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Abstract

Barnacles (Cirripedia, Thoracica) from the middle Pleistocene Atsumi Group, deposited in the Mi-

zunami Fossil Museum, are classified. Sixteen species in 13 genera of barnacles are recorded and

illustrated. Platylepas hexastylos (Fabricius) (Platylepadidae) and three archaeobalanids, Acasta sul-

cata Lamarck, Euacasta dofleini (Kriiger), and Pectinoacasta pectinipes (Pilsbry), are first reported

from the Pleistocene of Japan. Adna Sowerby, a coral-inhabiting barnacle genus of Pyrgomatidae, is

reevaluated. As a result, Pyrgomina Batuk and Radwanski is synonymized with Adna, and A. anglica

(Sowerby), a sole included species of the genus becomes a senior synonym of Pyrgomina djanae

Ross and Pitombo, Pyrgoma elargatum Seguenza, Pyrgoma oulastreae Utinomi, Pyrgomina seguen-

zai Batuk and Radwanski, and Pyrgoma sulcatum Philippi.
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1. Introduction

The middle Pleistocene (MIS 9) Toyohashi Formation
of the Atsumi Group is distributed in the Pacific coast
of the Atsumi Peninsula, Aichi Prefecture, Honshu,
Japan, and contains rich barnacle fossils. Yamaguchi
(1973) first reported a balanid, Megabalanus rosa
(Pilsbry, 1916) (as Balanus (Megabalanus) rosa),
from the formation. Subsequently, Yamaguchi (1977a,
b; 1980) recorded two balanid species, Fistulobalanus
kondakovi (Tarasov and Zevina, 1957) (as Balanus
kondakovi) and Fistulobalanus amaraquaticus (Ya-
maguchi, 1980) (as Balanus amaraquaticus). Koba-
yashi et al. (2008) reported two additional species,

Lepas anatifera Linnaeus, 1758 (Lepadidae) and
Coronula sp. (Coronulidae). Most recently, Karasawa
(2020) recorded five species of pedunculate barnacles
from the Atsumi Group.

The purpose of this paper is to report both new and
previously recorded barnacles from the Toyohashi
Formation of the Atsumi Group in Takamatsu [=lo-
cality of Karasawa et al. (2014; Fig. 1)], Tahara City,
Aichi Prefecture, central Japan, based upon examina-
tions of the paleontological collection in the Mi-
zunami Fossil Museum (MFM). Additionally, the tax-
onomy of two pyrgomatid genera, Adna Sowerby,
1823, and Pyrgomina Baluk and Radwanski, 1967, is
reconsidered.
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2. Taxonomy

Order Calanticomorpha Chan, Dreyer, Gale, Glenner,
Ewers-Saucedo, Pérez-Losada, Kolbasov, Crandall,
and Hgeg, 2021
Family Calanticidae Zevina, 1978
Genus Smilium Gray, 1825

Smilium scorpio (Aurivillius, 1892)
(P1. 1, Figs. 1-3b)
Material examined: MFM142685-MFM142685-3

(carinae, scuta, terga).

Order Scalpellomorpha Buckeridge and Newman, 2006
Superfamily Lapadoidea Darwin, 1852 [1851]
Family Lepadidae Darwin, 1852 [1851]
Genus Lepas Linnaeus, 1758

Lepas anatifera Linnaeus, 1758
(PL. 1, Figs. 4a—8)
Material examined: MFM142473-142473-6 (cari-

nae, scuta, terga).

Lepas pectinata Spengler, 1793
(PI. 1, Figs. 9a-15)
Material examined: MFM142687-142687-7 (cari-

nae, scuta, terga).

Family Oxynaspididae Gruvel, 1905
Genus Oxynaspis Darwin, 1852 [1851]

Oxynaspis sp.
(PL. 1, Figs. 16a—17)
Material examined: MFEM142688-142688-2 (carinae).

Family Poecilasmatidae Annandale, 1909
Genus Octolasmis Gray, 1825

Octolasmis orthogonia (Darwin, 1852 [1851])
(PL. 1, Figs. 18-27)
Material examined: MFM142680-142680-10 (ca-

rinae, scuta, terga).

Order Balanomorpha Pilsbry, 1916
Superfamily Coronuloidea Leach, 1817
Family Coronulidae Leach, 1817

Genus Coronula Lamarck, 1802

Coronula sp.
(PL. 2, Figs. 1a—2c)

Remarks: Kobayashi et al. (2008) first reported a
single carina or carinolateral of an unnamed species
of Coronula. An additional specimen of the rostrum
is recorded here. Both specimens are characterized by
having a short sheath, a thick, very narrow radii, and
low, longitudinal, flattened parietal ribs which are bi-
furcated. These characters readily distinguish the pre-
sent specimens from compartments of Coronula di-
adema (Linnaeus, 1767), a cosmopolitan species at-
tached on whales (Hayashi, 2012; 2013). The speci-
mens are somewhat similar to compartments of
Coronula reginae Darwin, 1854, another species in
the genus Coronula, but differ in having a thick, nar-
row radius. The specific identification of this species
awaits the discovery of more well-preserved material.

