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Abstract — Twenty-four virgin sister queens were kept for 21 days in mating nuclei on the drone-free
island Baltrum to test the reliability of a potential mating area. On each of the neighbouring islands
Norderney and Langeoog (750 m and 2 km away) 12 sister queens were kept with drones. Workers
from colonies with island-mated queens (Baltrum n = 11, Langeoog n = 7 and Norderney n = 6)
were genotyped with four DNA microsatellite loci (n = 996) to estimate queen mating frequency. No
differences in queen mating frequency were observed between Langeoog and Norderney. However,
the level of polyandry on Baltrum was significantly lower than on the neighbouring islands, indicating
that mating conditions were much more difficuit. The standard genetic distance and differences in allele
frequencies between the populations were determined to estimate putative origins of the drones. In
this study, 43.7 % of the identified drone fathers did not descend from any of the queens on the adja-
cent islands. They were most likely from mainland colonies at least 5.4 km (3 km across open water)
away, showing that the combination of distances over open water and over dry land is important in
explaining the mating behaviour of honeybee queens. © Inra/DIB/AGIB/Elsevier, Paris

Apis mellifera | DNA microsatellite / island / mating control / polyandry

1. INTRODUCTION around islands have a negative impact on
the orientation of honeybee workers during

[slands are routinely used as mating api-  their flights [15]. Thus, islands have been
aries to achieve controlled matings of virgin  claimed to be ideal places because queens
queens [34]. The large areas of open water  and drones are not expected to cross open
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water during their mating flights. However,
bee breeders have repeatedly reported
uncontrolled matings even on these safe
island mating areas. Recent studies of queen
honeybee mating behaviour on drone-free
islands strongly support these observations
because they reveal that queens returned
from their nuptial flights with a mating sign
even during high tide [33].

So far, the reliability of mating apiaries
has been tested using virgin queens with-
out drone colonies (5, 10, 17-19, 21, 27,
31], displacement experiments of drones [5,
11, 20] and marker phenotypes such as dif-
ferent races (2, 28] or mutants such as cor-
dovan [29]. Whereas some islands seem to
provide controlled matings (e.g. [5, 20])
others apparently do not ([29] among oth-
ers). A key factor is the distance between
island and mainland. Successful mating
flights of virgin queens of more than 10 km
across open water have never been reported
[10, 21, 30, 31]. Virgin queens were able
to cross at least 1 km or less across open
water [19, 29]. There are also reports on
matings 7-8 km across open water [17, 18].
Other authors [5, 20] could find no evi-
dence of such long mating distances across
open water for several North Sea islands.
Thus, it seems as if distinct local charac-
teristics of an island mating apiary are also
important.

In addition to the problems resulting from
unusual test conditions [29] also the cor-
dovan test may suffer from the pitfall of the
marker phenotypes interfering with honey-
bee behaviour as shown for workers [13].
The recent advance in honeybee DNA
microsatellite technology [8, 9] allows for a
genetical control of the reliability of mat-
ing apiaries without interfering with honey-
bee behaviour and routine bee breeding
practice. DNA microsatellites can be used to
precisely assess the number of patrilines in
a honeybee colony [9]. DNA tests can be
easily incorporated in the routine procedure
at mating apiaries. The genotypes of the
mother queen and her drone mates can be

derived from worker offspring and only
worker samples are needed to evaluate the
number of matings of the queen. The num-
ber of queens which have mismated and the
number of times these queens mated with
unselected drones can be precisely deter-
mined.

In this project we tested the reliability of
a potential new mating apiary on the island
of Baltrum (Germany) using virgin queens
and DNA microsatellites.

