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Summary — The use of mixed sperm of a large number of drones is considered to be advanta-
geous in maintaining honey bee stock (Apis meliifera L). The new technigue of using homogenized
drone semen was applied in a commercially orientated breeding program in Western Australia. Over
a period of 5 years the insemination success averaged 85%. Queens started oviposition 4.35 days
after insemination (S.E. = 0.15; n = 467). Over 4 years brood viability ranged from 88% to 94% (S.E.
= 0.66) and colonies built up very quickly. Honey production averaged 115 kg per hive in 1986 and
109 kg in 1987 (S.E. = 2.80). Longevity of queens was not appreciably different from that of queens
reported in the literature that were inseminated with non-homogenized semen.

Apis mellifera— breeding program — instrumental insemination — mixing of spermatozoa

INTRODUCTION

Artificial selection and small breeding
populations cause a loss of genes. This
results in decreasing performance from
inbreeding depression (Mackensen, 1951;
Plass, 1953; Moritz, 1981). In recently
published breeding theory (Chevalet and
Cornuet, 1982a; Page and Laidlaw,
1982a, 1982b; Page and Marks, 1982;
Page et al, 1982, 1983; Moran, 1983;
Moritz, 1984a), ways to minimize inbreed-
ing and maximize genetic variability were
suggested. Based on the work of Kaftano-
glu and Peng (1980), Moritz (1983) used
mutant markers to demonstrate the effica-

cy of diluting drone semen. Subsequent
centrifugation following dilution results in
the virtual homogenous mixing of the
spermatozoa. Homogenized semen of a
large number of drones is considered the
optimum way to maintain honey bee
stocks over many generations for the fol-
lowing reasons: inbreeding is avoided
since genetic diversity is maintained by in-
seminating each queen with genetic ma-
terial of a maximum number of drones.
Since all queens are inseminated with
identical semen, queen evaluation is
more precise, as genetically caused colo-
ny differences are attributed to differ-
ences in the queens themselves.
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In 1980 a honey bee breeding program
was started in Western Australia. Initially
ltalian-type bees were screened from
Western Australian sources. Isolated natu-
ral matings on an island were used to im-
prove or maintain stock. Since 1983 the
program has been modeled after closed
breeding systems suggested by Page and
Laidlaw (1982a, 1982b); Page and Marks
(1982); Page et al, (1982); Page et al,
(1983) and Moran (1983). The closed pop-
ulation artificial breeding system was mod-
ified by including a 16% contribution of se-
men from the best progeny of carefully
selected queens from the general popula-
tion. This is similar in concept to an open
selection system discussed by Chevalet
and Cornuet (1982b). In the Australian
breeding program stock is maintained by
instrumentally inseminating (Il) queens
(Mackensen and Roberts, 1948; Ruttner,
1975) with homogenized semen from a
very large number of drones.

The objectives of this paper are :

1) To evaluate the performance of queens
inseminated with homogenized semen
from a large number of drones.

2) To demonstrate the feasibility of using
homogenized drone semen in a practical
breeding program.

METHODS

Bee breeding program

The central breeding apiary consisted of 100
colonies, 20 lines with 5 daughter queens per
line (Fig. 1). Each year the most productive
queen in each line produced 5 daughters.
Drones from each of the selected queens con-
tributed an equal volume of semen {o a semen
pool. Daughter queens were inseminated with
homogenously mixed semen from this pool. For

influx of new genes, 4 queens were selected
from 15 to 20 breeder hives, contributed by the
beekeeping industry each year. These queens
produced 5 daughters each, which were insemi-
nated with semen from the same semen pool.
Only the top performing daughter from the input-
queens, out of each group of 5, produced
drones that contributed to next year's semen
pool. Genetic material of unrelated queens was
thus continuously introduced into the gene pool.