Material examined: MFM 142475 (lateral/carinola-
teral), MFM 142999 (carina).

Family Platylepadidae Newman and Ross, 1976
Genus Platylepas Gray, 1825

Platylepas hexastylos (Fabricius, 1798)
(P1. 2, Figs. 3a—13b)

Lepas hexastylos Fabricius, 1798; p. 35, pl. 10, figs.
1-2.

Platylepas hexastylos (Fabricius); Pilsbry, 1916, p.
285, pl. 67, figs. 1-1c; Chan et al., 2009, p. 177,
figs. 151-153 (synonymy).

Diagnosis: Shell flattened, surface with strong stri-
ations of growth lines, plate underneath with median
longitudinal sulcus, base embedded into skin of turtles.
Scutum and tergum narrow, wider than high. Maxilla
bilobed; maxillule notched; mandible with 3 teeth, 2™
and 3" teeth bidentated, lower margin short, mandib-
ulatory palp rectangular with dense setae on inferior
margin; labrum clefted with 3 strong sharp teeth on
each side of cutting edge (after Chan et al., 2009, p.
177).

Remarks: The present species is reported in the fos-
sil record for the first time herein. This species is an
obligate epibiont of sea turtles known from the Indo-
Pacific Ocean, Mediterranean, and Atlantic Ocean



H. Karasawa and N. Kobayashi 69

(Hayashi, 2012; 2013). The rostrum of an unnamed
species of Platylepas is also known from the middle
Pleistocene Hirano Formation of Kochi Prefecture,
Shikoku, Japan (Mimoto, 1991).

Material examined: MFM143000-1-3 (rostra), MFM
143000-4—6 (laterals/carinolaterals), MFM143000-7 (ca-
rina); MFM 129150 (shell), extant specimen from the Pa-
cific coast of the Atsumi Peninsula, central Japan.

Superfamily Tetraclitoidea Gruvel, 1903
Family Tetraclitidae Gruvel, 1903
Subfamily Tetraclitellinae Newman and Ross, 1976
Genus Tetraclitella Hiro, 1939

Tetraclitella chinensis (Nilsson-Cantell, 1921)
(PL. 3, Figs. la-b)
Tetraclita purpurascens chinensis Nilsson-Cantell,
1921, p. 359, fig. 81, pl. 3, fig. 12.
Tetraclitella chinensis (Nilsson-Cantell); Utinomi,
1970, p. 347; Kim et al., 2019, p. 141, figs. 1, 7—
13 (synonymy).

Diagnosis: Shell with 2 major forms, hollowed and
multicostate. Completely hollowed form with 6 hol-
lows (carina and rostrum with 2 hollows each, 2 lat-
erals each with single hollow), shell surface with
weak longitudinal ribs, radii smooth with horizontal
striations. Intermediately hollowed form with fewer
than 6 hollows; some plates without hollows having
longitudinal ribs on surface. Multicostate form with
longitudinal ribs on surface, often 4 major ribs on ros-
trum, 3 major ribs on carina, with accessory ribs ex-
tending from major ribs; radii smooth with horizontal
striations, striations pronounced on uneroded speci-
mens (after Kim et al., 2019, p. 143).

Remarks: The present species is also known from
the middle Pleistocene Hirano Formation of Kochi,
central Japan (Mimoto, 1991). Tetraclitella chinensis
is attached to intertidal rocks in the Indo-West Pacific
Ocean (Chan et al., 2009).

Material examined: MFM 143002 (tergum).

Superfamily Balanoidea Leach, 1817
Family Archaeobalanidae Newman and Ross, 1976
Subfamily Archaeobalaninae Newman and Ross,
1976
Genus Solidobalanus Hoek, 1913

Solidobalanus socialis (Hoek, 1883)
(PL. 3, Figs. 2a-5d)
Balanus socialis Hoek, 1883, p. 150, pl. 13, figs. 23—
28.
Solidobalanus socialis (Hoek); Liu and Ren, 2007, p.
376, fig. 168 (synonymy).

Diagnosis: Shell small, low-conical, white, thin;
parietes smooth externally; orifice relatively large,
slightly toothed; radii narrow; alae relatively wide
with upper margin parallel to basis. Scutum with
growth ridges, lacking longitudinal striae on outer sur-
face; articular ridge prominent; adductor ridge weak.
Tergum with short, bluntly truncated spur; crests for
depressor muscles distinct; articular furrow shallow
(modified and translated from Liu and Ren, 2007, p.
378).

Remarks: The fossil record of this species is known
from the upper Pleistocene Kioroshi Formation of the
Shimosa Group of Chiba Prefecture (Yamaguchi,
1988) and the middle Pleistocene Hirono Formation
of Kochi Prefecture (Mimoto, 1991).

Material examined: MFM143003 (opercular
plates), MFM143004-1-2 (shell attached to the echi-
noid, Hemicentrotus sp.), MFM143005 (shells at-
tached to the pelecypod, Pecten albicans).

Genus Striatobalanus Hoek, 1913

Striatobalanus tenuis (Hoek, 1883)
(P1. 3, Figs. 6a-b)
Balanus tenuis Hoek, 1883, p. 154, pl. 13, figs. 29-33.
Striatobalanus tenuis (Hoek); Jones. 2004, p. 152;
Pitriana et al., 2020, p. 688, fig. 38 (synonymy).

