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Summary
Homogeneous mixing of honeybee (.Apis mellifera) semen by centrifugation can be an important tool in
breeding programmes with honeybees. 'Ihe 

effects of different sem.n dilue.rts on thc onser of ovipositiol.
brood pattern and colony development of queens inseminated with mixed semen werc tested. Insemination
success depended on the type of diluent. A tris-buffer diluent containing arginine and lysine proved to be
feasible for use with the centrifusation method.

Introduction
The insemination of a_single queen by a large number of drones, which supply generically
effective semen) will be an important tool in breeding and selection scitimeJ with the
honeybee. The effective population size (,41.) could be kepl at a maximum level depending on
the number of drone mothers. Unfavourable inbreeding effects such as inbreeding depresiion
and homo-zygolity at the sex locus can be efficiently limited (Page & Laidlaw, li82a, 1982b;
Moran' 1984; Moritz, 1984). Because of the large number of effective males per queen) a
method is required for homogeneous mixing of a semen sample. Kaftanoglu and Peng (1980)
ploposed the _so-called washing technique as an easy method for collecting honeybeJsemen.
The semen of the drone is washed in diluent and then re-concentrated bv centiifusation ar
2500 rpm. In experiments with marker genes, Moritz (1983) showed that the centrifusation
procedure leads to a homogeneous.mixing of the semen when each drone contributes e[ually
tg the se.m-en pool. In the classical insemination technique, as proposed by Mackensen anä
Tucker (1970) or Ruttner (1975), the semen of differeni dronei is-not represented in equal
proportions in the spermatheca of the inseminated queen.

In spite of its great potential for applied breeding, thö centrifugation technique srill is in an
experimental stage. Kaftanoglu and Peng (1980) found in several casei that queens
inseminated with mixed_semen became partially drone-layers. Also there is a significanid.hy
in onse-t of oviposition when using this technique (Kaftanoglu & Peng, 1980, 1982). Therefore
it is of interest to improve the method and make it feasible foi practical applications.

A-s shoyn b-y various aurhors (Jaycox, 1960; Lensky & Schindler, tgol; poöte t raber,
1969; Taber & Blum, 1960; Camargo, 1975; Rurrner, 1975; Verma , l9T8) the success oi
artificial insemination depends on the diluent. Accordingly, several common diluents were
tested for their feasibility with the centrifugation technique.

Material and Methods
Fifty queen-s .were-reared from a single breeder colony of Carniolan honeybees and kept in
mating nuclei (c._2000 worker bees) with queen excluders at the flight entrance to prevent
natural matings. On the 5th and 7th days after emergence the queens were anaesthetizeä for 10
min with carbon dioxide. All queens were inseminated early in April 1983, a week after the
CO2 treatment. During insemination they were given a second exposure io COz. Thus all
experiments were run simultaneously in order to keep seasonal efTects small. The control
group consisted 9f 20 queens, inseminated using the claisical technique lSpt unaituted r"-."
per queen and Hyes solution as stopper fluid as described by Ruttner, 1975). In the treatment
äIolps, semen samples of 30pl were collected with an insemination syringe (Ruttner, 1975).
This semen pool was diluted in 300prl of the diluent and centrifueed at i0 OÖO G for l0 min in'a
gapillary centrifuge (Moritz,_ 1983;. Each independent sample f,rovided semen for 2 queens"
Each.queen was inseminated with 8prl of eithei the upper or tlie lower fraction of the'semen
sample) in order to test the effect of the more highly-diluted semen in the upper fraction.

Three diluents were tested with l0 queens each. They were consriruted-as follows:
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1. Tris-buffer diluent (V.lTl, t973, 1978; wil l iams & Harbo, l9g2): Nacl (t. l%),
glucose (0'l%o), L-arginine-Hcl (0'01%) and L-lysine (0'01%) dissolved in 0.b5 tris
(hydroxy methyl)-amino-methane buffer at pH 8.7.
?, ^-Ily.t diluent (Ruttner, 1975):_Nacl (0'9%). cacl2 q0.02%), KCI (0.02i")and NaHCo3
(0 0 l%) in  d is t i l led warer ,  at  pH 8.5.
3. Kiev. diluent (P1gfl_e_r. ^197!): trisodium citrate-2-hydrate (2.13oh), D(+) glucose
mon-ohydrate (.0'3%), NaHCO3 (.0'2l1o), sulphanilamide 10:3%;, and KCI in aisiiliea"water,
a t  pH  8 '8 .

