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ABSTRACT: We use scanning electron microscopy
to study female morphology in Lithoglyptes mitis Tom-
linson, 1969 and L. habei Tomlinson, 1963. All external
features including opercular bars, lateral bars, comb
collar, orificial knob, multifid scales, mantle teeth, cal-
careous plate, oral cone, thorax and terminal cirri are
described in detail. We discuss the functional morphol-
ogy and evolutionary status of these features and identi-
fy possible apomorphic features for the Acrothoracica.
We conclude that available morphological and molecu-
lar data indicate that the Acrothoracica s the sister group
to the Thoracica + Rhizocephala within a monophyletic
Cirripedia.

PE3IOME: Mbl UCIIO/IB30BAIH CKAHUPY KLY O DJIEK-
TPOHHYIO MHKPOCKOIHIO Ul u3ydeHus mMopdoaoruu
caMok Lithoglyptes mitis Tomlinson, 1969 u L. habei
Tomlinson, 1963. Takue HapyXHble CTPYKTYpPbI Kak:
OIEPKYJIAPHBIE YTOJNLIEHHS, JaTepalbHble MOJOCH,
rpe6HeBUAHBIA BOPOTHHYOK, YCThEBOH OYropok, 4e-
WyHKH, MaHTHIHbIE 3yObl, H3BECTKOBas Tabnn4uka, po-
TOBOH KOHYC, TOPaKC U TEPMMUHAJIbHbIE YCOHOXKU —
AeraneHo onucansl. O6cyxnaerca QyHKIMOHaIbHAS
MOp(OIIOrHs U 3BONIOLIMOHHOE 3HaUeHHe 3THX 06pa3o-
BaHUil, BBIIENAIOTCS BO3MOXHBIE aloMopdHbIe npu-
3HaKu [ Acrothoracica. Ml cuMTaeM, YTO MMEIOLLH-
ecst MOp(OJIOTHYECKHE U MOJIEKYJISIPHbIE JAaHHbIE YKa-
3BIBAKOT Ha TO, uTO Acrothoracica — cecTpuHCcKas rpymn-
na 11 Thoracica u Rhizocephala B npegenax monodu-
nerudeckux Cirripedia.

Introduction

The Cirripedia consists of the stalked and sessile
barnacles (Thoracica), the boring barnacles (Acrotho-

racica) and the parasitic barnacles (Rhizocephala)
[Anderson, 1994; Schram & Hgeg, 1995]. Like the
Thoracica, the Acrothoracica are suspension feeders
that live in self-excavated burrows in solid, calcareous
as a rule, substrates, including gastropod shells. The
Acrothoracica were discovered by Hancock [1849] and
they have always occupied a prominent position in
discussions on barnacle phylogeny [Grygier & New-
man, 1985]. Novel data from 18S rDNA sequences
[Spears et al., 1994] and selected features in cypris
ultrastructure[Jensenetal., 1994; Kolbasovetal., 1999]
indicate that the Acrothoracica diverged very early in
cirripede evolution and made even the monophyly of the
Cirripedia doubtful. On the other hand, adult acrotho-
racicans display many putative apomorphies with the
Thoracica in being specialized for suspension feeding
using thoracic cirri {Anderson, 1994].

Acrothoracican morphology is difficult to study due
to their small size and only Smyth [1986], Tomlinson
[1973], Turquier [1978], Kolbasov [1999] and Kolba-
sov et al. [1999] have used scanning electron microsco-
py. We use SEM to study all external features in two
closely related species of Lithoglyptes Aurivillius, 1892
to provide a template for future studies of juvenile and
adult Acrothoracica. We focus on possible autapomor-
phies of the Acrothoracica and whether there exist
synapomorphies between the Acrothoracica and any
group of extant Thoracica.

Material and Methods

In the collections of mollusc shells in the Zoological
Museum of Moscow State University we examined 568
specimens of Lithoglyptes mitis Tomlinson, 1969, 87
specimens of L. habei Tomlinson, 1963 and 46 speci-
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mens sharing the characters of both species. Most spec-
imens were collected from the Maldives, the Seychelles,
the Red Sea, and the Gulf of Aden. Some additional
specimens came from Vietnam and the Persian Gulf.

The specimens for light and scanning electron microscopical
study come from the following stations: L. mitis: The Red Sea, Isl.
Shumma, arch.Dahlak, 15°05.7’N, 41°41’E, depth 2 m, 3 females
in Trochus pyramis; Maldives, Isl. Feartu, 3°48’'N, 73°05°F, tidal
zone, 7 females in Trochus virgatus, depth 1.5—3 m, 3 females in
Turbo argirostoma; Isl. Genego, 3°49’N, 73°06’E, tidal and subtidal
zones, approximately 20 females in Mancinella alauina, Latirola-
gena smaragdula, Morula cavernosa and Hipponix sp.

L. habei: Seychelles, Isl. Silhouette, 4°36°S, 56°48’E, subtidal
zone, 6 females in Mancinella mancinella; Maldives, Isl. Genego,
3*49'N, 73°06’E, tidal zone, coral-reef, 1 female in Hipponix sp.;
Aden Gulf, 13°59°5”N, 48°24' 7”E, tidal zone, 10 females in Turbo
sp. South-China Sea, Bay Maxfild, depth 80 m, 4 females in
Xenophbora sp; atoll Kosmioledo, Isl. Wizard, 10°30'S, 47°30'E,
subtidal zone, 1 female in Latirus polygonus.

Allmaterial was originally preserved in 70 % alcohol. The
margins of the burrow containing a barnacle were treated in 2
% HCI, or the burrow was mechanically destroyed to remove
the animal. This method preserves the calcareous plates
characterizing some lithoglyptid species. For light microsco-
py we used KOH-treated material transferred to glycerine
[Tomlinson, 1969]. Five adult and 5 juvenile stages of each
species were post-fixed in 2 % OsO, for 2 hr., dehydrated in
acetone, and critical pointdried in CO,. Dried specimens were
sputter coated with platinum-palladium or gold, and exam-
ined in a HITACHI S405A scanning microscope at 15 kV
accelerating voltage in Moscow and in a JEOL JSM-840 in
Copenhagen (15 kV).