Drones and semen collection

Drones were reared according to Ruttner
(1980). When they were more than 16 days of
age, equal volumes of semen from drones of
each line were collected in 50 pl glass capillary
pipettes, (Ruttner, 1975; Schley, 1983; Harbo,
1985; Laidlaw, 1985) which were sealed with
Tris buffer-diluent and stored at 15 °C (Poole
and Taber, 1970) until homogenization {(up to 3
days later).

Diluents

A Tris buffer (Verma, 1978; Williams and Harbo,
1982; Moritz, 1984b) was used to dilute the se-
men before centrifuging. The contents of the dil-
uent were: NaCl (1.1%), glucose (0.1%), L-
Arginine HCI-(0.01%), L-Lysine-HCL (0.01%),
dissoived in a 0.05 M buffer (Tris-(hydroxyme-
thyl} amino methane, Tris-(hydroxymethyl) ami-
no methane hydrochloride (Sigma, Munich) (in
distilled water) adjusted to pH 8.7-8.9. Strepto-
mycin sulfate (0.02%) and penicillin G-K salt
(0.01%) were added shortly before use.

Semen homogenizing

Equal amounts of semen from each line were
combined with Tris buffer diluent (about 12
times the volume of semen). Sterile Eppendorf
tubes (0.4 ml) were fitted to disposable syringes
(2 ml) without plunger and served as centrifuge
vessels in a standard bench centrifuge with
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swing-out rotor. The diluted mixture was then
centrifuged for 12 to 15 min at 1000 g. The pure
diluent formed a clear supernatant that was im-
mediately decanted to avoid remixing. The Ep-
pendorf tube was cut at the surface of the se-
men to withdraw it into the insemination syringe
for Il. Only the required amount for each day's
inseminations was homogenized.

Queen handling

Queen cells were raised in queen right colonies
according to Laidlaw and Eckert (1962). The
queens were allowed to emerge and mature in
nucleus colonies (4-frame Langstroth, with
queen excluder at the entrance). After 5 days
they were treated with CO,. The second CO;
treatment then occurred at the time of |l (Rutt-
ner, 1975) when each queen was inseminated
with 10 to 12 pl of homogenized semen and
was returned to her colony. Two CO, treat-
ments initiate oviposition (Mackensen, 1947)).
Queens were left undisturbed after Il for 7 days
until they started egg laying. The colonies were
placed in 10-frame Langstroth hives and stan-
dardized (with 5 frames of brood, bees and the
same amount of honey and pollen). After 6
weeks the evaluation period started, including
honey production, brood viability, disease, tem-
perament, color and other characteristics. The
evaluation period for honey production depend-
ed upon the particular season. Since 1986, 7
queens have been inseminated to produce 5 in

each line required for evaluation; the surplus
was sold, kept or culled.

RESULTS

Over 5 years the rate of queens starting
oviposition within 3 weeks after il was
about 90% each year except for 1985,
when, presumably caused by queen infec-
tions, only 63% of the queens started egg
laying (Table 1). Queen survival rate after
the evaluation period in the colonies
ranged from 62% to 87% (Table II). Start
of oviposition ranged from 2-11 days in
1984, 1-15 days in 1985, 1-16 days in
1986 and 1-8 days in 1987 (Fig. 2). The
average was 4.35 days (S.E. = 0.15, n =
467). Brood viability was measured with a
brood counting grid and was 88% in 1984,
93% in 1985 and 1986, and 94% in 1987
(S.E. = 0.66).

Honey production was estimated by
weighing the numbered honey boxes with
empty drawn frames before placing them
on hives and again when removed. During
the evaluation period (about 5 months : 3
to 4 honey flows) the 100 colonies within
the central breeding nucleus (lines) pro-

Table I. Success rate of queens instrumentally inseminated with homogenized semen (three weeks

after I1).
Number of queens
Year Total number Lostor Drone ¥ Egg Success
of Il queens (n)  not laying layer laying (%)
1984 71 5 2 64 90
1985 160 57 3 100 63
1986 168 18 2 148 88
1987 168 13 3 152 91
1988 168 12 2 154 92
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Table ll. Queen survival rate through colony evaluation.

