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Abstract: The existence of the autochthonous honey bees rid, 3yebanon, Palestinian Authority, Israel
and JordanApis mellifera syriaca is endangered by persistent honey bee importomwimercial breeder
lines into the region. We investigated 26 colorifesn 12 locations in Jordan by morphometric methimds
comparison to reference samples of 7 relevantpadiss. Results showed, that samples from Jordas, we
on average, not identical but more similar to refiee samples &. m. syriacecollected in 1952 than to any
of the other subspecies. We determined sampleidmsabf highest similarity to serve as source papoihs
for a project in agrobiodiversity conservation.
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Ozet: Suriye, Lubnan, Filistin Yonetimilsrail, Urdiin yerli arisApis mellifera syriacathal edilen ticari
damizlik arilarin siirekli olarak bélgeye getirilmiés yok olma tehlikesi ile kar karstyadir. Biz Urdiin’de
12 istasyondan 26 koloniyi 7 referans ile gdastirarak moporfometrik analiz yontemleri ile snadik.

Sonuglara bakilginda Urdin’den alinan numuneler ortalama olargkerdirklara dgilde 1952 yilinda
toplanan referans numunelerine tam aynisi olmasadaiha ¢ok benzerlik gostetii. En fazla benzerlik
g0Osteren numuneleri kaynak populasyonu olarak gaptarimsal biyo-¢gtlili gin korunmasi projesi icin
belirledik.

Anahtar kelimeler: A. m. syriacaUrdiin, morfometri, tarimsal biyo-gililik, koruma

INTRODUCTION occupies an interesting place in the biogeogragithe

] ) species, which is emphasized by its morphological
The honey bee of the eastern Mediterranéamellifera  position where it is placed close to the origirthu# four
syriacg is foun_d in the regions of _Sy_na, Lebanon_, Israel main phylogenetic branches recognized in principal
and Jordan. First detailed descriptions were gilgn  component analysis on the honey bee infraspecific
Buttel-Reepen (1906), and its racial status waer lat variability (Ruttner 1988).
confirmed by Ruttn.er (1988) based on samples aetlbc' However, due to persistent importations of comnagrci
by Brother Adam in 1952 (Brother Adam 195.4)' This breeder lines and their establishment in honey
sg}iltleegtag;;rf:]eenNaeﬁdr Izeiztlvb(:ecizr;io%hifriﬁfgge by %roduction, the original autochthonous bee subsgdsi
P yetlol . bound disappear over time. Already in 1952 Brother
dorsal segments and a bright yellow scutellum. &ein Adam noted frequent importation 8¢ m. ligusticainto
the most south-western of the near-east honeydwes r :

it neighborsA. m. medan the north (Ftayeh et al. 1994), Israel anq remarked that it might be d'.ﬁ'cu“ tod pure
. e A. m. syriacahere. This tendency has increased and was
and the next bee&. m. lamarckiiand A. m. yemenitica

. S . complemented by introducing other successful breede
in the south western direction, isolated by deaeghs, X . ; . i

: . lines including strains of Carniolan, Buckfast or
already belong to the African races. m. syriacathus
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Caucasian origin (Slabezkit al 2000; Hussein, 2000, endurance of harsh local conditions. Thus, as herot
Blum 1956). In combination with the increased fields, maintenance of agro-biodiversity requires
transportation of colonies, which is part of modern identification and conservation of defined natural
beekeeping, cross-mating is bound to result inlloca subspecigswhich then can serve as reservoir gene pool
populations with various degrees of blending of the for future research and breeding.

original bee with commercial strains of diverse Though more than half a century of foreign bee impor
characteristics. has passed, it might not be too late to find puralmost

In particular for commercial beekeepers there seebe pure A. m. syriacaln particular, the elevated regions of
good practical reasons for replacidg m. syriacaby Jordan, climatically unfavorable for imported
more suitable strains. Most notabl, m. syriacais a commercial strains, appear an appropriate regithirs
nervous bee, which is notorious for high defenstesn 1979, more than 80% of the hives were kept in
(Brother Adam 1954, Ruttner 1988), but also for traditional clay hives (Robinson 1981). Haddad let a
frequent swarming (Blum 1956) and absconding, while 2002, has reported that more than 98% are kept in
commercial strains have been selected for easylihgnd modern Langstroth type, while 2% are still following
and maintenance. However, this subspecies also hagaditional ways. According to the Ministry of
pronounced advantages. As a bee of the dry-habmegi  Agricultural Statistics Reports (2003), 65% of tiogal

it is much better adapted to survive extreme sursmer number of the hives are located in the northertspand
temperatures without any honey flow, and adjusts it 25% in the central parts and the rest (10%) in the
brood pattern showing a depression between thagspri southern parts of Jordan.

