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THE CONSTRUCTION OF GNATHEMA IN THE ADULT WATER MITE
HYDRODROMA DESPICIENS (MULLER, 1776) (ACARIFORMES,
HYDRODROMIDAE)

CTPOEHME T’HATEMbI B3POCJI0IO BOAAHOIO KINELWA HYDRODROMA
DESPICIENS (MULLER, 1776) (ACARIFORMES, HYDRODROMIDAE)

0O.D. Zhavoronkova
0.4. XXaBopoHKoBa

Institute for Biology of Inland Waters of the Russian Academy of Sciences, Yaroslavl Prov., Borok,

152742 Russia

Wnctutyr Buonornn Brytpennux Box Poccuiickoit Axkagpemun Hayk, SIpocnasckas 061., Bopok,

152742 Poccus

Key words: Hydrodroma despiciens, gnathema, mouthparts
Kntodesble criosa: Hydrodroma despiciens, rHatema, pOTOBble OpraHbl

ABSTRACT

The description of the mouth apparatus of the
adult water mite Hydrodroma despiciens (Muller,
1776)is given. The analysis of the author’s data and
literature sources suggests that in H.despiciens the
gnathema can be classified as the piercing-cutting-
sucking one.

PE3IOME

B craTee mpuBOIUTCS ONIHCaHKHE CTPOEHHS PO-
TOBOTO arllapaTa I10JI0BO3PEJIOro BOASHOrO KJIena
Hydrodroma despiciens (Muller, 1776). IIposenen-
HBIH aHaIN3 COOCTBEHHBIX MAaTEPHUAJIOB U JIUTEpa-
TYPHBIX JAHHBIX ITO3BOJIMJI CHEJATh BBIBOJ, YTO
rHateMa H.despiciens MOXeT ObITh KJTaCCHPUILII-
POBaHa KaK KOJIOUIE-PexXyIle-cocyias.

Mitchell [1962] described and illustrated some
peculiarities of the gnathema* structure in H.des-
piciens in his work on the comparative analysis of
the mouthparts of water mites. Tuzovsky [1987]
described the setation of H.despiciens in his exten-
sive monograph on the morphology and post-em-
bryonic development of water mites. Wiles
[Wiles, 1982] studied the diet and the elements of
the feeding behavior of Hydrodroma.

This paper presents the detailed analysis of the
gnathema microscopic organization in H.descipiens
by methods of light and electron microscopy.

RESULTS

H.despiciens is red in color, actively swim-
ming mite. Itis a typical inhabitant of lentic waters.

The mouth apparatus, or gnathema, is situated
on the ventral side of the anterior part of the body
(Fig. 1a, 1b; 2a). It presents a complex of organs,
which are encircled by a sclerotized gnathema
capsule (c, Fig.1b; 2a) and characterized by mixed
morphological origin [Lange, 1962; Mitchell, 1962].
Externally the gnathema capsule provides attach-
ment for palps and chelicerae. The pharynx, scler-
ites, gland ducts, tracheae as well as cheliceral,
palpal, and pharyngeal musculature are located
inside the capsule.

The deep incurvation of the dorsal wall of the
gnathema capsule forms a groove and hypostomal
plicae (hpl, Fig. 1b; 2b; 3a). The groove floor is
strengthened by epystomal apodemes (eap, Fig.
3a). Two-segmented chelicerae (ch, Fig. 3a) are
placed inside the groove. Ventral surfaces of the
chelicerae, the floor and walls of the hypostomal
groove limit the subcheliceral space (sch, Fig. 3a).
The hypostomal groove and subcheliceral space
end with the U-shaped apodeme (uap) and accom-
panying sigmoid pieces, or sigmoids (s, Fig. 3a), in
the basal region of the gnathema.

The chelicerae are isolated. They consist of the
massive, elongated basal segments and dagger-like
movable digits, or chelae (dm), which are opposed
by membranous appendages of the distal parts of
the basal cheliceral segments (m, Fig. 1b; 2a; 3a).
The movable digits of the chelicerae bear laterally
and externally raws of small spines. Their articula-
tion with the basal segment is provided by a finger-
like projection, or a digital process, of its wall (d)

*“gnathema” is understood by the author as a complex of appcndages surrounding the mouth opening sensu A.Lange [1962]
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Fig.1. Ventral aspect and the gnathema: a — ventral aspect, male; b — gnathema, lateral side. Scale (um): for a— 1000; for b
— 100. Abbreviations: ¢ — capsule of gnathema; dm — movable digit. or cheliceral claw: hc — hypostomal disc; hpl —

hypostomal plica; p, . — segments of the palp.

