Ruthenica, 2020, vol. 30, No. 1: 55-68.
Published online 11.02.2020

© Ruthenica, 2020
http: ruthenica.net

Similar but different: Polyplacophoran (Mollusca) tail valve —
what is 1t? An attempt to find answers

Enrico SCHWABE

Bavarian State Collection of Zoology, Miinchhausenstr. 21, 81247 Miinchen, GERMANY;
E-mail: schwabe@snsb.de

ABSTRACT. The extant polyplacophoran tail valve is traditionally considered as a unity despite its clear
separation into two distinct regions, which were in relation to the delimiting point — the mucro — termed the
antemucronal area for the front part and the postmucronal area for the hindermost region. However, earlier
conceptions do exist, which consider the postmucronal area as semiplate, with the antemucronal area as
modified “intermediate” plate.

To test the usefulness of the terms “antemucronal” and “postmucronal” in their traditionally sense,
three independent attempts were made to demonstrate existing differences between the mucro-separated
areas.

Leptochiton rugatus was histologically examined allowing the confirmation of a cardial complex-
antemucronal relation. Valve morphology of the brood of Radsia nigrovirescens not only confirms a
tegmental development prior to the building of the articulamentum but shows that the postmucronal area
develops to its final shape before the antemucronal area appears. For the first time it is demonstrated that the
antemucronal area of Schizoplax brandtii shows a delayed splitting of the relevant area, characteristic for
the conditions found in the intermediate valves of this species only. That leads to the assumption that the
underlying valve build processes are of the same nature as in the intermediate valves. Additionally, literature
data on valve characters were compiled that show a stronger relationship (61%) of the antemucronal area to
the central area of intermediate valves rather than to the merged postmucronal area. In the light of this
evaluation it is suggested that the term “tail valve” should be used to demonstrate the merged condition of

two independent zones only, the antemucronal area and the postmucronal area.
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PE3IOME. CymiecTByOIIHI XBOCTOBOM IITUTOK IOJTH-
w1ako(op TPaJUIIMOHHO PACCMATPUBAETCS KaK €UHAS
CTPYKTypa, HECMOTPsI Ha TO, YTO OH YETKO Pa3JeieH Ha
JIBE OTJICNBHBIE 00IACTH, KOTOPBIE B 3aBUCHMOCTH OT
TOYKH Pa3TPaHUYEHUS] — MYKpO — Ha3bIBAIOTCS AHTE-
MYKpPOHAJIBHOM 001aCTBIO TS ITepeTHEeH YaCTH U TTOCT-
MYKpPOHaJIBHOI 001acThio JUIsl CaMoii 3a1Hel 00J1acTH.
Tem He MeHee, CyLIECTBYIOT 00JIee PaHHHE KOHLIETIHY,
KOTOpBIE PacCMaTpUBAIOT IIOCTMYKPOHAIIBHYIO 00JIacTh
Kak MOTYIIUTOK, a AHTEMYKPOHAIBHYIO 00J1aCTh Kak MO-
J(UIHIPOBAHHBINA «IIPOMEXYTOUHBIH IIIUTOK.

Y066l NPOBEPUTH NPUMEHUMOCTD TEPMHHOB «aH-
TEMYKPOHAJIbHBINY» U «IIOCTMYKPOHAJIbHBIN» B UX TPa-
JIMIIUOHHOM CMBICIIE, OBUTH MPENPHHSTHI TPU HE3aBHU-
CHMBIX MONBITKY IPOAEMOHCTPUPOBATH CYILECTBYIOIUE
pas3Iuyaus MeXTy 001acTsIMH, pa3/ieIeHHBIMU MYKpO.

