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ABSTRACT

The mouthparts of adult mites of Platytrom-
bidium fasciatum (C.L. Koch, 1836) (Acariformes:
Microtrombidiidae) were examined using both light
optical (mounted mites, toluidine blue stained semi-
thinsections) and electron microscope (TEM, SEM)
methods. The gnathosoma is formed ventrally by
the wide gnathocoxal plate, extending forward as
the cone-shaped hypostome without a conspicuous
sucker, and dorsally by two-segmented chelicerae,
each with a blade-like cheliceral claw (movable
digit). The proximal portion of the gnathosoma is
inserted into a camerostomal fold formed of the
body wall. The voluminous subcheliceral space
terminates posteriorly by the proximal chamber
withcharacteristic sclerotization of its walls. Mem-
branous bottom of the subcheliceral space bears the
labrum anteriorly and the weakly expressed episto-
me posteriorly. The proximal chamber serves as a
saliva reservoir. The labrum and the inner walls of
the hypostome form the mouth leading to acrescent
pharynx. The latter possesses dorsal dilators origi-
nating on the floor of the subcheliceral space and
mostly on the lateral walls of the gnathocoxal plate
and constrictors. The ventral pharyngeal wall is
conspicuously separated from the gnathosomal
bottom and has no ventral dilators. The main tra-
cheal trunks are S-shaped in longitudinal sections
and are connected with the proximal chamber
through narrow channels. Posterior portions of the
tracheal trunks have sclerotized walls and serve for
origination of the extrinsic cheliceral muscles. The
cheliceral apodemes are therefore expressed twice
asthe sclerotized elements behind the inner walls of
the basal cheliceral segments and as the particular

sclerotization of the tracheal trunks. Laterally, the
gnathosoma bears large 5-segmented palps. On the
dorsal aspect of the tibia, there are two sclerotized
claws. Such an organization of the mouthparts of
adult microtrombidiid mites seems to be closely
responded to the actinedid prototype and appears to
be more generalized than the specialized mouth-
parts of the larvae.

PE3IOME

PoToBo# ammapat B3pocnbeIx kiemeit Platy-
trombidium fasciatum (C.L.Koch, 1836) (Acarifor-
mes: Microtrombidiidae) 6b11 H3y4YeH ¢ UCIIOINB-
30BaHHMEM KaK CBETOONTHYECKHUX (LIEJIbIE 3aKIIIOYEH-
HBIE KIIeLH, TI0JIyTOHKUE CPE3bI), TaK M JIEKTPOH-
Ho-MuKpockonuueckux (TOM u COM) meTo0B.
I'naTocoMa, Hecyias poTOBOH annapaT, 06pa3oBa-
Ha CHU3Y MM POKOM rHATOKOKCaIbHOM INIACTHHKOH,
NPOAOJDKAIOMIEINCS BIIEpEA B BHJAE KOHHYECKOTO
runocromMa 6e3 opOpMIEHHON MPUCOCKH, a 0p-
CaJIbHO HECET JBYYJICHUKOBBIC XEIULEPHI C KHUH-
JKANOBUIHBIM KOTTEM B KayeCTBE IOABHXKHOTO
nanbLa. [IpokcuMalibHbIe 4aCTH THATOCOMBI 3aKITIO-
YeHbI B CKJIaIKY TOKPOBOB — KaMepocToM. ToHKoe
JIHO O0BEMHOTO CYOXeNHUEepaJbHOTrO MPOCTPaH-
CTBa HeceT 1abpyM criepe Iy U cl1abo BIpaXKeHHEIH
SMICTOM 033,11, M 3aKaHYMBACTCS C3a/11 TaK Ha3kbl-
BaeMOM MPOKCHManbHON KaMepol CO CKIIepOTH3H-
pPOBaHHBIMH CTe€HKaMH. IIpokcuManbHas kamepa
CIIYKHT B KaUecTBE pe3epByapa A cltoHEI. JIab-
PYM M BHYTPEHHHE CTCHKH THIIOCTOMa 00pa3yroT
POTOBOE OTBEPCTHE, BEAYIIEE B OTYITYHHYIO ITIOT-
KY, CHa0K€HHYI0 BEpXHUMH INTIATATOpaMU, HAYH-
HAIOIIUMHUCS Ha AHE CyOXemuuepansHoro mpocT-
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paHCTBa, HO IITaBHBEIM 00pa30oM Ha OOKOBBIX CTEHKaX
THATOKOKCAJIbHOM [TACTUHKH, a TAK)KE KOHCTPHK-
TopaMu. HIxHSA CTEHKA [VIOTKH ABCTBEHHO OTHE-
JIeHa OT JIHA THATOCOMBI, OJHAKO HWDKHUE JUIaTa-
TOPBI HE BRIPa)XEHEI. | TaBHBIE TpaXeHHbIE CTBOJIBI
UMetoT S-00pa3Hyo popMy Ha IpOJOIBHBIX Cpe3ax
Y COEIMHEHEI C IPOKCUMAaJIbHOHM KaMepo mocpe-
CTBOM Y3KMX KaHaJIOB. 3aJHHE 4aCTH TPaXCHHBIX
CTBOJIOB UMEIOT CKJIEPOTU3UPOBAHHBIE CTEHKH, CITY -
J}alue Ui KpeTyieH!s BHEITHUX MBIIIL XETHULIED.
XenunepanbHble alloJIeMBl, CI1€I0BaTENbHO, BhIpa-
MEHBI IBOSIKO — KaK CKJIEDOTH3HUPOBAHHEIE 3Jle-
MEHTHI 033 BHYTPEHHHUX CTEHOK Oa3albHBIX
YJICHHKOB XeJIMLIEP, U KaKk 0cobast CKJIEpOTH3aIHs
TpaxeWHBIX CTBONOB. JIaTepaIbHO THATOCOMA HECET
KPYIHbBIE 5-4JICHHKOBBIE HANBIIBI, BOOPYXEHHBIE
JOBYMS CKJIEPOTH3UPOBAaHHBIMU KOI'TSIMU Ha BEPX-
Helt yactu ronenu. [TogoOHas opranusanus poro-
BOTO ammapara B3pOCJIBIX Kieled MUKpOTpOMOHU-
JHH XOPOILO COOTBETCTBYET aKTHHE IUTHOMY [1PO-
TOTHITY U BEITJILAUT OOJIEE TeHEPATTM30BAHHOM, YeM
CHenMaTH3UPOBAHHBIN pOTOBOH annapat IM4HHOK,
00HapyXUBAIOIINH HEKOTOPEIE YEPTHI HEAOPA3BH-

* THsI M BTOPHYHOTO YIPOIIEHHUS.

INTRODUCTION

The basic characteristic of the feeding organs
of arachnids is given by Snodgrass [1948] in his
excellent work. Since that time a number of accu-
rate studies on the mouthparts structure and func-
tions have been made for the Acariformes [see, for
example, Hughes, 1953; Lange, 1962; Hammen,
1968; Summers, Witt, 1971; Hislop, Jeppson, 1976;
Nuzzaci, 1979; Hallas, 1982; Paran 1982; Desch,
1988; Akimov, Gorgol, 1990; Desch et al., 1991;
Yastrebtsov, Gorgol, 1991; Akimov, Badanin, 1999;
Badanin, 2000; Akimov et al., 2002; etc.]. Besides
specialized studies, data on the organization of
mouthparts in acariform mites are scattered in ex-
tensive literature of morphological and systematic
value, and are partly summarized by Evans [1992]
and Alberti and Coons [1999] along with other
organ systems.

Nevertheless, among trombidiform mites (sub-
order Actinedida), detailed morphological investi-
gations of the mouthparts and other organs using
histological methods are relatively scarce and mostly
deal with the specialized taxa such as the Tetran-
ychidae [Becker, 1935; Blauvelt, 1945; Baker, Con-
nell, 1963; Summers et al., 1973; Akimov, Baraba-
nova, 1977; Akimov, Yastrebtsov, 1981; Akimov,
Gorgol, 1984; Andre, Remacle, 1984; Alberti, Crook-
er, 1985; Nuzzaci, Lillo de, 1991] and the Para-
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sitengona. In the latter group, members of the fami-
lies Erythraeidae [Witte, 1978], Smarididae [Witte,
1998], Trombidiidae sensu lato [Pagenstecher, 1860;
Henking, 1882; Moss, 1962; Mathur, LeRoux, 1965,
Shatrov, 2001a, b], Trombiculidae [Jones, 1950;
Brown, 1952; Wharton, 1954; Mitchell, 1962a; Sha-
trov, 1981, 1985, 2000] and water mites [Croneberg,
1878; Schmidt, 1935; Mitchell, 1955, 1962b, 1972;
Davids, 1973; Zhavoronkova, 1990a, b, 1992;1993;
1999] have been examined in respect with the struc-
ture and function of the mouthparts. Itis important to
note that within the Parasitengona, in a number of
cases, the feeding organs of the larvae were also
studied [Jones, 1950; Wharton, 1954; Witte, 1978;
Shatrov, 1981,20014a, b] and a particular physiolog-
ical and functional evaluation concerning feeding
mechanisms of both parasitic larvae and adult mites
has been suggested [Jones, 1950; Wharton, 1954;
Mathur, LeRoux, 1965; Davids, 1973; Baker, 1982;
Smith, 1988, Shatrov, 2000]. Finally, phylogenetic
relationships within the Parasitengona, mostly based
on mouthparts organization, have been proposed
[Witte, 1991].