Penicil l in G sodium (9. t--) and dihydrostreptomycin sulphate (0'1-m) were added to each of
these diluents as antibiotics. Diluents were sterile-filtered^ before use.'After insemination ihe
queens.were replaced in the nuclei and checked afterT days. The day of first oviposition was
determined according ro the age of the oldest brood piesent in ihe colonv.

Results
Not all the diluents tested seemed to be suitable for use with the centrifugation technique in
artiflcial insemination. The onset of oviposition was much earlier with the tris-buffer diluent
than with the other 2 diluents (Fig. 1). Analysis of variance showed a significant effect of
diluent on the onset of oviposition of the inseminated queen (F : 10.12; p <0.05).

There was a significant difference in the time between insemination and oviposition when
IJYe.s solution .was used, with the centrifugation and the classical insemination techniques.
W!$ t-he centrifuge method the average time was 5' I days, but with the classical methodbnly
4 '35 days.

. There w?s 19 significant difference in the occurrence of drone layers between queens
inseminated with the upper fraction and those inseminated with the lower fraction of iemen

FI<;. 1. Frequencv dtslribution for time of oviposition bv instrumentallv inseminate<j queen honevbees.
The centrifugation techniquc was used rvith semen diluted with (a) tris buffer, (b) Hves diluent or (c) Kiev
di luent, and the classical technique (control) with undi luted semen using Hycs solurion as a sropper f luid tdt.
Sample numbcr rvas 10 for each of (a), (b) and ic), and 20 for (d). Th; abscissa records numter of davi to
oviposition after inscmination and the ordinate indicates freoueno,.
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isolated in the collecting capillary. Two out of l5 queens inseminated with the former and 3
out of l5 inseminated with the latter became drone layers i12 : 0.24). There was a significant
effect of diluent, however (X2 : 12'52, P<0'05); 5 oui of 1öqueens inseminated with ihe Kiev
diluent produced 30-60% drone brood. The case of the queen that died at rhe 12th day after
rnsemination was treated as an unsuccessful insemination. Queens inseminated with the other
2 diluents showed a regular brood pattern, not differing from the conrrol (Table l).

In those colonies in which no drone brood was found, colony development was similar to
that of the control group. The number of brood cells per colony (estimated by the area of
sealed cells) increased at the same rate and there were no significant differences (Table 2). At
the end of the observation period, 6 months after insemination, all queens idrone-layers
excluded) still showed a regular brood pattern.

Discussion
Apparently the action of the solution added to the semen was different for the centrifusation
and the classical insemination techniques. Though the Kiev diluent gives fine resuhs in the
classical techlique (Ruttner, 1975), it seems to be unsuitable for the centrifugation technique.
The delay of injtiation of oviposition and the large number of drone-laying queens resuliing
from the use of this diluent makes it less valuable for practical use. These results agree wel
with the observations of Kaftanoglu and Peng (1980, 1982).

The Hyes solution, when used as a stopper fluid with the classical merhod, produced a
shorter interval between insemination of the queen and oviposition than when used as a
diluent for centrifugation. In neither case was laying of drone eggs observed. Centrifugation
has a retarding effect on the onset of oviposition in both cases. Kaftanoglu and Peng (t180)
hypothesize- that the dissolution of the seminal plasma during centrifugation may delay
oogenesis of inseminated queens. The good results obtained with the tris--buffer diluent rs
consistent with this hypothesis. This diluent contains the amino acids arginine and lysine,
whigh show a high concentration in the seminal plasma of drone honeybee (Novak öt al.,
1960). Another explanation could be that the Hyes, and especially the Kiev, diluents contain
substances which delay the initiation of oviposition and may have a negative effect on the
fertility of the semen 

-(in 
the case of the Kiev diluent). \üilliams (198J) showed that the

osmolarity of the diluent also may affect the success of instrumental insemination.
In contrast to the data of Kaftanoglu and Peng (1980), all queens which produced some

drone brood remained drone layers throughout the season. There was no correlation between
laying of drone eggs and the semen fraction (upper or lower) used for insemination. Thus

TaeI-E 1. Number of successful inseminations of queen honeybees for each of 3 diluents and 2 techniques.
Details as for Fis. l.

Insemination
exaluation

Treatment
Tns Hyes Kieo Control

Successful
Unsuccessful

20
0

4
o

l 0
0

t 0
0

Tnnr-n 2. Number of brood cells resulting from instrumental insemination of queen honeybees using the
centrifuge and classical procedures.

Number of cells (+ SE) was estimated from area of sealed brood. Reduction in number at 2,1 weeks reflect the
end of the season.