2. MATERIALS AND METHODS

2.1. Experimental design

Virgin sister queens (n = 48) were reared in
summer 1995. Twenty-four of them were kept
in mating nuclei on the island of Baltrum which
is free of other honeybee colonies. No foraging
workers could be observed before the experi-
ments and no drones could be attracted using a
lure [14] during normal drone flight activity [25].
The distances from the Baltrum apiary towards
the next available drone-producing colonies on
the neighbouring islands Norderney and Lan-
geoog and on the mainland (figure /) are given in
table I. On the neighbouring island mating api-
aries Langeoog and Norderney 12 queens each
were kept in the vicinity of 15 (Norderney) or
10 (Langeoog) drone-producing sister-queen
colonies (figure 1). No other bee apiaries are
known on these islands. All virgin queens were
allowed to mate freely during a period of 21 days.
Each queen was able to absolve mating flights
at the age of 7 days onwards. The queens of the
drone colonies on Norderney were daughters of
a single mother queen instrumentally insemi-
nated using mixed semen [22] of drones from
three sister-queen colonies. This results in a max-
imum number of seven alleles per locus in the
worker offspring on this island. On Langeoog a
maximum number of 12 alleles per locus was
possible. Sealed worker brood samples (n = 50
per queen) were taken from colonies with mated
queens and raised isolated in an incubator.
Recently emerged workers were immediately
stored in 96 % ethanol at —15 °C until DNA
extraction.
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Figure 1. Map of the apiary locations on the islands Langeoog (A), Baltrum (B) and Norderney (C)

and on the neighbouring mainland (1-5).

Table L. Distances from the Baltrum colonies to
the next available drones sources.

Baltrum
Total Open water
Mainland 5.4 km 3km
Langeoog 7.8 km 1.7km
Norderney 13.6 km 700 m
2.2, DNA isolation

and microsatellite analysis

DNA was phenol extracted from single work-
ers (n = 40 per colony) following routine proto-
cols [1] with the following changes:

1) workers were incubated with agitation in
insect Ringer solution (127 mM NaCl, 1.5 mM
CaCl,, 5 mM KCl, pH 7.4 with NaOH) for 1 h at
RT before extraction;

2) single worker thoraces were homogenised
in 400 pL of DNA extraction buffer (100 mM
NaCl, 100 mM Tris-HC1 (pH 8.0), 10 mM NaCl,
0.1 % SDS);

3) DNA was resuspended in 30 uL. DDH,0O.

We used four DNA microsatellites which
were developed by Estoup et al. [8, 9]. Multi-
plex PCR was performed using two pairs of loci
(A43/B124, A76/A107) and the standard proto-
cols given in Estoup et al. [8, 9]. Amplification
products were electrophoresed on 6 % poly-
acrylamide sequencing gels for 5.5 h (A76/A107)
or 5 h (A43/B124) with M13mp18 control DNA
sequencing reactions run on the same gel as size
standards. Microsatellite alleles were scored as
fragment lengths in base pairs.

2.3. Genotype analysis
and number of matings

The genotypes of the mother queens and the
father drones were derived from the genotypes of
the sampled workers. The queen was assumed
to be homozygous when an allele was present in
every worker of the colony. The queen was con-
sidered to be heterozygous when every worker
carried one of two alleles. The paternal alleles
were those not carried by the queen. We used
the putative genotype of the mother queen to
exclude additional allele combinations. If multi-
ple queen genotypes were possible at a given
locus we chose, as a rule, the allele combination
yielding the lowest number of observed matings
(ny). In case a drone’s genotype could not be
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unambiguously determined owing to heterozy-
gosity of the queen at that locus, we assumed an
equal possibility for yielding one or the other
queen allele for calculating the allele frequen-
cies of the drone populations.

2.4. Data analysis

2.4.1. Number of estimated matings (k)

As a result of finite sample sizes the number
of observed patrilines may severely underesti-
mate the actual number of subfamilies. There-
fore, we estimated the number of patrilines in an
infinite sample following Cornuet and Aries [4]:

E(k)=k—[k—(1—%)n} M

where E(k) is the expected number of patrilines
in the colony, & is the number of equally frequent
patrilines and » is the sample size.

We followed Oldroyd et al. [26] and numer-
ically evaluated k by substituting E(k) with our
observed number of matings (r;) and the worker
sample sizes for n.

2.4.2. Number of effective males (m,)

The average intracolonial relatedness G was
estimated according to Estoup et al. [9]. Then,
the number of effective males (m,) was calcu-
lated following Chevalet and Cornuet [3]:

2
My = ———
4G -1

where m_ is the number of effective males and G
is the average intracolonial relatedness.

