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The salivary and coxal glands in unfed larvae of the fresh-water mite Limnesia maculata (Müller, 1776) (Acariformes, Limnesiidae) were studied using light and electron
microscopy. Three pairs of the salivary and one pair of the coxal glands constitute the
prosomal gland complex. The salivary glands pertain to simple alveolar glands consisting
of the single acinus with prismatic cells arranged around the intra-alveolar lumen. Owing
to their spatial distribution, the salivary glands may be termed as medial, ventral and lateral.
While the ventral and lateral glands are arranged symmetrically, the medial glands are
disposed one after another at the frontal wall of the synganglion (brain). The medial and the
ventral glands possess mostly electron-dense secretory granules supposedly of protein nature. The lateral glands show variable organization mainly having electron-lucent vacuoles.
No well pronounced rough endoplasmic reticulum and Golgi bodies were discernible in
the salivary glands. The coxal glands are well developed and composed of (i) the main
portion (the so-called labyrinth) including at least two tightly opposed loops and extending
backward along the brain, and (ii) the very short anterior portion/end piece transforming
anteriorly into the terminal sac/bladder. The cells of the main portion are provided with
apical microvilli, whereas the basal infolding/basal labyrinth is lacking. The cells of the
anterior portion do not show the apical microvilli and the basal infoldings. The terminal
sac is lined by a cuticle and has an ectodermal origin. The ducts of the salivary glands
come together at the dorsal aspect of the bladder, to which they open forming the common
podocephalic duct anteriorly. The latter opens on each side into the subcheliceral space.
The well-developed podocephalic system suggests its active role in the living processes
such as feeding and ion-water balance.
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The developed prosomal gland complex is characteristic of Euarthropoda, in particular
Arachnida, in which digestion is extra-intestinal (Beklemishev 1964; Cohen 1995, 1998;
Alberti and Coons 1999; Farley 1999; Felgenhauer 1999; Schmidt-Rhaese 2007). Typically,
this gland complex consists of several pairs of the alveolar podocephalic salivary glands playing
a role in digestion, and one pair of the tubular coxal glands functioning in salt-water balance
and osmoregulation. In the higher Acariformes, all these glands of each body side sequentially
open into the podocephalic canal taking its origin from the excretory canal of the coxal gland.
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This complex system of glands and their ducts is known as podocephalic system (Evans 1992;
Albert and Coons 1999). Importantly, while the alveolar salivary glands are of entodermal
origin, the tubular coxal glands are thought to be of mesodermal origin (Alberti et al. 1997),
thus representing remnants of the coelom (Beklemishev 1964; Schmidt-Rhaese 2007; Koch
et al. 2015). The cuticle lining podocephalic canal is of ectodermal origin, and and the latter
opens into subcheliceral space of the mouth apparatus on both sides of the mite body (Alberti
and Coons 1999).
Though in many groups of Acariformes the number of the acinous podecephalic glands
has undergone reduction (Alberti and Coons 1999), mites of the Parasitengonina may retain
plesiomorphic number of three pairs. Besides podocephalic glands, these mites frequently
possess one pair of the alveolar, so-called infracapitular, glands opening by their own ducts
into the subcheliceral space. Among Parasitengonina, the representatives of Trombiculidae and
Erythraeidae, both larvae and adults, possess the full prosomal gland complex (plesiomorphy),
including infracapitular and coxal glands (Brown 1952; Mitchell 1964; Voigt 1971; Witte
1978; Shatrov 2000; 2015). Microtrombidiid mites demonstrate the full gland complex in
adult mites (Shatrov 2005) and highly reduced gland complex consisting of only two pairs of
podeocephalic glands opening into the common podocephalic duct in larvae (Shatrov 2004).
While adults of Smarididae retain three pairs of the podocephalic glands and are obviously
devoid of the infracapitular glands (Witte 1998), a representative of Calyptostomatidae shows
four, instead of three pairs of the podocephalic salivary glands, one of which occupies an axial
position, whereas the infracapitular glands are lacking (Vistorin-Theis 1977). In water mites,
studied mainly by light microscopy, various reduction of the prosomal gland complex has
been observed (Croneberg 1878; Michael 1895; Schmidt 1935; Bader 1938; Mitchell 1955).
