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Early to Late Eocene bryozoans from the La Meseta Formation of Seymour Island were collected at two localities within the
Cucullaea | Allomember (Telm4 and Telm5) on the northwestern side of the island and in two localities within the Submeseta
Allomember (Telm6 and Telm7) on the northeastern side. This fauna is represented by cyclostomes of the suborders
Tubuliporina and Cerioporina and suborders of Neocheilostomata, among which nine species have been recognized. The
following new species are introduced: Micropora nordenskjoeldi sp. nov., Lunulites marambionis sp. nov., Otionellina
antarctica sp. nov. and Otionellina eocenica sp. nov. Some other taxa recognized in the studied material, such as Reticrescis
plicatus, Uharella seymourensis and Celleporaria mesetaensis, were previously described from the lowermost (Telm1) or
uppermost parts (Telm6-7), thus their stratigraphical ranges within the La Meseta Formation are extended. The diverse
growth-forms of the bryozoans include a sole ball-shaped celleporiform colony and reticulated and bilamellar-foliaceous col-
ony, as well as rich encrusting and free-living forms (so-called sand faunas), indicating the existence of locally restricted
shallow-marine environments. This is particularly true in the middle and upper parts of the La Meseta Formation (Telm4-7).
Reticulated, spheroidal and robust, branched colonies, which thrived in the environmental conditions of the lower part
(Telm1), are represented only by a sparse bryozoan biota in the upper part of the La Meseta Formation. Lunulitiforms, such
as Lunulites and Otionellina which are warm water, free-living bryozoans, dominate in the siliciclastic sediments of Telm5,
but erect folded sheets forming a shell bed composed of ? Goodonia occurin Telm6-7. These three genera are recognized in
Antarctica for the first time. The austral genus Otfionellina has its earliest fossil record here, showing close biogeographical
links with the Late Eocene—Miocene faunas of Australia and New Zealand. The taxonomic composition of the studied fauna
together with their growth forms is a very good tool for reconstructing palasoenvironmental conditions in the middle and up-
per parts (Telm4—7) of the La Meseta Formation, deposited during the Late Ypresian—Priabonian.
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INTRODUCTION and Hara (1994) and later described by Hara (1997, 1998, 2001,
2002, 2007, 2015) and Taylor et al. (2008b) in a series of sys-

tematic works. The richest bryozoan assemblage was docu-

Seymour Island is located at the northeastern tip of the Ant-
arctic Peninsula, where the excellent vertical and lateral expo-
sures allow unprecedented access to Late Cretaceous—Early
Paleogene marine faunas and floras at the high palaeolatitude
of 65°S (Zinsmeister and Feldmann, 1984; Feldmann and
Woodboumne, 1988; Zinsmeister, 1991; Gazdzicki, 1996, 2001;
Bienkowska-Wasiluk et al., 2013).

The Eocene bryozoans from the La Meseta Formation (LMF)
of Seymour Island were reported for the first time by Gazdzicki
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mented from the lowermost part of the LMF (sites ZPAL 1,
ZPAL 5 and ZPAL 11-12) exposing a 2 metre thick basal layer of
Telm1 in the northwestern part of the island (Hara, 2001). The
bryozoan fauna here comprises 43 species of the dominant
cerioporine cyclostomes along with cheilostomes belonging to
microporoideans, and umbonulomorph and lepraliomorph
ascophorans, where the majority of colonies show multilamellar
growth. The strata are composed of poorly consolidated sand-
stones and siltstones, which represent the lowermost part of the
LMF (Telm1, see Sadler, 1988) or the Valle de las Focas
Allomember sensu Marenssi et al. (1998), and they are inter-
preted to be of Early Eocene age (52-54 Ma; see Lopez-Cabrera
and Olivero, 2011).

Three studies of the Early—Middle Eocene bryofauna from
the LMF give a combined total of 45 species to date (Hara,
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2001, 2002; Taylor et al., 2008b). Some new records of bryo-
zoan internal moulds from the lowermost part of this formation
have been added more recently (Hara, 2015). Other Southern
Hemisphere Early Eocene bryozoans, which pre-date the La
Meseta bryofauna, were described from Chatham Island, New
Zealand. These very speciose and taxonomically diverse fau-
nas consist of a total of 119 species, of which 62 were new to
science, many representing the oldest fossil records of particu-
lar taxa (Gordon and Taylor, 1999, 2015). Investigations of the
basal facies of the South Maslin Sands of the Middle to Late
Eocene Tortachilla Limestones of the St. Vincent Basin, South
Australia, have revealed the presence of >250 species
(Schmidt and Bone, 2001, 2003), among which the free-living
lunulitiform bryozoan Otionellina cf. exigua occurs in relatively
unconsolidated sediments containing goethite pellets, probably
deposited within the wave base zone (Schmidt, 2007). Taxo-
nomic research on Southern Hemisphere Eocene bryozoans
has been sparse, but the early twenty-first century has seen an
increase in taxonomic studies (Gordon and Taylor, 2015). The
earlier taxonomic studies from the Late Eocene of the Otway
Basin by Maplestone (1904), and other taxonomic and phylo-
genetic work of Gordon and Braga (1994) together with records
from the Eocene of the LMF (Hara, 2001, 2002), may potentially
be used to evaluate the biogeography of the Austral Eocene
bryozoans in relation to palaeolatitude and circulation (Gordon
and Taylor, 2015).

The bryofauna from the middle and upper part of the LMF
(Late Ypresian—Priabonian), which is the focus of the current
paper, was collected from shallow-water marine horizons of the
Cucullaea | Allomember (Telm4-5, Ypresian) and from the
Submeseta Allomember (Telm6—7, Lutetian and
Bartonian/Priabonian) during three Argentine-Swedish Antarc-
tic campaigns (2011-2013). The main objective of the paper is
to describe the nine species from the LMF. These include two
cyclostomes, represented by the tubuliporid ?/dmidronea sp.
and the cerioporine Reticrescis plicatus, together with seven
cheilostomes belonging to the Neocheilostomatina, i.e. the
microporoideans, Micropora nordenskjoeldi sp. nov., Lunulites
marambionis sp. nov., Otionellina antarctica sp. nov. and
Otionellina eocenica sp. nov., and the lepraliomorphs,
Celleporaria mesetaensis and as well as the brydonellid
umbonulomorph  Uharella seymourensis and another
adeonellid umbonulomorph represented by the incertae sedis
genus Goodonia described here as ?Goodonia sp. This fauna
adds a valuable new record of bryozoans from the middle part
of the LMF (Telm4-5), which have never been described from
Antarctica, as well as those which were formerly described from
the lower or uppermost parts of the LMF (Telm1, 6-7). It also
extends the stratigraphical occurrence of some taxa, which pre-
viously were recognized either from the lower or upper parts of
the LMF. The Antarctic La Meseta bryofauna helps to fill a gap
in the knowledge of the Southern Hemisphere bryozoans, par-
ticularly because it adds either the earliest occurrences or first
fossil records from this continent.

Mineralogically, the bryozoan skeletons from the middle
part of the La Meseta Formation (Telm4-5) are formed of inter-
mediate-Mg calcite (IMC). The initial examination using
XRD-diffraction has proved the presence of the traces of ar-
agonite and sfrontium apatite. The scarcity of the bryozoan ma-
terial, however, considerably limited the expectation of receiv-
ing better results.

GEOLOGICAL SETTING

The Lower to Upper Eocene/?lowermost Oligocene LMF is
exposed on Seymour and Cockburn islands in the Weddell
Sea. It represents the only exposed succession of this age in
Antarctica (Elliot and Trautman, 1982; lvany et al., 2006, 2008).
The LMF is part of the sediment fill of the James Ross Basin, a
back-arc basin developed on the eastern flank of the Antarctic
Peninsula (Elliot, 1988; Del Valle et al., 1992; Hathway, 2000;
cf. Mozer, 2013). Resting unconformably on either the Upper
Cretaceous Lépez de Bertodano Formation or the Paleocene
Sobral and Cross Valley formations, the LMF is interpreted as
the filling of a 7 km wide incised-valley system (Sadler, 1988;
Marenssi et al., 1998, 2002; Marenssi, 2006). The unit consists
of unconsolidated sandstones and mudstones with intercalated
coquina conglomerates of ~720 m in composite thickness.
Marenssi et al. (1998) proposed six erosionally based internal
units: Valle de Las Focas (= Telm1), Acantilados (= Telm2-3),
Campamento (= Telm3), Cucullaea | (= Telm4-5), Cucullaea Il
(= Telm5) and Submeseta (= Telm6-7) Allomembers. These
unconformable allomembers were deposited in deltaic,
estuarine and shallow marine settings (Marenssi et al., 1998,
2002; Marenssi, 2006; Tatur et al., 2011).

The basal part of the approximately 80 m thick Cucullaea |
Allomember is an up to 3 m thick shell bed (unit Telm4 of
Sadler, 1988) dominated by the large thick-shelled bivalve
Cucullaea raea and darwinellid gastropods, but also containing
abundant vertebrate remains, especially shark teeth (Reguero
etal., 2012). This Cucullaea | shell bed is overlain by a series of
purple and grey-green fine-grained sands and silty clays inter-
calated with shell lenses (Telm5). Sedimentological features of
the Cucullaea | Allomember are parallel laminations, flaser and
wavy bedding as well as ripples, small channels and burrows
(Eliot and Trautman, 1982; Sadler, 1988; Stilwell and
Zinsmeister, 1992). The shell lenses are dominated by
Cucullaea, but one horizon is dominated by the gastropod
Polynices. The up to 1 m thick lenses of the “Natica Horizon"
pinch out laterally within a few metres, but they are exposed at
several places along the western flank of the meseta. The
Cucullaea | Allomember is unconformably overlain by another
thick Cucullaea shell bed, representing the lowermost part of
the Cucullaea |l Allomember (also Telm5).

The depositional environment of the Cucullaca |
Allomember can be interpreted as a nearshore, high-energy en-
vironment (Stilwell and Zinsmeister, 1992). The fossil content of
the Cucullaea | Allomember is largely restricted to conglomer-
atic shell beds and lenses. The fauna is dominated by the large
thick-shelled bivalve, Cucullaea raea, and the thick-shelled
gastropods, Antarctodarwinella nordenskjoldi and Struthiola-
rella steinmanni. These are associated with other marine
molluscs, brachiopods, crinoids, starfish, asteroids, sea ur-
chins, nautiloids and crabs, as well as the trace fossils
Diplocraterion, Scoyenia, Skolithos and Ophiomorpha (Stilwell
and Zinsmeister, 1992; Cione and Reguero, 1998; Tatur et al.,
2011). Marine vertebrates are also very abundant, especially
sharks, skates, rays and chimaeras. The selachian fauna is
more diverse than most of extant temperate faunas and almost
equal to present-day tropical faunas (Kriwet and Gazdzicki,
2003; Reguero et al., 2013). Additionally, remains of marine
teleosts, basilosaurid whales, marine turtles, and penguins can
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Fig. 1. Location map

A — map of Antarctica showing the position of the Antarctic Peninsula; B — map of the Antarctic
Peninsula showing Seymour Island; € — geological map of Seymour Island showing the outcrops of
Telm4—7 and localities NRM 1, IAA 1/90, IAA 2/95, IAA 1/93, DPV 13/84 and DPV 6/84

be found (Buono et al., 2016; Schwarzhans et al., 2016). The
Cucullaesa | Allomember contains also some terrestrial ele-
ments, i.e. fossil wood, which is heavily bored by teredinid bi-
valves, cocoons of clitellates, and a range of terrestrial mam-
mals (Bomfleur et al., 2015; Gelfo et al., 2015, McLoughlin et
al., 2016).

