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Abstract — HoneybeesApis melliferal..) were collected from 23 localities on the Balearic islands

in the Mediterranean Sea. The mitochondrial genome (MtDNA) was surveyed for diagnostic restric-
tion sites and characterized with Dral digestion of the tRNBOII intergenic region. Both approaches
demonstrated that honeybees bearing either African or west European haplotypes coexist on the
Balearic islands. Two African and two west European haplotypes were found with different fre-
guencies and distribution among the islands. Phylogenetic and population structure analyses support
the clustering of these islands in two groups: Majorca-Minorca (Gymnesic) and Ibiza-Formentera
(Pityusic) what corroborates the current biogeographical division of the Balearic organisms. These
results partially agree with the observed distribution of African haplotypes in honeybee populations
from other Mediterranean islands. The present distribution of genetic markers may reflect also the influ-
ence of human movements, trade and settlements from prehistoric times.

Apis mellifera/ Balearic islands / mtDNA / biogeography

1. INTRODUCTION Middle East. In the last decade, molecular
analyses supplemented morphometrical data
European subspeciesAyis melliferaL.  in studies about the biogeography and
were first classified by morphometric stud-description of the subspecies complex of
ies (Ruttner, 1988). They fall into four dis-the honeybeépis mellifera The phyloge-
tinct branches A, M, C and O, that can benetic relationships based on molecular
traced around the Mediterranean into thelata (Cornuet and Garnery, 1991; Garnery
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et al., 1992; Estoup et al., 1995; Arias and\frican origin and similar haplotypes have
Sheppard, 1996) agree in many aspects witheen observed at high frequencies in the
those previously obtained with morpholog-Iberian honeybee. Initial results on some
ical and behavioral data (Ruttner, 1988)Greek islands also show this pattern
These studies have shown that the wegGarnery et al., 1993). The Mediterranean
European subspeciés m. melliferaand distribution of African haplotypes could be
some northern Iberian populationsfofm. interpreted in the light of successive colo-
iberica correspond to the M lineage, thenization and bottlenecks events occurred in
subspecies distributed from eastern EuropEurope in the Pleistocene period. Patterns
to Italy asA. m. caucasicaA. m. carnica further complicated by human influence dur-
andA. m. ligusticeamong others, form the ing historic times. In Corsica and Sardinia,
lineage C, and the A lineage encompassd®neybee populations display a high mito-
all the African subspecies and also thosehondrial differentiation with European hap-
populations located in southern Iberia andotypes from the lineages M and C, clearly
Mediterranean islands as Sicil. (m. sicula  due to a human influence (Franck et al.,
Garnery et al., 1993) and Malta.(m. rut-  2000a).

tneri, Sheppard et al., 1997). The existence _ .

of the fourth evolutionary lineage (O), com- _ Populations on the Balearic islands are
prisingmelliferasubspecies from the Mid- situated in the western I_\/Iedlterranean Sea
dle East area has been recently confirme@l0Se to the eastern Iberian coast. The three
using mitochondrial and microsatellite vari-northern islands (Majorca, Minorca and

ability (Franck et al., 2000b; Palmer et al. Cabrera) make up the Gymnesic archipel-
2000). ago, whereas |biza and Formentera to the

south form the Pityusic group. According

The honeybees of the Iberian Peninsuléo a model of colonization of the Balearics
have been of particular interest because a@ue to natural factors, we hypothesized that
the hypothesized stato§A. m. ibericaas a there may be differences between honey bee
hybrid between Europeah. m. mellifera populations from the Gymnesic and the
and AfricanA. m. intermissaln agreement Pityusic island groups, as is known for other
with this hypothesis, a decreasing gradient adrganisms (Colom, 1964; Compte, 1968;
African mitochondrial haplotypes occursCuerda, 1975; Palmer et al., 1999, etc.).
from south to north, while the inverse situ-Such differences reflect the separate history
ation occurs with west European haplotypesf both archipelagos in terms of colonization
(Smith et al., 1991; Garnery et al., 1995pver the last two million years, including
1998a; Sheppard et al., 1996). On the corthe time wherApis melliferaprobably
trary, microsatellite analyses Af m. iber- expanded its range westwards from the East
ica show allelic patterns similar t&. m. Mediterranean region (Ruttner, 1988).

