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Abstract — Thirty-nine samples dkpis mellifera monticolandA. m. scutellatdrom three differ-

ent regions of Kenya were analyzed for mitochondrial DNA (mtDNA) variation using 6-base and
4-base restriction enzymes. Restriction wthell and Alul resulted in distinct patterns that together
produced three different haplotypes. While haplotypes 2 and 3 were restricted to samples from the
mountain forest, haplotype 1 was founddimm. scutellatand in all samples from the Ngong Hills.

No introgression of\. m. scutellatantDNA was detected in bees collected in mountain environments,
but a few samples from the savanna Aadh. monticolanorphology, or mtDNA, or both. These
results support the hypothesis thatm. monticolds a distinct subspecies and not an ecotype of

A. m. scutellataThe polymorphic restriction sites were mapped. Ten samplesnof litoreafrom

the coast of Kenya were analyzed using polymerase chain reaction (PCR) amplification and subse-
guent restriction analysis. All samplesffm. litoreashared thé\. m. scutellatdaplotype.

Apis mellifera monticola / A. m. scutellata / A. m. litoreatDNA polymorphism / Kenya

1. INTRODUCTION adansonii12], the study of honey bees from
this continent remained superficial and
Although the taxonomic description of incomplete until far into this century. For
honey bees from the African continent dategnore than 150 years, m. adansonivas
back to 1804 when the French entomoloused as the only name for all the bees of sub-
gist Latreille named a bee from Senefgails  Saharan Africa [3, 11], although it became

* Correspondence and reprints: Institut fir Zoologie, Martin-Luther Universitat Halle-Wittenberg,
Krollwitzer Str. 44, 06120 Halle, Germany
E-mail: meixner@zoologie.uni-halle.de



182 M.D. Meixner et al.

known later that substantial geographic varified asA. m. monticoléhad a unique hap-
ability exists among honey bee populationdotype, in addition to sharing other haplo-
of this vast region [17, 19]. Ruttner [17] rec-types withA. m. scutellatathus lending
ognized 11 subspecies®fmelliferawithin  additional support to the ‘refugial hypothe-
Africa, mainly on the basis of morphomet-sis’. This situation was also found in the
ric statistical analyses, but included aspecisubspecieé. m. sahariensighose disjunct,

of their biology and behavior as well as geoisland-like distribution- analogous té. m.
logical and climatic factors of their distri- monticola— is thought to be a remnant of a
bution in making his classification. Evenlarger range of distribution during the Pleis-
today, there are suggestions to retain a sittocene [19].

gle name and regard all geographic vari  \jorphometric analysis oh. m. litorea
ability south of the Sahara as an expressicgggests that it is a distinct subspecies [19],
of ecotypes [10]. but no molecular data are currently avail-
able to better describe its relationship to the

After the description of three different neighboringa. m. scutellataWe report here

subspecies of honey bees in East Africa [25 . X - C
the idea of an entirely ecological separatiof €SU/ts Of mitochondrial variation for the
of these races between the coast and tfNf€€ Subspecies based on restriction analy-
inland mountains prevailed [10, 18, 20, 255iS With 4-base recognizing enzymes.
Obviously, no physical barriers exist
between the habitats of these population:
and therefore it seemed justified to assum 2. MATERIALS AND METHODS
the existence of an ecocline between th )
coast and the mountains [20], and to addre: oney bee samples were obtained and
A. m. monticoldrom the mountain forests €Xtraction of nucleic acids was carried out as
andA. m. litoreafrom the coast as ecotypes/©/lows: we analyzed a total of 39 samples
of the East African subspeciAsm. scutel- of A. m. mont|c_ola1ndA. m. scutellatérom
lata [10]. More recently, this view was reit- tNf€€ mountainous areas (Mount Elgon,
erated by Hepburn and Radloff [8] and HepMount Kenya and the Ngong Hills) and
burn et al. [9], based on statistical analysis c2diacent savanna regions from Kenya that
10 morphological characters, factors of fligh’@d been characterized morphometrically
physiology and analysis of the COI-COIliN @ prévious study [14], and 10 samples of
region of the mitochondrial DNA (mtDNA) A. m. litoreacollected on the Kenyan coast
of African mountain bees. near Mombasa.
) Total DNA from one bee per sample was