Most bryozoans described here come from two Telm5
“Natica Horizon” localities, IAA 1/90 and |AA 2/95
(Figs. 1-3A-D). They are dominated by microporoideans be-
longing to the families Lunuliidae, Otionellidae and
Microporidae. One specimen of the cyclostome Reticrescis also
occurs. A representative of the family Brydonellidae — Uharella
seymourensis — which is also documented from IAA 2/95
(Telmb), is present in the Telm4 locality NRM 1 (Cucullaea |
shell bed, GPS data: 64°14.284'S 056°40.182'W, Fig. 3E) and
in the Telm6 locality IAA 1/93 (Submeseta, GPS data:
64°14'25"S; 56°35'51"W). |IAA 1/90 (GPS data: 64°14'04.677S;
56°39'56.38"W, Figs. 1-3A, B), also known as the “Ungulate
Site” (Marenssi et al., 1998), a conglomeratic lens almost 1 m

thick. The sediment matrix is composed of fine to coarse sand
with many bioclasts (mainly naticids) and pebbles up to 20 cm
in size. |1AA 1/90 is situated within the Struthiolarella steinmanni
Zone of Stilwell and Zinsmeister (1992). |1AA 2/95 (GPS data:
64°13'58"S; 56°39'06"W, Figs. 1-3C, D), known as the “Marsu-
pial Site”, is also a conglomeratic lens with lithology comparable
to |AA 1/90, but thinner.

MATERIAL AND METHODS

The studied bryozoans were found in the residuum of al-
ready sieved and sorted bulk sediment samples, except for
NRM-PZ By 141128-141131 from Telm7, which is a surface
sample. The material was collected when prospecting for ter-
restrial vertebrates in the LMF on Seymour Island during the
austral summers of 2011-2013 (Fig. 3), organized by the Ar-
gentine Antarctic Institute (IAA-DNA) in collaboration with the
Swedish Polar Research Secretariat (SPFS).
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Over 130 fragments of bryozoan colonies were used for the
taxonomic study. They derive from unconsolidated clastic sedi-
ments from one Telm4 locality, NRM 1; two Telm5 localities,
IAA 1/90 (also known as the Ungulate Site), and IAA 2/95
(known as the Marsupial Site), and one Telm4-5 locality DPV
6/84 (called Rocket Site), as well as one Telm6 locality IAA 1/93
(see Fig. 1C). In addition, rather poorly preserved large individ-
ual reticulate or ball-shaped cyclostome and cheilostome bryo-
zoan colonies were collected from the upper part of the LMF
(DPV 13/84, Telm7, Fig. 3F) in the northeastern part of the is-
land (Fig. 1). The majority of the studied material is composed
of small, fragile fragments of colonies, which derive from the
residues of sieved bulk samples. The residues were sieved
through mesh sizes from 4.0 to 0.5 mm, and in part of
0.063 mm. Bryozoans were absent in the finest fraction. Ultra-
sonic cleaning was employed to remove weakly adherent ma-
trix. All described taxa were examined and measured using a
WILD M10 binocular microscope. Well-preserved specimens
were studied with scanning electron microscopes at the Polish
Geological Institute — National Research Institute (Warsaw), a
ZEISS-LEO 1430 SEM, and a SIGMA VP ZEISS SEM (Envi-
ronmental Laboratory of Low Temperature Scanning Electron
Microscopy) at the Department of Geology (University of War-
saw). X-ray diffraction (XRD) was performed at the Chemical
Laboratory of the Polish Geological Institute — National Re-
search Institute using an X. Pert PW 3020 Philips for seven
samples, among which four specimens belonged to Otionellina
antarctica from two localities (IAA 2/95 and AAI/90) and three
fragments of colonies of Lunulites marambionis sp. nov. from
locality 1AA 2/95. Minimal quantities of ground material were
used for the XRD analyses; therefore, the samples were pre-
pared on glass. The diffractograms may be disrupted by the
changed intensity relationships and angular shifts of the reflec-
tion. The chemical composition of the selected specimens from
the middle and upper part of the La Meseta Formation as well
as the average mole % MgCO; content were analysed using
the electron microprobe Cameca SX-100 at the Micro-area
Analysis Laboratory at the Polish Geological Institute — National
Research Institute.

The illustrated material (Figs. 4-10) is based on 34 selected
specimens presented as back-scattered electron micrographs.
Material illustrated in Figure 10 was gold-coated before imag-
ing. A few thin sections have been made from the studied mate-
rial at the Academy of Metallurgy (Cracow). The studied mate-
rial is catalogued as NRM-PZ By 24207-24215 and NRM-PZ By
141128-141134, and the holotypes are marked by the suffix “h".
The collection is housed in the palaesozoological collections of
the Swedish Museum of Natural History, Department of Palaeo-
biology in Stockholm. Two comparative specimens, illustrated
in Figures 4L and 9F, are deposited at the Institute of
Paleobiology of the Polish Academy of Sciences, Warsaw (Po-
land) under the catalogue number ZPAL Br. VIII/A.

<

Fig. 2. Composite stratigraphical section (from Reguero et al.,
2013) through the La Meseta Formation showing
the stratigraphic position of the samples

Strontium date values from Dingle and Lavelle (1998); Dutton et
al. (2002); Ivany et al. (2008) and Reguero et al. (2012)
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Fig. 3A—-F — location photographs

A, B — aerial views of Telm5 locality IAA 1/90, “Ungulate Site”, marked by asterisk; C, D — Argentine-Swedish field party collecting fossils
at Telm5 locality IAA 2/95, “Marsupial Site”, marked by asterisk; E — Telm4 locality NRM 1, marked by asterisk; F — Telm7 locality DPV
13/84, marked by asterisk; photographs by T. Mors (A, E, F); F. Degrange (B, D) and J. Hagstrom (C)

SYSTEMATICS

Order Cyclostomata Busk, 1852
Suborder Tubuliporina Milne-Edwards, 1838
Family Tubuliporidae Johnston, 1838
Genus Idmidronea Canu et Bassler, 1920
Type species: Idmonea cornopus Defrance, 1822
?ldmidronea sp.

(Fig. 4A-J)

Material.—1 complete zoarium, NRM-PZ By 141131.

Dimensions.— Colony height 11 mm, width 15 mm.
Width of the supporting base 5.5 x 6.0 mm. Diameter of the
primary stem close to the expanded base 3.7 mm. Thickness
of the branch close to the supporting base 2.0-2.25 mm. Lat-
eral branch diameter in the middle part of the colony 1.1-1.45
mm. Diameter of the branch close to the top of the colony
0.62-0.75 mm. Apertural length 0.12-0.20 mm, width
0.08-0.12 mm. Distance between the zooecial rows
0.24-0.32 mm. Peristome length 0.20-0.25 mm, width
0.16-0.26 mm. Kenozooecium length 0.20 mm, width
0.08 mm. Width of the exozone 0.16-0.32 mm. Width of the
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Fig. 4A-J - Idmidronea sp. (specimen By 141131, Telm7); K, L — Reticrescis plicatus Hara, 2001: K — specimen By 24208, locality
IAA 1/90, Telm5, L — ZPAL Br. VII/A42, ZPAL 1, Telm1, K, L — La Meseta Formation, Seymour Island, James Ross Basin,
Antarctic Peninsula, Eocene

A — side view of the dendroid colony, scale bar 1.35 mm; B — back side of the proximal part of the colony showing the supporting disc with
marked layering, scale bar 3 mm; C — general upper view of the colony, scale bar 1 mm; D — view of the distal part of the colony with dichoto-
mously branching stems, scale bar 200 pm; E — branches showing the arrangement of autozooecia, scale bar 1 mm; F — area without aper-
tures (on the left), and with apertures (on the right), scale bar 100 pm; G — area without apertures at the bifurcation of the branches, scale bar
200 pm; H - close-up of the area at the bifurcation of two branches, showing the place without apertures in the middle, scale bar 100 ym; | -
apertures with a distinct rim ranging in shape from oval to triangular, scale bar 20 pm; J — longitudinal section through a lateral branch, show-



ing the zooecial walls in the exozone and endozone, scale bar 0.5 mm; K — fragment of reticulate colony from a dorsal view, scale bar 9 mm; L
— fenestre of the branches from the frontal view showing the budding laminae, scale bar 0.25 mm
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endozone 0.4-0.64 mm. Longitudinally sectioned interzooidal
walls ca. 0.025-0.05 mm thick.

Description. — Colony erect, stout, dendroid,
strongly calcified, consisting of two thick main branches, which
arise roughly perpendicularly from the marginal part of the trian-
gular supporting base (Fig. 4A, B). The secondary stems bifur-
cate, up to the top of the colony, giving rise to the smaller bifur-
cating branches tapering towards the distal branch tips (Fig. 4A,
D). Lateral branches in the distal part of the colony are of a dif-
ferent length; some are very short, some longer, and they grow
either in a distal or horizontal direction forming an irregular
tree-like colony (Fig. 4A). Some branches are diverging; they
also rarely anastomose. In the cross-section, branches are
subcylindrical to cylindrical (Fig. 4C, E) but may be roughly
blade-shaped at the top of the colony (Fig. 4A, D). The sup-
ported proximal base expanding in diameter, is overgrown by a
system of kenozooecia and composed of several distinct, su-
perimposed growing layers seen on the concave underside of
the colony (Fig. 4B). Autozooecia are arranged in transverse
fascicles; each half series consisting of five autozooecia parted
in the middle, without mid-line keel, forming closely V-shaped
linear series on the frontal wall (Fig. 4D, E). Some zooecia are
closed by the diaphragms, but more often the diaphragms are
not seen (Fig. 4E, H). Apertures oval to roughly triangular close
to each other, surrounded by peristomes that protrude slightly
above the zoarial surface; they are mostly connate (Fig. 4E, F,
H. I). Most of the apertures are on the same level on the whole
zoarial surface, however, some are protruberant (Fig. 4l).
Newly budded raised areas, resembling short branches and
composed of closely spaced apertures, are seen on the zoarial
surface (Fig. 4G). The colony surface is covered by irregularly
distributed small areas filed by roughly rounded, equi-
dimensional minute pores, 0.025-0.04 mm in diameter, which
particularly occur slightly below the bifurcation on the frontal
walll (see Fig. 4G, H). These areas may be associated with the
secondary thickening layer. The reverse side of the zoarium is
slightly convex; at the base in the proximal part, the supporting
disc is composed of numerous kenozooecia, which seem to be
smaller in the distal part of the zoarium. The limits between
kenozooecia are marked by the slightly elevated lines or ridges
running almost parallel to the exiremities of the branches. In
some parts of the zoarium the lines are very distinct (see partly
Fig. 4C). The whole reverse side is corroded, in places uneven,
showing some empty spaces when the kenozooecia are miss-
ing or worn. Gonozooecium are not present. The internal struc-
ture, which is seen in the longitudinal section, shows long
autozooecia with apparent kenozooecia on the left of the
thin-section, which might be the dorsal kenozooecia. The
boundary between the exozone and endozone is well-defined
(Fig. 4J). The endozone occupies about three-quarters of the
branch diameter and is surrounded by a very thin exozone
(Fig. 4J). The zooecial walls are of varied thickness and lami-
nated in the exozone, whereas in the endozone they rarely pos-
sess interzooecial pores.

Remarks. — The specimen studied and illustrated in
Figure 4A-J is tentatively assigned to ?/dmidronea sp. It shows
a similar pattern of colony branching to /dmidronea rosacea
Canu and Bassler, 1920, which is supported by the expanded
base. The branches are directed mostly in the upper part either
vertically or horizontally, in all directions. They are diverging and
anastomose, occasionally forming a rotate, bush-like, dendroid
colony form (see Canu and Bassler, 1920: 784, 786-78 E). The
width of the branches towards the supporting base is compara-
ble between [. rosacea — 2.0 mm versus 2.0-2.25 mm in the
studied specimen.

