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Fine structure of receptor organs in oribatid mites
(Acari)

G. ALBERTI

Abstract: Receptor organs of oribatid mites represent important characters in taxonomy.
However, knowledge about their detailed morphology and function in the living animal is
only scarce. A putative sensory role of several integumental structures has been discussed
over years but was only recently clarified. In the following the present state of knowledge
on sensory structures of oribatid mites is reviewed.

Setiform sensilla are the most obvious sensory structures in Oribatida. According to a clas-
sification developed mainly by GRANDIJEAN the following types are known: simple setae,
trichobothria, eupathidia, famuli and solenidia. In Eupelops sp. the simple notogastral setae
are innervated by two dendrites terminating with tubular bodies indicative of mechanore-
ceptive cells. A similar innervation was seen in trichobothria of Acrogalumna longipluma.
The trichobothria are provided with a setal basis of a very high complexity not known from
other arthropods. The setal shafts of these two types of sensilla are solid and without pores.
They thus represent so called no pore sensilla (np-sensilla). In contrast the shafts of the eu-
pathidium and the solenidion forming the double horn of the palp tarsus in Acrogalumna
longipluma are “hollow” and contain dendritic processes. The simple cuticular wall of the
solenidion bears pores. The solenidion hence represents a wall pore sensillum (wp-
sensillum) most likely functioning in olfaction. According to SEM figures eupathidia and
famuli may have terminal pores, but this needs to be proven by TEM. Terminal pore sen-
silla (tp-sensilla) frequently represent contact chemoreceptors (gustatory sensilla). Nothing
is known about the functional implications of the various different shapes of these setal

types.

Some preliminary results on slit sense organs (lyrifissures) are given. In Scutovertex mi-
nutus a notogastral slit sense organ is represented by a cleft in the “normal” procuticle
containing a modified, presumable more flexible cuticle. This cuticle bears a small process
apparently connected with a dendrite containing a tubular body. Hence these structures
likely represent mechanoreceptors similar to slit sense organs in other arachnid groups,
which are stimulated by alterations of cuticular strains. The fine structure of the slit sense
organ of Scutovertex, though only fragmentarily known, differs in some respect from that
of, e.g. spiders or ticks.

The chelicerae of Oribatida contain nerve fibres which terminate within the teeth of the
chelae. It has been suggested that these terminations may serve as gustatory receptors.

Many Oribatida possess photosensitive areas or organs. These are present in the form of
small ocelli in a few early derivative taxa (e.g. Heterochthonius gibbus) and are located on
the prodorsum. On the contrary many Brachypylina have ‘“clear spots” or lenticuli located
at the anterior border of the notogaster, hence in an opisthosomal position according to
present interpretation. These structures indicate the presence of very peculiar light recep-
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tors, which are regarded as being secondarily evolved organs. The receptor cells are evi-
dently derived from photosensitive neurons with perikarya located in the synganglion. The
receptor poles of these cells are lamellated and are in some species surrounded by pigment
containing cells likely derived from the fat body (e.g. Hydrozetes lemnae, Scutovertex
sculptus, Scapheremaeus argentina). In others the lamellated bodies are surrounded by
extensions of the ventriculus corresponding to the preventricular glands (Parapirnodus

sp.).

Genital papillae and Claparéde organs have never been seen to be innervated. Hence a sen-
sory function as sometimes suggested is unlikely. From the fine structure, which is almost
identical with that of genital papillae of other actinotrichid mites and ionocytes of other

arthropods, it seems most likely that these organs are involved in water-, ion- and osmo-
regulation,

Porose organs which are present in many oribatid taxa do not serve as sensory structures.
Some are innervated, but only by efferent neurons. Some porose organs of certain taxa
have a close spatial connection with simple setae in juveniles and/or aduits. This may indi-
cate a functional but also an evolutionary or ontogenetical link between these structures.

Introduction

Similar to other arthropods and to other Acari in particular, oribatid mites
possess a complex sensory system which includes setiform sensilla (sensory
hairs or setae), non-setal sensilla, photosensitive areas and/or photoreceptor
organs. All these represent exteroreceptors; interoreceptors such as mechano-
receptive neurons associated with muscles, present in other arthropod groups,
have not been observed in Acari (ALBERTI & COONS in press). Thus sense or-
gans of Acari are always in some way connected with integumental pecu-
liarites and thus are usually of a high taxonomic value. Hence there is a vast
amount of information about, e.g. types, location and appearance in ontogeny.
A specific nomenclature was first developed to designate these structures, in
particular setiform organs, with respect to Oribatida (e.g. GRANDJEAN 1935a,
1946a, 1947, NORTON 1977). This nomenclature was subsequently introduced
into other acarine and arachnid taxa (e.g. VAN DER HAMMEN 1989) and has
largely replaced the traditional descriptive classification of arthropod sensilla
according to external shape (e.g. sensilla basiconica, sensilla chaetica, sensilla
trichodea), at least in Actinotrichida (i.e. Actinedida, Oribatida, Acaridida).
There is no doubt that these studies gave much progress to the development of
acarine and oribatid systematics. Despite this importance, few publications
have focussed more closely on these organs to elucidate their detailed struc-
ture and specific function.

Fine structural and electrophysiological studies on a variety of arthropods
during the last decades brought a profound knowledge of arthropod sensory
systems that resulted in a function-related classification of setal organs (e.g.
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ALTNER 1977). However, Acari (except ticks) and Oribatida in particular have
largely been neglected. With the high structural variation in acarine sensory
organs compared to that in web spiders, which is probably the best investi-
gated arachnid group, a considerable lack of knowledge is evident. The pres-
ent paper reviews some recent results on oribatid sensory systems and adds
some new information.

Setiform Sensilla

Under this heading are considered those sensory organs which possess a
cuticular shaft protruding externally over the surface of the integument. Such
structures are frequently referred to as hairs, bristles or setae.

Main categories of arthropod sensilla based on ultrastructural features

As background information, the classification elaborated for setiform sen-
silla of other arthropods, which is based primarily on fine structure (see
ALTNER 1977; ALTNER & PRILLINGER 1980; STEINBRECHT 1984; BARTH &
BLICKHAN 1984; ALTNER & LOFTUS 1985; FOELIX 1985; REISSLAND & GOR-
NER 1985; HESS & VLIMANT 1986; STEINBRECHT 1997) and distinguishes the
following main types, is briefly reviewed:

‘No pore sensilla’ (np-sensilla) do not have pores or slits in the cuticular
setal shaft. The shaft frequently is solid. These sensilla are mainly mechano-
receptive and usually have a movable base (socket). The dendritic processes
of the receptor cells terminate at the base of the setal shaft and each contains a
bundle of densely arranged microtubules embedded in electron dense mate-
rial. These tubular bodies are characteristic of arthropod mechanoreceptors
and are considered to represent the site of stimulus transduction (THURM
1982). There are also np-sensilla with a shaft containing dendrites. Such sen-
silla may represent thermo- or hygroreceptive organs. They may also be in-
nervated by mechanoreceptive cells at their basis. Hence these sensilla may be
mono-, bi- or multimodal.

‘Terminal pore sensilla’ (tp-sensilla) have a terminal or subterminal pore.
The shaft is hollow and contains dendrites. These sensilla usually represent
contact chemoreceptive (gustatory) sensilla. They usually have an additional
mechanoreceptive termination contacting the base of the seta, which is mov-
able. They are thus bimodal sensilla. Tp-sensilla may also be hygroreceptive
and/or thermoreceptive.

‘Wall pore sensilla> (wp-sensilla) have numerous pores or slits in the setal
shaft, which is also hollow and contains dendrites that may or may not
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branch. These sensilla generally represent olfactory receptor organs and may
be monomodal in function or may also be involved in hygro- and/or thermo-
reception. They may or may not be provided with a movable socket.

The pores or slits presumably allow or mediate the entrance of molecules
into the shaft where they eventually reach the membrane receptors in the den-
dritic membranes, thereby provoking stimulus transduction (STEINBRECHT
1997).

There may be many subtypes based mainly on the fine structure of the
walls of the sensilla (see, e.g. IVANOV & LEONOVICH 1983; FOELIX 1985;
HESS & VLIMANT 1986; COONS & ALBERTI in press with further ref.).

A movable socket does not necessarily imply that the setal base is inner-
vated and that the sensillum acts as a mechanoreceptive organ.

