
Introduction

Tabulate coral specimens described in this
paper were derived from the Middle to Upper
Permian Akasaka Limestone (Koto, 1898) in
Akasaka-cho of Ogaki, Gifu Prefecture, Central
Japan. The limestone is an allochthonous block
in the Jurassic accretionary complex of the Mino
Terrane and estimated to be 250 m thick. Four
lithostratigraphic units, namely the Lower, Mid-
dle, Upper, and Uppermost Members, were es-
tablished by Wakimizu (1902), Akasaka Re-
search Group (1956), Sakagami (1980), Ishii et
al. (1981). Among them, the Upper Member con-
sists mainly of well-stratified black limestones
(bioclastic wackestone) that yield a rich and di-
verse marine biota with the present corals. Ac-
cording to biostratigraphic researches by Ozawa
(1927) and more recently by Ozawa and Nishi-
waki (1992), the member ascribes to the Yabeina

globosa fusulinacean zone of a Capitanian (late
Middle Permian) age.

Based on paleomagnetic inclinations, Hattori
and Hirooka (1979) revealed that the limestone-
greenstone complexes of the Mino Terrane in-
cluding the Akasaka Limestone formed in an
equatorial region. This paleogeographic recon-
struction has been supported by the paleontologic
analyses of foraminifers (Ishii et al., 1985;
Ozawa, 1987; Kobayashi, 1997) and brachiopods
(Tazawa, 1997). The present tabulate coral as-
semblage consists of Pseudoromingeria kotoi
(Yabe and Hayasaka, 1915b), P. ignicula sp. nov.,
and Akasakapora masutomii gen. et sp. nov. They
probably represent a tropical tabulate coral fauna
of the western Panthalassan province (Ross and
Ross, 1990; Zaw Win, 2000) in late Middle Per-
mian.

The following institutional abbreviations are
used: IGPS, Institute of Geology and Paleontol-
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ogy, Tohoku University, Sendai; KFM, Kin-
shozan Fossil Museum (Kaseki-kan), Ogaki;
NSM, National Science Museum, Tokyo.

Systematic Paleontology

Order Auloporida Sokolov, 1947

Superfamily Auloporoidea Milne-Edwards 
and Haime, 1851

Family Aulocystidae Sokolov, 1950

[including Family Sinoporidae Sokolov, 1955]

Discussion: Because sparsity of the tabulae in
Sinopora Sokolov, 1955 considered as one of the
important criteria for higher level taxonomic
classification, Sokolov (1955) proposed Sino-
poridae as a new auloporid family based on the
genus. As discussed below, the morphologic
characters including tabula nature of Sinopora
fall within those of an aulocystid genus
Pseudoromingeria Yabe and Sugiyama, 1941.
Sinoporidae is thus best maintained as a junior
subjective synonym of the preoccupied family
Aulocystidae.

Genus Pseudoromingeria
Yabe and Sugiyama, 1941

Pseudoromingeria Yabe and Sugiyama, 1941, p. 379–382;
Hill, 1981, p. F642, 643; Lin et al., 1988, p. 286; Niko,
2001, p. 16, 17.

Sinopora Sokolov, 1955, p. 226; Hill, 1981, p. F644; Lin
et al., 1988, p. 288.

Type species: Romingeria? kotoi Yabe and
Hayasaka, 1915b.

Emended diagnosis: Coralla phaceloid with par-
tial subcerioid portions including lacunae to phace-
lo-cerioid; lax mass with adhered corallites forms
indistinct branches, thus some specialized species

indicate subramose appearance; prostrate in early
stages; increase lateral; without connecting tubule.
Corallites moderate to relatively slender for Aulo-
cystidae; corallite (intercorallite) walls thick to ex-
ceptionally thick; mural pores rarely developed in
cerioid portion; septal spines common to numerous;
spacing of tabulae variable ranging almost absent to
crowded; both complete and incomplete tabulae
occur; the latter ones indicate infundibuliform,
oblique, dissepiment-like or concave; infundibuli-
form tabulae partly form indistinct axial syrinx.