Taxonpmy of Lithoglyptes habeiand L. mitis

Tomlinson~ [1969] considered Lithoglyptes habei
(Fig. 1) and L. mitis (Fig. 2) as distinct species based on
differences in the armament of the conical process of the
mantle aperture and in the degree of development of the
lateral bar. The au;hor noted that he had insufficient

malerial of L. mitis at his disposal. We have examined
numerous individuals of both species from diflerent
regions. We foul]d that the lateral bars of both speuu
are feebly dchFopcd and that their variations are simi-
lar. Therefore, the pnncmal remaining difference be-
tween the two species concerns the armament of the
conical opercular process. InL. habei the process termi-
nates anteriorly at or near a strong spur-like spine, which
is absent in L. mitis [Tomlinson, 1969]. Both species,
studied by us, exhibit a full range of spine development
(Figs. 2D-G), and very often one conical process bears
a clear spine, whereas the other process of the same
specimen bears only a bifid tooth. We informally call
suchintermediate forms “L. habei-mitis”. Specimens of
the two “species” and “'L. habei-mitis” forms can coex-
istin similar areas and depths and may even inhabit the
same host-shell. Tomlinson [1969] also wrote that L.
mitis might represent immature forms of Lithoglyptes
spinatus (=L. bicornis_Aurivillius). Although L. mitis
and L. bicornis may sometimes inhabit the same shell,
we find Tomlinson’s statement very unlikely. Our un-
published data show that juvenile females of both spe-
cies already possess the species specific characters of

the adultseven at the ultrastructural level. In accordance
with this, we also found mature females of L. mitis and
L. habei with eggs, nauplii or cypris larvae.

In our investigation Lithoglyptes mitis and L. habei
have the same colour, size, and structure of mouth parts,
cirri, caudal appendages, orificial knob, and lateral bars:
both species have the mantle apertures armed with a pair
of conical processes, and they have very similar dwarf
males. We conclude that L. habei and L. mitis are very
closely related, with “L. habei-mitis” specimens repre-
senting hybrid forms, or perhaps more likely, that all
forms represent variation within a single species.

Results

As in other cirripedes, the acrothoracican body is
suspended in a sac-like mantle cavity, acting as a brood
sac and communicating with the exterior through an
aperture that can be closed. Some structures of the
mantle exterior were described in the Kolbasov paper
[1999], therefore we prefer to describe it shortly and
concentrate on the body proper.

The mantle (Figs. 1A, 2A,B, 3A-C). The mantle
consists of several distinct parts. The aperture, sur-
rounded by the opercular bars and the comb collar lies in
the distal part (Figs. 1A, 2A, 3F). The opercular areca
occupies the upper fourth of the mantle sac in adults
(Figs. 1A, 2A, 3A,B) and the upper third in juveniles
(Fig. 2B). This area has a smooth mantle cuticle and
contains the lateral bars and rows of multifid scales
(Figs. 1A, 2A, 3F,G). The orificial knob lies anteriorly
“under” the ends of the opercular bars (Figs. 1A, 2A,
3H). The exuviae of the cypris antennules used forinitial
attachment may be seen between the orificial knob and
the attachment disk (Fig. 2B). The attachment disk area
occupies the lower half of the anterior side of the mantle
and is covered by a calcareous, so-called “rostral” plate
(Figs. 2,G, 3,B). Dwarf males may attach to the female
mantle by the rudiments of the cypris antennules near the
margins of the calcareous plate (Fig. 3B).

The lower part of the mantle sac has a wrinkled
cuticle, with transverse and longitudinal striations. It is
armed with numerous teeth which are more frequent and
larger in the middle part of the mantle sac (Figs. 3A, 4F).
The longitudinal striations probably reflect the longitu-
dinal muscles of the mantle.

Opercular bars (Figs. 1 A,2 G 3D, F) Opercular
bars are sculptured by small granulations and carry arow
of evenly spaced, bifid teeth, whose tips are often broken
off. Conspicuous setae insert between the bifid teeth and
just under the opercular bars (Fig. 3D). At the posterior
(‘carinal’) end each bar extends into a peculiar conical
process covered by teeth, spines, and dense long setae
(Figs. 1A, 2A, 3F, 4 B,C). The conical process of L.
habei specimens terminates in a long curved thorn (Figs.
1A, 3AF) or carries a long spine near the tip (Figs. 4C).

Comb collar (Figs. 3E-G, 4E). The comb collar forms
the posterioventral margin of the mantle aperture. It
consists of acomplex membranous velum, which oneach
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Fig. 1. Lithoglyptes babei Tomlinson: A — female, lateral view; arrow indicates sharp process above attachment disk; B — mouth
cirrus (cirrus 1), anterior is left; C — mandible; D — mandibular palp; E — maxilla I; F — maxilla IIl; G — caudal appendages.
Abbreviations: CC — comb collar; CP — cone process; EG — eggs; LB — lateral bar; OC — oral cone; OK — orificial knob; OL —
opercular bars; TC — terminal cirri; TL — thoracic lappets. Scales in pm. All parts belong to specimen A

Puc. 1, Lithoglyptes bhabei Tomlinson: A — camka cGOKy; CTpeAKa yKA3bIBACT 320CTPEHHBIN BBIPOCT HAA NPUKPEIUTEABHDIM AUCKOM;
B — porosas yconoskka (yconoxka ), nepesHss cropona caesa; C — manaubyaa; D — maHAMGYAspHbIA mynuk; E — makcuasaa I
F — makcnana II; G — xaypaaababie npupatku. Obosnasenmns: CC — rpebuesnaHbiii Bopotandok; CP — xonuueckuii seipoct; EG —
stiiga; LB — Gokonoe yroamenue; OC — porosoii konye; OK — yersesoii Syropox; OL — onepkyaspusie yroawenus; TC —
TepmuHaAbHble ycoHoKW; TL — TopakaabHbie ckaapku. Macmrab b mrs. Bee wactm mpunasaexar ocobu A.
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Fig. 2. A — Lithoglyptes mitis Tomlinsan, femnle, lateral view; B — L babei, juvenile female with antennulary exuviae (AE) in
attachment area; €D — left and mght opercular spines of “L. habei-mitis" specimen; EF — left and right opercular spines of “L.
babei-mitis” specimen; G — burrow, with barnacle, top view. Abbreviations: AE — antennulary exuviae; CC — comb collar; CP —
cone process; CPL — calearcous plate; LB — lateral bar; OL — opercular bars. Scales in pm.

