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Abstract

Rhagidia halophila, as other Rhagidiidae, possesses a distinct frontal idiosomatic protuberance, the naso. It bears an unpaired eye
(ocellus) that is directed ventrally and consists of four receptor cells provided with numerous rhabdomeric microvilli. The cuticle
overlying the microvilli is thin and smooth in contrast to the dorsal cuticle of the naso that shows a fine, spiny sculpture. Details of
the fine structure of the receptor cells of the eye are reported. It seems that there is a high membrane turnover which is indicated
by numerous dense stacks of membranes. The peculiarity of the median eye and the naso of actinotrichid mites is highlighted and
interpreted as plesiomorphic within Arachnida. On the dorsal side of the naso, a pair of small setae (internal verticals) is located in
deep sockets thus representing trichobothria. Each sensillum is innervated by two dendrites which terminate with prominent tubular
bodies. The axons of the receptor cells of these trichobothria like those of the median eye leave the naso through a narrow passage

bordered by specialized cells.
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1. Introduction

Rhagidiidae (Prostigmata, Actinotrichida = Acariform-
es) is a mite family of worldwide distribution comprising
about 125 species living mostly in soils as fast running,
voracious predators of small arthropods (Ehrnsberger
1973, 1981, Zacharda 1980, Walter et al. 2009). Rhagidia
halophila (Laboulbéne, 1851) is found in the upper
eulitoral of rocky or stony coasts of the North Sea
and Atlantic hunting for Collembola and small mites
(Ehrnsberger 1981). In contrast to the mostly pale-whitish
coloured species of other habitats, Rhagidia halophila is
brightly red at least in the older instars.

Since some years there is growing evidence, that Acari
is not a monophyletic taxon comprising two subgroups,
i.e. Anactinotrichida (= Parasitiformes s.l.) and Actino-
trichida (= Acariformes) as was believed by the majority
of authors for many years (see review in Dunlop &

Alberti 2008), but that these two groups represent taxa
with different relationships. The actinotrichid mites are
apparently most closely related to Solifugae, whereas
Anactinotrichida are closer to Tetrapulmonata as is
evident from morphological (Alberti 1980a-c, 1984,
2000, 2006, Alberti & Peretti 2002, Klann et al. 2009,
Dunlop et al. 2012) as well as from molecular data
(Dabert et al. 2010, Pepato et al. 2010). Alberti (2006)
provided an overview on fundamental morphological
differences between the two groups mentioned updating
earlier such reports (e.g., Grandjean 1969, Lindquist
1984, Bernini 1986, Hammen 1989, Evans 1992). One
very striking character of early derivative actinotrichid
mites is a dorsomedian, frontal protuberance of the
idiosoma, for which the term ‘naso’ became established
Grandjean (1943, 1958, Hammen 1980, 1989, Evans
1992, Alberti & Coons 1999, Krantz 2009). It is found
in some so-called Endeostigmata, and early derivative
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Prostigmata and Oribatida and thus certainly represents
a fundamental character of Actinotrichida (Grandjean
1932, 1939, 1943, Hammen 1980, 1989, Weigmann 2006,
Norton & Behan-Pelletier 2009, Walter 2009, Walter et
al. 2009). Hammen (1980, 1989) suggested that the naso
may have an acronal or precheliceral origin. From most
of these mites the naso is known to bear two (paired)
eyes or one (unpaired) eye representing ocelli (see, e.g.,
Grandjean 1958, Coineau 1970, Wachmann et al. 1974,
Hammen 1980, 1989, Witte 1991, 1995, Alberti & Coons
1999, Haupt & Coineau 2002, Alberti & Moreno-Twose
2012, Olomski 2012). In many actinotrichids, the naso
may be less distinct or may disappear together with the
median eye(s) (many Prostigmata, most Oribatida and
Astigmata — Norton & Behan-Pelletier 2009, OConnor
2009, Walter et al. 2009), in others the median eye may
persist without showing a naso (e.g. in certain Bdellidae —
Alberti 1975, Hydrachnidia — Mischke 1981, Walter et al.
2009, Olomski 2012, few Oribatida — Norton & Behan
Pelletier 2009, Alberti & Moreno-Twose 2012). On the
other hand, there are reports on mites possessing a naso,
but eyes in it were not seen. This applies for example
to Rhagidiidae (e.g., Zacharda 1980) and Saxidromidae
(Coineau et al. 2006).