The characteristic feature of the ldmidronea species is the
arrangement of the autozooecia, originating along or near one
side of the branch, and apertures opening on the other two
sides, which constitute the frontal side of the branch (see Taylor
and McKinney, 2006). The specimen studied shows the
autozooecia on the frontal wall disposed in a characteristic lin-
ear pattern, in five from each side (see Fig. 4D, E), forming the
fascicles, whereas kenozooecia on the reverse side are ar-
ranged close to each other, occupying the whole zoarial surface
and showing almost the same size in the length and width as
the autozooecia. In some places, they are corroded, leaving the
empty spaces that resemble large pores, scattered evenly. The
longitudinal lines between the kenozooecia are well-seen.
Branches of another idmidroneiform genus — Pleuronea Canu
and Bassler, 1920 have kenozooecia disposed similarly on the
whole reverse side as the specimen studied, contrary to
Idmidronea colonies, in which polymorphs are lacking in the
most distal parts of the reverse side (Taylor and McKinney,
2006; see also Hinds,1975: 887, text-fig. 10).

The dorsal kenozooids of the specimen are seen in the
thin-section illustrated in Figure 4J, on the left (see also Canu
and Bassler, 1920: 642, fig. 203; Matecki, 1963: 68, fig. 28).
The arcute growth layers, which are free of kenozooids
(firmatopores) and usually found on the distal part of the
Idmidronea branches, have not been seen in the examined
specimen. Its reverse side is similar to Pleuronea, showing the
large polygonal tergopore-like kenozooids — see also Matecki
(1963: table lll, fig. 5a). The majority of species assigned to
Idmidronea often show a triangular rather than a circular to oval
branch section, such as in the specimen studied; however, this
may depend on the age of the colony (see also Ostrovsky and
Taylor, 1996: p. 1557). The characteristic feature of the speci-
men studied, which does not occur in /dmidronea, is the pres-
ence of irregularly-shaped mesh-like areas covered by roughly
polygonal to circular, equidimensional small pores
(?kenozooecia or ?cancelli) located below the bifurcation of the
branches (see Fig. 4F—H), that may also be associated with the
process of secondary calcification of the frontal wall. The recent
species of Calvetia osheai, described from northernmost New
Zealand (Taylor and Gordon, 2003), shows distinct zones of
cancelli; its supporting base is of the same size as the speci-
men studied, and the two taxa show similar dimensions of the
lateral branches (1.1 mm in C. osheai versus 0.8—-1.2 mm in the
specimen). However, Calvefia has free-walled autozooecia
with calcified frontal walls. The raised areas (Fig. 4G) with
closely spaced apertures, often clustered, resembles the short
branches of I. osheai (see Taylor and Gordon, 2003: 664,
fig. 7A; Fig. 4G in this paper). On the other hand, the arrange-
ment of the autozooecia and kenozooecia is the most important
character in discriminating genera and families, and the studied
specimen show a distinct Idmidronea-like pattern, mostly on the
frontal wall. /dmidronea antarctica, described from Antarctic
(Borg, 1944; Ostrovsky and Taylor, 1996), shows similarity in
the number of autozooecia in fascicles, which can vary from
2-6 or 3-5, but also often occur in 5, in the shape and size of
the apertures. However, it differs in the distance between the
fascicles, which is longer, and generally in the appearance of
the dorsal wall.

No gonozooids are present both in the only available speci-
men and in the very sparse material available from Seymour Is-
land (Telm7), making the assignment to /dmidronea uncertain.

Occurrence.—DPV 13/84, Submeseta Allomember
(Telm7), La Meseta Formation, Seymour Island, James Ross
Island, Eocene.
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Suborder Cerioporina Waters, 1887
Family Cerioporidae Waters, 1880
Genus Reticrescis Hara, 2001
Type species: Reticrescis plicatus Hara, 2001
Reticrescis plicatus Hara, 2001
(Fig. 4K, L)

1997a. Reticrescis Hara: fig. 2g, fig. 3:7.

19997b. Reticrescis patagonica (Ortmann, 1900); Hara: 120,
126, fig. 4: 19: fig. 5C.

2001. Reticrescis plicatus Hara: 60-62, Pls 1: 7; 9: 1a—; 2, 3a,
b, 4a-b; 10: 1a—d, 2, 3, Text-fig. 21.

Material — Fragment of reticulate zoarium (in two
parts), NRM-PZ By 24208.

Dimensions. — Length of the fragment of zoarium
(max.) 27 mm, width 11 mm; thickness of the branch
0.5-0.6 mm, width of the branch 3.4-4.2 mm; length of fenestra
of reticulation 2.4-6.7 mm, width of fenestra 0.8—-1.82 mm; fron-
tal wall length (of autozooecia) 0.22-0.25 mm; apertural width
0.08-0.11 mm:; peristome length 0.28-0.30 mm; kenozooecial
diameter 0.02 mm.

Description.—Zoarium reticulate, erect, consisting of
compressed branches, with horizontal radial growth dominant
in the lower part of the colony. Vertical growth present in the up-
per part (Fig. 4L). The zoarial surface is worn. The branches of
the colony show a bilamellar structure (Fig. 4L), and all bifurcate
in the same plane. The dorsal side of zoarium is covered by
large pores, but longitudinal ridges are not seen. The zoarium
(Fig. 4K) is covered by a slightly projecting oval-shaped
autozooecia, arranged in quincunx and encircled by slightly
oblique, thick peristomes. Sunken, small apertures are barely
seen, which may represent polymorphs. Possibly kenozooecia
are distributed unevenly on the lateral branches (Fig. 4K). The
frequency of kenozooecia, as well as their acute projections
(pseudolunaria), is not clear due to the state of preservation of
the specimens. The bilamellar nature of the branches with
well-marked median ridge corresponding to the budding lamina
is seen on the frontal side of the branch (Fig. 4L). A brood
chamber is not found.

Remarks. — The rich and excellently preserved bryo-
zoans from the lower part of the La Meseta Formation include
Reticrescis plicatus Hara, 2001, described from localities
ZPAL 1 and ZPAL 12 of (Telm1) along with poorly preserved
specimens from the upper part of the LMF at ZPAL 3 of Telm7
(Hara, 2001: 61-62, Pls 1: 7; 9: 1a—c: 2, 3a, b, 4a, b: 10: 1a—d,
2). The material studied here from Telm5 of the LMF shows all
the morphometric and morphologic features corresponding to
the specimens described by Hara (2001; Fig. 4L). Brood cham-
bers are not present in the new material. The very characteristic
feature of R. plicatus Hara, 2001, is the reticulate form of the
colony. It consists of compressed branches with horizontal
growth dominant in the lower part of the colony and vertical
growth in the upper part (Fig. 4K, L; cf. Hara, 2001: Pls 9: 1a—c,
2,3a,b, 4a,b:10: 1ad, 2). The zoarial form of R. plicatus is simi-
lar to those of Reticulipora patagonica Ortmann, 1902 and R.
transennata Waters, 1884, but the morphology and the pattern
of arrangement of autozooecia and kenozooecia on the colony
surface are different in these species from the Miocene of
Patagonia and the Eocene of Aldinga, South Australia, respec-
tively (Waters, 1884: pl. 30: 3; see also Hara, 2001: 62). The
preservational state of R. plicatus in the lower part of the LMF is
different than in the upper part. The previously studied material
from Telm7 and that examined here from Telm5 is poorly pre-
served (cf. Hara, 2001: text-fig. 21; Fig. 4K).

Occurrence.—IAA1/90 (Ungulate Site), Natica Hori-
zon, Cucullaea | Allomember (Telm5), La Meseta Formation,
Seymour Island, James Ross Island; Eocene.

Order Cheilostomata Busk, 1852
Suborder Neocheilostomatina d’Hondt, 1985
Superfamily Microporoidea Gray, 1848
Family Microporidae Gray, 1848
Genus Micropora Gray, 1848
Type species. Flustra coriacea Johnston, 1847, Recent,
NE Atlantic
Micropora nordenskjoeldi sp. nov.

(Fig. 5)

Holotype: Specimen NRM-PZ By 24211h, illustrated in Figure
5A-F.

Type horizon: Natica Horizon, Cucullaea | Allomember (Telm5),
La Meseta Formation, Eocene.

Type locality: IAA 1/90 (Ungulate Site), Seymour Island, James
Ross Basin, Antarctic Peninsula.

Derivation of the name: In honour of the explorer and geologist
Dr Otto Nordenskjold, who led the Swedish South Polar Expedi-
tion (1901-1903).

Material — One colony encrusting a fragment of a
serpulid worm, NRM-PZ By 24211h.

Measurements. — Length of the colony 6.3 mm;
length of zooecium 0.44-0.56 mm, width of zooecium
0.17-0.46 mm; length of opesium 0.07-0.09 mm, width of
opesium 0.11-0.16 mm; length of ovicell 0.19-0.25 mm, width
of ovicell 0.17-0.21 mm; length of avicularium 0.14-0.18 mm,
width of avicularium 0.10-0.12 mm.

Description. — Colony small, encrusting a serpulid
worm. Autozooecia irregular in shape, more or less hexagonal
to strongly elongate; width half of the length; separated by a
narrow distinct interzooecial furrows (Fig. 5A-D). In some
places they are crowded, and often differently oriented
(Fig. 5C). Lateral walls of autozooecia raised (Fig. 5A, D).
Cryptocyst slightly convex, finely granular, with 25—40 rounded,
rather large pores (Fig. 5A-D). In some zooecia, the pores are
scarce and show patchy distribution, which may suggest that
the occurrence of the epitaxial cement on the cryptocyst may
account for the lack of visible pores in some of the zooids
(Fig. 5A, D). A pair of deeply recessed opesiules, elongated in
shape and 0.07-0.08 mm long, is placed proximally to the ori-
fice-opesiae; each with a single pore, 0.03 mm in diameter, just
proximal to it (Fig. 5B, C). Opesiae semicircular to slit-like,
placed at the extremity of the autozooecium, nearly twice as
wide as long. Proximal edge sfraight and raised (Fig. 5A-E).
The border of the opesiae well-marked, surrounded by a dis-
tinctive, narrow rim of smooth calcification (Fig. 5A-D). No oral
spines. Avicularia interzooecial, sparsely distributed, placed
distally of opesia when present, or sometimes close to the proxi-
mal margin of zooecia; oval-shaped, directed distolaterally, and
show a slightly smaller length than the width of opesia. Rostrum
triangular, gently acute, highly raised upward above the surface
of the zoarium. A very thin cross-bar, placed medially (Fig. 5C,
D). Ovicell hyperstomial, imperforate but mildly granular, con-
vex, slightly longer than wide, bordered proximally by a rather
board smooth rim (Fig. 5E, F), 0.04-0.07 mm wide, with a low
knob placed in the middle of the rim (Fig. 5E, F). One of the
ovicells shows a narrow tube running through the middle of the
rim (see Fig. 5E).
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Fig. 5. Micropora nordenskjoeldi sp. nov. specimen numbered By 24211h, locality |1AA 1/90,
Telm5, La Meseta Formation, Seymour Island, James Ross Basin, Antarctic Peninsula, Eocene

A — general view of the colony encrusting the external surface of serpulid worm, scale bar 200 pm; B —
autozooecia showing the ovicellate zooids with a low knob, as well as one unovicelled autozooecium,
and the opesiules with small pores (arrowed), scale bar 100 pm; C — a worn part of a colony and some
avicularia, scale bar 100 pm; D —roughly hexagonal autozooecia, separated by distinct sutures, showing
cryptocysts with large pores and the distolaterally placed oval-shaped avicularium with the pointed trian-
gular rostrum; opesiules with small pores (arrowed), scale bar 100 pm; E — ovicell with a granular struc-
ture in the distal part with a broad rim and a indistinct knob, which in the proximal part shows a
transversally running tube (arrowed), scale bar 20 pm; F — proximal part of the ovicell showing the
lamellae with a low indistinct knob in the middle, scale bar 10 ym
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R emarks. — Two distinct Recent species of Micropora
Gray, 1848, described from Antarctica, M. notialis and M.
brevissima, differ from the La Meseta specimen in a number of
morphometric and morphological characters. They both have
larger zooecia and avicularia, as well as longer ovicells.
Micropora nordenskjoeldi sp. nov. shows great variation in the
shape and size of the zooecia, and in the number of pores on
the cryptocyst. The very characteristic feature of the specimen
studied is the shape of the ovicell, which is short in length and
has a small rounded knob placed centrally in the proximal part
of the ooecium. In one case, the knob shows a vertical tube,
which may be caused by the interference of another organism
(?) (see Fig. 5E).