From the references listed above, it is obvious
that the latest work on mouthparts of adult trombi-
diid mites, the group embraced at present at least
several families, is 40 years old [Mathur, LeRoux,
1965] and is not entirely satisfactorily. It is espe-
cially important that investigations of the mouth-
parts using TEM methods have not been previously
carried out for the Parasitengona.

Based on these reasons, I undertake a morpho-
logical investigation of the mouthparts in adults of
the microtrombidiid mite Platytrombidium fascia-
tum (C.L. Koch, 1836) (Acariformes: Microtrom-
bidiidae) using both light-optical and electron mi-
croscopy. A comparative analysis of adult and
larval mouthparts is also the purpose of this study.

MATERIALS AND METHODS

Adult mites of P. fasciatum were collected
from the soil surface in Leningrad district (Russia)
during spring-summer of 1996-2005. Mites were
initially placed into small plastic jars with scil
particles as a substrate, then some of these mites
were taken for fixation approximately 5-7 days
after capture, and the others were mounted on slides
for identification. Before fixation, mites were ac-
tive being previously ad libitum-fed in natural
conditions.

For the light-optical microscopy, whole mites
were mounted on slides in Hoyer-Berlese medium
after clearing in Nesbitt solution for about a month.
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The animals were then investigated under an Am-
plival light-optical microscope either in bright-
field or in phase-contrast.

Forscanning electron microscopy (SEM), mites
after the alcohol fixation and alcohol and acetone
treatment were dried at the critical point of carbonic
acid in a Hitachi HCP-2 vacuum evaporator, cov-
ered with a platinum layer in an Eiko IB-5 appara-
tus, and examined with a Hitachi S-570 electron
microscope at 20 kV.

For transmission electron microscopy (TEM),
adult mites were initially fixed in 2.5% glutaralde-
hyde in 0.1 M phosphate buffer (pH 7.2-7.4) for 2~
4h. The mites were then washed in several changes
of 0.2 M phosphate buffer, postfixed in 2% osmium
tetroxide in phosphate buffer containing 8.56%
sucrose for 1-6 h to overnight, dehydrated in etha-
nol and acetone series, and finally embedded in an
araldite mixture. Serial ultra-thin sections both in
transverse and in longitudinal planes were made on
anLKB-IIT ultramicrotome and, after staining with
uranyl acetate and lead citrate, were examined with
Tesla BS-500 and LEO-900 transmission electron
microscopes at 80 kV.

For general and light-optical observations of
sectioned specimens, serial semi-thin sections were
stained with toluidine blue and studied and photo-
graphed withan Amplival light optical microscope.

List of abbreviations used in the Figures:

BS — basal cheliceral segment; Ca — cam-
erostome; ChA — cheliceral apodeme; ChE —
cheliceral elevators; ChP — cheliceral protractors;
ChR —cheliceral retractors; Cr — crista metopica;
DChW — dorsal cheliceral wall; DESS — dorsal
extension of subcheliceral space; DP — dorsal
projection; DPhW — dorsal pharyngeal wall; EGM
—extrinsic gnathosomal muscles; Ep— epistome;
EPM — extrinsic palp muscles; Ey — eye; FSS
floor of subcheliceral space; GnB — gnathosomal
bottom; GnP — gnathocoxal plate; GnPr — gnath-
osomal protractors; GnR — gnathosomal retrac-
tors; GS — gnathosoma; He — haemocyte; HS —
haemocoelic space; Hy — hypostome; IChM —
intrinsic cheliceral muscles; IHW — inner hypos-
tomal wall; La— labrum; LCl —larger claw; LI —
legl; LII—Ieg IT; LL.—lateral lip; MD — movable
digit; MDP — movable digit protractors; MDR —
movable digit retractors; Mo—mouth; NS —nude
seta; OHW — outer hypostomal wall; Pa — palp;
PC — proximal chamber; PCl — palp claw; PD —
palp depressors; PE — palp elevators; PF — palp
femur; PG — palp genu; Ph — pharynx; PhC —
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pharyngeal constrictors; PhD — pharyngeal dila-
tors; PrC — preoral cavity; PT — palp tarsus; PTi
— palp tibia; PTr — palp trochanter; SA — sensil-
lary area; SCl1 — smaller claw; SG — salivary
glands; SS — subcheliceral space; St— stigma; To
— tooth; TPhD — tendons of pharyngeal dilators;
Tr — main tracheal trunk; VPhW — ventral pha-

ryngeal wall.
RESULTS

The mouthparts are a complex functional in-
ter-segmented unit of the frontal part of the body
providing the food ingestion and its initial process-
ing by the organism. In respect with the Acari, this
head unit is frequently called gnathosoma [Evans,
1992], capitulum [Alberti, Coons, 1999], or gnath-
ema [Lange, 1962]. The latter term implies that the
gnathosoma is a pseudotagma. In the Trombidioi-
deaand particularly in the Parasitengona, the mouth-
parts are shown to be highly specialized for sucking
liquid food, either from the host’s or from the
victim’s tissues, after piercing them with the claw-
like digits of the chelicerae [Alberti, Coons, 1999].

As in other arachnids [Snodgrass, 1948], the
mouthparts in P. fasciatum are generally composed
of the first two segments and of their appendages —
the chelicerae and the pedipalps. Internal sclerites
of these segments (apodemes) as well as remnants
of the embryonic head lobe are also integrated in
the feeding organs. A heavily sclerotized apodema
— the so-called crista metopica with a specialized
sensillary area — occupies a mid-dorsal position
above the mouthparts. The crista metopica is func-
tionally associated with the mouthparts as a muscle
attachmentsite but belongs to the prodorsum (Figs.
1-3). Such a combination of the skeleton elements
constitutes the frame for numerous muscles provid-
ing the movements and functioning of the gnatho-
soma.

Light microscopic observations of slide
mounted specimens

The gnathocoxal plate at the base of the gna-
thosoma has strongly bent lateral walls and a pos-
terior indentation of its bottom (Fig. 4). Large five
segmented palps are joined to the gnathocoxal plate
laterally by means of the trochanters. The palps
show an elbow bend of the massive femur and are
provided with numerous setae (Figs.4,5,7). Onthe
tip of the palp tibia there are two strongly sclero-
tized and slightly ventrally bent claws. Relatively
long tarsus is placed of the opposite side to the
claws, on the ventral aspect of the tibia (Figs. 5, 7).
This combination of the claws and the tarsus consti-
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Fig. 1.a— Schematic drawing of sagittal section of mouthparts of adult mites P. fasciatum. Elements of only one side of the body
are demonstrated. b — Schematic drawing showing spatial organization of cuticular elements of mouthparts of adult mites P

Jfasciatum.

Puc. 1. a— CxeMa npomosbHOTO paspesa rHaTocoMbl P. fasciatum. TlokazaHsl CTPYKTYpPbl TOJIBKO OXHOH TOJOBUHEL Tea. b—
CxeMa IPOCTPaHCTBEHHOM OpraHn3alii KyTHKYJSIPHBIX 3JIEMEHTOB POTOBOTO ammapata P. fasciatum.

tute the thumb-claw complex, characteristic for the
Actinedida and especially for the Parasitengona
[Alberti, Coons, 1999]. The bodies of the chelicer-
ae are weakly visible, but the blade-like and well
sclerotized movable digits (digiti mobili), or claws
of the chelicerae, are conspicuous elements of the
mouthparts (Figs. 6, 7). They possess a massive
basal portion providing an unicondylar articulation
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with the basal segment. This joint is seen located al
the dorsal aspect of the basal portion of the digit. A
blade-like distal part of the claws bends nearly ata
right angle to the basal portion of the movable digit
and is armed with a sharp cutting edge and a pointed
tip (Figs. 6, 7). The blade-like claws appear to have
a groove on their inner side apparently elaborated
for the current of a liquid food and the saliva when
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Fig. 2. Schematic drawings of transverse sections of gnathosoma of adult mites P. fasciatum on the level of: a— bases of movable
digits; b — formation of pharynx; ¢ — back third of hypostome; d — hypostomal base.

Puc. 2, Cxemsl monmepeuHEIX pa3pe3oB THATOCOMBI P. fasciatum Ha ypoBHE: a — OCHOBaHMWI PEXyIlMX NAJIbLEB XeIuuep; b —
$opMHpOBaHUS [JIOTKH; ¢ — 3aAHEH TPETH TMIOCTOMA; d — OCHOBAHHS THIIOCTOMA.

the digits are adjoined to each other during the
feeding process.

SEM observations

From the external view by SEM, the gnathoso-
ma, in comparison with the remaining part of the
body, looks relatively small and is partly hidden
between the palps, as they are usually tightly ad-
joined to each other from the dorsal-anterior posi-
tion, and extended far beyond the tip of the gnath-
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osoma (Figs. 8-10). From the posterior, the basal
portion of the gnathosoma is covered by the integ-
umental fold, which is frequently termed as the
camerostome — a characteristic feature for the
Acariformes [Snodgrass, 1948; Lange, 1962] (Fig.
11). Like in other mites studied [Snodgrass, 1948;
Alberti, Coons, 1999], including the closely related
family Trombiculidae [Shatrov, 1985, 2000], the
base of the gnathosoma in P. fasciatumis formed by
a wide and stout sclerotized plate, posterior and
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Fig. 3. Schematic drawings of transverse sections of gnathosoma of adult mites PI. fasciatum on the level of: a — bases of basal
cheliceral segments; b — epistome; ¢ — base of proximal chamber; d — base of gnathosoma and sensillary area.