The unpaired, so-called tracheal gland, may be also developed in water mites, as well as in
bdellids, (Mitchell 1955; Alberti 1973; Alberti and Coons 1999). The unpaired tracheal and
paired silk glands, both alveolar, are additionally present in tetranychids (Alberti and Storch
1974; Mothes and Seitz 1981; Alberti and Coons 1999). Only one ultrastructural investigation
of the salivary glands in the larvae of water mite Piona carnea (Koch, 1836) (Pionidae) has
shown the presence of only three pairs of the alveolar podocephalic glands, one of which, as in
Calyptostomatidae, is located on the axial body line (Shatrov 2012). The infracapitular glands
are also absent. Secretion of all these alveolar glands is found to be mainly proteinaceous,
in the form of predominantly electron-dense secretory granules owing to the activity of the
rough-endoplasmic reticulum and Golgi body system (Alberti and Coons 1999).
As far as coxal glands are concerned, these paired tubular glands constitute an essential
component in the podocephalic system forming by their distal portion a common podocephalic
duct. Generally, the coxal glands are thought to be homologous, both in the arachnid orders
(Woodring 1973; Alberti and Coons 1999) and generally in arthropods (Schmidt-Nielsen et
al. 1968) despite some differences in their location and particular anatomy. However, in contrast
to the more primitive basal groups, the coxal glands in the derived Parasitengonina mites are
devoid of the proximal saccule and composed only of the convoluted tubule (Witte 1991; Alberti
and Coons 1999; Shatrov 2000). Typically, these glands possess developed microvilli in the
apical cell surface (brush border) and basal plasma membrane infoldings with mitochondria
(basal labyrinth) (Alberti and Coons 1999). These morphological characteristics correspond to
transporting epithelia, responsible for transport of ions and water across the gland wall, thus
playing a role in ion and water regulation (Pease 1956; Anderson and Harvey 1966; Diamond
and Tormey 1966; Berridge and Oschman 1969; Berridge 1970; Wall et al. 1970; Kaufman and
Phillips 1973; O’Donnel and Maddrell 1983; Beyenbach 2003). These cellular components
are well developed in the coxal glands of larvae and adults of trombiculid and microtrombidiid
mites (Shatrov 2000, 2006, 2007), whereas in water mites larvae Hydryphantes ruber (de Geer,
1778) only the apical microvilli are present, whereas the basal infoldings are lacking (Shatrov
2017).
To widen our knowledge about principles of organization of the podecephalic gland complex
in various groups of Parasitengonina mites, and especially of their larvae, but also to provide
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their comparative analysis, we have undertaken the present ultrastructural study of the prosomal
glands in larvae of the fresh-water mite Limnesia maculata (O.F. Müller, 1776) (Limnesiidae).

Material and Methods
Mites and collecting sites
Several adult mites of Limnesia maculata (Müller, 1776) were collected in the lake Glubokoiye,
Smolensk Province, Demidovskiy district, National Park “Smolenskoye Poozerye,” near
Przhevalskoye town (55°30’ N 31°46’ E) 11 July 2013 by E. Soldatenko. The mites were placed
separately in plastic 100 ml containers with pure bottled artesian water (www.smolvoda.ru)
distributed in Smolensk city. Around one week after capture, the mites have started to produce
egg masses, from which larvae hatched some time later.

TEM procedures
For TEM study, active unfed larvae were initially fixed and preserved in 2.5% glutaraldehyde in
0.1 M cacodylate buffer (pH 7.2-7.4) for around four months. After immersion into the fixative
fluid, integument of the larvae was carefully pierced with sharp insect pins from the dorsal side
for a better penetration of the fixative. After the fixation, larvae were then washed in several
changes of 0.2 M cacodylate buffer for one hour, postfixed in 2% osmium tetroxide in 0.2 M
cacodylate buffer for five hours, dehydrated in ethanol and acetone series, and embedded in an
araldite mixture (Fluka, Germany).
Serial ultra-thin sections from araldite blocks both in transversal and longitudinal planes to
the long axis of larvae were made on a Leica UC-6 ultramicrotome (Leica Microsystems GmbH
Wetzlar, Germany) using a diamond knife (Ultra 45°, Diatome Ltd, Switzerland). Sections
were then mounted on copper grids with oval hole provided with a formvar support and, after
staining with uranyl acetate and lead citrate (Reynolds 1963), were examined with a TEM
Morgagni 268 D (FEI Company) at 80 kV (digital visualization). Control semi-thin sections
were made with the same ultramicrotome with glass knives and examined under a light-optical
microscope. In total, six larvae were examined.
All instrumental procedures were performed with the equipment of the “Taxon” Research
Resource Centre, at Zoological Institute of the Russian Academy of Sciences, St-Petersburg,
Russia (http://www.ckp-rf.ru/ckp/3038/?sphrase_id=8879024).