M. elegans Maplestone, 1901 (Maplestone, 1901: 205,
pl. 34, fig. 4), described from the Late Eocene of SE Victoria
(Australia), is similar to M. nordenskjoeldi in showing great vari-
ability in the width and length of the zooecia. It differs from M.
nordenskjoeldi in slightly different location of the avicularia,
which are distal to many zooids, as well as in the lack of the ad-
ditional pore just proximal to the opesiules, which does not oc-
cur in M. elegans (Gordon, 1984: 53, PI. 15B; cf. Maplestone,
1901: 205, pl. XXXIV, fig. 4). The ovicell of M. elegans does not
possess the characteristic knob present in the specimen stud-
ied, and Maplestone’s figure appears to show a more globular
ovicell with a narrow bifenestrate band along the proximal edge
(see also Brown, 1952: 128).

Another species, Micropora variperforata Waters, 1887,
shows an irregular series of comparatively large pores devel-
oped around the margins of the cryptocyst as well as a
crenulated mural rim, and therefore differs from M.
nordenskjoeldi. According to Gordon (1986), if conspecific with
M. elegans, this species would be a senior synonym of M.
elegans, as illustrated by Gordon (1986: Pl. 27B; see also Wa-
ters, 1887: pl. VIII. fig. 27).

The earliest Eocene Micropora quadriporosa Gordon and
Taylor, 1999, described from the Red Bluff Tuff of Chatham Is-
land (Gordon and Taylor, 1999: 17, figs. 38, 39), has four circu-
lar opesiules situated in the distal and proximal part of the
cryptocyst. The Recent species Micropora gracilis (Uttley,
1949: 174, pl. XXXV, fig. 2), also described from New Zealand,
has 3-5 small rounded accessory opesiules on each side.
Moreover, the recently described Micropora chathamica sp.
nov. (Gordon and Taylor, 2015: 42, fig. 30D, E) has a distinctly
carinate ovicell, quite unlike that of M. nordenskjoeldi. The very
characteristic features of the new species described here are
the small-sized zooecia and ovicells, as well as the possession
of one pair of opesiules, together with a single circular pore, just
proximal to it, and a low, small knob in the proximocentral part of
the ovicell (on the marginal rim; however, as shown in the
Fig. 5E, its occurrence is not constant). A small tube running
vertically is seen (see Fig. 5E).

Occurrence.—lAA1/90 (Ungulate Site), Natica Hori-
zon (Telm5); La Meseta Formation, Seymour Island, James
Ross Basin; Eocene.

Family Lunulitidae Lagaaij, 1952
Genus Lunulites Lamarck, 1816
Type species. Lunulites radiata Lamarck, 1816
Lunulites marambionis sp. nov.
(Fig. 6)

Holotype: Specimen NRM-PZ By 24207ah, illustrated in Figure
6A, B, E-G.

Type horizon: Natica Horizon, Cucullaea | Allomember (Telm5),
La Meseta Formation, Eocene.

Type locality: IAA 2/95 (Marsupial Site), Seymour Island,
James Ross Basin, Antarctic Peninsula.

Material. — One, well-preserved specimen, holotype
NRM-PZ By 24207 ah, broken in the middle part with incomplete
proximal area, and 22 fragments of colonies, NRM-PZ By
141133a (IAA 2/95) and NRM-PZ By 24209a (IAA 1/90).

Etymology. — Named after the Argentinian Antarctic
base Vicecomodoro Marambio on Seymour Island.

Measurements. — Length of the colony 5.0 mm,
width 6.0 mm, height 0.75 mm, thickness 0.50 mm. Length of
zooecia 0.35-0.42 mm and width 0.25-0.32 mm. Length of
opesia 0.15-0.20 mm, width 0.15-0.20 mm. Length of avicularia
0.20-0.30 mm, width 0.07-0.10 mm. Diameter of the basal
pores 0.02-0.05 mm.

Description. — Colony fan-shaped, medium-sized,
regenerated, with a median fracture of the specimen (Fig. 6A,
B); the frontal surface is fairly flattened, composed of 10 straight
linear radiating rows of autozooecia, placed medially; six of
them arise from the proximal part of zoarium and they are com-
posed of 10-12 autozooecia; among them there are four
shorter ones composed of 2-5 autozooecia (Fig. 6A, E, F). Two
lateral, symmetrically placed groups of shorter rows of second-
ary autozooecia are directed more or less perpendicular to the
longer medial autozooecia (Fig. 6A, E, F); they are composed of
12-13 rows of autozooecia, each with 1 to 5 autozooecia. The
autozooecia are rectangular in shape, slightly longer than wide
(Fig. 6D—F, J, K). Cryptocyst granular and convex with a raised
proximal border (Fig. 6J, K). Opesia relatively large, occupying
more than half of the cryptocyst, rectangular to roughly
bell-shaped; often with a horseshoe-shaped proximal margin
(Fig. 6J, K). Half of the opesia in the proximal (older) part of the
colony is sealed off by a cryptocystal closure plate, perforated
by four elongated pores (Fig. 6E, F). The rows of autozooecia
are separated by distinct grooves, with continuous single linear
rows of avicularia, appearing in annular arrangement from the
proximal margin (Fig. 6E, F). Avicularia distinct, elongated,
slightly asymmetrical, with a well-developed proximally placed
cryptocyst with a denticulate margin (Fig. 6L). A pair of lateral
distinctive, long, not fused condyles directed proximally is situ-
ated in the middle part of the avicularia (Fig. 6J-L). Eight rows of
avicularia are in the middle part of the colony; each row includes
from 1 to 9 avicularia; among the 9 to 11 secondary rows of
avicularia there are 1-3 avicularia per row (Fig. 6A). Ancestrula
unknown. About fifty distinct roughly straight, but not regular ra-
dial lines, corresponding to the distribution of the autozooecial
rows, are on the thickened, nearly flat basal surface (Fig. 6B, C,
H). The radial sectors are separated by approximately straight
grooves and perforated by 1-2 rows or scattered irregularly
large pores, variable in size and shape, but generally with a
rounded outline (Fig. 6G—I) and a diameter of 0.02—0.05 mm.

R e m ar k s.—Bryozoans of the family Lunulitidae Lagaaij,
1952, have a long history extending from the Cretaceous to the
Recent, with a wide distribution, which includes the European
and Indo-Pacific Tethyan, as well as the African, American and
Australasian regions. According to Hakansson and Voigt
(1996: 190), Lunulites Lamarck includes mostly circular, radially
budded zoaria, of more or less flattened conical-shaped forms
(Lagaaij, 1952: pls. Il, 1ll; Hakansson and Voigt, 1996: figs. 3,
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Fig. 6. Lunulites marambionis sp. nov. Telm5, La Meseta Formation, Seymour Island, James Ross Basin,
Antarctic Peninsula, Eocene

A — frontal wall of the fan-shaped, regenerated zoarium; B — reverse side of the same zoarium; A, B — scale bar 1 mm, holotype By 24207ah,
horizon |AA 2/95; C — back side of a fragment of zoarium, showing the irregularly running lines with large pores, scale bar 100 pm, By 24207a,
Telm4; D — a single row of autozooecia with adjacent avicularia, scale bar 200 um, By 141133a, locality IAA 2/95; E — growing margin of the
regenerated colony, showing the alternating rows of autozooecia and avicularia; F — central part of a colony with autozooecia and avicularia;
E, F — scale bar 200 pm; G — fragment of the growing margin from the reverse side of the colony, showing large pores, scale bar 100 um; E, G
— holotype, By 24207ah, locality IAA 2/95; H — reverse side of the zoarium, showing the pores arranged in 1-2 rows, or irregularly scattered
ones differentiated in size and shape, scale bar 100 ym; | — reverse side of the zoarium, covered by large pores, scale bar 20 pm; J — two



rows of autozooecia showing the opesia and avicularia, scale bar 100 pm; K — bell-shaped autozooecia with raised proximal part and a frag-
ment of row with aviculariua, scale bar 100 um; H, K — By 141133a, locality IAA 2/95; L — details of avicularium showing not fused condyles;
the extensive proximal part with the serrated margin and well-defined boundaries, scale bar 50 uym, By 24209a, locality IAA 1/90



716 Urszula Hara, Thomas Mors, Jonas Hagstrom and Marcelo A. Reguero

4, 8). The majority of Lunulites species have been described
from the Paleogene and Eocene (Y presian—Priabonian) of Eu-
rope and America, with just a few species known from the Neo-
gene (Miocene) of SE Australia. Lunulites (Heteractis)
barbosae (Buge and Muniz, 1974), which was reported from
the Paleocene of Brazil, similarly to the studied specimen, dem-
onstrates a regenerated flabelliform type of zoarium (Buge and
Muniz, 1974: pls. |, Il). Another example of regenerated colo-
nies is Lunulites vaspertilio (Hakansson and Voigt, 1996:
194-195, fig. 5A, B) from the Late Maastrichtian of the North
Sea Basin and the Eocene (Bartonian) Lunulites quadrilaterata
Canu and Bassler, 1929 from Belgium (Dartevelle, 1932: pl. I,
figs. 3-5). Cook and Chimonides (1985a: 351-353, figs. 14, 15
and 8, 17) described Lunulites biformis MacGillivray and
Lunulites rutella (Tenison-Wood) that range from the Lower
Oligocene to the Middle Miocene of SE Australia. They both
demonstrate dome-shaped colonies, contrary to L. mara-
mbionis sp. nov. (Fig. 6A, B); however, similarly they have a
very regular pattern of arrangement of the frontal wall. On the
other hand, they differ in many morphological and morpho-
metrical features from the La Meseta specimens. Lunulites
rutella has wider and longer autozooecia and avicularia, and
L. biformis shorter autozooecia than those described for
L. marambionis. Lunulites transiens Gregory, 1893, recorded
from the Late Eocene of England (Gregory, 1893: 233—-234),
also shows the regularly running sectors with zooecia, alternat-
ing with single rows of avicularia, particularly those which are
placed medially. The basal side of this species (Gregory, 1893:
233-234, pl. XXIX) bears many similarities with the presently
studied L. marambionis sp. nov., such as the ridges, which are
not so regularly distributed and separated by deep grooves.
Contrary to C. marambionis the numerous pores on the basal
wall of L. transiens are arranged in a single line, but they can
also be arranged more or less irregularly. Although the studied
material is represented only by one almost completely pre-
served specimen, along with many incomplete, fragmented
zoaria, their morphological features are distinctive enough to
define a new species. The new species represents the first fos-
sil record of this taxon from Antarctica.

