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ABSTRACT: This is the fourth paper of the series (see Ippolitov & Rzhavsky, 2014,
2015a, b) that provides descriptions of the morphology of tubes of Recent spirorbins, their
mineralogies and ultrastructures. Here, we discuss members of the tribe Romanchellini P.
Knight-Jones, 1978 which comprises genera Eulaeospira Pillai, 1970, Helicosiphon Gravier,
1907a (including Knightjonesia Pillai, 2009), Metalaeospira Pillai, 1970, Protolaeospira
Pixell, 1912 and Romanchella Caullery et Mesnil, 1897. Romanchellini’s tube ultrastructures
demonstrate an outstanding variability, which includes three types of unoriented structures
(irregularly oriented prismatic — IOP, with several subtypes of crystal fabric described for
the first time; spherulitic irregularly oriented prismatic — SIOP; rounded homogeneous
crystal—RHC) and three types of oriented and semi-oriented structures (oriented fibrillar—
OF; spherulitic prismatic — SPHP; simple prismatic — SP). Mineralogically, all studied
tubes are 100% calcitic, with doubtful aragonite content registered in sample. Based on tube
morphology, ultrastructures, and mineralogy, all Romanchellini can be subdivided into four
groups, roughly corresponding to the subdivision into genera. Genus Eulaeospira differs
from most other members of the tribe and should possibly be re-installed within the tribe
Paralaeospirini, as was proposed by Phyllis Knight-Jones in her early papers. In the genus
Protolaeospira, thick tubes, strengthened by the dominance of SP/SPHP structures, are an
evolutionary adaptation to the environments characterised by aggressive hydrodynamics
and sand abrasion — in particular, to the settlement on rocky substrates and pebbles in the
upper sublittoral zone. In contrast, thin walls of tubes in Metalaeospira, also characterised
by “loose” microstructure, are likely to relate to settlement on algae.
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PE3IOME: DOta ctatest — deTBEpTas yacts cepu (cM. Ippolitov, Rzhavsky, 2014, 2015a,
b), mocBsAmEHRHON onMcaHnio MOP(HOIOTHH, MUHEPAIOTHH U YIBTPACTPYKTYp TPyOOK co-
BPEMEHHBIX CIIUPOPOMH. B cTarbe onmuchIBaOTCS BHUbI, OTHOCSIIUECS K TpuOe Roman-
chellini P. Knight-Jones, 1978, B coctaB koTtopoii Bxoast poaa Eulaeospira Pillai, 1970,
Helicosiphon Gravier, 1907a (Bxirouast Knightjonesia Pillai, 2009), Metalaeospira Pillai,
1970, Protolaeospira Pixell, 1912, and Romanchella Caullery et Mesnil, 1897. Mukpo-
CTPYKTYpPBI TPYOOK TpHOBbI 00HAPYKUBAIOT UpE3BBIUAIHOE Pa3HOOOPa3ne, KOTOPOE BKITIOYAET
B ce0s1 TPH TUIIa HEOPUEHTHUPOBAHHBIX CTPYKTYP (XaOTHUECKH OPHEHTHPOBAHHBIX IPU3Ma-
truueckux kpucramioB (IOP) ¢ HECKONBKUMM TTOJTUIIAMH, ONMCHIBAIOIIMMUCS BIIEPBHIC;
chepyIMTOBY O Xa0THUCCKYO CTPYKTYPY (SIOP), cTpyKTYpy OMHOPOIHBIX H30METPUYHBIX
kpucraiuioB (RHC)), a Takke TpH paziIMYHBIX THIIA OPHEHTHPOBAHHBIX CTPYKTYP (OpHeH-
tuposanHas pubpmwsipaas (OF); chepynurosas npusmarndeckas (SPHP); npocras npu-
3marudeckast (SP)). MuHepanoruuecku mouTH Bce N3y4eHHbIE TPYOKH CIIOXKEHBI YUCTHIM
KaJIbLIUTOM, IIPUCYTCTBHE APAarOHUTA IOl BOIPOCOM OTMEUEHO TOJIBKO AJISI OJHOTO BHA.
ITo MuKpoCTpYKTYpE, MUHEpaJIoruu u Mopdosoruu Tpyook Bce Romanchellini moxkHO pa3-
JICTIUTh Ha YEThIPE TPYIIbl, KOPPEIUPYIOIINE C TOIpa3AeIeHUEeM Ha POJbI 110 TPHU3HAKAM
Mmsirkoro tena. Pon Eulaeospira otnnyaercs oT OONBIIMHCTBA JPYTrUX HpEICTaBUTENCH
TpHOBI ¥, BO3MOKHO, JTOJDKEH OBITh BHOBB OTHECEH K Tpube Paralacospirini, kak 3To npen-
JIaraxock epBoHavYaIbHO B paHHUX paborax Ouumc Haiit-/Ixouc. Y pona Protolaeospira
TOJICTBIE TPYOKH, YCHIICHHBIE 3a CUeT pa3BUTHA CTPYKTYp SP/SPHP, sBIst0TCS 9BOMIOIIOH-
HBIM TIPUCTIOCOOTCHUEM K OOUTaHHIO B 00CTAaHOBKAX, XapaKTEPU3YIOIIMMCSI arpeCCUBHOM
THIPOAMHAMMKOM U IeCYaHOM abpa3ueil — B YaCTHOCTH, Ha T'aJIbKaX U CKaJbHBIX IPYHTAX
B BepxHel cyonuropanu. Hanportus, TonkocTenHble Metalaeospira ¢ peIXiIoN CTPYKTYpOi
CTEHKH, BEPOSITHO, a/IalITUPOBAHBI K ITOCEICHHUIO TPEUMYIIIECTBEHHO Ha BOJOPOCIISX.
Kak mutupoBars 31y crareio: Ippolitov A.P., Rzhavsky A.V. 2024. Tube morphology,
ultrastructures, and mineralogy inrecent Spirorbinae (Annelida: Polychaeta: Serpulidae). I'V.
Tribe Romanchellini // Invert. Zool. Vol.21. No.4. P.433-477, Suppl. Table. doi: 10.15298/
invertzool.21.4.02

KJIFOYEBBIE CJIOBA: VYasrpacTpykTypa TpyOOoK, Mopdonorus TpyOOK, MUHEpaIOTHs
TpyOOK, CKaHUPYIOIIas 3MEKTPOHHAsT MUKPOCKOINS, PEHTTCHOAN(DPAKIINOHHBIN aHaIH3,
Spirorbinae, Romanchellini.
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Introduction by A.P. Ippolitov to
parts IV-VII

After Alexander V. Rzhavsky passed away in
late July 2018, our series on the morphological
and ultrastructural diversity within recent Spi-
rorbinae remained partly unfinished. Shortly
before his death, Alexander was preparing the
materials to be published in parts IV, V, and VI,
in particular, providing tube descriptions and
photographs as well as reviewing the taxonomy
ofthe described species. He died while working
on part VI, leaving most of the materials neces-
sary for the compilation of parts IV and V to me.

Starting from the present part, the following
should be noted.

First, I did notdiscuss the interpretative part of
our studies in detail with my co-author. However,
new studies reconstructing spirorbin phylogeny
(Rzhavsky, Kupriyanova, 2019; Rouse et al.,
2024) made it necessary to include these data
in the discussion, providing a good ground for
checking the assumptions deriving from our
observations. Therefore, I am responsible for
any erroneous deductions and conclusions in
the Discussion of the present and subsequent
parts of our series.

Second, I left principally unrevised parts
of the text by Alexander dealing with the taxo-
nomic aspects of extant spirorbins, even where
they contradict the newer classifications (e.g.,
the position of some genera in Rouse et al.,
2024) or contain inconsistencies. However, the
appropriate discussion or remarks are provided
everywhere, and besides, the original diagnoses
by Alexander were subjected to technical edits.
A.V.Rzhavsky’s diagnoses of supraspecific taxa
(tribes and genera, but not subgenera), initially
prepared for the present series, both from pub-
lished parts I-I1I and unpublished drafts of parts
IV-VI, were included in the serpulid chapter of
the “Handbook of Zoology” series (Kupriyanova
etal.,2020), while some of them were published
evenearlier (Rzhavsky etal.,2014,2018). These
diagnoses are repeated below in full to preserve
the overall integrity of our work.

Third, the spirorbin collection by A.V.
Rzhavsky, previously kept in his office at A.N.
Severtsov Institute of Ecology and Evolution,
Russian Academy of Sciences, Moscow (IPEE
RAS), has been transferred to the Zoologi-
cal Museum of Moscow University, Moscow
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(ZMMU). As this huge collection remains mostly
unregistered in this new repository, the original
registration numbers of A.V. Rzhavsky at IPEE
are retained throughout the text. However, some
specimens used for our study remained unregis-
tered in the original collection as well, as follows
from Alexander’s notes — some of them are
likely to be lost shortly after being examined.
The obituary to Alexander, outlining his life
and scientific career and containing a full list of
his publications, was published by E.K. Kupri-
yanova (2020). In my turn, I hope that the pres-
ent and subsequent parts of our series will help
preserving immense knowledge on spirorbins
accumulated by Alexander over decades of his
scientific activity for future generations of marine
biologists and everybody who loves serpulids.

Material and methods

Introductory remarks, including the critical ter-
minology of tube morphology and ultrastructures,
can be found in the first part of our series (Ippolitov,
Rzhavsky, 2014), which also contains details of the
material and methods. Since that paper had been
published, additional materials from the collections
of'the Australian Museum Research Institute (AMRI)
were received, which allowed us to obtain new obser-
vations on the morphology of several species and to
extend the total coverage of our microstructural and
mineralogical study by three species (two belonging
to Romanchellini and one to Januini). As a result, our
study now covers 19 out of 28 known valid species be-
longing to all five genera of the tribe Romanchellini P.
Knight-Jones, 1978. Most of the examined specimens
are from the collection of A.V. Rzhavsky, currently
deposited in the Zoological Museum of Moscow
University, Moscow (ZMMU).

Results
Tribe Romanchellini P. Knight-Jones, 1978

DIAGNOSIS (see also Kupriyanovaet al.,2020:
263-264). Embryos are incubated inside the parent’s
tube in the sac attached to the thorax or to the abdomen
by an epithelial stalk, sometimes poorly developed.
The only type of operculum throughout the lifetime
is an endplate (which may be a multiplate in some
species) with a talon or rarely without a talon. Other
essential features are: 1) thoracic uncini have vari-
able morphology — typically rasp-shaped with 3—7
longitudinal rows of teeth, rarely with 2—-3 rows or
saw to rasp-shaped, buta single species (Romanchella
quadricostalis P. Knight-Jones, 1973) has 12-15
rows of teeth; anterior peg flat and often gouged,
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thus, looking bifurcated under a light microscope,
but sometimes flat anterior peg is fluted and looking
serrated or wavy (see Vine, 1972: fig. 1F; Knight-
Jones P., Fordy, 1979: fig. 84); 2) abdominal uncini
are distributed asymmetrically: they are absent on the
convex side of body or present only on last chaetigers;
3) abdominal chaetae are flat geniculate, brush-type
with very short sharply narrowing blades and around
10 denticles; 4) abdominal capillary hooked chaetae
may be present on the last chaetigers; 5) larvae usually
without white abdominal attachment gland, reported
only for Protolaeospira striata (Quiévreux, 1963) (see
Quiévreux, 1963; Knight-Jones P., Knight-Jones E.W.,
1977), while for many Romanchellini larvae remain
completely undescribed).

DISTRIBUTION. Most species of Roman-
chellini are distributed throughout the Southern
Hemisphere from the Antarctic coast to the tropical
zone (but mainly in the subtropical areas). Some
species of Protolaeospira Pixell, 1912 were recorded
from both the North Pacific subtropical/tropical and
boreal waters, while the distribution of a single species
Protolaeospira (Protolaeospira) striata Quiévreux,
1963 ranges from the boreal to tropical waters in
the north-eastern and west-southern Atlantic. One
species of Eulaeospira, E. arguta (Bush in Moore,
Bush, 1904), is distributed within the northern Indian
Ocean and was described from Japan'.

REMARKS. The tribe includes 5 genera: Eu-
laeospira Pillai, 1970, Helicosiphon Gravier, 1907a
(including Knightjonesia Pillai, 2009), Metalaeospira
Pillai, 1970, Protolaeospira Pixell, 1912, and Roman-
chella Caullery et Mesnil, 1897.

Although all Romanchellini incubate embryos
inside the tube within a sac attached to the body by
an epithelial stalk and in some species details of this
attachment are undescribed or remain unclear, we
suggest that there are two different types of incuba-
tion. Romanchella, Helicosiphon, and Protolaeospira
have a distinct large stalk in the posterior part of the
thorax. This stalk is visible even when embryos are
notincubated. In Eulaeospira and Metalaeospira, the
stalk is thin and short, attached to the abdominal fecal
groove or to the thorax/abdomen boundary. Thus, the
sac sometimes looks like a string of embryos lying
freely in the fecal groove. For this reason, the latter
group of generahad been considered as Paralaecospirini
(="Paralaeospirinae” in Knight-Jones P., Fordy, 1979)
until P. Knight-Jones and E.W. Knight-Jones (1994)
transferred them to Romanchellini (="Romanchel-
linae” in Knight-Jones P., Knight-Jones E.W., 1994).

!'Inthe original draft of the present paper A. V. Rzhavsky
called this species “Eulaeospira orientalis (Pillai, 1960)”,
not mentioning the name “arguta” at all. However, as it
follows from his unpublished manuscripts, he undoubtedly
considered orientalis to be a junior subjective synonym
of arguta. Therefore, the species name has been emended
throughout the present paper — A.P.L.
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Genus Eulaeospira Pillai, 1970
(see also description in Kupriyanova et al., 2020: 264)

TYPE SPECIES: Spirorbis argutus Bush in
Moore et Bush, 1904.

DIAGNOSIS (see also Kupriyanova et al., 2020:
264). Tubes are sinistral (clockwise); margins of collar
and thoracic membranes are not fused over thoracic
groove; large collar chaetae are bent, without cross-
striation, modified fin-and-blade as well as limbate are
in the same fascicle; fin-and-blade chaetae are more
common on convex body side than on the concave side;
sickle chaetae absent; there are three thoracic chaetigers.

COMPOSITION. The genus includes 2 species
(or3,ifweinclude a doubtful record of “? Eulaeospira
sp.” by Rzhavsky (1997) from Adelie Land, Antarctic
shelf); only one is described below.

DISTRIBUTION. Tropical and subtropical
regions of the Northern and Southern Hemispheres
in the Indo-Pacific and probably, in the southern
temperate waters, questionably, Antarctic shelf
(Rzhavsky, 1997).

REMARKS. Initially, this genus was placed into
Paralaeospirini because embryos were considered to
lie freely in the tube (Knight-Jones P., Fordy, 1979).
Later Knight-Jones P. and Knight-Jones E.W. (1994)
demonstrated the presence of a poorly developed and
hardly distinguishable attachment stalk. The brush-
type abdominal notochaetae provide additional support
for the placement of Eulaeospira in Romanchellini.
This viewpointhas been accepted over the last decades
(e.g., Macdonald, 2003; Rzhavsky, Kupriyanova,
2019; Kupriyanova et al., 2020). Recently, Rouse et
al. (2024) re-interpreted Eulaeospira as a member of
Paralacospirini; this agrees with the ultrastructural
data represented below.

Eulaeospira convexis (Wisely, 1962)
Fig. 1A-E.

For descriptions see Wisely, 1962: 243-244, fig. 1-10
(as “Spirorbis convexis”); Knight-Jones E.-W. et al., 1974:
118-120, fig. 7a—p.

MATERIAL EXAMINED. Two specimens were
studied with SEM in longitudinal sections (IPEE No.
1/2518, Sydney, Australia, lower littoral zone, on
algae). Mineralogy was analysed using a bulk set of
fragments of five tubes from the same sample. External
tube morphology was illustrated using an unregistered
specimen (Watson Bay, Sydney, depth 3—6 m, on brown
algae Ecklonia) and supplemented by an additional
figure from E.W. Knight-Jones et al. (1974: fig. 7a).

TUBE MORPHOLOGY. Tube is sinistral, small
(coil diameter is about 1 mm), thin-walled. Coiling is
planospiral (Fig. 1A) or with the last whorl covering
the previous ones (Fig. 1B). There is no sculpture,
cross-section is rounded. Tube surface is smooth and
porcellaneous.
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Fig. 1. Eulaeospira convexis: details of tube morphology and ultrastructures. A, B—tubes: A—adult planospiral
tube (unregistered specimen from Watson Bay, Sydney); B — tube with ascending last whorl (from Knight-
Jones E.W. et al., 1974: fig. 7a); C—E — tube ultrastructures: C — specimen 1; general view of the oblique
longitudinal section and adhering outer surface; D — specimen 2, longitudinal section of the wall, showing
IOP structure; E — specimen 1, internal surface of the wall just below the inner organic lining (detached).
Abbreviations: iol — inner organic lining; is — inner surface; os — outer surface.

Puc. 1. Eulaeospira convexis: neranu cTpoeHus TpyOOK U HX YIBTPaCTPYKTyphl. A, B — TpyOku: A— B3poc-
nast TIaHOCIMpaibHas TpyOKka (aKx3eMIuisip 6e3 HoMmepa, Yorcone bait, Cuaneii, ABctpanus); B — tpyOka ¢
HaJleraromum nociueganm odoporom (3 Knight-Jones E.W. et al., 1974: fig. 7a); C—E — ynbsrpacTpyKTyphl
TpyOoK: C — sx3emmsap Nel ; oOmmii BUI KOCOTO MPOAOIBHOTO CEYSHHUS U MPHUIIETAIOIIETO Y4aCcTKa BHEIIHEH
MOBEPXHOCTH TPpyOKH; D — sk3eMiuisap Ne2, mpoaoibHOE CEUCHHUE OIHOCIONHON CTEHKH CO CTPYKTYpOit
Xa0THYECKU OPUEHTHPOBAHHBIX Npu3Marndeckux kpuctamioB (IOP); E — skzemmrsip Nel, BHyTpeHHSS
MOBEPXHOCTH TPYOKH 0] OpraHNueCKoil MeMOpaHOH (YaCTHYHO yJaleHa).

O6o3HaueHus: iol— BHYTPEHHSS OpTraHUIECKast MeMGpaHa; is— BHYTPEHHSIA [IOBEPXHOCTD; OS — HAPYKHAA IOBEPXHOCTD.

TUBE ULTRASTRUCTURES. The wall is
unilayered, having a typical IOP structure (Fig. 1C,
D). Crystals are ~3 um long, with a corresponding
width of 0.75 pum; they are uniform in size and shape
throughout the wall. Near the inner wall, elongated
crystalsare 1.5-2 times smallerthan those inthe middle
part of the wall and lie parallel to the surface (Fig.
1D, E). The outer zone of the wall is consolidated by
micritic matter (Fig. 1C).

Inner organic lining is thin, ~1 pm.

TUBE MINERALOGY. 100% high-Mg calcite
(I,.=42, average data reliability).

"DISTRIBUTION. Species recorded only off the
southern coast of Australia from Sydney to Geographe
Bay, Western Australia, including Tasmania (Knight-
Jones P., Knight-Jones E.W., 1984).

ECOLOGY. Shallow water species settling on
algae, usually Ecklonia sp., from the littoral zone to
several meters deep.

REMARKS. Eulaeospira convexis differs from
most species of Protolaeospira, Metalaeospira, and
Helicosiphon by its ultrastructure, as described below,
butis undistinguishable from the members of the tribe
Paralaeospirini (see Ippolitov, Rzhavsky, 2014), thus
principally supporting the placement of the genus
Eulaeospira within that tribe by Rouse et al. (2024;
see the details in the Discussion section below).

Genus Helicosiphon Gravier, 1907a
(see also description in Kupriyanova et al., 2020: 264)

TYPE SPECIES: Helicosiphon biscoeensis
Gravier, 1907a.
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DIAGNOSIS. Tubes are sinistral (clockwise);
margins of collar and thoracic membranes are not
fused over the thoracic groove; large collar chaetae
are limbate without cross-striation; sickle chaetae are
absent; there are four thoracic chaetigers.

COMPOSITION. 2 species (see Remarks).

DISTRIBUTION. Known from off the subantarc-
tic islands of the South Atlantic and Indian Oceans, as
well as some localities off the Antarctic coast.

REMARKS. Pillai (2009) established a mono-
typic genus Knightjonesia forthe species Helicosiphon
platyspira P. Knight-Jones, 1978. According to his
opinion, this species (and, respectively, the genus
Knightjonesia) differs from Helicosiphon in having
a somewhat winged peduncle. The taxonomic im-
portance of this feature is doubtful, contrary to our
previous assumption (Ippolitov, Rzhavsky, 2014), so
we donotsupport Pillai’snew genus and below classify
this species as a member of the genus Helicosiphon.

