye colour mutants are the result of blocking some
steps in the biosynthesis of ommochromes present in wild
type eyes (DUSTMANN, 1968, 1969).

In historical order, the following eye color mutants were
described: MIKHAILOFF (1930, 1931) described a white eye
mutation and studied its inheritance; ROTHENBUHLER,
GOWEN and PARK (1952b) described ivory (i), cream (cr),
snow(s), and chartreuse (ch) eyes (See table 8). LAIDLAW,
GREEN and KERR (1953) distinguished two chartreuse ge-
nes, chland ch?, and found red (chr), which is allelic to ch,
and a non allelic gene, brick (bk). Interaction of bk and ch re-
sults in a buff phenotype. CALE, GOWEN and CARLILE
(1963) found pink eye colour (p) which is also a viability gene.
LAIDLAW, El BANBY and TUCKER (1964) described five
new eye-colour mutants: Bensen green (ch?®), cherry (che),
garnet (g), pearl (pe) and tan/st Benson green and cherry are
assignable to the chartreuse locus. Tan is allelic with s
(snow); the s/st genotype results in a peculiar phenotype
whichisred. Tan is epistatic to chartreuse 2, and to brick, but
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hypostatic to ivory and cream. LAIDLAW and TUCKER
(1965b) described umber (iv) which is an eye colour allele of
ivory and partially dominant to it. WOYKE (1973b) found la-
ranja (la) mutantin Africanized bees. SOARES and CHAUD-
NETTO (1982) determined it to be an allele to snow (sl2). La-
ranja is epistatic to brick, s!2; ch interact in buff colour, sla; ju
in white and s!?; g in ivory (WOYKE, 1973b).

The eye colour mutants are slightly different in haploid
drones and diploid females. WOYKE (1973a) provided experi-
mental evidence that this effect is not caused by gene diffe-
rences as it had been assessed, because both haploid and di-
ploid drones have mutant eyes of the same colour.

All these genes are recessive to wild type. Linkage was
found between pearl and cream with a 0.33% crossing over
value (LAIDLAW, E1 BANBY and TUCKER, 1965a). Linkage
of eye-colour mutants and some other mutants were also
found. MACKENSEN (1958) described the linkage between
chartreuse and hairless.

LAIDLAW, El BANBY and TUCKER (1965b) mention
the possibility of linkage between brick and reduced facet
number. WITHEREL and LAIDLAW (1977) reported linkage
between garnet and diminutive wing mutation.

Five eye shape mutants were described. Facetless (f;
MIKHAILOFF 1930) and eyeless (e; LAIDLAW and
TUCKER 1965a) mutants show pleiotropic effects. Drones of
both mutants are sterile, but fhave small testes, and no testes
were found in e drones. LOTMAR (1936) described cyclops
and KERR and LAIDLAW (1956) reduced facet number (rf).
The entire absence of one of two compound eyes of drones
was reported by DUSTMANN (1975).

Concerning body colour, an older view affirmed that the
entire range of body colour variation from golden to black
was the result of polygenes action without the participation
of major factor genes (ROBERTS and MACKENSEN, 1951).
LAIDLAW and El BANBY (1962) described an inhibitory
gene, black (bl) which suprressed the yellow phenotype, and
KERR(1969) discovered in African bees, abdomen costanho
gene (ac) which supressed yellow colour in drones only. But
the bimodal segregation in drone progenies of F; queens, led
WOYKE (1977b) to the conclusion that those genes are major
factor genes and are recessive to major yellow body colour
allele (Y). The phenotype expression of all three alleles is mo-
dified by a series of poligenes. Because the character of both
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dark major alleles appeared to be different from that origi-
nally described, symbols were changed into y,; for black and
Vac for abdomen castanho.

Very useful as marker is the body colour mutation cordo-
van (cd). Here brown replaces all black pigment area. So it
may be considered as epistatic to the black pigment within
the expression of all three major body colour alleles Y, yb!
and y2c. RUTTNER (1976) reported albino drones with un-
pigmented integument but with normal dark eyes.

Three body hair mutations, erbliche Schwarzsucht (S;
DREHER 1940) hairless (h; MACKENSEN 1958) and
HAARLOS (H; RUTTNER 1976) are described. Hairless is
linked with ch (4.1% crossing over; MACKENSEN 1958).

Six wing mutations were found: Droopy (D; ROTHEN-
BUHLER, GOWEN and PARK, 1952b), Rudimental wing
(Rw; HACHINOHE and ONISHI, 1953), short wing (sh;
KERR and LAIDLAW, 1956), truncated (tr) and wrinkled
wing (wr; LAIDLAW, El1 BANBY and TUCKER, 1965 b) and
diminutive (di; LAIDLAW 1966). These mutations are mostly
linked with lethals, or are semilethal. Rw and i are linked
with 31% crossing over (HACHINOHE and ONISHI, 1953).
Several other mutants have been recorded but not yet publis-
hed (See Table 8).
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Table 8

List of mutations and some other genes in the honeybee

ne. compound eyes and ocelli
roselo. eyes brown or normal,
ocelli glass white

Symbol Name of mutation Author Aspect Characteristics
1 2 3 4 5
Eye colour
—_ white 1930 Mikhailoff white probably ivory
bk brick 1953 Laidlaw, Green, Kerr newly emerged bee (ne.) bk;ch?interact buff, bk;ch” and bk;ch®
brick-red, later on (lo.) red brown interact pink (Laidlaw et al., 1953, 1964),
exist semilethal, hypostatictoi, to cr,and
to s (Mackensen, 1958) hypostatic to s*
(Laidlaw, etal, 1964)
by bayer Laidlaw (unpublished work) ne. white, loreddish-orange noallele to bk, ch, cr, g, i, pe, sp
ch chartreuse 1952 Rothenbuhler, ne.yellow green, lo. olive hypostatic to i, to crand to s Rothen-
Gowen, Park green-reddish to reddish brown buhleret al. 1952), linked to h, crossover
4.1 (Mackensen, 1958)
ch! chartreuse-1 1953 Laidlaw, Green, Kerr like ch—slightly darker allele to ch, affected by m and interact
brown (variable) brown, ch!/ch’intermediate, (Laidlaw et
al, 1953), recessive to ch¢, dominant to ch®
(Laidlaw et al., 1964)
ch? chartreuse-2 1953 Laidlaw, Green, Kerr like ch, greener, lo.reddish  allele to ch, ch?/ch’intermediate, ch?;
to reddish brown bk interact buff,
hypostatictoiand to s'(Laidlaw etal,
1953,1961)
ch® Bensongreen 1964 Laidlaw, El Banby, like ch?, but ne. greener, allele toch,recessive to ch!
Tucker lo. olive green to reddish
ch® cherry 1964 Laidlaw, El Banby, worker bees dark red, allele to ch, dominant to ch?, bk; ch¢,
Tucker yellow to red brown interact pink
(veryvariable)
1 2 3 4 5
chli chartreuse 1981 Soares ne. light yellow, lo. allele to ch, ch¥/chlight red chli/ch¢light
-liméc reddish-brown cherry, ch'/chByellow green (Soares
1981)
ch” red 1953 Laidlaw, Green, Kerr ne. purplered,lo.redbrown allele to ch, ch!/ch”and chz/Ch.’
intermediate,
ch; bk interact pink, hypostatic to i
(Laidlawetal. 1953)
cr cream 1952 Rothenbubhler, white epistatic to ch (Rothenbuhler etal. 1952),
Gowen, Park to bk (Mackensen 1958) and to s (Laidlaw
etal 1964), linked to pe, crossover 0.33
(Laidlaw et al. 1956).
4 garnet 1964 Laidlaw, E1 Banby, ne. garnetred, lo. dark even
Tucker in wild type
i ivory 1952 Rothenbuhler, Gowen, white epistatic to ch/Rothenbuhler etal.
Park 1952), to ch? and ch” (Laidlaw et al. 1953),
to bk (Mackensen 1958), and to s (Laid-
law et al. 1964), partly recessive to i*
(Laidlaw et al. 1965)
o rose Laidlaw (unpublished work) ne. clear rose pink, lo. pink  homozygous do not fly to mate
L umber 1965 Laidlaw, Tucker ne. peach pink, lo. yellow- allele to f, partly dominant to i
reddish-brown
oc ocelos claros 1977 Chaud-Netto



2

3

4

5

epistatic to brick s'4; chinteract buff s@;

sla laranja 1973 Woyke, 1982 Soares, ne. clear orange, lo. reddish
Chaud- Netto brown i white and 5'%; g ivory (Woyke 1973), s%;
ch"reddish (Chaud-Netto 1975), s9/s
reddish (Soares, Chaud-Netto 1982)
m modifier 1953 Laidlaw, Green, Kerr brownish at chl-animals affectch!, ch’; minteractbrown
P pink 1963 Cale, Gowen, Carlile rose pink partly semilethal
pe pearl 1964 Laidlaw, El Banby, white linked to cr, crossover 0.33 (Laidlaw et
Tucker al. 1965)
'l snow 1952 Rothenbuhler, Gowen, white (cannot be distin- epistatic to ch/Rothenbuhler etal.
Park guished fromivory, cream 1952), and to bk, exist semilethal
and pearl) (Mackensen 1958)
sp spade Laidlaw (unpublished work) ne.rose pink, lo. red (similar noallele to bk, ch, cr, g, i, pe, by
to bk)
st tan 1964 Laidlaw, El Banby, ne. white, lo. brightyellow-  alleleto s, s/s'is red, epistatic to ch?and
Tucker brownish bk, hypostatictoiand cr
Eyeshape
—_ cyclops 1936 Lotmar cvklops eyes dominant, transmitted infrequently via
eggs (Lotmar 1936, Kerr and Laidlaw
1956, Laidlaw etal. 1965).
— eindugig 1975 Dustman one compound eye missing
e eyeless 1965 Laidlaw, Tucker no facets males sterile, lack of testes, semilethalin
hemizygote
f facetless 1930 Mikhailoff no facets males have small sterile testes
rf reducedfacet 1956 Kerr, Laidlaw atrophied eyes owing small  inherited complex in low frequency
number of facets with bk or g (Laidlaw etal. 1965).
2 3 4 5
Body pigment
a albino Ruttner (u blished work) n i dintegument, lete sper: i ilethal
non-sclerified, normal eye
pigment (Fig. 56)
cd cordovan 1951 Mackensen, Nolan colour similar to that epistatic to the black pigment within the
of leather expression of major body colour alleles
Y. ybl and y*¢
Y yellow 1977 Woyke major yellow body dominant to y*‘andy®’; modifiable by
colourallele poligenes over wide range (Woyke 1977)
v abdomen 1969 Kerr, 1977 Woyke major body colourallele, sex v%In J J black y®</ye¢2n 9 @ black, o’d‘
castanho limited, expressed asdarkin females yellow, v2¢/Y 2n ? g and fe-
haploid and diploiddrones,  males yellow, mofifiable by poligenes
and as yellow in females (Woyke 1977)
Body haires
S schwarzuchtig 1940 Dreher no down dominant to wild type
h hairless 1958 Mackensen nodown recessive to wild type, semilethal in
drones, linked to ch, crossever 4.1
H Haarlos Ruttner (unpublished work) no hairs, hair ontomentum  bristles (pollen rake) are brittle, the
exists (Fig. 58) viable heterozygous workers produce
small lellets. Hemizygotes ( 9Q )
arelethal
Wings
D Droppy 1952 Rothenbuhler, Gowen, flatseparated wings, dominant to wild type, lethal in hemi-
Park cannot fly zygote and homozygote 99
di diminutive 1966 Laidlaw (unpublished)  small wing, normal venation when flying workers and § J produce

a high tinkling sound, homozygous 2 2
do not fly (Witherell and Laidlaw 1977)
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< I

Rw

sh

wr

sps

X

Rudimental
wing

1953 Hachinohe, Onishi

short 1956 Kerr, Laidlaw

truncate 1965 Kerr, 1965 Laidlaw, E1
Banby, Tucker

wrinkled 1965 Laidlaw, El1 Banby,
Tucker

Sting

splitsting 1977 Soares

Disease

resistance .

removing 1964 Rothenbuhler

unc 1964 Rothenbuhl

Viability

lethal 1953, Hachinohe, Onishi

Sex

sexalleles

atrophied wings

small wing, bees cannot fly,
abnormalvenation

the winglooksasif cutinthe
middle, bees cannot fly,

abnormalvenation
“rumpled” wing

lancets separated from stylet

hygienic behaviour

hygiehic behaviour

dead in early stage

1951 Mackensen, 1963 Woyke sexdetermination

dominant to wild type, linked to [,
crossover 31

semilethal (Laidlaw etal. 1965)
semilethal

incomplete penetrance;increase by
combination with bk

low penetrance, frequency of 3.5%
raised to 62.0% after selection
(Soares 1981)

Q9 workers remove dead brood

9? workers uncap cells with dead brood

linked with Rw,crossover 31

hemizygous — haploid drones hetero-
zygous — females homozygous — diploid
drones (Wovke 1962), 2n JJ‘ larvae 0@
eaten by workers (Wovke 1963)



Unusual Bees (Mosaic and Gynandromorph Individuals)

Artificial insemination together with the mutant genes
used as markers, has made it possible to determine the origin
of unusual bees (Table 9).

Different unusual bees originating from unfertilized
eggs have been described. Unfertilized binucleate eggs re-
sult in mosaic males (Table 9, 1a) (TUCKER, 1958; WOYKE,
1962a). Uniting of two pronuclei in unfertilized eggs produ-
" ces parthenogenetic females (Table 9, 1b). Two haploid egg
pronuclei can divide at least once before union. Next two ha-
ploid nuclei unite to form a diploid cleavage nucleus which
develops into female tissues; the other haploid nuclei develop
into mosaic male tissues (Table 9, 1¢). Thus a gynandromor-
phis formed.

Different individuals originating from inseminated eggs
have been described:

From fertilized eggs, not only females can develop, as it
generally happens, but, when the sex alleles are in common,
diploid males develop as well (WOYKE, 1963a). More details
- about these will be given in the next section.

If only one pronucleus of the two is fertilized in a binu-
cleate egg, the developing gynandromorph possesses male
tissue of matroclinous origin and the female tissues of bipa-
rental origin (Table 9, 2.1b). Polyspermy may be the cause of
several types of unusual bees: Two sperms in an egg can uni-
te, leaving the egg pronucleus unfertilized (Table 9, 2.2a).
This results in a gynandromorph in which the diploid female
tissues originate from two different fathers, without the par-
ticipation of the mother. Polyspermy of an egg with one nu-
cleus results in a fertilization of the nucleus but, sometimes,
one or more accessory sperms do not degenerate and develop
into male tissues. Thus a gynandromorph develops with the
origin of tissues different from those mentioned above. Here
the female diploid parts are originating from both parents
but the haploid male parts develop from sperm only (Table 9,
2.b).

A mosaic female can result from polyspermy in a binu-
cleate egg if sperms of different fathers unite with the two
pronuclei (Table 9, 2.2c¢). The two haploid egg pronuclei can
first divide and then two of them can be fertilized by different
sperms and the other two can unite resulting in a female,
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Table 9

Origin of unusual honey bees hitherto described

1. From uninseminated egg

*®

Mosaic male

)

990

Parthenogenetic female

Gynandromorph with mosaic

& male tissues

2. From inseminated egg
2.1. One sperm takes part in the origin of a bee.

Diploid male

Gynandromorph with matro-
clinous male tissues

v

2.2. More sperms take part in the origin of a bee.

Gynandromorph with di-
ploid female patroclinous tis-

a sue
Gynandromorph with
patroclinous male tissue

B or
Mosaic male with some diploid
tissues

Mosaic female

Mosaic female with diploid
parthenogenetic tissues

/ sperm e eggpronucleus

a0

11

Tucker 1958, Woyke 1962

Mackensen 1943, Tucker 1958,
Woyke 1962, Tryasko 1965

Tucker 1958

Woyke 1963, 1965

Mackensen 1951, Woyke 1962,
Drescher, Rothenbuhler 1963

Laidlaw, Tucker 1964

Rothenbuhler et al 1952, Ro-
thenbuhler 1957

Drescher, Rothenbuhler 1964

Taber 1955, Woyke 1962

Woyke, 1962



that is partly parthenogenetic and partly has two fathers
(Table 9, 2.24d).

