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Abstract — We show, with classical morphometrical analyses, that Libyan honeybees sampled at coastal
and desert locations are distinctly different from both the adjacent A. m. intermissa bee populations of
Tunisia and Algeria and those of A. m. lamarckii of Egypt. The morphotype was most closely related to
A. m. sahariensis and, based on wing venation angles, showed affinities to A. m. jemenitica, indicating that
the sampled populations might be derived from a formerly extended Saharan honeybee population during
the Holocene pluvial. Scattered morphometric similarities to the European bee A. m. ligustica suggest that
importation of honeybees from Italy may have had only minor impact on endemic Libyan honeybee popu-
lations. Conservation measures might be particularly appropriate for remote oasis populations, which might

be true relic population from the Holocene.

Apis mellifera | morphometry / Libya / sahariensis |/ conservation

1. INTRODUCTION

Apis mellifera L. is widespread in Africa,
Europe and parts of Asia with a wide di-
versity of subspecies that can be classified
with morphometric tools (Ruttner et al., 1978).
Ruttner et al. (1978) suggested that Apis mel-
lifera split into three different biogeographical
branches; (A) one of South and Central Africa,
(M) one of Western Europe and North Africa,
and (C) one of the North Mediterranean. Sub-
sequently, Ruttner (1988) added the branch
(0O), which included the near and Middle East-
ern subspecies. All these branches (A, M, C
and O) are found around the Mediterranean
where they are represented by 16 identified
subspecies. The general pattern of subspecies
distribution was subsequently in principle sup-
ported by various studies using molecular
tools (Garnery et al., 1993; Franck et al., 2000,
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2001; Whitfield et al., 2006). Nevertheless, the
subspecies of northwestern Africa and some
populations of A. m. iberica were assigned to
Branch A instead of M, whereas A. m. lamar-
ckii remained ambiguous, either A or O.

Since Libyan bees are geographically lo-
cated between A. m. lamarckii of Egypt in
the east and the other North African sub-
species A. m. intermissa and sahariensis in
the west, Libya provides a missing link in this
west-east transition. About 125 000 managed
colonies were estimated to exist in Libya in
1999 (Al Mahjoob et al., unpublished report).
Although apiculture has an old tradition in the
country, little attention has been paid to study
the honeybees of Libya apart from some mor-
phometric investigations (El Banby, unpubl.
data), studies on honey quality (Mohaned
et al., 1981), pest control (Kosheim, 1998) and
beekeeping activity (Hussein, 2000a,b). To-
day, there are three main regions with modern
beekeeping along the Mediterranean coast line
with only scattered apicultural activities in the
rest of the country.
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Figure 1. Map of Libya showing the locations of samples: (1) Surt (31°1219.01”N, 16°35’18.13”E);
(2) Baida (32°44’58.27"N, 21°37'14.02”E); (3) Brak (27°32'15.72”"N, 14°14’43.44”E); (4) Kufra

(24°11'07.08”N, 23°18'54.00”E).

Molecular evidence suggests that all North
African bees firmly belong to the African
branch, but A. m. lamarckii showing close
affinities to the molecular Oriental branch. The
intermediate position of A. m. lamarckii be-
tween African and Oriental bees is also mor-
phometrically well supported. On the western
side A. m. sahariensis clearly belongs to the
morphometric A branch, while A. m. inter-
missa is set apart resembling bees of the Euro-
pean M branch (Ruttner, 1988). Reliable data
to assign Libyan honeybees to either branch
are lacking, although there are some anecdo-
tal reports that the bees of Libya may be a
distinct ecotype (El Banby, 1977). The mor-
phometric analysis of the honeybees of Libya
in this study therefore provides an opportu-
nity to understand the characteristics, biogeog-
raphy and spread of honeybees around the
Mediterranean.

2. MATERIALS AND METHODS

2.1. Sampling and morphometric
analysis

Samples of adult worker bees were collected
from 11 colonies in 2005 at four modern apiaries

in Libya (Fig. 1): Kufra (3), Baida (3), Brak (3) and
Surt (2) and preserved in 90% ethanol. The distant
sample locations were chosen to represent different
parts of the country with very different ecological
conditions.