Helicosiphon biscoeensis Gravier, 1907a
Fig. 2A-1.

For descriptions see Gravier, 1907b: 63—68, figs 44-47,
PLV, figs 49-52; Knight-Jones E.-W. et al., 1973: 10-14, figs
1A-K, 2A, 4E, 5 (partim); Monteiro et al., 2013: 204-207,
figs la—z, 2a—f; for additional figures of tubes, see also Pil-
lai, 2009: fig. 1A—C.

MATERIAL EXAMINED. Two specimens
were studied with SEM in longitudinal and transverse
sections (IPEE No. 2/2895, Nella Fjord, Prydz Bay,
Cooperation Sea, Antarctica, on stones and serpulid
tubes, depth 8-9 m). Mineralogy was analysed using
fragments of two tubes from the sample, which was
used for SEM. External tube morphology was illus-
trated using a specimen from the sample also used
for SEM and supplemented by a figure from E.W.
Knight-Jones et al. (1973: fig. 1A).
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TUBE MORPHOLOGY. Tube is sinistral, ini-
tially tightly coiled with a pronounced single keel on
the upper side, but for most of'its length (attaining 20
mm or more) forming an ascending disjunct spiral with
a rounded unsculptured or subangular cross-section
(Fig. 2A, B). In their erect part, tubes may be fluted
proximally but unsculptured distally (Fig. 2A). At the
transition from attached to erect part of the tube, there
is a small constriction, where tubes often break (Fig.
2A, B; also see Ecology). The tube surface is white,
opaque, and non-porcellaneous.

TUBE ULTRASTRUCTURES. The wall is
two-layered (Fig. 2C). The outer layer is 8—12 pm
thick with a corresponding wall thickness of ~115
um, very distinct and has a somewhat irregular
SPHP structure (Fig. 2D). Locally, this layer can
disappear. Along certain growth lines, prismatic
spherulites constituting the SPHP layer penetrate
the middle part of the wall, sometimes up to the
lumen, connecting the outer SPHP layer with the
uneven inner SPHP layer (Fig. 2G). The outer SPHP
layer is distinct in all studied sections. It is absent
near the aperture of the tube (Fig. 2G) but is present
backwards from it.

The main layer shows a transitional IOP structure
represented by crystals of diverse shape, ranging from
isometric varieties (2 um in diameter) to elongated
ones (length 5-6 um, width 2-2.5 um); both may have
rounded or angular blunt ends. In a single studied
cross-section (Fig. 2H), the inner part of the main
layer shows elongated crystals arranged parallel to
the transverse section (Fig. 2I), resembling the OF
(ordered fibrillar) structure of Vinn et al. (2008). How-
ever, such an arrangement was not found elsewhere.
The innermost part of the main layer is ~20 um thick
(corresponding wall thickness is 120—130 pm) and
shows the strongest consolidation by micritic matter.
Crystal sizes vary throughout the wall. They are the

the transverse section; I — details of crystal orientation in the inner part of the wall (~ordered fibrillar (OF)

structure sensu Vinn et al., 2008).
Abbreviations: is — inner surface; os — outer surface.

Puc. 2. Helicosiphon biscoeensis: neranu cTpoeHus TpyOOK U UX YIBTPAcTpyKTypbl. A, B — TpyOku; A —
TpyOKa THIUYHOH MOP(OIOTHUH C HESICHO-yITIOBATHIM, OOPO3AYATHIM MOMEPEUHBIM CEUCHHEM yJacTKa,
noaxHuMaromierocs Haza cyocrparom (IPEE No. 2/2895), taroke Ha HPUKPEIUICHHOM y4acTKe 3aMETEH Me/IH-
aHHBII KWiIb; B — TpyOKka ¢ ceueHneM BBIpaKEHHOU yriioBaTol ()OPMBI HA MPUITOAHUMAIOIIEMCS YIacTKe
(u3 Knight-Jones E. W. et al., 1973: fig. 1A); C—1 — ymprpactpykrypsl Tpyook (C—F, sxzemrumsap Nel; G-I,
sxzeMiurip Ne2): C — oOmuil Bua NpomoabHOro cedeHus; D — BHEIIHASA 4acTh CTEHKH, ITOKA3bIBAIOLIAs
MIPUCYTCTBHE TOHKOTO IPUIIOBEPXHOCTHOTO CIIOSI CO CepyIUTOBOI pu3Marnueckol crpykrypoi (SPHP);
E — nienTpanpHas 9acTh CTEHKH CO CTPYKTYPOH XaOTHIECKH OPUEHTHPOBAHHBIX IPU3MATHIECKUX KPHUCTAII-
108 (IOP); F — BHYTpeHHsIs 4acTh CTEHKH, 3aMEeTHA HEsICHasi OPUEHTUPOBKA KPUCTAJUIOB JAJTMHHON BIOJb
BHYTpPEHHEH IOBEpXHOCTH TPpyOKH; G — sk3eMInsap Ne2, oOmuii BU] IPOJIOIBEHOTO CEUSHUS B IIPHYCTHEBOM
4acTH TPYOKH, XOPOIIIO 3aMETHO MPOHUKHOBEHNE BHEIIHETO C(HEPYIUTOBOTO pu3Marnieckoro ciosi (SPHP)
BJIOJIb OTAEJIBHBIX MapabOINYEecKHX cinoeB pocta; H — obumit Buj nonepedHoro ceuenus; | — opueHTu-
POBKa KPHCTA/UIOB BO BHYTPEHHEH YaCTH CTEHKH, BHIMMBIEC B ITONIEPEYHOM CEUCHNH (~ OPUCHTHPOBAHHAS
¢ubpumsipras crpykrypa (OF), cornacno knaccudukarym (Vinn et al., 2008)).

O6o3HaueHus: is — BHYTPCHHSA IIOBEPXHOCTD; 0S — HapYKHas IOBEPXHOCTD.
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Fig. 2. Helicosiphon biscoeensis details of tube morphology and ultrastructures. A, B — tubes; A — typical
tube with unclearly angular, fluted cross-section (IPEE No. 2/2895), also showing a keel on the upper side of
the attached part; B —tube with pronounced angular cross-section of the ascending part (from Knight-Jones
E.W. et al., 1973: fig. 1A); C—I — tube ultrastructures (C—F, specimen 1; G-I, specimen 2): C — general
view of the longitudinal section; D — outer part of the wall showing irregular SPHP structure along the sur-
face; E — central part of the wall showing IOP structure; F — innermost zone of the wall showing unclear
orientation of prismatic crystals parallel to the lumen; G — specimen 2, general view of apertural part of the
wall also showing penetration of SPHP outer layer along parabolic growth lamellac; H — general view of
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largest in the central part of the wall, while the inner
and outer zones contain smaller crystals.

Inner organic lining was not observed, judging
from the appearance of the inner zone (Fig. 2F); it
is easily detachable from the wall and not preserved
in our specimens.

TUBEMINERALOGY. 100%calcite (I, =525).

DISTRIBUTION. South Atlantic: off South
Georgia, the South Shetlands and South Orkney
Islands; Antarctic coast: Biscoe Bay, Antarctic Pen-
insula (Bellingshausen Sea), Ross Sea (Monteiro et
al., 2013) and Cooperative Sea (Rzhavsky, unpubl.).

ECOLOGY. Helicosiphon biscoeensisisrecorded
at depths of 2-200 from stones and tubes of other
serpulids sunk in silt or silty sand. According to Gra-
vier (1907b) and E.W. Knight-Jones et al. (1973), the
initial, coiled part of the tube breaks off at the small
constriction at the transition to the erect part (Fig.
2A, B), and afterwards, the tube sits “freely” in the
sediment in an upright position. However, Monteiro
et al. (2013) demonstrated that some tubes have the
initial part preserved and unbroken. It is possible that
“free” anterior parts result from mechanical damage
during the sampling.

REMARKS. Records from the Kerguelen Is-
lands, initially attributed to H. biscoeensis by E.W.
Knight-Jones et al. (1973), belong to H. platyspira
(Knight-Jones P., 1978).

Helicosiphon platyspira P. Knight-Jones,
1978
Fig. 3A-E.

For description see Knight-Jones P., 1978: 233-234,
fig. 18A-K.

MATERIALEXAMINED. Only one tube (IPEE
No. 1/2507, Crozet Islands, Indian Ocean, depth
155-156 m) was available both for SEM examination
(longitudinal section) and for mineralogical analysis.
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External tube morphology is illustrated by the figures
from P. Knight-Jones (1978: fig. 18A, B).

TUBE MORPHOLOGY. Tubes are sinistral,
planospiral or with overlapping whorls (Fig. 3A,
B). Coil diameter is 5 mm or more in planospiral
specimens. Tube is unsculptured, with opaque white,
non-porcellaneous walls.

TUBE ULTRASTRUCTURES. The wall is
two-layered (Fig. 3C). Near the outer surface, there
are numerous irregularly oriented spherulites, with
a tendency to form SPHP structure (Fig. 3C, D), but
locally transforming into hemispheres with a common
nucleation centre. The spaces between loosely lying
spherulites are filled with small isometric crystals
(diameter 0.5 pm). The outer half of the wall has
intermixed crystals of different types, ranging from
smaller, slightly elongated varieties (length 2 um,
width 1 pm) to more elongated and regular-shaped
cylindrical forms (length 5 pm, width 1.5 um). The
inner half of the wall contains micritic matter, and
larger-sized elongated crystals seem to be absent here.

Inner organic lining is ~2 um thick (Fig. 3E).

TUBEMINERALOGY. 100%calcite (I , =458).

DISTRIBUTION. Helicosiphon platyspira is
known only from the Southern Indian Ocean off the
Kerguelen, Marion, Prince Edwards and Crozet Islands
(Knight-Jones P., 1978; Knight-Jones P., Knight-Jones
E.W., 1984; Rzhavsky, 1998).

ECOLOGY. According to the published data, A.
platyspira inhabits hard substrates in a low littoral
zone (Knight-Jones P., 1978), while some records
lack information about the habitat. The specimen we
examined was collected from depths of 155-156 m
(Rzhavsky, unpublished data).

REMARKS. Specimens of H. platyspira from
the Kerguelen Islands were initially identified as
“Spirorbis perrieri” by Ehlers (1913; =Romanchella
perrieri, according to actual classification) and later
as H. biscoeensis by E.W. Knight-Jones et al. (1973;
see discussion in Knight-Jones P., 1978).

general view of a longitudinal section in the mouth area.
Abbreviations: is — inner surface; os — outer surface. Large arrows indicate the direction of tube growth.

Puc. 3. Helicosiphon platyspira (A—E) u Metalaecospira armiger (F-J): netanu crpoeHus TpyOOK 1 UX Yiib-
tpactpykrypsl. A—E — Helicosiphon platyspira: A, B — tpyoxu (n3 Knight-Jones P., 1978: fig. 18A, B);
A — mnaHocnHpanbHBIN BapueTeT; B — ¢ mepexphIBaomuMHC 000pOTaMy U MPUIOAHATHIM MOCIETHUM
o6opotom; C—E — yneTpacTpykTypbl TpyOok: C — 0OMIHif BU TPOIOIBHOTO CeueHHUsT; D — BHEIIHSSA 4acTh
CTEHKH, CO c(hepyauTOBBIM Ipu3MaTuaeckuM ciaoeM (SPHP); E — BHyTpeHHSIs 4acTh CTEHKH, XOPOIIIO BUAHA
opranuueckas MemMOpaHa Ha BHyTpeHHEH moBepxHoOcTH TpyOku. F—-J — Metalaeospira armiger. F-H —
TpyOKu: F — mmanocnpanbHast; G — ¢ IPUIIOAHUMAIONIMMCS TTOCIeTHUM 000poToM; F — packpyueHHas,
C IPHUIIOJHUMAIOIIMHUCS obopoTtamu; -] — ymeTpacTpyKTypsl TpyOok; I — sk3emmursp Nel, oOmuii Buxg
MIPOIOTIBHOTO CEYEHH S, XOPOIIO BUHO, YTO BHEHIHSS YaCTh TPYOKH CII0’KEHa XAa0THUECKH OPHEHTHPOBAHHBIMU
cepyauramu (ctpykrypa SIOP), y HOBEpXHOCTH JTIOKaIBHO TPHOOPETAIOIINMH OPHEHTUPOBKY, XapaKTEePHYIO
st chepynmuToBON Mpu3Marndeckoit cTpyktypsl (SPHP), Takke XOpoIo 3aMeTeH TOCTETICHHBIH TEePEeXo
oT chepynnuToB K MPU3MaTHUECKUM KpHCTa/iaM O3 BHYTPEHHEH MOBEPXHOCTH TPyOKH; J — 3K3eMILISIp
Ne2, o6mmit BU IpOI0ITEHOTO CEUSHNUS Yepe3 YCThEBYIO YacTh TPYOKH.

O003HaueHNUS: 1S — BHYTPEHHSIS TIOBEPXHOCTh; 0S — HapYy’)KHasi OBEPXHOCTb. BolbIliie CTPEIK MOKa3bIBAIOT HAIPaB-
JICHHE pOcTa TPYOKH.
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Fig. 3. Helicosiphon platyspira (A—E) and Metalaeospira armiger (F-J): details of tube morphology and
ultrastructures. A—E — Helicosiphon platyspira: A, B — tubes (from Knight-Jones P., 1978: fig. 18A, B);
A — planospiral modification; B — tube with ascending whorls; C—E — tube ultrastructures: C — general
view of the longitudinal section; D — outer part of the wall showing irregular SPHP structure; E — innermost
zone of the wall showing inner organic lining. F-J — Metalaeospira armiger. F-H — tubes; F — planospiral
tube; G — tube with last whorls ascending over substrate; F — evoluted tube, with whorls ascending from
the substrate; [-J — tube ultrastructures; I — specimen 1, general view of the longitudinal section showing
irregularly oriented spherulites in the outer zone (SIOP structure), locally transforming to SPHP covering
layer, note the gradual transition from spherulites to prismatic crystals across the wall; J — specimen 2,
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Genus Metalaeospira Pillai, 1970
(see also description in Kupriyanova et al., 2020: 264)

TYPE SPECIES: Spirorbis antarcticus Pixell,
1913 (=Spirorbis pixelli Harris, 1969).

DIAGNOSIS. Tubes are sinistral (clockwise);
margins of collar and thoracic membranes are not
fused over thoracic groove; large collar chaetae are
limbate without cross-striation; sickle chaetae present
in the third fascicle; there are four thoracic chaetigers.

COMPOSITION. 4 species, all covered in the
present study.

DISTRIBUTION. It was recorded from sub-
antarctic waters off the islands of the South Atlantic
and Indian Oceans, New Zealand, the south coast of
Australia and some locations off the Antarctic coast.

REMARKS. Like Eulaeospira, this genus was
initially placed in Paralaeospirini by P. Knight-Jones
and Fordy (1979) because its incubation type was
insufficiently known. Later P. Knight-Jones and E.W.
Knight-Jones (1994) revealed the presence of the at-
tachment stalk, thus justifying its placement within
Romanchellini. This assumption is supported by the
presence of brush-type abdominal chaetae.

Metalaeospira armiger Vine, 1977
Fig. 3F-1.

For descriptions see Vine, 1977: 12, figs 2c¢, 3a—d,
4a—g, 17 c; Knight-Jones P., Knight-Jones E.W., 1994:
88-89, fig. 2E-L.

MATERIAL EXAMINED. Two specimens
(IPEENo. 1/2402, South Orkneys Islands, depth 97 m,
on bryozoans) were studied with SEM in longitudinal
sections. Mineralogy was analysed using two broken
tubes and numerous fragments from the same sample.

A.P. Ippolitov, A.V. Rzhavsky

External tube morphology was illustrated using the
specimens from the same sample.

TUBE MORPHOLOGY. Tubes are sinistral, may
be planospiral (Fig. 3F), but late whorls are usually
positioned upright (Fig. 3G, H; see also Knight-Jones
P.,Knight-Jones E.W.,1994: fig. 2M). Coil diameter is
up to 3 mm (see Vine, 1977: fig. 3a, b). The sculpture
is represented by three narrowly spaced longitudinal
keels, among which the central one may look thicker
and more elevated in mature specimens. Tube walls
are white porcellaneous, hard to break.

TUBE ULTRASTRUCTURES. Tube wall for-
mally can be considered two-layered, but the typical
structures of both layers are strongly fused along their
boundary, making it indistinct (Fig. 3I). The outer
zone of the wall (1/3—1/2 of the entire tube thickness
in one specimen, not over 1/6 in another) contains ir-
regularly arranged pyramid-shaped spherulites (SIOP
structure), with a slight tendency to consolidate outer
surface by the “basement” sides of the pyramids (=ir-
regular SPHP structure; Fig. 3I). Locally spherulites
develop into hemispheres and spheres with common
initiation nucleus, and in some sections, an extremely
thin (2.5 um) simple prismatic (SP) outer layer was
observed. The central part of the wall in one specimen
is also composed of SIOP structure (Fig. 31), while
in another (Fig. 3J), it is represented by cylindrical
elongated crystals with blunt ends (transitional from
IOP to SIOP type), attaining a length of 4-5 pm and
awidth of 2-3 pm. Inner 1/4 of the wall of the second
specimen is consolidated by micritic matter. Such a
“consolidated” structure stretches along the parabolic
growth lamellae, making “intercalation” with a typical
loose structure in the central part of the tube.

Inner organic lining has a thickness of ~1-2 pm.

TUBEMINERALOGY. 100% calcite (I, =253).

of peripheral flange showing its nature as an extension of the outer SPHP/SIOP layer; J — the surface of the
lumen showing substructure of inner organic lining.

Abbreviations: iol — inner organic lining; is — inner surface; os — outer surface; pf — peripheral flange; we — tube wall
on the external side of the next to last whorl; wi — tube wall on the internal side of the last whorl. Large arrows indicate
the direction of tube growth.

Puc. 4. Metalaeospira clansmani: neranu cTpoeHus TPyOOK M UX yIbTpacTpykTypsl. A—C — TpyOKy; A,
B — nmanocnmpanbHas (THIHYHAS) Pa3HOBUIHOCTH C MIMPOKUM HepudepudeckuM Oa3anbHbM kpaem; C —
TpyOKa ¢ mepeKphIBaroLIMMHCs 000poTaMu (HeTUIIMYHBIN BapueTeT; u3 Vine, 1977: fig. 5a); D-J — ynbrpa-
cTpykTypHl Tpyook (D-G, J — sxzemmmsip Nel; H, I — sxzemmsap Ne2); D — oOmmit BUI NpoobHOTO
CEUEHMS, XOPOIIIO BUJICH BHEIIHUI CIIOH, UMEIOIINIA CPEePyTUTOBYIO IPU3MATHYECKYIO cTpyKTypy (SPHP) ¢
HEBBIICP)KaHHOW OPHEHTHPOBKOI CHEepyIUTOB M MOLIHBIM OCHOBHBIM CJIOEM, CO CTPYKTYPOH MEPEXOIHOTO
THITIA OT XaOTHYECKU OPHEHTHPOBaHHBIX chepyanToB (SIOP) k npmmarnueckum kpucramiam (IOP); E, F —
TIPOJOIBHBIC CEUCHNUS Yepe3 30HY COMPHKOCHOBEHHS 00OPOTOB, MOKA3BIBAOIINE OJXHOCIOWHOE CTPOSHHE
(cTpyKTypa XaOTHUECKU OPHUEHTHPOBAHHbIX KpHucTamioB, IOP) BHyTpenHell crenku obopora; G — o0nuk
MIPU3MATHYECKIX KPUCTAJUIOB B 30HE CONPHKOCHOBEHHST 000poTOB; H — 00mMii BU/] IPOIOIEHOTO CEYEHHMs,
CZENAHHOTO B OCHOBAaHHH TPyOKH uepe3 nepudepudeckuii 6a3aabHbIi Kpaif; | — ero crpoeHue, moka3bIBa-
olIee, YTO 3TOT Kpail 00pa30oBaH PaCIIUPAIOLIUMCS HApY>KHBIM chepynuToBeIM npusmarnyeckum (SPHP)
ci1oeM; ] — BHYTPEHHsIs TIOBEPXHOCTH TPYOKH, XOPOIIIO BH/IHAS TOHKASI CTPYKTypa OpraHNueCKOH MeMOpaHBI.
O0603HaueHNs: 10l — BHYTPEHHSIS OpraHuIecKasi MeMOpaHa; is — BHY TPEHHSISI IOBEPXHOCTD; 0S — Hapy)KHas TOBEPXHOCTH;
pf— nepudepuueckuii 6azaIbHBII Kpaii; We — CTeHKa Hapy>KHOU CTOPOHBI pAHHET0 000pOTa; Wi — CTEHKA BHYTPEHHEH
CTOPOHBI 1O3IHEr0 000poTa. boJbIINe CTPEIKHN MOKA3BIBAIOT HAIIPABIECHUE POCTA TPYOKH.
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Fig. 4. Metalaeospira clansmani: details of tube morphology and ultrastructures. A—-C — tubes; A, B —
planospiral (most typical) modification, note a wide peripheral flange; C — tube with ascending whorls
(untypical; from Vine, 1977: fig. Sa); D-J — tube ultrastructures (D-G, ] — specimen 1; H, I — specimen
2); D — general view of the longitudinal section showing outer SPHP layer with unclearly oriented spheru-
lites and thicker main layer of IOP to SIOP transitional type; E, F — longitudinal section through the area
of whorls contact, showing unilayered internal walls with IOP structure; G — details of IOP structure in the
whorls contact zone; H — general view of the longitudinal section along the peripheral flange; I — details
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DISTRIBUTION. Metalacospira armiger is
known from Signy Island of the South Orkney Islands,
South Atlantic (Knight-Jones P., Knight-Jones E.W.,
1994), the Ross Sea (Vine, 1977) and Adelie Land
(d’Urville Sea, Antarctic) (Rzhavsky, 1998).

