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Review article

Variation in the parasitic bee mite
Varroa jacobsoniOud.

Denis L. ANDERSON

CSIRO Entomology, G.P.O. Box 1700, Canberra, ACT 2601, Australia

(Invited paper)

Abstract — Initial searches found little evidence of genotypic or phenotypic variance in the parasitic
bee miteVarroa jacobsonidespite numerous reports of significant variation in the mite’s repro-
ductive behaviour on its adopted hégiis mellifera However, in a recent search that employed
DNA sequencing techniques and large numbeig. gacobsonicollected from the mites’ native
hostA. ceranathroughout Asia, a remarkable amount of genetic variation was observed. Subse-
guent analysis of this variation, coupled with follow-up morphological and ecology-based studies,
showed thaV. jacobsoniwas a species complex. Other work carried out as part of that study also
showed that only two out of 18 genetically different mites within the complex have switched host to
A. melliferaand become a pest of this bee worldwide. These two mites arfejacbbsonas has been
assumed, but they belong to a group of mites that naturally infest specific populattonsraia

on mainland Asia. These mites will soon be renamed as a new species. This and other reports of
variation inV. jacobsonare reviewed and discussed.

Varroa jacobsoni /morphological variation / reproductive variation / genetic variation /Apis
mellifera/ A. cerana

1. INTRODUCTION researchers when it shifted host to the West-
ern honey bee). melliferaLinnaeus, fol-

The mesostigmatid mit&/arroa jacob- lowing that bee’s introduction to Asia by
soni Oudemans, was first described as aman [11, 45]. This opportunistic host-shift
ectoparasite of the Eastern honey ldgs led to the mite spreading from Asia to
ceranaFabricius in Java in 1904 [38], become an almost cosmopolitan pest of
although it was subsequently found to parA. mellifera,although it has not yet been
asitiseA. ceranahroughout Asia [28]. The reported in Australia, New Zealand, Hawaii
mite later came to the attention of beeand parts of Africa [13, 34].

* Correspondence and reprints
E-mail: denisa@ento.csiro.au
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Details of howV. jacobsonshifted from  different populations of the mite’s native
A. cerando A. melliferaare not clear. Some hostA. ceranan Asia, that the true extent of
authors [36, 37] have proposed that the shigenetic variation inV. jacobsonhas been
occurred wherA. melliferacolonies were exposed [5, 6].
transported to Eastern Russia in the first ha
of this century. This could have allowed
A. melliferato come into contact witWar-
roa-infestedA. ceranawhich, until then,

In the remainder of this paper, | will first
briefly review the early studies on morpho-
logical variation inV. jacobsonbefore also

had been speciating allopatrically Regarolexammmg studies reporting on variation in
less of how the shift occurred howéver it ist.h € reproduction o7’ Jaqobs_onon A. mel- ,
now generally assumed ter;rroamite,s lifera. Next, | shall review in some dgtall .
: : ._the results of a recent search for genetic vari-
that were natural parasites of mainland As'aation among. jacobsoninfestingA. cer-
populations ofA. ceranawere the first to % 97

come into contact witth. mellifera This ana throughout Asia and\. mellifera
: worldwide. | will conclude this paper by

g;e\f_ujr;cpc;“t?snohsirﬁégﬁﬁgzq r%lﬁ%rrlg ;?l%omd.isqussing the ramifications that the recent

from early records oY¥/. jacobsonisp;eci- flnd!ngs on genetic variation M Je}COb'

mens in the Acarological Collection at Ore-Sonihave for future research directions and
for efforts to find alternative control meth-

gon State University, Corvallis, QR’ L.JSA' ods for thosé&/arroa that cause so much
glr%tn;vc[elr]e collected from. melliferain damage t&. melliferaworldwide.

Following the shift ofV. jacobsonito
A. mellifera,significant efforts were directed 2. MORPHOLOGICAL VARIATION
at developing appropriate control methods IN VARROA JACOBSONI
for the mite [40, 41], at understanding the

mites’ life-cycle and behaviour [8, 23] and  aAn initial search for morphological vari-
with developing simulations df. jacob-  ation inV. jacobsonirevealed only limited
sonipopulation dynamics [9, 33]. Very lit- phenotypic differences between female
tle attention was initially paid to variation in y/, jacobsontollected fromA. melliferain

V. jaCObSOﬂ”t was not until the 1980s that the USSR, Japan and Germany [25] Sub-
some studies were directed at morphologisequent searches among large numbers of
cal variation amony. jacobsonipopula-  mites collected from widespread colonies
tions [21, 22, 25]. Searches for genetic variof A, ceranaandA. melliferaalso showed a
ation soon followed [7, 14, 16, 27, 30],|ack of variation in phenotypic characters
following numerous reports of significant among femal#/. jacobsonigxcept in their
reproductive variation among different mitebody size [21, 22]. The genetic identity of

populations infesting.. mellifera[2-4, 10,  the mites used in those studies was not cer-
17,18, 20, 35, 42, 43, 46]. tain.