Puc. 2. A —Lithoglyptes mitis Tomlinson, camxa cBoky; B — L. bhabei, camia, opeHuMAb ©. sK3ysusmu autenuya (AE) y
npukpenureasHori obanetiy; CD — aesbifi n mpasmii onepxyaspusle wunnm ocobu ‘L. babei-mitis”, EF — acuwmit u npankIi
onepryanpime wunst ocobu ‘L. habei-mitis”; G — nopka ¢ ycoHorus, sua ceepxy. ObosHatenus: AE — 3K3yBuii aHTeHHyAs; CC —
rpebHeBuAHBI BopoTHMYOK; CP — xoHmueckwmii poipoct; CPL — wm3secrkoras tabanuxa; LB — Goxosoe yroawgerne; OL —
ONEPKYASIPHBIE yTOAWeHUa. Macurtab B mim. :
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Fig. 3. A—C — females, lateral view, arrowheads indicate operculum, B — with dwarf male (M) and calcareous plate (CPL), cutticle
of attachment disk removed, in situ, C — juvenile female with exuvium, including antennular rudiments; D — apertiire of mantle
cavity bordered by opercular bars (OL) cone processes (CP) and comb collar (CC); E — close up of comb collar, palisade of setae
with only distalmost ends free; F — detail of A, lateral view of opercular area; G — detail of F, posterioventral part of apertuxe with
comb collar (CT) and rows of massive multifid scales (arrowheads); H — surface of arificial knob (ACFG — L habei, BDEH —
L. mitis). Abbreviations: AD — attachment disk; CC — comb collar; CP — cone process; CPL — caleareous plétq; LB — lateral bar;
M — dwarf male; MT — mantle teeth; OL — opereular bars, Seales in pm, '

Pric. 3, A—C — castidh i('.ﬁsfwl;y, ONCPRYAYM VRasaH cTpeasami, B — ¢ KapAMKOBBIM camjom (M) v nanecrronovi Tabamnaxon (CPL),
KYTUKYAQ TIPUKPETTMTEABHOr® AMCKA YAAACHA,(C — JOBEHUABHAS CAMKA C SK3YBUEM, BRKAIOYAIOLIM PYAWMENTbI anTenHyA; D — orseperne
MAHTHIHON TIOAOCTM, OTpaHMYeHHOE ORepKyAspHbiMu yroageHusmi (OL), xonmdeckmmm soipocTamn “(CP) u rpebuenmambim
popoTruarom (COCL E T F]IL’E']-iL'lll-lg,flJ_l[rl HOPOTHUIOR, PAA IHCTUHOK (BHAHTE TOLRKO AMCTAALHIE KOILLL, F — onepryaspuan obascr
cBoxy (ocobn A) G — saanesenTPIAbEDN wacTh oTheporl © pebHenanpy soporinarom (CC) 1 PIARMN MACCHBHLIX ‘elyek,
OTMEdeHEBX cTpeakami (eraan puc. 3 F); H — nosepxiocrs yervesoro byropra (ACFG —L Batwd, BIDEH —Lomnitis ). Ofoauasenns:
AD — npukpennreananii kuer; COH— rpebuciuatnl soporiiyok; CF — gonpgeckui aupoct) CRL — wancerkonan mabanuka; LI
— Goxoboe yToalyenne; M — xapankossiii camey; MT — mauruiinstit 3y6; OL — onpekyasphsrie yroamennus. Macmrab b mxm.
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side joins the internal margins of the opercular bars near
the conical processes (Fig. 3D). InL. mitis andL. habeithe
comb collar is well developed in both juveniles and
adults. With SEM, it appears as a palisade row of closely
spaced cuticular projections, presumably of setal nature
(Figs. 3D,E; 4E). The 20-30 um long projections are
united for most of their length, but have free apical ends
with numerous villi on the lateral margins (Figs. 3E, 4E).
This is common comb collar ultrastructure for all acrotho-
racicans [Kolbasov, 1999; Smyth, 1986].

Orificial knob (Figs. 1A, 3H, 4D). The orificial knob
is characteristic for some lithoglyptid species and looks
like a hillock on the anterior (‘rostral’) side of the mantle
sac below the opercular bars. The knob carries simple and
curved teeth and long setae in adult specimens (Fig. 3H).
Injuvenilesitalso bears bifid and even trifid teeth, and the
lower surface is covered by multifid scales (Fig. 4D). The
simple teeth of adult specimens probably originate from
the bifid ones visible on juveniles by means of the reduc-
tion of one tip in the course of the moults.

Antennulary exuviae (Fig. 2 B). The cyprid anten-
nules of the acrothoraciacns attach to the host substrate
outside the future burrow [Turquier, 1970]. However,
after complete burrow dissolution by HCL, juveniles
oftenretain their rudiments, as exuviae, on their anterio-
ventral side, and they indicate the point of first attach-
mentto the host. The sharp process above the attachment
disk (arrow in Fig. 1A) corresponds to this point in the
adults [Kolbasov, 1999].

Attachment disk (Figs. 3 A, 4 G, H). The attachment
disk is characteristic for the Acrothoracica. In the inves-
tigated species it occupies the lower half of the anterior
side and has an oval form. Its cuticle lacks muscles, bears
distincttranverse furrows, and covers a calcareous plate
(Fig. 4H). The furrows, probably, reflect growth lines of
a calcareous plate and may correspond to moults in a
manner analogous to the ecdysial rings encircling the stalk
of rhizocephalan barnacles [Hgeg & Liitzen, 1995]. In
both juveniles and adults, the cuticle of disk also bears
transverse rows of small cuticular papillae-like structures
(Fig. 4G, H), which may secrete a cement for attachment
to the host [Kolbasov, 1999]. We have found similar
papillae on the cuticle of the attachment disks of Kochlo-
rine_bocqueti, Kochlorine sp., Kochlorine hamata, L.
bicornis , L. viatrix , and undescribed two species of
Weltneria and Lithoglyptes [Kolbasov, 1999, own data].

Calcareous plate (Figs. 2G, 3B, 4A). A calcareous
plate was described in deep-water species of Weltneria
and Lithoglyptes [Newman, 1971, 1974; Grygier &
Newman, 1985]. Recently, it was described for the
shallow-water species L. mitis and L. habei [Kolbasov,
1999]. It protects or reinforces the anterior (basal) area
and is covered by the cuticle of the attachment disk. The
plate has drop-like form, is thin and semitransparent,
and adorned with fine growth lines.