Ten worker bees of each sample were morpho-
metrically analyzed by using 37 characters as de-
scribed in Ruttner et al. (1978). These comprised
16 measurements of length, 7 of coloration, 3 of
pilosity and 11 wing angles. Pigmentation charac-
ters and hair length were microscopically analyzed.
All other characters were digitally measured with a
CCD camera combined with an on-screen measur-
ing system (Bee2, Meixner, 1994).

2.2. Statistical analysis

The colony means, standard deviations, and
standard errors of each character of a worker sam-
ple was computed and used for the further analy-
sis. The data were compared with reference sam-
ples of five other African subspecies adjacent or
within the North African desert belt from the mor-
phometric data base of the Institut fiir Bienenkunde,
Oberursel including A. m. intermissa (7 colonies),
A. m. sahariensis (6 colonies) and A. m. lamarckil,
(8 colonies), A. m. jemenitica (49 colonies) and A.
m. litorea (9 colonies). Three different approaches
were taken to assess the similarity among the bees.
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The data were first submitted to a principal compo-
nent analysis (PCA) to assess general similarities.
Then data were submitted to stepwise discriminant
analysis (DA) with the Libyan samples considered
either as separate groups or as members of other
groups. Lastly, morphometric distances were calcu-
lated on Z-normalized measurements and distance
data were submitted to cluster analysis (CA). In a
second analysis, reference samples of the European
subspecies A. m. ligustica (12) were included into
DA based only on the 11 wing angles to test for pos-
sible introgression through commercial imports of
queens and colonies from Italy. All statistical anal-
yses were performed using the SPSS 15.0 statistical
software (SPSS, 2006).

3. RESULTS

The Libyan bee samples significantly dif-
fered from all reference groups by at least
some of the measurements. The bees were
smaller or close to A. m. intermissa, A. m. sa-
hariensis and A. m. ligustica but distinctly big-
ger than A. m. lamarckii, A. m. jemenitica or
A. m. litorea. Total leg size, forewing length
and forewing width (Tab. I) of the Libyan bees
were larger than in A. m. jemenitica and A. m.
litorea, the latter also being smaller in tergite
size (sum of tergit 3 and 4). The samples did
not differ in slenderness (the quotient of length
by width of tergite 6) from the same first three
subspecies as above, but were significantly
more slender compared to the other three sub-
species. The Libyan samples were particularly
set apart by broad hindleg metatarsi, expressed
by a significantly higher metatarsal index com-
pared to all other groups. They were further
set apart by exceeding all other groups in the
length of the wax mirror, while the width of the
wax mirror was indiscriminate from A. m. in-
termissa, A. m. sahariensis and A. m. ligustica.
This resulted in a conspicuously and signifi-
cantly higher wax mirror index compared to
all other groups. Concerning pigmentation, the
Libyan samples were light colored and did not
differ much from the other light colored sub-
species except from A. m. intermissa, which
is distinctly darker. Cubital veins were longer
than in all other groups except A. m. ligustica
for cubital vein 1, resulting in a significantly
lower cubital index than this subspecies. They

showed significantly lower values for wing an-
gle D7 and G18 than all other groups except A.
m. ligustica, from which they differed by hav-
ing significantly smaller wing venation angles
B4 and N23, and a larger wing venation an-
gle L13.

A PCA analysis on colony means of the
37 characters of the 11 colonies at the four
Libyan locations together with colony means
of the African reference samples captured 58%
of the variance on the first three PCA axes.
The first axis was mainly loaded with length
measures with the positive values indicating
larger size values. The second axis was pre-
dominantly loaded with colors with high val-
ues indicating lighter coloration, and the third
one by the wing angles a4, b4, d7 and €9. On
PCA sample score plots, one cluster contained
A. m. jemenitica, A. m. litorea and A.m. lamar-
ckii, while A. m. intermissa constituted a sepa-
rate cluster. Libyan samples formed a separate
cluster together with A. m. sahariensis, with
the samples from Kufra set at the extreme end
of this cluster into the direction of extreme val-
ues of size and lightness of coloration (Fig. 2).