Initial searches for genetic variation in  Nevertheless, the results clearly demon-
V. jacobsonishowed only limited differ- strated that female mites infestiAg cer-
ences among populations. However, it isanawere significantly smaller than those
now clear that too few mite populations wereinfesting A. mellifera,even though there
included in those searches, and that thewas some overlap in the body size of mites
were mostly directed &t. jacobsoninfest-  from the two populations. Without a genetic
ing A. mellifera,on which the mite had only basis, mites in the two groups were regarded
been co-existing for a short time. It has onlyas distinct ‘biotypes’. It is now clear that
been in a recent search, which incorporatethe mites used in those studies belonged to
large numbers df. jacobsonicollected from  quite different genetic groups. A recent study
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[6] that re-examined the body sizes of parDNA (RAPD) technique. It indicated that
ticular genotypes df. jacobsonbnA. cer- V. jacobsoniinfesting A. ceranain
anais discussed later in this paper. Malaysian Borneo were genetically distinct
from V. jacobsoninfestingA. melliferain

the US and Germany [30]. Another study
[4], which compared mitochondrial DNA
(mtDNA) gene sequences, also showed that
V. jacobsonifrom A. ceranacolonies of
Javanese origin, which also lacked the abil-

_Even though femal¥'. jacobsonirom iy 1o reproduce o. mellifera were genet-
widespread populations show great consigey|ly distinct fromV. jacobsonthat were

tency in the way they reproduce on theifyfasting and reproducing ia. mellifera
native hosA. ceranaby reproducing solely -gionies in Germany.

on drone (male) brood and hence causing i _ o
minimal harm to colonies [28, 29, 39], their An extensive search for genetic variation
reproduction on their adopted hdstmel- amongV. jacobsoninfestingA. ceranghas
lifera is not as uniform. Generally, in Only recently been completed [5, 6]. The
Europe, the Middle East, Asia and parts ofevel of variation detected was astonishing
the Americas, femal¥. jacobsonieadily ~and, as these results will radically change
reproduce on both the drone and workethe wayvarroais viewed in the future, they
brood ofA. mellifera,and most bee colonies Will now be elaborated on in some detail.

do not survive mite infestations unless effec-  The study compared mitochondrial DNA
tive mite control methods are implementedmtpNA) cytochrome oxidase | (CO-I) cod-
[19, 32]. However, in tropical and subtrop-ing gene sequences obtained from adult
ical America V\-/her@\. m_elllferaShOWS a fema'ev' jacobsonbo”ected from popu_
tolerance tdv. jacobsoni17, 18, 20, 26, |ations ofA. ceranadistributed throughout
31, 35, 42, 44, 46], fewer female jacob-  Asja. Similar DNA sequences obtained from
sonireproduce orA. melliferathan is v rindereriDe Guzman and Delfinado and
observed in Europe and the Middle East [4%om V. underwoodDelfinado-Baker and
46], and mite offspring mortality rates areaggarwal were also used in the study as a
higher than in the UK [31]. The greatestgayge of genetic distances between species.
variation inV. jacobsonreproduction on |n alI, 18 genetically distinct types of mites
A. melllfe_ra,howev_er, has been rgp_orted for(called haplotypes) were found. Each was
femaleV. jacobsonof Javanese origin; these assigned a name from the country or island
are mites from which the speciésjacob- in which it was discovered. For example, a
soniwas first described in 1904. These mitesKorea haplotype’ was found oh. cerana

fail to produce eggs or offspring when theyin Korea, while a ‘Java haplotype’ was
enterA. melliferadrone or worker brood found onA. ceranan Java. On]y one mite
cells in different parts of Indonesia follow- hap|otype was found in any one Country or
ing their spread from nearby colonies ofisplated island, the exception being on the