Results
The prosomal gland complex occupies a relatively narrow space between the large brain and
the frontal body wall (Figures 1 a-c and 2 a) as well as the space located partly inside the
gnathosoma and laterally to the gnathosomal base (Figure 2 b). The coxal glands extend
backward by sides of the brain up to the middle of the body or even further.

The alveolar podocephalic glands
Three pairs of the podocephalic salivary glands are identified, and may be termed, in accordance
with their spatial distribution, as medial, ventral and lateral (Figures 1 a-c and 2 a-b). The
infracapitular glands are lacking. The medial glands show unusual arrangement one after
another along the axial body line, as in water mite larvae Piona carnea (C.L. Koch, 1836)
(Shatrov 2012). The posterior medial gland occupies the position above the brain oppressed
along its dorsal frontal wall, whereas the anterior medial gland is situated just in front of the
brain lower than the posterior gland (Figure 1 a). In the examined larvae, the excretory duct
of the posterior medial gland turns right, whereas the duct of the anterior gland turns left. The
frontal portion of the anterior gland may enter the gnathosoma.
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Figure 1 Podocephalic glands in unfed larvae L. maculata in sagittal sections. TEM. a – Nearly axial section showing two medial glands
located one after another as well as pharynx and chelicera. Scale bar – 20 μm; b – Section slightly apart from the axial line showing medial
glands and podocephalic canal. Arrow indicates long extensions of the duct-forming cells flanking lateral lacunas of the intra-alveolar lumen.
Scale bar – 10 μm; c – Section through the region of the origin of leg I showing the lateral and the ventral glands as well as the terminal bladder
of the coxal gland in a nearly collapsed condition. Scale bar – 20 μm. amg – anterior medial gland; bl – bladder; br – brain; ch – chelicera; hem
– hemocyte; ial – intra-alveolar lumen; lg – lateral gland; legI – leg I; ms – muscles; pc – podocephalic canal; ph – pharynx; pmg – posterior
medial gland; schs – subcheliceral space; vg – ventral gland.
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Figure 2 Podocephalic glands in unfed larvae L. maculata on sagittal (a) and transverse section on the level of brain and pharynx (b). TEM. a
– Podocephalic glands on section slightly apart from the axial line. Scale bar – 20 μm; b – Mixed association of glands and ducts above and by
sides of the brain. Note the collapsed distal bladder of the coxal gland (not seen on this section) on the right-hand side. Scale bar – 20 μm. amg
– anterior medial gland; bl – bladder; br – brain; ial – intra-alveolar lumen; lg – lateral gland; mg – midgut; ms – muscles; pc – podocephalic
canal; ph – pharynx; pmg – posterior medial gland; vg – ventral gland.
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The medial glands are the largest ones among podocephalic glands with the largest round
secretory granules occupying most of the gland cells’ cytoplasm (Figure 1 b). The secretory
granules contain the homogeneous substance of various, mostly high electron density (Figure 3
a-b). Nevertheless, the single granules showing dense lamellate inclusions may be seen within
the lighter matrix (Figure 3 b-c). The very high prismatic cells of these glands are arranged
around the expanded intra-alveolar lumen with extremely deep lateral lacunas filled with a
fine-granular substance of moderate electron density (Figures 1 b, 2 b and 3 a). The lateral cell
margins are highly wavy, and the cell borders frequently disappear among granules of the gland
cells. By contrast, the basal plasma membrane facing the adjacent glands and other tissues
always remains flat (Figures 3 d-e and 4 b). The basal lamina between the opposite glands are
hardly distinguishable, so the cells of the neighboring glands are tightly applied to each other
(Figures 3 e and 4 b). From the adjacent tissues, e.g. epidermis, midgut wall, brain, etc., the
gland cells are separated by a relatively thin basal lamina of moderate electron density (Figure
3 e). The round nuclei typically occupy the peripheral cell regions, contain a large centrally
located nucleolus and heterochromatin granules dispersed uniformly within the nucleoplasm
(Figure 3 a-b, d). No prominent cisterns of rough endoplasmic reticulum (RER) and Golgi
bodies are observed in the cell cytoplasm which is full of free ribosomes. The cell cytoplasm
also contains numerous relatively small electron-lucent vesicles (clear vesicles) (Figure 3 a-b,
d). Single ribosomes may attach to the surrounding membrane of these vesicles (Figure 3 d).
Small mitochondria are scarce.