Diagnosis: Shell whitish to yellowish; parietes
smooth, glossy; orifice pentagonal shaped, deeply
toothed; radii narrow, summits very oblique, slightly
concave; basis solid; scutum with longitudinal stria-
tions; tergum with short, rather broad spur (after Pitri-
ana et al., 2020, p. 688).

Remarks: The specimen attached onto the surface
of a gastropod. The previously known fossil record is
from the upper Pleistocene Kioroshi Formation of the
Shimosa Group of Chiba Prefecture (Yamaguchi,
1988). The species is known from the Indo-West Pa-
cific at depth of between 7-551 m (Jones and Hosie,
2016).
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Material examined: MFM143006 (shell at-
tached to the tereberid gastropod, Punctoterebra

japonica).

Subfamily Acastinae Kolbasov, 1993
Genus Acasta Leach, 1817

Acasta sulcata Lamarck, 1818
(Pl. 4, Figs. 1a—8b)
Acasta sulcata Lamarck, 1818, p. 668; Yu et al., 2017,
p. 177, figs. 25-31 (synonymy).

Diagnosis: Shell white to pale yellow, orifice ra-
ther small, with toothed edge. Basis saucer- or cup-
shaped, pointed towards central umbo, rim crenate.
Shell in adults often with membrane-covered clefts
between plates. Externally, scutum with horizontal
growth ridges, articular furrow shallow. Spur of ter-
gum broad, square-shaped, truncated at end, width
slightly more than 1/2 of basal margin. Sheath ex-
tending approximately half of parietes, with inter-
nal vesicular structure, inner shell surface below
sheath with longitudinal ribs. Proximal segments of
anterior ramus and basis of cirrus IV with curved
teeth (after Yu et al., 2017, p. 177).

Remarks: The present species is first recognized as
a fossil. Acasta sulcata inhabiting in sponges is
widely distributed in the Indo-West Pacific at depth of
between 5-25 m (Jones and Hosie, 2016).

Material examined: MFM143011-1 (rostrum),
MFM143011-2 (lateral), MFM143011-3 (carina),
MFM143011-4 (carinolateral), MFM143011-5-6
(bases), MFM143011-7 (tergum), MFM143011-8
(scutum).

Acasta s.1. sp.
(P1. 3, Figs. 7a—10b)

Remarks: This species differs from Acasta sul-
cata and Euacasta dofleini (Kriiger, 1911) by hav-
ing characterized by having parietes sparsely orna-
mented with small, irregular-sized projections leav-
ing basal pores. A further specific identification
must await the discovery of more well-preserved
materials.

Material examined: MFM143007 (rostrum),
MFM143008 (carina), MFM143009-MFM 143010
(carinolaterals).

Genus Euacasta Kolbasov, 1993

Euacasta dofleini (Kriiger, 1911)
(PL. 4, Figs. 9a—18)
Acasta dofleini Kriiger, 1911, p. 56, pl. IV, figs. 39a—d.
Euacasta dofleini (Kriiger); Kolbasov, 1993, p. 409,
fig. 8; Jones and Hosie, 2016, p. 276 (synonymy).

Diagnosis: Shell conical or cylindrical, usually
white, but sometimes pinkish. Parietes, except for
carinolaterals, with some hairs and pores on external
surface. Orifice large. Carinolaterals very narrow. Ra-
dii broad, with fine striae longitudinally and horizon-
tally; summit of radii steeply oblique. Basis circular,
convex, with denticulated periphery. Sheath half or
less than half length of parietes. External surface of
scutum with growth ridges intersected with longitudi-
nal ridges; basi-tergal angle round; articular ridge
long; adductor ridge absent; adductor muscle pit faint;
pit for lateral depressor large, deep. Spur of tergum
wider than long; spur furrow indistinct; articular ridge
indistinct; crests for depressor muscle absent (modi-
fied from Kim, 2011, p. 85).

Remarks: The present specimens represent the first
fossil record of Euacasta dofleini. Mimoto (1991) il-
lustrated an unnamed species of Acasta from the mid-
dle Pleistocene Hirano Formation of Kochi Prefecture,
Japan. His specimen (Mimoto, 1991, figs. 5-10a-b)
may be assigned to the rostrum of E. dofleini by hav-
ing the paries covered with irregularly arranged pores.
This species embedded in sponges is known from the
West Pacific Ocean ranging from Japan to North Aus-
tralia (Jones and Hosie, 2016).

Material examined: MFM143012-MFM 143013
(shells), MFM143014-1 (rostrum), MFM143014-2
(lateral), MFM143014-3 (carina), MFM143014-4
(tergum), MFM143014-5 (scutum), MFM143014-6—
7 (bases), MFM143014-8 (carinolateral).