However, based on results of detailecexiracted following a phenol-chloroform
morphological analysis of honey bee sameyiraction protocol as described by Sheppard
ples from Tanzania and Kenya, Meixner €and McPheron [23]. For experiments involv-
al. [13, 14] found a clear separation betweejng the polymerase chain reaction (PCR),
mountain and savanna bees and therefoihe extraction procedure was modified
suggested'that the disjunct populations Caccording to Arias and Sheppard [2].
A. m. monticolde regarded as remnants ol
a large and continuous Pleistocene popule
tion of forest bees. These results were suy  2.1. RFLP analysis
ported by allozyme analysis that revealec
greater similarity between these disjunc  The samples collected at Mount Elgon,
populations than to the respective neighMount Kenya and from the Ngong area were
boring savanna population [14]. Analysisscreened for mtDNA variation using the fol-
of mtDNA variation [24] found that sam- lowing restriction enzymes, both 6-base and
ples which were morphometrically identi- 4-base cuttergcd, Alul, Bcll, Bglll, EcaRrl,
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Hpall, Mbol, Rsd, Xbd. The restriction and a final extension step for 5 min at
reactions were performed following the72 °C. After electrophoresis in 1.5% agarose
manufacturer’s instructions (Bethesdagel and scoring for positive amplifications,
Research Laboratories, Bethesda, MDthe PCR fragments were digested with the
USA). The fragments were electrophoresedestriction enzyme#lul andHpall as

on 1.2% agarose gels, stained with ethiddescribed above, followed by electrophore-
ium bromide, photographed and subsesis, ethidium bromide staining and polaroid
quently blotted on nitrocellulose membranesphotography under ultraviolet (UV) light.
The filters were then prehybridized andSamples known to possess the restriction
hybridized at 50 °C using the proceduresites in question were included on each gel
described in Sheppard and McPheron [23]as a control.

A radioactive probe was produced through

32p nick-translation of purified honey bee
MtDNA [23]. 3. RESULTS

3.1.A. m. monticolaand A. m. scutellata
2.2. Mapping of polymorphic
restriction sites The samples oA. m. monticolaand
A. m. scutellatave analyzed shared the
Polymorphic restriction sites were mitochondrial haplotypes produced by the
mapped by performing single and doubles-base cutterEcaRl, Bell, Bglll, Xba and
digestions combining the restrictionAcd and the 4-base cuttéRsd andMboall.
enzyme$EcaRV, Xhd andAcd with Alul  Restriction with the enzymadpall and
and comparison to the honey bee mitoAlul, however, resulted in distinct patterns
chondrial sequence published by Croziefor both subspecies. These results are shown
and Crozier [4] for the polymorphidpall  in Figure 1. Restriction of our samples with
site.

12345678 9101112
2.3. PCR amplification and subsequent

RFLP analysis 231 = ~a%

9.4 = -

PCR reactions were performed ingD- 66 = -
reaction mixtures containing QU1 of each 43 - @# e

primer, 0.2 mM of PCR Nucleotide Mix

(Boehringer, Mannheim), 1.5 mM Mggl - 'm

(Promega), 1X Reaction Buffer (Promega %;8 - 3.'