On the contray, a pair of lateral eyes is evident in
Rhagidiidae (Zacharda 1980, Walter et al. 2009) and
two pairs of lateral eyes are known from Saxidromidae
(Coineau et al. 2006).

Remarkably, a pronounced naso may be present in
prelarvae (the first instar in Actinotrichida) including
species which lack a naso in the following instars (e.g.,
Grandjean 1958, Ehrnsberger 1974, Alberti 1975, Otto
1996).

None of the other arachnid groups possess a
protuberance like the naso, but many have a pair of
median eyes (Scorpiones, Uropygi, Amblypygi, Araneae,
Opiliones, Solifugae) others not (Pseudoscorpiones,
Ricinulei, Anactinotrichida). Opiliones have only median
eyes, Ricinulei have lateral lucent (eye-?) spots and
Palpigradi have no eyes at all (e.g., Moritz 1993, Hammen
1989, Alberti et al. 2008). The organization of median
eyes and lateral eyes may differ (e.g., Araneae — Foelix
1996). Since the naso is such a peculiar and an evidently
basal character of Actinotrichida on the one hand and
the median eyes are such fundamental for Arachnida
(or even Arthropoda [Paulus 1979, Weygoldt & Paulus
1979, Gruner 1993, Moritz 1993]; their absence must be
regarded as apomorphic), it seemed reasonable to clarify
the organization of this structure for a further mite taxon.

The naso in many species bears a pair of small so-
called internal vertical (iv, vi) or rostral (ro) setae, which
in certain taxa have been described as trichobothria
(e.g., Sphaerolichida, Saxidromidae and related taxa —

Coineau et al. 2006, Walter et al. 2009), in others they are
simple setae (e.g., certain Endeostigmata — Walter 2009;
all Oribatida [mostly without naso] — Norton & Behan-
Pelletier 2009). With regard to Rhagidiidae the status
of these setae is uncertain (Zacharda 1980, Walter et al.
2009).
Thus this study — with respect to Rhagidia halophila —
presents information to the following:
* the fine structure of the naso clarifying whether
there is an unpaired eye or not,
* the fine structure of the putative median eye of the
naso,
» the status of the pair of setae located on the naso.

2. Materials and methods

Rhagidia halophila (Laboulbéne, 1851) mites were
collected in summer 2012 and 2013 at rocky or stony
places covered with algae or organic debris in the upper
eulitoral of the North Sea coast close to Weddewarden and
Wilhelmshaven (Germany). The mites were transferred
into plastic boxes provided with a bottom made of
Plaster of Paris that was kept moist. After transport of
the mites into the lab, 11 specimens were transferred to
70% ethanol. These specimens were used for scanning
electron microscopy (SEM). They were dehydrated
through a series of ethanols (60%, 70%, 80%, 90 %,
95%, abs.) and critical point dried using liquid CO, as
final medium. The specimens were mounted on Al-stubs,
coated with palladium-gold and examined with a Zeiss
EVO LS 10. Since these specimens turned out to be quite
shrunken, in addition two specimens fixed as for TEM
(see below) were studied.

For transmission electron microscopy (TEM),
8 specimens were shortly placed into isopropanol to
break the hydrophobic surface of the mites. Then the still
living mites were transversely cut into halves and fixed
in cold 2.5% glutaraldehyde (pH 7.2, phosphate buffer
0.1M + 1.8% sucrose) for several hours. After rinsing
with buffer solution, the tissues were postfixed with
2% 0s0,-aqueous  solution.  After rinsing again,
specimens were dehydrated with graded ethanols and
embedded in Spurr’s medium (Spurr 1969). Sections were
done with a Leica UCT using a Diatome diamond knife.
The sections (75 nm) were stained with uranylacetate
and lead citrate (Reynolds 1963) and studied with a JEOL
JEM-1011. For general orientation with a compound light
microscope semi-thin sections (400 nm) were stained
using Richardson’s solution (Richardson et al. 1960).
For more technical information see Alberti & Nuzzaci
(1996).

