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ARTICLLEE I NF® AABBSSTRACT

Artigtbe histaryy: We presentt the results of a morphological study of the labium and labial (premental) discs in Gepiben-
Reeived 23 Decembere2014011 niinpiamit-like Iskenet bee thes tkead feedorg aribatid atidesiTse Thscslizos aompoeedseda aliticulicyibate keda-con-
Acceppact U6 Julyig120 12 necteddsych ljrewninfereerdntiag sithvtite tpoptrayhgeah gespenspeisnri T T chsosenlikelyideyvetispetbped
from the premental cuticle and from jnternal sclerotizatioms of the labjum. The shape of the external
Keafpads: ke can tve clivnged froom (et to aomcae andl vice wersa ly contractions avdl neliexations aff tie kil
SamAeningG a . musulesci€antantiant vesulesnl aifia daoatyoslighstiy topcovesha phaphendwes ehsritigr elaxatiantibie thscsliscs
é{g hgﬁpul,l},] become strongly concave and adhere tightly to the captured mite. Once this is achieved, detaining of the
[ ppeyyisseaesgyyffeee. BBssddoankknwmnhippoheses cooneening thiee evohititin nob fOnibiatitd aanddSisyahiry -
Evollitiden liniditaave exclidedhih persibiliitytofod aceeakiion oo fpmtorCapdpmmiinih with lygeunaramered dprototo-
Oribatida”, and suggest three alternative scenarjos: i) the predaters co-evolved with a particular early
lineage of Oribatida that has acquired the hard armor relatively recently; ii) ancestors of Cephenniini
gradually shifted from feeding on other types of prey towards fully armored Oribatida; or jiii) the labijal
dises have originally developed for functions not related to feeding.
© 2012 Elsevier Litdl. Alll rights meserved.
1. Imneduction in length, with the largest known species measuring about 2.3 mm,

The Cephenmniimi is one of the largest tribes of Soydim@eninae,
currently comprising nearly 400 species grouped in 18 genera and
distributed worldwide, except for subpolar zones. Nearly all of
them inhabit leaf litter or rotting wood in forests, with the single
remarkable exception of Cephennodes araiorwm (Jaloszynski, 2003),
the only knewn intertidal ant-like stone beetle. In two Oriental
genenra, Trurlia Jaloszymaiki, 2009 and Tirichoksaieer Jaloszymiski, 2011,
structures resembling trichomes were found en the prenetum,
suggesting a pessible asseeiation with ants er termites, but nething
is knewn abeut the bielogy ef these beetles. Cepthenmniimi have
remarkably stout bedies (Fig. 1A). They are almest always eval and
strongly eenvex, and the head is net eenstrieted behind the vertex
and is retraeted ifnte the prenstui up t6 the pesterior margin ef the
esmpeund eyes. This esmpaet form differs strikingly frem the
typieal slender Bedy of sther Seydmaeninar, which are wusually
strongly esnstricted between the head and pronstum and between
the pronstum and elytra, which gives them the eenspicupys ant
like appearance. Eephenniin e very small dypicatly Aot L mhm
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and the smallest barely reaching 0.5 mm. The adult morphology of
most genera is relativelly well known (e.g. Jaloszynski, 2011a, b),
while the larvae (Fig. 1B) remain exceptionally poorly studied.
Previously published results of phylogenetic analyses (Jaloszyniski,
2011a, b) provide a sound basis for reconstructing the evolution
of this tribe and supported three major branches: the Ggphennium,
Cephennodes and Cephennomitnug groups of genera. Recently,
strong support for the monophyly of Cephenniini and its plecement
as the sister group of Eutheiini was found (Jaloszynski, 2012a).

Despite the commonly accepiedl view that Scydmaemniimze are
predators specialized on armored oribatid mites, and possibly also
on other small organisms (e.g., Newton, 1991; Newton and Franz,
1998; O'Keefe, 2005), published observations or results of prey
preference experiments are exceptionally scarce, Members of some
genera (e.g,, Scydmearmis Ladreillle, 1802) wuarke sihsenved tw fiaad om
live armored mites (Schuster;, 1966; Schmid, 198%; Mollemam and
Walter, 2001) and on live springtails or soft-bodied aearidid mites
(Jaleszyriski, 2012b), or seavenging on various dead arthrepods
(Mellernan and Walter, 2001; jaleszynski, 2012¢). Members of
Cephenniini, hewever, were observed feeding enly en live Oriba-
tida and Urepeding, with streng preferences tewards the fermer
Ffiilségd (Fég.-)@)(%sbmgeér, 166%; Sehmid, 1988;)3Ansexmsii; HApUb-
ished 8Bs:):
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Fig. 1. Cephemmiisrm thoragiimm. (A) Adult; (B) larva.
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Fig. 2. Examples of typical feeding posture of adult Cephemmiisnm majius. The prey, armored Oribatida, are captured and immobilized using labial discs, the cuticle is penetrated! by
scraping movementts of mandibles, digestive juices are injected! through a drilled hole, and liquefied tissues are ingested by the predator.

Schuster (1966) was the first author to describe how the blunt
and rather short mandibles of Cephennium Miiller et Kunze, 1822
are used to penetrate the mite cuticle by sustaimed scraping, and
Schimiid (1988) descriliredi unusual paired labial discs in the same
genus, located on the large prementum, between broadly sepa-
rated bases of the labial palps. These discs are used to capture and
detain the relatively large, subglobose, often smooth and sparsely
setose prey. Although the dises were often referred to as suckers,
their internal strueture was never studied, and an alternative
meenamizim of adhesion by a stieky seeretion eeuld net be
exeluded. It was ebseived that a mite is eaptured By the fllexible
frental part ef the prementum, and the dises are invelved in this
preeess. Subseenrmibyy, the mandibles drill a small hele in the
gutiele (an exampr of a typieal damage i8 shewn in Fig. 3)
digestive juices are injected and the liguefied tissues are slewly
ingesteds By the adult of 1afva of Esphennivmm. The entire prosess
fRay fake several heurs and the predaters predues enly lguid
fasees (Sehuster, 1966):