1.25 UTagPolymerase (Promega) and : - -

uL of DNA template. The primers usec 3> “::a - ‘

were as follows: AMB3: 5’ TTT AAAAAC  g.g7=

TAT TAATCT TC 3'; AMB4: 5’ GAA 06 -~ @

AGT TAG ATT TAC TCC 3’ for the frag- ) )

ment containing théipall site; AMB7:  Figure 1. Autoradiograph showing the result of
) i " restriction analysis of honey bees from Kenya.

z\'/?‘gé? QT(QA-[SA?AC'I:"A\TELA,SF:IF—HTCT;TF(:SBA Lanes 26: A. m. monticolaut with Alul; lanes

oo o 7-9: A. m. scutellatgut with Alul; lanes 10 and

A 3 for the fragment containing th&lul  11: samples oA. m. monticolacut with Hpall.

site (Arias et al., unpubl. data). ReactiorAll samples ofA. m. scutellatéreated wittHpall

conditions were as follows: 94 °C for 2 min,had the haplotype in lane 10. Lanes 1 and 12:

followed by 30 Cyc'es of 94 °C for 1 min, |ambdaH|nd“| and phiXHaelll molecular

48 °C for 1 min 20 s, and 64 °C for 2 min,Weight standard.
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Table I. Mitochondrial haplotypes found in honey bee subspecies from Kenya.

Haplotype Hpall site Alul site Typical for

1 Absent Absent A. m. scutellata
2 Absent Present A. m. monticola
3 Present Present A. m. monticola

Hpall produced either one or two fragments,andAlul. Digestion of our samples with
corresponding to the presence of one or twbipall produced either one fragment (one
restriction sites. Samples Af m. scutellata Site) or two (two sites). In the case of a sin-
always had only one fragment, while thegle fragment, identity of the site with its
pattern was polymorphic withid. m. mon- position in the sequence determined by
ticola. Crozier and Crozier [4] was confirmed. The
Cutting the mtDNA withAlul resulted seconcHpall restriction site, the polymor-
in a multitude of small fragments, the largesPiC ON€. was located in the COI gene, about

one being about 4.4 kilobases (kb) in siz&! posﬂpn .2390'.

(Fig. 1). All samples that were morphome-  Restriction with the enzymalul pro-
trically identified asA. m. scutellatahowed duced a multitude of small fragments, and
this fragment, while samples Af m. mon- Our experiments focused on mapping the
ticola collected on Mount Elgon and Mount Single polymorphic site that cleaved the
Kenya possessed an additional restrictiofargest observed fragment. We did not
site which resulted in a loss of this frag-attempt to locate any of the other sites. The
ment. variableAlul site was mapped by perform-

The variations observed combined to proing-dOUbIe digestions withcoRV andXha
duce three different haplotypes (Tab. I),WhICh cut the mtDNA of. melliferaonly

resulting in a significant assignment betwe
mitochondrial haplotype and morpholog
cal classification of the respective sampl

The geographical distribution of the haplc
types among the samples is shown
Figure 2, and followed a characteristic pz

20
tern: On Mount Kenya and Mount Elgor ee @@
Q0

haplotype 1 was found only in samples
A. m. scutellatgwith a single exception), @

while haplotypes 2 and 3 were assigned @ @@

A. m. monticolaon these two mountains
(with one exception each). In contrast, ¢ pigen Mt Kenya Neong Hills
the samples collected in the Ngong arca
showed haplotype 1, irrespective of theilFigure 2. Distribution of mitochondrial haplo-
morphological classification. types in Kenya in correlation with morphology
and collection environment. Open symbols
denoteA. m. scutellatanorphology, closed sym-
bolsA. m. monticolanorphology. Squares stand
for A. m. scutellathaplotype (haplotype 1), cir-
cles describé. m. monticolantDNA (haplo-
types 2 and 3). The letter in each symbol
Figure 3 shows the position of the poly-describes the collecting environment; S: savanna;

morphic restriction sites mapped fépall  M: mountain forest; U: urbanized environment.

