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Unveiling the cheilostome bryozoan fauna of Daidokutsu 
submarine cave (Okinawa, Japan) over the last 7,000 years 

Emanuela Di Martino, Antonietta Rosso, Paul D. Taylor, Ruby W.T. Chiu, 
Kazuhiko Fujita, Akihisa Kitamura, and Moriaki Yasuhara 

ABSTRACT

The study of marine bryozoans in Japan dates to the late 1800s, with research pri-
marily focusing on Pleistocene and Recent faunas in shallow-water shelf habitats. This
paper aims to address gaps in the study of Holocene bryozoan assemblages from
cave habitats in Japan by examining the cheilostome bryozoan fauna of a sediment
core (Core 19) spanning the last 7,000 years extracted from Daidokutsu cave, a sub-
marine cave on Ie Island, Okinawa. The study describes and illustrates using scanning
electron microscopy, 63 cheilostome bryozoan species, comprising 17 anascan-grade
and 46 ascophoran-grade cheilostomes, and introduces three new genera and 30 new
species, a significant proportion consistent with previous studies on other Japanese
bryozoan faunas. Additionally, we transfer the family Crepidacanthidae from Mamillo-
poroidea to Adeonoidea. This research establishes a critical taxonomic foundation for
future ecological studies aimed at understanding the responses of the bryozoan com-
munity in this cave habitat to environmental and climate changes through the Holo-
cene. The inclusion of bryozoan data expands the multi-taxon approach that was
previously focused on other groups of organisms (ostracods, molluscs, foraminifera),
thus providing a more comprehensive understanding of the historical biodiversity and
ecological dynamics of the region.
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INTRODUCTION

In his review of bryozoan diversity in Japa-
nese waters, Hirose (2017) noted that the study of
marine bryozoans in Japan dates to the H.M.S.
Challenger expedition of 1873–1876 (Busk, 1884),
while Ortmann (1890) produced the first major
report on these benthic animals. As of 2008, over
1,000 bryozoan species were estimated to inhabit
Japanese waters (Scholz et al., 2008). The most
studied regions from north to south, include Hok-
kaido and the Kurile Islands, which host 185 spe-
cies of cheilostome bryozoans (e.g., Mawatari,
1956; Mawatari and Mawatari, 1981; Grischenko et
al., 2007); Tohoku (NE Japan), with 51 species on
the Pacific side (e.g., Okada, 1928, 1929; Okada
and Mawatari, 1937), and 27 species on the Sea of
Japan side (e.g., Hayami, 1973); Tokyo Bay and
Sagami Bay/Sea, with 179 species (e.g., Ortmann,
1890; Yanagi and Okada, 1918; Okada, 1934;
Okada and Mawatari, 1935, 1936); the Noto Penin-
sula (Sea of Japan, middle Honshu) with 92 spe-
cies (e.g., Mawatari, 1962; Sakakura, 1935); the Kii
Peninsula (Pacific Coast, middle Honshu) with 144
species (e.g., Mawatari, 1952); the Ogasawara
Islands, with 94 species (e.g., Silén, 1941); the
Korea (Tsushima) Strait, between the East China
Sea and the Sea of Japan, with 40 species (e.g.,
Okada, 1923); the Seto Inland Sea, with 14 spe-
cies (e.g., Okada, 1934; Okada and Mawatari,
1938); Shikoku (Pacific coast), with four species
(e.g., Ortmann, 1890; Okada and Mawatari, 1938);
Kyushu, between the East China Sea and the
southern part, with 63 species (e.g., Silén, 1941,
1947); and Okinawa, including Nansei Islands, with
26 species (e.g., Mawatari, 1987), and Sesoko

Island, with 52 species (Dick and Grischenko,
2017). The most thoroughly investigated habitats
are nearshore shelf regions, with fewer studies
conducted in both intertidal sandy bottoms and
deep waters (Hirose, 2017).

In their review of Pleistocene bryozoans from
Japan, Dick et al. (2008) reported 334 cheilos-
tomes from four main regions: the Boso Peninsula,
on the Pacific side of central Honshu with c. 145
species (e.g., Sakakura, 1935, 1938; Arakawa,
1995); SW Hokkaido and N Honshu near the
Tsugaru Strait, with c. 129 species (e.g., Kataoka,
1957; Hayami, 1971, 1973, 1975); the Noto Penin-
sula, with c. 26 species (Hayami, 1975); and
Niigata, in central Honshu, Sea of Japan, and
Kikai-jima Island in the Nansei Archipelago south
of Kyushu, with c. 133 species (e.g., Kataoka,
1961). The palaeoenvironments for these occur-
rences are shallow-water shelf habitats.

Many habitats and specific time intervals
remain unexplored, including submarine caves of
Holocene age (the last c. 11,700 years). This paper
aims to address this gap by describing and illustrat-
ing the taxonomy of 63 species of cheilostome
bryozoans, found in a sediment core spanning the
last 7,000 years, extracted from a dark, oligotro-
phic submarine cave on the east coast of Ie Island,
Okinawa, Japan. We introduce three new genera
and 30 new species. Descriptions and illustrations
of the cyclostome species from the same samples
will be presented in a separate work currently in
preparation.

This study establishes the taxonomic founda-
tion necessary for an ecological investigation into
the ecosystem-scale response of the cave fauna to
environmental and climate changes through most
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of the Holocene. Previous research in this cave
has focused on ostracods, larger benthic foramin-
ifera, and bivalves (Kase and Hayami, 1992;
Hayami and Kase, 1993, 1996; Tabuki and Hanai,
1994, 1999; Kitamura et al., 2007a, b; Yamamoto
et al., 2009, 2010; Omori et al., 2010; Chiu et al.,
2016, 2017). The inclusion of bryozoan data will
extend this multitaxon approach to a new group, for
which substantial information on cave assem-
blages exists from other regions of the world (e.g.,
Harmelin, 1986, 1997, 2000, 2003; Rosso et al.,
2013a, b, 2018a, 2019, 2021a).

MATERIAL AND METHODS

Material used for this study was sorted from
62 samples (Table 1), each corresponding to 1 cm
section of a sediment core (Core 19) obtained from
a depth of 29 m inside the Daidokutsu submarine
cave (26.72ºN, 127.83ºE; see Yamamoto et al.,
2009; Chiu et al., 2017, figure 1A, B) on the east
coast of Ie Island, Okinawa, Japan (Kitamura et al.,
2007). The sampling site of Core 19 was located
approximately 32.5 m from the entrance of the
cave (see Chiu et al., 2017, figure 1C, for more
details on the sampling site). The core, which was
5 cm in diameter and 233 cm long, covers approxi-
mately the last 7,000 years based on radiocarbon
dating (Yamamoto et al., 2009; Kitamura et al.,
2013). The samples were wet-sieved using a 63
µm sieve, dried, and then dry-sieved using 150 µm,
250 µm, 500 µm, and 1 mm sieves. Bryozoans
were picked from the > 500 µm size fractions.

Scanning electron microscopy was conducted
on selected, uncoated specimens using low-vac-
uum scanning electron microscopes (SEMs) in
back-scattered mode, a LEO VP-1455 and a JEOL
IT500 at the Natural History Museum, London, UK
(NHMUK), a Tescan Vega 2 LMU at the Depart-
ment of Biological, Geological and Environmental
Sciences of the University of Catania (Italy), and a
Hitachi TM4000plus Tabletop at the Natural History
Museum, University of Oslo, Norway.

Morphometric measurements were taken from
SEM images using the image processing program
ImageJ (available at https://imagej.nih.gov/). Each
measurement is given in the text as the mean
value plus or minus standard deviation, observed
range, number of specimens used and total num-
ber of measurements made (the latter two values
enclosed in parentheses).

Abbreviations for the measurements are:
AvCyL, avicularium cystid length; AvCyW, avicula-
rium cystid width; AvL, avicularium length; AvW,
avicularium width; AvOpL, avicularium opesia

length; AvOpW, avicularium opesia width; AZL, A-
type zooid length; AZW, A-type zooid width;
AZOpL, A-type zooid opesia length; AZOpW, A-
type zooid opesia width; BZL, B-type zooid length;
BZW, B-type zooid width; BZOpL, B-type zooid
opesia length; BZOpW, B-type zooid opesia width;
CryL, cryptocyst length; CryW, cryptocyst width;
FoD, foramina diameter; FoN, foramina number;
GymL, proximal gymnocyst length; KzL, kenozooid
length; KzW, kenozooid width; LatGymW, lateral
gymnocyst width; LyW, lyrula width; OpL, opesia
length; OpW, opesia width; OpesL, opesiule length;
OpesW, opesiule width; OvL, ooecium length;
OvW, ooecium width; PeL, peristome length; ScuL,
scutum length; ScuW, scutum width; SinL, orifice
sinus length; SinW, orifice sinus width; VibrL, vibra-
culum length; VibrW, vibraculum width; ZL, zooid
length; ZW, zooid width.

The synonymy lists provided are not exhaus-
tive. They include the original paper in which the
species was first described, and in cases where
the species names are currently accepted under a
different combination, any subsequent work first
adopting the new nomenclature. They also encom-
pass works that specifically mention the presence
of the species in Japan, along with those providing
SEM micrographs.

Three of us (EDM, AR and PDT) were respon-
sible for the systematic part of this paper and are to
be considered the authors for the new taxa
described.

All specimens, including type and figured
specimens, are deposited in the collections of the
Palaeontological Museum (PMC) of the Depart-
ment of Biological, Geological, and Environmental
Sciences of the University of Catania (Italy), under
the catalogue numbers reported for each species.

SYSTEMATIC PALAEONTOLOGY 

Phylum BRYOZOA Ehrenberg, 1831
Class GYMNOLAEMATA Allman, 1856
Order CHEILOSTOMATIDA Busk, 1852
Superfamily THALAMOPORELLOIDEA 

Levinsen, 1902
Family THALAMOPORELLIDAE Levinsen, 1902

Genus THALAMOPORELLA Hincks, 1887
Thalamoporella sp. 1

Figure 1 
Figured material. PMC EDM-Collection
J.H.B.119a, sample 19206 (Figure 1A–B) and sam-
ple 19084 (Figure 1C–E); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
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19042 41 P

19043 42 P

19044 43 P

19045 44 P

19046 45 P

19047 46 P

19048 47 P

19049 48 P

19050 49 1942 P

19051 50 P

19052 51 P

19053 52 P

19054 53 A

19055 54 2152 P

19056 55 P

19057 56 P

19058 57 P

19059 58 P

19060 59 A

19061 60 2415 P

19062 61 P

19063 62 P

19064 63 P

19065 64 2594 P

19066 65 P

19067 66 P

19068 67 P

19069 68 P

19070 69 2819 A

19071 70 P

19072 71 P

19073 72 A

19074 73 P

19075 74 P

19076 75 P

19077 76 P

19078 77 P

19079 78 3213 A

19080 79 P

19081 80 P

19082 81 P

Sample
ID

Depth
(cm)

Age 
(Y)

Bryozoa
(P or A)

Sample
ID

Depth
(cm)

Age 
(Y)

Bryozoa
(P or A)

19001 0 0 P

19002 1 P

19003 2 P

19004 3 183 P

19005 4 229 P

19006 5 P

19007 6 P

19008 7 P

19009 8 400 P

19010 9 P

19011 10 P

19012 11 P

19013 12 557 P

19014 13 P

19015 14 P

19016 15 P

19017 16 P

19018 17 743 P

19019 18 779 P

19020 19 P

19021 20 P

19022 21 P

19023 22 P

19024 23 P

19025 24 P

19026 25 P

19027 26 1067 P

19028 27 P

19029 28 1139 P

19030 29 P

19031 30 1211 P

19032 31 P

19033 32 P

19034 33 1321 P

19035 34 P

19036 35 P

19037 36 P

19038 37 1470 P

19039 38 1508 P

19040 39 P

19041 40 P

TABLE 1. List of samples extracted from Core 19, accompanied by their respective depth in centimetres (cm), age
models in years based on radiocarbon dates from Kitamura et al. (2013), and indication of presence (P) or absence (A)
of bryozoan specimens.



PALAEO-ELECTRONICA.ORG

5

19155 154 P

19156 155 5373 A

19157 156 5393 A

19158 157 5414 A

19159 158 5433 A

19160 159 P

19161 160 5473 A

19163 162 P

19164 163 5533 A

19168 167 P

19169 168 5631 A

19170 169 5650 A

19171 170 5670 A

19172 171 5689 A

19174 173 P

19175 174 5748 A

19176 175 5767 A

19178 177 P

19180 179 5825 A

19181 180 5845 A

19182 181 5684 A

19183 182 P

19184 183 5922 A

19185 184 P

19186 185 5961 A

19190 189 P

19193 192 P

19195 194 P

19196 195 6159 A

19200 199 P

19206 205 P

19207 206 6388 A

19210 209 P

19217 216 P

19218 217 6619 P

19227 226 P

19228 227 P

19229 228 P

19230 229 P

19231 230 P

19232 231 P

19233 232 6680 A

Sample
ID

Depth
(cm)

Age 
(Y)

Bryozoa
(P or A)

19083 82 P

19084 83 P

19085 84 3458 P

19086 85 3497 A

19087 86 P

19088 87 P

19089 88 P

19090 89 A

19091 90 3686 P

19092 91 P

19093 92 P

19094 93 P

19095 94 P

19104 103 4120 P

19105 104 4151 P

19109 108 P

19112 111 4354 P

19113 112 4382 P

19114 113 4409 P

19115 114 4436 P

19119 118 4542 P

19120 119 4567 P

19121 120 P

19122 121 4618 A

19125 124 P

19127 126 P

19128 127 4765 A

19129 128 4788 A

19132 131 P

19133 132 4882 A

19134 133 4904 A

19135 134 P

19136 135 4950 A

19140 139 P

19143 142 P

19144 143 5125 A

19147 146 5188 P

19148 147 5209 A

19150 149 P

19151 150 5250 A

19152 151 5292 P

19153 152 5312 P

Sample
ID

Depth
(cm)

Age 
(Y)

Bryozoa
(P or A)

TABLE 1 (continued).
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Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, outlined by a thin rim
of smooth gymnocyst, rectangular to hexagonal,
elongate (mean ZL/ZW 1.49). Cryptocyst exten-
sive, consisting of a raised, wide (27–64 µm), rope-
like rim along proximal and lateral zooidal margins,
convex, sloping towards the centre of zooid frontal
surface between opesia and opesiules, slightly
depressed and flat below opesiules, coarsely gran-
ular (granule diameter 14–29 µm), with a few,
sparse pseudopores concentrated mainly in the
proximal portion (pseudopore diameter 5–10 µm);
pierced by two symmetrical, elliptical opesiules
placed in the distal third of the zooid, just below the
proximal margin of opesia. Gymnocyst reduced,
visible distally and laterally to the opesia, usually
more extensive laterally, reaching width of 43–76
µm; in a single zooid a preserved adoral tubercle of
c. 33 µm in diameter. Opesia eye-shaped, occupy-

ing the distal third of zooidal length (mean OpL/ZL
0.30). A single heterozooid observed, lozenge-
shaped, shorter than autozooid, symmetrical; cryp-
tocyst coarsely granular, imperforate, lacking con-
dyles or pivotal bar; distal margin triangular, opesia
oval; sibling zooids not torqued towards heterozo-
oid. Ovicells not seen.
Measurements (µm). ZL 569±43, 514–653 (2, 12);
ZW 381±48, 272–449 (2, 12); OpL 172±12, 149–
187 (2, 12); OpW 203±16, 166–224 (2, 12); OpesL
75±12, 56–92 (2, 12); OpesW 54±5, 47–62 (2, 12);
AvL 453 (1, 1); AvW 262 (1, 1); AvOpL 207 (1, 1);
AvOpW 147 (1, 1).
Remarks. Typically, vicarious avicularia in Thalam-
oporella have a prominently elevated rostrum with
smooth lateral ‘wings’, and robust condyles or a
complete crossbar. These characteristics, how-
ever, are absent in the single heterozooid
observed, raising the possibility that it might be a

FIGURE 1. Thalamoporella sp. 1; PMC EDM-Collection J.H.B.119a. A–B, sample 19206. A, fragment general view
(500 μm). B, close-up of autozooids (200 μm). C–E, sample 19084. C, fragment general view (500 μm). D, close-up of
an opesia with preserved adoral tubercle (100 μm). E, close-up of autozooids and putative vicarious avicularium (200
μm).
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kenozooid. Kenozooids, which are polymorphs that
often form to fill geometric gaps within the colony,
are common in species of Thalamoporella. Exam-
ples include the middle Miocene T. polygonalis Di
Martino, Taylor and Portell, 2017 from Florida, and
the Recent T. lanceolata Soule, Soule and Chaney,
1999 from Fiji and Samoa. The Recent Thalamo-
porella stapifera Levinsen, 1909 from Indonesia
bears the closest resemblance in overall appea-
rance and autozooid size range to the Okinawan
species. However, the absence of more detailed
features, such as the clear presence of vicarious
avicularia, prevents further comparison and identifi-
cation at the species level.

Family STEGINOPORELLIDAE Hincks, 1884
Genus STEGINOPORELLA Smitt, 1873

Steginoporella sp. 1
Figure 2

Figured material. PMC EDM-Collection
J.H.B.120a, sample 19210; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony erect, forming cylindrical
branches of up to at least 15 longitudinal series of
autozooids; maximum diameter of the available
branch 3.95 mm. Zooids dimorphic (A- and B-type)
with B-zooids on average 1.4 times larger than A-
zooids and with a more extensive distal oral shelf
(distal shelf length 84±15 µm [53–108 µm] in A-
zooids vs 270±16 µm [240–285 µm] in B-zooids);
A-zooids more common than B-zooids (AZ:BZ 3:1).
All zooids elongate rectangular (mean AZL/AZW
1.66 and mean BZL/BZW 1.97) with arcuate distal
and proximal borders, and finely granular crypto-

FIGURE 2. Steginoporella sp. 1; PMC EDM-Collection J.H.B.120a, sample 19210. A, group of zooids (1 mm). B–C,
close-up of A- and B-zooids (500 μm). D, close-up of the median process (250 μm).



DI MARTINO ET AL.: HOLOCENE BRYOZOANS FROM JAPAN

8

cyst occupying about half length of frontal surface,
depressed, flat, pseudoporous (pseudopore diam-
eter 9–14 µm). Opesia semielliptical, longer than
wide (mean OpL/OpW 1.25 in both zooid types),
delimited proximally by median process (c. 130 µm
long by 245 µm wide in A-zooid, 230–275 µm long
by 230–270 µm wide in B-zooids) with deep cavity;
polypide tube placed centrally and vertically with its
distal margin slightly above the level of median pro-
cess; polypide tube diameter 185 µm in A-zooids
and 210 µm in B-zooids. Gymnocyst smooth,
reduced distally, forming lateral opercular con-
dyles.
Measurements (µm). AZL 846±72, 706–953 (1,
20); AZW 508±37, 447–573 (1, 20); AZOpL
455±24, 410–504 (1, 14); AZOpW 365±25, 311–
394 (1, 14); BZL 1185±52, 1121–1261 (1, 7); BZW
602±52, 519–675 (1, 7); BZOpL 500±20, 478–530
(1, 6); BZOpW 400±38, 352–437 (1, 6).
Remarks. The widespread Steginoporella mag-
nilabris (Busk, 1854) stands as the sole species
within the genus reported from Japan (e.g., Ort-
mann, 1890; Silén, 1941). It is notable for forming
bryozoan thickets in Sagami Bay, spanning depths
from 7 to 126 m (Hirose et al., 2013). Among the
Steginoporella species characterized by dimorphic
zooids and a median process with a deep cavity, S.
magnilabris bears the closest resemblance to this
specimen from Daidokutsu cave. However, while
S. magnilabris is known for its tendency to form
large, encrusting uni- to multilaminar sheets (Til-
brook, 2006) and erect rigid foliaceous colonies
(Hirose et al., 2013), it does not typically form erect
vincularian colonies with cylindrical branches, as
observed in this instance. Steginoporella mag-
nilabris also differs in the general appearance of
the cryptocyst, which is more coarsely orna-
mented, and the shape and surface texture of the
median process, which projects less outwards and
is more granular than in Steginoporella sp. 1 (see
Bock, 2024 https://bryozoa.net/cheilostomata/ste-
ginoporellidae/steginoporella_magnilabris.html).

Steginoporella sp. 2
Figure 3

Figured material. PMC EDM-Collection
J.H.B.121a, sample 19210; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony erect, forming cylindrical
branches of up to at least eight longitudinal series
of autozooids; maximum diameter of the available
branch 1.63 mm. Zooids dimorphic (A- and B-type)
with B-zooids on average 1.3 times longer than A-
zooids, with a more extensive distal oral shelf (dis-

tal shelf length 93±11 µm [68–115 µm] in A-zooids
vs 241±16 µm [219–268 µm] in B-zooids); A-
zooids more common than B-zooids (AZ:BZ 3:1).
All zooids elongate rectangular (mean AZL/AZW
1.69 and mean BZL/BZW 2.02) with arcuate proxi-
mal border; distal border arcuate in A-zooids,
straight in B-zooids; cryptocyst finely granular
occupying about half length of frontal surface,
depressed, flat, pseudoporous (pseudopore diam-
eter 8–12 µm). Opesia semielliptical, longer than
wide (mean OpL/OpW 1.28 in A-zooids, OpL/OpW
1.36 in B-zooids), delimited proximally by a median
process (c. 142–145 µm long by 176–196 µm wide
in A-zooids, 168–175 µm long by 179–190 µm
wide in B-zooids) with moderately deep cavity;
polypide tube placed centrally and vertically not
visible in frontal view, its distal margin slightly
below the level of median process; polypide tube
diameter c. 130 µm in A-zooids and c. 160 µm in B-
zooids. Gymnocyst smooth, reduced distally, form-
ing lateral opercular condyles.
Measurements (µm). AZL 801±69, 674–873 (1,
18); AZW 474±33, 412–570 (1, 18); AZOpL
397±43, 353–478 (1, 6); AZOpW 311±28, 263–348
(1, 6); BZL 1052±37, 1002–1120 (1, 7); BZW
521±44, 462–594 (1, 7); BZOpL 440±9, 426–448
(1, 5); BZOpW 323±33, 282–370 (1, 5).
Remarks. Based on the available evidence, this
species seems to differ from its Daidokutsu conge-
ner in having narrower branches made of fewer
longitudinal series, and in the squared distal end of
the B-zooids. Among the Steginoporella species
characterized by dimorphic zooids, a median pro-
cess with a moderately deep cavity, and straight
distal margins of B-zooids, S. haddoni Harmer,
1900 is the most similar in the general zooidal
appearance, as depicted in both Harmer (1900, fig-
ure 11) and Pouyet and David (1979, figure 2).
Nevertheless, S. haddoni differs in having encrust-
ing colonies and B-zooids twice the size of the A-
zooids.

Superfamily CALLOPOROIDEA Norman, 1903
Family CALLOPORIDAE Norman, 1903

Genus COPIDOZOUM Harmer, 1926
Copidozoum rhoae Yang, Seo and Gordon, 2018

Figure 4
v. 2018 Copidozoum rhoae Yang, Seo and Gor-

don, p. 496, figs. 2–5.
Figured material. PMC EDM-Collection
J.H.B.122a, sample 19033 (Figure 4A–B), sample
19017 (Figure 4C), and sample 19021 (Figure 4D);
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
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Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, delineated by deep
interzooidal furrows, variably shaped, ranging from
oval to elliptical, or irregularly lozenge- or pear-
shaped, longer than wide (mean ZL/ZW 1.56).
Gymnocyst smooth and convex, most extensive
proximally, tapering laterally and distally, accom-
modating 12–17 circumopesial spines (with an
average of 15±2), constantly 12 in zooid distal to
ovicellate zooids; spine bases 20–27 µm in diame-
ter (with an average of 23±2 µm), with the second
distalmost pair having a larger diameter of 27–41
µm (with an average of 33±4 µm). Cryptocyst form-
ing a raised beaded rim, with rim granules measur-
ing 7–9 µm in diameter, sloping inwards to create
an extensive, depressed, flat shelf, transitioning
from coarse granular proximally to progressively
smooth towards the proximal margin of the opesia.
Opesia ovoidal to bell-shaped, slightly longer than
wide, occupying slightly less than half of the zooi-

dal surface (mean OpL/ZL 0.41). Avicularia subvi-
carious, large, slightly over half the size of an
autozooid, resting on a convex cystid of smooth
gymnocyst, scimitar-shaped, with a rounded ros-
trum measuring 206–240 µm in length (with an
average of 223±17 µm); rostrum tip slightly curved
on one side, directed distally, opesia elongate and
figure eight-shaped, palate extensive and smooth,
condyles robust. Ovicells hyperstomial, globular;
endooecium coarsely granular (granule diameter
8–21 µm), ectooecium mostly uncalcified except
for a narrow peripheral band, 16–18 µm wide, of
smooth calcification forming an acute distal spike,
40–56 µm high, and proximal raised convolutions.
Mid-distal, elliptical pore-chamber windows
observed, c. 30 µm long by 60 µm wide.
Measurements (µm). ZL 472±41, 416–513 (3, 7);
ZW 303±16, 277–327 (3, 7); CryL 181±36, 96–223
(3, 12); GymL 77±21, 49–118 (3, 10); OpL 194±21,
169–230 (3, 7); OpW 170±16, 151–197 (3, 7);

FIGURE 3. Steginoporella sp. 2; PMC EDM-Collection J.H.B.121a, sample 19210. A, E, portion of two cylindrical
branch fragments showing groups of zooids (1 mm). B, close-up of two A-zooids (500 μm). C, close-up of a B-zooid
(500 μm). D, F, close-up of polypide tubes in two A-zooids (200 μm).
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AvCyL 324±12, 313–337 (2, 3); AvCyW 212±25,
193–240 (2, 3); AvL 282±18, 266–301 (2, 3); AvW
129±4, 127–134 (2, 3); AvOpL 118±7, 110–124 (2,
3); AvOpL 42±8, 33–47 (2, 3); OvL 201±20, 182–
234 (3, 8); OvW 235±28, 186–273 (3, 8).
Remarks. Copidozoum rhoae stands out as one of
the commonest components of the bryozoan
assemblage in the Daidokutsu cave core. Speci-
mens have larger autozooids and avicularia com-

pared to the Recent material described from South
Korea by Yang et al. (2018). Our morphological
measurements closely align with those given in the
original description of Copidozoum kikaijimense
Kataoka, 1961, a Pleistocene Japanese species
found in the Ryukyu Limestone of Kagoshima Pre-
fecture, Japan. This species also bears a striking
resemblance to C. rhoae, except for the ovicell,
which is described as smooth, the presence of sep-

FIGURE 4. Copidozoum rhoae Yang, Seo and Gordon, 2018; PMC EDM-Collection J.H.B.122a. A–B, sample 19033.
A, colony fragment general view (200 μm). B, close-up of two ovicellate zooids and subvicarious avicularium (200
μm). C, sample 19017, close-up of two autozooids (200 μm). D, sample 19021, close-up of two ovicellate zooids and
subvicarious avicularium (200 μm).
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tula as interzooidal communications, and the
smaller size of the avicularia. Unfortunately, the
poor quality of the image in Kataoka (1961) pre-
vents a more certain comparison between Copido-
zoum kikaijimense and specimens of C. rhoae from
both Japan and South Korea.

Genus AMMATOPHOROIDES gen. nov. 
Di Martino, Rosso, and Taylor

zoobank.org/49F124DF-2C76-4699-B923-D0DF6BE8AE89

Type species. Ammatophoroides angeloi gen. et
sp. nov. Di Martino, Rosso, and Taylor.
Etymology. Greek suffix ‘-oides’ meaning -like,
referring to its similarity to species of the genus
Ammatophora Norman, 1903.
Diagnosis. Ammatophora-like calloporid with blunt
autozooidal boundaries, smooth gymnocyst filling
the space between autozooids, flat to slightly con-
vex especially around the lateral and distal zooidal
boundaries, sometimes nodular but never forming
thick tubercles as in Ammatophora; interzooidal
communications via uniporous septula. An oval to
ovoidal beaded rim outlining the cryptocystal por-
tion of the zooid; cryptocyst granular, forming a flat
depressed shelf proximally, occupying one-third to
half of the frontal surface, narrowing and sloping
gradually laterally, tapering distally, completely dis-
appearing in ovicellate zooids. Opesia rounded
trapezoidal to bell-shaped; muscle scars visible
through the opesia. Ovicells subimmersed; ooe-
cium cap-like, smooth, imperforate. Spines and
avicularia absent.
Remarks. Among calloporid genera, Ammato-
phora is the most similar to the new genus. Both
genera share a granular cryptocyst forming a dis-
tinct shelf proximal to the opesia, and both lack
spines, avicularia, and pore chambers. The main
differences are the absence of large interzooidal
nodular kenozooids in Ammatophoroides gen.
nov., which are typical of Ammatophora (Winston
and Vieira, 2013), and the ovicell, which is subim-
mersed in the new genus and hyperstomial in
Ammatophora (Hayward and Ryland, 1998). 

Ammatophoroides angeloi gen. et sp. nov. 
Di Martino, Rosso, and Taylor

Figure 5
zoobank.org/6597F524-5F13-4A81-A2EB-D25E8C08BB01

Type material. Holotype PMC. B44. 29.7.2024a,
sample 19027 (Figure 5A–B); paratype PMC. B44.
29.7.2024b1, sample 19016 (Figure 5C–D); para-
type PMC. B44. 29.7.2024b2, sample 19002 (Fig-
ure 5E–F); paratype PMC. B44. 29.7.2024b3,

sample 19018 (Figure 5G); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Etymology. Named after a close friend of the first
author, Angelo Cavallaro, geologist and natural sci-
ence teacher with a deep passion for rocks and
fossils.
Diagnosis. As for Ammatophoroides gen. nov.
Description. Colony encrusting, multiserial, unil-
aminar; zooidal communications through numer-
ous uniporous septula along lateral, vertical walls,
with pore diameters ranging from 9 to 26 µm. Gym-
nocyst smooth, generally flat and more extensive
proximally, slightly convex and narrower laterally,
sometimes nodular but never developing into nod-
ular kenozooids, sloping towards the oval to ovoi-
dal cryptocystal rim outlining autozooids, longer
than wide (mean ZL/ZW 1.38). Cryptocyst forming
a raised, beaded rim, 8–19 µm wide, developing
into an extensive proximal shelf occupying one-
third to half of the frontal wall, slightly depressed,
narrower laterally, gradually sloping towards the
opesia, tapering distally and completely disappear-
ing in ovicellate zooids, finely and evenly granular
with granules arranged in radial rows becoming
almost horizontal and parallel along the lateral mar-
gins. Opesia rounded trapezoidal to bell-shaped,
occupying two-thirds to half of the frontal surface
(mean OpL/ZL 0.51); elliptical muscle scars visible
through the opesia in its distal part. Ovicell subim-
mersed; ooecium cap-like, smooth, imperforate,
with lateral and median sutures sometimes visible,
and proximolateral corners projecting into the ope-
sia, forming a slight constriction. Spines and avicu-
laria absent. Signs of repair visible in the cryptocyst
of some zooids.
Measurements (µm). ZL 690±75, 570–903 (4, 20);
ZW 501±64, 360–649 (4, 20); OpL 352±25, 305–
391 (4, 20); OpW 274±19, 233–311 (4, 20); CryL
185±30, 121–237 (4, 20); GymL 119±50, 46–243
(4, 20); OvL 111±11, 98–121 (3, 4); OvW 383±24,
354–410 (3, 4).
Remarks. This species is one of the commonest in
samples from Daidokutsu cave.

Family ANTROPORIDAE Vigneaux, 1949
Genus ANTROPORA Norman, 1903

Antropora typica (Canu and Bassler, 1928)
Figure 6

v. 1928 Dacryonella typica Canu and Bassler, p. 
87, pl. 5, figs. 4–8; pl. 32, figs. 11, 12.

v. 1967 Antropora typica (Canu and Bassler); 
Rucker, p. 817, fig. 12b.

v. 1986 Antropora typica (Canu and Bassler); 
Winston, p. 5, figs. 1, 2.
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FIGURE 5. Ammatophoroides angeloi gen. et sp. nov. Di Martino, Rosso and Taylor. A–B, holotype PMC. B44.
29.7.2024a, sample 19027. A, general view of the colony fragment (1 mm). B, close-up of three zooids, two ovicellate
(500 μm). C–D, paratype PMC. B44. 29.7.2024b1, sample 19016. C, general view of the colony fragment (500 μm).
D, close-up of three zooids, one with signs of regeneration and one ovicellate (250 μm). E–F, paratype PMC. B44.
29.7.2024b2, sample 19002. E, general view of the colony fragment (200 μm). F, close-up of an ovicellate zooid (200
μm). G, paratype PMC. B44. 29.7.2024b3, sample 19018, close-up of lateral walls with uniporous septula (200 μm).
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v. 1998 Antropora typica (Canu and Bassler); 
Tilbrook, p. 37, figs. 1F, 3A.

Figured material. PMC EDM-Collection
J.H.B.123a, sample 19072 (Figure 6A–C) and
sample 19230 (Figure 6D–E); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by fine fur-
rows, oval, quincuncially arranged, longer than
wide (mean ZL/ZW 1.21). Gymnocyst smooth, gen-
erally narrow, visible entirely around perimeter of
zooid, more extensive proximally, tapering laterally
and distally; cryptocyst outlined by a raised,
beaded rim, slightly depressed, flat, and granular,
broader proximally, narrowing laterally before dis-
appearing distally. Opesia oval to pear-shaped,
occupying two-thirds of total autozooid length
(mean OpL/ZL 0.69). Avicularia interzooidal, small,

teardrop-shaped, typically paired, located at zooi-
dal distolateral corners, with raised, sharply trian-
gular rostrum, directed distolaterally and inwardly,
two faint condyles and a pear-shaped opesia. Ovi-
cell endozooidal, small, partly immersed beneath
distal autozooid; ooecium cap-like, imperforate,
smooth. Vicarious avicularia not observed. 
Measurements (µm). ZL 352±28, 309–408 (1, 13);
ZW 291±37, 230–348 (1, 13); OpL 244±15, 222–
273 (1, 9); OpW 197±28, 161–232 (1, 9); CryL
85±21, 45–123 (2, 14); GymL 37±17, 16–71 (2,
12); AvL 121±9, 104–136 (2, 20); AvW 75±7, 64–
90 (2, 20); OvL 63±7, 58–68 (1, 2); OvW 172±1,
171–173 (1, 2).
Remarks. This species, originally described from
northern Cuba and later identified in Brazil, Malay-
sia and Mauritius, has also been recorded off the
coast of Japan, including locations such as
Okinose near Tokyo and Shikoku (Tilbrook, 1998).

FIGURE 6. Antropora typica (Canu and Bassler, 1928); PMC EDM-Collection J.H.B.123a. A–C, sample 19072. A, col-
ony fragment general view (200 μm). B, close-up of two autozooids, one with multiple opesial rims owing to intramural
budding, and several interzooidal avicularia (200 μm). C, close-up of autozooids and interzooidal avicularia (200 μm).
D–E, sample 19230, close-up of two ovicellate zooids and interzooidal avicularia (150 μm).



DI MARTINO ET AL.: HOLOCENE BRYOZOANS FROM JAPAN

14

As observed by Tilbrook (1998), the size of the
autozooids in this species varies both within colo-
nies and across different geographical regions. In
the holotype, autozooids average 0.46 × 0.29 mm,
whereas specimens from Okinawa display shorter
autozooids, averaging 0.35 mm in length but which
are of the same width as the holotype.

Family CHAPERIIDAE Jullien, 1888
Genus CHAPERIA Jullien, 1881

Chaperia robusta sp. nov. 
Di Martino, Rosso and Taylor

Figure 7
zoobank.org/CA4BE9D3-DDBD-4684-A936-3F098A300D92

Type material. Holotype PMC. B45. 29.7.2024a,
sample 19081 (Figure 7A–D); paratype PMC. B45.
29.7.2024b, sample 19059 (Figure 7E–F); Core 19,
Daidokutsu cave, Okinawa, Japan, Holocene.
Etymology. Latin, meaning robust, referring to the
stout appearance of the autozooids.
Diagnosis. Chaperia with stout autozooids and
thick, prominently exposed lateral walls; cryptocyst
coarsely granular, extensive, forming both frontal
and lateral walls; gymnocyst reduced to a smooth
calcification encasing spines and creating vertical
ridges separating groups of spines; opesia eye-
shaped, occupying less than half of the frontal sur-
face, with robust occlusor laminae; 9–13 distolat-
eral oral spines; tubercular closure plates
developing in ancestrula and periancestrular
zooids.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by deep
grooves, irregularly arranged, rhomboidal, squat,
as long as wide (mean ZL/ZW 1.01), with thick,
prominently exposed, lateral walls (180–300 µm
thick) and small, circular pore-chamber windows at
their base. Frontal surface mostly occupied by a
well-developed cryptocyst, coarsely granular proxi-
mally and finer towards the proximal margin of the
opesia, flat to slightly convex; lateral walls made of
tubercular cryptocyst; gymnocyst reduced to a
smooth calcification encasing the oral spines and
forming vertical ridges between spine clusters.
Opesia eye-shaped, occupying less than half of
zooidal surface (mean OpL/ZL 0.44), with well-
developed occlusor laminae positioned around
one-sixth of the width of the proximal margin of the
opesia on each side; spine bases arranged in an
arc along distolateral margin of opesia, with proxi-
malmost pair aligned with or slightly below the
proximal margin of opesia; 9–10 spines in the first
budded zooids, 9–13 in subsequent ones, each
spine bases with two concentric rings and external

diameter 40–56 µm. Ancestrula resembling later
autozooids but more slender and smaller, 522 µm
long by 394 µm wide, opesia 187 µm long by 210
µm wide, with nine spines, budding two zooids,
one distally and the other distolaterally; first bud-
ded autozooids slightly smaller than subsequent
ones, 420–430 µm long by 515–560 µm wide, with
opesiae 216–233 µm long by 265–290 µm wide.
Closure plates with tubercular texture closing the
opesia of both ancestrula and the first two genera-
tions of autozooids, leaving uncovered areas lat-
eral to the occlusor laminae. Ovicells and
avicularia not observed.
Measurements (µm). ZL 571±91, 439–701 (2, 13);
ZW 567±65, 471–688 (2, 13); OpL 254±22, 225–
287 (2, 13); OpW 302±17, 268–321 (2, 13).
Remarks. The stout appearance of the autozooids
with thick and granular, exposed lateral walls, the
large number of oral spines, and the unique fea-
tures of the cryptocyst and gymnocyst distinguish
this species from all known Chaperia species.
Among Chaperia species recorded from Japan, C.
acanthina (Lamouroux, 1824), a species that is
widespread and otherwise restricted to the south-
ern hemisphere with the doubtful exception of
Japan (Harmer, 1926; Silén, 1941), differs in hav-
ing fewer spines (e.g., 7–10 in Harmer, 1926; 8–10
in Hirose, 2010; 4–5 in Boonzaaier-Davids et al.,
2023), and in the oval shape of the opesia, which
also occupies a larger proportion of the frontal sur-
face of the zooids. The unnamed new species of
Chaperia from Sagami Bay (Japan) in Hirose
(2010) not only has fewer spines (6–7) but also dif-
fers in the general appearance of the zooids hav-
ing an extensive, oval opesia. Among species with
numerous spines, the Indo-Pacific C. judex (Kirk-
patrick, 1888) differs in having 15–20 spines (Gor-
don, 1984; Hayward, 1988), while C. multispinosa
Gordon, 1984, from the Kermadec Ridge and SE
Australia, differs in having the spines arranged in
two semicircular rows (Gordon, 1984).

Family FOVEOLARIIDAE 
Gordon and Winston, 2005 in Winston, 2005

Genus FOVEOLARIA Busk, 1884
Foveolaria retiformis Harmer, 1926

Figure 8
v. 1926 Foveolaria retiformis Harmer, p. 247, pl. 

14, figs. 21–23.
v. 2010 Foveolaria retiformis Harmer; Hirose, p. 