Puc.1. O6mwmii Buj 6pIOIHOM CTOPOHDI M THaTeMa: a — OOIIME BUA OPIOIIHOM CTOPOHBI, caMell; b— rHatema, BUIL cOoKy.
Maciuta6 (um): giasta-— 1000; s b— 100. O6o3HaueHUs: ¢ — Kancyila rTHaTeMbl; dm —— MOABHXKHBI IaJIeLl, XeJINLepalbHbIA
KOI'OTb, XeJ1a; hc—runocroManbsHbIA IMCK; hpl—runocromanbHas CKIIAAKa; p, ,—— YWICHUKH MaJIbIbI.

and the corresponding dimple at the basis of the
chela (Fig. 3b).

The movement of chelae is induced by elevator
and depressor muscles (elev.dm, depr.dm), which
are located in the cavities of the basal segments of
chelicerae (Fig. 3b). The regular consecutive con-
tractions of these muscles cause partial circles of the
chela around the digital process (d) whilst the point-
ed tip of the cheliceral claw has an arch-like trajec-
tory (Fig. 3b). The kinematical scheme of the artic-
ulation of the cheliceral claw and the basal sclerite
was analyzed in the earlier paper [Zhavoronkova,
1993]. This form of the cheliceral segment attach-
ment is predominant in water mites as was shown
earlier by Hirschmann [1962] and Mitchell [1962].

The protrusion of chelicerae from the hypos-
tomal groove is provided by a sclerite-muscular
system, which includes the sclerotized pieces, or
sigmoids (s), and the cheliceral protractor muscles
(protr.ch). The latter are located between the hind
walls of sigmoids and posterior parts of cheliceral
basal segment dimples (Fig. 3b). As it was ex-
plained by Mitchell [1962], the contraction of che-
liceral protractors causes the incomplete rotation of
sigmoids relative to their place of attachment to the
medial part of the U-shaped apodeme (Fig. 3a, b).
The tips of sigmoids reach the anterior part of the

cheliceral basal segment dimples and make arch-
like movements pushing chelicerae ahead inside
the hypostomal groove. The return of chelicerae to
the initial position is provided by retractor muscles
(retr.ch.), which originate as tendons on the exter-
nal lateral walls of the cheliceral basal segments
and end dorsally close to the gnathema articulation
(Fig.3b). The resulting work of chelicera combines
the reciprocal sliding of the basal segment inside
the hypostomal groove and the arch-like swinging
against the rotation axis center, that is the place
where the movable digit articulates with the basal
segment of the chelicera.

Stigmae (st), which are open into tracheal
shafts (tr, Fig. 3a, d, e), are located dorsally over the
basal segments of chelicerae. The stigmal openings
are surrounded by sclerotized collars and covered
with fine films. Tracheal shafts pass the chelicerae
and reach the sigmoid pieces, where they end with
the closed cavities (Fig. 3a).

The apical part of the hypostome, or hypos-
tomal disc (hc), is a rounded, somewhat concave
plate, which is covered by lingulate papillae and
bearing two pairs of setae (h , h,, Fig. 1b; 2b). The
preoral opening (por) is located in the center of the
hypostomal disc (Fig. 2b). It leads to the subcheli-
ceral preoral cavity. The slit-like mouth (or) is
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Fig. 2. Gnathema (figures are made using original microphotographs made by SEM): a — ventral aspect; b — apical part of the
hvpostome. Scale (um): for a— 100; for b— 10. Abbreviations: ¢ — capsule of gnathema; dm — movable digit, or cheliceral
claw; h_, — hypostomal setae; hc — hypostomal disc; hpl — hypostomal plica; p— palp; p, . — segments of the palp; por —

preoral opening.