Other Scydmaeninae feeding on armored mites (eg., Cyrto-
scydmini or some Scydmaemiini)) utilize a different techmigue. They
capture the prey and often lift it up with the mandibles and fore
legs, insert one mandible into a natural body opening (the mouth,
anal or genital opening), break apart any movable parts around the
insertion site (mouthparts, anal or genital plates)), and then imject
digestive juices (Schimidl, 19%%; Molleman and Waltei, 2001;

Jatoszyisiii and Olszanowski, in preparation). With a single known
exception, ant-like stone beetles using this techmique do not
possess labial discs. Their prementum is small and wumnmediified,
typically with a median pair of long, bristle-like sensilla, and
approximate bases of the labial palps (e.g., Jatoszyisiii, 2005). The
only exception is Stenichmus Thomsom, 1859 (Cyitoscydmini), which
has a single pair of small and weakly sclefotized adhesive pads on
the prementum. However, the mandibles in this genus are always
leng and faleiform, and are net used te drill a hele in the mite
eutiele. Instead, Steniehmus was obsefved to use the labial pads to
attaek and semetimes lift up the prey. But after that, the mandibles
and fere legs immediately take ever the helding funetion and one
mandible is inseried inte a Bedy epening (Sehmmidl, 198%; Melleman
and Walter, 2001). Mereaver, varieus speeies of Steniehss, dlespite
having very uniferm meuthparts, shew different prey preferenees,
seme feeding mestly oA lens-hanpseh, denselly; setase and strengly
fhiersseulptired Urspeding, and net 8A nearly spherieal, sparsely
setose and smesth Ofibatida; or even feeding oR soft-bodied mites
ahd ether small Breanisms (jaleszymi, HHBHBli§H€8 dB’s%ﬁYé*HSﬁ_@:
fA sueh eqses the Beetles use the prementum saly iR the very initial
stage of aftack:

Although published obsenwvattiions or feeding experimemis con-
cerning Cephenniini were only carried out with some European
species of Cephennium, the labial discs located on the prementum
between broadly separated palp bases can be found in all genera of
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Fig. 3. Typical damage caused in armored mite cuticle by feeding of adult Cephemiium. (A) Phthiracarid mite remaiims after feeding of Cephemmiizrm majiss; (B) close-up of the drilled

hole.

the tribe. This suggests that feeding habits and techmigues among
all Cephenniini may be similar, and the preferred or exclusive prey
for all genera are oribatid or uropodine mites. Feedimg on armored
mites, the presence of labial discs and the characienitiic scraping
action of the mandibles to penetrate hard cuticle were not only
obsenved in adults, but also in larvae of Cephennium (Schuster,
196%; Schinid, 1988), This makes the Cephenniini a rare example
of similar and highly unusual morphelogical adaptations beth in
adults and larvae, used for the saime speciallized mode of feeding.
The ecommon oceurrence and abundance of armered mites in
virtually all types of forest seils make them a suitable seuree of foed
for predaters that managed te develep merphelegieal and hehav-
jeral meehanisms te eompiomise the defensive systems of these
artRrepeds. The Cephenniini have achieved his geal and gained an
aeeess e a very reaeh seuree of foed. It seems pladsible that they
exert a signifieant impaet en soil Bislegy in subtropieal and trepieal
forasts, where Beth Ofibatida and Seydmaeninae are esmmon and
abundant. Mereover, €sphenniinl, whieR ean Be as small as
B4 MM (undeserrd spseies of @@Bﬁ@ﬁﬂ@%@f&‘ﬂ%_ JaleszyRsld;
26844 ff@fﬂ Berneo), are the smallest knewh predaciovs beetles
at i§§§£ iR terms f _Beeiy length: 8Hiy s8me Sﬁlf%%%'w slender
§E§BB§§UH_&83% Belenging t8 Lepiotyphiinge o Evaesthetinge may
have § similar Bedy VBinﬁE:_ Bt are 1snger (A Newton; PEfs:
€BMM:) and d6 Aot Rave Modified meuthparts: Theriie, & detailed
funetisnal chasacterization of these HAsually specialized msth:
pafts may Relp 8 HAderstand structdral limitations 8f Miniatur-
23t18R 1R predaiars, and their possible £8-2voluHen with 3 well-
Protecied pray:

The presemt study was carried out to address the following
morphological, functional and evolutionary issues: i) are the labial
discs suckers or sticky pads?; ii) is detaining a prey with the discs
for several hours an energy-comsumiing process? iii) from which
structure(s)) evolved the discs? In order to answeir these questions,
we examined the extermall and internal structure of the sypecialized
mouthparts of Cephenniini, The genus Cephennium was selected
for study, as it is apparently strictly specialiizedi to feed on armored
mites (Sehuster, 196%; Schrnid, 1988). In leng-term rearing and
prey preference experimens, the fiist auther confiiimed that dhree
European speeies of Cephenniurm (Cephemmiumm majus Reitter, 15882,
Cephennium thevecieunn (Miller et Kunze, 1822) and Caphennitim
slovenieim Maehulka, 183Y) indeed eheese exelusively oribatid
mites from a Broad speeirurm of live and dead prey (these resulis
willl be deseriprdl in detall elsewiirrne)). Based 8A these experi=
ments, tRe strale@y of prey eaphure and funetisns ef varieus
glements of the meuthparts reperted By previeus authers were
esnfirmed. The merphslegy ef the meuthparts of adult Caphen-
HIHPP: was then studied By §€§ﬂﬁﬁ’i‘1% 81%%%&‘1 mie%a%%e;g; and fﬂé
iﬂféfﬂ%l strueture of the 1abium was examires using histslsgieal
Seetishs: Aﬂéiﬂeﬂ%'l'lxn the mef[ahelegy _Bf the prementim of
species of six sther genera of €& ERRIAL Was stidied (the taxa
were selected t8 represent QH_E ree iRFOrMA! greups of 8eRera
eurrently recognized, and the internal structure of the 1aBitm 8f
Esphenniodes p. was alse taken iRiS eonsideration. The data ab-
tained for aduft MoHiparks were compared with the morphslagy
3nd Risiology BF Hie 1arval 13biWm 8f Esphennium gaticum Sang:
1Bauiey, 18%%. Based 8 the results, we discuss passinie avalHtsRary
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Fig. 4. Mouthparts of male (A—l) and female (J)) of adult Cephemmiiarm thoragitmurm. (A) Head in frontoventral view; (B) anterior part of head in frontal view; (C) labrum in dorsal view;
(D) lateral porous fieldis of labrum; (E) median sensillum of labrum; (F) right mandible in dorsal view; (G) epipharynx and left mandible in ventral view; (H) ventral basal porous
fielldts of mandiible; (I) left maxilla in ventral view (maxillary palpomeres IV omitted); (J) labium in dorsofrontal view. Abbreviations: apm, anterior premental margin; bst,
basistipes; ca, cardo; cl, clypeus;; eph, epipharynx; gal, galea; hph, hypopharynx; lac, lacinia; 1d, labial disc; 11h, lateral lobe of hypopharynx; Im, labium; lp, labial palpus; md,
mandible; mst, mesostipes; mn, mentum; ms, median sensilla of labrum; mx, maxilla; mxp, maxillary palpus; pf, porous fields; pfe, palpifer; smm, swbmentum,
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scenarios leading to the unusual modifications of the labium of
Cephenniini, as an important aspect of the possible prey-predator
co-evolution.

2. Miasterials and methods
21. Taxa examined

Adullss. Species of seven genera of Cephenniini were included in
the study. They represent all three evolutionary lineages withimn the
tribe, which were confirmed as monophyletic by Jaloszynski (2011a)
and have a worldwide distrilbutiom. The generall morphology of
the mouthparts was examiined with scanming electrom miicroscopy
(SEM) using males and females of C. thoracicumm (Muller et Kunze,
1822)) (representiitg; the Cephennium group; coll. in Germany).
Additionallly, the prementum was studied also using SEM in two
genera of the Cephennodes group: Cephennodes sp. (Japan) and
Hlavaeiellhs sp. (Bornew); three taxa of the Cephennenitius group:
Cephennonins deliealibsimiiss Jaleszyriski, 2009 (Japan), Trurlia sp.
(Malay Peninsiiy) and Cephennula sp. (Beraee)); and a Neotropieal
speeies Cephazieea Matagalpana Jaleszynski, 2011a, b (Niearagwa) of
yet dnelearr pesition withim the tribe. For histelagieal stuey, 75%
sthanI-pesesmee speeimens ef € theraeiewim (Germamy) and
Esphennedes sp. (Japan) were used. All spesimens are depesited in
the esllection of the first auther (Wreelaw, Poiand).

Larvee. Larvae of Cephenniini are very rare in collectiors and
specimens are often unsuitable for histological study. Therefore, the
genenmadl morphology of the mouthparts of a mature larva of C.
thoracicum was studied using SEM, while a single mature larva of C,
galficunn  Ganglbauerr, 1899 was serially sectioned to examine
internal structures. Both larvae were collectedl in Switzerland and
preserved in an unknown liquid medium. The morphology of the
meuthparts of larvae of these twe species is nearly identieal, as
eonfirmed by examination of several additional specimens from the
same sample in transpatedit slide preparations under light steree=
seopie and eompeund miereseopes.

The specimens are deposited in the collectiom of the first author
(Wroctaw, Peland).

22. Scannimg electvom microscopy (SEM)

Dry-mounted adult beetles were relaxed in warm water,
dissected, macerated for 10—20 min in a warm 10% solution of
NaOH, thoroughly washed|, dehydrated in absolute ethanol and air-
dried. The studied larva was transferred from the original,
unknown liquid medium to FAE (3.4 vol. 3%% formalin, 1. woll.acstic
acid, 6.7 vol. ethaml) for 2 h, briefly washedl in a series of 70/40/20%
ethamoll and then in distilled water, cleaned for 1 min in 10% NaOH
at ambient terp., thoroughly washed in wates, transferied to
abselute ethamel threugh a series of 20/40/75% ethamol, kept for 1 i
in aeetene, and subsequriitly for 1 A in hexameitnyiisiirzante. This
preeeduie proved to be useful in the first auther’s laberatery te
prepaie very small and fragile larvae fer SEM, simultanesusly
gleaning specimens from variaus impurities eantaited in previous
preservation flids, whieh sfien tend o erystallize 8 the spresimen
suffaee. Dehydraied spesimens were meunied 8n SEM stubs with
earbon abs and sputter-cented with geld (Pirani 504, E&Wwards).
Mieraseopy was perfermed 6A a LEG 435 VB oF an Eve 49 seanning
glection mMissscope.

23. Hitology

Adult and larval specimens stored in liquid media were trans-
ferred to 98% ethanol, embedidieti in Araldiite, cut at 1 jum with

a Microm microtome (HIM 360), and stained with methylene blue
and acid fuchsine (adults) or only with methyleme blue (larva).