Discussion: Reexamination of the holotype
(IGPS 8232) of the generic type species confirms
that Pseudoromingeria kotoi has the two different
morphologic features in an identical corallum.
They are type-1: phaceloid with cylindrical coral-
lites where tabulae are absent to sparse, and type-2:
subcerioid with partially adhered corallites includ-
ing relatively wide lacunae. The usual tabulae in
the latter feature are crowded and infundibuliform.
Although the morphologic type-2 was previously
emphasized in Pseudoromingeria, the subcerioid
portions are not principal. If the material is not suf-
ficient, investigators may perhaps overlook the fea-
ture. The diagnosis of Sinopora Sokolov, 1955,
based on Monilopora dendroidea Yoh in Yoh and
Huang (1932, p. 10–12, pl. 2, figs. 3, 4) from the
Lower Permian Chihsia Limestone in southeastern
Anhui, South China, indicates a close affinity with
that of the morphologic type-1. There is a high
possibility that the generic concept of Sinopora
forms a part of the generic diagnosis of
Pseudoromingeria indicating wide variation. The
both genera, therefore, are synonymized herein.

Pseudoromingeria kotoi
(Yabe and Hayasaka, 1915b)

(Figs. 1-1–6; 2-1–5)
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Fig. 1. Pseudoromingeria kotoi (Yabe and Hayasaka), holotype, IGPS 8232. 1, longitudinal polished section of
corallum, �5. 2, longitudinal to transverse thin sections of corallites, �5. 3, partial enlargement of Fig. 1-2,
note adhered corallites and crowded tabulae, �10. 4, partial enlargement of transverse thin section of coral-
lite to show corallite wall structure and septal spine, �25. 5, partial enlargement of Fig. 1-2 to show corallite
wall structure and dissepiment-like tabulae, �25. 6, longitudinal to transverse sections of corallites, arrow in-
dicates increase of new offset, �5.
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[?] Syringopora? sp., Yabe, 1904, p. 17.
Romingeria? kotoi Yabe and Hayasaka, 1915b, p. 85, 86.
Pseudoromingeria kotoi (Yabe and Hayasaka); Yabe and

Sugiyama, 1941, p. 379–382, figs. 1–3; Hashimoto,
1981, figs. 4-3, 4; Hill, 1981, figs. 439-2a, b; Lin et al.,
1988, figs. 334-a–c; Makiguchi, 1995, p. 66, pl. 7, fig.
2.

[non] Cf. Pseudoromingeria kotoi; Yabe and Sugiyama,
1941, p. 382, fig. 4 [see Niko, 1999, p. 38].

[partium] Pseudoromingeria kotoi; Minato, 1955, p. 186,

pl. 43, figs. 1, 4 [non pl. 17, fig. 3, see Niko, 1999, p.
38].

Syringopora? sp., Obata (ed.), 1994, p. 108.
Sinopora sp., Kamiya and Niko, 1995, p. 23, figs. 1–4. 

Material examined: IGPS 8232 (holotype);
NSM PA16698–16701.

Emended diagnosis: Coralla phaceloid with
subcerioid portions that composed of lax mass of
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Fig. 2. Pseudoromingeria kotoi (Yabe and Hayasaka), thin sections. 1, NSM PA16698, longitudinal and trans-
verse sections of corallites, �10. 2–4, NSM PA16701. 2, transverse section of corallum, �5. 3, longitudinal
section of corallum, �5. 4, longitudinal section of corallite, note complete tabulae, �10. 5, NSM PA16699,
transverse sections of corallites, note thickened corallite walls, �10.



adhered corallites; corallite diameters approxi-
mately 2.1 mm; corallite walls have 0.23–
1.17 mm in thickness; septal spines common;
dissepiment-like tabulae well developed; in-
fundibuliform, oblique and concave ones also
occur.

Description: Coralla domical attaining 190
mm in diameter and 85 mm in height in the
largest specimen (NSM PA16701), composed of
phaceloid portion with cylindrical corallites and
less frequent subcerioid one that consists lax
mass of partially adhered corallites including rel-
atively wide lacunae; connecting tubule absent;
early growth stages are prostrate and Clado-
chonus-like. Diameters of cylindrical corallites
range from 0.7 to 2.8 mm, usually 1.5–2.4 mm
with 2.1 mm mean; spacing of phaceloid coral-
lites is relatively close for the genus, usually
2.5–4.5 mm in center-to-center distance; trans-
verse sections of corallites are circular to subcir-
cular in phaceloid portion and subcircular to
rarely subpolygonal in subcerioid one; calices
deep, lacking calical modification or indicating
weak inflation; increase of new corallites lateral
with a single to multiple offset(s), common to
frequent. Corallite walls very thick to exception-
ally thick, usually range from 0.23 to 0.61 mm,
rarely thickened to 1.17 mm; intercorallite wall
thickness between adhered corallites attains
1.67 mm; constituents of corallite walls are ep-
itheca and stereoplasm, the latter of which indi-
cates lamellar structure, but rect-radiate fibers of
primarily microstructure are rarely preserved;
septal spines common, needle-like, rod-like to
high-conical with 0.19–0.38 mm in length of pro-
truded portion; tabularia (lumina) are narrowed
by corallite (or intercorallite) wall thickening; ra-
tios of tabularium diameter per corallite diameter
usually 0.48–0.70, this ratio decreases to approx-
imately 0.1 in rare cases; shape and spacing of
tabulae are variable; they are usually absent or
very rare, but crowded tabulae are recognized in
part, complete with sagging profiles or incom-
plete; crowded tabulae apt to develop in subceri-
oid portion; dissepiment-like tabulae most com-
mon, in addition infundibuliform, oblique and