This classification, which implies a functional component and requires an
electron microscope (TEM = transmission electron microscope, SEM = scan-
ning electron microscope) for analysis, needs to be brought into correspon-
dence with the classification of sensilla used broadly in systematics of Acari,
at least of Actinotrichida (see above). The latter classification is in part based
on a peculiarity of the cuticle of most of the setiform sensilla in Actino-
trichida, i.e. the presence of birefringence under polarized light (Fig. 1A, B;
for details see GRANDJEAN 1935a, 1946a, 1947; COINEAU 1974; NORTON
1977, 1990; KETHLEY 1990; PHILIPS 1990; EVANS 1992).

Types of actinotrichid setiform sensilla

Based primarily on light microscope (LM) investigations two main types of
setiform sensilla may be distinguished in Actinotrichida, each of which en-
compass several subtypes:

I) Setae without a cytoplasmic core (the hair shaft is comprised of cuticular
material only). Setae of this type are indicated by Latin letters.

a) Simple setae: These are thought to present mechanoreceptors since they
are set into movable sockets (but see above). They may be arranged in distinct
patterns on the body as well as on the appendages. In many taxa the number
of setae has increased considerably (neotrichy) and sometimes may cover the
whole body densely (e.g. velvet mites). Perhaps this type of seta shows the
most diverse shapes (Fig. 1A, C, D). It is usually composed of a birefringent
axis and an external non-birefringent layer. The latter is often referred to as
chitinous but includes also epicuticular material. The axis may be hollow (see
below) (GRANDJEAN 1947; COINEAU 1974; KRANTZ 1978; WOOLLEY 1988;
EvaNs 1992).
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The setation of mites is modified during ontogeny. The order of appearance
of a seta may be indicated by Arabic numerals (1, 2, 3) added to the notation
of the seta. N1 (protonymph), N2 (deutonymph) or N3 (tritonymph) indicate
the stage of ontogenetic appearance. These specifications may also be added
to the other types of setae.

b) Trichobothria: In Actinotrichida these specialised setae occur in re-
stricted numbers on the body as well as on the legs (Fig. 1B, 11) (GRANDJEAN
1943a; KETHLEY 1990). Anactinotrichida only exceptionally possess tricho-
bothria (EVANS 1992; ALBERTI & COONS in press). In general, bothridial setae
insert in deep, cup-like sockets (bothria, bothridia) (VAN DER HAMMEN 1980;
REISSLAND & GORNER 1985). At most there are two pairs of trichobothria on
the dorsal prosoma (prodorsum), a number found only in actinedid mites (e.g.
the endeostigmatid Bimichaeliidae, Nanorchestidae; Bdelloidea; Erythra-
eoidea). However, most often the number is reduced to only one pair (many
Actinedida) or trichobothria are completely lacking (e.g. Cheyletoidea;
Erythraeoidea; Eriophyoidea; Hydrachnidia; Halacaroidea, etc.). Oribatida are
well known for their well-developed pair of trichobothria on the prodorsum
(Fig. 1B, 2, 11), which is the only pair they possess. An additional pair of
trichobothria on the body is exceptionally found in the actinedid family
Ereynetidae and is located dorsolaterally on the posterior of the opisthosoma.
In a similar position a pair of trichobothria is found in the eupodid genus Be-
noinyssus, e.g. in Benoinyssus ereynetoides (Eupodidae, Eupodoidea) (BAKER
1990). Acaridida always lack trichobothria.

Trichobothria represent mechanoreceptors and are specifically differenti-
ated in many oribatid mites (some, however, lack them; see below). In older
literature the bothridia were often termed pseudostigmata in Oribatida (since
they were originally regarded as stigmata) and the trichobothria were hence
termed pseudostigmatic organs (in the descriptive literature and determination
keys terms such as organon, sensillum or sensillus are also in use). The
bothridial setae also are said to have an axis of birefringent material (Fig. 1B;
see, however, HAUPT & COINEAU 1975; ALBERTI et al. 1994; see below). The
axis may be hollow (GRANDJEAN 1935a, 1947; VITZTHUM 1940/43) but does
not have a cytoplasmic core (EVANS et al. 1961; ALBERTI et al. 1994). The
shape may differ considerably. In its most simple form it is a long, thin hair,
often provided with spicules. This type is most common in actinedid mites
(cf. Fig. 1B, 2B); however, even in this group various forms may occur (e.g.
Bimichaeliidae; Tarsonemina; KRANTZ 1978; KETHLEY 1990). In Bimichaelia
(Bimichaeliidae) the posterior pair is globose whereas the anterior pair is seti-
form. Further, in, e.g. some endeostigmatid mites (Actinedida), the tricho-
bothria are unusually arranged. In Lordalycus peraltus (Lordalycidae) the an-
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terior pair of trichobothria is located in a distinctive depression (GRANDIJEAN
1939a) and in species of Nanorchestidae the minute bothridial setae of the
anterior pair connect to an adjacent pair of normal setae (GRANDIJEAN 1942).
Remarkably, a similar arrangement evolved with the posterior pair of tricho-
bothria in some Bdellidae (Bdelloidea) (ATYEO 1960) and with the tricho-
bothria on tarsus I of certain Smarisidae (Erythraeoidea) (GRANDJEAN 1947).

Oribatida exhibit the greatest variation in shapes of bothridial setae. They
also have the most complex bothridia of all arthropods (GRANDJEAN 1961;
TARMAN 1961; ALBERTI et al. 1994) (Fig. 2). It is evident that these receptor
organs are correlated with the life habits of the mites. They are reduced or
even lacking in aquatic mites (including Oribatida; see NORTON et al. 1995)
and are said to have predominantly clavate or capitate forms in arboreal ori-
batid mites (AokI 1973). The exact functional significance of these differ-
ences in shapes is not known. For example, it has been suggested that the cla-
vate shape is more related to gravity perception (AOKI 1973; see also
COLLOFF & NIEDBALA 1996). However, NORTON & PALACIOS-VARGAS
(1982) thought that this shape might be related to another phenomenon, i.e.
the need to reduce sensitivity. The clavate bothridial seta could prevent over-
stimulation of the receptors in an environment (leaves, bark) that is continu-
ally exposed to moving air.

Similar to other setae, the structural characteristics of trichobothria may
change among the various instars of a given species (CALUGAR & VASILIU
1979). Since the cuticular structures and peculiar arrangements provide the
specific window through which the animal contacts its environment (BARTH
& BLICKHAN 1984), the functional significance of all these variations is a
broad field for study.

IT) Seta-like sensilla with a cytoplasmic core. (Sensilla of this type are indi-
cated with Greek notations).

These sensilla possess a protoplasmic core meaning that there may be ex-
tensions of the receptor cell(s) reaching into it. In LM observations, in par-
ticular of macerated specimens, they therefore appear to have a hollow axis.
These setae exist in three types: eupathidia, famuli and solenidia (Fig. 3, 4, 5,
6A). Eupathidia and famuli, together with bothridial setae and simple setae
are sometimes referred to as true setae, whereas solenidia are considered to
have not developed from normal setae (EVANS et al. 1961; KRANTZ 1978;
WOOLLEY 1988; KETHLEY 1990; EVANS 1992).

a) Eupathidia (acanthoides, pseudoacanthoides of GRANDJEAN 1946a) are
spine-like setae with a sheath of birefringent material around the hollow axis.
They are located on palps and legs and sometimes are branched (e.g. in the
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oribatid genus Hypochthonius, Hypochthoniidae; Fig. 3, 4). Eupathidia, which
may be simply indicated with ak, may replace simple setae and are thus ho-
mologous. They are given the same notations as normal setae would have in
the same position, when a designation of this homology is desired. To indicate
the eupathidial condition, the Greek letter zeta ({) is added. Eupathidial setae
are also located on the distal lobes of genital structures (ovipositors, sperma-
topositors). These setae bear different Greek letters (GRANDJEAN 1956a,
1956b, 1960).

b) Famuli are setae that resemble the eupathidia and are mainly defined by
their location on tarsus I (rarely tarsus II) and their usually smaller size. A
famulus may be umbellate, stellate or peglike and may be hidden in a small
pit. It is designated by an eta (g; also e is used) (Fig. 3, 5).

c¢) Solenidia completely lack a birefringent material and often insert into the
cuticle with a broad, immovable basis (Fig. 3, 4). Solenidia may occur on the
genua, tibiae and tarsi, but rarely on the femora. In Oribatida they are always
lacking on the femora. Notations for solenidia are both segmental and devel-
opmental: femorals are “theta” (8), genuals are “sigma” (o), tibials are “phi”
() and tarsals are “omega” (®) and the order or stase of appearance is added
(see above). These sensilla often have transversely striated walls (they are
thus usually represented in line drawings with transverse striations) and may
again differ considerably in shape. In some taxa they may represent long,
erect, bacilliform seta-like organs (Actinedida: Anystidae, Labidostommati-
dae; Acaridida: Acarididae) or whip-like forms (many Acaridida, Oribatida).
In others they are peg-like (Actinedida: many Tarsonemina). In several taxa
solenidia on tarsus I are recumbent (Actinedida: Eupodoidea), lying in a spe-
cialised membranous depression. This peculiarity is most developed within
the Rhagidiidae (Eupodoidea) in which these solenidia are T-shaped sensilla,
composing the rhagidial organs (VITZTHUM 1940/43; ZACHARDA 1980).

