Taxonomic revision of Japanese Neogene Aturia
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(Abstract)

Neogene Aturia specimens housed in the Mizunami Fossil Museum and lately collected other
ones were examined. As the result of the study, it is confirmed that the Neogene Afuria are
referred to five species, namely, aturi (Basterot), cubaensis (Lea) complanata Sturani, formae
Parona and coxi Miller. Aturia aturi (Basterot) has the different suture lines from Afuria cubaensis
(Lea) not only in the adult stage but in the juvenile stage. Afuria minoensis Kobayashi seems to be
synonymous of Aturia cubaensis (Lea). The small Aturia complanata Sturani has a suture line
similar to adult Afuria cubaensis (Lea). However, the small Aturia formae Parona has a suture line
similar to juvenile Afuria cubaensis (Lea). Aturia cubaensis (Lea) may be an ancestral form of these
species. Afuria coxi Miller is very characteristic having a ventral lobe in its adult stage, but not in
its juvenile stage. Therefore this seems to have derived from Aturia aturi (Basterot) or Aturia
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enbaensis (Lea) which has no venteal lobe in both the juvenile and adult stages. s oceurrence
records ndiente Aterde coxd Miller fs o paat Indo-Pacifie element. The oceurrenees of Iapanese
MNeogene Aberia are largely from 3 horizons, which correspond to the remarkable warnings of
marine elimate (Climatle Optimim 1-31,

Introduction

Fousll Ateria occurs so varely that it 18 generally known by one or a few specimens ai
each Afuria locality., 1t shows world-wide distribution, and ranges from the earliesi
Paleocene to the latest Miocene in age. Many Neogene spesies of Aterla have been
previously described. Kummel (1966) taxonomically reviewed most of them, Jung {1966}
described aynonying of alierd and enbeensis, and Beu (1973) described synonying of cubeaeit-
six ane coxi,

Minoteen Neogene A ferda specimens housed in the Mizunami Fossil Museum and three
lately collected specimens were examined, Comparizon of the septal sutures and shells was
miade not only on adull apecimens bul on juvenile specimens. This paper demonstrates they
are referred to five species, The taxonomic relation of the Neogene Afwia species is
discussed, and its geochiolological and geopraphical distribution in the world are presented,

Description of Neogena Atuia species

Neogene species of Abevia are reforred Lo following five specios, Charactoristics of
shell and septal suture of flve species are described in the following lines, Thelr synonyms
are listed in Appendiz 1 at the end of this chapter,

Class Cephalopoda
Subclass Nautiloidea
Order Mautilida Agnssiz, 1847
Family Aturiidae Chapman, 1857
Genus Afuria Bronn, 1838
Type species- Nuawithes alirt Basterot, 1825

Remarks: The genus Aferia has a close phylogenetic relation with Hercoplossa and
Atwraidea, and it derived from Hepcoglossa through Aturoidea, Heveoglowsa in charactorized
by @ siphuncle being central or subeentral in position, Abeordee has a siphuncle being
nearer the dorsum than the venter, However, Aduria s distinguished from these two genera
by a siphunele being very close to or being in contact with the dorsum, and strongly curved
slgmoid-sutures on the lateral side,

Adwvia atird (Basterot, 1825)

W

Remarks: The orviginal deseription by Basterot (1825) s as follows, "Testd aubum-
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bilicatdi; siphone continue,
buccinaelormi; scptis
sinuosis”, Basterot did not 4. \
show any figure but refoer
red to the Montfort's ilus-
tration which shows an only
section of the volute shell,
According  to  Benoist 3.
(1889), Parona (18498)
and  Sturani (1958), this
apecies is characterized by
having a  whorl with &
roundly trapezoidal section 2.
which is higher than wide ’_\J’V_ /\
(W/D ratio=0.40~0,46), a
round and infundibular-
formed septal foramen, a 1. "\J’ﬂh
lateral lobe with an acutely /\
polnted exiremity and in-
flated sides, and a clear turn Fig. 1 Septal sutures of Atwrin aturi (Basterot)

hetween the lnteral lobe and L. primitive (Hercoglossa 1ype reconstructed alter Stur
the laternl saddle, (Fig. ani 19568), 2. juvenile (16:Emm in diameter),
143, 1-4) & adult 21-1200mm in dinmeter), 4 adult (variety of 3,

Sturani (1968) de- It s
seribed  Afuria  fossils
obtained from Collina di Torino, Piemonte, North Italy, of which Langhian specimens
measure 185 mm in the maximum diameter, Lower Helvetinn specimens measure 100-150
mnt in dinmeter, and Midedle and Upper Helvetian specimens measure 25-40 (<70) mm in
diameter,