SOIL ORGANISMS 86 (2) 2014



Naso in the prostigmatid mite Rhagidia halophila

105

3. Results
3.1. External aspects

The anterior border of the idiosoma projects
dorsomedially with a distinct protuberance, the naso
(Fig. 1A). The naso is a flattened sphere which is dorsally
covered by a spiny cuticle (Fig. 1B, C). These spines are
much smaller than those of the more posterior idiosomatic
cuticle. Close to the anterior border of the naso, a pair of
finely barbed setae, the internal verticals iv, is situated
(Fig. 1A, B; designation of setae acc. to Zacharda 1980).
The setae are set into deep sockets, bothridia, like the
more posteriorly located, prodorsal trichobothria (tr,

Fig. 1A, B, D). This insertion differs from other
idiosomatic setae, which do not show such deep sockets
(Fig. 1D). Thus, the setae of the naso have to be considered
as trichobothria. At its anterior and lateral borders, the
cuticle of the naso abruptly changes towards the ventral
side, where it is smooth. This sharp border is pronounced
by a fine furrow (Figs. 1B, C; 3B).

3.2. Internal aspects

The sections reveal that a median eye is located in the
naso (Figs. 2-5A, 6). It consists of four photoreceptor
cells which fill most of the volume of the naso. Two of
these cells (1, 2) are located posterolaterally. The other

Figure 1. SEM-figures of Rhagidia halophila (setal designation acc. to Zacharda 1978). (A) Dorsal view of gnathosoma and anterior part
of'idiosoma. Scale bar: 50 um. (B) Naso seen in an anteroventral direction. Note distinct border (arrowheads) between spiny dorsal surface
and smooth ventral surface of naso. Setae iv are inserted into deep sockets thus representing trichobothria (compare Fig. 1D). Scale bar:
10 pm. (C) Detail of Fig. 1B in higher magnification. Scale bar: 2.5 pm. (D) Prodorsal setae 7 and ev. Note 7 being inserted in a deep
socket (bothridium) like setae /v on naso in contrast to ev. Scale bar: 10 pm.

Abbr.: Ch — chelicera, ev — external vertical seta, ID — idiosoma, iv — internal vertical seta (or rostral seta), N — naso, Pdp — pedipalp,
tr — (prodorsal) trichobothrium.
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two (3, 4) pass medially between these cells to reach a
more anterior position where they broaden. All four
cells bear apically numerous rhabdomeric microvilli
which are directed posteroventrally (Figs 2B-D, 3A, D;
4B, 5A). The cuticle of the ventral side of the naso is
smooth and thin consisting of four procuticular layers
and a thin epicuticle. Pore canals were not observed.

A very thin epidermal layer is located underneath the
cuticle (Figs 3A, D; 4A, B, D), which may be interrupted
in a central area over the rhabdomeric microvilli. The
receptor cells contain basally a roundish nucleus with
few heterochromatin. The cytoplasm shows numerous
mitochondria with few cristae, some rough cisternae of
endoplasmic reticulum (ER), many vesicles and, most
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Figure 2. TEM-figures of a series of slightly oblique cross-sections through naso of Rhagidia halophila in posterior (A), anterior (F)
sequence (all figures in same scale). Note narrow passage (arrow) for axons of nasal trichobothria and photoreceptor cells bordered by
specialized epidermal cells (arrowheads; see Fig. 4E, F). Two photoreceptor cells (1, 2) are located posteroventral, the other two (3, 4)
extend between them more anteriorly. The rhabdomeric microvilli are only met in the posterior sections because of their posteroventral
orientation. In the photoreceptor cells (1-4) conspicuous dense stacks of membranes (asterisks) are present. Note that the dorsal cuticle
appears thicker in Figs 2E, F because it is sectioned slightly tangentially due to the anterior curvature of the naso (compare Figs 1B, 3A,
5A). Scale bar (in Figs 2C, F): 10 um.

