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R : Le système digestif de Archegozetes longisetosus comprend la cavité
pré-orale et le tractus digestif qui est composé des éléments suivants : 1). Une
partie antérieure avec une doublure de cuticule débutant à la bouche et se
poursuivant par le pharynx et l’œsophage ; 2). Un intestin moyen avec le ventricule, une paire de glandes préventriculaires, une paire de caeca, un colon, un
intercolon, un postcolon ; 3) un intestin terminal, doublé de cuticule composé
d’un atrium anal et terminé par l’anus. Le jabot (partie postérieure élargie de
l’œsophage) est absent. Toutes les régions du tractus digestif sont pourvues de
muscles de type strié. Le pharynx est en section transversale en forme de
croissant. Il est mu par des muscles dilatateurs et dépresseurs. Des muscles
ventraux complètent sa muscularisation. La cuticule est spécialisée ce qui
entraîne des conséquences d’ordre fonctionnel. La paroi ventrale est attachée à la
paroi ventrale de l’infracapitulum de façon originale. Un modèle fonctionnel du
pharynx est proposé. L’œsophage est un tube mince qui traverse le synganglion.
Il peut se dilater grâce aux replis longitudinaux de ses parois et est muscularisé
par des anneaux musculaires. Cependant, les mêmes cellules musculaires possèdent des myofibrilles dirigées longitudinalement. L’œsophage pénètre dans le
ventricule par une valve œsophagienne prononcée. Sa terminaison particulière
est décrite. Le ventricule est composé de cellules épithéliales d’un seul type
caractérisées essentiellement par la brosse marginale les inclusions concentriques
(sphérites = granules type-A). Le ventricule révèle fréquemment la présence d’un
bolus entouré par une couche indistincte de sécrétions formant une prémembrane péritrophique. Les glandes préventriculaires sont deux bourses formées de cellules semblables à celles du ventricule, mais densément remplies de
sphérites denses. Ces glandes sont proches des parties latérales du synganglion
qui forment des corps lamellaires particuliers (neurones spécialisés qui sont
vraisemblablement photosensibles) ; les sphérites du ventricule et des caeca sont
moins denses aux électrons. Les caeca présentent clairement trois types (ou
phases) de cellules épithéliales.: 1). Les ER-cellules richement pourvues de
réticulum endoplasmique rugueux ; 2). les cellules digestives (de résorption) à
forte activité de pinocytose à nombreuses vacuoles ; 3). Les cellules à sphérites

1. Zoological Institute and Museum, University of Greifswald, Bachstr. 11/12, D-17489 Greifswald, Germany.
2. Department of Ecology, University of Technology and Agriculture, ul. Kordeckiego 20, PL-85225 Bydgoszcz, Poland.
Acarologia, 2003. XLIII, 1 : 151-222.

— 150 —
avec de nombreux sphérites. Les caeca ne contiennent jamais de nourriture et
leur fonction principale semble la sécrétion d’enzymes digestives (ER-cellules) et
la résorption (cellules digestives). Les cellules à sphérites peuvent constituer le
stade final du cycle cellulaire débutant par une fonction de résorption et aboutissant par l’expulsion de la partie où les sphérites sont accumulés. Les parties de
ces cellules pourraient être abandonnées par l’épithélium ce qui peut être aussi le
cas des cellules du ventricule et des glandes préventriculaires. Le colon est plutôt
discret par rapport au postcolon qui est caractérisé par la présence de longues
microvillosités. La fonction principale de ce dernier serait le compactage de la
boulette fécale et l’achèvement de la membrane péritrophique. Les éléments
contribuant à la formation de cette membrane apparaissent être ajoutés dans une
zone de transition entre le colon et le postcolon, appelée l’intercolon. Cette
région est pourvue de muscles plutôt bien visibles, suggérant une fonction de
sphincter. La région est susceptible de se distendre au passage de la nourriture en
raison de la structure particulière de l’épithélium présentant de profondes cryptes. Enfin, la chambre anale est à nouveau bordé par la cuticule qui présente une
diﬀérenciation d’avant en arrière. A l’entrée de l’atrium anal, elle paraît fonctionner comme un coussin élastique qui aide à conserver le postcolon fermé, jusqu’à
ce que les contractions du postcolon expulsent les boulettes fécales. Cependant,
des épais sphincters musculeux sont aussi présents. Tandis que l’épithélium de la
chambre anale ne présente pas de particularité notable, il est improbable que des
transformations des excréments se produisent dans cette région. Le bolus de
nourriture ou la boulette fécale montre toujours la présence de bactéries, de
cellules de champignons et d’algues qui ne sont pas digérées et dont les cellules
sont respectées par la traversée du tractus digestif. L’hémocoele contient de
grandes cellules particulières qui sont considérées comme un tissu de stockage et
appelée les ‘‘fat-bodies’’ chez d’autres acariens. Ces cellules sont reliées à la partie
moyenne du tube digestif par des structures an forme de petites digitations qui
forment probablement des voies de communication avec les cellules épithéliales
de l’intestin moyen. Les cellules des ‘‘fat bodies’’ montrent diﬀérentes sortes
d’inclusions et d’organites probablement en relation avec l’état physiologique
et/ou leur position dans le corps de l’acarien.
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S: The digestive system of Archegozetes longisetosus comprises the
following components: the preoral cavity in front of the mouth and the digestive
tract, which is composed of: 1) a cuticle- lined foregut starting with the mouth
and continuing with the pharynx and esophagus; 2) a midgut with ventriculus,
one pair of preventricular glands, one pair of caeca, a colon, an intercolon, and
a postcolon; 3) a cuticle-lined hindgut composed of the anal atrium and terminating with the anus. A crop or ingluvies, i.e. a widened posterior portion of the
esophagus, is not present. All regions of the digestive tract are provided with
muscles that are all of the cross-striated type. The pharynx is crescent shape in
cross section and is activated by dilator and depressor muscles. In addition there
are ventral muscles. The cuticle of the pharynx is specialized in a way that likely
has functional implications. The ventral wall of the pharynx is fixed to the
ventral wall of the infracapitulum in a peculiar way. A functional model of the
pharynx is suggested. The esophagus is a slender tube that passes through the
synganglion. It is capable of expansion by means of longitudinal folds in its wall.
The esophagus is predominantly provided with ring-muscles. However, within
the same muscle cell are also myofibrils which run in longitudinal direction. The
esophagus projects into the ventriculus with a pronounced esophageal valve. The
peculiar termination of the esophageal valve intima is described. The ventriculus
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is composed of one type of epithelial cell that is mainly characterized by its
distinct brush border and concentric inclusion bodies (spherites = type-A granules). The ventriculus frequently contains a food bolus that is surrounded by an
indistinct layer of secretion forming a premature peritrophic membrane. The
preventricular glands are represented by two pouches formed by cells similar to
those of the ventriculus, but are densely filled with very dense spherites. These
glands approach the lateral parts of the synganglion, which form peculiar
lamellated bodies (specialized neurons) that are likely photosensitive. The spherites in the ventriculus and caeca are usually less electron dense. The caeca
distinctly show three types (or phases) of epithelial cells: 1) an ER-cell, which is
very richly provided with rough endoplasmic reticulum; 2) a digestive (= resorptive) cell showing pinocytotic activity and containing numerous vacuoles, and 3)
a spherite cell, which contains many spherites. The caeca never contained food
and their main functions are likely the secretion of digestive enzymes (ER-cells)
and resorption (digestive cells). The spherite cells may be end stages of a cell cycle
starting with resorption and ending with extrusion of that part of the cell in
which spherites had accumulated. It may be that parts of the spherite cells are
discarded from the epithelium, as may also be suspected from the ventriculus
cells and the cells of the preventricular glands. The colon is rather inconspicuous
in contrast to the postcolon, which is mainly characterized by long microvilli.
The main function of the postcolon seems to be compaction of the faecal pellet
and completion of the peritrophic membrane. Material contributing to this
membrane also appears to be added in a short transition zone between the colon
and postcolon, called the intercolon. This region is provided with rather conspicuous muscles, suggesting a sphincter function. The region is capable of being
distended during the passage of the food due to its peculiar epithelium, which
shows deep crypts. Finally, the anal atrium is again provided with a cuticular
lining that shows specific diﬀerentiations from proximal to distal. At the beginning of the anal atrium, the cuticle seems to function as an elastic cushion that
helps to keep the postcolon closed, unless contraction of the postcolon pushes
the faecal pellet out. However, there are also very thick sphincter muscles in this
region. Since the epithelium of the anal atrium does not show any indicative
peculiarities, it seems unlikely that further processing of the faecal pellet occurs
in this region. The food bolus or faecal pellet, respectively, always shows some
bacteria, fungi, and algae cells, which seem to be undigested and hence may pass
through the digestive tract as intact cells.
The haemocoel contains peculiar large cells, which are considered to represent
a storage tissue and hence are termed fat-body cells, as in other mites. These cells
are connected to the midgut by small finger-like processes that presumably form
gap junctions with the midgut epithelial cells. The fat-body cells show various
supplies of diﬀerent inclusions and organelles, probably related to the physiological state and/or their location in the mite’s body.
FEINSTRUKTUR
FETTKÖRPER
FINGERFÖRMIGE FORTSÄTZE
FUNKTIONSMORPHOLOGIE
INGESTION
INTIMA
LAMELLENKÖRPER
PERITROPHISCHE MEMBRAN
RESORPTION

Z : Das Verdauungssystem von Archegozetes longisetosus gliedert sich in eine präorale Mundbucht und den eigentlichen Verdauungstrakt.
Dieser besteht aus: 1) einem von einer cuticularen Intima ausgekleideten Vorderdarm, der mit der Mundöﬀnung beginnt und Pharynx und Ösophagus
umfaßt; 2) einem Mitteldarm mit Ventrikel, einem Paar präventrikulärer Drüsen, einem Paar Caeca, einem Colon, Intercolon und Postcolon; 3) einem
wiederum mit einer Intima versehenen Hinterdarm, dem Analatrium, das mit
dem Anus endet. Ein Kropf, also eine posteriore Erweiterung des Ösophagus, ist
nicht ausgebildet. Alle Abschnitte des Darmtraktes sind mit quergestreifter
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SPHÄRITE
VERDAUUNG

Muskulatur versehen. Der Pharynx zeigt einen sichelförmigen Querschnitt und
wird durch Dilator- und Depressormuskeln bewegt. Dazu kommen noch Ventralmuskeln. Die Cuticula des Pharynx ist in einer Weise spezialisiert, die für die
Funktion des Pharynx sicher von Bedeutung ist. Der Boden des Pharynx ist in
besonderer Weise mit der Cuticula der Ventralseite des Infracapitulums verbunden. Es wird ein Funktionsmodell für den Pharynx vorgestellt. Der Ösophagus
ist ein dünnes Rohr, das durch das Synganglion verläuft. Längsfalten erlauben
eine Erweiterung bei der Nahrungspassage. Der Ösophagus ist mit einer Muscularis versehen. Die Myofilamente in den Muskelzellen verlaufen v.a. transversal,
so daß die Muskelzellen insgesamt eine Ringmuskulatur bilden. Innerhalb derselben Muskelzellen gibt es aber auch Myofibrillen, die in Längsrichtung verlaufen. Der Ösophagus ragt deutlich valvenförmig in den Ventrikel hinein. Das
Ende der Intima am Übergang vom Valvenepithel zum Ventrikelepithel wird
beschrieben. Das Epithel des Ventrikels besteht im Prinzip aus einem Zelltyp, der
v.a. durch seinen regelmäßigen Bürstensaum sowie durch konzentrisch strukturierte Einschlüsse (Sphärite = Typ A Granula) gekennzeichnet ist. Der Ventrikel
enthält häufig einen Futterballen, der von einer undeutlichen Sekrethülle umgeben wird, die als vorläufige peritrophische Membran gedeutet wird. Die präventrikulären Drüsen stellen ein Paar kompakter Taschen dar, deren Epithelzellen
denen des Ventrikels ähneln. Jedoch sind sie dicht gefüllt mit besonders dunklen
Sphäriten. Die präventrikulären Drüsen legen sich seitlich dem Synganglion an,
das hier lamellierte Körper (spezialisierte Neuronen) ausbildet, die vermutlich
lichtempfindlich sind. Die Sphäriten des Ventrikels und auch der Caecen sind
meist weniger elektronendicht. Im Gegensatz zu Ventrikel und präventrikulären
Drüsen mit ihrem uniformen Epithel zeigen die Caecen drei Zelltypen (oder
Phasen): 1) eine ER-Zelle, die durch ihr umfangreiches rauhes endoplasmatisches Reticulum auﬀällt; 2) eine Verdauungs- (oder Resorptions-) zelle mit auffälliger Pinocytoseaktivität und zahlreichen Vakuolen; 3) eine Sphäritenzelle, die
durch zahlreiche Sphäriten gekennzeichnet wird. Die Caecen enthalten niemals
Nahrungs. Es wird daher angenommen, daß sie v.a. für die Sekretion von
Verdauungsenzymen (durch die ER-Zellen) und die Resorption (Verdauungs/
Resorptionszellen) verantwortlich sind. Die Sphäritenzellen könnten Endstadien
eines Resorptionszyklus sein, der mit dem Erscheinungsbild der Verdauungszelle
beginnt und der mit der Abgabe von einem Teil der Zelle, in dem Sphäriten
akkumuliert wurden, endet. D.h. es wird angenommen, daß ein Teil der Zelle mit
der Sphäritenfracht abgestoßen wird, wie es auch von den Ventrikelzellen und
den Zellen der präventrikuläraen Drüsen zu vermuten ist. Das sich an den
Ventrikel anschließende Colon ist wenig auﬀällig. Im Gegensatz dazu ist das
Postcolon v.a. durch seine sehr langen Mikrovilli ausgezeichnet. Es wird angenommen, daß das Postcolon für die Eindickung des Nahrungsballens und die
endgültige Fertigstellung der peritrophischen Membran verantwortlich ist. Der
Nahrungsballen wird somit zu einem Kotballen. Zwischen Colon und Postcolon
ist ein kurzes Intercolon eingefügt, dessen Epithel durch tiefe, Mikrovilligesäumte Krypten ausgezeichnet wird. Vermutlich erlaubt diese Kryptenbildung
auch eine Erweiterung bei Passage eines Nahrungsballens. Des weiteren werden
hier Sekrete abgegeben, die vielleicht ebenfalls an der peritrophischen Membran
beteiligt sind. Die Muscularis ist deutlich ausgeprägt, so daß hier eine Sphinkterfunktion vorliegen könnte. Das Analatrium ist wiederum durch eine Intima
ausgezeichnet, die sich im Verlauf von proximal nach distal stark verändert. Am
proximalen Anfang stellt die Cuticula oﬀenbar ein dickes, vermutlich elastisches
Polster dar, das zusammen mit dem sehr ausgeprägten Sphinktermuskel das
Postcolon verschließen hilft. Erst durch Kontraktion der Postcolonmuscularis-
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wird der Kotballen ausgepreßt. Die weitere Struktur des Analatriums gibt keinen
Hinweis auf eine besondere Einflußnahme auf den Kotballen. Im Futter- bzw.
Kotballen wurden regelmäßig Bakterien-, Pilz- und Algenzellen gefunden, die
oﬀenbar unverdaut den Darmtrakt passieren.
Im Haemocoel sind eigenartige, sehr große Zellen zu beobachten, die sicherlich ein Speichergewebe bilden und wie bei anderen Milben als Fettkörperzellen
bezeichnet werden. Diese Zellen sind mit dem Mitteldarm in sehr spezifischer
Weise verbunden. Die Zellen bilden kurze, sogenannte fingerförmige Fortsätze
aus, die vermutlich gap junctions mit den Epithelzellen des Mitteldarmes bilden.
Die Fettkörperzellen zeigen eine unterschiedliche Ausstattung mit Organellen
und besonderen Einschlüssen, die vermutlich in Bezug zum physiologischen
Status aber auch zur exakten Lage im Milbenkörper steht.