mellifera, with almost no introgression oL ) )
of African alleles (Franck et al., 1998; Variation in the mitochondrial molecule

Garnery et al., 1998b). allows discrimination among the evolu-
tionary lineages of honeybee subspecies.
Some Mediterranean islands harboiSeveral approaches have been described for
endemic honeybee populationsAsm. studying the sequence variability of differ-
siculain Sicily andA. m. ruttnerin Malta. ent mitochondrial regions (reviewed for
These populations have been studied using§fricanized bees in Sheppard and Smith,
morphometric (Sheppard et al., 1997,2000). Some of the molecular studies rely on
Ruttner, 1988) and molecular approachethe length and restriction site polymorphisms
(Garnery et al., 1993; Sheppard et al., 1994f the mitochondrial genome (Crozier et al.,
Franck et al., 2000a). Mitochondrial haplo-1991; Hall and Smith, 1991). Garnery et al.
types found in these honeybees have af1993) used the length polymorphism of the
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intergenic tRNA.-COII region, combined during August 1999 and February 2000
with a restriction site polymorphism in the (Fig. 1 and Tab. I). At least 30 worker bees
same region, to design a simple and stringemtere collected from each colony. The hives
test that designates honeybees bearing difvere opened and the bees were trapped from
ferent haplotypes to membership in one othe inner frames to prevent the collection
the four mtDNA lineages of subspecies. Thi®f drifting bees. Bees were immediately
intergenic region is basically composed okilled by immersion in absolute ethanol and
two sequences called P and Q. The typkept at—20 °C until they were processed in
of P sequence (P with 54-56 bp, with  the laboratory.

62-69 bp and fwith 50 bp) combined with  Total DNA was extracted from one
the number of Q sequences characterise thgorker thorax per colony (N = 110 sam-
four evolutionary lineages. ples) after rinsing the bees for one hour fol-

In this study we analyzed the mtDNAIF’Wing Garnery et al. (1993). DNA isola-

(restriction site and length polymorphisms)ion was performed following the Chelex
of 110 colonies from the Balearic islands tgnethod (Walsh et al., 1991).

characterize the Balearic honeybee popula-

tions and to test current hypotheses about 5 5 pcRr amplification

their origin and evolution. and DNA digestions
The target regions containing the diag-
2. MATERIALS AND METHODS nostic restriction sites were amplified and
] ) digested following Smith et al. (1997)
2.1. Sampling and DNA extraction (Tab. II). Three diagnostic restriction sites

were analyzedBglll in the cytochrome b
A total of 110 colonies were sampledgene (Crozier et al., 1991), ahihcll and
from 23 different localities distributed on Xbd in the subunit | of the cytochrome oxi-
Majorca, Minorca, lbiza and Formenteradase gene (COI) (Hall and Smith, 1991).

25/ m AT
OA2
100%

W M8
Formentera
8/3 O M6

Figure 1. Map of the sampled localities from Majorca, Minorca, Ibiza and Formentera showing the
number of colonies and localities sampled (values before and after the dash) and haplotype distribution
and frequencies.
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PCR amplification of the intergenic tRNA'®“gene and H2 located at the 5'-end
tRNAU-COII region was performed fol- of the COIll gene. The four amplified result-
lowing Garnery et al. (1992) with the ing products were visualized after the elec-
primers E2 located at the 5’-end of thetrophoretic separation on 1.5% agarose gels,

Table I. Distribution of the studiedpis melliferapopulations from the Balearic islands and fre-
quency (percent) of the haplotypes reveale®tsy| restriction.

