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SuMMARY: In a recent publication, ZHANG, Fu & WANG (2004) reported a
karyotype analysis of two species of brachypyline oribatid mites: Brasilobates
spinosus Fujita (Protoribatidae, or Haplozetidae) and Galumna longiporosa Choi
(Galumnidae).? After studying what they referred to as oocytes, the authors
concluded that both species have an XX:XO sex determining mechanism and
that the karyotype is 2n=16 for male B. spinosus and 2n=19 for male G. longipo-
rosa. Chromosomes were reported to be monocentric.

However, we believe that some of the applied methods and interpretations are
questionable, and the authors overlooked important past studies of oribatid mite
karyology. Our purpose is to briefly discuss these issues and to highlight the
rather dramatic contradictions with published literature. As an example, we
present the first data on the karyotype of Archegozetes longisetosus Aoki (Trhy-
pochthoniidae), and discuss why the conclusions of ZHANG et al. cannot repre-
sent the general state of cytogenetics in Oribatida.

Materials and Methods

Acarologia, a study reported questionable data on
the karyotype of Oribatida. These data might
spread erroneous interpretation, considering the data
published in various articles, or on which is based the
problematic of present research. The editor proposed to
open the columns of the journal and to bring in a
short”’review” a stone in order to give a comprehensive
interpretation in oribatid karyology and sex deter-
minism.

ZHANG et al. (2004) reported that they collected
eggs after oviposition, treated them with 0.01% col-
chicines for 30 min, and then crushed the eggs with
glass-sticks.

Colchicine treatment is a classical method to inhi-
bit spindle formation and thereby induce non-
disjunction of chromosomes; however, their method
could have had no such result, since the vitelline
membrane of oribatid mite eggs is compact, lacks
channels (WrTaLINsKI, 1986) and is impermeable to
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aqueous fixatives (AESCHLIMAN & HEss, 1984). The
egg shells (chorion) either have to be removed (THo-
MAS & TELFORD, 1999; WALZL & GUTWENIGER, 2002)
or be microwave-treated (WALzL, 1993) to enable
fixatives to enter the egg and come in contact with the
embryo.

In the next step, ZHANG et al. (2004) claimed to
have collected oocytes from the crushed eggs by cen-
trifugation, but this seems unlikely. Embryonic deve-
lopment is the least investigated field of acarology
(Walzl et al., 2004), but it is known that early cleavage
occurs inside the oviducts (AESCHLIMAN & HESs,
1984; THOMAS & TELFORD, 1999; WALZL et al., 2004)
and that the embryos of oribatid mites are at a rather
late stage of development when oviposition takes
place (TELFORD & THOMAS, 1998). TABERLY (1987)
also showed from two oribatid mites species, that the
embryo starts its development after vitellogenesis,
within the oviducts. Therefore, oocytes are present
only in the ovary of the female and the proximal part
of the oviducts, but not in eggs after oviposition.

Monocentric chromosomes

ZHANG et al. (2004) provided two micrographs that
purportedly showed chromosomes of the studied
species, and statements in the text indicated that these
were thought to be from males. The objects have an
elongated appearance and were described as mono-
centric chromosomes having different localisations of
the centromere; these were represented schematically
in a separate figure.

In strong contrast, all literature descriptions of
oribatid mite chromosomes, and indeed those from
all studied members of the mite order Acariformes
(Actinotrichida), are consistent with being holokine-
tic (WRENSCH et al., 1994 and many included referen-
ces; [ZRAYLEVICH et al., 1995). Holokinetic chromo-
somes are small (0.5-2 pm, FiG. 1), stain uniformly
along their whole length, lack a centromere and can
be found in a wide variety of animals and plants
(WRENSCH et al., 1994; SUMNER, 2003). ZHANG et al.
(2004) made no reference to this conflicting literature,
or to the unique nature of their interpretation. Unfor-
tunately, no scale bars were included in the figures,
nor was the absolute size of the structures mentioned

F1G. 1. — Gray-scaled micrograph of DAPI-stained metaphase
chromosomes of Archegozetes longisetosus ran. The average size
of the chromosomes is 0.6 pm.

in the text. Whether the micrographs represent a
repeatable pattern is unknown, because the authors
did not indicate if more than one egg per species was
studied; the crushing method can generate much cell
debris, and the quality of their micrographs seems
insufficient to differentiate between such particles
and chromosomes.

Karyotypes of oribatid mites

ZHANG et al. (2004) stated that the karyotype is
2n=16 for male B. spinosus and 2n=19 for male G
longiporosa, but this leaves significant questions
unanswered. First, they did not indicate how they
differentiated female from male eggs. We are unaware
of any way to determine the sex of an embryo within
the egg-shell, and if sex was inferred only from their
karyotype interpretation, this would seem to repre-
sent circular logic. Second, how did they arrive at the
karyotypes? We cannot recreate the interpreted
chromosome-numbers by counting the particles
shown in the two micrographs.

In general, oribatid mites have a diploid chromo-
some number of 2n=18 (OLIVER, 1977; Norton et al.,



—129 —

1993 and included references) with only some excep-
tions having 2n=16 (TABERLY, 1958; HELLE et al.,
1984). A diploid chromosome number of 18 has also
been reported for Galumna sp. (SokoLov, 1954).

Sex determination

ZHANG et al. (2004) cited a study of CHEN & MENG
(1990), published in Chinese, which purportedly indi-
cated that ... most species of Oribatida presented the
XX:XO sex-determining mechanism, and that few
species have the X-Y sex-determining mechanism”.
Accordingly, ZHANG et al. stated “The two species of
Oribatida have the same sex-determining mechanism
(XX:XO)”. In fact, there is no information in the
CHEN & MENG (1990) paper about sex determining
mechanisms in oribatid mites; instead, the discussion
of XX:XO and X-Y sex determination relates to
Astigmata rather than Oribatida.

