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Summary &mdash; A morphometric analysis of some bee populations from Friuli (northeastern Italy) was
carried out employing 15 fore-wing characters. Samples of A m ligustica and A m carnica, collected
from the respective distribution areas, were also analyzed. On the grounds of the results obtained
from a discriminant analysis and a cluster analysis of the Mahalanobis distances, it can be confirmed
that the Friuli populations studied are hybrids between A m ligustica and A m carnica.
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INTRODUCTION

In the alpine region of Italy 3 subspecies
of Apis mellifera L come into contact: A m
ligustica Spinola, A m carnica Pollmann
and A m mellifera Linnaeus (Ruttner,
1988). Hybridization between A m ligusti-
ca and A m carnica or A m mellifera oc-
curs in some parts of this region (Bolchi
Serini et al, 1982; Leporati et al, 1984;
Marletto et al, 1984). Friuli, in northeast-
ern Italy, is regarded as a zone of hybridi-
zation between A m carnica and A m li-

gustica (Bolchi Serini et al, 1983;
Comparini and Biasiolo, 1991).

Biochemical and morphometric tech-

niques were employed to study samples
of Friuli bees. Electrophoretic studies
found 5 loci to be polymorphic (Comparini
and Biasiolo, 1991). Est-6 appeared to be
the most distinctive between A m ligustica
and A m carnica (Biasiolo and Comparini,
1990). Apart from the pigmentation, the

morphological differences between the
Italian and the Balkan bee are rather

slight; differences were found in abdomi-
nal dimensions, length of proboscis, hair
length and several venation angles (Rutt-
ner, 1988). Up to now, only one morpho-
metric analysis has been carried out on
bee samples from Friuli, employing 10

characters; 4 of these were fore-wing
characters (Bolchi Serini et al, 1983).

The purpose of the present research
was to acquire additional information on
the bee populations of Friuli indicating
their relative position among the races of
neighbouring areas by means of morpho-
metric analysis.

MATERIALS AND METHODS

Samples of adult worker bees (5 bees per hive)
were collected during the summers of 1987-
1989 from 106 colonies belonging to 11 apiar-
ies located in Bologna and Reggio Emilia (in



the distribution area of A m ligustica) Zagreb
and Neumarkt (A m carnica) and in Friuli (Cer-
vignano, Villa Santina, Ovaro, Prato Carnico,
San Leopoldo, Camporosso) (fig 1). Neumarkt
is located in a region formerly belonging to the
distribution area of A m mellifera, which was re-
placed by A m carnica during the last decades
(Ruttner, 1988). In the selected apiaries no

queen importation or hive moving has taken
place recently. The bees were captured at the
hive entrance and stored at -40 °C. The right
fore-wing was cut off at the base and dry-
mounted onto slides. Microphotographs of the
slides (5 x magnification) were projected and
the midline crossing points of the veins marked
on a sheet of paper. The coordinates of these

points were measured with a digitizer. The dis-
tances and angles were calculated with a com-
puter program developed for this purpose that
checked possible accidental errors.

Characters employed

Fifteen characters of the right fore-wing (fig 2)
were used in this study because the body was
employed for the electrophoretic study of the
same populations (Comparini and Biasiolo,
1991); furthermore, 8 of the 13 useful characters
for discriminating the races of the group to

which A m carnica and A m ligustica belong are
in the fore-wing (Ruttner, 1988).

The following characters (Bruckner, 1976;
Ruttner et al, 1978) were used: 1) cubital vein,
distance a; 2) cubital vein, distance b; 3) dis-
tance c; 4) distance d; 5) angle A4; 6) angle B4;
7) angle D7; 8) angle E9; 9) angle G18; 10) an-
gle J10; 11) angle J16; 12) angle K19; 13) angle
L13; 14) angle N23; 15) angle 026.

The distances c and d, already used in stud-
ies on fluctuating asymmetry (Bruckner, 1976;



Clarke et al, 1986), were employed instead of
fore-wing length and width, which can be difficult
to measure, due to imperfect amputations or
natural consumption of the wing apex.

Statistical analysis

For each apiary, the mean and the standard de-
viation of each character was calculated.

For further statistical analyses the mean of
the colony characters rather than the individual
values were used. An ANOVA test was per-
formed to determine the differences among the
3 groups of samples: those from the distribution
area of A m ligustica, those from the distribution
area of A m carnica, and the Friuli samples. To
determine the relative position of the samples, a
multivariate discriminant analysis was carried
out. Three ellipses of equal concentration (P =
0.05; Langonegro and Feoli, 1985) were super-
imposed on the ordination scattergram: one for
the ligustica, one for the carnica and one for the
Friuli hives.

The generalized squared distance of Maha-
lanobis among the apiaries was then calculated
and a dendrogram constructed by means of
UPGMA (Sneath and Sokal, 1973).

The package for Data Analysis SYN TAX IV
(Podani, 1990a, 1990b) and the statistical pack-
age SAS-PC (SAS Institute, 1988) were used
for data analysis.

RESULTS AND DISCUSSION

The descriptive statistics for each apiary
are reported in table I. For some charac-
ters (distance a, cubital index, angles D7,
J16, L13, N23) an appreciable difference
between ligustica and carnica samples can
be observed, while the Friuli samples have
intermediate values. The observed differ-
ences tested by ANOVA are highly signifi-
cant (P < 0.001).