The much smaller ventral glands are located ventrad and laterad to the medial glands,
generally by sides of the gnathosomal base and the brain (Figures 2 b, 3 d and 4 a). They
contact with the sac of the coxal glands (see below) from the medial aspect (Figure 4 a). The
cells of the ventral glands are situated as a rosette around an intra-alveolar lumen with large
lateral lacunas (Figures 4 a and 5 a-c). The cell borders reveal hardly distinguishable septate
junctions. The apical plasma membrane may form short irregular microvilli (Figure 4 b). The
basal plasma membrane remains flat. The round nuclei with large nucleolus occupy the basal
position within the cells (Figures 4 a and 5 a, c). Round homogeneous secretory granules from
moderate to high electron density are smaller and more randomly distributed than those in the
medial glands (Figure 5 b-d). Single heterogeneous granules as well as granules of low electron
density and larger clear vacuoles may be also present in the cell cytoplasm (Figures 4 a and 5
c). No prominent vesicles, RER cisterns and active Golgi bodies are found in the cells.
The lateral glands occupy the most lateral and dorsal position just below the eyes and above
the sac of the coxal glands (see below) (Figures 1 c and 2 a-b). The character of the lateral
glands is variable among the larvae studied. The lateral glands may be presented in two variants.
The first one is characterized by relatively small size (Figures 2 b and 6 a) with a relatively
dense cytoplasm containing short, slightly dilated cisterns of endoplasmic reticulum and
irregularly shaped electron-lucent vacuoles (Figure 6 a, b). Some vacuoles may demonstrate
a fine-structured matrix of low electron density (Figure 6 b). The intra-alveolar lumen is
squeezed among cells showing microvilli penetrating the lumen (Figure 6 a). The second
variant is represented by highly enlarged glands (Figure 6 c-d) with giant round electron-lucent
vacuoles leaving narrow strips of cytoplasm filled with ribosomes and hardly distinguishable
short cisterns of endoplasmic reticulum. The intra-alveolar lumen is greatly dilated (Figure 6 d).
In both cases, the round nuclei with a large centrally located nucleolus occupy the peripheral
position (Figure 6 a-c) close to the basal plasma membrane. The latter as well as the basal
lamina remains flat (Figure 6 b).
The duct base of the glands is identically organized and is similar to the respective structure
of other Parasitengonina (Shatrov 2012). The duct base is formed of the so-called duct-forming
ectoderm cells with a clear cytoplasm, small nucleus and few organelles (Figures 3 c, 5 d-e and
6 d-e). They form long extensions flanking lateral lacunas of the intra-alveolar lumen (Figures
1 b and 5 b) as well as chaotically arranged short microvilli on the apical surface (Figures 5
b, d-e and 6 d). In the lumen, microvilli of both glandular cells and duct-forming cells may
interdigitate. The duct-forming cells contact to each other and to the gland cells via septate
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Figure 3 Medial podocephalic glands in unfed larvae L. maculata. TEM. a – Central gland portion with the intra-alveolar lumen. Scale bar –
2 μm; b – Peripheral gland portion with nucleus and heterogeneous secretory granules bordering midgut. Note flat basal plasma membrane of
the gland cell facing the midgut (arrow). Scale bar – 2 μm; c – Middle gland portion with the duct base. Note a fine-granular substance within
the duct lumen (arrow). Scale bar – 1 μm; d – Basal cells portion appressed with the brain. Note flat basal plasma membrane of the gland cell
and the flat basal lamina (arrow). Note also single ribosomes of the vesicle membrane (arrowhead). Scale bar – 1 μm; e – Border between
the anterior medial and ventral glands with practically imperceptible basal lamina between them (arrow). Note the basal lamina between the
glands and the brain (arrowhead). Scale bar – 0.5 μm. amg – anterior medial gland; cv – clear vesicles; dfc – duct-forming cell; dw – duct
wall; ial – intra-alveolar lumen; mg – midgut; n – nucleus; nu – nucleolus; sg – secretory granules; vg – ventral gland.
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junctions (Figure 6 e). The duct cuticle is formed above the apical plasma membrane of the
duct-forming cells. At its base, the cuticle shows a thick electron-light medial lamellate layer
provided with bundles of long electron-dense fibers strengthening the duct wall (Figures 3 c
and 6 e). The duct lumen is either optical-empty or may contain a fine-granular material of
moderate electron density (Figure 3 c).

The coxal glands
These glands are well developed and occupy a relatively large body volume by sides of the
brain. They run at an angle to the axial body line, both in vertical and tangential plan. They
border the brain, large clusters of nephrocytes and the midgut posteriorly (Figure 7 a). They
form at least two loops running back and forth and tightly opposed to each other so they may
be identified only by the presence of the axial lumen.