Multifid scales (Figs. 3G, 4B,C, SA-G). Smyth[1986]
firstly classified the different types of multifid scales,
which were so far observed in all acrothoracican genera
studied with SEM, i.e.,Trypetesa Norman, 1903,Kochlo-
rine Noll, 1872 [Turquier, 1978], Cryptophialus Dar-

win, 1854 (Smyth, 1986),Lithoglyptes Aurivillius, 1892,
Kochlorine, Cryptophialus [Kolbasov, 1999], Weltne-
ria, Berndt, 1907 and Trypetesa (own data). They are
represented by different types of denticles (in Watling,
1989 and Hgeg et al., 1994 terminology).

Lithoglyptes habei and L. mitis have two general
types of multifid scales: the massive and feeble ones
[Kolbasov, 1999]. The massive multifids are 8—15 ym
long, 2-2.5 pm high and consist of 20~4 sharp and
strong denticles to be similar to small fan denticles fused
together, leaving only the apical one third of the length
free (Figs. 5A—C). The feeble multifids (Figs. 5D-F) are
6-15 um long and 4 pm high, and consist of 7-20 thin
variable denticles grouped together at their bases, leav-
ing most of the length free. In both scale types the sharp
end point upwards towards the mantle aperture.

In L. habei and L. mitis the form and number of
multifid scales differ between the various areas of the
mantle sac, and they are most frequent on and near the
opercular area and the ventral surface. The structure and
arrangement of scales is completely identical in juve-
niles and adults. Massive multifids are considerably
more frequent than the feeble scales and numerous
transverse rows occur in the opercular area (Figs. 3F,G,
4B,C, 5A-C). Feeble multifids occur in the ventral area
under the opercular region approximately to the middle
of the mantle sac (Figs. SD-F).

The lower posterior half of the mantle sac is occu-
pied by rows of separate variable denticles, whose tips
pointin different directions, probably, due to shrinkage,
and hardly form clear scales (Fig. 5G). In addition, setae
are distributed singly or in small groups on the whole
mantle under the opercular area.

Mantle teeth (Figs. 3A, 4F). The different mantle teeth
occur on the whole surface of the mantle sac, but they are
most numerous on the posterior surface and on the lateral
sides of the lower third part. The largest mantle teeth
occurin the area near the attachment disk. Mantle teeth are
bifid, trifid, or tetrafid, and 8—12 pm in height. The tooth
has a round, 20-30 pm diameter base covered by a
smooth, chitinous cuticle. The body of the tooth originates
from the centre of this base (Fig. 4F) and is also complete-
ly chitinous without any calcareous formations. SEM
failed to reveal pores of duct-like structures in the mantle
tecth. Therefore, the acrothoracican mantle teeth differ in
all these characters from the spicules found by Dineen
[1988] in the thoracican Lithotrya dorsalis.

Lateral bars (Figs. 1A, 2A, 3F). These chitinous
formations are feebly developed inL. habei and L. mitis,
and their structure differs from those described in spe-
cies of the Cryptophialidae by Smyth[1986]. InL. habei
and some specimens of L. mitis the lateral bars are
chitinous thickenings of triangular form with a curved
tip. Externally they are covered by ordinary cuticle and
bordered by two clear furrows (Fig. 3F).

The barnacle body

In all acrothoracicans the body consists of an oral
cone and a very elongate (in Lithoglyptidae and Cryp-
tophialidae), and S-shaped thorax with cirri grouped at
the posterior end (Figs. 1A, 2A, 6A).
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A A — caleareons plate; B — operculir conieal processes, with vows ol inassive multifid scales bielow (arrowheadsy, D —
orificial knob: E— combeollarof juvenile female; F— mantle teeth, near lonwer part of attachment disk; GH — surface of attachment
disk, H with two putative srowth lines (eorved arrows) md rows of papillae (arrowheads) (ARGH — Loaitis, CDEF — L e,
AEH — adults, B=EG — juveniles), Ahbrevintions: 5 — sciles ol orilicial knoly;, 88 — -111I.|r—]i];c spine. Seale bars .

Prac. 4. A — manecriomas Tafaiegag BC — Ole pryad PHE KOTICCEIT BHEPOCT ¢ PAATAE MACCHBILIN TEITYER (yRasaibl CTPRAKAMIA);

D — yerspoi byropor; B — mpeBHenuatuii poporHieon [f — stHTiEHLi Sy y HAHST SacTi IPHETETTITCALHOTO ANCKA; GH —
HOBCPEHOCTE TPHEPEIITEALHOIO AUCK, T ¢ ARYA TPEATOAATAMEMI AHHIAI PocTi (mnnyTaic crpeatnt) 1 paagmu mamiias (06urrbe
crpessn) (ABGH — L witis, CDEF — L. balvi, AFH — tipouase, B—E,G — onennan). OGosHaueHus: S — YelyiKu yCThEBOTO

Gyropka; SS — wroponnAnbti mmi. Macmrab B MKM,
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Fig. 5. A — posteriar part of opercular area with rows of massive multifid scales; BC — massive multifid scales under opercular
conical process; D — midposterior area with rows of feeble multifid scales; EF ~ feeble niultifid scales in midposterior area; G —
scale-like denticles setae in lower posterior area. A,C,E,G — L. habei, BD,F — L. mitis, A,B,E — adults, CDJF,G — juveniles. Scale bars
in pm.

Prc. 5. A — st sacrs onepiyaspuoli oBACTH ¢ praami sacennrb deimyer: BO — maccusime STV 1I0A ONePRYATPHBIN
RORMHECRUM BupocTos;, D — epesninas sagns obaacth ¢ paassn canbuix dermyer; B — canBrie wetyiiin cepeAnint saiei obaacmi;
G — "emyhrkosnaAnbre MUK HUGRHET yaceT saameit obtern, ACEG — L balei, BDE — Lowiitis, ABE — papocane, CDEG —
oBernAT. Macurab 5 s,

Fig. 6. A — internal body (mantle removed); B — oral cone with lubrum (LAY and mandibular palp (MDP), (details shown in Figs.
C,DEG marked with letrers and arrowheads)y C — arc-shaped scale on laveral surface of labrom; 1) — bushy scales on distal part
of labrum; E — tip of mandibular palp; F— seales on upper (distal) part of mandibular palp; G rows of lappets on basal pan
of mandibular palp; H — rami of mouth cirr; | — mouth cirrus, Tavernl surface of coxn; | — mouth cirrus, lateral surface of basis,
(A=G — L. habwi, H=] — L snitis, all adults, Abbreviations; AR — anterior ramus; LA — labrum; MC — mouth cirri; MP — mandibular
palps; OC — oral cone; PR — posterior ramus; TC — terminal cirri; TH — thorax; Scale bars in pm.