A unified nomenclature for the shape of setiform organs of oribatid mites
has been proposed by MAHUNKA & ZOMBORI (1985). To obtain an impression
of the diversity of setal shapes the reader is referred to the illustrations of gen-
era of oribatid mites of the world in BALOGH & BALOGH (1992).

Different types of setiform sensilla may be arranged together to form cou-
pled setae. In Nanorchestidae and some Bdellidae as well as Smarisidae a mi-
nute trichobothrium is associated with a normal companion seta (as already
mentioned). A very peculiar setal complex has recently been described in
Grandjeanicus gabonensis (Endeostigmata, Grandjeanicidae) which perhaps
provides a basis for acoustic communication (COINEAU et al. 1997). Various
coupled setae are also known from other Actinedida as well as Acaridida.
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Furthermore, in many oribatid mites, the genu and the tibia of the legs
commonly have a solenidion and a companion seta originating from the same
or immediately adjacent alveolus, with the solenidion almost always distal to
the seta (GRANDJEAN 1935a; NORTON 1977) (Fig. 3B, 5A, B). A very intimate
combination of an eupathid with a solenidion composing a “double horn” oc-
curs on the palp tarsus of many Brachypylina (Oribatida) (GRANDJEAN 1935a,
1946b) (Fig. 3C, 5D). The eupathid is always below (distal to) the solenidion.
The functional significance of these arrangements is not known.

This short overview demonstrates the already very detailed knowledge
about an extensive diversity of setal structures. Nevertheless, the scarcity of
recent ultrastructural observations highlights the urgent necessity of redefin-
ing these types. In particular, it seems that the lumen of the hollow axis of
some of the setae (simple setae, trichobothria) may only be an artifact, a mis-
interpretation based on the different optical properties of the cuticular material
involved. E.g. in the trichobothria of an actinedid and several oribatid species
an extensive lumen was never seen (HAUPT & COINEAU 1975; ALBERTI et al.
1994; see below).

Fine structure of setiform sensilla of Oribatida

In the following a more detailed report on some selected oribatid setal or-
gans is given.

1) Simple setae

These setae have not yet been studied in detail. Each notogastral seta of
Eupelops sp. is located over a portion of the procuticle which is considerably
thinner than the surrounding cuticle (Fig. 7). The seta is movable, set into a
socket (alveolus) provided with a thin articulating membrane which contains
radiating fibres. This membrane is contacted by two dendrites which termi-
nate with conspicuous tubular bodies. These terminations are surrounded by a
common thick-walled tube of dense material corresponding to the so-called
helmet of other Arachnidsarachnids. The helmet shows semicircular protru-
sions on the inner side directed towards the dendrites. Tubular bodies are in-
dicative of mechanoreceptive cells. The peculiar shape of the wall of the hel-
met was also found in other mechanoreceptors, e.g. in the actinedid mite, Mi-
crocaeculus steineri (HAUPT & COINEAU, 1975). Further details on, e.g. en-
veloping cells and exact shape of the setal basis are still unknown in oribatid
mites.

In a number of Oribatida, simple setae are close to secretory porose organs,
which suggests that these organs are in some way coupled (see below).
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A curiosity occurs in the oribatid family Hermanniellidae. Most of the
notogastral setae of adult mites are minute, in particular those positioned un-
derneath the portion of tritonymphal exuvial cuticle (scalp) that the adult car-
ries. The minute adult setae are positioned directly underneath the large tri-
tonymphal setae and appear to be stimulated when the nymphal setae are
moved (Fig. 6B) (GRANDJEAN 1962a).

2) Trichobothria

Despite their high degree of differentiation, trichobothria of oribatids have
only recently been studied by TEM (ALBERTI et al. 1994, 1995). In Acro-
galumna longipluma (Galumnaidae) the setal base is curved in a S-shape that
follows the tortuous arrangement of the bothridium, which is divided by thin
lamellae into several chambers (Fig. 8-12). The setal base is an elongate oval
in transverse section and attaches to a thin articulating membrane provided
with radiating fibres. Two dendrites terminate with tubular bodies at the base
of the bothridial seta, but only one really contacts the seta. The tubular bodies
are surrounded by distinctively structured dense tubes (regarded as derivatives
of the dendritic sheath) that contact the setal base and the socket via very thin
cuticular (?) fibres. These latter fibres are probably homologous to the helmet
seen in the notogastral setae of, e.g. Eupelops sp. and in mechanoreceptive
sensilla of actinedid mites or other arachnids (see above and REISSLAND &
GORNER 1985). A complete dendritic sheath does not seem to be present. The
external chambers of the bothridial wall are covered by the specific cero-
tegument, whereas fine ribs of the cuticle proper are present in the internal
chambers. Distally, the bothridial seta exhibits fine spicules and a rounded
shape in transverse section. The hair shaft is solid over most of its length.
Four layers surround a thin and dense inner core: an inner layer of electron-
lucent material, a thin dense layer, an extemal layer of electron-lucent mate-
rial and a dense epicuticular layer. Proximally, within the bothridium, setal
shape becomes angular (transverse section) and its surface shows ring-shaped
irregularities. The dense core enlarges and opens to contain a lumen that is
continuous with the receptor lymph cavity at the setal base. This lumen, as
well as the thin, dense core, was not observed in the trichobothria of Micro-
caeculus steineri (HAUPT & COINEAU 1975).

Oribatid trichobothria thus present the following major peculiarities: high
variety of shapes of bothridial setae, very complex bothridia provided with
cerotegumental material and cuticular ribs, setal base and bothridium most
often curved (reaching an S-shape in the extreme), seta with elongate oval
base provided with a lumen continuous with the receptor lymph cavity, a re-
duced helmet, a very elaborate dendritic sheath (dense tubes) that only sur-
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rounds the prominent tubular bodies, the tubular bodies of different shape —
one being elongate (correlating with the oval shape of the setal base) and only
this one contacting the setal base (Fig. 8-11). ALBERTI et al. (1994) suggested
that several features improve the sensitivity of the sense organ: 1) hanging in-
sertion of the bothridial seta instead of sitting upright in the socket. The latter,
plesiomorphic condition is seen in the early derivative oribatid mite taxon
Palaeosomata, in non-oribatid mite groups and in other arachnids (TARMAN
1961; GRANDJEAN 1961); 2) oval shape of the setal base causing directional-
ity (Fig. 10B, 11B,C) (HAUPT & COINEAU 1975; BARTH & BLICKHAN 1984);
3) peculiar shape and properties of dense tubes (ALBERTI et al. 1994, 1995).
The increase in sensitivity during evolution probably went along with in-
creased strengthening of the cuticle and required, on the other hand, im-
provement of protective properties of the bothridium (REISSLAND & GORNER
1985). These requirements likely were achieved by the progressive internali-
sation of the hair base, the participation of the hydrophobic (fungicidal, bacte-
riocidal?) cerotegument in forming the walls of the external chambers, thus
preventing entrance of water (and microorganisms) and development of the
lamellae and ribs on the walls of the internal chambers and the hair base,
which prevent blockage of the setal base by solid particles.