The entire gland, besides the very short frontal/anterior portion (end piece) (see below), is
represented by a long curved tube, the so-called labyrinth (Figure 7 a). It is composed of the
uniform prismatic cells equipped with microvilli on the apical cell surface (Figures 8 a, d-e, 9
b). The central lumen may be either collapsed (Figure 8 b, e) or filled with dense inclusions and
membrane profiles (Figures 8 a, 9 b). The basal plasma membrane always remains flat (Figures
8 b and 9 a-c). However, the basal lamina supporting the gland cells may insert between the
cells (Figure 8 b-c). In a subapical zone, the lateral membranes of the adjacent epithelial cells
are wavy and interconnected by septate junctions with hardly distinguishable septa (Figure 8

Figure 4 Ventral podocephalic glands in unfed larvae L. maculata. TEM. a – General view of the gland bordering the anterior medial gland
and the brain. Note flat margins of the gland facing neighboring organs (arrows). Scale bar – 5 ႜζ; b – Border of the ventral and the anterior
medial glands showing flat basal plasma membranes with the absence of the noticeable basal lamina (arrows). Arrowheads point to microvilli
on the apical cell surface facing the intra-alveolar lumen. Note that the duct –forming cells also bears microvilli interdigitating within the lumen.
Scale bar – 1 ႜζ. amg – anterior medial gland; br – brain; cv – clear vesicles; dfc – duct-forming cell; ial – intra-alveolar lumen; n – nucleus;
sg – secretory granules; vg – ventral gland.
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Figure 5 Ventral podocephalic glands in unfed larvae L. maculata. TEM. a – Compact ventral gland at the medial wall of the bladder of a coxal
gland. Scale bar – 5 μm; b – Central portion of ventral gland. Note extensions of duct-forming cells flanking lacunas of the intra-alveolar lumen
(arrows) and microvilli of these cells penetrating the lumen (arrowheads). Scale bar – 2 μm; c – Ventral gland on longitudinal section showing
the intra-alveolar lumen. Note reinforcing bundles of fibrils within the electron-clear duct wall (arrows). Scale bar – 2 μm; d – Intra-alveolar
lumen encompassed by duct-forming cells with short irregular microvilli (arrows) penetrating the lumen. Scale bar – 1 μm; e – Portion of the
intra-alveolar lumen showing duct-forming cells contacting via septate junctions (arrows). Arrowheads indicate microvilli of the duct-forming
cells. Scale bar – 0.5 ႜζ. bl – bladder; dfc – duct-forming cell; ey – eye; ial – intra-alveolar lumen; lg – lateral gland; m – mitochondria; ms –
muscles; n – nucleus; nu – nucleolus; sg – secretory granules; vg – ventral gland.
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Figure 6 Lateral podocephalic glands in unfed larvae L. maculata. TEM. a – Collapsed gland with apparent cisterns of endoplasmic reticulum
and irregularly shaped vacuoles. Scale bar – 2 ႜζ; b – Portion of the gland at higher magnification showing the large nucleus and ER cisterns.
Note vacuole with a fine-structures matrix (arrow). Arrowhead indicates a smooth basal cell zone. Scale bar – 1 ႜζ; c – Enlarged highly
vacuolated gland tightly applied to ventral gland from above in longitudinal section. Scale bar – 5 μm; d – Central gland portion of the same
gland indicating expanded intra-alveolar lumen. Arrows point to microvilli of the duct-forming cells. Scale bar – 1 μm; e – Duct base of the
gland. Scale bar – 1 ႜζ. dfc – duct-forming cell; du – duct; dw – duct wall; er – endoplasmic reticulum; ey – eye; ial – intra-alveolar lumen;
lg – lateral gland; m - mitochondria; mg – midgut; ms – muscle; n – nucleus; nu – nucleolus; v – vacuole; vg – ventral gland.
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e). Besides, the lateral cell membranes show relatively large semi-circled mutual invaginations
(Figure 8 d).
The round nuclei are large with a large eccentrically located nucleolus and occupy the basal
cell zones (Figures 7 a and 8 a-b, d). The relatively dense cytoplasm contains scarce elongated
mitochondria, single stacks of RER cisterns mostly in the basal cell zones (Figures 8 a-b and 9
a) as well as short curved cisterns, numerous free ribosomes and patches of glycogen particles
(Figure 8 a). Separate microtubules penetrate the cell volume in different directions (Figures
8 e and 9 a). The irregularly shaped electron-dense presumably secondary lysosomes/residual
bodies containing dense granules and elongated crystal-like inclusions are also present in the
cells (Figures 8 b, d and 9 a). Golgi bodies as well as clear vesicles are not discernible. Separate
nerve terminations (axons) with dense synaptic vesicles (Figure 9 c) and separate muscle fibers
(Figure 9 b) may be seen adjacent to the gland wall.
