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Summary — With the aim of determining their taxonomic status, honeybee populations from Albania
were compared with Apis mellifera carnica, A m macedonica and A m ligustica populations from Croa-
tia, Greece and ltaly, respectively. Using an electrophoretic analysis of four enzyme systems and dis-
criminant analysis of 15 morphometric characters of the right forewing, we found that Albania represents
an area of hybridisation between the subspecies A m carnica and A m macedonica. Albanian territory
should be considered the southern border of the distribution of A m carnica.
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INTRODUCTION

In Albanian territory, three races of honey-
bees are in contact: Apis mellifera carnica in
the north and east (Vlatkovic and Kulincevic,
1958; Ruttner, 1988); A m macedonica in
the south-east; and A m cecropia in the
south (Infantidis, 1979). Nuri identified hon-
eybees in Albania as A m carnica Poliman
(Nuri, 1963). Before the World War |l some
honeybee colonies from the ltalian race A m
ligustica were brought into Albania (Nuri,
1972). For 50 years after World War Ii no
selling or buying took place between Alba-
nian beekeepers and those in surrounding
countries. It is important to specify that 50

years ago most honeybee families were in
primitive hives and only a few were in mod-
ern hives.

Based on the studies made by Infantidis
et al (Infantidis, 1979; Badino et al, 1988b),
the Albanian honeybee is in a transition
zone and may be a hybrid between different
races as a result of contact in this region.
For discrimination from closely related races
in the Balkans, a very detailed analysis is
needed (Ruttner, 1978). From this point of
view, the status of the Albanian honeybee
may not yet be considered as definitive.

The loci that control gene—enzyme sys-
tems can be used as a diagnostic instru-
ment (Badino et al, 1988a). Enzymes like
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malate dehydrogenase-1 (mdh-1), malic
enzyme (me) and esterase-3 (est-3) (Badino
et al, 1983; Badino et al, 1985; Sheppard
and McPheron, 1986; Badino et al, 1988a;
Biasiolo and Nazzi, 1991) were extensively
used in studies of population of European
races of A mellifera. Aldehyde oxidase pro-
vides additional characterisation of some
honeybee races (Biasiolo and Comparini,
1991) and can be useful for studying pat-
terns of hybridisation (Biasiolo and Nazzi,
1991). Morphometric characters taken from
the forewing can also be used to determine
subspecific affinities (Ruttner, 1988).

The aim of the present research was to
more fully characterize Albanian honeybees,
using both morphometric and biochemical
analyses.

MATERIALS AND METHODS

Samples consisting of adult worker honeybees
(five per hive) were collected from 14 apiaries
belonging to various races located in Bologna,
Italy (the distribution area of A m ligustica),
Zagreb, Croatia (A m carnica), Thessaloniki,
Greece (A m macedonica) and Albania (Burrel,
Kavaja, Kruja, Kukés, Pogradec, Saranda, Tepe-
lena, Tirana, fig 1).

Each apiary had between 10 and 50 hives,
and bees were collected at random from ten hives
during the months of April and May 1993. Most of
the apiaries were stationary and neither queen
importation nor movement had recently occurred.
Bees were captured at the entrance or occa-
sionally inside the hive.

The samples were transported live from
Greece, Croatia and Bologna to Udine Univer-

Fig 1. Sites of origin of the
bee samples analysed: A
m ligustica: a Bologna-1,
b Bologna-2; A m carnica:
¢ Zagreb-1, d Zagreb-2; A
m macedonica: e Thessa-
loniki-1, f Thessaloniki-2;
Albanian samples: h Bur-
reli, i Kavaja, k Kruja, |
Kukés, m Pogradec, n
Saranda, o Tepelena, t
Tirana.
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sity, whereas the Albanian samples were frozen
and transported as soon as possible to the labo-
ratory. All the samples were stored at —40 °C until
needed.