Sex Determination

The problem of sex determination could be solved only
thanks to artificial insemination. MACKENSEN (1951)
found out that, after individual mother daughter matings one
half of the queens produced brood in which only 50% of the
individuals survived. This was confirmed by HACHINOHE
and JIMBU (1958). Later MACKENSEN (1955) found at least
11 different alleles responsible for this effect. LAIDLAW,
GOMEZ and KERR (1956) found 12.4+3.56 such alleles in a
panmictic population in Brazil. ROTHENBUHLER (1957) re-
ported patches of diploid male tissue in eyes of mosaic drones
from related parents of a gynandromorph line. This was
confirmed later by DRESCHER and ROTHENBUHLER
(1964). But a drone of completely zygotic origin was not
found. It was believed that the homozygous eggs for an “X”
locus, obtained by inbreeding did not hatch, and that small
areas of diploid male tissue could survive only by virtue of
their association with normally viable haploid male tissue.

But WOYKE (1962b) showed in the meantime that all the
eggs from inbred queens hatch. He proved that some drone
larvae are of completely zygotic origin (1963b). The low sur-
vival rate is caused by the nurse bees eating newly hatched di-
ploid drone larvae (WOYKE, 1963c), which produce a phero-
mon called cannibalism substance (WOYKE, 1967). The di-
ploid drone larvae are viable (WOYKE 1963b; 1965b), and be
reared to imagines (WOYKE, 1969). Their origin from fertili-
zed eggs was proved cytologically (WOYKE et al, 1966; WOY-
KE and KNYTEL, 1966) as well as genetically (WOYKE,
1965a; WOYKE and ADAMSKA, 1972). Diploid drones are
heavier and larger than haploids (WOYKE, 1977a, 1978a, b).
They show some supermale as well as intersex characters
(WOYKE, 1980). Their testes are smaller, and they may be
only one-tenth of the testicular volume of haploids (WOYKE,
1973a). No reduction of the number of chromosomes occurs
during spermatogenesis (WOYKE and SKOWRONEK, 1974).
Consequently diploid drones produce diploid spermatozoa
(WOYKE, 1975, 1984).
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It can be stated that a series of sex alleles exists which in
heterozygotes results in females, and in hemizygotes and ho-
mozygotes in males. The homozygotes are not inviable but
are eaten by worker bees, and therefore were not observed.

Bee Diseases

Resistance of honey bees to disease had already been re-
ported before artificial insemination was used in disease re-
sistance studies (STURTEVANT, 1920; PARK, PELLET and
PADDOCK, 1937). It was concluded that resistance to Ameri-
can foulbrood is heritable. Also, some information had been
gained on the mechanism of resistance to European foul-
brood (STURTEVANT, 1920) as well as American foulbrood
(WOODROW, 1941; WOODROW and HOLST, 1942; STURTE-
VANT and REVEL, 1953).

Artificial insemination has made more detailed studies
possible. ROTHENBUHLER and THOMPSON (1956) found
highly significant differences between lines in survival of
larvae treated with American foulbrood spores. This resis-
tance is also heritable (LEWIS and ROTHENBUHLER, 1961).
When the larvae of two lines had received spores at 21 hours of
age, differences were found both in time of generation and in
the number of bacteria observed (BAMRICK, 1964). Butalso the
adult bees of different genetic lines protect the larvae to dif-
ferent degrees (THOMPSON and ROTHENBUHLER, 1957).

A strong difference in behaviour of four inbred lines to-
- ward dead brood of American foulbrood was demonstrated
by ROTHENBUHLER (1964). Two inbred lines of bees sho-
wed a great difference in the time required to uncap and re-
move cyanide-killed brood (JONES and ROTHENBUHLER,
1964a). Colonies composed of young resistant bees will remo-
ve all larvae killed by foulbrood, whereas colonies made up of
bees older than about 4 weeks remove the larvae only during
a nectar flow. After genetic differences had been found, the
heredity could be investigated. ROTHENBUHLER (1964b)
made the necessary crosses and found, in the backcrosses,
four types of colonies: 1 — uncappers of cells and removers
of dead brood contained therein, 2—uncappers only, 3 —re-
movers only after human uncapping, 4 — neither uncappers
nor removers. He developed a two locus hypothesis. It states
that uncapping of a cell containing dead brood depends upon
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homozygosity for a single recessive gene (designated u) and
removing depends upon homozygosity for a second single re-
cessive gene (designated r).

MORITZ (1988), however, showed that Rothenbuhler’s
- model was based on a too small data set, and actually any
other genetic model is as likely as the two locus hypothesis.

DRESCHER (1964) found that the tendency to paralysis
(Schwarzucht) was irrespective to the mating drone. He sug-
gested a matroclinous heredity.

Pollination

Differences in pollen collection of colonies have often
been observed and studies have been made to determine if
such differences are hereditary. NYE and MACKENSEN
(1965) made studies to determine if the tendency to prefer al-
falfa pollen is inherited. They showed that colonies headed
by sister queens were more similar in the proportion of alfal-
fa pollen collected than those headed by unrelated queens.

Later MACKENSEN and NYE (1966, 1969) and NYE and
MACKENSEN (1968) were able to sclect low and high prefe-
rence lines, the selection being based on the percentage of
pollen collectors that were collecting alfalfa pollen. In the
high preference line, this percentage increased from 39.8 in
the second generation to 86 in the sixth. In the line showing
low preference the corresponding percentages were 26.2 and
8. From crosses and backcrosses they concluded that this
characteristic is probably controlled by several genes that
have a mainly additive effect. The selection also affected the
percentage of pollen collected by the two lines from several
different sources (MACKENSEN and TUCKER, 1973).

These results prove beyond doubt that the tendency to
collect alfalfa pollen in preference to other pollens is herita-
ble. They open the possibility of developing special high qua-
lity strains or hybrids of honey bees for commercial use in
pollinating alfalfa. Probably it is also possible to breed
strains of bees better capable of pollinating red clover and
other.crops.

Obtaining mutants by selection

Thanks to instrumental insemination a selected queen
may be inseminated with the semen of selected drones, a ma-
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ting station being no longer necessary for this purpose. This
technique provides for a very rigorous selection, as queens
may be inseminated with the semen collected either from one
drone alone, or from several drones.

This technique also enables obtaining of mutants, which
under natural conditions could not fertilize a queen, as, for
example, the individuals with wing mutations. Mutations
serve as gene markers and have helped to elucidate many
problems regarding the bee biology as for example the
mixing of semen in the spermatheca (MORITZ, 1983) and
drifting (SAKOFSKI, 1986), and also to make new findings.

A number of eye colour mutations in bees have been des-
cribed, as well as of the body colour, eye shape, wing, body
hair and sting. All these mutations are recessive to wild type
genes. Mutations occur spontaneously (mutation rate 106 or
107) (KERR etal., 1980; CHAUD-NETTO et al., 1983), but can
also be obtained by means of mutagen agents (BRANDES
and FRISCH, 1986). Usually, the mutation is obvious in the
drone as itis a hemizygote and each gene will result in a phe-
notype.

The method of obtaining mutants will be described ta-
king as an example the gene of leather body colour — cordo-
van (cd) (Fig. 32). A wild type queen is instrumentally insemi-
nated with a mutant cordovan drone. The female offspring of
the queen are heterozygous for cordovan locus (cd/+) and a
wild type phenotype. From this F generation a queen will be
reared, which will become a drone layer following two anes-
thetizations with CO,. Out of the drones obtained 50% will be
wild type and 50% cordovan mutants. The queens of the F1

cdd Q+I+ P

NG .
+ d cd d ‘
Fig. 32 — Crossing diagram to obtain a

mutation.
cd/cd q Q cd/+ cd=cordonan, t=wild type, F=first generation, p=pa-

rental generation
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generation will be inseminated with the semen from the cor-
dovan drones (cd/+). Half the female offspring of these
queens are homozygous for cordovan (cd/cd) and half are he-
terozygous for this gene (cd/+) which means a wild type phe-.
notype.

One of the difficulties faced in maintaining mutants is
the capability of survival of a colony whose workers are car-
rying homozygous mutations. Bacause very often the muta-
tion workers are no longer capable of carrying out their acti-
vities inside the colony, in a lot of eye colour mutations, as
for example pearl = blind, orientation by means of sight is
scarcely possible or impossible. Also, the hairless worker
mutants are not able to properly perform their pollen collec-
ting activity in terms of morphology (small pellets). Such cir-
cumstances could entail death of the entire colony if the bee-
keeper does not help now and ther.

Mutants may be maintained without constant watching
and help by the beekeeper, by colonies with heterozygous
workers which have wild type phernotypes. A heterozygous
queen inseminated with the semen f mutant drones is a sim-
ple solution for mutant maintenance. 50% of the descendants
will be homozygotes and 50% heterozygotes. With this
method, 100% homozygote workers can be obtained in the
next generation following one crossing alone (homozygot
queens x semen of mutant drones). But when several loci are
involved selection will be much more intensive.

Of the 35 different morphological mutations described
up to now, only four linkage groups are known (Del LAMA et
al., 1985). This means that almost all markers are located on
different chromosome pairs. The consequences for selection
will be briefly illustrated by three mutant characteristics (Ta-
ble 10). ,

A heterozygous queen was inseminated with semen
which included all three mutations. As all characteristics are
inherited independently, the descendants of the queen will
be of eight different genotypes. In order to obtain ten homo-
zygous queens for all three mutations an average of 80
queens must by produced, on condition that during thelarval
development no difference in terms of viability occurs
between the 8 different genotypes.
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Table 10
Scheme of the crossing of a heterozygous queen for 3 mutant characteristics with a drone with 3 mutant characteristics

Queen Drone
cdivdi x cdi*di
++ 4+

Queen gametes
cd dridicved A8 Ritied S dl T i AvedD ocdivil S W e bt di S i Rk

Worker
genotypes ed 1* di ed I +cd + di-+ P di cd + + + AW + + o+ d + + +
cdivdi ed v i fed 4% Ridcd Si%T VAR Ved Ht @i fed) v (div edlCive ddied. dWe dif edd 3% Sdi
pheno-
types: ced i* di, ed i* +, cd + di, + it di, cd + +, + A" +, + + 4, + + +

cd = cordovan (body colour)
i¥ = umber (eye colour)
di = diminutive (wing length)



In order to be able to store mutants in “banks” for many
years, and to use them for experiments, the viability of the
marker line must be ensured. To this end it is essential to
avoid inbreeding depression as much as possible. The high
homozygosity entailed by inbreeding reduces the intercolo-
ny variability (BRUCKNER, 1976a), which results in a shor-
~ ter life span and lower performance of different activities
(PLASS, 1953; BRUCKNER, 1976b, 1980).

Therefore the marker 11ne must be crossed with unrela-
ted wild type genes after which the marker gene should be re-
selected. In this way, heterozygosis for all the other loci is
maintained, which avoids inbreeding depression.

2. Genetics of behaviour

2.1. Behaviour of individuals

Honey bees are capable to distinguish precisely different
scents. Individual bees may be trained to prefer certain
scents, but differences are recorded between the results of
the training in the different individual worker bees. BRAN-
DES (1988) used for this purpose the proboscis extension re-
flex. A scent was provided to a hungry bee (conditioned sti-
mulus) after which it was rewarded by syrup (unconditioned
stimulus). The bees which learnt well responded to a condi-
tioned stimulus which was subsequently rewarded by exten-
ding the proboscis; but they would not extend their proboscis
when the conditioned stimulus was not followed by reward.
The bees which learnt less well, were found to be significan-
tly less capable of distinguishing the different stimuli, (both
rewarded and unrewarded) than the bees which learnt well.
By a selection experiment on workers and instrumentally in-
seminated queens, which lasted for several years, BRAN-
DES (1988) obtained evidence that the difference in terms of
learning capability between the individual worker bees are
heritable.

. But differences between worker bees also exist in terms
of food, some would offer more while others less food
(KORST an VELTHUIS, 1982). The tropholactic dominance
is correlated with the reproductive dominance in worker
bees. In a queenless colony, the predominant workers: will
develop their ovaries faster, lay more eggs and sinthetize
more 9-oxo0-2 decenoic acid, the major compound of the
queen substance, than the other workers. A genetic quantita-
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tive analysis is possible, thanks to instrumental insemina-
tion. It showed that all these characteristics are heritable
(MORITZ and HILLESHEIM, 1985). The individual domi-
nance of worker bees has a decisive influence on the beha-
viour of the colony (HILLESHEIM, 1986) and on its producti-
vity (HILLESHEIM, 1987). The groups and colonies consis-
ting of dominant workers alone are exceeded by subordina-
ted groups in terms of hoarding behaviour, brood rearing,
building of combs and supply of syrup. These results, namely
selection advantage for the reproductive predominance in in-
dividuals and selection disadvantage for the entire colony, il-
lustrate the genetic balance between the dominance and su-
bordination genes in a population.

2.2 Behaviour of bee groups

Because of their eusociality, the honey bees require a
completely different behavioural genetics approach than the
insect classically used in genetic experiments, Drosophila
melanogaster. In bees not only the behaviour of individual in-
sects is studied but, above all, the behaviour of an entire
group and of a colony (40.000 to 100.000 individuals).

The study of behaviour in honey bees, as group characte-
ristics, covers a large range of patterns. Almost all activities
are performed in the colony by many individuals together,
such as guarding of the hive (STORT, 1980; COLLINS et al.,
1984; MORITZ et al., 1987), brood rearing (HARBO, 1986 ¢),
building of combs (LEE and WINSTON, 1985), honey- pro-
duction (WINSTON and KATZ, 1982; WOYKE, 1984) and pol-
len collection (HELLMICH etal., 1985) to mention only some
of these activities.

Using instrumental insemination, various experiments
have been conducted on bees to elucidate the evolution of al-
truism and eusociality.

Use of genetic markers such as body colour is essential
in the study of the kin recognition behaviour. Renouncing
one’s own descendants may pay off when the benefit-cost ra-
tio between recipient and altruist is higher than the coeffi-
cient of kinship between both (HAMILTON, 1964a, b). If the
coefficient of kinship (r) of brothers is relatively high, al-
truism may have a selective advantage. In Hymenoptera the
coefficient of kinship of super sisters (the same mother and
the same father) is 0.75 by haplo-diploidy, and the coefficient
of kinship of the mother and her descendants is 0.5. Under
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such conditions altruism may be advantageous. Because the
queen mates several times, in a colony both super sisters and
half sisters coexist (the same mother but different father).
For an altruistitis more advantageous to prefer its super sis-
ters. Butin this case the premise is the recognition of the su-

-per sisters. Initial reports on the discrimination between kin
were reported by BREED et al.,, (1984), PAGE and -
ERICKSON (1986) and VISSCHER (1986).

MORITZ made an interesting experiment on kin recogni-
tion in a colony by using the gene markers cordovan (cd —
body colour), pearl (pe — eye colour) and diminutive (di —
length of the wing) and the instrumental insemination tech-
nique. A homozygous queen for all three characteristics was
inseminated with the semen collected from eight drones,
each of them with a different combination of the characteris-
tics of the three different gene markers. All daughters had
the same phenotype as their father, and one could distin-
guish the super sisters from the half sisters.

Much of the new knowledge about honey bee behaviour
would not have been possible without the instrumental inse-
mination technique and use of previously selected mutants,
so that both techniques should be further improved as they
are indispensable in honey bee genetics.
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SELECTION THEORY AND SELECTION
PROGRAMMES ‘

Jean-Marie CORNUET
Robin F. A. MORITZ

As compared to the selection of other live stock, selec-
tion of honey bees still lags behind. The causes include the
complex biology of mating and the sex determination in ho-
ney bees. Bee colonies are readily affected by inbreeding,
and inbreeding depression may easily make the selection
work of many years useless. How could such failures of se-
lection programmes be avoided? To answer this question we
must firstly delve more thoroughly into the theory of genetic
selection. ;

Involved in selection are both the genetical characteris-
tics (which may be selected) and characteristics exclusively
determined by environment factors (as nutrition, for exam-
ple). The genetic influences are distinguished from the envi-
ronmental influences by population variability. If all animals
have the same characteristics, no selection of animals with
special characteristics is possible. The essential parameter
for selectivity is the genetic variation of the characteristic
concerned. The greater the influence of environmental fac-
tors on the characteristic to be selected, the more difficult it
is to achieve a shift of the characteristic towards the selection
target. The heritability (h2) is used in selective genetics as a
measure of selectivity and therefore is an important parame-
ter.

The characteristic of an animal is determined by its geno-
me, but also by the environment.