ECOLOGY. Recorded from bryozoans at 7-158
m depth.

REMARKS. Metalaeospira armiger was ten-
tatively placed within the genus Helicosiphon by P.
Knight-Jones and Fordy (1979) and later by P. Knight-
Jones and E.W. Knight-Jones (1984).

Metalaeospira clansmani Vine, 1977
Fig. 4A-J.

Fordescription see Vine, 1977: 12-16, figs 2b, Sa—k, 6a.

MATERIAL EXAMINED. Two specimens
(IPEENo. 1/2893, Portobello, Dunedin, New Zealand,
onalgae—adonation fromAMRI, No. W.46256) were
studied with SEM in longitudinal sections. Mineralogy
was analysed using a sample made of two tubes and
a few fragments from the same sample. External tube
morphology was illustrated using specimens from the
same sample and supported by the figure from Vine
(1977: fig. 5a).

TUBE MORPHOLOGY. Tubes are sinistral,
planospiral (Fig. 4A, B) or with overlapping last
whorls (Fig. 4C); peripheral flange may be present
(Fig.4B, C). Coil diameteris up to 3 mm. No sculpture
is present. Tube walls are thin, smooth, white opaque,
with porcellaneous outer surface.

TUBE ULTRASTRUCTURES. The wall is
extremely thin (up to 20 um in adults), two-layered
(Fig. 4D). The outer layer has SPHP structure, with
somewhat irregularly oriented spherulites, usually
variously inclined to the outer surface by their long
axes (Fig. 4D). This layer is not continuous in the
last whorl and seems to be absent in early whorls of
both studied specimens (Fig. 4E, F). The thickness of
the outer layer in adults does not exceed 2 pum (cor-
responding wall thickness ~15 pm). The main inner
layer has a transitional from IOP to SIOP structure,
with crystals of about 0.5-1 um long of somewhat
isometric and irregular appearance, sometimes slightly
elongated (Fig. 4D). Crystals are loosely packed.
Locally, in the sections of the early whorls, crystals
may have the appearance of chaotically oriented rice
grains with angular ends (IOP structure; Fig. 4F, G),
the length of such crystals is up to 2.5 pm (usually
1.5-2 pm), corresponding width is 0.5 um. Crystals
also may have such an appearance in the central part
of the wall at the external sides of whorls at middle
growth stage (Fig. 4F). In a longitudinal section made
along the tube base, the outer SPHP layer is clearly
transformed into a thicker SIOP zone with densely
packed pyramid-like spherulites lacking space be-
tween them (Fig. 4H, 1), while the inner part of the
wall retains its usual structure as described above.

A.P. Ippolitov, A.V. Rzhavsky

Consequently, the peripheral flange is produced by
the extension of the outer layer.

On the internal side of the whorl, only the main
inner IOP/SIOP layer is seen in the wall (Fig. 4E, F),
while the outer SPHP layer is absent.

Details ofthe inner organic lining were not clarified.
Theliningislikely to be extremely thin, with a thickness
of ~0.2 um, and the adjacent innermost 1.5 pm of the
wall is also cemented with organic matter. The lining
shows a distinct microrelief, represented by embed-
ded chords of 0.5-1.5 um wide, running subparallel
in both transverse and longitudinal directions (Fig.
4]); the transverse ones were observed only locally.

TUBE MINERALOGY. 100% calcite (I , =53),
low reliability. There is a questionable aragonite peak,
which may indicate the presence of 17% aragonite
(I=11), but is somewhat atypically shifted at the
diagram and therefore dubious.

DISTRIBUTION. It is known only from New
Zealand (Vine, 1977; Knight-Jones P., Knight-Jones
E.W., 1984 and unpublished data of A.V. Rzhavsky).

ECOLOGY. Metalaeospira clansmani was
recorded from brown algae in shallow waters. The
depth was recorded only for one sample (“10 m”),
while for all others, data on depth are absent.

Metalaeospira pixelli (Harris, 1969)
Fig. 5A-D.

For descriptions see Pixell, 1913: 351, fig. 3a—c (as
“Spirorbis antarcticus™); Harris, 1969: 165-167, fig. 17a-1
(as “Spirorbis pixelli”).

MATERIAL EXAMINED. A single specimen
(IPEE No. 2/2509, Signy Islands, South Atlantic, on
algae) was studied with SEM in longitudinal sections.
Mineralogy was analysed using a single tube from the
same sample. External tube morphology wasillustrated
using another specimen from the same sample as
used for SEM and mineralogy, and was additionally
supported by a figure from P. Knight-Jones and E.W.
Knight-Jones (1994: fig. 2E).

TUBE MORPHOLOGY. Tubes are sinistral, up
to 3 mm (4 mm fide Pixell, 1913) in coil diameter,
unsculptured or with a single variably pronounced
median keel (Fig. 5A, B). Tube walls are white and
thin, semitransparent and fragile. Tube surface is
smooth and porcellaneous.

TUBE ULTRASTRUCTURES. The wall is
two-layered. The outer layer (about 67 um thick) is
composed of sectorial spherulites arranged inan SPHP
structure (Fig. 5D). The orientation of spherulites is
imperfect, but most of them are perpendicular to the
outer surface by their axes. The main part of the tube
wall consists of loosely lying, irregular-shaped, fine
angular crystals of isometric (~1 um) and elongated
irregular shape (length up to 3 pm, width 1 um),
slightly variable in size and making IOP structure
(Fig. 5C). The largest crystals can be found near the
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Fig. 5. Metalaeospira pixelli: details of tube morphology and ultrastructures. A, B — tubes; A — variety with
a median keel; B — unsculptured variation (from Knight-Jones P., Knight-Jones E.W., 1994: fig. 2E); C,
D — tube ultrastructures: C — general view of longitudinal section; D — details of outer zone of the wall,
showing thin covering SPHP layer.

Abbreviations: is — inner surface; os — outer surface. Large arrow indicates the direction of tube growth.

Puc. 5. Metalaeospira pixelli: neranmm crpoeHus TpyOOK M MX YABTPAcTPyKTypsl. A, B — TpyOxm; A —
CKYJIBIITHPOBAHHAST Pa3HOBUIHOCTH C MEAWAHHBIM KHJIEM; B — HECKyJIbITHPOBAHHASI PA3HOBUAHOCTH (U3
Knight-Jones P., Knight-Jones E.W., 1994: fig. 2E); C, D — ynbrpactpykrypsl TpyOok: C — oOuuii BuJ
MPOJIONIBHOTO cedeHust; D — cTpoeHne Hapy»KHOM 4acTu TpyOKH, rie GUKCHPYETCsi IPUCYTCTBHE TOHKOTO
cthepynmuToBoro npusMarnueckoro ciost (SPHP).

O6o3HaueHus: is — BHYTPECHHSASA MOBEPXHOCTDH, OS — HapyKHas IMMOBEPXHOCTh. Bonbmras CTpEJIKa MOKa3bIBACT HAIIpaB-

JICHUE POCTa TPYOKH.

inner surface, where elongated forms dominate. The
structure of the wall at the internal side of the whorl
is similar to that described above, but the outer SPHP
layer was not observed.

Inner organic lining is thin, less than 1 pm.

TUBE MINERALOGY. 97% low-Mg calcite,
3% aragonite (I =138; Img=6).

DISTRIBUTION. The South Shetland and South
Orkney Islands, the South Atlantic; Australia: Victoria
(Melbourne), Tasmania and South Australia (Pixell,
1913; Harris, 1969; Knight-Jones P., Knight-Jones
E.W., 1984; 1994).

ECOLOGY. This species is known from 10-53
m depth and is usually found attached to algae or
mussels (fide Pixell, 1913).

REMARKS. Pixell (1913) described this species
as “Spirorbis antarcticus.” This name is invalid be-
cause the binomen is preoccupied by Lesson (1831),

who introduced it to describe a spirorbin of currently
unclear taxonomic position.

SEM examination of the wall at the early onto-
genetic stage revealed crystals of smaller sizes than
in the last whorl (length 1.5-2 pm, width 0.5-1 um),
having a regular shape with bluntly rounded ends,
similar to the typical IOP structure of Paralaeospirini
and Spirorbini (see Ippolitov, Rzhavsky, 2014,2015a).

Metalaeospira tenuis P. Knight-Jones, 1973
Fig. 6A-K.

Fordescription see Knight-Jones P., 1973: 233-236, figs
la—p, 6b, 7b; see also Rouse ef al., 2024: fig. 1J.

MATERIAL EXAMINED. 4 specimens were
studied with SEM in different orientations (unreg-
istered sample; probably lost). Mineralogy was
analysed using a set of several tubes from the same
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sample. External tube morphology was illustrated
using specimens from another unregistered sample
(Sydney, Australia, 2014; on algae, depth 2—4 m)
and AMRI No. W.46249 (Mallacoota, Victoria,
Australia, St. 6A, 19.02.1973; from algal washing,
depth unknown).

TUBE MORPHOLOGY. Tubes are sinistral up
to 3 mm in coil diameter, typically unsculptured (Fig.
6A), but sometimes with a distinct keel that rarely
may be somewhat tuberculated (Fig. 6B). Usually, all
the whorls (3 to 5 in adults) are planospiral, though
in adults the mouth may ascend slightly. The mouth
has a tiny denticle protruding ahead from the keel
(Fig. 6B). The central part of the spiral looks like a
shallow dish-like depression, as the basal part of the
tube wall splits and flattens the step between conjoin-
ing whorls (Fig. 6H). Tube walls are white or slightly
semitransparent (thin-walled) and fragile; tube surface
is smooth and porcellaneous.

TUBE ULTRASTRUCTURES. The wall is
two-layered. The outer layer is only ~6—7 pum thick
and represented by more or less regularly oriented
sectorial spherulites arranged into SPHP structure
(Fig. 6C). The main inner layer of the wall consists
of'irregular-shaped, fine angular crystals of isometric
(~1 pm) and elongated irregular shape (length up to
3 um, width 1 pm), poorly sorted by size and making
IOP structure (Fig. 6C, I-K). Crystals differ in the
studied sections. The smallest crystals are observed
near the lumen (Fig. 6F). Along the lumen, crystals can
be oriented more or less parallel to the inner surface
and transversely to the growth direction (Fig. 61), thus
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having the OF structure. The wall at the inner side of
the whorl is extremely thin (not exceeding 1.5-2 pm)
and unilayered, without the outer SPHP layer (Fig.
6E). Basal part of the tube shows low micrite content
(Fig. 6H, J).

The characteristic feature of the species is a di-
vergence of the wall base into two parts at the place
of whorl contact on the upper side (Fig. 6H), resulting
in the formation of a hollow spiral secondary tube in-
between (=“tubules” of Ippolitov, 2007a, b; Fig. 6K).

The inner organic lining is only about 0.2—0.4 um
thick.

TUBE MINERALOGY. A single sample made
from a set of several tubes failed to provide reliable
results: the main inferred component was rhodo-
chrosite (MnCO,, 72%), while calcite and aragonite
were both represented by minor peaks (16 and 12%,
respectively). We interpret this result as a device error.

DISTRIBUTION. The southeast coast of Austra-
lia (including Tasmania) from Adelaide and Kangaroo
Island to Sydney (Knight-Jones P., 1973; Knight-Jones
P., Knight-Jones E.W., 1984).

ECOLOGY. Metalaeospira tenuis isknown from
the littoral zone to several meters deep. Usually, it can
be found onbrown alga Ecklonia (Rzhavsky, unpubl.),
butitis also recorded from other brown and red algae,
as well as angiosperms (Knight-Jones P., 1973).

REMARKS. According to P. Knight-Jones (1973,
fig. 1a), there is a swollen ring just behind the tube
mouth. This feature occurs occasionally in our Aus-
tralian material, spaced irregularly along the tube and
seems to be associated with growth stops.

tation of prismatic crystals nearby the lumen (OF structure); J — basal part of the tube showing relatively
loose packing of prismatic crystals at the basal, extended part of the wall; K — zone of contacting whorls at
the upper side, note hollow structure formed in the basal part of the later whorl (“tubule”).

Abbreviations: is — inner surface; 1Is — lower side of the tube; 0os — outer surface; we — tube wall on the external side of the
next-to-last whorl; wi— tube wall on the internal side of the last whorl. Large arrows indicate the direction of tube growth.
Puc. 6. Metalaeospira tenuis: netanu CTpoeHUs] TPYOOK M UX YABTPACTPYKTYpHL. A, B — TpyOku; A — He-
CKyIBITHpOBaHHAs (THITNYHAs ) pa3HOBUAHOCTE (AMRI No. W.46249); B — pa3HOBHIHOCTH C Oyrop4aThiM
MeMaHHBIM KuiieM (9k3emIutsip 6e3 Homepa u3 Cusnest, ABcrpanus); C—K — ynsrpactpykrypst Tpy6ok (C,
D —sx3emmsip Ne 1; E, F — sxzemmisap Ne 2; G — sxzemmursip Ne 3; H-K — sxzemminsip Ne 4); C — oOmmit
BUJI IPOAOIBHOTO ceueHus ; D — netanu cTpoeHus BHyTPEHHEH YaCcTH CTEHKH, BIOTb HOBEPXHOCTH XOPOIIO
3ameTeH cepynnToBblii npu3Marnueckuii (SPHP) cioii ¢ Heckonbko HeBbIACPKAHHOM OPUEHTHPOBKOH ce-
pynuToB; E — 30Ha conpukoCHOBEHHsT 000POTOB, XOPOIIIO BHIHA CTPYKTYPa XaOTHUECKH OPUCHTHPOBAHHBIX
npu3Marudeckux kpuctawioB (IOP) BHyTpeHHel cTopoHBI 000poTa; F — BHYTpEHHSSI TOBEPXHOCTD TPYOKH,
opraHpyeckas MeMOpaHa 4aCTHYHO y/ajIeHa, O] Hel XOPOILI0 3aMeTHBI TPU3MATHIECKHE KPHCTAJIIBI, TEMHAsT
T10JI0Ca B IIEHTPAJIBHON YacTH N300pakeHHsI — 9TO TpemuHa (apTedaxr); G — neTalii CTpOEHHs CTPYKTYPhI
Xa0THYECKH OPUEHTUPOBAaHHBIX mpu3MaTndeckux kpuctamwioB (IOP); H-K — HekoTtopsie ocoOeHHOCTH
CTPOGHHMSI M CTPYKTYpHI TPyOOK, BBISIBJICHHBIE Ha TOMEPeYyHOM cedeHHn: H — oOuuii BUI MonepeyHoro
cedueHus; | — opueHTanus Npu3MaTHIeCKUX KPUCTAIIOB OJIN3 BHYTpEeHHEH MoMoCTH (“‘OpHEeHTHPOBAaHHAS
¢ubpumsapras” ctpykrypa, OF); ] — 6azanpHas yacTb TpyOKH, B KOTOPOH XOPOLIO 3aMETHO Pa3yIIOTHEHHE
YIaKOBKH KPHCTAJUIOB MaTepraa B 00JIacTH PacIIMpeHust cTeHKH; K — 30Ha cMbIKaHKs1 000POTOB Ha BEpX-
Hel cTOpoHe TPYOKH, XOPOILIO 3aMeTHa IOJIOCTh B OCHOBAHHWH CTEHKH 00JIee Mo3aHero 000poTa, MMeromas,
CIUPaBHYIO (OPMY COOTBETCTBEHHO XapaKTepy KOHTaKkTa 000poToB (“TyOymna”).

O6o3HaueHus: is — BHYTPEHHSS [TOBEPXHOCTD, Is — HUXKHSs CTOpOHa pr6KI/I, 0S — Hapy>KHas IMOBEPXHOCTh, W€ —
CTEHKa Hapy>KHOM CTOPOHBI paHHET0 000pOTa; Wi — CTEHKa BHYTPEHHEH CTOPOHBI T03/1HeT0 00opoTa. bosnbime ctpenku
IIOKa3bIBAOT HAITPABJIECHUE pOCTa pr6KI/I.
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Fig. 6. Metalaeospira tenuis: details of tube morphology and ultrastructures. A, B— tubes; A — typical uns-
culptured modification (AMRI No. W.46249); B— modification with tuberculated median keel (unregistered
specimen from Sydney, Australia); C—K — tube ultrastructures (C, D — specimen 1; E, F — specimen 2;
G — specimen 3; H-K — specimen 4); C — general view of the longitudinal section; D — details of the
innermost zone with covering SPHP layer, note somewhat irregular orientation of spherulites; E — whorl
contact zone, showing unilayered IOP structure of the internal wall; F — internal side of the tube with inner
organic lining partly removed, showing small prismatic crystals just below it; in the central part of a figure
there is a crevice (artifact); G — details of the IOP structure; H-K — some details of tube architecture and
ultrastructure, obtained from the transverse section: H — general view of the transverse section; I — orien-
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Genus Protolaeospira Pixell, 1912
(see also description in Kupriyanova et al., 2020: 264)

TYPE SPECIES: Spirorbis (Protolaeospira)
ambilateralis Pixell, 1912.

DIAGNOSIS. Tubes are usually sinistral (clock-
wise) but may be dextral (anticlockwise) in some
species; margins of collar and thoracic membranes are
not fused over thoracic groove; large collar chaetae
are bent, modified fin-and-blade (at least from the
convex side of the body), cross-striated or not; simple
limbate and sickle chaetae in third thoracic fascicles;
there are four thoracic chaetigers.

COMPOSITION. The genus includes 12 extant
species arranged in 2 subgenera — Protolaeospira
s.str. (with sinistrally coiled tubes) and Dextralia
(with dextrally coiled tubes).

DISTRIBUTION. Though distribution for most
Protolaeospira species is poorly documented, in
general, members of the genus are typically found in
the Southern Hemisphere, from the Antarctic to the
subtropical zone (Knight-Jones P., Knight-Jones E.W.,
1984, 1991, 1994). However, two species (P. eximia
(Bush, 1905) and P. capensis (Day, 1961) —which,
however, can be easily confused, see Remarks to
P. capensis below) were recorded from subtropi-
cal/tropical and boreal waters in the North Pacific;
Knight-Jones et al., 1979; Rzhavsky, unpubl.) and
one (P, striata Quiévreux, 1963) from boreal-tropical
waters of the north-eastern Atlantic (Knight-Jones P.,
Knight-Jones E.W., 1977).

REMARKS. Tube coiling direction, tradition-
ally used for subdivision of Protolaeospira into
subgenera, has doubtful or even no taxonomic
value (see Knight-Jones P. et al., 1979: 420). Within
the other tribes, certain species may demonstrate
intraspecific variation in coiling direction (e.g.,
Spirorbis (Spirorbis) bifurcatus P. Knight-Jones,
1978), while some genera comprise species with
different coiling directions (e.g., Spirorbis, Circeis;
see Knight-Jones P. et al., 1979; Rzhavsky, 1992).
Indeed, the subdivision of the genus Protolaeospira
into subgenera should be revised, and the 12 species
included in this genus by us below are nothing but a
list of names that were thought to be valid by differ-
ent authors. Such a revision is beyond the scope of
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this paper, so we follow the traditional subdivisions
into subgenera and species.

Subgenus Protolaeospira s.str. Pixell, 1912

TYPE SPECIES: Spirorbis (Protolaeospira)
ambilateralis Pixell, 1912.