Puc. 3. CxeMbl onepeyHbIX pa3pe3os rHATOCOMBI Pl fasciatunt Ha ypoBHE: a — OCHOBAHMS 0a3aibHbIX WIEHUKOB XENHUep:
b — 3nMCcTOMa; ¢ — OCHOBaHMs POKCHMAJbHOH KaMepbl; d — OCHOBAHUS THATOCOMBI.

lateral edges of which are bent dorsad and hidden
partly beneath the integumental fold of the ventral
body wall and partly beneath the coxae of first legs
(Fig. 12). As is generally assumed [Snodgrass,
1948; Evans, 1992; Alberti, Coons, 1999; etc.], this
plate is derived from the fused palp coxae and thus,
may be termed as the gnathobase, gnathocoxa, or,
atlast, infracapitulum [Alberti, Coons, 1999]. In P.
fasciatum, this gnathocoxal plate bears numerous
irregularly arranged, uniform mechanoreceptic se-
tae. There is a narrow, free of setae, strip along the
axis of the plate (the line of the supposed fusion)
(Fig. 12). From the level of the palps’ attachment,
the coxal plate is narrowed to form the hypostome
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[Snodgrass, 1948], which is cone-shaped from be-
low (Fig. 12). Both the gnathocoxal plate and the
hypostome form a ventral wall (bottom) of the
gnathosoma. Lateral portions of the hypostome,
frequently termed as the lateral lips [Alberti, Coons,
19991, are bent upward to envelop the distal partsof
the chelicerae (Figs. 11, 13). Thickened distal parts
of the lateral lips form the terminal opening of the
hypostome (Fig. 13). Several nude setae probably
serve also as mechanoreceptors surround the termi- §
nal opening. Tips of the cheliceral claws with tiny
denticulate upper cutting edges may be seen pro-
truding from this terminal opening (Figs. 13, 14).In
contrast to the larvae of this species [Shatrovl
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Figs. 4-7. Light microscopic views of gnathosoma of slide mounted adult mites P. fasciarum. 4 — ventral view of gnathosoma
showing chelicerae with movable digits and large palps bearing two apical claws on the tibia, scale — 200 um; 5 — distal portion
of a palp with a thumb-like complex, scale — 100 pm; 6 — chelicerae with movable digits from ventral aspect, scale — 100 um;
7 — positional relationship of the chelicerae and palps, scale — 100 pm.

Puc. 4-7. [HaTOCOMa Ha MIOCKOCTHBIX CBETOONTHYECKUX MpEnapaTax B3poCibIX Kiewei P. fasciatum.

2001}, and some adult water mites [Zhavoronko-
va, 1990b, 1992; Alberti, Coons, 1999; etc.], the
apical portion of the hypostome does not seem to
form an obvious permanent sucker, although the
first steps in this direction may be traced in its
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particular configuration (Figs. 13, 14). The lateral
lips in their upper sides are formed by a soft cuticle
and do not tightly contact each other above the
chelicerae (Fig. 13) that permits the chelicerae to
move in a certain way.
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Figs. 8-13. SEM views of adult mites P. fasciatum and details of their mouthparts. 8 — mite from somewhat frontal and ventral
aspect; tightly adjoined palps are clearly seen in frontal position of the mite body, scale — 1 mm; 9 — lateral and somewhat dorsal
view of anterior portion of the mite body; note crista metopica taking a mid-dorsal locality and palps protecting gnathosoma from
above and from the front, scale — 100 pwm; 10 — anterior portion of the mite body from somewhat dorsal and frontal aspect; the
same disposition of palps as in the previous figure; note eyes on the sides of crista metopica; arrow points to an integumental
“groove” behind crista, scale — 300 um; 11 — dorsal view of gnathosomaj; arrow indicates dorsal projection of the integumental
body wall covering stigmas, scale — 100 um; 12 — ventral view of the wide gnathocoxal plate and narrowing hypostome, from
the apical orifice of which movable cheliceral digits are seen protruding; note that the palps are artificially moved apart, scale —
100 um; 13 — frontal view of the gnathosomal apex; note movable digits protruding between the apical thickened parts of the
lateral lips, scale — 10 pm.

Puc. 8 — 13. Bapocnble kneuw P. fasciatum u X poOTOBOH anmapar B CKaHUPYIOLIEM 31eKTPOHHOM MUKpockone (COM).

Figs. 14-19. SEM views of details of the mouthparts of adult mites P. fasciatum. 14 —apical portion of hypostome from somewhat
dorsal and lateral aspect with tips of lateral lips turned back; note movable digits with an indented cutting edge protruding between
the lips; arrow indicates presumed rudiments of fix digits, scale — 10 um; 15 — distal portion of a palp with tarsus faced ventrad
and two apical claws; inner side of the left palp, scale — 50 pm; 16 — apical portion of the right palp from the front; note large
nude setae located on the outside surface of the tibia, scale — 50 um; 17 — right palp from the frontal and somewhat inner aspect;
note that the bases of the claws are oriented in perpendicular planes, scale — 50 um; 18 — sensillary area with trichobotriae, scale
— 5 um; 19 — double eye under the united cuticular cornea, scale — 20 um.

Puc. 14-19. J[letanu cTpocHue POTOBOTO anmapara B3pocibix kiewei P. fasciatum. COM.

Figs. 20-27. Sequential transverse semi-thin sections of the mouthparts of adult mite P. fasciatum from the front to back up to
the level of epistome. Toluidine blue. Scale — 100 pm (20-23, 26) and 50 pm (24, 25, 27). See text for details.

Puc. 20-27. lMonepeunsle NOJAYTOHKHE Cpe3bl POTOBOTO amnnapara B3pocsioro kiemwa P. fasciatum cniepeiy Ha3ai 40 ypOBHS
anucToma. TONYHUHOBBIA CUHUH.

Figs. 28-33. Sequential transverse semi-thin sections of the mouthparts of adult mite P. fasciatum from the level of the base of
the epistome back up to the level of posterior termination of the tracheal trunks. Toluidine blue. Scale — 100 pum (28, 29) ar '
50 um (30— 33). See text for details.

Puc. 28-33. [TonepeyHsle MONYTOHKHE CPe3bl POTOBOTO arnapara B3pOCIoro Kiewa P. fasciatum cnepeay Hazal OT ypoBt
OCHOBaHHsI 3MMCTOMA JI0 YPOBHS OKOHYAHMS IJIaBHBIX TPaxeiHbIX cTBOJIOB. TONYHUIAMHOBBIHA CHHHIA.

Figs. 34-39. Sequential sagittal semi-thin sections through the mouthparts of adult mite P. fasciatum indicating a disposition
the main tracheal trunks, cheliceral elevator muscles, proximal chamber and pharynx (34~38), and of a palp (39). Note dors
integumental fold with crista metopica in the middle position covering proximal parts of the gnathosoma. Toluidine blue. Sca
— 100 pm everywhere. See text for more details.

Puc. 34-39. CaruTrasnbHble NONYTOHKKHE CPE3bl POTOBOrO annapara B3pocIoro kiewa P. fasciatum, noka3bIBaloIMe B3aHMHC
pacronokeHHe TIaBHLIX TPaxeHHBIX CTBOJIOB, 3JICBATOPOB XENHLEpP, NPOKCHMAaNBbHONK Kamepsl U T1oTkH (34-38), a Takw
nanbnsl (39). TonyuauHOBBIA CHHUIA.

Figs. 40-44. TEM views of ultra-thin transverse sections showing details of the mouthparts of adult mites P. fasciatum. 40 -
labrum and attachment of movable digit to the basal cheliceral segment, scale — 5 pm; 41 — labrum composed of a cuticle«
two types — electron-dense with pore canals in the dorsal part and electron-light with loosely packed fibrils in the ventral par
scale — 3 um; 42 — large cuticular mass of irregular outlines of the floor of subcheliceral space, scale — 5 um; 43 — epistom
and posterior portion of labrum deepened under the floor of subcheliceral space, scale — 10 um; 44 — epistome with deep ventr:
curvature, scale — 10 pm.

Puc. 40-44. Y apTpacTpyKkTypa AeTanei pOTOBOTO annapara B3pocibix kieweid P. fasciatum. TOM.

Figs. 45-48. TEM views of ultra-thin transverse sections showing details of the mouthparts of adult mites P. fasciatum. 45 -
character of space between the inner and the outer hypostoinal walls anterior to the formation of pharynx containing loosel
packed connective and fat tissues as well as some haemocytes, scale — 5 pm; 46 — movable digits lying in the preoral cavity
small arrows indicate dense vesicles in the hypostomal cuticle, large arrow points to cuticular bulge; see text for details, scale—
5 um; 47 — character of attachment of movable digit to basal cheliceral segment; arrow indicates arthrodial membrane, scale—-
5 pm; 48 — middle part of the pharynx, distinctly separated from the gnathosomal bottom, scale — 5 pm.

Puc. 45-48. YnptpacTpykTypa AeTaneif pOTOBOro annapara B3pocibix kieiuer P. fasciatum. TOM.

Figs. 49-51. TEM views of ultra-thin transverse sections showing details of the mouthparts of adult mites P. fasciatum. 49—
main tracheal trunks lying within the particular body fold separated from the dorsal cheliceral walls, scale — 5 pm; 50 — dorsd
extension of the subcheliceral space coming close to the main tracheal tranks, scale — 5 um; 51 — combined picture showin
relationship of the main tracheal trunks, cheliceral apodemae and proximal chamber; arrows indicate channels connecting trached
trunks and proximal chamber, scale — 10 pm.