Abbr.: 1-4 — photoreceptor cells 1-4; biv — base of nasal setae /v, dCu — dorsal cuticle, dEp — dorsal epidermis, HL. — hemolymph,
iv — internal vertical seta, Mv — (rthabdomeric) microvilli, reiv — receptor cells of setae /v, vCu — ventral cuticle.
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conspicuous, large stacks of electron-densely staining
membranes (Figs. 2, 3). These membranes are sometimes
found close to bundles of microvilli which reach deeply
into the cell (Fig. 3D). Microtubules are also found.
Neigbouring receptor cells are connected via desmosome-
like cell junctions (Fig. 4B,C). The axons of these cells
are hard to detect within the naso, but evidently leave
the naso through a narrow passage between specialized
cells that are formed by modified epidermal cells. These
cells of the dorsal and ventral epidermal layer are closely

adjoining at their bases, interdigitated and connected
via conspicuous microtubule-associated desmosome-
like cell junctions. They are connected to the overlying
cuticle via hemidesmosome-like junctions. This passage
is also used by the axons of the trichobothria. Thus, eight
axons are found in cross-sections through this region
(Figs 2A, 4E,F, 5A).

Specialized pigment cells are not involved in the
formation of the median eye of Rhagidia halophila. But
the epidermis of the flat idiosomatic part that connects

e &
R £

Figure 3. TEM-figures of sections through naso of Rhagidia halophila (A, B from sagittal; C—E from transversal sections). (A) Overview
of'a mediosagittal section showing naso and its flat and narrow connection (arrow) with the main part of the idiosoma. Arrowhead indicates
cell border between two photoreceptor cells. Scale bar: 5 pm. (B) Detail showing abrupt border between dorsal, spiny and ventral smooth
cuticle. Scale bar: 1 um. (C) Nuclear region of photoreceptor cell. The nucleus has a roundish shape with few heterochromatin. Few rough
ER, vesicles and cristae mitochondria are also present. In the upper left, a nucleus of a receptor cell of the nasal seta iv is visible. Scale bar:
1 um. (D) Part of a photoreceptor cell with rhabdomeric microvilli, some reaching deep into the cell body being close to membrane stacks
(asterisk). Scale bar: 1 pm. (E) A membrane stack in higher magnification. Scale bar: 2 pm.

Abbr.: Ep — epidermis, HL — hemolymph, Mi — mitochondrium, Mv — (rthabdomeric) microvilli, NPC — nucleus of photoreceptor cell,
Nreiv — nucleus of receptor cell of seat iv, rER — rough endoplasmic reticulum, ve — vesicle.
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Figure 4. TEM-figures of sections through naso of Rhagidia halophila (A-D, F from sagittal, E from transversal sections). (A) Periphery
of a photoreceptor cell bordering the hemolymph space (compare Fig. 3A). Note thin ventral epidermis and smooth ventral cuticle.
Scale bar: 1 um. (B) Detail of adjacent photoreceptor cells. Squared area is shown in higher magnification in Fig. 4C. Sale bar: 2 pm.
(C) Detail of Fig. 4B showing desmosome like cell junctions (arrowheads) between adjacent photoreceptor cells. Scale bar: 0.2 pm.
(D) Detail of smooth ventral cuticle and epidermal layer with septate cell junction between adjacent cells. Scale bar: 0.2 um. (E) The
narrow passage through which the axons (asterisks) of photo- and receptor cells of setae iv pass. The epidermal cells bordering this
passage interdigitate basally and are connected via desmosome-like cell junctions. They are connected to the dorsal and ventral cuticle
via hemidesmosome-like junctions. Note numerous small dense inclusions, likely representing pigment granules. Scale bar: 2 um.
(F) Sagittal section through the connected specialized cells bordering the narrow passage. Scale bar: 1 pm.