Puc. 6. A — sryTpennee Teao (MaHTIS ypasena); B — poTosoii komye ¢ aabpymom (LA) u MaHAUOYASIPHBIM 1yyrinkom (MP), (seTaan
noxaszaust Ha puc. 3 CDE,G n oTmeuens crpesxkamn un Gyxsamn); C — apkoBusHble yemyiixu GoKoBol mosepxHocT Aabpyma; D -—
KYCTHUCTBIE YENIYHKM AMCTAABHON HacTh Aabpyma; E — pepxymika maHAUBYASPHOIO yyrmka; F — uernryiikn Ha BepxHei (AMCTaABHOM)
4acTH MaHAMbYAspHOrO mymuKa; G — PAABL CKAAAOK Ha Ba3aABHOM YacTy MaHAMGYASpHOTO 1yymmka; H — pernu POTOROM YCOHOMKKM;
I — porosas ycoHOXKR, GOKOBAs [TOBEPXHOCTH KOKCHE, ] — POTOBAS YCOHOXKKA, HOKOBAs nosepxuocts basuca. (A—G — L, habei, H—
J — L. mitis, sapocaste). OGosnauenns: AR — nepesmsisn nersn; LA — 4abpym; MC — potossre yeonoxxn; MP — manaubyasprbie
wymixu; OC — potopoii konyc; PR — sapuss perss; TC — TepmmHasbHbIE yconokkn; TH — Topaxe. Macintab B mxm.
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Oral cone (Figs. 1 A, 6 A, B). The oral cone has a
complicated structure. Surrounding the mouth itcarries
the labrum, mandibles with mandibular palps, first and
second maxillae and cirri I (so-called ‘mouth cirri’). We
could observe the external structure of the labrum,
mandibular palps and mouth cirri. Mandibles, first and
second maxillae are situated inside the oral cone and
could not be seen from the outside with the SEM.

Labrum (Fig. 6B, C,D). The labrum hasa saddle-like
form, with a horseshoe-like distal part, and its surface
bears different types of setae and scales. Individual setae
occurin the middle of the lateral side (Fig. 6B). So-called
‘bushy scales’ occur in the distalmost part of the labrum
(Fig. 6D). They are 67 um wide and 8-9 pum high and
consist of arow of 7-15 closely spaced and very slender
denticles (setae?). Elsewhere the labrum carries
arc-shaped multifid scales (Fig. 6C), which are 4—7 pm
high, 4-7 pm wide and have a crenulated edge of
denticles. Smyth [1986] found identical arc-shaped
multifid scales in the upper part of the mantle sac of
Cryptophialus coronophorus, but in L. habei and mitis
they occur only on the labrum.

Mandibular palps (Fig. 6B, E, F, G). The palps consist
of abasal and adistal part separated by adistinct fold. The
lateral sides of the basal part are covered by long, wavy
rows of shortand very closely spaced denticle-like protru-
sions, which are directed distally (Fig. 6G). The distal part
of the palp carries long, simple setae on the lip and along
the upper edge and short setae on the outer (posterior)
edge (Figs. 6B,E). The lateral surface of the distal part,
especially the inner edge (near labrum), carries spiny
scales, loosely organized into rows (Figs. 6E,F). These 7-
10 pm wide scales bear strong and sharp spines without
any basal articulation. The number and stze of these
spines differ between individual scales.

Mouth_cirri (Figs. 1B, 6B,H-J). Cirri I, or mouth
cirri, exist in all members of the Lithoglyptidae and
articulate with the body just under the maxillae II. They
are part of the oral cone and therefore widely separated
from the terminally sited cirri.

A single mouth cirrus (Fig. 1C) consists of a long
coxa, a short basis, and two short rami (endopod and
exopod). The outer edge of the basis carries a few
plumose setae. The edges and surfaces of both rami
carry also well-developed plumose setae. The numerous
setules on the basal and ramal setae are very delicate and
difficult to observe even with SEM (Fig. 6H). The lateral
surfaces of the coxa and the basipodite have a dense
cover of long and sharp spines, often united into scales
(Figs. 61,1). The lateral surface of the coxa also carries
simple multifid scales with short spines, similar to those
found by Smyth [1986] in the distal part of C. corono-
phorus. The anterior ramus is 3—4 segmented and longer
than the 2-3 segmented posterior one (Fig. 1C).

Thorax (Figs. 1A, 6A, 7A,B). The thorax is the body
region (including the mouth cirri) behind the oral cone
and consists of a straight anterior part and a strongly
S-shaped posterior part carrying the terminal cirri (Figs.
1A, 6A). The cuticle of the posterior part bears closely
spaced, transverse rows of “thoracic lappets” [Smyth,

1986] (Figs. 1A, 2A, 7A). The thoracic lappets appear as
transverse striations in the light microscope. SEM re-
veals them as closely spaced denticle-like (combs of
fringes) protrusions with a common base, a structure
very reminiscent of the multifid scales (Fig. 7B). Each
lappetconsists of 50-80 protrusions (fringes). These 1.5
um high lappets point posteriorly and small irregular
gaps separate the fringe-like protrusions of asingle row.

In L. mitis and L. habei the rows of thoracic lappets
cover the entire surface of the posterior (terminal) part
of the thorax, whereas Smyth [1986] showed that they
occur in three separate sets inC. coronophorus. Tomlin-
son [1973] first tried to determine the structure of these
striations using SEM and mentioned “longitudinal stri-
ations” between “transverse striations”. Smyth [1986]
truly described this thoracic structure and stated ‘that
only the “longitudinal striations” mentioned by Tomlin-
son actually exist’ formed by fringes, and called them
“thoracic lappets”.

Terminal cirri (Figs. 1A, 2A, 6A, 7C-F). Four pairs
of biramous cirri originate on the terminal part of the
thorax. They consist of atwo-segmented protopod (coxa,
basis) carrying two multisegmented rami (endo- and
exopod). The protopod carries two pairs of serrate setac
on its posterior distal margin. Both protopod and rami
also bears separate rows of lappets on the posterior
(outer) margin, resembling multifid scales and similar to
the rows of thoracic lappets (Figs. 7C,E). Undulating
combs with fringed edges occur in the sutures between
the basis and first ramal segments (Figs. 7C,D).