The anterior/distal gland portion (the so-called end-piece) is short and composed of only one
straight tubule. The wall of the tubule consists of simple cuboidal epithelium. The epithelial
cells show light cytoplasm with scarce organelles (Figure 9 d). The cells are devoid of both
apical microvilli and basal infoldings. However, the basal plasma membrane may insert into
the cells to some extent forming irregular profiles (Figure 9 d). The anterior portion turns
slightly laterad and transforms into the distal sac/bladder (Figure 10 a). The cuticular lining of
the latter is formed similarly to the salivary glands, i.e. by the ectoderm cells above their apical
plasma membrane (Figure 10 b). In different individuals, the bladder may be either dilated
(Figures 5 a and 7 a) or, otherwise, nearly collapsed (Figures 1 c and 2 b). A spiral cuticular
thread reinforces the walls of the bladder (Figures 5 a and 10 a).
The ducts of all podocephalic glands of each side of the body come together at the upper-

Figure 7 Coxal gland in unfed larva L. maculata. TEM. Longitudinal section of the larva showing the whole gland length composed of the
two tightly opposed tubes/ labyrinth surrounded by different body tissues. Scale bar – 10 μm. bl – bladder; br – brain; cgl – coxal gland; ey –
eye; mg – midgut; ms – muscles; neph – nephrocytes.
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Figure 8 Organization of the labyrinth of coxal glands in unfed larvae L. maculata. TEM. a – Central portion of the labyrinth with a conspicuous
central lumen filled with various membranous and granular structures. Scale bar – 2 μm; b – Portion of the labyrinth with a collapsed lumen
penetrated by microvilli. Scale bar – 2 μm; c – Basal lamina penetrating between the gland cells at their base (arrow). Scale bar – 0.5 ႜζ; d
– Portion of the convoluted labyrinth showing semi-circled mutual invagination of the gland cells (arrow). Scale bar – 1 μm; e – The apical
cell contact with hardly distinguishable septate junction (arrow). Note axial filaments within microvilli (arrowheads). Scale bar – 0.5 μm. gl
– glycogen; gll – gland lumen; m – mitochondria; mg – midgut; mt – microtubules; mv – microvilli; n – nucleus; nu – nucleolus; rb – residual
body; rer – rough endoplasmic reticulum.
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Figure 9 Organization of labyrinth (a-b) and end-piece (c-d) of coxal glands in unfed larvae L. maculata. TEM. a – Basal portion of the gland
cells bordering the brain containing a large residual body and an extensive stack of RER. Note septate junction between the adjacent cells
(arrow). Scale bar – 1 μm; b – Portion of the labyrinth with a collapsed lumen and muscle fiber applying to the gland wall. Scale bar – 2 μm;
c – Nerve termination with synaptic vesicles at the gland wall. Scale bar – 0.5 μm; d – Transverse section through the end-piece with a dilated
lumen without microvilli. Note particular membrane profiles in the basal cell portion (arrow). Scale bar – 2 μm. bl – basal lamina; blm – basal
lamina; br – brain; gll – gland lumen; h – hemacoelic space; m – mitochondria; mg – midgut; ms – muscles; mt – microtubules; mv – microvilli;
n – nucleus; nu – nucleolus; rb – residual body; rer – rough endoplasmic reticulum: sv – synaptic vesicles.
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Figure 10 Organization of podocephalic glands in unfed larvae L. maculata. TEM. a – Transformation of the end-piece of coxal gland into the
bladder in longitudinal section and formation of a cuticle of the bladder (arrows). Scale bar – 2 μm; b – Formation of the cuticle of the bladder
above short microvilli of the duct-forming cells (arrow). Scale bar – 1 μm; c – Concentration and joining of glands’ ducts at the caudal end
of the epistomal apodeme. Scale bar – 5 μm; d – The gnathosomal base in transverse section showing posterior portions of the subcheliceral
cavity (arrows). Scale bar – 10 μm. amg – anterior medial gland; bl – bladder; cha – cheliceral apodeme; d – duct; dfc – duct-forming cell; epa
– epistomal apodeme; glc – gland cell; gll – gland lumen; m – mitochondria; ms – muscles; n – nucleus; ph – pharynx; pmg – posterior medial
gland.
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frontal side of the distal bladder of the coxal glands (Figure 10 c). They open into this bladder
in unknown sequence, thus forming the common podocephalic duct after leaving of the bladder.