3.2. Mapping of polymorphic
restriction sites
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Figure 3. Restriction map of. melliferamtDNA showing the polymorphic restriction sites for the
enzymesHpall and Alul in the samples studied. The map was linearized at the beginning of the
largestEcaR| fragment, and the restriction sites EwoRI, Acd, EcoRV andXhd were taken from
Arias and Nobrega [1]. The polymorphic restriction sites are marked with*Allsgrsolely the
restriction site cleaving the largest fragment is shown.

once, and witti\cd. The polymorphic site of variation in mtDNA corresponds exactly to
interest was mapped between base pairs (bff)e pattern observed using morphology and
4300 and 4400, either in tRNA Asp or inallozymes, that bees from distant mountains
tRNA Lys. are more similar to each other than to their
direct savanna neighbors [14]. This is the
first observation of diagnostic differences
in mtDNA variation patterns in honey bee
subspecies of East Africa.

Using the restriction enzymidinFl,

3.3.A. m. litorea

The samples oA. m. litoreawere sub-

jected to PCR amplification and subsequengpennarg et al. [24] found a unique haplo-
restriction fragment length ponmorphlsmtype inA. m. monticolan addition to

(RFLP) analysis using the enzymes that pro3, other two that were shared with m.

duced polymorphisms in our samples 0i¢,el1ata Recently, Hepburn et al. [9] used
A. m. monticolaandA. m. scutellataAll Y, 1ep - [9]

the Dral restriction analysis of the COI-
10 samples shared. the MIDNA haplotypegq| intergenic region [%] in addition to
that were characteristic fér. m. scutellata o rohoj0gical analyses to study the rela-
We _d|d not detect any additional variation;j,ns between honey bee populations in
within these samples. savanna regions and their mountain neigh-
bors in several regions of Africa. From the
absence of distinct polymorphisms that
would separate mountain from savanna bees,
they concluded that each mountain bee pop-
Among the samples studied, we found ailation in Africa should be viewed as an
strong correlation between mtDNA haplo-ecotype of the respective surrounding
type and morphology. While haplotypes 2savanna subspecies. This idea may apply to
and 3 were basically restricted to samplesther mountain systems in Africa, but clearly
with the morphology oA. m. monticoleol-  is unsuitable to describe the situation in the
lected on Mount Elgon and Mount Kenya,mountains of Kenya. Our results present
haplotype 1 was observed An m. scutel- strong evidence for the hypothesis that
lata in the vicinity of those mountains and A. m. monticolan Kenya cannot be con-
also in all samples collected in the Ngongsidered as an ecotype Af m. scutellata
Hills, a region that is increasingly subjectedbut that it is the unique result of its own evo-
to the process of urbanization. Thus, théutionary history. In the light of climatic

4. DISCUSSION
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changes in East Africa during and after théata from the savanna. However, there is
Pleistocene, as described by several authoasnple evidence that mountain habitats in
[7, 16], the most likely scenario is thatEast Africa are in general much more humid
A. m. monticolgopulations of today rep- and thus, because of the buffering capacity
resent disjunct relics of a Pleistocenic popef their forests, are less sensitive to pro-
ulation of honey bees now restricted tdonged dry seasons than savanna habitats
mountain refugia [13, 14]. This hypothesis[28]. Nightingale [15] reports that dry areas
is corroborated by the fact that the poly4n Kenya are repopulated on a regular basis
morphisms we describe here also occur fuy honey bees from higher altitudes.