concave ones are also developed; there are 0–6
tabulae in 5 mm of corallite length; crowded in-
fundibuliform tabulae form indistinct axial sy-
rinx.

Detailed fossil locality: Ohkubo on the south-
ern foot of Mt. Kinsho-zan (NSM PA16698,
16699); unknown (IGPS 8232; NSM PA16700,
16701).

Discussion: In the specific level, Pseudoromin-
geria kotoi is easily distinguished from P. den-
droidea, and two previously known species of the
genus in Japan, namely P. ryozensanensis (Niko,
2001, p. 20, 22, figs. 3-5; 4-1–6) from the Lower
Permian Ryozensan Limestone, Shiga Prefecture,
and a Middle Permian specimen figured by Kon-
ishi (1960, p. 325, 327, text-figs. 1, 2) as Sinopo-
ra dendroidea from the Yabeina zone of the Zen-
butujidani Formation in the Taishaku Limestone
Group, Hiroshima Prefecture, by its larger coral-
lite diameters (approximately 2.1 mm versus “av-
erage diameter of corallites about 1.5 mm” in P.
dendroidea, 1.3–1.7 mm in P. ryozensanensis,
and average of 1.66 mm in the Taishaku speci-
men).

Pseudoromingeria ignicula sp. nov.

(Figs. 3-1–6)

[partium] Pseudofavosites sp., Tokai Fossil Society, 1974,
pl. 7 figs. 2–4 [non pl. 7, fig. 1]

Holotype: NSM PA16702, from which three
thin sections were made.

Other specimens: Ten thin sections were stud-
ied from the five paratypes, NSM PA16703–
16705, 16707, 16708. In addition, a poorly pre-
served specimen, NSM PA16706, was also exam-
ined.

Diagnosis: Coralla subramose, phacelo-cerioid
with approximately 7 to 16 mm in branch diame-
ter; distal ends of most corallites became free,
forming relatively narrow phaceloid portion;
corallite diameters approximately 1.9 mm; inter-
corallite walls 0.23–0.79 mm in thickness; septal
spines well-developed; usual tabulae complete
and sagging; incomplete tabulae rare, concave or
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dissepiment-like.
Description: Coralla subramose with indistinct

and somewhat irregularly shaped to nearly cylin-
drical branches, phacelo-cerioid; total corallum
shape and size are unknown; largest specimen
(paratype, NSM PA16704) is 60 mm in diameter
and 65 mm in height; bifurcation of branches
common; branch diameters are variable ranging
from approximately 7 to 16 mm; narrow lacunae
commonly developed in cerioid portions; con-
necting tubule absent. Distal ends of most coral-
lites became free and cylindrical that form rela-
tively narrow phaceloid portion; in cerioid por-
tions, profiles of corallites are subpolygonal,
semicircular to fan-shaped profiles; corallite di-
ameters are 0.8–2.4 mm with 1.9 mm mean; cal-
ices deep, indicating weak inflation and open
obliquely upward with 25º–40° in usual angle to
branch axis; increase of new corallites lateral,
common. Intercorallite walls mostly very thick,
range from 0.23 to 0.79 mm, consist of median
dark line (fused epitheca) and stereoplasm; coral-
lite walls in phaceloid portions are 0.27–0.38 mm
in thickness; stereoplasm has lamellar structure,
but rect-radiate fibers are partly preserved as pri-
marily microstructure; mural pores very rarely
developed, approximately 0.25 mm in diameter;
septal spines well-developed, low to high conical
to rod-like with 0.21–0.29 mm in length of pro-
truded portion; tabularia (lumina) are narrowed
by intercorallite (or corallite) wall thickening; ra-
tios of tabularium (lumen) diameter per corallite
diameter are 0.30–0.57; spacing of tabulae are
variable; they are usually absent or very rare, but
crowded tabulae are recognized in part; usual
tabulae are complete with sagging profiles; in-
complete tabulae rarely developed, those profiles
are concave or dissepiment-like; there are 0–4
tabulae in 2.5 mm of corallite length.