The air chamber (bothridium) surrounding the setal base is the starting
point for a distinctive development in certain Oribatida. For instance, in Cro-
tonioidea and Phthiracaroidea sac- or trachea-like structures arise from the
bothridium, thus probably enhancing gas exchange in the prosoma (Fig. 12;
GRANDJEAN 1934a, 1939b). It could also be speculated that ventilation of
these organs may be important in keeping the bothridium clean (ALBERTI et
al. 1995, 1997; NORTON & ALBERTI 1997; NORTON et al. 1997).

Certainly, oribatid trichobothria are the most intricate setal sense organs
perceiving substrate or airborne vibrations as stimuli (PAULY 1956; REISS-
LAND & GORNER 1985).

3) Eupathidia, Famuli, Solenidia

Only preliminary results are available about oribatid sensilla of type II (Fig.
3-6A). Based on SEM-observations, solenidia seem to represent wp-sensilla,
whereas eupathidia and famuli have a smooth surface and probably a terminal
pore. Sections of the peculiar paired setae (double hom) located on the palp
tarsi of many Brachypylina (Oribatida) and composed of one solenidium and
one eupathidium have substantiated this view (ALBERTI, personal observa-
tions) (Fig. 6A). Thus, solenidia most often may represent olfactory receptor
organs whereas eupathidia may serve as gustatory receptor organs, though in
the latter a terminal pore has not yet been demonstrated by TEM. The role of
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the famuli is even more enigmatic. Because of their usually small size a func-
tion as contact chemoreceptor seems less likely.

Certainly much additional work is needed before a sound generalised inter-
pretation on all these sensilla is possible.

Non-setal Sensilla

Non-setal sensilla have no seta-like shaft extending above the surface of the
cuticle. They may also be termed intracuticular receptors (HESS & VLIMANT
1986).

1) Slit sense organs and cupules

Slit sense organs are comparable to similar organs found in other arachnids.
Such organs are frequently arranged in small groups with parallel slits in spi-
ders. These groups appear lyre-shaped, hence the term lyriform organs for
these groups and lyrifissures for the single slit sense organ. No such grouping
occurs in Acari. Hence the term slit sense organ is preferred. Cupules are also
sensory structures that are not setiform and are discussed here. They are re-
garded as homologes of slit sense organs since they occur in the correspond-
ing places on the body. The term is derived from their appearance as a cup-
like depression in the cuticle, rather than being slit-like. It seems as if this dif-
ference is related to the grade of sclerotisation: softer cuticles tend to have
cupules, stronger cuticles show typical slit sense organs. Cupules can be re-
placed in the course of postembryonic development by slits, e.g. in oribatid
mites having weakly sclerotised juveniles, the cupules are replaced by slit
sense organs in the sclerotised body regions of the adults (GRANDJEAN 1933).
However, this correlation between cuticular properties and the two forms of
receptor organs does not seem to be strict (VITZTHUM 1940/43).

These organs (and very likely cupules as well) are cuticular receptors that
perceive stimuli arising from strains in the cuticle that arise from various
forces. The latter include stress generated by movements of the mite itself or
by changes in internal pressures (proprioreception). Or, they may mediate
sensitivity to external forces such as gravity, substrate vibrations, or perhaps
even sound (exteroreception) (BARTH 1982; BARTH & BLICKHAN 1984; HESS
& VLIMANT 1986).

In mites, slit sense organs (or cupules) tend to be reduced in number during
evolution (GRANDJEAN 1935b). Their numbers in anactinotrichids are gener-
ally greater than in actinotrichids (GRANDJEAN 1936). This reduction probably
was already prevalent in the prosomal region of the body at the beginning of
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acarine evolution. Thus in Opilioacarida, Holothyrida and Gamasida at most
only three sternal and three prodorsal pairs may be present (LINDQUIST 1984).
On the body of Actinotrichida maximally seven pairs of slit sense organs or
cupules are found, all on the opisthosoma (LINDQUIST 1984). They are re-
stricted to the dorsolateral regions and appear during ontogeny in a distinct
developmental pattern. A slit sense organ is present near the base of the palpal
tarsus in almost all early derivative actinotrichids, and is retained by quite a
few of the derivative oribatid lineages and quite a few of the actinedid groups
that do not exhibit major modifications of the palpal segments (GRANDIEAN
1935a, 1939a, 1940, 1943b). With respect to the legs, at most a single slit
sense organ occurs on each leg tarsus in Oribatida. They may be completely
lacking in some Actinedida (GRANDIJEAN 1936). On the contrary, slit sense
organs are quite frequent on the legs of anactinotrichid mites (EVANS & TILL
1979; EVANS 1992).

The slit sense organs and cupules do not represent real openings in the cuti-
cle. Their lucent appearance in the LM is a result of reduction of the procuti-
cle in these organs. The epicuticle remains always intact.

Slit sense organs are best known from spiders (BARTH 1982; BARTH &
BLICKHAN 1984) and regarding Acari have only been studied to some detail in
ticks (HESS & VLIMANT 1986; see also ALBERTI & COONS in press; COONS &
ALBERTI in press). In spiders there are two dendritic terminations under a sin-
gle slit; one almost reaches the slit membrane, the other terminates deeper in
the procuticular cleft. Both are provided with tubular bodies. The location of
the terminations are often indicated by a small spot within the slit. A similar
arrangement is found in tick slit sense organs though details are different. In
contrast the cheliceral slit sense organ of a gamasid mite, Varroa jacobsoni, is
innervated by only one mechanosensitive neuron (NUZZACI et al. 1992)

The slit sense organs and cupules of actinotrichid mites have not yet been
studied adequately. It is merely known that they are innervated (PENMAN &
CONE 1974; ALBERTI & CROOKER 1985). In Oribatida the opisthosoma of
deutonymphs, tritonymphs and adult mites bears seven pairs of slit sense or-
gans at most which are designated from anterior to posterior as follows: ia,
im, ip, ih, ips, iad and ian (GRANDJEAN 1933; EVANS 1992).

In Scutovertex minutus, (ia) and (im) were studied (see also SCHUSTER
1958). They are hardly detectable in SEM when viewed from the exterior.
However, in macerated specimens they are easily recognized when viewed
from the interior (Fig. 13). The slits are oriented almost at right angle with re-
gard to the longitudinal axis of the body. The procuticle of the slits is slightly
thinner, but does not form a simple cleft as in, e.g. spiders (BARTH 1982;
BARTH & BLICKHAN 1984). Instead of a cleft, there is a narrow portion of
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modified cuticle to which a small cuticular process attaches. Remarkably both
slit sense organs slightly differ in their cuticular components. In contrast to
the anterior organ, the small process of the posterior structure points into a
depression of the adjacent normal procuticle. The organs are almost in line
with the series of insertion sites of the circumgastric muscle band.

Based on the TEM of the posterior slit sense organ, the normal procuticle
of the slit organ is traversed by a portion of modified cuticle that appears less
sclerotised. This would allow flexion and hence stimulation of the receptor
cell, which attaches to this region with a dendritic process containing a tubu-
lar body. It may be that this attachment site is included in the thin cuticular
process just mentioned which thus would be tubular and would resemble the
coupling cylinder found in spider slit sense organs (BARTH 1982; BARTH &
BLICKHAN 1984). The exact number of receptor cells is not known.

2) Putative sensory structures within the chelicerae

Actinotrichid mites are known to possess innervated chelicerae from fine
structural investigations of several Actinedida, e.g. spider mites (Tetranychi-
dae; MOTHES & SEITZ 1981; ANDRE & REMACLE 1984; ALBERTI & CROOKER
1985; Nuzzacl & DE LILLO 1991a), false spider mites (Tenuipalpidae;
Nuzzact & DE LILLO 1991b), Penthaleidae (Eupodoidea; NuzzAct & DE
LiLLo 1991c¢), Eriophyoidea (NUzzACI 1976; NUuzZzACI & ALBERTI 1996) and
Oribatida (WALZL 1987).

WaLzL (1987) found that the chelicerae of the oribatid Hermannia gibba
are innervated by dendrites of sensory cells that terminate under small pits on
the teeth of both digits, suggesting a gustatory sensitivity. Similar structures
were found in Acrogalumna longipluma (Fig. 14), but details are still lacking.

Porose organs: sense organs?