The right forewing was cut off at the base and
mounted on slides using a drop of Hoyeris liquid
and allowed to dry. The following 15 characters of

Fig 2. Wing characters
measured.

the right forewing of 20 bees per hive were mea-
sured (Ruttner, 1988; Nazzi, 1992a; Dedej and
Nazzi, 1994): 1) cubital vein, distance a; 2) cubital
vein, distance b; 3) distance c; 4) distance d, 5)
angle A,; 6) angle By; 7) angle Dy; 8) angle Eg; 9)
angle G,g; 10) angle J,q; 11) angle J,g; 12) angle
Kig; 13) angle L3; 14) angle N,3; 15) angle Oyg.
(fig 2)
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The distances and angles were measured
with the computer-based system, Acquired Data
and Elaboration System, produced by On-LINE
SRL of Parma (ltaly) and provided by the National
Institute of Apiculture of Bologna (italy).

The distances ¢ and d employed in fluctuating
asymmetry and honeybee taxonomy (Nazzi,
1992b) were used instead of length and width of
forewing as good estimates of forewing length
and width (Dedej and Nazzi, 1994).

The heads and thoraces of the bees were
electrophoretically analysed. Tris-citrate buffer
with a pH value of 7.5 was used for horizontal
electrophoresis on starch gels, following stan-
dard techniques (Harris and Hopkinson, 1976;
Richardson et al, 1986; Biasiolo and Comparini,
1991). The enzymes and respective loci anal-
ysed were as follows: malate dehydrogenase-1
(mdh-1), malic enzyme (me), esterase-3 (est-3)
and aldehyde oxidase (ao).

Statistical analysis

The mean and standard deviation of the mor-
phometric characters measured were calculated
for each apiary. Differences among samples for
various characters measured were calculated
using analysis of variance (Fisher test) ANOVA
(Wilkinson et al, 1992). Relationships among var-
ious samples were established through a multi-
variate discriminant analysis, calculating the
ellipses of equal concentration (P = 0.05; Lan-
gonegro and Feoli, 1985), which were used to
measure the relative position precisely of sam-
ples coming from four areas (fig 3). For these
purposes, the SYNTAX program (Podani,
19904, b) was used.

For the alloenzymatic characterisation based
on allele frequencies, genetic distances were cal-
culated and the UPGMA method was used to
construct a dendogram (fig 4), of relationships
among the populations. Data were analysed with
BIOSYS (Swofford and Selander, 1981).

RESULTS AND DISCUSSION

The results of univariate analysis for mor-
phometric data are reported in table I. Tak-
ing into consideration all samples studied, a

significant difference was found among them
for 12 characters (P < 0.05).

Albanian samples were statistically dif-
ferent from those of three other races for
the following characters: distances a and c,
cubital index, and angles A4, By, D5, Jig
and K4 were compared with A m ligustica;
distance dand angles Jyq, L3, No3 and Kig
were compared with A m carnica; distance
dand angles Ay, By, Eg, Jig and G;g were
compared with A m macedonica.

The samples of A m ligustica and
A m carnica were statistically different for
the characters distances a, ¢ and d, and
angles By, L3 and J;g; whereas those of
A m ligustica and A m macedonica differed
in distances b and d, cubital index, and
angles D, Gig, Jig and Kjq. Those of Am
carnica and A m macedonica were differ-
ent for angles Dy, Eg, Gyg, L15 and Noa.

The ellipse of equal concentration includ-
ing all Albanian samples partly covered the
ellipses of the A m carnica and A m mace-
donica populations, but did not come in con-
tact with the ellipse of A m ligustica (fig 3). In
the framework of the Albanian population,
those coming from the north-east impinged
mostly on a discriminate plane of the A m
carnica ellipse, while those coming from
central and south Albania were dispersed
inside of the three ellipses of equal con-
centration of A m carnica, A m macedonica
and the Albanian samples. From this point of
view, the Albanian population represents a
hybridisation between A m carnica and A
m macedonica and Albanian territory should
be considered the southern border of dis-
tribution of A m carnica race.