Island Locality No. of Haplotypes
colonies
Al A2 M8 M6

Majorca Can Arabi 4 100

Binissalem 6 100

Ariany 4 100

Petra 6 100

Castellitx 6 100

Campos 8 100
Minorca San Climent 6 100

Alaior 6 100

Es Tudons 11 55 45

Cimentera 5 60 40

El Toro 5 100

Sierra Morena 5 100

Lliberto 5 100
Ibiza S. Gertrudis 4 75 25

S. Eulalia 4 75 25

Jesus 4 75 25

S. Agustin 4 100

Cala Llonga 4 75 25

S. Miguel 4 100

S. Jordi 1 100
Formentera S. Francisco 1 2 100

S. Francisco 2 3 100

S. Fernando 3 100

Table Il. Presence (+) or absence (-) of three diagnostic restriction sites and haplotype distribution
in theApis melliferapopulations from Majorca, Minorca, Ibiza and Formentera (cyt b = cytochrome
oxidase b, COI and COII = cytochrome oxidase | and ).

Haplotypes Islands
Amplified Restriction  \1aiorca Minorca lbiza Formentera
region enzyme
Cytb Balll - - + - + +
Col Hincll - - + - + +
COl Xba - - - -

tRNAELCOII Dral 34 A1 36A1 7 M8 12 A2 13 M6 8 M6
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stained with ethidium bromide, and pho-values (in %) were obtained after 2000 iter-
tographed under ultraviolet illumination. ations of the data set in every case (Hedges,
TenuL aliquots of the resulting PCR 1992). Programs included in the package
products were digested with five units ofPHYLIP (version 3.5c, Felsenstein 1993)
each of the following enzym&glll, Hincll, ~ Were used for these purposes.
Xbd andDral. The restriction reactions
were kept in a waterbath at 37 °C for 4-12 h 3 RESULTS
and the resulting fragments were visualized
in 1.5% agarose gelBdglll, Hincll and Xba 3.1. Mitochondrial DNA
digestions) or 8% acrylamide gelBr@l characterization
digestion) and stained with ethidium bro-
mide. Photographs were taken for docu- As a first step in the molecular charac-
mentation. terization of the honeybee populations of
the Balearic islands, we performed restric-
L tion analyses after the amplification by PCR
2.3. Statistical analyses of the cytochrome b (cyt b) and the COI

_ mitochondrial DNA regions. Results (Tabs. |
The Fischer exact test was performed taq ||y show that most colonies have the

examine the differences in the distribution of e striction pattern characteristic of the
haplotypes and evolutionary lineages amongrican evolutionary lineage i.e. triaglll

the islands with the programr@ic from  gjte in the cyt b region artdincll and Xbal

the Geneporpackage version 3.1¢ (Raymondgites in the COI were absent. In 28 out of
and Rousset, 1995). The AMOVA test fory 19 stydied colonies the restriction pattern
population structure was caICL_IIated usingypical of the evolutionary lineage from
the ARLEQUIN program (Schneider et al., \western Europe was found. We did not

1997). detect colonies belonging to other lineages.
The intergenic tRN&Y-COII region
2.4. Phylogenetic analysis amplified by PCR yielded products with

two sizes, either ca. 620 or ca. 815 base
Results obtained in this work were com-pairs. The restriction with the enzyrbeal

bined with those from the region of Murciarevealed four different patterns: A1, A2, M6
located in the southeastern region of thend M8 (Fig. 2 and Tab. I1). A1 and A2 con-
Iberian Peninsula (de la Ria et al., 1999)ain the B sequence and differ in the pres-
We used the maximum likelihood approactence of one (A1) or two (A2) copies of the
performed on the frequency of haplotype€Q sequence. Their restriction patterns and
present in each population. Bootstrapcomposition are characteristic of African

RNA™ P, P Q COIl

T | R |
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T T T T 1 1
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Haplotype Al: P,QQ (483-109-47)
E— Haplotype A2: P,QQ (676-109-47)

- Haplotype M6: PQQ (422-142-65)
= . Haplotype M8: PQQ (422-114-110-65-28)

Figure 2. Restriction maps of the haplotypes found in the Balearic honeybee populations (following
Garnery et al., 1993). Arrows indicate restriction sites and asterisks indicate two fragments with
identical sizes. The size of the fragments afteDited restriction is also shown.
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Table 1. AMOVA design and results of the analysis of the population structupisimelliferafrom
the Balearic islands.