Genus Pectinoacasta Kolbasov, 1993

Pectinoacasta pectinipes (Pilsbry, 1912)
(PL. 4, Figs. 19a-b)
Acasta pectinipes Pilsbry, 1912, p. 294,
Pectinoacasta pectinipes (Pilsbry); Kolbasov, 1993, p.
411, fig. 14; Hosie et al., 2021, p. 35, figs. 2124
(synonymy).
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Diagnosis: Shell globose, basis shallow to deeply
cupped, small membranous slits between parietal
junctions. Externally, parietes with variously pro-
nounced longitudinal ribs lined with small, sharp
points; internally with prominent longitudinal ribs in-
terlocking with crenate rim of basis. Scutum trans-
versely elongate, with longitudinal ridges crossing
growth ridges. Tergum growth ridges crossed with

strong longitudinal ridges giving a latticed appearance.

Cirrus IV protopod with 14—15 curved teeth, anterior
ramus basal segments with 14 recurved teeth on an-
terior margins. Cirrus V with or without 1-3 teeth on
medial segments of anterior ramus (after Hosie et al.,
2021, p. 35).

Remarks: There has never been a fossil record of
this species hitherto. The present species is embedded
in sponges and is widely distributed in the Indo-West
Pacific (Jones and Hosie, 2016).

Material examined: MFM 143016 (scutum).

Family Balanidae Leach, 1817
Subfamily Amphibalaninae Pitombo, 2004
Genus Fistulobalanus Zullo, 1984

Fistulobalanus amaraquaticus (Yamaguchi, 1980)
(PL. 5, Figs. 1a-9)
Balanus amaraquaticus Yamaguchi, 1980, p. 1087,
pls. 1-3.
Fistulobalanus amaraquaticus (Yamaguchi); Zullo,
1984, p. 1330.

Diagnosis: Shell smooth with longitudinal narrow
stripes of bright purple to reddish purple in color. Ra-
dii very narrow, summits oblique. Sheath with calcar-
eous vesicles. Parietal tubes subdivided into two or
more rows of subsidiary tubes. In horizontal section,
moderate subsidiary tubes rectangular, minute tubes
variable in shape. Subsidiary tubes and parietal tubes
with transverse septa. Adductor ridge of scutum well-
developed and sloping toward occludent margin; pit
for adductor muscle wide and moderately depressed.
Basal margin of both sides of tergal spur straight or
slight concave; fascicle moderately wide; spur width
approximately 1/5 length of basal margin; distance
between basi-scutal angle and anterior side of spur
nearly 9/7 of spur width (after Yamaguchi, 1980, p.
1087).

Remarks: This species is common in the Toyohashi
Formation. Fistulobalanus amaraquaticus is confirmed
as ranging from middle Pleistocene to upper Pleistocene
in age (Yamaguchi, 1980), and recorded from the Shi-
mosa Group, Naganuma, Shimosueyoshi, and Uemachi
formations of Honshu, the Hirano Formation of Shikoku,
and Kagoshima and Shiroyama formations of Kyushu
(Yamaguchi, 1980; Mimoto, 1991).

Material examined: MFM143017-MFM 143019
(shells), MEM143020 (opercular plates), MFM143021-
1-2 (lateral), MFM 143022 (shell attached to the pelecy-
pod, Decatopecten plica), MEM143023-MFM 143024
(shell attached to Megabalanus rosa).

Fistulobalanus kondakovi (Tarasov and Zevina, 1957)
(PL. 5, Figs. 10a—b)

Balanus amphitrite var. niveus Darwin, 1854, p. 240.

Balanus amphitrite var. kondakovi Tarasov and
Zevina, 1957, p. 179, 191, fig. 76.

Fistulobalanus kondakovi (Tarasov and Zevina);
Zullo, 1984, p. 1330; Chan et al., 2009, p. 248,
figs. 214-217.

Diagnosis: Shell with 6 plates, plate surfaces
smooth, background dull-red with purple stripes. Scu-
tum triangular, dorsal surface with horizontal stria-
tions; tergum arrow-shaped, scutal margin straight,
basi-scutal angle very acute, spur long and narrow.
Maxilla globular; maxillule not notched; mandible
with 4 teeth excluding inferior angle; mandibulatory
palp elongated, with long setae on tip; labrum clefted,
with 3 large sharp teeth on each side of cutting edge
(after Chan et al., 2009, p. 248).

Remarks: The present species has been found from the
middle Pleistocene Naganuma Formation (Yamaguchi,
1977a) and the middle Pleistocene Nakamura Formation
(Mimoto, 1991). Fistulobalanus kondakovi is widely
distributed in the Indo-West Pacific and attached on
rocks in estuarine coastal areas (Chan et al., 2009).

Material examined: MFM 143025 (shell).

Subfamily Megabalaninae Newman, 1979
Genus Megabalanus Hoek, 1913

Megabalanus rosa (Pilsbry, 1916)
(PL 5, Figs. 11a—-15)
Balanus tintinnabulum rosa Pilsbry, 1916, p. 61.
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Megabalanus rosa (Pilsbry); Newman and Ross, 1976,
p. 68; Henry and McLaughlin, 1986, p. 37, figs.
4c, 10a—d. (synonymy).