I
The digestive system of Acari is organized in diﬀerent ways, and various types of gut systems have been
defined (see, e.g., R, 1909; E, 1992;
A & C, 1999). Due to the basically similar
(although probably convergently evolved; see e.g.,
  H, 1989) organisation of the anterior
part of the body into a gnathosoma in both major
groups of Acari, Anactinotrichida (= Parasitiformes
s. l.) and Actinotrichida (= Acariformes), the digestive system starts within this region and is generally
organized in the following way:
* Preoral cavity
* Foregut with mouth, pharynx, and esophagus
* Midgut with an anterior midgut comprised of ventriculus, paired caeca, and a postventricular midgut with colon and postcolon
* Hindgut consisting of the anal atrium and ending
with the anus (anal opening)
In contrast to the midgut, the foregut and hindgut
are lined by cuticle. It is likely that the midgut develops from the entoderm, whereas the foregut and
hindgut are of ectodermal origin.
The preoral cavity is surrounded by mouthparts,
which bear sensilla and help to manipulate the food
(for details and further references see, e.g.  
H, 1989; E, 1992; A & C,
1999).
Despite this general similarity in organization,
according to A & C (1999), the digestive
systems of Acari reflects the division of the group
into two very distinct groups, the Anactinotrichida

and the Actinotrichida. This is also true regarding the
supply with glands that open in the mouth region and
are at least partly involved in food processing. These
glands are not considered in this paper, however. A
connective tissue or interstitial tissue (A &
S, 1983) at least partly functions as a storage
organ frequently containing lipid and glycogen deposits. This tissue has thus been called the fat body
(A & C, 1999).
Restricting thus on the gut system and fat body, the
diﬀerences between both major groups of Acari are
the following (A & C, 1999 with further
references):
In Anactinotrichida, there is typically a pharynx
with a lumen, which is formed like a Y in cross
section. Hence, there are three edges (or commissures) running along the pharynx. The pharynx is surrounded by a circle of dilator muscles and constrictor
muscles running from edge to edge, with only the
exception of Opilioacarida (Neocarus texanus has
been investigated) where the constrictor muscles describe complete uninterrupted rings around the pharynx. From the postcolon, typical Malpighian tubules extend into the hemocoel. There is no close
association between the fat body and the midgut
epithelium as is found in the Actinotrichida (see
below).
In Actinotrichida, the pharynx is crescent shaped
in cross section and bordered laterally by two edges
(or commissures). Dilator muscles attach dorsally
and depressor (also called constrictor or occlusor)
muscles are positioned dorsally between the edges of
the pharynx sickle. Additional ventrolateral and ventral muscles may be present which connect the edges
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of the pharynx to the integument of the body, i.e. the
ventrolateral or ventral wall of the infracapitulum.
The pharyngeal cuticle is structured diﬀerently in the
various taxa and may build a plunger. It certainly
assists in the manipulation of food due to its variable
elasticity. Midgut and fat body (if present) are plesiomorphically interconnected by finger-like processes of
the fat-body cells, which penetrate through the basal
lamina of the midgut epithelium. In these interconnections, gap junctions are likely formed. Malpighian
tubules are usually absent or are small (in some Acaridida). The postventricular midgut may specialize into
an excretory organ, a tendency most pronounced in
the Actinedida, particularly in Prostigmata.
Thus, the general organization of the gut system of
Acari seems to be known in good detail. However,
due to the enormous diversity of the Acari, many
problems are still prevalent regarding the lower taxa.
One such taxon, which also includes mites of high
ecological importance, is represented by the Oribatida (also called Cryptostigmata), representing the
most abundant microarthropods of many soils,
where they predominantly live as decomposers (N, 1985, 1990, 1994; A et al., 1996). Since the
initial work of Nt (1854) and the fundamental
work of M (1884, 1888), it is known that the
organization of the gut system diﬀers in the various
taxa of Oribatida. M (1884) described, for
example, a large crop in some of the Oribatida he
investigated, which is located in the posterior region
of the esophagus. Furthermore, he found preventricular glands (later also called proventricular glands
by some authors) of diﬀerent sizes and shapes. Following M (1884), a number of additional
investigations have been performed on the lightmicroscopic level (e.g., B, 1897; W, 1947;
T-W, 1960; W & C,
1962; H-M, 1967; T, 1968; B, 1970; Š, 1989; H et al., 1999) and
some results have been added using the electron
microscope (B, 1973; L et al., 1991,
1992, 1993; B, 2002). B (1973) studied
four species with diﬀerent food preferences. Furthermore, there are some studies which focus on physiological parameters (e.g., L, 1972; Z,
1972; D, 1974a,b, 1975; H et al., 1999;
2000; S
Û & H, 1999; R & H, 2001;

Š, 2001), ecological significance (W,
1975), and symbiotes (S & S, 1976;
S & S, 1978; S &
S, 1981; B-P & H, 1983).
B (2002), using computer-aided threedimensional reconstructions, showed that the overall
shape of the gut system changes considerably due to
the dynamics of food processing.
Only few authors studied the digestive tract of
juvenile oribatid mites and have observed no fundamental diﬀerences (e.g., M, 1888; Š, 1992).
R (1909) considered the digestive tracts of
Oribatida and Acaridida to be rather similar and
created the sarcoptiform type of digestive system as a
character that he considered to be fundamental or
constitutive for the taxon Sarcoptiformes (i.e. Cryptostigmata = Oribatida and Astigmata = Acaridida).
This type was referred to as the oribatid type of
alimentary tract by E (1992).
Many (if not all?) Oribatida are able to ingest solid
food, a capability which is rarely encountered in the
Arachnida. Also, their food is quite diverse, with
diﬀerent specializations according to the species
(S, 1956). Following the fundamental study
of S (1956), a number of subsequent investigations have elucidated the food preferences of oribatid mites (e.g. H, 1962; L, 1972;
B & H, 1978; H, 1981; B-P &
H, 1983; S & R-D, 1993;
H et al., 1999; H & Lš, 2001;
H et al., 2001). Rarely, living higher-plant tissues are eaten (L, 1972), e.g. by species of the
fresh-water inhabitant Hydrozetes, which feeds on the
duck-weed Lemna (A-B & F,
1986). Macrophytophages feed on more or less
decomposed remains of higher plants. Among these,
some have adapted to a life as miners within decaying
needles, e.g. certain box mites (Phthiracaridae)
(J, 1939; D, 1974a; Wk, 1976).
Others feed on microrganisms (bacteria, fungi, algae)
and are called microphytophages. Many species are
less specialised and may feed on various food sources;
they are termed non-specialists or panphytophages
(S, 1956; L, 1972). Only few oribatid
mites are said to be zoophagous, necrophagous, or
coprophagous (T, 1968; L, 1972; N, 1985 with further references).
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Because of their important ecological role as
decomposers (S, 1956; H & S, 1974; P & L, 1982; D,
1983; S, 1984; N, 1985; B, 1993;
A et al., 1996), Oribatida have also been investigated in regard to ecotoxicological problems, such
as pollution by heavy metals, acid rain, or organic
xenobiotes (e.g., A et al., 1984; HK, 1984; W, 1991; L et al.,
1991, 1992, 1993; A et al., 1989, 1992; K et al., 1993; L &  S, 1995;
A et al., 1996; S et al., 1997a, 1997b,
1997c, 1998a, 1998b, 2000; S & S,
1998; H, 2001; S  C, 1999). It
was shown that diﬀerent Oribatida are susceptible to
diﬀerent degrees to such toxicants. It is very likely
that the organization of the gut system is of high
importance in manipulating such substances when
these are ingested (see, e.g., L et al., 1992;
K et al., 1993). With better knowledge,
selected Oribatida could very well become important
bioindicators or test organisms.
One candidate for a laboratory test organism is the
thelytokous parthenogenetic species investigated
here, Archegozetes longisetosus, which is rather large,
easy to rear and to handle. According to the studies
of H (1981), H (1996), E-V
et al. (1999) and our own experience, A. longisetosus
has to be classified as panphytophagous. Further
details on the biology of the species have been reported by E-V et al. (1999). Because of the
suitibility of the species, it may also be used for
fundamental studies, which may result in its establishment as a model organism, a process that has
already begun (T & T, 1999; T,
2002). With this publication, we thus intend to start a
series of investigations providing detailed ultrastructural information on this species as a future ‘model
organism’ of an early derivative oribatid mite.

M  M
Archegozetes longisetosus A, 1965 (Acari, Oribatida, Thrypochthoniidae) used in this research originated from the laboratory culture of the Department of Ecology in Bydgoszcz. This culture started in

1993 from a few individuals brought from the laboratory culture of Prof. R. A. Norton (S.U.N.Y., Syracuse, USA), which itself originated from one dead,
gravid female brought from Puerto Rico.
Specimens of A. longisetosus were reared in plastic
boxes with a bottom made of a plaster of Paris:
charcoal mixture (4:1) in a chamber with a constant
temperature (30°C) and 80% relative air humidity.
The mites were fed on tree bark covered with green
algae (mostly Protococcus sp.), which was collected
from bird-cherry trees (Prunus padus L.) in the Bydgoszcz forest.
Our study is mainly based on females that had been
reared as above. However, a few pictures (F 20A:
Pb; 22A: Pb + Cu; 23A: Pb; 25B: Pb) were taken from
mites that had been reared on food contaminated
with heavy metals (Pb; Pb + Cu) during an experimental study (see S et al., 1999 for preliminary results). The following concentrations were
applied to the above-mentioned food: 2157 µg/g Pb;
1660 µg/gPb + 390 µg/g Cu.
Adult females of Archegozetes longisetosus were
prepared for transmission electron microscopy
(TEM) as follows: living specimens were cut into
halves with a razor blade in ice-cold fixative (3.5%
glutaraldehyde in Sörensen’s phosphate buﬀer pH
7.4; 0.1 M). After two hours in the cold fixative, the
specimens were rinsed in buﬀer solution for a further
two hours. Postfixation with 2% buﬀered OsO4 solution took two hours and was followed by a 10 min
rinse in buﬀer, dehydration in a graded series of
ethanol, and embedding in Araldite with propylenoxide as the intermedium. Polymerization took 24
hours and occurred at a temperature of 60°C. Some
specimens were also embedded in Spurr’s medium
(S, 1969), leaving out the propylenoxide intermedium step. Polymerization occurred at 65°C. Sections, cut with diamond knives (Diatome) on a Leica
Ultracut UCT, were double-stained with uranyl acetate and lead citrate (R, 1963) and observed
under a Zeiss EM 10 transmission electron microscope. Semithin sections stained according to
R et al. (1960) were used for general orientation and for preparing the overview drawings. Light
microscopical work was performed on a compound
microscope (Olympus BX40) provided with a
drawing device.
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F. 1: Schematic drawing of a longitudinally sectioned Archegozetes longisetosus showing the main components of the digestive system. Abbr.:
Aa, ananl atrium; Ap, anal plate; Ca, caecum; Co, colon; Ch, chelicera; Es, esophagus; EV, esophageal valve; FB, fat body; Bo, food bolus;
FP, faecal pellet; Gp, genital plate; ICo, intercolon; Inf, infracapitulum; L, labrum; Mo, mouth; PCo, postcolon; Ph, pharnyx; Prgl,
preventricular gland; Ro, rostrum; Ru, rutellum; SY, synganglion; Tg, Trägardh’s organ; V, ventriculus