On the plane of discriminant functions 1

and 2 the hives are very dispersed; in spite
of this, the ellipses of ligustica and carnica
are well separated (fig 3). The Friuli popu-
lations have an intermediate position be-
tween those of ligustica and carnica, and
the respective ellipse partially overlaps the
2 others.

Some observations may be made on
the Mahalanobis distances matrix and the
UPGMA dendrogram (table II; fig 4):
- some apiaries located in neighbouring
sites showed unexpectedly low levels of

similarity (samples G and F);
- the sample collected in Neumarkt (M)
was more similar to 2 Friuli samples (H, I)
than to the other carnica sample collected
in Zagreb (L).

Both these facts may be due to bee-

keeping practices (eg importation of carni-
ca or ligustica queens from their distribu-
tion areas in the zone surrounding the
sampled apiaries) that may have affected
the studied populations.

Therefore, because of this kind of per-
turbation, it seems more realistic to consid-







er only the biggest clusters of the dendro-
gram and disregard the small divisions; in
this way the A m carnica and A m ligustica
apiaries fall into 2 clearly distinct clusters;
some Friuli populations resemble A m li-
gustica, while others are more similar to
A m carnica (fig 4).

On the grounds of these results it can
be confirmed that the sampled Friuli popu-
lations are hybrids between A m ligustica
and A m carnica.

In spite of the slight morphological dif-
ferences between A m ligustica and A m
carnica, the characters used can disting-



uish between the races taken into considera-
tion as shown by the discriminant analysis.

In addition, the measurement technique
appears to be simple and rapid. It can
therefore be suggested for studies which
employ the fore-wing characters.

Résumé &mdash; Analyse morphométrique
d’abeilles provenant d’une zone d’hybri-
dation raciale dans le Nord-Est de l’Ita-
lie. Le Frioul dans le Nord-Est de l’Italie est
considéré comme une zone d’hybridation
entre Apis mellifera ligustica et Apis melli-
fera carnica, mais jusqu’à présent une

seule analyse morphométrique avait été
réalisée sur des échantillons d’abeilles ve-
nant de cette région. Afin d’obtenir des in-
formations supplémentaires sur les popula-
tions locales d’abeilles, nous avons fait
une analyse morphométrique sur des
abeilles prélevées dans le Frioul. Des
échantillons d’A m ligustica et d’A m carnica
récoltés dans leurs propres régions de ré-
partition ont également été analysés (fig 1).

Cent six colonies réparties dans 11 ru-

chers différents ont été analysées, à raison
de 5 abeilles par colonie, à l’aide de 15 ca-
ractères de l’aile antérieure (fig 2). Pour cer-
tains caractères, on a pu observer une diffé-
rence appréciable entre A m ligustica et A m

carnica, les populations du Frioul présentant
des valeurs intermédiaires (tableau I).

Les données ont été analysées au

moyen de l’analyse discriminante et de

l’analyse par amas des distances de Ma-
halanobis. L’analyse discriminante montre
que les échantillons d’abeilles du Frioul oc-

cupent une position intermédiaire entre

celle de carnica et celle de ligustica (fig 3).
Dans le dendogramme des distances de
Mahalanobis (fig 4), on peut voir que cer-
taines populations du Frioul ressemblent à
A m ligustica tandis que d’autres sont plus
proches d’A m carnica. Nous avons donc
là la confirmation que les populations du
Frioul étudiées sont des hybrides entre A
m ligustica et A m carnica.
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Zusammenfassung &mdash; Morphometrische
Analyse von Honigbienen in einem Hy-
bridisierungsgebiet von Rassen in
Nord-Ost Italien. Friuli in Nord-Ost Italien
wird als eine Hybridzone von Apis mellifera
ligustica und Apis mellifera carnica be-

trachtet, aber bis jetzt wurde erst eine mor-
phometrische Analyse von Bienenproben
aus diesem Gebiet durchgeführt. Um zu-
sätzliche Informationen über die lokalen



Bienenpopulationen zu erhalten, wurde
eine morphometrische Analyse mit Bie-

nenproben aus Friuli durchgeführt. Proben
von A m ligustica und A m carnica aus
deren eigenen Verbreitungsarealen
wurden ebenfalls analysiert (Abb 1).

106 Bienenvölker von 11 verschiede-
nen Bienenständen wurden berücksichtigt,
wobei 15 Charaktere des Vorderflügels
verwendet wurden (Abb 2). Bei einigen
dieser Merkmale konnten deutliche Unter-
schiede zwischen A m ligustica und A m
carnica beobachtet werden, während die
Friuli Populationen zum Teil intermediäre
Werte aufzeigen (Tabelle I).

Die Daten wurden mit einer Diskrimi-

nanz-Analyse und durch Gruppenbildung
der Mahalanobis-Distanzen ausgewertet.
Die Diskriminanz-Analyse erwies, da&szlig; die

Bienenproben von Friuli eine intermediäre
Position zwischen carnica und ligustica be-
legen (Abb 3). Im Dendrogramm der Ma-
halanobis-Distanzen (Abb 4) kann man er-
kennen, da&szlig; einige Populationen A m ligu-
stica ähneln, während andere mehr zu A
m carnica tendieren. Die Abweichung der
österreichischen Carnica-Proben von der
erwarteten wird mit der Probenauswahl er-
klärt. Damit könnte bestätigt sein, da&szlig; die
untersuchten Populationen von Friuli Hy-
briden zwischen A m ligustica und A m
carnica sind.

A m ligustica / A m carnica / Morphome-
trie / Nordwestlich Italien
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