Puc. 49 — 51. YnpTpacTpykTypa feTajeit poTOBOro anmapara B3pocibIx kietuent P. fasciatum. TOM.
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Description of mouthparts in adult mites of Platytrombidium fasciatum

From the dorsal aspect, the gnathosoma is
armed with stout, tightly adjoined bodies of the
chelicerae, i.e. principal [Alberti, Coons, 1999], or
basal segments of the chelicerae devoid of any setae
on the opened surface (Fig. 13). Their proximal
portions are inserted into the integumental fold, the
camerostom, bearing from above the crista metop-
ica(Fig. 10). This integumantal fold forms a partic-
ular dorsal projection anteriorly, which apparently
serves as a cover for stigmas (Fig. 11). Neverthe-
less, such a dorsal projection can doubtfully be
identified as a separate tectum, the supposed deri-
vate of the embryonic head lobe [Snodgrass, 1948].
The latter, conversely, is observed in adults of
trombiculid mites [Shatrov, 1985, 2000], but seems
tobereduced in PL. fasciatum and other trombidiids
sensulato [Henking, 1882, Mathur, LeRoux, 1965].
Laterally, the integumental fold is joined with the
dorsally extended basal angles of the hypostomal
edges by thin membranous folds (see below) to
formacharacteristic continuous frame surrounding
the gnathosoma, known as the basis capituli [Sn-
odgrass, 1948]. From their upper sides, distal edges
of the basal cheliceral segments bear characteristic
membranous folds (Fig. 14), which are probably
rudiments of the fixed digits, totally reduced in the
Actinedida [Alberti, Coons, 1999].

Laterally, the gnathosoma bears the vertically
oriented palps consisting of five free segments:
small trochanter, massive femur bent ventrally,
genu, tibia armed with two claws on its apical tip,
and tarsus. The relatively long and uniformly wide
tarsus is situated on the ventral surface of the tibia
and directed downward (Figs. 9, 15). Except for the
trochanter, all these segments bear irregularly ar-
ranged, uniform, tiny-branched setae looking for-
ward. Besides these branched setae, there are also
large and stout nude setae situated obliquely in
three-five rows along the inner side and partly
along the upper ridge of the tibia (Figs. 15, 17). Up
to five very large stout nude setae directed straight
forward are also placed on the outer surface of the
tibia at its ventral aspect (Fig. 16). All these large,
nude setae accompany the palp claws, which are
thought to have historically originated from such
setae [Snodgrass, 1948; Alberti, Coons, 1999].

The palp claws have wide bases and blunt
apexes, are slightly curved and oriented in perpen-
dicular planes to each other so that the terminal
larger claw takes a nearly vertical plane and the
smaller inner claw takes a nearly horizontal plane
(Figs. 15, 17). The larger claw is around 110 um
long, whereas the smaller one is around 80 um. The
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palp tarsus, about 130 pmlong, being approximate-
ly of the same width through its length, is densely
covered by uniform branched setae and is suppos-
edly used as mechanoreceptors when the mite walks
in the soil searching for food. The combination of
the claws and the palp tarsus is thought to constitute
a claw-thumb complex in the Actinedida [Alberti,
Coons, 1999] that functions in the reception and
grasping of potential food. As was mentioned above,
in natural conditions, the palps are tightly adjoined
together and appear to protect the apical tip of the
hypostome from accidental damages, when the
mites are dwelling in the soil or on its surface.

The crista metopica is around 300im long and
devoid of setae. It occupies a mid-dorsal position
on the prodorsum. Approximately at its posterior
quarter, the crista metopica has a widened, so-
called sensillary, area [see Moss, 1962] where
trichobotriae, organs of spatial orientation [Alberti,
Coons, 1999], are located (Fig. 18). A pair of
double eyes is situated on the sides of the crista
approximately at its middle level. Externally, each
eye is composed of the paired hemispheres under a
united cuticular cornea (Fig. 19). The eye hemi-
spheres have a slightly diagonal orientation with
the larger one taking a more external and frontal
position (Figs. 10, 19). A detailed consideration of
the eye organization is beyond the scope of this
work.

Light-optical observations of semi-thin sections

Serial semi-thin sections made both in trans-
verse and in the sagittal planes seem to provide
essential information about the internal organiza-
tion of the gnathosoma (see Figs. 1-3).

An apical portion of the gnathosoma, flattened
from the lateral sides, is composed of the basal
cheliceral segments, tightly opposed to each other,
and of the semi-circled double-walled hypostome
enveloping the chelicerae from below (Figs. 20—
25) (see below). Movable digits are articulated to
the basal segments of the chelicerae in the frontal-
ventral position (Figs. 20, 21). The basal segments
possess sclerotized walls having a flat inner side
withoutany locking structures through their length,
and anearly semi-rounded outer side (Figs. 20-23).
From a dorsal aspect, the basal segments have
indentations on their inner sides facing to each
other. This pattern is especially developed at the
distal portions of the segments, where the main
tracheal trunks lie. In the most apical portions, the
trunks are enclosed within a separate body projec-
tion situated over the chelicerae like a tongue-like
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structure (Figs. 11, 20, 34-36). Posteriorly, still
above the chelicerae, this structure is united with
the camerostomal fold covering the chelicerae from
dorsal and posterior aspects (Figs. 21, 22). In the
posterior direction, the tracheal trunks are gradual-
ly running down, remaining between or even partly
inside the basal cheliceral segments. In their course
associated with the chelicerae, the tracheal trunks
have thin, non-sclerotized walls, but never show
collapsed cavities and always have a clear inner
space (Figs. 21-23). In the posterior portion of the
basal cheliceral segments, the indentations of the
inner walls, where the tracheal trunks lie, become
deeper. Rounded outer walls continue upwards far
beyond the point of the fusion with the inner walls.
They are directed towards each other forming here
the dorsal walls of the basal segments, which end
freely being separated by a narrow space (Figs. 23—
24). The inner walls of the basal segments in their
most posterior portions, in contrast to all other
sides, are thick and strongly sclerotized (Fig. 24).
The ventral parts of the basal segments look sharp,
and end freely within the subcheliceral space (Fig.
25) (see below). The basal cheliceral segments
contain well developed muscles: elevators and de-
pressors of the movable digits (cheliceral claws)
originate mostly on the outer and also on the inner
walls of the basal segments (Figs. 36-38). The
largest width of the basal cheliceral segments is
around 60-70 pm.

Dorsally, the chelicerae, together with the
tracheal trunks, are covered by a frontal projection
of the prodorsum, which is filled with loosely
organized intermediate, connective and fat tissues
(Figs. 34-38). On its dorsal aspect, this body fold
bears a heavily sclerotized medial crista metopica
that is deeply inserted into the body cavity (Figs.
20-25, 30-33,34-36). Cheliceral protractor mus-
cles originate on the sides of the anterior portions
of the crista and are also present within this frontal
projection (Fig. 38). In the posterior, lateral sides
of this dorsal projection are going down along the
lateral cheliceral faces to fuse with the dorsally
extended basal angles of the hypostomal sides by
thin membranous folds, thus completing the for-
mation of the camerostomal ring, into which the
basal portions of the gnathosoma are inserted
(Figs. 23-25). More posteriorly, bicondylar artic-
ulations of the gnathosomal base with palp tro-
chanters, inserted into the latter, are observed
(Figs. 23-25). On the dorsum of the body, approx-
imately at this level, the eyes are situated on the
folds of the body wall (Figs. 2, 3, 23-25).
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The hypostome is situated ventrally, in close
association with the chelicerae. It constitutes the
gnathosomal apex from a ventral aspect (Fig. 20).
Apical portions of the hypostome have semi-circu-
lar outlines on transverse sections and double cutic-
ular walls, between which the body cavity is filled
with elements of loosely organized fat tissue. This
construction is supposedly elaborated for protect-
ing the slender movable digits from accidental
damages when the latter are retracted in non-func-
tional conditions. The lateral hypostomal sides are
therefore thickened leaving a relatively narrow
space where the movable digits are enclosed and
rest (Figs. 20-21). The cuticular walls of the hypos-
tome are thick showing characterisric bulges on the
inner walls. The bulges are directed to the inside of
the space between the hypostomal walls and prob-
ably serve to protect the inner and outer walls from
collapsing (see Fig. 21). The lateral sides of the
hypostome are extended upwards, becoming thin-
ner and partly enveloping the distal portions of the
chelicerae. The width of the hypostome is around
120 pm.