Leptochiton rugatus ObII icCTICTIOBaH TUCTOJIOTH-
YECKH, YTO MTO3BOJIHIIO TOATBEPANUTD CBSI3b MEKTY KOM-
IIJIEKCOM CEPAEYHON CUCTEMBI U aHTEMYKPOHAJIBHOMI
obnacteio. Mopdonorus muTKka FOBESHHIOB Radsia
nigrovirescens He TONBKO IOATBEPKAAET Pa3BUTHE TeET-
MEHTyMa /10 GOpMHUPOBaHHUS apTHKYJIaMEHTyMa, HO H
TIOKa3bIBAET, YTO IOCTMYKPOHAIbHAsI 00JaCTh Pa3BUBa-
€TCsl 10 CBOEH OKOHYATENBHOW (POPMBI 10 TOTO, Kak
TIOSIBIIIETCSI aHTEMYKpOHAIbHAsI 001acTh. BriepBbie mpo-
JIEMOHCTPHPOBAHO, YTO B aHTEMYKPOHAJIbHOW 00J1acTH
Schizoplax brandtii HabnrogaeTcs 3aMeUICHHOE pac-
IIEIUICHHE COOTBETCTBYIOIIEH 00JIACTH, XapaKTePHOE ISt
ycnoBuii, 0OHapyXEHHBIX B TPOMEKYTOYHBIX IIUTKAX
TOJIBKO 3TOTO BHU/AA. DTO MO3BOJIAET HPETIONI0KNTD, YTO
OCHOBHBIE ITPOIIECCHI POCTA IIUTKA UMEIOT Ty K€ MpPU-
POy, UTO ¥ B MPOMEXKYTOUHBIX IUTKax. Kpome Toro,
ObUTH COOpaHBI JTUTEPATYpHBIC TAaHHBIC O IPH3HAKAX
IIUTKOB, KOTOPBIE TIOKa3bIBAIOT 00JIee CHIIBHYIO CBSI3b
(61%) anTEMyKpOHAIBEHOM 00JIACTH C IEHTPATLHOH 00-
JIACTBIO TIPOMEKYTOUHBIX IITUTKOB, 4 HE CO CIMBLICHCS
MTOCTMYKPOHAJIBHOM 00s1acThio. B cBeTe 3TOi OIleHKH
IIpeJIaraeTcs UCIOJIb30BaTh TEPMUH «3aIHUH LITUTOKY,
YTOOBI MTPOIEMOHCTPHUPOBATh 00BEAMHEHHOE COCTOS-
HHE JIByX HE3aBUCHUMBIX 30H: aHTEMYKPOHAIBEHOH 1 1O~
CTMYKPOHAJIFHOH 00JIacTel.
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Introduction

Among the speciose molluscs, there is a group
of exclusive marine inhabitants that show an amaz-
ing autapomorphy within this phylum, an exoskele-
ton of eight dorsally laying valves, reason enough to
call them the Polyplacophora Gray, 1821 (or much
earlier even the Octovalvia des Hayes, 1787). As
these valves are most conspicuous (e.g. coloration,
sculpturing, zonation) and predominantly contrib-
ute to the fossil record, they were generally consid-
ered to be the most important structure (in a sys-
tematic sense) to delimit polyplacophoran species
and higher taxonomic levels. That the valve peculi-
arities alone do not necessarily reflect the true phy-
logeny has been demonstrated in various studies
[e.g. Sirenko, 2006] and even the status of various
species known only from fossilized valves is still
unclear [e.g. Van Belle, 1981]. Nevertheless, the
valves should be considered the best-studied parts
of the chitons, spanning various disciplines (e.g.,
skeletogenesis, chemical analysis, anatomical). Al-
though the valves may vary chemically in structural
details among taxa, they are generally of the calci-
um carbonate morph, aragonite [e.g. Carter, Hall,
1990; Eernisse, Reynolds, 1994]. Each valve com-
prises of a set of usually prismatic layers, taxon and
regional specific in numbers. For systematic use
these complex layering is reduced to the sculpture,
coloration, and aesthetes bearing distal layer teg-
mentum and the proximal articulamentum. Espe-
cially the latter is of evolutionary interest as it first
occurred in the Silurian [Puchalski et al., 2009] and
is a diagnostic feature of the subclass Neoloricata
that comprises all extant species. The articulamen-
tum forms structures that much contribute to a
better anchoring in the valves surrounding mantle
tissue by insertion plates [but see Hoffmann, 1929-
1930] and a better protection in length axis by
means of apophyses. The eight polyplacophoran
valves are encountered from anterior to posterior or
may alternatively named the head valve for the first,
the tail valve for the last and the six intermediate
valves between them. Interestingly, tegmental sculp-
tural patterns can be divided into independent re-
gions. The head valve usually shows the same
sculpture as the often distinctly raised lateral areas
of the intermediate valves and the mucro delimited
posterior part (the postmucronal area) of the tail
valve. In these regions the sculpture is mainly radial
orientated. The same regions notably overlay the
insertion plates (if developed). The remaining parts
—the central areas of the intermediate valves as well
as the anterior to mucro located antemucronal area
of tail valve also resemble each other. Here, howev-
er is the main orientation of the sculpture in longitu-
dinal direction and these parts overlay the apophys-
es forming areas of the articulamentum, and also