We did not measure samples from A m
cecropia, the northern limit of which is near
the southern border. However, based on
reported morphometric characteristics of
this race, including cubital index and length
of proboscis (Ruttner, 1988), compared to
our Albanian samples and those of Nuri
(1972) and considering that a chain of
mountains divides the southern Albania from
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Fig 3. Discriminant analysis of morphometric characters of the 56 hives considered. A m ligustica: a
Bologna-1, b Bologna-2; A m carnica: ¢ Zagreb-1, d Zagreb-2; A m macedonica: e Thessaloniki-1,
f Thessaloniki-2. Albanian samples: h Burreli, i Kavaja, k Kruja, | Kukés, m Pogradec, n Saranda, o Tepe-

lena, t Tirana.

northern Greece, we think that Albanian
populations may be excluded from any rela-
tionship with this race.

Allele frequencies of four loci are reported
in table II.

Est-3

In the Albanian honeybee samples anal-
ysed, three alleles were observed; est-3F,

est-3M, and est-3S. Based on their relative
mobility, these alleles correspond to est-
3730, est-3100 and est-370 (Sheppard and
McPheron, 1986). The allele est-3M was
observed in all samples analysed, and was
fixed in two samples of A m macedonica.
The frequency of est-3F in the Albanian
honeybee populations is similar to the fre-
guency est-3F found by other authors
(Badino et al, 1988a,b; Biasiolo and Com-
parini, 1991) in A m carnica and A m ligus-



126

S Dedej et al

L Kruja (k)

S

@ Pogradec (m)
@ Kukési(l)
(O Thessaloniki-1 (e)

O Thessaloniki-2 (f)
Saranda (n)
@ Tepelena (o)
@ Burrel (h)
@ Tirana t)
@ Kavaja(i)
r O Zagreb-1 (c)

L o Zagreb-2 (d)

| S } 1 1

o Bologna-1 (a)
O Bologna-2 (b)

—

10 08 07 05

03 02 00

Fig 4. Dendogram obtained from the matrix of the genetic distances. o A m carnica; O A m macedonica;
[} A m ligustica; @ north Albanian samples; ® central Albanian samples; @ south Albanian samples.

tica. Only in two Albanian honeybee sam-
ples was the est-3S allele observed, which
is more common in A m sicula (Comparini
and Biasiolo, 1991).

Mdh-1

Two alleles of this locus, mdh-1F and mdh-
18, which on the basis of their relative mobil-
ity correspond, respectively, to mdh-1100
and mdh-165 (Sheppard and Berlocher,
1985), were observed in all the samples
studied. The allelic frequency observed was
comparable to previous works (Badino et
al, 1988a, b; Biasiolo and Comparini, 1991).
Average values of mdh-1F varied from 0.28
in A m carnica samples, 0.34 in those of Am
ligustica, 0.69 (0.55-0.91) in Albanian
honeybee samples, to 0.71 in A m mace-
donica samples.

Me

This locus generally showed a low variabil-
ity, excluding the sample collected in Kavaja.
This enzymatic system does not supply any
remarkable contribution to the characteri-
sation of races considered.

Ao

All the samples of A m ligustica showed a
higher variability, whereas among the others,
only one Albanian sample was not
monomorphic.

CONCLUSIONS

Cluster analyses applied from obtained data,
for four variable enzymatic systems, allowed
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us to separate analysed samples into three
groups: i) the group relative to the sub-
species A m ligustica; ii) the group relative to
the subspecies A m carnica; and iii) the
group comprised of both the Albanian hon-
eybee and A m macedonica samples.

These data leave us with a close hypo-
thetical relationship between the population
of honeybees in Albania and the honeybees
belonging to the subspecies A m mace-
donica, whereas based on morphometric
data in our study, the honeybees in Alba-
nia presents a hybrid between A m carnica
and A m macedonica.