DIAGNOSIS. Tube is sinistral (clockwise).

COMPOSITION. 10 species, 6 of which are
described below.

Protolaeospira (Protolaeospira) augeneri
Vine, 1977
Fig. 7A-G.

For description see Vine, 1977: 25, figs 2g, 11b, 13a-n.

MATERIAL EXAMINED. Two specimens
were studied with SEM in longitudinal sections
(unregistered; lost). Mineralogy was analysed using
a set of two tubes (IPEE No. 2/2894, Moreton Bay,
eastern coast of Australia, depth 1 m, on spines of sea
urchins — a donation from AMRI W.201760). Exter-
nal tube morphology was illustrated using specimens
from the same sample as were used for mineralogy.

TUBE MORPHOLOGY. Tubes are sinistral,
initially planospiral with an initial coil diameter of
up to 2.5 mm; the last whorl often ascends over the
substrate (Fig. 7A—C), mouth often forms trumpet-like
extension (Fig. 7A), later preserved as peristomes.
Tube walls are thick, hard, vitreous or semi-vitreous.
Some specimens have a petite keel on the outer margin
of the upper side (Fig. 7B), and sometimes a second
keel of the same appearance is visible on the inner
margin (Fig. 7C). Outer surface has faint transverse
growth lines (Fig. 7A, B).

TUBE ULTRASTRUCTURES. The wall can
be considered two-layered but with an indistinct
boundary between the layers (Fig. 7D). Both layers
are of comparable thickness. The outer one has simple
prismatic (SP) sensu Vinn et al. (2008) structure, with
well-discernible densely packed needle-like crystals,
up to 10 um long or over, while the corresponding
width is less than 0.5 um (Fig. 7D, E). Locally, crystal
ends are aligned to certain growth lines, interrupting
the needles. The outer surface can be covered with a
distinct thin layer of curved fang-shaped spherulites

Puc. 7. Protolaeospira (Protolaeospira) augeneri: neTaiy CTpoeHHs! TpyOOK U HX yNbTpacTpyKTypsl. A—C —
TpyOKH: A — HECKyJIbIITHPOBAaHHAs (THIHWYHAS) PA3HOBUAHOCTh; B — pasHOBUIHOCTH ¢ OXHHM clabo
BBIP2)KEHHBIM KHJIEM Ha BHELIHEH cTtopoHe 00opota; C — pa3sHOBUIHOCTB C JABYMs HEOONBIINMHU KHIISIMU
Ha BHEIIHEH U BHyTpeHHel cropoHax obopora; D-G — ymerpacTpykTypsl TpyOOK, sx3eMmumsip Nel: D —
o0Iuii BUJ MPOAOIBHOrO ceuenust; E — neramu cTpoeHus BHEMIHEH 4acTH CTEHKHU, C BHELITHUM MIPOCTBIM
npusmarnaeckuM (SP) coem u chepynuramu KIbIkooOpa3Hoi GpopMbl 61113 BHEITHEH TOBEPXHOCTH TPYOKH;
F — BuJ ¢ HIOKHEH CTOPOHBI TPYOKH, TOKa3hIBAIOIINH ChepyanToByto npusmarndeckyto (SPHP) crpykrypy
IUTACTHHKY TPUKPEIUICHHUS U MPOCTYIO MPU3MaTHYEeCKyIo cTpyKTypy (SP) crenku man meit; G — neranu
CTPOEHHMSI 30HbI IPUKPETUICHHNs], BU/IHASI HEBBIIEPKaHHASI OPHEHTUPOBKA C(HEPYIUTOB.

O003HaueHNUS: 1S — BHYTPEHHSS TIOBEPXHOCTh; 0S — Hapy’>KHasi IOBEPXHOCTb. BolbIlie CTPEIKH MOKa3bIBAIOT HAIPaB-

JICHHE POCTa TPYOKH.
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Fig. 7. Protolaeospira(Protolaeospira) augeneri: details of tube morphology and ultrastructures. A—-C —tubes:
A — typical unsculptured variety; B — variety with a single keel running along the outer side of the whorl;
C — variety with two small keels on the inner and outer sides of the whorl; D-G — tube ultrastructures,
specimen 1: D — general view of the longitudinal section; E — details of the outer layer of the wall having
SP structure and fang-like spherulites at the outer surface, and their transition to SP structure; F — view from
the lower side of the tube showing the attachment with SPHP structure and broken wall with SP structure;
G — details of unevenly oriented SPHP structure of the attachment area.
Abbreviations: is — inner surface; os — outer surface. Large arrows indicate the direction of tube growth.
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(Fig. 7E). Some of them show the finest growth lines
positioned perpendicular to the spherulite growth axis.
The inner zone of the wall isrepresented by spherulitic
prismatic (SPHP) structure, forming several spherulitic
“layers” over each other and sometimes separated by
surfaces of major growth stops (Fig. 7D). The boundary
between the inner and outer layers is well-discernible
in standard longitudinal sections, but while studying
the wall at the internal side of the whorl, we found
that the outer SP layer in some local zones laterally
transforms into multi-layered SPHP structure. And
vice versa, the inner SPHP layer locally transforms
into SP structure.

Parabolic growth lines are distinct, with the outer
branch of the parabola reduced, so the crystals of the
SP structure are inclined to the outer tube surface at
30-40° angle (Fig. 7E). The axis is strongly displaced
to the outer side of the wall, running at a distance of
about 1/4 of the wall thickness from its outer surface.

The tube attachment area at the lower side has
SPHP structure with somewhat irregularly oriented
spherulites (Fig. 7F, G). Spherulites have pyramidal
shapes, are 3—8 um long, with the diameter of the base
about 1.5-5 pm and grow in the direction away from
the substrate. Acicular crystallites comprising spheru-
lites are well discernible. Spherulites are uniform in
size and form zones with larger regular and smaller
irregular spherulites only locally (Fig. 7F); zones with
smallerspherulites also include even smaller elongated
to isometric crystals (probably irregular spherulites,
but the details were not visible).

Inner organic lining is thin, less than 0.3 pm in
thickness.

TUBE MINERALOGY. 100% low-Mg calcite
(1.,=129).

DISTRIBUTION. New Zealand (Vine, 1977),
Queensland, Australia (Rzhavsky, unpubl.), and
Marion Island, the Southern Indian Ocean (Rzhavsky,
1998). A record of P. (P) augeneri was drawn on the
Romanchellini distribution map for New South Wales,
Australia (Knight-Jones P., Knight-Jones E.W., 1984:
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fig. 6); however, itis not shown on a more detailed map
of spirorbin distribution off south-eastern Australia
(Knight-Jones P., Knight-Jones E.W., 1984: fig. 2).

ECOLOGY. Specimens were collected at depths
of ~1 m, 15-20 m, and 180 m from the undersides of
stones and the spines of sea urchins, while in some
cases, the substrate remains unknown. Juveniles often
settle on the adult tubes.

REMARKS. An additional longitudinal section
of P. (P) augeneri tube, using another specimen from
the same sample as was used for SEM herein, was
published earlier (Ippolitov, Rzhavsky, 2008: fig. 1d).

Protolaeospira (Protolaeospira) capensis
(Day, 1961)
Fig. 8A-H.

For descriptions see Day, 1961: 554-556, fig. 18a—h (as
“Spirorbis (Paralaeospira) capensis”); Vine, 1977: 27, figs
11c, 12h, 14a—i; Knight-Jones P. etal., 1979:450, fig. 7B(a—e).

MATERIAL EXAMINED. One tube (IPEE No.
1/2511, Cape Town, South Africa, substrate and depth
unknown) was studied with SEM in the longitudinal
section. Mineralogy was analysed using fragments of
three broken tubes from the same sample. External
morphology was illustrated by specimens from the
same sample and IPEE No. 2/2572 (Kalk Bay, South
Africa, 5 m depth, substrate unknown).

TUBE MORPHOLOGY. Tubes (Fig. 8A, B) are
sinistral, planospiral, but with the last whorl hiding
the previous ones, so that the umbilicus of the spiral
is very narrow. Coil diameter is 2 mm. Longitudinal
sculpture is absent (Fig. 8A) or represented by a
single, poorly defined median keel (Fig. 8B). Walls
are very thick and resistant to breakage. Appearance
of the outer surface is uneven: there are multiple thin
transverse transparent or semitransparent irregular
bands on the normally porcellaneous background.
Specimens available for our study only partially cover
the morphological diversity described in the literature
(see Remarks).

Abbreviations: is — inner surface; os — outer surface; we — tube wall on the external side of the next to last whorl; wi —
tube wall on the internal side of the last whorl. Large arrows indicate the direction of tube growth.

Puc. 8. Protolaeospira (Protolaeospira) capensis: neTany CTpoeHHs TPYOOK U MX YIIBTPacTPyKTypsl. A, B —
TpyOKu: A — TpyOKa ¢ XOPOIIO BBIPAKEHHBIMA TOHKUMHU IPO3PAYHBIMU U MOTYIPO3PAYHBIMHU MTOJI0CAMI;
B — cpocmasica mapa Tpy6ok; C—H — yasrpacTpykTypsl TpyOok: C — 00wuii BH] TPOIOIBHOTO CEUCHHUS;
D — meranu cTpoeHNs BHEIIHEH YacTH CTEHKH, BUHBI CEPYINTHI HEeBBIICP)KAaHHONH OPUEHTHPOBKH, Clia-
raromnye cepyIuToBylo npu3MaTndeckyto cTpykrypy (SPHP); E — meHTpanbHas gacTh CTEHKH, BUIHBL
chepyauThl yIIIoBaTO-HEeNPaBHILHOM (OPMBI, CMEIIaHHBIE C IPH3MATHYECKUMHU KpHCTauiaMu; F — nerann
CTPOCHHUSI BHYTPEHHEU YacTH TPYOKH, XOPOILIO BHIHBI PSIbI MEJIKHX OTBEPCTUMH, OPUECHTUPOBAHHBIX Ia-
paIIIETbHO CTEHKE TPYOKH U MMPUYPOUYCHHBIX K JIMHUAM pocTa cepynntos; G — oOIIUil BUA IPOJOIEHOTO
CeueHHs Yepe3 MEePUCTOM, ITOKA3bIBAIOLINN ero BHyTpeHHee cTpoeHue; H — obnacTs cMbIkaHus 000pOTOB
Ha paHHEH CTaJny Pa3BUTH, BUIHA OAHOCIOWHAS CTPYKTYpa BHYTPEHHEH CTOPOHBI TPYOKH U pacipocTpa-
HEHHeE MTPUITOBEPXHOCTHOTO chepynuToBoro mpusMarudeckoro (SPHP) ciost Bo BHYTPEHHIOIO YacTh CTEHKH
BJ10J1b JIMHUH pOCTa.

O003HaUeHUS: 1S — BHYTPEHHSIS IIOBEPXHOCTD; 0S — HAPyXKHAast IOBEPXHOCTh; We — CTEHKA HapY>KHOH CTOPOHBI PAHHETO
000poTa; Wi— CTeHKa BHY TPEHHEH CTOPOHBI [TO3/IHEro 000poTa. BosibIine cTperki oKa3pIBalOT HAPABICHUE POCTA TPYOKH.
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Fig. 8. Protolaeospira (Protolaeospira) capensis: details of tube morphology and ultrastructures. A, B —
tubes: A — a tube with well-visible thin semitransparent to transparent bands; B — two coalescent tubes;
C—H — tube ultrastructures: C — general view of the longitudinal section; D — details of the outer part of
the wall showing somewhat irregularly oriented spherulites making up SPHP structure; E — details of the
central part of the wall, showing knotty-shaped spherulites intermixed with prismatic crystals; F — details of
the innermost part of the tube covered with uneven SPHP layer; note rows of tiny cavities in the spherulites
of outer SPHP layer marking isochronous surfaces of their growth; G — general view of a longitudinal sec-
tion through a peristome, revealing its internal structure; H — contact of whorls of the early whorls, showing
unilayered structure of the internal wall and penetration of SPHP/SP structure along growth lamellae.
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TUBE ULTRASTRUCTURES. The wall is
three-layered (Fig. 8C). The outer layer has SPHP
structure and is ~10 pm thick (corresponding wall
thickness is 100 pm). Sectorial spherulites have a
pyramidal shape; their orientation is somewhat ir-
regular (Fig. 8D). They are often curved, with the
narrow end bending backwards. The boundary between
the outer and middle layers shows some smaller
irregularly shaped pyramidal spherulites oriented
irregularly. The middle part of the wall consists of
narrow elongated spherulites of irregular shape, ly-
ing loosely and intermixed with irregularly shaped
elongated prismatic crystals having rounded blunt to
pointed irregular ends (Fig. 8E). There are numerous
intermediate variations, and together all these crystals
form irregularly oriented prismatic (IOP) structure.
The size of smaller prismatic crystals varies from 2
to 4 um long and from 0.5 to 2 um wide. Spherulites
are usually larger but rarely attaining 6 um in length.
All the crystals are variable in size; however, locally
larger and more regularly shaped spherulites may
dominate, while smaller crystals are rare, and vice
versa (Fig. 8C).

The inner layer, like the outer one, has SPHP
structure (Fig. 8F). Crystal growth lines can be dis-
cerned by rows of small holes piercing the crystals,
reflecting oscillations in the amount of carbonate
matter (Fig. 8F). Locally, the outer layer may become
thicker, transforming to SP structure (Fig. 8G; also
see Discussion). This is often associated with growth
stops and peristome formation.

The internal side of the whorl, examined in 3
different sections, had an unilayered wall with SPHP
structure of the inner layer (Fig. 8H), while the middle
and outer layers were absent.

The axis of the parabolic growth lines is strongly
displaced to the outer side of the wall, located approxi-
mately at a distance of 1/3 of the total wall thickness
from the outer surface.

Inner organic lining was not observed.

TUBE MINERALOGY. 100% calcite (I , =33).

DISTRIBUTION. In the Southern Hemisphere,
P. (P) capensis is known from South Africa (Day,
1961), New Zealand (Vine, 1977), the Galapagos
Islands (Bailey, Harris, 1968, as “translucens”) and
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Tonga Islands (Bailey-Brock, 1987). In the Northern
Hemisphere — off Hawaii (Bailey-Brock, 1976, as
“translucens’) and the Pacific coast of North America
(west coast of Vancouver Island to Pacific Grove,
California; Knight-Jones P. e al., 1979).

ECOLOGY.Recorded from the intertidal zone up
to 37 m deep; in some cases, depth was not reported.
Specimens were found on stones, shells, rocky out-
crops, and lobster carapaces.

REMARKS. Somerecords of P. (P.) capensis are
probably a mixture of at least two species (“capensis”
and “eximia”) or a larger number of taxa. Different
authors describe very different morphology of P,
(P.) capensis tubes. Day (1961), Vine (1977), and
Bailey and Harris (1968) indicate that the tube wall is
vitreous or semivitreous, while P. Knight-Jones et al.
(1979) state that the tube surface is porcellaneous. Day
(1961) and Vine (1977) described the tubes as tightly
coiled, with overlapping coiling and whorl diameter
not exceeding 1.5 mm, with 2-3 longitudinal keels
appearing near the mouth. Bailey and Harris (1968:
fig. 6h, as “translucens”) also indicate that the tube
mouth grows upwards or covers previous whorls
and that the tube has irregular transverse ridges.
Contrarily, in P. Knight-Jones ez al. (1979: fig. 7Ba),
the figured tube looks planospiral (no details provided
in the text) and reaches 3.5 mm in coil diameter. It
also has “irregular transverse growth rings that may
be quite distinct in the last part of the whorl ... or
may meander in such a way as to suggest incipient
longitudinal ridges” (Knight-Jones P. ef al., 1979).
Notably, these authors also synonymised Spirorbis
translucens Bailey et Harris, 1968 with “capensis”
without any explanation, so their P. (P) capensis may
include multiple species. Our examined material best
fits the description by P. Knight-Jones et al. (1979).
Apparently, P. (P) capensis needs a revision, which
is beyond the scope of this article.

The wall of P. (P.) capensis shows clear growth
stops, sometimes marked by the peristomes and
sometimes not seen macroscopically. During periods
of growth stops, the SPHP layer is often running either
from outside or from inside along the growth lines,
with gradually reducing sizes of crystals towards
the middle part of the wall (Fig. 8G, H). The outer

Puc. 9. Protolaeospira (Protolaeospira) eximia: netanu cTpoeHHs TPYOOK U UX YIBTPACTPYKTYphL. A, B —
TpyOKHM: A — KOpHYHEeBaras, Ipo3payHasi pa3HOBHIHOCTh; B — Oenas dapdopoBunHas pazHOBHIHOCTH
C TIOTIEPEYHON CKYIBITYPOl (M300paskeHa Takke B Haeil Oonee panHel padore — Ippolitov, Rzhavsky,
2014, fig. 1D); C—H — yasTpactpykTypsl TpyOok: C — 0011IHii BU IPOAOIBHOTO CEYSHHS, XOPOLIIO 3aMeTHA
ronepedHas cKyipnrypa; D — 1o ke camoe, yBenudeHo; E — BHeLIHsA 4acTh CTEHKH, XOPOILIO 3aMETCH
BHENTHUH cepynuToBslii nmpusmarnaeckuit cnoit (SPHP); F, G — nmetann cTpoeHus neHTpaIbHOH dacTH
CTEHKH, B KOTOPOH BHIHBI Pa3IUUHbIE MEPEXOAHBIE THIIBI OT CTPYKTYPhl XaOTHYECKH OPUEHTHPOBAHHBIX
npusmarnueckux kpuctamioB (IOP) k cTpykrype xaoTnuecku opueHTHpoBaHHBIX chepymutos (SIOP);
H — nmeranm cTpoennst BHyTpeHHEH 9acTH CTEHKH, XOPOIIO 3aMETeH TOHKHI MPHUIIOBEPXHOCTHBIN CIIOH €

MIPOCTOM MPU3MATHUECKOH CTPYKTYpoit (SP).

O6o3HaueHUsT: is — BHYTPCHHSASA NOBEPXHOCTL, OS — HApYyKHas IMMOBEPXHOCTh. Bonpmmast CTpEJIKa MOKa3bIBACT HAIIpaB-

JICHHE pOCTa TPYOKH.
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Fig. 9. Protolaeospira (Protolaeospira) eximia: details of tube morphology and ultrastructures. A, B—tubes:
A — brownish vitreous variety; B — white porcellaneous modification with regular transverse peristomes
(was also illustrated in Ippolitov, Rzhavsky, 2014: fig. 1D); C—H — tube ultrastructures: C — general view of
the longitudinal section showing multiple transverse ridges; D — the same, enlarged; E — details of the outer
part of the wall showing outer covering SPHP layer; F,G — details of the central zone of the wall showing
different variations of transitional IOP to SIOP structure; H — details of the inner part of the wall showing
thin covering layer with SP structure.

Abbreviations: is — inner surface; os — outer surface. Large arrow indicates the direction of tube growth.



454

SPHP layer can be very thick at such growth stops
(Fig. 8G). Very rarely, the inner SPHP layer connects
along the growth lines with the outer SPHP layer. We
observed such stops both on early whorls (Fig. 8H)
and on the last whorl, indicating that their appearance
isnotage-related. Macroscopically, the penetration of
SPHPlayers across the wall is reflected in well-visible,
frequent, thin, transparent and semi-transparent trans-
verse lines (Fig. 8A, B).

We also observed ontogenetic changes of ultra-
structure in the studied specimen. In both early growth
stages (wall thickness 17—-18 um) and in late ones, the
wall on the external whorl side of is three-layered.
Outer and inner SPHP layers are each ~5—8 pum thick,
while the middle layer is 10 pm wide, composed of
irregular-shaped spherulites and irregular crystals
1-2 pm long, intermixed with spherulites up to 3 pm
long. Smaller crystals in the middle layer are usually
isometric. In the next whorl, wall thickness increases
up to ~30 um due to the extension of the middle layer,
while in SPHP layers, crystal sizes and shapes do not
change compared to the earlier whorl.

Protolaeospira (Protolaeospira) eximia
(Bush, 1905)
Fig. 9A-H.

For descriptions see Bush, 1905: 239, pl. XL1, figs 7, 18,
20, pl. XLIIL, figs 6, 11, 17 (as “Spirorbis eximus”); Knight-
Jones P. et al., 1979: 449450, fig. 7A(a—e).

MATERIAL EXAMINED. A single specimen
having a white tube (IPEE No. 1/2573, Vancouver,
Canada, on the rocks, littoral zone) was studied with
SEM. Vitreous brownish tubes (see Tube morphology
and Remarks) were not examined. Mineralogy was
analysed by powdering a single specimen from the
same sample as used for SEM. External tube morphol-
ogy was illustrated using two specimens, both from
the same sample as used for SEM.