24. Photography andl image ypwoessing

The sagittal sections were photographed with a PixelLINK PL-
A622C digital camera on a Zeiss Axioskop. A specimem of C. tora-
cicum was photographed with a Nikon Coolpix 4500 digital camera
mounted on a Nikon SMZIS00 microseape. Final image adjust-
ments and annotatiions were made in Corel RistoPaint,

3. Resuits

3.1. Morpholgy of mouttfipants of adult C. thoracicum (Fig. 44A-))

The labrum (Im) (Fig. 4B-8) is more than twice as broad as long,
subrectenggudar, with a nearly straight anterior margin. Its dorsal
surface (Fig. 4C) bears a row of eight symmetrically distributed,
anteriorly directed setae close to the anterior margin, an ante-basal
transverse groove and numerous sensory or glandular stinuctures.
Lateral parts of the labrum (Fig. 4C, D) are occupied by several
eircular, oval or irregularly-shaped porous irdids (pf)), some of winich
are isolated and some adjacent to each other. The median part of
the labrum (Fig. 4€C, E) bears a pair of median eampaniform sensilla
er pseudeperes (is):

The epipharynx (eph) (Fig. 4G) is devoid of macro- and micro-
trichia and its memiimanmuss surface bears two mediolateral longi-
tudinal rows of large glandular opemnimgs; similar opemnimgs form an
arcuate transverse row near the base of the epipharynx.

The mandibles (md) (Fig. 4B, F, G, H) are symmetrical, sub-
triangular in shape and curved ventrad. The broad mandibular base is
dorsally convex and ventrally concave, and bears a dense group of
more than twenty porous fidids (pf) on its ventral surface, A setose
prostheca is entirely missing, The robust apical tooth is curved mesad;
its apex is a relatively blunt. The apical part of the mandible in ventral
view is irregularly impressedi, and the apleal tooth bears a ventral
lengitudinal greeve. A shert and broadly subtriangular sutbapical
toeth is present dorso-merdirilly. Long and thiek mandibular setae are
present; twe are inserted dersally near the extermall mandibular
margin and ene derse-mediially at the base of the subapicall teeth.

The maxillae (mx) (Fig. 4A, 1) are moderatelly long. Each is
composset]l of a broad asetose cardo (ca)), a subtriangular basistipes
(bst) with two basal setae, an elongaitzdl mesostipes (mst) with two
submediiam and one apical seta, an elongate palpifer (pfe) with
a single median seta, and an elongate lacinia (lac) and galea (gal).
The lacinia (Fig. 41; lae) bears a robust and eurved mesoapical tri-
chial brush, The galea (Fig. 4l; gal) is strongly elongated; it bears
a single sub-basal seta on the externall margin and a robust and
eurved meseapieal trienial brush. The maxillary palp (Fig. 4A; mxp)
is leng, with a minute palpemese |, a strongly elengate and eurved
palpemei® 11, a very large palpemeie 1l whieh is Breadedrd in its
distal half; the shert bBut Bread, subceminall palpemeie IV Ihas
a truneate apex and is ebliguely inserted an the Bread apex of the
palpemeie (il

The labium (Fig. 4A, B, J) is large and elongate, with a strongly
sclerotiized], subrectangbar mentum (mn) bearing several paired
setae and a very short, broad submentunn (smn) with a single pair
of setae. The prementum (Fig. 4)) is connected with the mentum by
a narrow fllexible membiane:; its very broad anterior margin (@pm)
is divided medially by a shert notch and bears a fringe of long and
thiek antero-vemiiallly direeted setae and two pairs of labial dises
(ld). In males the dises (Fig. 4B; 1d) are subeaquall in diametes and
eompesadi of a Dbroadly separated anterelalenall pair and an
appreximate pestefior pair; in females (Fig 4); 1d) the anterier dises
are distinetly larger than the pesterier ones and beth pairs are
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narrowly separated medially. The labial palps (Fig. 48, J; Ip) are very
small; the small palpomeess 1 and 11 are about as long as broad; the
apex of the strongly elongate palpomere 111 is blunt.

Moderately large, flexible lateral lobes (llh) densely set with
microtrichia are present on the distal region of the hypopharynx
(hph) (Fig. 4)]); its basal part is medially divided by a distinct
longitudinal groove and laterally densely coveredl with
microtrichia.

3.2. The premaminm of other adult Cephemmniini (Fig. 5BA-F)

The genemal structure of the prementum in all studied
Cephenniini is similar, with broadly separated insertioms of small
labial palps (Ip), a median longitudinal groove, and paired labial
discs (ld) occupying most of the anterior surface. Diffierences
betwesm genera cam be seen in the number and diameter of the
discs. In Cephennodes (Fig. 5A), Hlavaciidihs (Fig. 5B) and Caphazteca

(Fig. 5F) there are two pairs of large, sharply demamzteet! discs
narrowly separated medially (only the anterior pair is visible in
Fig. 5F). In all three genera of the Cephennomiimus group, i.e.
Cephennomitmuss (Fig. 5C), Cephennula (Fig. 5D) and Trurlia (Fig. 5E),
there are three pairs of discs with moderatelly distinct margins.
Only in Cephennula (Fig. 5D) one pair of discs (the anterior pair) is as
large as those of Cephenniuwm, Cephennodes, Hlavacidihs and Ceph-
azteca, the median and posterior pair of discs are very small, All
three pairs of discs are small in Cephennomitmus (Fig. 5C) and Triurlia
(Fig. 5E), and the anterior pair is very weakly developed, as cireular
impressiois without marginal rims.

3.3. ‘Anatomy of the labio-hypugifeasnysed! complex of adult C.
thoracicumm and! Cephennodes sp. (Figs. 6A, 7A—C,83,9%-F))

The prementum (pmn) of Cephemnium and Cephennodes is
ventrally separated from the mentum (mn) by a transverse imento-

Fig. 5. Prementurm of Cephenniini. (A) Cephennodkes sp. (frontoventral view); (B) Hlavauiiliiss sp. (frontoventral view); (C) Cephemmomiécrns delficatiissinuns (frontoventral viewy);
(D) Cephemmuila sp. (frontodorsal view); (E) Trurfi sp. (frontodorsal view); (F) Cephaztecas matagalipana: (frontodorsal view). Abbreviations: apm, anterior prememtal margin; eph,
epipharynx; 1d, labial disc; Im, labrum; lp, labial palpus; md, mandible; mn, mentum; mx, maxilla.
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Fig. 6. Male of Cephemmiisrm thovaniimum. (A) Sagittal sectiom of anterior part of head; (B) chart of sectiom. Abbreviations: cl, clypeus; eph, epipharynx; hph, hypopharynx; hphs,
hypopharyngeal suspensorium; 1d, labial disc; Im, labrum; mn, mentum; mx, maxilla; pmn, prementum.