Source of variation d.f. Sum of Variance Percentage

squares components of variation
Among groups 1 28.380 0.502 35.52
Among islands within groups 2 9.152 0.149 10.53
Within islands 107 81.639 0.763 53.95
Total 110 119.171 1.414

subspecies oh. melliferg thus confirming Formentera (Pityusic islands) that share the
that these colonies should be included in thpresence of the haplotype M6. Results are
African lineage. The haplotypes M6 and M8shown in Table Ill. Thirty-five percent of
display typical west European patterns conthe total variance is due to the differences
taining the P sequence in its intergenidetween the two groups of islands, thus con-
region, and one (M6) or two (M8) copiesfirming the influence of the geographical
of the Q sequence. localization in the haplotype distribution.
Only 10% of the total variance is due to the
differences within the Gymnesic and the
3.2. Genetic diversity and population  Pityusic archipelagos, and suggests a cer-
structure tain level of homogeneity within these two
groups. Fifty-four per cent of the variance
The distribution and the relative fre- dépends on the differences within each

quencies of these four haplotypes in the sanisland.

pled islands are given in Figure 1. The hap- The maximum-likelihood tree obtained
lotype Al occurred in high frequency onwith the observed frequency of each haplo-
Majorca (100%) and Minorca (84%) andtype (Fig. 3) also corroborates the grouping
the haplotype A2 was only detected on Ibizaf the Gymnesic and the Pityusic islands.
(42%). Haplotypes corresponding to the MHoneybee populations from Ibiza and For-
lineage have been observed on Minorcanentera branch closer to the population from
(M8, 16%) and at high frequency on lbiza

(M6, 52%) and Formentera (M6, 100%).

Fischer exact tests for comparing the hag ___ Minorca
lotype and lineage distributions among 100 _
the island populations were significant ——— Majorca
(P < 0.005) in both cases, indicating differ- )
entiation among island populations. Fur- 100 — Murcia
thermore, an AMOVA test was performed Tl
to examine components of variance betwee 100
the two groups of island populations, amonc Formentera

islands within these two groups and within

islands. The islands were grouped depen n . _

. e honeybee populations from the Balearic
ing on the presence and frequency of €aGl|ands based on the mitochondrial variation.
haplotype found: Majorca and Minorcapootstrap values are noted as percentages and
(Gymnesic islands) where the haplotype Alvere computed over 2000 replications of the data
is exclusively present, and lbiza andsets.

-igure 3. Maximum-likelihood tree (unrooted) of
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Murcia that was taken as representative giopulations from Majorca and Minorca.
the continental. m ibericapopulations.  These islands suffered several processes of
connection and separation during historical
times. The last time they were connected
4. DISCUSSION was around 25000 years ago (Compte,
1968) thus having the chance to homoge-
Molecular analyses of the mitochondrialnize the gene pool of their honeybee popu-
DNA of A. melliferapopulations from the lations. The high frequency of this haplo-
Balearic islands of Majorca, Minorca, Ibizatype suggests a colonization event, such as
and Formentera show that 75% of the studdescribed for other organisms located in the
ied colonies belong to the African evolu-Balearic islands aSrosophila subobscura
tionary lineage of subspecies. This result i§Castro et al., 1999).

in agreement with previous data of honeybee - i
populations from other Mediterranean Haplotypes characteristic of west Euro

islands as Sicily, Malta and some Greeigean honeybee populations have been found

. n Formentera and lbiza (M6, 100% and
islands (Garnery et al., 1993; Sheppard et aly, : '

oot 20002) These data sug2’ fespectively) and at a low frequency
port the hypothesis pointed out by Ruttne P err:orcaf ,E'r\l/l SM%GhA))'IThe h%rrllzo?rin(ra]?lis
(1988), and expanded by Sheppard et a esence of e aplotype ormentera,