The ramal segments are 2-3 times longer than wide.
Each segment carries two pairs of setae on the distal and
middle parts of the anterior (inner) margin and a pair of
serrate setae on the distal part of the posterior margin of
each second segment(Fig. 7F). The first ramal segment
carries about 10 rows of lappets on its posterior margin
(Figs. 7C,E). The more distal ramal segments carry only
two such rows (Fig. 7F).

Caudal appendages (Fig. 1G). The rudimentary ab-
domen bears two-jointed caudal appendages. The basal
segment carries a single seta, whereas the distal segment
has a group of plumose setac (normally 4) on its tip.

Discussion

With this paper we follow upon and extend the works
of Smyth [1986] and Kolbasov [1999]. We shall first
discuss the individual characters in order to set the stage
for a discussion of the phylogenetic position of the
Acrothoracica.

Opercular bars. The Acrothoracicalack any opercu-
lar calcareous plates along the rims of the mantle aper-
ture. The distinctive chitinous opercular bars may there-
fore serve to reinforce the opercular area during sweep-
ing of the cirri and abrasion movements. The opercular
bars also carry numerous setae and projections, which
likely serve to detect foreign objects and guard against
their ingress into the mantle sac [Kolbasov, 1999].
Nevertheless, we found one L. mitis with a harpacticoid
copepod inside the mantle sac.
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Fig. 7. A — thorax near terminal end, with rows of thoracican lappets (arrowheads); B — transverse rows of thoracican lappets;
C — third terminal cirrus, basis (BA) and orlgm of rami, undulating ridge (arrowhead) in suture between basis (BA) and first ramal
segment, lappet-like scales on posterior margin of basis and posterior ramus (arrows); D — undulating ndge in suture between basis
and first segment of posterior ramus (at arrowhead in C); E — several lappet-like scales on posterior margin of first ramal segment
(arrow in C); F — distal segments of fourth terminal cirrus, only two lappet-like scales per segment (arrowheads). All adults of L.
habei. Abbreviations: AR — anterior ramus of cirrus; BA — basis; PR — posterior ramus of cirrus. Scale bars in pm.

Puc. 7. A — TNOBEPXHOCTH TOPAKCA Y TEPMMHAABHOTO KOHLA C PSIAAMM TOPAKAABHBIX CKARAOK (IIOKasaHbl cTpeakamm); B —
MOIEPEYHbIE PAAbI TOPAKAABHBIX ckaaaok; C — repmunaabHas yconoxxka (111 nmapa), 6asuc (BA) u oTxoas1me BETBH, BOAHUCTHI rpebensb
(KpymHas cTpeaka) y coeauHeHns mesxay 6asucom (BA) 1 IIepBbIM CETMEHTOM BETBU, CKAAQAKOBUAHKIE UCIIYAKM HA 3aAHMX Kpasx 6asuca
u 3apHel BeTsu (Meaxne cTpeakn); D — BoaHMCTBINA rpebeHb y coegnHenns 6a3uca 1 NepBoro CerMenTa 3aaHei seTsu (yKasaH Ha puc.
7 C); E — HECKOABKO CKAGAKOBUAHBIX YEITYEK HA 3aAHEM Kpae IEPBOTO CeTMEenTa 3apHel seTen (yrasaubl Ha puc. 7 C); F — amucrabbie
cermeHTH 1V Hapbl TEPMMHAABHBIX YCOHOMKEK, IPUCYTCTBYIOT TOABKO ABE CKAGAKOBMAHBIX deinryiiku (yxasaHer cTpeakamu). Bece —
B3pocable ocobu L. habei. Obosnauenns: AR — mepeaHss Betsb yeoHOiKH; BA — Gasuc; PR — 3asnss seTsp ycoHoxkku. Macuirab s
MKM.
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The comb collar. According to Batham and Tomlin-
son {1965] the comb collar projects into the mantle
aperture and is pressed against the cirri, when the they
are extended. They therefore suggested that the collar
serves to groom the cirri by means of its apical comb and
to securely close the mantle aperture during extension of
the cirri. Smyth [1986] similarly concluded that the
comb collar in Cryptophialus coronophorus protrudes
into the opercular area and prevents ingress of foreign
particles, when the opercular bars are spread apart.

We agree withsuch a guarding and cleaning function
of the comb collar, and it may perhaps also serve to
retain captured food particles within the mantle cavity.
However, while the comb collar bulges into the magtle
aperture in the Cryptophialidae, it protrudes to the
outside in the Lithoglyptidae, and we surmise that this
must also be the case during cirral beating. The outward
bulging comb collar of lithoglyptids therefore provides
the necessary room for extension of the cirri, since the
oral cone blocks almost the whole space under the
opercular bars.

Utinomi{1957] mentioned without giving any refer-
ence that /bla, sole among thoracicans, has a comb
collar. This interesting statement needs reinvestigation.
Glenner et al. {1995] did not include the comb collar
character in their matrix, butif acomb collar were coded
present for/bla and optimized on their favoured tree the
comb collar possibly becomes a ground pattern feature
for all Cirripedia.

Lateral bars. The lateral bars serve as reinforcing
structures and as attachment for various muscles. The
relative size of the bars depends on the form of the
opercular area, and they are very large in the Cryptophi-
alidae, which have a long ‘opercular neck’. This indi-
cates that the lateral bars assist in supporting thisregion.
Utinomi [1957] observed that the lateral bars follow the
line, where the body proper connects with the mantle and
that they serve as attachments for short transverse mus-
cles connecting them with the upper part of the attach-
ment disk. The lateral bars probably have other func-
tions, e.g., a fulcrum for the contraction of longitudinal
muscles and support of the aperture by their elasticity
[Darwin, 1854; Berndt, 1907], a fulcrum pressing the
mantle against the side walls of the burrow [Utinomi,
1957; Tomlinson, 1969].

Orificial knob. The orificial knob fills the unprotect-
ed gap in the burrow aperture between the attachment
area and the flexible operculum. Tomlinson [1969]
therefore concluded that the orificial knob guards against
ingress of particles between mantle exterior and the
burrow wall in the inflexible attachment area. Naturally,
densely situated long setae and teeth form an effective
mesh guarding the burrow against ingress of particles.
Furthermore, the presence of multifid scales around the
orificial knob, especially in juveniles, indicates that this
structure also functions in the abrading process.