Sturani (1958) proposed the name Hercoglossa tvpe for the primitive suture lines
(Fig. 1-1), examining afuri specimens obtained from Collina di Torino, The juvenile of
this specles which measures 20-35 mm in dinmeter, has suture lines similar to its adult,
except only difference in number of sutuce lines a whorl and somewhat rounded extremity
of the lateral lobe (Fig. 1-2),

The characteristics of suture lines of the adult aiwrd are very similar to those of Aleria
angustata (Conrad, 1849), which is known from the Uppermost Oligocene to the Lowest
Miocene in Alasks, the Lower Miocene in Washington and Oregon, and the Middle
Miocene in California, in having the above mentioned feature, Synonyms are listed in the
Appendiz 1 at the end of this chapler,

Aturia aturi is closely velated with Aturia alabamaensis (Morton), an Eocene species of
southern U, 5. A, in having an acutely pointed Interal lobe with Inflated sides, and a clear
turn between the lateral lobe and the lateral sacddle. But it is distinguished from afabamaen -
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gis by o slender whorl in seetion and more number of gepta a whorl,

Atria cubaenses (Lea, 1841)

Femarks: This species was {ivst deseribed by Lea (1841) from the Miocene in Cuba,
It ia characterized by having a rather small and half-closed umbilicus with an umbilical
pocket, a roundly triangular whorl section which is higher than wide (W/D ratio=0,40~0,
49), a rather largely opened and roundly infundibular-formed septal foramen, a lateral
lohe with an acutely pointed extremity and inflated sides, and no turn between the lateral
lobe and the lateral saddle (Fig, 2-2,2-3).

Several species which have the

shell  characteristics  mentioned —
above, were hitherto  described, 3. \
namely, anstralts MeCoy, 1867 . .
curvitineata Miller & Thompson,

1937+ grangei  Fleming, 1945

minoeisfs Kobayashi, 1947 | afuri et
var,, Sturani, 1958, Jung (1966) 2, '\\
and  Beu (1973) compiled  these

species  as  synonyms  of  Alwria

cithaensts (Lea, 1841), In this paper

I followed their opinion. Because

Atirta minoensis. Kobayashi, 1947, L.

which is well known from the Early \
and Middle Mioeene in Japan, has a

wenldly inflated whorl with a round-

ly triangular section, a largely g, 2 Septal sutures of Afwria cubacnsiz (Lea)

apened septal foramen, and no turn 1. juvenile (15 24.5mm in diameter), 2, adult
{more than 24mm In dinmeter),
adult {variety of 2.)

bitween the lateral lobe and the lat-
eral saddle, Synonyms of  Afnria
erehaenss are shown later.

Examination of septal sutures in juvenile specimens shown in the next chapter, reaches
conclusions as follows,

The younger stage of this species is characterized by having a deep, parallel, quasi-
straight-sided and roundly ending extremity of lateral lobe, where o clear turn is continuing
from the lateral saddle (Fig, 2-1). Therefore this species is distinguished (rom afwed by no
turn between the lateral lobe and the lateral saddle (In adults), and also by a parallel sided
lateral lobe with a roundly ending extremity and a clear turn between the lateral lobe ane
the Internl saddle (in juveniles), This roundly encing extremlity of lateral lobe resembles
that of Alwroidea mathewsonii (Gabb) shown in Miller (1947), pl. 49, fig. 3. T propose
the name Aturoiden type for this type of suture.
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Atwria complanata Sturani, 1958

Remerks: This species I8 character-
ized by having a small-sized shell with a
subrectangular section which is higher
than wide (W/D ratio=0,45+), flattensd
sicles, a rounded venter, a largely opened
and roundly infundibular-formed septal
foramen, densely arranged septa (12-13
a whorl), a lateral lobe with n rather
round extremity and inflated sides, and
no turn between the laternl lobe and the
lateral saddle (Fig, 3),

Sturani (1968) described that  the
specimen  from Colling di Torine,
Flemonte, North Italy, measures 24,9 mm in the maximum diameter, and measures 11,2
mm in the maximum width,

The characteristic of suture linea of Afwria complanala resembles of that of an adult
of Aturia cubaensiz, But Alwrle complanata clearly differs from Afurte cobaensis in n
juvenile stage, which mensures 20-30 mm in diameter. It has densely arranged sepia
(complanata=12—13 | juvenile cubaensis=10~12), the overlapping ultimate septum, more
acutely pointed laternl lobe and no turn between the lateral lobe and the lateral saddie.

