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SUMMARY

Greek honeybees were characterized electrophoretically at 15 loci. Genetic variability at Mdh-I and
Est loci differentiates among the populations of Isle of Kriti, Peloponnesus and part of continental

Greece, and northern Greece, where a transition zone to Carniolan honeybees was detected.

INTRODUCTION

The taxonomic status of Greek honeybees is not yet thoroughly defined at
the subspecific level. KIESENWETTER (1860) first recognized that they were
distinct among the Eastern Mediterranean honeybees and named them Apis
mellifica meda var. cecropia. On the basis of morphometric investigations,
IFANTIDIS (1979a and 1979b) and RUTTNER et al. (1978) considered the honey-
bee populations from Peloponnesus and continental Greece to be A. mellifera
cecropia Kies. RUTTNER (1980) described those from the Isle of Kriti (Crete) as
A. m. adami Rutt. and subsequently (1988) he established the new Ponto-

Mediterranean subspecies A. m. macedonica Rutt., which inhabits also Nor-

thern Greece. According to RUTTNER (1988), A. m. adami shows marked

morphological similarities to Near East subspecies, while A. m. cecropia and
A. m. macedonica appear closely related to the Carniolan bee (A. m. carnica
Poll.) and also to the Italian bee, A.m. ligustica Spin.
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This paper aims to compare enzyme polymorphisms of the Greek honey-
bees to those already studied in other subspecies from the Eastern Mediterra-
nean area (BADINO et al., 1984 and 1985 ; CORNUET, 1983 ; SHEPPARD &

MCPHERON, 1986).

MATERIALS AND METHODS

On the basis of previous morphometric investigations (IFANTIDIS, 1979 a,b), we selected 23 stationary
or migratory apiaries throughout Greece (Tab. I), making sure that 1) colonies were native and no

foreign queen had been introduced 2) genetic influence from other apiaries was minimal : the stationary
apiaries were rather isolated and the few migratory ones were moved only when no swarming occurred.
The number of colonies per apiary ranged from 20 to 200. A random sample of about 100 live worker
bees was collected from each apiary in June and July, 1986 and 1987, and sent to the Torino laboratory,
where it was frozen at - 20 °C until analysis within two weeks. We examined 9 enzymes, encoded by 15
putative loci : MDH (malate dehydrogenase), ME (malic enzyme), PGM (phosphoglucomutase), PGI
(phosphoglucose isomerase), G6PDH (glucose-6-phosphate dehydrogenase), IDH (isocitrate dehydroge-
nase), LDH (lactate dehydrogenase), EST (esterase), and HK (hexokinase). The number of analyzed
individuals was the same for all the enzyme systems and is reported in table 11. Techniques of tissue
extract preparation and electrophoresis on cellulose acetate strips were as described by BADINO et al.

(1982 and 1984). The hexokinase locus was studied using a Tris-Citrate 0.05 M electrode buffer at 8.5
pH. After migration, activity bands were stained using standard histochemical methods.

RESULTS

Only two loci, Mdh-1 (the most anodally migrating locus) and Est, were
polymorphic in Greek honeybees. Mdh-3, which migrated cathodally, showed
some variability, possibly exhibiting two alleles, but was not consistently
scorable and is excluded from the analysis. The other putative loci exhibited
invariant banding patterns.

Mdh-1 locus

In Greek bee populations, the Mdh-1 polymorphism consisted of two

alleles, named Mdh-l-F and Mdh-1-S in order of decreasing electrophoretic
mobility (Fig. 1). On the basis of their relative mobility, these alleles corres-
pond to Mdh-100 and Mdh-65, respectively, Of SHEPPARD and BERLOCHER

(1985).
The frequency distributions of Mdh-1-S and Mdh-1-F are shown in Table 1

and figure 2. These two alleles have been reported in A.m. ligustica (BADINO
et al., 1983a, 1983b, 1984 ; CORNUET, 1983 ; SHEPPARD and BERLOCHER, 1985)
and in A. m. carnica (BADINO et al. , 1983b, 1984 ; SHEPPARD and MCPHERON,
1986).