ther south in honey bee populations from 5, e pasis of hypothesized large-scale
mountainous regions in Malawi (Meixner igrations of the savanna b&em. scutel-
etal., unpubl. data). Recent sequence angly petween the savanna and the moun-
ysis of the ND2 gene [2] of samples fromging \we would expect to find samples with
Mount Kenya resulted in a sequence diverg,q morphology and the mtDNA . m.
gence rate of 0.76% between specimeng;tellatathat were collected in mountain
identified asA. m. monticol&andA. m.  gnyironments. No such evidence was found
scutellata suggesting that the two sub-yithin 26 colonies from both Mount Kenya
species are probably of Pleistocene origingnd Mount Elgon, i.e., none of the colonies
Numerous publications repoAt. m. sampled in the mountains displayed either
scutellatato be a highly mobile insect that the morphology or the mtDNA o&. m.
easily absconds [5, 8, 17, 19-29], often  scutellata Instead, there was some indica-
performing seasonal migrations over vastion to the contrary. A few colonies that
distances [21, 22]. Populations Af m. Were collected in savanna environments had
scutellatahave also been quoted to fre-both the morphology and the mtDNA of
quently perform vertical migrations betweenA. m. monticolgblack circles marked with
savanna and mountain forest, thus replerin ‘S’ in Fig. 2), or the morphology of one
ishing populations of. m. monticolan the ~ race and the mtDNA of the other (open cir-
mountains with bees from the savanna [g¢le With an ‘S’, or black square with an ‘S’
10, 25]. In contrast, virtually no informa- in Fig. 2). Only one of the colonies in our
tion is available on the absconding andtudy combined the morphology Af m.
migrating behavior oA. m. monticolabut monticolawith the MtDNA ofA. m. scutel-
it has been noted that this race shows a leta{a (black square with an ‘S’), and thus
pronounced tendency to abscond [17]. Ifives a recorq of an introgression ofg mater-
needs to be stated, however, that reports di@l scutellatalineage intoA. m. monticola
vertical migrations ofs. m. scutellatare ~However, this colony was also collected in
predominantly anecdotal, and there is comhe savanna, not in the mountains.
paratively little information based on  In contrast to the pronounced differences
extended behavioral studies of residenbetween neighboring bee populations on
honey bee populations [21, 22]. Nonethelessdount Elgon and Mount Kenya, the bees
these reports have been used frequently a$ the Ngong Hills represent a population
an argument in favor of the hypothesis ofwvith strong hybridization between moun-
continuous clinal variation between populatain and savanna bees, as previously reported
tions of savanna and mountain beeslf#].  for allozymes and morphology [14]. All the
In addition, Kerr [10] and Hepburn and samples analyzed from this region presented
Radloff [8] argue that repeated droughtghe single haplotype that is otherwise typical
have largely eliminated the honey bee popfor A. m. scutellatairrespective of their
ulations on the mountains in East Africa,morphological classification & m. scutel-
which subsequently are said to have beelata or A. m. monticolaWe hypothesize
replenished by introgression&f m. scutel- that growing deforestation and urbanization
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of this region enforces hybridization nitrocellulose. Ensuite, les membranes ont
between the two races, a situation that seenésé préhybridées et hybridées a 50 °C avec
to be atypical for savanna and mountairune sonde d’ADN radiomarquée produite a
bees from less disturbed habitats. Howevepartir d’ADNmt purifié d’abeilles. Les sites
increasing deforestation of mountain regionsle restrictions polymorphes ont été carto-
in East Africa might pose a serious threagraphiés en effectuant des digestions doubles
to the populations k. m. monticolan its  avecEcdRV, Xhd et Acd. D’autre part, le
refugia. polymorphisme de restriction de dix échan-
All samples ofA. m. litoreathat we ana- tillons d’A. m. litorearécoltés sur la cbte du

lyzed share the mitochondrial haplotype typKenya a €té analysé a l'aide d'amplifica-
i)éal of A. m. scutellataThis resultpprg/[?det)s/p tlt_)n_par PCR suivie de d.|gest|ons ,d,e res-
no further resolution to the question oftiction. Tous les échantillons de I'étude
whetherA. m. litoreashould be regarded a avaient en commun les profils de restriction
distinct subspecies, as proposed by Ruttn%’od“'tS par les enzyméed, Bcll, Bglll,