: very small island with a few colonies,
(1.997) about th? location of honeybge refuZ:ould reflect a recent bottleneck event. The
gia in the Mediterranean area during thg,q haplotype observed on Minorca has
Pleistocene glaciation era, and a subsequepllay previously detected at low frequencies
expanding period of these populations tq,

. the southern part of France and also in
the rest of Europe and the Mediterraneaghe o m_ibericapopulations witimellifera

islands. haplotypes from northern Iberia (Garnery
The results of Franck et al. (2000a) conet al., 1998a). These findings could reflect an
firmed the presence of African haplotypes iranthropogenic influence in recent historical
two A. m. siculgpopulations that show the times, due to importations from Iberia that
haplotypes A1, A2, A4 and A8. The A2 hap-have been occurring during the last decades,
lotype has also been found in Ibiza but not irass communicated to us by local beekeepers
the other three Balearic populations, in spitén Ibiza.
of the close geographical situation of these L
islands. On ?he goth%r hand, the haplotype, 1 1€ haplotype distribution allows the
Al was fixed (frequency = 1) in populationsc.luswrIng of the |slan.d honeybee_popula—
from Majorca and detected at a high frellONS in two groups: the large islands
quency (84%) on Minorca. This haplotypeMalorca and Minorca (Gymnesic) and the
has been described in populations frorr?.maII |s'Iands Ibiza and Formentera (Pityu-
Morocco and is especially frequentanm. sic). This cluster agrees with the postulated

intermissapopulations from south of the SEParate history of both archipelagos,
Atlas mountains and Guinea (Franck et al (Majorca and Minorca got separated from

: the Iberian mainland before Ibiza and For-
Ilbge?%)(titjp iisaallcl)sv:/) f?:cfune:\?:;;] %'%Sﬁ)‘g:enﬁnentera and suffered several episodes of

ica colonies with African haplotypes separation and union) which is also mir-

(Garnery et al., 1995; de la Rua et al. 1999%0“3d by other insect and plants groups

) ; ; Palmer et al., 1999). Interestingly, only
in the Canary islands (de la Rua et al., 1998 .

2001a) Witrr1ya variab(le frequency, and in irds do not seem to reflect this paleogeo-
Sicily (Franck et al., 2000a). The distribution9"2PM¢ trend.

of the haplotype Al in the large islands The variability found in the Balearic
supports a close link between the honeybeslands is perhaps due to more than one
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factor, including historical processes (in anorphologiques et comportementales pré-
geological scale) and recent human influcédentes, ont défini quatre lignées évolu-
ences. Similar results have been observeai/es de sous-espéces de 'abeille domes-
in populations oA. melliferain the Canary tique Apis melliferaL. M (sous-espéces
islands, where many native populationsd’Europe occidentale), C (sous-espéces
characterized by a particular mitochondriald’Europe orientale et du nord de la Médi-
intergenic region have suffered a markederranée), A (sous-espéces africaines y com-
introgression caused by importation of for-pris les sous-espéces des fles de la Méditer-
eign queens of the East European evoluanée telles quA. m. siculade Sicile et
tionary lineage (de la Rua et al., 1998 A. m. ruttneride Malte), et O (sous-espéces
2001a,b). If queen replacement is maindu Proche et du Moyen Orient). Ces études
tained or increased during the next years ireposent sur la variation trouvée dans le
the Balearic islands, the gene pool of locallyyénome mitochondrial &. mellifera(poly-
adapted populations could be severely dismorphismes de longueur et des sites de res-
rupted. This process could cause the extingriction). Hall et Smith ont identifié des sites
tion of ecotypes adapted to the environde restriction de diagnostic dans trois régions
mental conditions of these islands. Furtheges mitochondries et Garnery et al. ont mis
research must be done for evaluating thau point le tesDral basé sur le RFLP
factors that influence the genetic diversity ofpolymorphisme de longueur des fragments
Balearic honeybee populations, and foge restriction) dans la région intergénique
establishing policies to preserve local popentre le tRNA et COII. Cette région inter-
ulations with conservation interest. génique est composée de deux séquences
dénommeées P et Q. Le type de séquence P et
le nombre de répétition de Q varient d’'une
ACKNOWLEDGMENTS sous-espéce a l'autre et peuvent étre utili-
sés pour identifier des colonies appartenant