Mantle teeth, multifid scales and burrowing. Many
authors have attributed burrowing to the action of the
mantle teeth [Batham & Tomlinson, 1965; Grygier &

Newman, 1985; Newman, 1971; Tomlinson, 1955, 1969;
Utinomi, 1957, 1961]. Turquier [1968] also described a
carbonic anhydrase, which apparently softens the cal-
careous substrate during burrowing in Trypetesa nassa-
roides. We suggest that the mantle teeth primarily serve
to fasten the mantle sac within the burrow during body
movement such as abrading and beating of the cirri. The
teeth are irregularly arranged on the mantle surface.
However, many of them occur in areas where body
motility is low and burrowing therefore likely to be
minimal or absent such as along the ventral margin and
inthe lower body part near the attachment disk (Figs. 4F,
5D). The degree of teeth development and their density
also vary significantly between various species. This
disagrees with a function in burrowing since all Ac-
rothoracica penetrate into solid (calcareous as a rule)
substrates.

We see no evidence for a homology between the
chitinous mantle teeth in the Acrothoracica and the
burrowing spicules of the thoracican genus Lithotrya.
The latter appear to be calcitic, are densely distributed
on the peduncle, and their organic component is pene-
trated by duct-like structures [Dineen, 1988].

Following to Kolbasov [1999], we suggest that bur-
rowing is primarily facilitated by multifid scales, which
occurinall acrothoracican families. Our reasons to say so
are: (i) these massive scales have strong and sharp edges
of denticles (teeth) and seem well adapted for an abrading
process; (ii) rows of multifids would act like an abrasive
file and polish the surface of the burrow; (iii) the burrow
and its aperture have an allometric form and growth; the
location of massive multifids and of multifids on the
ventral surface, which may also partake in burrowing,
agrees fully with the directions of burrow excavation; (iv)
the multifid scales lack in fixed, immotile regions of the
mantle sac, whereas the mantle teeth are densily studded
there. These facts indicate on different distributional
patterns of multifid scales and mantle teeth.

In addition to other functions, all kinds of multifid
scales may also assist in removing abraded material
from the burrow.

Oralcone andterminal cirri. Hpeg et al.[1994] used
SEM to study the oral cone in thoracicans. However, no
previous data exist for comparison with our SEM obser-
vations on the oral cone and the terminal cirri in the
Acrothoracica. The distal setae on the mandibular palps,
the bushy scales of the labrum, and the setae of the mouth
cirri form amesh for food intake. The bushy scales on the
distal part of the labrum and the scales of the mouth cirri
probably assistin grasping food objects. The arc-shaped
multifid scales on the labrum and the spiny scales and
lappets on the mandibular palps probably function as
cleaning structures.

Thoracic lappets. Smyth [1986] suggested that the
thoracic lappets serve in respiration, since they increase
the surface area. We believe that they primarily assist in
cleaning the mantle sac from foreign particles and feces
for the following reasons: (i) they are situated on the
movable region of the body; (ii) the edges of the lappets
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Fig. 8. Putative cladogram of the Crustacea Thecostraca, indicating four possible positions of the Acrothoracica; (I) ingroup in
Thoracica, Thoracica paraphyletic; (I1) sistergroup to a monophyletic Thoracica; (III) sistergroup to a monophyletic Thoracica +
Rhizocephala; (1V) sistergroup to the Ascothoracida, Cirripedia paraphyletic; the exact position of the Facetotecta remains uncertain,
Position (III) agrees best with all available data. See text for further discussion

Puc. 8. [Mpesnosaraemas Kaaporpamma poscToeHHbIx casent Crustacea Thecostraca, pratouaromyas 4 BO3MOMKHEIX TTOAOKEHMS
Acrothoracica; (1) snytpi Thoracica, Thoracica — mapaduacrnuceruii takcon; (11) cecrpunckas rpynia monoduaeruieckrm Thoracica;
(IIl) cectpunckas rpynna sonopmuaeTnyecknm Thoracica + Rhizocephala; (IV) cectpunckas rpynna Ascothoracida, Cirripedia —
napadUACTHICCKMI TAKCOH; TOYHOE mososkeHue Facetotecta octaeress Hesichoise Tloaosxenue (1) ayuwe neero coraacyerces ¢

nmeronmecst AaHHbiMu. OOBACHEHUsT B TEKCTe

always point towards the distal part of the thorax and
therefore form an effective mesh for the expulsion of
unwanted particles; (iii) the thoracic lappets resemble
the lappets of the mandibular palps and the scales on the
dorsal surface of the terminal cirri, which probably also
serve in a cleaning function; (iv) some acrothoracicans
(Berndtia, Cryptophialus) possess both thoracic lappets
and structures similar to the filamentary appendages of
the thoracicans, which may serve for respiration.

The calcareous plate. The origin and homology of
the calcareous plate and the associated attachment disk
were discussed by Kolbasov [1999] as one of unsolved
problems in modern systematics and in the evolution of
the acrothoracicans. It also relates both to the origin of
mantle mineralization in the Cirripedia and to the sister
group relationships among the three Cirripede orders
[Newman, 1982; Newman, 1987; Glennneretal., 1995].

Within the Acrothoracica several authors have de-
scribed calcareous formations which appear to be a
secretion product of the barnacle [Aurivillius, 1892;
Tomlinson, 1955; Utinomi, 1961]. Newman [1971] ex-
plicitly claimed that Weltneria hessleri Newman pos-
sesses a calcareous plate homologous to the rostrum of
the Thoracica. This plate was later found in other deep
sea lithoglyptids and used to suggest a scalpelloid origin
for the Acrothoracica[Grygier & Newman, 1985; New-
man, 1974, 1982]. If true, this would make the Thoracica
as normally defined paraphyletic. However, as dis-
cussed below, the Acrothoracica possess several plesi-
omorphies incompatible with the hypothesis that they
diverge inside the Thoracica or at least after Ibla. For
these reasons Newman [1987] rejected a “scalpelloid
origin” for the Acrothoracica and realized that the ac-
rothoracican calcareous plate may not be homologous
with the thoracican rostrum.

Likely functions for the calcareous plate are: fixation
of the mantle sac inside the burrow and forming a base
for mantle muscle attachment; both necessary for con-
tractions during abrasion process. It also protects the
body area that connect directly with the burrow wall
{Kolbasov, 1999].