the jugal laminae if this zone is developed. In sum, a
single homogenous valve — the head valve — is
followed by seven valves that show a mixture of
varying zonations. The origin of these differences
has never been fully answered and requires further
study. The present study attempts to help untan-
gling the problem, by focusing on one of the heter-
ogeneous valves, the tail valve, of which Simroth
[1892-1894: 249] stated the following: “Wdhrend
das erste Schalenstiick niemals eine area centralis
oder einen Kiel zeigt, ist er bei der letzten gewdhn-
lich in ihrer vorderen Hilfte vorhanden, so dass
man dieses Stiick mehr als eine Verschmelzung einer
Mittelplatte mit einem zur ersten Platte symme-
trischen Stiick betrachten kann” [While the first
valve never contains a central area nor a keel, the
latter is usually visible in the front half of the
posterior valve, so that this valve may be consid-
ered a fusion of an intermediate valve with a piece
symmetrical to the head valve]. Thiele [1893: 235]
even considered the first seven polyplacophoran
valves as simply repetitions of the anterior half of its
tail valve. More recently and obviously the last who
followed the concept of independent zonation of the
tail valve Starobogatov and Sirenko [1975] estab-
lished a new system, which covers the evolutionary
trends from the fossil record to extant species,
partly focusing on the particularities of this distinct
valve which they identified as comprising VIII-a
and VIII-b. To test the value of Simroth’s state-
ment, the tail valve is also chosen as it shows a
remarkable, in my opinion yet insufficient studied
structure, the above mentioned mucro. In addition
the tail valve shows evolutionary trends that are of
utmost interest, exemplary underlined by the fol-
lowing points: 1) there is a distinct heterochrony in
valve development during ontogenesis, as the tail
valve evolves later after larval settlement only, 2)
the position of the mucro not only varies considera-
bly among species, but also changes during individ-
ual growth [e.g. O’Neill, 1984], 3) the condition of
insertion plates may distinctly be different from
remaining valves in specific taxa (e.g., representa-
tives of Hanleya Gray, 1857, Juvenichiton Sirenko,
1975, Nuttallina Carpenter MS, Dall, 1871, Dino-
plax Carpenter MS, Dall, 1882, Ischnoplax Carpen-
ter MS, Dall, 1879, Glyptochiton de Koninck, 1883),
4) the tail valve may develop caudal sinus (e.g.,
Mopalia Gray, 1847, Placiphorella Carpenter MS,
Dall, 1879) or even terminal slits (e.g., Schizochiton
Gray, 1847), 5) the tail valve can show extended
callus formation, and 6) the mucro may undergo a
remarkable up-lifting (e.g. Craspedochiton um-
gaziana (Koch, 1951)). Further reflections lead to a
species, which is unique among extant Polyplacoph-
ora by having divided intermediate valves: Schizo-
plax brandtii (von Middendorff, 1847), more re-
cently detailed investigated by Sirenko et al., [2013].
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Material and methods

Polyplacophoran material used for this study
belongs to the Bavarian State Collection of Zoology
(ZSM Mol). Specimen data are as follows:

Leptochiton rugatus (Carpenter in Pilsbry, 1892) (ZSM
Mol 20140440) Canada, British Columbia, Vancouver Island,
Victoria, Chinese Cemetary (48°24°21”N, 123°19°16”W),
intertidally, leg. Gavin Hanke, 08.2008. (Specimen treatments
for histology are described in Sigwart ez al., [2014]).

Radsia nigrovirescens (de Blainville, 1825) (ZSM Mol
20050849)

Republic of South Africa, Western Cape, Mostbaai
(34°22°49¢S, 18°49°53““E), under stones, at low tide, 0.5 m,
leg. E. Schwabe 18.01.2005.

Schizoplax brandtii (von Middendorff, 1847) (ZSM Mol
20080124) Russia, Kamchatka, Kronotsky Bay, leg. O.
Kussakin 13.08.1970.

The image procedure and specimen treatments
for scanning electronic microscopy follow Schwabe
[2006].

Further images of S. brandtii were kindly pro-
duced on the authors request by Dr. Boris Sirenko
and colleagues at the Zoological Institute, Russian
Academy of Sciences, St. Petersburg, Russia
(ZISP), where the samples are also located: Sb13
(Russia, Kurile Islands, Urup Id., intertidal, body
length [BL] 13 mm); Sb 18 (Russia, Kamchatka,
Kronotsky Bay, BL 18 mm); Sb 22 (Russia, Kam-
chatka, Olutorskiy Bay, BL 22 mm).

The systematics follows with slight alterations
Sirenko [2006]. The higher systematics of S.
brandtii, however, is in accordance with Irisarri et
al. [2014].