Abbr.: ¢j — cell junctions of narrow passage, dcj — desmosome-like cell junction, dCu — dorsal cuticle, dEp — dorsal epidermis,
di—dense inclusion, hej —hemidesmosome-like cell junction, HL —hemolymph, Mt —microtubules, NEP —nucleus of ventral epidermis
cell, PC — photoreceptor cell, sj — septate junction, vCu — smooth ventral cuticle, ve — vesicle, VEP — ventral epidermis.
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Figure 5. TEM-figures of sections through naso of Rhagidia halophila (all except of B are from sagittal sections). (A) Overview with
bothridium and base of a nasal seta iv located in a deep socket (bothridium). Scale bar: 10 um. (B) Cross section through seta iv close
to its base within the bothridium. Scale bar: 2 pm. (C) Base of seta iv in higher magnification (compare Fig. 5A). Though the section
does not meet exactly the center of the setal insertion, the modified articulating membrane with suspension fibers is visible. Scale bar:
2 pm. (D) The anterior cuticular wall of the bothridium projects internally. The terminations of the two dendrites of the receptor cells
are placed here contacting the articulating membrane with their tubular bodies. Scale bar: 2 um. (E) Detail from Fig. 5D at higher
magnification showing the two tubular bodies. Dense globular secretions fill the receptor lymph cavity. Scale bar: 0.5 pm. (F) More
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the naso with the main part of the idiosoma contains
numerous dense droplets, probably lipids, that are likely
responsible for the red colour of the mite (Fig. 4E).

The epidermal layer except the region underneath the
ventral, smooth cuticle is thicker and contains numerous
vesicles of different size and density (Figs 2, 3A, 5A).
Aggregates of glycogen are also frequent. The nuclei
are small and inconspicuous (Fig. 4A). Neighbouring
cells are connected via septate desmosomes (Fig. 4D).
The dorsal cuticle is only slightly thicker than the ventral
cuticle, but is provided with small spines, which are
made of the epicuticle (Fig. 4F, 5C). A rather voluminous
space is left between the receptor cells of the eye and the
dorsal epidermal layer. It is filled with hemolymph, which
appears granular in the sections. Some very densely
staining aggregates of granules are present.

Epidermis and photoreceptor cells are underlain by a
very thin, almost inconspicuous basal lamina.

The nasal setac iv are inserted into deep sockets
(bothridia) as was already evident from the SEMs (Figs
1A, B; 2E, F; SA-D, 6). The setal base is connected to
the densely staining lateral walls of the bothridium by
an articulating membrane consisting of a thin epicuticle
and an underlying electron lucent procuticle provided
with a number of suspension fibers. A dense procuticular
process extends form the anterior wall of the bothridium
slightly deeper and here the dendrites of two receptor cells
terminate touching the base of the trichobothrium with
prominent tubular bodies (Fig. 5D). The tubular bodies
are swollen ends of the outer dendritic (ciliary) segments
which contain numerous microtubules embedded in a
dense material (Fig. 5D, E). The arrangement of this dense
material appears quite regular close to the extreme distal
end of the dendrite (Fig. 5G). Peripheral microtubules
seem to be in contact with the cell membrane of the
tubular body. The enveloping cells surrounding the
dendrites produce a dense secretion which forms globular
structures and fills the narrow intercellular space (receptor
lymph cavity). More proximally (deeper in the naso), the
dense material of the tubular bodies and the secretion in
the intercellular space disappear (Fig. 5F). The dendrites
bend medially and posteriorly and continue into the inner
dendritic segment (Fig. SH). The centriolar region of each

dendrite consisting of two coaxially arranged centrioles
(basal bodies) is slightly widened and the distal centriole
is connected with the cell membrane by fine filaments.
From the centriolar region, cross-striated ciliary rootlets
reach deeper into the inner dendritic segment, which
again is slightly wider in diameter. From the ciliary region
on, the enveloping cells are closely connected with the
dendrites by septate junctions. We observed few small cell
processes containing small nuclei close to the base of the
bothridium. These likely belong to the enveloping cells
(Fig. 5C). More posteriorly, the small perikarya of the
receptor cells are located close to the photoreceptor cells
(Figs 2C, D; 3C). The axons of the trichobothria leave the
naso through the narrow passage described above (Fig.
4E) as can be judged from the number of axons met in
this area.