3. REPRODUCTIVE VARIATION
IN V. JACOBSONIINFESTING
A. MELLIFERA

A. cerang[2-4]. northern Philippine island of Luzon, where
two distinct haplotypes were detected.
4. GENETIC VARIATION Computer-assisted analyses, using the
IN V. JACOBSONIINFESTING parsimony and likelihood methods, placed
A. CERANAIN ASIA the 18 haplotypes into two well-separated

groups. Statistical support (bootstrap anal-

The earliest search for variation inyses) was extremely strong for the two
V. jacobsonbnA. ceranaemployed the use groups, but relationships that had been
of the random amplification of polymorphic indicated using parsimony and likelihood
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methods between three haplotypes from thenrooted phylogram to emphasise key topo-
Philippines (a Mindanao, Luzon 1 andlogical features between these haplotypes
Luzon 2 haplotype), and between these anig¢ shown in Figure 1.

one of the two main groups, were not sup- L . ,
ported statistically. Hence, the overall anal- _1h€ Méan genetic distance (pairwise dis-
ysis resolved the 18 different haplotype%agce) between hap(;ott)y;t)\zs n t::e I}/I?Iaysw_l-
into two groups plus three other distinct hapin onesia group and between naplotypes In

A he mainland Asia group was less than 2%,
lotypes from the Philippines. One of the twoWhich was small enough to represent popu-

main groups comprlsgd mites from theIation-level variation. The mean genetic dis-

MalayS|a-Ir)doneS|a region. Included wer tance between these two groups was 6.2%,
the Malaysia, Sumatra, Borneo, Java, Baliyhich was large enough to indicate species-
Lombok, Sumbawa, Flores and Ambon hapyeye| separation, as the distance between the

lotypes. The other main group compriseqyia|aysia-Indonesia group to the distinct
mites from mainland Asia. It included thespecies\/. rindereriwas 6.4%, while the

Japan/Thailand (found ok ceranan both  distance from the mainland Asia group to
Japan and Thailand), Korea, China, Viety. rindereri was 8.2%. Corresponding dis-

nam, Nepal and Sri Lanka haplotypes. Theances from the Malaysia-Indonesia group
Sri Lanka haplotypes may yet be shown tand the mainland Asia group to the only
be distinct from the mainland Asia group.other known species &farroa, V. under-

A computer-generated tree drawn as awoodi,were 9.0 and 9.1% respectively.

Flores (Indonesia)

Lombok (Indonesia)

Malaysia

Java (Indonesia)/PNG
Sumatra {Indonesia)

Borneo (Malaysia)
Bali (Indonesia)
Ambon (Indonesia)

Nepal

Korea/Thailand Sumbawa (Indonesia)

Japan

Chi
ina Luzon 1 (Batanges) Philippines

Sri Lanka

Mindanao (Philippines)

Luzon 2 (San Fernando) Philippines

V. rindereri

Figure 1.A bootstrap consensus tree
drawn as an unrooted phylogram
from data collected by Anderson and
Trueman [6]. The purpose of this tree
is to emphasise key topological fea-
tures between genetically different
mites within theV. jacobsongpecies

complex. The tree shows only those
groups with > 50% bootstrap support. V. underwoodi
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was found to be totally reliant on the local
A. cerana javandor its survival, as it lacked
the ability to lay eggs or produce offspring
onA. melliferabrood. Hence, the Korea and
Java haplotypes were shown to be geneti-
cally isolated from one another when exist-
ing sympatrically in the natural environment
in Java.

Overall, these studies demonstrated that
V. jacobsoniis more than one species. In a
new classification that will soon appear in
Experimental and Applied Acarolog#],
V. jacobsoniwill be redefined as encom-
passing mites of the Malaysia-Indonesia
group given above, as this group contains
the Java mite which was first described as
V. jacobsonin 1904 [38]. A new species
name will be assigned to mites of the main-
land Asia group, while further research is
needed to determine the taxonomic posi-
tions of the three distinct mites from the
Philippines.