37, pl. 62.
Figured material. PMC EDM-Collection
J.H.B.124a, sample 19072 (Figure 8A–C), sample
19232 (Figure 8D–E), and sample 19227 (Figure
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FIGURE 7. Chaperia robusta sp. nov. Di Martino, Rosso and Taylor. A–D, holotype PMC. B45. 29.7.2024a, sample
19081. A, colony general view (1 mm). B, close-up of ancestrula, first two budded autozooids, and an additional sub-
sequent one, all with closure plates (500 μm). C, close-up of four autozooids (500 μm). D, close-up of an autozooid
showing 13 spines and the thick lateral walls with pore-chamber windows (200 μm). Distal is to the left. E–F, paratype
PMC. B45. 29.7.2024b, sample 19059. E, colony fragment general view (400 μm). F, close-up of two autozooids (200
μm).
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8F); Core 19, Daidokutsu cave, Okinawa, Japan,
Holocene.
Description. Colony erect with bi- tri- or quadrise-
rial, unilaminar branches, flat to slightly convex,
straight or slightly curved, c. 500 µm wide. Autozo-
oids distinct, separated by fine furrows as well as
the raised rim of the cryptocyst surrounding the
opesia, rectangular to club-shaped, elongate
(mean ZL/ZW 2.23), arranged alternately in longi-
tudinal rows. Gymnocyst smooth, extensive proxi-
mally, thin laterally and distally; cryptocyst
wrinkled, moderately wide, uniformly encircling the
opesia, raised marginally and steeply sloping into
the opesia. Opesia oval, occupying most of the
frontal surface (mean OpL/ZL 0.67); muscle scars
visible through the opesia at distolateral corners;
spines absent. Avicularia adventitious, lodged on
proximal gymnocyst, touching the proximal crypto-
cystal rim, pear-shaped, transversely oriented; ros-

trum raised, narrow, truncated, channelled, curved
and serrated, directed laterally upwardly, resting on
the distal cryptocystal rim of the neighbouring auto-
zooid; two faint condyles and oval opesia. Ovicells
hyperstomial, globular; ooecium smooth having a
slightly raised and bent proximal margin; endooe-
cium mostly exposed except for a distal band of
calcified ectooecium, 26–40 µm wide. Dorsal side
flat or slightly concave, smooth, with central
median line and divergent wrinkles; a pair of circu-
lar rootlet pores consistently present at the level of
proximal and distal ends of zooids external to the
branch.
Measurements (µm). ZL 559±40, 515–627 (2, 9);
ZW 251±9, 236–261 (2, 9); CryL 53±13, 36–74 (2,
8); GymL 165±15, 146–184 (2, 8); OpL 372±24,
342–415 (2, 12); OpW 230±16, 207–257 (2, 12);
AvL 177±13, 156–200 (2, 8); AvW 93±6, 86–106

FIGURE 8. Foveolaria retiformis Harmer, 1926; PMC EDM-Collection J.H.B.124a. A–C, sample 19072. A, branch
fragment general view (1 mm). B, group of autozooids with adventitious avicularia (500 μm). C, close-up of avicular-
ium (100 μm). D–E, sample 19232, close-up of ovicells (D 500 μm, E 250 μm). F, sample 19227, branch dorsal side
(500 μm).
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(2, 8); OvL 254±14, 244–264 (1, 2); OvW 288±11,
280–296 (1, 2).
Remarks. The available fragments do not provide
sufficient evidence to confirm the reticulate colony
shape characteristic of this species. However, all
other observed characters align with the original
description of the species by Harmer (1926) from
Sulu Archipelago in the Philippines.

Superfamily BUGULOIDEA Gray, 1848
Family CANDIDAE d’Orbigny, 1851

Genus AMASTIGIA Busk, 1852
Amastigia okinawaensis sp. nov. 

Di Martino, Rosso and Taylor
Figure 9

zoobank.org/7E61AF79-B0B6-4ECC-B934-D7FB0FC62AC5

Type material. Holotype PMC. B46. 29.7.2024a,
sample 19035 (Figure 9A–B, E–F); paratype PMC.

B46. 29.7.2024b, sample 19065 (Figure 9C–D);
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
Etymology. Referring to the type locality, the Japa-
nese islands of Okinawa where Daidokutsu cave is
located.
Diagnosis. Amastigia with biserial branches; club-
shaped autozooids arranged in longitudinal alter-
nating series; extensive, smooth gymnocyst proxi-
mally; narrow granular cryptocyst outlining the
opesia proximally and laterally; opesia oval with 1–
2 inner and 2–3 outer distolateral spines; 0–2 tear-
drop-shaped avicularia on raised cystids on the
gymnocyst, adjacent to opesia, directed proximo-
laterally inwards but distolaterally outwards in auto-
zooids distal to an ovicell; ovicell globular, ooecium
smooth, ectooecium limited to a peripheral band
framing the endooecium laterally and distally;

FIGURE 9. Amastigia okinawaensis sp. nov. Di Martino, Rosso and Taylor. A–B, E–F, holotype PMC. B46.
29.7.2024a, sample 19035. A, partial view of a branch fragment including several zooids (200 μm). B, close-up of
autozooids and adventitious avicularia (100 μm). C–D, PMC. B46. 29.7.2024b, sample 19065, close-ups of ovicellate
zooids (200 μm). E–F, dorsal view with vibracula (200 μm).
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vibracula developed longitudinally for the entire
length of the zooid. Frontal scuta and gigantic fron-
tal avicularia apparently absent.
Description. Colony erect with relatively narrow
(400–475 µm), biserial branches, presumably non-
articulated, bifurcations not observed. Autozooids
distinct, separated by thin grooves, club-shaped,
elongate (mean ZL/ZW 2.12), alternately arranged
in two longitudinal series. Gymnocyst smooth,
forming an extensive, flat shelf proximally, occupy-
ing one-quarter to a half of the frontal surface,
accommodating the avicularia; cryptocyst coarsely
granular to nodular, narrow, more extensive proxi-
mally, tapering laterally, disappearing distally, grad-
ually sloping towards the opesia proximally, steeply
sloping laterally; cryptocystal granules 7–10 µm in
diameter, arranged in concentric series, more
prominent at the periphery. Opesia immersed, oval
to pear-shaped, occupying half or more of the fron-
tal surface, with communication pores and muscle
scars visible through it; 1–2 inner and 2–3 outer
distolateral spines present, indenting the opesial
rim, usually with one having a slightly larger diame-
ter than the others, spine diameter at the base 14–
22 µm; frontal scuta absent. Avicularia either
absent, single or more commonly paired, placed at
the distal margin of the gymnocyst adjacent to the
proximal margin of the opesia on raised, columnar
cystids, small, teardrop-shaped with acutely trian-
gular rostrum, commonly directed proximolaterally
inwards but oriented distolaterally outwards when
associated with an autozooid placed distally of an
ovicell; crossbar lacking, two blunt condyles pres-
ent; gigantic frontal avicularia apparently absent.
Ovicell hyperstomial, globular, occupying the entire
length of the proximal gymnocyst of the distal
zooid, often indenting or covering the proximal
margin of the opesia; ooecium smooth, imperfo-
rate; ectooecium limited to a peripheral band, 22–
34 µm wide, framing the endooecium laterally and
distally; proximal margin of the endooecium slightly
curved upwards. Dorsal side occupied by two alter-
nating series of Q-shaped (on the left portion of the
branch) or P-shaped (on the right portion of the
branch) vibracula, extending longitudinally for the
entire length of the associated zooid, each with a
large (42–66 µm in diameter), circular, radicular
pore placed distolaterally.
Measurements (µm). ZL 371±17, 354–408 (2, 9);
ZW 175±14, 159–200 (2, 9); OpL 235±10, 221–
252 (2, 10); OpW 157±10, 146–174 (2, 9); CryL
41±7, 32–54 (2, 17); GymL 135±26, 113–196 (2,
17); AvL 65±9, 55–82 (2, 16); AvW 44±6, 39–60 (2,
16); OvL 195±1, 194–195 (1, 2); OvW 190±8, 184–

196 (1, 2); VibrL 413±30, 368–441 (1, 6); VibrW
183±6, 176–193 (1, 6).
Remarks. Three species of Amastigia have been
previously reported from the North Pacific: A. rudis
(Busk, 1852), A. biseriata Osburn, 1950, and A. tri-
cervicornis Gluhak, Lewis and Popijak, 2007.
Vieira et al. (2010) listed A. rudis among Pacific
species without scuta, which aligns with the SEM
image in Bock (2024) (https://bryozoa.net/chei-
lostomata/candidae/amastigia_rudis.html). How-
ever, in Busk’s (1852, p. 38, pl. 46) original
description and illustration of the species, the
author depicts autozooids with scuta, as does
Osburn (1950, p. 127, pl. 16, figures 3–5). The new
species differs by being biserial and lacking the
giant frontal avicularia. Additionally, the vibraculum
on the back develops longitudinally rather than
transversely, following the entire length of the
zooid. The absence of scuta seems to be genuine
and not the result of preservational issues, as there
are no internal attachment structures adjacent to
the opesia that would indicate the presence of a
scutum. The report of A. rudis throughout the
Pacific—from Australia (Busk, 1852) to Japan (Ort-
mann, 1890) and on the eastern side, including
California, Mexico, and Costa Rica (Osburn,
1950)—suggests it might be a complex of species.
Amastigia biseriata from California is similar in hav-
ing autozooids arranged in two alternating longitu-
dinal series but differs by having small lateral
avicularia and a single spine on each side (Osburn,
1950, pl. 15, figures 1–3). Amastigia tricervicornis
from Taiwan differs by having a single frontal avicu-
larium placed horizontally with a curved upward
rostrum (Gluhak et al., 2007, figure 4).

Genus CANDA Lamouroux, 1816
Canda foliifera Harmer, 1926

Figure 10
v. 1926 Canda foliifera Harmer, p. 386, pl. 26, 

figs. 21–23.
v. 2007 Canda foliifera Harmer; Gluhak, Lewis 

and Popijac, p. 403, fig. 7A–D.
Figured material. PMC EDM-Collection
J.H.B.125a, sample 19071 (Figure 10A–C, F) and
sample 19200 (Figure 10D–E); Core 19, Daido-
kutsu cave, Okinawa, Japan, Holocene.
Description. Colony erect with relatively narrow
(460–470 µm), rectilinear, biserial, keeled
branches, triangular in cross-section, dichoto-
mously branched; articulating nodes not observed.
Autozooids distinct, separated by shallow grooves,
rounded rectangular, elongate (mean ZL/ZW 1.84),
slightly asymmetrical, bent towards the external
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side of the branch, starting at zooidal mid-length,
arranged alternately in two longitudinal series;
three narrower autozooids present at bifurcations
(187–231 µm wide). Frontal surface with minimal
gymnocyst slightly wider in the proximal half of
autozooids and around spines and the attachment
base of the putative scutum; cryptocystal area out-
lined by a raised, undulating rim framing the proxi-
mal cryptocystal shelf and the opesia, forming a
slightly prominent distal edge, and a mostly straight
to slightly convex proximal edge, sometimes
rounded, particularly in autozooids at bifurcations.
Cryptocyst slightly depressed, occupying slightly

less than half of the frontal surface (mean CryL/ZL
0.38), finely and densely granular, with granules
around the opesia projecting into it, giving a spi-
nose appearance, extensive proximally, very nar-
row laterally and distolaterally, absent distally.
Opesia elongate, ovoidal with straight distal edge,
occupying more than half of the frontal surface
(mean OpL/ZL 0.59); a single spine present on the
inner distolateral corner, 24–35 µm in diameter at
the base, 0–1 spine on the outer distolateral cor-
ner, 13–24 µm in diameter at the base; an elliptical
basal structure at the proximolateral edge, 50–90
µm long, interpreted as the base of a detached

FIGURE 10. Canda foliifera Harmer, 1926; PMC EDM-Collection J.H.B.125a. A–C, F, sample 19071. A, lateral view of
the branch fragment (500 μm). B, close-up of autozooids at branch bifurcation (200 μm). C, close-up of two autozooids
and associated vibracula (200 μm). D–E, sample 19200. D, frontal view of the branch fragment (500 μm). E, close-up
of an autozooid (300 μm). The arrow indicates the attachment base of the scutum. F, dorsal side with vibracula (200
μm).
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scutum; spines and putative base of scutum
indenting the outlining rim. Avicularia absent. Ovi-
cells not observed. Dorsal side occupied by vibrac-
ula with a long, curved, deep setal groove oriented
distolaterally; a shallow sinuous median furrow cor-
responding to zooidal boundaries; a large, circular
radicular pore, measuring 50–70 µm in diameter,
placed proximally on each vibraculum on the outer
side of the branch.
Measurements (µm). ZL 471±33, 419–530 (3, 15);
ZW 255±14, 229–274 (3, 10); OpL 276±39, 205–
333 (3, 13); OpW 147±8, 134–158 (3, 10); CryL
178±19, 159–233 (3, 15); VibrL 261±18, 246–310
(2, 10); VibrW 177±12, 153–194 (2, 10).
Remarks. Canda foliifera is an extant species
reported from various locations in the Indo-Pacific.
Initially identified as Canda retiformis Pourtales,
1867 by Thornely (1905, 1912) in Zanzibar and the
Seychelles and by Waters (1913) in Sri Lanka,
these records were later synonymized by Harmer
(1926) with his new species found at several Indo-
nesian stations during the Siboga Expedition. More
recently, it has been found in samples from Taiwan
(Gluhak et al., 2007). The main features of C. foliif-
era are the extensive cryptocyst with a straight
proximal edge, the lack of frontal avicularia, and a
large, asymmetrical scutum (Gluhak et al., 2007).
In our subfossil specimens, the scutum appears to
be detached, but its presence can be inferred from
the robust base observed on the proximolateral
inner corner of the opesial rim (Figure 10E,
arrowed). This structure closely resembles that
illustrated by Gluhak et al. (2007, p. 403, figure 7C)
in their Taiwanese material.

Canda scutata Harmer, 1926
Figure 11

v. 1926 Canda pecten var. scutata Harmer, p. 
389, pl. 26, fig. 24.

Figured material. PMC EDM-Collection
J.H.B.126a, samples 19200 (Figure 11A–C), sam-
ple 19029 (Figure 11D), and sample 19227 (Figure
11E–F); Core 19, Daidokutsu cave, Okinawa,
Japan, Holocene.
Description. Colony erect with narrow (c. 265 µm),
rectilinear, biserial, keeled branches; articulating
nodes and bifurcations not observed. Autozooids
distinct, separated by shallow grooves, rounded
rectangular, elongate (mean ZL/ZW 2.13),
arranged alternately in two longitudinal, series.
Gymnocyst minimal, smooth, convex. Cryptocystal
area outlined by a shallow furrow; cryptocyst
slightly depressed, occupying slightly less than half
of the frontal surface (mean CryL/ZL 0.36), smooth

to nodular, granular around the opesia with gran-
ules projecting into it, giving a serrated appear-
ance, extensive proximally, narrow laterally nearest
branch midline, wider and wedge-shaped on the
outer side, absent distally. Opesia asymmetrical,
almost triangular (i.e., comma-shaped), tapering
proximally, occupying half of the frontal surface
(mean OpL/ZL 0.50); a single spine on each disto-
lateral corner, 10–20 µm in diameter at the base,
visible also in ovicellate zooids; a spine-base-like
structure laterally at about opesia mid-length on
the inner side of the branch, with a larger diameter
(30–55 µm) than spine bases, appearing to be the
base of a detached scutum; spines and putative
base of scutum indenting the outline of the crypto-
cystal area. Vestigial avicularia associated with ovi-
cells, distally placed, rounded triangular, directed
distolaterally, alternating on either side. Ovicells
globular, relatively depressed, obliquely placed,
directed inwards from the opesia, with a pointed
distal margin due to the presence of the avicular-
ium; the series of convergent and alternating ovi-
cells from the two zooidal rows forming the central
elevated part of the branch. Ooecium smooth;
ectooecium with an irregularly elliptical central
fenestra, exposing the endooecium. Dorsal side
occupied by vibracula with a long, curved, deep
setal groove oriented distolaterally; a shallow sinu-
ous median furrow corresponding to zooidal
boundaries; a large, circular radicular pore measur-
ing 40–50 µm in diameter, placed proximally on
each vibraculum on the outer side.
Measurements (µm). ZL 351±22, 307–395 (4, 20);
ZW 165±22, 121–202 (4, 20); OpL 174±12, 160–
194 (2, 7); OpW 60±6, 51–65 (2, 7); CryL (proxi-
mal) 128±13, 110–154 (4, 20); VibrL 179±14, 163–
198 (2, 9); VibrW 115±11, 94–134 (2, 9).
Remarks. Harmer (1926) described this species
as a variety of Canda pecten Thornely, 1907, dis-
tinguishing it by the presence of minute scuta in the
new variety (see also Tilbrook, 2006). The speci-
mens from Daidokutsu cave show the main diag-
nostic characters of the species, including
asymmetrical opesiae and obliquely placed ovicells
with associated vestigial avicularia and broad
ectooecial fenestra. Branch bifurcations were not
observed in the examined samples, which pre-
vented the observation of another key diagnostic
feature, i.e., the presence of large frontal avicu-
laria, either single or paired, which are developed
on each branch above the bifurcation. Our speci-
mens also lack a scutum, but the attachment base
is clearly recognizable (Figure 11D, arrowed), lead-
ing to their identification as C. scutata rather than
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FIGURE 11. Canda scutata Harmer, 1926; PMC EDM-Collection J.H.B.126a. A–C, sample 19200. A, general view of
a fertile branch fragment (1 mm). B, close-up of zooids, the one on top with signs of regeneration, those at the bottom
ovicellate (250 μm). C, close-up of ovicellate zooids (250 μm). D, sample 19029, close-up of two autozooids and
associated vibracula in frontal view (200 μm). The arrow indicates the attachment base of the scutum. E–F, sample
19227, dorsal side with vibracula (E 500 μm, F 250 μm).
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C. pecten. While C. pecten has been already
recorded in Japan (Tilbrook, 2006), C. scutata had
not been previously reported in this region. It has
been documented in New Guinea and the Loyalty
Islands (Harmer, 1957), the Kermadec Ridge (Gor-
don, 1984), and the Nansha Islands (Liu, 1991).
The specimens illustrated by Gordon (1984, pl.
13D–E) differ slightly from the specimens found in
the Daidokutsu cave. The differences include more
prominent ovicells with apparently different length-
to-width proportions, varying development of the
frontal fenestra, the possible occurrence of a sec-
ond spine at one distal corner, and narrower
vibracula.

Canda lunata sp. nov. 
Di Martino, Rosso and Taylor

Figure 12
zoobank.org/56822F86-59BA-45FC-B8D1-791A06758EA7

Type material. Holotype PMC. B47. 29.7.2024a,
sample 19029 (Figure 12A–E); paratype PMC.
B47. 29.7.2024b, sample 19227 (Figure 12F–G);
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
Etymology. Latin, meaning crescent-shaped,
referring to the shape of the ectooecial fenestra.
Diagnosis. Canda with biserial branches becom-
ing triserial at bifurcations, triangular in cross-sec-
tion; autozoids club-shaped, arranged in
alternating series; gymnocyst absent; proximal
cryptocyst extensive smooth and pitted; opesia
transversely elliptical with two distolateral spines,
one on each side; scutum lacking; small drop-
shaped avicularia of two types: adventitious disto-
lateral and frontal interzooidal, both on a columnar
cystid; ovicells covering the proximal margin of the
opesia of the distal zooid, ooecium smooth with
crescent-shaped ectooecial fenestra; vibracula on
the dorsal side with an obliquely placed setal
groove only slightly curved.
Description. Colony erect with narrow (245–395
µm) branches; branches rectilinear, biserial transi-
tioning to triserial at bifurcations, triangular in
cross-section; articulating nodes not observed.
Autozooids distinct, separated by shallow grooves
and a slightly raised rim, club-shaped, elongate
(mean ZL/ZW 1.93), arranged alternately in two
longitudinal, series. Gymnocyst absent; cryptocyst
smooth, pitted, slightly depressed, extensive proxi-
mally, occupying two-fifths of the frontal surface
(mean CryL/ZL 0.36), tapering laterally, absent dis-
tally. Opesia elliptical, nearly parallel-sided, occu-
pying two-thirds of the frontal surface (mean OpL/
ZL 0.65); a single spine on each distolateral corner,

10–18 µm in diameter at the base, concealed in
ovicellate zooids; scutum lacking; two oval commu-
nication pores and muscle scars visible through the
opesia. Avicularia small, drop-shaped, occurring in
two types: adventitious, placed distolaterally adja-
cent to the opesia externally, atop a conical cystid,
slightly sloping outwards and directed laterally;
frontal interzooidal, positioned on a columnar cys-
tid directed proximo- or distolaterally; cystids 60–
90 µm in length; crossbar lacking. Ovicells globu-
lar, placed on the cryptocyst of the distal zooid, par-
tially covering its proximal margin and more of the
inner corner; ooecium smooth with an ectooecium
featuring a transversely placed, crescent-shaped
fenestra, 55–75 µm long by 100–120 µm wide,
exposing the endooecium. Dorsal side occupied by
vibracula with a long, obliquely placed, only slightly
curved, deep setal groove; a shallow sinuous
median furrow corresponding to zooidal boundar-
ies; on each vibraculum a large, circular radicular
pore measuring 17–23 µm in diameter, located
proximally on the outer side.
Measurements (µm). ZL 359±9, 353–369 (1, 3);
ZW 186±6, 182–193 (1, 3); OpL 234±28, 209–264
(1, 3); OpW 123±29, 104–156 (1, 3); CryL (proxi-
mal) 131±12, 113–150 (2, 8); AvL (adventitious)
36±2, 34–39 (2, 5); AvW (adventitious) 18±4, 14–
24 (2, 5); AvL (interzooidal) 33±2, 31–36 (2, 6);
AvW (interzooidal) 23±4, 19–28 (2, 6); OvL
154±11, 139–164 (1, 4); OvW 185±7, 177–192 (1,
4); VibrL 179±14, 163–198 (2, 9); VibrW 115±11,
94–134 (2, 9).
Remarks. The absence of a scutum in this subfos-
sil species is not due to preservational issues as
there are no basal structures from which it might
have detached. Among the Recent and fossil Indo-
Pacific species of Canda lacking a scutum, C. gior-
gioi Di Martino and Taylor, 2014, and C. federicae
Di Martino and Taylor, 2014, from the Miocene of
East Kalimantan (Indonesia), differ in their lack of
avicularia and a more curved setal groove of the
vibracula. However, C. federicae is the most similar
in the overall appearance of the autozooids. Canda
pecten differs in having a triangular asymmetrical
opesia, while C. clypeata (Haswell, 1880) has large
frontal avicularia with a curved rostrum directed
towards the centre of the branch (Tilbrook, 2006).

In the original description of the Indonesian
species reported by Di Martino and Taylor (2014,
pp. 57, 58), the authors did not designate a holo-
type specimen. Following the re-examination of
this material for this work, we designate specimen
NHMUK PI BZ 6882 as the lectotype (NHMUK PI
BZ 6883 as the paralectotype) for C. giorgioi, and
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specimen NHMUK PI BZ 6884 as the lectotype
(NHMUK PI BZ 6885 as the paralectotype) for C.
federicae.

Genus POMOCELLARIA Vieira, Spencer Jones, 
Winston, Migotto and Marques, 2014

Pomocellaria spatulata sp. nov. 
Di Martino, Rosso and Taylor

Figure 13
zoobank.org/F77AB514-8076-4EE1-A7B7-5DB21424592D

Type material. Holotype PMC. B48. 29.7.2024a,
sample 19032; Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Latin, meaning spatula-like (i.e., broad
and flat), referring to the shape of the dimorphic lat-
eral avicularium.
Diagnosis. Pomocellaria with rounded rectangu-
lar autozooids, smooth extensive proximal gymno-
cyst, negligible smooth cryptocyst bordering the

FIGURE 12. Canda lunata sp. nov. Di Martino, Rosso and Taylor. A–E, holotype PMC. B47. 29.7.2024a, sample
19029. A, lateral view of the branch fragment (200 μm). B, close-up of two autozooids, one with signs of regeneration
(200 μm). C, close-up of an autozooid and interzooidal avicularium (100 μm). D–E, dorsal side with vibracula (D 200
μm, E 100 μm). F–G, paratype PMC. B47. 29.7.2024b, sample 19227. F, lateral view of a branch fragment with ovicel-
late zooids (500 μm). G, close-up of an ovicellate zooid (100 μm).
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proximal margin of opesia; elliptical to pear-shaped
opesia with one inner and two outer distolateral
spines, also visible in ovicellate zooids; scutum
attachment base located on the inner side at
approximately half opesia length; frontal avicular-
ium single or absent, small, drop-shaped, directed
distolaterally; lateral avicularium dimorphic, either
medium-sized triangular with a hooked rostrum or
giant and spatulate with duckbill-shaped rostrum;
ovicells with an upside-down, drop-shaped medio-
proximal fenestra.
Description. Colony erect with narrow (330–390
µm) branches; branches rectilinear, biserial, flat,

elliptical in cross-section; articulating nodes or
bifurcations not observed. Autozooids distinct, sep-
arated by shallow grooves, rounded rectangular,
elongate (mean ZL/ZW 2.18), arranged alternately
in two longitudinal series. Proximal gymnocyst
smooth, extensive; cryptocyst smooth, negligible,
bordering the proximal margin of the opesia. Ope-
sia elliptical to pear-shaped, occupying approxi-
mately half of the frontal surface (mean OpL/ZL
0.49); a single spine on the inner and two on the
outer distolateral corners, 13–22 µm in diameter at
the base; spines also visible in ovicellate zooids.
Scutum detached, originating laterally from the

FIGURE 13. Pomocellaria spatulata sp. nov. Di Martino, Rosso and Taylor. Holotype PMC. B48. 29.7.2024a, sample
19032. A, general view of the internode (500 μm). B, close-up of the giant spatulate avicularia and the single frontal
avicularium observed (200 μm). C, close-up of an autozooid (200 μm). D, close-up of two ovicellate zooids, one with
preserved hooked rostrum of the lateral avicularium (200 μm). F, general view of the dorsal side (500 μm). G, close-up
of vibracula (200 μm).
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inner side, attached at about half the length of the
opesia, with an attachment base measuring 50–60
µm in maximum diameter. Adventitious avicularia
occurring both frontally and laterally. Frontal avicu-
larium often absent; a single damaged example
observed, small, drop-shaped with an acutely trian-
gular rostrum directed distolaterally outwards,
associated with an ovicell and displaced towards
the branch midline, projecting into the inner disto-
lateral corner of the opesia of the adjacent autozo-
oid. Lateral avicularium consistently present in two
forms: type 1, a medium-sized triangular type with
an upward hooked rostrum tip directed laterally,
atop a conical cystid 115–140 µm long; type 2, an
enlarged spatulate type with duckbill-shaped ros-
trum with an undulate margin, facing obliquely and
sloping towards the front of the branch while raised
towards the back, with a narrow, 8-shaped open-
ing, positioned atop a fan-shaped cystid 190–205
µm long; crossbar seemingly absent in all avicu-
laria types. Ovicells globular, occupying the entire
proximal gymnocyst of the distal zooid; ooecium
smooth with an almost completely calcified ectooe-
cium, featuring a small, elliptical fenestra with a
upside-down drop-shaped, external outline, 70–80
µm long by 35–60 µm wide, located medioproxi-
mally, exposing the endooecium. Dorsal side occu-
pied by sac-shaped vibracula with a long, obliquely
placed, straight, deep setal groove, and a sinuous
median furrow; each vibraculum with a large, circu-
lar radicular pore measuring 35–45 µm in diameter,
located proximally on the outer side of the branch.
Measurements (µm). ZL 414±14, 397–428 (1, 7);
ZW 189±17, 170–226 (1, 7); OpL 201±15, 180–
218 (1, 8); OpW 127±6, 119–135 (1, 8); GymL
199±7, 193–208 (1, 4); CryL 15±5, 9–21 (1, 8); AvL
(lateral type 1) 86±15, 67–108 (1, 5); AvL (lateral
type 2) 150±38, 123–177 (1, 2); AvW (lateral type
2, proximally) 76±1, 75–77 (1, 2); AvW (lateral type
2, spatulate rostrum) 118±10, 111–125 (1, 2); AvL
(frontal) 69 (1, 1); AvW (frontal) 33 (1, 1); OvL
204±1, 203–205 (1, 2); OvW 203±33, 180–227 (1,
2); VibrL 184±13, 67–97 (1, 4); VibrW 86±13, 67–
97 (1, 4).
Remarks. The genus Pomocellaria was introduced
by Vieira et al. (2014) for Scrupocellaria-like spe-
cies with an opesia occupying half the length of the
zooid, a reduced cryptocyst, dimorphic lateral avic-
ularia, a single frontal fenestra in the ooecium, and
vibracula with a straight setal groove. They
assigned five species from the NE Pacific to their
new genus. This new species extends the known
range of Pomocellaria to the NW Pacific. The spat-
ulate shape of the giant dimorphic lateral avicular-

ium distinguishes this species from other known
Pomocellaria species.

Among Scrupocellaria species of uncertain
classification, i.e., not yet reassigned to a genus
following Vieira et al. (2014), there is one species
recorded from Japan, Scrupocellaria muricata
(Lamouroux, 1816). According to Tilbrook and Vie-
ira (2012), who examined specimens from Japan
housed at the Museum national d’Histoire naturelle
(MNHN) in Paris, and identified by Lamouroux him-
self as Crisia muricata, this species can be
assigned to a complex of species belonging to the
genus Tricellaria, characterised by the absence of
basal vibracula.

Genus SCRUPOCABEREA Vieira, Spencer Jones, 
Winston, Migotto and Marques, 2014

Scrupocaberea contraria sp. nov. 
Di Martino, Rosso and Taylor

Figure 14
zoobank.org/4C3BE02F-CE91-4E99-A8A7-587E790D87F3

Type material. Holotype PMC. B49. 29.7.2024a,
sample 19032 (Figure 14C–E); paratype PMC.
B49. 29.7.2024b1, sample 19065 (Figure 14A–B,
F–G); paratype PMC. B49. 29.7.2024b2, sample
19023 (not figured); Core 19, Daidokutsu cave,
Okinawa, Japan, Holocene.
Etymology. Latin, meaning opposite, referring to
the change in direction (from proximolateral to dis-
tolateral) of the frontal avicularia when the proximal
zooid is ovicellate.
Diagnosis. Scrupocaberea with rounded rectangu-
lar or club-shaped autozooids; smooth extensive
proximal gymnocyst, short smooth cryptocyst bor-
dering the proximolateral margins of opesia; bean-
shaped opesia with two faint distolateral spines,
one on each side, typically hidden in ovicellate
zooids; lung-shaped scutum nearly completely
covering the proximal portion of opesia, with robust
attachment base; frontal avicularium small, drop-
shaped, placed at zooidal mid-length on the inner
side, adjacent to the proximolateral margin of the
opesia, directed proximolaterally when distal to a
non-ovicellate zooid, shifting to distolateral when
distal to an ovicellate zooid; frontal giant avicular-
ium rare, placed atop a raised cystid; lateral avicu-
larium also small and drop-shaped; ovicells with
large semicircular ectooecial fenestra with concave
proximal margin; dorsal side with tulip-shaped
vibracula with oblique, slightly curved setal groove.
Description. Colony erect with narrow biserial
branches (245–295 µm wide) transitioning to trise-
rial at bifurcations (460–480 µm wide); branches
rectilinear to slightly curved, flat, subelliptical in
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cross-section; articulating nodes not observed.
Autozooids distinct, separated by shallow grooves,
rounded rectangular to club-shaped, elongate
(mean ZL/ZW 2.61), arranged alternately in two
longitudinal series. Proximal gymnocyst smooth,
extensive; cryptocyst smooth, slightly depressed,
relatively wide proximally, tapering laterally, absent
distally. Opesia bean-shaped, occupying slightly
less than half of the frontal surface (mean OpL/ZL
0.42) with two faint distolateral spines, one on each
corner, 8–16 µm in diameter at the base, typically
concealed in ovicellate zooids. Scutum originating
laterally from the inner side, attached at about half
the opesia length, covering nearly the entire proxi-
mal portion and leaving a semicircular to rounded
rectangular orifice distally, lung-shaped, with a
robust attachment structure measuring 52–95 µm
in width. Adventitious avicularia small, drop-

shaped, occurring in two types: a single (some-
times absent) frontal avicularium, at the distal ter-
mination of the gymnocyst leaning on the lateral
zooidal corner, on the inner side of the branch, and
adjacent to the opesia, possibly modifying the out-
line of the cryptocystal rim, positioned on a loz-
enge-shaped slightly raised cystid, with an acutely
triangular rostrum directed proximolaterally, chang-
ing orientation to distolateral when distal to an ovi-
cellate zooid; giant frontal avicularium rarely
present, located atop a smooth, raised cystid con-
stricted at the base (44 µm wide) and enlarged dis-
tally (116 µm wide); constant lateral avicularium
positioned on a small conical cystid, with an
acutely triangular rostrum directed laterally and
sloping downward; all avicularia with small con-
dyles. Ovicells globular, occupying the entire proxi-
mal gymnocyst of the distal zooid, modifying its

FIGURE 14. Scrupocaberea contraria sp. nov. Di Martino, Rosso and Taylor. A–B, F–G, paratype PMC. B49.
29.7.2024b1, sample 19065. A, general view of the internode (200 μm). B, close-up of autozooids (100 μm). C–E,
holotype PMC. B49. 29.7.2024a, sample 19032. C, general view of the internode (500 μm). D, group of ovicellate
zooids (200 μm). E, close-up of an ovicellate zooid with giant frontal avicularium (200 μm). F–G, dorsal side with
vibracula (F 400 μm, G 200 μm).
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cryptocystal rim; ooecium smooth with a partially
calcified ectooecium, featuring a central large
semicircular fenestra with a concave proximal mar-
gin, 68–100 µm long by 84–120 µm wide, exposing
the endooecium. Dorsal side occupied by tulip-
shaped vibracula with a long, obliquely placed,
slightly curved, deep setal groove, and a shallow
undulose median furrow corresponding to zooidal
boundaries; each vibraculum with a medium-sized,
circular to transversely elliptical radicular pore
measuring 18–22 µm in maximum diameter,
located proximally on the outer side.
Measurements (µm). ZL 413±13, 395–438 (1, 10);
ZW 158±22, 124–195 (1, 10); GymL 165±12, 153–
195 (1, 12); CryL 50±9, 41–72 (2, 17); OpL
175±12, 153–198 (2, 17); OpW 80±9, 65–97 (2,
17); AvL (frontal standard) 48±7, 36–57 (2, 16);
AvW (frontal standard) 31±5, 24–39 (2, 16); AvL
(frontal enlarged) 216 (1, 1); AvW (frontal enlarged)
116 (1, 1); AvL (lateral) 34±2, 31–36 (2, 5); AvW
(lateral) 20±4, 14–24 (2, 5); ScuL 126±16, 106–
156 (2, 14); ScuW 65±10, 48–80 (2, 16); OvL
177±7, 166–185 (1, 8); OvW 166±13, 139–186 (1,
8); VibrL 243±26, 198–284 (2, 10); VibrW 127±18,
92–142 (2, 10).
Remarks. Two Scrupocaberea species were found
in Daidokutsu cave: S. contraria sp. nov. and S.
maderensis (Busk, 1860) (see description below
and Figure 15). These species mainly differ in the
texture of the cryptocyst, which is smooth in S.
contraria sp. nov. and granular in S. maderensis,
the shape of the ectooecial fenestra, which is large,
semicircular and crescent-shaped in S. contraria
sp. nov. but small and circular to elliptical in S.
maderensis, the number and position of the opesial
spines, with two faint distolateral spines, one on
each corner, in S. contraria sp. nov., and two
spines on the inner and three on the outer distolat-
eral corners in S. maderensis. Additionally, the dor-
sal side differs in the shape, size and location of
the vibracula with respect to the zooid to which
they are associated. The general appearance of
the branch is also very different, being serrated in
S. maderensis and more linear in S. contraria sp.
nov.

The ectooecial fenestra of S. contraria sp.
nov. resembles that of Canda lunata sp. nov., and
both species exhibit a change in avicularia orienta-
tion when distal to an ovicellate zooid.

Compared to other known Scrupocaberea
species, S. contraria sp. nov. has distinct features:
S. dongolensis (Waters, 1909) from Sri Lanka
shares a similar scutum and zooidal shape, and
frontal avicularia in similar position, but has a

greater number of more robust outer distolateral
spines, larger lateral avicularia, and a significantly
reduced ectooecial fenestra (Vieira et al., 2014).
Similarly, S. ornithorhynchus (Thomson, 1858)
from Australia also has a very reduced fenestra,
large lateral avicularia, and a denticulated margin
of the opesia in ovicellate zooids (Vieira et al.,
2014). Scrupocaberea gilbertensis (Maplestone,
1909) from the southwest Pacific differs by having
a granular cryptocyst (Vieira et al., 2014).

Scrupocaberea maderensis (Busk, 1860)
Figure 15

v. 1860 Scrupocellaria maderensis Busk, p. 280.
v. 2014 Scrupocaberea maderensis (Busk); Vie-

ira, Spencer Jones, Winston, Migotto 
and Marques, p. 18, fig. 15A–C.

Figured material. PMC EDM-Collection
J.H.B.127a, sample 19019 (Figure 15A–C, H–I),
sample 19016 (Figure 15D–E), and sample 19147
(Figure 15F–G); Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Description. Colony erect with relatively narrow
(270–350 µm) branches; branches rectilinear to
slightly curved, biserial transitioning to triserial at
bifurcations, flat; articulating nodes not observed.
Autozooids distinct, separated by shallow grooves,
rounded rectangular to club-shaped, elongate
(mean ZL/ZW 2.68), arranged in two longitudinal,
alternating series. Proximal gymnocyst smooth,
extensive; cryptocyst nodular to finely granular
(granules 7–11 µm in diameter), slightly depressed,
relatively wide proximally, tapering laterally, absent
distally. Opesia pear-shaped, occupying slightly
less than half of the frontal surface (mean OpL/ZL
0.41) with beaded proximolateral margins; two
spines on the inner and three on the outer distolat-
eral corner, 7–18 µm in diameter at the base, the
proximalmost pair larger; spines visible also in ovi-
cellate zooids. Scutum very robust, originating lat-
erally from the inner side, attached at about two-
thirds of opesia length, covering the proximal por-
tion entirely and leaving a semicircular orifice dis-
tally, kidney-shaped, truncated at the top, with a
robust attachment structure measuring 55–77 µm
in diameter. Adventitious avicularia, small, drop-
shaped, occurring as two types: a single (often
absent) frontal avicularium at the distal termination
of the gymnocyst adjacent to the opesia, leaning
towards the median axis of the branch, positioned
atop a raised cystid c. 90 µm long, with acutely tri-
angular rostrum directed distolaterally on either
side; a constant lateral avicularium positioned on a
conical cystid 100–120 µm long, with acutely trian-
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gular hooked rostrum directed laterally; both types
with complete crossbar. Ovicells globular, occupy-
ing the entire proximal gymnocyst of the distal
zooid; ooecium smooth with an almost completely
calcified ectooecium apart from a small, circular to
transversely elliptical fenestra, 25–30 µm long by
25–40 µm wide, located medioproximally, exposing
the endooecium. Opesia of ovicellate zooids with
denticulated distal margin. Dorsal side occupied by
triangular vibracula with a long, slightly curved,
deep setal groove; a shallow zigzag median furrow
corresponding to zooidal boundaries; each vibrac-
ulum with a large, circular radicular pore measuring
25–35 µm in diameter, located proximally on the
outer side.
Measurements (µm). ZL 439±12, 411–452 (1, 13);
ZW 164±9, 146–178 (1, 13); GymL 221±19, 197–

270 (1, 14); CryL 50±6, 38–60 (2, 19); OpL 183±11,
157–198 (1, 16); OpW 100±10, 80–113 (1, 16);
AvL (frontal) 50±2, 48–53 (2, 6); AvW (frontal)
27±1, 26–29 (2, 6); AvL (lateral) 50±2, 48–53 (1,
16); ScuL 120±9, 109–140 (2, 17); ScuW 76±6,
64–84 (2, 17); OvL 189±2, 187–190 (1, 3); OvW
143±13, 128–152 (1, 3); VibrL 164±11, 147–181 (1,
7); VibrW 96±6, 84–103 (1, 7).
Remarks. Scrupocaberea maderensis, originally
described from the Azores, has since been
recorded worldwide, including Japan (Tilbrook,
2006). It has been recognized as a complex of spe-
cies by Vieira et al. (2014), who distinguished two
additional species from specimens previously iden-
tified as S. maderensis by Harmer (1926). This
suggests that further records might reveal addi-
tional species upon re-analysis. However, when

FIGURE 15. Scrupocaberea maderensis (Busk, 1860); PMC EDM-Collection J.H.B.127a. A–C, sample 19019. A,
general view of an internode (600 μm). B, close-up of three autozooids (100 μm). C, close-up of an autozooid, with
frontal avicularium, at branch bifurcation (100 μm). D–E, sample 19016. D, group of ovicellate zooids (200 μm). E,
close-up of an ovicellate zooid with denticulated distal margin of opesia (100 μm). F–G, sample 19147. F, close-up of
opesia and lateral avicularium (100 μm). G, close-up of lateral avicularium (50 μm). H–I, sample 19019, dorsal side
with vibracula (H 1 mm, I 200 μm).
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comparing our specimens with the syntype figured
in Vieira et al. (2014, figure 15A–C), no significant
differences were observed in morphological traits
or size, indicating that the North-Pacific specimens
are similar to those from the Atlantic. Despite this,
the geographical distance raises doubts about their
conspecificity. Vieira et al. (2014) described the
cryptocyst of S. maderensis as smooth with bead-
ing around the opesial margin. However, in the
images of the syntype and also in our specimens,
the cryptocyst appears nodular to finely granular.
Differences between S. maderensis and the con-
gener in the same samples, S. contraria sp. nov.,
are discussed in the Remarks section above.

Superfamily MICROPOROIDEA Gray, 1848
Family PORICELLARIIDAE Harmer, 1926
Genus PORICELLARIA d’Orbigny, 1854
Poricellaria ratoniensis (Waters, 1887)

Figure 16
v. 1887 Micropora ratoniensis Waters, p. 185, pl. 

4, fig. 5.
v. 1926 Poricellaria ratoniensis (Waters); 

Harmer, p. 134, pl. 17, fig. 14, pl. 23, 
figs. 3–8.

v. 1984 Poricellaria ratoniensis (Waters); 
Ryland, p. 70, fig. 39.21.

v. 2018 Poricellaria ratoniensis (Waters); Cook, 
Bock, Hayward and Gordon, p. 137, fig. 
3.81.