Puc. 2. I'narema (pucyHKH CIeTaHbI IO OPUTMHATBHBIM OTOrPadMsIM CO CKAHUPYIOIIETO MUKPOCKOIIA): 4 — OPIOIIHAS CTOPOHA,;
b—anukaneHbIi yyacTok runocroma. Macirad (Um): mista— 100; wpst b— 10. O603HaueHus: ¢ -— Kancysia rHateMbl; dm
— IOIBM>XHBIH NMaJiel], XeIULePaIbHbIA KOrOTh, XeNa; h, ,— IMIOCTOMAJbHBIC IIETHHKY; hc— FUIocTOManbHBIN AUCK; hpl—
TUNOCTOMANbHAS CKNA/IKa; p— Majbna; p, ,— YJIEHMKH N1AJTBIIBI; POT — IPEAPOTOBOE OTBEPCTHE.

covered with a small cap-like epistome (e). The
mouth opens into a large trough-shaped pharynx
(ph). The epipharingeal sclerite (fph) and sub-
pharingeal sclerite (sph) form the pharynx (Fig. 3a).
The epipharingeal sclerite is partially fused with the
internal part of the ventral wall of the gnathema. The
pharyngeal dilator muscles (dil.ph) are attached to
the subpharyngeal sclerite with one end and to U-
shaped apodeme with the other end (Fig. 3b).

Three ducts of oral glands open into subcheli-
ceral cavity of the gnathema. Two ducts lie parallel
to lateral walls of the gnathema capsule (d-). The
third one is located medially in the basal part of the
gnathema (ds , Fig. 3a). The medial ducthas a jelly-
like covering. All three ducts have their openings
close to sigmoids. Parallel lateral ducts open them-
selves close to external parts of sigmoidal pieces
whereas the medial duct’s opening is located be-
tween sigmoids.

The dorso-lateral gnathema capsule bears five-
segmented palps (p, p,_,, Fig. 1b; 2a, 3c). The
flexion of palpal segments is attained by the flexor

muscles (flex. p, ., Fig. 3¢). The internal hydrostat-
ic pressure provides their return to an initial posi-
tion [Mitchell, 1962]. The dynamics of the palp is
provided by the elevator (elev.p) and depressor
muscles (depr.p), which are attached to the basis of
the first segment and the basal-lateral part of the
capsule (Fig. 3c). The palps are articulated by
pretrochanteral system (ptr), which is represented
by sclerite protrusions of the gnathema capsule and
the first segment basis (Fig. 3¢). The tibia of the palp
(p,) bears long, curved, spine-like appendage dorso-
distally, which forms ascissors-like subchela together
with the fifth segment (p,) (Fig. 1b; 2a; 3¢).

The gnathema capsule is mobilein regard to the
body of a mite. The scheme of its movements is in
accordance with the mite body longitudinal axis.
The capsule can be moved forward by protractor
muscles (protr. ¢) and backward to initial position by
retractor muscles (retr.c, Fig. 3c).

CONCLUSION

According to Wiles [1982], H.despiciens prey
upon chironomid eggs. Its unusually constructed
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st

protr. ch

Fig. 3. Construction of the mouthparts: a — sclerotized elements of the gnathema, longitudinal section; b — arrangement of
cheliceral and pharyngeal musculature; c — arrangement of palpal musculature; d — stigmae, apical aspect; e — stigmae, lateral
aspect.

Puc. 3. CrpoeHre pOTOBOTO alnapara: a— CKJIepOTO3MPOBAHHbIE JIEMEHTHI THATEMBI, TPOAOJIBHBI pa3pes; b— pacionoxeHne
MYCKyJIaTypbl XeJIHLEP U TIIOTKH; C — PAcNoIOKEHHE MyCKyIaTypsl Majbi; d — CTHIMBI, BHJ CBEPXY; € — TO Xe, BHJ COOKy.
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palps destroy jelly mass encircling the egg clutch,
locate the egg, and tow it to the concave hypostomal
disc with the preoral opening in its center. The
chelae penetrate and cut the egg coverings. The
digestive enzymes are injected into the egg. Then
the liquid food is sucked out. This mode of feeding
characterizes the gnathema of H.despicilens as be-
ing piercing-cutting-sucking one.

Water mites are one of a few groups of chelicer-
ate animals, which secondarily occupied the aquatic
habitats. The principal shift of the life style was
accompanied by the development of numerous ad-
aptations atdifferent levels. Water mites were able to
retain the traditional food habit, the external diges-
tion and liquid food consumption, which are a char-
acteristic of terrestrial trombidiform mites. It was a
resultof corresponding morphological and function-
al transformations of the mouth apparatus elements.