€3]

2.4.3. Genetic distance

We used the standard genetic distance of [23]:

JlZ
Jl J2

D=~In

3
with
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where J, is the probability that two randomly
chosen genes in population 1 are identical, J, is
the same for population 2, and J,, is the proba-

bility that two genes, one drawn randomly from
population 1 and the other from population 2,
are identical. This set was calculated for each of
the four loci. Then, the average for all loci was
calculated in each of the three cases: (J,, J,, J|,).

2.4.4. Improved Bonferroni
procedure for y’-tests

We calculated a %2-test for each allele at each
locus to evaluate if the alleles shown by the
drones which had mated with the queens on Bal-
trum, Norderney and Langeoog have a common
allele pool or not. Since the high number of alle-
les at the used microsatellite loci may cause sig-
nificant differences only by chance, we used an
improved Bonferroni procedure [16, 32] to adjust
the significance levels. We also used this proce-
dure to combine the dependent test results
because the test statistic cannot be split up into
independent test statistics [16, 32]. For n test
statistics, ¢,, 4, -..., g, and for Q, as a continu-
ously distributed statistic for testing the null
hypothesis Hy; versus the alternative hypothe-
sis H, ; (i=1, ....., n) the overall hypothesis H, is
rejected if for at least one i:

PGy < %) @

where p(i} are the ordered p-values for y>-tests,
ofi) is the significance level for the subhypothe-
sis H;.

For each H, o, was calculated as follows:
__x
W T a-i+1

with o= 0.05.

&)

2.5. Putative origin of Baltrum
worker bees’ fathers

The genotypes of all drones which mated with
the tested Baltrum queens were compared with
the genotypes of the drones which mated with
the queens from Langeoog and Norderney. Bal-
trum drones showing allele combinations that
did not correspond with the drone genotypes of
one island were excluded from that potential
source. Baltrum drone fathers which might poten-
tially originate from the neighbouring island mat-
ing apiaries Langeoog or Norderney were deter-
mined and the differences in allele frequencies
towards the drones which mated with the Lan-
geoog and Norderney queens were evaluated
using the Bonferroni procedure.



Testing reliability of a potential island mating apiary 261

2.6. Comparisons of queen mating
frequencies

We computed Mann-Whitney U-tests to esti-
mate potential differences for the number of
observed and estimated queen matings and for
the effective number of males between the three
islands. To determine the probability of identical
drone genotypes we estimated for each apiary
the product of the highest allele frequency for
each locus.

3. RESULTS

A total number of 996 workers was geno-
typed and assigned to patrilines (table II).
Seventy-one patrilines were observed on
Baltrum (table II). The ranges and the mean
numbers (x + SE.) of the observed and esti-
mated queen matings and of the effective
number of males for all three islands are
given in table I11. We found a mean number
of 6.45 + 1.27 observed queen matings on
Baltrum. For Langeoog we found a mean
of 12.5 + 1.23 observed paternities. The
mean number of observed matings was 12.8
+ 2.27 on Norderney. For two colonies (L1
and N5) the estimated numbers of matings
were substantially higher than the observed
number of patrilines, which can be attributed
to low sample sizes. Therefore, these
colonies were excluded from the compar-
isons of queen mating frequencies. For the
other colonies the number of estimated mat-
ings was slightly higher than the observed
number of patrilines, showing that sample
sizes were sufficiently large. We found sig-
nificant differences for the number of
observed and estimated queen matings and
for the number of effective males between
Baltrum and the neighbouring islands (Mann
Whitney U-test: Baltrum/Langeoog
P < 0.01; Baltrum/Norderney P < 0.05).
However, we failed to detect significant dif-
ferences between Langeoog and Nordemey
(Mann Whitney U-test: P > 0.05). The allele
frequencies for all tested microsatellite loci
are given in table IV. Our results of the