Figured material. PMC EDM-Collection
J.H.B.128a, sample 19085 (Figure 16A–B, D) and
sample 19048 (Figure 16C); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony erect, flexible, articulated;
branches narrow, 230–280 µm in width, quadrise-
rial. Autozooids distinct, separated by thin furrows,
asymmetrical, oval, elongate (mean ZL/ZW 2.24),
arranged alternately in longitudinal rows. Gymno-
cyst well developed both proximally and laterally,
smooth, convex. Mural rim thin, slightly elevated.
Cryptocyst forming an extensive flat, slightly and
asymmetrically depressed shelf mediodistally, ris-
ing proximal to orifice, nodular and smooth; a sin-
gle slit-like opesiule, 77–88 µm long by 14–19 µm
wide, positioned on the same side towards which
the orifice inclines at the midpoint of the cryptocyst.
Orifice semicircular, slightly wider than long, facing
laterally, protruding from branch axis. Adventitious
avicularia placed on the proximal gymnocyst, very
close to the mural rim, salient; rostrum acutely tri-
angular, narrow, long, channelled, directed proxi-
molaterally almost transversely to branch axis,
opposite to orifice; crossbar complete. Rhizoidal

pore adjacent to avicularian rostrum tip, 5–9 µm in
diameter, placed at the centre of a circular depres-
sion 29–37 µm in diameter. Ovicells not observed.
Measurements (µm). ZL 424±33, 380–472 (3, 13);
ZW 189±16, 163–220 (3, 13); CryL 261±41, 199–
318 (3, 13); CryW 143±24, 108–176 (3, 13); GymL
146±20, 121–173 (3, 7); LatGymW 55±15, 36–77
(3, 7); OpL 57±4, 49–62 (3, 13); OpW 66±4, 61–73
(3, 13); AvL 105±20, 79–136 (3, 10); AvW 47±12,
36–67 (3, 10).
Remarks. Our specimens correspond to Poricel-
laria ratoniensis, a species extensively found
across the Indo-Pacific. Previous records of P.
ratoniensis have been documented in Indonesia
(Harmer, 1926), Australia (Waters, 1887; Ryland,
1984; Cook et al., 2018), New Guinea and Zanzi-
bar (Cook et al., 2018), and the South China Sea
(Gordon, 2016). Additionally, this species has also
been recorded in the Miocene of southeastern
Australia (Bock, 2024). To the best of our knowl-
edge, this is the first record of this species in
Japan.

Superfamily CELLARIOIDEA Fleming, 1828
Family CELLARIIDAE Fleming, 1828

Genus CELLARIA Ellis and Solander, 1786
Cellaria levigata sp. nov. 

Di Martino, Rosso and Taylor
Figure 17

zoobank.org/9477DA69-5BF0-472C-8E74-33D2F39AA820

Type material. Holotype PMC. B50. 29.7.2024a,
sample 19200 (Figure 17A–C); paratype PMC.
B50. 29.7.2024b1, sample 19227 (Figure 17D–F);
paratype PMC. B50. 29.7.2024b2, sample 19230
(Figure 17G–J); Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Latin, meaning smooth, referring to
the smooth appearance of the cryptocyst.
Diagnosis. Cellaria with hexagonal to rhomboidal
zooids arranged in whorls of 3–4; cryptocyst
smooth, with thick raised ridges flanking the orifice;
orifice transversely crescent-shaped with two
rounded triangular denticles; vicarious avicularia
elongate pear-shaped with condyles associated
with fertile autozooids; fertile autozooids clustered
in whorls locally inflating internode diameter; ovicell
endotoichal, appearing as a fissure with lateral
indentations, protected by the raised cryptocystal
distal margin of the maternal zooid.
Description. Colony erect, jointed, flexible; inter-
nodes cylindrical, narrow (230–350 µm wide),
tapering slightly near the node (190–200 µm), recti-
linear to slightly curved, becoming inflated near
clusters of fertile zooids. Autozooids distinct, sepa-
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rated by thin furrows between raised margins, hex-
agonal with parallel lateral sides and acute to
rounded triangular distal and proximal margins,
longer than wide (mean ZL/ZW 1.55), arranged in
whorls of 3–4. Cryptocyst smooth, slightly
depressed compared to the margins, but slightly
convex, with the frontal area marked by two lateral
raised ridges flanking the opesia, sometimes clos-
ing proximally in a V-shape or remaining open like
two brackets, 12–22 µm thick. Opesia outlined by a
thin (c. 10 µm) raised rim, transversely crescent-
shaped with a markedly convex proximal margin,
placed at the distal third of zooidal length; two
rounded triangular denticles, 13–14 µm long by 16
µm wide at the base, present on the proximal mar-
gin, positioned at a certain distance from the proxi-
mal corners. Vicarious avicularia rare, pear-shaped
(215 µm long by 100 µm wide), placed on larger tri-
angular cystid, with a raised, rounded acicular ros-
trum, directed slightly distolaterally; two small
pointed condyles directed downwards. Fertile
zooids clustered in whorls causing inflation of inter-
node width, rhomboidal with a straight to slightly
convex distal margin, wider and squatter (mean
ZL/ZW 1.10) and with a slightly broader opesia
than autozooids. Ovicells endotoichal, appearing
as a fissure 70–90 µm long by 12–24 µm wide, with
two small U-shaped indentations (Figure 17D,
arrowed), c. 20 µm deep, at the corners, covered
by a visor-like rectangular portion of the distal rim
of the maternal autozooid.
Measurements (µm). ZL 334±37, 280–396 (4, 14);
ZW 216±39, 153–278 (4, 14); OpL 54±6, 46–69 (4,
16); OpW 92±10, 78–109 (4, 16); ZL (fertile)

318±45, 276–363 (3, 4); ZW (fertile) 287±65, 232–
372 (3, 4); OpL (fertile) 57±9, 48–67 (3, 4); OpW
(fertile) 111±19, 93–128 (3, 4); AvL (cystid) 309 (1,
1); AvW (cystid) 189 (1, 1).
Remarks. Cellaria levigata sp. nov. is distinct from
all Recent Japanese, North-Pacific and Indo-
Pacific species of Cellaria. Cellaria anceps Harmer,
1926 differs by having internodes with six zooids in
a whorl, a granular cryptocyst, and the absence of
frontal ridges; Cellaria boninensis Silén, 1938 has
a granular cryptocyst, more centrally placed ope-
sia, and an avicularium with a slightly curved and
asymmetrical rostrum (Di Martino, 2023); Cellaria
granulata Canu and Bassler, 1929 is similar to the
new species in having inflated internodes where
there are fertile zooids, and fertile zooids with a
convex transverse opening, but differs by having
an ovicell fissure covered by a cryptocystal lamella
raising from the distal zooid, and a granular crypto-
cyst; Cellaria japonica Canu and Bassler, 1929
shares a smooth cryptocyst with the new species
but differs by having internodes larger in diameter,
more than four zooids in a whorl, maternal zooids
with an orbicular pore, non-inflated fertile inter-
nodes, and more centrally placed opesia; Cellaria
mandibulata Hincks, 1882, also has a smooth cryp-
tocyst but is distinguished by its avicularia, which
are shorter and twice as wide as the autozooids;
Cellaria punctata (Busk, 1852) has a granular cryp-
tocyst, more centrally placed opesia, and an avicu-
larium with triangular squat rostrum (Tilbrook et al.,
2001); Cellaria tenuirostris (Busk, 1852), in addi-
tion to a granular cryptocyst, also has a narrower

FIGURE 16. Poricellaria ratoniensis (Waters, 1887); PMC EDM-Collection J.H.B.128a. A–B, sample 19085. A,
branch fragment general view (500 μm). B, close-up of an autozooid with adventitious avicularium in lateral view (100
μm). C, sample 19048, close-up of an autozooid with adventitious avicularium in frontal view (100 μm). D, sample
19085, close-up of an autozooid showing the slit-like opesiule (100 μm).
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FIGURE 17. Cellaria levigata sp. nov. Di Martino, Rosso and Taylor. A–C, holotype PMC. B50. 29.7.2024a, sample
19200. A, inflated fertile internode general view (1 mm). B, close-up of the inflated portion of the internode with fertile
zooids (150 μm). C, close-up of autozooids (200 μm). D–F, paratype PMC. B50. 29.7.2024b1, sample 19227. D,
inflated fertile internode general view (500 μm). E, close-up of an autozooid (100 μm). F, close-up of a maternal zooid
(100 μm). The arrows indicate the two U-shaped indentations of the endotoichal ovicell. G–J, paratype PMC. B50.
29.7.2024b2, sample 19230. G, inflated fertile internode with vicarious avicularia (500 μm). H, close-up of the inflated
fertile portion of the internode (200 μm). I, close-up of an autozooid and an avicularium (100 μm). J, close-up of two
maternal zooids (100 μm).
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and more pointed avicularian rostrum (Gordon,
1984; Achilleos et al., 2020; Bock, 2024).

Superfamily CRIBRILINOIDEA Hincks, 1879
Family CRIBRILINIDAE Hincks, 1879

Genus CRIBRILARIA Canu and Bassler, 1929
Cribrilaria harmeri Ristedt, 1985

Figure 18
v. 1985 Cribrilaria harmeri Ristedt, p. 26, figs. 1, 

6–9.
v. 1988 Cribrilaria harmeri Ristedt; Hayward, p. 

290, pl. 3c.
v. 2006 Puellina harmeri (Ristedt); Dick, Tilbrook 

and Mawatari, p. 2213, fig. 6A, C, E, G.
v. 2017 Puellina harmeri (Ristedt); Dick and 

Grischenko, p. 170, fig. 9.
v. 2018 Puellina harmeri (Ristedt); Yang, Seo 

and Gordon, p. 229, figs. 36–38.
Figured material. PMC EDM-Collection
J.H.B.129a, sample 19069 (Figure 18A–B), sample
19019 (Figure 18C–E), sample 19072 (Figure
18F), and sample 19113 (Figure 18G–I); Core 19,
Daidokutsu cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by shallow
grooves, oval to rounded polygonal, longer than
wide (mean ZL/ZW 1.31). Frontal shield flat to
slightly convex, consisting of 14–18 (mean 16) cos-
tae, including suboral pair, maximum basal width
23–48 µm, narrowing towards the centre, meeting
along a straight or curved midline, with opposing
tips either touching or alternating; pelmatidium
inconspicuous, 2–5 µm in diameter. Costae con-
nected by intercostal bridges creating 5–10 slit-like
to reniform intercostal lacunae, 8–16 µm in length.
Suboral pair of coastal number forming a small
umbo in the midline, either leaving a conspicuous,
rounded to heart-shaped suboral pore, measuring
10–24 µm in diameter, or a tiny suture, possibly
related to ontogenesis. Gymnocyst smooth,
exposed along zooidal margins, typically wider
proximally. Orifice semicircular, almost as long as
wide, with straight proximal margin; seven, evenly
spaced oral spine bases, 10–20 µm in diameter,
with the proximalmost pair placed slightly above
the proximal oral margin; four spines in ovicellate
zooids (three observed in one instance). Avicularia
both interzooidal and adventitious. Interzooidal
avicularia emerging from distolateral pore-chamber
windows, resting on the substrate atop a small, bul-
bous cystid of smooth gymnocyst; rostrum smooth,
long, slender, needle-like, resting on the frontal
costate shield of distal zooid. Adventitious avicu-
laria small, placed on the latero-oral gymnocyst

without touching the substrate, usually paired,
associated with ovicells; rostrum short, acutely tri-
angular, directed distally or distolaterally outwards.
Both types of avicularia with small mandibular piv-
ots and finely denticulate rostrum. Ovicells of types
A (produced by a distal autozooid; Figure 18D) and
B (produced by a distal kenozooid; Figure 18C, F)
as defined by Bishop and Househam (1987), and
type 1 of Ostrovsky (2013); ooecium smooth with
central ridge, reflecting the continuation of the
costa from the distal zooid or kenozooid into the
ooecium, and a small central umbo; distal portion
of kenozooid almost always visible. Kenozooids
elliptical to rounded polygonal, with costate shield
of 13–16 radial costae. Pore-chamber windows
seen along lateral walls of zooids at colony periph-
ery, rounded to elliptical, 20–37 µm long by 6–17
µm wide.
Measurements (µm). ZL 416±41, 322–487 (4, 20);
ZW 318±46, 212–417 (4, 20); GymL 71±27, 33–
142 (4, 20); OL 76±5, 65–83 (4, 20); OW 75±4, 65–
81 (4, 20); AvL (adventitious) 106±18, 83–142 (3,
10); AvW (adventitious) 46±4, 42–53 (3, 10); AvL
(interzooidal) 206±10, 197–217 (2, 3); AvW (inter-
zooidal) 50±2, 49–53 (2, 3); OvL 147±20, 119–183
(3, 10); OvW 184±24, 139–215 (3, 10); KzL
305±53, 215–344 (3, 5); KzW 247±42, 198–291 (3,
5).
Remarks. Cribrilaria harmeri has been recorded
widely from localities including the Philippines
(Ristedt, 1985), Mauritius (Hayward, 1988), Hawaii
(Dick et al., 2006), Jeju Island in South Korea
(Yang et al., 2018), and Okinawa (Dick and
Grischenko, 2017). This species shows consider-
able intraspecific and intracolonial variability, par-
ticularly in the denticulation of the avicularian
rostra, which can range from smooth to finely den-
ticulate or markedly serrated. Variability is also
observed in the formation of the ovicells. Ooecia
can be derived from either the distal autozooid or
kenozooid. The development of the kenozooid
associated with the ooecium can also vary. Some
are well developed and visible in frontal view, with
as many as ten costae, while others are less devel-
oped, with the frontal part not visible. An additional
variation observed in the present specimens is in
the number of intercostal lacunae, which are more
numerous in the Japanese material than in previ-
ous descriptions.

This species stands out by having both inter-
zooidal and adventitious avicularia. This character-
istic complicates the task of assigning it to a
specific genus, particularly because one of the pri-
mary distinctions between Cribrilaria and Glabri-
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FIGURE 18. Cribrilaria harmeri Ristedt, 1985; PMC EDM-Collection J.H.B.129a, A–B, sample 19069. A, colony frag-
ment general view (500 μm). B, close-up of autozooids and interzooidal avicularia (200 μm). C–E, sample 19019. C,
close-up of an autozooid and an ovicellate zooid (ooecium type B produced by the distal kenozooid) with adventitious
avicularia (200 μm). D, close-up of an autozooid and an ovicellate zooid (ooecium type A produced by the distal auto-
zooid) with adventitious avicularia (100 μm). E, group of autozooids and a kenozooid (200 μm). F, sample 19072,
close-up of a kenozooidal ooecium, paired adventitious avicularia, and an interzooidal avicularium (100 μm). G–I,
sample 19113. G, colony fragment general view (500 μm). H, group of zooids, some ovicellate, with ooecia formed
either by distal kenozooids or distal autozooids, and paired adventitious avicularia, kenozooids and interzooidal avic-
ularia (200 μm). I, close-up of an ooecium formed by the distal autozooid and adventitious avicularia budded from the
lateral gymnocyst (100 μm).
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laria is the type of avicularia they possess (Rosso
et al., 2018b). Canu and Bassler (1929) first estab-
lished Cribrilaria as a genus. However, Bishop and
Househam (1987) later reclassified it as a subge-
nus of Puellina, while introducing a second subge-
nus, Glabrilaria, for species with pedunculate
avicularia. Rosso et al. (2018b) subsequently ele-
vated all three taxa—Cribrilaria, Glabrilaria, and
Puellina—to genus level. This taxonomic shift
awaits validation through molecular sequence
analysis. The presence of a species like C. har-
meri, which features both types of avicularia, ques-
tions the legitimacy of the distinction between
Cribrilaria and Glabrilaria. However, we prefer to
keep the species in Cribrilaria because if future
molecular studies suggest merging the two genera,
Cribrilaria would have priority over Glabrilaria as it
was established earlier.

Genus GLABRILARIA 
Bishop and Househam, 1987

Glabrilaria biavicularia (Kataoka, 1961)
Figure 19

v. 1961 Cribrilaria biavicularia Kataoka, p. 242, 
pl. 27, fig. 5.

Figured material. PMC EDM-Collection
J.H.B.130a, sample 19025; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by shallow
grooves, oval to rhomboidal or rarely polygonal,
longer than wide (mean ZL/ZW 1.37). Frontal
shield flat, consisting of 12–15 (mean 14) narrow
costae including suboral pair, maximum basal

width 20–37 µm, tapering towards the centre, con-
verging along an irregular midline, adorned with a
prominent, pointed pelmatidium at the base. Cos-
tae connected by intercostal bridges creating 5–7
slit-like to reniform intercostal lacunae, 8–18 µm in
length. Suboral pair of costae extremely reduced,
originating within the length of orifice proximal mar-
gin not laterally relative to the orifice, extending
proximally (almost longitudinally to the zooid elon-
gation) and creating a distinctive suboral area with
a large, rounded to upside-down triangular suboral
pore, measuring 23–32 × 27–34 µm. Gymnocyst
exposed along zooidal margins, typically wider
proximally (proximal axial length 50–104 µm). Ori-
fice semicircular with straight proximal margin; five,
regularly spaced oral spine bases, 10–15 µm in
diameter, the proximalmost pair placed slightly
above the proximal oral margin. Avicularia tear-
drop-shaped, mostly paired and of different sizes,
occasionally single, emerging from basal pore
chambers lateral to the orifice, positioned either at
the same level as the proximal margin of the orifice
or slightly above aligned with the proximalmost pair
of spines; rostrum slender and needle-like, ori-
ented distomedially around distal edge of orifice,
resting beside oral spines; small mandibular pivots
present. A single kenozooid observed, polygonal,
with reduced costate shield of six radial costae,
116 × 114 µm. Pore-chamber windows visible
along lateral walls of zooids at colony periphery,
rounded to elliptical, 9–26 µm long by 5–10 µm
wide. Ovicells not observed.
Measurements (µm). ZL 348±41, 298–415 (1, 11);
ZW 254±11, 239–269 (1, 11); OL 60±2, 58–63 (1,

FIGURE 19. Glabrilaria biavicularia (Kataoka, 1961); PMC EDM-Collection J.H.B.130a, sample 19025. A, colony frag-
ment general view (200 μm). B, close-up of autozooids with avicularia and a kenozooid (100 μm).
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10); OW 65±3, 60–70 (1, 10); AvL 98±16, 77–142
(1, 16); AvW 41±4, 36–49 (1, 16); KzL 189 (1, 1);
KzW 192 (1, 1).
Remarks. The characteristics observed, including
the number of oral spines, costae, and avicularia,
as well as the position and orientation of the avicu-
laria, and size measurements fall within the docu-
mented variability range for this species as
described by Kataoka (1961). In the single frag-
ment recovered, the number of spines consistently
remains at five, while Kataoka (1961) noted a
range of 4–6 spines in his Pleistocene specimens.
Additionally, there is also a slight discrepancy in
the variability of coastal number: 12–15 in the
Holocene fragment compared to 11–14 in the
Pleistocene specimens. It is possible that the vesti-
gial suboral costae were not accounted for by
Kataoka (1961). Furthermore, upon examination of
the holotype image, albeit with caution due to its
poor quality, there appears to be a potential differ-
ence in the development of the gymnocyst, which
seems less extensive than in our material. Kataoka
(1961) did not mention the presence of pointed pel-
matidia, which may be due to preservational
issues, as observed also in some zooids within our
fragment.

Glabrilaria ossuosa sp. nov. 
Di Martino, Rosso and Taylor

Figure 20
zoobank.org/F5D22272-058D-48AE-B629-E69B4164CB60

Type material. Holotype PMC. B51. 29.7.2024a,
sample 19071 (Figure 20A–D); paratype PMC.
B51. 29.7.2024b, sample 19053 (Figure 20E–F);
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
Etymology. Latin, meaning bony, referring to the
narrow, sharp, angular appearance of the costae.
Diagnosis. Glabrilaria with 14–17 narrow, angular,
ridged costae, 3–8 intercostal lacunae, single, min-
ute, flat pelmatidium at the outer end of each costa,
large rounded-to-kidney-shaped oral lacuna with-
out a mucro; seven oral spine bases in autozooids,
four retained in ovicellate zooids; single or paired
adventitious, semi-erect latero-oral avicularia with
a needle-like rostrum, directed distolaterally medi-
ally, either transversely positioned on the costate
frontal shield of the distal zooid or covering one
side of the ovicell; ooecium globular, smooth, with
central suture beginning proximally and closing
around mid-length.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by shallow
grooves, oval to rhomboidal, occasionally polygo-

nal, longer than wide (mean ZL/ZW 1.33). Frontal
shield flat to slightly convex, consisting of 14–17
(mean 15) costae including suboral pair; costae
narrow, angular, ridged, with a maximum basal
width of 17–29 µm, tapering and converging
towards the centre, along an undulate midline;
each costa with a minute, flat, circular pelmatidium,
measuring 2–4 µm in diameter, at its outer end.
Costae connected by intercostal bridges creating
3–8 elliptical intercostal lacunae, 11–17 µm in
length. Suboral pair of costae greatly reduced,
forming a large, rounded to kidney-shaped suboral
lacuna, measuring 8–16 × 12–27 µm; in some
instances the suboral costae not fusing, creating a
trifoliate lacuna, while in other cases bifurcating
and meeting at two separate points, resulting in
two lacunae of different sizes, with the distalmost
larger than the proximalmost; suboral costae flat,
not forming a suboral mucro. Gymnocyst exposed
along zooidal margins, typically wider proximally,
28–81 µm in length. Orifice transversely D-shaped
with straight proximal margin; seven, regularly
spaced oral spine bases, 10–14 µm in diameter,
with the proximalmost pair placed slightly above
the proximal oral margin. Avicularia teardrop-
shaped, mostly paired, occasionally single, semi-
erect, emerging from basal pore chambers lateral
to the orifice, positioned at the same level as the
suboral or rarely the second distalmost pair of cos-
tae; rostrum slender and needle-like, oriented dis-
tolaterally and medially, either resting on the
costate frontal shield of the distal zooid or occupy-
ing one side of the ovicell; small mandibular pivots
present. Ovicell hyperstomial, globular, either
kenozooidal with the kenozooid not visible in fron-
tal view, or formed by the distal autozooid; ooecium
smooth, with median suture beginning proximally
and closing at about halfway along its length.
Kenozooids present, typically polygonal, often
rounded triangular, with reduced costate shield of
10 radial costae and 3–5 intercostal lacunae. Pore-
chamber windows visible along lateral walls of
zooids at colony periphery, rounded to elliptical, 6–
75 µm long by 5–50 µm wide.
Measurements (µm). ZL 321±34, 265–396 (3, 20);
ZW 241±37, 192–310 (3, 20); GymL 51±13, 28–81
(3, 20); OL 51±3, 48–57 (3, 18); OW 66±4, 61–72
(3, 18); AvL 100±28, 59–162 (3, 20); AvW 35±3,
31–41 (3, 20); OvL 103±16, 76–128 (2, 16); OvW
148±13, 113–163 (2, 16); KzL 181±52, 145–218 (1,
2); KzW 167±86, 107–228 (1, 2).
Remarks. Glabrilaria ossuosa sp. nov. shares sev-
eral characteristics with the two other cribrilinid
species identified in the Okinawa core samples. It
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FIGURE 20. Glabrilaria ossuosa sp. nov. Di Martino, Rosso and Taylor. A–D, holotype PMC. B51. 29.7.2024a, sam-
ple 19071. A, colony fragment general view, with arrows indicating two kenozooids (400 μm). B, group of zooids,
mostly ovicellate (200 μm). C, group of autozooids (200 μm). D, close-up of an orifice with closure plate (60 μm). E–
F, PMC. B51. 29.7.2024b, sample 19053. E, close-up of zooids with semi-erect, latero-oral avicularia showing the
needle-like rostrum (200 μm). F, close-up of autozooids at colony edge with visible pore-chamber windows. The
zooid on the left, with dimorphic orifice and only four spines, is likely to be forming an ovicell (100 μm).
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resembles G. biavicularia in the appearance of its
costate frontal shield, which consists of narrow,
angular costae, and in the presence of adventitious
latero-oral avicularia. However, G. ossuosa sp. nov.
differs from G. biavicularia in the number of oral
spines, consistently seven in the former species,
consistently five in the latter species, in the shape
of the pelmatidium, flat in G. ossuosa sp. nov. and
tubercular in G. biavicularia, and in the shape of the
orifice, which is more elongate in G. biavicularia
(mean OL/OW 0.92 in G. biavicularia vs 0.78 in G.
ossuosa sp. nov.). In addition to these differences,
the suboral area of G. biavicularia is also very dis-
tinctive.

Glabrilaria ossuosa sp. nov. also shares the
consistent number of oral spines with Cribrilaria
harmeri, both having seven. They differ in the ooe-
cium type, that if kenozooidal in C. harmeri gener-
ally has a visible kenozooid, which is not apparent
in G. ossuosa sp. nov. In addition, G. ossuosa sp.
nov. lacks interzooidal avicularia and the adventi-
tious avicularia are differently directed.

The new species differs from all other Glabri-
laria with seven spine bases. Glabrilaria africana
(Hayward and Cook, 1983), from South Africa, has
a tubercular pelmatidium, an oooecium with an
umbo, and a suboral area containing up to five
large pores along with several smaller ones. Gla-
brilaria antoniettae Ramalho and Moraes, 2021,
found in the West Atlantic off the coast of Brazil,
has a distinct suboral mucro and avicularia with
pronounced serrations of rostra. Glabrilaria corbula
Bishop and Househam, 1987, described from the
English Channel, is distinguished by its ooecium,
which has radial ridges and lacks a median suture,
and avicularium with a curved rostral tip forming a
beak-like projection. Glabrilaria hirsuta Rosso in
Rosso et al., 2018b, also from the West Atlantic,
has a spiny costate frontal shield. Glabrilaria sep-
temspinosa (d’Hondt, 1986) comb. nov. from New
Caledonia, has fewer costae compared to G. ossu-
osa sp. nov., as well as differently directed avicu-
laria.

Superfamily CATENICELLOIDEA Busk, 1852
Family CATENICELLIDAE Busk, 1852

Genus AURICELLINA gen. nov. 
Di Martino, Rosso and Taylor

zoobank.org/9D103D7B-EB39-4509-BB3D-61D990BDABB7

Type species. Auricellina biserialis gen. et sp. nov.
Di Martino, Rosso and Taylor.
Etymology. Latin, prefix meaning ear, referring to
the position of the paired pore areas flanking the

orifice, and suffix meaning small cell, commonly
used in bryozoan genus names. 
Diagnosis. Colony erect, jointed, branching. Inter-
nodes uni- to biserial, uni- to multizooidal. Autozo-
oids claviform, narrowing proximally. Frontal shield
largely gymnocystal, smooth, with no costae or
foramina. Orifice monomorphic, transversely D-
shaped with a shallowly concave proximal margin,
centrally interrupted by a short suture. Two sym-
metrical, large, slightly depressed, drop-shaped,
cryptocystal pore areas (vittae) flanking the orifice
and extending proximally beyond it, with sparse,
minute, circular pores; additional smaller pore
areas possibly present on the sides or the back.
Ovicell subimmersed, elongate, occupying the cau-
dal and one-third of proximal portion of the distal
zooid; ooecium frontally flat, sometimes developing
a median longitudinal carena, and with an ectooe-
cial slit-like fissure on its proximal third, placed
medially, extending horizontally, slightly arched,
sometimes closed centrally and separated into two
openings of different sizes and shapes obliquely
oriented; ooecial opening quadrangular, likely not
closed by zooidal operculum. Avicularia not
observed, seemingly lacking.
Remarks. Gordon (1993) described a new species
of the catenicellid genus Talivittaticella Gordon and
d’Hondt, 1985, namely T. nuda Gordon, 1993, from
Mindoro Strait, Philippines, at depths of 92–97 m.
He noted that although no other genus could
accommodate this species, it was very unusual
among species of Talivittaticella in lacking costae
and foramina. However, the small suture on the
proximal margin of the orifice suggested a relation-
ship with species having a costate shield. The
absence of an ovicell in Gordon’s specimens pre-
vented further taxonomic action at that time.

Our study of the present material, though lim-
ited to a single internode, allowed for the observa-
tion of the ooecium. As in other Catenicellidae
(e.g., Pterocella Levinsen, 1909), the fertile zooid
develops as part of a complex that includes the ovi-
cell and the distal zooid (Ostrovsky, 2013). The dis-
tinctive feature of the ooecium is a slit-like
ectooecial fenestra, which can calcify over to form
two smaller windows. This unique characteristic
distinguishes this genus not only from Talivittati-
cella but also from other genera of Catenicellidae.
In other Catenicellidae, the ectooecium is com-
pletely or partially uncalcified, leaving numerous
small windows or a few (one or two) large fenes-
trae, through which the endooecium is visible. The
endooecium can vary from smooth, to reticulate,



DI MARTINO ET AL.: HOLOCENE BRYOZOANS FROM JAPAN

38

finely porous, spinous or a combination of these
patterns.

Differences between this new genus and
other genera in the family extend beyond the ooe-
cium. Here, we briefly highlight the most salient
distinctions.

Calpidium Busk, 1852 and Claviporella Mac-
Gillivray, 1887, have a keyhole-shaped orifice and
costate frontal shields. Costate frontal shields are
characteristic of Costaticella Maplestone, 1899,
Pterocella and the fossil genus Costatimorpha
Zágoršek, 2003, as well as Digenopora Maple-
stone, 1899. Additionally, Calpidium has a frontal
shield with multiple gymnocystal regions separated
by ridges, and has terminal ovicells and dimorphic
fertile zooids. This latter feature is also found in
Cornuticellina Stach, 1935 and Strophipora Mac-
Gillivray, 1895. Claviporella and Strophipora also
have frontal shield with a median suture and an
uncalcified central opening.

Catenicella Busk, 1852, Cornuticella Canu
and Bassler, 1927, Scalicella Harmer, 1957 and
Terminocella Harmer, 1957 have vittae along the
lateral margins, rather than on the side of the ori-
fice. In Catenicella, avicularia are frequent, while in
Cornuticella, the distal compartments of autozooids
develop into long spinose processes. Cribricellina
Canu and Bassler, 1927 and Paracribricellina
Wass and Yoo, 1976 have densely and evenly
porous gymnocysts and also fertile zooid with
enlarged dimorphic orifice. In Cribricellina, the ooe-
cium has numerous radially arranged pores, while
Paracribricellina has a deep, wide ectooecial
fenestra exposing the endooecium, which can be
finely porous, smooth, or papillate. Orthoscuticella
Wass and Yoo, 1975 has several windows on the
frontal shield and dimorphic fertile zooids, in addi-
tion to an orifice with a small central notch. Scuti-
cella Levinsen, 1909 has large windows in the
gymnocyst unequal in size, and dimorphic fertile
zooids with an ectooecium calcified only proximally
and a largely exposed endooecium, which is spi-
nous and porous with pores organized in a V-pat-
tern. Strongylopora Maplestone, 1899 and
Vasignyella Gordon, 1989a have numerous win-
dows in the frontal gymnocyst, mainly confined to
the lateral margins in Strongylopora, but extending
centrally in one species of Vasignyella. The distal
corners can develop to different extents into spi-
nose processes, but they always bear avicularia.

Despite T. nuda lacking ovicells, the consis-
tent presence of certain features (e.g., pore areas
adjacent to orifice and their shape) and absence of
others (e.g., costae and foramina) warrant the

introduction of a new genus to encompass this
species and the new species described here.
Therefore, we propose the new combination Auri-
cellina nuda (Gordon, 1993) comb. nov. 

The differentiation between genera with uni-,
bi-, and trizooidal segments versus those with seg-
ments comprising more than three autozooids (i.e.,
multizooidal) has traditionally been a key feature
for distinguishing genera in the subfamilies Cateni-
cellinae Stach, 1935 and Ditaxiporinae Stach, 1935
(Gordon and Braga, 1994; Vieira et al., 2007).
However, this new genus includes one species
with uni- to bizooidal internodes and another spe-
cies with multizooidal segments. This variability is
also seen in Vasygniella, which can have both
uniserial chains of unizooidal internodes and bise-
rial multizooidal internodes, with ovicellate zooids
always occurring in multizooidal internodes (Vieira
et al., 2007). This suggests that if infertile inter-
nodes of the newly described species A. biserialis
gen. et sp. nov. (see below) were found, they could
be uni- or bizooidal, while fertile segments of A.
nuda comb. nov. might be multizooidal.

The new genus differs also from other genera
within the subfamily Ditaxiporinae. Bryosartor Gor-
don and Braga, 1994 has a costate frontal shield, a
largely uncalcified ectooecium, granular endooe-
cium, and avicularia. Caberoides Canu, 1908 has a
dorsal side with vibracular-like chambers. Ditaxi-
pora MacGillivray, 1895 and Ditaxiporina Stach,
1935 have keyhole-shaped orifices and distolateral
avicularia. Ditaxipora additionally has a frontal
shield largely occupied by vittae, while Ditaxiporina
has numerous gymnocystal windows. Plagiopora
MacGillivray, 1895 also has an elongate orifice,
typically paired distolateral avicularia, and vittae on
the frontal side that are continuous with those on
the dorsal side.

Auricellina biserialis sp. nov. 
Di Martino, Rosso and Taylor

Figure 21
zoobank.org/CB9F4D60-17BC-4888-9A2A-53E590D84641

Type material. Holotype PMC. B52. 29.7.2024a,
sample 19132; Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Latin, meaning two rows, referring to
the arrangement of autozooids in two alternating
series within the internode. 
Diagnosis. Catenicellid with multizooidal, biserial
internodes. Autozooids claviform, arranged in alter-
nating series. Frontal shield smooth, with symmet-
rical pore areas (vittae) adjacent to the orifice
extending proximally beyond it, and minute pores
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FIGURE 21. Auricellina biserialis gen. et sp. nov. Di Martino, Rosso and Taylor, holotype PMC. B52. 29.7.2024a, sam-
ple 19132. A, colony fragment general view (200 μm). B, close-up of orifice showing median suture and drop-shaped
cryptocystal pore area flanking it (100 μm). C, close-up of an autozooid and an ovicell (100 μm). D, close-up of an ovi-
cell with slit-like, arched fenestra and quadrangular ooecial opening (100 μm). E, close-up of an ovicell with two sepa-
rate fenestrae, one small and circular, the other slit-like and obliquely placed, and longitudinal median carena (100
μm). F, dorsal side general view (200 μm). G, close-up of the dorsal side showing the general placement of pore areas
(100 μm). H–I, close-up of the cryptocystal pore areas (50 μm).
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scattered along the margin. Orifice transversely D-
shaped with shallowly concave proximal margin
interrupted medially by a short suture. Ovicell elon-
gate, flat frontally, with a horizontal median slit-like
fissure or two uncalcified areas on each lateral half;
sometimes with a longitudinal carena. Avicularia
seemingly absent. Dorsal side smooth with a small
drop-shaped or narrowly elliptical pore area, with a
few pores, placed at the distolateral corner of auto-
zooids or distal margin of the ooecium.
Description. Colony erect, likely jointed and
branching; branching pattern unknown. Internodes
multizooidal and biserial. Autozooid distinct, sepa-
rated by deep grooves, claviform, tapering proxi-
mally forming a tubular cauda 180–220 µm long
and c. 65 µm wide, much longer than wide (mean
ZL/ZW 3 including cauda), arranged in alternating
series. Frontal shield convex, smooth, largely gym-
nocystal except for two symmetrical, cryptocystal
pore areas (vittae) adjacent to the orifice, extend-
ing proximally beyond it, slightly depressed in rela-
tion to their rim and the surrounding gymnocyst,
80–105 µm long by 40–75 µm wide, with minute
pores scattered along the margin; pores circular,
1–2 µm in diameter; costae and foramina absent.
Orifice monomorphic, transversely D-shaped, with
proximal margin starting with straight corners slop-
ing towards the centre forming a shallowly concave
median proximal part, interrupted medially by a
short, vertical suture, 8–12 µm long. Ovicell subim-
mersed, elongate (mean OvL/OvW 1.55), occupy-
ing the cauda and one-third of the proximal portion
of the distal zooid; ooecium flat frontally, with an
ectooecial slit-like fenestra (45–100 µm long by 5–
10 µm wide) on its proximal third, placed medially,
extending horizontally, slightly arched, sometimes
separated into two openings of different size and
shape, obliquely oriented; sometimes developing a
median longitudinal carena; ooecial opening quad-
rangular, c. 45 µm long by 65–80 µm wide, likely
not closed by zooidal operculum. Dorsal side
smooth, entirely gymnocystal except for a drop-
shaped or narrowly elliptical (c. 70 µm long) crypto-
cystal pore area smaller than those on the frontal
(40–45 µm long by 20–25 µm wide); cryptocystal
pore area placed at the dorsal distolateral corner of
autozooids or if ovicellate at the dorsal distolateral
margin of ooecium, with 1–2 circular pores, 3 µm in
diameter; a pronounced suture between the back
of the ooecium and the margin of the cauda visible
proximally, distally the dorsal side of the ooecium
seemingly fusing with the surface of the cauda.
Avicularia seemingly absent.

Measurements (µm). ZL 531±28, 507–561 (1, 3);
ZW 186±7, 179–194 (1, 3); OL 62±7, 57–67 (1, 2);
OW 79.5±1, 79–80 (1, 2); OvL 255±10, 248–262
(1, 2); OvW 163.5±11, 156–171 (1, 2).
Remarks. This species differs from the only other
species assigned to the genus in the arrangement
of internodes. In Auricellina nuda (Gordon, 1993)
comb. nov., internodes consist of 1–2 autozooids,
while in A. biserialis gen. et sp. nov. there are at
least five, but probably more, autozooids per inter-
node. Another difference is in the presence of pore
areas on the sides of the cauda in A. nuda comb.
nov., absent in A. biserialis sp. nov., and in the
number of pores in the vittae, which are more
abundant in A. nuda comb. nov. than in A. biserialis
sp. nov.

Superfamily ARACHNOPUSIOIDEA Jullien, 1888
Family EXECHONELLIDAE Harmer, 1957

Genus EXECHONELLA 
Canu and Bassler in Duvergier, 1924

Exechonella coronida sp. nov. 
Di Martino, Rosso and Taylor

Figure 22
zoobank.org/A0297EDF-09F0-4B12-A0C4-AD5C572DCF8B

Type material. Holotype PMC. B53. 29.7.2024a,
sample 19010 (Figure 22A–C); paratype PMC.
B53. 29.7.2024b1, sample 19007 (Figure 22D);
paratype PMC. B53. 29.7.2024b2, sample 19035
(not figured); Core 19, Daidokutsu cave, Okinawa,
Japan, Holocene.
Etymology. Greek ‘koronída’, meaning coronis,
i.e., a curved punctuation mark similar to a small
apostrophe or a curved line used in ancient Greek
to show a crasis (the contraction of two vowels into
one), referring to the coronis-like shape of its avicu-
laria.
Diagnosis. Exechonella of the magna-complex
with numerous, medium-sized, rounded, and
spaced foramina with narrow rims, single or paired
curved avicularia with rounded triangular rostrum
proximally directed having a complete crossbar,
and a few small marginal pores between avicularia
and zooidal margins.
Description. Colony encrusting, multiserial, uni- to
multilaminar due to self-overgrowth. Autozooids
distinct, separated by deep grooves and thin raised
sutures, lozenge-shaped, longer than wide (mean
ZL/ZW 1.21). Frontal shield slightly convex, nodu-
lar, evenly and densely perforated by 20–42
medium-sized, regularly spaced, rounded foramina
with a slightly raised, narrow rim; no frontal projec-
tions. Primary orifice concealed by a collar-like
peristome; condyles not seen. Peristome pustu-
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lose, imperforate; secondary orifice semicircular to
elliptical to eye-shaped. Avicularia adventitious,
sporadic; if present, single or paired, placed
approximately at zooidal mid-length, laterally, adja-
cent to zooidal lateral corners deriving from a mar-
ginal areolar pore and associated with a foramen.
Foramina associated with avicularia having modi-
fied shape compared to foramina elsewhere on
frontal shield, appearing more elongate elliptical or
resembling a fissure; a raised rim outlines both the
avicularium and the associated foramen, with the
total diameter outlined by this rim, occupied by the
avicularium for two-thirds, and by the foramen itself
for one-third. Avicularia curved, rostrum rounded
triangular, proximally directed, external lateral edge
raised; crossbar complete; 3–5 small (14–28 µm in
diameter), circular marginal areolar pores present
between the external lateral edge of the avicular-
ium and the margin of the zooid. Clusters of up to

five circular marginal areolar pores often develop-
ing in the same position, even in the absence of an
avicularium.
Measurements (µm). ZL 913±115, 687–1144 (3,
20); ZW 752±80, 614–940 (3, 20); OL (secondary)
185±15, 169–198 (1, 3); OW (secondary) 235±15,
222–251 (1, 3); PeL 117±35, 61–161 (3, 8); FoN
30±5, 20–42 (3, 20); FoD 45±9, 32–59 (3, 20); AvL
151±18, 118–173 (3, 20); AvW 93±14, 78–122 (3,
20).
Remarks. This species belongs to the Exechonella
magna-complex, which is characterized by loz-
enge-shaped zooids, low collar-like peristomes,
numerous large foramina with free space in
between, and proximally directed triangular avicu-
laria equipped with a complete crossbar (Cook and
Bock, 2004; Cáceres-Chamizo et al., 2017).
Although efforts have been made to disentangle
other Exechonella species-complexes such as the

FIGURE 22. Exechonella coronida sp. nov. Di Martino, Rosso and Taylor. A–C, holotype PMC. B53. 29.7.2024a, sam-
ple 19010. A, colony fragment general view with self-overgrowth (1 mm). B, group of autozooids, some with single or
paired curved avicularia (500 μm). C, close-up of autozooids with avicularia (200 μm). D, paratype PMC. B53.
29.7.2024b1, sample 19007, close-up of autozooids with preserved collar-like peristome and avicularia (400 μm).
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E. ampullacea-complex, E. antillea-complex, E.
brasiliensis-complex and E. verrucosa-complex
(see Cáceres-Chamizo et al., 2017), the E. magna-
complex remains unresolved. Exechonella coro-
nida sp. nov. is easily distinguished from all other
specimens currently identified as E. magna (McGil-
livray, 1895) because of the curved shape of its
avicularia. In specimens of E. magna from the Mio-
cene of Muddy Creek (Australia), avicularia are
either lozenge-shaped (Cook and Bock, 2004, fig-
ure 2A) or drop-shaped (Cook and Bock, 2004, fig-
ure 3A), consistently with an acutely triangular
rostrum. Recent specimens attributed to E. magna
from the Solomon Islands also have drop-shaped
avicularia (Tilbrook, 2006, pl. 18E), while avicularia
are described as triangular for the Philippines’
specimens of Canu and Bassler (1929). 