premental fold (mpmf), and dorsally from the hypopharynx (hph)
by a transverse hypopharyngeal-prememtzl fold (hpmf) (Figs. 6A,
7A-C, 9A). The hypopharyngeal suspensorium (hphs) (Fig. 7A-C, 8)
is very thick and strongly developed; it occupies a significant part of
the prementum (pmn) and the anterior part of the mentum (mn).
The endo- and exoskeletd] labio-hypopharyngeal structures, i.e. the
internal sclerites of the palpigers, the hypopharyneal slugpemsorium
(hphs), the anterior premental margin (apm), the ventral pre-
mental surface, and the sclerotized mento-premenital fold (mpmf)
are fused together thus forming a massive internal scaffold, on
which the labial discs (1d) are inserted (Figs. 6A, 7A-C, 8, 9A-]). The
discs have a complicated internal structure, with distinctly
delimited internal and extermal plates. The extermal plate (ep)
(Figs. 8 and 9H, 1) is a solid circular structure continuous with the
cuticle of the anterior surface of the prementum. The internal plate
(ip) (Fig. 9H, 1) is a similar circular structure, but with a central
opening; the base (i.e. the posterior part) of the plate is continuous
with the anterior part of the hypopharyngeal suspensefiwm (hphs).
The internal and extefimall plates are connected by a circumferential
ring (r) of euticle compesad of longitudinal ehitineus fibers (Fig. 91).
The space enelesed anterierly by the extermal plate and laterally by
the ring ferms a lumen (lu) that eommunitaiess with the internal
labial part threugh the median epening of the internal dlise
(Fig. 9H).

The integrated internal premental scaffold and the anterior part
of the mentum provide insertion sites for four labial muscles:
M. submentoprazmentalits (M. 28]RiBig. 8) inserting medially on the

mento-prememtzl fold; M. tentoriopraementadiis inferior (M. 28a, b)
with the subcompomentt a (Eig. 9C) inserting laterally on the hypo-
pharyngeal suspensorium near the internal sclerite of the palpiger,
and the subcomponentt b (Figs. 7A-C, 9A-QC) inserting ventrolaterally
om the mento-prememtizl fold; M. tentoriopraementialls syperior
(M. 30)(Hitg. 9E-@)) inserting dorso-laterally on the hypopharyngeal-
premental fold; and M. praementopalpalisesternus (M. 34)(Hig. 74-B)
inserting on the ventral base of palpomete 1. Due to the strongly
developed hypopharyngeal suspensoriuwnm with its posterior fusion to
the converging internal sclerites of the palpigers, M. 34 is recurved
and strengly ebligue in relation to the longitudinal axis ef the labium.
Additienallly, posterolateniall parts of the hypepharyngeal suspenso-=
fidm are ifisertien sites for M. fromihypuaayyatiss (M. 41) (ot
shewn), whieh has its erigin e the frons ane funetions as the elevator
of the suspenseritm:

34. The mouthpants of larval C. gallicunn (Fig. 108A-D)

The labrum (Im) (Fig. 10 A, B) is memibramaus, semioval, lbroader
than long, and devoid of setae.

The mandibles (md) (Fig. 108, C) are subtriangular, with a broad
base and a relatively slender distal part strongly curved inwards;
subapicall teeth are lacking. The mesal margin is smooth, while the
extermal margin bears a row of transverse indentations. Two long
sub-basal setae are inserted dorsally on the extermal margin,

The maxillae (mx) (Fig. 108, D) are large but shorter than the
labium, with cardimes mesally fused to the submentum. The mala is
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Fig. 7. Male of Cephemmiisrm thoraniéom(ACASK) Sagittal sections of labium; (D) chart of sections. Abbreviations: apm, anterior premental margin; hphs, hypopharyngeal suspen-
sorium; hpmf, hypopharyngeal-prememitl fold; 1d, labial disc; M. 29b, subcomparenit b of M. tentoriggnaseneetatisis inferiior; M. 34, M. preemenioppiiptifis extemuss; mpmf, mento-

premental fold.

distinctly bilobed, with the apex of each lobe bearing only 2-33 large
and thick trichia. The maxillary palps (mxp) are 3-segmented, long
and strongly narrowed distally, with a particularly elongate palpo-
mere [IL

The labium (Fig. 108, D) is large in relation to the remaining
mouthparts, with a subrectamgubr mentum and a particularly well
developed prementum. The prementum bears three labial discs
(ld): a very large median disc or pad, which is approximately
hexagonall in shape with well marked margins, and a lateral pair of
much smalller, sharply defimed circular discs, Two-segmiieet labial
palps (Ip) are inserted below eaeh lateral dise, below the anterier
premental margin (apm); palpemese 1 is shoert and bread; palpe-
mere 1l is very leng and slightly narrewing distally.

3.5. Anatoimty of antevior alimentary tract amdl labio-
hypopharymgeail complex of larval C. galficum (Fig. 114A-H)

The anterior part of the alimentary tract (Fig. 11A) is distinctly
divided into the anterior (precensinal)) pharynx (aph), jposterior
(posteenediyed)) pharynx (pph) and the oesophagus (oes). These
components are distinctly delimited by an array of ventral and
dorsal folds forming valves, the anteroventral pharyngeal valve
(aphv), the posterovenitiall pharyngeal valve (pphv), and the dorsal
pharyngeo-assopplaggehl valve (poesv) (Fig. 11A).