Characteristic feature=genotype+environment

For a population of animals an average value (P) of the
characteristic feature is obtained. Certainly, each individual
of the population will differ from other individuals in terms
of its genetic make-up (G) and its specific environment (E).
None of the individuals is perfectly identical to another one.
This means that there is variation for the characteristic fea-
ture in the population: a deviation from the average value de-
termined for the entire population, statistically expressed as
population variance. Just as the characteristic feature, the
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variance (Vp) consists of the genetical variance (Vg) and the
environmental variance by (VE):

Vp=VG+VE

The genetical variance as part of the total variance is the
heritability (in a wider sense). The genetic deviation of an in-
dividual animal from the average value determined for the
population may result from additive genetic effects (as for
example the intermediate heredity) or from dominance gene-
tic effects. Itis the additive genetic effects that are important
for the selectivity of a characteristic feature. It is necessary
to rigorously distinguish between the additive genetic effec-
ts and the dominance effects, since the genetical variance
consists of these two components VA and Vp:

Vg=VA+VD

Assessment of the additive genetic variance (VA)isacen-
tral element in selection genetics. It helps to estimate selecta-
bility (heritability in a narrow sense): h2=VA/VP. Once the
selectability has been determined, also the efficiency of se-
lection programmes may be anticipated. The genetic pro-
gress recorded per generation (r) is estimated (when the in-
tensity of selection, i is known) as follows:

r=h2i

This classical relation used in quantitative genetics must
be modified when honey bees are involved; because of the
fact that they live in a community. A complex characteristic
feature such as honey production is the result of the interac-
tion of thousands of individual worker bees, different from
one another in terms of genotype. By the number of eggs
laid, the queen also indirectly influences this characteristic
feature. BIENEFELD (1986) was successful in distinguis-
hing the worker components from the queen components in
the characteristics of the entire colony, as well as in setting
out their interactions. CORNUET (1987) suggested a diffe-
rent measure for the heritability of worker bee characteris-
tics, also to be taken into account when assessing the perfor-
mance of the colony. In assessing the kinship of different co-
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lonies, new measures must be defined (MORITZ 1986) becau-
se the models of the classical quantitative genetics are insuf-
ficient for this purpose. The new theoretical developments
certainly provide for the progress of practical selection
work. In general, two selective systems are now in use with
promising results.

Ui (1]

Fig. 33 —Diagram for a mass selection of
a 20 colonies population
B A ber of five colonies (hatched) is selected after
each season (A). These will be used for producing dro-
nes and queens for the next generation. Before a new
step of the test (B) one has to remove the old unselec-
tioned queens, the colonies have to be brought to the
same strength and new queens will be introduced
(four into a selectioned colony) Consequently, the test
population is made up of 5 families of four colonies.

0mmo= 0 MmO
0 0 M O-—88m 0 o

Moo= MmO

Selection in closed populations

Selection in closed populations is possible by instrumen-
tal insemination only. It may be compared to the selection of
lines which certainly requires use of larger bee stocks
(PAGE and LAIDLAW, 1982,a,b; PATE et al., 1983). After es-
tablishing the population to undergo selection, no new gene-
tic stock must be added. The best colonies of the population
are selected and used for obtaining the next generation (Fig.
33). So that the number (Q) of colonies to be selected/genera-
tion must be determined. These colonies will provide the
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queens and drones necessary for obtaining the next genera-
tion. If a small number of colonies is selected, the selection
intensity is high but the inbreeding coefficient also increases
fast. If too many colonies are selected, inbreeding will be
avoided but no genetic progress will be achieved. But becau-
se heritability, inbreeding depression and size of the popula-
tion can be determined, an optimal selection programmes for
a certain period of selection can be designed. In Fig. 34 the
optimum number of colonies to be selected are given with
instrumental insemination (mixed semen procedure) and
mass selection (selection of the best colonies irrespective of
their kinship) being performed. In honey bees, mass selec-
tion appears to be simplest, the most commonly used, and of-
ten the best method of selection, but only as long as inbree-
ding does not exceed 25% (MORITZ, 1986¢).

Q j
30
20 =
10
0 Y
L p 1 T 1] L ] Ll 1 L4
0 10 20 30 Gen.

Fig. 34 — The best number of queens Q which should be selected in case of a mass se-

lection/generation
A selection rate of 0.35 was chosen for honey output. At its base there is a testing capacity of 50 colonies. Selec-
tion’s period (in generations on K coordinate) is of outmost importance. The shorter the selection experiment the
smaller Q
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Fig. 35 — Interdependence between output (w: Y coordinate/inbreeding depression

(iD), genetic progress (selection t) and selection period (Gen: X coordinate)
For each generation 7 colonies are selected out of a number of 50 colonies test populations. The hatched areu
points to the real improvement of the output. In spite of a selection after 20 generations, the output had reached
again its initial value. In this selection diagrame (7 out of 50 colonies) the maximum peak of the output is reached
almost on the tenth generation. This is when one has to cross a foreign genetic material which should prevent the
output’s decrease.

The advantage of closed populationsis the high accuracy
with which the genetic progress (selection efficiency) can be
assessed. The breeding values of the queen can be determi-
ned precisely. Quite a big disadvantage is that every closed
system of selection results in inbreeding. Because of the spe-
cific determination of the sex, the fact that diploid drones oc-
cur, and of the high sensitivity of honey bees to inbreeding
depression, new genetic stock must be introduced at some
time (Fig. 35). For a selection programme to be economically
efficient, large populations and adequate testing facilities
must be available. The closed population system of selection
is efficient only when at least 50 colonies are used.

Open Population System

Open population systems allow the introduction of fo-
reign genetic material into the population. Therefore such
breeding systems are less susceptible to inbreeding. Under
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careful control, open population systems currently seem to
be the most promising techniques in honey bee breeding,
when combined with artificial insemination.

To understand the genetics of breeding in open honey
bee populations we will have to define the important genetic
parameters more explicitly than above.

Recently, we proposed a model to describe the collective
performance of a colony (CHEVALET and CORNUET, 1982).
This model, which involves queen and workers contributions,
allows us to give precise meanings to genetic parameters. It
also provides a theoretical basis for bee breeding. As an
example, a simple selection scheme is presented in which the
colonies are selected according to a selection index. In this
scheme, queens are naturally mated by local drones, of
which a proportion 8 (8<1) come from selected colonies
(open population). The values of the different parameters
(number of selected colonies and family size) are computed
in order to give the maximum theoretical response to the se-
lection compatible with a tolerable increase in inbreeding.

Genetic and statistical model

Selective breeding is based on the fact that relatives are
generally more alike than random individuals and on the as-
sumption that this resemblance is (at least partly) due to a lar-
ger number of identical genes in two relatives than in two
random individuals. Many of the traits that interest the bree-
ders are measurements. For instance, if one measures the
height of people, one simple way to show resemblance
between relatives is to plot the size of sons versus the size of
their fathers. Such a graph generally shows a tendency
which statisticians summarize with a regression line (the
straight line that best aproximates the trend of the set of
points) or with one coefficient (either the liniar regression
coefficient or the correlation coefficient). Another method,
suited for species in which one sex can have a large number
of progeny, is to rear families in the same environmental
conditions and to see if the average measurements differ sig-
nificantly between families. One measure of resemblance
of family members is the intraclass correlation coefficient.

All the above coefficients rely on the computation of spe-
cific variances and covariances. Variances measure varia-
tions of individual data in one set, covariances measure cova-
riations of pairs of data sets. There are simple classical rela-
tionships between these different coefficients and genetic
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parameters such as heritability. However, these apply to
traits measured in individuals, not to collective traits like tho-
se measured in honey bee colonies. So, in order to advance in

this area, itis necessary to go back to the basis of the theory.

Definition

Let P be a collective trait measured in a colony (i. e. ho-
ney production). We consider that both the queen and the
workers are responsible for this performance. So, we postu-
late the simplest following decomposition:

P=Q+W+E (1)

where: Q is the genotypic contribution of the queen,
W is the average of the genotypic contributions of
the workers,
E is the sum of non-genetic effects.

Q, W and E are unmeasurable (and thus unknown) quan-
tities. The genotypic contributions are decomposed (in a
classic way) into additive and dominance effects, neglecting
epistatic interactions for the sake of simplicity. This means
that a genotypic contribution is considered as the sum of the
effects of all loci involved with the trait under study. The ef-
fectof onelocusis the sum of the effects of both alleles at this
locus (additive effects) and a correcting factor (dominance
effect) which comes from a possible interaction between the-
se alleles. All these effects are unmeasurable but some bree-
ding designs may provide estimates of their variances in the
population under study. The variance of additive effects
(V=additive variance) is especially interesting since the ra-
tio V5/Vp (Vp=phenotypic variance) is equal to the heritabili-
ty of the trait in the population. But, in our case, we have not
a single additive variance but at least two: one for the genes
involved in the queen genotypic contribution (Vaq) and one
for the genes involved in the workers genotypic contribution
(VAw)- Actually, as some genes may be common to both sets,
a third additive variance (VAqw) has to be considered (CHE-
VALET and CORNUET. op. cit.).

, What is the relationship between the usual coefficients
estimated on honey bee colonies and these additive varian-
ces ? Is there a combination of these additive variances
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which could be taken as the numerator of heritability ? In or-
der to answer these questions, we have to apply the classic
and very basic relationship:

Cov(Xy, X3)=2 O ,,Va+d;,Vp (2)

where: Cov (Xj, X;) is the covariance of trait X measured on
two individuals 1 and 2
®1,21s the coefficient of coancestry between 1 and 2
(probability that, at a given locus, one allele taken
atrandomin lisidentical to one allele taken atran-
dom in 2)
dy ,is a coefficient of genetic identity between 1 and 2
(probability that at a given locus, both genes of 1
are identical to both genes of 2)
Vjand Vp, are respectively the additive and domi-
nance variances of trait X the in population from
which 1 and 2 are drawn.

Examples

Let us consider two breeding schemes generally used to
provide estimates of heritability: a mother-daughter relation-
ship design and a intra-family relationship design.

1. Mother-daughter relationship

Let us consider two sets of colonies. The first one is com-
posed of colonies headed by unrelated, naturally fecundated
queens. The colonies of the second set are headed by queens
which are the daughters of the queens of the first set and
have also been naturally mated. All colonies in the same set
are assumed to have encountered the same environmental
conditions. A collective trait is measured on every colony of
both sets and data are normalized (divided by the correspon-
ding standard deviation so that the phenotypic variance is
equal to one). “Mothers” and “daughters” refer respectively
to colonies of the first and the second set.

The mother-daughter covariance measures the degree of
‘relationship between the “mothers” and the “daughters”
performances. The pedigree in figure 36 shows the four dif-
ferent relationships to be considered:

— between queens (mother-daughter relationship: ®
=1/4,d,=0)

— between the mother-queen and the workers of the
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daughter colony (grand-mother-grand-daughter relation-
ship: ©,=1/8, d,=0)

— between the workers of the mother colony and the
daughter-queen (Ymixed” sisters relationship: ¢ 3=
[1/8< O <3/8], d3=d [0<d<1/2])

— between the workers of both colonies (aunt-niece rela-
tionship: @ ,= ® 32, d4=0).

Applying formula (2), we get the following mother-
daughter covariance: B

MDC="%Vp +%a Vg +2 O VAqw+3Vqu)+ DV (3)

2. Intra-family covariance

In this case, let us take a set of colonies with naturally
mated, unrelated queens. In each colony of this set are rea-
red queens which are also open mated. A “family” is conside-
red as a group of colonies whose queens come from the same
colony. All families are measured under the same environ-
mental conditions. If the data are normalized, the resemblan-
ce between members of the same family can be measured by
the average covariance of the performances of two colonies
of the same family (called the intra-family covariance). Here
again, the four relationships have to be considered (figure
37):

— between both queens (mixed sisters relationship:
(D o (¥ <D > d1=d)

— between the queen of colony 1 and the workers of the
colony 2 (aunt niece relationship: ¢ ,= /2, d,=0)

— between the queen of colony 2 and the workers of the
colony 1 (aunt niece relationship: § ,= §/2, d,=0)

— between the workers of both colonies (cousins-cou-
sins relationship: d,=® 14

The intra-family covariance is then equal to:

IFC=2 V2 +dVp)+ D Vagu+ B Vaqwt 2D Vaw  (4)

Formulae (3) and (4) give the answer to the two questions
addressed above: ’

1-here are the relationships between the covariances es-
timated on colony performances and the additive and domi-
nance variances,

2-there is no common combination of additive variances
in the two formulae. So, the two breedigns desings provide
different estimates of heritability.
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Fig. 36 — Pedigree showing the relations-
hips between individuals of “mother” and
“daughter” colonies
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Fig. 37 — Pedigree showing the relations-

hips between individuals of ”sister“ colo-
nies.

Principles of open breeding

schemes

In the proposed scheme, colonies are tested for one or
more characters such as honey production, gentleness, etc...
in every generation. Some are selected to produce the queens
and the drones of the next generation. These queens are na-
turally mated. The queen containing nuclei are putin an apia-
ry with selected colonies which have been previously indu-
ced for drone production. Therefore, only an unknown pro-
portion (B) of the drones with which they mate come from the

selected queens.

All the colonies whose queens come from the same selec-
ted colony form a family. Colonies are selected according to
a selection index which takes into account their own value
and the average value for the family.

Description of open breeding

schemes

To demonstrate this principle in operation, let us study a
specific numerical example. At the beginning, 10 colonies,
headed with unrelated, open mated queens, are choosen
from among the presumed “best” colonies. Queens are rea-
red from these 10 colonies and then naturally mated. At the
end of this step, a total of 120 young colonies (an average of
12 per family) is produced. These colonies are distributed
among apiaries, trying to put equal numbers of each family
in each apiary. Later, they are individually tested for the se-

lection criteria.
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An analysis of variance allows us to see it there are sig-
nificant differences between families, apiaries, and possi-
bly other factors (rearing colonies,...). A significant family
effect means that the performance shows some “heritabili-
ty” and that the selection should bring some visible results.

At the first generation, as there can be no estimate of the
mother-daughter covariance, only a selection based on indi-
vidual values for colonies is suggested. In the following gene-
rations, colonies are ranked according to a selection index
(see below). The best 10 colonies are selected to produce dro-
nes and queens. The unselected colonies provide biological
material to rear the new generation.

The young queens are brought to a fecundation apiaryin
which are installed the drone producing colonies (best 10 se-
lected colonies). They are naturally fecundated by drones
from selected colonies (proportion s, e. g. 70%) and surroun-
ding unselected drones (proportion 1-8, i. e 30%).

The same cycle is repeated every generation. More com-
plete information on the operation of the system can be
found in CORNUET and CHEVALET (1987).

Definition of the selection index

The selection index of a colony is defined as the expecta-
tion of the performance of its “daughter” colonies. In these
“daughter” colonies the queens are considered as having
been open mated by arandom set of drones (CHEVALET and
CORNUET, 1982).

As a simple example, to demonstrate the operation of the
index, we will consider a single parameter (e. g. honey pro-
duction) and only two predictors— the value of the colony
(m;;) and the average value (m; ) for the family to which it be-
longs. Figure 38 shows the relationships inside the i-th fami-
ly. Letypbe the variance of raw data. All data are divided by _p
so that the variance of transformed data is equal to 1. Noting
respectively T, C and A, the mother-daughter covariance, the
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“mother”

*family”

Fig.38 — Schematic representation of the i-th family. Each triangle represents a colo-

ny.
A line joining two triangles indicates a mother-daughter relationship between the queens of the two colonies

between sisters covariance and the aunt-niece covariance,
the formula for the index Jij may be written as follows:

Jii=[(T—A)/(1-C)J(my;—m; )+ [(T+11A)/(1+11C)Im;  (6)

With plausible values for covariances (T=0.200, C=0.129,
A=0.058), this would give:

J;;=0.163 (m;;—mi.)+0.348 m;
Theoretical response to selection

Once a selection index has been defined, the theoretical
response to selection can be predicted. The total genetic pro-
gress in one generation is the sum of the genetic progress via
the female line plus that via the male line.

Female genetic progress

With the above definition of the selection index, the fe-
male genetic progress is simply the product of the intensity
of selection times the standard deviation of the selection in-
dex:

AGg =ial

The intensity of selection is a function of n (family si-
ze=number of colonies per family), s (number of selected co-
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lonies per generation) and t (correlation between indexes of
sister colonies). Itis approximately equal to:

i=1l.—(n—1)/[2i.(ns—nst+st+1)] (Hill, 1976)
where i1.~0.84+0.41 In(n—1) (Smith, 1969)

The covariance between indexes of sister colonies is
equal to:

C(T-A)2+(A-TC) [2T+(n—2)(A+TC)—2(n—1)AC]

Cov(Jij,Jii) = "(1—c)2 A-C)2[1+(m-1)C]

(7)
The variance of the selection index can be expressed as
follows: '

e im0 T i TR
012~ n(1-C) n[1+m—1)C] (8)

. SQ, the correlation “t” defined above is eqﬁal to Cov
(Ji3,Ji3’)/(x p)2.