The general shape and distribution of foram-
ina in E. coronida sp. nov. are reminiscent of spe-
cies in the E. brasiliensis-complex. However,
avicularia in this group lack a crossbar and have a
central nipple-like structure (Cáceres-Chamizo et
al., 2017).

Exechonella juliae sp. nov. 
Di Martino, Rosso and Taylor 

Figure 23
zoobank.org/9C66D176-4D5D-4DDD-92E7-308A1E367398

Type material. Holotype PMC. B54. 29.7.2024a,
sample 19014 (Figure 23D–E); paratype PMC.
B54. 29.7.2024b1, sample 19059 (Figure 23A–B);
paratype PMC. B54. 29.7.2024b2, sample 19015
(Figure 23C); paratype PMC. B54. 29.7.2024b3,
sample 19042 (Figure 23F); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Etymology. Named in honour of Dr Julia Cáceres-
Chamizo, recognizing her significant contribution to
the study of Exechonella and her efforts to disen-
tangle its species complexes.
Diagnosis. Exechonella of the ampullacea-com-
plex with numerous, medium-sized, rounded
foramina with narrow rims, limited number of flat
frontal projections, and tubular peristome with
flared and jagged rim.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by deep
grooves, bottle-shaped, longer than wide (mean
ZL/ZW 1.34). Frontal shield convex, pustulose,
evenly and densely perforated by 32–44 medium-
sized, rounded foramina with a slightly raised, nar-
row rim; one to three foramina per zooid bearing a
flat, blunt or pointed, frontal projection reaching up
to 50–90 µm in length; shape of foramina modified
to reniform or semicircular when bearing the frontal

projection. Primary orifice oval, concealed by a
long, tubular, distally tapering peristome; condyles
not seen. Peristome pustulose externally, with pus-
tules 20–35 µm in diameter, longitudinally striated
on its internal surface with a distance between stri-
ations of 25–38 µm, imperforate, facing obliquely
frontally, forming an angle of 15–70º in respect to
the colony surface; peristome margin slightly flared
and jagged; secondary orifice circular to elliptical.
Avicularia absent. Kenozooids not observed.
Measurements (µm). ZL 813±68, 707–943 (5, 20);
ZW 606±69, 519–791 (5, 20); OL (secondary)
220±30, 172–257 (3, 10); OW (secondary) 227±33,
155–262 (3, 10); PeL 493±89, 301–652 (5, 20);
FoN 38±6, 32–44 (2, 5); FoD 41±5, 31–51 (5, 20).
Remarks. This species belongs to the Exechonella
ampullacea-complex, which is characterized by
bottle-like zooids, long tubular peristomes, numer-
ous mid-sized foramina and the absence of avicu-
laria (Cáceres-Chamizo et al., 2017). The
Japanese species closely resembles E. safa-
gaensis Cáceres-Chamizo, Sanner, Tilbrook and
Ostrovsky, 2017 from the Red Sea, and E. variper-
forata Cáceres-Chamizo, Sanner, Tilbrook and
Ostrovsky, 2017 from the Great Barrier Reef, shar-
ing some traits with each. It shares the length of
autozooids and the number of foramina with E. saf-
agaensis but differs in having smaller foramina with
narrower rims, fewer and flatter frontal projections,
longer peristomes, and wider autozooids. With E.
variperforata, it shares the flat shape of the frontal
projections and the narrower rims of the foramina
but differs in having more numerous, smaller
foramina, fewer frontal projections, and longer, nar-
rower peristomes.

Exechonella verrucosa (Canu and Bassler, 1927)
Figure 24

v. 1927 Coleopora verrucosa Canu and Bassler, 
p. 6, 42, pl. 1, fig. 7.

v. 1929 Coleopora verrucosa Canu and Bassler; 
Canu and Bassler, p. 267–268, pl. 20, 
fig. 4, pl. 26, fig. 9.

v. 2017 Exechonella verrucosa (Canu and 
Bassler); Cáceres-Chamizo, Sanner, Til-
brook and Ostrovsky, p. 56, fig. 23.

Figured material. PMC EDM-Collection
J.H.B.131a, sample 19074 (Figure 24A–D) and
sample 19125 (Figure 24E–F); Core 19, Daido-
kutsu cave, Okinawa, Japan, Holocene.
Description. Colony encrusting. Autozooids dis-
tinct, separated by deep grooves, oval to rhomboi-
dal, slightly longer than wide (mean ZL/ZW 1.13).
Frontal shield slightly convex, wrinkled, tessellated,
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evenly and densely punctured by over 40 minute,
circular foramina, c. 15 µm in diameter; foramina
centrally located within a larger funnel-shaped
gymnocystal rim, measuring between 30–40 µm in
diameter; often, rims of 2–3 foramina fusing
together, forming distinctive reniform to trifoliate
clusters adorned with tubular, hollow, spike-like
frontal projections, 75–125 µm long, 25–40 µm in
diameter at the tip; projections randomly distributed
across the frontal shield, with about 6–8 per zooid

in the specimens examined; numerous circular
marginal pores, roughly 15 µm in diameter, distrib-
uted around zooidal periphery. Primary orifice sub-
circular, slightly wider than long, surrounded by a
short, collar-like peristome; stout, triangular con-
dyles, 35–40 µm long by 40–45 µm wide, medially
directed, placed at two-thirds of orifice length, sep-
arating the orifice into equally wide anter and
poster, with anter occupying two-thirds and poster
one-third of orifice length. Peristome externally

FIGURE 23. Exechonella juliae sp. nov. Di Martino, Rosso and Taylor. A–B, paratype PMC. B54. 29.7.2024b1, sam-
ple 19059. A, colony fragment general view (1 mm). B, close-up of autozooid (500 μm). C, paratype PMC. B54.
29.7.2024b2, sample 19015, close-up of an autozooid with a frontal projection (500 μm). D–E, holotype PMC. B54.
29.7.2024a, sample 19014. D, close-up of an autozooid with frontal projection and view of peristome internal surface
(200 μm). E, close-up of the primary orifice (100 μm); F, paratype PMC. B54. 29.7.2024b3, sample 19042, group of
zooids showing the flared, jagged rim of the tubular peristomes (500 μm).
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FIGURE 24. Exechonella verrucosa (Canu and Bassler, 1927); PMC EDM-Collection J.H.B.131a. A–D, sample 19074.
A, tilted lateral view of colony fragment (400 μm) exposing communication pores. B, frontal view of the same fragment
(500 μm). Arrows indicate the nipple-like structure typical of the avicularia of this species. C, close-up of fused foram-
ina with frontal projection and nipple-like structure of an avicularium (100 μm). D, close-up of the primary orifice (150
μm). E–F, sample 19125. E, colony fragment general view (500 μm). F, close-up of a preserved peristome with spiny
processes, the lateral one bifurcated (200 μm).
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pustulose, internally smooth to slightly wrinkled,
forming a sloping shelf proximally, developing
spiny processes around its rim; eight such pro-
cesses counted in the single zooid in which they
were all preserved, with the lateral one showing a
bifurcated structure. Avicularia present on the rims
of lateral or proximal foramina producing tubular
projections, characterized by a distinctive nipple-
like structure with a central pore.
Measurements (µm). ZL 1159±96, 1059–1251 (2,
3); ZW 1028±59, 975–1092 (2, 3); OL 275±3, 273–
278 (2, 3); OW 322±26, 298–349 (2, 3); PeL
221±55, 182–260 (2, 2).
Remarks. To date, Exechonella verrucosa is
unequivocally known only from the Philippines.
Records from other geographical areas have been
reassigned to new species in an effort to clarify the
E. verrucosa species-complex (Cáceres-Chamizo
et al., 2017). Due to the limited availability of mate-
rial, consisting of only a few fragments with one or
two zooids each, it is challenging to observe mor-
phological variation. However, the key characteris-
tics of our specimens fit the updated description of
E. verrucosa, which appears to be the closest
match among those described within this genus,
also in terms of size, number and distribution of
foramina. Notable differences we have observed
compared to the Recent type specimens include
the absence of well-defined longitudinal striations
on the inner surface of the peristome; instead, only
wrinkles concentric to the proximal orifice margin
have been observed. Additionally, adventitious
kenozooids associated with the avicularia are also
absent in our specimens.

Superfamily ADEONOIDEA Busk, 1884
Family CREPIDACANTHIDAE Levinsen, 1909

Genus CREPIDACANTHA Levinsen, 1909
Crepidacantha longiseta Canu and Bassler, 1928

Figure 25
v. 1928 Crepidacantha longiseta Canu and 

Bassler, p. 135, pl. 21, figs. 3, 4.
v. 2001 Crepidacantha longiseta Canu and 

Bassler; Tilbrook, Hayward and Gordon, 
p. 92, fig. 16B.

v. 2006 Crepidacantha longiseta Canu and 
Bassler; Dick, Tilbrook and Mawatari, p. 
2239, fig. 13g, h.

v. 2016 Crepidacantha longiseta Canu and 
Bassler; Dick and Grischenko, p. 231, 
fig. 32.

Figured material. PMC EDM-Collection
J.H.B.143a, sample 19119; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.

Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, outlined by deep fur-
rows, nearly as long as wide (mean ZL/ZW 1.03),
rounded hexagonal to pentagonal. Frontal shield
flat to slightly convex proximally, becoming more
convex around the orifice, coarsely tubercular,
imperforate except for a row of circular to elliptical
marginal areolae (max diameter 8–20 µm) along
the zooid perimeter, often obscured by neighbour-
ing zooids; peripheral spines likely present, a sin-
gle base, measuring 10 µm in diameter, observed.
Orifice keyhole-shaped, with horseshoe-shaped
anter, two pointed, downward directed condyles,
and an almost straight to faintly convex proximal
margin. Paired avicularia laterally to orifice, with
rostrum tips at level with orifice condyles, directed
proximally. Ovicells not observed.
Measurements (µm). ZL 417±45, 363–496 (1, 6);
ZW 406±42, 334–456 (1, 6); OL 90±5, 85–95 (1,
4); OW 83±7, 77–91 (1, 4); AvL 48±3, 45–50 (1, 4);
AvW 32±3, 29–35 (1, 4).
Remarks. Two species of Crepidacantha with lat-
ero-oral avicularia directed proximally have been
previously recorded from Japan (i.e., C. crinispina
Levinsen, 1909 and C. longiseta Canu and
Bassler, 1928) (e.g., Hirose, 2010; Dick and
Grischenko, 2017). The two species mainly differ in
the curvature of the proximal margin of the orifice,
which is flatter in C. longiseta compared to C. crini-
spina (see Tilbrook, 2006). 

We hereby reclassify the family Crepidacan-
thidae, moving it from the superfamily Mamillo-
poroidea Canu and Bassler, 1927 to the
superfamily Adeonoidea. This decision is based on
the molecular phylogenetic analysis conducted by
Orr et al. (2022), which demonstrated that Crepida-
cantha is well nested within Adeonoidea. Shared
characters, such as numerous basal pore-cham-
bers, support this reallocation. The previous classi-
fication under Mamilloporoidea was primarily due
to the superficial similarity of the pseudoporous
ovicells.

Superfamily LEPRALIELLOIDEA Vigneaux, 1949
Family ROMANCHEINIDAE Jullien, 1888

Genus ESCHAROIDES Milne-Edwards, 1836
Escharoides cavernicolus sp. nov. 

Di Martino, Rosso and Taylor
Figure 26

zoobank.org/F3A4DDF7-89DB-4A74-BA7A-939006E21AFE

Type material. Holotype PMC. B55. 29.7.2024a,
sample 19132 (Figure 26A–D); paratype PMC.
B55. 29.7.2024b1, sample 19105 (Figure 26E–F);
paratype PMC. B55. 29.7.2024b2, sample 19125
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(Figure 26G); paratype PMC. B55. 29.7.2024b3,
sample 19094 (Figure 26H); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Etymology. Latin, meaning cave-dweller, referring
to its commonness in the samples from Daidokutsu
cave.
Diagnosis. Escharoides with 1–2 series of mar-
ginal areolar pores surrounding zooids avicularium
cystids; 2–4 oral spines in autozooids, two if ovicel-
late; proximal peristome with extended median
denticle; single or paired parallel-sided avicularia,
with serrated rostrum, of variable size and position,
either placed laterally to orifice juxtaposed with its
margin and distally directed, or placed below orifice
on the side of zooids, directed proximolaterally;
ovicell globular with marginal pores and central
umbo; dorsal side with conical pillars; ancestrula
tatiform.

Description. Colony encrusting, multiserial, unil-
aminar, with dorsal side featuring pillars developing
medially in correspondence with most zooids.
Autozooids distinct, separated by thin furrows, oval
to rounded hexagonal, longer than wide (mean ZL/
ZW 1.42). Frontal shield smooth, slightly nodular,
imperforate except for one or two rows of marginal
pores, circular, elliptical or drop-shaped margins,
consistently and orderly arranged between ridges
along zooidal margins (35–85 µm in maximum
diameter), and around avicularian cystids (15–35
µm in maximum diameter). Primary orifice situated
deep inside the peristome, rounded quadrangular,
approximately as long as wide (158 µm in the sin-
gle zooid measured); peristome well-developed
proximally and laterally, bearing a rectangular
median denticle measuring 30–40 µm in length by
30–60 µm in width at the base, extending approxi-
mately 120 µm inside the peristome; 2–4 oral spine

FIGURE 25. Crepidacantha longiseta Canu and Bassler, 1928; PMC EDM-Collection J.H.B.143a, sample 19119. A,
colony general view (200 μm). B, D, close-up of three autozooids (200 μm). C, close-up of the distal margin of an auto-
zooid with arrow indicating a spine base (100 μm).
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FIGURE 26. Escharoides cavernicolus sp. nov. Di Martino, Rosso and Taylor. A–D, holotype PMC. B55. 29.7.2024a,
sample 19132. A, colony fragment general view (1 mm). B, close-up of an ovicellate zooid with avicularian configura-
tion type (ii) (500 μm). C, close-up of an autozooid with avicularian configuration type (iv) (500 μm). D, close-up of two
autozooids with avicularian configurations type (i) and (iii) (500 μm). E–F, paratype PMC. B55. 29.7.2024b1, sample
19105. E, colony fragment general view (500 μm); F, close-up of ancestrula (300 μm). G, paratype PMC. B55.
29.7.2024b2, sample 19125, view of the dorsal side showing conical pillars (1 mm). H, paratype PMC. B55.
29.7.2024b3, sample 19094, close-up of primary orifice showing the extension of the median denticle inside the peri-
stome (200 μm).
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bases, 35–50 µm in diameter, two visible in ovicel-
late zooids. Avicularia adventitious, present in two
sizes and positions, either small and placed later-
ally to orifice, juxtaposed with its lateral margin,
directed distally, or large and placed on zooidal lat-
eral sides, directed proximolaterally. Four avicular-
ian configurations observed: i) single small
avicularium on one side of zooid; ii) a small avicu-
larium juxtaposed with lateral margin of orifice and
a large one on the zooidal side; iii) two small avicu-
laria each juxtaposed with orifice side; iv) two large
avicularia on each zooidal side. Rostrum raised,
serrated, parallel-sided or slightly spatulate; opesia
rounded triangular; crossbar complete. Ovicell
hyperstomial, globular; ooecium smooth, nodular,
with peripheral pores, 50–92 µm in diameter, small
umbo centrally, and proximal margin raised and
bent. Ancestrula tatiform, elliptical, 300 µm long by
270 µm wide (excluding gymnocyst), with exten-
sive, wrinkled gymnocyst (c. 180 µm long) proxi-
mally, and narrow, smooth cryptocyst steeply
sloping into the circular opesia, about 200 µm in
diameter; 11 spines on the gymnocyst, indenting
the cryptocyst, with circular or elliptical bases, 30–
60 µm in maximum diameter. Three zooids budded
directly from the ancestrula, one distally and two
distolaterally, slightly smaller than later autozooids
(610–720 µm long by 330–420 µm wide), with a
single avicularium, slightly smaller than those
found on later autozooids, placed laterally.
Measurements (µm). ZL 968±64, 873–1056 (1, 6);
ZW 681±67, 591–743 (1, 6); AvL (small type)
230±34, 159–278 (2, 13); AvW (small type) 86±11,
65–98 (2, 13); AvL (large type) 430±75, 296–544
(2, 11); AvW (large type) 136±21, 91–167 (2, 11);
OvL 360±30, 317–385 (1, 4); OvW 454±47, 385–
494 (1, 4).
Remarks. Escharoides cavernicolus sp. nov. is
one of the most common and abundant species
found in the Daidokutsu cave samples. The config-
uration of its avicularia is highly distinctive. Other
Recent and fossil Escharoides species described
from Japan include: the Pleistocene to Recent E.
adeonelloides (Ortmann, 1890), which exhibits
erect bilaminar colonies with oral spines present
only in early ontogeny (Mawatari and Kii, 1952;
Hirose, 2010); E. hataii Hayami, 1975, a Pleisto-
cene species with or without a single avicularium
and 1–3 spines, lacking a peristomial denticle
(Hayami, 1975); E. ramulosum Okada and Mawa-
tari, 1937, characterized by erect colonies with
cylindrical branches; and E. sauroglossa Levinsen,
1909, which has paired avicularia, with one typi-
cally being very spatulate, consistently placed lat-

erally to the orifice, directed distolaterally
(Mawatari and Kii, 1952; Hirose, 2010).

We have used the masculine ending “-us” in
naming our new species, in accordance with Article
30 of the International Code of Zoological Nomen-
clature (ICZN, 1999), which states that genera
ending with the suffix “-oides” are always mascu-
line unless otherwise specified by the author. In
Milne-Edwards (1836), there is no clear definition
of the genus or its gender, therefore the ICZN
should be followed. Currently, in Escharoides,
there are various combinations, indicating that dif-
ferent authors have treated this genus as mascu-
line, feminine (likely due to its inferred derivation
from Eschara, which contains the majority of spe-
cies), or neuter. This situation should be revised
according to the code, which clearly states how the
gender of genus-group names should be deter-
mined. The same issue likely affects many other
bryozoan genera.

Genus HIPPOPLEURIFERA 
Canu and Bassler, 1925

Hippopleurifera hirosei sp. nov. 
Di Martino, Rosso and Taylor

Figure 27
zoobank.org/DFB2D636-AA1B-4926-9CE4-5C42561DEBD2

Type material. Holotype PMC. B56. 29.7.2024a,
sample 19143 (Figure 27A–D); paratype PMC.
B56. 29.7.2024b1, sample 19227 (Figure 27E);
paratype PMC. B56. 29.7.2024b2, sample 19135
(Figure 27F); paratype PMC. B56. 29.7.2024b3,
sample 19217 (Figure 27G); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Etymology. Named in honour of Dr Masato
Hirose, recognizing his significant contribution to
the study of Japanese bryozoans.
Diagnosis. Hippopleurifera with nodular frontal
shield marked by ridges, with 3–4 rows of marginal
areolar pores and narrow, elliptical, imperforate
central region; orifice keyhole-shaped with down-
wardly hooked condyles and 6–9 robust, distolat-
eral oral spine bases; adventitious avicularia large
and spoon-shaped or small and pear-shaped,
placed either laterally to orifice or frontally, single or
paired, directed proximally or proximolaterally
externally; ooecium seemingly with pitted fenes-
trae.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by deep fur-
rows, slightly longer than wide (mean ZL/ZW 1.21),
rectangular to irregularly polygonal. Frontal shield
flat to slightly convex, nodular, marked by faint
radial ridges, with 3–4 rows of circular to elliptical



PALAEO-ELECTRONICA.ORG

49

FIGURE 27. Hippopleurifera hirosei sp. nov. Di Martino, Rosso and Taylor. A–D, holotype PMC. B56. 29.7.2024a,
sample 19143. A, colony fragment general view (1 mm). B, close-up of orifice with six spine bases and lateral, spoon-
shaped avicularium (200 μm). C, intramurally budded autozooid with reverse polarity and frontal, pear-shaped avicu-
larium (400 μm). D, close-up of two autozooids with eight and nine oral spine bases (400 μm). E, paratype PMC. B56.
29.7.2024b1, sample 19227, colony fragment consisting of two autozooids one with broken ovicell (500 μm); F, para-
type PMC. B56. 29.7.2024b2, sample 19135, close-up of an autozooid distal half, showing hooked, downwardly
directed condyles and two frontal, spoon-shaped avicularia, one with broken rostrum (300 μm). G, paratype PMC.
B56. 29.7.2024b3, sample 19217, two autozooids with single frontal avicularium and frontal shield with narrow imper-
forate central area (1 mm).
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marginal areolar pores, 20–45 µm in maximum
diameter, and a narrow, elliptical, imperforate cen-
tral region, 360–515 µm long by 150–240 µm wide.
Orifice keyhole-shaped with arched anter sepa-
rated from a shallow, bowl-shaped poster by two
downwardly hooked condyles; 6–9 oral spine
bases, 28–45 µm in diameter, arranged in an arch
surrounding the anter with the proximalmost pair
above or at level with condyles. Avicularia adventi-
tious, single or paired, of two sizes and shapes:
type 1, large and spoon-shaped placed laterally to
orifice level with the proximalmost spines or later-
ally on the frontal shield at approximately zooidal
mid-length or distal-third; or type 2, small and pear-
shaped exclusively observed on the frontal shield;
both types directed proximally or proximolaterally
externally with complete crossbar. Broken ooecia
observed, appearing globular, one measuring
approximately 440 µm in length by 570 µm in
width, with pitted fenestrae.
Measurements (µm). ZL 868±77, 729–972 (3, 10);
ZW 717±102, 583–839 (3, 10); OL 248±28, 188–
287 (3, 9); OW 211±17, 176–231 (3, 9); AvL (type
1) 193±41, 148–294 (4, 10); AvW (type 1) 75±22,
40–123 (4, 10); AvL (type 2) 105±8, 99–111 (2, 2);
AvW (type 2) 66±7, 61–71 (2, 2).
Remarks. The definitions of the genera Hippopleu-
rifera and Hippomenella Canu and Bassler, 1917
suffers from ambiguity. Canu and Bassler’s diagno-
sis of Hippomenella, particularly with reference to
the ovicell, included fossil specimens that could
potentially be attributed to Hippopleurifera (see
Berning, 2013). Our new species is ascribed to
Hippopleurifera based on features from both the
ovicell and frontal shield, following Berning (2013):
the frontal shield is nearly entirely perforated by
areolar pores, indicating an extremely reduced
umbonuloid part, and the structure of the ooecium,
albeit poorly preserved, which seems to possess
fenestrae. As noted in an earlier study of the Ceno-
zoic bryozoan fauna of East Kalimantan, certain
species exhibit a combination of characters from
both genera, showcasing a bifenestrate ooecium
typical of Hippopleurifera and an almost imperfo-
rate frontal shield characteristic of Hippomenella,
thereby constituting an argument for the syn-
onymization of these two genera (Di Martino and
Taylor, 2015).

This new species differs from Pacific species
assigned to both Hippopleurifera and Hippome-
nella. Hippopleurifera lateralis (MacGillivray, 1891)
has 10 spines and proximomedially directed avicu-
laria. Hippopleurifera? philippinensis Canu and
Bassler, 1929 has six spines and avicularia

directed distally. Hippopleurifera porosa (Canu and
Bassler, 1929) has small, triangular avicularia and
only two rows of marginal areolae. Hippopleurifera
repugnans (Canu and Bassler, 1929) has 10–12
oral spines and large avicularia placed distally to
the orifice and directed distolaterally. Hippomenella
avicularis (Livingstone, 1926) has large spatulate
avicularia directed distolaterally (see Gordon and
d’Hondt, 1997). Hippomenella chepigae Gontar,
1993 has four spines, and paired avicularia located
laterally to the orifice. Although described as
directed distally, the drawing depicts them as
directed proximally (Gontar, 1993, p. 44, figure 6).
Hippomenella coronula (Ortmann, 1890) differs in
the shape, size and direction of the avicularia, with
those placed laterally to the orifice directed disto-
laterally. Hippomenella rudicula Tilbrook, 2006 has
14 spines. Hippomenella sp. nov. described in the
doctoral dissertation of Hirose (2010), and yet to be
formalized, has a distinctly elongate orifice and is
devoid of spines. The Pleistocene species Hip-
pomenella konnoi Kataoka, 1961 has 11 spines
and a distolaterally directed avicularium placed lat-
erally to the orifice.

Superfamily SMITTINOIDEA Levinsen, 1909
Family SMITTINIDAE Levinsen, 1909

Genus HEMISMITTOIDEA Soule and Soule, 1973
Hemismittoidea dicki sp. nov. 
Di Martino, Rosso and Taylor

Figure 28
zoobank.org/B2A515A0-3D97-4FE2-A469-8BF29B2126B1

Type material. Holotype PMC. B57. 29.7.2024a,
sample 19061 (Figure 28A–C); paratype PMC.
B57. 29.7.2024b, sample 19210 (Figure 28D);
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
Etymology. Named in honour of Prof. Matthew
Dick, recognizing his significant contribution to the
study of Japanese bryozoans.
Diagnosis. Hemismittoidea with rounded hexago-
nal to lozenge-shaped autozooids, each showing a
single row of 18–25 closely spaced, marginal areo-
lae within funnel-like depressions separated by dis-
tinct ridges; orifice with anvil-shaped lyrula
occupying more than half its width; presence of
oral spines uncertain; peristome with lateral flaps
and sharp constrictions; avicularium positioned
asymmetrically between two peristomial pores,
needle-like, with acutely triangular, serrated ros-
trum pointing proximolaterally; ooecium striated
and pseudoporous, except for a proximal imperfo-
rate portion, with a narrow distal band of secondary
calcification.
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Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by shallow
grooves, slightly longer than wide (mean ZL/ZW
1.23), rounded hexagonal to lozenge-shaped,
quincuncially or irregularly arranged. Frontal shield
flat or slightly convex, coarsely granular, imperfo-
rate except for a single row of 18–25 (with an aver-
age of 20) circular to elliptical marginal areolar
pores, 19–43 µm in maximum diameter, closely
spaced and located within funnel-like depressions
separated by distinct ridges; an additional pair of
pores of different sizes positioned on each side of
distal margin of avicularium, the smallest measur-
ing 12–14 µm in diameter, the largest 22–30 µm in
diameter, in a few instances two pores on one side
and only one on the other. Primary orifice elliptical,
wider than long, with anvil-shaped lyrula occupying

more than half of its width (LyW/OW 0.56), and
acutely triangular condyles medially directed; short
peristome surrounding and hiding primary orifice,
more developed laterally, forming two flaps; sec-
ondary orifice keyhole-shaped, 160–185 µm long
by 150–180 µm wide, with acutely triangular proxi-
mal constrictions defining a U-shaped pseudosi-
nus; presence of oral spines uncertain; single,
putative spine base rarely observed. Avicularium
adventitious, single, needle-like, suboral, asym-
metrically positioned, 30–50 µm from peristomial
pseudosinus; rostrum raised, elongate, acutely tri-
angular, with roughly serrated edges, directed
proximolaterally on either side, with the tip some-
times resting on the marginal areolae; crossbar
complete, thicker laterally, thin and fragile centrally,
without ligula, creating a small, circular opening

FIGURE 28. Hemismittoidea dicki sp. nov. Di Martino, Rosso and Taylor. A–C, holotype PMC. B57. 29.7.2024a, sam-
ple 19061. A, colony fragment general view (400 μm). B, close-up of three zooids, one ovicellate (200 μm). C–D,
close-up of ovicell and avicularium (200 μm). Note the sharp constriction of the secondary orifice. D, paratype PMC.
B57. 29.7.2024b, sample 19210, group of autozooids, some with visible lyrula (500 μm). Arrows in A and D indicate
the putative spine bases.
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distally and a larger upside-down triangular to trap-
ezoidal opening proximally. Ovicell hyperstomial,
globular, formed by the distal zooid, not closed by
zooidal operculum; ooecium smooth, radially stri-
ated, pierced by 40 circular to elliptical pseudo-
pores arranged radially, maximum diameter of 5–
30 µm, the proximal rectangular portion flat and
imperforate, with a narrow, 30–35 µm wide, periph-
eral band of secondary calcification spreading from
adjacent zooids.
Measurements (µm). ZL 626±78, 512–721 (2, 9);
ZW 507±80, 427–678 (2, 9); OL 130 (1, 1); OW
165 (1, 1); AvL 235±52, 143–300 (2, 14); AvW
55±7, 40–66 (2, 14); OvL 256 (1, 1); OvW 310 (1,
1).
Remarks. This new species is attributed to Hemis-
mittoidea because of its asymmetrically developed
submedial avicularium, which appears to bud from
a distolateral areola and a median peristomial
pore. This feature is a key differentiator between
Hemismittoidea and Smittoidea Osburn, 1952
(Soule and Soule, 1973; Gordon, 1984).

Hemismittoidea dicki sp. nov. stands out from
other known species of Hemismittoidea because of
the lack of obvious oral spines. In two instances, a
small, circular pore (12 µm in diameter) has been
observed on the distal margin of the peristome
(see arrows in Figure 28A, D) that could potentially
be the base of an ephemeral peristomial spine.
Although the original diagnosis of the genus speci-
fies, 2–6 oral spines as a typical character, we
believe that the absence of oral spines is a less
critical feature when compared to the distinctive
submedial avicularium.

The only other Hemismittoidea species from
the Northwest Pacific, H. taiwanensis Gluhak,
Lewis and Popijak, 2007, described from the
southeastern coast of Taiwan, differs in having a
convex frontal shield, less conspicuous marginal
areolae, and rounded peristomial constrictions, in
addition to 4–6 robust oral spines (Gluhak et al.,
2007).

Genus SMITTOIDEA Osburn, 1952
Smittoidea ligata sp. nov. 

Di Martino, Rosso and Taylor
Figure 29

zoobank.org/76B02F1B-D891-4C69-948B-CB3793409E93

Type material. Holotype PMC. B58. 29.7.2024a,
sample 19052 (Figure 29A–D); paratype PMC.
B58. 29.7.2024b1, sample 19185 (Figure 29E–F);
paratype PMC. B58. 29.7.2024b2, sample 19210
(Figure 29G–H); paratype PMC. B58. 29.7.2024b3,

sample 19044 (Figure 29I–K); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Etymology. Latin, meaning linked, referring to the
raised rim linking the proximal peristomial pseu-
dosinus to the avicularium.
Diagnosis. Smittoidea with autozooids separated
by thin, raised sutures; nodular frontal shield with
single row of marginal areolae, and additional
pores around the avicularium; orifice with anvil-
shaped lyrula occupying more than half of its width
and acutely triangular condyles; peristome curved
frontally with small marginal pores on its backside,
forming a U-shaped pseudosinus proximally; 7–8
oral spine bases, 0–2 visible in ovicellate zooids;
suboral avicularium teardrop-shaped, proximally
directed, located a short distance from pseudosi-
nus, connected to pseudosinus by a perpendicular
suture; crossbar with blunt ligula; ooecium nodular
and pseudoporous.
Description. Colony encrusting, multiserial, uni- to
multilaminar. Autozooids distinct, separated by thin
raised sutures of smooth calcification, elongate
(mean ZL/ZW 1.53), oval to irregularly polygonal,
irregularly arranged. Frontal shield flat to slightly
convex, nodular, imperforate except for a single
row of 10–18 (average 16) circular to elliptical mar-
ginal areolar pores, 14–45 µm in maximum diame-
ter, placed in deep, funnel-like depressions;
additional pores, 23–33 µm in diameter, placed
around the avicularium, one on each side and one
proximally. Primary orifice subcircular, almost as
long as wide, with an anvil-shaped lyrula occupying
more than half of its width (LyW/OW 0.66), with
slightly downwardly curved tips; acutely triangular
condyles directed medially or slightly downward,
aligned with the lyrula distal margin; orifice sur-
rounded by a short, tubular peristome, forming a U-
shaped pseudosinus proximally; 7–8 (most com-
monly 8) oral spine bases, 14–26 µm in diameter,
arranged in an arch, the proximalmost pair aligned
with or slightly above the distal margin of the lyrula;
0–2 spine bases visible in ovicellate zooids,
encased between the rim outlining the frontal
shield and the rim of the projecting proximolateral
margins of the ovicell; autozooids at colony edge
with peristome curved frontally, its backside with
small marginal pores. Avicularium adventitious,
single, suboral, median, teardrop-shaped, posi-
tioned 15–50 µm from pseudosinus, connected to
pseudosinus by a perpendicular raised suture of
calcification; rostrum acutely triangular, directed
proximally; crossbar complete with a small ligula
outlining two elliptical openings, the smaller one
distally. Ovicell hyperstomial, globular, formed by
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FIGURE 29. Smittoidea ligata sp. nov. Di Martino, Rosso and Taylor. A–D, holotype PMC. B58. 29.7.2024a, sample
19052. A, colony fragment general view (400 μm). B–C, close-up of ovicellate zooids with faint ligula preserved in the
suboral avicularium crossbar (200 μm). D, close-up of broken orifice showing one of the slightly downwardly curved
tips of the lyrula and one acute condyle, and the suture linking the peristomial pseudosinus to the avicularium (50 μm).
E–F, paratype PMC. B58. 29.7.2024b1, sample 19185. E, colony fragment general view showing the frontally curved
peristomes (500 μm). F, close-up of an ovicell with partially exposed endooecium (150 μm). G–H, paratype PMC. B58.
29.7.2024b2, sample 19210. G, pseudoancestrula and surrounding autozooids (500 μm). H, close-up of pseudoan-
cestrula (100 μm). I–K, paratype PMC. B58. 29.7.2024b3, sample 19044. I, colony fragment general view (400 μm). J,
close-up of pseudoancestrula (50 μm). K, close-up of orifice with eight distal spines and suboral avicularium (50 μm).
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the distal zooid, not closed by zooidal operculum;
ooecium smooth, striated (nodular if covered by
secondary calcification), pseudoporous, with
approximately 15 circular pores, 12–26 µm in
diameter. Pseudoancestrula partially overgrown,
resembling later autozooids but smaller, measuring
approximately 248–366 µm in length by 212–224
µm in width, with 7–8 oral spines and an avicular-
ium 69–89 µm long by 39–49 µm wide, surrounded
by 4–5 autozooids slightly smaller than later ones,
measuring 465–610 µm in length by 280–360 µm
in width.
Measurements (µm). ZL 573±45, 527–625 (1, 5);
ZW 374±66, 276–457 (1, 5); OL 114 (1, 1); OW 116
(1, 1); AvL 94±5, 87–100 (1, 10); AvW 49±5, 41–56
(1, 10); OvL 239±13, 225–250 (1, 3); OvW 323±35,
284–352 (1, 3).
Remarks. Smittoidea ligata sp. nov. differs from all
Northern Pacific species described to date, includ-
ing those reported from Japan. Considering the
Japanese species: the Pleistocene Smittoidea
reticulata ascoporoides (Sakakura, 1935) differs in
having significantly longer avicularia, measuring
approximately 0.17 mm, and a pseudosinus that
becomes a rounded pore separated from the proxi-
mal peristome (see also Kataoka, 1961); Smit-
toidea reticulata okadai Sakakura, 1938, also from
the Pleistocene, features similarly long and pointed
avicularia; the Pliocene Smittoidea matobai
Hayami, 1975 is distinct in that it lacks spines; and
S. notoensis Hayami, 1975 is characterized by four
distal spines that are consistently concealed in
ovicellate zooids. Among the Smittoidea species
documented from Sagami Bay by Hirose (2010): S.

levis (Kirkpatrick, 1890) has the avicularium posi-
tioned adjacent to the proximal margin of the peri-
stome, its ligula is better developed, and the orifice
has a denticulate anter; S. pacifica (Soule and
Soule, 1973) differs in having an avicularium cen-
trally located on the frontal shield, and a lyrula
spanning nearly the entire length of the proximal
margin. Hirose (2010) also identified two potential
new species: Smittoidea n. sp. 1 stands out
because of its narrower and deeper pseudosinus,
absence of spines, and a distinct pattern of sec-
ondary calcification extending from the distal peri-
stome to cover the proximal part of the ooecium,
which is remarkably flat and embedded; Smittoidea
n. sp. 2 is characterized by the lack of spines, a
denticulate anter, and a larger avicularium that is
differently shaped and positioned more proximally
compared to the new Holocene species. In addi-
tion, the North Pacific species Smittoidea margin-
ata (Canu and Bassler, 1929), from the Philippines,
has a long, narrow avicularium, which is more cen-
trally located on the frontal shield.

Smittoidea notoensis Hayami, 1975
Figure 30

v. 1975 Smittoidea notoensis Hayami, p. 114, pl. 
16, fig. 8.

Figured material. PMC EDM-Collection
J.H.B.132a, sample 19072; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by shallow
grooves, elongate (mean ZL/ZW 1.68), rectangular
to irregularly polygonal, seemingly arranged in

FIGURE 30. Smittoidea notoensis Hayami, 1975; PMC EDM-Collection J.H.B.132a, sample 19072. A, colony frag-
ment general view (500 μm). B, close-up of ovicellate zooids with ligula preserved in the suboral avicularium crossbar
(200 μm). C, close-up of orifice with distal spines (50 μm).
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alternating longitudinal rows. Frontal shield flat,
slightly convex around the orifice, nodular, imperfo-
rate except for a single row of 13–15 (most com-
monly 15) circular to elliptical marginal areolar
pores, 18–65 µm in maximum diameter, placed in
deep, rounded quadrangular, funnelling depres-
sions; an additional smaller pore, 12–18 µm in
diameter, placed centrally below the avicularium.
Primary orifice subcircular, almost as long as wide,
with a rectangular lyrula occupying approximately
one-third of its width; orifice surrounded by a short
peristome developed proximally and laterally, form-
ing two lateral flaps hiding condyles; secondary ori-
fice keyhole-shaped, 100–110 µm long by 130–145
µm wide, with rounded triangular proximal constric-
tions; four distal oral spine bases, 20–28 µm in
diameter, hidden in ovicellate zooids. Avicularium
adventitious, single, suboral, median, embedded in
proximal peristome with its distal margin adjacent
to the base of lyrula, plectrum-shaped; rostrum
rounded triangular, directed proximally; crossbar
complete with a ligula outlining a slit-like opening
distally and a transversely C-shaped opening prox-
imally. Ovicell hyperstomial, globular, formed by
the distal zooid, not closed by zooidal operculum;
ooecium smooth, striated, densely and evenly
pierced by 30–35 circular to elliptical pseudopores,
with a maximum diameter of 9–27 µm, semilunar
proximal margin imperforate, sloping inwards; sec-
ondary calcification spreading from adjacent
zooids forming a narrow (25–50 µm wide distally,
35–55 µm laterally), nodular, peripheral perimeter.
Measurements (µm). ZL 613±37, 563–665 (1, 5);
ZW 365±13, 351–386 (1, 5); OL 135 (1, 1); OW
137 (1, 1); AvL 52±5, 45–58 (1, 6); AvW 70±2, 68–
73 (1, 6); OvL 243±2, 242–245 (1, 3); OvW 292±6,
286–296 (1, 3).
Remarks. Smittoidea notoensis was previously
known in Japan only as a fossil. The holotype was
found in the Pleistocene Hiradoko Formation of
Suzu City, while additional specimens have been
discovered in the Pliocene Hamada Formation of
Chikagawa and the Shibikawa Formation of Anden
(Hayami, 1975). Our Holocene specimen matches
the morphological description provided by Hayami
(1975) and falls within the specified size range for
ovicells, but has larger autozooids compared to
those of the holotype (length 0.44–0.42 mm, width
0.24–0.32 mm).

Genus PARASMITTINA Osburn, 1952
Parasmittina cf. delicatula (Busk, 1884)

Figure 31
cf. 1884 Mucronella delicatula Busk, p. 156, pl. 

18, fig. 2.
cf. 1973  Parasmittina delicatula (Busk); Soule 

and Soule, p. 401, fig. 6D–F.
Figured material. PMC EDM-Collection
J.H.B.133a, sample 19210; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, multil-
aminar. Autozooids distinct, separated by shallow
grooves, slightly longer than wide (mean ZL/ZW
1.13), oval to irregularly polygonal, chaotically
arranged due to frontal budding. Frontal shield flat
to slightly convex, coarsely granular, imperforate
except for a single row of typically more than 20 cir-
cular to elliptical marginal areolar pores, 15–45 µm
in maximum diameter; additional smaller pores,
about 10 µm in diameter, flanking the avicularium.
Primary orifice orbicular, with rectangular lyrula
occupying approximately one-third of its width
(mean LyW/OW 0.32), and robust triangular con-
dyles, medially directed, 10–12 µm long by 11–13
µm wide; orifice encircled by a rim of smooth calci-
fication, sometimes extending laterally as open
flaps; oral spine bases numbering one or absent,
distal, medial, 14–20 µm in diameter. Avicularia
adventitious, located lateral to orifice, usually sin-
gle, sometimes paired, proximally directed, of three
types: type 1, small-sized rounded triangular; type
2, medium-sized elliptical to slightly spatulate; type
3, large, almost as long as an autozooid, broadly
spatulate; complete crossbar not observed. When
observed paired, one of the avicularia is small and
the other medium-sized. Ovicells not seen.
Measurements (µm). ZL 437±31, 409–483 (1, 6);
ZW 386±38, 325–435 (1, 6); OL 132±6, 124–142
(1, 9); OW 134±9, 122–150 (1, 9); AvL (type 1)
77±10, 66–87 (1, 5); AvW (type 1) 65±10, 48–71
(1, 5); AvL (type 2) 124±6, 119–132 (1, 4); AvW
(type 2) 63±6, 58–72 (1, 4); AvL (type 3) 371 (1, 1);
AvW (type 3) 191 (1, 1).
Remarks. Parasmittina delicatula was originally
described from Hawaii and has since been
reported widely across the Pacific, including Japan.
Hayward and Parker (1994), who designated a lec-
totype, noted that this species is highly variable.
Despite this variability, there are two traits that
seem to remain constant: 1) the orbicular shape of
the primary orifice, which is also equipped with a
lyrula having a straight distal edge and gently con-
cave sides, along with thin, pointed condyles
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slightly curving downward, and distal border bear-
ing a single median spine, absent in some autozo-
oids; 2) the enlarged spatulate avicularia that can
be as long as an autozooid and have a slender
complete crossbar. 