Taking into consideration both the mor-
phometric and alloenzymatic data, the fol-
lowing may be concluded. The population
of honeybees in Albania is either in a tran-
sition zone or a zone of prior contact among
three races, and therefore seems to more
closely resemble honeybees of the sub-
species A m macedonica than those of
A m carnica, but they cannot be considered
to be A m macedonica or A m carnica. Alba-
nian territory should be considered as the
southern border of distribution of A m car-
nica race.
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Résumé — Caractérisation morphomé-
trique et allozymique de la population
d’abeilles Apis mellifera L d’Albanie. Afin

de déterminer leur statut taxonomique, les
populations d’abeilles d’Albanie ont été com-
parées a des populations d’'Apis mellifera
carnica, A m macedonica et A m ligustica
provenant respectivement de Croatie, de
Grece et d'ltalie. Les échantillons, consti-
tués d’abeilles ouvrieres adultes (cing par
ruche), ont été prélevés dans 14 ruchers
de diverses races répartis a Bologne, ltalie
(aire de répartition d’A m ligustica), a
Zagreb, Croatie (A m carnica), a Thessalo-
nique (A m macedonica) et en Albanie (fig
1). Le locus qui contrble les systémes
génes—enzymes, ainsi que certains carac-
téres de laile antérieure droite, ont été uti-
lisés comme outil de diagnostic. Quinze
caractéres morphologiques de l'aile anté-
rieure droite (distances a-d ; angles A4, B4,
D7, Eg, G1g, J10 J16s Kyg, L13, Nog et Ogg
fig 2) ont été mesurés et utilisés pour I'ana-
lyse discriminante des données. Les dis-
tances et les angles ont été mesurés avec le
systéme informatique Acquired Data Ela-
boration System, produit par On-Line SRL a
Parme (ltalie} et fournit par I'Institut natio-
nal d’apiculture de Bologne. Les tétes et les
thorax d’abeilles ont été analysés par élec-
trophorése selon les méthodes standard.
Les enzymes et leur locus respectif analysés
sont les suivants : malate déshydrogénase-
1 (mdh-1), acide malique (me), estérase-3
(est-3) et aldéhyde oxydase (ao). Par une
analyse discriminante multivariée on a cal-
culé les ellipses d’'égale concentration {(p =
0,05 ; Langonegro et Feoli, 1985). Elles ont
été utilisées pour mesurer précisément la
position relative des échantillons provenant
des quatre régions. La figure 3 montre que
Pellipse d’égale concentration englobant
tous les échantillons d'Albanie recouvre par-
tiellement celle d’A m carnica et celle I’A
m macedonica, mais n'est pas en contact
avec celle d’A m ligustica. Pour la caracté-
risation allozymique, basée sur la fréquence
des alléles, on a calculé les distances géné-
tiques et la méthode UPGMA a été utilisée
pour construire un dendogramme des rela-
tions parmi les populations considérées (fig
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4). L’analyse de groupe appliquée aux don-
nées obtenues pour les quatre systémes
enzymatiques variables a montré une rela-
tion possible étroite entre la population
d'abeilles d’Albanie et les abeilles apparte-
nant a la sous-espéce A m macedonica
alors que, d’aprés les données morpholo-
giques de notre étude, les abeilles d’Albanie
se présentent comme des hybrides d’'A m
carnica et d’A m macedonica. Si 'on prend
en compte a la fois les données morpholo-
giques et allozymiques, on peut conclure
que la population d’abeilles d’Albanie, étant
située soit a une zone de transition, soit a
une zone de contact antérieur entre les trois
races, semble plus proche d’A m macedo-
nica que d'A m carnica, mais qu’elle ne peut
pas étre considérée comme appartenant ni
a A m macedonica, nia A m carnica. Le ter-
ritoire albanais doit étre considéré comme la
bordure méridionale de I'aire de répartition
de la race A m carnica.