Results

Class Polyplacophora Gray, 1821
Subclass Neoloricata Bergenhayn, 1955
Order Lepidopleurida Thiele, 1909
Suborder Lepidopleurina Thiele, 1909
Family Leptochitonidae Dall, 1889

Leptochiton rugatus
(Carpenter in Pilsbry, 1892)
(Figs 1,2)

From serial sections through this species the
relevant slides of the tail valve reveal some morpho-
logical details, which may be interpreted in relation
to the mucro. The valve thickening of this particular
area occurs at the same level of the most posterior
ctenidium (Fig. 1B), the anus papilla with anus
(Figs 1 B-C) and overlaying suprarectal commis-
sure (Figs 1D; 2A). While the postmucronal area
immediately behind the mucro (Fig. 1A) does not
show noteworthy anatomical details, the antemucro-
nal area from the mucro anteriorwards (Fig. 2),

however, indicates the area where the parallel run-
ning lateral nerve cords unite to the suprarectal
commissure (Fig. 2A), the auricle occurs (Figs 2
C-D), and the spacious pericardium terminates.
Additionally, the foot is here enlarged and glandular
cells occur. The latter fact as well as the occur-
rence of the posteriormost ctenidium must be de-
clined from a relation to the mucro, as other taxa
(e.g. non Lepidopleurid species for ctenidia ar-
rangement; Placiphorella and Craspedochiton Shut-
tleworth, 1853 species with reduced foot) show
that these conditions may not generalize. The posi-
tion of the anus also does not reflect such a relation,
as it occurs at the foot’s terminal part, which as
shown, does not necessarily attain to such extends.
Furthermore, such a relation would make the devel-
opment of anterior directed supporting structures
like caudal slits in the postmucronal area (e.g. Schizo-
chiton) for an enhanced defecation meaningless.
The suprarectal commissure is also not relevant for
the relation to the mucro, as it overlays the rectum
and thus more related to the anus [e.g., Faller ez al.,
2012]. From the given conditions the mucro seems
therefore related to the dimensions of the cardiac
complex, more precise of the length of the pericar-
dium. The latter was also observed by Pelseneer
[1898] and finds further support by the fact that the
pericardium develops like the tail valve earliest after
the settlement of the larvae as described by Ham-
marsten and Runnstrom [1926].

Order Chitonida Thiele, 1909
Suborder Chitonina Thiele, 1909
Superfamily Chitonoidea Rafinesque, 1815
Family Chitonidae Rafinesque, 1815

Radsia nigrovirescens (de Blainville, 1825)
(Figs 3,4)

One of the roughly 45 brooding chiton species
[Sirenko, 2015; Ituarte, Arellano 2016] known to
date is the present South African species [Thiele,
1910]. The species was investigated in detail by
Bullock [1988] who characterized adult specimen’s
tail valve having a central mucro, up to 19 teeth in
the insertion plate and wide trapezoidal apophyses.
Data on the ontogenesis in general and specific on
skeletogenesis of this species are unknown. Smith
[1966: 441] after a detailed but unpublished exami-
nation however noted that he found the demarca-
tion line between the last two valves (vii-viii) in
metamorphosed young R. nigrovirescens hardly to
detect. The young are generally considered to be
about 0.7-0.75 mm in length [Smith, 1966].

Here for the first time data on the metamor-
phosed young shell plates is presented. The exam-
ined specimens were more or less of the same size
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measuring 380 x 337 um (Figs 4 C-D), thus about
half the size Smith [1966] indicated. At this stages
the eight valves are clearly indicated, a well-devel-
oped radula is visible, large larval eyes occur, and
the mantle is very small with isolated spicules (not
scales as in the adults) visible (Figs 4 B-D).

Although the tegmentum is already well devel-
oped it shows apart from a weak striation (radial in
the terminal valves, longitudinal in the central area
of the intermediate valves) and some pores of vary-
ing sizes hardly any structures (Figs 3 A, C, E; 4B).
Tegmental areas covered by the hind margin of the
preceding valve are more or less smooth. The artic-
ulamentum develops as in other polyplacophoran
young [e.g. Heath, 1899; Hammarsten, Runnstrém,
1926] delayed after the tegmentum and occurs
obviously first as apophysal plate, prior to form
insertion plates (Figs 3D; 4A), as the latter are not
visible in any of the plates, while different develop-
mental stages of apophyses already occur. In a very
tiny tail plate (Fig. 3E) the apophyses are even not
building although first anlagen may be adumbrated.
In situ observations of the tail valve (Fig. 4B) show
that the postmucronal part strongly resembles its
final shape (but very small) without a visible anteri-
or part and the supposed mucro underlays the
hinder part of the preceding valve. Such condition
was also observed by O’Neill [1984] for another
brooding species, and the author further demon-
strated the steady transforming of the tail valve due
to increasing of the antemucronal area.

Suborder Acanthochitonina Bergenhayn, 1930
Superfamily Mopalioidea Dall, 1889
Family Lepidochitonidae Iredale, 1914

Schizoplax brandtii (von Middendorft, 1847)
(Figs 5, 6)

As earlier stated this species takes an exception-
al position among the living Neoloricata by having
divided intermediate plates, which are connected
with a ligament-like filling. The species was the
subject of a recent study by Sirenko et al., [2013],
who also illustrated the tail valve (their figs 4 C-D).