In our specimen, the condyles are more
robust and are not downwardly curved but are
instead directed medially. Avicularian crossbars
were not observed, likely due to their delicate
structure, and no ovicells were found, hindering
further comparisons. Compared to the description
and illustration of P. delicatula by Hirose (2010),
our specimen differs again in having more robust
condyles not downwardly curved. In addition, in the
Recent specimen from Sagami Bay, the medium-
sized avicularia may also point distally, while the
small triangular avicularia were not observed.

Parasmittina ligulata sp. nov. 
Di Martino, Rosso and Taylor

Figure 32
zoobank.org/FA9A9F18-2303-495A-A27B-85F929110C58

Type material. Holotype PMC. B59. 29.7.2024a,
sample 19178; Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Latin, meaning equipped with a ligula
(i.e., the tongue-like skeletal projection on the piv-
otal bar), referring to the stout ligula of its avicular-
ium.
Diagnosis. Parasmittina with autozooids sepa-
rated by raised sutures; tubercular, flat to slightly
sunken frontal shield with single row of conspicu-
ous marginal areolae located between ridges; ori-
fice partly concealed by an asymmetrical
peristome, having a denticle projecting inwardly on
one side and an avicularium on the other, forming a

FIGURE 31. Parasmittina cf. delicatula (Busk, 1884); PMC EDM-Collection J.H.B.133a, sample 19210. A, general
view of the colony (500 μm). B, close-up of the distal half of the autozooid with orifice and single, median spine and
paired dimorphic avicularia (100 μm). C, close-up of autozooid with large spatulate avicularium (150 μm). D, close-up
of orifice (100 μm).
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broad asymmetrical pseudosinus proximally; anvil-
shaped lyrula with sharp tips curved proximally;
five oral spine bases, none visible in ovicellate
zooids; avicularium small, teardrop-shaped, proxi-
mally directed, located on a swollen cystid lateral to
the orifice; crossbar with stout ligula; ooecium nod-
ular with pseudopores, formed by the maternal
zooid and one or two adjacent distal zooids.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by raised
sutures, longer than wide (mean ZL/ZW 1.43), rect-
angular to irregularly polygonal, quincuncially
arranged. Frontal shield flat to slightly sunken,
tubercular, imperforate except for a single row of
19–26, transversely elliptical to ovoid marginal are-
olar pores, 22–64 µm in maximum diameter,
located between ridges, creating a costate appear-

ance; additional smaller pores, about 10–15 µm in
diameter, outlining proximally the avicularium cys-
tid. Primary orifice partially concealed by an asym-
metrical peristome, having a rounded triangular
denticle projecting into the primary orifice on one
side, an adventitious avicularium on the other, and
a broad asymmetrical pseudosinus proximally;
secondary orifice foot-shaped; lyrula anvil-shaped,
60–68 µm wide, with straight proximal margin slop-
ing laterally into two pointed tips curved downward,
often visible through the pseudosinus; acutely tri-
angular condyles pointing medially, sometimes vis-
ible below the peristome; consistently five distal
oral spine bases, 16–21 µm in diameter, none visi-
ble in ovicellate zooids. Avicularium adventitious,
single or absent, located lateral to orifice on a swol-
len cystid, juxtaposed with the rim of the secondary

FIGURE 32. Parasmittina ligulata sp. nov. Di Martino, Rosso and Taylor, holotype PMC. B59. 29.7.2024a, sample
19178. A, general view of the colony (1 mm). B–C, groups of zooids, some ovicellate (500 μm). D, close-up of an ovi-
cell, lyrula and avicularia (150 μm).
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orifice; rostrum rounded triangular, directed proxi-
mally; crossbar complete and equipped with a
stout ligula, triangular to rectangular in shape,
measuring 23–27 µm long by 18–27 µm wide, out-
lining a small semicircular opening distally, and a
transversely C-shaped opening proximally. Ovicell
hyperstomial, globular, formed by the maternal
zooid and one or two adjacent distal zooids; ooe-
cium striated, smooth (or tubercular when covered
by variably developed secondary calcification), and
pseudoporous; pseudopores circular, elliptical or
drop-shaped roughly arranged in radial rows.
Measurements (µm). ZL 584±42, 483–639 (1, 15);
ZW 410±47, 327–524 (1, 15); OL (secondary)
158±13, 140–183 (1, 7); OW 136±6, 127–143 (1,
7); AvL 83±12, 59–109 (1, 16); AvW 66±10, 46–80
(1, 16); OvL 292±22, 259–324 (1, 16); OvW
324±24, 296–369 (1, 16).
Remarks. We compared Parasmittina ligulata sp.
nov. to all known North Pacific species of this
genus and found that none had the same combina-
tion of characteristics. Among North Pacific spe-
cies: P. acuta (Canu and Bassler, 1929) has
avicularia placed adjacent to the proximal margin
of the peristome; P. avicularissima Gontar, 1982
has a narrower lyrula, a large conical, nodular
umbo, large frontal avicularia, and a single pore in
the ooecium (see also Grischenko et al., 2007), P.
contraria Seo, 1993 and P. pyriformis Seo, 2002
have only 1–2 spines and large, frontal, triangular
avicularia distally directed; P. ragioidea Liu, 2001 in
Liu et al. (2001) has 1–2 spines, two types of avicu-
laria, triangular and spatulate (see also Taylor and
Tan, 2015); P. spiculata Gluhak, Lewis and Popijak,
2007 lacks oral spines, and the avicularia are par-
allel-sided, long and slender; P. trispinosa granosa
(Canu and Bassler, 1929), P. trispinosa macroavic-
ularia (Androsova, 1958) and P. trispinosa nan-
shaensis Lu, 1991, all have 1–3 spines; P.
winstonae Liu, 2001 in Liu et al. (2001) has 0–2
spines, serrated condyles, variably shaped avicu-
laria, notably including giant avicularia directed dis-
tally, often extending over the frontal shield of the
distal zooid (see also Taylor and Tan, 2015).

Among species from the Pliocene of Japan: P.
chikagawaensis Hayami, 1975 is characterized by
having 2–3 spines, and latero-oral and frontal avic-
ularia distally directed; P. masudai Hayami, 1975
lacks spines and has prominent triangular avicu-
laria directed distally, very large, occupying the
entire frontal shield, sometimes covering one-quar-
ter of the orifice and concealing its lyrula; P. shi-
bikawaensis Hayami, 1975 seems to lack a lyrula
and has a V-shaped peristomial sinus, with associ-

ated avicularia, two laterally, sometimes missing,
and one proximally consistently present; P. okadai
Hayami, 1975 has a prominent peristome forming
a tube-like process with one to three associated
avicularia, all directed distally.

Among species from the Pleistocene of
Japan: P. aviculoumbonata Kataoka, 1961 has
paired, umbonal avicularia lateral to the orifice and
oriented in various directions, in addition to several
rounded avicularia on the frontal shield, and two
distal spines; P. peristoaviculata Kataoka, 1961
shows a well-developed peristome, thick and
salient especially distally, and a long spatulate
avicularium inside peristome; the peristome in P.
plana Kataoka, 1961 forms a triangular pseudosi-
nus and the frontal avicularia is placed nearly at
the zooid axis pointing proximally.

Among Recent species described from or
subsequently recorded in Japan, P. hanzawae
Kataoka, 1960 has only two spines, a triangular
pseudosinus, and median frontal avicularium,
pointing obliquely distally; P. soulesi Scholz and
Cusi, 1991 has 0–2 spines, elongate narrow avicu-
laria, lyrula varying from minute to very large and
conspicuous, and denticulate condyles (see Dick
and Grischenko, 2017; note also that this species
corresponds to P. lanceolata (Ortmann, 1890) in
Hirose (2010)); P. triangularis (Mawatari, 1952)
lacks spines and has four types of avicularia; P.
trispinosa aomoriensis Kataoka, 1957 has two
spines and slender obliquely directed avicularia.

Among Parasmittina species described and
illustrated by Hirose (2010) from Sagami Bay, P.
alanbanneri (Soule and Soule, 1973) has latero-
oral avicularia with a narrow, elongate and serrated
rostrum; P. areolata (Canu and Bassler, 1927) has
rounded, denticulate condyles and slender avicu-
laria with denticulate rostrum; P. japonica (Ort-
mann, 1890) has a strongly denticulate distal
orifice margin, curved condyles that are also den-
ticulate, and large frontal triangular avicularia point-
ing distally; the species reported as Parasmittina
lateralis (Ortmann, 1890) n. comb. has a single
spine and lateral, triangular avicularia almost as
long as the entire length of the frontal shield; P.
leviavicularia Soule and Soule, 1973 has two
spines and avicularia with raised, strongly serrated
edges, directed distally; P. parsevaliformis Soule
and Soule, 1973 has 2–3 spines, a peristome that
does not obstruct the orifice, narrow lyrula, and
spatulate avicularia; P. projecta (Okada and Mawa-
tari, 1937) is distinguished by its forward-projecting
peristome, forming a narrow U-shaped sinus, three
spines, large triangular avicularia with serrated
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edges that extend distally over the edge of the peri-
stome, and ovicells opening on the peristome; P.
serrula Soule and Soule, 1973 is distinguished by
its larger rounded triangular avicularia and denticu-
late distal margin of the orifice; Parasmittina sp.
nov. 1 has an erect colony form, in addition to a
denticulate orificial margin, and large triangular
avicularia distally directed; Parasmittina sp. nov. 2
has large, spatulate, triangular avicularia with ser-
rated margins; Parasmittina sp. nov. 3 and Paras-

mittina sp. nov. 4 also have a denticulate orifice
margin, and avicularia that are parallel-sided and
slender in the former species, but spatulate in the
latter species.

Family BITECTIPORIDAE MacGillivray, 1895
Genus METROPERIELLA Canu and Bassler, 1917

Metroperiella montferrandi (Audouin, 1826)
Figure 33

v. 1826 Flustra montferrandi Audouin, p. 240.

FIGURE 33. Metroperiella montferrandi (Audouin, 1826); PMC EDM-Collection J.H.B.134a, sample 19227. A, gen-
eral view of the colony fragment (1 mm). B, close-up of two autozooids, one ovicellate (500 μm). C, close-up of orifice
and avicularium with broken crossbar (200 μm). D, close-up of avicularium with preserved crossbar (100 μm).
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v. 1890 Lepralia acuta Ortmann, p. 41, pl. 3, fig. 
12.

v. 1957 Codonellina montferrandii (Audouin); 
Harmer, p. 1049, pl. 69, figs. 25–26, 30.

v. 1975 Codonellina montferrandii (Audouin); 
Hayami, pl. 17, fig. 8.

v. 1984 Codonellina montferrandii (Audouin); 
Gordon, p. 77, pl. 26A.

v. 2001 Metroperiella montferrandii (Audouin); 
Tilbrook, Hayward and Gordon, p. 74, 
fig. 15F.

v. 2006 Metroperiella montferrandii (Audouin); 
Tilbrook, p. 182, pl. 39D.

Figured material. PMC EDM-Collection
J.H.B.134a, sample 19227; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by thick
(13–23 µm) rims of smooth calcification outlining
each perimeter and a thin furrow in-between, elon-
gate, almost twice as long as wide (mean ZL/ZW
1.83), arranged in longitudinal rows. Frontal shield
flat, nodular, evenly and densely pierced except for
a narrow (c. 20–40 µm) band extending between
margin of orifice and avicularium; pseudopores cir-
cular, 5–10 µm in diameter. Orifice terminal, raised
relative to the frontal shield, ovoidal with horse-
shoe-shaped anter and a slightly narrower, shal-
low, bowl-shaped poster; condyles robust, rounded
triangular, 12–24 µm long by 9–17 µm wide. Avicu-
laria adventitious, typically one per zooid or occa-
sionally absent, placed proximally to orifice along
zooidal midline or slightly to either side, raised
compared to the frontal shield; rostrum acutely tri-
angular directed proximally; crossbar complete;
distal opening semicircular, proximal opening
rounded triangular. Ovicell hyperstomial, globular;
ooecium smooth, wider than long, 185 µm long by
320 µm wide, perforated by circular pseudopores,
slightly larger than those on the frontal shield (10–
20 µm in diameter), except for a narrow imperfo-
rate proximal band; the periphery of the single ooe-
cium observed with incipit of secondary
calcification produced by distal zooid.
Measurements (µm). ZL 653±61, 579–776 (1, 9);
ZW 357±39, 280–414 (1, 9); OL 171±6, 165–183
(1, 7); OW 150±6, 141–161 (1, 7); AvL 129±14,
105–159 (1, 13); AvW 65±5, 57–73 (1, 13).
Remarks. Based on the available records, Metro-
periella montferrandi appears to have a circumtrop-
ical distribution. Instances of its presence have
been already documented in Japan, including both
Recent (Ortmann, 1890; Harmer, 1957; Hirose,

2010) and Pleistocene (Hayami, 1975) occur-
rences. Within the limited size of the fragments
examined here, the avicularia consistently are
acutely triangular, with no observation of the spatu-
late form. It remains uncertain whether the
absence of spatulate avicularia is genuine or due
to the small size of the specimens. Specimens
identified as M. montferrandi from Vanuatu (Til-
brook et al., 2001) and the Kermadec Ridge (Gor-
don, 1984) also lack spatulate frontal avicularia.
Among Metroperiella species with monomorphic
avicularia of acute triangular shape, M. cotoensis
Dick, Ngai and Doan, 2020 differs in having a
deeper orifice poster, while M. agassizi Winston
and Woollacott, 2009 has a narrower poster and
longer avicularia, which are more asymmetrically
placed.

Genus PARKERMAVELLA 
Gordon and d’Hondt, 1997

Parkermavella daidokutsuensis sp. nov. 
Di Martino, Rosso and Taylor

Figure 34
zoobank.org/6C7829DD-A749-4C38-81E3-2E7EE147D179

Type material. Holotype PMC. B60. 29.7.2024a,
sample 19113 (Figure 34A–C); paratype PMC.
B60. 29.7.2024b1, sample 19135 (Figure 34D–G);
paratype PMC. B60. 29.7.2024b2, sample 19160
(Figure 34H–J); Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Referring to the type locality, the
Daidokutsu cave in Okinawa, Japan.
Diagnosis. Parkermavella with irregularly polygo-
nal autozooids; nodular frontal shield with single
row of marginal areolae; semicircular orifice with
rectangular condyles and narrow, shallow U-
shaped sinus; 8–9 oral spine bases, two visible in
ovicellate zooids; 1–2 adventitious avicularia, ellip-
tical parallel-sided or slightly spatulate, either
placed laterally to orifice at different levels, aligned
with the sinus or situated more distally, or sub-
orally, located on raised cystid, directed proximally,
proximolaterally or laterally; crossbar with ligula;
ooecium smooth, striated, pseudoporous with a
narrow distal band of secondary calcification.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by thin
sutures of smooth calcification or shallow furrows,
irregularly polygonal, squat, almost as long as wide
(mean ZL/ZW 1.06), arranged in parallel rows.
Frontal shield flat or slightly convex, nodular,
imperforate apart from a continuous row of mar-
ginal areolar pores, circular to elliptical, 15–30 µm
in maximum dimension. Orifice terminal with semi-



PALAEO-ELECTRONICA.ORG

61

FIGURE 34. Parkermavella daidokutsuensis sp. nov. Di Martino, Rosso and Taylor. A–C, holotype PMC. B60.
29.7.2024a, sample 19113. A, general view of the colony fragment (200 μm). B, close-up of autozooids, mostly ovicel-
late (200 μm). C, close-up of orifice, ovicell and latero-oral avicularia, one with preserved crossbar and ligula (100
μm). D–G, paratype PMC. B60. 29.7.2024b1, sample 19135. D, general view of the colony fragment (500 μm). E,
close-up of ovicell and suboral avicularium (100 μm). F, group of autozooids (200 μm). G, close-up of orifice showing
spines and lateral avicularia on raised cystid (100 μm). H–J, paratype PMC. B60. 29.7.2024b2, sample 19160. H,
general view of the colony fragment (200 μm). I–J, close-ups of ovicells and paired or single avicularia (100 μm).
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circular anter and narrow, shallow U-shaped sinus
distally constricted; condyles rectangular occupy-
ing the proximal margin entirely; 8–9 oral spine
bases, 12–16 µm in diameter, closely spaced or
adjacent, forming an arch around the distal half of
the anter; two spines visible in ovicellate zooids.
Avicularia adventitious, elliptical, single or paired,
placed laterally to orifice at various levels, aligned
with the sinus, or more distally, aligned with the
proximalmost pair of spines, or sometimes sub-
orally, particularly when single, generally placed
more centrally but still offset from the zooidal axis,
elevated on a raised cystid; rostrum raised, paral-
lel-sided or slightly spatulate, directed proximally,
proximolaterally or laterally; crossbar complete
with small, triangular ligula. Ovicell hyperstomial,
globular, resting on the frontal shield of distal zooid,
occupying a narrow portion thereof; ooecium
smooth, striated, evenly perforated by circular,
elliptical, rarely bean-shaped pseudopores, 7–26
µm in maximum diameter, typically larger distally,
bordered by a raised margin, arranged radially;
tubercular secondary calcification forming a narrow
(20–30 µm wide) peripheral band, more pro-
nounced distally.
Measurements (µm). ZL 361±54, 278–451 (3, 20);
ZW 341±60, 246–446 (3, 20); OL (including sinus)
95±6, 83–107 (3, 15); OW 92±5, 82–102 (3, 15);
AvL 49±5, 34–55 (3, 20); AvW 32±6, 19–49 (3, 20);
OvL 190±10, 174–203 (3, 13); OvW 214±11, 191–
232 (3, 13).
Remarks. Gordon and d’Hondt (1997) introduced
the new genus Parkermavella for species resem-
bling Schizomavella but with frontal shields imper-
forate except for marginal areolar pores. The

genus is moderately diverse, encompassing 19
known Recent species (Bock, 2024), with only one
species having a confirmed Pleistocene fossil
record (Di Martino et al., 2017). The majority of
Parkermavella species have been documented in
the South Pacific, particularly in New Zealand, with
Parkermavella orientalis (Androsova and Gontar,
1982 in Gontar, 1982) being the sole species
reported from the North Pacific. Parkermavella ori-
entalis differs from P. daidokutsuensis sp. nov. in
the absence of oral spines, in having a wider oral
sinus, and avicularia adjacent to the orifice mar-
gins.

?Bitectiporidae sp. indet.
Figure 35

Figured material. PMC EDM-Collection
J.H.B.135a, sample 19229 (Figure 35A–B) and
sample 19231 (Figure 35C); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by shallow
grooves and a narrow band of smooth calcification
outlining the zooidal perimeter, wider proximally
(20–30 µm) than laterally (10–20 µm), rounded
rectangular in shape with concave proximal and
convex distal edge, longer than wide (mean ZL/ZW
1.53). Frontal shield flat to slightly convex, pustu-
lose, with pustules 15–30 µm in diameter and
sparse, minute, circular pseudopores, 3–13 µm in
diameter, between pustules. Orifice keyhole-
shaped, elongate (mean OL/OW 1.33), with horse-
shoe-shaped anter separated from a narrower,
shallow bowl-shaped sinus by two stout triangular
condyles, 19–27 µm long by 18–30 µm wide at the
base, medially directed or curved proximally; oral

FIGURE 35. ?Bitectiporidae sp. ind.; PMC EDM-Collection J.H.B.135a. A–B, sample 19229. A, general view of the
colony fragment (1 mm). B, close-up of autozooids (500 μm). C, sample 19231, close-up of orifice (100 μm).
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spines absent. Avicularia and ovicells not
observed. 
Measurements (µm). ZL 710±81, 598–847 (2, 10);
ZW 464±56, 367–556 (2, 10); OL 191±9, 179–203
(2, 9); OW 144±8, 133–157 (2, 9).
Remarks. Given the scarcity of material as well as
the paucity of morphological characters (e.g., the
lack of avicularia and ovicells, in both cases proba-
bly reflecting our very small sample size rather
than a true absence in the species), we can only
tentatively assign this taxon to a family. Assign-
ment to Bitectiporidae is based on the presence of
the following characters attributed to this family:
lepralioid frontal shield that can have pseudopores,
orifice with subcircular to oval anter and broad to
narrow sinus, condyles that can be present, and
spines that can be absent (see Martha et al.,
2020). Other options we considered are Echinova-
domidae Tilbrook, Hayward and Gordon, 2001;
Gigantoporidae Bassler, 1935; Hippopodinidae
Levinsen, 1909; and Schizoporellidae Jullien,
1882. Although these families have an orifice with
condyles, the general shape is more subcircular or
subquadrangular than elongate and keyhole-
shaped. Keyhole-shaped orifices are also typical of
families such as Hippaliosinidae Winston, 2005, in
which the lepralioid frontal shield is imperforate,
and Cleidochasmatidae Cheetham and Sandberg,
1964, which again includes genera with imperfo-
rate frontal shields except for a row of marginal
areolae. Some genera in Phidoloporidae Gabb and
Horn, 1862 may also have keyhole-shaped orifice
but they are characterized by a denticulate anter.

Superfamily SCHIZOPORELLOIDEA Jullien, 1883
Family TETRAPLARIIDAE Harmer, 1957

Genus TETRAPLARIA Tenison Woods, 1879
Tetraplaria stellifera sp. nov. 
Di Martino, Rosso and Taylor

Figure 36
zoobank.org/70693D67-F6D1-4347-85DA-99AAD3FA285C

Type material. Holotype PMC. B61. 29.7.2024a,
sample 19044 (Figure 36A–C); paratype PMC.
B61. 29.7.2024b, sample 19028 (Figure 36D–G);
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
Etymology. Latin, meaning starry, referring to the
stellate pattern of the frontal shield pseudopores.
Diagnosis. Tetraplaria with internodes composed
by at least 1–2 pairs of zooids, arranged back to
back; frontal shield with a tessellated pattern
formed by grooves in a rounded polygonal pattern
interspersed with stellate pseudopores; orifice sin-
uate with rectangular condyles; ovicell kenozooi-

dal, notably large, with proximal half flat and
imperforate, and distal half sloping and pseudo-
porous.
Description. Colony erect, jointed; internodes con-
sisting of at least 1–2 pairs of zooids arranged
back to back; joints short (50–55 µm) and tubular,
c. 100 µm in diameter. Autozooids distinct, sepa-
rated by thin furrows, club-shaped, tapering proxi-
mally, elongate (mean ZL/ZW 2.69). Frontal shield
convex, tessellated, featuring a pattern of rounded
polygonal grooves, each polygon roughly 20–25 ×
30–35 µm, interspersed with circular, stellate pseu-
dopores, 10–17 µm in diameter, pseudopores
missing immediately suborally. Orifice surrounded
by a flat rim of smooth calcification, broader proxi-
mally (c. 18 µm) and tapering laterally and distally
(6–9 µm), bell-shaped; anter horseshoe-shaped,
sinus shallowly U-shaped occupying less than half
the orifice width, condyles rectangular, 10 × 20 µm.
Ovicell kenozooidal, globular, large, seemingly
closed by zooidal operculum; ooecium proximal
portion flat, tessellated and imperforate, distal por-
tion sloping and densely and evenly pseudoporous
(4–5 rows of pseudopores); pseudopores similar in
size to those of the frontal shield but deeper, stel-
late pattern uncertain; a distal fissure interpreted as
the remnants of the associated kenozooid partici-
pating in the development of the ooecium. Ovicel-
late zooid size (including the ooecium) same as
non-ovicellate autozooids, 888 µm in length
(including the ooecium) by 285 µm in width; ovicel-
late zooid orifice size also similar to that of autozo-
oid, 158 × 132 µm. Kenozooid positioned distally to
ooecium, in connection with the tubular joint, trape-
zoidal, 210 × 130 µm in size, functioning as a
wedge separating two autozooids.
Measurements (µm). ZL 731±142, 595–889 (2, 4);
ZW 272±38, 216–298 (2, 4); OL 156 (1, 1); OW
143 (1, 1); OvL 237 (1, 1); OvW 302 (1, 1).
Remarks. The genus Tetraplaria includes species
with small hyperstomial, pseudoporous ooecia
immersed in the distal zooid, such as T. ventricosa
(Haswell, 1880), as well as species with internal
ovisacs and enlarged fertile zooids, such as T.
immersa (Haswell, 1880). Despite its general
resemblance to T. ventricosa (e.g., Gordon and
d’Hondt, 1997; Tilbrook, 2006), the new species
stands out within Tetraplaria due to its distinctive
large kenozooidal ovicell, which also displays a
unique perforation pattern, with its proximal portion
imperforate and distal portion densely and uni-
formly pseudoporous. Based on the observation of
a single internode with ovicellate zooids, ooecium
formation could potentially involve either a distal
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kenozooid or the distal autozooid, akin to certain
species of cribrilinids (e.g., Rosso et al., 2021b) or
Microporella (e.g., Di Martino and Rosso, 2021).
Furthermore, to our knowledge, the stellate pattern
of the frontal pseudopores is unique within the
genus.

Family MARGARETTIDAE Harmer, 1957
Genus MARGARETTA Gray, 1843

Margaretta gracilior (Ortmann, 1892)
Figure 37

v. 1892 Tubucellaria gracilior Ortmann, p. 699.
v. 1957 Margaretta gracilior (Ortmann); Harmer, 

p. 835, pl. 55, figs. 23–28.
v. 2006 Margaretta gracilior (Ortmann); Tilbrook, 

p. 234, pl. 51D.
Figured material. PMC EDM-Collection
J.H.B.136a, sample 19200 (Figure 37A–C) and

sample 19195 (Figure 37D–F); Core 19, Daido-
kutsu cave, Okinawa, Japan, Holocene.
Description. Colony erect, articulated with cylindri-
cal, quadriserial internodes, either straight or
slightly curved, narrow, measuring c. 100 µm in
width at the undivided base of the rami, expanding
to 335–600 µm; internode attachment base circu-
lar, 65–95 µm in diameter, undivided, located later-
ally on the autozooid frontal midway between the
secondary orifice/peristome and ascopore. Autozo-
oids arranged in whorls of back to back pairs, with
each pair rotated 90º relative to the next, flask-
shaped, elongate (mean ZL/ZW 2.56), with indis-
tinct lateral boundaries. Frontal shield convex,
smooth, regularly and evenly perforated by small,
sunken, circular pseudopores (5–13 µm in diame-
ter), centred in an elliptical to polygonal mesh (35–
50 µm in maximum dimension), overall appear-

FIGURE 36. Tetraplaria stellifera sp. nov. Di Martino, Rosso and Taylor. A–C, holotype PMC. B61. 29.7.2024a, sample
19044. A, general view of the internode (200 μm). B, close-up of ovicell (100 μm). C, close-up of frontal and ooecial
pseudopores (60 μm). D–G, paratype PMC. B61. 29.7.2024b, sample 19028. D, lateral view of the internode (200 μm).
E, close-up of the stellate frontal shield pseudopores (100 μm). F, frontal view of an autozooid (200 μm). G, close-up of
orifice (100 μm).
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ance reminiscent of a peanut shell; ascopore circu-
lar to transversely elliptical, measuring 28–56 ×
41–51 µm, surrounded by a raised rim slightly
crenulated distally, placed distomedially, 250–370
µm from the proximal margin of the secondary ori-
fice. Secondary orifice transversely elliptical; peri-
stome relatively short, projecting from the frontal
plane of the branch by about 100–130 µm, at an
angle of approximately 45°, not bordered by a

basal ridge; peristome of brooding autozooids
swollen at the base, longer and curved upward;
brooding autozooids grouped in whorls.
Measurements (µm). ZL 909±120, 747–1205 (3,
13); ZW 354±39, 286–435 (3, 13); OL (secondary)
94±7, 85–108 (3, 7); OW (secondary) 141±11,
130–157 (3, 7).
Remarks. Key characters for distinguishing spe-
cies of Margaretta include the number of autozo-

FIGURE 37. Margaretta gracilior (Ortmann, 1892); PMC EDM-Collection J.H.B.136a. A–C, sample 19200. A, general
view of a fertile internode (1 mm). B, close-up of an autozooid (250 μm). C, close-up of brooding zooids with swollen
peristome base (250 μm). D–F, sample 19195. D, general view of a curved internode with base of rami (1 mm). E,
close-up of base of rami (500 μm). F, close-up of an autozooid with internode attachment base (500 μm).



DI MARTINO ET AL.: HOLOCENE BRYOZOANS FROM JAPAN

66

oids in each whorl, the number of partitions at the
base of the rami, the shape and development of
the peristome, the position of the ascopore relative
to the orifice, the patterning of the frontal shield,
and the shape and arrangement of pseudopores.
Our specimens align closely with the description of
M. gracilior as provided by Harmer (1957) and Til-
brook (2006) in all these aspects. Margaretta gra-

cilior was first described from the Red Sea and has
since been widely reported across the Indo-Pacific
region (Tilbrook, 2006).

Margaretta cf. tenuis Harmer, 1957
Figure 38

cf. 1957 Margaretta tenuis Harmer, p. 840, pl. 55, 
figs. 13–18.

FIGURE 38. Margaretta cf. tenuis Harmer, 1957; PMC EDM-Collection J.H.B.137a. A–F, sample 19047. A, general
view of a fertile internode with broken or not yet developed peristomes (1 mm). B, close-up of an autozooid (400 μm).
C, close-up of brooding zooids with swollen peristome base (400 μm). D, general view of a curved internode with
bipartite base of rami (500 μm). E, close-up of base of rami (200 μm). F, close-up of an autozooid (400 μm). G, sam-
ple 19185, fertile internode with long upward-curving peristomes (1 mm).
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Figured material. PMC EDM-Collection
J.H.B.137a, sample 19047 (Figure 38A–F) and
sample 19185 (Figure 38G); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony erect, articulated with straight
or slightly curved internodes, cylindrical, measuring
c. 180 µm in width at the bipartite base of the rami,
expanding to 330–660 µm; internode attachment
base not observed. Autozooids arranged back to
back in alternating whorls of two, but mainly in
whorls of three, flask-shaped, elongate (mean ZL/
ZW 3.15), distinct, separated by shallow grooves.
Frontal shield convex, sculptured, regularly perfo-
rated by small, sunken, circular pseudopores (7–20
µm in diameter), centred in an oval to polygonal
mesh (40–80 µm in maximum dimension), with
larger mesh size proximally on the frontal shield
and finer on the peristome; ascopore circular, mea-
suring 30–45 µm, positioned at the same level as
the frontal shield, though not very noticeable,
placed distomedially, 340–480 µm from the proxi-
mal margin of the secondary orifice, adjacent to or
very close (28–46 µm below) to the basal ridge of
the peristome. Secondary orifice transversely ellip-
tical with the oral rim appearing slightly denticulate
due to the frontal projection of the peristomial
ridges. Peristome 250–520 µm long, with marked,
broadly V-shaped, basal ridge; in standard autozo-
oid, almost parallel to the frontal plane, causing the
secondary orifice to face upwards with no distance
between the distal margin of the secondary orifice
and the distal margin of the autozooid; in brooding
zooids, projecting from the frontal plane at an angle
of almost 90°, swollen at the base, expanding the

distance between the distal margin of the peri-
stome and the distal margin of the autozooid,
curved upwards, with marked longitudinal ridges
and pseudopores, much larger than those on the
frontal, measuring 20–40 µm in diameter, in valleys
between ridges. Brooding autozooids grouped in
whorls.
Measurements (µm). ZL 1408±211, 1083–1671
(3, 10); ZW 447±73, 330–569 (3, 10); OL (second-
ary) 131±22, 98–147 (3, 4); OW (secondary)
182±18, 163–201 (3, 4).
Remarks. The Recent Indo-Pacific M. tenuis
Harmer, 1957 closely resembles the Holocene Jap-
anese species, sharing features such as the num-
ber of autozooids in a whorl, distinct boundaries of
autozooids, a long tubular peristome with a promi-
nent basal ridge projecting at right angle or
obliquely, and an ascopore adjacent to the basal
ridge. However, it differs in having a tripartite rather
than bipartite base of the rami, a circular rather
than elliptical secondary orifice, and a peristome
basal ridge much closer to the proximal margin of
the orifice (Harmer, 1957).

Family HIPPOPODINIDAE Levinsen, 1909
Genus HIPPOPODINA Levinsen, 1909
Hippopodina feegeensis (Busk, 1884)

Figure 39
v. 1884 Lepralia feegeensis Busk, p. 144, pl. 22, 

figs. 9, 9a, 9b.
v. 1957 Hippopodina feegeensis (Busk); 

Harmer, p. 974, pl. 67, figs. 8–9.
v. 1992 Hippopodina feegeensis (Busk); Ryland 

and Hayward, p. 256, pl. 67, fig. 17a.

FIGURE 39. Hippopodina feegeensis (Busk, 1884); PMC EDM-Collection J.H.B.138a. A–B, sample 19185. A, unique
complete autozooid available (500 μm). B, close-up of orifice and avicularia (150 μm). C, sample 19160, autozooid
with broken orifice (200 μm).
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v. 1999 Hippopodina feegeensis (Busk); Til-
brook, p. 451, fig. 1a–h.

v. 2015 Hippopodina feegeensis (Busk); Di Mar-
tino and Taylor, p. 11, pl. 27.

Figured material. PMC EDM-Collection
J.H.B.138a, sample 19185 (Figure 39A–B) and
sample 19160 (Figure 39C); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by thin fur-
rows, rectangular, slightly longer than wide (mean
ZL/ZW 1.39). Frontal shield slightly convex, tuber-
culate (tubercle diameter 25–52 μm), evenly punc-
tuated by numerous circular pseudopores, 5–10
μm in diameter, arranged between tubercles. Ori-
fice hoof-shaped, slightly longer than wide, with a
pair of small, rounded, lateral condyles directed
medially, separating a rounded anter from a
smaller, bowl-shaped poster. Adventitious avicu-
laria paired, located distolaterally of orifice facing
medially; rostrum acutely triangular, raised,
directed distolaterally and inwardly; crossbar com-
plete. Ovicells not observed.
Measurements (µm). ZL 895±32, 873–918 (2, 2);
ZW 643±124, 555–731 (2, 2); OL 286±11, 279–294
(2, 2); OW 265±33, 242–288 (2, 2); AvL 219±20,
202–252 (2, 5); AvW 133±14, 113–148 (2, 5).
Remarks. This species is identified as the Pacific
H. feegeensis essentially based on the shape and
positioning of avicularia and the shape of the ori-
fice, where the distal portion is wider than the prox-
imal portion (see Tilbrook, 1999).

Family ESCHARINIDAE Tilbrook, 2006
Genus BRYOPESANSER Tilbrook, 2006

Bryopesanser inflexus sp. nov. 
Di Martino, Rosso and Taylor

Figure 40
zoobank.org/36CD63CE-E101-4590-A347-9B3002932DF5

Type material. Holotype PMC. B62. 29.7.2024a,
sample 19229; Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Latin, meaning curved, referring to the
peristomial proximal mucro, which is upwardly
curved, and the ooecial process, which is down-
wardly curved.
Diagnosis. Bryopesanser with faintly nodular fron-
tal shield and multiporous pseudopores; orifice with
straight proximal margin, longer-than-wide drop-
shaped sinus, and minutely denticulate condyles;
six oral spines in ovicellate zooids, the proximal-
most pair slightly above the proximal margin of ori-
fice; proximal peristome developing a narrow,

median mucro curved upward; paired avicularia
distolateral to orifice, aligned with the second prox-
imalmost pair of spines, pear-shaped; rostrum
open, distomedially directed; ooecium nodular,
imperforate, with proximal projection curved down-
ward.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by raised
sutures and shallow grooves, pentagonal, slightly
longer than wide (mean ZL/ZW 1.09), widest proxi-
mally, with thick lateral walls (175–225 µm); small,
subcircular pore-chamber windows visible distally
and distolaterally, approximately 30 µm in diame-
ter. Frontal shield flat to slightly convex, convexity
more obvious around the orifice, faintly nodular,
densely pierced by multiporous pseudopores, 17–
19 µm in diameter; a few marginal areolae also
present at proximal and proximolateral zooidal cor-
ners, often obliterated by sediment. Orifice with
semicircular anter, straight proximal margin occu-
pied by rectangular, minutely denticulated con-
dyles, 10 µm high, and longer-than-wide drop-
shaped sinus, 45–50 µm long by 30–35 µm wide;
six spine bases in ovicellate zooids, 25–40 µm in
diameter, with the proximalmost pair slightly above
the proximal margin of the orifice; proximal peri-
stome 200–230 µm wide, developing into a narrow,
squared, median mucro curved upward. Avicularia
adventitious, paired, located distolaterally to orifice,
aligned with the second proximalmost pair of
spines, pear-shaped; rostrum open, distomedially
directed; crossbar complete. Ovicell hyperstomial;
ooecium cap-like, smooth, nodular, imperforate,
with thick proximal margin developing into a nar-
row, squared, median projection curved downward.
Measurements (µm). ZL 764±16, 753–776 (1, 2);
ZW 699±92, 634–764 (1, 2); OL (including sinus)
168±18, 156–181 (1, 2); OW 151±15, 141–162 (1,
2); AvL 128±9, 111–137 (1, 6); AvW 101±4, 95–105
(1, 6); OvL 176±17, 157–189 (1, 3); OvW 217±30,
183–236 (1, 3).
Remarks. Bryopesanser inflexus sp. nov. is distin-
guishable from all known species of Bryopesanser
developing a suboral mucro. In Bryopesanser
pesanseris (Smitt, 1873) from the Atlanto-Carib-
bean area, the frontal shield is densely granular
with closely adjacent granules, whereas in the new
species it is nodular yet smooth overall. The peri-
stome of the new species produces a narrower
mucro and the ooecium is smoother compared to
B. pesanseris. Also, the sinus of the new species is
deeper and more rounded, differing from the more
elliptical sinus of B. pesanseris. Alignment and ori-
entation of avicularia also differ: in the new spe-
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cies, they align with the second proximalmost pair
of spines and are distomedially directed, while in B.
pesanseris they align with the proximalmost pair of
spines and are distally directed. The Indo-Pacific
species B. capitaneus Tilbrook, 2006 has the prox-
imalmost pair of spines placed more distally com-
pared to the new species in which this pair is only
slightly above the proximal margin of the orifice.
Moreover, avicularia alignment in B. capitaneus is
as in B. pesanseris. Bryopesanser latesco Til-
brook, 2006, widespread in the Pacific, differs in
having condyles dipping medially and a wider-than-
long sinus and a flared peristome only slightly
raised medially; B. tonsillorum Tilbrook, 2012,
widespread in the Indo-Pacific, differs in having
distally directed avicularia placed below the proxi-
malmost pair of spines, convex proximal border of

orifice, and coarsely denticulate condyles; B. gar-
dineri Tilbrook, 2012, from the western Pacific, has
convex proximal margin of the orifice and serrated
avicularia edges; B. hebelomaia Tilbrook, 2012,
found in the South China Sea, has a smaller and
shallower sinus, and distally directed avicularia; B.
lobiones Tilbrook, 2012 has the proximal margin of
the orifice sloping proximally from the midline; B.
protrusus Winston and Jackson, 2021, from
Jamaica, exhibits a conical proximal mucro and
smooth condyles. The Miocene B. bragai Di Mar-
tino and Taylor, 2015 from East Kalimantan (Indo-
nesia) develops a median mucro but differs in
having large and simple circular pseudopores. The
only species known from Japan, B. ascendolaris
Tilbrook, 2012, lacks a proximal, median mucro.