In the narrow space between the bases of the
movable digits, a fine and slender apex of the
labrum may be distinguished. The apex of the
labrum is armed by a middle vertical ridge (Figs.
20-21).Posteriorly, the labrum becomes larger and
wider, and behind the basal termination of the
movable digits, the labrum fuses its lateral sides
with the inner walls of the hypostome, where the
latter are essentially thick (Fig. 22). The terminal
opening into the pharynx, formed by the joining of
the labrum and the inner hypostomal walls, is a
mouth (see Fig. 38) [Snadgrass, 1948]. The spact
anterior to the mouth, between the hypostomal
sides, may be anatomically defined as the preoral
cavity. Posteriorly from the mouth, the pharymx
becomes a morphologically separated organ. lIts
anterior portionis triangular on transverse sections,
with rather thick lateral walls derived from the
inner walls of the hypostome. Further posteriorly,
the pharynx is passing through the hypostomal
space being however separated from the ventral
wall of the hypostome, i.e. the gnathosomal bottom
(Figs. 23-25). Posterior to the formation of the
pharynx, the upper concave wall, or the roof of the
hypostome, apart from the labrum, which is lacking
here the median ridge, is formed by a thin membrz-
nous cuticle constituting the floor of the subcheli
ceral space (Fig. 25). At this level, the lateral walls
of the hypostome are thicker, especially at their
dorsal portions. They probably support the basa
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segments of the chelicerae (Figs. 24-25). In the
posterior direction, the ventral wall of the hypos-
tome becomes more flat and the lateral walls disap-
pear, leaving two large cuticular masses flanking
the voluminous subcuticular space from the lateral
sides (Figs. 25, 26). The hypostomal plate gradual-
ly transforms into the wide and rather bent gnathoc-
oxal plate. Lateral sides of the latter appear to be
formed by a thin membranous cuticle in their fron-
tal portions (Figs. 26, 27). These lateral walls are
bent dorsally in the form of a wide cup and further
posteriorly they are sclerotized (see Figs. 28-33).

The pharynx has a crescent form with a darkly-
stained dorsal wall and a less stained ventral wall.
Both walls are thick and appear to be sclerotized
(Figs. 23-25). No muscles are attached to the pha-
ryngeal walls within the hypostomal space. At the
level of the base of the hypostome, tendons of the
dorsal dilator muscles are inserted to the upper
concave pharyngeal wall (Fig. 25). During the
course of the pharynx, up to ten paired sets of dorsal
dilators are attached to the dorsal pharyngeal wall
(Figs. 26-33). The dilators originate on the episto-
me and mostly on the upper parts of the lateral walls
of the gnathocoxal plate that is deeply inserted into
the body. In contrast to adult trombiculid mites
[Shatrov, 1985, 2000], no ventral pharyngeal dila-
tors were observed in adults of P. fasciatum. The
pharynx, however, remains distinctly separated
from the bottom of the gnathosoma. Conversely,
the pharyngeal constrictors are present. They con-
nect the angles of the pharynx between sets of the
dilators nearer to the base of the gnathosoma (see
Fig. 30). The pharyngeal lumen remains narrow
except for its posterior portions, where pharyngeal
walls become thinner losing their sclerotization
and the lumen is rounded when the pharynx merges
into the esophagus (Fig. 33). The maximum width
of the pharynx is about 70-80 pum, whereas its
length is up to 200 um. Besides the pharyngeal
dilators, no other muscles are present within the
hypostomal space, and regions on the sides of the
pharynx are filled with elements of intermediate
and fat tissues.

Approximately at the level of the formation of
theunited gnathocoxal plate, the proximal termina-
tion of the basal cheliceral segments is observed.
The inner (paraxial) walls of the basal segments
terminate more anteriorly than the outer ones and
leave sclerotized apodemes situated immediately
beneath the tracheal trunks. These apodemes may
be termed as the cheliceral apodemes because they
arein close contactif are not derived from the inner
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cheliceral walls. At this place, the tracheal trunks
are going down to be situated at the base of the
chelicerae (Figs. 25, 26). The outer (antiaxial)
walls of the chelicerae terminate more posteriorly,
and their dorsal portions serve for attachment of a
group of muscles: elevators, retractors and protrac-
tors of the chelicerae (Fig. 1, 30-38). From these
muscles, the elevators are well developed and orig-
inate on the dorsal aspect of the tracheal trunks (see
below) and are directed obliquely forward and
dorsad to the dorsal cheliceral walls (Figs. 30-38).
The retractors and protractors of the chelicerae take
their origin on the opposite sides of the crista
metopica (Fig. 1). Posteriorly, the cheliceral apo-
demes, are slightly flattened in a dorsal-ventral
plane, fused with ventral and lateral walls of the
tracheal trunks and where they take a tear-shaped
form (Figs. 26, 27). Posteriorly, this fusion spreads
over the whole lateral and then dorsal sides of the
tracheal trunks serving here as a place of muscle
attachment. Apparently, the tracheal trunks play
the main role in air passage. Because of the fusion
with the cheliceral apodemes, the tracheal trunks in
the posterior half also serve as the site of attachment
of the extrinsic cheliceral muscles. In general, on
their course from the stigmas to the posterior, the
tracheal trunks appear as an inclined “S”-shaped
figure that is seen on sagittal sections (Figs. 35, 36).
Approximately at the posterior end of the pharynx
and, correspondingly, at the posterior termination
of the ventral gnathocoxal wall, the tracheal trunks
are divided into numerous tracheal branches spread-
ing throughout the organism (Figs. 35, 36).

The most interesting and distinct feature of the
gnathosoma in adults of P. fasciatum is the morpho-
logical character of the bottom of the subcheliceral
space, particularly the labrum and the epistome.

Posteriorly to the formation of the pharynx, the
lateral walls of the hypostome are connected to
each other via a thin membranous wall. This wall
has alarge, directed downwards bending (Figs. 24—
26). There is alarge cavity between this dorsal wall
of the hypostome and the chelicerae known as the
subcheliceral space (Figs. 23—27). Thus, the roof of
the hypostome is the bottom of the subcheliceral
space. Posteriorly to the cheliceare, the subcheli-
ceral space is situated at the center of the gnathoso-
ma. The bottom of the subcheliceral space, curved
ventrally, connects the inner cuticular elements of
the gnathobase (see below). The roof of the subche-
liceral space is formed by membranous walls that
are the posterior continuation of the ventral por-
tions of the inner cheliceral walls and has a large
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dorsal flexure (Figs. 26,27). In contrast to classical
conceptions [see Snodgrass, 1948; Evans, 1992;
Alberti, Coons, 1999, etc.], the subcheliceral space
expands posteriorly far beyond the basal cheliceral
segments and the bodies of the chelicerae do not lie
on or move upon the epistome.

Itisinteresting that the labrum loses the medial
ridge in its posterior part and deepens under the
membranous dorsal wall of the hypostome (Figs.
26, 27, 38). The labrum extends in this position
approximately up to the level of the posterior end of
the chelicerae. Here it is enclosed by a cuticular
mass situated beneath the dorsal hypostomal wall.
This cuticular mass is formed by loosely organized
electron-light fibrils and cannot be classified as an
apodeme. Conversely, the membranous dorsal wall
of the hypostome soon acquires characteristic scle-
rotization and in this form may be conventionally
classified as the epistome (subcheliceral plate, cer-
vix) [Alberti, Coons, 1999]. The epistome connects
the internal gnathocoxal elements (Figs. 26-28,
38). Further posteriorly, the epistome shows a
ventral bend, lateral walls of which are gradually
fused, and this structure is finally terminated far
behind the posterior end of the labrum (Figs. 28,
29). It is important to note that the posterior por-
tions of such a weakly developed epistome serve,
nevertheless, for the attachment of the labral mus-
cles. These muscles lead to the caudal end of the
labrum nearly in a horizontal plane. In the space
between the epistome and the pharynx, fibers of the
obliquely arranged pharyngeal dilator muscles are
present. They originate, however, not on the epis-
tome, but on the ventral wall of the proximal
chamber (see below) and on the upper portions of
the deeply immersed lateral walls of the gnathoc-
oxal plate.

It is clearly seen from this consideration that
the cheliceral-epistomal complex in the micro-
trombidiid mite Pl fasciatum has a rather atypical
expression that is also observed in the organization
of the proximal chamber of the subcheliceral space.

The proximal chamber is a widened proximal
portion of the subcheliceral space and is situated in
the center of the gnathosomal base. In this place,
there are neither the chelicerae nor the epistome are
present (Figs.28-29, 36-38). Anteriorly, this cham-
ber is flanked by two large sclerites derived from
the thick dorsal portions of the hypostomal walls.
These sclerites give rise to 1) the conspicuous
apodemes extended obliquely in a dorsal and pos-
terior direction to the lateral walls of the gnathoc-
oxal plate (Figs. 28, 29) and, 2) a characteristic
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sclerotized armament of the posterior end of the
chamber with the most expression on the ventral
and posterior walls of the later (Figs. 30, 36). This
chamber receives the ducts of the salivary glands
[Shatrov, 2005] and has well developed muscles.
Two or three paired sets of muscles originating on
the ventral wall of the chamber behind the epistome
are the pharynx dilators (Figs. 29, 30, 37, 38).
Several sets of well-developed muscles attach to
the lateral walls of the chamber. The muscles are
directed obliquely downwards to the lateral walls
of the gnathocoxal plate (Figs. 28, 29). These
muscles, together with the pharyngeal ones, serve
for dilating the chamber providing the intake of the
saliva to the chamber from the salivary ducts and,
through the action of the pharyngeal dilators (the
pharyngeal pump), ingestion of liquid food to the
pharynx.

The proximal chamber is situated just beneath
the tracheal trunks. Narrow curved channels con-
nect the space of the proximal chamber and the
tracheal trunks and may be observed in ultra-thin
sections (Fig. 51). These unusual channels, howev-
er, could supposedly evolve to compensate for the
air pressure in the space of the chamber. The width
of the proximal chamber is about 80 pm. From the
anatomical point of view, the posterior wall of this
chamber appears to be the most posterior part of a
frontal body wall [Snodgrass, 1948] deeply insert-
ed into the gnathosoma. On the whole, the frontal
body (cephalic) wall is going on the line from the
apical termination of the dorsal body fold covering
the chelicerae back to the basal parts of the basal
cheliceral segments and from the posterior termina-
tion of the medial walls of the basal segments again
back to the end of the subchelicaral space. In the
latter case, this membranous wall is rather exten-
sive and devoid of sclerotization.