Diagnosis: Shell conic; parietes smooth, usually
pinkish red to reddish purple in color; radii moder-
ately wide, summits horizontal; orifice usually greater
than 1/2 basal diameter. Scutum with narrow tergal
segment acutely inflected; occludent margin toothed;
basal margin slightly sinuous; growth ridges strongly
developed, rather widely separated; longitudinal striae
usually lacking, occasionally faint; articular ridge 2/3
to 3/4 length of tergal margin; adductor ridge blunt or
acute, confluent with articular ridge, often extending
nearly to basal margin; pit for adductor muscle shal-
low; pit for lateral depressor muscle moderately deep,
sometimes with moderately well-developed crests.
Tergum moderately broad with spur furrow closed or
nearly so; spur short, moderately broad, separated
from basi-scutal angle by own width or more; basal
margin straight or slightly sloping on both sides of
spur; growth ridges strong, widely separated; longitu-
dinal striae very faint or absent; articular ridge 3/4 to
4/5 length of scutal margin; crests for depressor mus-
cle weakly developed (after Henry and McLaughlin,
1986, p. 37).

Remarks: This species is abundant in the Taka-
matsu Muddy Sand Member. Yamaguchi (1973,
1977b, 1988) reported Megabalanus rosa from the
Pliocene—Holocene deposits ranging from Hokkaido
to the Okinawa-jima Island, Japan. Additional fossil
records are known from the lower—middle Pleistocene
Onma Formation (Matsuura, 1996), the middle Pleis-
tocene Nakamura Formation (Mimoto, 1991), and the
upper Pliocene Kume Formation (Kikuchi, 2004).
This species is recorded from Japan, Korea, and Tai-
wan, and attached to the intertidal rocks, floating sub-
strates, and shells (Chan et al., 2009; Kim, 2011).

Material  examined: MFM143026 (tergum),
MFM143027 (scutum), MFM143028-MFM 143029
(cluster of shells), MFM 143025 (shells attached to the
pelecypod, Pecten albicans).

Family Pyrgomatidae Gray, 1825
Subfamily Megatrematinae Holthuis, 1982

Genus Adna Sowerby, 1823

Type and sole included species: Pyrgoma anglicum
Sowerby, 1823, by monotypy.

Diagnosis: See species.

Remarks: Sowerby (1823) first used the genus
name Adna and treated it as a synonym of Pyrgoma.
Utinomi (1967) recognized Megatrema Sowerby,
1823, as the valid genus and contained three extant
species formerly assigned to Pyrgoma Leach, 1817,
M. anglicum, M. madreporarum (Bosc, 1801) and M.
oulastreae (Utinomi, 1962). In the same year, Baluk
and Radwanski (1967) erected the new genus Pyr-
gomina with P. seguenzai Baluk and Radwanski,
1967 (type) and P. anglica. Ross and Newman (1973),
in their revision of coral-inhabiting barnacles, found
that Boscia de Férussac, 1822 (type species, Balanus
madreporarum Bosc, 1801) was a senior synonym of
Adna, Megatrema (type species, Megatrema stokesii
Gray, 1825 = Balanus madreporarum Bosc, 1801),
and Pyrgomina. Holthuis (1982) clarified the nomen-
clature of these genera and concluded that the correct
name of Boscia, preoccupied by Boscia Schweigger,
1820, was Megatrema.

Ross and Pitombo (2002), in their taxonomic revi-
sion of Megatrematinae, regarded Adna and Pyr-
gomina as the valid genera. Megatrema differs from
Adna and Pyrgomina by having a narrow tergum with
a pronounced beak (Ross and Pitombo, 2002). Prior to
their work, Ogawa and Matsuzaki (1995) recognized
that the characters of the tergum and labrum readily
distinguished M. madreporarum from M. anglicum
and M. oulastreae. Therefore, Megatrema adapted for
M. madreporarum is thought to be a valid.

Baluk and Radwanski (1967) gave the following
diagnosis for Pyrgomina: “crown composed of two
compartments, carina and rostrum, connected by
seams clearly visible on the sheath but invisible on
the outer surface of the crown; terga and scuta free
of the balanid type”. Their diagnosis of Pyrgomina
overlaps that of Megatrematinae. The shell and oper-
cular plates of Pyrgomina seguenzai, a type species
of Pyrgomina are quite similar to those of Adna an-
glica and the difference between P. seguenzai and A.
anglica is only seen in the characters of ribs on the
external surface of the shell. Ogawa and Matsuzaki
(1994; 1995) considered that Megatrema oulastreae
was a junior synonym of M. anglicum. However,
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Ross and Pitombo (2002) rejected their work and re-
moved M. oulastreae to Pyrgomina. Ogawa and
Mtsuzaki (1995) showed that the morphology of the
shell in M. anglicum (=Adna anglica) depended on
the shape of host corals, based upon the morphomet-
ric analyses. As a result of their work, the type at-
tached to ahermatypic corals (like Adna anglica) is
the shell exerted from the host coral, with a dome-
shaped, deep basal cup, whilst that of hermatypic
corals (like Pyrgomina oulastreae) is the shell com-
pletely covered by the coral skeleton, with a low, de-
pressed wall and a shallow basal cup. Kim et al.
(2021) showed, using the molecular analysis based
on two genes (COI and 12S) sequences, that Adna
anglica and Pyrgomina oulastreae is monophyletic
with 0.036%, a quite low value of the K2P distance.
Pyrgomina, therefore, becomes the junior synonym
of Adna again. At that time, Pyrgomina oulastreae
and P. seguenzai also become a junior synonym of
Adna anglica.