Year Evaluation Number of Number of queens Survival
period evaluated rate
(month) hives (%)
Lost Drone layer Surviving
1984 7 58 11 1 46 79
1985 5 78 26 4 48 62
1986 8 120 15 — 105 87
1987 8 120 12 3 105 87

duced 115 kg of honey in 1986/87 and 109
kg in 1987/88 (S.E. = 2.80). In 1986/87 the
honey production of the 20 lines extended
that of the progeny of the “screened-in
queens” by more than 20 kg (both groups
inseminated with identical semen). Before

1985 there was no difference between the
groups. The average honey production in
Western Australia (8-10 months) was 93
kg per productive hive in 1986/87 and 98
kg in 1987/88 (Australian Honey Board Re-
port (Australian Bureau of Statistics)).
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Fig. 2. Start of oviposition after instrumental insemination using homogenized drone semen.
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DISCUSSION

Using homogenized semen, the success
rates are equal to or better than those re-
ported from other |l programs using the
traditional technique (e.g. Severson et al.,
1986; Il success range: 38%—-80%, 8-
month survival rate: 61%).

In contrast to the results of Fisher
(1987) the data from this program do not
show a high rate of drone layers; actually
in 1986 we were able to use breeder
queens of 1984. This is an indication of
the longevity of Il queens. In the 1986
evaluation period, the equalized colonies
built up to full size colonies within 6 weeks
and produced honey 2 months after Il.
Honey production from the inseminated
queens in the Western Australian breeding
program (evaluated for a period of 4-5
months) compares favorably with the aver-
age honey production of naturally mated
queens in the whole state. A marked dis-
advantage of Il queens compared to open
mated ones as found by Harbo and Szabo
(1984) and Harbo (1986) was not evident.

Using Kiev diluent with the centrifuging
technique, Kaftanoglu and Peng (1980,
1982) found a delay in the onset of ovipo-
sition (1980 = 9.27 + 0.79 days after post ||
CO,, 1982 = 8.58 + 0.53 days after Il). The
early start of oviposition in Western Aus-
tralia (average 4.35 days after Il) may be
due to the use of Tris buffer to dilute the
semen (Moritz, 1984b) as well as the pro-
gram being conducted during peak spring
conditions (Moritz and Kihnert, 1984).

With the usual Il technique (Mackensen
and Roberts, 1948; Ruttner, 1975) using
Hyes saline solution as stopper fluid, Mo-
ritz and Kuhnert (1984) found the onset of
oviposition (1972-1983) averaged 7.69
days (S.E. = 0.07; n = 3440) which approx-
imates the results of Kaftanoglu and Peng
(1980, 1982) using Kiev with the Macken-

sen technique. With Tris buffer as stopper
fluid, in 1985 the onset of oviposition was
5.05 £ 2.2 days (n = 96) (Kihnert, unpub-
lished data), which may indicate an accel-
erating effect of Tris buffer on the onset of
oviposition, even when used as stopper
fluid.

The risk of pooling large volumes of se-
men should be taken into consideration.
One portion of infected or with drone fecal
material contaminated semen may spoil
the entire quantity of pooled semen. Low i
results in 1985 may reflect queen infec-
tions due to contaminated semen. That
year a group of technicians was trained to
conduct the inseminations.

When using homogenized semen the
following factors are important :
1) Mature, healthy drones: it is necessary
to have exclusively mature drones in the
colonies; preferably they should have def-
ecated before they are used.
2) Aseptic conditions: strict precautions
need to be taken to avoid any possible
contamination. Preferably the semen col-
lection should be carried out in a room
separate from further sterile handiing.
3) Appropriate dilution : the use of Tris buf-
fer and dilution 1:12 was found to be suita-
ble because the incidence of drone laying
was low and brood viability was high.
4) Queen handling : queens should hatch
and mature under optimal conditions be-
fore and after insemination (e.g. nucleus
colonies). This is probably one of the most
important factors for positive results
(Woyke, 1979, 1988; Woyke and Jasinski,
1982).