In many oribatid taxa “porose areas” and related invaginated structures
(saccules, vesicles) are striking features of taxonomic importance (Fig. 11A;
see ALBERTI & NORTON 1997). Whereas some authors considered these or-
gans to represent glandular structures (OUDEMANS 1913, 1916; WILLMANN
1931; ViTZTHUM 1940/43; JONES 1954; HOEBEL-MAVERS 1967), GRANDJEAN
(1934a) and most authors following him ascribed respiratory functions to
them. WOODRING & COOK (1962) recognised two fundamental types of po-
rose organs, respiratory and secretory. The secretory type was first investi-
gated ultrastructurally by ALBERTI et al. (1981). Secretory porose organs of
oribatid mites represent more or less distinct fields of small pores within the
procuticle that are found in various body regions. Within higher Oribatida,
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there are frequently four pairs of notogastral porose organs (octotaxic sys-
tem), that are used to define the taxon Poronota (GRANDJEAN 1954b; Fig.
11A).

In some poronotic oribatid mites porose organs reflect sexual dimorphism,
e.g. species of Galumnidae (BERNINI 1984), Mycobatidae (BEHAN-PELLETIER
1988), Oripodidae (AOKI1 1966) or Mochlozetidae (MAHUNKA 1978b; NOR-
TON 1983). The male shows the more complex structure with enlarged or
fused porose organs, organs in a different position than in the female, or or-
gans set on tubercles (some Mochlozetidae) (NORTON & ALBERTI 1997;
NORTON et al. 1997). For example, in Acrogalumna longipluma (Galumni-
dae), the male alone bears a large medial notogastral field of about 60 small
porose organs. Though largely having an ultrastructure similar to that of nor-
mal porose organs, these organs are innervated by two axons (ALBERTI et al.
1996, 1997).

Even more enigmatic are porose organs found in many Lohmanniidae
(GRANDJEAN 1934b, 1950; JUDSON 1993). In these early derivative oribatid
mites numerous secretory porose organs are distributed over the body. The
cellular components of these areas differ strikingly from all secretory porose
organs described so far. A structurally complex large cell surrounds a con-
spicuous extracellular space into which extends a pair of branching axons.

Hence at least some of the organs are evidently innervated. However, these
nerve endings represent efferent nerves, therefore are not indicative of a sen-
sory function. Remarkably, there is in certain taxa (e.g. Oripodoidea, Pheno-
pelopoidea) a tendency of porose organs (at least on the body) to be close to
setae (see Fig. 7). Hence, it seems plausible to assume that porose organs and
setae are sometimes functionally and probably also ontogenetically or evolu-
tionary coupled (NORTON et al. 1997; NORTON & ALBERTI 1997).

Genital papillae and claparéde organs: sense organs?

Genital papillae (= acetabula, genital discs) are characteristic features of
many actinotrichid mites. They virtually are constitutive characters of the
taxon (GRANDJEAN 1969; VAN DER HAMMEN 1969, 1989; KETHLEY 1982;
LINDQUIST 1984; EVANS 1992) and are typically present in three pairs in the
adults and tritonymphs, in two pairs in the deutonymphs and in one pair in the
protonymphs (Fig. 15C). In general, papillae of the first pair appear first dur-
ing ontogeny and are usually larger than the middle and posterior pairs
(GRANDIEAN 1938). However, there may be exceptions with the direction of
development from posterior to anterior, e.g. in the brachypyline oribatid Op-
pia nitens (Oppioidea, Oppiidae) (BEHAN-PELLETIER 1991). In this and other
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brachypyline oribatids the genital papillae of given species may differ struc-
turally.

Larvae and prelarvae lack genital papillae (the genital opening is not yet
developed). Instead, these instars have Claparéde organs (=Urporen, Urstig-
mata, Epimeralporen, Bruststiele, Larvalorgane, Prilarvalorgane, etc.;
VERCAMMEN-GRANDJEAN 1975) (Fig. 15A, B). Whereas genital papillae are
located within the progenital chamber of both sexes, the Claparéde organs are
located between the bases of the first and second pairs of legs. Usually only
one pair of Claparéde organs is present, often covered by a cuticular, scale-
like lid derived from the most lateral epimeral (coxisternal) seta (1c) (see
NORTON et al. 1995). It is not known whether this lid is innervated. Claparede
organs of prelarvae are usually more simple. Genital papillac may be pro-
truded by everting the genital region through increased hemolymph pressure.
In some taxa, e.g. Oribatida and Acaridida, they may fold out like a finger of
a glove and reach a considerable length. They may be retracted by small mus-
cles. The Clapareéde organs probably are only slightly moved by internal pres-
sure variations. For Damaeus onustus, GRANDJEAN (1955) described muscles
for this organ that are similar to those of genital papillae.

GRANDIEAN (1938, 1946a) observed that with few exceptions species that
possess genital papillae also possess Claparede organs and vice versa
(OUDEMANS-GRANDIJEAN rule; JOHNSTON & WACKER 1967), and he regarded
these structures as homeotypic (homonomous) organs (VAN DER HAMMEN
1980; see also KRANTZ 1977; BAKER & KRANTZ 1985; see also ALBERTI &
COONS in press for more details).

Genital papillae of nymphs and adults and Claparéde organs of prelarvae
and larvae of Actinotrichida variously have been reported to function as sense
organs, or glands, or adhesive suckers, or even respiratory organs (see
VERCAMMEN-GRANDJEAN 1975; ALBERTI 1979; VAN DER HAMMEN 1980
with references). VIETS (1939, 1940) suggested a correlation between the oc-
currence of epimeral pores (Claparéde organs) in larvae of some halacarids
and the presence of these mites in brackish waters. Ultrastructural and histo-
chemical studies (BARTSCH 1973, 1974; ALBERTI 1977, 1979; FASHING 1988;
ALBERTI & BADER 1990; ALBERTI & LOWENFELD 1990; WITALINSKI et al.
1990; ALBERTI et al. 1992) as well as ecophysiological evidence (OLOMSKI
1986, 1991) have established the close similarity of genital papillae/Claparede
organs to chloride cells/ionocytes of other taxa such as freshwater insects
(KoMnICK 1977) or soil arthropods (e.g. Machilidae: BITSCH 1974; Collem-
bola, Diplura: EISENBEIS 1974, 1976) which are mainly composed of trans-
porting cells (Fig. 15D). This suggests the possibility of a similar function in
waterbalance, osmoregulation or in regulating ions. ALBERTI (1979) corre-
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lated this possible function with complexity, position, and number of genital
papillae and with different environments in which the taxa of actinotrichid
mites may live, an aspect which was further developed for freshwater mites
by BARR (1982). NORTON et al. (1983) recognised that atrophy or disappear-
ance of genital papillae in several sarcoptiform taxa (e.g. Oribatida: Aphel-
acarus, Aphelacaridae; Haplochthoniidae; Cosmochthoniidae; Pediculocheli-
dae; Acaridida: Hypoderatoidea, Psoroptidia) correlates well with preference,
or at least tolerance, of environments low in available moisture.

Genital papillae and Clapar¢de organs have not yet been found to be in-
nervated (ALBERTI 1977, 1979; BAKER & KRANTZ 1985; ALBERTI & LO-
WENFELD 1990; LOWENFELD & ALBERTI personal observations; WITALINSKI
et al. 1990). Hence the interpretation of these organs as sensory structures
has to be discarded.

The functional significance of a sexual dimorphism represented by differ-
ences in the shape and position of genital papillae in the two sexes which is
found in some oribatid mites (see e.g. BEHAN-PELLETIER 1996) remains to be
discovered.

Photosensitive areas and photoreceptor organs (eyes)

Prodorsal eyes

Eyes are found only in some taxa of Acari, e.g. Opilioacarida, some Ixo-
dida, many Actinedida. Oribatida and Acaridida are usually regarded as being
blind (but see below). According to GRANDJEAN (1958) the primitive number
of eyes in Acari is probably six (three pairs). This number is present in some
actinedid mites (GRANDJEAN 1958; COINEAU 1970; WACHMANN et al. 1974)
and consists of two pairs of lateral eyes and one pair of median eyes (anterior
eyes). The latter are often located on the ventral side of a frontal protuber-
ance, the naso, and may be fused to form one unpaired eye (GRANDIJEAN
1958; COINEAU 1970; ALBERTI 1975). Naso and corresponding eyes have not
been found in anactinotrichid mites, hence the 6 eyes found in some opilioa-
carid mites may not be exactly homologous with those of Actinotrichida.