Fig. & Septal suture of Afwda conplanaia
Sturan

Fig, 4 Septal suture of Afwra formae Pavons

Atierta formae Paronn, 1898

Remarks: This species is characterized by having a smallsized shell with a well
inflated and roundly quadrangular whorl in section (W/D ratio=0.52~0.54), a thin siphun.
cle very close to the penultimate whorl, a little developed septal neck, a small and round
septal foramen, a lateral lobe with a rounded extremity and parallel sides, and a clear turn
between the lateral lobe and the lateral saddle (Fig. 4),

This species was firat described by Parona (1898) from the Serravallian formation in
Baldissero torinese, Piemonte, North Italy. Thereafter, Sacco (1904) reported this species,
having a doubt of being a male juvenile of Adwria aturi, However, Sturani (1958) reex-
amined the Sciolze specimens and regarded them as the different species from alind. He
pointed out that major differences between atiri and forsmae, ave present in a section of
whorl and septal sutures, concerning the shell diameter of 20-30 mm, According to Sturani
(1958), Aturia formae measures 26,6 mm in the maximum diameter and measures 14,2
mim in the maximum width, and Sciolze specimens mensure lesa than 30 mim in the
maximum diameter,

The shape of the suture line of formae is very similar to that of the juvenile of
ctebaensis, but the former differs from the latter in having a well inflated whorl (W/D ratio:
Jormeae=0.62~0.54 . juvenile cubaensis =0.42~0.49), a siphuncle very close to the penul-
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timate whorl, a amall round septal —
foramen, less developed septal neck, \
thicker sepia and the overlapping ulti- 3. "
mate geptum under the comparison on

specimens of both species resembling
in size,

- R e "
Aturiz coxi Miller, 1947 N

Rewmarks: This species is char
agterized by having a rather large-

sized shell with a roundly trapezoidal l. =
section which is higher than wide (W/ -\ d_L/—_H\
D vatio=0.38~0,45), septal neck well-
developed, densely arranged septa (12
a whorl in juventile and 15~16 a whorl Ljuvenlle (18::mm in diameter),

2, achult (28-110mm in diameter),
in adult) very close to one another, a ; ! ]

3. adult {(variety of 2
wide and rather deep veniral lobe at
the center of ventral saddle, and no
turn between the lateral lobe and the lateral saddle (Fig. 5-2, 5-3),

Cox (1927) described this species from the Lower Miocene Tormation in the Pemba
lalandd, Zanzibar Protectrate, Tanzanla, comparing with Afwria narice Vreedenburg from
the Oligocene in Sind, Indin, Thereniter, Miller (1947 newly named it coxd, but he did not
male o detailed deseription but gave a figure showing the veptral lobe situated on the
ventral saddle in his figure with a breal explimation.

This species is very characteristic in the genug Adweria having o ventral lobe, However,
in the younger stage of this species, the ventral lobe is not situated at the ventral saddle
(Fig, 6-1). This fact suggests that efierd or cubaensts having no ventral saddle is an
ancestral lorm of coxi,

From its occurrence records (shown in Appendix 13, Aboda coxd Miller seems to have
been an Indo-Pacific element,

Fig, 5 Septal sutures of Ateria coxd Miller

Appendix 1 - Synonymy of the Meogene Afwria

Jung  (1966) described synonyms of aferi and eubaensts |, and Beu (1973) deseribed
synonyms of cubaensis and coxi. In this paper, as above mentioned, the Neogene Afwria is
referred to be synonymous ag the Tollowing species, Occurrence of each species is also
shown,

Aturia aturi (Basterot, 1825)

1825 Neawlitius otiri Basterot, Mem. Soc. Hist. Nat. Paris, v.2, pl7.
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1847 Napbitus dilueit Michelotti, Haarlem, p.346, plih, flgd.

1847 Clomepda morvisd Michelottd, ibid, p.349, pllG, figsd,5,

1849 Neutilns angustato Conrnd, Willes Explor, Exped, v.10, p728, pl.20, ligs 5,6,

1872 Abwri racdfate Bellardi, Mem. R Ace. Sei. Toring, ser.2, 27, ptl, p.23, pl3, fig3,

1889 Afuria aburi, Benoist, Act, Soe, Linn, Bordeaus, vi2, pld, pl2, ligslab.

1893 Abwrtr abierd, Simonelli, Atti Soc. Toscana Sei, Nai., 12, pé&.

1898 Adweria aberd, Pavona, Paleo, ltal, v, pl6l-164, pl12(1), figs2-6, pl13(2), figs,
b0,

1904 Adeeriae afuri, Sacco, Torine, C.Clausen, p6-7, pll, figs15-18, pl2, figsl-3,

1921 Abwria aliri, Chapman, Proc. Soc, Victorin, 34 (NM.5), pt.I, p.13.

1931 Adeeria alerd, Schenclk, Undyv, Calif, Pulsl. Geol, Sci,, v.19, 019, pdd8, pl.72, figs.d. 4,

1931 Afuria angustata, Schenclk, Univ, Calif, Publ, Geol, Sei, v.19, 019, pd57-462, pl.69,
figa.1-3, pl70, Ngsd-3,5, pl.71, figs.]-8,