and autumn maxima (Zaitoun et al. 2000, Al GhzeWi  \we thus have set out an investigation of local

al., 2001 a). It has a superior ability to adapt &ying populations in Jordan with the aim to determine the
to pollen availability and honeyflow (Bodenheimetda  gia1s general subspecies status.amelliferain Jordan
Ben-Nerya, 1937). Due to excessive production of gng the identification of locations where bees ten
swarm cells and, in particular, survival of virgineens regarded as sufficiently close Ao m. syriacan its pure

in the colonies until a mated queen has returnegt th o 1o serve as origin for further investigatioasd
avoid the risks of queen loss (Ruttner 1988). lalso preservation in an research apiary.

better adapted to withstand attacks froWespa
orientalis commencing flight activity when colonies are METHODS

besieged (Blum 1956, Kalman 1973). Other traitshnig  Tyenty-one samples of worker bees were collecte fro

be present, in particular in respect to diseasste®®e, g |gcations in the northern part of Jordan, two sas
but investigations have only started (Al Ghzawi 280 e collected from two locations in the centraitpand

al. b, c; Zaitounet al 2001). An advantage over puré ,ee samples were collected from one locationh t
imported bee strains is obviquss these do not seem to southern part.

thrive without extensive care, particularly outstte rift

valley with its more favorite climate. By this Table I. Sampling locations and numbers of colonies sampled

maintaining A m. syriaca does confer distinct Location N Latitude longitude
advantages in particular to the small-scale local | ap, zead valley 3 30°30N 35°41'E
beekeepers. Aen Alsaed 1 30°42N 35°48E
Only few systematic investigations on the spedifiits AenTrab 1 32°41'N 35°48'E
of A. m. syriacehave so far been conducted to verify the | Albagyra 2 32939\ 35°35'E
potential traits. A basic requirement to conduct | .- . 1 30008\ 35°47'E
repeatable studies is to identify strains of ordjia. m. o .

syriaca and to isolate these against uncontrolled inter- | Ramiha ! 32°34N 36°00E
mating with bees of other origins. These then cames Baga 1 31°55N 35°41E
as reference strains to which the obtained resefes. Huwara 2 32°32N 35°52E
The obtained results might prove useful for poténtia | KufurAwan 1 32°29N 35°39E
breeding efforts, either by improving the localasts, Madaba 1 81°42N 35°46E
which still appear to be more easily managed byllsma | Maro 9 32°35N 35°52E
scale beekeepers due to their adaptation to local L Wadi Benhammad 3 S1718N 35°38E

conditions. Alternatively, specific advantageousitr ~ The locations (Table I) were chosen to include agsari
could be crossed into imported strains to stremgtheir maintained stationary and isolated over the laats/@n
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positively associated with most size measuresataat
some wing angles. The second factor accounted for
were kept in traditional box or clay hives. However 10.2% of the variation and was positively assodiate
some locations also were included which were kntavn ~ with characters of pigmentation and negatively with
have imported bees. A total of 26 samples werewing width, while the third factor accounted foi78%
collected. In each locality, between one and nineof the variation and was associated with the 4 wing
colonies were sampled. Each sample contained at leasvenation angles.

30 worker bees, which were killed and preservetsivh Plotting colony sample scores on principal componen
ethanol. Samples were split and one half was deabsi axis 1 and 2 showed that the samples from Jordae we
in the Maro Bee Research Unit of NCARTT, the other fairly inhomogeneous. The graph clearly demonsdrate
half in the bee collection of the Institute fir an overlap of the Jordan samples with the areapiedu
Bienenkunde, Oberursel. by the reference samplesAfm. syriacgFig. 1 a)

All 26 colony samples were analysed at the Insfilut  Fig. 1 a
Bienenkunde. From each sample ten worker bees wert 20
dissected for morphometric analysis and measured o

15

according to the methods described by Rutteemal 51 g

order to minimize influence of imported bee strailms
particular, some locations were sampled in whichsbe

(1978) and Ruttner (1988). Of the 41 morphometric
characters listed in Ruttneet al (1978) 37 were
measured, excluding length of proboscis (No. 5) and
cubital veins of the left wing (No. 29 and 30), ukisg

in 16 size characters, 11 wing angles, 7 colourattars
and 3 hair characters. Measurements and coloungcal
were performed using a stereomicroscope and a
computer-aided measuring system based on a videc
system and measuring program (Meixner 1994).