4. Discussion

Our study has revealed the presence of an unpaired
eye located on the ventral side of the naso. Since it is not
provided with pigment cells and the dorsal side of the
naso does not show a modified cuticle, e.g., a lens, it is
hard to recognize with a light microscope. Though four
receptor cells participate in the formation of the median
eye, which thus shows a bilateral organization, traces
of a putative fusion from a pair of eyes are not evident.
Similar to the median eyes of other actinotrichid mites,
whether paired or unpaired, the median eye of Rhagidia
halophila is directed ventrally and slightly posteriorly
(Grandjean 1958, Travé 1968, Coineau 1970, Wachmann
et al. 1974, Witte 1991, 1995, Alberti & Coons 1999,
Haupt & Coineau 2002, Alberti & Moreno-Twose 2012).
In contrast to the median eyes of Microcaeculus steineri
delamarei Coineau, 1971 (Caeculidae, Prostigmata —
Wachmann et al. 1974), Penthalodes ovalis (Duggs,
1874) (Penthalodidae, Prostigmata — Haupt & Coineau
2002) and Heterochthonius gibbus (Berlese, 1910)
(Heterochthoniidae, Oribatida — Alberti & Moreno-Twose
2012), which have evolved (secondarily) a cuticular lens
on the dorsal side of the naso, such a lens is lacking in

(figure 5 continued) proximally, the dendrites achieve a smaller diameter and the dense material of the tubular bodies disappears. Also,
the material filling the receptor lymph cavity is less conspicuous. Scale bar: 0.5 pm. (G) A tubular body sectioned very close to its distal
termination reveals a regular arrangement of microtubules and dense material surrounding them. Peripheral microtubules apparently
are in contact with the cell membrane of the dendrite. Note dense globular material in the receptor lymph cavity. Scale bar: 0.2 pm.
(H) The connection between outer dendritic segments (ciliary region) and inner dendritic segments of the two receptor cells is shown
here containing two coaxially arranged centrioles each. Note the distal centriole connected to the cell membrane via fine filaments

(arrowheads) and the ciliary rootlets. Scale bar: 0.5 pm.

Abbr.: art — articulating membrane, boiv — bothridium of seta iv, ¢j — cell junctions of narrow passage (compare Fig. 4E,F), dCe — distal
centriole, dCu — dorsal cuticle, EC — enveloping cell, HL — hemolymph: iDS1, iDS2, inner dendritic segments 1 and 2, iv — seta iv,
Mi — mitochondrium, Mv — (thabdomeric) microvilli, NEC — nucleus of enveloping cell, o0DS1, 0DS2 — outer dendritic segments 1 and 2;
pCe — proximal centriole, RCA — receptor lymph cavity, sj — septate junction, Th — tubular body, Tb1, Tb2 — tubular bodies 1 and 2,

vCu — ventral cuticle.

SOIL ORGANISMS 86 (2) 2014



112

Gerd Alberti & Rainer Ehrnsberger

axrciv

Figure 6. Drawing of a mediosagittal section through the naso of Rhagidia halophila (slightly simplified). Asterisks indicate stacks of
dense membranes. Arrowheads point to cell border between two photoreceptor cells.

Abbr.: axPC — axons of photoreceptor cells, axreiv — axon of receptor cell of seta iv, boiv — bothridium of seta iv, Ce — centrioles,
cj — cell junctions of narrow passage, dCu — dorsal cuticle, dEP — dorsal epidermis, di — dense inclusion, HL — hemolymph,
iDS — inner dendritic segment, iv — inner vertical seta iv, Mv — (rthabdomeric) microvilli, NEC — nucleus of enveloping cell, NEP
— nucleus of epidermis, Nreiv — nucleus of receptor cell of seta iv, DS — outer dendritic segment, RCA — receptor lymph cavity,
rER — rough endoplasmic reticulum, Tb — tubular body, ve — vesicle.