Etymology: The specific name is derived from

the Latin igniculus, meaning little flame, in refer-
ence to its branch shape.

Detailed fossil locality: Futatsuberi on the
southern foot of Mt. Kinsho-zan (NSM
PA16703); unknown (NSM PA16704–16708).

Discussion: In its subramose corallum with
relatively narrow phaceloid portions, numerous
septal spines and measurements of the intercoral-
lite wall thickness, Pseudoromingeria ignicula
sp. nov. appears most similar to an Early Permian
species P. onishii Niko (2001, p. 17, 18, 20, figs.
2-1–4; 3-1–4), found in the Ryozensan Lime-
stone. The younger Ryozensan species, however,
differs from P. ignicula in having the well-devel-
oped infundibuliform tabulae and smaller coral-
lite diameters (usually 1.1–1.6 mm) than those of
the new species.

Superfamily Syringoporoidea Fromentel, 1861
Family Roemeriidae Počta, 1904

Remarks: The family Roemeriidae has been
ascribed to the order Favositida or the order
Auloporida. An assessment of higher taxonomic
relationships of the family is beyond the scope of
this paper. Following a reasonable Hill and Jell’s
(1970) conclusion that Roemeria, Roemeripora
(and its possible synonym Vaughanites), Roe-
merolites, Armalites, Pseudoroemeripora, and
Bayhaium are considered to have syringoporoid
affinities, I tentatively treat the family as a mem-
ber of the Auloporida.

Genus Akasakapora gen. nov.

Type species: Akasakapora masutomii sp. nov.
by monotypy.

Diagnosis: Corallum ramose and partially
reticulate; branches subcylindrical, composed of
gently diverged corallites, whose most portions
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Fig. 3. Pseudoromingeria ignicula sp. nov., thin sections. 1–3, 5, 6, holotype, NSM PA16702. 1, longitudinal to
oblique sections of branches, �5. 2, partial enlargement of Fig. 3-1 to show mural pore (arrow), �10; 3,
transverse section of branch, �5. 5, longitudinal section of branch, �5. 6, partial enlargement of Fig. 3-1,
note incomplete and complete tabulae, �10. 4, 7, paratype, NSM PA16704. 4, transverse section of branch,
�5. 7, partial enlargement of transverse section of corallite to show corallite wall structure, �25.
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are contiguous and prismatic; some distal ends of
corallites, however, indicate partial separation;
calices deep, oblique; intercorallite walls slightly
thicken in peripheral zone, but distinct stereo-
zone is not developed; mural pores rare; septal
spines well-developed; most dominant tabulae
are infundibuliform that form axial or eccentric
syrinx.

Etymology: The generic name is derived from
the Akasaka Limestone.

Akasakapora masutomii sp. nov.

(Figs. 4-1–5; 5-1–8)

[?] Favosites sp., Gottsche, 1884, p. 653; Yabe and
Hayasaka, 1915a, p. 60.

“Pseudofavosites” sp., Masutomi and Hamada, 1966, p.
68, pl. 33, fig. 3.

[partium] Pseudofavosites sp., Tokai Fossil Society, 1974,
pl. 7 fig. 1 [non pl. 7, figs. 2–4].

Pseudofavosites sp., Hashimoto, 1981, fig. 5-3;
Makiguchi, 1995, p. 66, pl. L, fig. 2, pl. 7, fig. 1.

Holotype: KFM 00429, from which 31 thin
sections were made.

Diagnosis: As for the genus.
Description: Corallum ramose, large, more

than 190 mm in width and 130 mm in height,
mostly cerioid; branches subcylindrical with 12–
19 mm in usual diameter, and frequently anasto-
mosed to form reticulated framework in part.
Corallites mostly contiguous and prismatic, but
distal ends of which indicate partial separation,
accordingly they are subcylindrical with fan-
shaped transverse sections; in prismatic coral-
lites, transverse sections have 3–5 sides in proxi-
mal portions, then 5–8 sides in distal ones; each
corallite exhibits gentle divergence forming deep
calice that opens obliquely upward with 35º–60º
in angle to branch axis; except for the proximal
portions that exhibit rapid increases of corallite
diameter, inflation of corallite is week; diameters