2-tests are shown in table V. We found for
all tested drone populations with the excep-

tion of the locus B124 in the case of Bal-
trum and Norderney significant differences
for the allele frequencies at all loci. For
Norderney x2-tests were not calculated at
the locus A76 because drones could be def-
initely excluded owing to specific alleles.
Thus, we could exclude 43.7 % of the Bal-
trum drones from any of the drone colonies
on the adjacent islands. They most likely
came from mainland colonies which were
at least 5.4 km away. We found that 50.7 %
of the drones could have originated from
the neighbouring island mating apiary Lan-
geoog since they had genotypes in common
with the corresponding drones. However,
these drones potentially originating from
Langeoog, showed significant differences
in the allele frequencies of the drones which
mated with the queens on Langeoog (table
V). Four drones (5.6 %) which had mated
with the Baltrum queens showed alleles
common to both neighbouring mating api-
aries and could not be excluded from any
source.

The standard genetic distances between
the tested populations are shown in table VI.
High distances were observed between the
drones mated with the queens from Norder-
ney and the Baltrum patrilines and between
the drones from Norderney and Langeoog
whose drone mothers originated from unre-
lated breeding lines. This also shows that
matings of the Baltrum queens with Norder-
ney drones were most unlikely. An inter-
mediate distance was observed between the
drones from Baltrum and Langeoog. As
expected, low distances were found between
the tested sister queens.

4. DISCUSSION

Our results clearly show that successful
mating flights took place on the drone-free
island of Baltrum although the next available
source of sexually mature drones was at
least 5.4 km away.

The Baltrum queens showed a signifi-
cantly smaller number of matings compared
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Table III. Range and mean numbers (x = SE) of the observed (n ) and estimated (k) number of
queen matings and the effective number of males (m,).

Island n, k m,

Range Mean Range Mean Range Mean
Baltrum 1-15 645+1.27 1.00-1642 6.66+1.37 1.00-14.82 568+1.23
Langeoog 9-16 125+£1.23 9.03-1691 13.70£1.26 8.28-15.4911.79 + 1.11
Norderney 6-19 12.8+2.27 6.02-20.53 13.73+2.53 4.61-19.7911.93+2.43

to the queens which were mated on the
neighbouring island mating apiaries. Poten-
tial differences in honeybee queen mating
frequency which may be attributed to dif-
ferent types of mating apiaries [24] or to
genetic variability among honeybee races
(Neumann, unpublished data) can be
excluded. Thus, the number of queen mat-
ings on Baltrum certainly depended upon
the drone-free conditions, showing that mat-
ing conditions were much more difficult
than under normal beekeeping practice.

The majority of the tested Baltrum
queens (81.8 %) mated with males which
most likely did not originate from the neigh-
bouring island mating apiaries Langeoog
and Norderney. These drones probably
derived from colonies on the mainland more
than 3 km away.

This is the second largest distance ever
reported for successful honeybee mating
flights across open water after those of Klatt
[17, 18]. However, Evenius [12] doubted
the drone-free conditions on the peninsula
Frisches Haff during that time. In our exper-
iment these drones could also potentially
originate from undetected swarms on Bal-
trum. However, no drones could be attracted
using a lure during normal drone flight activ-
ity [7]. Although we cannot definitely rule
out that drones remained undetected in the
lure experiments we consider it unlikely that
the Baltrum queens have mated with drones
from that island. It seems more likely that
the queens fly to the mainland for mating.
One could argue that the queens might have

crossed the distance to the next available
drone source while the mud flats around
Baltrum fall dry at low tide. In light of the
observations of Van Praagh et al. [33] this
does not seem to play a role because queens
returned from their nuptial flight with a mat-
ing sign even when the tide was high at Bal-
trum.

The allele combinations of the drones
which mated with the Baltrum queens
enabled uvs to exclude 43.7 % of them from
any of the used queens. Nine of eleven
mated Baltrum queens certainly interacted
with other drone sources probably from the
mainland. An interaction with Norderney
is unlikely because we could exclude the
majority of the Baltrum patrilines from that
origin (94.4 %). Furthermore, the potential
‘Norderney’ drones which mated with the
Baltrum queens showed alleles (either 127 bp
for locus A43 or 291 bp for locus A76)
which were very rare in the patrilines on
Norderney. In the case of the potential
Norderney drones, interactions with at least
two different drone sources (Norderney and
mainland or Norderney, Langeoog and
mainland) must have occurred. Given that
queens were searching for drones this seems
to be most unlikely. It cannot be ruled out
that 50.7 % of the drones might originate
from Langeoog which is 1.7 km over open
water away. Two queens showed only
potential Langeoog progeny in their worker
offspring. However, we found significantly
different allele frequencies between these
potential ‘Langeoog’ drones and the drones
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Table VL. Standard genetic distances (Nei, 1987) between the tested populations.