Going on with our numeric example, we get:
1=1:737 o03=0.213 AGg =0.371

This means that the expected response to selection
through the female line would be equal to 0.3716

Male genetic progress

Male genetic progress is made through the fraction g of
males, coming from the 10 selected colonies, which mate the
queens of the following generation. This progress is there-
fore proportional to 8 and to the productig;. Also, as the par-
ticipation of the selected males affects only the workers con-
tribution, male genetic progress is proportional to the coeffi-
cient of regression byy,; on the selection index of the contri-
bution of workers to the performance of a colony whose
queen has been mated with drones from a selected colony.
The male genetic progress is then equal to:

AGO’:B i bW/JOJ (9)
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The estimation of by, implies the estimation of a cova-
riance unavailable from the breeding scheme itself. Further-
more, the estimation of 8 necessitates extra-experimenta-
tion. However, taking a plausible value of 8 (e. g. 0.7) and
computing by,; with the numerical values of our example
(formulae are in CORNUET and CHEVALET, 1987), one can
easily gain an idea of the possible contribution of the males to
the overall genetic progress. In our example, we get:

by,;=0.453 AGy =0.117

Considering both the female and the male contributions,
after one generation of selection, the total genetic progress
in our example should be equal to 0.4884p. If the standard de-
viation of honey production in the population under selec-
tion is e. g. 5 kg, this means that an average increase of 2.44
kg/colony could be expected after one generation of
selection.

Long term progress

The above computations apply only to the first genera-
tion. As the population is open, there is a loss of progress in
the selected population due to genes brought in by unselec-
ted drones. On the other hand, if the mating apiary remains
in the same location over generations, the surrounding popu-
lation is genetically improved through the outmating selec-
ted drones. This reciprocal influence on the genetic level of
both populations has been modelled (CORNUET and CHEVA-
LET, 1987). Figure 39 shows the increase in the genetic level of
both selected and surrounding populations (with respecti-
vely 120 and 240 colonies) over 20 generations of selection for
three different values (2, 5 and 10) of the number of selected
colonies. The first number in the figure refers to the number
of queen producing colonies and the second one refers to the
number of drone producing colonies. It appears that, in our
example, the best response is obtained with the lowest num-
ber of queen producing selected colonies and the highest
number of drone producing selected colonies. This latter ob-
servation comes from the fact that, with a higher number of
drone producing colonies, the proportion of selected drones
(B) is higher and so is the male genetic progress, although the
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corresponding intensity of selection is lower. Also, with a
higher value of 3, the benefit for the surrounding population
is superior and this is profitable to the selected population
since the external drones progress more rapidly.

The formula for 8 can be written as follows:

B = rD/(rD+E)=D(D+(E/r))

D is the number of drone producing colonies, E is the
number of exterior colonies which drones may mate with
queens from the selected population, and r is the ratio of the
number of drones produced by a colony which is artificially
induced to produce drones, compared to the number of dro-
nes naturally produced in a colony. In figure 39, a ratio of
30:1 has been assumed.

0.5 4

0.4 4

0.3 4 E/r

0.2 | o Fig. 39 — Genetic level of selected (upper
curves) and surrounding (lower curves)

0.1 A populations as a function of generation.

1

2 N

+ The two numbers at the right correspond to the number
8 of colonies selected respectively for queen and drone
T b

[} s 10 15 20 25 0 production

Influence of inbreeding

One way to study the influence of inbreeding in the selec-
ted population is to establish the recurrence equations for
average inbreeding coefficients (coefficients of consangui-
nity and coancestry) from one generation to the next. This
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has been done for the breeding scheme detailed above (CHE-
VALET and CORNUET, 1982; CORNUET and CHEVALET,
in press). The parameters involved in the formulae are:

— the number of colonies selected for queen pro-
duction (Q) )

— the number of colonies selected for drone pro-
duction (D)

— the average probability that two sisters have the same
father

— the proportion . As seen above, 8 is a function of D
and E/r.

Figure 40 shows the value of the coefficient of consan-
guinity after 20 generations as a function of Q, for D=10 and
different values of E/r. A null value for this ratio corresponds
to a close breeding scheme. If the drones from the surroun-
ding population are numerous compared to the drones from
the selected population, inbreeding is maintained at a low le-
vel even with a small number of colonies selected for queen
production.

Genetic leuel (1=120, E=240, r=30) oD

12z Fig. 40 — Coefficient of consanguinity af-
ter 20 generations as a function of the
number of colonies selected for queen
1w 2z production (Q). The number of colonies
selected for drone production has been
fixed at 10. The different curves corres-
pond to different values of E/r. E = num-
ber of coloniesin the surrounding popula-
tion,
r = ratio between the number of drones
H m produced by a colony which has been arti-
ficially induced to produce drones, and
E x‘ 3 the number of drones naturally produced
2 by a colony).

W
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Optimisation of sizes

For given genetlc components of the variance, the total
genetic progress is an increasing function of the famlly size
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and of the number of selected colonies. In practice, the total
number of hives is imposed by material constraints. For a gi-
ven total, we need to know the number of selected colonies
which maximises the genetic progress and keeps inbreeding
below a tolerable threshold.

As the genetic progress and inbreeding coefficients are
rather complex functions, we had to look for solutions using
computer simulations. The general trends are as follows:

— if the unselected population surrounding the mating
area is very small (E<2r), Q should not be less than 8 but D
may be smaller;

— if the surrounding population is large enough
(E>10r), Q may be smaller than 8 but D should be at least
equal to 10;

— between the two situations, one can safely take values
of Q and D under 8.

Taking values of 8 to 10 for Q and 10 to 12 for D is good
enough for most situations, if not necessarily the most effi-
cient combination.

Conclusion

This is a generalized genetic and statistical model for the
description of a colony. Its use has been illustrated here
through an open population selection program. It could
equally well be used for a closed population selection
program.

For whole colony characters there is no evident defini-
tion of heritability. Actually, the only pertinent elements ne-
cessary for the computation of the genetic progress are re-
gressions or intra-class correlations.

The above breeding program looks very simple. Howe-
ver, it needs care at every step. As an example, in order to
equalize possible effects over all families, each family should
be equally represented in each queen cell bar in each rearing
colony. Also, computations are complex (multifactorial ana-
lysis of variance, estimation of regression and intra-class
correlation coefficients, computation of selection indices).
However, corresponding computer programs exist.
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SELECTIVE BREEDING IN CURRENT PRACTICE
' V.MAUL

Breeding means gradually changing the characteristics
or features of an organism for attaining a certain goal. It is
accomplished by systematically comparing a number of indi-
viduals for obtaining descendants that are most adequate for
the goal concerned. When the goal is attained all efforts are
focused on maintaining the genetic progress obtained.

After the successful developments providing for control-
led natural mating (mating stations on islands, zones for pure
race mating), the instrumental insemination has been a revo-
lutionary turn in bee breeding, as it enables as many as possi-
ble and also different combinations in mating in an apiary un-
der most rigorous control. But with all the fascination exer-
ted by the technical facilities, one must remember that ins-
trumental insemination is an auxiliary agent only for the
breeder. It requires a lot of work and is consequently expen-
sive. It enables fast progress in breeding, but when impro-
perly used pitfalls may occur (inbreeding following unilate-
ral narrowing of the genetic make-up, see Chapter 10). That
is the reason why successful selective breeding depends not
only on the skill of the operator and technical advance but
also on a rational and proper approach. In this section of the
chapter the selective breeding work is discussed from the
standpoint of the breeder, on the basis of the theoretic essen-
tials in the preceding chapter.

Targets of selective breeding

The major target of interest for the breeder is the perfor-
mance of the bee in terms of honey production and pollina-
tion activity. The performance substantially depends on the
conditions available at the location of the apiary (climate,
nectar sources). because of its dependency on the location
the bee as subject of selective breeding is more closely rela-
ted to cultivated plants than to live stock kept in stables.

The numerous geographical races of Apis mellifera spe-
cies are aresult of natural selection which provides for survi-
val in a given environment. There are clear cut differences
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between the bee races in different climate zones in terms of
developmental cycle and the genetically encoded behaviou-
ral patterns. But natural survival is not equivalent to perfor-
mance or optimum productivity. For increasing the perfor-
mance in terms of honey production during precisely defi-
ned honey flow periods, types with large bee masses per colo-
ny are preferred at present with the slightest possible swar-
ming impulse. The greater risk of survival in dearth periods
is compensated by the measures taken by the breeder for
maintenance. The productivity is also determined by the
bees’ behaviour. The breeder prefers the bees with a weaker
defence behaviour, which stay quiet on combs during the va-
rious operations performed by him, and with a weak impulse
for building additional combs or for filling all slits, so that all
operations are readily performed and without any protection
equipment. With beekeeping being practised in densely po-
pulated areas, gentleness of bees is now an essential require-
ment.

As attested to by many successful “transplantations”, se-
lective breeding in a certain zone does not necessarily imply
the use for this purpose of the native bee race. Where such a
native race is found, it should however be used as an initial
basis. Because into the current practice breeding depends to
a great extent on the natural mating of queens, the bee popu-
lations of pure races must be maintained in defined zones in
order to avoid the undesirable effects of heterosis (RUT-
TNER, 1967). Irrespective of the origin of a population, cons-
tant selection for turning it into the most suitable to the
conditions in the apiary concerned and to the specific mana-
gement methods is indispensable. Account must also be ta-
ken of the experience gained with respect to inclement
weather and honey flow conditions.

In addition to the major, general target, selection for spe-
cial purposes — as for example for resistance to foulbrood
(ROTHENBUHLER, 1964), for pollination of alfalfa (NYE
and MACKENSEN, 1970) or for as long as possible proboscis
to enable most efficient foraging of red clover (GOETZE,
1964) — may also be made. In this respect, the chief task of
beekeeping is to try to cope with the damage caused by Var-
roa disease, by selective breeding (MORITZ, 1985; PENG et
al., 1987). But in this section we shall not dwell on the
methods of work of selection for such special purposes.
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Assessment of bees’ performance

The performance in terms of honey production of a bee
colony is conditioned by both external and internal factors.
The first include for example weather conditions and the
nectar flow, the latter — the strength of the colony, the time
when the colony is apt for foraging, the eagerness to forage,
the capability of finding new honey sources, etc. The inter-
nal factors may in their turn depend on external factors (ope-
rations performed by the breeder, or genetic characteris-
tics). The latter factors are of interest for the breeder becau-
se he seeks to improve the genetic characteristics of his bree-
ding stock. In order to assess the genetically inherited cha-
racteristics of different colonies one must eliminate the ex-
ternal influences (figuratively speaking, all numerators
(=productivity) must be reduced to the same denominator
(=external factors).

Assessment of the performance requires the best possi-
ble uniformity of the external influences. When test colonies
are formed, all queens of a test batch will be given the same
chance from the very beginning. The test colonies will be
either nuclei with brood combs of equal strength, or shoak
swarms with the equal amount of bees. They shall always be
keptin the same type of hives. After the colonies are formed,
no further attempt of making them uniform or of adding ex-
tra bees must be made, but the colonies must be provided
with the required conditions for their individual develop-
ment following uniform principles. In the year when colo-
nies are formed, assessment should be made when all initial
bees have already been replaced by the daughters of the
queen to be tested. Whether colonies are formed later, espe-
cially when they are transferred into normal colonies as an
emergency measure, assessment of their performance after
one overwintering is possible within certain limits only. All
observations important for the assessment of performance
and the operations performed by the breeder which influen-
ce the development of the colony must be recorded in the
book of the colony. The principles of assessment must be as
uniform as possible, to enable comparison of the results ob-
tained in different bee breeding units. Further details in this
respect are given in the “Technical Recommendation for As-
sessment of Performance of Colonies” (RUTTNER, F. and
H., 1972).
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The complex feature “honey productivity” is determined
by several interrelated characteristics (as for example queen
fertility, life span of worker bees, foraging activity, capabili-
ty of detecting honey sources, capability of overwintering).
Therefore, honey production as a criterion of selection
usually has the highest selective value. However, also syste-
matic, standardized recording is necessary of the other cha-
racteristics of a colony such as the strength of the colony
throughout the year, the time when the colony is aptforfora-
ging activity, amount of brood, and possibly also occurrence
of scattered brood as a consequence of inbreeding.

The recorded data are necessary for assessment of per-
formance and for determining its significance, account
being also taken of the environmental conditions. If the per-
formance in terms of honey production alone is assessed, er-
rors may occur and the breeder will travel a round-about
road to his target.

In each and every apiary weather and honey flow condi-
tions have “typical” patterns (as for example predominance
of early honey flows) every year. Extreme deviations will how-
ever occur from now and then. If, for example, there is no
early honey flow in one year, then the colonies which will fo-
rage the normal flow must be selected instead of those which
prefer an atypical late honey flow. The same rule must be fol-
lowed when comparatively assessing the performance of
bees of different origins bred in apiaries other than those of
their origin, and when comparing the assessment data of dif-
ferent apiaries. For such comparative assessment, honey
production is usually expressed in % of the apiary average.
The average amount of the apiary indicates whether the ho-
ney flow was abundant, moderate or poor. But also the date
when the flow starts and for how long it will last should be
known, because they are decisive for the honey production.
The colonies which need less food for maintenance because
they have adapted themselves to the available honey sources,
will give relatively good honey productions in years with mo-
derate honey flows or in apiaries where only moderate honey
flows are available. The colonies with intensive brood rea-
ring activity and which are not too affected by weather condi-
tions or by aless abundant honey flow will have a great honey
production when the flow is abundant but will fail when the
flow is moderate (BOGER, 1969).
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Finally, an important fact to be considered is the asses-
sment of the performance of individual groups of colonies
which, if separately taken could affect the overall asses-
sment of performance. A group with average performance
has relatively good results when compared to groups with
preponderently low performance, while when compared to
better performing groups, the results of the same group are
relatively poor. When the colonies under the selective bree-
ding programme are located in several apiaries, one must
either have equal numbers of colonies in every group, or
make up a standard group of colonies to be used as reference
in assessing performance.

From the performance check we have to decide which co-
lonies to select for the production of the next generation. In
animal breeding the selection index is used for this purpose;
it covers all selection characteristics which are assessed in
marks (or points) according to an established system of re-
cording. Attempts of a systematic record in marks or points
of the performance in beekeeping have already been made
(FALKENBERG 1972, KOBEL 1968). But predominant is the
personal assessment of the breeder according to his own ex-
perience (BIENENFELD, 1987). Because the performance of
bees is highly dependent on the environmental conditions
specific for each and every region, a generally valid index of
selection is more difficult to be established for them than in
selective breeding of other animal species.

Planning of the breeding programme

Chapter 10, shows that successive selective bee breeding
is like climbing on top of a mountain. Rigorous selection on
the basis of objectively interpretable data recorded provides
for a rapid genetic progress. But there is always a possible
risk, namely the decrease in number of sex alleles and lower
performance due to inbreeding. The smaller the number of
‘the parent pairs chosen per generation, the earlier occurs the
inbreeding depression. The possible duration of a selective
breeding programme (the number of generations up to an ob-
vious decline in performance) is determined by the testing
capacity (number of colonies). For the evaluation of the pos-
sible variance, mating combinations must always be decided
upon by considering a group of several individuals, irrespec-
tively whether one or more groups of sisters are classically
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combined with drones of different origins, or only the
mother line is changed and the drone population is uniforme.
In principle the following holds true: the larger the group,
the greater is the certitude of good results. Groups of 4—10
colonies were found to be useful in practice.

Individual breeders who have a limited number of colo-
nies will use closed populations for few successive genera-
tions only and if needed he will cross the stock with unrelated
lines or different origins. Proper selection of the unrelated
stock will diminish the inevitable discontinuity (break) du-
ring a long term selection work. It is better to have a greater
number of test colonies for assessing performance, i.e. alar-
ger population, by planned co-operation with other breeders.
A good example in this respectis the co-operation in selective
breeding in Northern Germany (TIESLER, 1983a, 1983b).

Testing a group of colonies in several apiaries enables a
more precise assessment. The greater number of the colo-
nies tested allows for sufficient genetic variability even un-
der amostrigorous selection. The still widely used method of
obtaining the new generation from “the best colony” is not
recommended.

For one generation, the test period must last for at least
one year, excluding the initial year and the first overwinte-
ring period. Before starting selection and breeding, the deve-
lopment of the colony after the second overwintering period
will be assessed (its characteristics being now more ob-
viously manifested). An even more precise assessment could
be made in a full two years test. But it is known that the per-
centage of failure is higher in instrumentally inseminated
queens after the third winter than in the naturally mated
queens.