R
The digestive system of A. longisetosus is generally
organized in the same way as in other actinotrichid
Acari or oribatid mites (see Introduction and T
I; F. 1).
Mouthparts and preoral cavity:
The mouthparts are components of the gnathosoma, which is stegasim (i.e. covered by a prodorsum;
for terms see   H, 1989; A &
C, 1999). The preoral cavity is surrounded by
two lateral lips and a labrum. Two pronounced lobate
rutella of the atelobasic type are present. These structures are located at or close to the tip of the stenarthric infracapitulum (also called subcapitulum). The
chelicerae are located above the infracapitulum. They

are rather large and their digits bear thick teeth. A
slender process extending anterodorsally from the
paraxial cheliceral basis, called Trägardh’s organ, is
present (this was not seen by B [1967], but its
presence was confirmed by N [1998] and we
have seen it in our sections).
Mouthparts and preoral cavity are not dealt with
in detail here, their external morphology has been
described by B (1967) and from a closely related
species, A. magna (S), by   H
(1955, 1989). A detailed description of the mouthparts of trhypochthoniid mites including excellent
scanning electron micrographs, is presented in the
paper of N et al. (1996) on Mucronothrus nasalis and M. willmanni. We are currently preparing an
ultrastructural study, including transmission electron
microscopy, on the gnathosoma of Archegozetes longisetosus.
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Digestive tract:
The digestive tract is provided with a single-layered
epithelium and is divided into a fore- and a hindgut,
which have a cuticular layer, and a midgut that is
devoid of this intima. All parts of the digestive system are provided with a muscle layer comprised of
muscle cells that all belong to the cross-striated type.
Foregut:
The foregut starts with the mouth, which is located
under the basis of the labrum (F. 1). The mouth
shows no peculiarity and is a mere continuation of
the preoral cavity. Because we will describe the preoral cavity in connection with an analysis of the
mouthparts, we will start our present study of the
digestive system with the pharynx.
Pharynx (F 1-4):
The pharynx appears crescent-shaped in cross section. It starts shortly behind the mouth, which opens
anteriorly into the preoral cavity, and extends
through the infracapitulum. The pharynx continues
into the esophagus. The pharynx has a cuticular
lining that diﬀers according to its location in the cross
section. The cuticle is principally formed by two
layers, the internal (close to the underlying epithelium) procuticle and the external (bordering the
lumen) epicuticle.The dorsal cuticle, which forms the
roof of the pharynx, has a strongly and almost completely sclerotized procuticle that appears quite
dense. Only the components of its proximal layer are
arranged in an irregular meshwork. The procuticle of
the dorsal part (roof of the pharynx) is provided with
numerous pore canals. Towards the lateral borders of

the pharynx, the roof cuticle becomes thinner and is
directed dorsally and turns a little medially. The cuticle bends back and continues into the ventral cuticle,
which forms the floor of the pharynx. It is again thin
in the lateral parts and becomes much thicker
medially. In contrast to the dorsal procuticle, the
ventral procuticle is rather electron-lucent over most
of its extent indicating less sclerotization than the
dorsal pharyngeal-roof cuticle. However, there is a
thin densely sclerotized layer covered by a similarly
dense epicuticle.
An epithelium underlying the cuticular part of the
pharynx wall is best seen in the more lateral areas,
where the overlying cuticle is thinner. It is strongly
modified in those areas where muscles attach to the
cuticle. These rather thick, strong muscles are of the
cross-striated type and insert at the dorsal cuticle of
the pharynx. They originate at the dorsal cuticle of
the infracapitulum, i.e. the cervix. The attachment
sites are characterized by highly specialized cell junctions (microtubule-associated junctions) with modified epithelial cells (tendon cells), which contain
numerous microtubules. Muscle cells and tendon
cells interdigitate in a regular way forming zig-zaglike profiles in the sections. Cuticular fibers run from
such attachment sites into the basal meshwork-part
of the cuticle (see above). Besides the dorsoventrally
oriented muscles, which form approximately 9 groups
in antero-posterior direction and which certainly
serve as dilators, there is another dorsal set of muscles
that run transversely between these dilators from one
edge of the crescent-shaped pharynx to the other.
These transverse muscles certainly represent depressors (also called occlusors; Hoebel-Mävers, 1967).

F. 2: Pharynx. A: Transverse section through the pharynx showing a part of the pharynx and dorsal dilator, depressor, and ventral muscles.
Note also the distinct diﬀerence in the appearance of the cuticle in the dorsal roof of the pharynx compared with that of the floor. On the
left, a gland is seen. Scale bar: 10 µm. B: Detail showing the floor of the pharynx. Scale bar: 10 µm. C: Attachment site of a dilator muscle
on the roof of the pharynx. Note the sclerotized cuticle provided with many pore canals and typical muscle-epithelial cell junctions
(microtubule-associated junction). The epithelial cells contain numerous microtubules that carry the tension towards cuticular fibers. Scale
bar: 10 µm. D: Section through the connecting zone between epithelial cells belonging to the pharyngeal floor and epidermal cells belonging
to the ventral wall of the infracapitulum. Note the bundles of filaments coming from the cuticle, numerous microtubules in the
epithelial/epidermal cells, and the microtubule-associated junctions connecting both cells. Scale bar: 1 µm. Abbr.: Ce, cervix; dM, dorsal
dilator muscles; Ep, epithelial cell of ventral wall of pharynx (not modified as tendon cell); GL, gland; LU, pharynx lumen; PR, pharynx
roof; tM, transversal depressor muscle; mtaj1, microtubule-associated junctions connected to the basal lamina/ECM between two cells (C:
epithelial/tendon cell of the pharynx roof and dorsal dilator muscle cell; D: epidermal/tendon cell and epithelial/tendon cell of the pharynx
floor); mtaj2, microtubule-asociated junction between cell and cuticle (C: epithelial/tendon cell and cuticle of the pharynx roof; D:
epidermal/tendon cell and ventral cuticle of the infracapitulum); tC, tendon cell; vI, ventral cuticular wall of infracapitulum; vM, ventral
muscle; vR, ventral ridge of the pharynx; Z, Z-line between two sarcomers
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F. 3: Pharynx. Transverse section showing the lateral edge with attaching muscles. Scale bar: 1 µm. Abbr.: LU, lumen of pharynx; mtaj1,
microtubule-asociated junctions connected to the basal lamina/ECM between a transversal depressor muscle cell and an epithelial/tendon cell
of the pharynx roof; PR, pharynx roof; tC, tendon cell; tM, transversal depressor muscle; vM, ventral muscle; Z, Z-line between two sarcomers

F. 4: Schematic drawing showing details of a cross-sectioned pharynx in a region with dorsally attaching dilators and the ventral connecting
zone. Abbr.: dM, dorsal dilator muscles; LU, lumen of pharynx; mtaj1, microtubule-associated junctions connected to the basal
lamina/ECM between two cells (dorsal dilator muscle cell and epithelial/tendon cell of the pharynx roof; epithelial/tendon cell of the
pharynx floor, and epidermal/tendon cell of the ventral infracapitulum integumen; mtaj2, microtubule-associated junction between a cell
and the cuticle (epithelial/tendon cell of the pharynx roof and epidermal/tendon cell of the ventral infracapitulum integument and cuticle);
PR, pharynx roof; tC, tendon cell with microtubules; vI, ventral cuticular wall of the infracapitulum; vR ventral ridge of the pharynx floor

F. 5: Transverse sections through the esophagus. A: Region shortly behind the pharynx. Note that the dorsal and ventral cuticle of the
esophagus is diﬀerently specialized and thus similar to the pharyngeal region (c.f. F. 2), but ring muscles are already present. Scale bar:
5 µm. B: Esophagus more posteriorly. The highly folded four-layered cuticle is structurally similar all around the wall of the esophagus.
Note the distinct circular muscles below an irregularly shaped layer of epithelial cells. Scale bar: 5 µm. Abbr.: Ep, esophagus epithelium; LU,
esophagus lumen; rM, ring muscle

F. 6: Esophagus. A: Enlarged detail. Arrowheads point to an area with transversely sectioned myofilaments (see F. 6B). Scale bar: 1 µm.
B: Note that some myofilaments in the same cell are orientated almost at a 90° angle (arrowheads) compared with the circular myofilaments,
thus providing a longitudinally orientated component. Scale bar: 0.5 µm. Abbr.: BL, basal lamina; CU, esophagus cuticle; LU, esophagus
lumen; MT, microtubules; N, nucleus of an esophagus epithelial cell; rM, ring muscle; Z, Z-line bordering a sarcomer
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F. 7: Drawing of part of the wall of the transversely sectioned esophagus. Arrowheads point to an area where myofilaments are transversely
sectioned; Abbr.: CU, esophagus cuticle; BL, basal lamina; MI, mitochondrium; N, nucleus of an epithelial cell; rM, ring muscle; Z, Z-line.

The contraction of these muscles would draw the
lateral edges of the pharynx medially, thus bulging
the pharyngeal roof into the lumen of the pharynx,
which would thus be narrowed by this action. There is
a further set of short, vertically arranged muscles that
run from the lateral edges of the pharynx to the
ventral integument of the infracapitulum, hence
representing ventral muscles. These muscles are attached to the lateral edges of the pharynx in such a way
that they run around the edge if the narrow-lumen
situation is present in the pharynx (F 2A, 3). They

contain only one or two complete sarcomeres bordered by Z-lines. Although these latter muscles are
much smaller than the dorsal dilators and transversal
depressors, they also contain many rather large mitochondria, indicating a similar activity or energy
demand. The contraction of these ventral muscles
would pull the medially curved edges of the pharynx
outward and into a more lateral position. Finally, a
peculiar connection of the medial, thick cuticle of the
pharynx floor with the ventral integument of the
infracapitulum needs to be mentioned (F 2B, D,
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F. 8: Esophageal valve. Transverse section through the esophagus entering the ventriculus. The esophagus shows almost the same structures
which were demonstrated in F 5A and 6A, but in the upper part of the picture it can be seen that the esophagus protrudes into the
ventriculus. Hence, this area is a transverse section through the valve. The microvilli of the ventriculus epithelium are seen. Note the thin,
dense cuticle at the outer (ventricular side) of the valve and its termination within the epithelium. Scale bar: 5 µm. Abbr.: CU, cuticle of the
inner (esophageal) side of the valve; LU1, lumen of the esophageal valve; LU2 lumen of the ventriculus; MV, microvilli of the ventriculus
epithelium; N, nucleus of the ventricular epithelial cell.

4). In this region, the epithelial cells of the pharynx
and the adjacent epidermal cells of the infracapitulum are strongly modified as tendon cells, containing
numerous microtubules. Cells of both layers are indirectly connected via the basal lamina between the two
epithelial layers by microtubule-associated junctions,
thus forming numerous interdigitations.
Esophagus (F 1, 5-10):
The esophagus is a rather narrow tube that runs
through the synganglion and enters the ventriculus

with a pronounced valve. The wall of the esophagus
at first resembles that of the pharynx with the peculiar diﬀerentiation of dorsal and ventral cuticle and
its crescent-shaped cross section. More posteriorly,
this shape and the cuticular distinction into dorsal
and ventral areas is no longer present. Circular muscles appear shortly behind the pharynx region, whereas dorsal dilators and ventral muscles are no longer
present. More posteriorly, e.g. in the canal passing
through the synganglion or close to the ventriculus, it
is provided with a thick cuticle, which shows longitu-

F. 9: Esophageal valve. Note that A and B show diﬀerent sides of the valve basis. A: Detail showing the termination of the thin cuticle
(arrowheads) of the outer (ventricular) side of the valve in the intercellular cleft of basal valve cells and adjacent ventricular cells. Scale bar:
1 µm. B: Detail showing epithelia of the valve (compare F. 10). Note that a basal lamina between both epithelia is hardly recognizable.
Arrowheads indicate the thin cuticle between adjacent valve and ventricular cells. Scale bar: 1 µm. Abbr.: BL, basal lamina; CU, cuticle of
the inner (esophageal) side of the esophageal valve; LI, lipid droplets; LU1, lumen of the esophageal valve; LU2, lumen of the ventriculus;
LY, lysosome; MV, microvilli of the ventricular epithelium; N1, nucleus of the epithelium of the inner (esophageal) side of the esophageal
valve; N2, nucleus of the epithelium of outer (ventricular) side of the valve; N3, nucleus of the last cell (bearing a thin cuticle) of the outer
(ventricular) side of valve and being adjacent to the first cell of the ventricular epithelium; N4, nucleus of the ventricular epithelium; PL,
normal plasmalemae between first ventricular cells
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F. 10: Drawing of the basal area of the esophageal valve (compare F. 9B). Note the thick cuticle at the inner (esophageal) side of the valve
and thin cuticle (arrowheads) at the outer (ventricular) side of the valve. This thin cuticle terminates in the intercellular cleft between
epithelial cells. The basal laminae between the doubling epithelia of the esophageal valve is largely reduced. Abbr.: BL, basal lamina; CU,
cuticle of the inner (esophageal) side of the valve; LU1, lumen of the esophageal valve; LU2, ventriculus lumen; MT, microtubules; N1,
epithelium nucleus of the inner side of the esophageal valve; N2, epithelium nucleus of the outer (ventricular) side of the valve; N3, nucleus
of the last cell (bearing a thin cuticle) of the outer (ventricular) side of the valve and being adjacent to the first cell of ventricular epithelium;
N4, nucleus of the ventriculus epithelium; PL, normal plasmalemmae between first ventriculus cells

dinally arranged folds. The cuticle is composed of 4
layers. There is an external (close to the lumen), thin,
and very electron-dense layer corresponding to the
epicuticle. Under this layer, there is a further dense
layer (exocuticle), into which pore canals extend. This
layer is followed by another one (mesocuticle) about
twice the thickness of the previous one. This layer is
less dense. Both layers are made of homogeneous
material. The inner border of the less dense layer is
irregular and is thus interconnected with the internal
(innermost) and thickest layer (endocuticle), which is
rather electron lucent and apparently composed of

loosely arranged fibers embedded in a homogeneous
lucent material. The underlying epithelium is provided with a very irregular surface; thus, cuticle and
epithelium are interconnected. The epithelium
appears rather dense in our preparations and the cells
are of a complex shape with many interdigitating
processes. Nuclei are rather dense due to much heterochromatin. There are many ribosomes and some
rather large mitochondria and putative lysosomes.
Microtubules, arranged more or less parallel to the
longitudinal axis of the esophagus, are quite abundant.

F. 11: Ventriculus. A: Part of the ventricular epithelium close to the esophageal valve. Note the narrow, high cells of similar appearance. The
cell apices bulging into the lumen of the ventriculus are provided with rather long, regularly arranged microvilli. The lumen close to the cells
contains rather homogeneous material, into which sheets of another structure are embedded. Note the four distinct regions in the cells:
apical, mitochondrial region, region with many inclusions and spherites, and basal nuclear region. Scale bar: 1 µm. B: Apex with straight
microvilli containing thin filaments. Scale bar: 0.5 µm. C: Detail of a cell apex with numerous mitochondria and adjacent inclusions
representing lipid droplets and spherites. Scale bar: 1 µm. Abbr.: LI, lipid droplets; LU, lumen; LY, lysosome; MI, mitochondrium; MV,
microvilli; N, nucleus; SP, spherites.

F. 12: Ventriculus. A: Lumen with a food bolus containing remains of eucaryotic cells (arrowheads) and unidentifiable material (x). Note that
the food is surrounded by a distinct peritrophic membrane composed of several sheets of dense material. Scale bar: 5 µm. B: Basal region
of the ventricular epithelium showing many plasmalemma-infoldings associated with mitochondria (basal labyrinth). Scale bar: 1 µm. C:
Detail showing layers of peritrophic membrane. Scale bar: 2.5 µm. D: Detail of material in the ventricular lumen demonstrating strands of
material. Scale bar. 0.5 µm. Abbr.: Fbo, food bolus; LI, lipid droplets; LY, lysosome; MV, microvilli; N, nucleus; SP, spherite.