Langeoog Norderney Langeoog Norderney
queens queens drones drones
Baltrum queens 0.029 0.129 Baltrum drones 0.436 0.673
Langeoog queens 0 0.098  Langeoog drones 0 0.502

which mated with the Langeoog queens.
We therefore reject the hypothesis that the
drones originated from the same gene pool.
Following our argumentation given for
Norderney we consider it improbable that
the queens had visited two possible drone
sources during their mating flights. The stan-
dard genetic distances also indicate that mat-
ings with drones from the neighbouring
island Norderney were unlikely.

This seems surprising in light of the small
distance over open water between Norder-
ney and Baltrum. Similarly, matings of the
Baltrum queens with drones from the main-
land were clearly indicated in spite of the
largest distance over open water. These
results show that a combination of distances
over open water and over dry land is impor-
tant to explain the observed mating behav-
iour of queens. Queen orientation flights
during low tide [33], local wind directions,
the southwest position of the sun during
queen mating flight time in the afternoon
and potentially more attractive visual cues
provided by the mainland may also be
important.

Our results show that queens most likely
have the potential to successfully mate with
mainland drones. Clearly, we cannot give
a final judgement of the reliability of Bal-
trum as an established mating apiary. A reli-
ability testing is only possible under nor-
mal beekeeping conditions with a sufficient
number of drone colonies [6, 28]. We con-
sider it unlikely that queens would mismate
if an adequate number of drones is avail-
able on Baltrum. Nevertheless, absolutely
controlled matings such as with instrumen-
tal insemination cannot be guaranteed on

the potential mating area Baltrum with the
current state of evidence. We recommend
a critical testing of island mating stations
less than 8 km apart from the mainland [17,
18].
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Résumé — Fiabilité d’un rucher de fécon-
dation éventuel testée a I’aide de micro-
satellites d’ADN. Vingt-quatre reines sceurs
ont été placées durant 21 j sur I'fle de Bal-
trum, qui est dépourvue de maéles, afin de
tester la fiabilité d’une éventuelle station de
fécondation. Sur chacune des fles voisines,
Langeoog et Norderney, il y avait 12 autres
reines sceurs avec des colonies de males
(figure 1). Le tableau I donne les distances
des colonies de Baltrum aux plus proches
ruchers producteurs de mailes. On a prélevé
des cadres de couvain d’ouvrieres dans cha-
cune des colonies possédant une reine fécon-
dée (n =11 a Baltrum ; n = 7 a Langeoog et
n =6 a Norderney). On a établi le génotype
de 996 ouvrieres fraichement écloses en uti-
lisant quatre locus différents de microsatel-
lites d’ ADN pour estimer la fréquence
observée et la fréquence estimée d’accou-
plement des reines, ainsi que le nombre
effectif de méles (tableaux II et III), et pour
obtenir 1’origine supposée des males aux-
quels les reines de Baltrum s’étaient accou-
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plées. On a recherché entre les populations
des différences éventuelles dans les fré-
quences alléliques a ’aide du test Chi®
(tableau IV) et de 1a méthode Bonferroni
(tableau V) et calculé les distances géné-
tiques selon Nei (tableau VI).