Diplodiploidy, without distinct sex chromosomes,
appears to be ancestral in the Acari and is predomi-
nant, if not exclusive, in oribatid mites (NORTON et
al., 1993; WRENSCH et al., 1994). Using the egg-
squash technique, HELLE ef al. (1984) inferred that
some oribatid mite species are haplodiploid, but this
conclusion was questioned by NORTON et al. (1993)
who noted a total absence of evidence for arrhenoto-
kous reproduction, and suggested parahaploidy
might explain these unusual results. Therefore, the
sex-determination mechanism in oribatid mites
remains unknown (OLIVER, 1983; NORTON et al.,
1993; WRENSCH et al., 1994) due to the fact that male
and female karyotypes contain the same number and
kind of chromosomes (SokoLov, 1954). XX:XO and
XX:XY sex determination mechanisms have been
described for some species of astigmatic mites
(reviewed by NORTON et al., 1993). However, diplodi-
ploid genetic systems (2n=14) with unknown sex
determination mechanism have since been reported
for the Astigmata (IZRAYLEVICH et al., 1995).

Chromosomes of Archegozetes longisetosus ran

The thelytokous oribatid mite species Archegozetes
longisetosus is rapidly becoming a model chelicerate

organism. A laboratory strain was established in
1993, based on a single gravid female for which the
designation “A. longisetosus ran” was suggested
(HEETHOFF et al., in press). Many aspects of the deve-
lopment and morphology of Archegozetes longiseto-
sus ran are well studied but not the cytological basis
of its parthenogenesis. Here, we present—for the first
time—the chromosome morphology of A. longiseto-
sus ran (F1G. 1).

Eggs were sampled after oviposition, mechanically
cleaned with a brush and placed on an object slide in
0.005% w/v hypotonic colchicines solution (1%
sodium citrate). The chorion was removed using
sharpened tungsten needles (NORTON & SANDERS,
1985). After 35 minutes of incubation, the cells were
homogenised and fixed using the protocol described
by IMar1 et al. (1977). Chromosomes were stained with
DAPI (0.2 mg/ml) and observed on a Leica CTR 5000
fluorescence microscope.

Mitotic figures of metaphase plates clearly show
small, holokinetic chromosomes. Chromosomes can-
not be differentiated, and the staining is uniform. The
karyotype seems to show a diploid number of 18,
typical of nearly all studied oribatid mites, but verifi-
cation is in progress.

Outlook

Chromosomal morphology and behaviour are
significant parameters influencing the developmental
and evolutionary biology of oribatid mites. Most
important, meiosis can differ dramatically between
organisms with holokinetic and monocentric chro-
mosomes. Unlike monocentric systems, cells with
holokinetic chromosomes can effectively reverse the
sequence of reductional and equational divisions
(inverted meiosis; WRENSCH et al., 1994). While the
order of divisions does not theoretically affect
haploid meiotic products (gametes) in sexual species,
it has overwhelming significance if meiosis is followed
by an immediate reconstitution of diploidy, as occurs
in automictic diplodiploid parthenogens, i.e. parthe-
nogenetic species that incorporate meiosis in egg pro-
duction. For example, the fusion of the egg pronu-
cleus with a second polar nucleus (i.e. fusion of
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second-division haploid sister nuclei, a mechanism
called terminal fusion), would result in homozygosity
if meiosis were “normal”’, but would conserve all
maternal genotypes if meiosis were “inverted”’. The
latter result would mimic the mitotic production of
parthenogenetic eggs, or the rare mechanism of cen-
tral fusion under a normal meiotic order (in central
fusion the egg pronucleus fuses with a second division
product of the first polar nucleus; SUOMALAINEN et
al., 1987).

For Platynothrus peltifer and Trhypochthonius tec-
torum, the only two parthenogenetic oribatid mites
that are well-studied cytologically, TABERLY (1987)
reported a chromosome behaviour that can be inter-
preted as terminal fusion automixis. This should lead
to homozygosity if meiosis occurs in its normal
sequence, but PALMER & NorTON (1992) reported
fixed heterozygosity in studied populations of Platy-
nothrus peltifer and in other parthenogenetic oribatid
mite species, including Archegozetes longisetosus.
These results can be explained without contradiction
only if inverted meiosis is the mechanism underlying
reproduction. However, inverted meiosis is not possi-
ble with monocentric chromosomes (WRENCH et al.
1994). Inverted meiosis can be only inferred, since the
kinetics of chromosomes during meiotic divisions in
oribatid mites remains to be demonstrated, but
clearly the presence or absence of a centromere in
their chromosomes has a strong effect on theories
about development and evolution. Probably neither
of the species studied by ZHANG et al. (2004) is par-
thenogenetic, but the identification of centromeres
must be considered suspicious.

Also puzzling is the sex determination mechanism
of oribatid mites. Most bisexual oribatid mite species
show a balanced sex ratio, but species proven to be
parthenogenetic have a strongly biased sex ratio with
infrequent and sterile males (PALMER & NORTON,
1992). In diplodiploid systems with sex chromoso-
mes, the sex ratio will usually be balanced (FISHER,
1930) but can be influenced by factors such as tempe-
rature (Ewert et al., 1994) or by hormonal or phero-
monal determination (WHITE, 1973). Due to the
infrequent occurrence and the sterility of males in
many parthenogenetic oribatid mites, these species
represent interesting model systems to study sex
determination of oribatid mites. Possibly, the produc-

tion of males can be induced in some experimental
way, thereby uncovering this mechanism.
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