F. 13: Ventriculus. A: Microcvilli with microfilaments that run into the apical region of the cell (terminal web). Note the intercellular spaces
between adjacent cells filled with dense material obscuring the septa of smooth septate junctions. Arrowheads indicate microtubules. Scale
bar: 0.25 µm. B: Cell membranes separating two cells more basally. Note that the region with a smooth septate junction continues abruptly
(arrowhead) into a rather long gap junction. Scale bar: 0.25 µm. C: Basal region of the epithelium showing basal lamina penetrated by short
finger-like processes (arrows) of an underlying fat-body cell. Scale bar: 0.5 µm. Abbr.: BL, basal lamina; ECM, extracellular matrix
surrounding fat body cell; FB, fat body; fP, finger-like process; gj, gap junction; MI, mitochondrium; MV, microvilli; ssj, smooth sepate
junction; tw, terminal web; za, zonula adhaerens.
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F. 14: Ventriculus. A: Golgi body (dictyosome) attached to dense matrial showing an unusual patterned structure (arrowhead). Note the
small, dense inclusions developed within the cisternae of rough endoplasmic reticulum (arrow) and containing a material similar to the
dense substance found in the spherites. Scale bar: 0.5 µm. B: A small Golgi field comprising two dictyosomes close to the nucleus. Note the
dense inclusions and patterned structure (arrowhead). Scale bar: 0.5 µm. Inset: Honeycomb-patterned material occasionally seen in the
cytoplasm of ventriculus cells. Scale bar: 0.25 µm. Abbr.: D, Golgi body (dictyosome); N, nucleus; rER, rough endoplasmic reticulum; SP,
spherite
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F. 15: Drawing showing detail of the ventriculus from an area close to the esophageal valve. Arrowheads indicate patterned structures, arrows
point to dense inclusions formed within ER cisternae. Abbr.: BL, basal lamina; D, Golgi body (dictyosome); FB, fat body; fP, finger-like
processes; LI, lipid droplets; M, muscle cell; MI, mitochondrium; MT, microtubules; MV, microvilli; N, nucleus; rER, rough endoplasmic
reticulum; SP, spherite; tw, terminal web; za, zonula adhaerens (other junctions not shown)
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The epithelium is underlain by a multilayered basal
lamina, into which the epithelium anchors with basal
cell processes. There is a rather strong muscle layer
surrounding the epithelium. It consists of cells
containing myofilaments that run predominantly in
the transverse plane, thus forming a circular muscle
layer. However, there are also some bundles of myofilaments within the same cell running in a logitudinal
direction.
The esophagus extends into the ventriculus with a
pronounced esophageal valve, as mentioned above.
This valve is composed of the same elements as the
esophagus and is formed as a funnel or tube. At the
inner edge of the valve, which is within the ventriculus, the epithelium turns back to the wall of the
ventriculus, into which it continues. A basal lamina
between the two epithelial layers is only evident in the
basal parts of these doubling epithelia. Muscles have
not been observed in the valve. Towards the basal
region of the valve, the cuticle exposed to the lumen
of the ventriculus becomes continuously thinner and
eventually represents only a fine, dense layer (epicuticle), which continues into the intercellular cleft
between the last circle of esophageal epithelial cells
and the first circle of epithelial cells of the ventriculus
and finally ends close to the basis of the epithelium.
The shape of the esophagus and the valve likely
allows the lumen of these tubular or funnel-like parts
of the foregut to expand.
Midgut:
The midgut is recognizable in the living specimens
due to the rather translucent body cuticle, particularly in juveniles. Ventriculus and caeca usually
appear light brown. The preventricular glands are
often dark brown. The ventriculus, colon, postcolon,
and anal atrium may contain a food bolus or faecal
pellet, respectively. Food was never seen in the caeca.
Anterior midgut :
The anterior midgut is composed of the ventriculus, a pair of anteriorly projecting small caeca, i.e. the
preventricular glands, and a pair of posteriorly directed larger caeca.
Ventriculus (F 1, 11-15):
The epithelium of the ventriculus starts from the
basis of the valve. Apparently, there is only one cell

type in the ventriculus epithelium, although the shape
and supply with inclusions may diﬀer according to
the physiological state of the cells. For example, the
cells may be columnar or cuboidal. They may contain
granules, composed of concentric layers of dense and
less dense material (spherites), in various numbers
and sizes. Furthermore, the presence and appearance
of lysosomes may vary. Also, the cell bases may diﬀer
in that they are equipped with a more or less elaborate
system of basal infoldings. At least in some specimens, it appears that such infoldings (basal labyrinth)
are most developed in those cells that are close to the
esophageal valve. Also in this area, the cells tend to be
more cylindrically shaped, whereas they are more
cuboidal in the posterior part of the ventriculus.
In general, the cell apices are provided with microvilli, which are of irregular shape close to the esophageal valve, but in most parts are straight and of
constant length. They are very regularly and densely
arranged, thus forming a distinct brush border. The
microvilli contain longitudinally arranged microfilaments (probably actin). They are connected apically
by short zonulae adhaerentes and long, smooth septate junctions. More basally, there are also rather long
gap junctions (F. 13A,B). At least in the anterior
region, the cells show four rather distinct regions. An
apical region is composed of a regular brush border
and a thin area below the microvilli, which is almost
free of organelles. This is the area of the terminal
web, containing many filaments. A thin region follows, which almost exclusively contains many mitochondria. This region is followed by an extensive area
that shows numerous inclusions. Some are electron
lucent and likely represent lipid droplets. Others,
which are more frequent, contain dense material,
which is often located in a large lucent area. Larger
granules, spherites, show a concentric structure, i.e.
alternating dense and lucent layers. They are apparently rather hard and, hence, are often destroyed
during sectioning. Between these inclusions, mitochondria can also be seen. Free ribosomes as well as
cisternae of rough endoplasmic reticulum are found
here too. The following nuclear region is defined by
the location of the nuclei in the basal region of the
cells. The nuclei are rather large with a slightly irregular surface provided with ribosomes. A large nucleolus is present. In this region and even more basally,
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F. 16: Preventricular gland. A: Overview showing the small lumen and cells largely filled with very dense spherites, which are frequently
destroyed during sectioning. Note, at right, an area where the cytoplasm appears to be under destruction (asterisk). Scale bar: 5 µm. B:
Detail with spherites and numerous small inclusions. Scale bar: 1 µm. Abbr.: D, Golgi body (dictyosome); LU, lumen; MI, mitochondria;
SP, spherite
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F. 17: Preventricular gland. A: Nuclear region. Lobated nucleus is sectioned twice. Scale bar: 1 µm. B: Periphery of the preventricular gland
close to the synganglion. Note the peculiar lamellated area (lamellated body) in the brain’s periphery. Scale bar: 2.5 µm. C: Lamellated body
at higher magnification. Scale bar: 1 µm. Abbr.: LB, lamellated body; LY, lysosome; N, nucleus; Prgl, preventricular gland; SY, synganglion
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F. 18: Drawing of a detail of the preventricular-gland epithelium. Asterisk indicates a region under destruction. Abbr.: D, Golgi body
(dictyosome); FB, fat body; fP, finger-like process; MI, mitochondrium; MV, microvilli; N, nucleus; SP, spherite.

the putative lipid inclusions and spherites mentioned
above are rather rare. Other organelles are still present as are small Golgi bodies (dictyosomes). The
small vesicles produced by the Golgi bodies show a
distinct patterned substructure. Small, very dense
granules develop within the cisternae of the rough
endoplasmic reticulum (F. 14A). Their contents is
similar to the dark material found in spherites. Cells
showing these activities are seen predominantly in the
anterior part of the ventriculus. In general, the basal
region of the cell appears more homogeneous than
the region above the nucleus. Microtubules arranged
baso-apically have been seen, but are rather inconspicuous. There are some basal interdigitations among
the cells (perhaps most prominent in the cells close to

the esophageal valve; see above). The epithelium rests
on a thin basal lamina, under which thin muscle fibers
are located. The cells of the fat body penetrate with
short finger-like processes through the very thin
extracellular matrix that surrounds the cell and the
rather thick basal lamina of the ventriculus epithelium (F. 13C).
The wide lumen of the ventriculus is largely filled
with a rather homogeneous flaky material of moderate electron density. However, in certain areas, there
are also parallel sheets and dense strands (precursors
of a peritrophic membrane?). A distinct, sometimes
very large food bolus containing more or less destructed food remnants may be found in the ventriculus,
which is surrounded by a thin multilayered secretion

F. 19: Caeca. A: Overview of the narrow lumen and apices of the three cell types that occur in the caeca: ER-cell, digestive cell, and spherite
cell. Scale bar: 5 µm. B: Detail showing mainly apices of digestive and spherite cells. Note the obvious microvilli border in the spherite cell
in contrast to the digestive cells. The latter contains heterogeneous vacuoles presumably filled with resorbed material. Scale bar: 5 µm.
Abbr.: DC, digestive cell; ERC, ER-cell; LU, lumen; N1, ER-cell nucleus; N2, spherite-cell nucleus ; SPC, spherite cell; Va, vacuoles with
ingested material in digestive cell

— 178 —

F. 20: Caeca; ER-cell. A: Apical part showing microvilli, dense cytoplasm, some mitochondria, and several lysosomes. Scale bar: 1 µm. B:
Detail with a nucleus containing large nucleolus, rough endoplasmic reticulum, and some dense inclusions. Note the prominent microvilli.
Scale bar: 1 µm. C: Another aspect of the nuclear region with an indistinct Golgi field. Scale bar: 1 µm. Abbr.: D, Golgi body (dictyosome);
LU, lumen; LY, lysosome; MI, mitochondrium; MV, microvilli; N, nucleus; rER, rough endoplasmic reticulum; Ve, secretory vesicles.
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F. 21: Caeca; ER-cell. A: Another view of a Golgi field close to the nucleus. Scale bar. 1 µm. B: Detail of the basal region of an ER-cell
connected to a fat-body cell via small finger-like processes (arrowheads) of the latter. Scale bar: 1 µm. Abbr.: D, Golgi field; FB, fat body;
LI, lipid droplets; MI, mitochondrium; N, nucleus; rER, rough endoplasmic reticulum.

(premature peritrophic membrane?). In the light
microscope, the food bolus appears rather dark.
The ventriculus slightly narrows posteriorly, where
it continues into the colon.
Preventricular glands (F 1, 16-18):
These glands are not very prominent in A. longisetosus. However, they are recognizable in the living
mite due to their frequently darker contents compared with the ventriculus and the fact that they slightly
protrude laterally. Apparently, they are merely represented by few large cells, which are densely filled with
very dark granular inclusions (spherites), which
themselves are darker than those in the cells of the
ventriculus. However, there are also smaller granules
as well as the organelles described above from the
ventriculus epithelium. Many mitochondria are present under the cell apex, and a large nucleus with a
conspicuous nucleolus is found deeper in the cell.

Some of these cells seem to degenerate, i.e. there are
large areas containing many of the granules but no
intact cytoplasm. The most anterior parts of the
preventricular glands are close to the lateral parts of
the synganglion, which shows distinct lamellated
neurons.
Caeca (F 1, 19-26):
There is a pair of large caeca. Each caecum extends
from the ventriculus parallel to the body sides. The
lumina of the caeca may be wide or narrow. It is filled
with a flaky material. We never observed food in the
caeca.
In contrast to the ventriculus, three diﬀerent cell
types were observed in the caeca and are arranged
fairly regular in the more or less cuboidal epithelium.
This arrangement is particular obvious in lightmicroscopic images. Here, densely staining cells alternate regularly with less- dense cells. The dense cells

F. 22: Caeca; digestive cell. A: Aspect of the apical region and lumen. Note the dense layer covering the cell apex that shows only very small,
irregularly distributed microvilli. Note the heterogeneous vacuoles. Scale bar: 1 µm. B: Detail of another cell. Note the irregular cell apex
with pinocytotic activity and tubular elements. Arrowheads point to tubules in contact with irregularly shaped vesicles. Note the diﬀerent
appearance of the large vacuoles compared with those in F. 22A. Scale bar: 1 µm. Abbr.: LU, lumen; MI, mitochondrium; Tub, tubular
structures; Va, vacuoles with ingested material.
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F. 23: Caeca; digestive cell. A: Pinocytotic activity at the apical cell surface. Note the dense layer covering the cell apex (x). Arrowheads
indicate tubules in contact with an irregularly shaped vacuole. Scale bar: 0.5 µm . B: Nucelar region. Scale bar: 1 µm. C: In this digestive cell,
a number of dense spherites is found. Scale bar: 1 µm. Abbr.: LU, lumen; LY, lysosome; MI, mitochondrium; N, nucleus; Pi, pinocytotic
coated vesicles; SP, spherite; Va, vacuoles with ingested material.
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F. 24: Caeca; digestive cell and spherite cell. A: Cell apices of both a digestive cell (right) and a spherite cell (left). Note the homogeneous layer
covering the cell apex of the digestive cell but lacking above the spherite cell. Scale bar: 1 µm. B: Detail of the middle region of spherite cells
showing spherites and large lysosomes. Arrows indicate small dense granules that develop within cisternae of rough endoplasmic reticulum.
Scale bar: 1 µm. Abbr.: LY, lysosome; MI, mitochondrium; MV, microvilli; N, nucleus; SP, spherite.
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F. 25: Caeca; spherite cell. A: Apical region with spherites, mitochondria, and microvilli. Scale bar: 1 µm. B: Nuclear region. Arrows indicate
dense granules within cisternae of rough endoplasmic reticulum. Scale bar: 1 µm. C: Another aspect of the nuclear region also showing lipid
inclusions. Sale bar: 1 µm. Abbr.: LI, lipid droplets; LU, lumen; MI, mitochondrium; N, nucleus; SP, spherite.