Apis mellifera | génétique population /
morphométrie / allozyme / Albanie

Zusammenfassung — Morphometrische
und alloenzymatische Charakterisierung
der albanischen Honigbienenpopulation
(A mellifera L). Albanische Populationen
der Honigbiene wurden mit dem Ziel einer
taxonomischen Einordnung mit A m carnica
aus Kroatien, A m macedonica aus Grie-
chenland und A m ligustica aus ltalien ver-
glichen. Die Proben verschiedener Rassen
entstammten 14 Bienensté&nden in Bologna/
ltalien (Verbreitungsgebiet von A m ligu-
stica), Kroatien (A m carnica), Thessaloniki,
Griechenland (A m macedonica) und Alba-
nien (Abb 1); pro Volk wurden 5 Arbeiterin-
nen entnommen. Zur Diagnose wurden die
fur alloenzymatischen Gensysteme verant-
wortlichen Loci sowie einige KenngréBen
des rechten Vorderfligels herangezogen.
Es wurden fliinfzehn morphometrische
Kennzeichen des rechten Vorderfliigels ver-
messen (Abb 2): die Strecken Cubitalader a,

Cubitalader b, die Entfernungen ¢ und d;
die Winkel A4, B4, D7, E9, G18, J10, J16,
K19, L13, N23 und 026. Zur Vermessung
der Entfernungen und Winkel wurde das
rechnergestitzte Erfassungssystem “Acqui-
red Data and Elaboration System” der Fa.
On-LINE S.R.L in Parma vom National Insti-
tute of Apiculture in Bologna (ltalien) ver-
wendet. Die Messungen wurden in Diskri-
minanzanalysen ausgewertet. Kopf und
Thorax der Bienen wurden elektrophore-
tisch nach Standardprozeduren untersucht.
Die untersuchten Enzyme bzw die entspre-
chenden genetischen Loci waren: Malatde-
hydrogenase-1 (Mdh-1), Malat-Enzym (me),
Esterase-3 (est-3) und Aldehydoxidase (ao).
Uber multivariate Diskriminanzanalysen wur-
den Ellipsen gleicher Konzentration berech-
net (P = 0.05; Langonegro und Feoli, 1985),
aus diesen ist die genaue Position der Pro-
ben aus den vier Untersuchungsgebieten
ersichtlich. Es zeigte sich, daf3 die Ellipse
der albanischen Proben sich teilweise mit
den Ellipsen der Populationen von A m car-
nica und A m macedonica Gberschnitten,
aber keinerlei Kontakt mit der Ellipse von A
m ligustica hatte (Abb 3). Aus der alloenzy-
matischen Charakterisierung auf Grundlage
der Genfrequenzen wurden genetische Ent-
fernungen kalkuliert und auf Basis der
UPGMA-Methode ein Dendrogramm der
Beziehungen zwischen den betrachteten
Populationen erstellt (Abb 4). Eine Cluster-
analyse der aus vier variablen enzymati-
schen Systemen erhaltenen Daten ergaben
eine nahe hypothetische Beziehung zwi-
schen der Bienenpopulation in Albanien und
den Bienen der Unterart A m macedonica,
wahrend diese nach den morphometrischen
Daten Hybriden zwischen A m carnica und
A m macedonica darstellen. Bei Berlick-
sichtigung sowohl der morphometrischen
als auch der alloenzymatischen Ergebnisse
kann festgestellt werden, daf3 die Honig-
bienenpopulation von Albanien in einem
Bereich des Uberganges oder friihen Kon-
taktes zwischen drei Rassen eher der Unter-
art A m macedonica als A m carnica &hneln;
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dennoch kénnen sie weder als A m mace-
donica noch als A m carnica bezeichnet
werden. Das albanische Gebiet sollte daher
als stdliche Grenze der Verbreitung von A
m carnica betrachtet werden.

Apis mellifera carnica |/ Apis mellifera
macedonica | Apis mellifera ligustica /
Albanien / Honigbienenpopulation / Mor-
phometrie / Alloenzymatische Charakte-
risierung
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