Figure 2. Appearance of a representative mite 5. GENETIC VARIATION
from the Malaysia-Indonesia group (the Java |N V. JACOBSONIINFESTING

haplotype), e.), and from the mainland Asia A MELLIFERA WORLDWIDE
group (the Korea haplotypek), bar: approx. '

500 um. - _
Initial studies reported detectable
allozyme differences betweé&h jacobsoni

collected fromA. melliferain Brazil and

Follow-up non genetic-based studiescermany [27]. However, no allozyme dif-
showed that the haplotypes in the mainlanderences were subsequently detected among

Asia group were significantly larger and V- jac_obsonicol_lected fromA_. mgllifera
ifolonies at 12 different localities in Europe

the Malaysia-Indonesia group (Fig. 2), With_(six different countries) and at one locality

no overlap in size between haplotypes of! China [7]. In a more recent study that

the two groups. Ecology-based studies Carqmployed RAPD and a restricted set of poly-

) o merase chain reaction (PCR) primers from
ried out on the Indonesian island of Jav ( )P

; Fhe larger primer set first used by Kraus and
also showed that a representative haplotypg [30], two different/. jacobsongeno-

of the mainland Asia group, the Korea hapyy e were located in the US [14]. One of
lotype, which was first introduced to Javathese (referred to as the Japanese or J geno-
during or shortly before 1993 [3], was totally type because it was assumed to have origi-
reliant onA. melliferafor its existence, being nated from Japan) was first found in Brazil
unable to utilise the local strain &f cer- and Puerto Rico, but was then later found
ana(A. cerana javangfor its reproduction. at low incidences in North America and
Also, the Java haplotype, which is a repreCanada [16] and in Thailand [12]. The other
sentative of the Malaysia-Indonesia groupgenotype (called the Russian or R genotype
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because it was assumed to have originatezl/olution because phylogenetic data for
from Russia) was first found in Russia andAsian bees are not yet conclusive [47], and
several states of the US [14], but was thefurther phylogenetic information is still
found in Morocco and other parts of Europeequired folVarroamites that infesA. cer-
[13]. anain certain parts of Asia, particularly in

As part of a search for variation in India and Pakistan [6].
V. jacobsonbnA. ceranan Asia, Anderson Of particular interest from the recent
and Trueman [5, 6] also conducted an exterwork on genetic variation iN. jacobsoni
sive search for variation i¥. jacobsoni is the finding that only two out of 18 genet-
infesting and reproducing iA. mellifera ically different mites that have been con-
colonies in 32 different countries. This searcltealed within th&/. jacobsonspecies com-
also employed comparisons of mtDNAplex have successfully switched host to
CO-I gene sequences as the means of deteét-melliferaand become serious pests. These
ing variation. The results showed that onljtwo mites, the Japan/Thailand and Korea
two genetically distinct mites have becomehaplotypes, now occur sympatrically in the
major parasites oA. melliferaworldwide. US. Each has been referred to in previous
Both of these mites are also natural parastudies from the US as the Japan or J geno-
sites of specific populations 6f ceranain  type and the Russian or R genotype respec-
Asia. The most prevalent was the Koredively [12-16], while the Korea haplotype
haplotype, which is a natural parasite ohas also been referred to in yet another study
A. ceranain Korea. It was detected on as the GER genotype [4] (Tab. I). The sys-
A. melliferain Africa, Europe, the Middle tem used by Anderson and Trueman [6] of
East, Asia and the Americas. Much lessyaming these and other mites in the
common was the Japan/Thailand haplotypey. jacobsonspecies complex after the coun-
which is a natural parasite 8f ceranain  tries from which they occur naturally on
Japan and Thailand. It was detected otheir native hos@. ceranas more conven-
A. melliferain Japan, Thailand and thetional.

Americas. These two mites do not belong |, recent years there has been much con-

to the newly redefined. jacobsonbut t0  ;o.yre about the presence and source of the
the mainland Asia group of mites, for which yo 4 Thailand and Korea haplotypes in the
anew species name has been proposed afig |, the recent work reported by Anderson
which will soon appear in publication [6].%nd Trueman [6], the Japan/Thailand hap-

Some cha_racteristics of the Korea an type was the only mite detected in sam-
Japan/Thailand haplotypes are comparefiag collected fromh. melliferain Brazil

with those of the Java haplotype in Table 'during the late 1980s and early 1990s,

whereas mites that were collected from the
same bee in Brazil in 1997 were a mixture of
6. CONCLUSIONS Japan/Thailand and Korea haplotypes, with
the Japan/Thailand haplotype being most
The recent discoveries of morphologi-common. Similarly, all the mites that were
cal, behavioural and genetic variation inexamined from North America in the early
V. jacobsonhave emphasised the value 0f1990s were solely Korea haplotypes,
studying a pest on its native host. The extenwhereas those examined from 1997 onwards
of genetic variation that has been uncovwere mixtures of the Japan/Thailand and
ered amongy/. jacobsoninfestingA. cer- Korea haplotypes, with the Korea haplotype
anain Asia is remarkable, and probablybeing by far the most common. Hence it is
reflects a long period of co-evolution likely that two separate introductions\¢dir-
between the mite and the bee. However, it isba mites occurred into the Americas, as
still premature to speculate on such coanother study has already indicated [13].