A similar pattern emerged in the DA where
all Libyan bees were reallocated to the Libya
group with a post-hoc probability of P >
0.9995. In a plot of the first two discriminant
functions, all Libyan samples formed a sepa-
rate cluster clearly apart from all other sub-
species, showing the uniqueness of their status
(Fig. 3). Above this, all four Libyan locality
groups were reallocated with post-hoc proba-
bilities of P > 0.9995 indicating strong local
variation. The Euclidian distance of all local
group centroids was smallest to the centroid of
A. m. sahariensis.

If the samples of Libya were force-allocated
into the reference groups all were allocated
to A. m. sahariensis with very high post-hoc
probabilities (9 colonies with P > 0.9995, 2
from Surt with P > 0.995).

A CA based on Euclidian morphological
distances of z-normalized character means for
the localities and the means of the reference
groups further confirmed these relations. The
distance relations were submitted to a CA us-
ing average linkage (Fig. 4), clearly demon-
strating the similarities between the Libyan
localities, with Kufra distinctly more apart.
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Figure 2. Principal component scores of bee samples from Libya and of the African reference groups.
High factor one values indicate larger size measures, high factor two values lighter coloration. Factor three
correlates with predominantly with wing venation angles.
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Figure 3. Discriminant function sample scores of bee samples from four locations from Libya (small sym-
bols) and of African reference groups (big symbols), together with their group centroids.

The placement of A. m. sahariensis within the
same cluster underlines the close morphomet-
ric similarity to this subspecies. In contrast, A.
m. intermissa is placed in a separate position,
while A. m. jemenitica, A. m. litorea and A. m.
lamarckii form an even more distant, separate
cluster.

To evaluate the possible influence of bee
importation, A. m. ligustica was included into
the analysis. In a forced DA, 9 of the Libyan
samples were allocated to A. m. sahariensis
with high post-hoc probabilities (P > 0.9995).

One sample from Surt was intermediate be-
tween A. m. sahariensis and A. m. ligustica,
while one sample from Brak was allocated
with high post-hoc probability to A. m. ligus-
tica. Because of difficulties arising from sim-
ilarities of size and coloration between A. m.
ligustica and A. m. sahariensis, we repeated all
analyses using the wing venation pattern only
(11 wing angles) and excluded A. m. litorea to
reduce the number of groups in relation to the
number of characters. In this analysis, eight
of the Libyan samples were reallocated into
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Rescaled squared Euclidian distances
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Figure 4. Dendrogram of a cluster analysis based on squared Euclidian distances of the z-normalized char-
acter means of the colony samples of the four Libyan locations and of the African references samples.

the Libya group with post-hoc probabilities of
P > 0.99, and two with lower probabilities
with a second choice of A. m. ligustica and
A. m. jemenitica. The remaining sample from
Brak was allocated to A. m. lamarckii with a
low post-hoc probability (P = 0.77) and a sec-
ond choice for A. m. sahariensis (P = 0.20). In
a forced allocation, the majority of eight sam-
ples was allocated to A. m. jemenitica, while
two (one from Brak and one from Surt) were
allocated to A. m. lamarckii and one from Brak
to A. m. ligustica.