Occurrence. — IAA 2/95 (Marsupial Site), IAA 1/90
(Ungulate Site), Natica Horizon (Telm5); NRM 1, Telm4 (one
specimen), La Meseta Formation, Seymour Island, James
Ross Basin, Eocene.

Family Otionellidae Bock and Cook, 1998
Genus Otionellina Bock and Cook, 1998
Type species. Otionella australis Cook and Chimonides, 1985
Otionellina antarctica sp. nov.
(Fig. 7)

Holotype: Specimen NRM-PZ By 141134ah1, illustrated in Fig-
ure 7TA, E, F.

Type horizon: Natica Horizon, Cucullaea
(Telm5), La Meseta Formation; Eocene.
Type locality: I1AA 1/90, (Ungulate Site), Seymour Island,
James Ross Basin, Antarctic Peninsula.

| Allomember

Etymology.— Referring to Antarctica, from where the
specimens were collected.

Material — 30 fragments of colonies, NRM-PZ By
141134ah1, NRM-PZ By 24207 (IAA 2/95), NRM-PZ By
141133a (IAA 2/95), and NRM-PZ By 24211 (IAA 1/90).

Measurements. — Length of the fragments of the
colonies 3.0-3.6 mm, width (max.) 3.8 mm, thickness
0.50-0.75 mm. Length of zooecia 0.35-0.50 mm, width
0.35-0.45 mm. Length of opesia 0.12-0.15 mm, width
0.16-0.20 mm. Length of avicularium 0.30-0.35 mm, width
0.12-0.14 mm; basal avicularium length 0.27-0.30 mm, width
0.14-0.18 mm.

Description.— Zoarium fragmented (Fig. 7A), form-
ing small sectors, with an external border semicircular in outline,
slightly convex. Ancestrular region abraded, preserving mould
of substrate; the specimens mostly thickened and solid basally,
rarely without the basal calcification, sand grains often at-
tached. Autozooecia large, rhomboidal in outline, nearly
guadrate in the peripheral area with well-marked, narrow, highly
raised boundaries (Fig. 7B). Cryptocyst well-developed, finely
granular, depressed in the middle (Fig. 7A, B, D). Autozooecial
opesia transversely oval, wider than long, or close to D-shaped,
or rhomboidal, placed terminally, occupying the larger part on
the cryptocyst (Fig. 7A-D). Interzooecial avicularia are ar-
ranged in quincunx, but those close to the marginal part of the
colony show a radial arrangement; usually one avicularium is
surrounded by 4-6 autozooecia (Fig. 7A—C). Avicularia are
symmetrical with only a few showing slight asymmetry on the
left (viewed frontally); rather deeply set, elongated, with roughly
triangular cryptocystal area placed proximally (Fig. 7B-D).
Symmetrical thin condyles, never fused (Fig. 7B, D). Basal area
solid, finely punctured, composed of numerous irregularly
shaped sectors with well-defined margins and 1-2 distinctive ir-
regularly scattered pores in each sector (Fig. 7E). Basal
avicularia oval-shaped, arranged oblique to the growing margin
(Fig. 7F), distributed sparsely and irregularly in the sub-
peripheral area, and surrounded by an extensive perforated
lamina (Fig. 7E). Median condyles rather small, their distal tips
blunt, some distance apart, and never fused (Fig. 7F). Second-
ary calcification clearly seen on the basal side (Fig. 7F) and
along the margins of the opesia.

R e mark s. — The specimens studied show all the char-
acters of the type species of Ofionellina australis (Cook and
Chimonides, 1985b: 590-592, figs. 11, 12, 23-25; Bock and
Cook, 1998: 197; see also Bock and Cook, 1999: 423, 424).
The Late Eocene Australian fauna includes four fairly disparate
species of Otionellina: O. cupola, O. exiqua, O. australis, and O.
paradoxa. According to Cook and Chimonides (1985a) the
early astogenetic pattern of O. ausfralis is consistent and dis-
tinctive, and its close relationship with Lunulites seems unlikely.
Colonies of O. australis from Tandarook Bird Rock and Browns
Creek show a wide range in the size of zooecia. It is similar to
the new La Meseta Formation species, in which great variations
in the size of the zooecia and opesia as well as in the shape of
opesia occur, but the main difference between O. antarctica
and O. australis is the larger width (in O. antarctica
0.35-0.50 mm; in O australis 0.26 mm) and length (in O.
antarctica 0.35-0.45 mm; in O. australis 0.18 mm) of the
autozooecia and the width of the opesia (in O. antarctica
0.16-0.20 mm; in O. australis 0.12-0.15 mm), but the slightly
smaller width of the avicularia in O. antarctica sp. nov. (see
Cook and Chimonides, 1985b: 589-592). The serrated proxi-
mal rims of the opesia in O. australis do not occur in O.
antarctica sp. nov. On the other hand, O. antarctica sp. nov. is
very similar to O. zelandica in the distributional pattern of the
avicularia. However, the avicularia of O. zelandica are longer
and broader and slightly asymmetrical, distally as well as they
have larger condyles than in O. antarctica sp. nov. Fossil colo-
nies of O. australis have a wide stratigraphical distribution and
they have been recorded from the Late Eocene and Miocene of
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Fig. 7. Otionellina antarctica sp. nov. Telm5, La Meseta Formation, Seymour Island, James
Ross Basin, Antarctic Peninsula, Eocene

A — part of the colony from the frontal view, scale bar 200 pm; B — avicularium surrounded by five
zooecia, scale bar 100 pm; A, B — specimen numbered 141134ah1, IAA 1/90, Ungulate Site; C — frag-
ment of the margin of the colony showing the neighbouring avicularia at the border of the colony, By
141134a, locality IAA 1/90, Ungulate Site; D — detail of avicularium with unfused condyles, surrounded
by five autozooecia (four autozooecia seen on the picture); C, D —scale bar 200 pm; E — basal side show-
ing irregularly scattered, rare large pores; F — an oval-shaped, large, subperipheral avicularium on the

back side of the colony; E, F — scale bar 100 um, D, F — specimen By 141133a, locality IAA 2/95, Marsu-
pial Site
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Victoria to the Pliocene of Western Australia, as well as the Re-
cent of Western Australia and Bass Strait. O. zelandica is
known from the Late Oligocene to the Late Miocene of Australia
and from Early to Middle Miocene of New Zealand. O.
antarctica sp. nov. slightly resembles O. zelandica Cook and
Chimonides (Cook and Chimonides, 1984: 242, 243, fig. 13;
1985b: 587, fig. 22) in the general pattern of the arrangement of
zooecia, but O. antarctica sp. nov. shows longer and wider
zooecia, differently shaped opesia, narrower avicularia, and dif-
ferently orientated avicularia on the basal wall.

This is the first fossil record of Otionellina from Antarctica,
comprising numerous well-preserved fragments of colonies,
which are sufficiently different from other Otionellina species
(see also Bock and Cook, 1999: 423, 424; Cook and
Chimonides, 1985b) and are therefore regarded as a new spe-
cies.

Occurrence.—IlAA 1/90, Ungulate Site, Natica Hori-
zon, Cucullaea | Allomember (Telm5); La Meseta Formation,
Seymour Island, James Ross Basin; Eocene.

Otionellina eocenica sp. nov.
(Fig. 8)

Holotype: Specimen NRM-PZ By 24215h, illustrated in Figure
8A-

Type horizon: Natica Horizon, Cucullaea
(Telm5), La Meseta Formation, Eocene.
Type locality: DPV 6/84, (Rocket Site), Seymour Island, James
Ross Basin, Antarctic Peninsula.

| Allomember

Etymology.— Referring the Eocene age of the speci-
men

Material —1 complete colony NRM-PZ By 24215, lo-
cality Rocket Site DPV 6/84, Telmb.

Measurements. — Diameter of the colony 3 mm,
thickness 0.65 mm. Length of zooecia 0.35-0.40 mm, width
0.30-0.37 mm. Length of opesia 0.15-0.17 mm, width
0.10-0.12 mm. Length of avicularium 0.17-0.22 mm, width
0.05-0.07 mm.

Description. — Zoarium free-iving, domed-shaped
(Fig. 8A, B), roughly circular in outline (Fig. 8C), small, slightly
convex (Fig. 8A). Apex of colony shows the ancestrula of the
same size than the zooecia (length — 0.37 mm, width —
0.32 mm; see Fig. 8C, D). The periancestrular autozooecia, six
in number, show the opesiae occluded by closure plates with
small pores (Fig. 8D). Autozooecia roughly quadrate in outline;
with well-marked, highly raised boundaries (Fig. 8D, E).
Cryptocyst well-developed, finely granular, depressed in the
middle (Fig. 8E, F), with deeply set opesiae (Fig. 8F).
Autozooecial opesia rectangular in shape, placed terminally,
occupying the larger part of the cryptocyst (Fig. 8A, C-F).
Interzooecial avicularia are arranged in quincunx in the mar-
ginal part of the colony; in the middle part, one avicularium is
surrounded by five autozooecia (Fig. 8C, E). Avicularia show
asymmetry on the left (viewed frontally); deeply set, elongated,
wider proximally with roughly triangular, distinct cryptocystal
area placed distally (Fig. 8E). Condyles are very small, indis-
tinct and unfused (Fig. 8E). Basal area solid, punctured, show-
ing rare large pores; composed of numerous irregularly shaped
sectors with well-defined highly raised margins (Fig. 8G, ).
Basal avicularia are not seen (Fig. 8B, G-1). The growing mar-
gin from the basal side shows deeply set peripherial zooecia
and avicularium (Fig. 8H).

Remarks. — The studied specimens described as
Oftionellina eocenica sp. nov. show some similarity to
O. zelandica in size of the zoarium and in a general pattern of
the distribution of the zooecia and avicularia. The opesia of
Otionellina eocenica sp. nov. are rectangular in shape, contrary
to both species of Otionellina zelandica, which show rounded
opesia (see Cook and Chimonides, 1985b: 587-589, fig. 22),
and described here O. antarctica, which possesses D-shaped,
nearly rhomboidal opesia (see Fig. 7). The avicularia of
Otionellina eocenica sp. nov. are much smaller in width and
length than of O. zelandlica and O. antarctica sp. nov., and their
shape distinctly differs from those of O. zelandica and
O. antarctica sp. nov. (see Cook and Chimonides, 1985b:
fig. 22; see also Steger and Smith, 2005: fig. 1F). The
avicularium of Ofionellina eocenica sp. nov. is wider proximally,
whereas in O. zelandica, it is wider distally. The distal part of
avicularium of Otionellina eocenica sp. nov. is elongated, trian-
gular in shape, contrary to O. zelandica. The unfused median
condyles of Otionellina eocenica sp. nov. are very small in com-
parison with those shown by O. zelandica and O. antarctica sp.
nov. (compare Figs. 7 and 8; see also Steger and Smith, 2005:
fig. 1F). The basal side of both species of O. zelandica and
O. antarctica sp. nov. reveals irregularly shaped sectors with
avicularia on the basal wall, which are also irregular in
O. eocenica sp. nov.; however, the basal wall of the specimen
studied (see Fig. 8A-1) has no extrazooidal basal calcification.
Another Upper Eocene—Upper Miocene species of O. exigua
(Cook and Chimonides, 1985b: 596, figs. 8, 21, 28) and the Re-
cent one O. minuta (see Cook and Chimonides, 1985b: 592,
figs. 10, 30, 34) show also very narrow avicularia, but they differ
in many morphological features such as smaller dimensions of
the colony, opesiae and zooecia in length and width. O. exigua
from Victoria, similarly as the Antarctic specimen studied, also
shows the lack of extrazooidal basal calcification, which may be
suggested as a leaching or dissolution of the aragonitic layer
(see also Greeley, 1969). The studied specimen shows differ-
ent morphological and morphometrical characters to be easily
distinguished from O. =zelandica and described here
O. antarctica sp. nov., as well as from the other Otionellina spe-
cies to which it was compared (see Cook and Chimonides,
1985b). Therefore, this fully characterized specimen deserves
the new name (see Fig. 8A-I).