Phylogenetic position of the Acrothoracica
Mt i

Acrothoracican _monophyly. Among the three cir-
ripede orders the Acrothoracica is the most assuredly
monophyletic. We suggest that the opercular bars, the
orificial knob, the lateral bars, the thoracic lappets and the
burrowing apparatus of multifid scales (not multifids
themselves, which are, perfectly, homoplasies) represent
autapomorphies for the Acrothoracica. This adds to sev-
eral previously recognized characters such as the burrow-
ing life form, the separation of anterior and terminal cirri,
the 180° bending of the body within the burrow, and
several peculiarities of metamorphosis [Anderson, 1994].
Monophyly receives support also from 18S rDNA data
[Spears et al., 1994; Mizrahi et al., 1998]. i

Phylogenetic positions. Fig. 8 illustrates four possi-
ble phylogenetic positions for the Acrothoracicawithin
the crustacean subclass Thecostraca: (I) ingroup in the
Thoracica (=Thoracica paraphyletic); (II) sister group
to the Thoracica; (ITI) sister group to the Thoracica +
Rhizocephala, or, (IV) sister group to the Ascothoracida
(=Cirripedia paraphyletic).

Relation to the Thoracica (Fig. 8, LII). Only the
putative homology between the acrothoracican calcare-
ous plate and the calcareous rostrum of non-iblid Tho-
racica speaks for position I. However, as disgussed
above, we follow Turquier [1978], Newman. [1987],
Kolbasov [1999] and reject this proposed homology.
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The Acrothoracica possess several characters that
are with high confidence plesiomorphies when com-
pared with the condition in most or all Thoracica. The
thoracican mandibular palp is apomorphically separat-
ed from the mandible, but in acrothoracicans the palp
retains its plesiomorphic association with the mandible.
The Acrothoracica and the thoracican genus Ibla both
retain the plesiomorphic, postoral position of the adult
adductor muscle also seen in the outgroup Ascothoraci-
da and in the cyprid larva [Utinomi, 1960; Turquier,
1970; Batham, 1945; Anderson, 1987]. The remaining
Thoracica share the apomorphy of developing a new,
preoral adductor muscle during metamorphosis while
the postoral, larval adductor degenerates [Glenner &
Hgeg, 1998]. This is important, because Ibla is a strong
candidate for being the sister group to all remaining
Thoracica [Klepal, 1985; Glenneret al., 1995]./bla may
also possesses a structure similar to the acrothoracican
comb collar [Utinomi, 1957] and Anderson [ 1994] enu-
merated additional similarities between the two taxa in
the pattern of cirral beat. These characters associated
with feeding cannot be compared to states seen in the
outgroup Ascothoracida, but they could well represent
general cirripede plesiomorphies. Taken together the
morphological evidence from adults comply with phylo-
genetic positions (II-IV) above, but not with an ingroup
position in the Thoracica (I). Most recently, Mizrahi et
al. [1998] presented evidence from 18S rDNA sequenc-
esindicating that/bla diverged high up on the thoracican
tree. This controversial phylogeny would entail that
thoracican evolution entailed numerous homoplasies in
morphological features such as mandibular palp, adduc-
tor muscle, and shell plate number and mineralization.

Relation to the Rhizocephala (Fig. 8, 1II). Adult
Rhizocephala cannot be scored for adductor muscle,
mandibular palp or any other appendage character.
However, ultrastructural details in cyprid larvae [Jensen
etal., 1994] and inrtDNA sequences [Spearset al., 1994;
Mizrahi et al., 1998] point to a sister group relation
between the Rhizocephala and a monophyletic Thorac-
ica and are in agreement with positions (II) and (IV)
above. .

Relation to the Ascothoracida (Fig. 8,1V). The 18S
rDNA sequence data of Spears et al. [1994] suggested
for a controversial sister group relationship between the
Acrothoracica and the non-cirripede Ascothoracida. This
would violate numerous synapomorphies in larval mor-
phology {Moyse etal., 1995; Kolbasov etal., 1999] and
the authors also note that rDNA secondary structure
supports a monophyletic Cirripedia. Wigele [1996]
clegantly showed that the result of Spears etal. [1994] is
due to plesiomorphies in the sequence data retained in
Ascothoracida and Acrothoracica but not present in
their single out-group Branchinecta. Adding the Spears
et al. [1994] data to a much more extensive matrix and
using chelicerate and polychaete out-groups, Wégele
obtained a phylogeny with very high bootstrap values
for a monophyletic Thoracica, Thoracica + Rhizoceph-
ala, and Cirripedia.

Conclusion

All larval and adult morphological characters, and
apparently also the 18S rDNA data set, agree with a
monophyletic Cirripedia and within these a sister group
relation between the Acrothoracica and a monophylum
comprising the Thoracica and the Rhizocephala (Fig. 8,
position III). A character optimization on this phylogeny
of the Glenner et al. [1995] matrix results in the total
absence of capitular plates (valves) as a plesiomorphic
condition retained in the Acrothoracica. It is also note-
worthy that both the out-group Ascothoracida, the Ac-
rothoracica and the Rhizocephala are symbiotic organ-
isms with separate sexes. This indicates that the both the
ur-cirripede and ur-thecostracan had a symbiotic mode
of life with attached females associated with dwarfish
males [Hgeg, 1995; Kolbasov, 1996]. Unfortunately,
we do not possess the complete information on the
character of this coexistance, but we know some facts
indicating on symbiotic connections between the ac-
rothoracicans and their hosts. All species of the Trypete-
sa inhabit the columella of gastropod shell occupied by
the hermit-crabs and use their excrement for food. Batham
and Tomlinson [1965] indicated on the harmful influ-
ence of Cryptophialus melampygos for its bivalve host.
Utinomi[1961] wrote thatBerndtia purpurea may mask
itself as a separate polyp. Cementation to the inanimate
substratum and the development of hermaphroditism
seems to be apomorphic conditions that evolved within
the Thoracica. We end stating that a consistent evalua-
tion of the phylogenies and scenarios discussed above
requires an across-the-board analysis of all Thecostraca.
This would be based on the Glenner et al. [1995] matrix
extended with the morphological information now avail-
able from cirripede larvae[Jensenetal., 1994; Moyse et
al., 1995; Kolbasov et al., 1999], from adult Acrothorac-
ica [Smyth, 1986; this paper] and from gene sequences
[Spearsetal., 1994; Mizrahietal., 1998; Wigele, 1996].
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