FIGURE 40. Bryopesanser inflexus sp. nov. Di Martino, Rosso and Taylor, holotype PMC. B62. 29.7.2024a, sample
19229. A, colony fragment general view (500 μm). B, close-up of orifice with peristomial proximal mucro curved
upward and ooecium proximal projection curved downward (150 μm). C–D, close-ups of orifice, ovicells and avicu-
laria (100 μm). E, close-up of the frontal shield texture with multiporous pseudopores blurred by diagenesis.
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Bryopesanser minutiporosus sp. nov. 
Di Martino, Rosso and Taylor

Figure 41
zoobank.org/74004D1D-D7C5-4467-9A03-5A91FD36CAD9

Type material. Holotype PMC. B63. 29.7.2024a,
sample 19217 (Figure 41A–E); paratype PMC. B63.
29.7.2024b, sample 19210 (Figure 41F–H); Core
19, Daidokutsu cave, Okinawa, Japan, Holocene.
Etymology. Latin, meaning pierced by small
pores, referring to the minute size of the lens-
shaped pseudopores on its frontal shield. 
Diagnosis. Bryopesanser with proximally tubercu-
lar frontal shield densely pierced by minute lens-
shaped pseudopores; orifice with longer-than-wide
drop-shaped sinus, and minutely denticulate con-
dyles; seven oral spines in autozooids, six visible in
ovicellate zooids, the proximalmost pair slightly
above the proximal margin of orifice; peristome
lacking; paired avicularia distolateral to orifice,
aligned with the second proximalmost pair of
spines, oval; rostrum open, curved towards the ori-
fice, distomedially directed; ooecium smooth,
imperforate, with a transverse proximal crest but
lacking proximal projection.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by raised
sutures and shallow grooves, pentagonal, slightly
longer than wide (mean ZL/ZW 1.18), widest proxi-
mally, with thick lateral walls (175 µm); small, sub-
circular pore-chamber windows visible laterally,
approximately 20 µm in diameter. Frontal shield
slightly convex, convexity more obvious around the
orifice, tubercular proximally, tubercles rounded
20–30 µm in diameter, densely pierced by lens-
shaped pseudopores, 3–9 µm long; an area of
imperforate calcification distinguishable proximally
and laterally to orifice; marginal areolae present at
proximolateral zooidal corners, 20–25 µm long.
Orifice with elliptical anter, slightly convex proximal
margin occupied by rectangular, minutely denticu-
lated condyles, 12–14 µm high, and longer-than-
wide drop-shaped sinus, 38 µm long by 20–25 µm
wide; seven oral spine bases in autozooids, six in
ovicellate zooids, 18–28 µm in diameter, with the
proximalmost pair slightly above the proximal mar-
gin of the orifice; peristome absent. Avicularia
adventitious, paired, located distolaterally to orifice,
aligned with the second proximalmost pair of
spines, oval; rostrum open, curved towards the ori-
fice, distomedially directed; crossbar complete and
thick. Ovicell hyperstomial; ooecium cap-like,
smooth, imperforate, with thick proximal margin
and a transverse crest proximally, lacking a median
projection. Intramural budding observed for auto-

zooids with evident concentric rims around the ori-
fice.
Measurements (µm). ZL 534±48, 457–618 (2, 12);
ZW 453±70, 331–596 (2, 12); OL (including sinus)
135±9, 122–149 (2, 6); OW 110±11, 98–125 (2, 6);
AvL 76±9, 67–91 (2, 14); AvW 59±6, 46–68 (2, 14);
OvL 111±9, 104–120 (2, 4); OvW 178±13, 161–191
(2, 4).
Remarks. Bryopesanser minutiporosus sp. nov.
differs from its congener from Daidokutsu cave
mainly in the absence of a proximal peristome and
ooecium projection, as well as in the appearance of
the frontal shield, which has minute lens-shaped
pseudopores and proximal tubercles in B. minuti-
porosus sp. nov. but is faintly nodular with multi-
porous pseudopores in B. inflexus sp. nov. Among
Recent species of Bryopesanser lacking a proximal
peristome: B. baderae Tilbrook, 2012 has nine oral
spines and circular pseudopores; B. hebelomaia
Tilbrook, 2012 develops proximal peristomes in
ovicellate zooids; B. tilbrooki Winston and Vieira,
2013 from Brazil has a distinctive subquadrate
sinus and multiporous pseudopores. The Miocene
B. sanfilippoae Di Martino and Taylor, 2015 from
East Kalimantan (Indonesia) also lacks a peri-
stome but differs in having circular pseudopores.

Family GIGANTOPORIDAE Bassler, 1935
Genus GIGANTOPORA Ridley, 1881

Gigantopora sp. 1
Figure 42

Figured material. PMC EDM-Collection
J.H.B.139a, sample 19140; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids oval to rhomboidal, longer than
wide (ZL/ZW 1.40). Frontal shield bearing predomi-
nantly rounded tubercles and a few more promi-
nent, presumably pointed processes, with some
circular pores difficult to distinguish as either areo-
lae or frontal pseudopores. Peristome tubular form-
ing a broad, nearly smooth bridge, 110–190 µm
wide, and a large elliptical to eight-shaped spira-
men, with flared margin, 80–105 µm long by 150–
250 µm wide. Secondary orifice rounded, 170 µm
long by 180 µm wide. Avicularia present or absent,
adventitious on the side of peristome, directed lat-
erally inwards; rostrum raised, acutely triangular,
with complete crossbar.
Measurements (µm). ZL 724 (1, 1); ZW 517 (1, 1);
AvL 174 (1, 1); AvW 77 (1, 1).
Remarks. The specimen bears a striking resem-
blance to species of Gigantopora. However, its
poor preservation prevents the observation of cer-
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FIGURE 41. Bryopesanser minutiporosus sp. nov. Di Martino, Rosso and Taylor. A–E, holotype PMC. B63.
29.7.2024a, sample 19217. A, colony general view (1 mm). B, close-up of zooids, one ovicellate (250 μm). C, close-up
of avicularium (50 μm). D, close-up of orifice showing sign of intramural budding, and avicularia (100 μm). E, group of
autozooids with seven oral spine bases and pore-chamber windows (250 μm). F–H, paratype PMC. B63. 29.7.2024b,
sample 19210. F, colony general view (500 μm). G, close-up of two autozooids, one with partially formed ooecium (200
μm). H, close-up of orifice and avicularia (100 μm).
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tain morphological features, such as the potential
perforation of the frontal shield, and precise mor-
phological measurements of most traits. Addition-
ally, the small size of the specimen and the
absence of ovicells impede thorough characteriza-
tion and examination of intracolonial variability. The
shape of the avicularia, with an acutely triangular
rostrum, is typical of several Gigantopora species,
including the widely distributed Indo-Pacific G.
pupa (Jullien, 1903). Nonetheless, the smoothly
tuberculate surface of the frontal shield, adorned
with rounded rather than the more typical pointed
tubercles, and the completely smooth texture of the
peristomial bridge are less common.

Genus PARAGIGANTOPORA gen. nov. 
Di Martino, Rosso and Taylor 

zoobank.org/A4286261-AE35-4FA4-BC49-48C5B7B52A6F

Type species. Paragigantopora echinata gen. et
sp. nov. Di Martino, Rosso and Taylor.
Etymology. Greek prefix ‘para-’, meaning next to,
referring to its resemblance to Gigantopora Ridley,
1881.
Diagnosis. Colony erect with rod-like branches
and autozooids arranged in alternating longitudinal
rows. Frontal shield tubercular, centrally imperfo-
rate with only marginal areolar pores, with some
extending onto the proximal portion of the shield.
Primary orifice surrounded on three sides by a
raised, tubular peristome facing upwards and out-
wards, with peristomial bridge and large spiramen
proximally. Spines absent. Avicularia, single or
paired, on the sides of the peristome. Ooecium
imperforate, opening into the peristome above the
primary orifice.

Remarks. A new genus is introduced here to
accommodate Paragigantopora echinata sp. nov.,
a Gigantopora-like species lacking pseudopores
and having an imperforate ooecium. Additionally,
the new combination Paragigantopora grandis
(Gordon and Taylor, 2015) is suggested for an
Eocene species, described from the Chatham
Islands of New Zealand, sharing these features.
Ridley (1881, p. 47) defined Gigantopora as having
encrusting colonies, prominent autozooids with
nodular frontal shields pierced by pseudopores,
upwardly and outwardly directed tubular peri-
stomes, single or paired avicularia flanking the
peristome, a distinctive roundish, transversely
broad pore visible frontally, and a small, globular,
pseudoporous ooecium. While the new species
and the fossil from the Chatham Islands are con-
sistent with the diagnosis of Gigantopora in relation
to the peristomial characteristics, including place-
ment of the avicularia and the presence of a large
spiramen, they differ in colony morphology, being
erect rather than encrusting, and in frontal shield
features. We agree with Gordon and Taylor (2015)
in considering these ‘almost imperforate’ species
as a more plesiomorphic form of Gigantopora, yet
we propose that these distinctive traits necessitate
the creation of a new genus within the Gigantopori-
dae. Similar actions have been taken previously in
analogous situations, such as the introduction of
Parkermavella Gordon and d’Hondt, 1997 for Schi-
zomavella-like species with imperforate frontal
shields, albeit with an umbonuloid distinction in that
case. This pattern is observed in other families as
well, like the Smittinidae, where genera such as
Smittina are characterized by fully pseudoporous

FIGURE 42. Gigantopora sp. 1; PMC EDM-Collection J.H.B.139a, sample 19140. A, general view of the colony frag-
ment (500 μm). B, close-up of an avicularium and spiramen (100 μm). C, close-up of the tubular peristome and spira-
men (100 μm).
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frontal shields, while Smittoidea and Hemismit-
toidea possess only marginal pores. Several spe-
cies currently assigned to Gigantopora share
certain traits with the new genus but not in its
unique combination, simultaneously deviating from
the typical diagnosis of Gigantopora. For instance,
G. oropiscis Gordon and d’Hondt, 1997 is erect, yet
has a proximally pseudoporous frontal shield and
numerous marginal pores in the ooecium. Gigan-
topora foraminosa Hayward and Cook, 1983, and
G. spathula Hayward and Winston, 2011 also have
erect colonies but otherwise conform to the stan-
dard appearance of Gigantopora. An unusual
Gigantopora is G. profunda Harmer, 1957, which is
erect and cylindrical, with an imperforate frontal
shield and an ooecium with only marginal pores,
differing from species assigned to Paragigantopora
gen. nov. in the position of avicularia, which are
generally unilaterally placed at the base of the peri-
stome on the marginal furrows outlining the zooidal
perimeters. Gigantopora kirkpatricki Hayward,
1988 has an imperforate ooecium but its frontal
shield is fully pseudoporous. Two other species, G.
proximalis hispida d’Hondt, 1986 and G. verruco-
sissima Moyano, 2002, have prominently tubercu-
lar frontal shields that are also fully pseudoporous.
Among the remaining genera in the family, Coscini-
opsis Canu and Bassler, 1927, and Hemicosciniop-
sis Vigneaux, 1949, have pseudoporous frontal
shields and lack a peristomial bridge and spira-

men, while Barbadiopsis Winston and Woollacott,
2009, is distinguished by avicularia raised on swol-
len, pseudoporous cystids, with the rostra sur-
rounding the orifice and meeting over it, small
pores in the ooecium that can be obscured by pro-
ceeding calcification, and a rounded (not tubular)
peristome.

Paragigantopora echinata sp. nov. 
Di Martino, Rosso and Taylor

Figure 43
zoobank.org/C048BFDE-F5A3-4B73-B5F0-6839B544B42A

Type material. Holotype PMC. B64. 29.7.2024a,
sample 19140; Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Latin, meaning thorny, referring to the
frontal shield tubercles giving a spinose appear-
ance to the zooids.
Diagnosis. As for Paragigantopora gen. nov.
Description. Colony erect with cylindrical
branches. Autozooids distinct, separated by nar-
row furrows, arranged in alternating longitudinal
series, rhomboidal, elongate (mean ZL/ZW 1.84).
Frontal shield flat, densely covered with evenly dis-
tributed tubercles, centrally imperforate; tubercles
pointed, occasionally bifurcated, protruding from
frontal shield surface by 25–35 µm, lending it a
prickly appearance; narrowly elliptical marginal
areolae, 35–55 µm long by 15–26 µm wide, distin-

FIGURE 43. Paragigantopora echinata gen. et sp. nov. Di Martino, Rosso and Taylor, holotype PMC. B64.
29.7.2024a, sample 19140. A, general view of the cylindrical branch fragment (1 mm). B, close-up of an autozooid
(250 μm). C, close-up of an ovicellate zooid (250 μm).
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guishable laterally, one on each side; a few (≤10),
circular, smaller areolae, 7–12 µm in diameter,
extending onto the proximal portion of the shield.
Primary orifice concealed beneath a raised, tubular
peristome extending upwards and outwards for
approximately 170–250 µm from the branch axis,
at an angle of c. 35º; peristomial bridge measuring
90–170 µm in width, lacking tubercles, forming a
large, semicircular to reniform spiramen proximally,
100–110 µm long by 165–200 µm wide; secondary
orifice elliptical, 100–190 µm long by 130–200 µm
wide. Avicularia adventitious, single or paired,
placed transversely to the elongation of the zooid
and laterally on the peristome at the level of the
proximal margin of secondary orifice (or distal mar-
gin of peristomial bridge), oval, with rounded ros-
trum directed laterally and inwards with complete
crossbar. Ooecium partially immersed within the
frontal shield of the distal zooid, opening into the
peristome over the primary orifice; surface nodular
and imperforate with a few (approximately five),
small, circular marginal areolae visible on the
periphery, 5–7 µm in diameter.
Measurements (µm). ZL 830±51, 770–875 (1, 4);
ZW 450±43, 396–487 (1, 4); AvL 89±8, 75–100 (1,
7); AvW 60±9, 50–72 (1, 7); OvL 158 (1, 1); OvW
260 (1, 1).
Remarks. Paragigantopora echinata gen. et sp.
nov. differs from the sole other species we propose
including in this newly established genus, P. gran-
dis comb. nov., primarily in the morphology and ori-
entation of its peristomial avicularia. In P. grandis
comb. nov., these avicularia have an acute rostrum
curving obliquely proximally onto the peristomial
bridge. Additionally, P. grandis comb. nov. has a
more prominent ooecium. Although some partial
similarities have been noted with other species cur-
rently assigned to Gigantopora, the differences
remain more pronounced, as detailed above in the
Remarks section of the new genus.

Family PHOCEANIDAE Vigneaux, 1949
Genus PHOCEANA Jullien in 

Jullien and Calvet, 1903
Phoceana gabrielei sp. nov. 

Di Martino, Rosso and Taylor
Figure 44

zoobank.org/60FC897E-2158-4FA2-BE0F-65F1D621E499

Type material. Holotype PMC. B65. 29.7.2024a,
sample 19140 (Figure 44A–B); paratypes PMC.
B65. 29.7.2024b1, sample 19185 (Figure 44C–E);
paratype PMC. B65. 29.7.2024b2, sample 19125
(Figure 44F–H); Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.

Etymology. Named after a close friend of the first
author, Dr Gabriele Lanzafame, volcanologist at
the University of Catania.
Diagnosis. Phoceana with encrusting colonies;
autozooids lacking basal walls; frontal shield
evenly pseudoporous with subconical tubercles
around margins; hoof-shaped orifice with median
pseudolyrula but lacking condyles, surrounded by
a flared, undulose peristome; avicularia absent;
ovicell peristomial with faintly nodular and imperfo-
rate ooecium.
Description. Holotype colony tubular, cylindrical,
hollow, likely encrusting an ephemeral organic sub-
strate; paratype colonies irregularly shaped,
encrusting a small substrate (i.e., sediment grain or
bioclast), continuing to develop independently
afterward. Autozooids with entirely uncalcified
basal walls, with almost indistinct boundaries
marked by very shallow grooves or faint wrinkles,
irregularly arranged, sometimes back to back, with
opposite polarities or tilted relative to each other,
typically hexagonal, occasionally rhomboidal, large
and elongate (mean ZL/ZW 1.49). Frontal shield
convex, faintly nodular, evenly and densely perfo-
rated by small, circular pseudopores, 5–13 µm in
diameter, except around the peristome; marginal
areolae not distinguishable; subconical tubercles
developing around the zooidal margin, with a base
characterized by two concentric rings: an outer ring
42–52 µm in diameter and an inner ring 17–32 µm
in diameter; when preserved, tubercles ranging
from 40 to 55 µm in length. Orifice hoof-shaped
with a rounded anter, parallel sides, and a proximal
margin bearing a pseudolyrula resembling the
curve of a flattened Gaussian distribution, measur-
ing 18–35 µm in length and 100–130 µm in width,
occupying the centre of the proximal margin and
about half of its total length, giving it a convex
appearance, without condyles. Peristome relatively
short, measuring 195–400 µm in lateral view, termi-
nating in a flared, undulose collar with expanded
wings 55–100 µm wide, which can be folded.
Spines and avicularia absent. Ovicell peristomial
with an imperforate and faintly nodular ooecium
that has a more granular texture compared to the
frontal shield; the proximal margin coinciding with
the flared distal margin of the peristome; second-
ary orifice of ovicellate zooids more bell-shaped.
Measurements (µm). ZL 952±159, 756–1302 (4,
11); ZW 640±72, 539–734 (4, 11); OL 223±16, 189–
238 (4, 8); OW 196±13, 170–208 (4, 8); OvL 334±110,
208–411 (2, 3); OvW 442±42, 393–467 (2, 3).
Remarks. We attributed this species to the genus
Phoceana based on several distinct characters: the
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FIGURE 44. Phoceana gabrielei sp. nov. Di Martino, Rosso and Taylor. A–B, holotype PMC. B65. 29.7.2024a, sample
19140. A, tubular hollow colony general view (1 mm). B, close-up of ovicellate zooids (500 μm). C–E, paratype PMC.
B65. 29.7.2024b1, sample 19185. C, close-up of ovicell (150 μm). D, colony fragment general view (1 mm). E, close-
up of autozooid with subconical marginal tubercles (400 μm). F–H, paratype PMC. B65. 29.7.2024b2, sample 19125.
F, colony fragment general view (500 μm). G–H, close-ups of orifice with flared, undulose peristome (150 μm).
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presence of a pseudolyrula (a median more or less
semicircular denticle formed by the elevation of the
peristomial wall), a peristomial ovicell, a flared peri-
stome, and the absence of avicularia and of con-
dyles in the orifice.

The genus Phoceana currently includes five
species: three Recent species—P. columnaris Jul-
lien, 1903, the type species of the genus from the
Northeast Atlantic, P. acadiana Lagaaij, 1963, from
Gulf of Mexico, and P. tubulifera (Heller, 1867) from
the Mediterranean—and two fossils, P. pliocenica
Pouyet, 1978, from the Pliocene of Spain, and the
Eocene P.? simulator (Canu and Bassler, 1920)
from North Carolina. All previously known species
are characterized by their erect and branched colo-
nies, and long, tubular peristomes. Additionally, P.
columnaris has pseudopores limited to the proxi-
mal and lateral portions of the frontal shield
(Pouyet, 1978, pl. 1, figure 3), while P.? simulator
occasionally features a small avicularium on the
peristome. The current distribution of the genus
Phoceana is limited to the North Atlantic and the

Mediterranean. Phoceana gabrielei sp. nov. rep-
resents the first record of the genus in the Pacific.

Family MICROPORELLIDAE Hincks, 1879
Genus CALLOPORINA Neviani, 1895
Calloporina biavicularia Kataoka, 1961

Figure 45
v. 1961 Calloporina biavicularia Kataoka, p. 255, 

pl. 33, fig. 2.
Figured material. PMC EDM-Collection
J.H.B.140a, sample 19093; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by deep fur-
rows, oval to rounded hexagonal, longer than wide
(mean ZL/ZW 1.22); circular pore chamber-win-
dows, 30–40 µm in diameter, visible along distolat-
eral margins. Frontal shield flat to slightly convex
coarsely ornamented with sculptured ridges outlin-
ing polygonal depressions housing circular pores
mainly along zooidal perimeter (i.e., marginal areo-
lae, 30–55 µm in diameter), with a few centrally

FIGURE 45. Calloporina biavicularia Kataoka, 1961; PMC EDM-Collection J.H.B.140a, sample 19093. A, colony frag-
ment general view (500 μm). B, group of autozooids (250 μm). C-D, close-ups of orifice, spine bases, ascopore and
avicularia (100 μm).
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located (20–30 µm in diameter). Ascopore a short
distance (60–90 µm) from proximal margin of ori-
fice, circular (44–66 µm in diameter), encircled by a
thin, raised rim. Orifice longitudinally elongate,
semicircular and high-arched, with straight and
crenulated proximal margin; nine oral spine bases
(20–30 µm in diameter); a ridge of the frontal shield
forming a small bowl-shaped platform below the
proximal margin. Avicularia long, slender, single or
paired, falciform, originating laterally to ascopore
and extending the entire length of orifice; rostrum
elongate, triangular, with a slight curvature towards
the distal edge of orifice, directed distally; crossbar
complete. Ovicells not observed.
Measurements (µm). ZL 612±12, 593–622 (1, 5);
ZW 500±45, 438–563 (1, 5); OL 126±6, 120–134
(1, 5); OW 118±2, 116–120 (1, 5); AvL 248±26,
202–274 (1, 8); AvW 63±7, 55–71 (1, 8).
Remarks. This species was first described from
the Pleistocene Ryukyu Limestone of Kagoshima,
Japan (Kataoka, 1961). Despite the small size of
our fragment, we observed some intracolonial vari-
ability, which was not mentioned by Kataoka
(1961). This author noted the presence of gener-
ally eight spines. However, in the fragment avail-
able to us all zooids have nine spines. A similar
discrepancy applies to avicularia; while Kataoka
(1961) described them as paired, we observed
both paired and single avicularia. Another species
of Calloporina is known from the Pleistocene of
Japan, C. hayamiae Arakawa, 1995. This species
differs in having a crescentic ascopore (trans-
versely C-shaped) and smaller avicularia with nee-
dle-like rostra positioned approximately at zooidal
mid-length, aligned with the ascopore.

Family PETRALIIDAE Levinsen, 1909
Genus MUCROPETRALIELLA Stach, 1936

Mucropetraliella cf. robusta 
(Canu and Bassler, 1929)

Figure 46
cf. 1929 Petraliella robusta Canu and Bassler, p. 

260, pl. 26, fig. 3.
cf. 1957 Mucropetraliella robusta (Canu and 

Bassler); Harmer, p. 717, pl. 46, fig. 13, 
text-fig. 65.

Figured material. PMC EDM-Collection
J.H.B.141a, sample 19083 (Figure 46A–E), sample
19135 (Figure 46F), sample 19193 (Figure 46G),
sample 19229 (Figure 46H), and sample 19178
(Figure 46I–J); Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by shallow

grooves, irregularly polygonal, elongate (mean ZL/
ZW 1.77). Frontal shield slightly convex, smooth,
striated, uniformly pseudoporous, with circular
pseudopores 16–35 µm in diameter, indistinct from
marginal areolae. Primary orifice subcircular (mean
OL/OW 0.92), with a narrow anvil-shaped median
denticle on the proximal margin (30–52 µm long by
30–70 µm wide at the tips), occupying one-tenth to
one-third of the total width of the orifice, and two
acutely triangular condyles placed proximally at
about one-third from the orifice proximal margin,
curved downward, measuring 26–33 µm in length
by 20–43 µm at the base; the median denticle and
condyles delimiting two transversely elliptical,
slightly asymmetrical sinuses. Two distolateral
spine bases, 15–35 µm in diameter. Suboral com-
plex prominent, including a median bi-, tri- to
quadrifurcate mucro connected to two lateral ones
in a steering wheel shape, imperforate, striated
and nodular; central mucro 150–305 µm long by
65–140 µm wide, lateral ones about 175 µm long.
Avicularia not observed suborally but likely present
and placed atop the mucro branches; two small
elliptical avicularia positioned atop the lateral
branches of the complex, directed proximally, with
a complete crossbar; one of the small avicularia
occasionally enlarged with a truncate cup-like ros-
trum curved upwards, directed proximally or proxi-
molaterally inwards; in one instance, an
avicularium observed laterally on the frontal shield
on a raised column-like cystid, small and elliptical,
directed laterally (Figure 46F). Ovicells hypersto-
mial, prominent, placed on the frontal shield of the
distal zooid, occupying approximately one-third of
its total length (mean OvL/ZL 0.32), smooth,
minutely perforate with pseudopores 4–10 µm in
diameter; an area near the orifice appearing imper-
forate or, at times, covered by incipient secondary
calcification (Figure 46C). A subelliptical radicular
pore chamber situated medially adjacent to the
proximal margin of dorsal side of autozooid. Small
conical pillars present in the distomedial area of
certain autozooids.
Measurements (µm). ZL 818±61, 670–913 (5, 25);
ZW 463±43, 368–534 (5, 25); OL 212±13, 189–
236 (5, 19); OW 231±12, 209–253 (5, 19); AvL
(small-sized) 52±8, 30–64 (5, 25); AvW (small-
sized) 39±4, 32–48 (5, 25); AvL (large-sized)
221±41, 165–304 (5, 13); AvW (large-sized)
125±11, 109–152 (5, 13); OvL 265±13, 252–283
(3, 4); OvW 315±19, 298–342 (3, 4).
Remarks. The extant M. robusta from the Philip-
pines is the most similar species, having a similarly
developed suboral complex partially concealing the
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FIGURE 46. Mucropetraliella cf. robusta (Canu and Bassler, 1929). A–E, PMC EDM-Collection J.H.B.141a, sample
19083. A, colony fragment general view (1 mm). B, close-up of autozooids (200 μm). C, close-up of ovicell and suboral
complex (150 μm). D–E, close-up of orifice showing paired distolateral spines, variability of median denticle and con-
dyles (100 μm). F, sample 19135, close-up of an autozooid with latero-frontal avicularium (100 μm). G, sample 19193,
close-up of the trifurcate suboral mucro (200 μm). H, sample 19229, general view of the colony fragment (500 μm). I–
J, sample 19178, close-ups of the enlarged latero-oral avicularium (200 μm).



PALAEO-ELECTRONICA.ORG

79

orifice, a narrow bidentate median denticle,
rounded paired latero-oral avicularia, and a small
frontal avicularium rarely present near the zooidal
boundaries. Our “cf.” attribution is for two reasons.
First, the suboral avicularium in our specimens is
not preserved, while in M. robusta it is very large
and slightly expanded at the distal end. Second,
the number of spines differs; they were reported as
absent in the original description of M. robusta by
Canu and Bassler (1929). However, Harmer (1957)
reported 4–6 spines and justified the discrepancy
by noting that the previous authors examined dead
specimens, which likely had detached spines, with
the scars difficult to notice. Additionally, neither ref-
erence mentions the enlarged lateral avicularium
we observed, which has a very similar shape to the
suboral avicularium described by Harmer (1957).
Mucropetraliella robusta was reported from water
depths of 421 m in the Philippines (Canu and
Bassler, 1929) and from 0–45 m in Indonesia
(Harmer, 1957).

Two oral spines, as seen in our specimens,
were described for M. bifidata Tilbrook, 2006 and
M. bispinata Liu, 2001, from the Solomon Islands
and China Sea, respectively, but they lack avicu-
laria; M. asymmetrica Hayward and Cook, 1983,
may have 2–3 spines, suboral avicularia at the
base of a simpler mucro, and large lateral avicu-
laria of different shape. The south-west Atlantic M.
reticulata Figuerola, Gordon and Cristobo, 2018
has two oral spines, but also a peculiar suboral
mucro forming a variable reticulate net of tubular
kenozooids.

Compared to other Mucropetraliella species
reported from Japan, the Recent Mucropetraliella
japonica (Ortmann, 1890), and the Pliocene M. shi-
bikawaensis Hayami, 1975 and M. tenuis Hayami,
1975 all lack spines. Spines are absent also in
some Australian species: M. elleri (MacGillivray,
1869) has a simple short mucro and numerous
avicularia sparse on the frontal surface; M. halei
(Livingstone, 1928) has a simple mucro, numerous
avicularia aligned on the lateral margins of the fron-
tal shield, and avicularia instead of spines at the
distolateral corners of the orifice; M. nodulosa
Stach, 1936 is full of rounded tubercles around the
orifice and on the frontal surface; and M. ligulata
Stach, 1936 is characterized by its ligulate avicu-
laria (Gordon, 1989b).

Spines are also absent in the following spe-
cies from the Philippines: M. philippinensis (Canu
and Bassler, 1929) which has large frontolateral
spatulate avicularia; M. verrucosa (Canu and
Bassler, 1929) has the aperture surrounded by

small avicularia; and M. trita (Canu and Bassler,
1929) which lacks a mucro. Mucropetraliella mal-
wanensis Sonar, Wayal and Badve, 2021 from the
Holocene of India, has no spines, a simple mucro,
and differently shaped lyrula and condyles. Two
species from the Indian Ocean, M. multiaviculariata
(Thornerly, 1912) and M. laccadivensis (Robertson,
1921), also lack spines; the former species is also
characterized by supernumerary avicularia on the
ovicell, around the orifice and along zooidal mar-
gins, with a large frontal avicularium directed proxi-
mally. Mucropetraliella armata (Waters, 1913) from
East Africa also lacks spines (Hayward and Cook,
1983).

A group of species has up to four spines: M.
capricornensis Tilbrook, Hayward and Gordon,
2001, from Vanuatu, has a wide, shallow median
denticle, a short and simple mucro bearing an oval
avicularium, and lateral avicularia, laterally
directed, on cystids that are not much elevated; M.
loculifera Harmer, 1957, from Indonesian stations
of the Siboga Expedition, has 2–4 spines and a
great number of small oval avicularia all aligned
along the lateral margins of the zooid and sur-
rounding the orifice, plus a large pointed avicular-
ium budded more centrally on the frontal, obliquely
oriented and directed proximolaterally, occupying
one proximolateral corner of the zooid, and a broad
lyrula with very pointed lateral corners; M. albiros-
tris (Canu and Bassler, 1927) from Hawaii, has a
straight and smooth mucro, and lateral avicularia
directed laterally; and M. magnifica (Busk, 1884)
also from Hawaii, lacks a median denticle and has
hexagonal pores in the ovicell; M. neozelanica (Liv-
ingstone, 1929), from New Zealand, lacks an avic-
ularian complex (Gordon, 1989b); M. tuberosa
(Busk, 1884), from east Australia, has only a large
suboral avicularium, and no lateral avicularia.

Several species have a greater number of oral
spines. The Australian M. bennetti (Livingstone,
1926) has 7–9 (most commonly eight) thin oral
spines, a small suboral mucro and associated avic-
ularium, a large median denticle occupying one-
third of orifice width (Tilbrook and Cook, 2004). The
Philippine M. echinata (Canu and Bassler, 1929)
has 12 oral spines. The western Pacific M. gaudia-
lis d’Hondt, 1986 has eight spines and a large sub-
oral avicularium with a spatuliform and curved
rostrum.

A species of Mucropetraliella most reported
from the Recent of Japan (Hirose, 2010; Arakawa,
2024) is M. thenardii (Audouin, 1826). The speci-
men from Sri-Lanka illustrated by Tilbrook and
Cook (2005, figure 11A, B) has a similar general
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aspect to M. cf. robusta but differs in the orientation
of the avicularia and the shape of the median denti-
cle and condyles. In the original illustration by Savi-
gny (Audouin, 1826; d’Hondt, 2006), the mucro is
slender and trifurcate (similar to Figure 46F, G), but
no avicularia or additional conical processes are
shown. Harmer (1957) described numerous variet-
ies under the name M. thenardii, making it difficult
to understand what the real M. thenardii is, as with
all species described by Audouin (1826), until a
neotype is chosen. However, the choice of a neo-
type is problematic considering that the original
localities are not well defined and sometimes it is
not even clear whether it is a site in the Mediterra-
nean or the Red Sea.

Mucropetraliella cf. tubulifera 
(Canu and Bassler, 1929)

Figure 47
cf. 1929 Petraliella tubulifera Canu and Bassler, 

p. 264, pl. 27, figs. 7–12.
Figured material. PMC EDM-Collection
J.H.B.142a, sample 19035 (Figure 47A–E) and
sample 19095 (Figure 47F); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by shallow
grooves, irregularly polygonal, elongate (mean ZL/
ZW 1.62). Frontal shield slightly convex, sculp-
tured, uniformly pseudoporous, with circular pseu-
dopores 15–40 µm in diameter, indistinct from
marginal areolae, funnel-shaped, or centred in a
polygonal mesh. Primary orifice subcircular (mean
OL/OW 1.06), with a narrow trapezoidal median
denticle on the proximal margin (c. 30 µm long by
40 µm wide at the base), occupying one-fifth of the
total width of the orifice, and two acutely triangular
condyles positioned proximally, very close (c. 40
µm) to the proximal margin of the orifice, pointing
medially, measuring 20–26 µm in length by 17–23
µm at the base; the median denticle and condyles
defining two transversely subcircular, slightly
asymmetrical sinuses. Four to six distolateral spine
bases, 19–39 µm in diameter. Suboral complex
prominent, including a median tri- to quadri-furcate
mucro connected to two lateral ones in a steering
wheel shape, imperforate, nodular, striated, creat-
ing a polygonal pattern; central mucro 190–360 µm
long, partially obscuring the orifice in frontal view,
with branches reaching 150–240 µm in length; lat-
eral mucrones about 80–160 µm long; additional
subconical mucrones 75–150 µm long, developing
either below the main suboral mucro complex or
sparse on the frontal shield, being either straight or

slightly curved. Avicularia and ovicells not
observed. A circular radicular pore chamber situ-
ated in one corner of the proximal margin of the
dorsal side of the autozooid. Small conical pillars
present in the distomedial area of certain autozo-
oids.
Measurements (µm). ZL 717±69, 614–822 (3, 12);
ZW 443±37, 376–489 (3, 12); OL 215±18, 202–
235 (2, 3); OW 203±13, 194–218 (2, 3).
Remarks. Comparisons between these specimens
and known species of Mucropetraliella featuring up
to six oral spines will always be partial because
crucial distinguishing characters—the shape, posi-
tion, and size of avicularia—are not yet developed
or preserved in our samples. Therefore, we use
“cf.” for the identification of this species. Based on
other Mucropetraliella species, including the con-
gener found in Daidokutsu cave, we would expect
avicularia to have developed atop the mucrones in
this species as well. Hence, the Recent M. tubulif-
era (Canu and Bassler, 1929) from the Philippines
is the most similar, having a variable number of
spines (3–6 in the nominal species compared with
4–6 observed in the present specimens), and a
similarly developed suboral complex. The avicular-
ian complex in M. tubulifera consists of “two later-
ally salient avicularia, a suboral enormous
avicularian mucro bifurcated or branching adorned
with very salient tubules” (Canu and Bassler, 1929,
p. 264). The “tubules” likely correspond to the fron-
tal subconical mucrones observed in our speci-
mens, either connected with the mucro complex or
sparse on the frontal shield. Similar structures are
also visible, sparsely distributed on the frontal
shield in the original illustration (Canu and Bassler,
1929, pl. 27, figures 10, 12). In the Philippines,
Mucropetraliella tubulifera was reported at five sta-
tions of increasing depth, from 37 m down to 622
m. Both the ornamentation of the shield and the
complexity of the suboral mucro were observed to
increase with the depth of the water (Canu and
Bassler, 1929).

Other Mucropetraliella species with up to six
spines are less similar. Mucropetraliella unimucro-
nata Hayami, 1975, from the Pliocene of Japan,
has 5–6 stout oral spines but only a simple suboral
mucro. Among Recent Australian species, M.
biaviculata (Waters, 1887) has six spines but a
diminutive suboral avicularian complex (Gordon,
1989b); M. serrata (Livingstone, 1926) has six oral
spines, large frontal avicularia and a suboral com-
plex consisting either of only the avicularium or a
short, narrow mucro; M. vultur (Hincks, 1882) has
six spines and a bifid mucro with a pair of avicularia
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FIGURE 47. Mucropetraliella cf. tubulifera (Canu and Bassler, 1929); PMC EDM-Collection J.H.B.142a. A–E, sample
19035. A, colony fragment general view (400 μm). B, close-up of orifice (120 μm). C–D, close-ups of orifices showing
at least four and five spines and tri- to quadri-furcated suboral complex with additional conical processes (100 μm). E,
close-up of two autozooids with frontal conical processes (200 μm). F, sample 19095, bush-like suboral complexes of
a group of autozooids in tilted view (500 μm).
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on the sides, in addition to latero-oral avicularia
directed laterally or slightly proximolaterally.
Among the other Recent species from the Philip-
pines, M. robusta (Canu and Bassler, 1929) was
originally described as lacking spines, although
Harmer (1957) reported 4–6 spines and doubted
their genuine absence because Canu and Bassler
(1929) examined dead specimens that may have
only preserved the spine bases, which could be
easily overlooked. This species has a very massive
suboral complex partially concealing the orifice,
similar to M. cf. tubulifera, but there is no mention
of additional “tubules” in its description. Con-
versely, M. robusta is characterized by paired lat-
ero-oral avicularia and frontal avicularia near the
zooidal margins, like those in the other Mucrope-
traliella species found in Daidokutsu cave that we
identified as M. cf. robusta (see description above).

Family LACERNIDAE Jullien, 1888
Genus ARTHROPOMA Levinsen, 1909

Arthropoma iuncta sp. nov. 
Di Martino, Rosso, and Taylor

Figure 48
zoobank.org/EE675AC2-CE56-47F8-9FEF-A1B32042AC8E

Type material. Holotype PMC. B67. 29.7.2024a,
sample 19041 (Figure 48A–C); paratype PMC.
B67. 29.7.2024b1, sample 19178 (Figure 48D);
paratype PMC. B67. 29.7.2024b2, sample 19085
(Figure 48E); paratype PMC. B67. 29.7.2024b3,
sample 19092 (Figure 48F); paratype PMC. B67.
29.7.2024b4, 19104 (Figure 48G–H); Core 19,
Daidokutsu cave, Okinawa, Japan, Holocene.
Etymology. Latin, meaning joined, referring to the
orificial condyles joining over the sinus, thereby
materially separating it from the orifice.
Diagnosis. Arthropoma with frontal shield evenly
and densely pierced by circular pseudopores
arranged in a regular pattern, except for a slender,
imperforate, U-shaped strip below the orifice; ori-
fice with robust condyles joined over the drop-
shaped ‘sinus’, lacking spines; ooecium with
mostly exposed, imperforate, minutely pitted
endooecium marked by radial wrinkles, and
smooth, calcified ectooecium reduced to a narrow
band proximally; vicarious avicularia similar to
autozooids but with an enlarged opesia and distal
spines.
Description. Colony encrusting, multiserial, uni- to
multilaminar. Autozooids distinct, delineated by fine
furrows, quincuncially arranged, rounded hexago-
nal, slightly longer than wide (mean ZL/ZW 1.17).
Frontal shield flat or slightly convex, densely

pierced by pseudopores throughout except for a
narrow, central, U-shaped strip below the orifice,
35–45 µm wide by 180–200 µm long; pseudopores
circular, c. 14–20 µm in diameter, regularly
arranged, with 1–2 rows distal to the orifice. Orifice
semicircular, wider than long; the robust, rectangu-
lar, crenulated condyles (15 µm thick) bridging over
the drop-shaped ‘sinus’, materially occupying the
entire length of the proximal margin of the orifice
and separating the two openings; peristomial rim
and distal oral spines absent. Vicarious avicularia
closely resembling autozooids in size, shape and
frontal shield features, but with an enlarged,
slightly spatulate opening/rostrum similarly charac-
terized by joined condyles and drop-shaped ‘sinus’,
and at least four distal spines; palatal shelf well
developed distally, rapidly tapering laterally, absent
proximally. Ovicell hyperstomial, globular; endooe-
cium mostly exposed, imperforate, faintly marked
by radial wrinkles, and minutely pitted; ectooecium
partially calcified, covering the proximal periphery
of the ooecium, smooth.
Measurements (µm). ZL 565±49, 457–671 (4, 20);
ZW 484±46, 392–561 (4, 20); OL 122±5, 112–133
(4, 20); OW 170±8, 156–184 (20, 4); SinL 45±4,
39–53 (4, 20); SinW 32±3, 24–38 (4, 20); AvL
640±60, 572–713 (4, 4); AvW 481±67, 422–577 (4,
4); AvOpL 377±49, 326–426 (4, 4); AvOpW
303±27, 279–332 (3, 3); OvL 260±34, 206–300 (5,
13); OvW 322±16, 299–346 (5, 13).
Remarks. All species of Arthropoma described to
date lack avicularia. Levinsen’s (1909) definition of
the genus suggests that avicularia might be pres-
ent, likely because Levinsen concurrently exam-
ined specimens belonging to both A. cecilii
(Audouin, 1826) and Phonicosia circinata (MacGil-
livray, 1869). However, an additional species of
Arthropoma, identified as A. cecilii in Hirose (2010,
pl. 189D), has vicarious avicularia with a few distal
oral spines. It differs from A. iuncta in having an ori-
fice with thinner condyles that do not connect over
the sinus, thus leaving it distally open, and in the
shape of the avicularian rostrum, which is horse-
shoe-shaped while in the new species it is slightly
spatulate. Another unusual feature of this new spe-
cies among Arthropoma is the presence of the con-
dyles that separate the orifice from a functional
ascopore in both autozooids and avicularia. This
feature is exceptionally rare in avicularia, with the
only known example being in the Late Cretaceous
genus Dysnoetopora Canu and Bassler, 1926
(Voigt, 1971).
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FIGURE 48. Arthropoma iuncta sp. nov. Di Martino, Rosso and Taylor. A–C, holotype PMC. B67. 29.7.2024a, sample
19041. A, colony fragment general view (1 mm). B, close-up of two ovicellate zooids (200 μm). C, close-up of the ori-
fice (50 μm). D–F, paratype PMC. B67. 29.7.2024b1, sample 19178; paratype PMC. B67. 29.7.2024b2, sample
19085; paratype PMC. B67. 29.7.2024b3, sample 19092; close-ups of vicarious avicularia (D, F 200 μm; E 250 μm).
Arrows in D and F indicate distal spines. G–H, paratype PMC. B67. 29.7.2024b4, sample 19104. G, general view of
part of the colony showing the multilaminar growth (500 μm). H, close-up of an autozooid (200 μm).
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Arthropoma semipunctata sp. nov. 
Di Martino, Rosso and Taylor

Figure 49
zoobank.org/71241B43-77B4-4CE2-9567-7B68F4F0F230

Type material. Holotype PMC. B66. 29.7.2024a,
sample 19048 (Figure 49A–D); paratype PMC.
B66. 29.7.2024b1, sample 19025 (Figure 49E–F);
paratype PMC. B66. 29.7.2024b2, sample 19041
(Figure 49G–H); Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Latin, meaning half-dotted, referring to
the partially visible pseudoporous endooecium.
Diagnosis. Arthropoma with four distal spines in
non-ovicellate autozooids but lacking in ovicellate
autozooids, frontal shield pierced by slit-like pseu-
dopores arranged in concentric ellipses leaving a
slender imperforate strip beneath the orifice; orifice
with deep, narrow sinus bordered by a flared, slim,
proximal rim; ovicell kenozooidal; ooecium with
exposed pseudoporous endooecium in its distal
half, and smooth calcified ectooecium covering its
proximal half.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, delineated by deep fur-
rows, quincuncially or irregularly arranged,
rounded hexagonal to irregularly polygonal, longer
than wide (mean ZL/ZW 1.34). Frontal shield con-
vex, pierced by pseudopores except for a narrow,
central, rectangular strip below the orifice, 45–65
µm wide by 200–230 µm long, indistinct in some
zooids; pseudopores slit-like, c. 15–25 µm long,
arranged in concentric ellipses encircling the zooi-
dal perimeter, with 4–5 rows distal to the orifice.
Orifice placed at about 100–150 µm from distal
zooidal margin, semicircular, wider than long, with
a narrow, deep U-shaped sinus, flanked by two
rectangular (10–15 µm wide by 50–65 µm long),
crenulated condyles, slightly surpassing the length
of the proximal margin on each side of the sinus
and forming a distal constriction; a narrow (10–25
µm wide), flared rim surrounding the orifice (and
sinus) proximally and laterally; four non-articulated
distal oral spines present, short (20–35 µm long),
tapering to a point with a small apical pore, the
proximalmost pair positioned slightly above the dis-
tal half of the orifice, regularly and largely spaced,
with pseudopores between pairs of spines, spine
diameter at the base 18–26 µm; no spines visible
in ovicellate zooids. Ovicell hyperstomial, globular,
kenozooidal; endooecium partially exposed dis-
tally, with orange-peel texture, densely pierced by
minute (2–3 µm in diameter), circular pseudopores;
ectooecium partially calcified, covering the proxi-
mal half of the ooecium, the outline undulately

rounded and W-shaped, smooth surface. Kenozo-
oids associated with ovicells, irregularly polygonal,
the portion exposed pseudoporous as zooidal fron-
tal without further openings.
Measurements (µm). ZL 718±64, 647–834 (4, 12);
ZW 537±54, 482–655 (4, 12); OL 135±5, 127–141
(4, 11); OW 170±6, 162–179 (4, 11); SinL 63±5,
52–71 (4, 12); OvL 313±32, 290–335 (2, 2); OvW
358±6, 353–362 (2, 2).
Remarks. Among Arthropoma species, only two
others have autozooids with oral spines: A. sub-
arensis Jain, Gordon, Huang, Kuklinski and Liow,
2022 and A. occidua Winston and Jackson, 2021.
These species differ from A. semipunctata sp. nov.
in features of the ooecium. Arthropoma subarensis
is characterized by a reticulate dimpled patterning
of the endooecium with minute perforations at the
bottom of each dimple (Jain et al., 2022), while A.
occidua features a helmet-shaped ooecium, longer
than wide, with slightly granular calcification and a
few small pseudopores (Winston and Jackson,
2021).