F. 26: Drawing showing part of the epithelium of a caecum. Note three distinctly diﬀerent epithelial cells. Abbr.: D, Golgi body (dictyosome);
DC, digestive cell; ERC, ER-cell; FB, fat body; fP, finger-like processes; LI, lipid droplets; LU, lumen; M, muscle cell; N, nucleus; rER, rough
endoplasmic reticulum; SP, spherite; SPC, spherite cell; Tub, tubulular structures; Va, vacuole.
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F. 27: Colon. A: The epithelium is rather flat with cells that do not show remarkable inclusions. Note the short microvilli. The food residues
are separated by a homogeneous layer from the cell apices. Note the largely digested remains of cell walls, likely from algae cells (x).
Arrowhead indicates intact bacterium. Scale bar: 1 µm. B: Largely intact green algae cell (Protococcus sp.?) in the lumen of the colon. Note
the well preserved chloroplast. Scale bar: 1 µm. C: Short microvilli and fibrous substance in the lumen (compare F. 12C). Scale bar:
0.5 µm. Inset: Small inclusion showing concentric lamellae frequently found in the colon cells. Scale bar: 0.25 µm. Abbr.: CP, chloroplast;
FB, fat body; Fbo, food bolus; fP, finger-like processes; LU, lumen; M, muscle cell; MV, microvilli; N, nucleus.
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are characterized ultrastructurally by masses of
rough endoplasmic reticulum and free ribosomes
(ER-cells). There are small Golgi bodies, small dense
vesicles, and a large nucleus with an irregular surface.
Its envelope has many nuclear pores, and a large
nucleolus is present. Apically, the ER-cell bears
microvilli. Due to their cell contents, these cells also
appear dense in the electron microscope. They are
neighbored by cells with a less dense cytoplasm. One
cell type almost lacks microvilli. Instead, its apex
includes numerous indentations and crypts. These are
associated with pinocytotic coated vesicles. The apex
of these cells is covered by a homogeneous layer of
material. In the cytoplasm below the crypts, there are
numerous vacuoles of irregular shape, to which smaller vesicles apparently fuse. The contents of these
vacuoles are quite heterogeneous. These cells also
contain concentric granules, mostly in a basal cell
area. The nucleus is of a similar appearance as in the
ER-cells, but rather inconspicuous between the large
vacuoles.These cells widely protrude into the lumen
of the caeca. They evidently show a pronounced
resorptive activitiy and correspond to cells most frequently called digestive cells (although the term
resorptive cells would probably be better; A &
S, 1983). The third cell type is similar to the cell
type described from the ventriculus, in particular due
to its containing the concentric granules (spherites)
and bearing a rather regular brush border. These cells
may be called spherite-cells. The nuclei of these cells
are oval or round. Many mitochondria are found in
these cells, predominantly in the apical region. There
are also small granules included in inflated cisternae
of the rough endoplasmic reticulum (F. 24B).
The epithelium rests on a thin basal lamina and a
muscle layer composed of few very thin muscle fibers.
The basal lamina is perforated by short finger-like
processes of the fat-body cells.
Postventricular midgut:
This part of the midgut consists of the colon, a
short intercolon, and the postcolon.
Colon (F 1, 27, 28):
The colon starts posteromedially from the ventriculus. A sphincter is not evident. The epithelium of

the colon appears irregularly shaped in the light
microscope. The cells are columnar, cuboidal, or
rather flat. Regarding the fine structure, there is only
one electron-lucent cell type. The cell borders are
short and simple-shaped. The nuclei are rounded and
also fairly lucent. Only few other structures have been
seen in the cells, such as some rough ER cisternae,
Golgi bodies, and occasionally small lipid inclusions.
Mitochondria seem to be extremely rare. The cell
apices bear short microvilli, which are frequently bent
by the contents of the colon. A homogeneous layer
separates the microvilli from the heterogenous
contents of the lumen. This layer may represent an
indistinct, premature peritrophic membrane. Under
the epithelium, there are a thin basal lamina and a few
muscle fibers. The basal lamina is perforated by small
finger-like processes of the fat-body cells.

F. 28: Drawing depicting a colon cell. Note the scarcity of organelles. Abbr.: D, Golgi body (dictyosome); FB, fat body; fP,
finger-like processes; M, muscle cell; N, nucleus; za, zonula
adhaerens (other junctions not shown).

The contents of the colon are characterized by
more or less destroyed food. Sometimes, almost
intact unicellular algae were recognizable. More frequent, however, are algae cells without cytoplasm,
where only the undigested cell walls remained intact.
Intercolon (F 1, 29-31):
We use the term intercolon, as suggested by B (2002), for a short transition zone between the
colon and postcolon. It is a distinct region of narrow,
elongated, densely staining cells that protrude with
slightly swollen apices into the lumen of the gut. In
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F. 29: Intercolon. A: Oblique section showing the slender cells bulging into the lumen, which contains a rather homogeneous material
surrounding the food. Note the dense inclusions in the cells and microvilli-bordered crypts (arrowheads). Scale bar: 5 µm. B: Detail with
nucleus, rough endoplasmic reticulum, small Golgi body, and dense inclusion. Scale bar: 1 µm. Abbr.: BL, basal lamina; D, Golgi body
(dictyosome); Fbo, food bolus; LU, lumen; M, muscle cell; MI, mitochondrium; N, nucleus.

F. 30: Intercolon. A: Detail of the transition between the intercolon and postcolon. The smooth cell apex of the intercolon cell contrasts with
the long microvilli of the postcolon. Note the dense inclusions in the intercolon cell. Scale bar: 2.5 µm. B: Basis of the intercolon epithelium.
Arrowheads point to microvilli-bordered crypts. Cells are strongly interdigitating. Note the thick basal lamina or extracellular matrix and
muscles. Scale bar: 2.5 µm. C: Detail showing a section through a crypt. Note the microvilli and dense material of bordering cells. Scale bar:
1 µm. D: Region with Golgi bodies that produce the dense inclusions. Scale bar: 0.5 µm. Abbr.: D, Golgi body (dictyosome); Fbo, food
bolus; LU, lumen; M, muscle cell; MV, microvilli of postcolon cell; N, nucleus; Ve, secretory vesicle.
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F. 31: Drawing of part of the intercolon. Note the deep crypts
(arrowheads) and dense secretions. Abbr.: D, Golgi body (dictyosome); M, muscle cell; N, nucleus; Ve, secretory vesicle; za, zonula
adhaerens (other junctions not shown).

microvilli, the length of which increases towards the
posterior part of this gut region. At the lateral
regions of the cells, smooth septate junctions and gap
junctions were frequently seen (F. 33). The cytoplasm of the cells appears quite heterogeneous due to
the numerous inclusions of various size and electron
density. They are likely produced at least in part by
the small Golgi bodies that are frequently found.
Lysosome-like structures, including multivesicular
bodies, are also present. Large nuclei and a pronounced rough ER are obvious. Mitochondria are
also frequent. Some pinocytotic vesicles are found
apically. The microvilli, which contain microfilaments, are covered by a distinct coat (glycocalyx),
which continues as a meshwork of thin fibers towards
the peritrophic membrane, which in turn surrounds
the food bolus (faecal pellet). In the light microscope,
the contents of this pellet are similar to that of the
colon but less dense than in the ventriculus. The
peritrophic membrane surrounding this material is
composed of two layers: an outer dense layer and a
less dense, but thicker inner layer. In both layers, a
fibrous component is seen. The fibers are arranged
irregularly.
The epithelium of the postcolon is also underlain
by a basal lamina and fine muscle fibers. The basal
lamina is perforated by processes of the fat-body
cells.
Hindgut:

these areas the apices are smooth. However, more
laterally, short microvilli are present and there are
evidently narrow crypts between these cells, which are
bordered by microvilli of the adjacent cells. These
tubular indentations almost reach the basis of the
epithelium. These cells contain much rough ER,
small mitochondria, and a small, frequently elongated nucleus with a conspicuous nucleolus. Most
evident are a few dense inclusions, which are produced by small Golgi bodies. There are comparatively
thick muscles under the epithelium embedded in an
extracellular matrix showing many layers. We did not
observe interconnections with fat-body cells.
Postcolon (F 1, 32-35):
In the postcolon, the cells are again more voluminous. However, most conspicuous is the supply with

Anal atrium (F 1, 36-40C):
The wall of the anal atrium starts abruptly with a
thin cuticle that is, similar to the cuticle of the esophageal valve-ventriculus transition zone, located
within the intercellular cleft between the most distal
cells of the postcolon and the most proximal cells of
the anal atrium. In this proximal region, the cuticle
consists of only a very thin and electron-dense (epicuticular) layer. The cuticle increases rapidly in thickness, however. Here, it is composed of a dense (epicuticular) layer bordering the lumen, a layer which is
less dense (exocuticle), and a thick layer (endocuticle)
composed of loosely arrranged fibers embedded in a
lucent matrix. In addition, there are dark particles in
this thick layer. A mesocuticle is less distinct. The
external (close to the lumen) layer of the cuticle is
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F. 32: Postcolon. Epithelium with nucleus, dense inclusions, small Golgi bodies, and many mitochondria. However, most distinctive are the
long and densely arranged microvilli. Scale bar: 1 µm. Abbr.: D, Golgi field; M, muscle cell; MI, mitochondrium; MV, microvilli; N, nucleus;
PL, plasmalemmae of adjacent cells; Ve, secretion vesicle.
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F. 33: Postcolon. Detail showing very heterogeneous cytoplasm with several Golgi bodies that produce small vesicles. Note the dense
inclusions formed within inflated cisternae of the rough endoplasmic reticulum (arrowheads). Arrows point to microtubules. Scale bar:
0.5 µm. Abbr.: D, Golgi body (dictyosome); gj, gap junction; LY, lysosome; MI, mitochondrium; N, nucleus; ssj, smooth septate junction.

F. 34: Postcolon. A: Long microvilli reaching the very distinct peritrophic membrane. Note the food bolus containing remains of eukaryotic
cells, probably of green algae; x indicates destroyed chloroplast. Arrowheads point to bacteria. Scale bar: 2.5 µm. B: The microvilli are
covered with a distinct glycocalyx forming a meshwork that apparently contributes to the outer layer of the peritrophic membrane. Scale
bar: 0.5 µm. C: Microvilli close to the peritrophic membrane in cross section. Note the regularly arranged glycocalyx attached to the
plasmalemmae of the microvilli and the meshwork-material between the microvilli extending towards the peritrophic membrane. Scale bar:
0.25 µm. Abbr.: FP, faecal pellet; GLY, glycocalyx; MV, microvilli, pM, peritrophic membrane
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foregut. The faecal pellet, which is described from the
postcolon in one observed specimen (see above),
continues into the proximal part of the anal atrium
without being modified. The proximal region of the
anal atrium is followed by a more distal part, in which
the thickness of the cuticle is drastically reduced,
mainly due to a condensation of the thick lucent
layer. Also, the epithelium is very flat here. The lumen
is narrow. No muscles have been observed under the
epithelium. This part of the anal atrium is an anal
canal which leads to the anal opening. The opposite
cuticular walls of the canal are thrown into folds
which alternate. Thus, both walls are intimately in
contact. More distally, the opposite walls are simply
parallel. Here, a distinct organization of the cuticle
into procuticle with endo- and exocuticle and a thin
epicuticle becomes evident. The procuticle is penetrated by frequent pore canals. They are straight in the
exocuticle, which shows no further layering, and of
equal width.
Anal opening (F 1, 40D):

F. 35: Drawing of part of the postcolon epithelium. Abbr.: D,
Golgi body (dictyosome); FB, fat body; FP, faecal pellet; fP,
finger-like processes; M, muscle cell; MI, mitochondrium; MT,
microtubules; MV, microvilli; N, nucleus; pM, peritrophic membrane; Ve, secretion vesicle; za, zonula adhaerens (other junctions
not shown).

folded. The epithelium of the anal atrium is rather
thick in the proximal region, but more distally it is
flat. It is quite dense and contains irregularly shaped
nuclei with much heterochromatin. Mitochondria,
lipid droplets, and lysosomes are also present. The
underlying muscle layer is very thick in the proximal
part of the anal atrium, i.e. the part with the thick
lucent cuticle. Indeed, this muscle layer is the most
prominent layer in the entire gut system except the

The part just described gradually continues into a
straight canal bordered by cuticle, which is more
similar to the body cuticle, i.e. the cuticle becomes
thicker and the exocuticle is layered in its deeper
parts. The endocuticle shows also layers of an irregular and wavy shape. Pore canals are frequent. They
are straight in the peripheral non-layered exocuticle.
In the deeper regions, they branch and are not
straight. They also have irregular borders. The epithelium continues into the epidermis of the body
or, more strictly, into the cuticle of the anal plates.
The epithelium is rather thick in this anal region.
Muscles attach to the anal plates, but are not considered here.
Microorganisms:
Microorganisms, i.e. bacteria, have been observed
in great numbers in the food bolus and in the faecal
pellet. They frequently appear intact (F. 34).
Except for this location, we have only seen bacteria in
the transition zone between the postcolon and anal
atrium. They are close to the microvilli of the postcolon and the cuticular wall of the anal atrium, respectively (F 37A, 38).

F. 36: Transition between the postcolon and anal atrium. A: A faecal pellet enters the anal atrium, which is provided with a thick, largely
electron-lucent cuticle. Arrowhead points to the starting point of the cuticle (epicuticle). Scale bar: 5 µm. B: Detail showing the dense
epicuticular layer starting in the intercellular cleft between the most posterior postcolon cell (apically with microvilli) and the most anterior
anal-atrium cell. The very beginning of the cuticle is found close to the basis of the epithelium (arrowhead). Scale bar: 1 µm. Abbr.: CU,
cuticle; FB, fat body; FP, faecal pellet; LY, lysosome; M, muscle cell; MV, microvilli; N, nucleus of the first epithelial cell of the anal atrium;
PL, normal plasmalemma between the last two epithelial cells of the postcolon; pM, peritrophic membrane; Ve, secretion vesicle.
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F. 37: Transition between the postcolon and anal atrium. A: Some microrganisms are seen. A blood cell (granulocyte) has moved under the
cuticle of the anal atrium. Scale bar: 1 µm. B: The peculiar cuticle of the anal atrium is composed of a very dense thin epicuticle and a rather
thick electron-lucent procuticle. The procuticle has a slightly denser sublayer immediately below the epicuticle. Note the very thin
epithelium. Scale bar: 1 µm. Abbr.: CU, cuticle; Ep, epithelium; GC, granulocyte; M, muscle cell; Mi, microorganisms; MV, microvilli.

F. 38: Details from a faecal pellet. A: Overview showing diﬀerent inclusions in the faecal pellet: remains of eukaryotic cells and cell walls.
Dark material may represent small parts of bark. Note intact spherites. Scale bar: 2.5 µm. B: Detail of fungal hypha with intact and digested
cells. Note the intact mitochondria and nucleus. The isolated cell in the middle of the micrograph is probably from another fungus. Scale bar:
1 µm. Abbr.: BA, bark; MI, mitochondrium; N, nucleus; SP, spherites.
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F. 39: Drawing of the transition between the postcolon and anal atrium. Note the cuticle starting between epithelial cells (arrowhead). Abbr.:
D, Golgi body (dictyosome); FP, faecal pellet; M, muscle cell; MI, mitochondrium; Mi, microorganisms; MV, microvilli; N, nucleus; PL,
normal plasmalemmae between the last two cells of the postcolon epithelium; pM, peritrophic membrane; Ve, secretion vesicle; za, zonula
adhaerens (other junctions not shown).