Ross and Pitombo (2002) placed Pyrgoma costa-
tum Seguenza, 1873, Pyrgoma elargatum Seguenza,
1873, Pyrgoma sulcatum Philippi, 1836, Pyrgomina
djanae Ross and Pitombo, 2002, and three unnamed
species in Pyrgomina. Most recently, Gale et al.
(2021) moved Pyrgoma diploconus Seguenza, 1873,
to Pyrgomina. Among these, three unnamed species
of Pyrgomina are removed to Adna anglica and Pyr-
goma sulcatum, once again, is synonymized with A.
anglica (see Darwin, 1854). There is no significant
difference within shells and opercular plates between
Pyrgomina djanae and Adna anglica, and P. djanae
is, therefore, regarded as a junior synonym of A. an-
glica. Pyrgoma costatum and P. elargatum possess
the balanid-type scutum and the shell characters like
Adna anglica. Pyrgoma elargatum is regarded as a
junior synonym of Adna anglica by having a single
plated shell and the sheath with a pseudo-alae inter-
nally (Gale et al., 2021). Pyrgoma costatum may be-
long to another pyrgomatid genus, Ceratoconcha
Kramberger-Gorjanovic, 1889 (see Ross and New-
man, 1973). A further generic placement of it must
await the discovery of better material. The generic
status of P. diploconus is retained because within the
species opercular plates and the internal structure of
the shell have not yet known.

Adna anglica (Sowerby, 1823)
(Fig. 1; Pls. 6-7)

Pyrgoma anglicum Sowerby, 1823, plate of Pyrgoma,
fig. 7.

Adna anglicum Sowerby, 1823, Pyrgoma’s first text
page.

Megatrema (Adna) anglica Gray (not Sowerby), 1825,
p. 103.

Pyrgoma elargatum Seguenza, 1873; p. 317, pl. 2, fig.
5d.

Pyrgomina oulastreae Utinomi, 1962, p. 227, figs. 6-8.

Megatrema anglica (Sowerby); Utinomi, 1967, p. 232.

Pyrgomina seguenzai Batuk and Radwanski, 1967, p.
691, pls. 1-2.

Pyrgomina anglica (Sowerby); Batuk and Radwanski,
1967, p. 693.

Boscia anglicum (Sowerby); Ross and Newman, 1973,
p. 164, figs. 23a-b.

Megatrema anglicum (Sowerby); Young, 1988, p. 361;
Ogawa and Matsuzaki, 1994, p. 72, figs. 1-16
(synonymy).

Adna anglica (Sowerby); Ross and Pitombo, 2002, p.
58, fig. 1; Jones and Hosie, 2016, p. 278 (synon-
ymy).

Pyrgomina djanae Ross and Pitombo, 2002, p. 60, fig. 2.

Pyrgomina oulastreae (Utinomi); Ross and Pitombo,
2002, p. 61; Chan et al., 2018, line 281 of S1 file,
figs. SIE-S1H, S2I-S2L, S11-S13 (synonymy).

Pyrgomina elargata (Seguenza); Ross and Pitombo,
2002, p. 60; Gale et al., 2021, p. 30, pl. 13, figs.
2-3 (synonymy).

Diagnosis: Shell single-plated, totally fused exter-
nally, steeply conical, with radiating ribs, deep purplish
red to dark white in color; sheath with pseudo-alae in-
ternally. Almost exerted from host corals. Basis cup-
shaped or flat, porous. Orifice small, oval, obliquely
upward at carinal end. Scutum subtriangular with weak
growth ridge. Tergum flat with narrow spur, placed
very near to basi-scutal angle (modified from Ogawa
and Matsuzaki, 1994, p. 72).

Remarks: Eleven specimens (MFM143035-143045)
within our collection are attached to the ahermatypic
scleractinian corals, Balanophyllia sp., Dendrophyllia
sp., Heterocyathus japonicus, Oulangia stokesiana
miltoni, and Tubastrea sp. Among these, three speci-
mens (MFM 143039, MFM 143044, MFEM143045) are
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a single host coral carried at least 12 individuals, as
Rees (1962) and Tilbrook (1997) illustrated.

The present species is the obligate epibiont of
ahermatypic, hermatypic corals from South China Sea,
Japan, India, East Atlantic Ocean and the Philippines
(Rees, 1962; Ogawa and Matsuzaki, 1994; Ogawa and
Matsuzaki, 1995; Asami and Yamaguchi, 1997; Ren,
1986; Chan, 2009). The fossil records of this species
are known from the Pleistocene of Japan (Sakakura,
1934; Mimoto, 1991), the Pliocene—Pleistocene of
England (Darwin, 1855 [1854]; Tilbrook, 1997; Col-
lins et al., 2014) and Italy (Seguenza, 1873; Gale et al.,

2021).
Material examined: MFM143031-MFM 143034
(shell), MFM143035 (shells attached to the

ahermatypic coral, Tubastrea sp.), MEM 143036 (shells
attached to to the ahermatypic coral, Dendrophyllia
sp.), MEM143037 (shells attached to to the
ahermatypic coral, Oulangia stokesiana miltoni, with
opercular plates), MFM143038-MFM143040 (shell
attached to Oulangia stokesiana miltoni), MFM 143041
(shell attached to the ahermatypic coral, Heterocyathus
Japonicus), MFM 143042 (shells attached to Oulangia
stokesiana miltoni), MFM 143043 (shell attached to
Dendrophyllia sp.), MEM 143044 (shells attached to the
ahermatypic coral, Balanophyllia sp.), MFM143045
(shells attached to Balanophyllia sp.).