After their illustrations the tail valve differs in no
way from a “typical” tail valve with more or less
centric mucro (Fig. 5SA). This however does not fit
own observations (Figs 5 B-D) and is not reflecting
the whole information. A ventral view on the spe-
cies’ tail valve tells another story (Figs 5 B-D; 6 B-
D). On my request Dr. Boris Sirenko kindly provid-
ed SEM images of the tail valve of a selected
growths series of this species. His largest specimen
(Sb22) shows in dorsal view a tegmental splitting of
the anterior region to the level of the mucro (=
antemucronal area), a condition also met in the
ventral view (Figs 6 A-B, respectively). A slightly
smaller specimen (Sb18) has the antemucronal area
lesser divided, the ligamental furrow does not reach
the mucro, neither in dorsal nor in ventral view
(Figs 6 C-D). The smallest specimen (Sb13) does
not show any traces of division of the antemucronal
area. Moreover, it might be that the splitting of the
antemucronal area is somehow related to a thicken-
ing of the apophysal plate of the articulamentum.
Although ultrastructural data are lacking to support
this, there are ontogenetic data available [Kussakin,
1960] which might confirm this. Kussakin illustrat-
ed a full metamorphed young of this brooding spe-
cies (his fig. 2.6), of approx. 765 pm in length,
which in general outline corresponds well to the
young here illustrated of the preceding species, but
for a clear longitudinal splitting of the intermediate
valves. Both terminal valves are present, but it
remains unclear, if the posterior valve already shows
any evidence of the mucro and those a division of
these particular valve into an anterior and posterior
region. If we expect similar conditions in terms of
articulamentum development like in the preceding
species, apophyses at least in the intermediate plates
might be developed and articulamentum thickening
in this region is ongoing. According to Kussakin’s
figure the “tail valve” is semicircular and entire.
This would fit the present observations of the post-
mucronal area. A splitting of the antemucronal area
is neither mentioned nor figured, and would, if the
present observations are applicable for a general
trend, not be expected at this early stage.

On a previous page

FIG. 1. Leptochiton rugatus (Carpenter in Pilsbry, 1892) (ZSM Mol 20140440) serially sectioned at a thickness of 1.5 um and
stained using Richardson’s solution, showing various regions of the postmucronal area. A. Region of posterior most part of
mantle cavity (behind last ctenidia). B. Region of last ctenidia; C. Region of anus papilla. D. Region of suprarectal commissure.
B-D show a remarkable size increase of the mucro (marked by asterisk). All scales 200 pm.

a—anus, af — afferent branchial sinus, ap — anus papilla, ¢t — ctenidium, ef— efferent branchial sinus, pmc —posterior wall of mantle

cavity, sc — suprarectal commissure.

PUC. 1. Leptochiton rugatus (Carpenter in Pilsbry, 1892) (ZSM Mol 20140440), cepuiiHble cpe3bl TOMIHHON 1.5 MKM, OKpa-
LIEHHBIE PacTBOPOM PuuapcoHa, mokasbiBaroIMe pa3InyHble y4aCTKH IOCTMYKPOHAJILHOM 30HBI; A. Y4UacTOK caMo 3aqHel
4aCTU MaHTUHHOI 1onocTH (1mo3aau nociaeaHero kreHuaus ); B. Yuacrok nocnenuero krenunus; C. Y4acTok aHaIbHOM manui-
ne1; D. Y4acTok cynpapekraibHOi KoMMuCYphl; B—D 1eMOHCTpHPYIOT 3HAYNTETBHOE YBEINIEHIE pa3MepoB MYKpoO (0TMe-

YeHO 3Be3710uKoif). Macmirad 200 pm.

a—anyc, af — adpepeHTHBIH xkabepHbIH CHHYC, ap — aHaJIbHas TTATIMILIA, ¢f — KTeHUHH, ef — 29 depeHTHBIH x)kabepHBIi CHHYC, prmc
—3a/JHAS CTEHKA MAaHTHHHOM MOJIOCTH, SC — CYNPapeKTalIbHAsi KOMMHCYpa.



60

E. Schwabe




Observations on tail valve pecularities 61

FIG. 3. Radsia nigrovirescens (de Blainville, 1825) (ZSM Mol 20050849): SEM illustrations of isolated valves of two randomly
selected juveniles from the brood, left column dorsal views, right column ventral views. A—B. Head valves. C-D. Unspecific
intermediate valves. E-F. Tail valves. All scales 100 pm.