TUBE MORPHOLOGY. Tubes are sinistral
with coil diameters up to 5 mm. P. Knight-Jones et
al. (1979) mentioned “prominent transverse growth
rings (e.g., fig. 7Ba)”, which in our terminology (Ip-
politov, Rzhavsky, 2014) are “transverse ridges” (Fig.
9B). Observed tubes are planospiral or with whorls
slightly overlapping each other. Tube walls are thick,
white porcellaneous (Fig. 9B) or brownish, vitreous
(Knight-Jones P. et al., 1979 and Fig. 9A).

TUBE ULTRASTRUCTURES. The wall is
three-layered (Fig. 9D). The outer layer is represented
by spherulitic prismatic (SPHP) structure and is up to
17-18 um thick, but usually about 10 um (Fig. 9E).
On the border with the middle layer, the spherulites
may beirregularly oriented, not perpendicular towards
the tube surface, but inclined.

The middle layer has a complicated structure
transitional from IOP to SIOP (Fig. 9D-H), includ-
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ing several crystal fabric types. In zones underlying
both inner and outer SPHP layers (Fig. 9E, H), the
fabric is represented by elongated, angular crystals
of irregular shape with blunt to flat ends (6-8 um
long, ~3 um wide), densely packed. In the middle
part of the layer (Fig. 9F, G), crystals may have a
very characteristic elongated shape with rounded
ends (6-7 um long, 2-2.5 um wide). Locally, they
are smaller and are consolidated by micritic matter
(Fig. 9G).

The inner layer underlying the lumen is 67 pm
wide and has SPHP structure. Spherulites here are
irregularly pyramidal and can be locally transformed
into SP structure (Fig. 9H).

Inner organic lining was not observed.

TUBEMINERALOGY. 100% calcite (I, =283).

DISTRIBUTION. The Pacific coast of North
America, from La Paz, Mexico, to Vancouver Island,
Canada (Knight-Jones P. et al., 1979). In the South
Pacific, P. (P) eximia is known from Lima, Peru to
Conception, Chile (Knight-Jones P., Knight-Jones
E.W., 1991) and was also reported from Auckland,
New Zealand (as “ambilateralis”, see Vine, 1977) and,
questionably, Japan (Rzhavsky et al., 2010).

ECOLOGY. The studied material was collected
from the littoral up to 160 m deep, from stones, dead
corals, mollusc shells, barnacles, and sunken wood
fragments.

REMARKS. The species is unique in hav-
ing variable tube morphology — as both vitreous
brownish and white porcellaneous tubes can be
found within the same population. We agree with
P. Knight-Jones et al. (1979), who considered them
as belonging to the same species, though a special
study is needed. Our ultrastructural and mineralogi-
cal study was limited to the “white” (non-vitreous)
morphotype. According to the vitreous appearance
of'the unstudied brownish variety, it can be predicted
that it must have the unilayered SP/SPHP wall with
reduced main IOP to SIOP layer, by analogy with P,
(P) augeneri and P. (P.) striata (see also discussions
ontransparency in spirorbins in Ippolitov, Rzhavsky,
2008; 2015b). Indeed, the synonymy of this species
and most other Protolaeospira spp. is confusing and
doubtful because most records and original descrip-
tions of synonymised species were not supported by
any tube illustrations.

The tube cross-section (Fig. 9D) shows that the
regulartransverse ridges are formed by the thickenings
of the middle layer, while the inner and outer SPHP
layers have more or less uniform thickness. Interest-
ingly, the outer SPHP layer can completely disappear
locally. In such areas, the tube surface is not smooth
like elsewhere but somewhat rough, formed by the
middle layer’s outer part (SIOP structure).
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Protolaeospira (Protolaeospira) pedalis
P. Knight-Jones et E.W. Knight-Jones, 1994
Fig. 10A-D.

Fordescription see Knight-Jones P., Knight-Jones E.W.,
1994: 81-83, fig. 3A-P.

MATERIAL EXAMINED. Three fragments
(IPEE No. 1/2519, Signy Island, South Orkney
Islands, the Atlantic sector of the Southern Ocean,
on brachiopods at depths of 18-28 m; C11.12.1971,
British Antarctic Survey) were studied with SEM
in longitudinal sections. Mineralogy was analysed
using fragments of several tubes from the same
sample. External tube morphology is illustrated by
figures from the original description (Knight-Jones
P., Knight-Jones E.W., 1994: fig. 3A).

TUBE MORPHOLOGY. Tubes are sinistral,
planospiral with coil diameters up to 2 mm (Fig.
10A). The cross-section is rounded, usually without
sculpture, but sometimes with three low and thick
keels running towards the mouth. Tube walls are
white, easily breakable.

TUBE ULTRASTRUCTURES. The wall is
unilayered, having irregularly oriented prismatic
(IOP) structure (Fig. 10B). The fabric is represented
by small, slightly elongated crystals up to 5 pm long
and 2 pm wide (corresponding tube wall thickness is
80 um). Typically, crystals are smaller, up to 2.5 um
long, 1-1.5 um wide (the corresponding thickness of
the walls in studied fragments are 60, 30 and 10 um).
Their shapes are irregular, often angular. Crystals are
highly variable in size. Near the lumen, crystals are
proportionally 1.5-2 times smaller (Fig. 10B) than
in the central and outer zones of the wall and are
consolidated by micrite. The crystals have the largest
sizes and less regular shapes near the outer side of
the wall. One specimen had a local thin (about 3 pm)
covering layer having asimple prismatic (SP) structure
on the inner side of the wall (Fig. 10C).

Inner organic lining was not observed.

TUBE MINERALOGY. 100% low-Mg calcite
(1.,.=68).

]DISTRIBUTION. Protolaeospira (P.) pedalis
is known only from its type locality, Signy Island
of the South Orkney Islands in the Atlantic sector of
the Southern Ocean (Knight-Jones P., Knight-Jones
E.W. 1994).

ECOLOGY. Recorded from the 6-28 m depth
range, mainly from brachiopod shells; some speci-
mens were collected from the stones and bryozoans.

Protolaeospira (Protolaeospira) striata
Quiévreux, 1963
Fig. 10E-H.

For description see Quiévreux, 1963: 70-76, figs 1,
2A-B, 3,4A-B, 5A-E, 6, 7; Knight-Jones P., Knight-Jones
E.W., 1977: 476478, fig. 8A-J.
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MATERIAL EXAMINED. A single specimen
(IPEE No. 1/2538, Malta, Mediterranean Sea, on a
piece of metal, depth 38 m) was studied with SEM
in a longitudinal section. Mineralogy was not studied
dueto insufficient material. External tube morphology
was illustrated using specimens from the same sample
as used for SEM.

TUBEMORPHOLOGY. Tubes are sinistral, with
coil diameters up to 3 mm (Fig. 10E, F). Coiling is
planospiral, but sometimes the last whorl sometimes
slightly overlaps previous ones (Fig. 10F). The tube
is sculptured with transverse ridges, which may be
irregularly or indistinctly regularly spaced, well-
pronounced or poorly defined. Tube walls are hard
and vitreous.

TUBE ULTRASTRUCTURES. Tube wall has
a complex structure. In the standard longitudinal
section of mature specimens (Fig. 10G), the wall is
unilayered, having SPHP to SP structure and with the
axis of parabolic growth lamellae strongly displaced
towards the outer surface of the tube. The inner half of
the wall has SP structure (crystal length over 15 um).
The outer half contains the axial part of parabolic
growth lamellae and has SPHP structure, but in the
axial zone, there are areas of irregular spherulites
oriented chaotically (~IOP structure) — such areas
interchange with SPHP structure longitudinally in a
regular manner. The outer wall is consolidated with
crystals forming SPHP structure. Longitudinal sec-
tion made along the upper part of the tube shows that
chaotically oriented spherulites here are significantly
more developed. The internal side of the whorl, ob-
served in early growth stages, shows the unilayered
wall (Fig. 10H), with SPHP structure underlying the
lumen, while the middle and outer layers are reduced.

Inner organic lining was not observed.

TUBE MINERALOGY. Not studied due to
insufficient material.

DISTRIBUTION. Protolaeospira (P.) striata is
recorded from the north-east Atlantic from the West
African coast to the south and even to the central part
of Great Britain, the Canary Islands and Cape Verde
Islands (Quiévreux, 1963; Zibrowius, 1973; Knight-
Jones P., Knight-Jones E.W., 1977). It is especially
common in the Mediterranean Sea (Bianchi, 1981).
Also, this species was recorded from Rio de Janeiro,
the Atlantic coast of Brazil (Knight-Jones P., Knight-
Jones E.W., 1991).

ECOLOGY. Specimens from the northwest
Atlantic are recorded from the low littoral zone up
to the depth of 25 (rarely up to 40) m. They can be
found on rocks and stones free from silt (Knight-
Jones P., Knight-Jones E.W., 1977). Ecological data
for the south-eastern Atlantic records (Knight-Jones
P., Knight-Jones E.W., 1991) are absent.

REMARKS. At early growth stages (Fig. 10H;
wall width ~15-18 um), the wall on the external side
of the whorl is distinctly three-layered. The inner
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Fig. 10. Protolaeospira (Protolaeospira) pedalis (A-D) and P. (P.) striata (E-H): details of tube morphology
and ultrastructures. A—D — P. (P) pedalis: A — tube (from Knight-Jones P., Knight-Jones E.W., 1994: fig.
3A); B-D — tube ultrastructures (all three figures may belong to one, two, or three different specimens):
B — general view of the longitudinal section; C — an area at the inner surface showing very thin layer with
SP structure; D — contact of whorls in the early whorls. E-H — P. (P) striata. E, F — tubes; G — general
view of the longitudinal section of the last whorl, showing SP/SPHP structure with areas of residual IOP
structure in the median zone of parabolic growth lamellae; H — general view of the longitudinal section of
contact of the whorls at earlier growth stage, showing unilayered SP structure of the internal wall and three-
layered external wall, with continuous IOP structure of the middle layer.
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layer has SPHP structure and is about 5—-6 um thick.
The outer layer probably also has SPHP structure,
but it cannot be visually separated from the wall of
the internal side of the next whorl, having the same
SPHP structure. The middle layer is represented by
fine (0.25-0.5 um long) isometric crystals forming the
RHC structure. This kind of structure in juveniles is
similar to that observed for some juvenile Spirorbini
(Ippolitov, Rzhavsky, 2015a).

Protolaeospira (Protolaeospira) tricostalis
(de Lamarck, 1818)
Fig. 11A-1.

Fordescriptions see Vine, 1977:30-32, figs 12¢, 16, 17a
(as “Protolaeospira lebruni (Caullery et Mesnil, 1897)”);
Knight-JonesP., 1973:239-242, fig. 3a-m (as “Protolacospi-
ra (Protolaeospira) canina”); Knight-Jones P., Knight-Jones
E.W., 1991: 681-582, 585, fig. 2A, B.

MATERIAL EXAMINED. Two specimens
(IPEE No. 1/2400, South Sandwich Islands, South
Atlantic, depth 370 m) were analysed with SEM
in longitudinal sections. Mineralogy was analysed
using fragments of two tubes taken from the same
sample. External tube morphology was illustrated by
paratype of Protolaeospira (Protolaeospira) canina
P. Knight-Jones, 1973 (=junior synonym of P. (P.)
tricostalis) deposited in AMRI (W.4475, Cape du
Couedic, Kangaroo Island, South Australia; on stones
in mid-littoral pools) and several additional figures
from the publications.

TUBE MORPHOLOGY. Unfortunately, the
external tube morphology of our specimens was not
described before they were destroyed for mineral-
ogical composition analysis. According to (Vine,
1977), tubes are sinistral, with coil diameter up to 2
(rarely 2.5) mm; tube walls are thick, hard, white and
slightly porcellaneous. According to Harris (1969;
as “lebruni”), tubes are unsculptured, but P. Knight-
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Jones (1973) and Vine (1977) report two keels — see
also Remarks. Our tubes were also sculptured with
two or three keels. The paratype of “canina” (AMRI
W.4475; Fig. 11A) has two keels located on the inner
and outer margins of the upper side. According to P.
Knight-Jones (1973), the inner keel is more prominent
than the outer one.

TUBE ULTRASTRUCTURES. The wall is
two to three-layered (Fig. 11E, H). The inner layer is
composed ofirregularly shaped spherulites, unevenly
oriented perpendicular to the lumen surface (SPHP
structure; Fig. 11E). This layer is about 10-12 um
thick, while the corresponding wall thickness is 90 um.
The main layer making up the middle and inner parts
of the wall is composed of elongated crystals (up to
67 umlongand2-2.5 um wide) with smallerirregular
isometric varieties (1.5-2 um), together forming IOP
structure (Fig. 11E, G, H). In certain areas, one type
of fabric may predominate. The outer SPHP layer,
similar to the inner one, was found only in some of the
studied sections near the growth stops, where SPHP
crystals running along growth lines connect the inner
layer with the outer one (Fig. 11H, I). The width of the
SPHP layer at such growth stops increases to 20 um.
The outer SPHP layer has irregular distribution and
may locally disappear.

Inner organic lining was not observed.

TUBEMINERALOGY. 100%calcite (I, =129).

DISTRIBUTION. The Atlantic and Pacific
coasts of South America from the subtropical waters
to Cape Horn; the Antarctic Peninsula; New Zealand
and south-western Australia; the Falkland Islands
(South Atlantic), Kerguelen and Heard Islands
(South Indian Ocean) (see Knight-Jones P., Knight-
Jones E.W., 1984, 1991; Vine, 1977). Also recorded
from the South Sandwich Islands (South Atlantic)
(Rzhavsky, unpubl.).

ECOLOGY. According to the literature data
(Caullery, Mesnil, 1897; Fauvel, 1916; Monro, 1939;

Abbreviations: is — inner surface; os — outer surface; we — tube wall on the external side of the next to last whorl; wi —
tube wall on the internal side of the last whorl. Large arrows indicate the direction of tube growth.

Puc. 10. Protolaeospira (Protolaeospira) pedalis (A—D) u P. (P) striata (E-H): neranu crpoenus TpyooK u
uX yaeTpacTpyktypbl. A-D — P. (P) pedalis: A — tpy6xka (u3 Knight-Jones P., Knight-Jones E.W., 1994:
fig. 3A); B-D — ynsTpacTpyKTypsl TpyOOK (M300paskeHUs! TOIY4EHBI U3 POCCHIIH (PParMEeHTOB, H MOTYT
OTHOCHTCS K OTHOMY, 2 WM 3 3K3eMIursipaM): B — oOmuit Bua npomonsHOro ceuenus; C — ydacToK BHY-
TPEHHEH YacTu CTeHKH, Ha KOTOPOM XOPOILIO BUJIEH TOHKUH clol ¢ pocToil npusMarnueckoit (SP) crpyk-
Typoii; D — o6macts cmbikanus panaux oboporos. E-H — P. (P) striata. E, F — 1py0ku; G — oOmuii Buxg
MIPOZIOIBHOTO CEYEHHSI MOCIEAHEro 000poTa, Ha OHE OCHOBHOM cepynuToBoii mpuzmaruueckoii (SPHP) /
MpOCTOi mpu3Matuueckoit (SP) cTpyKTypbl B 0CE€BOM YacTh MapabOoINIeCKUX JTHHUI POCTa XOPOIIIO BUIHBI
YYaCTKH OCTATOYHON CTPYKTYpHI U3 XaOTHYECKU OPHEHTHUPOBAHHBIX Ipu3Marndeckux kpucramios (IOP);
H — o0mmit Bua mpofoabHOTO CeYeHHs COMPUKACAIOMINXCS 000POTOB Ha paHHEH CTaJuH POCTa, XOPOILIO
BHJIHA OJTHOCJIOIHAs CTEHKA C MPOCTOH MPU3MaTHUECKOW CTPYKTYpOi Ha BHYTPEHHEH CTOpoHe 000poTa, U
TPEXCIOHHOE CTPOCHUE CTCHKH Ha BHEIITHEH CTOPOHE C BBIICP>KaHHBIM CPEIHUM CII0EM, HIMEIOIIINM CTPYKTYPY
Xa0THYECKH OPUEHTHPOBAHHBIX MprU3MaTHueckux Kpuctamios (IOP).

O003HaueHNS: 1S — BHYTPEHHSSI IOBEPXHOCTh; We — CTEHKA Hapy)KHOH CTOPOHEI paHHETO 000pOTa; 0S — HapyKHast
MOBEPXHOCTh; Wi — CTEHKa BHYTPEHHEH CTOPOHBI MO3HEr0 000poTa. BoJbline CTPENKH MOKa3bIBAIOT HAIpaBICHHE
pocra TpyOKH.
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Fig. 11. Protolaeospira (Protolaeospira) tricostalis: details of tube morphology and ultrastructures. A-D —
tubes; A — paratype of P. (P) canina (junior subjective synonym of P. (P) tricostalis; B,C — a single tube
with a pair of longitudinal keels (from Knight-Jones P., 1973: fig. 3A, B); D — variation with massive keels
(from Vine, 1977: fig. 16A; as “lebruni”); E-1 — tube ultrastructures (all from one specimen): E — gen-
eral view of the longitudinal section; F — details of the inner zone of the tube, showing unevenly oriented
spherulites of SPHP structure; G — central zone of the wall showing details of prismatic crystals forming
IOP structure; H — longitudinal section across the peristome, showing SPHP structure penetrating across
the wall along growth lamellae; I — details of SPHP layer at the inner side of the wall.
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Harris, 1969; Vine, 1977; Knight-Jones P., 1973;
Knight-Jones P., Knight-Jones E.W., 1991), this spe-
cies can be found at depths of 0—16 m, settling on the
undersides of stones, algae, bivalve and gastropod
shells, and sea urchin Austrocidaris canaliculata
(Agassiz, 1863). Our material was collected much
deeper, from a depth of 370 m.

REMARKS. Protolaeospira (P.) tricostalis
was originally described by de Lamarck (1818;
as Spirorbis tricostalis) from Port King George
area, Western Australia, while its presumed junior
synonym Protolaeospira (Protolaeospira) lebruni
(Caullery et Mesnil, 1897) was described from Cape
Horn, South America (as “Spirorbis (Paralaeospira)
lebruni”). The original description of “tricostalis”
was very brief and not supported by illustrations,
while the description of “lebruni” included figures
of the operculum and is more substantial. Probably
for this reason, the specific name introduced by
Lamarck was ignored for a long time, and numer-
ous specimens from the Southern Hemisphere were
recorded as “lebruni” (see Vine, 1977: 30-31), while
P. Knight-Jones (1973) described a third nominal
species, P. (P.) canina, from Australia. After a long
obliteration, Lamarck’s “tricostalis” was mentioned
by P. Knight-Jones and Fordy (1979), who considered
“tricostalis,” “lebruni”, and “canina” to be separate
species. However, while describing the distribution
of spirorbins in the Southern Hemisphere, P. Knight-
Jones and E.W. Knight-Jones (1984) synonymised all
three names without any explanations. In our opinion,
synonymising these species names is not justified.
The specific name “tricostalis” suggests the presence
of three keels on the tube, while according to Vine
(1977) and P. Knight-Jones (1973), the tubes have
only two keels, and according to the figure by Harris
(1969), the tube is unsculptured. Such variability of
sculpture can be intraspecific (Rzhavsky, 1994), but
more frequently it is not. As resolving the status of
these three nominal species is outside the scope of
this paper, here we follow the latest classifications by
P. Knight-Jones and E.W. Knight-Jones (1984, 1991).
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Subgenus Dextralia P. Knight-Jones in
P. Knight-Jones et Walker, 1972

TYPE SPECIES: Protolaeospira (Dextralia)
falklandica (Pixell, 1913).

DIAGNOSIS. Tubes are dextral (anticlockwise).

COMPOSITION. 2 species, one described below.

REMARKS. The subgenus Dextralia is fre-
quently considered to be established by P. Knight-Jones
(1973) — such authorship was claimed in Fauchald
(1977) and Vine (1977) and at present cited in sev-
eral important web sources (Integrated Taxonomic
Information System — https://www.gbif.org/uk/
species/7086; Wikipedia— https://en.wikipedia.org/
wiki/Serpulidae). However, the subgenus was first
mentioned in P. Knight-Jones and Walker (1972), who
refer to “Knight-Jones, 1972b”, which indeed points
to the afore-mentioned paper published in 1973. This
is likely this is a result of a publication delay (see
“Notes” in Read, Fauchald, 2024). The paper by P.
Knight-Jones and Walker (1972) contains both the
subgeneric diagnosis and the indication of the type
species; however, this taxon was not certainly indicated
as new. However, such an indication became obliga-
tory only after 1999 (International Code of Zoological
Nomenclature, 1999, art. 16.1); thus, we amend the
authorship of the subgenus to “P. Knight-Jones in P.
Knight-Jones et Walker, 1972”.