Wiles [1982] stated that H.despiciens is adapt-
ed to feeding on chironomid clutches. The palps are
adapted for destroying the jelly-like protective cov-
erings and locating the egg tactually. The concave
hypostomal disc, which is covered by elastic lin-
gualate papillae, probably adhesive, can provide
tough contact between hypostome and the egg
surface and the hermetization of the sucking proc-
ess in water. The development of this mite is also
closely associated with chironomids. Wiles [1982]
noted that in experimental conditions H.despiciens
preferred to lay eggs upon chironomid clutches.
Thelarvae of Hydrodroma parasitize alarge number
of different species of their hosts, the chironomid
adults [Smith, Oliver, 1976; 1986]. All these data

Abbreviations for Fig. 3.

can indicate the close ties between the water mite
H.despiciens and the Chironomida in the evolu-
tionary process, which could exist since the begin-
ning of the transition of H.despiciens ancestral
form into aquatic milieu.
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ch — chelicera; d — digital process of the basal segment of chelicera; depr. dm — muscle — depressor of cheliceral claw; depr.
p —depressor muscles of the palp; dil. ph — dilator muscles of the pharynx; dm — movable digit, or cheliceral claw; ds — lateral
duct of the oral gland; ds, — medial duct of the oral gland; e — epistome; eap — epistomal apodeme; elev. dm — elevator of
cheliceral claw; elev. p—elevator muscles of the palp; flex.p , ,— flexor muscles of the palp segments; fph — frontal pharyngeal
sclerite; hpl — hypostomal plica; itr — cover of the tracheal shuft; m — membranous appendage of chelicera; or — oral opening;
p — palp; p, ,— segments of the palp; ph — pharynx; ptr — .sticulation of the palps claw with the capsule of gnathema; protr.
¢ — protractor muscles of the gnathema capsule; protr.ch — j:zotractor muscles of chelicerae; retr.c — retractor muscles of the
gnathema capcule; retr. ch — retractor muscles of the chelicera; s — sigmoid piece; sch — subchellceral space; st — stigma; sph
— subpharyngeal sclerite; tr — tracheal shaft; uap — U-shaped apodeme.

ByxBeHHble 0603HaueHHs Ha pHcC. 3.

ch — xenuuepa; d — BHyTpeHHHUH ManbLEe06pasHEIH BEIPOCT CTEHKH 6a3am>Horo cermMeHTa xenuuepsl; depr.dm — Mpimsl-
OIyCKaTeNIH NMOJABMXHOTO Nanbla; depr.p — MBIIIBI-OMycKaTeny nansimsl; dil.ph — MBIme-pacuMpireny roTky; dm —
TNOJBIXHBIH T1aJIeL, XEIHLEPANbHBIA KOroTh, XeNna; ds — naTepanbHbIi IPOTOK OpabHOM Xenessl; ds, — MeIHalbHbIH IPOTOK
OpaJIbHOM XKEJIE3bl; € — MHCTOM; €ap — IMHCTOMAabHas anoaeMa; elev.dm — MbIIIIBI-TOAHUMATENH XeNbl; elev. p — MBIIIIbI-
TNIOAHUMATENH NaNbns; flex. p, . — MblbI-Cru6aTeny YWIEHUKOB NanbIl; fph — HaArIO0TOUHbIH CKIIEPHT; he — rumocToManbHbIH
auck; hpl — rumocroManbHas CKIAAKa; itr — 000M0YKa TpaxealbHBIX CTBOJIOB, 00pa3s0BAaHHAs BLINAYMBAHHUEM MEpEAHE-
CIIMHHOTO y4acCTKa MOKPOBa; M — MeMOPaHO3HBIH BBIPOCT 6a3aJIbHOTO YIE€HHKA XENHLEPhl; OF — POTOBOE OTBEPCTHE; p —
Naibla; p, , — YWIEHHKH Najblbl; ph — IJI0TKa; ptr — IPETPOXaHTEPaTbHBIH MBIIIENOK; Protr. ¢ — MEIIIbI-BEIIBUTATETH
KarCyJibl THATEMBI; Protr. Ch — MBIIIIBI-BBIABUIATEIH XEIHLEP; IELr. ¢ — MBIIIIBI-BTATHBATENH KAMCYJIbI THATEMBI; retr, ch —
MBILILEI-BTATUBATENN XEIULEP; S — CHIMOHM/HBIE CKIEPOTH?HPOBAaHHBIE BCTABKH — CHIMOHIBI; sch — cybxenuuepansHoe
MIPOCTPAHCTBO; St — CTHIMBI; Sph — MOArNOTOYHBIH CKIEpH™ i* — TpaxelHble CTBOMBL, uap — U-06pasHas amoaeMa.
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