PUC. 3. Radsia nigrovirescens (de Blainville, 1825) (ZSM Mol 20050849): ckanoBEIe (oTorpadui H30MNPOBAHHBIX IIUTKOB
JIBYX CIIy4aiiHO BHIOpaHHBIX IOBEHIWIIBHBIX 0CO0€H N3 BEIHAIIMBAECMBIX B )Ka0epHOM 00po3ie; IeBast KOJIOHKA — JOPCaTbHBIN
BUJI, TIpaBasi KOJIOHKAa — BeHTpabHBIN BHI. A—B. ['onoBHble mutku; C—D. [Ipou3BonbHO BEIOpaHHBIE MTPOMEKYTOUHBIE
mmtky; E-F. XBoctossie mutkn. Macmrad 100 pm.

Discussion which are delimited by the mucro. In traditional

systematics these parts are named antemucronal

Three polyplacophoran species belonging to dif- and postmucronal area in relation to the anterior-
ferent families were chosen to demonstrate that the posterior orientation in reference to the mucro, that
tail valve as whole includes two independent areas, is why Starobogatov and Sirenko [1975] additional-

On a previous page

FIG. 2. Leptochiton rugatus (Carpenter in Pilsbry, 1892) (ZSM Mol 20140440) serially sectioned at a thickness of 1.5 um and
stained using Richardson’s solution, showing various regions of the antemucronal area.; A. Region of anterior most part of
mucro (marked by asterisk), suprarectal commissure divides to lateral nerve cords. B. Hindmost region of antemucronal area,
pericardium appears. C. Region of auricle. D. Posterior region of ventricle. All scales 200 um.

af — afferent branchial sinus, ap — anus papilla, au — auricle, ct — ctenidium, ef — efferent branchial sinus, f— foot, i — intestine, /n
— lateral nerve cord, p — pericardium, sc — suprarectal commissure, v — ventricle.

PUC. 2. Leptochiton rugatus (Carpenter in Pilsbry, 1892) (ZSM Mol 20140440) cepwuiitbie cpe3bl TOMIUHOM 1.5 MKM, OKpaliieH-
HBIE PacTBOPOM PruapicoHa, moka3sIBaroNIye pa3INndHbIe YIaCTKH aHTEPOMYKPOHAIBHO 30HBI; A. YHacTOK caMoi repe-
JTHEeW 9acTH MyKpO MOJOCTH (OTMEUEH 3BE37I0UKOI1), CynpapeKTaabHas KOMMUCYpa pas3lessieTcs Ha JlaTepajbHble HepBHbBIE
ctBOJbl; B. CaMblii 0TJaneHHBIN y4acTOK aHTEpOMYKPOHAJIbHOU 30HBL, NosBsAeTcs nepukapauii; C. Paiton npencepaus; D.
3agHuil y9acTok xenynouka. Macmrad 200 pm.

af—adddepenTHbIN KaOCPHBIN CHHYC, ap — aHATbHAS MATHIIA, au — IPEACEpne, ct — KTCHUIUH, ef — 3 depeHTHBbIN KabepHbIH
CHHYC, f — HOTa, | — UHTECTHHA, /1 — JIaTepabHbI HEPBHBII CTBOI, p — MEPUKAP, SC — CyNpapeKTalbHast KOMMHCYpa, v —
KETyI04eK.
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[

FIG. 4. Radsia nigrovirescens (de Blainville, 1825) (ZSM Mol 20050849): images of three randomly selected juveniles from the
brood. A. SEM illustration of the ventral view of an intermediate valve to show the occurrence of the apophysal plate prior
to insertion plate. B. In situ dorsal view of the last three valves. C. Whole juvenile in dorsal view. D. Whole juvenile in ventral

view. Scale bars: A 50 um, B 30 um, C-D 100 pm.

PUC. 4. Radsia nigrovirescens (de Blainville, 1825) (ZSM Mol 20050849): n3o0paxeHus Tpex CilydailHO BEIOPaHHBIX FOBE-
HWIBHBIX 0c00ei 13 xabepHoit 60po3nbl; A. CkaHoBast poTrorpadust BEHTPATbHON CTOPOHBI MIPOMEKYTOYHOTO IIIUTKA TOKA-
3BIBAOIAs MOSBICHUE ano(u3 paHblle 00pa3oBaHNs WHCEPIUOHHON IuTacTHHKA; B. Bua ¢ nopcanbHOW cTOPOHBI Tpex
MOCTEeHUX IUTKOB in situ; C. Llenas 1oBeHMIbHas1 0co0b, BUI ¢ OopcaibHOM cTopoHsl; D. Llenas roBeHmIbHAsA 0c00b, BUI C
BEHTpaIbHOU cTOpoHbl. Macmitadsr: A 50 pm, B 30 pm, C-D 100 um.