[19] and Smith [25] based on morphological caRl, ngl etXbd. La restriction avec les
analysis, or an ecotype Af m. scutellatas ~c"'ZYMeS a quatre basedul, Hpall, a per-

suggested by Kerr [10]. More detailed analMiS de metire en évidence au sein des deux
yses ofA. m. litoreamtDNA are needed to racesmonticolaet scutellata(Fig. 1) trois

better resolve the relationship of the coast aplotype§ différents '(Tab. I)’. qui présen:
honey bee population to neighboring subt€Nt Une répartition géographique caracte-
speci ristique (Fig. 2). La figure 3 montre les posi-
pecies. X . -
tions des sites de restriction polymorphes

cartographiés pouklul et Hpall.
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Résumé — Polymorphisme de 'ADNmt
chez les sous-especes d'abeilles domes

tiques du Kenya.L.a variabilite de FADNM propre histoire évolutive. A la lumiére des

a été étudiée sur 39 échantillonapis mel- e
lifera monticolaet d’A. m. scutellataden- ~ changements climatiques survenus pendant
et apres le Pléistocene, les populations

tifiés morphologiqguement et provenant de tuell t disiointes A ticol
trois régions montagneuses du Kenya et gé&tueiiement disjointes & m. monticoia

savanes adjacentes. L’ADN total a été digérgaprése_ntent les reliques d,"une PIUS grande
par les enzymescd, Alul, Bcll, Bglll population d’abeilles du Pléistocéne actuel-

EccRl, Hpall, Mbol, Rsd et Xba, recon- lement limitées a des zones refuges dans les

naissant des sites de restriction a quatre dyontagnes.

six bases. Les fragments ont été séparés pgdous n'avons pas détecté d’introgression
électrophorese sur gel d’agarose a 1,2 %hezA. m. scutellatgparmi les échantillons
colorés au bromure d’éthidium, photogra—récoltés dans les régions montagneuses au
phiés et transférés sur des membranes dievers des études de la morphologie et de la
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variation de 'ADNmt. Ceci est en contra-diumbromid gefarbt, photographiert und
diction avec I'hypothese des migrations veranschli@end auf Nitrozellulosefilter geblot-
ticales & grande échelleAd’'m. scutellata tet. Anschli@@end wurden die Filter bei
depuis les savanes vers les montagnes. A0 °C mit angereicherter mtDNA von
contraire, quelques colonies prélevées dardonigbienen hergestellter und radioaktiv
la savane soit avaient la morphologie emarkierter Sonden-DNA hybridisiert. Poly-
'ADNmt d’ A. m. monticolasoit combi- morphe Restriktionsstellen wurden durch
naient la morphologie d’une sous-espéc®oppelverdau miEcoRV, Xha und Acd
avec 'ADNmt de I'autre (Fig. 2). kartiert. Zehn Proben vol. m. litoreavon
Alors que les populations d’abeilles voi-der Kiste Kenias wurden mit Hilfe von PCR
sines du Mont Elgon et celles voisines diAmplifikation und Restriktionsanalyse auf
Mont Kenya présentaient des différenced/ariabilitat an den polymorphen Restrikti-
prononcées, les abeilles des Ngong Hillensstellen untersucht.

n'avaient qu’'un seul haplotype typiqueAlle untersuchten Proben hatten Restrikti-
d’A.m. scutellataNous émettons I'hypo- onsmuster fuAcd, Bcll, Bglll, EcoRl,
thése que ceci est le résultat d'une hybridavibol, Rsd und Xba gemeinsam. Restrik-
tion entre les abeilles de montagne et cellegn mit den vier-Basen-Enzyméiul und

de savane, conséquence d’'une déforestatibtpall ergab verschiedene Muster fur beide
et d’'une urbanisation grandissantes de cetténterarten (Abb. 1), die sich zu drei ver-
région. schiedenen Haplotypen zusammensetzten
Tous les échantillons & m. litoreade cette  (Tab. I), und eine charakteristische geogra-
étude partageaient I'haplotype d’ADNmtPhische Verteilung aufwiesen (Abb. 2).
typique d’A. m. scutellataCe résultat ne Abbildung 3 zeigt die Positionen der kar-
fournit pas de nouvel élément de réponse #erten polymorphen Restriktionsstellen fur
la question A. m. litoreadoit elle étre consi- Alul undHpall.