This duct of each body side opens into the posterior lacunas of the subcheliceral space/atrial
cavity (Figure 10 d). The anatomical arrangement of the glands are illustrated in Figure 11.

Figure 11 Schematical drawing illustrating relative disposition of prosomal glands in unfed larvae L.
maculata of one body side in longitudinal projection. Both medial gland are shown. amg – anterior
medial gland; bl – bladder; br – brain; cgl – coxal gland; lg – lateral gland; mg – midgut; mp –
mouthparts; pmg – posterior medial gland; vg – ventral gland.

Discussion
The alveolar salivary glands
Initially, the podocephalic gland complex in actinedid mites and, in particular, in the Parasitengonina, is composed of four gland pairs – three pairs of alveolar/acinar, functioning in saliva
production, and one pair of tubular/coxal, functioning in osmoregulation (Alberti and Coons
1999). The excretory ducts of these glands open into the podocephalic/common salivary duct
taking its origin from the duct of the coxal glands. In addition to the podocephalic glands, one
pair of the separate, so-called infracapitular glands, also alveolar ones, may be identified usually
in the ventral position. Both podocephalic ducts and the duct of infracapitular glands open into
the subcheliceral space. In fresh-water mites, one of the podocephalic glands and the infracapitular glands are frequently reduced (Croneberg 1878; Michael 1895; Thor 1904; Schmidt
1935; Mitchell 1955; etc.). The plesiomorphic number of the alveolar podocephalic glands may
undergo significant reduction in many groups of Acariformes as well (Alberti and Coons 1999).
Conversely, in calyptostomatids, the number of the acinous podeocephalic glands increases up
to four pairs, probably including the infracapitular glands in their composition (Vistorin-Theis
1977; Alberti and Coons 1999). The full salivary gland complex including podocephalic and
infracapitular glands is found in adults of terrestrial trombiculid mites (Trombiculidae) (Brown
1952; Shatrov 2000), microtrombidiids (Microtrombidiidae) (Shatrov 2005) and erythraeids
(Erythraeidae) (Witte 1978), whereas in Smarididae (Erythraeoidea) one of the podocephalic
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glands is reduced (Witte 1998). In all transformation of the alveolar podocephalic glands, the
coxal glands are never reduced.
The prosomal glands in the parasitengonine larvae were studied up to now in the terrestrial mites Abrolophus rubipes (Trouessart, 1888) (Erythraeidae) (Witte 1978), Hirsutiella
zachvatkini (Schluger, 1948) and Leptotrombidium orientale (Schluger, 1948) (Trombiculidae)
(Shatrov 2000, 2015), Platytrombidium fasciatum (Koch, 1836) and Camerotrombidium pexatum (Koch, 1837) (Microtrombidiidae) (Shatrov 2004) and in the fresh-water mite Piona carnea
(Koch, 1836) (Pionidae) (Shatrov 2012). Moreover, the coxal glands were studied in larvae of
the water mite Hydryphantes ruber (de Geer, 1778) (Hydryphantidae) (Shatrov 2017). Among
these larvae, the full prosomal gland complex was found only in trombiculids and erythraeids,
whereas in P. carnea the infracapitular glands are reduced. Interestingly, in the latter species
the glands of one pair are arranged one after another on the axial body line (Shatrov 2012) as
in adult mites of Calyptostoma velutinum (Müller, 1776) (Calyptostomatidae) (Vistorin-Theis
1977) and in the studied larvae L. maculata. In microtrombidiid larvae, the alveolar glands are
largely reduced – only two pairs of the podocephalic glands remain.
As is seen from this consideration, reduction of the initial prosomal gland complex within
the Parasitengonina (i) is a general tendency, (ii) mostly concerns infracapitular glands and
never coxal glands, (iii) is rather irregular among families, and (iv) is thought to depend on
combination of the evolutionary position and particular ecological conditions. Generally, larvae
may undergo stronger reduction of glands than adults, that may be seen both within the given
families and in different evolutionary branches. All alveolar glands studied at present produce
mainly protein secretion as a result of RER and Golgi complex activity that may be very
pronounced (Alberti and Coons 1999; Shatrov 2004, 2005). Some variation in the character of
secretory granules, as in the case of L. maculata, may be influenced by a particular role of the
given glands in a feeding process (Mitchell 1970). At the same time, in the alveolar glands of
unfed larvae of L. maculata, the activity of a synthetic apparatus is practically inconspicuous,
because the secretory granules are already formed. Obviously, the secretion in the medial and
ventral glands is ready to evacuate for realization of the feeding process, whereas the dynamics
of secretion in the lateral glands is not so clear and may depend on the individual age of the
given unfed larva. It may be supposed that the glands produce secretion only through the
post-embryonic period, and the large vacuoles (probably partly dissolved during fixation) are
mature and ready for evacuation. Distinct cellular composition of these cells comparing to
medial and ventral gland cells may indicate that they synthesize other products than proteins,
probably rich with glycoprotein components.