The program as outlined in this paper is
labor intensive and requires efficient or-
ganisation. Drone rearing from 24 lines
and queen rearing from 20 lines plus
“screening-in daughters” must be well co-
ordinated. The data now available from
this bee breeding program using the mixed
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semen technique for many years on a
large scale indicate that the effort is re-
warded through the improvement of bee
stock. With a reasonable amount of addi-
tional equipment and extra attention paid
to aseptic conditions, the semen mixing
technique is a feasible method in bee
breeding, and a way to counteract inbreed-
ing.

The authors intend to publish a com-
plete genetic analysis of the data after the
results of the 1989 evaluation period be-
come available.

Résumé — Utilisation de spermes ho-
mogéneéisés dans le cadre d'un pro-
gramme de sélection de I'abeille en
Australie occidentale. Depuis 1984 on
développe en Australie occidentale, avec
le soutien et la collaboration de quelques
apiculteurs professionnels, un projet de sé-
lection basé sur un programme modifié par
rapport au modéie de Page et al. (modéle
de population fermée) et sur la technique
des spermes mélangés pour 'insémination
artificielle. On décrit ici la technique et on
donne les résultats obtenus.

La station centrale d'élevage comprend
100 ruches réparties en 20 lignées.
Chaque année la reine la plus productive
de chaque lignée fournit 5 reines filles. On
constitue un pool d'insémination en préle-
vant une méme quantité de sperme chez
les males des diverses lignées et en mé-
langeant ces divers échantillons. Le
nombre de males participant au pool d'in-
sémination peut ainsi étre considérable-
ment augmenté et la consanguinité de ce
fait diminuée. Les reines filles sont insémi-
nées avec du sperme de ce pool; elles re-
¢oivent donc toutes un melange identique,
ce qui autorise une évaluation précise de
leurs performances. La méthode d’homo-
généisation des spermes de males a été

appliguée depuis 5 ans dans le pro-
gramme de sélection décrit ici.

Du matériel génétique de reines non
apparentées est continuellement introduit
dans le pool dinsémination a partir de
ruches fournies par la profession (Fig. 1).
Le sperme des descendants les plus per-
formants des 2 ruchers est mélangé et les
jeunes reines de la station centrale d'éle-
vage, de méme que les filles des reines
étrangeres présélectionnées, sont insémi-
nées avec du sperme homogénéisé de ce
pool. Le sperme est prélevé chez des
males agés de plus de 16 jours, dans des
capillaires de verre de 50 ul, obturé avec
un diluant et conservé a 15 °C durant 3
jours maximum. Comme diluant on utilise
un tampon tris ainsi constitué : NaCl
(1,1%), glucose (0,1%), monochlorure hy-
draté de L-arginine (0,01%), monochlorure
hydraté de L-lysine (0,01%) dissouts dans
un tampon a 0,05M de tris-(hydroxyméthyl)
amino-méthane et d'hydrochlorure de tris-
(hydroxyméthyl) amino-méthane ajustés
au pH 8,7—8,9. Peu de temps avant I'utili-
sation on ajoute du sulfate de streptomy-
cine (0,02%) et du sel G-K de pénicilline
(0,01%).