The very thick labium (Ib) is fused with the large hypopharynx
(hph) (Fig. 11A—H) and indistinctly divided into a long mentum and
a very short prementum. Most of the anterior surface of the
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Fig. 8. Schematic placememt of hypopharyngeal suspensorium in labium of adult male
of Cephemmiizrm thoraciturm (dorsal view). Abbreviations: apm, anterior premental
margin; ep, external plate of labial disc; hphs, hypopharyngeal suspensorium; ip,
internal plate of labial disc; 1d, labial disc; 1, lateral lobe of hypopharynx; lp, labial
palp; mn, mentum; M, 28, M. submentypsamertalidis; M. 2%a, b, subcommponsaniss a and
b of M. tentoriopnareneptalitis inferior; M. 30, M. tentorioprateneptalisis superions, M. 34,
M. preemenioppliplifis extemuss; ppg, process of palpiger.

prementum is occupied by three labial discs (l1d). The central labial
disc shows a complex internal structure in sagittal sections
(Fig. 11B—H). It is compaossa of a thin and solid extermal plate (ep)
continuous with the anterior premental cuticle, and a very thick
internal plate (ip) ventrally continuous with the cutiele and internal
sclerotization of the anterior premental margin (Fig. 11G—H). The
internal plate is hellow and the lumen of the labial dise (lu) is
eonneeted with the internal space of the labium. Other internal
selerotized struetufes of the hypepharynx and prementum are
peerly developed:

The internal plate (ip) of the labial disc provides insertion sites
on the ventral side for the subcompomentt b of M. ttartorio-
prasmentalits inferior (M. 2%, b) (Fig. 11C—E) and dorsally for the
M. praemeniapadhadiss extermus (M. 34)(Hits. 11B—F), The indistinctly
marked ventral mento-premeiiedl fold is an insertlon site of the
M. submenieprasenesviatilis (M. 28)(Fiig. HE—F).

4. Discusssion

The labial discs of adults and larvae are complex structures. They
are not restricted to the surface, but their various parts are
continuous with extermal and internal skeletal elements of the
labio-hypopharyngeal complex. The arrangemeit of cuticular
plates and labial muscles provides clues for the mechamism used to
capture and immobilize the prey.

41. Labial discs of Cephenniini as compound suckens of premento-
hypopharyngeal! origin

The labial discs (Id) of Cephenniini are composztl of external
(ep) and internal (ip) plates connected by a circumferential

cuticular ring (r) (Figs. 8, 9H=1I, 11G—H). The internal andhitiecture
of the hollow discs in larvae and adults is similar, sugggesting
similar evolutionary origins. However, the arrangementt of muscles
and their insertion sites is not identical, e.g. in larvae M. 29b
inserts on the internal plate, a hypopharyngeal structure, while in
adults on the mento-prememfal fold (mpmf). Neverthelkesss, it
seems clear that the extermal plate of the labial disc is apparently
an extermall cuticular structure, while the internal plate is an
integral part of the hypopharyngeal suspensotiium (hphs).

The internal structure of the labial discs is characteniitiic of
suckers, i.e. organs capable of adhering to smooth surfaces by
creatimg a pressure lower than ambient. The central area of the
extermal plate is fllexible and its shape can be chamged between flat
and concave by contractiiors and relaxations of longitudinal labial
muscles (M. 28 and M. 3@), which usually function as retractons of
the prementum. This action may be possibly modulated by M. 29a,
b, also premental retractoirs, and M. 34, primarily responsibk for
movemeniss of lablal palps. A diagram of the suction cycle inferred
from the structure of the labium is shown on Fig. 12. In the resting
pesitien (Fig. 12A) the labial museles are relaxed, and the anterier
surface of the prementum inecluding the labial dises is strengly
eeneave. Befere a mite ean Be detained, the shape ef the labial
dises must Be ehamged te less eoneave of fmut, and this ean be
aehieved! either By retraeting the dersal eF ventral part ef the
prefmentum By eentraction of M. 39 (Fig. 12®) oF M. 28, and
pessibly alse M. 29b(Fig:. 12€). Beealise the absivrd attaeks of
Esphenifum OR oribatid mites always teek place from absve
(Fig: 2), the retraetien of the ventral part of the prementum seems
mere plausible. The shape sf 1abial dises may be medulated net
8Rly By mHseles respensiye: for MevemeMs of the 1abial BQIB§ i8
M. 34 But als8 By M: 4%, the elevater of the §H§?§ﬂ§6ﬂﬁ% The
Beetle has 18 centack the 1abial Museles (and ‘lead’ the 13bial
dises) snly §H8Hig Before gttacking a mite: When e 1abium is

ressed 3gaing the miie's cutiele, the Mmuscles are relaxed; the
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Since the typical prey is subglobose in shape, the median
longitudinal groove dividing the prementum of adult beetles
(Fig. 4}, Fig. 5A—F) and the lateral position of the suckers likely
guarantee that the premental surface fits tightly to the mite
cutiele. 1t can be hypothesized that the unusually recurved M. 34
(Fig. 7A—B), which is inserted on the ventral base of the palpo-
mere 1 and originates on the posterior part of the strongly eurved
internal selefite of the palpiger, ean medulate this fit by andero-
lateral mevemeidts of the premental halves. In the studied larva,
M. 34 is partieularly robust and unusually shaped (Fig. 11E—F), and
may have a similar funetion. However, in this ease the prementum
is net divided inte lateral halves. It is eeneeivaBle that the
adjustmenit is aehievedl By bending the lateral premental parts
bearing the small lateral suekers (Fig. 108=D).
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Fig. 9. Male of Cephennodiss sp. (A—1l) Sagittal sections of labium; (J) chart of sections. Abbreviations: apm, anterior premental margin; ep, extermal plate of labial disc; hphs,
hypopharyngeal suspensorium; hpmf, hypopharyngeal-prememal fold; ip, internal plate of labial disc; 1d, labial disc; lu, lumen of labial sucker; M. 2%, subcormpomentt a of
M. tentorigpnaseneatatifis inferiign; M. 29b, subconmpomentt b of M. tentorigpaeensetalidis inferior; M. 30, M. tentoriopnaseneatitifis supeniior; mpmf, mento-premente] fold; ppg, process of
palpiger; r, circumferential ring of labial sucker.