of corallites range from 0.6 to 2.6 mm; average of
adult corallite diameters is 2.1 mm; lateral in-
crease of new corallite commonly occurs in axial
zone of branch. Intercorallite walls consist of
median dark line and stereoplasm, the latter of
which differentiated into inner layer of rect-radi-
ate fibers and outer lamellar layer; intercorallite
wall thickness is moderate for the family, usually
0.15–0.42 mm, slightly thicken to 0.71 mm in pe-
ripheral zone of branch, but distinct peripheral
stereozone is not developed; mural pores rare,
relatively large, 0.75 mm in diameter; septal
spines well-developed needle-like to high conical
having 0.20–0.51 mm in length of protruded por-
tion; tabulae numerous, usually incomplete, un-
commonly complete; among incomplete tabulae,
infundibuliform tabulae are most dominant, but
uparched, sagging or dissepiment-like ones fre-
quently occur; in complete tabulae, weakly sag-
ging form is most common; crowded infundibuli-
form tabulae form axial or rarely eccentric syrinx
that has sporadic domical tabellae; diameters of
syrinxes are approximately 0.4–0.6 mm; there are
2–17 tabulae (and tabellae) in 5 mm of corallite
length.

Etymology: The specific honors the late Dr.
Kazunosuke Masutomi, who first illustrated the
coral in Masutomi and Hamada (1966).

Detailed fossil locality: Futatsuberi on the
southern foot of Mt. Kinsho-zan.

Discussion: Since Masutomi and Hamada's
(1966) tentative assignment, the present tabulate
coral had been regarded as a pseudofavositid
favositid. Niko (1999) claimed, however, that the
ramose corallum of the Akasaka specimen is un-
usual for Pseudofavosites and it may be a differ-
ent genus. In fact, the following features in the
coral seem to be diagnostic of the Roemeriidae
rather than the Pseudofavositidae: partial separa-
tions of peripheral corallites, infundibuliform
tabulae forming syrinx, and lamellar microstruc-
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Fig. 4. Akasakapora masutomii gen. et sp. nov., holotype, KFM 00429. 1, longitudinal polished section of coral-
lum, �0.7. 2, transverse thin sections of branches, �2.5. 3, longitudinal and oblique thin sections of branch-
es, �2.5. 4, transverse thin section of branch, note partial separations of corallites, �5. 5, transverse thin sec-
tion of branch, �5.
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ture in stereoplasm. The specimen is the
youngest and first Middle Permian records of the
Roemeriidae. In addition, it represents the first
occurrence of the family in Japan.

Among the known genera of the family,
Akasakapora masutomii gen. et sp. nov. is closely
related with a Wolfcampian (early Early Permi-
an) genus Bayhaium Langenheim and Mc-
Cutcheon (1959; type and sole included species,
B. merriamorum Langenheim and McCutcheon,
1959, p. 100, 101, pl. 19, figs. 1–6), from the
McCloud Limestone, California, by being the
ramose corallum. Discriminative feature occurs
in the intercorallite walls, Bayhaium has a dis-
tinct peripheral stereozone with the tunnel-like
intercorallite connections, whereas the peripheral
intercorallite walls of Akasakapora are also
slightly thickened, but those morphologic re-
spects are not developed. Furthermore, reticula-
tion of the corallum is not documented in Bay-
haium. The McCloud Limestone belongs the
Eastern Heyfork Terrane that possesses oceanic
origin and accreted to North American cratonic
basement during Middle Jurassic time (e.g.,
Coney et al., 1980; Irwin and Wooden, 1999).
There is a possibility that the Bayhaium–
Akasakapora lineage was a Permian relict of roe-
meriids in a tropical marine condition of the Pan-
thalassa Ocean.

The ramose corallum with the frequently anas-
tomosed branches of Akasakapora indicates evi-
dent distinction from the Devonian (to Early Car-
boniferous?) genera Roemeria Milne-Edwards
and Haime (1851; type species, Calamopora in-
fundibulifera Goldfuss, 1829, p. 78; Jell and Hill,
1970, p. 160–162, pl. 1, figs. 1a–h), and Roe-
meripora Kraicz (1934; type species, Roemeria
bohemica Barrande in Počta, 1902, p. 262, pl.

102, figs. 9, 10, pl. 111, figs. 21–25, pl. 116, figs.
11, 12; Kraicz, 1934, pl. 3, figs. 1–7; Hill, 1981,
fig. 455, 1a, b), whose coralla are discoid, mas-
sive, bulbous to simple columnar.
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