Protolaeospira (Dextralia) stalagmia
P. Knight-Jones et Walker, 1972
Fig. 12A-].

For description see Knight-Jones P., Walker, 1972:
37-38, fig. 2a-n.

MATERIAL EXAMINED. Two specimens
(IPEE No. 1/2523, Signy Island, the South Atlantic;
British Antarctic Survey, St. 403) were studied with
SEM in longitudinal sections. Mineralogy was ana-
lysed using tube fragments from the same sample.
External tube morphology was illustrated using
specimens IPEE No. 2/2523 (King George Island of

Abbreviations: is — inner surface; os — outer surface. Large arrows indicate the direction of tube growth.

Puc. 11. Protolaeospira (Protolaeospira) tricostalis: neram CTpoeHUs TPyOOK M MX YABTPAaCTPYKTYpBI.
A-D — tpy6xu; A — naparun of P. (P.) canina (Mnaammii cyObeKTuBHbIH cuHoHuM P, (P.) tricostalis); B,
C — TpyOKa ¢ 1ByMs TOHKUMH BbIIep kaHHBIME KM (u3 Knight-Jones P., 1973: fig. 3A, B); D — pasno-
BH/IHOCTbH C MAaCCUBHBIMHU KHIIsIMU (13 Vine, 1977: fig. 16A, kax “lebruni”); E-1 — yapTpacTpyKTyphl TPYOOK
(Bce dortorpadun nosydeHs! ¢ OXHOTO 3K3eMInIsIpa): E — obmuit Bux npononeHoro cedenns; F — neranu
CTPOCHUSI BHYTPEHHEH 4acTH TPYyOKH co chepymuToBOl mpusMatudeckoii crpykrypoit (SPHP), Buana He-
BBIICP)KAHHOCTh OPHEHTHPOBKHU ChepyanToB; G — IEHTpaIbHAS YaCTh CTCHKH, BUHBI AETAIH CTPOCHUS
MIPU3MATHYECKUX KPUCTAJUIOB, MMEIOIINX Xa0THUECKYIO OPHEHTHPOBKY (cTpykTypa IOP); H — npononsHoe
CeUeHHeE MIePHCTOMa, BUiHA c(hepyIHTOBas pu3Marndeckas cTpykrypa (SPHP) mokposroro ciost, mpotsru-
BAIOIIASCS Yepe3 BCIO CTEHKY BJOJIb MapadoIM4ecKuX JIMHUI pocTa; [ — netanu crpoeHns cdhepyauToBoro
MIPU3MATHYECKOTO €105 OJIN3 BHYTPEHHEH TIOBEPXHOCTH TPYOKH.

O003HaueHNUS: 1S — BHYTPEHHSIS TIOBEPXHOCTh; 0S — Hapy’)KHasi OBEPXHOCTb. BolbIlie CTPEKu MOKa3bIBalOT HAIPaB-
JIGHHE POCTa TPYOKH.
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Fig. 12. Protolaeospira (Dextralia) stalagmia: details of tube morphology and ultrastructures. A—C — tubes:
A, B — variety with three massive keels; C — variety with a single median keel; D—I — tube ultrastructures
(all from specimen 1): D — general view of the longitudinal section; E — details of outer zone, showing
SPHP covering layer; F — details of the central zone of the wall, showing IOP structure; G — details of the
innermost part of the wall showing SIOP structure; H — peanut-shaped prismatic crystals of the outer part
of the main layer; horizontal section of the wall; I — inner side of the wall, organic lining is partly detached

uncovering small prismatic crystals; J — growth lines on the tube outer surface (specimen 2).
Abbreviations: is — inner surface; os — outer surface. Large arrows indicate the direction of tube growth.
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the South Shetland Islands, on rocks and stones in a
low intertidal zone).

TUBE MORPHOLOGY. Tubes (Fig. 12A-C)
are dextral, usually planospiral, but sometimes the
last whorl may slightly overlap the previous ones.
Coil diameter is up to 6 mm. Adults usually have
three (Fig. 12A, B), rarely one (Fig. 12C) smooth
longitudinal keels terminating as short teeth over the
mouth. Juvenile tubes are unsculptured or bear only
a single median keel. Tube walls are thick, hard to
break, white, and slightly porcellaneous. This species
often forms aggregations resulting from the selective
settlement of larvae on the conspecific adult tubes.

TUBE ULTRASTRUCTURES. The tube wall
is two-layered at first glance (Fig. 12D) but shows a
more complex structure if one looks deeper. The outer
layer (Fig. 12E) has irregular SPHP structure typical
for the genus, consisting of pyramidal and irregular
spherulites oriented more or less perpendicular to the
surface. The width of the outer layer does not exceed
10 pum, locally up to 15 um (corresponding wall thick-
nessis~150 pm). The main layer has a transitional [OP
to SIOP structure and a very complex substructure. The
outer partunderlying the spherulites of the outer SPHP
layeris represented by irregularly oriented spherulites,
forming SIOP structure with a slight transition to the
outer layer (Fig. 12E). The thickness of this zone is
15-20 pum. Then, spherulites are gradually replaced
by distinct peanut-shaped prismatic crystals with
rounded ends (Fig. 12F, H), which are 8-10 um long
and 2.5-3 um wide (locally smaller). Towards the
central part of the wall, these crystals decrease in size
by 1.5-2 times, and near the lumen, they become larger
again (Fig. 12G). In the innermost part of the wall, the
peanut-shaped spherulites are oriented more or less
along the lumen. Immediately under the inner organic
lining, we observed a very thin inner layer made of
numerous scattered elongated prismatic crystals with
rounded ends, like those typical for Spirorbini (see
Ippolitov, Rzhavsky, 2015a) — 3-4 pm long, 1 um
wide (Fig. 12I).

Inner organic lining is less than 1 um thick (Fig.
121).

TUBEMINERALOGY. 100% calcite (I , =405).
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DISTRIBUTION. Protolaeospira(D.) stalagmia
is recorded from the South Orkney Islands in the
Atlantic sector of the Southern Ocean (Knight-Jones
P., Walker, 1972; Knight-Jones P., Knight-Jones E.W.,
1994) and from the King George Island of the South
Shetland Islands (Rzhavsky, unpubl.).

ECOLOGY. This species was recorded from the
littoral zone down to 30 m deep; occupying limpet,
brachiopod, and gastropod shells, crustaceans, empty
serpulid tubes, as well as rocks and stones.

REMARKS. The external tube surface is consoli-
dated by micritic matter and shows distinct growth
increments evenly spaced at ~20 um (Fig. 127J).

Genus Romanchella Caullery et Mesnil, 1897
(see also description in Kupriyanova et al., 2020: 264)

TYPE SPECIES: Spirorbis (Romanchella) per-
rieri Caullery et Mesnil, 1897

DIAGNOSIS. Tubes are usually sinistral (clock-
wise) or, morerarely, dextral (anticlockwise); margins
of collar and thoracic membranes are fused over
thoracic groove; large collar chaetae are bent and not
modified; sickle chaetae present in 3™ fascicle; there
are three thoracic chaetigers.

COMPOSITION. The genus includes 8 extant
species, 5 of which are described below, and 3 were
not covered in the present study.

DISTRIBUTION. Romanchella is known from
all oceans of the Southern Hemisphere, ranging from
the Antarctic coast to subtropical waters.

REMARKS. The real number of species in
the genus may be higher as some materials remain
undescribed.

Romanchella perrieri Caullery et Mesnil,
1897
Fig. 13A-H.

Fordescription see Caullery, Mesnil, 1897:208-210, pl.
VIII, pl. IX, figs 15a—c; 16a—b, 17 (as “Spirorbis (Roman-
chella) perrieri”); Vine, 1977: 34-37, figs 19a—m, 20a, 21.

MATERIAL EXAMINED. Two specimens
(IPEE No. 1/2524, Crozet Islands, 45°59.2°S,

Puc. 12. Protolaeospira (Dextralia) stalagmia: neranyu cTpoeHus TpyOOK M UX YABTPACTPYKTYpsl. A—C —
TpyOku: A, B — pa3HOBUAHOCTL C TpeMs MaCCUBHBIMU KWISIMU; C — Pa3sHOBUJHOCTb C CMHCTBEHHBIM
MeuaHHbIM KuiieM; D—I — ymberpacTpykTypsl TpyOOoK (Bce — sk3emruisip Nel): D — oOmuid Bux pogosis-
HOTO ceueHMs; E — BHEIIHASA 4acTh CTEHKH, Ha KOTOPOI BUJEH CIIOH cO cepyTUTOBOI MPU3MATHYECKOH
crpykrypoit (SPHP); F — neranu cTpoeHus 1IEHTpaIbHOM YaCTH CTEHKH, HMCIOIICH CTPYKTYPY XaOTHYESCKH
OPHEHTHPOBAHHBIX Mpu3MaTndeckux kpucramuios (IOP); G — neramu cTpoeHHs BHYTPEHHEH 4acTH CTEH-
KM, UMEIOILEH CTPYKTYpy U3 XaOTHYECKH OpUEHTUPOBAaHHBIX cepynutos (SIOP); H — npusmarnueckue
KPHCTAJUIBI, IMEIOLIHE XapakTepHyIo (opMy apaxuca, BO BHEIIHEH 30HEe OCHOBHOTI'O CJIOSI; TOPU30HTAIBHOE
cedenue TpyOokH; | — BHYTPEHHSSI TOBEPXHOCTH TPYOKH ¢ YACTUYHO y/aJICHHOH OpraHmdeckoif MeMOpaHoi,
BUIHBI MEJIKHE MTPU3MATHYECKNE KPUCTAIIIBI; J — JIMHUN pocTa Ha MOBEPXHOCTH TPYyOKHU (3K3eMIusp Ne2).
O6o3HaueHUsL: 1S — BHYTPCHHSASA MOBEPXHOCTH; OS — HApy’KHas TOBEPXHOCTh. Bonpmme CTPEJIKH ITOKAa3bIBAKOT HAIIpaB-
JICHHE pOcTa TPYOKH.
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Fig. 13. Romanchella perrieri: details of tube morphology and ultrastructures. A, B— tubes, note somewhat
evolute coiling in both specimens; C—I — tube ultrastructures (C—F: specimen 1; G, H: specimen 2): C —
general view of the transverse section, tube base area, note unilayered IOP structure and the alveolus visible
within the wall; D — details of attachment zone; E — details of the central part of the wall, F — details of
the innermost zone of the wall; G — general view of the longitudinal section in another specimen; H —
whorls contact at earlier growth stage, showing unilayered IOP structure in both external and internal walls.
Abbreviations: al — alveolus; is — inner surface; Is — lower surface; os — outer surface; we — tube wall on the external
side of the next-to-last whorl; wi — tube wall on the internal side of the last whorl. Large arrow indicates the direction
of tube growth.
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50°28.8E, on hydrozoans, depth 115 m) were exam-
ined with SEM in longitudinal and transverse sections.
Mineralogy was analysed using several tubes from
the same sample. External tube morphology was il-
lustrated using specimens from the same sample as
used for SEM.

TUBE MORPHOLOGY. Tubes (Fig. 13A, B)
are sinistral, planospiral or with last whorls ascending
upwards and sometimes slightly overlapping previous
ones. Coil diameter is up to 1.5 mm. The sculpture
is represented by three longitudinal keels, and an ad-
ditional fourth keel runs on the tube periphery in the
lower part of the outer lateral side (Fig. 13B). The
keels are sharp and well-defined. In between the keels,
numerous transverse oblong indentations (alveoli)
form transverse rows. These alveoli can be distinct or
rudimentary and may also perforate the median and,
sometimes, lateral keels. Tube walls are thin, fragile,
white, somewhat porcellaneous.

TUBE ULTRASTRUCTURES. The wall is
unilayered, with IOP structure (Fig. 13C). Crystals
are up to 5 um long and 1 pm wide, with rounded
or blunt ends. Crystal shapes are clearly seen only
locally (e.g., near the attachment area, Fig. 13D,
and in some areas inside the wall, Fig. 13G), while
most part of the IOP layer is densely cemented with
abundant micritic matter concealing the shape of
isolated crystals (Fig. 13G). Below the inner organic
lining, individual crystals are consolidated by micrite
and become completely indistinguishable (Fig. 13F).
Near the inner side of the wall, crystals can be roughly
oriented along growth lamellae (Fig. 13F). Early
ontogenetic stages show a high amount of micritic
matter (Fig. 13H). The wall structure at the inner side
of the whorl does not differ significantly from that at
the outer side (Fig. 13H); in the area of connecting
whorls, visual separation of neighbouring whorls’
walls is hardly possible.

Inner organic lining is thin (~1 pm).

TUBE MINERALOGY. 100% calcite (I, =66).

DISTRIBUTION. Romanchella perrieri is
widely distributed in the Southern Hemisphere. It was
recorded from New Zealand (Vine, 1977), numerous
islands of'the Pacific, Indian and Atlantic Oceans, and
some localities off the Antarctic shores (Knight-Jones
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P., Knight-Jones E.W., 1984; Rzhavsky, 1998). It is
alsorecorded from Cape Town, South Africa (Knight-
Jones P., Knight-Jones E.W., 1974, 1984) and from
the Magellan Strait to about 40°S in the Pacific and
Atlantic (Knight-Jones P., Knight Jones E.W., 1984;
1991). Romanchella perrieri is also plotted on the
generalised Romanchellini distribution map for the
south coast of Australia (Knight-Jones P., Knight-
Jones E.W. 1984: fig. 5) but is absent on a similar
map describing Australian spirorbins (Knight-Jones
P., Knight-Jones E.W., 1984 fig. 2).

ECOLOGY. This species was recorded from
depths of 5-140 m and a variety of substrates such
as laminarians and other algae, bryozoans, hydroids,
sea urchin spines, and bivalve shells.

Romanchella pustulata P. Knight-Jones, 1978
Fig. 14A-F.

For description see Knight-Jones P., 1978: 231-232,
fig. 17A-7.

MATERIAL EXAMINED. Four specimens
(IPEE No. 1/2520, Castro, Chile) were studied with
SEM in longitudinal and transverse sections. Min-
eralogy was analysed using a set of tube fragments
from the same sample. External tube morphology
was illustrated using a figure from P. Knight-Jones
(1978: fig. 17A).

TUBE MORPHOLOGY. Tubes (Fig. 14A) are
sinistral and planospiral, with coil diameters up to 4
mm, typically having a distinct median keel (rarely
three keels) orunsculptured. Specimens from branch-
ing bryozoans may be “spiralling away”’ (Knight-Jones
P., Knight-Jones E.W., 1991: 583). The tube wall is
thick, white (and probably non-porcellaneous).

TUBE ULTRASTRUCTURES. The wall is
two-layered (Fig. 14B). The outer layer is extremely
thin (2-3 um; corresponding tube wall ~45 um) and
has SPHP structure. This layer was observed only in
one out of four studied specimens. The main layer
is composed of small (1 pm long and 0.3-0.5 um
wide) prismatic crystals, lying loosely in the wall
and unoriented, and therefore, forming IOP structure
(Fig. 14B-D). Crystals do not change theirappearance
throughoutthe wall, butlocally, they can be smallerand

Puc. 13. Romanchella perrieri: neranu ctpoeHus TPyOOK U UX YIBTPACTPYKTYpHL. A, B — TpyOKH, XOpo1o
3aMETHO pacKpy4uBaHHE 000POTOB y 000uX dK3eMIuLsipoB; C—I— ynerpacTpykrypbl Tpy6ok (C—F: sx3emmsip
Nel; G, H: sxzemmsip Ne2): C — o6miumit BUI HONEPEIHOTo CeUeHNUs B 00JIaCTH OCHOBAHHUS TPYOKH, XOPOIIO
BHJIHO, YTO TPpyOKa MMEET OTHOCIOWHOE CTPOCHHE (CTPYKTYypa XaOTHUECKH OPUEHTHPOBAHHBIX IIPH3MAaTHIE-
CKUX KpucTasuios, IOP), Takxke BuaHa anbBeoibl; D — neranu cTpoeHust 30HbI IPUKPEIUICHNS K CyOCTpary;
E — nenrpansHas yacth cTeHKH, F — BHyTpeHH:s yacTs cTeHKH; G — 0OImuUii BUJI TPOJOILHOTO CEUSHUS
npyroro sk3emiuisipa (Ne2); H — cMbikanune 000poTOB Ha paHHEH CTaJAuU pOCTa, XOPOIIO BUAHO, YTO U HA
BHEIIHEW, U Ha BHYTPEHHEN CTOPOHE CTEHKAa MMEET OJHOCIONHOE CTPOCHUE CO CTPYKTYPOIl XaoTHYeCKU

OPUCHTUPOBAHHBIX NPU3MATUYCCKUX KPUCTAJIOB.

O6o03Hauenus: al — anbBeona; is — BHYTPEHHSISI HOBEPXHOCTh TPYOKH; S — HIDKHSSI TOBEPXHOCTD TPYOKH; 08 — Ha-
pyKHast HOBEPXHOCTb; We — CTCHKA HapyXKHOI CTOPOHBI PAaHHET0 000pOTa; Wi — CTEHKa BHYTPEHHEH CTOPOHBI ITI03JHETO
obopora. bonbias cTpenka MokasbIBacT HAPABICHHE POCTa TPYOKH.
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Fig. 14. Romanchella pustulata: details of tube morphology and ultrastructures. A — tube (from Knight-
Jones P., 1978: fig. 17A); B-F — tube ultrastructures (B—D: specimen 1; E, F: specimen 2): B — general
view of the longitudinal section, showing unilayered IOP structure composed of enormously small crystals;
C — details of the innermost zone with inner organic lining, slightly distorted by SEM artefact; D — details
of the central zone of the wall; E — basal part of the tube wall at the outer side of the whorl, F — details of
attachment plate having SPHP structure.

Abbreviations: is — inner surface; Is — lower side; os — outer surface.

Puc. 14. Romanchella pustulata: neranu crpoeHus TpPyOOK U UX YABTPACTPYKTYpbl. A — TpyOka (13 Knight-
Jones P., 1978: fig. 17A); B-F — ynbrpactpykrypsl Tpyook (B-D: sx3emmsp Ne 1; E, F: axzemmuisip Ne 2):
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occasionally can be consolidated by micritic matter.
The attachment area has a different ultrastructure with
an unevenly distributed but sometimes thick SPHP
layer (up to 18 um wide; Fig. 14E, F) with narrow
ends of sectorial spherulites turned to the substrate.
Inner organic lining is thin, ~0.5 um or less (Fig.
14C).
TUBE MINERALOGY. 100% high-Mg calcite
(I, =41), average data reliability.
DISTRIBUTION. Romanchella pustulata is
known only from the Pacific and Atlantic coasts of
South America, from the Magellan Strait to about
40°S latitude (Knight-Jones P., 1978; Knight-Jones
P., Knight-Jones E.W., 1984, 1991).
ECOLOGY.Inher original description, P. Knight-
Jones (1978) reported that worms settle on decapods,
bivalves, and gastropods but did notindicate the depth.
According to P. Knight-Jones and E.W. Knight-Jones
(1991), R. pustulata can be found in shallow-water
habitats down to 18 m deep, attached to rocks, shells,
bryozoans or, rarely, red algae.

Romanchella quadricostalis P. Knight-
Jones, 1973
Fig. 15A-G.

For description, see Knight-Jones P., 1973: 243-245,
fig. 4a-s.

MATERIAL EXAMINED. One specimen (IPEE
No.2/2566,Kangaroo Island, South Australia, littoral,
on algae) was studied with SEM in a longitudinal sec-
tion. Mineralogy was analysed using two tubes from
the same sample. External tube morphology illustrated
using a specimen from AMRI collection (W.46247;
off Middle Point near Cape Northumberland, South
Australia, 38°4'S, 140°38'E, depth 13 m, on algae).

TUBEMORPHOLOGY. Tubes (Fig. 15A, B)are
sinistral, with coil diameter up to 2.5 mm, planospiral
orirregularly coiled, bearing four or five high smooth
keels, all located in the upper part of the tube and
forming prominent protruding teeth at its mouth. Tube
walls are thick, hard to break, white porcellaneous.