O ccurrence.—Locality Rocket Site DPV 6/84; Telmb,
La Meseta Formation, Seymour Island, James Ross Basin,
Eocene.

Unplaced cheilostomes
Superfamily Adeonoidea Busk, 1884
Family incertae sedis
Genus Goodonia Bishop and Hayward, 1989
Type species. — Goodonia cookae Bishop and Hayward, 1989
?Goodonia sp.
(Fig. 9D)

1997a. Smittina Norman; Hara: 1004, fig. 2f.
2001. Smittina sp.; Hara: 80, PI. 23: 1-4.
Material. — Two
141128-141129.
Dimensions. — Length of colony 74 mm, height
25 mm. Length of zooecia 0.75-1.0 mm, width 0.25-0.32 mm.
Length of orifice 0.12—-0.16 mm, width 0.12—0.20 mm.

large colonies, NRM-PZ By
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Fig. 8. Otionellina eocenica sp. nov. By 24215, locality Rocket Site DPV 6/84, Telm4-5

A — a free-living round-shaped colony, showing the frontal wall; B — view of the back-side of the same colony; C — close up of
the frontal view showing the pattern of arrangement of zooecia, with the ancestrula in the middle part (arrowed); A-C - scale
bar 1 mm; D — central part of the same colony with the ancestrula (arrowed), scale bar 500 pm; E — growing margin, showing
the neighbouring avicularia at the border of the colony, scale bar 500 um; F — detail of zooecium showing the depressed cen-
tral area with raised margin, scale bar 200 ym; G — basal side showing irregularly scattered, rare large pores; H — growing
margin from the basal side; G, H — scale bar 300 pm; | — detail of mould of basal wall, scale bar 100 pm
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Description.—Colonies are erect, forming bilamellar
rosette-like, broad lobate fronds, or strap-like branches, often
anastomosing, 1.1-1.5 mm in thickness (Fig. 9D, |). Zooecia
are elongated to roughly hexagonal, arranged alternately in lon-
gitudinal rows, separated by threads seen on the zoarial sur-
face of the frontal wall (Fig. 9E, G). In some parts of the frontal
walll the zooecia are bordered by marginal areolae, which seem
to encroach onto the centre of the frontal wall due to the sec-
ondary thickening. Frontal shield rather thick, slightly convex
(Fig. 9F, G). Orifice lies very close to the distal end of zooecia
and is bordered by a very shallow peristomial shelf, situated
proximally, which is not seen in each autozooecia (Fig. 9F).
Some zooecia are also more or less semicircular to circular in
shape; in some of them the orifices appear to be slightly sinuate
(see Fig. 9G). Avicularia not seen (Fig. 9F). There is no orifice
at the narrowing base of the zoarium, which is covered by a sys-
tem of longitudinal ridges and grooves with some small pores.
Sometimes, the zoarial surface appears more like older parts of
the colony in which secondary calcification has obscured
zooidal boundaries and occluded orifices (see Fig. 9E, H).

R e m ar k s. — The studied colonies, which are developed
from the encrusting base and consist of anastomosing
bilamellar branches, are tentatively included in the genus
Goodonia Bishop and Hayward, 1989, which is represented by
one species Goodonia cookae (see Bishop and Hayward,
1989: 4445, figs. 186-188 and p. 60-61, figs. 245-247). The
studied specimen shows a few common features with
Goodonia, such as the possession of the characteristic lobate
bilamellar colonies, autozooecia arranged in alternating longitu-
dinal series, the possession of areolae along the lateral mar-
gins, the absence of avicularia, as well partly the character of
the orifice. Eschara porosa Milne-Edwards, designated as a
paratype of Goodonia, was figured by Lagaaij, 1952 (see
Lagaaij, 1952: 126127, pl. 14, fig. 7) and shows similarity to
the studied specimens in the general pattern of the zooecia dis-
tribution, in the shape of the orifice, as well as in the
morphometrical dimensions of the zooecia and orifice. Bishop
and Hayward (1989) stated that some zooids of Goodonia
show a slight discontinuity of outline on each side of the orifice
that may be termed a condyle, but this feature was barely seen
in some orifices of the specimen studied due to the poor preser-
vation state.

The proximal margin of the orifice of Goodonia usually
arches perpendicular to the frontal surface of the zooids (see
Bishop and Hayward, 1989: 60, fig. 246), which is not seen in
the specimens studied; however, the proximal peristomial plat-
form is well defined, but not in each orifice.

Eschara porosa Milne-Edwards, as described by Lagaaij
(1952: pl. 14, fig. 7), shows a slightly mucronate lower lip, not
observed in the specimen studied here. However, this feature is
also not seen in the figures of Eschara porosa given by
Milne-Edwards (1836: pl. 11, fig. 7a—d).

The material studied from the Submeseta Allomember
(DPV 13/84, Telm7)is referred to the earlier described colonies
from a bryozoan-bearing horizon occurring in fine-grained
sandstone at ZPAL 14 (Telm6) of the La Meseta Formation,
where an up to 5 cm thick biostromal layer was recognized (see
Fig. 9; Hara, 2001: 40, fig. 4). It contains bryozoans described
as Smittina (see Hara, 2001: 80, pl. 23: 1-4), whose identifica-
tion was based mostly on the lack of details around the orifice
as well as the variability in the development of the primary ori-
fice (Hara, 2001: 80). The new colonies collected from DPV
13/84 (Telm7) provide additional details, such as some details
in the morphology of the orifices and the possession of distinct
frontal areolae arranged in one row around the proximal and lat-

eral margins of the zooecia. The studied colonies are tentatively
assigned to Goodonia; however, more studies should be made
on better preserved materials to confirm the systematic position
of this La Meseta bryozoan (see also Lagaaij, 1952: 122-123,
pl. 14, fig. 7).

Occurrence. — DPV 13/84, Submeseta Allomember
(Telm7), La Meseta Formation, Seymour Island, James Ross
Island, Eocene.

Superfamily Lepralielloidea Vigneux, 1949
Family Lepraliellidea Vigneaux, 1949
Genus Celleporaria Lamouroux, 1821

Type species: Cellepora cristata Lamarck, 1816
Celleporaria mesetaensis Hara, 2001
(Fig. 9A-C, J-L)

1997a. Celleporaria Lamouroux; Hara: 1004, figs. 3: 9, 4: 3.
1997b. Osthimosia sp. 2; Hara: 118-119, 127, fig. 4: 22.
2001. Celleporaria mesetaensis; Hara: 75-76, pls. 1: 21, 19:
1-4: text-fig. 29 (A1-A2).

Material. — One complete,
NRM-PZ By 141130.

Dimensions. — Height of the colony 15 mm, width
23 mm. Length of zooecium 0.30-045 mm, width
0.24-0.27 mm. Length of orifice 0.15-0.16 mm, width
0.16-0.18 mm. Length of spatulate avicularium 0.42-0.45 mm,
width 0.20-0.28 mm. Diameter of wvicarious avicularium
0.12 mm; width of ovicell 0.21-0.24 mm.

Description. — Colony subspherical, slightly wider
than high (Fig. 9A), composed of a few superimposed layers,
which are clearly visible in thin-sections (Fig. 9J-L). Auto-
zooecia are thickly calcified, in some places closely packed with
irregular orientation on the zoarial surface (Fig. 9B, C). The pri-
mary orifice roughly D-shaped, wider than longer (Fig. 98, C).
The proximal border of the orifice is slightly concave, sur-
rounded by a slightly raised peristome, which is rather narrow
and developed regularly around the apertures, and enclosing a
rather small, transversely oval, suboral avicularium (Fig. 9C). A
pseudosinus is distinct in some zooecia. The whole zoarial sur-
face is covered by small, roughly rounded pores; however, the
marginal pores around the peristome are barely seen due to the
poorly preserved zoarial surface, which in some places is un-
even and coarse. Spatulate avicularia with extensive palatal
area and the characteristic narrowing in the middle of the
avicularium are rare. Slightly raised, vicarious round-shaped
avicularia are also present. Ovicell cucullate, without ornamen-
tation, occurs very rarely. Up to five distinct growth layers are
seen in transverse thin section (Fig. 9J), with the layer thickness
varying from 1.0 to 2.5 mm. The moniliform wall structure is well
seen in thin section (Fig. 9L).

R e marks. — The specimen studied bears all the char-
acteristic features of the genus Celleporaria, such as a
D-shaped outline of the primary orifice and the presence of a
suboral avicularium in the peristome, as well as the posses-
sion of large spatulate avicularia and much smaller rounded vi-
carious avicularia. Moreover, the specimen has a large num-
ber of small pores distributed across the entire zoarial surface,
and the characteristic cucullate ovicell (see also Hara, 2001:
75-76, pl. 21: 1-3).

Occurrence. — DPV 13/84, Submeseta Allomember
(Telm7), La Meseta Formation, Seymour Island, James Ross
Basin, Eocene.

subspherical colony,
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Fig. 9A-C, J-L — Celleporaria mesetaensis Hara, 2001; D-| — ?Goodonia sp. La Meseta Formation, Seymour Island, James Ross
Basin, Antarctic Peninsula, Eocene

A — upper surface of the round-shaped colony, scale bar 6 mm; B — arrangement of autozooecia, scale bar 100 um; C — worn zoarial surface
with autozooecia, and large spatulate avicularium, scale bar 200 pm; D — upper surface of the rosette-like colony composed of bilamellar,
lobate branches, scale bar 1.7 cm; E — worn zoarial surface, scale bar 200 pm; F — group of autozooecia, showing a subelliptical apertures
(arrowed), scale bar 500 pm; G — growing margin of the colony showing some zooecia, with slightly sinuate apertures (arrowed), scale bar
200 pm; H — zoarial surface showing the outline of recrystallized zooecia, scale bar 100 pm; | — vertical section through the bilamellar
branches, scale bar 2 mm; J — transverse section through the round-shaped colony, showing layering, scale bar 6 mm; K — transverse sec-
tion showing the middle part of the round-shaped colony, scale bar 2 mm; L — transverse section showing a growing margin with layering and



moniliform zooecial walls, scale bar 1 mm; A—C, J-L — specimen By 141130, W Marambio Basin; D, E, G, H—specimen By 141128; F — spec-
imen ZPAL Br. VIII/A93; | — specimen By 141129; D, E, G, | — SE of Marambio Base; A-E, G-L — Telm7; F — ZPAL 14, Telm6
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Superfamily incertae sedis
Family Brydonellidae Taylor, Casadio, Rosa, and Gordon,
2008
Genus Uharella Taylor, Casadio, Rosa, and Gordon, 2008
Type species. Uharella seymourensis Taylor, Casadio, Rosa,
and Gordon, 2008
Uharella seymourensis Taylor, Casadio, Rosa, and Gordon,
2008
(Fig. 10)

Material — Around 70 small fragments of encrusting
colonies from four samples: NRM-PZ By 24207a and 141133a
(IAA 2/95, Marsupial Site, Telm5); NRM-PZ By 24209a, IAA
1/90, Telm5; NRM-PZ By 141132a (IAA 1/93, Submeseta,
Telm6); NRM-PZ By 24212 NRM 1, Telm4.