Les fréquences d’accouplement sur Baltrum
(n = 71 accouplements) sont significative-
ment plus faibles que sur les stations des
iles voisines (tableaux II et 111, test U de
Mann-Whitney : Baltrum/Langeoog p > 0,01 ;
Baltrum/Norderney p < 0,05). On n’a pas
trouvé de différence dans la fréquence
d’accouplement entre les fles Langeoog et
Norderney, ce qui laisse penser que les
conditions d’accouplement sur I’ile de Bal-
trum sont plus difficiles. Les méles qui
§’étaient accouplés avec les reines de Bal-
trum présentaient des combinaisons d’alleles
qui ne correspondaient pas aux génotypes
des méles des iles voisines. 43,7 % des males
identifiés ne provenaient pas des colonies
de madles des iles voisines. Ils venaient selon
toute vraisemblance du continent; ils avaient
donc survolé la mer sur une distance d’au
moins 5,4 km (tableau I). On ne peut pas
exclure que 50,7 % des males provenaient de
Langeoog. Ces méles présentaient néan-
moins des fréquences alléliques significa-
tivement différentes de celles des males qui
s’étaient accouplés avec les reines de Lan-
geoog (tableau V). Quatre males avaient des
alleles présents dans les deux stations de
fécondation et aucune origine ne pouvait
étre exclue pour eux. Les populations de
maéles de Langeoog et de Norderney et les
lignées paternelles de Baltrum ont présenté
des fréquences alléliques significativement
différentes (tableau V). Cela signifie que
les accouplements entre les males de Lan-
geoog ou de Norderney et les reines de Bal-
trum sont improbables. On a trouvé une dis-
tance génétique élevée entre les males de
Norderney et de Baltrum (tableau VI), ce
qui montre aussi que les accouplements avec
des méiles de Norderney sont trés impro-
bables, bien que la distance a parcourir au-
dessus de la mer soit plus faible. Ces résul-
tats montrent qu’il est important pour le

comportement d’accouplement des reines
de Baltrum de combiner les distances a par-
courir au-dessus de la mer et au-dessus de la
terre ferme jusqu’aux colonies de males les
plus proches (tableau I).

Le probléme reste ouvert de savoir si des
reines qui s’accouplent dans des conditions
normales, i.e. avec un nombre satisfaisant
de colonies de maéles, sur une station de
fécondation établie a Baltrum, s’accouplent
aussi avec des males non sélectionnés,
puisque I’installation de reines vierges sans
colonies de méles ne convient pas en condi-
tions de routine pour évaluer la fiabilité
d’une station de fécondation. Nos résultats
montrent pourtant de fagon claire que des
accouplements contrdlés ne peuvent pas étre
garantis sur I’ile de Baltrum. Soit les males,
soit les reines, soit les deux sexes sont
capables de franchir de grandes distances
au-dessus de la mer lors de leurs vols de
fécondation. Nous recommandons donc de
tester la fiabilité des stations de fécondation
situées sur des iles a2 moins de 8 km du conti-
nent. © Inra/DIB/AGIB/Elsevier, Paris