Table I. Characteristics of the Korea, Japan/Thailand and Java haplotypes.

Haplotype Synonyms Natural parasite Infests and reproduces Species*

<

of A. ceranglocation) onA. mellifera(location) 2

QD

=

Korea Russian genotype [14] Korea Europe, Middle East, South New species [6F.
R genotype [13] Africa, Asia, North and South ;

GER genotype [4] America g

(9]

D

Japan/Thailand Japan genotype  [14] Japan and Thailand Japan, Thailand, North New species Same species 3
J genotype [13] and South America as the Korean haplotype [6] ;ﬁ'

3

Java PNG genotype [4] Indonesia (Java, Sulawesi, Does not reproduce on V. jacobsoni [6, 38] %.
Timor, Irian Jaya), Papua A. mellifera =

New Guinea g

3.

* The new species hame proposed for the Korea and Japan/Thailand haplotypes will soon &ppedniental and Applied Acarology

18¢
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The detection of only the Japan/Thailandnontré peu de différences, a I'exception de
haplotype in early collections from Brazil la taille, entre les femelles 8farroa jacob-
is consistent with a report thét jacobsoni  soni Puisque les acariens parasitant la petite
was first introduced to Brazil oh. mellifera  abeille Apis ceranasont significativement
imported from Japan via Paraguay in 197lus petits que ceux qui parasitent I'abeille
[19]. Hence, it is most likely that this eventA. melliferaplus grosse, on a tout d’abord
introduced the Japan/Thailand haplotype tgupposé que les différences de taille dépen-
the Americas. However, the source of introdaient de I'espéce hote. On connaissait
duction of the Korea haplotype into thedepuis longtemps I'existence de différences
Americas will probably remain unknown, dans la reproduction de I'acarien sur son
as this mite is the commonest mite omouvel hote A. mellifera Les femelles de
A. melliferaworldwide and therefore could I'acarien se reproduisent sans difficultés sur
have been introduced from any one of manie couvain de méles et le couvain d’ouvriéres
different locations. Now that the Japan/Thaid’A. melliferaen Europe, au Moyen-Orient,
land and Korea haplotypes are sympatric ien Asie et dans certaines régions d’Amé-
the US it is likely they will interbreed, as rique. La plupart des colonies ne survivent
they are genetically very close. To exampas & I'attaque parasitaire sans méthode de
ine the interactions between these mitesutte efficace. Dans quelques régions tropi-
new genomic DNA diagnostic markers will cales et subtropicales d’Amérique, les aca-
be needed, and should be developed frofens se reproduisent nettement moins qu’en
genetically pure populations of each miteEurope ou au Moyen-Orient. La mortalité
which can be found oA. ceranain either des acariens est p|us élevée qu’en Ang|e-
Japan or Korea. terre, si bien qu. melliferase montre tolé-
Finally, the recent finding that only two rante &. jacobsondans la zone tropicale de