Measurements. — Length of the =zooecium
0.48-0.60 mm, width 0.32—0.56 mm. Length of the opesia in
early ontogeny 0.28 mm, width 0.12-0.21 mm. Length of the
opesia in late ontogeny 0.20-0.24 mm, width 0.14-0.16 mm; di-
ameter of kenozooecia 0.04-0.16 mm.

Description.—Colony encrusting, forming sheet-like
patches of a maximum size of 4.8 x 2.6 mm (Fig. 10),
multiserial, up to 0.6 mm thick. Pore chamber lacking.
Autozooecia small, elongate rhomboidal (Fig. 10B-D, F—H, J).
The younger zooecia are up to 0.60 mm long and 0.56 mm
wide, overgrown by kenozooecia (Fig. 10A-D, F—H, J, K).
Spines absent. Frontal shield umbonuloid, relatively short. Un-
derside of the colony minutely porous (Fig. 10E, |). Opesia var-
ied in shape from oval-shaped (Fig. 10A, B, D) to tear-shaped
(Fig. 10C, F—H) and irregularly-shaped (Fig. 9K). Ovicells not
seen. Kenozooecia numerous, adventitious, extending over the
whole autozooecial frontal wall (Fig. 10A-D, F-H, J, K), but par-
ticularly obscured at the zooecial boundaries (Fig. 10C, H, J, K),
variable in shape and size. They can be rounded, small
(Fig. 10A, D), or polygonal to elliptical (Fig. 10C), or rounded
large (Fig. 10H-K); some are resfricted to small subcircular or
circular holes (Fig. 10B), 0.04—0.06 mm in diameter, and vari-
ably disposed on the zoarial surface (Fig. 10B, H, J, K). Basal
wall calcified (Fig. 10E, 1). Avicularia lacking. Diagenetic pro-
cesses may have obscured the frontal wall morphology
(Fig. 10L).

R emarks. — According to Taylor at al. (2008b) it is un-
certain to which umbonulomorph superfamily the Brydonellidae
belongs to, and the recent classification of Gordon (2014) listed
it as incertae sedis. Two features distinguishing Uharella from
the type genus of the family Brydonellidae are the lack of spines
and avicularia (Taylor et al., 2008b); therefore, the superfamily
relationship to Brydonellidae is still an open question. The colo-
nies of Uharella seymourensis n. gen., n. sp., described by Tay-
lor et al. (2008b), are epilithozoans encrusting hardened sur-
faces and separated by strips of unencrusted substrate (Taylor
et al., 2008b; Fig. 2). The new material from the middle and up-
per part of the LMF (Telm4—6) is identified as U. seymourensis
because it shows all morphological features of the genus
Uharella Taylor, Casadio, Rosa, and Gordon (see Taylor et al.,
2008b: 264-265). The colonies of U. seymourensis studied
here (Fig. 10) form small irregular sheets found in loose sedi-
ments, contrary to the materials described from Cucullaea Il en-
crusting hard substrates (Taylor et al., 2008b). The morphologi-
cal features of U. seymourensis, described in this study, show
great variability in the length and width of zooecia in late ontog-
eny, which are both longer and wider than in the specimens de-
scribed by Taylor et al. (2008b), however, their minimum size is
almost the same. The opesia of the specimens examined from
the LMF (Telm4—6) show a larger size in early ontogeny than

the opesia described by Taylor et al. (2008b). Of note is that the
morphology of the frontal wall between the specimens studied
and those illustrated by Taylor et al. (2008b) shows a great dif-
ferentiation in the shape of the opesia, which in the Cucullaea Il
materials (Taylor et al., 2008b) are more of less subcircular in
shape, but in the specimens studied here vary from very regular
circular to subcircular (Fig. 10D), through tear-shaped
(Fig. 10G, H), toirregular (Fig. 10K). The same phenomenon is
observed in the size and shape of kenozooecia, which show
greater variations than was observed by Taylor et al. (2008b).
The kenozooecia are slightly larger in the presently studied
specimens than in U. seymourensis described by Taylor et al.
(2008b). However, the minimal size of kenozooecia is the same
in the Cucullaea | and Cucullaea |l assemblages.

Occurrence. — Cucullaca | Allomember: NRM 1
(Telmd), IAA 1/90 (Ungulate Site, Telm5), IAA 2/95 (Marsupial
Site, Telm5); Cucullaea Il Allomember (upper Telm5), see Tay-
lor et al., 2008b; Submeseta Allomember, IAA 1/93 (Telm6), La
Meseta Formation, Seymour Island, James Ross Island,
Eocene.

MINERALOGY OF THE LUNULITIFORM
BRYOZOANS FROM THE LA MESETA FORMATION

Cheilostomes, ever since they appeared, have evolved in a
variety of skeletal mineralogies utilizing calcite or aragonite,
whereas others are bimineralic (Taylor et al., 2009). According
to the recent mineralogical studies (Taylor et al., 2009), there is
a strong inverse latitudinal correlation between aragonite and
latitude evident in the cheilostome mineralogy during the late
Mesozoic and Paleogene. It is worth stressing that none of the
cheilostomes from above 40° latitude had skeletons made en-
tirely of aragonite (see Taylor et al., 2009). Borisenko and
Gontar (1991) drew attention to the scarcity of aragonite and to-
tal absence of bimineralic species in the 48 analysed Antarctic
and Arctic species. A combined date base of cheilostome min-
eralogy shows aragonite to be widely distributed across
Cheilostomata, occurring in numerous genera and families be-
longing to the three most diverse subgroups (Flustrina,
Umbonulomorpha, and Lepraliomorpha).

The free-living flustrine lunulitiform genera Lunulites and
Otionellina are described here from the middle part of the La
Meseta Formation (Telm4-5). This fauna dominates among the
siliciclastic sediments in the upper part of Telm4 (locality
NRM1), and in the Natica Horizon, Cucullaea | (Telm5) in the
three localities of IAA 2/95 (Marsupial Site), IAA 1/90 (Ungulate
Site), as well as in the DPV 6/84 (Rocket Site; Figs. 1C, 2, 6-8).

Lunulites marambionis sp. nov. and Otionellina antarctica
sp. nov. from localities IAA 2/95 and IAA/90 of Telm5 (see
Figs. 1, 2, 6-8) were analysed for skeletal mineralogy by using
a Cameca SX-100 electron microprobe. The average MgCO-
content of calcite in the La Meseta bryozoans ranged from 4.0
to 5.0 mol% with a mean value of 4.5 mol%. The calcitic bryo-
zoan skeletons of the La Meseta Formation (Telm5) are formed
of intermediate-Mg calcite (IMC) with 4.5 mol% MgCOs content,
for all samples examined. For comparison, the average MgCO;
content of the Cretaceous—Paleocene and Eocene samples
ranges from 3.3 to 3.9 mol% (see Taylor et al., 2009; see also
Bone and James, 1993; James, 1997).

Seven samples, described as 11/16/1-11/16/7 and repre-
sented by two taxa of Lunulifes marambionis sp. nov. and
Otionellina antarctrica sp. nov. from the La Meseta Formation
(Telm5), were examined using the X-ray diffraction (XRD). Only
in one sample 11/16/2 from IAA 1/90 locality, represented by
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Fig. 10. Uharella seymourensis Taylor, Casadio, Rosa and Gordon, 2008, scanning electron micrographs, La Meseta Formation,
Seymour Island, James Ross Basin, Antarctic Peninsula, Eocene

A — growing edge, By 24209a, locality |AA 1/90, Telm5, scale bar 200 pm; B — part of a colony surface, showing a regular pattern of arrange-
ment of autozooecia and well-marked, prominent subcircular holes of kenozooecia, By 141133a, locality IAA 2/95 (Marsupial Site), Telm5,
scale bar 100 pm; € — old colony surface showing a tear-shaped opesia and smaller well-marked kenozooecia around the autozooecia, By
24212, locality NRM 1, Telm4, scale bar 200 pm; D — young autozooecia with numerous round-shaped kenozooecia on the frontal wall; E -
underside of the colony detached from the substrate, bearing some grains derived from the matrix of substrate; D, E — By 242074, locality IAA
2/95, Telmb5, scale bar 1 mm; F — part of the old colony showing, large opesia of autozooecia, By 141133a, locality IAA 2/95, scale bar
100 pm, Telm5; G — part of a worn, old colony surface, By 24212, locality NRM 1, Telm 4, scale bar 100 pm; H — large opesia of the old colony
surrounded by large kenozooecia, By 24209a, locality IAA 1/90, Telm5, scale bar 100 pm; | — few autozooecia showing underside of the
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100 pm; J — regular pattern of arrangement of zooecia and kenozooecia, scale bar 100 pm; K — worn zoarial surface showing differ-
ently-shaped opesia; J, K — By 141132a, locality IAA 1/93, Telm6, scale bar 100 ym; L — part of an old colony surface with large opesia and
kenozooecia sealed by the sediments, scale bar 100 ym, By 242073, locality IAA 2/95, Telm5
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Otionellina antartica sp. nov., small contents of aragonite ac-
companied by strontium apatite have been found.

Pseudomorphs of calcite after fibrous aragonite were also
reported earlier in the carbonate hemispherical skeletons of the
bryozoan colonies collected from the Telm1 unit (Sadler, 1988)
of the La Meseta Formation (Tatur et al., 2011).

The best examples of the presence of aragonite come from
the free-living lunulite cheilostomes, in which aragonite is invari-
ably added either to the outer surfaces of frontal shields or to
the undersides of freeliving colonies (Greeley, 1969). He
showed how so-called basally uncalcified fossil zoaria are be-
lieved to result from preferential leaching or solution of the basal
aragonite, leaving only the calcitic lateral and frontal walls (see
Greeley, 1969: 252, pl. 34, figs. 1-2; see also Fig. 8B, I-H in
this paper).

In most bimineralic bryozoan species of the family
Otionellidae, aragonite is restricted to the superficial skeleton
and acts as a strengthening layer, being less susceptible to
physical and chemical destruction than calcite, but especially
susceptible to a diagenetic change (Smith and Nelson, 1993;
Smith et al., 1998; Steger and Smith, 2005).

The lunulitiform Otionellina sp., described here, has only the
frontal side preserved and shows an external mould of the
basal side (see Fig. 8). This partial mould is a useful indicator of
an originally bimineralic composition of this taxon, which may
also suggest that aragonite was lost via dissolution (see also
Greeley, 1969; cf. Busk, 1859).

With respect to the mineralogical results reported here for
the apparently bimineralic skeleton of Otionellina, the use of La-
ser Raman spectroscopy, allowing a submicron level of in-situ
mineralogical determination, would be helpful to examine the
distribution of calcite and aragonite within the free-living La
Meseta Formation bryozoans (see also Taylor et al., 2008a).

The studied specimens of Ofionellina of Ypresian or
Ypresian/Lutetian age from the middle part of the La Meseta
Formation (Cucullaea | Allomember, Telm5), which contained
traces of aragonite verified by XRD analyses, pre-dated those
found in the Lutetian (Middle Eocene) rocks. However, aragon-
ite was acquired by several groups at different times during the
late Mesozoic and Paleogene (see Taylor et al., 2009).

DISCUSSION

The bryozoans from the middle and upper part of the LMF
(Telm4-7), dated as the Early Eocene to Late Eocene (Upper
Ypresian—Priabonian), include nine species represented by
cyclostomes and cheilostomes, mostly anscan flustrine,
umbonulomorphs and lepraliomorphs. Bryozoans are, how-
ever, scarce compared to their abundant occurrence in the
lower part of the formation (Telm1; see Hara, 2001, 2002,
2015).