Fat body:
There is an extensive fat body (also termed interstitial tissue in some Arachnida), which occupies the
wide space between the digestive tract and the
integument, if it is not filled by other organs (F 1,
41-45).
In general, the fat body is composed of large cells
containing lipid droplets and aggregates of glycogen
together with mitochondria and some lysosomes. The
periphery of these cells is very complex due to an
irregular system of channels and crypts opening
at the cell surface, which itself is covered by a thin
basal lamina. We also observed fat-body cells with a
smooth surface, however.

In at least some specimens of A. longisetosus,
the fat body had some peculiar features that have
not been observed previously. The fat body
consisted here of extremely large and very few cells,
which showed an almost structureless cytoplasm.
However, large, spherical vacuoles were very conspicuous, which usually appear ‘‘empty’’ and only
show a border of dense material. Nuclei were
rarely seen. For example, in the posterior part of
the body, we found a very large nucleus with a
lobated shape. It was quite electron-lucent except
for several dense nucleoli. The nuclear envelope
beared many pores. There were also few mitochondria, which were located predominantly at the
periphery of these large cells. Rarely, we found

F. 40: Anal canal and anus. A: The procuticle of the anal atrium becomes thinner, leaving only the dense peripheral sublayer, which forms a
very dense exocuticle. Scale bar: 1 µm. B: The opposing cuticular walls of the anal canal form alternating folds. Scale bar: 1 µm. C: Detail
of the cuticle of the anal canal showing numerous pore canals traversing the exocuticular layer. Scale bar: 1 µm. D: The cuticle surrounding
the anal opening is strongly sclerotized and shows distinct sublayers. Note straight pore canals. Scale bar: 1 µm. Abbr.: A, anus; BCU, body
cuticle; CU, cuticle; EP, epithelium; GC, granulocyte; HL, haemolymphatic space; LU, lumen; LY, lysosome.
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F. 41: Fat body. A: Details of fat-body cells showing a complex cell periphery with a conspicuous system of extracellular channels. The
cytoplasm contains extensive fields of glycogen, some lipid droplets, mitochondria, and dense inclusions (lysosomes). Scale bar: 1 µm. B: A
fat-body cell close to the caecal epithelium. Note the part of huge nucleus containing distinct areas of heterochromatin. Scale bar: 2.5 µm.
Abbr.: DC, digestive cell; gly, glycogen; LI, lipid droplets; LY, lysosome; M, muscle cell; MI, mitochondrium; N, nucleus; SPC, spherite cell.

F. 42: Fat body. A: Low magnification showing the very large nucleus embedded in almost homogeneous ‘‘empty’’ cytoplasm. On the left, part
of one of the peculiar ‘‘empty’’ vesicles can be seen. Scale bar: 5 µm. B: Nuclear region with mitochondria and dense inclusions (lysosomes).
Scale bar: 1 µm. C: Detail of the nuclear envelope showing numerous nuclear pores, some of which are indicated by arrowheads. Scale bar:
0.25 µm. Abbr.: eVe, peculiar ‘‘empty’’ vesicle; LY, lysosome; MI, mitochondrium; MV, microvilli of postcolon; N1, nucleus of a fat-body
cell; N2, nucleus of a postcolon epithelial cell.
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F. 43: Fat body. A: Periphery of a fat-body cell with some vesicles and mitochondria. Large parts of the cell are obviously organell-free. On
the left, the integument can be seen. Scale bar: 1 µm. B: Peculiar ‘‘empty’’ vesicles embedded in homogeneous organell-free cytoplasm of a
fat-body cell. Scale bar. 5 µm. C: Dense inclusion, which may be a precursor of the ‘‘empty’’ vesicles. Note some mitochondria and fields of
smooth ER. Scale bar: 1 µm. Abbr.: BCU, body cuticle; eVe, peculiar ‘‘empty’’ vesicle; FB, fat body; HL, haemolymphatic space; LY,
lysosome; MI, mitochondrium; N, nucleus; sER, smooth endoplasmic reticulum.

F. 44: Fat body. A: Caecal epithelium interconnected with a fat body-cell by short finger-like processes (arrowheads). Note the large ‘‘empty’’
vesicle in the fat-body cell. Scale bar: 1 µm. B: Detail showing finger-like processes (arrowheads). Arrows indicate inflated cisternae of rough
endoplasmic reticulum containing dense granuels. Scale bar: 0.5 µm. C: Finger-like processes at high magnification. Note that the processes
penetrate through the basal lamina of the epithelium and extracellular matrix of the fat-body cell. The intercellular cleft between the process
and the caecal cell is very much reduced (arrows). Scale bar: 0.25 µm. Abbr.: BL, basal lamina; ECM, extracellular matrix; eVe, peculiar
‘‘empty’’ vesicle; FB, fat-body cell; LU, lumen; MI, mitochondrium; SP, spherite.

F. 45: Fat body. Another aspect of a fat-body cell. A: Close to the genital system, fat-body cells are modified and show rich endoplasmic
reticulum, whereas adjacent cells keep the predominating characteristics of peripheral mitochondria and central, almost organell-free
cytoplasm. Scale bar: 2.5 µm. B: A modified fat-body cell with dense cytoplasm showing prominent nucleus. The neighboring fat-body cell
is of the type provided with huge inclusions. Scale bar: 5 µm. Abbr.: eVe, peculiar ‘‘empty’’ vesicle; FB, normal fat-body cell; HL,
haemolymphatic space; mFB, modified fat-body cell; MI, mitochondrium; N1, nucleus in the oviduct epithelium; N2 nucleus in a fat-body
cell.
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F. 46: Functional scheme of the probable action of the pharynx. Dorsal dilators are only partly drawn. A: Pharynx in the narrow lumen state.
The transversal depressors have contracted (arrowheads) and, thus, the lateral edges of the pharynx are drawn medially and, consequently,
the roof of the pharynx is moved ventrally. The arrows indicate the movements of the roof of the pharynx and lateral edges in the next step.
B: Pharynx in the wide lumen state. The transversal muscles have relaxed and the dorsal dilators and ventral muscles have contracted
(arrowheads). Thus, the dorsal roof has moved dorsally and the lateral edges of the pharynx are moved outward. The arrows indicate the
movements of these parts in the next step (see A). The roof of the pharynx thus switches up and down between the two positions. The floor
of the pharynx remains fixed, although the (probably) elastic ventral ridge may be pressed down when food passes through the lumen of the
pharynx. Abbr.: Ce, cervix; cZ, connecting zone; dM, dorsal dilator muscles; LU, pharynx lumen; tM, transversal depressor muscles; vI,
ventral cuticular wall the of infracapitulum; vM, ventral muscles; vR, ventral ridge.

clusters of smooth endoplasmic reticulum (F.
43C).
Furthermore, cells located in the same body compartment as the fat body may also show a completely
diﬀerent appearance. These cells are filled with endoplasmic reticulum and have only been observed close
to the female genital tract.
The fat-body cells are provided with small processes, which penetrate through the basal lamina of
the midgut epithelium and protrude into the basal
parts of the midgut cells. The plasmalemmae of
both epithelia closely approach each other in these
process areas.

D
Our results on the digestive system of A. longisetosus are generally in accordance with those on other
oribatid mites. However, a number of observations
can be added to what is already known, which may
improve the view of the digestive tract of oribatid
mites.
To make a comparison easier, we first present a
table of terms that have been used to describe the
digestive system of oribatid mites (T I). We
consider the cuticle-lined parts of the gut to be foregut and hindgut, respectively. Many authors evidently lumped two distinct parts together as a rectum,
a part without a cuticular intima and bearing a pro-
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nounced border of microvilli (our postcolon), which
we consider to belong to the midgut, and a subsequent part with a cuticular lining, the hindgut or anal
atrium.
In contrast to the esophageal valve, which is almost
constantly described or at least figured by other
authors, the presence of other valves between the
following parts of the digestive tract is ambiguous.
M (1884) found valves between the ventriculus
and the colon (his small intestine) as well as between
the postcolon (his colon) and the rectum. T
(1968) also observed a valve (valvula) between the
ventriculus and the colon. According to HM (1967), an esophageal valve is lacking in
Damaeidae and is replaced by a strong sphincter
muscle that closes the connection between the crop,
which is present in species of this family, and the
ventriculus. The same author found that the ventriculus is usually closed against the colon, although there
is no sphincter. In contrast, H-M (1967)
only found a slight constriction between colon and
postcolon and also an only indistinct histological
border between these two sections. W &
C (1962) denied the existence of muscles in the
midgut. However, H-M (1967) demonstrated the occurrence of a regular muscular network
composed of thin ring and longitudinal muscles
under the midgut epithelia except for the caeca; the
former located directly under the epithelium, the latter placed close to the haemocoel. Because of movements observable in living Steganacarus sp., HM (1967) indirectly concluded that the caeca
must also have a muscle layer. We found direct evidence of muscles in all parts of the digestive tract,
except for the posterior part of the anal atrium.
Foregut:
Our study confirms once again the characteristic
crescent-shape of the pharynx and its peculiar supply
with muscles that seems to be profoundly diﬀerent
from anactinotrichid mites. Furthermore, we could
demonstrate that the highly specialized floor of the
pharynx, with its peculiar attachment cells, is probably a more general characteristic of Oribatida. However, this region is probably less complex than that
shortly and first described from Eupelops sp., which
shows a rather complex cuticle (A & C,

1999). W & C (1962) described ‘‘a ventral connective tissue block, which is attached by
short, thick muscles to the pedipalpal coxa-sternum’’
(i.e., the ventral infracapitular wall) and holds the
pharynx in place. A similar description was given by
H-M (1967), who distinguished lateral
and ventral dilators. Apparently, these authors referred to the attachment region just mentioned and
regarded the peculiar attachment cells (forming typical microtubule-associated junctions; N &
N-T, 1998) to be ventral muscles/
dilators. However, we did not observe these muscles.
Instead, our observations of the pharynx showed a
muscular supply that is largely similar to that described from other Actinotrichida (e.g. P, 1967;
A, 1973; A & C, 1999). In particular, we have demonstrated the presence of ventral
muscles (corresponding to the lateral dilators of
H-M, 1967). Hence, in addition to the
diﬀerence between the general shapes of the pharynges between Anactinotrichida and Actinotrichida,
there is also a profound diﬀerence with regard to the
muscle system. This would also imply functional differences, of course (W, 1947). We suggest that,
in addition to the muscles, the elasticity of the dorsal
roof of the pharynx is important for the movements
of the pharynx. Certainly, the attachment and thus
fixation of the ventral floor of the pharynx to the
infracapitular wall is also of functional importance.
This peculiar characteristic has — as far as we are
aware — not been reported in detail from other mites.
It would be of much interest to know whether this
peculiarity also occurs in, e.g., Acaridida. Interestingly, a figure given by E (1992; F. 7.3) seems to
indicate a cuticular connection between the floor of
the pharynx and the wall of the infracapituum in an
acaridid mite.
Presently, we suggest the following mechanisms
of pharyngeal action in Archegozetes longisetosus
(F 46).
1. In a resting phase, the pharynx has a narrow
lumen; dorsal dilators, ventral muscles, and the transversal depressor muscles are relaxed. The edges (commissures) of the pharynx are curved medially.
2. In order to ingest food, the dorsal dilators and
the ventral muscles are contracted. Hence, the roof of
the pharynx is moved dorsally. By the action of the
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ventral muscles, due to their peculiar attachment to
the edges of the pharynx, the edges are moved
outward and the roof clicks upward (dorsally). Thus,
the pharynx lumen is widened.
3. To narrow the lumen again, the transversal muscles are contracted, thus pulling the edges of the
pharynx medially. The dorsal dilators and ventral
muscles are relaxed and the pharynx roof switches
ventrally and thus narrows the lumen.

It seems likely that these movements run through
the pharynx as a metachronic wave, hence moving the
roof of the pharynx in a pulsating manner (W,
1947) and, by this action, moving and forcing food
into the esophagus. The mechanism suggested
depends on a complex muscle-cuticle antagonism
described in T II.

Contraction of muscles

antagonistic relaxing force

dorsal dilator muscles

dorsal roof of pharynx moving ventrally due to activity of
transversal muscles
lateral edges of pharynx moving medially upon contraction
of the transversal muscles
lateral edges moving laterally and outward due to contraction
of ventral muscles

ventral muscles
Transversal depressor muscles

T II: Antagonistic elements that are presumably responsible for the movements of the pharynx.