Thus, the assumption of GRANDJEAN (1958) regarding the original com-
plement of eyes in Acari should be reconsidered and is probably only relevant
for actinotrichid mites.

A prominent naso is also present in some of the lower Oribatida (e.g. Pa-
laeacaroidea, Archeonothroidea, Brachychthonioidea) (WOOLLEY 1988) (Fig.
16B-D). Three eyes, one frontal and a pair of lateral eyes, are present in some
species of the family Heterochthoniidae (GRANDJEAN 1928; BALOGH & MA-
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HUNKA 1983) (Fig. 16A). A similar complement of (unpigmented) eyes was
found in the oribatid mite Eobrachychthonius sp. (Brachychthoniidae) by
TRAVE (1968) (Fig. 16D). The fine structure of these eyes, which are probably
plesiomorphic, still needs to be investigated.

Secondarily developed eyes of Oribatida (clear spot, lenticulus)

Some Oribatida possess an area in the anterior region of the notogaster
which is less dark than the surrounding integument (Fig. 17).This peculiarity,
well-known to many acarologists and regarded by some of them as photosen-
sitive areas (e.g. OUDEMANS 1913, 1916; ViTZTHUM 1940/43), have been
found only in higher oribatids (GRANDJEAN 1961). They are represented as an
unpaired clear spot at the anterior margin of the notogaster (dorsal opistho-
soma). In some species this region may be elevated in a lens-like manner,
hence the term lenticulus (Fig. 17B, C). These structures are in a different po-
sition from eyes in other Arachnida or Acari including those of the mentioned
early derivative Oribatida, which are always located in the prosoma. Hence,
GRANDJEAN (1961) considered these structures, clear spots and lenticuli, to be
secondary characters.

A lenticulus was already described by OUDEMANS (1916), reporting on the
very detailed observations of PIERSIG on a Hydrozetes sp. (taxonomy accord-
ing to GRANDJEAN 1961). In this species the lenticulus was said to exhibit
paired red pigment areas and a fine longitudinal line. Hence, it was assumed
that this organ was primarily a paired structure. EM studies by ALBERTI &
FERNANDEZ (1988, 1990) clarified the status of this character (Fig. 18, 19).

The lenticulus of Hydrozetes lemnae (Hydrozetidae) is comprised of a con-
vex-concave corneal lens, two lamellated bodies, two pigment cells and two
cells of the fat body. Furthermore, there are glial cells surrounding the lamel-
lated bodies and a thin layer of epidermal cells between the lens and the la-
mellated bodies (Fig. 18, 19). The lamellated bodies are the receptor poles of
photoneurons that belong to the central nervous system, since their very large
perikarya are located within the synganglion (Fig. 18). From Fig. 18A one re-
ceives an impression of the astonishing magnitude of these receptor poles in
comparison to the synganglion or even to the whole animal. Lamellated bod-
ies and perikarya are connected by dendritic extensions surrounded by a glial
sheath. The lamellae of the bodies are arranged as vertical sheets parallel to
the longitudinal axis of the body. They contain numerous small cup-like vesi-
cles, microtubules and few mitochondria (Fig. 18B, 19B). Concentrations of
dense particles (glycogen?) are also present, usually at the base of the lamel-
lated body. The pigment cells, presumed to be derived from fat body cells,
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contain many small lipid-like inclusions, which are likely responsible for the
red colour seen in life (Fig. 18, 19A).

The dendritic connection of the lamellated body with the perikarya consists
of a bundle of four or five dendritic processes which fuse shortly before en-
tering the perikaryon (Fig. 18). Each perikaryon contains, in addition to the
large electron-lucent nucleus, profiles of rough ER, Golgi bodies, a few mito-
chondria, some lysosomes and numerous microtubules. The latter occur pre-
dominantly in the region of the axon hillock. The axon which emerges is
similarly relatively large. It traverses through the synganglion to the opposite
side and terminates near the corresponding perikaryon in a small dense optic
neuropil. Both axons run parallel to each other over some distance and, in this
region, are not separated by glial cells. The axons establish a very simple chi-
asma opticum, containing only two axons (Fig. 18).

In Hydrozetes and in some other oribatid mites (e.g. Scutovertex sculptus
(Scutoverticidae), Scapheremaeus argentina (Cymbaeremaeidae); ALBERTI &
FERNANDEZ 1990, personal observations; ALBERTI et al. 1991) provided with
lenticuli, the receptor poles are rather close to the cuticle and are distant from
the synganglion. Except for the shape of the lens, which is convex-concave in
Hydrozetes and Scutovertex but biconvex in Scapheremaeus (Fig. 18, 20C),
other components are rather similar. In contrast, in other oribatid mites having
a simple clear spot rather than a lenticulus, the receptor poles are attached to
the synganglion and are not “elevated” by dendritic bundles. The receptor
poles are similarly represented as lamellated bodies. Such an arrangement was
found, e.g. in Chamobates voigtsi (Chamobatidae), Euzetes globulus (Euzeti-
dae), Oribatella quadricornuta (Oribatellidae), Achipteria coleoptrata
(Achipteriidae) and Acrogalumna longipluma. In these species pigment cells
are nearly always (Achipteria probably presents an exception) lacking
(ALBERTI & FERNANDEZ 1990, personal observation; ALBERTI et al. 1991)
(Fig. 20A-C). It is not known whether inclusions in the proventricular glands
(MICHAEL 1883, 1884, WOODRING & COOK 1962; organons racémiformes,
GRANDIEAN 1962b, see also BERNINI 1984; LUDWIG et al. 1992) compensate
for this lack in specific pigment cells. Such an interpretation is favored by re-
cent unpublished observations of ALBERTI & FERNANDEZ according to which
lamellated bodies may occur rather ventrally in position (i.e. at a level with
the esophagus, passing through the synganglion) and in intimate contact with
a modified anterior portion of the proventricular glands. This was found in
Parapirmodus sp. (Oripodidae) (Fig. 20B) and in a species of unknown sys-
tematic position (ALBERTI & FERNANDEZ personal observation).

According to our present knowledge of photoreceptor organs in Acari (cf.
KAISER & ALBERTI 1991; ALBERTI & COONS in press; COONS & ALBERTI in
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press) the lamellated bodies are restricted to certain oribatid mites. Lamellated
receptor poles are also exceptional with regard to the whole animal kingdom
(EAKIN 1972; WESTFALL 1982; ALl 1984). Interestingly, they have been
found in the reduced stemmata of some (predominantly substrate inhabiting)
brachyceran larvae (Diptera) (MELZER & PAULUS 1989).

The fine structure of these peculiar structures (lenticulus, clear spot) thus
substantiates the view that they are secondarily evolved light receptor organs
(GRANDIEAN 1961). The receptor cells with their perikarya located in the syn-
ganglion obviously represent modified neurons of the central nervous system.
Evidently Oribatida have reduced their primary eyes with few exceptions (e.g.
Heterochthoniidae) but in many of the higher oribatids new light receptor or-
gans have been developed combining prosomal (photoneurons) with opistho-
somal (cornea) components.

The selective pressure which brought about these enigmatic organs is still a
matter of speculation (ALBERTI & FERNANDEZ 1990).

Altogether one can distinguish three or four basic types of photoreceptor
organs (eyes) within the Acari: the rather complex, inverted rhabdomeric eyes
of opilioacarids, the less complex, more or less everted rhabdomeric eyes of
ticks and actinedid mites (lateral as well as median eyes) and the secondarily
developed organs of various oribatid mites (ALBERTI et al. 1991). In addition
less complex and rather indistinct photosensitive areas may be present (e.g. in
certain ticks, Gamasida and Acaridida; see ALBERTI & COONS in press;
COONS & ALBERTI in press). Among these, the secondarily evolved eyes of
some Oribatida range among the most simple, but — relative to body size —
largest photoreceptor organs in the animal kingdom. For instance, the len-
ticulus of Hydrozetes contains only two receptor cells. The size ratio of
body/eye is approximately eight (500pm:64um=7.8) and hence reaches the
magnitude of cephalopods (e.g. Sepia officinalis: 40cm:3.5cm=11.4), which
are known to include the Metazoa having the relatively and absolutely largest
eyes (cf. man: e.g. 180cm:2.4cm=75).