Special thanks are given to José A. Acostayux quatre lignées évolutives mentionnées
for his help and advice during the sampling traveli_qessys.

to Majorca and Minorca and to Dr. Barbara - . L Ly

Fernandez for her help during the lab work. we-€S Tles Baléares sont situées en mer Medi-
are indebted to the beekeepers Jaume Martorelgrranée occidentale prés de la cote orien-
Joan Massanet, Tomeu Gual, Gabriel Vicenstale de 'Espagne réparties en deux groupes :
Baltasa.r'Pons and A’ntoniol g:erdé from MajorcaMajorque et Minorque (archipel Gymné-

Miquel Truyol from Minorca, Francisco Clapés . 5 ) N ”
and José Sufier from Ibiza and Vicente Ribas an%'que)' Nous émettons I'ypothése qu'il peut

Pascual Mayans from Formentera, that conY avoir des différences entre les populations
tributed to this work with their honeybees andd’abeilles des deux archipels. Ces diffé-
comments. Two anonymous referees and Drences refléteraient I'histoire distincte qu’ont
Stefan Fuchs (Editor) also contributed to improvesue les deux archipels en termes de coloni-

the ms. This study has been supported by theation durant les deux derniers millions d’an-
DAAD-Acciones Integradas H|spano-AIemanasnéeS y compris le moment Almelliferaa

HA 1998-0043, and the projects RZ00-013 babl t étend . r t
(Spanish National Institute of Agricultural Inves- Probabiement etendu son aire vers foues