The movements of the pharyngeal roof may be
compared with the movements of a thin plate of tin
that is switched between two positions when pressed
between the fingers from the thin edges. This complex
pharynx mechanism may help to manipulate the food
not only very eﬀectively but also economically, saving
energy since a considerable part of the required forces
is released by the roof switching between two positions.
The peculiar cuticle in the floor of the pharynx may
have elastic properties that allow the depression of
the thick median ridge of rather electron-lucent cuticle during the passage of food particles. It may be
speculated whether the lack of dense fibers in this
ridge is due to a predominance of resilin, a perfectly
elastic protein present in arthropods (A,
1982).
In Tetranychidae, the cuticular floor of the propharyngeal canal and pharynx is also continuous with
the integumental cuticle of the infracapitulum. The
cuticle in the proepharyngeal canal is penetrated by
the canal of the inferior commissure (  H, 1989), which opens on the ventral side of the
infracapitulum in the so-called rostral fossette (S et al., 1973; A & C, 1985; A
& G, 1990; N &  L, 1991; N & A, 1996; A & C, 1999). A

rostral fossette also occurs in other actinotrichid
mites, e.g. Tenuipalpidae and Cheyletidae, but has
never been seen in Oribatida. This fossette or, more
precisely, the canal connecting it with the pharynx
was interpreted as functioning as a vacuum valve,
allowing continuous flow of ingested fluids. Hence,
such a structure only makes sense in fluid-sucking
mites and is not useful in particle feeders such as
Oribatida. In any case, it is remarkable that such a
tight ventral fixation of the pharynx occurs in systematically rather distant actinotrichid taxa.
In contrast to observations on some brachypyline
Oribatida, the basal floor of the esophagus is not
thickened and thus does not form a basal ridge that
might function as a food mixer (like a tongue) (compare H-M, 1967; E, 1992; A &
C, 1999). This tongue seems to be simply an
extension of the modified basal wall of the pharynx
into the esophagus. Instead, in A. longisetosus, the
cuticular characteristic of this ventral layer expands
over the entire wall of the esophagus shortly posterior
to the pharynx. The cuticular wall of the pharynx has
strong longitudinal folds. Since the cuticle is very
electron-lucent, the same speculation indicated for
the pharynx may be oﬀered. There may be a resilincomponent providing elasticity to the esophageal
wall, thus helping to regain the narrow-lumen condi-
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tion after passage of a food particle and aiding in a
continuous flow of food. No crop or ingluvies, first
described by N (1854) and later also by
M (1884) from several oribatid species, is present in A. longisetosus. Such a crop was also seen by
H-M (1967) in Damaeidae and by
A & C (1999) in Chamobates sp. Most
authors discussing the muscular layer of the esophagus only mention ring muscles (e.g. M, 1884;
W & C, 1962; H-M, 1967).
From our observations, it is evident that the orientation of the sarcomers are indeed predominantly
arranged in such a way that the myofibril will encircle
the esophagus. But some bundles of myofilaments
found in the same cell are arranged parallel to the
esophagus’ longitudinal axis. Hence, the shape of the
muscle cells and the action of these cells may be
somewhat more complex than previously considered.
The lack of or at least sparsely occurring longitudinal
muscles or myofibers may be explained by the peculiar function of the pharynx, which is able to force
food into the esophagus. Thus, after accepting food,
the ring muscles of the esophagus need only to
contract in a metachronic way from anterior to posterior following the food. Relaxation of the ring muscles will occur by the pressure from the next food
portion pushed into the esophagus by the pharynx
action.
An esophageal nerve known to occur in Anactinotrichida and also described from some actinotrichid
mites, e.g. Tetranychidae (B, 1945) and
Trombidiidae (M, 1962), was not observed.
Details of the conspicuous valve formed by the esophagus at its entrance into the ventriculus are added
to the short description given first by A &
C (1999). The function of this valve is evidently
to prevent food from the ventriculus from entering
the esophagus. Such a valve is frequently found in
Acari (A & C, 1999). Whether the valve
prevents the extrusion of digestive fluids from
the ventriculus onto the food may also be considered.
Midgut:
The midgut of Archegozetes longisetosus shows the
general organization described in the Introduction.

Anterior midgut:
The ventriculus is a voluminous organ often
containing food. According to H-M
(1967) and T (1968), particulate food that
enters the ventriculus is first randomly distributed,
but after a time gathers in the center, forming a small
ball of food. The food is enveloped by a layer.
H-M (1967) and T (1968) thought
that digestive enzymes come from the preventricular
glands and the cells of the ventriculus. T
(1968) suggested that the envelope is derived from
secreta of the caeca. Our study has confirmed that the
food is surrounded by a distinct layer of material that
presumably acts as a peritrophic membrane. Thus, a
distinct food bolus is formed that is not in direct
contact with the epithelial cells. The origin or formation of the peritrophic membrane is not yet known.
We have already seen a layer surrounding the food
bolus in the ventriculus. Presumably, the formation
of such a large bolus prevents food from entering the
caeca. In contrast to B (1973), who did not
recognize a distinct peritrophic membrane, such a
membrane was reported at the light microscopic level
as occurring at least in the colon by, e.g., W
& C (1962), H-M (1967), T
(1968) and Š (1989). According to D
(1975), an indistinct peritrophic membrane is already
present in the ventriculus. The figures of H et
al. (1999, 2000) clearly show that food is already
aggregated and surrounded by a peculiar material
formed by a distinct thin layer (of mucoid material
acc. to these authors) in the ventriculus. They further
suggest that this material at least partly comes from
the salivary glands. This would be in accordance with
observations of W (1993) from the fur mite Listrophorus leuckarti (Acaridida), in which peritrophic
membranes were seen already in the esophagus.
In this study, we use the term peritrophic membrane in a broad sense, e.g. including all distinct layers
surrounding the food and separating it from the epithelium (P, 1968). The chemistry of these layers
in Acari is not yet known. Most authors refer to it as
a mucuous or mucoid layer (e.g., H et al., 1999).
E (1992) thinks that the peritrophic membrane is
probably a mucopolysaccharide. It is known from
insects that the peritrophic membrane contains chitin
(e.g., B et al. 1998).
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T (1968) has suggested that food may be
continuously added to the bolus already present in
the ventriculus. According to him, this newly ingested
food will stick to the layer surrounding the already
present bolus and a new layer will be added. Thus,
after several such processes, a multi-layered structure
will result. Such a layered food bolus was never seen
in our specimens, in contrast to observations by S_
(1989) in Hypochthonius rufulus. We suggest that different strategies of food requiration may occur. For
example, specimens may feed for some time, gathering a certain amount of material in the ventriculus.
Then, they will cease further food uptake and will
digest the material in the ventriculus for some time.
Of course, it may be that other Oribatida behave
diﬀerently, e.g. in the way T (1968) has described. For clarification, further observations on living
animals are needed. H-M (1967) and
T (1968) have observed the duration of food
retention in the diﬀerent parts of the digestive tract
and reported quite diﬀerent results. In the species
observed by H-M (1967), time in the ventriculus was 6-9 h (Steganacarus magnus, Phthiracarus piger, Rhysotritia ardua, Nothrus palustris) and 1,5
h in Oppia sp., whereas T (1968) reported from
1 h (Phthiracarus pavidus) to 1,5-2 h (Hypochthonius
rufulus, Nanhermannia nana, Oppia sp.). S_ (1992)
mentioned that the time of apparent food retention in
the ventriculus was very short in the species he observed (Trichoribates trimaculatus, Scutovertex minutus,
Phauloppia lucorum) in comparison to the results
obtained by H-M (1967). It is likely that
these diﬀerences are related to diﬀerent types of
food being more or less resistant to the digestive
process.
The information on cell types in the anterior midgut (ventriculus and caeca) of Oribatida has been
ambiguous up to now. Some authors report only a
single cell type in the ventriculus, provided with a
brush border that accumulates granules (spherites,
urospherites), bulges into the lumen, and finally
bursts into it (e.g., W & C, 1962; B, 1973). Others describe that only the apical part
of such cells is discarded in a manner similar to
apocrine secretion (e.g., Š, 1989; H et al.,
1999, S
Ì & Ht, 1999). T (1968) observed the apocrine type in some species (Galumna,

Ceratozetes, Hydrozetes, Euzetes, Liacarus), whereas
in others holocrine extrusion of cells occurred (Hermannia, Hypochthonius). This extruded material is
said to be added to the food (and thus is possibly at
least partly recycled).
H-M (1967) described two regions in
the ventriculus, an anterior (cardiac) one provided
with large cells, from which the preventricular glands
start, and a posterior (pyloric) region with smaller
cells. There is histological continuation between these
regions. This conforms with our observations. W (1947) distinguished columnar cells and sparse
vacuolated cells. In any case, it appears that the ventriculus epithelium is largely uniform and thus diﬀers
from the epithelia of the caeca.
In our study, we did not observe cell remains in the
lumina of the gut system. If such holocrine or apocrine extrusion of epithelial components occurs, the
cell remains (including spherites) are obviously very
quickly dissolved. We only very rarely observed spherites in the food boli. Extrusion of cells or part of cells
have also been described from other actinotrichid
mites (see e.g. A & C, 1999). According to
H-M (1967), secretion in the ventriculus,
preventricular glands and caeca occurs by merocrine
extrusion. We must admit that we did not find
direct evidence for any of these processes during this
study.
Many authors have reported concentric granules,
spherites, urospherites etc. They were probably first
described from an invertebrate by W &
N (1964), who studied a prostigmatid mite
Anystis sp., called them guanine spheroids and suggested that they might contain excretions (e.g., guanine). However, to our knowledge this has never been
proven. Such granules are frequently found in terrestrial invertebrates (H, 1989; K, 2002).
They are composed of organic and inorganic components and usually contain amorphous calcium and
magnesium phosphates, combined with a small
amount of organic material. Hence, these granules
represent mineral deposits in general. They are classified as type-A granules by H (1989) and may
also contain potassium, manganese, zinc, and lead. It
has been shown that, after feeding on heavy metals,
e.g. lead, this toxicant will appear in the spherites
(L et al., 1992, 1993; S et al., 1999). It
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seems very unlikely that the spherites contain digestive enzymes.
The ventriculus cells, at least those being close to
the esophageal valve, show a basal labyrinth, which
may indicate that active transcellular transport of
substances occurs. Such substances may include
water that thus may be removed from the ventriculus,
resulting in a first condensation of the ingested food.
Furthermore, excess or harmful components, such as
the metals mentioned above may be removed from
the food already in the ventriculus and be stored in
the cells until they are possibly extruded.
From the ventriculus, a pair of preventricular
glands originates, which have been frequently observed in Oribatida (e.g., M, 1884; W,
1947, W & C, 1973; B, 1973;
W, 1988; Š, 1989; L et al., 1992;
A & C, 1999; H et al., 1999). They
are apparently lacking in Lohmannioidea and
Enarthronota. In contrast to T (1968) who
reported their occurrence in Hypochthonius rufulus
(Enarthronota), this was denied by Š (1989). The
size and shape of these glands may diﬀer considerably
in the various taxa. In e.g. Ceratozetes cisalpinus, they
are merely represented by a few large cells in the
ventriculus, which are packed with ‘‘greenish, hyaline
granules’’ (W & C, 1962). Similar granules observed by these authors in other parts of the gut
are not colored green. Also, other authors have mentioned that the granules of the preventricular glands
diﬀer from those of other parts in the gut system (e.g.
M, 1884). In other species, the preventricular
glands frequently form short protuberances or small
pouches, which in some species may be connected by
narrow and rather long ducts to the ventriculus
(M, 1884). In Archegozetes longisetosus, the
glands are also not very prominent and seem to be
present simply by some slight protuberances bulging
anteriorly. Their epithelia diﬀer from that of the adjacent ventriculus in being very densely filled with dark
granules (spherites) that apparently cause the dark
brown color of these areas in living specimens. It
seems as if granule production is higher here than in
the other parts of the midgut. This idea is supported
by the observation of numerous vesicles of diﬀering
sizes. Interestingly, similar granules were seen in the
anterior part of the ventriculus wall close to the

preventricular glands. Some cells in the glands seemed to be in a state of degeneration, suggesting that
they or part of them may be expelled from the epithelium. Hence, it might be that there is some kind of
increased turnover. These preventricular glands have
been thought to provide digestive enzymes
(M, 1884; B, 1897; W & C,
1962; T, 1968), but this seems quite unlikely
now. It has been suggested that the preventricular
glands are places where calcium- and or
pH-regulation as well as detoxification of heavy
metals (and perhaps of other toxicants) may occur
(B, 1973, 1984; L et al., 1992; K et al., 1993). The preventricular glands of A.
longisetosus are very conspicuous due to the dark
granules mentioned above and are easily visible in
living specimens due to its transparent thin cuticle (in
particular in juveniles). More prominent preventricular glands are also obvious in living specimens of
other oribatid species possessing translucent cuticles.
Because of the granular structure, the general aspect
of, and the resistance of the granules to lactic acid,
these organs are also visible in macerated materials
and have been termed ‘‘organons racémiformes’’ (=
grape-like organs) (G, 1962). B
(1984) was probably the first to show (after 100 years)
that these ‘‘organons’’ correspond to the preventricular glands of M (1884). B (1984) also
realized that these organs change their appearance
and that it might be possible to connect the alimentary physiology of such species with their ecology.
This has been experimentally proven by L et
al. (1992), who demonstrated that the presence of
granules is dependent on CaCO3 supply and/or acidity of the substratum. Recently, it has been seen that
these organs may be tightly apposed to a peculiar
modification of the nervous system, resembling the
prominent light receptors (lamellated body) under
the so-called lenticulus of some oribatid mites
(A & F, 1988; 1990). Hence, the granules of the preventricular gland may indeed also
serve as screening material in light reception in some
oribatid species (A & C, 1999), as was
already previously suggested without distinct
knowledge of these peculiar structures by F &
L (1987a,b; see also S et al.,
1998c). Until now, lamellated bodies indicative of
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this probable light reception were only observed in
higher oribatid mites (Brachypylina). A. longisetosus
is the first early derivative oribatid mite showing this
peculiarity.
The caeca of A. longisetosus are remarkable since
they show three distinct cell types that are already
discernible in the light microscope. We must admit
that it is not certain whether these cell types really
represent diﬀerent cell-lineages or are simply diﬀerent
stages of development or function. Evidently, there is
one type that ingests material from the caecal lumen
via rapid pinocytosis. This cell has been most often
called digestive cell (see A & C, 1999
with further ref.), although the term ‘‘resorptive cell’’
coined by A & S (1983) would be more
appropriate. The ingested material forms vesicles,
which fuse with lysosomes into large vacuoles of
various appearance. Another cell type (spherite-cell)
is characterized by numerous spherites and may
represent simply a later stage following the phase of
rapid ingestions just mentioned. The spherites and
other heterogenous inclusions may simply represent
deposits of storage or waste material (see above). The
third type, which is also most conspicuous in the light
microscope, is characterized by its cytoplasm dominated by rough ER (ER-cell). It seems reasonable to
assume that these cells produce enzymes for extracellular digestion. Apparently, W (1947) recognized the same cell type, which he named glandular
cells. Since no obvious accumulation of secretion
granules is present in these cells, it may be that such
enzyme production occurs more or less continuously,
taking into account that food is constantly available
for these animals (see also H et al., 1999). This
is diﬀerent from predatory mites, e.g. Bdellidae (and
other Arachnida), which almost constantly show a
dimorphic epithelium dominated by digestive (=
resorptive) cells and secretory cells (A &
S, 1983; L & A, 1990; L et
al., 1994). The latter contain numerous vacuoles,
which likely represent enzymes, perhaps in an inactive
storage state.
Presently, it seems most plausible to us that, in the
caeca of A. longisetosus, the ER-cells represent a
distinct cell type, whereas the digestive-cells and the
spherite-cells may represent phases of the same type.
This is in accordance with the presence of spherites