Mdh-1 was fixed for Mdh-1-F in the populations we studied from the Isle
of Kriti. On mainland, Mdh-l-F frequencies gradually decreased, going north
through Peloponnesus up to Macedonia, but remained high in the eastern

region near the Turkish border. The lowest values were 0.286 and 0.475 at

Kilkis and Drama, respectively, while all the other samples had Mdh-1-F allele
frequencies over 0.5.

In Peloponnesus and continental Greece the geographical distribution of
Mdh-1-F frequencies does not follow a straight latitudinal cline, as was obser-
ved in Italy (BAmNO et al. , 1984). Mdh-1 allele frequencies are not signifi-
cantly correlated with latitude in Greece (F,,17 = 2.309 ; P = 0.144).

Three samples (6, 7, and 19) displayed a significant excess of heterozy-
gotes compared to Hardy-Weinberg expectations. All other samples were in

accordance with Hardy-Weinberg’s equilibrium.

Est locus

The Est locus exhibited 3 alleles, Est-F, Est-M, Est-S, previously reported
in A.m. ligustica (BADINO Bt al., 1984). These alleles almost certainly corres-
pond to Est-130, Est-100 and Est-70, respectively, found by SHEPPARD and

MCPHERON (1986) in Czechoslovakian honeybees of uncertain racial affinity.
Est-M was the most frequent allele in Greece : it appeared fixed in 19 of

23 samples (Table 1). This allele is also commonly fixed in honeybee popula-
tions from peninsular Italy, Austria, and Rumania (BADINO et al., 1984), as



well as in A. m. mellifera L. (BADINO et al., 1984 ; SHEPPARD and BERLOCHER,
1984). Est-S was present only in three populations from northern Greece at

very low frequency. This allele is prevailing in A. m. sicula Mont. (BADINO el
al. , 1985) and was also found by SHEPPARD and MCPHERON (1986) in Czechos-
lovakian colonies headed by A.m. carnica queens. Est-F, also rare, was found
only in Arkadia (sample 18). This allele has been reported in peninsular Italy,
Austria and Czechoslovakia (Bnntrro et al., 1984 ; SHEPPARD and BERLOCHER,
1985 ; SHEPPARD and MCPHERON, 1986).



DISCUSSION

The Mdh-1-S allele, common in both Italian and Carniolan honeybees
(BADINO et al., 1984), was found throughout mainland Greece. Its frequencies
in the continental Greece colonies are normally quite low, varying between
0.143 and 0.383. Only two apiaries from Northern Greece (Drama and Kilkis)



exceeded this range, showing frequencies of 0.575 and 0.714 respectively : such
figures are within the frequency range observed by BADINO et al. (1984) in

Carniolan honeybee populations from Austria and Rumania, i.e. 0.507-0.885,
and from Czechoslovakia (SHEPPARD & MCPHERON, 1986). Moreover, we found
an area near Drama and Kilkis, comprising the localities of Serres, Pella,
Thessaloniki, and the Chalkidiki peninsula, where both Mdh-1-S frequencies
and observed heterozygosities at Mdh-I locus were higher than elsewhere. The
distribution area of A. m. macedonica shown by RUTTNER (1988) for northern
Greece nearly overlaps this apparent transition zone to A.m. carnica (Fig. 3).



In general, honeybees from other parts of continental Greece and from
Peloponnesus can be distinguished on the basis of Mdh-1-S allele frequencies
(lower than 0.4). Therefore, this may represent electrophoretic evidence to

consider these honeybees as a separate subspecies, A.m. cecropia.

In native honeybees from the Isle of Kriti, we never found the Mdh-l-S
allele nor the rare alleles at the Est locus that appeared in some mainland
colonies. Evidently, the sea is a geographical barrier efficient enough to reduce
gene flow between island and mainland Greece, so that some genetic differen-
tiation - due to founder effect or genetic drift and, perhaps, selective

pressure - can be maintained. The consequent fixation at Mdh-1 and Est loci
allows us to separate the Kriti honeybees from mainland populations using
electrophoresis. This supports the work of RUTTNER (1980), who described
them as a separate subspecies, A.m. adami.