The procedure described above refers to the assessment
of the performance of the queen and her own colony. But it
may be combined with the assessment of the performance of
the off spring or selection may be entirely based on the resul-
ts of the tests of the descendants (recurrent selection). In this
case the daughter generation must be prepared very early, so
that after their performance testing the mother queen
should be still available for the next descendants. Such pro-
grammes require a large number of test colonies and are not
initiated too often because of the great difficulties in proper
planning.
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Taking out larvae for grafting during assessment of per-
formance of the queen and of her own colony does interfere
with the testing. Also, drone brood needed for insemination
may be taken out to beintroduced into (reserve) rearing colo-
nies. It is convenient to provide all test colonies regularly
with half frames for obtaining drone brood which will be ta-
ken out shortly before emergence and will be made use of or
discarded depending on the selection decisions.

Assessment of the brood (sex alleles)

In Chapter 10 of theimportance of the genes which deter-
mine the sex (sex alleles) and of inbreeding is pointed out.
They determine the performance which in its turn depends
on the development (strength) of the colony. A new method
for reducing inbreeding is also described, namely mixed se-
men technique. But this technique is still little used in cur-
rent practice, because not all inseminators have a centrifuge
so that they collect the semen from each drone separately
and use it as such.

In current practice queens are very often inseminated
with the semen collected from drones originating from only
one selected colony. In this case, the sister queens obtained
may produce brood without gaps, but some of them could how-
ever have a 25% failure (WOYKE, 1972). The same situation
may also occur, when queens are inseminated with semen
from drones originating from unrelated colonies but this is
very rare. When assessing the performance, the queens with
brood gaps in the test colonies may be poor just because of
the homozygosity at the sex locus, but not because of their
actual breeding value. This makes it impossible to estimate a
good performance (unfair comparative assessment). Before
the development of the mixed semen technique, only two im-
perfect solutions were available:

1. Queens are inseminated with the “manually mixed” se-
men originating from several colonies. It is unimportant
whether the semen is collected successively from the drones
originating from different colonies or from “mixed” drones
kept in nuclei. It is not certain that all amounts of semen in-
jected will reach the spermatheca in the same proportions,
and that the mixture will be uniform. Nevertheless in this
way the percentage of failure is somehow equalized in the
group of colonies concerned.
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2.Queens are inseminated with semen collected from
drones taken from one colony, but the percentage of brood
gaps is previously determined and the colonies with brood
gaps are eliminated, or their performance is assessed separa-
tely.

Brood gaps are measured in different ways. BOGER
(1969) uses a counting template covering 100 brood cells.
This method is however relatively inaccurate because brood
gaps may occur because of pollen or nectar storage and re-
main during next ovipositions. Therefore MAUL (1971) re-
commends use of special comb (test frames) after egglaying
and sealing of the brood. This may be done very easily when
establishing the nuclei. A very good opportunity for coun-
ting occurs when a swarm is transferred on comb founda-
tion. After acquiring experience, the breeder can appreciate
brood gaps, quite precisely, without a template. At the test
apiaries of the beekeeping department in Kirchhain, the re-
sults of countings are recorded in the book (card) of the colo-
ny, in points (1—4) and are subsequently taken into account
when assessing the performance.

Breeding record book (card)

All events related to breeding and insemination opera-
tions must be recorded. The record card for insemination
used at the institute in Kirchhain is given in Table 2. The fact
thatitis aloose leaf is most adequate in the conditions of divi-
sion of labour. The queen breeder records the data concer-
ning the queen (breeding number of the queen — rearing re-
cord, date of emergence, identification sign number, and lo-
cation of the mating nucleus). The breeder chooses the
queens and drones he wishes for mating. The inseminator
notes in the insemination record card the insemination pro-
cedure, insemination success and the purpose for which the
queen will be used. The origin of drones may be indicated by
their individual number in the rearing record book, or by the
number in the rearing book indicating the grandmother (for
example: daughters of 371/84).

Origin, terms, and kinship

A beginner in selective breeding faces difficulties in un-
derstanding the relations of kinship of queens and of bee co-

150



lonies. This is obvious when they prepare or consult the pedi-
gree (record of ancestry), as well as during discussions about
possible mating combinations between related colonies. This
specific feature of bees is due to the parthenogenetic deve-
lopment of drones. They develop from unfertilized eggs,
consequently have no father and can transmit only the cha-
racteristics genetically inherited from their mother.

The reduction division, which in diploid males is related
to formation of spermatozoa, occurs in drones immediately
after the unfertilized egg was laid. So that development starts
from haploid eggs. The spermatozoa of the drone develop la-
ter by cell multiplication, being therefore genetically identi-
cal (but the spermatozoa of brother drones are not identi-
call). Consequently, the drone is only the multiplier of the
characteristics genetically inherited from its mother. The
true “diploid father” is the queen, the mother of the drone.
This fact is taken into consideration at present when its ori-
gin is recorded, namely by indicating the number in the
queen rearing book of the mother of the drone — for indica-
ting the father or mating drone (Fig. 4). Consequently, the
terms used to define kinship relations in terms of the diploid
father must beinterpreted specifically when bees are concer-
ned. The table below is illustrative in this respect, by three
examples.

Table 11
Terms used for kinship in bee breeding
Mating type Kinship of drones and queens mated
termin general use geneticterm relationship
{origin)

Drone’s mother = mother queen brother x sister mother x daughter
Drone’s mother = sister of the mother cousinx cousin auntxniece

queen
Drone’smother = daughter of the nephew x aunt brother x sister

mother queen

When these terms of kinship are used in a selection pro-
gramme, one must specify whether they are the terms in ge-
neral use or the genetic terms. Graphic representations of
the ancestry (pedigree) can be interpreted more precisely so
that confusion is avoided.
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la 1b

2a: 2b + 4a 4b +

3a 3b 6a 6b Za b «12a 12b

Fig 41 — Model for an apicultural pedigree
1a: The number of queens for which we want to determine the pedigree from the selection note-book; 1 b— Number
of mother (mothers), of drones from the selection note-book with which 1 a mated; 2 a/2 b — parents for 1 a etc.
Other additional data on origin might also be mentioned in the breeding note-book.

Inbreeding systems

For scientific investigators, fast achievement of heredi-
tarily highly pure stock by mating of very closely related in-
dividuals might be of interest. But vitality will also rapidly de-
crease fast (inbreeding depression). Inbreeding depression
is prejudicial to selective breeding whose target is high per-
formance (honey productivity). Breeders therefore prefer to
mate less closely related individuals, accepting the fact that
in this way hereditary purity is less rigorous and is obtained
more slowly. Recommended to this end is to mate related in-
dividuals whose common ancestoris as far back as atleast 2—
3 generations. RUTTNER (1973) gives an example for obtai-
ning a line by combined matings of related individuals. WOY-
KE (1972) reported on the effects of the combined matings of
related individuals resulting in diploid drone brood (gaps in
brood comb).

But now, with the new trends of breeding in closed or
open populations using the mixed semen technique, such re-
commendations for specific combinations of related indivi-
duals are no longer operational; now, semen is always obtai-
ned from the entire population available, so that definite re-
cording of the kinship of every individual is impossible.

152



REFERENCES

ADAM, B. (1969) — Meine Betriebsweise. Walmar-Verlag, Zell Wei-
erbach

ADAMS, J.; ROTHMAN, E.D.; KERR, W.E.; PAULINO, Z.L. (1977)
— Estimation of sex alleles and queen matings from diploid
male frequencies in a population of Apis mellifera. Genetics

86:583—596

ALFONSUS, E.C. (1931) — The life of Anton Jansha. Amer. Bee].
71:508—509

BAILEY, L. (1981) — Honey Bee Pathology. Academic Press, Lon-
don

BAILEY, L. (1972) — Nosema apis and the dysentery of the honey-
bee.J. Apic. Res. 6: 121—125

BAMRIK, ]J.F. (1964) — Resistance to American foulbrood in ho-
ney-bees. V. Comparative pathogenesis in resistant and suscep-
tible larvae. J. Insect. Pathol. 6:284—304

BIENEFELD, K. (1986) — Heritabilitdtsschitzungen von Leistungs-
eigenschaften bei der Honigbiene (Apis mellifera). Apidologie
17:353—356

BIENEFELD, K. (1987) — Selektionskriterien in der Bienenzucht.
Allg. Dtsch. Imkerztg. 21:181—183

BIEDERMANN, M. (1964) — Neurosekretion bei Arbeiterinnen und
Koniginnen von Apis mellifera L. unter natiirlichen und experi-
mentellen Bedingungen. Z. Wiss. Zool. 170:256—308

BISHOP, G.H. (1920) — Fertilization in the honey-bee. II Disposal of
the sexual fluids in the organs of the female: J. Exp. Zool.

. 31:267—286

BOGER, K. (1969) — Zur Selektion von Bienenvolkern auf Sammel-
leistung. Z. Bienenforsch. 9:545—571

BOLTON, A.B.; HARBO, J.R. (1982) — Numbers of spermatozoa in
the spermatheca of the queen honeybee after multiple insemi-
nations with small volumes of semen. J. Apic. Res. 21:7—10

BRANDES, C. (1988) — Estimation of heritability of learning behav-
iour in honeybees (Apis mellifera capensis). Behav. Genetics
18: in press :

BRANDES, C.; FRISCH, B. (1986) — Erzeugung von mutierten Droh-
nen mit EMS und Rontgenstrahlen bei der Honigbiene. Api-
dologie 17:356—358

BREED, M.D.; VELTHUIS, H.H.W.; ROBINSON, G.E. (1984) — Do
worker honeybees discriminate among unrelated and related
larval phenotypes? Ann. Entomol. Soc. Am. 77:737—739

BRESSLAU, E. (1905) — Der Samenblasengang der Bienenkonigin.

. Zool. Anz. 29:299—323

BRUCKNER, D. (1976a) — The influence of genetic variability on
wing symetry in honey bees (Apis mellifera). Evolution 30:100—
108

153



BRUCKNER, D. (1976b) — Nachweis von Heterosis fiir das Merkmal

Temperaturregulation bei der Honigbiene (Apis mellifera).
. Apidologie 7:243—249

BRUCKNER, D. (1980) — Hoarding behaviour and life span of in-
bred, non-inbred and hybrid honeybees. J. Apic. Res. 19:35—41

CALE, G.H.; GOWEN, J.W. (1964) — Gamete backcross matings in
the honey bee. Genetics 50:1443—1446

CALE, G.H.; GOWEN, J.W_; CARLILE, W.R. (1963) — Pink —an eye-
color and viability gene in honey bees. J. Hered. 54:163—166

CAMARGO DE CA (1975) — Biology of the spermatozoa of Apis mel-
lifera. 1. Influence of diluents and pH. J. Apic. Res. 14:113—118

CHAUD-NETTO, ]J. (1975) — Estudos de segregacao com o gene la-
ranja em Apis mellifera (Hymenoptera, Apidae). Ciéncia Cultura
27:1227—1230

CHAUD-NETTO, J. (1977) — Ocelos claros (oc): a new mutation in
Apis mellifera adansoni. Ciéncia Cultura 29:316—318

CHAUD-NETTO, J.; KERR, W.E.; BEZERRA, M.A.F. (1983) —
Mutation in honeybee. 2. Average rate of mutation based on
seven genes for eye colour. J. Apic. Res. 22:17—21

CHEVALET, C.; CORNUET, J.M. (1982a) — Etude théorique sur la
selection du caractére ,,production de miel” chez I’abeille. I.
Modeéle génétique et statistique, Apidologie 13:39—65

CHEVALET, C.; CORNUET, J.M. (1982b) — Evolution de la consan-
guinité dans une population d’abeilles. Apidologie 13:157—168

COLLINS, A.M.; RINDERER, T.E.; HARBO, J.R.; BROWN, M.A.
(1984) — Heritabilities and correlations for several characters
in the honey bee. J. Hered. 75:135—140

CORNUET, J.M. (1987) — Heritability and genetic progress for a
worker character in Apis mellifera L. (submitted manuscript)

CORNUET, J.M.; CHEVALET, C. (1987) — Etude théorique sur la
sélection du caractére ,,production du miel” chez I’abeille. II.
Plan de sélection combinée de reines en fécondation naturelle.
Apidologie 18:253—266

CORNUET, J.M.; CHEVALET, C. (1987) — Change with time of the
level of inbreeding in a honey bee population under various
constraints. Theor. Appl. Genet., in press

DEL LAMA, M.A.; SOARES, A.E.E.; MESTRINER, M.A. (1985) —
Linkage studies in Apis mellifera using biochemical and mor-
phological markers. J. Heredity 76:427—430

DIETZ, A.; WILBANKS, T.W.; WILBANKS, W.G. (1983) — Investi-
-gation on long term queen storage in a confined system.
Apiacta 28:67—70

DREHER, K. (1940) — Eine neue dominant wirkende Mutation
sSchwarzsiichtig” (S) bei der Honigbiene. Zool. Anz. 129:65—79

DRESCHER, W. (1964) — Beobachtungen zur unterschiedlichen erb-
lichen Disposition von Zuchtlinien von Apis mellifera L. fir
die Schwarzsucht. Z. Bienenforsch. 74:116—124

DRESCHER, W. (1969) — Die Ausflugfidhigkeit von Drohnen der

154



Rassen Apis mellifera carnica und Apis mellifera ligustica in
Abhdngigkeit von Lebensalter und Witterung. Z. Bienenforsch.
9:390—409

DRESCHER, W.; ROTHENBUHLER, W. (1963) — Gynandromorph
production by egg chilling. J. Hered. 54:195—201

DRESCHER, W.; ROTHENBUHLER, W. (1964) — Sex determination
in the honey bee. J. Hered. 55:195—201

DUSTMANN, J.H. (1968) — Pigment studies on several eye-color
mutants of the honey bee, Apis mellifera. Nature 219:950—952

DUSTMANN, J.H. (1969) — Eine chemische Analyse der Augenfar-
benmutanten von Apis mellifica. J. Insect. Physiol. 15:2225—2238

DUSTMANN, J.H. (1975) — Quantitative Untersuchungen zur Tryp-
tophan — Ommochrom — Reaktionskette bei Wildtyp und Mu-
tanten der Honigbiene Apis mellifera. Insect. Biochem. 5:429—445

FALKENBERG, ]J. (1972) — Anleitung zum Koren der Carnica-Bie-
nen. Landesverband Schleswig-Holsteinische Imker, Bad
Segeberg

FISCHER, F. (1987) — Untersuchungen zum EinfluB3 der Sperma-
mischtechnik auf den Fullungsgrad der Spermatheka. Apido-
logie 18: in press

FREE, J.B.; BUTLER, C.G. (1958) — The size of aperture through
which worker honeybee will feed one another. Bee World
39:40—42

FRESNAYE, ]J. (1966) — Influence des variations de I’age de matu-
rité sexuelle chez les reines d’abeilles (Apis mellifera) fecondées
par insemination artificielle. Ann. Abeille 9:237—242

FYG, W. (1936) — Eine Methode zur subkutanen Impfung von Bie-
nenkoniginnen als Hilfsmittel beim Studium der Melanose.
Landwirt. Jahrb. Schweiz 50:867—880

GARY, N. (1962) — Chemical mating attractants in the queen honey
bee. Science 136:773—774

GESSNER B., GESSNER, K. (1976) — Inorganic ions in the sperma-
thecal fluid and their transport across the spermathecal mem-
brane of the queen bee, Apis mellifera. J. Insect. Physiol. 22:
1469—1474

GESSNER, B.; RUTTNER, F. (1977) — Transfer der Spermatozoen
in die Spermatheka der Bienenkonigin. Apidologie 8:1—8 -

GOETZE, W. (1964) — Die Honigbiene in naturlicher und kuinstlicher
Zuchtauslese. Paul Parey, Hamburg, Berlin

HACHINOHE, Y.; JIMBU, M. (1958) — Occurrence of the lethal eggs
in the honeybee. Bull. Nat. Inst. Agric. Sci. Japan, Ser G.
14:123—130

HACHINOHE, Y.; ONISHI, N. (1953) — On the new mutation ,,Rudi-
mental Wing” in the honey bee (Apis mellifera L.). Bull. Nat.
Inst. Agric. Sci., Japan, Ser G. 7:139—145

HAMILTON, W.D. (1964a) — The genetical evolution of social behav-
iour I.J. Theor. Biol. 7:1—16

HAMILTON, W.D. (1964b) — The genetical evolution of social behav-

155



iour II. J. Theor. Biol. 7:17—52

HAMMANN, E. (1965) — Wer hat die Initiative bei den Ausfliigen der
Konigin, die Konigin oder die Arbeitsbienen? Dissertation,
Freie Univ. Berlin