dérée comme un écotypeAl’ m. scutellata Wahrend die Haplotypen 2 und 3 auf Proben
ou comme une sous-espéce distincte, comm@n A. m. monticolan Mt. Elgon und Mt.

le suggere I'analyse morphométrique ? Kenya beschrankt waren, wurde Haplotyp 1
in A. m. scutellataind in allen Proben aus

den Ngong Hills gefunden, einer Region die
in zunehmendem M der Verstadterung
ausgesetzt ist. Dieses Ergebnis ist der erste
Nachweis von diagnostischen Polymor-
phismen in der mtDNA von Honigbienen

) in Ostafrika. Unsere Daten unterstiitzen die
Zusammenfassung — Polymorphismen der Hypothese, dA. m. monticolanicht als
mitochondrialen DNA bei Unterarten der Okotyp VONA. m. Scute”atangesehen wer-
Honigbiene in Kenia.Die Variabilitat der den kann, sondern ihre eigene Evolutions-
MtDNA wurde an 39 morphometrisch iden-geschichte hat. Im Licht der Klima&nde-
tifizierten Proben vorpis mellifera monti-  rungen wahrend und nach dem Pleistozan
colaundA. m. scutellataus drei Gebirgsre- erscheint es am wahrscheinlichsterfy die
gionen und angrenzenden Savannengebietg@utigen disjunkten Populationen vanm.
von Kenya untersucht. Dabei wurdenmonticolaRelikte einer grBeren, pleisto-
Restriktionsenzyme mit vier-Basen und mitzanen Bienenpopulation darstellen, die jetzt
sechs-Basen-Erkennungssequenz eingesetatif Refugien in den Bergen beschrankt sind.
Die extrahierte DNA wurde mit den Enzy- Im Widerspruch zu den Hypothesen uber
menAcd, Alul, Bcll, Bglll, EcoRlI, Hpall,  vertikale Wanderungen voh. m. scutel-
Mbol, Rsd und Xbd behandelt. Die Frag- lata Gber weite Strecken zwischen Savanne
mente wurden durch Elektrophorese autind Gebirgen fanden wir keinen Hinweis
1,2 % Agarosegelen aufgetrennt, mit Ethi-auf Introgression von Morphologie oder

Apis mellifera monticola / A. m. scutellata /
A. m. litorea/ polymorphisme ADNmt /
Kenya
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mtDNA vonA. m. scutellatén Bienenpro- [5]
ben, die in Gebirgslagen gesammelt wur-
den. Statt dessen hatten einige in de6]
Savanne gesammelte Vélker entwede
sowohl die Morphologie als auch die
mtDNA vonA. m. monticolaoder sie wie-
sen die Morphologie von einer Unterart in
Kombination mit der mtDNA der anderen [7]
Unterart auf (Abb. 2).

Im Gegensatz zu den ausgepragte
Unterschieden zwischen benachbarten
Bienenpopulationen an Mt. Elgon und Mt.
Kenya besitzen alle untersuchten Bienen iiff]
den Ngong Hills den fUA. m. scutellata
typischen Haplotyp. Wir stellen die Hypo-
these auf, daes sich hier um starke Hybri-
disierung zwischen den Unterarten handelt,
die als Folge von zunehmender Entwaldung
und Zersiedelung dieser Region auftritt. [11]
Alle untersuchten Proben vén m. litorea
bes@en den fUrA. m. scutellataypischen
Haplotyp. Die Frage, oB. m. litoreaals

eine eigene Unterart anzusehen ist, wie auf-
grund morphologischer Untersuchungerji3]
vorgeschlagen wurde, oder als Okotyp von
A. m. scutellatdetrachtet werden sollte,
kann mit diesem Ergebnis nicht weiter auf—[l4]
geklart werden.

(10]

Apis mellifera monticola / A. m. scutellata /

A. m. litorea/ mtDNA / Kenia [15]
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