Nei’s genetic distances calculated between the populations of A.m. cecro-
pia, A.m. carnica and A.m. adami, on the basis of all 15 enzyme loci were

very low. They ranged from 0.004 to 0.018 between mainland Greek honey-
bees and Carniolan bees, and from 0.001 to 0.010 when comparing mainland
Greek with Kriti ones. These figures are smaller than those resulting from the
comparison between A.m. ligustica and A.m. mellifera (D = 0.059, calculated
on the basis of data from BADINO et al., 1984). Such very low genetic
differences between subspecies is probably due to the limited isozyme polymor-
phisms of A. mellifera. The close genetic correlation between Greek and
Carniolan honeybees could indicate a common phylogenetic origin for the

subspecies group of the Central Mediterranean and South-East Europe (RUT-
TNER, 1988), but could also be the effect of extensive importations of Italian
and Carnolian queens into Greece. In the absence of diagnostic alleles,
however, the reduced genetic differentiation between the races due to importa-
tion cannot be easily shown using electrophoresis.
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RÉSUMÉ
VARIABILITÉ GÉNÉTIQUE AU NIVEAU DES ALLOENZYMES

CHEZ LES ABEILLES GRECQUES

Des échantillons de 15 à 86 abeilles ouvrières ont été prélevés dans 23 ruchers répartis à travers la
Grèce et étudiés par les méthodes de révélation des isoenzymes. Neuf systèmes enzymatiques, com-
mandés par 15 locus probables ont été étudiés par électrophorèse (MDH, ME, PGM, PGI, G6PDH,
IDH, LDH, EST, HK). Parmi ceux-ci, seuls le Mdh-1 et l’Est ont présenté un polymorphisme. Pour
Mdh-1 on a trouvé les deux mêmes allèles (Mdh-1-F et Mdh-1-S) que chez A.m. ligustica et A.m.
carnica. Les colonies du Péloponèse et d’une partie de la Grèce continentale présentent des fréquences
de Mdh-1-S inférieures à 0,4 et pourraient représenter le type de la race A.m. cecropia. Le spectre
électrophorétique de Mdh-1 permet de discriminer une région du nord de la Grèce comme étant soit une
zone de transition d’A.m. carnica, soit la partie occidentale de l’aire de distribution d’A.m. macedonica.
Les fréquences alléliques d’Est des abeilles grecques sont semblables à celles relevées chez les abeilles
carnoliennes et italiennes. Malgré les importations récentes provenant de la Grèce continentale, les
abeilles crétoises indigènes se caractérisent par la fixation des allèles les plus communs d’A.m. cecropia
aux deux locus Mdh-1 et Est : cela confirme l’opinion selon laquelle ces abeilles appartiennent à une
sous-espèce individualisée, A.m. adami.

ZUSAMMENFASSUNG

ISOENZYMVARIABILITÄT IN GRIECHISCHEN HONIGBIENEN

Bienenproben von 15-86 Arbeitsbienen wurden von 23 Bienenständen in Griechenland gesammelt
und ihre Isoenzyme untersucht. Neun Enzymsysteme mit vermutlich 15 Loci wurden elektrophoretisch
ausgewertet (MDH, ME, PGM, PGI, G6PDH, IDH, LDH, EST und HK). Von diesen erwiesen sich nur
Mdh-1 und Est als polymorph. Bei Mdh-1 wurden dieselben zwei Allele (Mdh-1-F und Mdh-I-S) wie bei
A.m. ligustica und A.m. carnica gefunden. Die Völker vom Peleponnes und von einem Teil des

griechischen Kontinents zeigten Mdh-1-S Frequenzen von weniger als 0.4 und könnten typische A.m.
cecropia sein. Darüberhinaus könnte das Mdh-1 Muster verwendet werden, um die Bienen in Nordgrie-
chenland der Übergangszone zu A.m. carnica oder dem westlichsten Teil von A.m. macedonica zuzuord-
nen. Die Est-Allel-Frequenzen waren bei den griechischen Honigbienen die gleichen wie bei A. m.

carnica und A.m. ligustica. Trotz rezenter Importe von griechischen Bienen nach Kreta zeigen die
kretischen Bienen nur ein Allel an den Mdh-1 und Est-Loci, und zwar das bei A.m. cecropia jeweils
häufigste Allel. Dies weist darauf hin, da&szlig; diese Bienen tatsächlich einer eigenen Subspecies, A.m.
adami, angehören.
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