HARBO, J.R. (1973a) — A technique for handling stored semen of
honey bees. Ann. Entomol. Soc. Am. 67:191—194

HARBO, J.R. (1973b) — Survival of honeybee spermatozoa in liquid
nitrogen. Ann. Entomol. Soc. Am. 70:257—258

HARBO, J.R. (1979a) — Storage of honey bee spermatozoa at -196°C.
J. Apic. Res. 18:57—63

HARBO, J.R. (1979b) — Egg hatch of honey bees fertilized with
frozen spermatozoa. Ann. Entomol. Soc. Am. 72:516—518

HARBO, J.R. (1980) — Mosaic male honey bees produced by queens
inseminated with frozen spermatozoa. J. Hered. 71:435—436

HARBO, J.R. (1981) — Viability of honey bee eggs from progeny of
frozen spermatozoa. Ann. Entomol. Soc. Am. 74: 482—486

HARBO, J.R. (1983) — Survival of honey bee (Hymenoptera: Apidae)
spermatozoa after two years in liquid nitrogen (-196°C). Ann.
Entomol. Soc. Am. 76:890—891

HARBO, J.R. (1985) —Instrumental insemination of queen bees. Am.
Bee]. 125:197—202; 282—287

HARBO, J.R. (1986a) — Sterility in honey bees caused by dimethyl
sulfoxide. J. Hered. 77:129—130

HARBO, J.R. (1986b) — Propagation and instrumental insemination.
In: Rinderer T.E., Bee Breeding and Genetics, Academic
Press, Orlando, p. 361—389

HARBO, J.R. (1986¢c) — Effect of population size on brood produc-
tion, worker survival and honey gain in colonies of honeybees.
J. Apic. Res. 25:22—29

HARBO, J.R.;SZABO, T.J. (1984) — A comparison of instrumentally
inseminated and naturally mated queens. J. Apic. Res. 23:31—36

HARBO, J.R.; WILLIAMS, J.L. (1987) — Effect of above freezing
temperature on temporary storage of honey-bee spermatozoa.
J. Apic. Res., 26:53—55

HELLMICH, R.L.; KULINCEVIC, J.M.; ROTHENBUHLER. W.C.
(1985) — Selection for high and low pollen-hoarding honey
bees. J. Heredity 76:155—158

HERMANN, H. (1969) — Die neurohormonale Kontrolle der Paa-
rungsfliige und der Eilegetatigkeit bei der Bienenkonigin. Z.
Bienenforsch. 9:509—544

HILL, W.G. (1976) — Order statistics of correlated variables and im-
plications in genetic selection programs. Biometrics 32:889—
902 £ o

HILLESHEIM, E. (1987) — Wechselwirkungen zwischen indivi-
dueller Dominanz und Kolonieleistung bei Apis mellifera ca-
pensis ESCHSCHOLTZ). 11. Tagung Deutsch Sektion IUSSI,
Bayreuth FRG, p. 45

HILLESHEIM, E.; KOENIGER, N.; MORITZ, R.F.A. (1989) —

156



Colony performance in honeybees (Apis mellifera capensis
Esch.) depends on the proportion of subordinate and domi-
nant workers. Behav. Ecol. Saiobiol. 24: 291—296

HOLM, E. (1986) — Artificial insemination of the queen bee. Eigil
Holm, Gedved, Denmark 3

HUBER, F. (1814) — New observations upon bees. Ubersetzt von

. C.P. Dandant, Am. Bee J., Hamilton Ill.

JAGER, F.; HOWARD, C.W. (1914) — The artificial insemination of
queen bees. Science 40:770

JANUSEK, J. (1987) — Effect of carbon dioxide on initiation of ovi-
position of inseminated queens. Vedecke Praco, V.U.V. Dol
9:57—64

JASINSKI, Z. (1987) — Injuries of queens caged in queenless colo-
nies. 31. Int. Apic. Cong. Warschau

JAYCOX, E.R. (1961) —The effect of various foods and temperatures
on sexual maturity of drone honeybee (Apis mellifera). Ann.
Ent. Soc. Amer. 54:519—523

JEAN-PROST, P. (1957) — Observation sur le vol nuptial des reines
d’abeilles. Comp Rend Acad Sci. 245:2107—2110

JONES, R.L.; ROTHENBUHLER, W.C. (1964) — Behaviour ge-
netics of nest cleaning in honey bees. II. Response of two in-
bred lines to various amounts of cyanide killed brood. Anim.
Behav. 12:584—588

KAFTANOGLU, O.; PENG, Y. (1980a) — A new syringe for semen
storage and instrumental insemination of queen honeybees.
J. Apic. Res. 19:73—76

KAFTANOGLU, O.; PENG, Y. (1980b) — A washing technique for
collection of honeybee semen. J. Apic. Res. 19:205—211

KAFTANOGLU, O.; PENG, Y. (1984) — Preservation of honey bee
spermatozoa in liquid nitrogen. J. Apic. Res. 23:157—163

KEPENA, L. (1985) — Age at which queens should bee inseminated.
Vielar 59:106

KERR, W.E. (1969) — Genética e melhoramento de Abelhas. In: Mel-
horamento e Genética, Univ. Sdo Paulo, Sdo Paulo

KERR, W.E.; LAIDLAW, H.H. (1956) — General genetics of bees
Advances Genet. 8:109—153

KERR, W.E.; CHAUD-NETTO, J., SILVA, A.T. (1980) — Mutacao em
abelhas. I. Taxa de mutacdo reversa para genes que afetam a
cor dos olhos nas abelhas. Rev. Bras. Genet. 3:275—284

KOBEL, F. (1968) — Die Rassezucht bei der Honigbiene. Sauerlin-
der, Aarau

KOENIGER, G. (1970) — Bedeutung der Tracheenhiille und der An-
hangsdriise der Spermatheka fiir die Befruchtungsfihigkeit
der Spermatozoen in der Bienenkonigin Apis melliferaL.). Api-
dologie 12:329—343

KOENIGER, G. (1984) — Funktionsmorphologische Befunde bei der
Kopulation der Honigbiene (Apis mellifera L.). Apidologie
15:189—204

157



KOENIGER, G. (1986) — Mating sign and multiple mating in the
honeybee. Bee World 67:141—150

KOENIGER, N. (1970) — Uber die Fahigkeit der Bienenkonigin (Apis
mellifera L.). zwischen Arbeiterinnen- und Drohnenzellen zu
unterscheiden. Apidologie 1:115—142

KONOPACKA, Z. (1987) — Biological quality of instrumentally inse-
minated bee queens. 31. Int. Apic. Cong. Warschau

KORST, P.J.A.M.; VELTHUIS, HH.W. (1982) — The nature of
trophallaxis. Insect. Soc. 29:209—221

KURENNO]J, N.M. (1954) — Flug und sexuelle Reife beim Drohn (in
russisch) Ptschelowodstwo 31:24—28

LACOMB. M. (1977) — Feinstruktur des Mitteldarmes bei Bienen
und Proteinerndhrung der Konigin. Dissertation, Univ. Munster

LAIDLAW. H.H. (1931) — Queen rearing and artificial insemination.
In: Reportfor May 1931, USDA Bureau Entomol, Div Bee Cult,
Field Station Baton Rouge. p. 2

LAIDLAW, H.H. (1932) — Hand matings of queenbees. Am. Bee J.
72:286

LAIDLAW, H.H. (1933a) — Reportfor Feb 1931, USDA Bureau Ento-
mol, Div. Bee Cult, Field Station Baton Rouge. p. 2

LAIDLAW, H.H. (1933b) — Annual Report for the Fiscal Year ending
July 31, 1933. Report for the Southern States Bee Culture Field
Station of the USDA.p. 6

LAIDLAW, H.H. (1934) — The reproductive organs of the queenbee
in relation to artificial insemination. MSc — Thesis, Louisiana
State University, 36pp

LAIDLAW, H.H. (1936) — Report for summer 1936. University of
Wisconsin Madison USDA Bee Culture, Madison

LAIDLAW, H.H. (1937) — Report for Quarter ending June 30, 1937.
USDA Bee Culture Lab. Beltsville, Md.

LAIDLAW, H.H. (1939) — The morphological basis for an improved
technique of artificial insemination of queen bees of Apis
mellifera Linnaeus. PhD thesis, University of Wiscinsin, 99 pp

LAIDLAW, H.H. (1944) — Artificial insemination of the queen bee
(Apis mellifera L.): Morphological basis and results. J. Morph.
74:429—465

LAIDLAW, H.H. (1949) — Development of precision instruments for ar-
tificial insemination of queen bees. J. Econ. Entomol. 42:254—261

LAIDLAW, H.H. (1953) — An anesthetization chamber for the arti-
ficial insemination of queen bees. J. Econ. Entomol. 46:167—168

LAIDLAW, H.H. (1954) — Beekeping management for the bee bree-
der. Am Bee J. 94:92—95

LAIDLAW, H.H. (1956) — Organization and operation of a bee bree-
ding program. Proc Xth Int Cong Entomol 4:1067—1078

LAIDLAW, H.H. (1977) — Instrumental Insemination of Honey Bee
Queens. Dadant & Sons Inc. Hamilton III.

LAIDLAW, H.H. (1985) — Disposable syringe for shipment of bee se-
men. Am. BeeJ. 125:368—369

158



LAIDLAW, H.H., ECKERT, ]J.E. (1962) — Queen Rearing. University
of California Press, Berkeley, Los Angeles, London

LAIDLAW, H.H.; EL-BANBY, M.A. (1962) — Inhibition of yellow
body color in the honey bee. J. Hered. 53:171—173

LAIDLAW, H.H.; LORENZEN, C. (1957) — microsyringe adapter.
J. Econ. Entomol. 50:218

LAIDLAW, H.H.; PAGE, R.E. (1984) — Polyandry in honeybees (4pis
mellifera L.): sperm utilisation and intracolony genetic relation-
ships. Genetics 108:985—997

LAIDLAW, H.H.; TUCKER, K.W. (1964) — Diploid drone tissue
derived from accessory sperm in the honey bee, Genetics
50:1439—1442

LAIDLAW, H.H.; TUCKER, K.W. (1965a) — Three mutant eye shapes
in honey bees. J. Hered. 56:190—192

LAIDLAW, H.H.; TUCKER, K.W. (1965b) — Umber eye-color — a new
mutantin honey bees. J. Hered. 54:271—272

LAIDLAW, H.H.; EL-BANBY, M.A.; TUCKER, K.W. (1964) — Five
new eye-color mutants in the honey bee. J. Hered. 55:207—210

LAIDLAW, H.H.; EL-BANBY, M.A.; TUCKER, K.W. (1965a) — Fur-
ther linkage studies in the honey bee. J. Hered. 54:39—41

LAIDLAW, H.H.; EL-BANBY, M.A.; TUCKER, K.W. (1965b) — Three
wing mutants of the honey bee. J. Hered. 56:84—88

LAIDLAW, H.H.; GOMES, F.P.; KERR, W.E. (1956) — Estimation
of the number of lethal alleles in a panmiotic population of
Apis mellifera L. Genetics 41: 179—188

LAIDLAW, H.H.; GREEN, N.M.; KERR, W.E. (1953) — Genetics of
several eye color mutants in the honeybee. J. Hered. 44:246—250

LEE, P.C.; WINSTON, M.L. (1985) — The effect of swarm size and
date of issue on comb construction in newly founded colonies
of honeybees (Apis mellifera). Canad. J. Zool. 63:524—527

LENSKY, Y.; SCHINDLER, H. (1967) — Motility and reversible
inactivation of honeybee spermatozoa in vivo and in vitro. Ann.
Abeille 10:5—16

LENSKY, Y.; SLABEZKI, Y. (1981) — The inhibiting effects of the
queen bee (Apis mellifera L.)
LEVINSOHN, M.; LENSKY, Y. (1981) — Long-term storage of queen
honeybees in reservoir colonies. J. Apic. Res. 20:226—233
LEWIS, L.F.; ROTHENBUHLER, W.C. (1961) — Resistance to Ame-
rican foulbrood in honey bees. III. Differential survival of
the two kinds of larvae from two drone matings. J. Insect.
Pathol. 6:197—215

LOTMAR, R. (1936) — Anatomische Untersuchungen an Cyclopen-
Bienen. Rev. Suisse Zool. 43:51—72

MACKENSEN, 0. (1939) — IVth Quarterly Progress Report, Oct-
Dec 1939, USDA Bureau Entomol, Div Bee Cult, Southern
States Bee Cultures Laboratory, LP6, p. 11

MACKENSEN, O. (1943) —The occurrence of parthenogenetic fema-
les in some strains of honeybees. J. Econ. Entomol. 36:465—467

159



MACKENSEN, O. (1945) —IInd Quarterly Progress Report, Apr-Jun
1945, USDA Bureau Entomol, Div Bee Cult, Southern States
Bee Culture Laboratory. Projectt-1-4, RLP 1,p. 3

MACKENSEN, 0. (1947) — Effect of carbon dioxide on initial ovi-
position of artificially inseminated and virgin queen bees. J.
Econ. Entomol. 40:344—349

MACKENSEN, O. (1948) — A new syringe for the artificial insemi-
nation of queen bees. Am. BeeJ. 88:412

MACKENSEN, O. (1951) — Viability and sex determination in the
honey bee (Apis mellifera L.). Genetics 36:500—509

MACKENSEN, O. (1954) — Some improvements in method and sy-
ringe design in artificial insemination of queen bees. J. Econ.
Entomol. 47:765—768

MACKENSEN, 0. (1955a) — Experiments in the techniques of arti-
ficial insemination of queen bees. J. Econ. Entomol. 48:418—420

MACKENSEN, O. (1955b) — Further studies on a lethal series in the
honey bee. J. Hered. 99—102

MACKENSEN, O. (1964) — Relation of semen volume to succes in
artificial insemination. J. Econ. Entomol. 57:581—583

MACKENSEN, 0. (1969) — Effect of diluents and temperature on
instrumental insemination of queen honey bees. J. Econ. En-
tomol. 62:1370—1372

MACKENSEN, O.; NYE, W.P. (1966) — Selecting and breeding of
honeybees for collecting alfalfa pollen. J. Apic. Res. 5: 79—86

MACKENSEN, O.; NYE, W.P. (1969) — Selective breeding of honey
bees for alfalfa pollen collection: sixth generation and outcros-
sesJ. Apic. Res. 8:9—12

MACKENSEN, O.; ROBERTS, W.C. (1948) — A manual for the arti-
ficial insemination of queen bees. US Bur Entomol Plant Quar
ET-250

MACKENSEN, O.; RUTTNER, F. (1976) — The insemination proce-
dure. In: Ruttner F (Ed), The instrumental insemination of the
queen bee. p. 69—86

MACKENSEN, O.; TUCKER, K.W. (1970) — Instrumental insemi-
nation of queen bees. USDA Handbook No. 390, USDA,
Washington DC

MACKENSEN, 0.; TUCKER, K.W. (1973) — Preference for some
other pollens shown by lines of honeybees selected for high
and low alfalfa pollen collection. J. Apic. Res. 12:187—190

MARTINHO, M.R.; GONCALVES, L.S. (1978) — Migration of sper-
matozoa into the spermatheca, and competition between sub-
species of Apis mellifera L. In: Apiculture in the Tropics, Flo-
rianopolis, Brasilien, p. 139—143

MAUL, V. (1971) — Zur Arbeit des Besamungslabors in Kirchhain.
Allg. Dtsch. Imkerztg. 5:63—66

McLAIN, N.W. (1886a) — Artificial fertilization of queen-bees. Am.
Bee]. 22:277—278

McLAIN, N.W. (1886b) — Report of the Entomologist to the Commi-

160



sioner of Agriculture in his report to the President 1886
pp 587—590

McLAIN, N.W. (1887) — Controlling fecundation of queens, etc. Am.
Bee]. 23:567—569

MCcLAIN, N.W. (1888) — Report of the Entomologist to the Commisio-
ner of Agriculture in his report to the President 1887

MELNITSCHENKO A.N.; WAWILOW, I.L. (1975) — Long-term sto-
rage of drone sperm by freezing in liquid nitrogen. In: 25. Int
Apic Cong. Grenoble, pp 311—314

MIKHAILOFF, A.S. (1930) — On two mutations in the honey bee.
Opytnaya Paseka 5: 291—293

MIKHAILOFF, A.S. (1931) — Uber die Vererbung der WeiBiugigkeit
bei Honigbienen. Z. Induct. Abstamm. Vererbung 59:190—202

MINDT, B. (1962) — Untersuchungen iiber das Leben der Drohnen,
insbesondere Erndhrung und Geschlechtsreife, Z. Bienen-
forsch. 6:6—33