TUBE ULTRASTRUCTURES. The wall is
unilayered to locally three-layered, having a complex
structure. The standard longitudinal section of the
last whorl (wall thickness 130 um) shows a single
layer consisting of two different ultrastructural types,
intercalating along parabolic growth lines (Fig. 15C).
The first type is simple prismatic (SP) structure (Fig.
15D), the second is represented by fine (0.5-1 pm in
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diameter) isometric crystals with some micritic matter,
which canbe classified as rounded homogenous crystal
(RHC) structure sensu Vinn et al. (2008; but “HRC”
in Vinn, 2013) (Fig. 15E). In another longitudinal
section (Fig. 15G) made through early ontogenetic
stages of the same specimen (wall thickness of ~20
um), there is a thin, but well-defined external SP layer
(2-3 um), and the intercalation in the middle part of
the wall is not regular. Finally, the third section (Fig.
15F) shows only RHC structure in the main layer,
combined with a thin (2 um) inner SP layer. So, at
leastlocally, crystals of SP structure form well-defined
inner and (or) outer layers. The internal side of the
whorl, observed in one section (Fig. 15G), is thin
(5 pm), unilayered, and has RHC structure.

Inner organic lining was not observed.

TUBE MINERALOGY. 100% high-Mg calcite
1,.=72).

l DISTRIBUTION. Romanchella quadricostalis
is known only from South Australia (Knight-Jones
P., Knight-Jones E.W., 1984).

ECOLOGY. Recorded only from the low littoral
zone being attached to various (usually red) algae.

REMARKS. The observed RHC ultrastructure
hasno clear analogues in other Romanchellini, except
maybe for small prismatic crystals in R. pustulata.

Romanchella scoresbyi (Harris, 1969)
Fig. 16A, B.

For descriptions see Harris, 1969: 167-168, fig. 18a—m
(as “Spirorbis scorebyi”); Knight-Jones P., Knight-Jones
E.W., 1991: fig. 2E.

MATERIAL EXAMINED. Two specimens were
studied with SEM in longitudinal sections (IPEE No.
1/2578, Possession Island of the Crozet Islands, the
South Indian Ocean; low littoral zone on rhizoids
of Durvillea sp.). External tube morphology was il-
lustrated using a figure from the original description
(Harris, 19609, fig. 18a).

TUBE MORPHOLOGY. Tubes are sinistral,
planospiral, with coil diameter notexceeding 1.5 mm;
unsculptured (Fig. 16A). The walls are fragile, white
opaque, probably non-porcellaneous.

TUBE ULTRASTRUCTURES. The wall is
two-layered, with the main layer having an 1OP
structure (Fig. 16B). Crystals are represented by
mostly elongated forms with irregular ends (up to
4 um long, 1.5 um wide), freely lying in the wall and
chaotically oriented. The material is poorly sorted

B — 00mwuit Bua MpoaoabHOrO CEeUeHHs], BUIHO, YTO CTEHKA CJIOXKEHA XaOTHYECKHU OPHUCHTHPOBAHHBIMU
MIPU3MATHYECKIMH KpHucTaiaMu (cTpykrypa IOP) ouens menkoro pasmepa; C — BHYTPEHHSSI 9acTh CTEH-
KM M OpraHudeckas MeMOpaHa, H300paxkeHne ciierka nckaxeHo JedexToMm npu cbemke; D — 1eHTpanbHas
4acTh CTeHKH; E — ocHOBaHWe TpyOKM Ha BHELIHEH cTopoHe obopora, F — neranu cTpoeHus IIacTHHKU
TIPUKPETIICHIS, UMEIOMIeH ChepynnTOBYyIO IPH3MAaTHIECKYIO CTPYKTYPY.

O6o3HaueHUs: IS — BHYTPEHHSS HOBEPXHOCTB; Is — HIDKHAS CTOpPOHA TPYOKHM; 0S — Hapy»kHasi HOBEPXHOCTb.
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Fig. 15. Romanchella quadricostalis: details of tube morphology and ultrastructures. A, B — tube of the
same specimen from different sides, note 5 teeth over the mouth; C—G — tube ultrastructures: C — general
view of the longitudinal section at the mouth area, showing interbedding parabolic sections with SPand RHC
structures; D — details of SP structure; E — details of RHC structure; F — general view of the longitudinal
section of a younger specimen showing RHC structure with thin inner covering SP layer; G — general view
of the longitudinal section across the whorl contact at in early growth stage, showing RHC structure of the
internal wall.

Abbreviations: is — inner surface; os — outer surface; we — tube wall on the external side of the next to last whorl;
wi— tube wall on the internal side of the last whorl. Large arrows indicate the direction of tube growth.
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by size and shape, and there is a huge number of
smaller rice grain-like crystals, as well as isometric
ones with irregular shapes. Near the inner surface,
crystals lie more or less parallel to the lumen and are
strongly consolidated with micritic matter. The outer
SPHP layer was observed only in one specimen. It
is very thin (~3 um) and consists of spherulites (Fig.
16B), oriented either chaotically or perpendicular to
the surface.

Inner organic lining is thin, but the details were
not established clearly.

TUBE MINERALOGY. Not studied due to
insufficient amount of material.

DISTRIBUTION. This species was recorded
from the Atlantic coast of South America, ranging
from Golfo San Jose to Puerto Deseado, Argentina,
and the Tristan de Cunha Islands in the South Atlantic.
It is also known from the Marion Island of the Prince
Edward Islands and the Crozet Islands, the southern
part of the Indian Ocean (Harris, 1969; Knight-Jones
P., Knight-Jones E.W., 1984; 1991; Rzhavsky, 1998).

ECOLOGY. Can be found from the littoral zone
to some unknown depth (no data available), being at-
tached to various algae (most typically, to Macrocystis
sp., including its surface-swimming parts).

Romanchella sepicula Rzhavsky, 1997
Fig. 16C-H.

Fordescription see Rzhavsky, 1997:239-242, fig. 3A-L.

MATERIAL EXAMINED. Two specimens and
multiple fragments (IPEE No. 2/2526, Marion Island,
Indian Ocean, 46°55.7°S, 37°54.1’E, on bryozoans,
depth 95 m) were studied with SEM in longitudinal
and transverse sections. External tube morphology was
illustrated using specimens from the aforementioned
sample and IPEE No. 1/2525 (Marion Island, Indian
Ocean, 46°46.2°S, 38°03.2°E, on hydrozoans or bryo-
zoans, 190 m) and figures from the original description.

TUBE MORPHOLOGY. Tubes are sinistral,
usually planospiral in juveniles and sometimes in
adults (Fig. 16D). Adult tubes are often loosely coiled
(Fig. 16C, D) or tower-shaped (Fig. 16F). The diam-
eter of the largest whorls of these specimens is ~0.7
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mm, while the height of tower-shaped specimens is
~1-1.5 mm. Tube walls are thin and fragile. Sculpture
is typically absent (Fig. 16C-E), or there is a single
low sharp keel running along the whorl periphery (Fig.
16F). Tube mouth is round, but in the tower-shaped
specimens, the adjacent upper surface bounded by
the sharp peripheral ridge is almost flat (Fig. 16F).
Tubes are white opaque.

TUBE ULTRASTRUCTURES. The wall is
unilayered (Fig. 16G, H) with IOP structure composed
ofelongated cylindrical crystals shaped like rice grains
(1-2 pm long and 0.4-0.5 um wide), cemented with
dense micritic matter. In the central zone of the wall,
crystalsare larger and stouter. In the inner third, they are
smaller and intermixed with small isometric crystals.
The outer and inner sides of the wall are consolidated
with abundant micritic matter.

Inner organic lining is thin, less than 1 pm.

TUBE MINERALOGY. Not studied due to
insufficient amount of material.

DISTRIBUTION. The CrozetIslands and Marion
Island of'the Prince Edward Islands, the southern part
of the Indian Ocean (Rzhavsky, 1997).

ECOLOGY. Specimens were collected from
75—195 m depth, found on hydrozoans and bryozoans
Idmidronea sp. and Caberea darwinii Busk, 1884.

Tube morphology of species not
covered with the SEM study

Nine species of the tribe Romanchellini
were not covered in the present study (Fig. 17).
These are: one species of Eulaeospira (E. arguta
(Bush in Moore et Bush, 1904)), five species
of Protolaeospira (P. (P.) calypso (Zibrowius,
1970); P. (P) cavata P. Knight-Jones et E.W.
Knight-Jones, 1994; P. (P.) gracei Vine, 1977,
P (P.) triflabellis P. Knight-Jones, 1973 and P.
(Dextralia) falklandica (Pixell, 1913)),and three
species of Romanchella (R. bicava P. Knight-
Jones, 1978; R. inventis (Harris, 1969) and R.
solea Vine, 1977).

Puc. 15. Romanchella quadricostalis: neranu ctpoenns TpyOOK U UX YABTPAaCTPYKTYphL. A, B — TpyOka on-
HOTO 3K3eMILIIpa, H1300paXKeHHast C Pa3HbIX CTOPOH, XOPOLIO 3aMETHBI 5 3yOLI0B HaJl yCTbeM, 00pa30BaHHBIC
MIPOJOJDKEHUEM 5 MPORoIbHBIX Kmitei; C—G — ynbTpacTpyKTypsl TpyOok: C — o0mmuit BU NpogoIbHOTO
CEUEHUsI B yCTbEBOH JacTn TPyOKH, Ha KOTOPOM BBISIBIISIETCSI IEPECTaUBAHIE CEKTOPOB POCTA C TTPOCTON MPH-
3Mmarudeckoit (SP) cTpykTypoil u cTpykTypoil okpymibix nzoMeTpuuHbix kpucramioB (RHC); D — neranu
CTPOGHHMSI IIPOCTOI IpH3MaTHIeckoit CTpyKTypsl (SP); E — nmeranm cTpoeHnst CTpyKTypsl OKPYIIBIX H30-
MeTpuaHbIX KpuctamioB (RHC); F — oOmmii Bua mpoaoiabHOTo CedeHns MOJIOA0T0 3K3EMIUISPa, Y KOTOPOTO
BuaHa RHC-cTpykTypa B OCHOBHOM 4acTH CTEHKU M TOHKUH cJ10# pocToii npusmaTuyeckoit (SP) cTpykTypsl
Ha BHyTpeHHel ctopoHe; G — o0mMii BU IIPOJIOIIEHOTO CEUCHUS Yepe3 30Hy CMBIKaHHsI 000pOTOB Ha paH-
HeW CTaanu, XOPOIIO BUIHO, YTO CTEHKA HA BHYTPEHHEH CTOpOHE 000pOTa NMEET OTHOCIONHOE CTPOSHHE
(cTpyKTypa OKpyIIbIX H30METPUUHBIX KpHucTaiioB, RHC).

O003HauCHNUS: IS — BHYTPECHHSISI TIOBEPXHOCTh; 0S — HAPY)KHAsl TOBEPXHOCTbh; We — CTEHKA Hapy»KHOW CTOPOHBI pAHHETO
06opoTa; Wi— CTeHKa BHYTPEHHeii CTOPOHBI I03/[Hero 060poTa. Boibliie CTpeIKH 10Ka3bIBAIOT HALPABIICHHE POCTa TPYOKH.
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Fig. 16. Romanchella scorebyi (A, B) and Romanchella sepicula (C—H): details of tube morphology and
ultrastructures. A, B— Romanchella scorebyi: A— tube (from Harris, 1969: fig. 18a); B — general view of
the longitudinal section showing IOP structure with large crystals and thin outer covering layer with SPHP
structure. C—H — Romanchella sepicula: C-F — tubes, C—E — unsculptured (typical) variation (C, D —
IPEE No. 1/2525; E — IPEE No. 2/2526); F — tower-shaped variety with a single keel running along the
periphery of the whorl (from Rzhavsky, 1997: fig. 3A); G, H — general view of the longitudinal sections in
two specimens, showing IOP structure with large-sized crystals (Fig. 16G probably represents the area of
whorls contact).
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Eulaeospira arguta (Fig. 17A) has a small
planospiral and thin-walled white tube, ~1 mm
in coil diameter. The tubes show a single keel on
the upper side of the tube, running along most
of its length except for the terminal part, which
is often smooth with the mouth part growing
upwards from the substrate (Pillai, 1960). The
presence of a median keel clearly differentiates
E. arguta from E. convexis described above.

All five species of the genus Protolaeospira
not covered here are known only from their
original descriptions. The tubes of the subgenus
Protolaeospiras.str. are quite variable in external
morphology. However, they are always sinistral
(coiled clockwise) and are usually thick-walled
and hard to break.

Protolaeospira (P.) calypso, according to
Zibrowius’ (1970) description, has planospiral
unsculptured white tubes with coil diameters up
to 2.5 mm, but the tubes have never been illus-
trated. Tubes of Protolaeospira (P.) cavata (Fig.
17B, C) were originally described as “sinistral,
round in cross-section, with a single median
ridge, coiled in one plane, or with successive
whorls one upon the other forming a tower”
(Knight-Jones P., Knight-Jones E.W., 1994). The
coil diameter of the tower-shaped modification,
judging from the figures, is about 2 mm. Tubes
of P. (P) gracei (Fig. 17D) were characterised
by Vine (1977) as planospiral with coil diameter
up to 2.8 mm, bearing a single median keel, with
white and somewhat porcellaneous walls, hard to
break. Protolaeospira (P)) triflabellis (Fig. 17E,
F) has planospiral tubes with coil diameters up to
4 mm and frequent regularly spaced transverse
ridges; tube walls are “thick and hard, but in no
way translucent” (Knight-Jones P., 1973). By its
remarkable transverse sculpture, this species is
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indistinguishable from the sculptured variety of
P. (P). eximia, described above.

The tube morphology of P. (D.) falklandica
(Fig. 17G) falls within the described intraspecific
variability of P. (D.) stalagmia, described above
(see Knight-Jones P., Walker, 1972). The original
description lacks tube illustrations, but Harris
(1969) provided them using the type material.

Tubes of Romanchella spp. are also variable
in their external morphology, and all three spe-
cies not covered in the present study are known
only from their original descriptions.

Romanchella bicava (Fig. 17H) is the only
species of the genus showing dextral (anticlock-
wise) coiling. According to P. Knight-Jones
(1978), the tube is planospiral with a coil diameter
of up to 1.8 mm, three distinct keels (however,
four are seen on her drawing) and thick tube
walls. No data are available on the tube colour
and transparency, but based on the ultrastructures
of studied Romanchella species, it is expected
to be white opaque because SPHP/SP structures
that result in transparency (Ippolitov, Rzhavsky,
2008, 2015b) are relatively poorly developed in
Romanchella. Tubes of R. inventis (Fig. 171) were
initially described and figured by Harris (1969)
as planospiral with coil diameter up to 1 mm,
white opaque and unsculptured. Romanchella
solea (Fig. 17], K), according to Vine (1977),
has planospiral tubes with coil diameters up to
2 mm and three or four keels; its walls are thick,
white and porcellaneous.

Discussion

Remarks to fossil Romanchellini, described
in the literature. There are two unequivocal
records of fossil romanchellins, closely related

Abbreviations: is — inner surface; os — outer surface; ?we — questionable tube wall on the external side of the next-to-last
whorl; ?wi— questionable tube wall on the internal side of the last whorl. Large arrow indicates the direction of tube growth.
Puc. 16. Romanchella scorebyi (A, B) u Romanchella sepicula (C—H): neramu cTtpoeHns TpyOOK U UX yib-
TpacTpyKTypsl. A, B — Romanchella scorebyi: A — TpyOka (u3 Harris, 1969: fig. 18a); B — o0mmii Buzg
MIPOJIOJIBHOIO CEUEHMsI, Ha KOTOPOM BHJHA CTPYKTypa XaOTHUECKU OPUEHTHPOBAHHBIX NMPU3MATUYECKUX
kpuctamios (IOP) u Tonkuii BHEIHNIT c10#i co cdepynuroBoit mpusMarmdeckoit (SPHP) crpykrypoit. C-H —
Romanchella sepicula: C—F — tpy0xu, C—E — HeckyapnTupoBanHas (Hanboiee THIMYHAS ) PA3HOBUIHOCTh
(C, D—IPEE Ne 1/2525; E—IPEE Ne 2/2526); F — GatieHKOBUIHASI Pa3HOBHIHOCTb C MPOIOIBHBIM KHJIEM
Ha BHeIIHel ctopone obopota (n3 Rzhavsky, 1997: fig. 3A); G, H — oOmwuii Bux npofoIbHBIX CedeHnH B
JBYX PAa3IMUHBIX K3EMIUIIPax, TOKA3bIBAIONINN CTPYKTYPY Xa0THUECKHX OPHEHTUPOBAHHBIX TPU3MaTHUE-
ckux kpucrawioB (IOP), chopmupoBannyto kpynHbiMu sneMenTaMu (Puc. 16G, nmo-BuanMoMy, MoKka3bIBaeT
CMBIKAIOIIHECS 000POTHI).

OG6o3HaueHus: is — BHYTPEHHSA IMOBEPXHOCTH, OS — Hapy’KHas IOBEPXHOCTH, we — BEPOATHO, CTCHKA Hapy)KHOﬁ
CTOPOHBI paHHETro 000poTa; ?Wi — BEpPOSTHO, CTEHKAa BHYTPEHHEH CTOPOHBI MO3/1HET0 000poTa. bonbinas crpenka mo-
Ka3bIBACT HANIPABJICHUE POCTA TPYOKH.
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P.(P) cavata P(P) gracei

Eulaeospira

Ilmm>~__

" P(P) triflabellis

P.(Dextralia) falklandica

I mm
—

Protolaeospira

R bicava R. inventis

0.5 mm
—_—

Romanchella

Fig. 17. Tubes of Romanchellini species not covered in the present study. A — Eulaeospira arguta (from
Pillai, 1960: fig. 14D; as “Spirorbis (Laeospira) orientalis™); B, C — Protolaeospira (Protolaeospira) cavata
(from Knight-Jones P., Knight-Jones E.W., 1994: fig. 4A, B); D — Protolaeospira (Protolaeospira) gracei
(from Vine, 1977: fig. 15A); E, F — Protolaeospira (Protolaeospira) triflabellis: E— (from Knight-Jones P.,
1973: fig. 2a); F — paratype AMRI W.4474; G — Protolaeospira (Dextralia) falklandica (from Harris, 1969:
text-fig. 6a); H — Romanchella bicava (from Knight-Jones P., 1978: fig. 16A); | — Romanchella inventis
(from Harris, 1969: text-fig. 10a); J, K — Romanchella solea (from Vine, 1977: fig. 22a, b): J — solitary
tube; K — adult tube overgrown by Paralaeospira levinseni Caullery et Mesnil, 1897.

Puc. 17. TpyOku mpencraBureneii TpuObl Romanchellini species He u3ydeHHBIE B XOI€ HACTOSIIETO
uccienoBauusi. A — Eulaeospira arguta (w3 Pillai, 1960: fig. 14D; kax “Spirorbis (Laeospira) orientalis™);
B, C — Protolaeospira (Protolaeospira) cavata (u3 Knight-Jones P., Knight-Jones E.W., 1994: fig. 4A, B);
D — Protolaeospira (Protolaeospira) gracei (u3 Vine, 1977: fig. 15A); E, F — Protolaeospira (Protolaeo-
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to extant species as can be recognised by their
characteristic tubes (cf. Romanchella perrieri
from the Castlecliffian of New Zealand (Pleis-
tocene, 1.63—-0.34 Ma), see Vine in Fleming,
1974 and the original record by Fleming, 1972;
and Helicosiphon biscoeensis from the Holo-
cene strata of the Antarctic coast, see Pickard,
1985). Besides, there are two more ancient
records of potential romanchellins, which can
now be re-interpreted at least from the point of
their tube morphologies — while the data on
well-preserved tube ultrastructure in these fos-
sils, similar to those introduced by Koci et al.
(2022), are still lacking.

“Spirorbis sp. B” from the Altonian of New
Zealand (lower Miocene; 18.7-15.9 Ma) figured
by Fleming (1972), was compared both to extant
species Pileolaria militaris Claparéde, 1870
(tribe Pileolariini) and to Protolaeospira by
Vine (in Fleming, 1974), with a preference to
the former option. The examination of Fleming’s
originals, kept in GNS Science (Lower Hutt,
New Zealand) revealed that they have porcel-
laneous tube surface, not typical for Pileolaria
at all (see descriptions in Rzhavsky et al., 2014,
2018; Ippolitov, Rzhavsky, unpubl.). In our
opinion, these fossils are best compatible with
Protolaeospira because of their size (3.5 mm in
coil diameter of largest specimens vs 2, rarely 3
mm in most Pileolaria spp. — see Knight-Jones
P. et al., 1979; while the largest Protolaecospira
species, P. (P) eximiaand P. (D.) stalagmia, may
attain 5 and 6 mm, respectively) and character-
istic transversely rugose surface, which can be
observed in many Protolaeospira species (see
Figs 8A,B; 10F, F; 11B-C, 12A—C in the present
paper). The latter feature differentiates “Spirorbis
sp. B” from another large-sized romanchellin
genus, Helicosiphon, which has more or less
smooth tube surfaces (see Figs 2A, B; 3A, B in
the present paper).