The coxal glands
In the body composition of larvae L. maculata, the coxal glands are well developed and occupy
a very large space of the body volume. In contrast to other arachnids (Buxton 1913; Rasmont
et al. 1958; Rasmont 1959; Groepler 1969; Hecker et al. 1969; Alberti 1979), the coxal glands
in the Parasitengonina have progressively lost the proximal sacculus, and the main tubule is,
consequently, the region of the primary fluid/urine filtration and formation (Alberti and Coons
1999). While the sacculus is assumed to be of mesodermal origin (Alberti et al. 1997; Alberti
and Coons 1999), the origin of tubular region (the so-called labyrinth) has not been ultimately
recognized until present. That is why, all debates around the question whether these organs
represent coelomoducts (Beklemishev 1964) or nephridia (Bartolomeaus and Quast 2005) in
arthropods – remain open. In contrast to many oribatid and actinedid mites studied so far,
both adults and larvae (Alberti and Storch 1973, 1974, 1977; Alberti at al., 1997; Alberti and
Coons 1999; Shatrov 2006, 2007, 2017; Filimonova 2016), the tubular gland portion in larvae
of L. maculata is not clearly divided into certain regions. In other mites studied there may be
identified, for instance, proximal tubule, intermediate zone, and distal tubule with different cell
organization providing different functions with regard to fluid/ion filtration and osmoregulation.
Conversely, the entire gland in L. maculata larvae, apparently consisting of at least 1-1800 bend,
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shows a uniform cell organization with the well-developed brush-border and without obvious
basal infoldings.
Consequently, only one hypothesis concerning the gland functioning may be valid – filtration of fluids across the gland wall is performed, especially after feeding of the liquid substrate,
throughout the entire gland length. This filtration is expected to occur in a passive manner
due to variation of the body pressure (Manton 1958). The reverse ion resorption/reabsorption,
extremely important in the fresh-water organisms, obviously takes place in the same gland
portion via the active mode with the energy consumption in the microvillous compartment.
This hypothesis resulted from the observed gland organization, which is similar to that of the
fresh-water oribatids (except for the presence of the sacculus in the latter group), in which
the labyrinth with the same proposed function is developed much better than in the terrestrial
oribatid mites (Woodring 1973).
The above-mentioned functional morphology of the coxal glands in larvae of L. maculata
is not identical to that of larvae of the terrestrial Parasitengonina mites (Witte 1978, 1998;
Shatrov 2006, 2007, 2017). In the latter group, different regions of the typical coxal glands are
well developed. By contrast, the coxal glands studied in this work are represented by the single
enormously developed region composed of the uniformly organized epithelium. The cells of
this epithelium show no signs of secretion, which, in contrast, may be well presented in coxal
glands of different mite groups (Alberti and Coons 1999, Filimonova 2004, 2016; Shatrov
2006, 2007). Contrary to unfed larvae of Hydryphantes ruber (De Geer, 1778) (Shatrov 2017),
the coxal glands of L. maculata contain large secondary/autophagic lysosomes, or residual
bodies that suggests the intensive metabolic processes within the cells. Similar lysosome-like
bodies are also contained in the coxal gland cells of Arrenurus (Alberti and Storch 1977), adult
trombiculids (Shatrov 2000) and syringophilids (Filimonova 2016). In each case, the role of the
coxal glands in the process of the saliva formation, especially if the podocephalic canal opens
into the subcheliceral space, is thought to be efficient (Mitchell 1970, Wharton and Furumizo
1977; Alberti and Coons 1999; Shatrov 2017). The large distal bladder is highly characteristic
of water mites (Alberti and Coons 1999; Shatrov 2017), which additionally indicates the
transportation of large fluid masses through the gland. The volume of the bladder may vary in
different specimens which probably suggests its periodic functioning and the intensive fluid
transport across the gland even in unfed larvae.
This study has proved the previous findings that larvae of the fresh-water mites undergo
reduction of the infracapitular glands, and that one pair of the podocephalic glands tends
to be lined-up one after another in the axial body line. The coxal glands responsible for
osmoregulation, are well developed but have lost the proximal sacculus and basal infoldings.
No secretion is evident in the coxal glands of unfed larvae.
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