Apis mellifera | accouplement controlé /
polyandrie / ile /microsatellite

Zusammenfassung — Priifung der Paa-
rungssicherheit einer potentiellen Insel-
belegstetle mit DNA -Microsatelliten. Vier-
undzwanzig Geschwisterkdniginnen wur-
den fiir 21 Tage auf der drohnenfreien Insel
Baltrum plaziert, um die Zuverlassigkeit
einer potentiellen Belegstelle zu testen. Auf
den benachbarten Inseln Langeoog und Nor-
derney standen je 12 weitere Geschwisterko-
niginnen mit Drohnenvolkern (Abbildung 1).
Die Abstinde von den Baltrum Volkern zu
den niichsten Drohnen produzierenden Bie-
nenstdnden sind Tabelle I zu entnehmen.
Aus jedem Volk mit einer begatteten Koni-
gin (n = 11 Baltrum; n = 7 Langeoog und
n = 6 Norderney) wurden Arbeiterinnen-
brutwaben entnommen. Isolierte, frisch
geschliipfte Arbeiterinnen (n = 996) wur-
den unter Verwendung vier verschiedener
DNA Microsatelliten Loci genotypisiert
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(Tabelle II), um die beobachtete und
geschitzte Paarungshdufigkeit der Koni-
ginnen sowie die effektive Anzahl an Mann-
chen abzuschiitzen (Tabellen IT und I1) und
um die vermutliche Herkunft der Drohnen
mit denen sich die Baltrum Koniginnen
gepaart haben zu ermitteln. Zwischen den
getesteten Populationen wurden mogliche
Unterschiede in den Allelfrequenzen
(Tabelle IV) mit Hilfe von y2-Tests und der
Bonferroni Methode untersucht (Tabelle V)
und die genetischen Distanzen nach Nei
berechnet (Tabelle VI). Die Paarungshiufig-
keiten auf Baltrum (n =71 Paarungen) waren
signifikant geringer als auf den benachbar-
ten Inselbelegstellen (Tabellen 11, 111, Mann
Whitney U-test: Baltrum/Langeoog p < 0,01;
Baltrum/Norderney p < 0,05). Es konnten
keine Unterschiede in der Paarungshéufig-
keit zwischen Langeoog und Norderney
gefunden werden (Mann Whitney U-test:
p >0,05), was darauf hindeutet, daf} die Paa-
rungsbedingungen auf Baltrum erschwert
sind. Die Drohnen, mit denen sich die
Baltrum Kéniginnen gepaart haben, konnten
aufgrund ihrer Allele nicht von den Nach-
barinseln stammen. 43,7 % der identifizier-
ten Drohnen stammen nicht von den Droh-
nenvolkern der benachbarten Inseln. Sie
kamen am wahrscheinlichsten vom Fest-
land, das am weitesten iiber offenes Was-
ser entfernt lag (Tabelle I). Es kann nicht
ausgeschlossen werden, daP} 50,7 % der
Drohnen von Langeoog stammen. Diese
Drohnen zeigten jedoch signifikant unter-
schiedliche Allelfrequenzen zu den Droh-
nen, mit denen sich die Langeoog Konigin-
nen gepaart haben (Tabelle V). Vier
Drohnen wiesen auf beiden Belegstellen
vorkommende Allele auf und konnten von
keiner Herkunft ausgeschlossen werden.
Signifikant unterschiedliche Allelfrequen-
zen (Tabelle V) zeigten die Drohnen Popu-
lationen von Langeoog und Norderney und
die Patrilinien von Baltrum. Dies deutet dar-
aufhin, daP} Paarungen zwischen Drohnen
von Langeoog oder Norderney und den
Ké&niginnen von Baltrum unwahrscheinlich
sind. Eine hohe genetische Distanz wurde

zwischen den Drohnen von Norderney und
Baltrum gefunden (Tabelle VI), was eben-
falls zeigt, daf Paarungen mit Drohnen von
Norderney am unwahrscheinlichsten sind,
obwohl die Entfernung iiber offenes Wasser
am geringsten ist. Diese Ergebnisse deuten
daraufhin, daP eine Kombination aus Ent-
fernungen iiber Wasser und iiber Land zu
den nichsten Drohnenvolkern fiir das Paa-
rungsverhalten der Baltrum Koniginnen von
Bedeutung ist (Tabelle I). Ob sich Kéni-
ginnen unter regulédren Bedingungen auf
einer etablierten Belegstelle Baltrum, d.h.
mit einer ausreichenden Anzahl von Droh-
nenvolkern, auch mit unselektierten Droh-
nen paaren, bleibt offen, da das Aufstellen
unbegatteter Koniginnen ohne Drohnen-
volker nicht fiir die Einschétzung der Zuver-
ldssigkeit einer Belegstelle unter Routine-
bedingungen geeignet ist. Unsere Ergebnisse
demonstrieren jedoch eindeutig, daf3 auf
Baltrum kontrollierte Paarungen nicht garan-
tiert werden konnen. Entweder Drohnen
oder Kéniginnen oder beide Geschlechter
sind in der Lage, bei ihren Paarungsfliigen
gréPere Strecken offenen Wassers zu iiber-
queren. Wir empfehlen daher eine Uber-
priifung der Sicherheit von Inselbelegstellen,
die weniger als 8 km vom Festland entfernt
liegen. © Inra/DIB/AGIB/Elsevier, Paris

Apis mellifera / Insel / DNA-Microsatelliten /
Paarungskontrolle / Polyandrie
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