More ancient Metalaeospira pileoformis
Lommerzheim, 1981 from the Palacocene (Se-
landian—Thanetian, Globorotalia pseudomenardii
Zone, 60.75-57.1 Ma) of the NW Pacific Emperor
Seamount chain falls far aside from the known
geographical range of extant Metalaeospira,
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confined only to the middle and high latitudes of
the Southern Hemisphere, and does not belong to
this genus. Itis hardly compatible with any known
extant spirorbin due to its very multiple (5-7,
according to Lommerzheim, 1981) longitudinal
keels and the massive opercular cap.

Patterns and variations. Romanchellini are
very uniform in having 100% calcitic tubes (ex-
cept Metalaeospira pixelli,inwhich 3% aragonite
content was registered — and this may result
from some alien carbonate skeleton attached
to the analysed tube). However, Romanchellini
demonstrate an outstanding ultrastructural vari-
ability spectrum compared to that previously
observed for tribes Paralacospirini, Spirorbini
and Circeini altogether (Ippolitov, Rzhavsky,
2014, 2015a, b). By the shape of crystals within
the central part of the wall, three main types
of fabric constituting oriented prismatic (IOP)
structure may be distinguished:

IOP,—prismatic crystals of regularrice grain
shape, with rounded blunt ends (e.g., Fig. 1C);

IOP, — crystals of irregular angular shape
poorly sorted by size. Both micro-spherulites and
prismatic crystals are intermixed (e.g., Fig. 8E);

IOP,—large crystals ofaregular peanut-like
shape (peanut-like spherulites) that can penetrate
each other (e.g., Figs 9F, 11F, 12H). This variety
isanexample ofa gradual transition to spherulitic
irregularly oriented prismatic (SIOP) structure
(cf. Figs 31, 12G).

It should be noted, that within a single tube,
any number of varieties listed above can be
present.

Eulaeospira convexis and Romanchella
perrieri clearly stand out from the observed
diversity of romanchellin structures. Both have
unilayered tubes with IOP, structures and no
traces of SPHP/SP structures, but further details
differ. Eulaeospira convexis differs from most
Romanchellini by a high Mg content in calcite
(main peak at d=3.010 A vs 3.018-3.044 A in
mostromanchellins, except P, (P) tricostalis and
P.(P)striata). Romanchella perrieridiffers from
other Romanchellini not only by its unilayered
IOP | tube, butalso by having alveoli, resembling

spira) triflabellis: E— (u3 Knight-Jones P., 1973: fig. 2a); F — naparun, AMRI W.4474; G — Protolaeospira
(Dextralia) falklandica (u3 Harris, 1969: text-fig. 6a); H — Romanchella bicava (w3 Knight-Jones P., 1978:
fig. 16A); I — Romanchella inventis (u3 Harris, 1969: text-fig. 10a); J, K — Romanchella solea (13 Vine,
1977: fig. 22a, b): J — ogunounas tpyoxa; K — B3pocinas Tpybka, oOpociiast cnupopOHHaMu APYroro BUja,

Paralaeospira levinseni Caullery et Mesnil, 1897.
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those of Januini (comparison to be provided in
the Part V of the present series).

The other Romanchellini may be subdivided
into 4 groups (Table S1), based on the shape of
crystals making IOP structure of the main layer
and the presence/absence of SPHP layers along
the inner and outer wall surfaces.

Group A includes all Helicosiphon, Metal-
aeospira, and Protolaeospira (Dextralia) sta-
lagmia and is characterised by a well-developed
outer SPHP layer with spherulites’ characteristic
irregular orientation and by the presence of [OP /
IOP, crystals in the main layer, where they can be
intermixed with each otherand with IOP  crystals.

Group B includes most of the studied Proto-
laeospira species, except for P. (D.) stalagmia
(—Group A) and P. (P) pedalis (—Group C).
The essential characteristic of Group B is the
presence of SPHP/SP layers along both the inner
and outer wall surfaces. Extensive development
of SPHP structures leads to a full or partial reduc-
tion of the main IOP layer in Profolaeospira (P.)
augeneriand P. (P) striata, respectively, making
the tube vitreous. Macroscopically, members of
Group B typically have well-developed trans-
verse sculpture, represented by irregular flaring
peristomes or modified into regular transverse
ridges (as in P. (P) eximia, and questionably, P.
(P.) triflabellis).

Group C includes P. (P) pedalis and two
Romanchella species (R. scoresbyi and R.
sepicula). The close phylogenetic relationship
between the members of this small group with
unilayered tubes is not confident. In fact, such
an interpretation is based on the assumption
that the observed tube structure is derived from
those typical for Groups A or B via reduction
of outer (and, questionably, inner) SPHP layers,
but such a process could occur independently in
different lineages. Among members ofthe group,
R. sepicula does not show traces of SP/SPHP
structures, while the other two show residual
inner SP layers. The IOP, crystals of the central
part of the wall in all three species are similar to
those observed in Groups A and B.

Group D includes Romanchella pustulata and
R. quadricostalis, which demonstrate the pres-
ence of a unique rounded homogeneous crystal
(RHC) structure made of tiny isometric crystals.
In R. quadricostalis, this type of structure is
interbedded with SP structure along chevron-
shaped growth lamellae. This structure seems
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to be a secondary derivate of IOP, , structures
combined with the presence of the inner/outer
SPHP layers (see “Phylogenetic significance”
below).

The proposed groups correlate well with the
taxonomic classification: Group A includes all
Helicosiphon and Metalaeospira; Group B —
most of Protolaeospira; Group C — most of
Romanchella, while Group D includes species
within Romanchella. Using ultrastructures for
precise generic attribution is mostly impossible.
However, two ultrastructural types (unilayered
SPHP/SP wall with reduced main IOP layer and
three-layered tubes with well-developed both
inner and outer SPHP/SP layers) always charac-
terise subgenus Protolaeospiras. str. thatcan also
be recognised by its tendency to have transverse
sculpture. Also, it should be noted that species of
the genus Protolaeospira are incorporated into
three different groups (B, C and D), which may
be explained by the possible polyphyletic nature
of this genus (see also Rouse ez al., 2024: figs
3, 4). Another pair of taxa, Metalaeospira and
Helicosiphon,which have similar ultrastructures
of'the tube and both belong to the Romanchellini
Group A, are not likely to be closely related
(Rouse et al., 2024: figs 2—4).

To conclude, among Romanchellini, there is
no one tube character that could be interpreted
as a clear synapomorphy for all the species
included in the tribe: the only common feature
is the absence of aragonite (=100% -calcitic
composition). However, such a mineralogical
composition is common for other spirorbin tribes
(see Ippolitov, Rzhavsky, 2014, 2015a, b) and
for many serpulins and filogranins as well (see
Vinn et al., 2008; Smith et al., 2013).

Comparison with other Spirorbinae. Vari-
ability in tube ultrastructures within Roman-
chellini makes tribe-to-tribe comparison prob-
lematic since Romanchellini do not demonstrate
a clear common pattern that would characterise
the entire tribe. So below, we compare previously
studied tribes with ultrastructural groups A—D
of Romanchellini (see above).

Paralaeospirini (see Ippolitov, Rzhavsky,
2014) have unilayered tubes with IOP, structure,
which are comparable among Romanchellini
only to that found in Romanchella perrieri and
Eulaeospira convexis. However, in the former
species, the presence of the alveoli makes confu-
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sion with Paralaeospirini impossible. The second
species, Eulaeospira convexis, is indistinguish-
able from Paralaeospirini both by tube ultrastruc-
ture and tube morphology, thus suggesting that
the original placement of Eulaeospira within
Paralaeospirini (Knight-Jones P., Fordy, 1979),
which was recently re-established in Rouse et
al. (2024), is likely to be correct. However,
IOP  structure is extremely widespread not only
among other Spirorbinae (Ippolitov, Rzhavsky,
2015a)butalsoamong non-spirorbin Serpulidae
(Vinn et al., 2008; Ippolitov, unpubl.). Other
members of Romanchellini cannot be confused
with Paralacospirini. Members of groups A and
B usually have well-developed SPHP layers
that are absent in Paralacospirini. Romachellini
Group C has unilayered tubes with IOP, fabric,
not IOP, as in Paralaeospirini, while Group D
is disctinct because of its recognisable RHC
structure and local presence of SP/SPHP layers.
Paralaeospira adeonella Day, 1963 attributed to
the tribe Paralaeospirini, has a transparent tube,
thus it probably has SP wall structure. However,
its taxonomic position requires revision — this
species may belong to Protolaeospira s. str.,
judging from the presence of regular transverse
sculpture characteristic for romachellin Group B
(see Ippolitov, Rzhavsky, 2014: 308).
Spirorbini (see Ippolitov, Rzhavsky, 2015a)
usually have IOP fabric ofthe main layer, some-
times combined with an unevenly developed
SPHP outer layer. Such an architecture makes
Spirorbini comparable with certainromanchellin
species — Eulaeospira convexis, Romanchella
perrieri and members of Group A. Eulaeospira
convexis and Romanchella perrieri are charac-
terised by the absence of SPHP layer in standard
section. They are indistinguishable by ultrastruc-
ture from those of Spirorbini, which lack SPHP
layers (=”Spirorbini group A” sensu Ippolitov,
Rzhavsky, 2015a). Members of Romanchellini
Group A are typically characterised by the pres-
ence of the IOP, fabric, which differs from the
IOP, of Spirorbini. An ultrastructurally unique
member of Spirorbini, Spirorbis rothlisbergi P.
Knight-Jones, 1978, has a three-layered tube
comparable to the members of romanchellin
Group B. However, the IOP, fabric of the main
layer in S. rothlisbergi is incompatible with the
I0P, fabric of romanchellin Group B. Therefore,
only Eulaeospira convexis and Romanchella
perrieri can be confused with Spirorbini.
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Circeini (see Ippolitov, Rzhavsky, 2015b)
are characterised by two main ultrastructural
types: three-layered tubes with well-developed
SP/SPHP outer and inner layers in Circeis de
Saint-Joseph, 1894 and unilayered SP tubes in
Paradexiospira Caullery et Mesnil, 1897. Both
these architectures were found in Romanchellini
(in particular, in Group B, which includes most
Protolaeospira s.str.). However, the coiling
direction, strictly sinistral in Romanchellini
Group B and predominantly dextral in Circeini,
provides a reliable recognition criterion. The
second important point of difference is the axis
of parabolic growth lamellae, which is strongly
displaced to the outer side in Protolaeospira and
only slightly in Circeini. The transitions from
three-layered white porcellaneous (SPHP-IOP—
SPHP) to unilayered transparent (SP to SPHP)
tubes in both tribes are apparently convergent,
as ‘transitional’ taxa in both tribes demonstrate
different structures. In Circeini, Circeis spirillum
(Linnaeus, 1758) shows the reduction ofthe main
layer via its gradual transformation into SIOP
structure coupled with thickening of inner and
outer SPHP layers, while in the romanchellin
Protolaeospira striata transition to SP struc-
ture appears to be a result of numerous growth
stops, each causing the development of thick
SP/SPHP layer running along growth lamellae
and locking original IOP structure in ‘pockets’
between these stops (cf. Fig. 10H). A similar
intercalation of ultrastructures was described
for longitudinal internal sculpture (so-called
“internal tube structures”, or ITS) of the serpulin
genus Spiraserpula Regenhardt, 1961 (see Vinn,
2007: fig. 4.6).

Comparison with extant Januini and Pileo-
lariini will be provided in subsequent parts of
the present study.

Phylogenetic significance. In their recent
phylogenetic analysis of Spirorbinae based on
both molecular and morphological datasets,
Rouse et al. (2024) analysed six species of
Romanchellini— Metalaeospira tenuis, Helico-
siphon biscoeensis, Protolaeospira cf. capensis,
P, cf. eximia, P. cf. tricostalis and Romanchella
quadricostalis. All these nominal species were
covered in the present study. According to
Rouse et al. (2024), M. tenuis is the sister group
to the rest of their studied taxa. Therefore, its
ultrastructures (thick main IOP layer with outer
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SPHP layer, often distributed irregularly and
with spherulites often not strictly aligning the
tube surface; Group A) can be expected to be
plesiomorphic relative to other members of the
tribe. Therefore, the development of strongly
consolidated tubes with developed SP/SPHP
layers, and especially with missing main IOP
layer in Protolaeospira s. str. having entirely
transparent tubes (P. (P) augeneri and P. (P)
striata; both Group B), is an apomorphic state.
We also observed a transition from the three-
layered tube SPHP-IOP-SPHP to the unilayered
SP/SPHP wall in the ontogeny of P. (P) striata.
The assumption of the apomorphic nature of the
unilayered SP/SPHP wall is in agreement with our
previous observations on Circeini, which show
a comparable ultrastructural variety (Ippolitov,
Rzhavsky, 2015b).

The transitions between different types of IOP
fabric within the studied tribe are still hypotheti-
cal. IOP, looks to be a basic state, as this kind of
fabric is common not only among Spirorbinae
(including Paralaeospirini, Spirorbini, Januini
—see Ippolitov, Rhzavsky,2014,2015a,and un-
publ.) but also among non-spirorbin Serpulidae
(seeVinnetal.,2008). Besides, in Metalaeospira
pixelli, we observed the ontogenetic transition
from IOP, fabric in the early whorls to I0P,
fabric in the last whorl.

RHC structure found in two rather specialised
species (Romanchella pustulata and R. quad-
ricostalis), was previously known in a single
non-spirorbin serpulid species Pomatostegus
stelllatus (Abildgaard, 1789) (see Vinn ef al.,
2008), which is close to the filogranin/spirorbin
divergence node inserpulid phylogeny (Kupriya-
nova et al., 2023). However, in Romanchellini,
RHC structures are found in members of the
genus Romanchella, which do notseem to be the
least specialised among the tribe, as it follows
from the phylogeny of Rouse et al. (2024); be-
sides, all Romanchellini have advanced brooding
scheme. Therefore, RHC structure in spirorbins
is likely to be an apomorphic feature relative
to IOP structure rather than a plesiomorphic
character occasionally preserved in a few taxa.

Ecological implications. In summary,
Romanchellini show a wide variation of wall
ultrastructures ranging from arguably plesiomor-
phic types (unilayered IOP) to highly complex
and specialised types (three-layered SPHP-
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IOP-SPHP and unilayered SP/SPHP). Like in
Spirorbini and Circeini (see Ippolitov, Rzhavsky,
2015a,b), some groups of Romanchellini show a
clear trend towards consolidation ofthe outer and
inner zones of the walls by strongly developed
SPHPlayers and their further transformation into
unilayered SP structure. The extensive diversifi-
cation of oriented structures (SPHP, SP), as well
asatendency to consolidate the main layer of the
tube (transition from IOP, to IOP, type), can be
aresult ofadaptation to habitats in environments
with stronger hydrodynamics and sand abrasion.
Notably, Protolaeospira spp. typically selecting
stones and shell debris as the preferred type of
substrate are characterised by the thickest tubes
within the tribe. On the contrary, thin-walled
Metalaeospira spp. mosttypically attach to algae;
their relatively loose microstructure may be due
to the selective advantage of having lightweight
tubes in such conditions. The adaptation to rocky
environments in Protolaeospira is an example
of areverse ecological transition within Spiror-
binae, basically diverging from other serpulids
because of their adaptation to the settlement of
flexible and ephemeral substrates (Ippolitov et
al.,2014).

Supplementary data. The following materials
are available online.

Table S1. Main tube characters for studied
Romanchellini and subdivision into Groups A—C.
Abbreviations: arag — aragonite; calc — calcite;
D — dextral (anticlockwise) coiling; S — sinistral
(clockwise) coiling.
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Table S1. Main tube characters for studied Romanchellini and subdivision into Groups A—D. Abbreviations: arag — aragonite; calc — calcite; D — dextral (anticlockwise) coiling; S — sinistral (clockwise) coiling.

Tabmuma S1. OcHOBHEIE YepTHI CTPOSHUS TPYOOK M3ydeHHBIX BUI0B Romanchellini n ux pasnenenue Ha rpynmsl A—D. YcnoBHbIe 0003HaUSHHS: arag — aparoHuT; calc — KaiapIuT; D — mpaBo3akpydeHHbIe (IPOTHB YaCOBOH
CTpenku) TpyOKH; S — JeBo3aKkpydeHHBIE (TI0 YaCOBOM CTpeiKe) TPyOKH.

External morphology Mineralogy Ultrastructures
Gr Species Max coil Coil Longit Arag/ Mg Dense Main layer and Dense
oup diameter n udinal Transverse sculpture Transparency Surface calc content outer crystal size inner micrite additional
(mm) & keels ratio [ in calcite layer (um) layer
8 | E. convexis 1 S 0 1rregu1ar infrequent opaque porcellaneous 0/100 High - 10P, - low
& peristomes 3
§ R. perrieri 1.5 S 4 alveoli opaque porcellaneous 0/100 | average - IOSP1 - 1(})1;2;10
. . " B ) irregular IOP, » B locally OF structure was
H. biscoeensis n/a S 1 opaque non-porcellaneous 0/100 low SPHP 5.6 average observed
H. platyspira 5 S 0 - opaque non-porcellaneous 0/100 | average lrgi)g}ﬁ,ar IO;’LZ - average
. _ irregular IOP, 5 to SIOP B
M. armiger 3 S 3 opaque porcellaneous 0/100 | average SPHP 45 low
. ipheral flange is formed by
. 0/100 uneven IOP, 5, 7 high to periphe
A M. clansmani 3 S 0 - opaque porcellaneous - low SPHP 150 - average extensions olt;i 31; outer SPHP
M. pixelli 3(4?7) S 0-1 - semivitreous porcellaneous 3/97 low irregular 10Py; - low
SPHP 3
1OP low to
M. tenuis 3 S 0-1 - semivitreous porcellaneous ? ? SPHP | 5_5’35 - mediu
S5-2. m
P.(D.) uneven 10OP; >3 to SIOP
stalagmia 6 D M3 - opaque porcellaneous 0/100 | average SPHP up to 8-10 - low
. irregular infrequent vitreous/ B - SP/ B
P. (P.) augeneri 2.5 S 0(2) peristomes semivitreous 0/100 low SP/SPHP (reduced) SPHP SIOP attachment area
indistinct vitreous/ orcellaneous 10P uneven
P. (P.) capensis 2 S 0-1 . . semivitreous P 0/100 | average SPHP : low
irregular peristomes thin bands (background) 2-4 SPHP
regular ridges opaque porcellaneous 0/100 low SPHP IOPl’z’gfg SIop SPHP low
B P. (P.) eximia 5 S 0 :
irregular peristomes b\;lc:r\sg?ssh - not studied
. . N _ uneven I0P, locally, IOP may transform
P. (P.) tricostalis 2-2.5 S 0(2) opaque porcellaneous 0/100 low SPHP 67 SPHP low into SIOP
. In early growth stages, the
. . . . . reduced SP/ mediu .
P. (P.) striata 3 S 0 regular/ irregular ridges vitreous - not studied SP/SPHP (locally IOP5) SPHP m mlddlesig::ulsgs 10P,
. I0P, (residual
_ ? _
P. (P.) pedalis 2 S 0(@3) opaque ? 0/100 low 2.5 (up to 5) SPHP) low
C R. scoresbyi 1.5 S 0 - opaque non-porcellaneous not studied - IO4P2 (reglI()i)u al low
R. sepicula 0.7 S 0-1 - opaque porcellaneous not studied - IIOSP_I 22 - high
R. pustulata 4 S 0 - opaque non-porcellaneous 0/100 high - RHC tlo 10P, - high SPHP basal plate
intercalation of growth lamellae with .
D RHC (0.5-1) and SP structure in adults
R. quadricostalis 2.5 S 4-5 - opaque porcellaneous 0/100 high - RHEC high
SP 051 Sp in juveniles

*ascending portion of the tube may demonstrate angular cross-section with 4 indistinct keels (mpumnogauMaroriasics BBepx oT cyOcTpaTa 4acTh TpyOKH MMeEET HeNIPaBIIHHO-YITIOBATOE CEUEHHEe, HHOTAA ¢ 4 TpaHsIMH)
**doubtful (shifted) aragonite peak was registered (3adpukcupoBaH COMHUTENBHBIN CMEIIEHHBIA MK, KOTOPBIH MOXKET YKa3bIBaTh Ha MMPUCYTCTBHE aParoHNTA).