Colony sample means, standard deviation, and standa
error were computed for each character, thus
representing estimates for the colony. Colony means
were combined with data &f. m. syriacg9) A. m. meda
(9), A. m. anatoliaca(7), A. m. ligustica(10), A. m.
lamarckii (26) andA. m. yemenitic{57) taken from the
data bank in Oberursel, Germany. SamplesAofm.
syriaca had been collected by Brother Adam (1952) in

1.0

.54

0.0

-1.04

PC 2

PC1
Figure 1. Sample scores on principal component axes derived

2

® Jordan

4 Yemenitica
O Syriaca

¢ Meda

@ Ligustica
v Lamarckii

> Anatoliaca

by factor analysis of 26 samples from Jordan, afetence
samples of Apis mellifera subspecies. Abscissd:;PC
Ordinate: PC2 (Fig. 1a) or PC2 (Fig. 1b)

Fig.1b

Palestine and Jordan, thus representing the closes La s "
approximation to the historical population avai@abrhe s AAAAA °
data were submitted to factor analysis and sanguees "1 2% g 0o ”5& .
were plotted on principal component (PC) co-ordisat Af %Af;n 2% Og) A
for  visualisation.  Subsequently,  morphometric % 2o L. @3..;?@" »
.. " . . . . . . ® Jordan
similarities were investigated by discriminant Igeis, & -
and by calculating Euclidian distances. Calculation H v, v vemenitica
were performed using the SPSS for Windows 10.00 v % © Syriaca
statistical package. . vngg E Meda
RESULTS 3l VVVV < Ligustica
™ vV Lamarckii
General status of Jordan samples &) .
a -4 . . . > Anatoliaca
-3 -2 1 0 1 2

Factor analysis of the 37 morphometric characters
performed on the 156 sample means yielded 3 factors
with high eigenvalues (>2.5) accounting for 58.6%
the total variation in the data. The first factapkined
41.7% of the total variation in the data and was

118

PC 1
However, mean position of samples from Jordan were

displaced to higher PCA1 values, indicating a stuft
larger average size. In PCA2 values, they werehén t
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identical range occupied b%. m. syriacawhile A. m. that of A. m. ligustica in two further it wasA. m.
anatoliacg A. m. ligusticaandA. m. yemeniticdiffered lamarckii. In both of these cases the difference in
clearly. A. m. lamarckiiwere predominantly smaller in  distance téA. m. syriacavas minimal.

PCAL values but showed a with a slight overlpm.  Tapje || shows, for the different sampling locatiptie

meda though predominantly placed at higher PCAZ nympers of samples allocated # m. syriacaby
values, showed some overlap with both the Jordangiscriminant analysis, or of those with nearestadise to

samples as well as te m. syriacareference samples. he A m. syriacacentroid by the two methods described
Plotting PCA1 and PCA3 (Fig. 1 b) emphasized the gpqve.

distinction between the Jordan samples ahd m.
P Table 1l. Allocation of Jordan bee samples to refereAce

lamarcki, A. m. anatoliacaor A. m. ligustica and a mellifera subspecies. N=numbers of colonies sampled in the

partial overlap with thé\. m. syriacasamples, but again respective location. Cells give numbers of colorgéscated

showed some overlap with. m. meda samplesy by discriminant analysis (first figure) to the spbsies, or with
calculating  Euclidian  distances between sample minimal Euclidian distance in PC (second figure) or

centroids on the PCA axis, Jordan samples wer@sos normalized character space (third figure). Emptised/0/0.

toA. m. syrlqcafollowed byA. m. medaA. m. Ilgust|_c_a  [\[Am A ] Am [An | Am | Anm
A. m. anatoliacaA. m. lamarckiiandA. m. yemenltlca syriaca| meda |anatoliaca|ligustica|lamarckii| yemenitical
(0.74, 0.89, 1.37, 1.44, 2.22 and 2.25, respegjivel Abu Zead valley | 3 |2/3/2|1/0/0 0/0/1
A discriminant analysis reallocated all samples itheir Aen Alsaed tjo/1/0 1/0/0 |0/0/1
respective groups with post-hoc probabilities 00P8. AenTrab 1 11/
Determining A. m. syriaca source locations Albagyra 2[2/1700/172

_g T _y ) Almazar 110/1/0[1/0/1
Morphological relation of samples #. m. syriacawas Ramtha 110/1/0l170/1
determined by discriminant analysis, in 'WhiCh saapl Bage’ 1 0/1/1 1/0/0
of Jordan were forced to be allocated into onehef t [Huwara 21727107071 1/0/0
subspecies used for comparison. All reference ssmpl [ Kufur Awan 117111
were allocated to their own groups with post-hoc |Madaba 1|170/0[0/1/1
probabilities of P>0.999. Of the 26 ungrouped s@&sipl | Maro 9(0/3/0|5/5/5| 3/0/0 |1/1/4
18 were allocated either #h. m. syriaca (9) or A. m. Wadi