Procedure 2 weehs 4 ueeks
brood cells at:

12 ueehs 21 weehs

Centrifuge
Classical

720 +  86
672 + 76

1,+88 + 38.1
1536  +  388

1824 +  388
1828 + ,180

8 1 6  +  1 8 6
846 + 169
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queens inseminated with the more dilute semen from the top of the collecticn tube did not
become drone layers more often. In all cases at leasr I of ihe 2 fractions of each sample
produced.laying of fertilized eggs by queens. Thus there was no sample effect. In conclusiön,
the centrifugation technique seems to have no unfavourable effecis on the quality of the
inseminated queens, as long as the appropriate diluent is used. Its use produces rirnitu. results
to those of the classical technique with respect to both time of bviposition and brood
production.

Acknowledgements
I wish to thank Mrs. M. Kühnert for performing rhe artificial inseminations.

References
C.rurncxr, C. A. rrn (1975) Biology of the spermatozoon of Apis mell i fera. l .  Inf luence of di luents and pH.J.

ap ic .  Res .  1 ,1  :  113-118
Javc:<rx, E. R. (1960) l'he effect of drying and various diluents on spermatozoa of the honeybee, Apis melliJ'era

L .  .1  .  econ.  Ent .  53 :266-269
Karreroc;r-u, O.;Prxt;,  Y. S. (1980) A washing technique for col lect ion of honeybee semen.J. apic. Res.

19  :205-211
-(1982) Effects of insemination on the initiation of oviposition in the queen honeybee. J. apic. Res.

2l :  3-6
Lr:ss<v, Y.; Sc;HrNrr-en, H. (1967) Moti l i ty and reversible inactivation of honel 'bee spermatozoa inoiz;o and

in vitro. Annls Abeil le 10 : 5-16
Mrcxt,xsex, O.;Tr-crr,x, K. \( / .  (1970) Instrumental insemination of queen bees. Agnc. Handb. ( i .5. Dep.

Agric. No. 390
Monex, C. (1984) Sex-linked effective population size in control populations, with particular reference to
- honeybees (Äprs mellifera L.'1. Theor. appl. Genet. In press
Moxtrz, R. F. A. (1983) Homogeneous mixing of honeybee semen by centrifugation. J. apic. Res.

22(4'1 : 249-255
-(1981))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Selection in_small populations of the honey bee Z. Tierzüchtg. Züchtungsbiol. In press
Novar, A. F.; Br-u,r 'r ,  M. S.; Taee_n, S.; Lurso, J. (1960) Separation and derer; ination oiseminal plasma and

sperm amino acids of the honeybee Apß melhfera. Ann. ent. Soc. Am.53: g4t-g43
Prce, R. E.; Lattrr.av, H H JI (1982a) Closed populat ion honeybee breeding. l .  Populat ion gcnetics of sex

determination. J. aptc. Res. 2l :30-37
-(1982ä) Closed population honeybee breeding. 2. Comparative methods of stock maintenance and

selective breeding. 1. apic. Res. 2l :38-4' l
PAUI'-t-rn, S. K. (1974) Die künstl iche Besamung beim Schwein. pp.8l-98/ron Künstl iche Besamung und

Eitransplantation bei Tier und Mensch. eds S. K. Paufler, H. Bad.i, A. Bonfert, R. H. Fooie, S.
Salomon, H. \ü/. Vasterling. Hannoaer: Verlag M. & H. Schaper

PcrcrLe, H. K.;Tanlx, S. (1969) A method for inaitro storage of honeybe. sem..r.  Am. BeeJ.l09 :420-421
Rurrxnx, F. ( 1975) The instrumental insemination of the queen bee. Eucharest : Apimondia"publishing House
Tanrn, s.; Br-u,vr, M. s. (1960) Preservation of hone-vb-ee semen. science, ,rr.i'. t:t : l73l-r73j
Vrnrta, L. R. (1973) An ionic basis for a possible mechanism of sperm survival in the spermatheca of the

queen honev bee, Apis mell i fera L. Comp. Biochem. ph1siol.44A: 1325-1331
-(.1978) Biologv of honeybee (Apis mellifera L.) spermatozoa. 1. Effect of different diluents on motilitv

and survival.  Apidologie 9 :167-174
rWIt-t-Lt.rts, J. L. (1983) Effeit of osmotic pressure on insemination success using incubated honevbee semen.

Am. Bee .7. ).23 : 8.+9-852
\ü/tr-t- tarrs, J. L. l  Hrnno, J. R. (1982) Bioassay for di luents of honev bee semen. Ann. ent. Soc. AnL.

7 5  : 1 5 7 - 1 5 9

K30