Conclusion

The present paper constitutes but a small glance of biodiversity reflected in
a restricted area of study and by no means covers even this small selected
area. Many efforts are necessary to discover the many peculiarities and, more
important, to understand their functional, selective importance. Unfortunately,
the small size of these creatures hinders an experimental approach. However,
understanding the detailed structure is at least a first, and certainly an essen-
tial step toward such a goal. By comparison with results obtained from more
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convenient taxa it may be possible to reach a profound interpretation. Study-
ing animal morphological diversity cannot end with a “simple” description of
characters, though such a description is indispensable, of course, and is by no
means underestimated. These characters need to be understood to make diver-
sity and its evolution “alive”! Such a deeper understanding of characters will
certainly help to improve systematical concepts.
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Some characteristics of setiform sensilla. A: Tritonymph of the oribatid
Cepheus dentatus (Cepheidae) bearing the scalps of larva, protonymph and
deutonymph. Polarised light. Setae show birefringence typical for actino-
trichid mites. Scale bar 200um. B: Trichobothrium of the oribatid mite Acro-
galumna longipluma (Galumnidae) in polarised light. Note axis of setae is not
birefringent and thus appears hollow (cf. Figs 9-12). Scale bar 20um. C and
D: Shapes of setae may differ considerably between juveniles and adults in
some Oribatida. C: Tritonymph of Conoppia palmicincta (Cepheidae) with
fan-shaped setae at the margins of its scalps. Note four very long body setae.
Scale bar 400pum. D: The adult mite has only very minute notogastral setae
which are not visible in this low magnification. Scale bar 200um.




Fine structure of receptor organs

Fig. 2: Trichobothria of Oribatida. Note different shapes and proportions of bothridial
setae and bothridia. A: Eniochthonius minutissimus (Eniochthoniidae). Scale
bar 20um. B: Collohmannia gigantea (Collohmanniidae). Scale bar 20pm.
C: Licnodamaeus pulcherrimus (Licnodamaeidae). Scale bar 10um. D: Ador-
istes ovatus (Liacaridae). Scale bar 10um. E: Niphocepheus nivalis (Nipho-

cepheidae). Scale bar 20um. F- Cymbaeremeus cymba (Cymbaeremeidae).
Scale bar 10pum.
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Fig. 3:

Various leg and palpal setae of Oribatida: Simple setae, eupathidia, famuli, so-
lenidia. A: Hypochthonius rufulus (Hypochthoniidae). Right palp. Note so-
lenidion (®) and eupathidia (acm, ul, sul). Eupathidia ul and sul are fused,
forming a furcate eupathidium. (After GRANDJEAN 1946b.) B: Hermannia re-
ticulata (Hermanniidae). Genu, tibia and tarsus of left leg I. Solenidia of tarsus
(o1, @2), tibia (1, ¢2), and genu (o ), famulus (g), and eupathidia (ak) are in-
dicated. Note solenidia (@1) on tibia and (o) on genu forming coupled setae
with corresponding companion setae (ds). (After GRANDJEAN 1935a.) C: Acro-
galumna longipluma. Tarsus of right palp. Solenidion (®) and eupathidium
(acm) are coupled setae forming a “double horn”. Eupathidia ul and sul are also
indicated. (After GRANDIEAN 1935a.) D: Acrogalumna longipluma. Right tar-
sus I with solenidia (01, ®2), famulus (g) and eupathidia (ak) indicated. @1 as-
sociated with a reduced simple companion seta (tf) (From GRANDJIEAN, 1935a.)
E: Acrogalumna longipluma. Solenidion (o1) and associated sensilla of left tar-
sus I enlarged. (After GRANDIEAN 1935a).
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Fig. 4: Type II sensilla of Oribatida (cf. Fig. 3). A: Hypochthonius rufulus. Tarsus of
palp with solenidion (@) and eupathidia (ul-sul, acm) indicated. Scale bar 5pm.
B: Hypochthonius rufulus. Solenidion in higher magnification. Note striation.
Scale bar 0.5um. C: Phthiracarus sp. (Phthiracaridae). Tarsus of palp. Soleni-
dion (w) and eupathidia (ak) are indicated. Scale bar Sum. D: Phthiracarus sp.
Enlarged view of solenidion (®) demonstrating wall pores. Scale bar 0.5um.
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Fig. 5: Type Il sensilla of Oribatida (cf. Fig. 3). A: Acrogalumna longipluma. Detail |
tarsus of leg I with large solenidion @1 coupled with reduced simple compa
ion seta. Scale bar 2um. B: Hermannia gibba. Sensilla on tibia of leg I showir
coupled setae composed of solenidion @1 and simple companion seta as well ;
separate solenidion ®2. Scale bar 4um. C: Phthiracarus sp. Enlarged view
the tip of the middle eupathidium (cf. Fig. 4C) showing terminal pore (arrov
head). Scale bar 0.5um. D: Acrogalumna longipluma. “Double horn” of palp
tarsus composed of eupathidium (acm) and solenidion (@). Note very intima
arrangement of both sensilla. Scale bar 0.5um. E: Acrogalumna longiplum.
Tip of famulus € of tarsus of leg I. Scale bar 0.5um.
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Fig. 6:

Fine structure of receptor organs

A: Transverse section through “double horn” on palp tarsus of Acrogalumna
longipluma. Note simple wall pores (arrowheads) in the solenidion which
contains two dendrites. The eupathidium has no wall pores (at least in this
section) and contains four dendrites. Furthermore, note distinctly different
aspects of the cuticle of both setae. Scale bar 0.25um. B: Notogastral simple
seta of adult oribatid Hermanniella sp. (Hermanniellidae). Note that the
tritonymphal exuvium together with its setae is retained and covers the adult
integument. The tritonymphal seta is placed over the minute adult seta, which
thus is moved indirectly by the tritonymphal seta. Arrowhead points to small
nerve. Scale bar 2.5um. Ce, cerotegument; Ex, exocuticle of adult mite.
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Fig. 7: Simple Setae. A: SEM of porose area Al of Eupelops torulosus (Phenopelopi-
dae) between setae Ip and h3 (cleaned specimen). Scale bar Sum. B. Section
trough a porose area (left) and alveolus of adjacent seta (right) of Eupelops sp.
Arrow points to two tubular bodies of receptor cells ensheathed in the helmet.
Scale bar 5um. C: Enlarged detail of B demonstrating two tubular bodies (ar-
row) and peculiar structure of helmet wall. Arrowhead points to radial fibres
within articulating membrane of setal basis. Scale bar 2um. Ce, cerotegument.
(After ALBERTI et al. 1997).
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Fig. 8: Diagram reconstructed from horizontal sections showing trichobothrial base of
Acrogalumna longipluma. ap, area porosa; Ax, axons; bS, bothridial seta; Ce,
cerotegument; Cu, cuticle; Ep, epidermis; FB, fat body; GC, granulocyte; HL,
haemolymph; N, nucleus of receptor cell; RC, receptorlymph cavity. Numbers
indicate chambers of bothridium. Note that peripheral chambers are provided
with a cerotegumental layer. (After ALBERTI et al. 1994).
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Fig. 9: Trichobothrium of Acrogalumna longipluma. A: Overall aspect of trichobothrial
base of Acrogalumna longipluma in transverse section (relative to the mite’s
body). Scale bar 5um. B: Tubular bodies surrounded by dense tubes and setal
base. Note that only one tubular body has direct contact to setal base. Arrow-
head points to open connection between receptor lymph cavity and lumen of
bothridial seta. Scale bar 1um. C: Ciliary segment of one receptor cell. Asterisk
indicates the other receptor cell. Scale bar 1um. ap, cell belonging to porose
area; Ce, cerotegument; CS, ciliary segment; Cu, cuticle; bS, bothridial seta;
dT, dense tubes (modified dendritic sheath); dTB, distal tubular body; FB, fat
body; id, inner dendritic segment; M, mitochondrion in receptor cell; N, nu-
cleus of enveloping or epidermal cell; od, outer dendritic segment; pTB,
proximal tubular body; RC, receptor lymph cavity; SR, socket ring. Numbers
indicate bothridial chambers. (After ALBERTI et al. 1994).
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Fig. 10: SEM views of trichobothrial base of Acrogalumna longipluma. A: Inner as-
pect of bothridium from a macerated specimen (arrowhead points to setal
base). Scale bar 10um. B: Enlarged detail. Note oval shape of setal base. Ar-
rowheads indicate remnants of fibrillar helmet, which connects the dense
tubes with the setal base and socket. Scale bar 2um. C: Oblique view over
sectioned trichobothrial base. Scale bar 0.5um. bo, bothridium; bS, bothridial
seta (met three times in the section); Ce, cerotegument; Cu, cuticle; SR,
socket ring; RC, receptor lymph cavity. Numbers indicate bothridial cham-
bers. (After ALBERTI et al. 1994, 1995).
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Fig. 11: Sketches of Acrogalumna longipluma demonstrating positions of the tricho-
bothria and their movements. A: Line drawing based on a macerated speci-
men. Arrowheads point to bothridial setae. Note also porose areas of noto-
gastral series: Aa, Al, A2, A3 (octotaxic system) and humeral series: Ad, Aj,
Al). B: frontal and C: dorsal views drawn from living specimens of Acro-
galumna longipluma indicating how the trichobothria are bome in life (ap-
pendages and details omitted). The movements of the trichobothria when re-
acting to a current of air are shown (double arrows). In the dorsal view, the
directions of movement have been prolonged posteriorly by dotted lines,
which meet with a right angle approximately above the brain of the animal
(cf. PAULY 1956). Pd, prodorsum; Pt, pteromorph. (After ALBERTI et al.
1994).
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Fig. 12: In some Oribatida the bothridium is a region from which additional structures
such as brachytracheae start. A: TEM of bothridium of Nothrus silvestris
(Nothridae) with cluster of brachytracheae. Scale bar 5um. B: SEM of
brachytracheae of Steganacarus magnus (Phthiracaridae) (internal view,
macerated specimen). The very complex bothridium (sectioned) surrounds
the bothridial seta (arrowhead). Proximally three brachtracheae run into the
depth of the prodorsum. Scale bar 20um. C: Detail of brachytracheae of same
specimen. Scale bar Spm. bS, bothridial seta, HL, haemolymph; LI, lipid
droplets. (After ALBERTI et al. 1997).
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Fig. 13: Details of two notogastral slit sense organs of Scutovertex minutus (Scuto-
verticidae). A: Internal SEM view of notogaster after dissolving tissues with
lactic acid. Black arrowhead shows the slit sense organ (im), large white ar-
rowhead indicates the posterior organ (ip) (cf. SCHUSTER 1958). Small white
arrowhead points to lateral opisthosomatic gland. Scale bar 50um. B: TEM of
posterior slit sense organ with dendritic process containing a tubular body
(arrowhead) within internally projecting portion of the cuticle. Note modified
cuticle above this region. Scale bar 1um. C. The same organ in SEM, seen
from the anterior (cf. Fig. 13A). Arrowhead points to cuticular process lo-
cated in a depression of the procuticle. Scale bar 1pm. C: Slit sense organ
(im). Arrowhead indicates cuticular process. Scale bar 2um.
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Fig. 14. Chelicera of Acrogalumna longipluma. A: SEM view of right chelicera. Note
distinct teeth. Scale bar 10um. B: Horizontal section of teeth, Note dendritic
processes penetrating into the teeth. Scale bar 2um.
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Fig. 15: Genital papillae and Claparéde organs. A: Venttal view of larva of Hy-
pochthonius rufulus. Note Claparéde organs between legs I and II (arrow-
heads). Scale bar 20pm. B: Enlarged view of one Claparéde organ of the
same specimen. Note cuticular lid and stalked organ terminating with a modi-
fied distinct apical cuticle (arrowheads indicate its border). Scale bar 5um.
C: Protruded papillae of an adult specimen of Hypochthonius rufulus. Note
that apically papillae are provided with a modified cuticle (arrowheads).
Scale bar 10um. D: Apical labyrinth of genital papilla of the freshwater-
inhabiting oribatid mite Hydrozetes lemnae (Hydrozetidae). Note folds of
plasmalemma, adjacent mitochondria and numerous microtubules. Scale bar
0.5um. Inf, infracapitulum; li, lid of Claparéde organ; pgL, progenital lip. (A-
C: After LOWENFELD 1987; D: After ALBERTI and LOWENFELD 1990).
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Fig. 16: Prodorsal eyes in early derivative oribatid mites: A: Heterochthonius gibbus
(Heterochthoniidae) is an oribatid mite with an unpaired median eye and a
pair of lateral eyes (arrowheads). (After GRANDJEAN 1928). B: Naso and me-
dian eye of the oribatid mite Brachychthonius sp. (Brachychthoniidae) in lat-
eral view. x indicates invaginated space behind the median eye. (After
GRANDJEAN 1958). C: The same in frontal view. Note that the median eye is
divided into two by a fine suture. Rostral setae have been omitted (cf. Fig. B:
ro). (After GRANDJEAN 1958). D: Naso and (paired) median as well as lat-
eral (!) eyes (arrows) in Eobrachychthonius sp. Arrowhead indicates left
trichobothrium. (After TRAVE 1968). Ch, chelicera; Pdp, pedipalp ro, rostral
seta.

73



G. Alberti

Fig. 17: Clear spots and lenticuli in Oribatida. A: Macerated specimen of Chamobates
borealis (Chamobatidae) showing racemiform organ (= mineral granules/
spherites in proventricular glands; arrowheads) lateral of the region of the
brain over which the cuticle would be less dark. Under this region lamellated
bodies have been demonstrated by TEM closely attached to the brain in
Chamobates voigtsi (see Fig. 20A; after LUDWIG et al. 1992). Scale bar
50um. B: Hydrozetes lemnae in frontal view. Arrowhead points to lenticulus.
Note cerotegument does not cover the elevation. Scale bar 100um. C: En-
larged detail of same species (cleaned with ultrasound). Scale bar 20um (B, C
after ALBERTI & FERNANDEZ 1988).
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Fig. 18: Line drawings demonstrating components of the lenticulus in Hydrozetes lemnae (compare Fig. 17 and 19). A: Overview
demonstrating position of the photoreceptor organ within the propodosoma and its relation to the synganglion. Note relative
size of lamellated bodies. The receptor cell of the right side has been dotted. B: Reconstruction of one receptor cell and ad-
jacent cells of lenticulus. Ax, axons; CH, chiasma opticum; CNS, central nervous system (synganglion); CO, cornea; DF,
dendritic fibres; Ep, epidermis; FB, fat body cell; GLI, glial cell; LB, lamellated body; OES, esophagus; ONP, optic neuro-
pil; PC, pigment cell; PN, perikaryon of photoneuron; V, ventricle. (After ALBERTI & FERNANDEZ 1988).
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Fig. 19: Details of lenticulus of Hydrozetes lemnae. A: Horizontal section. Note pair
of lamellated bodies and adjacent pigment cells. Arrowhead points to inter-
cellular cleft separating the two fat body cells. Scale bar 10um. B: Part of la-
mellated body in transverse section. Note numerous and characteristic cup-
shaped vesicles. Large arrowheads point to coated vesicles (partly in forma-
tion?), small arrowheads indicate microtubules. Scale bar 0.5um. Cu, cuticle;
FB, fat body cell; GLI, glial cell; LB, lamellated body; M, mitochondrion;
PC, pigment cell. (After ALBERTI & FERNANDEZ 1988).
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Fig.20: Secondary light receptor organs in other oribatids. A: One lamellated body
(transverse section) of Chamobates voigtsi, a species with clear spot. Note
that it is not elevated under the dorsal surface by extensive dendritic fibres
but is closely apposed to the synganglion. There is also no pigment cell.
(After ALBERTI & FERNANDEZ 1990). Scale bar 4um. B: One lamellated
body of Parapirnodus sp. (Oripodidae). In this species the lamellated bodies
are rather ventrally located and are partly embedded into extensions of the
proventricular glands containing dense inclusions (modified spherites?).
Scale bar lpm. (After ALBERTI & FERNANDEZ personal observations.)
C: Transverse section through lenticulus of Scapheremaeus argentina
(Cymbaeremaeidae) showing biconvex cuticular lens. (After ALBERTI &
FERNANDEZ personal observations.) Scale bar 10um. CNS, central nervous
system (synganglion); CO, cornea; FB, fat body cell; LB, lamellated body;
PC, pigment cell; pgl, proventricular gland.
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