ly introduced the term “semiplate” to delimitate
morphological the postmucronal area (their “VII-
Ib”) [see also Sirenko, Starobogatov, 1977]. The
traditionally still valid [e.g. Schwabe, 2010] naming
makes sense in a comparative description of this
particular valve only. Morphological, functional and
ontogenetic the combination of both zones, howev-
er, may lead to misinterpretations. For example,
generally it is considered that the “tail valve” occurs
latest in ontogeny, definitively appearing at the earli-
est at a point after larval settlement [e.g. summary
in Strathmann, Eernisse, 1987]. That is simple an
overstatement if we take into account the limited
studies of embryogenesis in chitons in general and
the available information on tail plate formation in
particular [e.g., Sirenko, 1986]. The peculiarities of
the tail valve examined here from metamorphosed
young of the brooding species Radsia nigrovires-

cens indicate that such statement may refer to the
so called postmucronal area only, as the antemucro-
nal area starts to grow with some delay [see also
O’Neill, 1984]. Hull and Risbec [1930: 286] proba-
bly observed a similar trend in the larvae of Ischno-
chiton acomphus Hull et Risbec, 1930, as they
stated: “Behind the furrow six faint lines indicate
the divisions between the valves in formation. The
rear-most of these lines seems to correspond to the
posterior part of the last valve.” There is some
evidence that the growth and enlargement of the
antemucronal area is closely related to the develop-
ment of the cardiac complex as it also starts to
shape after larval settlement [Hammarsten,
Runnstréom, 1926] and terminates under the mucro
(e.g. Pelseneer, [1898]; herein for Leptochiton rug-
atus). The skeletogenesis was studied by various
authors [e.g. Lovén, 1855; Kowalevsky, 1883; Heath,
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FIG. 5. Schizoplax brandtii (von Middendorft, 1847) (ZSM Mol 20080124): light microscopically images (A-B) and SEM
images (C—D) of tail valve. A. Dorsal view. B—C. Ventral views. D. Detail of the ventral ligament region. Scale bars: A—C 1000
pm, D 100 um.

PUC. 5. Schizoplax brandtii (von Middendorff, 1847) (ZSM Mol 20080124): ¢poTorpadun XBOCTOBOTO IIUTKa Ha CBETOBOM (A—
B) u ckanupytomem (C—D) mukpockorne; A. Bun ¢ gopcanshoii croponsl; B—C. Bua ¢ BentpanbsHoii croponst; D. [letans
paifona BeHTpanbpHOTO JuramMeHTa. Macmraos: A—C 1000 pm, D 100 pm.

1899; Hammarsten, Runnstrom, 1926; Hull, Risbec,
1930; Grave, 1932; Okuda, 1947; Christiansen, 1954;
Kussakin, 1960; Watanabe, Cox, 1975; Haas et al.,
1979; Kniprath, 1980; Sirenko, Kashenko, 1990;
Sirenko, 1991; Minichev et al., 1996; Lord, 2011] but
detailed studies on the development of the posteriormost
valve is lacking although several authors examined
growth series until the final metamorphosis (e.g.,
older records summarized in Sirenko, 1986: table 1).
Minichev et al. [1996] stated that the terminal valves
are built as unit, while the intermediate valves are
formed by coalescence of mineralized centres. Such
coalescence agrees with observations of some earlier
researchers, but was declined by Kniprath [1980].
Thus, detailed investigation of the definitive
development of the tail valve in particular is in need,
especially covering a broader range of taxa. Interesting
in this content could be the region of the posterior
valve’s underlying cell structure, which according to
the figures of Kowalevsky [1883: fig. 71] and Kniprath

[1980: fig. 3a] differs from those of the intermediate
valves [see also Jacobs et al., 2000, fig. 3B]. The
above mentioned is not new, but was obviously
overlooked or ignored in last decades. Starobogatov
and Sirenko [1975] mentioned that the semiplate
evolved “as in ontogenesis” later (after the occurrence
of Scanochiton Bergenhayn, 1943, which falls in the
Cretaceous, see Sirenko [2006]). The authors relate
the development of the semiplate with the appearance
of the articulamentum, which however is known
since the Silurian (see above). Or do they especially
refer to the insertion plates? These structures would
indeed lie below their semiplate, but for example the
Permian Ochmazochiton Hoare et Smith, 1984 al-
ready show such structures. Additionally, even older
paleoloricate (defined by the absence of an articula-
mentum!) polyplacophorans (e.g. Aulochiton sanner-
ae Pojeta, Vendrasco et Darrough, 2010) show tail
valves that comprise of mucro delimited zones as in
traditionally senses.
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FIG. 6. Schizoplax brandtii (von Middendorff, 1847) (ZISP): antemucronal aspects of tail valves of three specimens of varying
sizes [A-B, Sb 22; C-D, Sb 18; E-F, Sb13]. Left column dorsal views, right columns ventral views to highlight the different
degrees of ligament building. All scales 500 um.