The posterior portion of the gnathosoma is
typical for most of the Parasitengona, except for the
centrally located tracheal trunks. The gnathocoxal
plate is strongly bent so that in transverse sections
it is semicircular with a small span between the
dorsal edges of its lateral walls (Figs. 31-33). The
space within the gnathobase is mostly filled with
various muscles: 1) the pharyngeal dilators, 2) palp
depressors and elevators originating on the lateral
gnathocoxal walls and invaded all the volume on
the sides of the dilators (Figs. 30-33), and, 3)
elevators or protractors of the chelicerae, whichare
originated on the dorsal aspect of the tracheal
trunks and terminate on the ventral aspect of the
dorsal walls of the basal cheliceral segments (Fig.
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31-33). The ventral wall of the gnathocoxal plate is
slightly extended inside the body. The lateral walls
of the gnathocoxal plate extend far posteriorly in
thebody, and in their most caudal parts are abruptly
curved mediad and forward. The width of the
gnathosoma at its base is around 330 um.

Abody cavity situated dorsally of the gnatho-
base contains extrinsic muscles of the gnathosoma,
i.e.,dorsal retractors of the gnathosoma originating
onthe lateral surfaces of the deeply inserted sclero-
tized part of the crista, running forward and termi-
nating on the upper sides of the lateral walls of the
gnathocoxal plate (Fig. 31-35). The extrinsic mus-
clesof the chelicerae —retractors of the chelicerae,
are also present, which originate on the crista and
are inserted into the most posterior portions of the
dorsal cheliceral walls (Fig. 33). Besides these
muscles, the powerful extrinsic muscles, ventral
retractors of the gnathosoma are attached to the
ventral-lateral angles of the gnathocoxal plate (Figs.
34, 35, 39). The presence of these muscles, origi-
nating on the ventral body wall, as well as the dorsal
retractors, indicates that the gnathosoma is capable
of moving along the axis of the body and inclining
to this axis. It is interesting to note that the first leg
coxae are attached to the body approximately at the
level of the top of the gnathosoma. At the same
time, the coxae of the first legs are also shifted
anteriorly so that the gnathosoma, especially at its
base, is almost completely surrounded by the leg
segments. Itis also worth noting thatin a zone of the
sensillary area, the rod of the crista is divided onto
two elements, which seem to protect the sensillary
{trichobotria) bases (Fig. 31). Behind the sensillary
area, they are fused together again into a prominent
vertical apodema, from which the extrinsic cheli-
ceral and gnathosomal muscles originate (Fig. 32).

On sagittal sections, some features of the gna-
thosomal organization are seen more clearly. First
of all, they are seen in respect to the proportions of
the gnathosoma and its parts. At the base of the
chelicerae, the proximal chamber is well presented
showing close contact with the tracheal trunks in
their middle parts (Figs. 37, 38). The apical termi-
nation of the tracheal trunks (stigmas) together with
the bases of the basal cheliceral segments is cov-
ered from above by the integumental fold (cam-
erostomal fold) bearing dorsally the heavy sclero-
tized crista (Figs. 34—36). The anterior termination
of this fold, that is seen on SEM figures as a
particular tongue-like structure (Fig. 11), does not
look as a separate anatomical part in sections and,
therefore, can hardly be classified as the tectum
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typically present in trombiculid mites [Shatrov,
2000]. Most likely, this structure functionally serves
for protection of the stigmas terminating over the
chelicerae and has elaborated apart from the totally
reduced tectum. On longitudinal sections, charac-
teristic muscles going from the frontal parts of the
crista back to the dorsal portions of the basal
cheliceral segments may be found. Taking into
account the apparent rigidity of the crista, these
muscles may be identified as protractors of the
chelicerae or gnathosoma (Fig. 38). The palps are
provided with the powerful elevators and depres-
sors inserted alternatively on the dorsal and ventral
aspects of the trochanter walls, at their bicondylar
articulations with the gnathosomal base (Fig. 39).
The trochanter contains only depressors of the
femur originating on its dorsal wall and inserted by
their tendons to the ventral wall of the femur (Fig.
39). There are only depressors in the remaining
palp segments. The strengthening of the palps is
thought to be accomplished by hydrostatic pressure
of the body [Snodgrass, 1948; Alberti, Coons,
1999]. It is interesting to note that the palp femur
bears on its ventral aspect a characteristic, directed
forward tooth that presumably prevents exceeding
depression of the palps (Fig. 39). The whole length
of the gnathosoma from the tip of the hypostome to
the posterior end of the gnathocoxal plate is around
400 pm; the length of the crista is 300 um; the
length of the pharynx is only 200 pm; and the length
of the chelicerae is around 250 yum.

TEM observations of ultra-thin sections

TEM observations help to clarify some essen-
tial characteristic features of the organization of the
mouthparts.

The labrum generally situated between and
behind the movable digits, is a complicated irregu-
larly outlined cuticular structure, which gives a
vertical medial ridge with a sharpened tip extend-
ing between the chelicerae from below (Fig. 40).
The labrum is composed of a cuticle variously
developed in its different parts. The lateral portions
of the labrum consist of electron-light and loosely
arranged cuticular filaments. Its medial ridge is
mostly built up from patches of uniform, electron-
dense material (Fig. 40), which further posteriorly
occupies the whole medial part of the labrum and
has curved pore canals (Fig. 41). This material and
its morphological structure closely resemble the
electron-dense cuticular component of the salivary
ducts walls produced at their bases [Shatrov, 2005].
Ventral and partly lateral portions of the labrum are
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formed by the common fibrillar and predominantly
electron-light cuticle (Fig. 41). From the outside,
the labrum is enveloped by a thin electron-dense
epicuticle (Figs. 40, 41). From this examination, it
is obvious that the labrum is not heavily sclerotized
and probably retains flexibility in its distal parts.
Afterthe insertion beneath the bottom of the subche-
liceral space, the labrum loses its morphological
integrity, but can be nevertheless identified by
higher electron density than the surrounding cutic-
ular mass (Figs. 42, 43).

The cuticle at the distal parts of the inner and
outer hypostomal walls is exteremely thick (up to
4 pym and 6 pm for the inner and outer walls
respectively), electron-light and partly sclerotized
from its inner portions (endocuticle) with masked
fibrils (Fig. 45). It is interesting to note that the
exocuticle at the bottom of the preoral cavity,
where the movable digits lie, is electron-light,
formed by rather loosely packed fibrils. Electron-
dense vesicles are seen scattered throughout this
cuticular layer (Fig. 46). They may be detached
from or, conversely, attached to the outer elec-
tron-dense layer, supposedly the epicuticle (Fig.
46). At the ventro-lateral angles of the inner hy-
postomal wall, the sclerotized endocuticle shows
large bulges extending into the space between the
walls and supposedly preventing collapse of the
walls and occasional damage of the digits (Fig.
46). More detailed consideration of the cuticle
organization is beyond the scope of this paper.
The space between the hypostomal walls contains
loosely organized elements of the epithelial, con-
nective, and fat tissues, as well as some amount of
haemocytes, which tend to be placed in the prox-
imity of the outer wall (Fig. 45).

The movable digits, despite their heavy sclero-
tization, are seen as rather slender segments com-
posed nevertheless of thick sclerotized walls with
an electron-dense outer and an electron-light inner
portion. There is a very narrow space between the
walls of the movable digits (Figs. 40, 47). These
walls are connected with the distal parts of the basal
segments by a folded cuticular arthrodial mem-
brane that permits movements of the digits (Fig.
47). The dorsal portions of the basal articulation of
the digits are surrounded by a fine granular sub-
stance of a moderate electron density of still un-
known function (Fig. 40).

The crescent-like pharynx, in particular its
ventral convex wall, is derived from the inner wall
of the hypostome and composed of a thick lamellar
cuticle of moderate electron density (Fig. 48). Con-
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versely, its dorsal concave wall is built from an
electron-dense material with irregularly outlined
basal portions and provided with conspicuous pore
canals (Fig. 48). Cuticular lamellae may be rarely
distinguished in the dorsal pharyngeal wall. The
tendons of the dorsal pharyngeal dilators are imme-
diately attached to this substance (Fig. 48).

In the posterior direction, the labrum as a
distinct morphological structure loses its medial
ridge and sinks into the prominent cuticular mass
evolved in the middle part of the ventral wall (floor)
of the subcheliceral space (Figs. 42, 43). This
irregularly outlined cuticular mass is formed of
non-sclerotized, loosely packed, and electron-light
cuticular lamellae running in different directions. It
may contain an internal cavity and in most posterior
part loses immediate contact with the ventral wall
of the subcheliceral space (Fig. 43). It is impossible
to give this separate cuticular structure any clear
anatomical definition, except that it contains poste-
rior portions of the labrum. The ventral wall of the
subcheliceral space, being already separated from
the cuticular labral mass, especially its medial
portion, acquires a particular thickness and electron
density just like the dorsal pharyngeal wall (Fig.
43). Going posteriorly, this sclerite shows a ventral
flexure (Fig. 44). The lateral walls of this flexure
gradually close up to form a vertically oriented
internal electron-dense ridge, which finally disap-
pears. This sclerite is identified here as the episto-
me (see above).