Referred specimens: MFM 129151 (extant shell at-
tached to Tubastrea sp.) from Kushimoto of Waka-
yama Prefecture. MFM 129152 (extant shells attached
to Dendrophyllia sp.) from Minabe of Wakayama Pre-
fecture. MEM 143046-MFM 143049 (shells attached to
Heterocyathus japonicus) from Sakurai (=Loc. Ko-1 of
Kato and Karasawa, 1998, p. 2), Kisarazu City, Chiba
Prefecture; sand of the Kioroshi Formation of the Shi-
mosa Group; Late Pleistocene, Marine Isotope Stage 5
(5e) by Okazaki et al. (2018).
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Explanation of Plates
Plate 1

Figs. 1-3b. Smilium scorpio (Aurivillius, 1892) FtAIay A
1, MFM 142685, tergum; 2, MFM142685-2, scutum; 3a-b,
MFM142685-3, carina. 1, 2, 3b, lateral; 3a, carinal view.

Figs. 4a-8. Lepas anatifera Linnaeus, 1758 TR 4 A
4a-b, MFM142473-5, carina; S5a—b, MFM 142473, scutum; 6,
MFM142473-2, scutum; 7, MEM142473-4, tergum; 8, MFM 142473-3,

tergum. 4a, 5a, 68, lateral; 4b, 5b, ventral view.

Figs. 9a—15. Lepas pectinata Spengler, 1793 /LY TRy
9a-b, MFM142687-7, carina; 10, MFM 142687, scutum; 11,
MFM142687-2, scutum; 12, MFM142687-3, scutum; 13, MFM142687-
4, scutum; 14, MFM142687-5, scutum; 15, MFM142687-6, tergum. 9a,

1015, lateral; 9b, carinal view.

Figs. 16a—17. Oxynaspis sp. M7 TRV BOXREFE
16a-b, MFM 142688, carina; 17, MFEM142688-2, carina. 16a, 17, lat-

eral; 16b, carinal view.

Figs. 18-27. Octolasmis orthogonia (Darwin, 1852) 7 ATRY
18, MFM142680-2, tectum; 19, MFM 142680, tectum; 20,
MFM142680-3, tectum; 21a—b, MFM142680-6, carina; 22,
MFM142680-4, carina; 23, MFM142680-5, carina; 24, MFM142680-
8, scutum; 25, MFM142680-7, scutum; 26, MFM142680-9, scutum; 27,
MFM142680-10, scutum;. 18-21a, 22-25, lateral; 2627, internal; 21b,

ventral view.

Scale bar = 5 mm.
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Plate 2

Figs. 1a—2c. Coronula sp. =7 VR BDRERE
la—c, MFM 142999, carina; 2a—c, MFM 142475, carinolateral/lateral.

la, 2a, external; 1b, 2b, internal; 1c, 2c, lateral view.

Figs. 3a—14b. Platylepas hexastylos (Fabricius, 1798) $Z77R
3a—7b, MFM129150, shell from Atsumi (extant); 3a—b, shells; 4a—b,
carina; 5a-b, carinolateral; 6a—b, lateral; 7a—b, rostrum. 8a—b,
MFM143000-1, rostrum; 9a—b, MFM143000-2, rostrum; 10a-b,
MFM143000-3, carina; 11a—b, MFM143000-4, carinolateral/lateral;
12a-b, MFM143000-5, carinolateral/lateral; 13a—b, MFM143000-6,
carinolateral/lateral; 14a—b, MFM143000-7, carinolateral/lateral. 3a,
dorsal; 3b, basal; 5a, 6a, 7a, 8a, 9a, 10a, 11a, 12a, 13a, 14a, external;
4b, 5b, 6b, 7b, 8b, 9b, 10b, 11b, 12b, 13b, 14b, internal view.

Scale bar = 5 mm.
Abbreviations: C, carina; CL, carinolateral; L, lateral; R, rostrum.
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Plate 3

Figs. 1a-b. Tetraclitella chinensis (Nilsson-Cantell, 1921)
DITFTTIVR
la—b, MEM143002, tergum. la, external; 1b, internal view.

Figs. 2a-5d. Solidobalanus socialis (Hoek, 1883) AL 77K
2a-b, MFM 143003, opercular plates. 3—-4, MFM143004-1—
MFM143004-2, shell attached to Hemicentrotus sp.; 5a—d,
MEM143005, shells attached to Pecten albicans; 5c—d, close-up im-

ages of shells. 2a, external; 2b, internal view.