Des quantités égales de sperme de
chaque lignée sont mélangées avec le di-
luant (12 fois le volume du sperme). Des
tubes Eppendorf stériles (0,4 ml) adaptés
a des seringues jetables sans piston (2 ml)
servent de tubes a centrifuger pour une
centrifugeuse de paillasse avec un rotor a
bascule. Aprés 10-15 min de centrifugation
a 1 000 g (environ 2 750 t/min pour la plu-
part des centrifugeuses de paillasse du
commerce), le sperme se sedimente; on
enléve la phase surnageante et, en cou-
pant le tube Eppendorf a la surface du
sperme, on récupére le sperme dans la se-
ringue d'insémination. Les reines écloses
dans les nuclei recoivent a I'age de 6 jours
10 a 12 pl de sperme homogeénéisé, aprés
avoir été traitées la veille au CO..
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En insémination de routine et en res-
pectant des regles d'hygiéne strictes, le
taux de réussite a été d'environ 90% (Ta-
bleau I}. La valeur plus faible de 1985 (1re
année ol deux nouveaux techniciens ont
exercé cette technique) est vraisemblable-
ment due a une infection des reines avec
du sperme contaminé. La ponte a débuté
en moyenne 4,35 jours apres linsémina-
tion (Fig. 2). Aprés la période d'évaluation
(5 2 8 mois, soit 3 a 4 miellées) le taux de
survie des reines maintenues dans des co-
lonies sur 10 cadres a encore été de 78%
en moyenne. Il n'y a pas eu de reines
bourdonneuses (Tableau ll). Le taux de
survie du couvain a varié de 88% (1984) a
94% (1987). Le développement des colo-
nies a été rapide (6 semaines du nucleus
4 cadres a la colonie 10 cadres). Pendant
une période d'évaluation de 4-5 mois
(miellée  principale), la  production
moyenne de miel & la station centrale
d'élevage a été de 115 kg en 1986 et 109
kg en 1987. En 1986, les 100 reines filles
des lignées ont produit en moyenne 20 kg
de plus que les 20 filles des reines étran-
geres sélectionnées. Avant 1985 on n'a
pas pu mettre en évidence de différence.
La moyenne annuelle en Australie occi-
dentale a été de 93 kg en 1986 et de 98
kg en 1987 pour des reines fécondées na-
turellement.

Zusammenfassung — Anwendung der
Spermamischtechnik in einem Bienen-
zuchtprojekt in Westaustralien. Seit
1984 wird in Westaustralien mit Un-
terstlitzung und Mitarbeit einiger Berufsim-
ker ein Zuchtprojekt mit einem — ge-
geniber dem Modell von Page und
Mitarbeitern (closed population model) —
abgednderten Programm (open nucleus-
Zuchtsystem) und der Spermamischtech-
nik zur instrumentellen Besamung durch-
gefuhrt. Hier wird erstmals Uber Technik
und bisherige Ergebnisse berichtet.