Rhagidia halophila. Pigment cells may be present (e.g.,
Penthalodes ovalis, Heterochthonius gibbus) or not
(Microcaeculus steineri, Rhagidia halophila) in median
eyeslocated inanaso. Almostthe same was found inmedian
eyes that are not placed in a naso. In the freshwater mite
Hydryphantes ruber (de Geer, 1778) (Hydryphantidae,
Prostigmata), pigment granules are scarce in the eyes,
but adjacent epidermal cells send extensions containing
pigment granules beween the receptor cells leaving only
a central region free (Mischke 1981, see also Olomski
2012 with regard to other freshwater mites). In contrast,
the median eye of Cyta latirostris (Hermann, 1804)
(Bdellidae, Prostigmata) is surrounded by a thin but

distinct layer of pigment cells (Alberti et al. 1991, Alberti
& Coons 1999). These latter median eyes have receptor
(retinula) cells with rhabdomeric microvilli that are close
to the dorsal overlying idiosomal cuticle, which forms a
distinct lens (everted retina). Cyta latirostris is hitherto
the only mite known in which the receptor cells of the
median eye contain crystalline-like structures.

The cuticle covering the median eye ventrally is thin
and smooth in all the naso-eyes and may be called ventral
cornea. It is probably transparent but likely has no optical,
i.e. refractile function. On the contrary, the cuticle on
the opposite, dorsal, side and likely also transparent,
may be modified as a (secondary) dorsal cornea or lens
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(see above). The epidermal layer underneath corneae of
arthropods has been variously called, e.g., corneagen
layer (e.g., Gruner 1993, Alberti & Moreno-Twose
2012). The receptor (retinula) cells in all ultrastructurally
investigated median (naso-) eyes point away from this
dorsal cuticle or secondary lens. These retinae are thus
inverted with respect to this dorsal cuticle or secondary
lens (Wachmann et al. 1974, Haupt & Coineau 2002,
Alberti & Moreno-Twose 2012). On the contrary, the
retinae of median eyes, which are not located in a naso but
exposed on the prosomal surface, are everted (Mischke
1981, Alberti et al. 1991, Alberti & Coons 1999). These
eyes apparently always have lenses (Norton & Behan-
Pelletier 2009, Walter et al. 2009), probably homologous
to the secondary lens of the naso-eye. Finally, Olomski
(2012) reported on certain Hydrachnidia in which the
median eyes are sunken under the surface and do not
exhibit a lens-like structure.

A hemolymph space of considerable volume in the
naso was described by Wachmann et al. (1974) from the
median eye of Microcaeculus steineri. Such a space was
also found in Rhagidia halophila but not in Penthalodes
ovalis (Haupt & Coineau 2002) and Heterochthonius
gibbus (Alberti & Moreno-Twose 2012). There may
be further differences in the morphology of these
eyes. For example, Wachmann et al. (1974) described
enveloping cells in Microcaeculus steineri surrounding
and invading the retinae. Such cells were not seen in the
other species investigated. Furthermore, a continuous
epidermal (corneagen) layer between the ventral cuticle
and the photoreceptive (retinula) cells was shown by
these authors. In Penthalodes ovalis, this layer is at
least interrupted above the rhabdomeres, as in Rhagidia
halophila (Haupt & Coineau 2002, present study). In the
oribatid mite Heterochthonius gibbus, the corresponding
layer is continuous and contains pigment granules.

It is evident that the median eyes, besides a
fundamentally similar organization, at least those located
in a naso may considerably differ in the details.

We interpret the peculiar organization and orientation
of the median naso-eye(s) as a plesiomorphic condition
that is retained within Arachnida only in early
derivative actinotrichid mites, but may be recapitulated
during ontogeny in other Arachnida (e.g., Uropygi —
Schimkewitsch [1906], Dawydoff [1949], Opiliones —
Moritz [1957], Muioz-Cuevas [1981], Araneae —Homann
[1971], Amblypygi — Weygoldt [1975]), in which the
anlage of the median eyes is formed in a deep invagination.
This invagination later disappears and an eye with everted
retina located under a vitreous body and a cuticular lens
— in our interpretation homologs of the corneagen layer
and secondary lens of the naso-eye - is finally established
(see also Weygoldt & Paulus 1979). These eyes are thus

located at the prodorsal part of the prosoma. Only in
actinotrichid mites, species are found that have median
(naso-) eyes and others without naso that have prodorsal
median eyes (see also Coineau 1970, Alberti & Moreno-
Twose 2012).