Pllease cite' this article’in press:as: Jalosayitddii, P, Beutel, RG., Functional morphiolegy and evolution of specialiized] mouthparts of Cephenniini
{Insecta, Coleoptera, Staphylinidae, Scydmaeninae), Arthroped Structure’ & Development (2012}, http://dx. doi.orgj/I0 1016/ 2=t 2012 07.002



http://dx.doi.org/10.1016/j.asd.2012.07.002

12 P. Jatmeyynsiii, RG. Beutel / Auténropod Structure & Development xxx (2012) 111515

Fig. 10. Mouthparts of a mature larva of Cephemmiiznm gaiiiarm. (A) Head in frontal view; (B) mouthparts in frontal view; (C) mandible in dorsofrontal view; (D) prementum in frontal
view. Abbreviations: apm, anterior premental margin; 1d, labial disc; Im, labrum; lp, labial palpus; ma, maxillary mala; md, mandible; mx, maxilla; mxp, maxillary palpus; mxp3,

maxillary palpomere 1L

4.2. The felingg mechamism offCephenniini

The capture and immobilizaticm of prey by means of labial
suckers and drilling a small hole in the cuticle require a specialized
mechamism of food ingestion. In adult Cephenniini the main
compomentts of the mouthparts are heavily sclerotized and rigid,
but the memibanaus epipharynx (eph), and espedallly its anterior
and lateral margins, and the fllexible prementum (pmn) may form
a sealing device tightly surroundiing the hole drilled in the mite
integument. Membranows marging of the epipharynx prejecting
laterally and anteriorly and visible in dorsal view as a tiransparent
“velum” were previeusly feund in varieus genera ef Cephenniini
and suggested te be a part of sueh a sealing meehamism (€.,
Jakeszyisdii, 2000). The mandibles (M) are net enly relatively short
but alse eurved ventrally and in a fully exiended! pesition de net
interfere with the tight eonnectim betweenm the meuth and the
damage site. In the studied larva (Fig: 10B) the sealing struetuies aFe
mere evideAt. When the shert mandibles are fully extended, the
membanis 1abFem (M), a pair of bread and shert malae with
8Rly a few triehia and the large, frxdimhe prementum form a fing
sHrfeunding the hsle drilled in the mite euticle. Digestive hiids ean
Be injeeted foéﬁfiy inte the prey and the liquered tissues sre
pumped baek ints the pAarynx:

Specific morphological adaptations of the foregut for pumping
liquefied food were not found in adult Cephenniini, whereas the
studied larva of Cephennium shows an unusual array of pharyngeal
valves that is likely part of a pumping mechamism (Fig, HA). Adult
Cephennium and Cephennodes lack the valves (not shown). The
number and placemenit of these structuies suggest a specific
funetional mechamisih. When the pharyngeerassomblaggahl (poesv)
and pesteroventrall pharyngeal (pphvy) valves are in eentaet thus
elesing the pharynx pesterierly, and the anterovential pharyngeal
valve (aphv) is epen at the same tifme, the velumineus pesterior
pharynix (pph) ean be filled with liguid feed: By elesing the ande-
reventral pharyngeal valve and epening the pesteriar set of valves,
the larva ean release the esntenit of the pesterier pharynx inte the
gesephagus (ees). The very large ventrieulds (vér) with the lumen
greatly enlarged By multiple folds ensures an etficient abserptian of
nutrients from the large velume of liguid fosd ingested By the
predater during several heurs of eantinueus feeding:

4.3. Evolutiton of feedtingg specializatiion in Cephenmiini and! @o-
evolutiom wiith prey mites

The phylogeny of Scydmaeninae is presently only partly
reconstructest], but at the current state of knowledge it appears
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Fig. 11. Mature larva of Cephemmiiznm galliiurm. (A) submediiam sagittal sectiom of head, thorax and anterior part of abdomem; (B, C) sagittal sections of labium (B) and central labial diisc
(C); (D) schematic structure of central labial disc in submediiam sagittal sectiom; (E) chart of sections. Abbreviations: aph, anterior pharynx; aphv, anteroventral pharyngeal valve; blp,
base of labial palp; cl, clypeus; ep, external plate of labial disc; hph, hypopharynx; ip, internal plate of labial disc; Ib, labium; 1d, labial disc; lu, lumen of labial sucker; M. 28,
M. subrmentcayeeereetedidis; M. 29b, subcomponenit b of M. tentoriepnatenaekatitis inferion; M. 34, M., preementoppliiplifis extomuss; mn, mentum; msn, mesonoturm; mtn, metanotumm; aes,
oeseophagus; poesv, pharyngeaassopplaggetl valve; pm, prementum; pn, pronotum; pph, posterior pharynx; pphv, posteroventrall pharyngeal valve; vtr, ventriculus.

that Cephenniini belongs to the most specialiizedl tribes
(Grebemmilkow and Newton, 2009; Jaloszynsiii, 2012a). Therefore,
the modified prementum with labial suckers and broadly sepa-
rated bases of very small labial palps is apomorphic, whereas the
non-modiified prementum without suckers and with approximate
bases of large labial palps is a plesiomorphy. Similarly, the stirategy
of other Scydmaeninae grasping mites with the mandibles and
front legs and inserting one mandible inte the mouth, anal er
genital opening, seems to be an adaptation whiech has evelved
early in the subfamily. The published data (Sehuster, 196%; Schmid,
108%; Melleman and Walter, 2001), eombined with yet unpub=
lished expefifeiics and ebsefvaliiviss of the fist auther, suggest
that at least sefme speeies of these genera using this teehmigwe are
eithes eppertunistie predaters oF seavengers, while Cephenniini

are strictly specialized] on armored mites. It is likely that this
specializatiom developed from unspeciaiizedl feeding on various
soil organisms, includimg soft-bodied or only partly armored
mites, possibly belonging to the ancestors or stemlineage of Ori-
batida. The unique morphological adaptations of Cephenniini
restrict this tribe to one specific type of prey and exclude other
organiismss from their diet.