Genus CRIBELLOPORA Gautier, 1957
Cribellopora? fissurata sp. nov. 
Di Martino, Rosso, and Taylor

Figure 50
zoobank.org/5BF225A9-4B51-4CA3-988D-476030A73AB0

Type material. Holotype PMC. B68. 29.7.2024a,
sample 19088; Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Latin, meaning fissured, referring to
the deep slit-like sinus of the orifice.
Diagnosis. Lacernid with exposed lateral gymno-
cyst forming a well defined boundary with the fron-
tal wall, and a slightly raised rim below the orifice;
frontal shield mostly imperforate except for 1–2
rows of peripheral pores, seemingly stellate; orifice
semicircular with deep slit-like sinus, 6–7 distolat-
eral spines in autozooids, four in ovicellate zooids;
ovicell small and globular, uniformly pseudoporous
with ooecial pseudopores circular.
Description. Colony encrusting, multiserial, unil-
aminar. Autozooids distinct, separated by deep
grooves, rounded hexagonal, longer than wide
(mean ZL/ZW 1.39). Gymnocyst smooth, visibly
exposed laterally and around the orifice, forming a
well-defined, slightly elevated boundary with the
frontal wall; gymnocystal rim extending laterally to
the orifice, aligning with the proximalmost pair of
oral spine bases and lying at a short distance
below the oral sinus. Frontal shield flat to slightly
convex, smooth, mostly imperforate except for one
or two rows of pseudopores along the zooidal lat-
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FIGURE 49. Arthropoma semipunctata sp. nov. Di Martino, Rosso and Taylor. A–D, holotype PMC. B66. 29.7.2024a,
sample 19048. A, colony fragment general view (400 μm). B, close-up of an ovicell (200 μm). C–D, close-up of two ori-
fices (100 μm). E–F, paratype PMC. B66. 29.7.2024b1, sample 19025. E, colony fragment general view (400 μm). F,
close-up of two autozooids with signs of regeneration (200 μm). G–H, paratype PMC. B66. 29.7.2024b2, sample
19041. G, colony fragment general view (500 μm). H, close-up of an ovicellate zooid (250 μm).
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eral margins, the outermost row adjacent to the
gymnocystal rim; pseudopores with a seemingly
stellate pattern, 12–24 µm in diameter, situated
within funnel-shaped depressions. Orifice semicir-
cular, almost as wide as long with rectangular con-
dyles spanning the entire length of the proximal
margin of the orifice; sinus deep and slit-like; 6–7
oral spine bases in autozooids, 13–17 µm in diam-
eter, the largest being the proximalmost pair; four
spines retained in ovicellate zooids. Ovicell hyper-
stomial, globular; ooecium uniformly pseudo-
porous; pseudopores circular, 4–9 µm in diameter.
Pore-chamber windows visible distally and distolat-
erally at colony edge, elliptical, 27–49 µm long by
9–21 µm wide.
Measurements (µm). ZL 415±87, 330–536 (1, 4);
ZW 299±24, 267–324 (1, 4); OL 94±3, 92–98 (1,
4); OW 98±4, 94–101 (1, 4); SinL 27±2, 25–29 (1,
4); OvL 196±23, 171–217 (1, 3); OvW 201±12,
188–212 (1, 3).
Remarks. This species is tentatively assigned to
Cribellopora because of its similarity with C.
souleorum Dick, Tilbrook, and Mawatari, 2006 from
Hawaii. These two species share characteristics
such as autozooids with a lateral gymnocyst form-
ing a well-defined boundary with the frontal wall,
and a frontal shield mostly imperforate except for
peripheral rows of seemingly stellate pores. They
also share the semicircular orifice surrounded by
smooth gymnocystal calcification with a narrow,
deep sinus and long condyles flanking it, along with
robust spine bases, and a globose ovicell with min-
ute simple pores (see Dick et al., 2006, figure 13A–
C and this paper Figure 50). The primary difference
between the two species is in the shape of the

sinus. In C.? fissurata, the sinus is deep and slit-
like with parallel sides, whereas in C. soleorum it is
shallower and drop-shaped. Souto et al. (2010)
questioned the generic assignment of C. soleorum
after examining the type specimen of C. simplex
Gautier, 1957, the type species of Cribellopora.
Cribellopora simplex has a frontal shield uniformly
perforated by compound (i.e., cribrate) pseudo-
pores that are also present distally to the orifice, no
visible lateral gymnocystal walls, and evanescent
spines. Ovicells in C. simplex are flattened frontally
with a central umbo, and imperforate except for a
row of pseudopores arranged in an arc on its distal
slope. Among the species currently assigned to the
genus Cribellopora, there is significant morphologi-
cal variability. For instance, C. connata (Ortmann,
1890) from Japan has uniformly porous ooecia with
the same cribrate pseudopores as those on the
frontal (Arakawa, 2024), while species like C.
divisopora (Waters, 1887), C. napi Gordon, 1989b
and C. siri Gordon, 1989b from New Zealand have
imperforate ooecia except for a row of stellate or
simple marginal pores (Gordon, 1989b). The Mio-
cene European species C. latigastra (David, 1949)
also displays this pattern (David and Pouyet,
1974). The Atlanto-Mediterranean C. trichotoma
(Waters, 1918) appears more closely related to C.
simplex. Although initially synonymized by Gautier
(1962), they were later proven to be distinct (Souto
et al., 2010). Cribellopora trichotoma has a wider
sinus, stouter spine bases, and a more densely
perforated ooecium. Cribellopora constellata Win-
ston, 2005 features a frontal shield with numerous
stellate pores, also found distally to the orifice and
scarcely below it. This species also lacks oral

FIGURE 50. Cribellopora? fissurata sp. nov. Di Martino, Rosso and Taylor, holotype PMC. B68. 29.7.2024a, sample
19088. A, colony general view (250 μm). B, close-up of zooids and ovicells (300 μm). C, close-up of an autozooid with
preserved spine bases (150 μm).
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spines and has an imperforate ooecium. The Mio-
cene species C. hluchovensis Zágoršek, 2010 and
C. trasoni Zágoršek, 2010 share an absence of
oral spines and of marginal ooecial pores, although
preservational issues, especially in the former spe-
cies, might have obscured this characteristic
(Zágoršek, 2010).

Within Lacernidae, Arthropoma, Lacerna Jul-
lien, 1888 and Phonicosia Jullien, 1888 are other
genera bearing a general resemblance to C.? fis-
surata sp. nov., which however does not fit well into
any of them. The shape of the sinus resembles that
of some species of Arthropoma and Phonicosia,
which differ in the arrangement of frontal pseudo-
pores (present also distally to the orifice and more
uniformly on the frontal except for limited central
imperforate areas) and the development of the lat-
eral gymnocyst. Additionally, variations in ovicell
structure distinguish these genera. Arthropoma
species may have a smooth, imperforate endooe-
cium and a partially calcified ectooecium proxi-
mally, while ovicells in Phonicosia are smooth and
imperforate except for marginal pores. Moreover,
Phonicosia can have frontal adventitious avicu-
laria. Lacerna has a frontal shield similar to C.? fis-
surata sp. nov., with the lateral gymnocyst forming
a sharp boundary and pseudopores predominantly
limited to zooidal margins. However, the orifice typ-
ically displays a wider sinus, and the ovicell bears
only marginal pores. This frontal structure, charac-
terized by lateral gymnocystal walls forming a
sharp boundary, as well as the arrangement of
pseudopores, are reminiscent of species of Fenes-
trulina, a closeness supported by molecular
sequencing data (see Orr et al., 2022).

While the similarities between our species and
C. souleorum, along with their distinctive features,
may suggest the need for a new genus within
Lacernidae, we refrain from such action due to the
scarcity of available specimens and preservational
issues which impede the comprehensive observa-
tion of species variability and obscure pore shape,
despite our certainty that they are not compound.
Consequently, we choose provisionally to assign
this species to Cribellopora based on its resem-
blance to C. souleorum.

 Superfamily MAMILLOPOROIDEA 
Canu and Bassler, 1927

Family CLEIDOCHASMATIDAE 
Cheetham and Sandberg, 1964

Genus CHARACODOMA Maplestone, 1900
Characodoma erinaceum sp. nov. 

Di Martino, Rosso, and Taylor 
Figure 51

zoobank.org/8E740FD0-F384-42D0-8B23-B461004FC248

Type material. Holotype PMC. B69. 29.7.2024a,
sample 19183 (Figure 51E, G); paratype PMC.
B69. 29.7.2024b1, sample 19025 (Figure 51A–B);
paratype PMC. B69. 29.7.2024b2, sample 19041
(Figure 51C–D); paratype PMC. B69. 29.7.2024b3,
sample 19068 (Figure 51F); paratype PMC. B69.
29.7.2024b4, sample 19228 (Figure 51H); Core 19,
Daidokutsu cave, Okinawa, Japan, Holocene.
Etymology. Latin, meaning hedgehog, referring to
the spiny appearance of its frontal shield.
Diagnosis. Characodoma with both encrusting
and erect colony growth phases, hexagonal auto-
zooids with rather smooth frontal shield becoming
spinous during ontogeny, imperforate except for
two subcircular to slit-like marginal areolae at zooi-
dal distolateral corners; orifice keyhole-shaped
with small triangular condyles pointing proximally
and shallow bowl-shaped sinus; avicularia rare,
single, budded from one of the distolateral areolae,
drop-shaped; rostrum rounded triangular directed
distolaterally; crossbar complete; ovicell resting on
the frontal shield of the distal zooid at a certain dis-
tance from distal margin of orifice of maternal
zooid, with large rounded triangular opening; ooe-
cium smooth with spiny tubercles as in the frontal
shield.
Description. Colony with both encrusting and
erect growth phases; erect portion tubular or flat
and bilamellar. Autozooids distinct, separated by
shallow grooves and sometimes raised sutures,
arranged quincuncially, hexagonal, longer than
wide (mean ZL/ZW 1.27). Frontal shield smooth,
developing spiny tubercles, up to 25 µm long,
during ontogeny; tubercles aligned to form a collar
proximally to orifice and additional tubercles devel-
oping concentrically to the collar or radially, usually
occupying the central part of the frontal shield,
leaving the proximal third bare; frontal shield
appearing radially striated when tubercles are not
yet developed; imperforate, with only 1–2 subcircu-
lar, slit-like or reniform marginal areolae, 20–30 µm
long, placed at the distolateral corners of zooids,
budding adventitious avicularia; occasionally a sin-
gle areola present proximally. Orifice keyhole-
shaped, with a horseshoe-shaped anter separated
from a narrower, bowl-shaped sinus by two small,
acutely triangular condyles pointing proximally, oral
spines absent. Avicularium rarely present, placed
on a raised cystid at zooidal lateral corner on either
side, drop-shaped; rostrum rounded triangular,
directed distolaterally; crossbar complete. Ovicell
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FIGURE 51. Characodoma erinaceum sp. nov. Di Martino, Rosso and Taylor. A–B, paratype PMC. B69. 29.7.2024b1,
sample 19025. A, general view of a colony in erect phase of growth (500 μm). B, group of autozooids (200 μm). C–D,
paratype PMC. B69. 29.7.2024b2, sample 19041, close-up of autozooids, some with avicularium and ovicell in forma-
tion (C 150 μm; D 180 μm). E, G, holotype PMC. B69. 29.7.2024a, sample 19183, close-up of autozooids, some with
avicularia and complete ovicells (200 μm). F, paratype PMC. B69. 29.7.2024b3, sample 19068, close-up of orifice and
partially calcified ooecium (100 μm). H, paratype PMC. B69. 29.7.2024b4, sample 19228, general view of a colony in
encrusting phase of growth (1 mm).
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resting on the frontal shield of the distal zooid, not
covering the distal orificial margin of the maternal
zooid but at a certain distance from it (15–20 µm),
globular, with large rounded triangular opening (60
µm long by 90 µm wide); ooecium smooth, devel-
oping spiny tubercles like the frontal shield. Avicu-
laria occasionally showing evidence of intramural
budding.
Measurements (µm). ZL 300±33, 236–361 (3, 20);
ZW 235±34, 186–305 (3, 20); OL 111±8, 99–127 (3,
15); OW 103±7, 91–117 (3, 15); AvL 101±13, 83–
120 (2, 12); AvW 64±5, 57–73 (2, 12); OvL 151±9,
140–164 (2, 6); OvW 190±18, 161–205 (2, 6).
Remarks. Most species of Characodoma have a
granular, imperforate frontal shield with a row of
conspicuous marginal pores. However, a few spe-
cies have a rather smooth frontal shield with
sparse tubercles and only one or two marginal are-
olae from which the avicularia are budded, as in
this new species. Among these, the Indo-Pacific
Characodoma longitudinale (Harmer, 1957) differs
by having rounded tubercles (spiny in the Japa-
nese species), and in the shape of the sinus, which
is arrow-shaped in C. longitudinale but bowl-
shaped in the new species (see also Di Martino et
al., 2019, figure 9D–G). Additionally, the avicularia
in C. longitudinale are smaller and rounded,
whereas they are larger and triangular in C. erina-
ceum sp. nov. The Miocene species C. excubans
(Waters, 1881) and C. rotundum (Waters, 1881)
are the most similar, having a frontal shield that
becomes spinose during ontogeny and both
encrusting and erect colony growth phases (Cook
and Bock, 1996). They differ in the position, direc-
tion and shape of avicularia: the former species
has paired latero-oral avicularia directed proximo-
laterally outwards in addition to frontal spatulate
avicularia, while the latter species has oval avicu-
laria pointing to the orifice. ‘Characodoma’ latisinu-
atum Harmer, 1957 has a similar spiny appearance
but is doubtfully placed in Characodoma because
of its pseudoporous frontal shield. Based on the
original drawing, the Japanese species Cleido-
chasma inermis Ortmann (1890) and C. japonica
Ortmann (1890) seem to fit better in Plesiocleido-
chasma than in Characodoma.

Superfamily CELLEPOROIDEA Johnston, 1838
Family CELLEPORIDAE Johnston, 1838

Genus BUFFONELLARIA Canu and Bassler, 1927
Buffonellaria conformis sp. nov. 
Di Martino, Rosso, and Taylor

Figure 52
zoobank.org/E04D2C6A-0013-4D23-8861-13B536A1839E

Type material. Holotype PMC. B70. 29.7.2024a,
sample 19174 (Figure 52A–D); paratype PMC.
B70. 29.7.2024b, sample 19115 (Figure 52E–F);
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
Etymology. Latin, meaning in compliance with,
referring to the features of this species, such as the
distolateral avicularia and the ooecium with ectooe-
cial fenestra, which are typical and consistent with
the generic diagnosis of the genus Buffonellaria.
Diagnosis. Buffonellaria with flat, nodular frontal
shield; single or paired oval avicularia, distolateral
to orifice and placed above the level of condyles,
rostrum smooth directed laterally outwards or
slightly proximolaterally, with curved crossbar; ori-
fice with widely U-shaped sinus; ooecium with
large, semicircular, ectooecial fenestra, the proxi-
mal calcified portion with undulate distal margin
and discontinuous from the lateral secondary calci-
fication, endooecium only faintly ribbed.
Description. Colony encrusting, multiserial, uni- to
multilaminar. Autozooids distinct, separated by thin
furrows, irregularly arranged, irregularly polygonal,
longer than wide (mean ZL/ZW 1.24). Frontal
shield flat, nodular, imperforate except for one or
two small, elliptical marginal pores placed laterally,
approximately 20–35 µm from zooidal margins,
occurring around zooidal mid-length to distal third,
5–9 µm long by 4–5 µm wide. Orifice slightly longer
than wide; anter two-thirds of a full circle, proximal
margin short and gently sloping, transitioning into a
widely U-shaped sinus occupying roughly half of
orifice width; condyles conspicuous, rhomboidal.
Avicularia adventitious, single or paired, oval,
placed distolaterally to orifice, slightly above the
level of condyles; rostrum rounded, smooth, raised,
directed laterally outwards or slightly proximolater-
ally; crossbar complete and curved with convexity
opposite to rostrum direction. Ooecium recumbent
upon frontal shield of distal zooid, surrounded dis-
tally and laterally by thick, secondary calcification;
the proximal portion of the partially calcified
ectooecium measuring 30–50 µm in length,
appearing discontinuous from the secondary calci-
fication surrounding the distal and lateral margins,
its distal rim undulose; ectooeocial fenestra semi-
circular, 88–98 µm long by 125–150 µm wide;
exposed endooecium faintly ribbed.
Measurements (µm). ZL 316±32, 271–370 (2, 10);
ZW 255±43, 205–333 (2, 10); OL 91±6, 78–98 (2,
9); OW 82±4, 74–89 (2, 9); AvL 46±5, 37–56 (2,
14); AvW 33±4, 27–38 (2, 14); OvL 164±10, 151–
175 (2, 6); OvW 180±8, 168–189 (2, 6).
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Remarks. The new species differs from species of
Buffonellaria previously reported from Japan. Buf-
fonellaria divergens (Smitt, 1873), first described
from Florida and later recorded by Hirose (2010) in
the Sagami Sea and Sagami Bay, differs in having
smaller distolateral avicularia, more distally placed

on a well raised cystid, and more proximally
directed (see also images of the lectotype in Bern-
ing and Kuklinski, 2008, p. 542, figure 3); an addi-
tional larger avicularium with acute rostrum
proximolaterally to the orifice on one side although
inconstant; and in the more terminally positioned

FIGURE 52. Buffonellaria conformis sp. nov. Di Martino, Rosso and Taylor. A–D, holotype PMC. B70. 29.7.2024a,
sample 19174. A, colony general view (500 μm). B, close-up of two autozooids (200 μm). C, close-up of orifice and
avicularia (100 μm). D, close-up of ovicells (200 μm). E–F, paratype PMC. B70. 29.7.2024b, sample 19115. E, colony
general view (500 μm). F, close-up of ovicells (200 μm).



PALAEO-ELECTRONICA.ORG

91

orifice with steeper sides to the sinus. Buffonellaria
sp. nov. of Hirose (2010) differs in having a
coarsely tuberculate frontal shield, and a single
avicularium on one side proximally to the orifice; it
also lacks the non-calcified central ectooecial
fenestra with the endooecium completely covered
by secondary calcification, casting doubt that this
species genuinely belongs to Buffonellaria. Bern-
ing and Kuklinski (2008) also mentioned a record
of ‘Schizoporella biaperta’ from Japan by
Androsova (1958), suggesting the need for re-
examination of this material to ascertain its poten-
tial conspecificity with their newly described spe-
cies B. arctica Berning and Kuklinski, 2008.
Buffonellaria arctica is characterized by a distinct
elliptical area of exposed endooecium, a more pro-
nounced granulation of the frontal shield, and the
presence of numerous, larger marginal areolae.
Expanding the comparison to all northern Pacific
Buffonellaria species, B. acutirostris Seo and
Gong, 2006 is distinguished by its partially pseudo-
porous frontal shield (see also Seo and Min, 2009);
B. bolini (Osburn, 1952) has an additional pair of
avicularia proximal to orifice, sometimes supple-
mented by adventitious avicularia at the distal cor-
ners, along with a minutely pseudoporous frontal
shield; B.? indistincta (Canu and Bassler, 1929)
also has distolateral avicularia directed proximally,
a larger avicularium with an acutely triangular ros-
trum proximal to the orifice, and an erect bilaminar
colony with zooids arranged back to back. South-
ern Pacific species also differ: B. depressa (Phil-
lips, 1900) has paired distolateral avicularia
directed proximally, frequent large spatulate avicu-
laria with serrated rostra, and an extremely
reduced distal ectooecial fenestra (see Gordon,
1984, pl. 47D); B. biavicularis (Powell, 1967) has
distally directed, paired avicularia proximolateral to
the orifice, a broader sinus, and coarsely tubercu-
late frontal shield (see Gordon, 1984, pl. 47A–B);
B. christinelloides Gordon, 1984 has a vertical ooe-
cial fenestra facing distally, frequent large spatulate
frontal avicularia, paired distolateral avicularia on
an elevated cystid, and additional protuberances
on the frontal (Gordon, 1984, pl. 47C); B. regener-
ata (Powell, 1967) is characterized by paired disto-
lateral avicularia with a denticulate rostrum, a
distinctive hanging position of the ooecium, expos-
ing the distal margin of the orifice and the distal
zooidal margin, and a semilunar ridge proximal to
the orifice (Gordon, 1984, pl. 47E). Lastly, B. tur-
bula Gordon, 1989b shows jumbled autozooids
due to intensive frontal budding, large marginal

areolae, and frequent spatulate avicularia (Gordon,
1989b, pl. 35F).

Genus CELLEPORARIA Lamouroux, 1821
Celleporaria cf. calva Tilbrook, 2006

Figures 53, 54
cf. 2006 Celleporaria calva Tilbrook, p. 140, pl. 

25D–F.
cf. 2017 Celleporaria calva Tilbrook; Dick and 

Grischenko, p. 181, fig. 12.
Figured material. PMC EDM-Collection
J.H.B.144a. Colonies without spines: samples
19125 (Figure 53A) and 19114 (Figure 53B–D).
Colony with spines: sample 19127 (Figure 54).
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
Description. Colony encrusting, multiserial, multil-
aminar. Autozooids distinct or indistinct; when dis-
tinct, separated by shallow furrows between very
thin, raised rims, irregularly polygonal, slightly lon-
ger than wide (ZL/ZW 1.13 with spines, 1.17 with-
out spines), chaotically arranged. Frontal shield
convex, coarsely, densely and evenly tuberculate
with rounded tubercles measuring 20–30 µm in
diameter, imperforate except for a peripheral row of
circular, marginal areolar pores, each 22–28 µm in
diameter. Orifice hoof-shaped with curved distal
and straight proximal margin, nearly equidimen-
sional (mean OL/OW 0.97 with spines, 0.83 with-
out spines), with rounded condyles placed
proximally, at reduced distance from the proximal
orifice margin (c. 20–25 µm); a shelf-like peristome
developing proximolaterally; oral spines present or
absent, when present 2–4 spine bases (more com-
monly three) distally and distolaterally, 20–50 µm in
diameter, the proximalmost pair with more robust
bases. Avicularia vicarious, with rostrum parallel
sided or slightly spatulate, randomly directed,
obliquely placed on large cystids with the same
frontal texture and sparse marginal areolae as the
autozooids; avicularian opening rounded triangular,
with a complete crossbar. In the smallest fragment
found, consisting of two avicularia and one autozo-
oid, the avicularia flank the autozooid and are dis-
tolaterally directed, one rostrum touching and
indenting the lateral margin of the autozooid orifice.
Ovicells not observed.
Measurements (µm). Colonies without spines: ZL
538 (1, 1); ZW 476 (1, 1); OL 174±4, 171–177 (2,
2); OW 179±1, 179–180 (2, 2); AvL 508±42, 478–
571 (2, 4); AvW 198±25, 174–232 (2, 4). Colony
with spines: ZL 497±49, 462–532 (1, 2); ZW
426±7, 421–431 (1, 2); OL 152±16, 132–175 (1, 5);
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OW 185±18, 167–207 (1, 5); AvL 300±93, 212–456
(1, 5); AvW 99±46, 74–181 (1, 5).
Remarks. Celleporaria calva was first described
from the Solomon Islands (Tilbrook, 2006) and has
since been reported from Okinawa at two sites:
Sesoko Island and Minna Island (Dick and
Grischenko, 2017). Colonies found at Sesoko
Island lacked spines, like the nominal species,
while those from Minna Island had two oral spines.
Despite this difference, all other features matched,
leading the authors to classify the two morpho-
types as the same taxon. We encountered a similar
situation and decided to interpret colony fragments
lacking oral spines as well as the single colony
having oral spines as belonging to the same spe-
cies. The absence of spines appears to be genu-
ine. In some zooids spines were obscured by
spreading calcification from the distal zooid (e.g.,
Figure 54B with spines), but traces of their pres-

ence were always evident. In the two specimens
lacking spines, they could be concealed behind the
peristome, yet there is no sign of them in any of the
zooids, not even in the larger fragment (Figure 53A
without spines). Our specimen with spines differs
from the Minna Island specimen in having 2–4
spines instead of consistently having two. All colo-
nies from Daidokutsu (i.e., with and without spines)
share the granular texture of the frontal shield and
the hoof-shaped orifice, although the condyles are
not obvious in the colony without spines. They also
share the development of a shelf-like proximal peri-
stome. The shape of the interzooidal/vicarious
avicularia differs between the colonies. The colony
with spines has a rostrum with parallel sides, while
the one without spines has a more spatulate
shape. However, Celleporaria calva from Okinawa,
as described by Dick and Grischenko (2017), pos-
sesses both types of avicularia within the same col-
ony. This suggests that the presence of only one

FIGURE 53. Celleporaria cf. calva Tilbrook, 2006; PMC EDM-Collection J.H.B.144a, sample 19125, colony without
spines. A, colony fragment general view (500 μm). B–D, sample 19114. B, fragment general view (500 μm). C–D,
close-up of orifice and adjacent avicularia (300 μm).
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type in our fragments may simply be due to the
small and poorly preserved nature of our speci-
mens. Given the fragmentary state and lack of ovi-
cells in our specimens, we have decided against

splitting the species or introducing a new species
for the colonies with spines. Instead, we adopt a
conservative approach in line with Dick and
Grischenko (2017).

FIGURE 54. Celleporaria cf. calva Tilbrook, 2006; PMC EDM-Collection J.H.B.144a, sample 19127, colony with
spines. A, colony fragment general view (1 mm). B, close-up of orifice (100 μm). C, close-up of an autozooid with three
spine bases and parallel-sided avicularium of medium size (500 μm). D, close-up of an avicularium (100 μm). E, group
of autozooids with four spine bases partially obliterated (500 μm). F, close-up of an avicularium and orifice with par-
tially obliterated spine bases (500 μm).
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Celleporaria cf. repens (Canu and Bassler, 1929)
Figure 55

cf. 1929 Holoporella repens Canu and Bassler, p. 
427, pl. 62, figs. 2–6.

Figured material. PMC EDM-Collection
J.H.B.145a, sample 19127; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, multil-
aminar. Autozooids distinct or indistinct; when dis-
tinct, separated by shallow furrows, irregularly
polygonal, longer than wide (mean ZL/ZW 1.21),
chaotically arranged. Frontal shield convex,
coarsely, densely, and evenly tuberculate with
rounded tubercles measuring 15–25 µm in diame-
ter, imperforate except for a few (4–5), sparse, cir-
cular, marginal areolar pores, each 10–50 µm in
diameter. Orifice transversely D-shaped with a
straight to slightly concave proximal margin, wider
than long (mean OL/OW 0.78), with robust
rounded triangular to trapezoidal condyles, 10–16
µm long, placed at proximal corners obliquely and
projecting inwards; a short peristome surrounding
the orifice; oral spines absent. Avicularium adventi-
tious, suboral, oval, with a raised rostrum partially
aligned on the proximal margin of the orifice and
partially on the side of a variably developed sub-
conical mucro, 95–125 µm long, directed obliquely
and outwardly; avicularian openings semicircular;
crossbar complete. Ovicells hyperstomial, globular;
ooecium nearly encircling and completely obscur-
ing the orifice, coarsely and densely granular like
the frontal shield, sometimes developing a short
mucro centrally or proximomedially.
Measurements (µm). ZL 413±32, 375–457 (1, 7);
ZW 342±30, 290–384 (1, 7); OL 110±5, 105–116
(1, 4); OW 141±10, 129–152 (1, 4); AvL 74±8, 62–
88 (1, 11); AvW 54±7, 42–64 (1, 11); OvL 171±17,
156–202 (1, 6); OvW 236±13, 213–249 (1, 6).
Remarks. Among Celleporaria species, the Daido-
kutsu specimen appears most similar to C. repens
from an unknown locality in the Philippines, sharing
with it several characters: a granular frontal shield
with marginal pores, slightly erect zooids, a semiel-
liptical transverse orifice without spines, suboral
avicularia with salient rostrum, and an ovicell that
nearly encircles the entire aperture. It also lacks
interzooidal avicularia. Our uncertainty stems from
the limited details in the original species descrip-
tion and illustration, making it impossible to confirm
certain features, such as the presence of robust
condyles at the corners of the orifice proximal mar-
gin. Additionally, our specimen shows sparse mar-
ginal areolae, whereas the original images depict a
continuous series. However, it is well known that

the images in the publications of F. Canu and R.S.
Bassler were commonly retouched and might not
accurately represent reality. Furthermore, we lack
a precise description of the suboral avicularium
shape.

Celleporaria species previously described
from Japan are distinct: C. bicirrhata (Ortmann,
1890) has a denticulate orifice, two spines, and
interzooidal avicularia; C. kataokai Hayami, 1975
has 6–8 spines and lacks suboral avicularia; C.
transversa (Ortmann, 1890) has a denticulate prox-
imal margin of the orifice; C. triacantha (Ortmann,
1890) has consistently three oral spines; C. tritu-
berculata (Ortmann, 1890) has non-ovicellate
zooids with three prominences surrounding the ori-
fice, each with an avicularium atop.

Other Northwest Pacific species also differ: C.
convexa (Canu and Bassler, 1929) has a smooth
frontal and frequent interzooidal avicularia; C. dis-
coidea (Busk, 1884) has spatulate avicularia; C.
erectorostris (Canu and Bassler, 1929) has numer-
ous interzooidal spatulate avicularia, condyles on
the lower third of the orifice, and 3–4 oral spines.;
C. inflata (Canu and Bassler, 1929) has very large
zooids, frequent spatulate interzooidal avicularia,
and frontal pores; C. melanodermorpha Liu in Liu,
Yin, and Ma, 2001 has a tall columnar suboral
columnar process and lacks orificial condyles (Har-
melin, 2014); C. pygmaea (Canu and Bassler,
1929) has a smooth frontal, a very elevated cylin-
drical process bearing a suboral avicularium, with
those of the deeper layer reaching the same height
as the avicularium of the second layer; C. subflava
(Canu and Bassler, 1929) has very finely granular
frontal and frequent interzooidal avicularia.

Celleporaria cf. triangula Seo, 1994
Figure 56

cf. 1994 Celleporaria triangula Seo, p. 189, pls. 
1, 2.

cf. 2005 Celleporaria triangula Seo; Seo, p. 397, 
pls. 120B, 121.

cf. 2017 Celleporaria triangula Seo; Dick and 
Grischenko, p. 187, fig. 14f–h.

Figured material. PMC EDM-Collection
J.H.B.146a, sample 19057; Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony encrusting, multiserial, multil-
aminar. Autozooids distinct in the flat portion of the
colony, separated by a thin raised rim, irregularly
polygonal, irregularly arranged, longer than wide
(mean ZL/ZW 1.36). Frontal shield convex,
coarsely tubercular with rounded tubercles 12–18
µm in diameter, imperforate except for 2–4
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FIGURE 55. Celleporaria cf. repens Canu and Bassler, 1929; PMC EDM-Collection J.H.B.145a, sample 19127. A,
colony fragment general view (500 μm). B, close-up of two ovicells and suboral avicularium (150 μm). C, close-up of
ovicell encircling and obscuring the orifice and suboral avicularium (100 μm). D, close-up of orifices showing semircir-
cular proximolateral condyles (150 μm). E, close-up of an autozooid with developed suboral mucro (200 μm). F, close-
up of orifice with trapezoidal condyle (50 μm).
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rounded to elliptical marginal pores per side,
approximately 10–30 µm in maximum diameter.
Orifice wider than long (mean OL/OW 0.78), trans-
versely D-shaped with concave proximal margin
and three median denticles; the two lateralmost
denticles triangular and delicate, the central one
stout and rectangular, 8–12 µm long, delineating
two small, rounded sinuses, one slightly wider than
the other or the same size (16–18 µm and 16–16
µm in the only two preserved orifices measured);
oral spines generally absent, a single spine
observed in one of the distolateral orifice corners of
three autozooids, spine base 14–20 µm in diame-
ter. Peristome usually absent in young autozooids,
with older autozooids developing a short, thick col-
lar-like peristome not concealing the orifice. Adven-
titious avicularium single, suboral, placed on a
cystid becoming more raised when the peristome
develops, parallel to the proximal margin of the ori-
fice, directed laterally, elliptical with complete
crossbar, rostrum tip seemingly denticulate. Inter-
zooidal avicularia randomly distributed and ran-
domly oriented, placed on polygonal cystids
coarsely granular with marginal areolar pores like
the autozooids; rostrum seemingly rounded trian-
gular or parallel-sided with complete crossbar. Ovi-
cells not observed.
Measurements (µm). ZL 399±40, 358–449 (1, 7);
ZW 293±41, 245–363 (1, 7); OL 114±2, 110–116
(1, 5); OW 147±9, 137–159 (1, 5); AvL (adventi-
tious) 59±23, 43–75 (1, 2); AvW (adventitious)
45±1, 44–46 (1, 2); AvL (interzooidal) 162±9, 154–
171 (1, 3); AvW (interzooidal) 78±11, 69–90 (1, 3).

Remarks. The specimen of Celleporaria cf. trian-
gula from Daidokutsu cave is poorly preserved and
small, preventing the observation of all diagnostic
characters of the species. Dick and Grischenko
(2017), who recorded this species from a rocky-
intertidal habitat on the west side of Okinawa
(Japan), listed several diagnostic features to distin-
guish C. triangula from other Celleporaria with sim-
ilar orificial denticles: 1) one or two ephemeral
spines, which we observed in two zooids of the col-
ony fragment; 2) oral denticles delineating one
micro- and one macro- sinus: in our specimen the
denticles are preserved only in two zooids, and the
sinuses appear to be more or less the same size,
with one only slightly smaller; 3) interzooidal avicu-
laria with blunt triangular mandibles: although the
mandibles are not preserved in our material, the
rostrum in two out of three observed avicularia
appears rounded triangular, suggesting a similarly
shaped mandible. One avicularium, partially
obscured by cemented sediment, appears more
parallel-sided; 4) the bluntly denticulate rostral
margin of both adventitious and interzooidal avicu-
laria is not clearly discernible. While it seems ser-
rated, it is difficult to determine if this denticulation
is genuine or due to breakage, given the preserva-
tional state of the specimen. Another difference is
in the development of the peristome, which is only
visible in three autozooids of our specimen.

Family PHIDOLOPORIDAE Gabb and Horn, 1862
Genus RETEPORELLA Busk, 1884

Reteporella phimostoma sp. nov. 

FIGURE 56. Celleporaria cf. triangula Seo, 1994; PMC EDM-Collection J.H.B.146a, sample 19057. A, colony frag-
ment general view (500 μm). B, close-up of autozooids and avicularia (200 μm). Arrows indicate a spine base and the
third denticle difficult to discern because partially broken.
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Di Martino, Rosso, and Taylor
Figure 57

zoobank.org/D12C6C7C-9853-4B74-A74F-F720155C3EC0

Type material. Holotype PMC. B71. 29.7.2024a,
sample 19061; Core 19, Daidokutsu cave, Oki-
nawa, Japan, Holocene.
Etymology. Greek, from the combination of ‘phi-
mos’, meaning muzzle, and ‘stoma’, meaning
mouth, referring to its complex peristomial avicular-
ian structure, which resembles a muzzle.
Diagnosis. Reteporella with dichotomously
branching, non-fenestrate colony form, with biserial
branches, becoming triserial at bifurcations; auto-
zooids with nodular frontal shield; primary orifice
obscured by the peristome and the complex peri-
stomial avicularium; peristomial avicularium cen-
trally positioned, parallel to autozooid axis, directed
proximally, connected to a skeletal structure contin-
uous with peristomial spines (5–6), defining a cir-
cular opening on each side of avicularium; spines
coalescent in groups of 2–3; ovicell kenozooidal
with median slit-like fenestra in the ectooecium
revealing a fully calcified endooecium, sometimes
covered by secondary calcification; dorsal side with
raised vibices and rounded avicularia.
Description. Colony erect, rigid, non-fenestrate,
dichotomously branching with bifurcations occur-
ring at angles of 60–70º; branches generally nar-
row, biserial, becoming triserial and wider at
bifurcations (216–425 µm wide). Autozooids dis-
tinct, separated by raised margins, arranged in
alternating longitudinal rows, irregularly pentagonal
to hexagonal, elongate (mean ZL/ZW 1.89). Fron-
tal shield flat, slightly convex below the orifice, nod-
ular, imperforate except for a single circular pore,
placed medially at 25–40 µm from the orifice, with
a diameter of 8–12 µm. Primary orifice deep, con-
cealed by a short peristome and the complex struc-
ture of the peristomial avicularium; secondary
orifice bean-shaped; 5–6 robust oral spine bases in
a variable configuration, with those lateral coales-
cent in groups of two or three, appearing bi- to tri-
furcated, with the distalmost spine sometimes
separated/not coalescent; spine base 12–18 µm in
diameter; depending on their original position, 3–4
spines still visible in ovicellate zooids. Peristomial
avicularium constantly present, placed medially in
respect to the orifice and facing frontally, parallel to
autozooid axis, flat or slightly sloping towards the
orifice, elliptical, directed proximally, with a com-
plete crossbar and a median trapezoidal denticle
on the outer distal margin, connected with a com-
plex skeletal structure to the distolateral spines,
forming a sort of muzzle-like structure obscuring

the orifice; between this structure and the avicular-
ium are two small, circular openings, one on each
side, c. 20 µm in diameter. Frontal avicularia seem-
ingly absent. Ovicell pyriform, elongate (mean OvL/
OvW 1.15), seemingly kenozooidal, modifying the
proximal margin of the distal autozooid which is
raised and covers the distal periphery of the ooe-
cium; ooecium wrinkled, with a slit-like median
fenestra 50–75 µm long, extending from the proxi-
mal margin of the ectooecium up to slightly more
than half of its total length, narrow, slightly enlarg-
ing distally; endooecium fully calcified; labellum
absent; secondary calcification gradually covering
ooecia making the suture not visible and the sur-
face characterized by raised margins correspond-
ing to the outline of autozooids. Dorsal side
nodular, with smooth, raised vibices outlining irreg-
ularly kenozooidal polygonal sectors of varying
sizes; each sector with one or two sparse circular
pores and sometimes a rounded raised avicular-
ium, usually adjacent to the margin of a sector, ran-
domly directed, with a complete crossbar.
Secondary calcification patches, likely due to keno-
zooidal repair, observed on the frontal shield of
some zooids.
Measurements (µm). ZL 260±32, 214–295 (1, 9);
ZW 138±16, 118–167 (1, 9); AvL (suboral) 41±4,
34–47 (1, 13); AvW (suboral) 28±3, 24–34 (1, 13);
AvL (dorsal) 33±3, 31–37 (1, 4); AvW (dorsal)
31±5, 26–36 (1, 4); OvL 113±9, 100–131 (1, 8);
OvW 98±8, 88–107 (1, 8).
Remarks. We assigned this species to Reteporella
based on several key characters: the presence of
peristomial spines, the erect and rigid colony form
that can be non-fenestrate, the appearance of the
dorsal side of branches with vibices and avicularia,
and the shape of the ooecium, which can be com-
pletely calcified. However, this species is unique
among all identified Reteporella species due to its
complex peristomial avicularian structure that
forms a continuum with the peristomial spines. In
addition to the absence of this feature, Japanese
Reteporella species also differ in other characters.
Reteporella anatina (Ortmann, 1890) and R. ana-
tina limitata (Ortmann, 1890) have peristomes with
two denticles and frequent duckbill-shaped frontal
avicularia; R. crenulata (Okada, 1920) has an
aperture with serrated proximal margin and three
types of frontal avicularia; R. dendroides Ortmann,
1890 has a peristome with a pseudosinus and usu-
ally numerous frontal avicularia of two types; R.
kinoshitai (Okada, 1920) has a peristomial pseu-
dosinus and three types of frontal avicularia; R.
minor Ortmann, 1890 has a peristomial slit-like
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FIGURE 57. Reteporella phimostoma sp. nov. Di Martino, Rosso and Taylor, holotype PMC. B71. 29.7.2024a, sam-
ple 19061. A, colony fragment general view (500 μm). B, close-up of ovicellate autozooids (200 μm). C, close-up of
the complex peristomial avicularian structure and coalescent spines (100 μm). D, close-up of non-ovicellate auto-
zooids (60 μm). E, close-up of autozooid with secondary calcification (100 μm). F, close-up of avicularium and ovicell
(50 μm). G, general view of the dorsal side (500 μm). H, close-up of dorsal vibices and avicularia (200 μm). I, close-
up of dorsal avicularium (50 μm).
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pseudosinus; R. misakiensis (Okada, 1920) has a
fenestrate colony, a slit-like pseudosinus, and bifid
suboral avicularia; R. peripherica Ortmann, 1890
has branches with a greater number of autozooids,
a pitted frontal shield, a pseudosinus, and frequent
frontal avicularia; R. obtecta (Buchner, 1924) has a
peristomial avicularium leaning on one side, and a
circular pseudosinus on the other; R. terebrata
(Buchner, 1924) has a peristomial round pseudosi-
nus and large triangular frontal avicularia; R. wata-
nabei (Okada, 1920) has a fenestrate colony and
centrally placed frontal avicularia. The potential
new species of Hirose (2010), Reteporella n. sp. 1
and Reteporella n. sp. 2, have several spines but
peristomial avicularia defining only a single circular
pseudosinus on the opposite side. They also differ
in the presence of frontal avicularia.