- 3|2/3/2|1/0/0 0/0/1

meda(9). Four of the remaining 8 were allocatedAto Benhammad
m. anatoliaca 1 to A. m. lamarckii and 3 t0A. m.  Besides Kufur Awan, which was represented by only

ligustica In a restricted choice betweén m. syriaca  gpe colony, the most consistent allocation Ao m.

andA. m. meda20 were allocated t&. m syriacaand 6 gyriacawas found in Wadi Benhammad, where 2 of the
to A. m. medaof which 5 were from Maro. In a choice 3 samples were closest # m. syriacain all three

situation restricted toA. m. syriacaandA. m. ligustica methods, and the remaining one by at least twchef t
13 of the 26 samples were allocateddtam. ligustica 7 methods.

of which from Maro, and 13 were allocated Ao m.
syriacg 6 of which were from Wadi Belmhamad and DISCUSSION

Abu Zead valley. The samples collected in Jordan showed a closer

The degree of similarity was assessed by calculdtiag similarity to A. m. _syriacaas represented by_ reference
Euclidian distances of each Jordan samples to theS@mples collected in 1952 by Brother Adam in atibet
centroids of the reference groups, using positions Same region, than to any other subspecies. Nortieeof
either the Factor Analysis PC space or the noredliz Samples is rejected if placed together with therszfce
character space of the original measures. In t@e P samples in discriminant analysis. At the same titney
space, 16 of the 26 samples were closest toAthm. are clearly not identical and are sufficiently difint to
syriaca centroid. Eight were closest to the m. meda be separated by discriminant analysis if definedas
centroid, in all of these the second-closest cahtnas ~ OwWn group, suggesting that the bee population @jrea
that of A. m. syriacaTwo samples were closest to the ~ may have undergone some change during the last half
m. ligustica centroid. With distances calculated on century. PC plots indicate, that the major shdt i
normalized sample scores in character space, ltec2é associated with an increase in size, but also wing
samples were closest to them. syriacacentroid and 12  venation angles show some impact. They are cleatly

to theA. m. meda centrojdn 5 of these the next-closest apart from the southern and south western subspécie
centroid wasA. m. syriacaand in 7 it was that oA. m. m. yemeniticaand A. m. lamarckii from the bees of
ligustica In 6 further samples the nearest centroid was
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Turkey, A. m. anatoliaca but also from the principal
imported bees subspecids,m. ligustica

However, there is some overlap with the bees of drad
Irag, A. m. medaThis bee is closest in its characteristics,
and shows a transition into the northern rang@efrea
of distribution of A. m. syriacain Syria (Ftayeh et a.
1994). Considering mean group centroid distanass, i
evident that the bees of Jordan are on averagerdos
A. m. syriacathan to A. m. medalt is nevertheless
surprising that, in single evaluation of the sarapiy
discriminant analysis as well as by investigating
distances, depending on the kind of analysis aalbei
portion was allocated a®\. m. medaThis bee was not
found to occur in the southern parts of Syria, €ltisthe
Jordan border (Ftayeh et al. 1994). However, bgdor
allocation in a dual choice betweénm. syriacaandA.

m. medamost of the samples to be determinedhas.
syriaca,and decisions on distances farm. medawere
mostly based on very slight differences to thafAoim.
syriaca

The change which has taken place in comparisoneto th
reference samples of 1952 might well been due to
importation of foreign bee strains. The predominant

imported breeder lines are derived frédmm. ligustica
(Slabezkiet al 2000; Hussein, 2000, Blum 1956). On
average this subspecies is distinctly apart ang faw
Jordan samples were allocateddtn. ligustica showing
that pure imported lines readily get dissolvedhia local
population. However, in a forced choice betwderm.
syriaca and A. m. ligusticahalf of the samples were
allocated toA. m. ligusticawhich strongly supports that
indeed the importation has left a distinct mark tba
morphology of the bees. This average change mighbt al
be responsible for surprisingly numerous allocatioro

A. m. medawhich in some traits as coloration shows
intermediary values betweeh. m. syriacaand A. m.
ligustica, and takes intermediary position in PC plots.

The variation of the bees is locally structured. S8avh

A. m. syriaca and thus can be considered source
populations for conservation of the subspecies.thisr
purpose, 26 colonies were purchased to serve aeaa

be maintained under controlled mating conditions at
Maro Bee Station in Jordan to serve as referenainst
for future investigations on the performance and
behavior of the indigenous of Jord#&n,m. syriaca
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