out of the 18 genetically different mites thad’Amérique du Sud. Pourtant, lors de
have been concealed within tilejacob- recherche en Indonésie, on a mis en évi-
sonispecies complex have switched todence que les acariens de Java, qui avaient
A. melliferaraises the question of why otherété décrits en 1904 sous le nomvdgacob-
mites closely related to those mites (e.g.$0Ni ne pouvaient pas du tout se reproduire
the Vietnam, China and Nepal haplotypespurA. mellifera D’autres facteurs, comme
have not. Recent studies in Vietnam havées différences dans le génotype des aca-
indicated that the Vietnam haplotype, whichriens, pourraient influer la capacité a se
infests the indigenous strain Af cerana, reproduire.
and the Korea haplotype, which infests they,, geput, Ia recherche de différences géné-
importedA. mellifera,are isolated, and that tjqes s'est limitée presqu’uniquement aux
f[h|s _|$olat|on seems to be linked with thepopulations présentes sur le nouvel hote,
inability of the Vietnam haplotype to repro- o ‘meiiifera et on a trouvé peu de diversité.
duce orA. mellifera[24]. Finding the rea- | o5 gtudes plus récentes utilisant les tech-
sons why som¥arroamites can reproduce piq es de séquencage de I'ADN ont porté
onA. melhferawhne others cannot may gur un beaucoup plus grand nombre
well provide the key to determining methodsy g hantillons d'acariens de 'héte originel,
for controlling the Japan/Thailand and Koregy ceranaprovenant de toute I'Asie. Au
haplotypes or. melliferawithout the need 45| 18 types différents d'acariens (haplo-
to resort to chemical acaricides. types) ont été décelés. Le nom du pays ou de
I'lle d’ou il était issu a été attribué a chaque
haplotype. Les analyses assistées par ordi-
Résumé — Diversité chez I'acarieivar-  nateuront classé les 18 haplotypes en deux
roa jacobsoniOud., parasite des abeilles. groupes principaux, plus trois haplotypes
Les études initiales sur la morphologie ondistincts venant des Philippines. L'un des
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deux groupes principaux comprend les acaecherche future et pour les méthodes de
riens de la région malaise-indonésienndutte alternative sont discutées.

(Malaisie, Sumatra, Bornéo, Java, Bali, ) ] o o
Lombot, Sumbawa, Flores et Ambon). Dans/arroa jacobsoni variabilité / variabilité
l'autre groupe principal on trouve les aca-génétique / variabilit¢ morphologique /
riens du continent asiatique (Japon' Coréé/’anabmte I’epI’OdUCtlve /Ap|$ melllfel’a/
Chine, Vietnam, Népal et Sri Lanka). La/A- cerana

distance génétique moyenne des haplotypes

au seirl deochaque groupe princ'ipal est inf,.é usammenfassung — Typenvielfalt der
rieure a 2 %. Cette valeur est si petite qu garasitischen Milbe der HonigbienenVar-

s'agit |a bien de variations au niveau de Ig jcohsonoud. In der anfanglichen For-
population. La distance genétique moyenng , \nq iher die Morphologie zeigten sich

entre les deux groupes principaux est d it Ausnahme der G nur weni
) 2, . ge Unter-
6,2 % ; cette différence est sufﬂsammentﬂchie(je swischen den Milbenweibchen

grande pour m\dlquer une separation aLQ/arroajacobsoniDa die Milben in der klei-
niveau des especes. o neren Biend\pis ceranasignifikant kleiner
D'autres recherches non génétiques ors in der grBerenA. melliferawaren, nahm
montré que les acariens du continent sofhan zunachst an, dass die Beaunter-
nettement plus gros et moins ronds que celghiede von der Wirtsart abhéngig sind.

du groupe Malaisie-Indonésie (Fig. 1). On nterschiede bei der Vermehrung auf der
trouveé en outre que 'haplotype de Java étaljeyen Wirtshiend. melliferawaren schon
génétiquement isolé de I'haplotype deange bekannt. Milbenweibchen in Europa,
Corée. Outre les différences génétiques, lgg Mittleren Osten, Asien und Teilen von
différences phénotypiques et les barriereamerika vermehrten sich ohne Schwierig-
de reproduction indiquent qu'il s’agit de eiten auf Drohnen- und Arbeiterinnenbrut
deux especes différentes correspondant awgn A. mellifera Die meisten Bienenvélker
deux groupes principaux. Dans la nouvellgiperlebten den Befall durch diese Milben
classification,V. jacobsoniest redéfini  picht, wenn nicht eine effektive Bekamp-
comme étant le type malais-indonésien, alorgingsmethode angewendet wurde. In einigen
que le type du continent asiatique recoit Ufropischen und subtropischen Teilen von
nouveau nom (a paraitre daBsperimen-  Amerika vermehrten sich Milben deutlich
tal and Applied Acarology weniger als in Europa und im Mittleren
Une étude approfondie de la variabilité généOsten. Die Mortalitat der Milben war héher
tigue des acariens séx. melliferaa été als in England, sodass siéhmelliferaim
menée dans 32 pays. Le résultat est que setlepischen Stidamerika als tolerant erwies.
deux types génétiques différents sont deve~ir diese Unterschiede sollten vor allem
nus des parasites A’ melliferadans le auBere Faktoren verantwortlich sein. Bei
monde entier. lIs sont tous deux égalemerintersuchungen in Indonesien stellte sich
des parasites naturels de populations spégedoch heraus, dass Milben aus Java, die
fiques dA. cerana L’haplotype de Corée 1904 alsV. jacobsonbeschrieben wurden,
est le plus répandu. Il a été découvert enich tberhaupt nicht a/. melliferaver-
Afrique, en Europe, en Asie, au Moyen-mehren konnten. Demnach kénnten andere
Orient et en Amérique. L’haplotype du Faktoren, wie z. B. Unterschiede im Geno-
Japon et de Thailande est plus rare. Il n’&p der Milben einen Einfluss auf die Fahig-
été trouvé qu’au Japon, en Thailande et sleit der Vermehrung auf. melliferahaben.