4. DISCUSSION

Though the number of sampling locations
is low, the sampled of colonies displayed ho-
mogenous morphotypes, with significant devi-
ations to other subspecies in the region form-
ing concise morphoclusters in all multivariate
analyses. El Banby (1977) studied the honey-
bees of Al Jabel Akhdar, in northeast Libya,
and concluded that these bees belonged nei-
ther to A. m. intermissa nor to A. m. lamarckii
found in Egypt, but represented a different type
more similar to A. m. lamarckii than to inter-
missa. Although no further details or data were
given in this first morphological study, we here
clearly confirm El Banby’s suggestion of a dis-
tinct honeybee ecotype in Libya. In all our
analyses, the Libyan honeybees were clearly
set apart from the adjacent subspecies as a
separate and distinct cluster. We agree with
El Banby that the Libyan honeybees are very

different from A. m. intermissa, although this
subspecies is widespread in North Africa west
of Libya (Barour, 2005; Lebdi-Grissa, 1991a,
b; Hepburn and Radloff, 1996). However, we
found no consistent evidence that the morpho-
metric position of Libyan honeybees is signifi-
cantly closer to A. m. lamarckii than to A. m.
intermissa. Thus, in spite of the geographic
proximity of Baida and Kufra to Egypt, Libyan
bees apparently have only little in common
with Egyptian A. m. lamarckii. Surprisingly,
the samples from Libya rather showed sim-
ilarities to the geographically much more
distant north-western African bee A. m. sa-
hariensis, a yellow, gentle bee originally de-
scribed from the oases of Western Algeria
and Southern Morocco (Baldensperger, 1924,
from Ruttner, 1988). Considering wing angles
alone, which are genetically more conserva-
tive characters in comparison to size and col-
oration, (Diniz-Filho et al., 1999), Libyan bees
rather exhibit similarities to A. m. jemenitica,
the sub-Saharan honeybee extending along the
Sahelian dry-tropical zones from west to east
throughout the continent.

The closer relation of Libyan bees to A.
m. sahariensis or the sub-Saharan A. m. je-
menitica rather than to A. m. intermissa might
not be entirely surprising. Franck et al. (2001)
suggested that the distinctness of the North
African subspecies A. m. intermissa from the
sub-Saharan African subspecies may reflect a
separation during the dry period in the late
Pleistocene around 15000 years B.P. Ruttner
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(1988) suggested that A. m. sahariensis might
be a relic population from the Holocene plu-
vial (~8000 B.P), when the Sahara consisted
of mainly grassland with only narrow desert
strips. Our results indicate that Libyan bees,
similar to A. m. sahariensis, might be derived
from a large extended bee population which
had re-colonized extensive parts of the Sahara
some thousands years ago, living under similar
environmental conditions as A. m. jemenitica
or A. m. sahariensis today.

A further noteworthy result of our study is
the morphometric affinity of Libyan bees to
the European subspecies A. m. ligustica which
one might interpret as an indication of intro-
gression at first sight. However, in spite of
this similarity, this cannot be unambiguously
attributed to an effect of bee importation to
Libya, because A. m. sahariensis and A. m.
ligustica reveal the same resemblance. Obvi-
ously the similarities are mainly based on mea-
sures of size and coloration, and a clear differ-
entiation of A. m. ligustica from the African
bee groups can be better obtained by using the
wing venation angles alone. However, even on
this more robust data set we cannot exclude
that the importation of commercial bees has
not influenced the morphometric characters of
Libyan bees. About 50000 units (colonies,
package bees and queens) of A. m. ligustica
and some 3600 colonies of A. m. carnica,
were imported to Libya between the 1970’s
and the 1990’s (Al Mahjoob et al., unpub-
lished report). Moreover, a commercial hybrid
line between A. m. carnica and A. m. lamar-
ckii called “Queens Wadi” was marketed in
Libya (Simonthomas and Simonthomas, 1980)
and both might have had impact on local
populations. The similarities to A. m. ligus-
tica were most strongly expressed in the bees
from Brak, where one sample was consis-
tently allocated to the A. m. ligustica cluster
in the DA. Similarly, one sample from Surt
also showed strong affinities to A. m. ligus-
tica. Migratory beekeeping operations occur at
both sites. In contrast, the samples from the
remote oasis of Kufra were distinctly closer
to A. m. sahariensis than to A. m. ligustica,
supporting that of the investigated locations
Kufra might hold a well-conserved population
of the autochtonous Libyan honeybee type.