Our study suggests that the median eye in Rhagidia
halophila has a highly dynamic retina with a rapid
membrane turnover (e.g., Waterman 1982, Eguchi
1999). This conclusion is supported by the large stacks
or whorls of membranes and numerous vesicles. In some
sections, the stacks of membranes are close to bundles
of rhabdomeric microvilli and it appears as if there are
intermediates between these two structures.

The function of the median eyes of mites is not clear.
They may be able to recognize light intensities and
perhaps the direction of the incidence of light.

Our study shows that the setae on the naso without doubt
represent trichobothria. They are set deeply into sockets
(bothridia) like the more posterior located prodorsal
trichobothria. As other mechanoreceptors of mites,
the naso-trichobothria are innervated by two receptor
cells ending with conspicuous tubular bodies. The setal
bases are connected to the walls of the bothridium by a
thin articulating membrane that allows flexion of the
seta which will stimulate the dendrites via the tubular
bodies (Thurm 1984). The fine structure of trichobothria
in actinotrichid mites has only been rarely studied, i.e.
in the prostigmatid mite Microcaeculus steineri (Haupt
& Coineau 1975) and in the oribatid mite Acrogalumna
longipluma (Alberti et al. 1994). They are only very
exceptionally present in anactinotrichid mites; Alberti
2006). In contrast to these detailed studies on the more
posteriorly located prodorsal trichobothira, we could only
show some aspects here studying the naso-trichobothria
for the first time. The type of innervation is similar in
Rhagidia halophila as was mentioned already. However,
we were not able to observe the basal shape of the seta,
which may indicate a directionality (preferred sensitivity)
of the sensillum as was shown for the mentioned mites.
In any case, the base of the seta and the bothridium is
more like that of the caeculid than that of the oribatid
mite, which is highly apomorphic in this respect (also
when compared to more early derivative oribatid mites;
see Alberti et al. 1994, Weigmann 2006, Norton & Behan-
Pelletier 2009). Trichobothria are generally considered
to perceive substrate or airborne vibrations (Pauly 1956,
Reifland & Gorner 1985, Alberti & Coons 1999). Ciliary
rootlets were not yet reported from trichobothria of mites.
The perikarya are rather inconspicuous and, unfortunately,
poorly preserved in our specimens. They continue into
axons that leave, together with those of the retinula cells,
the naso through a very peculiar narrow passage bordered
by specialized epidermal cells connected via conspicuous
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cell junctions. These junctions are frequently seen at
muscle attachment sites between the muscle cell and
the epidermal or tendon cell that contacts the overlying
cuticle. In the cells of the mentioned passage no muscles
are involved and the junctions are made directly between
the bases of the dorsal and the ventral epidermal cells.
Such epithel-epithel connections are rarely observed, but
are also present in the pharyngeal region of actinotrichid
mites between the ventral wall of the pharynx and that
of the infracapitulum. Interestingly such a site was
also observed in the rostral tectum of an oribatid mite
(Archegozetes longisetosus; c.f. Alberti & Coons 1999,
Alberti et al. 2011). These conspicuous attachment sites
certainly have a stabilizing effect.

In conclusion, we could show the presence of a median
eye in the naso of Rhagidia halophila supporting the
interpretation of this sturcture as being generally and
fundamentally provided with an eye. The presence of an
eye-bearing naso seems to be a very ancient character
what is obvious from a comparison with other arachnids
possessing median eyes and their peculiar development.
The presence of median eyes as a fundamental character
in actinotrichid mites and its absence in anactinotrichids
reflects the phylogenetic distance between these groups
as has become more and more evident (e.g., Alberti 2006,
Dunlop & Alberti 2007, Dabert et al. 2010, Pepato et
al. 2010). The setae on the naso of Rhagidia halophila
are evidently trichobothria. Considering the setation on
the prosoma including the naso it is evident that setae of
different positions or homology may be transformed into
trichobothria or into unspecialized setae (see also Norton
& Behan-Pelletier 2009, Walter 2009, Walter et al. 2009).
It seems remarkable that this evolutionary flexibility is
not found in anactinotrichid mites, in which trichobothria
have evolved only exceptionally (Alberti & Coons 1999,
Alberti 2006, Krantz 2009).
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