Reteporella sp. 1
Figure 58

Figured material. PMC EDM-Collection
J.H.B.147a, sample 19015 (Figure 58A–E) and
sample 19025 (Figure 58F–K); Core 19, Daido-
kutsu cave, Okinawa, Japan, Holocene.
Description. Colony erect, rigid, non-fenestrate
with dichotomous branching occurring at an angle
of c. 60º; branches 410–750 µm wide, tri- to
quadriserial, flat, and elliptical in cross-section.
Autozooids arranged in alternating longitudinal
rows, irregularly shaped, ranging from polygonal to
flask-shaped to rounded/elliptical (mean ZL/ZW
1.35), covered by secondary calcification but
remaining distinct, separated by raised margins,
although it is uncertain if these boundaries corre-
spond to the original margins of the autozooids.
Frontal shield flat to slightly convex, faintly nodular,
imperforate, except for 1–2 circular pores placed
medially approximately at zooidal half length, 90–
135 µm from the orifice, with a diameter of 7–13
µm. Primary orifice deep, concealed by a short
peristome proximally lodging the suboral avicular-
ium on one side (the avicularium occupying about
two-thirds of the proximal margin length), and form-
ing a narrow (18–20 µm), U-shaped to drop-
shaped pseudosinus, 30–35 µm deep, on the other
side; secondary orifice semicircular; up to 6 robust
oral spines, with 2–4 persisting in ovicellate zooids
and/or when secondary calcification occurs; spine
base 12–22 µm in diameter. Suboral avicularium
constantly present, placed transversely in respect
to the orifice, and directed laterally, or positioned
slightly obliquely and directed proximolaterally,
oval, with a slightly spatulate rostrum and a com-
plete crossbar. Frontal avicularia seemingly

absent. Ovicell globular immersed in secondary
calcification but always leaving out a median longi-
tudinal fenestra; a short labellum sometimes visi-
ble. Dorsal side nodular and pitted, with smooth,
raised vibices outlining irregularly kenozooidal
polygonal sectors of varying sizes, each sector
with a few sparse circular pores, without avicularia.
Measurements (µm). ZL 366±37, 314–464 (3, 18);
ZW 271±46, 191–332 (3, 18); AvL 60±4, 54–71 (3,
18); AvW 44±5, 37–54 (3, 18).
Remarks. Among Reteporella species previously
reported from Japan, R. obtecta (Buchner, 1924) is
the only one with a similar suboral avicularium.
However, it differs by having the rostrum projecting
into the orifice (Harmer, 1934). Other Reteporella
species from different regions of the world with
similar suboral avicularium, such as the Mediterra-
nean R. mediterranea Hass, 1948 and R. pele-
canus Lopez de la Cuadra and Garcia-Gomez,
2001, or R. tenuitelifera Canu and Bassler, 1929
and R. millespinae Canu and Bassler, 1929 from
the Philippines, all differ by having fenestrate colo-
nies or trabeculae with a greater number of zooids,
numerous and variable frontal avicularia, or avicu-
laria on the dorsal side (Canu and Bassler, 1929;
Ramalho et al., 2018). We leave this species in
open nomenclature due to the heavy secondary
calcification, which prevents observation, descrip-
tion, and measurements of ovicells.

Genus RETEPORELLINA Harmer, 1933
Reteporellina denticulata (Busk, 1884)

Figure 59
v. 1884 Retepora denticulata Busk, p. 109, text-

fig. 18, pl. 26, fig. 13.
v. 1934 Reteporellina denticulata (Busk); 

Harmer, p. 581, figs. 25D, 33, pl. 35, 
figs. 21–23, pl. 38, figs. 27–32.

v. 2010 Reteporellina denticulata (Busk); Hirose, 
p. 73, pl. 127A–H.

Figured material. PMC EDM-Collection
J.H.B.148a, sample 19044 (Figure 59A–B) and
sample 19021 (Figure 59C–I); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony erect, non-fenestrate, dichot-
omously branching with bifurcations occurring at
angles of 60–80º; branches generally narrow, wid-
est at bifurcations (145–700 µm wide), bi- to
quadriserial. Autozooids distinct, separated by thin
raised margins, arranged in alternating longitudinal
rows, rectangular to rhomboidal, elongate (mean
ZL/ZW 1.99). Frontal shield flat, faintly nodular,
imperforate except for two marginal pores, slit-like
and adjacent to the lateral sides, or rounded and
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FIGURE 58. Reteporella sp. 1; PMC EDM-Collection J.H.B.147a. A–E, sample 19015. A, colony fragment general
view (400 μm). B, close-up of autozooids (200 μm). C, close-up of secondary orifice and suboral avicularium (40 μm).
D, group of zooids some with up to six spines and some ovicellate (200 μm). E, close-up of ovicells with the short
labellum visible, and suboral avicularia (100 μm). F–K, sample 19025. F, colony fragment general view (300 μm). G,
group of zooids some ovicellate (200 μm). H–J, close-ups of ovicells and avicularia (100 μm). K, general view of the
dorsal side (200 μm).
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FIGURE 59. Reteporellina denticulata (Busk, 1884); PMC EDM-Collection J.H.B.148a. A–B, sample 19044. A, colony
fragment general view (400 μm). B, close-up of autozooids (200 μm). C–I, sample 19021. C, colony fragment general
view (400 μm). D, close-up of autozooids with suboral avicularium (200 μm). E, close-up of ovicell with labellum and
suboral avicularium (40 μm). F, close-up of avicularium (40 μm). G, general view of fragment dorsal side (400 μm). H–
I, close-up of the dorsal side with avicularia and vibices (H 400 μm, I 40 μm).
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located a certain distance from the margins, in both
cases positioned in the proximal third of zooid, 8–
30 µm in maximum dimension. Primary orifice con-
cealed by a deep, curved peristome extending
away from the branch axis at an angle of approxi-
mately 90º to the frontal surface, having a flared
rim with rounded crenulations and a narrow U-
shaped medioproximal notch. Avicularium present
or absent, adventitious, suboral, transversely
placed, occupying the entire length of the proximal
margin of the peristome; rostrum duckbill-shaped
with crenulated tip directed laterally on either side;
crossbar complete. Ovicell pyriform, elongate
(mean OvL/OvW 1.22), occupying half to two-thirds
of the frontal shield of the distal zooid, gradually
covered by secondary calcification except for a
median slit-like or upside-down drop-shaped fis-
sure, 65–100 µm long by 20–40 µm wide; aperture
rectangular with a narrow semicircular to semiellip-
tical labellum. Dorsal side nodular to coarsely gran-
ular, with smooth, raised vibices outlining
irregularly polygonal sectors of varying size; each
sector with one or two sparse circular pores; avicu-
laria uncommon, obliquely and randomly placed
within the dorsal surface, usually adjacent to the
proximal corner of a sector, triangular, elevated
and hump-shaped, with a needle-like rostrum
directed proximally to proximolaterally, and com-
plete crossbar.
Measurements (µm). ZL 434±35, 366–504 (5, 27);
ZW 218±56, 147–306 (5, 27); PeL 168±34, 120–
241 (5, 16); AvL (suboral) 131±16, 107–150 (3, 9);
AvW (suboral) 46±7, 36–60 (3, 9); AvW (suboral;
rostral tip) 65±10, 46–75 (3, 9); AvL (dorsal)
142±31, 124–178 (2, 3); AvW (dorsal) 46±5, 43–52
(2, 3); OvL 194±17, 162–222 (5, 17); OvW 159±14,
134–182 (5, 17).
Remarks. Reteporellina denticulata was first
described from the Sandwich Islands at depths
ranging from 36 to 73 m. Since then, it has been
reported across a wide geographical range, from
Australia (e.g., Hayward and Ryland, 1995) to the
Indo-Pacific (e.g., Harmer, 1934), and into the
North Pacific, with multiple records from Japan
(Okada, 1920; Buchner, 1924; given in both publi-
cations as R. misakiensis (Okada, 1920) syn-
onymized by Harmer, 1934; Hirose, 2010). Despite
its seemingly implausible widespread distribution,
the only notable morphological variation seems to
be in the number of rows of autozooids in the
branch, and the presence or absence of trabeculae
lacking autozooids. Trabeculae are reported to be
present in the type specimens, but we did not
observe them in our samples. While their presence

cannot be entirely ruled out due to the fragmented
nature of our samples, the sheer number of frag-
ments available (thousands) makes their presence
highly unlikely. However, we prefer not to use these
observed differences as the basis for introducing a
new species currently, as a more thorough study,
beyond the scope of this work, is needed.

Genus RHYNCHOZOON Hincks, 1895
Rhynchozoon lunifrons Dick and Grischenko, 2017

Figure 60
v. 2017 Rhynchozoon lunifrons Dick and 

Grischenko, p. 245, figs. 37–38.
Figured material. PMC EDM-Collection
J.H.B.149a, sample 19033 (Figure 60A–C), sam-
ple 19015 (Figure 60D), sample 19031 (Figure
60E), sample 19041 (Figure 60F), and sample
19036 (Figure 60G–I); Core 19, Daidokutsu cave,
Okinawa, Japan, Holocene.
Description. Colony encrusting, subcircular, multi-
serial, uni- to multilaminar; second layer develop-
ing through frontal budding, originating from the
centre of the colony. Two types of pseudoancestru-
lar areas observed: first type, consisting of two
small zooids budded in opposite directions, with a
third, slightly larger zooid budded distally between
them, surrounded by seven peripseudoancestrular
autozooids (Figure 60B); second type, consisting
of two small zooids budded in opposite directions,
each budding another zooid laterally, creating a
rounded cavity in the centre, also surrounded by
seven autozooids (Figure 60F); pseudoancestrulae
215–275 µm in length by 150–230 µm in width,
with an orifice 105 µm long by 115 µm wide; first
zooids budded from pseudoancestrulae 250–315
µm long by 190–210 µm wide. Autozooids distinct
only at the growing edge or in new, frontally bud-
ded laminae, separated by shallow furrows or a
thin rim, hexagonal or irregularly polygonal, longer
than wide (mean ZL/ZW 1.32), arranged radially or
irregularly. Frontal shield convex, smooth to nodu-
lar and pitted, imperforate except for a row of 6–9
irregularly spaced, circular to elliptical, sometimes
funnel-shaped or sloping outwards, conspicuous
marginal pores, 10–70 µm in maximum diameter.
Orifice deep and subcircular but slightly wider than
long (mean OL/OW 0.85), with a finely denticulate
anter (10–15 denticles), a broadly concave proxi-
mal margin, and rounded condyles. Four distolat-
eral spine bases occasionally visible in some
zooids, most commonly two, 16–25 µm in diame-
ter, quickly becoming embedded in the frontal
shield calcification of the distal autozooid. Peri-
stome often obscuring the orifice, consisting of
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FIGURE 60. Rhynchozoon lunifrons Dick and Grischenko, 2017; PMC EDM-Collection J.H.B.149a. A–C, sample
19033. A, colony with frontally budded second layer (400 μm). B, close-up of the pseudoancestrular area, referred to
as the first type in the text (200 μm). C, close-up of autozooids at the margin (100 μm). D, sample 19015, close-up of
orifice with arrow indicating one preserved condyle (40 μm). E, sample 19031, close-up of ovicellate zooids (200 μm).
F, sample 19041, pseudoancestrular area, referred to as the second type in the text (200 μm). G–I, sample 19036. G,
general view of colony fragment with numerous ovicells and two frontal avicularia arrowed (300 μm). H, close-up of a
suboral avicularium (60 μm). I, close-up of a frontal avicularium, an ovicell, and bifurcated lateral mucrones (100 μm).
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three mucrones: one suboral in the midline or
slightly off-centre, developing first, and two paired
laterally, developing later. Lateral mucrones often
increasing to two on each side, forming a more
complex structure of coalescent mucrones, some-
times bifurcating. Suboral mucro either slender and
pointed or swollen accommodating an avicularium
atop. Suboral avicularium sporadic, with triangular
rostrum raised at a high angle to the frontal plane,
directed frontolaterally; frontal avicularia rare, with
the same shape and inclination as the suboral avic-
ularia, the few examples observed placed proxi-
mally on the frontal shield, directed
proximolaterally on either side; both types of avicu-
laria with complete crossbar. Ovicell subimmersed,
with extensive exposure of the smooth, faintly stri-
ated endooecium, the transversely elliptical to
eight-shaped fenestra measuring 80–155 µm in
length by 156–212 µm in width.
Measurements (µm). ZL 459±53, 390–605 (3, 20);
ZW 348±67, 249–481 (3, 20); OL 107±8, 97–123
(4, 9); OW 125±7, 116–137 (4, 9); AvL (suboral)
89±21, 66–121 (4, 9); AvW (suboral) 61±5, 52–68
(4, 9); AvL (frontal) 85±30, 66–120 (2, 3); AvW
(frontal) 65±8, 58–74 (2, 3); OvL 169±18, 134–214
(6, 18); OvW 236±17, 204–268 (6, 18).
Remarks. There are two main differences between
the type specimens from Sesoko Island (Okinawa,
Japan) and our specimens from Daidokutsu cave.
First, the rostrum of the avicularia in the type spec-
imens can become slightly hooked distally during
late colony astogeny, a feature not observed in the
specimens from Daidokutsu cave. This difference
may be due to preservational issues or the fact that
avicularia in our specimens (but also in general in
this species) are rare and possibly from colonies
that have not reached the appropriate age for this
characteristic to develop. In the type specimens,
oral spines are generally absent, except for one or
two ephemeral distal oral spines observed in a so-
called precocious form as defined by Dick and
Grischenko (2017, figure 38b). In contrast, our
specimens have up to four distal spines with robust
bases. However, these spines quickly become
embedded in the calcification spreading from the
distal zooid. Despite these differences, other diag-
nostic characters and size measurements match,
supporting the identification of the Daidokutsu colo-
nies as R. lunifrons.

Genus STEPHANOLLONA Duvergier, 1921
Stephanollona pachycondylata sp. nov. 

Di Martino, Rosso and Taylor
Figure 61

zoobank.org/C59E2AC6-F1D6-491E-B3CE-6D26AE2F2AB7

Type material. Holotype PMC. B72. 29.7.2024a,
sample 19185 (Figure 61A–E); paratype PMC.
B72. 29.7.2024b, sample 19140 (Figure 61F–G);
Core 19, Daidokutsu cave, Okinawa, Japan, Holo-
cene.
Etymology. Greek ‘pachys’, meaning thick, and
Latin ‘condylus’, meaning articulation, referring to
the robust orifice condyles of this species. 
Diagnosis. Stephanollona with 6–7 oral spine
bases (four in ovicellate zooids); keyhole-shaped
orifice with distinctly elongate anter, distally dentic-
ulate, narrow and shallow sinus, and conspicuous
condyles; paired or single dimorphic latero-oral
avicularia, small and oval, directed laterally or
slightly distolaterally outwards, and large and ellip-
tical, directed distally or distolaterally outwards, all
with ligulate crossbar; ooecium globular, opening
with lateral indentations and short labellum.
Description. Colony encrusting, multiserial, uni- to
multilaminar. Autozooids becoming indistinct due
to secondary calcification and frontal budding,
appearing polygonal, nearly square-shaped,
almost as long as wide (mean ZL/ZW 1.11). Frontal
nodular, imperforate except for elliptical marginal
areolae along lateral and proximal zooidal margins,
20–40 µm in maximum dimension. Orifice terminal,
immersed, keyhole-shaped, with short, smooth
proximal peristome; anter elongate, denticulated,
denticles measuring 6–7 µm in length, placed no
further proximally than the proximalmost pair of
oral spines; sinus U-shaped, accounting for one-
third of the total orifice width; condyles smooth,
rounded, conspicuous, outlining the proximal slop-
ing margin of the orifice with distal prominences; 6–
7 distolateral oral spine bases with the proximal-
most pair situated above the level of condyles, 21–
33 µm in diameter, four remaining in ovicellate
zooids; peristome beginning from the proximalmost
pair of spines, usually smaller than more distal
pairs. Avicularia adventitious, latero-oral, single or
rarely paired, dimorphic; avicularia type 1: large,
elliptical, almost parallel sided with rounded ros-
trum, directed distally or slightly distolaterally out-
wards, placed at the level of the proximal margin of
the peristome, with triangular opesia; avicularia
type 2: small, oval, directed laterally or slightly dis-
tolaterally outwards, placed more distally than type
1, at the level of the second proximalmost pair of
spines, with semicircular opesia; all avicularia with
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FIGURE 61. Stephanollona pachycondylata sp. nov. Di Martino, Rosso and Taylor. A–E, holotype PMC. B72.
29.7.2024a, sample 19185. A, colony fragment general view (1 mm). B, close-up of orifice (100 μm). C, close-up of a
large avicularium (100 μm). D, close-up of orifice with small lateral avicularium (100 μm). E, close-up of ovicell (100
μm). F–G, paratype PMC. B72. 29.7.2024b, sample 19140. F, colony fragment general view (250 μm). G, close-up of
orifice and large avicularium (100 μm).



DI MARTINO ET AL.: HOLOCENE BRYOZOANS FROM JAPAN

106

complete, ligulate crossbar and somewhat beaded
opesia. Ovicell hyperstomial, globular; ooecium
smooth, striated by concentric lines; opening with
short labellum and lateral indentations.
Measurements (µm). ZL 510±47, 438–587 (2, 14);
ZW 460±37, 397–530 (2, 14); OL (including sinus)
150±8, 140–163 (2, 9); OW 103±4, 97–111 (2, 9);
AvL (type 1) 290±32, 253–332 (2, 6); AvW (type 1)
93±13, 77–112 (2, 6); AvL (type 2) 87±7, 77–97 (2,
12); AvW (type 2) 68±9, 56–85 (2, 12); OvL
197±12, 189–206 (1, 2); OvW 244±19, 231–258 (1,
2).
Remarks. This new species differs from the two
species of Stephanollona previously identified from
the North Pacific: S. eopacifica Soule, Soule and
Chaney, 1991 from the northeastern Pacific is dis-
tinguished by a wider orificial sinus and avicularia
with a toothed rostral tip directed more proximally;
and S. boreopacifica Yang, Seo, and Gordon,
2018, found in South Korea, is characterized by 5–
6 spines, avicularia with a toothed rostral tip, and
small, oval avicularia also associated with the ooe-
cium. Among species with 6–7 spines, S. ignota
(Hayward and Cook, 1983) from eastern South
Africa, differs in having avicularia directed distome-
dially; S. longispinata (Busk, 1884) from the South
Atlantic has small, oval avicularia directed laterally
or proximolaterally, and large, spatulate avicularia
directed distally or distolaterally and medially; S.
cardiophora Winston and Jackson, 2021 from
Jamaica, has a broader sinus; S. angusta Vieira,
Gordon, Souza, and Haddad, 2010 from Brazil, dif-
fers in the shape of the orifice which has a less
elongate, almost semicircular anter, and the shape
of avicularia with narrow, rounded triangular rostra
and crossbars without a ligula; S. arborescens Vie-
ira, Gordon, Souza, and Haddad, 2010, also from
Brazil, is characterized by its erect and bilaminar
colonies, a shallower orificial sinus, less conspicu-
ous condyles, and avicularian rostra that are nar-
row and rounded triangular; S. asper (Canu and
Bassler, 1923) from the Gulf of Mexico has an ori-
fice with a less elongate anter, shallower and
broader sinus, and less developed condyles (Win-
ston, 2005).

Genus TRIPHYLLOZOON Canu and Bassler, 1917
Triphyllozoon angustum sp. nov. 

Di Martino, Rosso, and Taylor
Figure 62

zoobank/F8FBE39D-5A4E-4966-9652-2F33E524E64F

Type material. Holotype PMC. B73. 29.7.2024a,
sample 19113 (Figure 62A–D, G–I); paratype
PMC. B73. 29.7.2024b1, sample 19055 (Figure

62E–F); paratype PMC. B73. 29.7.2024b2, sample
19105 (not figured); paratype PMC. B73.
29.7.2024b3, sample 19200 (not figured); paratype
PMC. B73. 29.7.2024b4, sample 19094 (not fig-
ured); Core 19, Daidokutsu cave, Okinawa, Japan,
Holocene.
Etymology. Latin, meaning narrow, referring to its
narrow, bi- to triserial trabeculae. 
Diagnosis. Triphyllozoon with elongate fenestrae
and bi- to triserial trabeculae; autozooids with
sparsely tubercular frontal shield and frontal avicu-
laria of three types: small and subcircular, medium-
sized subelliptical/spatulate, and large spatulate;
oval suboral avicularium embedded in the proximal
peristome, the two lobes fusing and forming a deep
teardrop-shaped pseudosinus; two lateral spines
present or absent; ovicell projecting frontally from
the branch, with trifoliate dentate suture with longer
median arm and lateral arms diverging at 160–
180°, curving downward to form a semicircle, cen-
tral mucro fairly developed; dorsal side sparsely
granular with numerous avicularia of the same
three types seen on the frontal side, with the
medium-sized spatulate being the most common.
Description. Colony erect, rigid, reticulate; fenes-
trae elongate, c. 3.6 mm long by 0.6 mm wide; tra-
beculae 340–600 µm wide, consisting of 2–3
alternating autozooidal series. Autozooids flask-
shaped, longer than wide (mean ZL/ZW 1.80), with
indistinct boundaries; frontal shield slightly convex,
sparsely tubercular, with tubercles measuring 12–
30 µm in diameter, imperforate except for a few,
small, round to elliptical pores along the lateral
margins, 7–20 µm in maximum diameter. Peri-
stome well developed proximally with the two lobes
fusing to form a deep (100–130 µm), teardrop-
shaped pseudosinus, 20–30 µm in maximum
width, slightly off-centre; frequently a small, oval
avicularium enclosed on the rim of one lobe, either
side, placed transversely and directed laterally
(type 1). Secondary orifice eye-shaped with two
oral spine bases sometimes present at its lateral
corners, also visible in ovicellate zooids, c. 15 µm
in diameter at the base. Numerous frontal avicu-
laria present in three types: small, subcircular avic-
ularia usually placed on the proximal portion of the
zooid frontal and directed proximolaterally (type 2);
medium-sized avicularia, variable in shape from
subelliptical with parallel sides to slightly spatulate,
usually placed at mid-length or more distally on the
zooid, perpendicular or oblique to the zooid axis
and directed proximally to proximolaterally (type 3);
large spatulate avicularia, usually placed and
directed as the medium-sized ones (type 4); each
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FIGURE 62. Triphyllozoon angustum sp. nov. Di Martino, Rosso and Taylor. A–D, G–I, holotype PMC. B73.
29.7.2024a, sample 19113. A, frontal view of the reticulate fragment (1 mm). B, close-up of an ooecium covered with
secondary calcification and secondary orifice with lateral oral spine bases, peristomial avicularium, and sparse frontal
avicularia (200 μm). C–D, ovicellate zooids (300 μm). E–F, paratype PMC. B73. 29.7.2024b1, sample 19055. E, close-
up of an ovicellate zooid with two types of frontal avicularia and ovicell in lateral view (200 μm). F, close-up of ooecium
and secondary orifice with peristomial avicularium and deep, drop-shaped pseudosinus (100 μm). G, dorsal view of
the reticulate fragment (1 mm). H–I, close-ups of dorsal avicularia (H 500 μm, I 300 μm).
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zooid with one or more avicularia in various combi-
nations. On the dorsal side of the colony, all three
types (i.e., types 2 to 4) present, with the medium-
sized slightly spatulate avicularia being the most
frequent. All avicularia with complete crossbar. Ovi-
cell hyperstomial, prominent, projecting frontally
from the branch surface with a fairly developed
distomedial mucro; ooecium slightly longer than
wide (mean OvL/OvW 1.15), initially smooth but
becoming sparsely granular as the frontal when
covered by secondary calcification, with trifoliate
dentate suture, with a longer median arm (85–160
µm) compared to the lateral arms (70–110 µm),
diverging at 160–180° and curving downward to
form semicircles; width of the suture similar in
median and lateral arms (18–39 µm vs 17–33 µm);
labellum short and square. Dorsal side sparsely
granular like the frontal, with spaced oblique vibi-
ces (15–30 µm wide) outlining subrectangular or
irregularly polygonal kenozooidal sectors, including
a few sparse elliptical and circular marginal pores
(19–25 µm in diameter) and numerous avicularia,
usually placed around the sector perimeter and
randomly directed, of the types described above.
Measurements (µm). ZL 541±30, 505–577 (2, 5);
ZW 301±39, 263–352 (2, 5); AvL (type 1, suboral)
41±6, 35–51 (1, 5); AvW (type 1, suboral) 38±5,
30–44 (1, 5); AvL (type 2, frontal) 45±4, 35–50 (4,
16); AvW (type 2, frontal) 46±7, 31–53 (4, 16); AvL
(type 3, frontal) 82±11, 66–108 (4, 15); AvW (type
3, frontal) 52±5, 42–62 (4, 15); AvL (type 4, frontal)
177±31, 155–213 (2, 3); AvW (type 4, frontal)
57±23, 40–83 (2, 3); AvL (type 2, dorsal) 43±7, 34–
55 (2, 7); AvW (type 2, dorsal) 39±5, 31–46 (2, 7);
AvL (type 3, dorsal) 98±9, 76–113 (3, 20); AvW
(type 3, dorsal) 66±8, 51–80 (3, 20); AvL (type 4,
dorsal) 220±23, 163–244 (3, 12); AvW (type 4, dor-
sal) 107±13, 76–123 (3, 12); OvL 301±16, 263–
323 (3, 17); OvW 262±18, 236–298 (3, 17).
Remarks. This species has been closely com-
pared to other bi- to triserial species of Triphyllo-
zoon known to date and is found to be distinct.
Triphyllozoon bimunitum (Ortmann, 1890), T. bimu-
nitum trimunitum (Buchner, 1924), and T. bimuni-
tum sparsimunitum (Buchner, 1924) all have
bicuspid avicularia (Hayward, 2000; Hirose, 2010).
Triphyllozoon contortuplicata (Busk, 1884) lacks
dorsal avicularia, and its frontal avicularia are
nearly suboral and triangular. Triphyllozoon formo-
soides Hayward, 2004 has avicularia with cusps
and a peristome formed by two lateral flaps without
a deep pseudosinus. In Triphyllozoon gracile Gor-
don and d’Hondt, 1997, avicularia are oval rather
than spatulate. Triphyllozoon inornatum Harmer,

1934 has large tricuspid avicularia on the dorsal
side and at the fenestrae, and its ovicell is non-
mucronate. Triphyllozoon patulum Harmer, 1934
shares spatulate avicularia with the new species
but differs in having a non-mucronate ovicell with
no strongly curved suture arms and a peristome
with a short pseudosinus. Spatulate avicularia and
non-mucronate ovicells are also typical of T. punc-
tiligerum (Ortmann, 1890). Triphyllozoon separa-
tum Harmer, 1934 and T. tuberculiferum Harmer,
1934 have elongate triangular avicularia. Triphyllo-
zoon trifoliatum Harmer, 1934 has a short pseu-
dosinus, and an avicularium associated with the
ovicell.

Family CONESCHARELLINIDAE Levinsen, 1909
Genus CONESCHARELLINA d’Orbigny, 1852

Conescharellina brevirostris Silén, 1947
Figure 63

v. 1947 Conescharellina brevirostris Silén, p. 39, 
text-fig. 24, pl. 1, figs. 4–6.

Figured material. PMC EDM-Collection
J.H.B.150a, sample 19053 (Figure 63A–B), sample
19095 (Figure 63C–D), and sample 19081 (Figure
63E–F); Core 19, Daidokutsu cave, Okinawa,
Japan, Holocene.
Description. Colony small, conical, height (H)
0.765–1.200 mm and basal diameter (BD) 1.125–
1.535 mm in our specimens (mean H/BD 0.75),
with 12–18 slightly prominent, narrow, radial cos-
tules corresponding with the raised peristomes of
the autozooids, alternating with intercostular val-
leys occupied by rows of interzooidal avicularia.
Autozooids arranged in radial rows corresponding
to the prominent costules, with 3–4 autozooids per
row; orifices of autozooids in the same costule ver-
tically aligned but alternating with orifices of auto-
zooids in neighbouring costules; autozooids
observed on the antapical surface distinct, sepa-
rated by sloping vertical walls, outlined by a lateral
row of circular, widely spaced marginal pores (10–
15 µm in diameter) on each side, elliptical to oval,
elongate (mean ZL/ZW 1.73); interzooidal commu-
nication through small, circular, uniporous pore-
chamber windows, 3–5 along each lateral margin
of the zooids, 8–18 µm in diameter. Frontal shield
convex around the orifice, flat centrally, smooth,
nodular, imperforate except for one or two elliptical
marginal areolar pores (10–15 µm in maximum
diameter) placed laterally. Primary orifice with
semielliptical anter and rounded triangular con-
dyles, 8–10 µm long, pointing mediodistally and
defining a shallow U-shaped sinus, longer than
wide (mean OL/OW 1.22); apical pore generally
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FIGURE 63. Conescharellina brevirostris Silén, 1947; PMC EDM-Collection J.H.B.150a. A–B, sample 19053. A, col-
ony general view (400 μm). B, close-up of two orifices with peristomes and associated distal avicularia (100 μm). C–D,
sample 19095. C, ovicellate colony general view (500 μm). D, close-up of ovicell (100 μm). E–F, sample 19081. E,
general view of the antapical surface (500 μm). F, close-up of basal avicularia (100 μm).
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absent unless there is an adjacent avicularium;
peristome collar-like, well developed laterally and
proximally, forming a proximal concave shelf about
25–30 µm wide, absent or little developed distally.
Interzooidal avicularia circular, arranged in radial,
sinuous or linear rows along the furrows between
costules, with 6–8 avicularia per row, rostrum
slightly raised, randomly directed, either distolater-
ally or proximolaterally, crossbar complete. An
additional adventitious avicularium only in some
autozooids, placed distolaterally to the orifice, lying
on the peristome, elliptical, with blunt triangular
rostrum directed proximolaterally, and with com-
plete crossbar. Apical surface coarsely tubercular,
occupied by kenozooids and avicularia; antapical
surface with kenozooidal pits and avicularia in
radial rows, continuous with those of the lateral
surface of the colony, and centrally. Ovicell hyper-
stomial, globular, placed obliquely on the frontal of
distal zooid to avoid obstructing its orifice, extend-
ing to the adjacent avicularian valley; ectooecium
mostly uncalcified, forming a smooth, slightly
raised peripheral rim, endooecium rugose and
finely granular, with granules roughly arranged in
radial rows, nearly disappearing in the medial distal
area.
Measurements (µm). ZL (measured on the antapi-
cal surface) 549±84, 438–587 (2, 11); ZW (mea-
sured on the antapical surface) 317±49, 246–371
(2, 11); OL 112±9, 101–122 (2, 5); OW 92±4, 86–
97 (2, 5); AvL (frontal) 50±5, 39–62 (3, 20); AvW
(frontal) 47±5, 38–56 (3, 20); AvL (base) 29±2, 28–
33 (2, 4); AvW (base) 32±2, 30–35 (2, 4); OvL 206
(1, 1); OvW 267 (1, 1).
Remarks. We have observed and described for
the first time a complete ovicell in C. brevirostris.
Silén (1947) noted a wide and shallow excavation
emanating from the right distolateral margin of an
autozooid peristome and extending into the neigh-
bouring valley, which he interpreted as a broken
ooecium (see Silén, 1947, text-figure 24). How-
ever, this structure was not observed in the syntype
colonies re-examined by Di Martino (2023) using
SEM. The discrepancy may be because Silén had
access to more colonies than are currently avail-
able in the type collection at the Swedish Museum
of Natural History in Stockholm. Silén (1947) also
suggested that the ectooecium was delicate and
prone to breaking. This assumption is supported by
our observations, as the ectooecium is largely
uncalcified. Additionally, Silén (1947) anticipated
that the ooecium would develop obliquely to the
right, as seen in another species of the genus, C.

striata Silén, 1947, and this inference has also
been confirmed.

Although slightly larger than the subsequently
described Conescharellina sp. 1, this colony is still
regarded as relatively young based on its size and
the number of autozooids per row.

Conescharellina sp. 1
Figure 64

Figured material. PMC EDM-Collection
J.H.B.151a, sample 19063 (Figure 64A–F) and
sample 19206 (Figure 64G); Core 19, Daidokutsu
cave, Okinawa, Japan, Holocene.
Description. Colony small, flat, discoidal, height
0.512–0.674 mm and basal diameter 0.946–1.072
mm in our specimens (mean H/BD 0.58), with 10–
12 slightly prominent, radial rows corresponding
with the projecting peristomes of the autozooids,
alternating with valleys occupied by irregular rows
of interzooidal avicularia. Autozooids 2–3 per row;
orifices of autozooids in the same row vertically
aligned but alternating with orifices of autozooids in
neighbouring rows; autozooids observed on the
antapical surface distinct, separated by sloping
vertical walls, with 2–3 circular to slit-like, regularly
spaced marginal pores (9–20 µm in diameter) on
each side, elliptical to oval, elongate (mean ZL/ZW
1.63); interzooidal communication through small,
circular, uniporous pore-chamber windows, 3–4
along each lateral margin of the zooids, 8–18 µm in
diameter. Frontal shield convex around the orifice,
flat centrally, smooth, nodular, imperforate except
for one or two elliptical marginal areolar pores (15–
16 µm in maximum diameter) placed laterally. Pri-
mary orifice with semielliptical anter and rounded
triangular condyles, 6–8 µm long, pointing medi-
odistally and defining a shallow U-shaped sinus,
longer than wide (mean OL/OW 1.30), often con-
cealed by the peristome; apical pore absent; peri-
stome tubular, well developed all around the
orifice, 25–50 µm long. Interzooidal avicularia cir-
cular arranged in radial, sinuous or linear rows
between autozooids, with up to four avicularia per
row, rostrum slightly raised, randomly directed,
either distolaterally or proximolaterally, crossbar
complete. Apical surface coarsely tubercular, occu-
pied by kenozooids with circular openings (42–80
µm in diameter) and sparse avicularia; antapical
surface with kenozooidal pits and avicularia, like
those on the frontal, centrally.
Measurements (µm). ZL (measured on the antapi-
cal surface) 425±28, 398–475 (1, 6); ZW (mea-
sured on the antapical surface) 261±36, 216–303
(1, 6); OL 100 (1, 1); OW 77 (1, 1); AvL (frontal)
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41±8, 19–52 (2, 18); AvW (frontal) 41±6, 33–52 (2,
18); AvL (base) 39±4, 36–42 (1, 2); AvW (base)
39±1, 38–40 (1, 2).

Remarks. Although Conescharellina brevirostris
found in the same samples appears very similar to
this species, there are some differences. Cone-
scharellina sp. 1 has flatter more discoidal colonies

FIGURE 64. Conescharellina sp. 1; PMC EDM-Collection J.H.B.151a. A–F, sample 19063. A, general view of the col-
ony apical surface (200 μm). B, close-up of the tubercular apical area with avicularia and kenozooidal openings (100
μm). C, colony lateral view (200 μm). D, close-up of orifice and interzooidal avicularia (100 μm). E, general view of the
antapical surface (200 μm). F, close-up of basal avicularia (40 μm). G, sample 19206, general view of the colony apical
surface (250 μm).



DI MARTINO ET AL.: HOLOCENE BRYOZOANS FROM JAPAN

112

than the subconical colonies of C. brevirostris. It
also has fewer autozooids per row, more irregularly
placed interzooidal avicularia, no avicularia disto-
lateral to the orifice, and no associated apical pore.
Additionally, the autozooids are slightly smaller,
while the avicularia are similar in size. The orifice
shape is very similar, but the peristome is less
developed distally in C. brevirostris. We have left
this species in open nomenclature due to the
absence of ovicells. We also believe that all the
observed differences could be due to the age of
the colony. It is possible that this flatter form with
smaller and fewer autozooids, the lack of avicularia
associated with the orifice, and the absence of ovi-
cells (although these are rare also in C. breviros-
tris) could indicate a young stage of the same
species. We have kept it separated in anticipation
of discovering additional specimens in the future
that may provide further information.

DISCUSSION

The cheilostome bryozoan fauna from sedi-
ment Core 19 in the Daidokutsu cave comprises 63
species, 45 genera, and 29 families. Of these, 17
species (27%) are anascan-grade, and the remain-
ing 46 (73%) are ascophoran-grade cheilostomes.
The most diverse families are Phidoloporidae with
five genera and six species, Candidae with four
genera and seven species, and Smittinidae with
three genera and five species. Seven families are
represented by two genera each: Celleporidae with
four species; Bitectiporidae, Cribrilinidae, and
Lacernidae with three species each; and Callopori-
dae, Gigantoporidae, and Romancheinidae with
two species each. Six families are represented by
a single genus but multiple species, including
Exechonellidae with three species, and Conescha-
rellinidae, Escharinidae, Margarettidae, Petralii-
dae, and Steginoporellidae with two species each.
The remaining 13 families are represented by one
genus and one species each.

Approximately 48% (30 out of 63 species) are
new to science, with 23% (seven species) being
anascan-grade and 77% (23 species) being asco-
phorans. Additionally, three out of the 45 genera
(7%) are new: one belonging to each of the fami-
lies Calloporidae, Catenicellidae, and Gigantopori-
dae. These percentages align with Winston’s
(1988) statement, subsequently reported by
Scholtz et al. (2008), noting that only about 50% of
bryozoan species dwelling in the Indo-Pacific are
known. Other studies of Japanese bryozoan fau-
nas show similar richness in new species. For
instance, Dick and Grischenko (2017) found that

21% (11 out of 52) of the species they collected
from rocky intertidal sites near the Sesoko Biologi-
cal Station in west-central Okinawa were new spe-
cies, while 86.5% of species found were new
records for Japan. In their review of Japanese
Pleistocene bryozoan faunas, Dick et al. (2008)
reported that in the Boso Peninsula, on the Pacific
side of central Honshu, 30 out of 145 species
(21%) were new; in SW Hokkaido and N Honshu
near the Tsugaru Strait, 32 out of 129 species
(25%) were new; in the Noto Peninsula, three out
of 26 species (12%) were new; and in Niigata, cen-
tral Honshu, Sea of Japan, and Kikai-jima Island in
the Nansei Archipelago south of Kyushu, 32 out of
133 species (24%) were new. Given that this habi-
tat and time interval have not yet been studied, it is
normal to find a higher percentage of new species.

Of the remaining taxa, 26 were previously
known from the Pleistocene of Japan or were
Recent records from the NW Pacific or the Indo-
Pacific, originating from areas such as South
Korea, the Philippines, Indonesia, Solomon
Islands, and Hawaii, with about half being subse-
quently reported from Japan, and the other half
being new records.

The diversity is relatively high for a single
cave comparad to thoroughly studied Recent cave
habitats, like those in the Mediterranean, which
host a total of 220 species, including cyclostomes
(Rosso and Di Martino, 2016). Cyclostomes are
missing from the current study, but a preliminary
estimate suggests about 17-18 species. For com-
parison with single caves or groups of caves, the
number of species including cyclostomes, in the
Plemmirio caves (SE Sicily) ranges from 36 to 51
(Rosso et al., 2013a), totalling 72 species, and
from 32 to 63 species in Lesvos Island (Aegean
Sea), totalling 67 species (Rosso et al., 2019),
while French Mediterranean caves host 110 spe-
cies in total (Harmelin, 2000). However, it should
be noted that those caves represent Recent habi-
tats, a snapshot of the present-day situation, while
the fauna from Daidokutsu cave spans 7,000
years, implying an evolution of the cave community
and possibly species turnover. 

This work provides the taxonomic baseline
needed for a significant ecological investigation of
the cave fauna evolution in response to environ-
mental and climate changes throughout the Holo-
cene.
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