MORIMOTO, H. (1963) — On the feeding of drone honeybees. Jap. Bee
J. 16: 258—263

MORITZ, R.F.A. (1983) —Homogeneous mixing of honey bee semen
by centrifugation. J. Apic. Res. 22:249—255

MORITZ, R.F.A. (1984a) — The effect of different diluents on the
insemination success using mixed semen. J. Apic. Res. 23:164—
167

MORITZ, R.F.A. (1984b) — Selection in small populations of the ho-
neybee (Apis mellifera L.). Z. Tierziichtg. Ziichtgsbiol. 101:394—
400

MORITZ, R.F.A. (1985) — Heritability of the postcapping stage in
Apis mellifera and its relation to varroatosis resistance. J.
Hered. 76:267—270

MORITZ, R.F.A. (1986a) — Intracolonial worker relationship and
sperm competition in the honey bee (Apis mellifera L.). Expe-
rientia 42:445—448

MORITZ, R.F.A. (1986b) — Estimating the genetic variance of group
characters: social behaviour of honeybees (Apis mellifera L.).
Theor. Appl. Genet. 72:513—517

MORITZ, R.F.A. (1986c) — Comparison of within-family and mass
selection in honey bee populations. J. Apic. Res. 25:146—153

MORITZ, R.F.A. (1988a) —Group relatedness and kin discrimination
in honey bees (Apis mellifera L.). Animal Behav. in press

MORITZ, R.F.A. (1988b) — A re-evaluation of the two-locus model
for hygienic behaviour in honey bees (Apis mellifera L.). J
Hered., in press

MORITZ, R.F.A.; HILLESHEIM, E. (1985) — Inheritance of domi-
nance in honeybees (Apis mellifera capensis Esch.). Behayv.
Ecol. Sociobiol. 17:87—89 :

MORITZ, R.F.A.; KUHNERT, M. (1984) — Seasonal effects on artifi-
cial insemination of honeybee queens (Apis mellifera L.). Api-
dologie 15:223—231

161



MORITZ, R.F.A.; SOUTHWICK, E.E.; HARBO, ].B. (1987) — Ge-
netic analysis of defensive behaviour of honeybees (Apis melli-
fera) in a field test. Apidologie 18:27—42

NACHTSHEIM, H. (1914) — Cytologische Studien iiber die Ge-
schlechtsbestimmung bei der Honigbiene (Apis mellifica L.)
Arch. Zellforsch. 11:169—241

NOLAN, W.]J. (1929) — Success in the artificial insemination of queen
bees at the Bee Culture Laboratory. J. Econ. Entomol. 20:544—551

NOLAN, W.J. (1932a) — Breeding the Honeybee und Controlled
Conditions. Tech Bul No. 326, USDA, Washington DC

NOLAN, W.J. (1932b) — Multiple matings of the queen bee. 23rd
Meeting Maryland State Beekeepers Assoc, 20—34

NOLAN, W.]J. (1937a) — Improved apparatus for inseminating queen
bees by the Watson method. J Econ Entomol 30:700—705

NOLAN, W.J. (1937b) — Bee Breeding. In: USDA Yearbook of
Agriculture, USDA, Washington DC, 1396—1418

NYE, W.P.; MACKENSEN, O. (1965) — Preliminary report on select-
ion and breeding of honeybees for alfalfa pollen collection.
J. Apic. Res. 4:43—48

NYE, W.P.; MACKENSEN >, Q. (1968) — Selective breeding of honey
bees for alfalfa pollen: fifth generation and backcrosses. J
Apic. Res. 7:21—27

OERTEL, E. (1940) — Mating flights of queen bees. Glean. Bee Cult.
68:292—293

PAGE, R.E.; ERICKSON E.H. (1986) — Kin recognition during
emergency queen rearing by worker honey bees (Hymenop-
tera: Apidae). Ann. Entomol. Soc. Am. 79:460—467

PAGE, R.E.; LAIDLAW, H.H. (1982a) — Closed population honeybee
breeding. 1. Population genetics of sex determination. J. Apic.
Res. 21:38—44

PAGE, R.E.; LAIDLAW, H.H. (1982a) — Closed population honeybee
breeding. 2. Comparative methodes of stock maintenance and
selective breeding. J. Apic. Res. 21:38—44

PAGE, R.E.; KIMSEY, R.B.; LAIDLAW, H.H. (1984) — Migration
and dispersal of spermatozoa in spermathecae of queen honey
bees (Apis mellifera L.). Experientia 40:182—184

PAGE, R.E.; LAIDLAW, H.H.; ERICKSON, E.H. (1983) — Closed
population honeybee breeding. 3. The distributions of the sex
alleles with gyne supersedure. J. Apic. Res. 22:184—190

PARK, O.W.; PELLET, F.G.; PADDOCK, F.B. (1937) — Disease
resistance and American foulbrood. Am. Bee]J. 77:20—25

PEER, D.E. (1957) — Further studies on the mating range of the
honeybee, Apis mellifera. Can Entomol. 89:108—110

PENG,C.; FANG, Y.; XU, S.; GE, L. (1987) — Resistance of Apis ce-
rana against the mite Varroa jacobsoni. J. Inverteb. Pathol.
49: in press

PLASS, F. (1953) — Inzuchtwirkung und Heterosiseffekt bei der
Honigbiene. AID 66:49—68

162



POOLE,H.K. (1970) — The wall structure of the honey bee sper-
matheca with comments about its function. Ann. Entomol. Soc.
Am. 63:1625—1628

POOLE, H.K. (1972) — The effect of tracheal interruption on the
spermathecal wall of the queen honey bee. Proc Soc Exp Biol
Med 139:701—703

POOLE, H.K.; EDWARDS, J.F. (1970) — Induction of motility in ho-
ney bee (Apis mellifera L.) spermatozoa by sugars. Experientia
26:859

PGOLE, H.X.; TABER, S. (1970) — In vitro preservation of honey bee
semen enhanced by storage at 13°—15°C. Ann. Entomol. Soc.
Am. 63:1673—1674

PRABUCKI, J.; JASINSKI, Z.; CHUDA-MICKIEWICZ, B. (1987) —
Results of mass insemination of bee queens inseminated once
or twice and stored in different ways. 31. Int Apic Cong,
Warschau

RIED, M. (1975) — Storage of queen honeybees. Bee World 56:21—31

ROBERTS, W.C. (1944) — Multiple mating of queen bees proved by
progeny and flight tests. Glean. Bee Cult. 72:225—259, 303

ROBERTS, W.C. (1946) — The performance of the queen. Amer. Bee
J. 86: 185——186 211

ROBERTS, W.C.; MACKENSEN, O. (1951) — Breeding 1mproved ho-
neybees Amer Bee J. 91: 7—11 292—294, 328—330, 382—384,
418—421,473—475

ROTHENBUHLER, W.C. (1957) — Diploid male tissue as new evi-
dence on sex determination in honey bees. J. Hered. 48:160—168

ROTHENBUHLER, W.C. (1964a) — Behaviour genetic of nest clea-
ning in honey bees. I. Response of four inbred lines to di-
sease-killed brood. Anim. Behav. 12:578—583

ROTHENBUHLER, W.C. (1964b) — Behaviour genetic of nest clea-
ning in honey bees. IV. Responses of F, and backcross gene-
rations to disease-killed brood. Amer. Zool. 4:111—123

ROTHENBUHLER, W.C. (1964c) — Behaviour genetics of nest clea-
ning in honeybees. Anim. Behav. 12:578—583

ROTHENBUHLER, W.C.; THOMPSON, V.C. (1956) — Resistance to
American foulbrood in honeybees. I. Differential survival of
larvae of different genetic lines. J. Econ. Entomol. 49:470—475

ROTHENBUHLER, W.C.; GOWEN, J.W.; PARK, 0.W. (1952a) — An-
drogenesis with zygogenesis in gynadromorphic honey bees
(Apis mellifera L.). Science 115:637—638

ROTHENBUHLER, W.C.; GOWEN, J.W.; PARK, O.W. (1952b) —
Five mutant genes in honey bees (Apis mellifera L.). Genetics
37:620

ROTHENBUHLER, W.C.; GOWEN, J.W.; PARK, O.W. (1953) — Alle-
lic linkage relationships of five mutant genes in honeybees
Apis mellifera L.). J. Hered. 44:251—253

RUTTNER, F. (1954) — Mehrfache Begattung der Bienenkonigin.
Zool. Anz. 153:99—105

163



RUTTNER, F. (1962) — Bau und Funktion des peripheren Nerven-
systems an den Fortpflanzungsorganen der Drohnen. Ann.
Abeille 5:5—58 )

RUTTNER, F. (1964) — Zur Technik und Anwendung der kiinst-
lichen Besamung der Bienenkdonigin. Z. Bienenforsch. 7:25—34

RUTTNER, F. (1967) — Methods of breeding the honeybee: intra-
racial selection or hybrid breeding? Int Apic Cong, Maryland,
Apimondia, Bukarest, pp 222—226

RUTTNER, F. (1973) — Zuchttechnik und Zuchtauslese bei der
Biene. Ehrenwirth, Miinchen

RUTTNER, F. (1975) — Die instrumentelle Besamung der Bienenko-
nigin. Apimondia, Bukarest T

RUTTNER, F. (1976a) — The Instrumental Insemination of the
Queen Bee. Apimondia, Bucharest

RUTTNER, F. (1976b) — Besamte Koniginnen im Leistungstest.
Imkerfreund 11:1—3

RUTTNER, F.; SCHNEIDER, H.; FRESNAYE, J. (1974) — Un appa-
reil standard pour I’insemination artificielle des reines d’abeil-
les. Apidologie 5:357—369

RUTTNER, F.; RUTTNER, H. (1963) — Untersuchungen tber die
Flugaktivitdt und das Paarungsverhalten der Drohnen. Bie-
nenvater 84:297—301 ;

RUTTNER, F.; RUTTNER, H. (1966) — Untersuchungen iiber die
Flugaktivitdit und das Paarungsverhalten der ' Drohnen 3.
Flugweite und Flugrichtung der Drohnen. Z. Bienenforsch.
8:332—354

RUTTNER, F.; RUTTNER, H. (1972a) — Untersuchungen iiber die
Flugaktivitit und das Paarungsverhalten der Drohnen 5.
Drohnensammelpldtze und Paarungsdistanz. Apidologie
3:203—232 y

RUTTNER, F.; RUTTNER, H. (1972b) — Paarungskontrolle und Se-
lektion bei der Honigbiene. Apimondia, Bukarest

RUTTNER, F.; KOENIGER, G. (1971) — Die Fiillung der Sperma-
theka der Bienenkgnigin. Aktive Wanderung oder passiver
Transport der Spermatozoen? Z. Vergl. Physiol. 72—411—422

RUTTNER, H. (1980) — Bewihrte Pflegemethoden. In: Ruttner F.
(Ed), Koniginnenzucht. Apimondia, Bukarest, pp 169—224

RUTZ, W.; LUSCHER, M. (1974) — The occurence of vitellogenin in
workers and queens of Apis mellifica and the possibility of its
transmission to the queen. J. Insect Physiol. 20:897—909

SAKOFSKI, F. (1986) — Beobachtung der Ubertragung von Varroa
jacobsoni zwischen Bienenvélkern. In: Cavalloro (Ed), Proc
Expert Meeting Europ Res Control Varroatosis. Bad Hom-
burg, in press

SAWADA, Y.; CHANG, M.C. (1964) — Tolerance of honey bee sperm
to deep freezing. J. Econ. Entomol. 57:891—892

SCHAFFERHANS, F. (1987) — Instrumentelle Besamung der Bie-
nenkonigin — ein Beitrag zur Verbesserung der Technik. 31.

164



Int Apic. Cong, Warschau, in press

SCHLEY, P. (1981a) — Das Ausziehen von Mikropipetten mit Hilfe
eines Ausziehgerdtes und maschinelles Schleifen der Spitzen.
Biene 124:536—538

SCHLEY, P. (1981b) — Anbau-Schleifvorrichtung zum Besamungs-
spitzenausziehgerit. Allg. Dtsch. Imkerztg. 15:371—372

SCHLEY, P. (1987) —Einfiihrung in die Technik der instrumentellen
Besamung von Bienenkoniginnen. Kohler Offset, GieRen

SMITH, M. (1969) — Optimum selection procedures in animal bree-
ding. Anim. Prod. 11:433—442

SNODGRASS, R.E. (1910) — The Anatomy of the Honey Bee. USDA
Technical Series No. 18 USDA, Washington DC

SOARES, A.E.E. (1977) — Ferréo -aberto: ,,uma nova mutacio em
Apis mellifera L.” Anais do 4° Congr Brasil Apic, p 127—132

SOARES, A.E.E. (1981a) — Chartreuse-limio: first eye mutation in-
duced by gamma radiation with Co in the honeybee. J. Apic.
Res. 20:137—139

SOARES, A.E.E. (1981b) — Split-sting: a new honeybee character.
J. Apic. Res. 20:140—142

SOARES, A.E.E.; CHAUD-NETTO, J. (1982) — Laranja — an additio-
nal eye color gene in the snow series of Apis mellifera L. J.
Hered. 73:80

STORT, A.C. (1980) — Genetic study of aggressiveness of two sub-
species of Apis mellifera in Brazil. VII. Observer persecution
behaviour. Rev. Bras. Genet. 8:285—294

STURTEVANT, A.P. (1920) — Study of the behaviour of bees in a co-
lony affected by European foulbrood. USDA Bull No. 804,
Washington DC

STURTEVANT, A.P.; REVEL, J.L. (1953) — Reduction of Bacillus
larvae spores in liquid food of honey bees by action of the
honey stopper, and its relation to the development of American
foul brood. J. Econ. Entomol. 44:156

SZABO, T. (1977) — Overwintering of honeybee queens. 2. Mainte-
nance of caged queens in queenless colonies. J. Apic. Res.
16:41—46

TABER, S. (1954) — The frequency of multiple mating of queen ho-
ney bees. J. Econ. Entomol. 47:995—998

TABER, S. (1955a) — Sperm distribution in the spermatheca of mul-
tiple mated queen honey bees. J. Econ. Entomol. 48:522—525

TABER, S. (1955b) — Evidence of binucleate eggs in the honey bee.
J. Hered. 46:156

TABER, S (1961) — Successful shipments of honeybee semen. Bee
World 42:173—176

TABER, S.; BLUM, M.S. (1960) — Preservation of honey bee semen.
Science 131:1734—1735 :

THOMPSON, V.C.; ROTHENBUHLER, W.C. (1957) — Resistance to
American foulbrood in honey bees. II — Differential protec-
tion of larvae by adults of different genetic lines. J. Econ. En-
tomol. 50:731—737 {68



TIESLER, F. (1983a) — Das Zuchtgeschehen in den Imkerlandsver-
banden Hannover und Weser-Ems. Nordwestdtsch. Imkerztg.
35:61—75

TIESLER, F. (1983b) — Darstellung des Zuchtwesens, 1—3. Imker-
freund 38:441—451, 492—495, 39:27—29

TRYASKO, W.W. (1955) — Zeichen, die die Begattung der Konigin
anzeigen. In russisch, Ptschelowodstwo 28:25—31 "

TRYASKO, W.W. (1956) — Vielfachpaarung der Bienenkénigin. In
russich, Ptschelowodstwo 28:25—31

TRYASKO, W.W. (1958) — Artificial insemination of bee queens and
the utilization in the study of the heritability of traits when
crossing various bee races. In: 17. Int Beekeep Cong, Bologna,
pp 409—413

TRYASKO, W.W. (1965) — Natural parthenogenesis of the honeybee.
XX. Int Apic Cong, p356—362 -

TUCKER, K.W. (1958) — Automictic parthenogenesis in the honey-
bee. Genetics 43:299—316

VERMA, L.R. (1974) — Honeybee spermatozoa and their survival
in the queen’s spermatheca. Bee World 55:53—61

VERMA, L.R. (1978) — Biology of honeybee (Apis mellifera L.) sper-
matozoa. 1. Effect of different diluents on motility and sur-
vival. Apidologie 9:167—173

VERMA, L.R. (1983) — Effect of deep freezing on survival of the
honey bee (Apis mellifera L.) spermatozoa. Am. Beej. 123:851—
852

VESELY, V. (1965) — Die zylinderférmig beendete Inseminations-
spitze ermoglicht die kiinstliche Besamung, ohne daB die
Sonde gebraucht wird, und die Samenabnahme direkt von
den Samenleitern der Drohnen. In: 20. Int Apic Cong, Buka-
rest 7:57—61

VESELY, V. (1969) — Spermaverhaltung in lateralen Ovidukten
kiinstlich besamter Bienenkéniginnen. 22. Int Apic Cong,
Miinchen, Apimondia, Bukarest, p. 604 :

VESELY, V. (1970) — Retention of semen in the lateral oviducts of
artificially inseminated honey bee queens (Apis mellifera L.)
Acta Entomol Bohemoslov 67:83—92

VISSCHER, P.K. (1986) — Kinship discrimination in queen rearing
by honey bees (Apis mellifera). Behav. Ecol. Sociobiol. 18:453—460
WANKLER, W. (1927) — Die kiinstliche Befruchtung der Bie-
nenkonigin. Bienen-Vater 59:261—265

WANKLER, W. (1957) — Apparat zur kiinstlichen Befruchtung der
Bienenkonigin. Leipziger Bienenztg 71:49—50

WATSON, L.R. (1927a) — Controlled mating of honeybees. Am. Bee .
67:235—237, 300—302, 364—365

WATSON, L.R. (1927b) — Controlled mating of queenbees. Am. Bee .
Hamilton, I11.