also in digestive cells. These spherites may be remnants of a previous cycle of resorption that were not
extruded from the cell (compare A & S,
1983). Such cells may again be involved in resorption
and may then achieve digestive-cell appearance.
According to B (1973), in addition to those
cells described from the ventriculus, another cell type
containing a large vacuole is seen in the caeca. L et al. (1993) also found two types in Steganacarus
magnus, one containing crystalline inclusions with
abundant rough ER (thus resembling the ER-cells)
and another containing extensive vacuoles (resembling the digestive cells). Hence, the caecal epithelium
is evidently more complex than those of other parts
of the digestive tract.
In contrast, W & C (1962) and
H-M (1967) described the caecal
epithelium as being similar to that of the ventriculus.
Furthermore, we wish to point out the possibility
that the alterations in cell size and appearance that
occur during feeding might have been misinterpreted
by previous authors. For example, we think that
digestive cells which bulge deeply into the lumen are
very active cells that have increased considerably due
to fast ingestion of digested food into the many large
vacuoles (A & S 1983). They are certainly not degenerating cells. In contrast, bulging cells
containing numerous granules may not represent
secretory cells, but degenerating spherite cells that
may be (partly) expelled from the epithelium to
remove wastes. Evidently, further research is necessary to understand better the physiology of the oribatid digestive system.
Remarkably, the connections between the ventriculus and caeca are very narrow. Since we did not
observe evident sphincter muscles it seems that these
small openings are suﬀicient for preventing food
moving into the caeca. We never observed food in the
caecal lumina. The formation of a distinct food bolus
within the ventriculus may also be a means to keep it
within the ventriculus. M (1884) did not
usually observe food in the caeca and thought that
the function of the caeca might be diﬀerent from that
of the ventriculus, i.e. chiefly secretory. The function
of the ventriculus was thought to be mainly resorption. The description given by other authors seem to
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support the view that the caeca do not receive food
(e.g., V, 1940/1943; S, 1956;
H-M, 1967; Š, 1989), although this
was not always expressed specifically (e.g. H et
al., 1999). M (1884) and V (1940/43)
reported that the cells of the caecal epithelium largely
occlude the caecal lumen. Hence, it seems plausible to
us to assume that the food is mixed and processed
only within the ventriculus, digestive fluids are added
from the caeca and mixed with the food with the help
of movements created by the muscle layer under the
epithelia. The digested material is brought back into
the caeca and resorbed by pinocytosis. Movement of
the fluids from the caeca toward the ventriculus and
back may occur several times and the digested material may be selected by the digestive cells when suﬀiciently processed by the enzymes. Movements of the
gut system are easily visible in living animals under
the dissecting microscope due to the transparency of
its integument (T, 1968). Movements of the
food — including a transfer into the caeca — have
been described in detail by A (1980) from acaridid mites.
We did not find regeneration cells or mitotic activities in the entire digestive tract. Thus, it seems
reasonable to assume that only part of the cells is
discarded in a manner comparable with apocrine
extrusion of secretions (see above) and complete cell
regeneration or multiplication may occur only during
the molting cycle.
Postventricular midgut (posterior midgut):
The colon is rather inconspicuous and mainly
seems to represent a path for the food to reach the
postcolon. According to W & C (1962),
H-M (1967), D (1975), and Š
(1989), in the colon, a peritrophic membrane exists
around the food bolus in oribatid mites. The same has
been reported from several Acaridida (see A &
C, 1999 with ref.). In contrast, W (1993)
described a conspicuous folded peritrophic membrane in the ventriculus and also within the esophagus (!) of the fur mite Listrophorus leuckarti (Acaridida). From our observations it seems evident that at
least some components of the membrane are already
produced in the ventriculus. B (1973) found
basal plasmalemma invaginations ‘‘indicating a mas-

sive absorption of fluids from the hemocoel.’’ Remarkably, the cells that we found in the colon were extremely simple and almost lacking mitochondria and
membrane foldings indicative of transcellular transport.
Interestingly, we found a very small transition zone
between the colon and the more conspicuous postcolon. In this transition zone, which was recently called
‘‘intercolon’’ by B (2002), the cells are very
slender and bulge slightly into the lumen. It is this
region from which in some Acaridida so-called Malpighian tubules project into the haemolymph (e.g.
A  C, 1999; B, 2002). Distinct
Malpighian tubules have not yet been reported from
Oribatida (they are apparently lacking also in Actinedida; A & C, 1999), but the transition
zone mentioned above, probably even more prominent, was also observed in Cepheus tegeocranus by
W (1947) and in Ameronothrus lineatus by
B (2002). Hence, it seems that the intercolon
has a taxonomically broad occurrence within the Oribatida (and Acaridida; A & C, 1999). In
Archegozetes longisetosus, this short region is remarkable because of the slender cells, the probable secretory activity, and the narrow microvilli-bordered
crypts that almost reach to the basis of the epithelium. Furthermore, the rather thick muscle cells
under this region are remarkable. We think that this
region is capable of considerable extension due to the
peculiar epithelium, which suggests that it might be
stretched. Such a distension would be necessary
during passage of the food remains from the ventriculus to the postcolon (W, 1947). Hence, one
function of this area may be a sphincter action. Furthermore, the material produced in these cells may be
a contribution to the definite peritrophic membrane
surrounding the faecal pellet. It seems remarkable
that this area has apparently rarely been detected by
previous authors. From a phylogenetic-systematical
point of view, it would be of interest to study this area
in more detail. R (1909) already speculated that
the Malpighian tubules that have been reported from
some Acaridida have undergone a regressive evolution within Oribatida. On the other hand, A &
C (1999) doubt that these tubules in Acaridida
are really homologous with the typical Malpighian
tubules occurring in Anactinotrichida and many
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other Arachnida. Is it possible that Malpighian tubules evolved in certain Acaridida from this area convergently to those found in Anactinotrichida and other
Arachnida? It should be remembered that, more
recently, evidence has been accumulated that Acaridida have evolved from within the Oribatida (N, 1998). We agree with Bg (2002) that more
details on these systems from more actinotrichid taxa
are urgently needed.
The postcolon is most remarkable because of its
prominent epithelium, provided with tightly arranged microvilli of considerable length. This feature has
also been observed in other Oribatida as well as in
Acaridida (see A & C, 1999 with further
ref.). W (1947) apparently mistook the microvilli as a cuticle and, thus, did not distinguished the
postcolon from the rectum (= anal atrium). Together
with the many mitochondria and basal infoldings of
the cell membrane, this might be indicative of a certain capacity for transportion of water and ions
through the epithelium. Thus, this region of the
digestive system is quite certainly involved in waterand ion/osmoregulation. H-M (1967)
described alterations of the epithelium. W &
C (1962) and T (1968) already reported
that the food bolus is made compact and finally shaped in this region. Furthermore, according to our
observations, the peritrophic membrane is definitely
completed, likely with the contribution of glycocalyx
material from the surface of the microvilli. Only here
does it show an equal thickness and two distinct
layers, an outer dense thin layer and an inner thick,
less dense layer. Thus, it seems plausible to assume
that the peritrophic membrane not only is necessary
to protect the epithelium from mechanical or chemical destruction or against attack by microorganisms
as the most often suggested functions (P, 1968;
1992; B et al., 1998), but also has a function in forming a distinct faecal pellet that is easily
expelled and deposited later. Interestingly, it has been
found that faecal pellets of small microarthropods
are rather stable and long-lived and thus may ‘‘maintain the highest possible surface area for decomposition’’ (N, 1985). Possibly, the peritrophic membrane contributes to this stability.

Hind gut:
There is an abrupt transition from the postcolon to
the anal atrium. Interestingly, the cuticle starts from
the intercellular cleft between the adjacent epithelial
cells in a way similar to which it ends at the esophageal valve. More distally, the thick cuticle may very
well function as a cushion that helps keep the gut
closed until the faecal pellet is forced into the atrium
by the muscle layer under the postcolon epithelium.
Again, the almost structureless, electron-lucent
appearance of this cuticle suggests that elastic resilin
is a major component. The cuticle of the following
part of the anal atrium is thin, seems to be more
sclerotized and is thrown into opposing folds that fit
together, thus keeping the atrium close and narrow in
the resting state. H-M (1967) described a
strong muscular manchette around the anal atrium.
This is in accordance with our observations on the
proximal part and indicates a sphincter function.
Distinct muscles may move the anal plates. They have
not been studied here (see H-M, 1967;
G, 1969; W, 1984; M &
F, 1989 for details).
Microorganisms:
Microorganisms have frequently been observed in
oribatid mites. Several reports have dealt with gregarines that occur in the foregut (e.g. crop of Chamobates sp.: A & C, 1999) and midgut (ventriculus of undetermined Oribatida: M, 1884;
Hermannia gibba: B, 1970; Trichoribates trimaculatus: Š, 1992). These are certainly commensales or parasites, they have not yet been found in
Archegozetes longisetosus.
In contrast, bacteria seem to be of high importance
as symbiotes, providing enzymes for digestion of certain food components, e.g. structural polysaccharides
such as cellulose and/or lignin (S & S, 1978; S & S, 1976, 1981; see
also N, 1985). Direct evidence of bacteria in
the digestive tracts of oribatid mites by histological
observations or electron microscopy is scarce and has
demonstrated such organisms to be mainly present in
the colon and postcolon (e.g., D, 1974b;
A & C, 1999). In A. longisetosus, we
observed many bacteria within the food bolus or
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faecal pellet. They most likely present a food component. Whether their presence has a symbiotic eﬀect,
e.g. during food processing, is unknown. Except for
this occurrence in food material, we found only few
bacteria in the transition zone between the postcolon
and anal atrium adjacent to the microvilli. Of course,
this is not the place where one would expect a symbiote providing enzymes for digestive processes,
which most likely occur in the anterior midgut.
Hence, this problem requires more investigations.
E-V et al. (1999) mentioned a bacterial problem in their cultures of A. longisetosus.
Hence, it is also possible that the bacteria observed
may be harmful.
In our specimens, bacteria were evidently less
obvious as possible symbiotes. This may partly
explain why the food seemed to be still fair intact in
the postcolon, showing almost complete cells of the
organisms fed upon. Faecal pellets diﬀer from the
food bolus seen in the ventriculus by their lighter
appearance. This is due to the fact that more cells of
the ingested food are destroyed and digested, even
though some still seem to be intact. Intact food cells
were also seen in faecal pellets by H et al. (1999)
and H & Lš (2001). Due to the insuﬀicient digestion of such ingested food, oribatid mites
may be important as propagators of microorganisms.
According to S & R-D (1993) and
H et al. (1999), a number of oribatid mites do
not show cellulase activity. This would explain why
only the contents of, e.g. algae cells were digested,
leaving the cell wall largely intact, and why some cells
totally escaped enzyme activities.
In any case, it is well known that saprophagous
oribatid mites prefer food that has been already attacked by microorganisms (H & S,
1974; N, 1985). One can imagine that these
microorganisms may act as ectosymbiotes tended by
the mites, but also harvested together with the substratum they had colonized and are able to digest. It is
known that grazing by microarthropods has a positive eﬀect on the growth of microorganisms. The
mites may even be able ‘‘to sow’’ their food source,
since, as we have shown, ingested cells are only partly
destroyed in the digestive system, leaving a portion
intact for dispersal (see also B & H, 1978;
B-P & H, 1983).

Fat body:
This component is present in many Acari and is
very likely of mesodermal origin. It has been described under various terms (see Tab. I). Evidently, this
tissue may appear in very diﬀerent forms. It certainly
serves as an organ of storage since it frequently
contains many lipid vacuoles and glycogen. The
highly structured periphery and the closely associated
mitochondria suggest that there is an active exchange
of substances between the cytoplasm of these cells
and the haemolymph. Similar fat-body cells have
been described from other Oribatida (A &
F, 1988; L & A, ; L et al., 1991, 1992, 1993). A peripheral reticulum
of extracellular channels in fat-body cells has also
been described in insects (L, 1998).
The small finger-like processes that penetrate the
basal lamina of the digestive-tract epithelia, likely
forming gap junctions, are frequently seen in Actinotrichida, but have never been found in Anactinotrichida (A & S, 1983; L & A,
1990; A & C, 1999). Similar processes are
also present in Uropygi, Amblypygi, Araneae, Pseudoscorpiones, and Palpigradi, but were not seen in
other Arachnida (L & A, 1990; L
et al., 1994). In Xiphosura (H & P, 1972;
F, 1999), such processes are formed by a
separate type of cell (called podocytes by F, 1999) that connect the midgut epithelium with
the fat body (reserve cells). In Mystacocarida and
presumably also some other crustacean taxa, processes very similar to those reported from the Arachnida
mentioned above have been observed between the
midgut epithelium and so-called gut-associated cells
(GA-cells; F et al., 2002). However, no gap
junctions were seen. The presence of gap junctions
between processes of so-called liver cells and the
midgut epithelium in millipedes seems doubtful (e.g.,
S & R, 1977; K & A,
1991; H & R, 1992). Gap junctions that are
likely present in all mentioned chelicerates allow the
passage of small hydrophilous molecules, water, and
inorganic ions from one cell to the neighboring cell.
Hence, these structures would considerably facilitate
the transfer of these substances, including metabolites from the epithelium toward the storage organ or
vice versa. In summary, cells provided with such pro-
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cesses occur in a number of arthropod taxa. They
may be formed by fat- body cells as in Arachnida, or
by a specialized cell type as in Xiphosura and Crustacea. It is very likely that these processes represent a
plesiomorphic characteristic in Arachnida (L
et al., 1994). Apparently such cells do not occur in
Insecta (e.g., L, 1998).
N (1854) also described Gregarinida from
the fat body (= adipose tissue). However, this was
probably based on a misinterpretation, since it is
more likely that these organisms live in the lumina of
the foregut (see above).
In A. longisetosus, the fat body was seen to be very
strangely organized, being apparently composed of
only few very large cells with huge nuclei. At least in
some specimens, these cells also showed a very
strange cytoplasm, being almost structureless over
wide regions and containing peculiar ‘‘empty’’ inclusions. In living juvenile specimens that are almost
transparent, the body is frequently filled with rather
large, translucent, spherical droplets, which might
correspond to these ‘‘empty’’ inclusions. Since the
inclusions did not resemble typical lipid inclusions
either in the sections or during the observation of
living mites, we prefer the neutral term ‘‘empty’’ vesicles here. We never found spherites in the fat-body
cells (see also A & S, 1983). Other cells
located in the same body compartment, i.e. the haemocoel, but located close to the genital system,
showed a completely diﬀerent appearance. Their
cytoplasm was densely filled with rough endoplasmic
reticulum and, thus, these cells resembled the extraovarian nutritive tissue described from Gamasida and
many Actinedida (A & C, 1999; D
P & A, 2002). These cells were apparently
also seen by W (1947). It is likely that the
appearance of the fat-body cells may change according to the physiological state of the animal and their
precise function. Finger-like processes probably form
connections with the epithelium of all parts of the
midgut. The only exception might be the intercolon,
since we have not yet observed these processes there.
No such processes were seen in connection with any
other tissue.
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