The tracheal trunks in their upper halves pos-
sess only thin electron-dense cuticular walls like
any other tracheae and are not provided with an
additional cuticular structures or muscles (Figs. 49,
50). In the most frontal and dorsal portions, the
tracheal trunks are enclosed into a particulate body
fold obviously separated from the dorsal cheliceral
walls (Fig. 49). Further posteriorly, ventral walls of
the tracheal trunks face the narrow dorsal extension
of the subcheliceral space, which spreads between
the inner walls of the basal cheliceral segments and
is surrounded by a thin cuticle (Fig. 50). Behind the
posterior end of the chelicerae, in the area of the
anterior portions of the cheliceral apodemes, the
proximal dilation of the subcheliceral space, i.e. the
proximal chamber, forms two curved narrow chan-
nels leading to the tracheal trunks and occupyinga
position between the cheliceral apodemes (Fig.
51). Rounded chambers may be seen on the course
of these channels immediately beneath the tracheal
trunks (Fig. 51). This construction supposedly serves
for regulation of the air pressure mostly in the
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proximal chamber, when the volume of the latter
increases through the action of the lateral muscles
(see above) and of the pharyngeal dilators.

Comparison with the larval mouthparts

The structure and composition of the larval
mouthparts [Shatrov, 2001a, b] substantially differ
from that of adult mites.

The larval gnathosoma is completely covered
dorsally by a large dorsal shield, a derivate of the
dorsal body wall. The apical parts of the hypostome
form a constant terminal sucker with a particular
internal armature. Small four-segmented palps face
downwards by their tips, do not reach the apex of
the gnathosoma and lack a large claw on their
tibiae. The larval palps look functionally poorly
developed, with the only supposed actions of touch-
ing the covers of the host by the small sensory
tarsus. In contrast to the adult mites, the wide
gnathocoxal plate of larvae has only one pair of
tritorostral [Moss, 1962] or subcapitular setae of
quite unusual structure [Shatrov, 2001a].

The larval gnathosoma seem to show a more
generalized constitution in comparison with adults
and much less derived from the hypothetical proto-
type, thus closely resembling the mouthparts of
trombiculid mites [Shatrov, 2000]. The basal che-
liceral segments are relatively longer and narrower,
with a nearly flat ventral side and, in contrast to
adult mites, occupy a horizontal position beneath
thedorsal shield, being attached to the membranous
body wall at their bases. Thus, the chelicerae are not
deeply inserted into the body, but only covered
dorsally by an integumental fold with the shield on
itsdorsal aspect. The tectum is completely reduced.
Thus the chelicerae immediately lie on the episto-
mal plate of a quite complex structure. In contrast
to the adult mites, microtrombidiid larvae are total-
ly lacking the tracheal system and possess conspic-
uous cheliceral apodemes. These characters are
shared with trombiculids. The cheliceral apodemes
are in a form of relatively short sclerotized rods
with small cavity inside, they run parallel to each
other from the posterior ends of the ventral cheli-
ceral walls obliquely downwards and posteriorly.
The cheliceral apodeme serve for attachment of the
cheliceral elevator muscles, which are directed
upwards and towards the posterior wall of the basal
cheliceral segments. The chelicerae also possess
retractors originating on the posterior portions of
the dorsal shield and directed to the caudal ends of
the dorsal cheliceral walls. Protractors of the chel-
icerae are lacking in the larvae.
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The slightly curved subcheliceral plate of var-
ious thicknesses and sclerotization leaves a rela-
tively narrow subcheliceral space above it and
beneath the basal cheliceral segments and the large
lacunas at the lateral sides of the basal segments.
These lacunas apparently serve as salivareservoirs.
This feature is not present in adults. Anteriorly, the
subcheliceral plate continues to the narrow, elec-
tron-light labrum, that does not have any particular
sclerotization. In the posterior direction, the subche-
liceral plate (epistome) extends as separate episto-
mal apodemes mostly serving for attachment of the
pharyngeal dilators. It is important to note that,
because the labrum joins with the dorsal hypostom-
al walls far behind the posterior ends of the cheli-
ceral claws, the anatomical mouth in the larvae is
situated very deeply within the gnathosoma. Both
the preoral cavity and the pharynx in its anterior
portion are extremely large. Unlike the adults, the
ventral wall of the pharynx is attached to the
bottom of the hypostome and the gnathobase. In
this part, the dorsal wall of the pharynx shows an
abrupt dorsal flexure, although it is devoid of the
pharyngeal dilators. The latter are only developed
at the posterior portions of the subcheliceral plate.
On the whole, the pharyngeal dilators are nearly
horizontally orientated because the frontal parts
of the pharynx and, correspondingly, the bottom
of the gnathosoma have a nearly vertical orienta-
tion in respect with the long axis of the mite. In the
posterior portion of the gnathosoma, the pharynx
loses its close connection with the bottom of the
gnathosoma, although does not display the ventral
dilators. From the ventral position, the integu-
mental fold of the ventral body wall covers the
posterior portion of the gnathosoma, as in the
adult mites.

DISCUSSION

As seen from this investigation, the organiza-
tion of the mouthparts in adult mites of P. fasciatum
does not show any strong specialization both in
composition and in proportions of the gnathosoma,
and generally corresponds to the acarine model
proposed by Shodgrass [1948]. Nevertheless, the
studied mouth organs reveal some particular differ-
ences from this model especially in respect with the
organization of the epistome and subcheliceral
space. In contrast to adults of trombiculid mites
[Brown, 1952; Mitchell, 1962; Shatrov, 1985, 2000],
the tectum and the ventral pharyngeal dilators are
totally reduced in the composition of the gnathoso-
ma in P. fasciatum.
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Among three works dealing with morphology
of trombidiid mites sensu lato [Henking, 1882;
Moss, 1962; Mathur, LeRoux, 1965], only the latter
contains a detail description of the mouthparts. At
the same time, the work of these authors contains
many contradictions between description and bad
drawing figures, some of which may be ascribed to
difficulties in interpretation of sections by the au-
thors. A comparison of mouthparts of P. fasciatum
and Allothrombium lerouxi Moss [Mathur, LeR-
oux, 1965] reveals several differences in the organ-
ization of the gnathosoma between the two species.
The gnathosoma of A. lerouxi is somewhat larger
than that of P. fasciarum and only partially covered
by the dorsal integumental fold. Mathur, LeRoux
[1965] report the subcheliceral sclerite lying be-
neath the chelicerae, but do not figure it in trans-
verse sections. The epistome, as a particular scler-
ite, is shown at the base of the chelicerae, where,
however, no any sclerotized element on the floor of
the subcheliceral space is situated in Pl fasciatum.
The so called epipharynx cannot be identified in P.
fasciatum as a separate morphological structure as
well. After the formation of the pharyngeal lumen,
the membrane derived from the ventral labral por-
tion immediately transforms into the dorsal pha-
ryngeal wall and cannot be interpreted as a roof of
the preoral cavity. In contrast to A. lerouxi, the
tracheal trunks (sigmoid pieces) of P. fasciatum, do
not attach to the epistomal apodeme (absent in this
species), and acquire sclerotization only at their
posterior halves after joining with a sclerite thatcan
be interpreted as the cheliceral apodeme. Mathur
and LeRoux [1965] indicate that the floor of the
pharynx is firmly attached to the ventral wall of the
gnathosoma, although their figures state otherwise.
However, the obvious differences in the organiza-
tion of the gnathosoma between these two species
do not appear to be so dramatic, and the main
characteristics of the mouthparts are expected to be
similar. Henking [1882] has reported a quite similar
organization of the gnathosoma of Trombidium
fuliginosum Herm. to that found in this study.
However, he depicts the ventral pharyngeal wall
detached from the gnathosomal bottom in its poste-
rior half, and the ventral dilators in this place are
shown.

A comparison of the mouthparts of adult forms
of the closely related family Trombiculidae [Whar-
ton, 1946; Brown, 1952; Mitchell, 1962; Shatrov,
1985, 2000] indicates that representatives of this
quite specialized family show at the same time
more generalized characteristics in the organiza-
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tion of the gnathosoma than P. fasciatum. First,
adults of trombiculids retain the ancient tectum, the
derivate of the embryonic head lobe. Second, they
alsoretain, atleast Hirsutiella zachvatkini (Schluger)
[Shatrov, 1985, 2000], the ventral pharyngeal dila-
tors. Because trombiculids are lacking the tracheal
system, the tracheal trunks are also absent in this
group, whereas the large cheliceral apodemes (sig-
moid pieces) are present and play a role in axial
motion of the basal cheliceral segments [Brown,
1952; Mitchell, 1962; Shatrov, 1985, 2000]. Con-
versely, this function, together with separate pow-
erful cheliceral apodemes, is apparently reduced in
P. fasciatum. In this species, the cheliceral apo-
demes are developed as doubled structures, as the
sclerotized elements behind the inner cheliceral
walls and as a particular sclerotization of the walls
of the tracheal trunks serving at their posterior
portions for origination of the cheliceral elevator
muscles. Itis important to note thatin trombiculids,
inside the cheliceral apodemes there are cavities
corresponding to reduced tracheal trunks.