WATSON, L.R. (1928) — Controlled mating in honeybee. Quart. Rev.
Biol. 3:377—390

166



WEISS, K. (1962) — Untersuchungen tiber die Drohnenerzeugung
im Bienenvolk. Arch. Bienenk. 39:1—7

WEISS, K. (1980) — Der EinfluB von Aufzuchtfaktoren auf die Ent-
wicklung der Koniginnen. In: Ruttner F. (Ed), Koniginnen-
zucht. Apimondia, Bukarest, pp 65—134

WILDE, J. (1987) — Comparison of growth and productivity of bee
colonies with artificially inseminated queens. 31 Int Apic
Cong, Warschau

WILLIAMS, J.L. (1983) — Effect of osmotic pressure on insemina-
tion success using incubated honey bee semen. Am. Bee J.
123:849 — 850, 852

WILLIAMS, J.L.; HARBO, J.R. (1982) — Bioassay for diluents of
honey bee semen. Ann. Entomol. Soc. Am. 75:457—459

WINKLER, A.; WINKLER, C. (1986) — Modifications of insemination
equlpment Int Symp, Scientific and Commercial Insemination
of Queens, Toulouse, Apimondia, Bukarest, in press

WINKLER, C. (1981) — Gerit fiur die kunsthche Besamung von
Weiseln weiter vervollkommet. Garten Kleintierzucht C 13:7

WINSTON, M.L.; KATZ, S.]. (1982) — Factors determining temporal
division of labour in honeybees. Can. J. Zool. 60:2947—2952

WITHERELL, P.C.; LAIDLAW, H.H. (1977) — Behaviour of the
honey bee (Apis mellifera L.) mutant, diminutive-wing. Hil-
gardia 45:1—30

WOODROW, A.W. (1941) — Behaviour of honey-bees toward brood
infected with American foulbrood. Amer. BeeJ. 81:363—366

WOODROW, A.W.; HOLST, E.O. (1942) — The mechanism of colony
resistance to American foulbrood. J. Econ. Entomol. 35:
327—330

WOYKE, J. (1955) — Multiple mating of the honeybee queen (Apis
mellifera L.) in one nuptal flight. Bull Acad Polon Sci II
3:175—180

WOYKE, J. (1958) — Die Ursachen mehrmaliger Hochzeitsfliige der
Koniginnen. Pszczel. Zesz. Nauk. 2:149—151

WOYKE, J. (1960) — Naturalne i sztuozne unasienianic matok pszcze-
lich. Pszczeln. Zesz. Nauk. 4:183—275

WOYKE, J. (1962a) — The origin of unusual bee. Pszczel Zesz. Nauk.
6: 40—61

WOYKE, J. (1962b) — Hatchability of ,lethal” eggs in a two sex-allele
fratermty of the honeybee. J. Apzc Res. 1:6—13

WOYKE, ]J. (1963a) — The behaviour of queens inseminated in a diffe-
rent manner. 19 Int Apic Cong, Prag, p 702—703

WOYKE, J. (1963b) — Contribution of successive drones to the inse-
mination of a queen. 29. Int Apic Cong, Prag, p715—718

WOYKE, J. (1963c) — Drone larvae from fertilized eggs of the honey-
bee. J. Apic. Res. 2:19—24

WOYKE, J. (1963d) — What happens to diploid drone larvae in a
honeybee colony? J. Apic. Res. 2:73—75

WOYKE, J. (1963e) — Rearing and viability of diploid drone larvae J
Aptc Res. 4:7—11 &



WOYKE, J. (1964) — Causes of repeated mating flights by queen
honeybees. J. Apic. Res. 3:17—23

WOYKE, J. (1965a) — Genetic proof of the origin of drones from fer-
tilized eggs of the honeybee. J. Apic. Res. 4:7—11

WOYKE, J. (1965b) — Study of comparative viability of diploid and
haploid larval drone honeybees. J. Apic. Res. 4:12—16

WOYKE, J. (1966a) — Which is the most suitable volumen of semen
in artificial insemination of queen honey bees. Techn Rep PL
480, USDA Bee Cult Lab Warsaw, p 12—15

WOYKE, J. (1966b) — Comparison of the behaviour of queens inse-
minated artificially once ot twice. Techn Rep PL 480, USDA
Bee Cult Lab Warsaw, p 16—19

WOYKE, ]J. (1967a) — Rearing conditions and the number of sperms
reaching the queens spermatheca. 21. Int Apic Cong, Maryland,
D 232—234

WOYKE, ]J. (1967b) — Diploid drone substance — cannibalism sub-
stance. 21. Int Apic Cong, p 471—472

WOYKE, J. (1969) — A method of rearing diploid drones in a honey-
bee colony. J. Apic. Res. 8:65—71 -

WOYKE, ]J. (1971) — Correlations between the age at which honey-
bee brood was grafted, characteristics of the resultant queens,
and result of insemination, J. Apic. Res. 10:45—55

WOYKE, J. (1972) —Sexallele und kontrollierte Paarung. In: Ruttner
F., Ruttner H. (Ed), Paarungskontrolle und Selektion bei der
Honigbiene, Apimondia, Bukarest, p 69—74

WOYKE, ]J. (1973a) — reproductive organs of haploid and diploid
drone honeybees. J. Apic. Res 12:35—51

WOYKE, ]J. (1973b) — Laranja: a new honeybee mutation. J. Hered.
67:220—230

WOYKE, J. (1975) — DNA content of spermatids and spermatozoa of
haploid and diploid drone honeybees. J. Apic. Res. 14:3—8

WOYKE, J. (1977a) — Comparative biometrical investigation on
diploid drones of the honeybee. I. The head. J. Apic. Res.
16:131—142

WOYKE, J. (1977b) — The heredity of color patterns in the honey
bee. Int Symp Genetics, Selection and Reproduction, Api-
mondia, Bucharest, p 49—55

WOYKE, ]J. (1978a) — Comparative biometrical investigation on di-
ploid drones of the honeybee. II. The thorax. J. Apic. Res.
17:195—205 :

WOYKE, J. (1978b) — Comparative biometrical investigation on
diploid drones of the honeybee. III. The abdomen and weight.
J. Apic. Res. 17:206—217

WOYKE, J. (1979) —Effect of the access of workers honeybees to the
queen on the results of instrumental insemination. J. Apic. Res.
19:136—143

WOYKE, J. (1980) — Genic background of sexuality in diploid drones.
J. Apic. Res. 19:89—95

168



WOYKE, ]J. (1983) — Dynamics of entry of spermatozoa into the sper-
matheca of instrumentally inseminated queen honeybees.
J. Apic. Res. 22:150—154

WOYKE, J. (1984a) — Correlation and interactions between popu-
latlon length of life and honey production by honeybees in
a temperate region. J. Apic. Res. 23:148—156

WOYKE, J. (1984b) — Ultrastructure of single and multiple diploid
honeybee spermatozoa. J. Apic. Res. 23:123—135

WOYKE, J. (1987a) — Effect of the number of attendant worker bees
on the initiation of egg laying by instrumentally inseminated
queens kept in small nuclei. Final Techn Rep, PL 480, USDA,
Bee Cult Lab Warsaw, p 17—31

WOYKE, J. (1987b) — Mathematical models for the dynamics of
entry of spermatozoa into the spermatheca of instrumentally
inseminated queen honeybees. J. Apic. Res. 26: in press

WOYKE, J.; ADAMSKA, Z. (1972) — The biparental origin of adult
honeybee drones proved by mutant genes. J. Apic. Res. 11:41—49

WOYKE, J.; GLOWSKA, Z.; NOWOSIELSKA, B. (1956) — Opieka
pszczol nad matkami w roznych klateczkach. Pszczelarstwo
7:4—7

WOYKE, J.; JASINSKI, Z. (1973) — Influence of external conditions
on the number of spermatozoa entering the spermatheca of in-
strumentally inseminated honeybee queens. J. Apic. Res.
12:145—151 :

WOYKE, J.; JASINSKI, Z.(1976) — The influence of age on the re-
sults of instrumental insemination of honeybee queens. Api-
dologie 7:301—306

‘WOYKE, J.; JASINSKI, Z. (1978) — Influence of age of drones on

the results of instrumental insemination of honeybee queens.
Apidologie 9:202—212

WOYKE, J.; JASINSKI, Z. (1979) — Number of worker bees neces-
sary to attend instrumentally inseminated queens kept in an
incubator. Apidologie 10:149—155

WOYKE, J.; JASINSKI, Z. (1980a) — Influence of the number of
attendant workers on the results of instrumental insemination
of honeybee queens kept at room temperature. Apidologie
11:173—180

WOYKE, J.; JASINSKI, Z. (1980) — Wplyw liczby pszczol asystu-
jacych matec przed zabiegiem na rezultaty sztuczne go unasie-
niania. Pszczel. Zesz. Nauk. 24:3—S8

WOYKE, J.; JASINSKI, Z. (1982) — Influence of the number of
attendant workers on the number of spermatozoa entering the
spermatheca of instrumentally inseminated honeybee queens
kept outdoors in mating nuclei. J. Apic. Res. 22:150—154

WOYKE, J.; JASINSKY, Z. (1985) — Porownanie dynamiki wohod-
zenia plemnikov do zbiorniczka nasiennego sztucznie una-
sienionych matek pszczelich przetrzymywanych w roznych
warunkach. Pszczel. Zesz. Nauk. 29:377—388

169



WOYKE, J.; JASINSKI, Z. (1986a) — Effect of the number of at-
tendant workers on the initiation of egg laying by instrumen-
tally inseminated queens kept in small nuclei. In: Insemination
scientifique et commerciale des reines d’abeilles, Apimondia,
Toulouse, in press

WOYKE, J.; JASINSKI, Z. (1986b) — Do instrumentally inseminated
gueens mate naturally after they started laying eggs. In: Inse-
mination scientifique et commerciale des reines d’abeilles,
Apimondia, Toulouse, in press

WOYKE, J.; KNYTEL, A. (1966) — The chromosome number as proof
that drones can arise from fertilized eggs of the honeybee.
J. Apic. Res. 5:149—154

WOYKE, J.; SKOWRONEK, W. (1974) — Spermatogenesis in diploid
drones of the honeybee. J. Apic. Res. 13:183—190 :

WOYKE, J.; JASINSKI, Z.; SMAGOWSKA, B. (1974) — Porownanie
organow rozrodozych oraz efektow sztucznego unasieniania
pszczol roznych ras i ich mieszancow. Pszczel. Zesz. Nauk.
28:53—75

WOYKE, J.; KNYTEL, A.; BERGANDY, K. (1966) — The presence
of spermatozoa in eggs as proof that drones can develop from
inseminated eggs of the honeybee. J. Apic. Res. 5:71—78

WOYKE, J.; RUTTNER, F. (1958) — An anatomical study of the
mating process in the honeybee. Bee World 39:3—18

WOYKE, J.; RUTTNER, F. (1976) — Honey production and lon-
gevity. In: Ruttner F., The Instrumental Insemination of the
Queen Bee. Apimondia, Bukarest, p 89—91

ZMARLICKI, C.; MORSE, R.A. (1963) — Drone congregation areas.
J. Apic. Res. 2:64—66

170



GLOSSARY

Abdomen — Abdomen

Allele — One of a pair or series of hereditary
factors (genes that occur at correspon-
ding loci on chromosome pairs)

Bulb— An enlargement of the endophallus

Bursa copulatrix — The cavity at anterior
end of the sting chamber

Cervix — A narrow of the endophallus

Cornu (plural: cornua) — Horns of the
endophallus

Diploid — Containing two sets of chromoso-
mes

Dominant — A gene that expresses itself to
the exclusion of the other member of the
pair

Dorsal— On the back side

Ductus ejaculatorius — Ejaculatory duct,
leading from the seminal vesicles to the
endophallus

Ductus spermaticus — Duct of spermatheca
(between vagina and spermatheca)

Ectophallus — Exterior portion of the penis

Ejaculation — Release of semen and mucus

Endophallus — Interior portion of the penis

Epistatic — A term describing genes of one
locus that suppress the expression at
another locus

Epithelium — Sheet-like tissue on the outer
and inner body surfaces and gland pas-
sages, always consisting of a single layer
of cells in insects

Eversion — Drawing out of the interior
portion of the penis

Genotype — The genetic makeup. This term
may refer to genes at a single locus or all
the genes of the organism

Glandula mucosa — Mucus gland

Gynandromorph (gynander) — An indivi-
dual with a body that is part male and
part female

Haploid — Containing only one set of chro-
mosomes

Hemizygous — The condition in which
only one member of a pair of alleles is
present. An organism in this condition is
a hemizygote

Hemocytometer — A device for counting
blood cells

Heterozygous — The condition in which
corresponding genes (alleles) in a chro-
mosome pair are different. An individual
in this condition is a heterozygote

Homozygous — The condition in which the
two corresponding genes of a chromoso-
me pair are similar. An individual in this
condition is a homozygote

Hypostatic — A term describing genes of a
locus whose expression is suppressed by
genes at another locus

Inbreeding coefficient — A measure of the
degree of inbreeding of an individual
(probability that 2 genes of a locus are
from the same ancestor)

Interaction — The effect of genes on each
other

Lethal factor — Inherited factor that leads to
the premature death of the inndividual
containing it

Linkage — Association of characters in
inheration due to the location of the
controlling genes on the same chromo-
some

Locus (plural: loci) — point on the chromo-
some where a particular gene is located

Microliter (ul) — Cubie millimeter

Milliter — Cubic cm

Mosaic bee — One having genetically diffe-
rent body tissues side by side

Mucus — Clearly explained in the text

Mutant— An individual showing a mutation

Mutation — A sudden change that is
inherited

Orificium vaginae — The orifice of the
vagina

Ovary — Duct where eggs develop

Oviduct, lateral — Duct leading from each
ovary to the median oviduct, expandable
to receive semen during mating

Oviduct, median — The single duct leading
from lateral oviducts to the vaginal
chamber

Parthenogenesis — Development of an indi-
vidual from unfertilized egg

Phenotype — The character or characters of
anindividual determined by its genotype
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Polyspermy — Penetration of an egg by
more than one spermatozon

Recessive — A member of an allelic pair of
genes whose expression is suppressed
by the other member

Sclerite — A chitinous plate of the exoskele-
ton of insects

Semen — Male sexual fluid or ejaculate

Spermatheca — Organ for the storage of
spermatozoa in the queen

Spermatocyte — Immature spermatozon

Spermatozoa — Mature male sex cells

Testioles — Semen ducts (in tests)
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Vaginal chamber — Enlarged inner portion
of vagina

Vas deferens — The coiled tube leading
from testis to seminal vesicle

Ventral — Toward or on the lower side of
body

Vesicula seminalis — Seminal vesicle —
sperm storage organ of the drone

Vestibulum — Enlarged base of the everted
endophallus

Viscosity — measure for the flowing degree
of a liquid

Zygote — Afertilized egg
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Tryasko 17,20

Tucker 86, 105, 107, 117

v

Vagina 21

Vaginal opening 20,21, 69
Vaginal vestibulum 0
Valvula vaginalis . 21,22
Velthuis 121

Ventral hook 15, 53,54, 69
Verma 31,61

Vesely 16,36, 93
Vestibulum 22

w

Wankler 10

Watson 11,12

Wawilow 62

Weiss 35,39

Williams 61

Winkler 57

Winston 122

Woyke 20, 22, 31, 32, 36, 37, 38, 79, 89, 90, 91, 93, 94, 95, 96, 98,99, 101, 102, 106, 115

Zz
Zmarlicki 19
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