tigation, INIA) and EVK-2000-00628 (European @ partir de la Méditerranée orientale.
5th Framework). Dans cette étude nous avons analysé la
variation mitochondriale de 110 colonies
d’abeilles présentes sur les Tles Baléares
Résumé — Caractérisation moléculaire et (Fig. 1, Tab. I). Nous avons trouvé deux
structure des populations d’abeilles lignées évolutives et quatre haplotypes
domestiques des iles Baléares (Espagne (Tabs. | etll) : les haplotypes africains Al et
Les études moléculaires qui sont partielleA2, caractérisés par la présence de la
ment en accord avec les résultats d'étudeggquence Jet respectivement d’une ou deux
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unités Q, et les haplotypes d’Europe occiZzusammenfassung — Molekulare Cha-
dentale M6 et M8, qui possédent égalememtkterisierung und Populationsstruktur
une ou deux unités Q mais ont la séquenceder Honighienen von den Balearischen
(Fig. 2). La fréquence et la distribution delnseln (Spanien).Durch molekulare Stu-
ces haplotypes varient selon les fles (Fig. 1fien wurden in teilweiser Ubereinstimmung
Tous les échantillons de Majorque présenmit friiheren morphologischen und Verhal-
tent I'haplotype Al ; sur Minorque 84 % destensuntersuchungen vier evolutionare Linien
abeilles portent I'haplotype A1 mais nousvon Unterarten der Honigbiedgis melli-
avons également trouvé des abeilles qui poferaabgegrenzt, M (Westeuropaische Unter-
taient I'haplotype M8 d’Europe occidentale.arten) C (Osteuropaische und Nordmediter-
Sur Ibiza 48 % des colonies présentent I'harane Unterarten) A (afrikanische Subspezies
plotype africain A2 et 52 % appartiennent &inschligdlich mediterraner Inselrassen wie
la lignée M (haplotype M6). Tous les échan-A. m. siculavon Sizilien andA. m. ruttneri
tillons de Formentera portent I’haplotypevon Malta) und O (Subspezies des nahen
M6. L'analyse AMOVA de la variation und mittleren Ostens). Diese Studien begriin-
haplotypique parmi les populations des fleslen sich aus der Variation des mitochondri-
Baléares et I'arbre de maximum de vrai-alen Genoms voA. mellifera(Langen und
semblance (Fig. 3) ont confirmé le rassemRestriktionsortpolymorphismen). Hall und
blement en deux groupes d’lles : MajorqueSmith (1991) fanden diagnostische Restrik-
Minorque et Ibiza-Formentera. Ce résultationsschnittstellen in drei mitochondrialen
est en accord avec I'histoire différente defRRegionen und Garnery et. al. (1993) ent-
deux archipels. Pourtant les abeilles devickelten den Dral test auf der Basis des
Majorque et Minorque partagent la présenc®FLP der intergenischen Region zwischen
de I'haplotype A1, qui suggére une étroiteRNA!®Y und COII. Diese intergenische
relation entre les populations insulaires. L&Region wird aus zwei Sequenzen, Pund Q,
fait que ces populations partagent ’ADNmtzusammengesetzt, wobei die Anzahl der Q
africain commeA. m. siculaen Sicile et Wiederholungen sich zwischen den Sub-
A. m. ruttneria Malte, confirment I'hnypo- spezies unterscheidet und dazu genutzt wer-
thése de Ruttner et de Sheppard, pour leden kann, Vélker den obengenannten evo-
quels les refuges des abeilles domestiques ationaren Linien zuzuordnen.
cours de la glaciation pléistocéne étaienbie balearischen Inseln liegen im westlichen
situés dans la région méditerranéenne, puidittelmeer nahe der spanischen Kiiste, sie
une période d’expansion a suivi duranteilen sich in zwei Gruppen auf: Mallorca
laguelle ces populations se sont répanduegmd Minorca bilden die gymnesische Insel-
dans le reste de I'Europe et les iles médigruppe, Ibiza und Formentera die pityusi-
terraneéennes. Les caracteristiques haplotgche Inselgruppe. Wir untersuchten die
piques des populations d’Europe occidenHypothese, dass sich die Populationen die-
tale ont éte trouvees a Formentera et Ibiza gkr beiden Inselgruppen unterscheiden. Sol-
avec une moindre fréquence a Minorqueghe Unterschiede wiirden die getrennte
ce qui peut s’expliquer par I'importation Geschichte beider Inselgruppen im Sinne
d’Ibérie comme I'ont mentionné des api-der Besiedlungsgeschichte uiber die letzten
culteurs locaux. 2 Millionen Jahre widerspiegeln. Dies
L'analyse des marqueurs mitochondriauxschliet die Zeit ein, wahrend dépis mel-
des population d’'abeilles des Baléares foutifera mutmasslicherweise ihr Verbrei-
nit des preuves de l'influence des facteursungsgebiet vom Ostlichen Mittelmeer in
naturels et humains sur la biodiversitéwestlicher Richtung ausdehnte.
actuelle. In der vorliegenden Studie untersuchten
wir die mitochondriale Variation von 110
Apis mellifera/ fles Baléares / biogéogra- Bienenvolkern der Balearischen Inseln
phie / ADNmt / génétique des populations (Abb. 1 und Tab. I). Wir fanden zwei der
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evolutionaren Linien und vier Haplotypen REFERENCES

vertreten (Tab. I und Il): die afrikanischen

Haplotypen Al and A2, charakterisiert durcrﬁ”%se r'\]/'éth-,s %?i%r;aef d g/g-es-s(tziﬁewglg%ﬂeahrfg?gIO-
; ; ; ; i y u i i

die % Sequenz und emg beziehungsweise L.) inferred from mitochondrial DNA sequences,

zwei Q Einheiten, und die Haplotypen M6  mol. Phylogenet. Evol. 5, 557-566.

und M8 der westeuropaische Linie, ebencastro .A., Ramon M., Picornell A., Moya A. (1999)

falls mit ein oder zwei Q Einheiten, aber The genetic structure Bfrosophila suboscurpop-
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