Drohnensperma ist nach Aufschwem-
mung in geeignetem Verdinner und
anschlieBendem Zentrifugieren gleich-
maBig gemischt. Die Anzahl der zu einer
Besamungsportion beitragenden Drohnen
kann somit erheblich gesteigert und da-
durch Inzucht gemindert werden. Alle
Kbéniginnen, die mit Samen aus derselben
Mischprobe besamt werden, erhalten eine
identische Mischung, was eine exaktere
Leistungsprifung der Koniginnen zulaft.
Die Methode des Homogenisierens von
Drohnensperma wurde in dem hier be-
schriebenen Zuchtprogramm seit 5 Jahren
angewandt. Das Zuchtprogramm umfaft
eine zentrale Zuchtstation mit 20 Linien.
Zuchtmiitter fir die nachste Generation
werden nur aus diesen Linien selektiert.
Uber einen zweiten Priifstand wird konti-
nuierlich unverwandtes Genmaterial Uber
Drohnen zugefiihrt (Fig. 1). Sperma der
leistungsfahigsten Nachkommen beider
Stande wird gemischt und sowohl die
Jungkoniginnen der zentralen Zuchtsta-
tion, als auch die Téchter der vorselektier-
ten fremden Kéniginnen werden mit homo-
genisiertem Sperma aus dieser Misch-
probe besamt. Letztere dienen aussch-
lieBlich zur Drohnenproduktion.
Geschlechtsreife Drohnen (3lter als 16
Tage) werden in Abfangzargen ins Labor
gebracht. Das in 50 pl-Glaskapillaren auf-
genommene Sperma wird (nach Versch-
lieBen mit Verdinner) maximal 3 Tage bei
15°C gelagert. Als Spermaverdiinner dient
ein Trispuffer, der folgendermaBen her-
gestellt werden kann : Natrium Chlorid
1,1%, Glukose 0,1%, L-Argininmono-
hydrochlorid 0,01%, L-Lysinmono-
hydrochlorid 0,01% (Fa. Merck, Darm-
stadt), werden gelost in einem 0,05 M Puf-
fer aus Tris(hydroxymethyl)aminomethan,
und Tris(hydroxymethyl)aminomethanhy-
drochlorid (Fa. Sigma, Minchen), so daB
ein pH von 8,7 bis 8,9 entsteht. Kurz vor
Verwendung wird 0.02% Streptomycin Sul-
fat und 0,01% Penicillin G-K Salz (Fa.
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Merck) zugegeben. Die gleiche Menge
Sperma jeder Drohnensorte wird in Kapil-
laren aufgenommen und anschlieBend mit
der 12-fachen Menge Verdinner griindlich
gemischt. Die Hdilse einer 2 ml-
Einwegspritze mit aufgestecktem, sterilem
0.4 ml-EppendorfgefaB  (Weichplastik)
dient als Zentrifugenrdhrchen in einer
Tischzentrifuge mit Schwingrotor. Nach
10-15 min Zentrifugation bei 1000 g (ca.
2750 U/pm in den meisten han-
delslblichen Tischzentrifugen) sedimen-
tiert das Sperma und kann nach Entfernen
des Uberstandes (bzw. Durchschneiden
des EppendorfgefidBes an der Sperma-
oberflache) in die Besamungskanile auf-
genommen werden. Am 6. Lebenstag
erhalten die in Ablegern geschliiipften und
tags zuvor mit CO, behandelten
Koéniginnen 10-12 pl des homogenisierten
Spermas.

Bei strikter Einhaltung strenger Hygie-
nemafnahmen und routinierter Besa-
mungstechnik wurde ein Besamungserfolg
von ca. 90% erreicht (Tab. 1). Der niedri-
gere Wert von 1985, (dem ersten Praxis-
jahr  neuer Besamungstechniker) ist
moglicherweise auf eine Infektion der
Koniginnen mit kontaminiertem Sperma
zurlickzufihren. Der Eilagebeginn lag
durchschnittlich 4,35 Tage nach der Be-
samung (Fig. 2). Die Uberlebensrate der
bei ausgezeichneter Tracht in Vollvdlkern
gehaltenen Koéniginnen betrug nach funf
bis acht Leistungsprifungsmonaten (3-4
Trachten) noech durchschnittlich 76%. Es
wurde kaum Drohnenbritigkeit registriert
(Tab. Il). Die Brutiberlebensrate steigerte
sich von 88% (1984) auf 94% (1987). Die
Volksentwicklung war zigig (6 Wochen
vom 4-Waben Ableger zum Vollvolk).
Innerhalb einer Prifperiode von 4-5 Mona-
ten (Haupttracht) lag die durchschnittliche
Honigproduktion der Nachkommen inner-
halb der zentralen Zuchtstation (100
Volker) 1986 bei 115 kg und 1987 bei 109

kg (letzteres gesammelt in einer Trachtper-
iode von 6-8 Wochen mit Spitzenleistun-
gen von 175 kg). Diese 100 Linientdchter
produzierten damit 1986 durchschnittlich
um 20 kg Honig mehr als die 20 Téchter
der Zuchtkodniginnen, die von Imkern zur
Verfligung gestellt wurden (beide Gruppen
waren mit identischem Sperma besamt).
Vor 1985 war noch kein Leistungsunters-
chied festzustellen. Der landesweite Jah-
resdurchschnitt in Westaustralien betrug
bei standbegatteten Koéniginnen 93 kg fir
1986 und 98 kg fur 1987.
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