le continent américain. Ces deux type®Die anfangliche Suche nach genetischen
d’acariens appartiennent au groupe contitnterschieden hatte sich zunachst fast nur
nental et recevront le nouveau nom. Leauf Populationen auf dem neuen Wirt
conséquences de ces résultats pour la melliferabeschrankt und ergab nur wenig
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Variation. Die neueren Arbeiten mit einerche Parasiten von spezifisch&rcerana
DNA Sequenzierung untersuchten sehr viel®opulationenAm weitesten hat sich der
Milbenproben vom urspriinglichen Wirt Korea Haplotyp verbreitet. Er wurde in
A. ceranaaus ganz Asien. Insgesamt wurderAfrika, Europa, Asien, im Mittleren Osten
18 unterschiedliche Typen von Milbenund in Amerika entdeckt. Der Japan/Thai-
(Haplotypen) nachgewiesen. Jedem Hapldand Haplotyp ist seltener. Er wurde nur in
typ wurde der Name des Landes oder detapan, Thailand und Amerika gefunden.
Insel zugeordnet, aus denen er stammt®iese beiden Milbentypen gehodren zur Fest-
Computer-gestitzte Analysen ordneten diéandgruppe und werden den neuen Namen
18 Haplotypen in zwei Hauptgruppen und inerhalten. Die Konsequenzen dieser neuen
drei zusatzliche distinkte Haplotypen ausBefunde fir die zukunftige Forschung und
den Philippinen ein. Eine der beiden Hauptdie alternativen Behandlungsmethoden

gruppen umfasst die Milben der malayischwerden diskutiert.

indonesischen Region (Malaysia, Sumatra\,/
Borneo, Java, Bali, Lombok, Sumbawa, Flo-
res und Ambon). In der anderen Haupt-
gruppe fanden sich Milben vom Festlan
Asien (Japan, Thailand, Korea, China, Viet-
nam, Nepal und Sri Lanka). Die mittlere
genetische Distanz der Haplotypen inner-
halb der Malaysia-Indonesien bzw. der Fest]
land-Gruppe war weniger als 2 %. Dieser
Wert ist so klein, dass es sich hier wohl uny,;
Populationsvariationen handelt. Die mitt-
lere genetische Distanz zwischen den Haupt-
gruppen betrug 6,2 %. Der Unterschied ist
groB genug, um eine Trennung auf der
Ebene von Arten vorzunehmen. Weitere
nicht genetische Versuche zeigten, dass dijg
Festland Milben deutlich g&r und weni-

ger kreisférmig sind. ABerdem erwies sich
der Java Haplotyp als genetisch isoliert Vo,
Korea Haplotyp. Demnach weisenpzu

den genetischen auch die phanotypischen
Unterschiede und Kreuzungsbarrieren dar-
auf hin, dass es sich bei diesen beidelf!
Hauptgruppen um unterschiedliche Arten
handelt. In der neuen Klassifizierung wurdgz
der Malaysia-Indonesien Typ als jacob-
sonieingeordnet, wahrend der asiatische
Festlandtyp einen neuen Namen erhalt (dent?!
nachst publiziert in Experimental and
applied Acarolog¥)

Ein Teil dieser Untersuchungen bezog sicl[ng]
auch auf die genetischen Variationen der
Milben aufA. melliferain 32 Landern. Nur [10]
zwei genetisch unterschiedliche Milbenty-
pen haben sich weltweit zu Parasiten von
A. melliferaentwickelt. Beide sind naturli-

arroa jacobsoni/ Typenvielfalt /
Morphologie / Reproduktion / Genetik /
cﬁpis mellifera/ A. cerana
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