The question of the origin of the cheliceral
apodemes is discussed in the literature [Mitchell,
1962; Mathur, LeRoux, 1965]. Within the Para-
sitengona, these sclerites are also present in water
mites [Mitchell, 1955, 1962; Zhavoronkova, 1990a,
b, 1992, 1993; etc.]. Apart from the Parasitengona,
they were found in the Tetranychidae [Blauvelt,
1945; Andre, Remacle, 1984], Anystidae, and Ha-
lacaridae [Witte, 1991], and in all cases seem to be
associated with the tracheal trunks. Such alocation
of the cheliceral apodemes led Mathur and LeRoux
[1965] to a conclusion, after Mitchell [1962], that
“the sigmoid piece is an elaborate sclerotization of
the tracheal wall that secondarily assumes arole in
cheliceral movement” (p. 44). Nevertheless, the
situation in P. fasciatum indicates that the chelicer-
al apodemes, at least in their anterior portions, may
evolve independently of the tracheal trunks obey-
ing the functional necessity. For example, in the
specialized mouthparts of adults of the Erythraei-
dae, tracheae do not have any additional skeleton or
muscle elements and, correspondingly, do nothave
any additional functional properties [Witte, 1978],
whereas their larvae possess the capitular apophy-
ses, a presumed homologue of the sigmoid piece. In
the Actinedida (=Prostigmata), in general, the ante-
rior end of the tracheae predetermines the appear-
ance of the particular sclerotization around their
proximal portions and frequently serve for attach-
ment of the extrinsic cheliceral muscles. Thus, such
a sclerotization, better developed in trombiculids
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and water mites, may be considered as a sinapomor-
phy of this group. It is interesting to note that in
water mites, an obvious secondarily specialization
isoccurred. Particular skin transpiration has evolved
with termination of the tracheae within the cuticle
just beneath the epicuticle [Mitchell, 1972] that
apparently led to dysfunction of the tracheal trunks.
In these cases, the sigmoid pieces function only as
cuticular or cheliceral apodemes.

Although heteromorphic six-legged parasitic
larvae of the Parasitengona are expected to be more
specialized in comparison with adults, they appear
tohave amore reductive type of mouthparts, except
for the particular sucking armature of the hypos-
tome [Wharton, 1946; Jones, 1952; Witte, 1978;
Shatrov, 1981]. Larvae of trombidiids and trom-
biculids lack tracheae and the sigmoid pieces are
reduced to relatively short cuticular rods named the
cheliceral apodemes, which retain the cavities re-
maining from the lost tracheal ways. Also, larvae
are lacking the tectum and the ventral pharyngeal
muscles. Moreover, in most cases, their ventral
pharyngeal wall seems to be fused with the hypos-
tomal bottom to strengthen the action of the dorsal
pharyngeal dilators. The latter, in contrast to adult
mites, has nearly an axial orientation within the
gnathosoma.

Larvae of the Parasitengona do not recapitu-
late the possible phylogenetic prototype but dem-
onstrate a particular regression or, most likely, a
sort of underdevelopment of some features that are
normally present in adults of this lineage of the
Acariformes. Simultaneously, such a reduction or
underdevelopment, influenced by des-embryoni-
zation of the larval stage, leads to a progressive
specialization and may be regarded as a synapo-
morphy. As aresult, the larvae reveal more simple
and progressive morphology than more general-
ized adults, and in a hypothetical case of progenesis
could give rise a principally new branch of the
Acariformes.

In spite of the fact that the active postlarval
instars of trombiculid mites show some specializa-
tion and apparent secondary simplification owing
to the soil dwelling (the absence of eyes and pig-
mentation) and extra-oral digestion (closing of the
midgut), the manifestation of some morphological
characteristics of their mouthparts (the presence of
the tectum and the ventral dilators) apparently
shows that they appear to be a more basal lineage
than trombidiids.

The sucking of trombidiid and trombiculid
adults, is accomplished by the combined action of
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the saliva-pharyngeal pump [Mathur, LeRoux,
1962; Shatrov, 1981, 2000]. As a consequence of
the structure of the subcheliceral space, labrum,
and anterior origination of the pharyngeal dilators
on the epistome, in deutonymphs and adults of
trombiculid mites, one can expect a coordinated
action of the saliva-pharyngeal pump. However in
P. fasciatum, the main role for saliva pumping is
probably belonged to the proximal chamber and its
powerful lateral muscles, whereas the bottom of the
subcheliceral space (epistome) is a quite flexible
and labile structure lacking any powerful muscles
and obviously it cannot play an important role in a
saliva discharge. The pharyngeal pump presuma-
bly acts independently from the saliva stream
through the action of the dorsal pharyngeal dilators
originating on the dorso-lateral edges of the lateral
walls of the gnathocoxal plate.

Mechanism of suction was examined in some
trombidiid larvae parasitizing insects [Wharton,
1946] and on both larvae and adults of the water
mite Hydrachna conjecta Koenike [Davids, 1973].
The feeding mechanism was also observed in var-
ious species of water mites [Zhavoronkova, 1990a,
b, 1992, 1993, 1999]. Wharton [1946] reported that
before injection into a wound, saliva flows into the
preoral cavity and the pharynx and then is forced
into the host tissue by the action of the pharyngeal
pump. Davids [1973] observed that fixation of H.
conjecta on the host is mediated by the palp claws
hooking the host integument facilitating thereby
the piercing of the host cuticle by the chelicerae
from the other side. Other species of water mites
either stick to the victim (larvae of chironomids) by
the sucker and than pierce its integument through
the action of the chelicerae (Limnochares aquatica
(L.)and Eylais spp.) [Zhavoronkova, 1990b, 1992],
or hold the food by the palps that helps to pierce the
integument of the victim by the chelicera from the
opposite direction (Limnesia maculata (Miiller)
and Terrenticola amplexa (Koenike)) [Zhavoronk-
ova, 1993, 1999] just like it was described by
Davids [1973]. Besides that, water mites may use
their legs and palps for catching and grasping the
victim (host) [Davids, 1973]. Adults of trombiculid
mites feeding on insect eggs, after touching the
potential food by their palp tarsus, clasp the egg by
the palps armed with claws from above whereas the
hypostome and chelicerae act from the opposite
direction piercing the egg [Shatrov, 2000]. Unfor-
tunately, the exact mode of feeding is still unknown
in trombidiid adults. Nevertheless, it may be sup-
posed that the feeding behavior is similar to that
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found for trombiculids, as their long palps are
nearly identical to that of trombiculids and act for
grasp and hold the victim while the cheliceral claws
pierce its integument. Conversely, adult mites of
Leptus sp. (Erythraeidae) penetrate strongly sclero-
tized cuticle of hosts only with their long and
slender chelicerae, apparently without any help
from the palps [Baker, 1982].

Water mites demonstrate a wide variety of
morphological organization of the mouthparts with-
in the general principles described and discussed
here for the Parasitengona [Schmidt, 1935; Mitch-
ell, 1955, 1962b; Zhavoronkova, 1990a, b, 1992,
1993, 1999]. It is interesting to note that among
water mites one ecological group shows an exceed-
ing development of the sucker formed by the distal
portion of the hypostome, like in trombidiid larvae,
whereas another group demonstrates long chelicer-
ae and a cone-shaped hypostome without the suck-
ing disk [see Mitchell, 1962b for discussion].

Other actinedid groups, such as Tetranychidae
[Becker, 1935; Blauvelt, 1945; Baker, Connell,
1963; Summers et al., 1973; Akimov, Yastrebtsov,
1981; André, Remacle, 1984; Alberti, Crooker,
1985; Nuzzaci, Lillo de, 1991], Cheyletidae [Sum-
mers, Witt, 1971; Hallas, 1982; Akimov, Gorgol,
1984, 1990], Anystidae [ Yastrebtsov, Gorgol, 1991;
Akimov, Badanin, 1999], Ereynetidae [Badanin,
2000], Myobiidae [Paran, 1982] and some others
[Nuzzaci 1979; Akimov et al., 2002] display vari-
ous specializations in the structure of their gnatho-
soma more or less differed from the type of the
mouthparts generally specified for the Parasiteng-
ona. A detailed discussion is available in works of
Lange [1962], Evans [1992], Alberti and Coons
[1999], and Akimov et al. [2002]. It is important,
however, that the general course of evolution of the
mouth organs within the Actinedida is directed, on
the one hand, to a somewhat simplification (for
instance, to the reduction of the subbasal (third)
segment of the chelicerae (which is found in the
Anystidae) and their movable digits) and, on the
other hand, to the elaboration of the special fixation
and piercing mechanism. The latter is mostly ex-
pressed in the development of characteristic stylets
(Tetranichidae and Cheyletidae) and the sucking
apparatus variously developed in the Parasitengo-
na, especially in water mites. In particular, water
mites display the course of specialization from the
cone-shaped mouthparts, with long piercing cheli-
cerae to a rather specialized gnathosoma provided
with variously developed sucking disks and biting
cheliceral claws [see Mitchell, 1962b].
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Thus, in general, the evolution of mouthparts,
at least within the Parasitengona, is thought to have
led from the cone-shaped slender gnathosoma armed
with long chelicerae and relatively small movable
digits to the short and wide gnathosoma bearing
stout basal cheliceral segments movably articulat-
ed with the powerful blade-like cheliceral claws.
Simultaneously, such an organization of the gnath-
osoma is influenced the development of a wide
pharynx provided with the powerful pharyngeal
sucking pump. Besides that, the palps appear to
become shorter, apparently losing many of their
original sensory functions as well as functions in
catching of prey. Larvae of the Parasitengona seem
to display most of these characters, and the organ-
ization of their mouthparts may be considered as
progressive.
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