PUC. 6. Schizoplax brandtii (von Middendorff, 1847) (ZISP): anTepoMykpoHaibHast 001aCTh XBOCTOBBIX IIIUTKOB TPEX K3EMII-
JSIpOB pa3nudIHOTO pasmepa [A—-B, Sb 22; C-D, Sb 18; E-F, Sb13]. JIeast KooHKa — BUJ ¢ TOPCAIFHOH CTOPOHBI, IpaBast
— BHUJI C BEHTPAIIHOI CTOPOHBI, YTOOBI MOAYEPKHYTh PA3INUHYIO CTEHEHb pocTa IuramenTa. Macmra6 500 pm.




Observations on tail valve pecularities 65

The investigation of regional growth in the ante-
mucronal region of the tail valve of Schizoplax
brandtii further shows a general agreement of to-
pology with central parts of the intermediate valves,
but also functionally with the delayed development
of a ligament-like filling in a length axis slitting,
which does not occur in the head valve and the
postmucronal area of the species. Thus, the anlagen
of the antemucronal area seem to be identical with
those of the central portions of the intermediate
valves.

From the brief investigation here and available
literature data (see Tab. 1), it appears attractive
considering the antemucronal area as independent
from the head valve — like usually semicircular
postmucronal area but unfortunately both are merged
to a unity which is called “tail valve”. With using the
latter, we have the risk that older references of this
term might regard to one of the independent zones
only (e.g. in ontogenesis for the postmucronal area).
If this proportion for independency of the valve
areas withstands further researches, it has some
phylogenetic consequences (e.g., supporting the
origin from a diplacophoran ancestor as discussed
by Parkhaev [2017]). The antemucronal area is
obviously a crop-upped intermediate valve (more
precise, the central area), necessarily developed to
cover a delayed enhanced cardial complex. But
what is the mucro? According to Thiele [1893] it is
the oldest part of the tail valve, as from here the
articulamentum increases in thickness. Taken the
above mentioned into account, the mucro seeming-
ly belongs to the postmucronal area. Schwabe [2010,
figs 10-11] illustrated several tail valves and pointed
to the mucro. According to these images, it is
morphologically evident that the mucro is not only
the delimitation point between the two independent
zones, but also often lays slightly above the ante-
mucronal area. It thus corresponds to the apical
region of the head valve and intermediate valves (as
indicated above, the present author also does not
consider the intermediate plate as a unity — the
interpretation of an apical region here refers only to
its position, not on its origin!), with the exception
that is anteriorly located in the postmucronal area.
This interpretation gets further support from aes-
thete channel distribution, which shows the same
pattern in the three regions (compare Baxter and
Jones [1981: fig. 4]). Generally, the apical region
shows a trend of ventral folding of tegmentum. As
this downward folding is blocked by the presence
of a further piece of valve, it is likely that this
structure contributes to the growing of tegmentum
in the new valve part and hence enabling coales-
cence between these regions. In how far the articu-
lamentum is involved by this process is unknown
and needs to be studied under the aspect of current
consideration. This is even more necessary as tradi-

tionally studies on polyplacophoran valve structures
[e.g. Bergenhayn, 1930; Haas, 1972] hardly com-
ment on tail valve’s fine structure, and if so, do not
differentiate between the above mentioned valve
zones. Haas [1972: 12] even stated that the condi-
tions for the articulamentum found in the end valves
may readily deduced from conditions found in the
intermediate valves.

Taken Simroth’s aforementioned statement into
account, there is a morphological support. But again,
it is here postulated that the lateral areas should be
excluded from his interpretation. To get a better
understanding of the distinct valve regions it is
summarized here, what characterises them (see
Table 1).

Of the eighteen characters compiled in their
relation to the valves (Table 1) eleven (61%) dem-
onstrate a clear analogy between the antemucronal
area and the central area. This is slightly higher as
the ten analogies that undoubtedly occur between
the head valve, lateral areas and postmucronal area.
Noteworthy, except for a general heterochrony in
ontogenesis, there is practically no character ac-
cordance between the antemucronal area and the
postmucronal area! However, the table also shows
how unprecise our knowledge is, if we refer to
“intermediate” and “tail” valves, only. Future
researche(r)s, especially covering ontogenetic stud-
ies, should be thus more clearly relate to the par-
ticular zonation of individual valves.
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