Figs. 6a-b. Striatobalanus tenuis (Hoek, 1883) 07 "V7R
6a—b, MFM 143006 (shell attached to Punctoterebra japonica).

Figs. 7a-10b. Acasta s.1. sp. HAA 7RG (IKFK) DRER
7a—b, MFM143007, rostrum; 8a-b, MFM143008, carina;, 9a-b,
MFM1430009, carinolateral; 10a—b, MFM 143010, carinolateral. 7a, 8a,
9a, 10a, external; 7b, 8b, 9b, 10b, internal view.

Scale bar = 5 mm; otherwise stated.
Abbreviations: S, scutum; T, tergum.
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Plate 4

Figs. 1a-8b. Acasta sulcata Lamarck, 1818 FIHAAL TR
la—b, MFM143011-1, rostrum; 2a-b, MFM143011-2, lateral; 3a-b,
MFM143011-3, carina; 4, MFM143011-4, carinolateral; 5,
MFM143011-5, basis; 6, MFM143011-6, basis; 7a—b, MFM143011-7,
tergum; 8a—b, MFM143011-8, scutum. 1a, 2a, 3a, 4, 7a, 8a, external,
1b, 2b, 3b, 7b, 8b, internal; 5, 6, basal view.

Figs. 9a-18. Euacasta dofleini (Kriiger, 1911) 7 \Z WA R TIV R
9a—e, MFM143012, shell; 10a—e, MFM143013, shell; 11a-b,
MFM143014-1, rostrum; 12a—b, MFM143014-2, lateral; 13a-b,
MFM143014-3, carina; 14a—b, MFM143014-4, tergum; 14a-b,
MFM143014-5, scutum; 16, MFM143014-6, basis; 17, MFM143014-
7, basis; 18, MFM143014-8, carinolateral. 9a—d, 10a—d, lateral; 9¢e, 10e,
16, 17, basal; 11a, 12a, 13a, 14a, 18, external; 11b, 12b, 13b, 14b, in-

ternal view.

Figs. 19a—b. Pectinoacasta pectinipes (Pilsbry, 1912)
R TUHAR TR
MFM143016, scutum. 19a, external; 19b, internal view.

Scale bar = 2 mm.
Abbreviations: B, basis; C, carina; CL, carinolateral; L, lateral; R, ros-

trum; S, scutum; T, tergum.
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Plate 5

Figs. 1a-9. Fistulobalanus amaraquaticus (Yamaguchi, 1980)
=R HTARATTVR (Fsk)
la—b, MFM143017, shell; 2a-b, MFM143018, shell; 3a-b,
MFM143019, shell; 4a—b, MFM 143020, opercular plates; 5,
MFEM143021-1, lateral; 6, MFM143021-2, lateral; 7, MFM 143022,
shells attached to Decatopecten plica; 8, MFM 143023, shell attached
to Megabalanus rosa; 9, MEM 143024, shell attached to Megabalanus
rosa. la, 2a, 3a, dorsal; 1b, 2b, 3b, lateral; 4a, external; 4b, internal; 6,

7, oblique internal view.

Figs. 10a-b. Fistulobalanus kondakovi (Tarasov and Zevina, 1957)
[N=A2P%8 N
MFM143025, shell. 10a, dorsal; 10b, lateral view.

Figs. 11a—15. Megabalanus rosa (Pilsbry, 1916) 737371
11a—b, MFM143026, tergum; 12a—b, MFM143027, scutum; 13,
MFM143028, cluster of shells; 14, MEM 143029, cluster of shells; 15,

MFM143030, shells attached to Pecten albicans. 11a. 12a, external;

11b, 12b, internal view.

Scale bar = 5 mm; otherwise stated.
Abbreviations: S, scutum; T, tergum.
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Plate 6

Figs. 1a-9f. Adna anglica (Sowerby, 1823) FHVH LT T7IVR
la—b, MFM143031, shell; 2a-b, MFM143032, shell; 3a-b,
MFM143033, shell; 4a—b, MFM 143034, shells; 5, MFM 143035, shell
attached to Tubastrea sp.; 6, MFEM 143036 (shells attached to Dendro-
phyllia sp.); Ta—b, MEM 143037, shells attached to Oulangia stokesiana
miltoni; Tc—d, MFM143037, opercular plates; 8, MFM 143038, shell at-
tached to Oulangia stokesiana miltoni; 9a—f, MFM 143039, shells at-
tached to Balanophyllia sp. 1a, 2b, 3b, dorsal; 1b, 2b, 3b, 7d, internal;

7Ta, external view.

Scale bar = 5 mm; otherwise stated.
Abbreviations: S, scutum; T, tergum.
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Plate 7

Figs. 1a—5c. Adna anglica (Sowerby, 1823) r/HVY L ITT7 VR
la—c, MFM 143041, shell attached to Heterocyathus japonicus; 2a-b,
MFM143042, shells attached to Oulangia stokesiana miltoni; 3a—e,
MFM143043, shell attached to Dendrophyllia sp.; 4, MFM 143044,
shells attached to Balanophyllia sp.; 5a—c, MFM143045, shells at-
tached to Balanophyllia sp.

Scale bar = 5 mm.
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