The potential introgression of European races
on the honeybees of Libya contrasts to re-
ports from Tunisia, where Lebdi-Grissa et al.
(1991a, b) compared European with Tunisian
honeybees. They found no significant effect
on Tunisian bees, in spite of repeated inten-
sive efforts in all the Maghreb to import A.
m. ligustica, A.m. macedonica, A.m. mellifera,
A.m. carnica and A.m. caucasica (Hicheri and
Bouderbala, 1969; Second, 1974; Lebdigrissa
et al., 1991a). Although Hepburn and Radloff
(1998) refer to failures of honeybee imports
to Libya, our findings suggest that more in
depth studies are needed including analysis of
mitochondrial and genomic DNA to confirm
any impact of European A. mellifera on the
Libyan bee population (Moritz et al., 2005,
2007, 2008). If the indications from our bio-
metrical study prove to be the result of ac-
tual introgression of imported honeybee stock,
this would make evident the need for conser-
vation measures in Libya from a biodiversity
perspective.
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Etude morphologique des abeilles (Apis melli-
fera) de Libye.

Apis mellifera sahariensis | Apis mellifera jemeni-
tica | sous-espece / morphométrie / Libye / biodi-
versité / conservation

Zusammenfassung — Morphologische Untersu-
chung zu Honigbienen (Apis mellifera) aus Liby-
en. In dieser Arbeit werden Honigbienen Libyens
mit den anderen Bienenrassen des mediterranen
Raums und der Sahara verglichen. Je 10 Arbei-
terinnen wurden von 11 Volkern an vier ver-
schiedenen Standorten (Kufra (3), Baida (3), Brak
(3), Surt (2); Abb. 1) in Libyen mit einem Stan-
dardset von 37 Merkmalen morphometrisch ana-
lysiert (Tab. I). Diese Daten wurden mit de-
nen der biometrischen Datenbank des Instituts fiir
Bienenkunde, Oberursel verglichen. Alle Daten



104 T. Shaibi et al.

wurden einer Faktorenanalyse, einer Diskriminan-
zanalyse und einer Clusteranalyse unterzogen. Die
Hauptkomponenten- Analyse zeigte, dass die liby-
schen Proben einen separaten Kluster bilden, der ei-
ne hohere Ahnlichkeit zu A. m. saharensis als zu
den anderen afrikanischen Bienenrassen zeigt (Abb.
2). Ein dhnliches Ergebnis wurde auch in der Dis-
kriminanzanlyse erzielt (Abb. 3) in der die meisten
libyschen Proben korrekt zur eigenen Gruppe zu-
geordnet wurden. Auch die auf den euklidischen
Distanzen zwischen den Mittelwerten der Merkma-
le in den Gruppen beruhende Klusteranalyse zeig-
te, dass die libyschen Proben nahe zusammen lie-
gen und betonte die Nihe zu A. m. sahariensis, die
innerhalb des gleichen Klusters angeordnet wurde.
Insgesamt zeigten die Proben von Kufra die hoch-
ste Ahnlichkeit zu A. m. sahariensis, wihrend die
beiden nordafrikansichen Rassen A. m. intermissa
in Westen und A. m. lamarckii in Osten deutlich
weniger Gemeinsamkeiten mit den libyschen Ho-
nigbienen aufwiesen. Unserer Analyse belegt, dass
die libyschen Honigbienen einen distinkten Okotyp
darstellt, mit Anklidngen an A. m. sahariensis und,
besonders in den Fliigelwinkeln, auch an A. m. je-
menitica darstellt. Zusammen mit A. m. sahariensis
stellt sie moglicherweise eine Reliktpopulation aus
dem Holozin dar. Unsere Analyse zeigte weiterhin
Anzeichen auf eine mogliche Introgression impor-
tierter Europdischer Bienenrassen auf die endemi-
sche Population in Libyen, die Schutzmafnahmen
zur Erhaltung der Biodiversitit dieser spezifischen
Wiistenbiene angezeigt sein lassen konnten.

Apis mellifera | Morphometrie / Libyen / sahari-
ensis [ Erhaltung der Biodiversitat
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