The fossil record of Cephenniini is exceptionally scarce. The tribe
is only known from the relatively young Emcene amber ((lstloszyfiski,
unpublished). The genera Ektatotricttita Chatzimanolis, Engel &
Newton and Electroatogass Chatzimanolis, Engel & Newton
descriibed] from mid-Cretaczmiss amber resemble some Cephenniini,
butt their true affimities remain unknown and details of their labia
were not studied. Therefoie:, the morphology of the known extinct
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Fig. 12. Schematic sagittal sectiom of the labium of adult Cephennodies showing the suction cycle of the labial discs (mite represemtstl by large circle). (A) Resting position —
longitudinal labial muscles (M. 28, M. 29b and M. 30) relaxed and labial discs strongly concave; (B, C) labium prepared for suction — longitudinal muscles inserting dorsally (M. 310;B)
orwenttally (M. 28 and M. 29b; C) contracted] and labial discs slightly concave or flat; (D) mite detained — longitudinal muscles relaxed, labial discs strongly concave. Abbreviations:
ep, extermal plate of labial disc; hphs, hypopharyngeal suspensoriumi; hpmf, hypopharyngealt—premenital fold; ip, internal plate of labial disc; 1d, labial dise; lu, lumen of labial
sucker; M. 28, M. submentceeeimatelidis; M. 29b, subcommponrnit b of M. tentoriepnasenapiatisis inferion; M. 30, M. tentorioasrmepiatdis superitor; mpmf, mento-premenieadl fold; ppg,

process of palpiger.

Scydmaeninae cannot be used to reconstmuctt the evolution of the
labial discs. However, the continuity of the internal plates of the
discs with the hypopharyngeal suspensorium may suggest
a possible evolutionary mechamnism. The non-modified prementum
in Scydmaeninae is usually relatively weakly sclerotized compared
to the mentum. If precursois of extamt Cephenniini fed on soft-
bodled mites, certain areas of the premental cuticle were likely
pressed against the internal sclerotizatiom during feeding. The
pesition of sueh econtact sites might have been constamit and
determined by the shape ef the suspenseiiiih. Therefeit, the prey
iftegument was pressed ente the same (paired) areas of the pre-
mentum. A hardening of the premental eutiele at the eentaet sites
might have been favered By selectim, especinllly if eombined with
exereting a stiely seeretion from labial glands i stabilize the
eapkured prey: The next step was a gradual aeguisitien ef a selere-
tized esnneckion betwexn the stielky eutieular pads oF plates with
the hypspharyngeal suspenseriath. By this presess; eansiani, pre-
specializeq and paired esnfaet areas between the prementum and
the prey were develgped; the prementum was graduslly enlarged,

and the labial palps and mandibles shortemedl or curved down-
wards to expose the capturing device. The labial muscles, origimnally
only involved in movememits of the prementum and its parts,
already generatestl changes in the shape of prememtal surface.
Therefone, a transition from sticky plates to true suckers might have
been simple, requiring only the developmenit of a thinner central
area on the dise to transform the passive sticky plate into an active
sucker,

The structural data seem support this hypothesis. However, it
appears unlikely that the labial suckers have developed during
a process of co-evolution betweem “proto-Cephenniini” and “proto-
Oribatida”. The earliest Oribatida fossils are dated to the Middle
Devonian, but molecular clock estimates even place this group of
Acari amomng the earliest arthropods that have colonized terrestrial
habitats, with the earliest radiation of major lineages in aquatic
envirenments of the Cambrian (Schaefer et al.; 2010). In very clear
eontiast to this, the oldest Seydmaeninae are knewn from mid-
Cretaceeus amber (Poinar and Brewn, 2004; Chatzimanelis et al.,
2010), and the Staphylinine greup ef Staphylinidae (te whieh
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Scydmaeninae belong) is believed to have originated in the Jurassic
{(Clarke and Chatzimanolis, 2009). Therefore, it is highly unlikely
that “proto-Cephenniini” have co-evollved with “proto-Oribatida”,
which are very likely much older. Cephenniini might have i)
co-evollved. with a particular, relatively young group of “proto-
Oribatida” that has acquired the hard armor relatively mecently
(in relation to the postulated very old history of Oribatida), or
ii) ancestors of Cephenniini gradually shifted from feeding on other
types of prey towards fully armored Oribatida, or iii) the labial discs
have originally developed for functions not related to feeding. The
hypotheses ii) and iii) can be combined in one, if the labial discs
have evolved for othex purposes than feeding and only later were
adopted to capture fully armered oribatid mites. With the
extremelly poor fossil record of Scydimaeninae it is not possible to
suppert any of these hypetheses. Hewever, the meehamizm of
develeping the compeund and eomplicated labial suekers in
respense te the eentact of the prementum with prey, prepesed in
the previeus paragraph, seems plausible. Detailed merphelagieal
study of pessip fessil Cephenniini in the eldest ambers frem
Lebanem and MyaAmar may help te elarify this preblem: Further-
mere, the small ard indistinetly defined 1abial dises found in the
genera of the Esphenneminiys group (Cephennmissnss, Caphennula,
ffﬂﬂi&)) may represent an iﬂiéﬂﬂéﬁiéfy state between an H&ﬂ%%i:
fied prementum and one equipped with large, §ff8ﬂgly ssél'@fBH_ZéG
ahd sharply demanicaiedt §H€K§F§ RS they are presedk iR &%@nmum
8f @@BH@HHBQ@& @B§§F\’/%E’Rﬂr“s Bf live BEEH%§ of the Eepensmierys
8raup during feeding and §EHHPHH§ their prey preferences may help
18 reconsti the evalution 8f sHeh an HAuSHally madided 1aBium:
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