The earlier Cenozoic Southern Hemisphere bryozoan re-
cords, which pre-date the La Meseta bryofauna, derived from
uppermost Paleocene—lowermost Eocene rocks consisting of a
calcareous palagonite tuff of basaltic composition, with beds of
lapillistone and tuff-breccia on Chatham Island, New Zealand
(Gordon and Taylor, 1999, 2015; cf. Hara, 2001, 2002). Middle
to Late Eocene bryozoans from the St. Vincent Basin in south-
ern Australia were studied by Schmidt and Bone (2001), who
reported more than 250 species, although only a small propor-
tion of these species have been formally described.

The occurrence of distinct, free-living lunulitiform bryo-
zoans, which developed disc-shaped colonies, is characteristic
of the middle part of the LMF (Telm5). This fauna is represented
by the genera Lunulites and Otionellina that live on unstable

loose, granular substrata, where they are common (Cheetham,
1963), and therefore they are overwhelmingly associated with
sand fauna settings (see also Cook, 1963; Lagaaij, 1963,
Greeley, 1969; McKinney and Jackson, 1989; Rosso, 1996;
O’Deaetal., 2004, 2008, 2011; O'Dea, 2009). Environmentally,
lunulitids occur in shallow shelf conditions (2.5-190 m), with
temperatures of 10-29°C, on coarse, sandy to muddy bottoms,
with low to moderate deposition, in quiet to agitated regimes.
They are absent in rocky areas with high turbulence and high
silt deposition, in coarse shell or pebble beds, in water with sa-
linities >37%., and/or bottom temperatures consistently lower
than 10-12°C (Cook, 1963, 1979; Cook and Chimonides, 1983;
O’Deaetal., 2008, 2011; O'Dea, 2009). Free-living lunulitiforms
such as Lunulites and Otionellina may, like benthic foraminifera,
immediately become transformed into sediment grains on
death, and generally need no substrate to grow on except for
small-sized grains of quartz or other skeletal material for settle-
ment of the larvae (Cadeée, 1975, see also Batuk and
Radwariski, 1977; O'Dea et al., 2008). Fragmentation of
lunulitiform species is significant in fossil and Recent popula-
tions (Dartevelle, 1932; Buge and Muniz, 1974; Batuk and
Radwarnski, 1977; O'Dea et al., 2004; O'Dea, 2009); however,
the causes of this phenomenon remain to be clarified. Most
common is mechanical fragmentation of existing colonies, often
into triangular wedge-shaped pieces, followed by regrowth from
the edges of the fragments to restore a near-circular colony out-
line (cf. Fig. 6; see also O’'Dea et al., 2008, 2011; O’'Dea 2009).
On the other hand, free-living colonies are most often recovered
as complete skeletons, forming a coarse fraction in muddy or
silty sediments (Cook and Chimonides, 1983; see also O'Dea
et al., 2004). In the middle part of the LMF (Cucullaea |
Allomember), lunulitiforms are entirely composed of regener-
ated or fragmented colonies (Figs. 6 and 7); however, one ex-
ception is a colony of Otionellina eocenica sp. nov. with a basal
wall preserved as a mould, which has been found in the Rocket
Site (DVP 6/84) locality in Telm4-5 (see Figs. 1C, 2 and 8).

For palaeonvironmental analysis the presence of free-living
bryozoans (Lunulites and Otionellina) can be informative partic-
ularly for the temperate shelf environment, sandy, often shifting
substrate, and diagenetic history that allows for preservation of
aragonite. According to Smith et al. (2006), it is tempting to
speculate that an abrasive lifestyle among the sand grains re-
quires the use of stronger and denser aragonite, which may re-
flect the colonization of high-energy shifting substrates by ben-
thic bryozoans.

Lunulitidae were first studied from the Oligo-Miocene Victo-
rian deposits in the Tertiary basins of Australia (MacGillivray,
1895; Brown, 1952; Cockbain, 1971; Cook and Chimonides,
1986; Bock and Cook, 1995, 1998, 1999, 2002). Living species
are known only from Australasian sand fauna environments,
but their predecessors were equally abundant in Cretaceous to
Paleogene seas of Europe and in Eocene seas of North and
Central America (see Cheetham, 1963; Lagaaij, 1963). Accord-
ing to Schmidt and Bone (2001), Australasian Otionellina or
Otionella form a large complex and diverse fauna, which proba-
bly derived from an Eocene circum-Antarctic ancestor. In the
light of the first fossil record of the austral Otionellina from the
LMF of Seymour Island this may suggest the Antarctic origin of
this taxon. During the Late Oligocene, the establishment of a
circum-Antarctic current resulted in glaciations and a cata-
strophic fall in sea temperatures. This is inferred to have iso-
lated the Miocene lunulitiform faunas of South America and
Australia, and to have caused the extinction of the intervening
Antarctic shelf fauna (Schmidt and Bone, 2001).

One taxon recognized in the DPV 13/84 locality of Telm7
(SE part of the Marambio Base, see Figs. 3F and 9D, E, G-) is
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provisionally identified as ?Goodonia. This genus, represented
by one species of G. cookae, was described from the Pliocene
Coralline Crag by Bishop and Hayward (1989: 44, 186188, p.
60, 245-247). The Coralline Crag taxon is similar to the bryo-
zoan colonies described from a bryozoan-bearing horizon of a
fine-grained sandstone in Telm6 at ZPAL 14 (Cucullaea |l
Allomember, see Hara, 2001: 80, pl. 23; Fig. 9F), where a
biostrome layer up to 5 cm thick was recognized, along with a
few poorly preserved sole fragments of bryozoan colonies, as-
sociated with vertebrates such as penguins and gadiform fish
remains in Telm7 at ZPAL 3 (Borsuk-Biatynicka, 1988; Myrcha
et al., 1990; Jerzmanska and Swidnicki, 1992; Hara, 2001: 40).
The large bilamellar colonies of ?Goodonia, which form a
biostrome, may indicate that the biofacies developed into a
non-sedimentation zone of the bypass area on a siliciclastic
aphotic shelf, or into a very slow fine-clastic sedimentation,
where the numerous filtering organisms, such as bryozoans,
colonized the seafloor (see Reguant, 1990).

Four new species, such as Micropora nordenskjoeldi,
Lunulites marambionis, Ofionellina antarctica and Otionellina
eocenica, were recognized in the middle part of the LMF. They
all have a different history of origin, both geographically and
temporally. Lunulites is known from the Cretaceous
(Santonian—Maastrichtian) of Europe and the Upper Eocene
(Priabonian) of North America, tropical America, and the Carib-
bean province (Cook and Chimonides, 1983; see also Rosso,
1996). Micropora is recorded from the Cretaceous of Europe
and from the Upper Paleocene—Lowermost Eocene of New
Zealand (Gordon and Taylor, 1999, but the austral genus
Otionellina extends from the Upper Eocene—Oligocene
(Rupelian) of Australia, and it is known from the Miocene of New
Zealand (Cook and Chimonides, 1984).

The umbonulomorph Uharella seymourensis, belonging to
Brydonellidae, was first described from the Cucullaca Il
Allomember (Marenssi et al., 1998) of the La Meseta (upper
Telm5) and it is found as an epilithozoic bryozoan, forming
unilamellar sheets, encrusting the hardened surface composed
of pebbles or small cobble-sized lithoclasts (Taylor et al.,
2008b). The colonies of U. seymourensis, described in this
study, derive from the allomembers of Cucullaca | and
Submeseta (Telm4—6), and they are found in the loose resid-
uum of the clastic sediments (Fig. 10).

The relationship between the colony and the substrate on
which a bryozoan grows has a fundamental importance be-
cause this governs to some extent the way in which sedimen-
tary particles are produced (Stach, 1936; Smith, 1995;
Hageman, 1997). In the Cenozoic the dramatic increase of
free-living and articulated morphotypes (Taylor and James,
2013) probably reflects the colonization of shallow-water envi-
ronments with high wave energy. It should be also concluded
that the dominant share of lunulitiform colonies in the Cucullaea
| Allomember (Telm4—-5) may indicate shallow-water conditions
for the middle part of the LMF. Similarly, the presence of articu-
lated or rooted colonies and unizooidal and bi-zooidal
internodes, whose presence implies a nearshore environment
with considerable wave action and warm climatic conditions,
were documented from the basal facies of the lowermost part of
the La Meseta Formation of Telm1 (see Hara, 2015).

Isotope and palaecbotanical data indicate that the sea sur-
face temperature of the Antarctic Eocene marine waters was
about the same as in tropical regions (Dzik and Gazdzicki,
2001; see also Dutton et al., 2002).

This fauna is richly accompanied by the nektic fish, mostly
sharks, rays and chimerid holocephalians, as well as the large
thick-shelled bivalve Cucullaea raea, and the thick-shelled gas-
tropods Antarctodarwinella nordenskjoldi and Struthiolarella

steinmanni, associated with other marine molluscs, brachio-
pods, crinoids, starfish, asteroids, sea urchins, nautiloids,
balanomorphs and crabs (McKinney et al., 1988; Zullo et al.,
1988; Blake and Zinsmeister, 1988; Feldmamn and Wilson,
1988; Stilwell and Zinsmeister, 1992; Cione and Reguero,
1998; Dzik and Gazdzicki, 2001; Tatur et al., 2011). The
selachian fauna in Telm5 shows the greatest diversity almost
equal to present-day tropical faunas (Kriwet and Gazdzicki,
2003; Reguero et al., 2013).

Reported for the first time here, the free-living lunulitiform
taxa Lunulites and Otionellina, as well as a genus provisionally
identified as ?Goodonia, can be valuable climatic indicators, as
these genera recently inhabited circumtropical, tropical-sub-
tropical, to warm temperate waters (Lagaaij and Cook, 1973;
Bishop and Hayward, 19889). Lunulitiforms are also a group of
fossils that evolved aragonite biomineralization, whereas oth-
ers can also be bimineralic or calcitic (Taylor et al., 2009). The
occurrence of aragonite along with strontium apatite was deter-
mined by XRD analysis in the studied material. The presence of
a mould of the basal wall in one specimen of Ofionellina
eocenica sp. nov. may suggest that aragonite was added to the
basal side of the colony and then leached showing the loss of
this part of the skeleton (see Fig. 8B, G, |; see also Greeley,
1969).

The nautiloid assemblage from Telm4 to Telm6 apparently
developed in response to the Eocene warming episodes and
the resulting transgression of a warm sea (Dzik and Gazdzicki,
2001). A sharp decrease in diversity of nautiloids near the con-
tact between Telm5 and Telm6 (Middle Eocene) was probably
associated with the climatic cooling event that culminated at the
time of deposition of the upper part of the LMF. Above Telmé,
no nautiloids are known (Dzik and Gazdzicki, 2001). This de-
cline may mark the proximity of the Eocene—Oligocene bound-
ary, when a major decrease in temperature occurred in the
southern oceans (Gazdzicki et al., 1992). According to Sr iso-
tope stratigraphy the uppermost part of the LMF (top of Telm7)
is Late Eocene (34.2 Ma) in age (Dingle and Lavelle, 1998).

The faunistic evidence of the bryozoan fauna studied here
(Telmd to 7), along with their growth-forms and associated fau-
nas, indicate deposition of the LMF in warm temperature condi-
tions of the Ypresian to Priabonian sea highstand termed the
Arctowski interglacial, which is consistent with the palaeonto-
logical dating of late Early to Late Eocene (Dzik and Gazdzicki,
2001; see also Case, 1992; Cione and Reguero, 1998).

Itis worth stressing that the evolution of the modern Antarc-
tic bryozoan community structure was initiated toward the end
of the Eocene with the start of a major decline in global temper-
atures, based on evidence from the Late Eocene of Seymour
Island (Aronson et al., 1997, 2009; Crame et al., 2014).
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