1931 Adweria aleskensis Schenck, Uniy, Calif, Publ, Bull, Dept. Geol, Sei, v.19, nl8,
AG3-d6d, pl.71, Tig2,

1938 Adwria of, zicane (Sowerby), Miller & Crespln, Jour. Paleo, v.13, n.l, p80, pll4,
fig .1.

1047 Atnwria enroilineate, Miller, Geol, Soc, Amer, Mem. 23, p92, plas, ligad-6,

1947 Aderster angisiate, Miller, Geol. Soc. Amer. Mem, 23, pABL-BR, plon, figa1-3, ploi,
figa.1-3, plO3, figad. 4.

1957 Alwrie minoensis var, Kobayashi, Trans, Proc, Paleo, Soc, Japan, NS, n28, p
111-114, pl19, figs.1-3.

1968 Alwrda atnrr, Sturani, Atk Soc. It Sci, Nat, Mus, Civ, Stor, Nat, Milano, v, 97, nd,
pad66-377, pli8, figl, plly, figsl-2.

1966 Alevia afwrd, Jung, Eclog, Geol, Helvet,, v.59, nl, pd87-4849, pli, flgd, pl2, lgl1,

1971 Adwwie alaskensiz, Wanno, Jour, Paleo, Sec. Japan, Spec. Papers, n16,p.131-135, pl
1G, figs.l=4, pl18, fig.H.

1072 Aturia aturl, Robba, Riv. Ttal. Paleont., v.77, p.104-105, plb6, fig 13,

Oecitrretos

France: Low, Miocene Mid. Burdigalian at Saint-Paul-léa-Dax, Mandillot, Bordeaux (Type
locality),

Italin: Low, Miocene Up, Langhinn to Mid, Miocene Helvetian (-Serravallian) in Collina
di Toring, Piemonte: Mid, Miscene in Montolinog, Mid, Miocene in Redelln Monfer-
riito,

Equador: Low. Miocene formation at 51, Elena Peninsula, Guayaguil,

?lapan; Mioccene in (7) Kusu-gun, Oita Prefecture,

U5 A Uppermost Oligocene (o lowest Miocene Upper Poul Creek Formation at Ya-
katagn, Alaska; Low, Miocene Lincoln Creek Formation at Knapplon, Washington;
Low. Miocens Clallam Formation at Clallam Bay, Washington: Low. Miocena
Astoria Formation at Astoria, Ovegon; Mid, Miocene Temblor Formation in Califor

niit,
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Atrrte cnbacisis (Lea, 1841)

1841 Neawtilus cubaensis Lea, Amer, Philos, Soc,, Trans, N5, v.7, p259, pli0, figi5.

1867 Atwria avstralis McCoy, Ann, Mag, Nat, Hist,, ser.3, v.20, p.l9%2, (nomen nudum),

1910 Atwerta abwri, Canavari, Paleo, Ital,, v.16, p107-108, pl13(7), figa6,7.

1914 Atwrig australis, Chapman, Proc, Roy, Soc, Victoria, 27 (N.5.),pt.2, pa60-361,

1921 Afurie australis, Chapman, Proc. Roy. Soe. Victoria, 34 (N.5), pt.], p13-14.

1937 Alwerte ewrvilineatae Miller & Thompson, Eeolog, Geol, Helvet, v.30, n1, p69-70, pl,
9, figs.l-4, pl.10, figs.l,2.

1941 Atierte atrd, Tricomi, Glorn, Scl. Nat, Eeon. Palermo, v.42, pd, pll, figs2-7.

1941 Abwria of. afnri, Miller, Jour, Palea., 15, pd29-431, figslah.

1944 Abwrta australis, Telchert, Jour, Paleo, w18, nl, pd3-79, pli4, figal-d4, pllG,
fig.d.

1945 Aferta grangel Fleming, Trans. Roy, Soe, N2, v.7, pdll, pl60, figs.1-3, text
figa.lbe,d.

1947 Aburia cubacnsts | Miller, Geol, Soc. Amer, Mem, 23, pd2, plod, figsd-6.

1947 Abeeria curvilineata, Miller, Geol, Soc. Amer, Mem. 23, p.9d, pl73, figs.3,4 pl8d,
fign.1,2,5-8.

1954 Abwria minoensis Kobayashi, Japan, Jour, Geol, Geogr,, v.26, p35-54, pl5, figsa-d.

19658 Aberta atwrd var, Sturani, At Soc, [tal, Sel. Nat, Mus, Civ. Stor, Nat, Milane, v.07,
nd, p.370, pl20, fig2,

1966 Atwrier grangel Fleming, Marwick's fllus, N.Z. shells, Bull, N.Z. Dep. Sel, Indstr, Res,,
173, p8Y.

1966 Aturier coubaensis, Jung, Eclog, Geol, Helvet, v.59, nl, pAd80-491, pl.1, figs2-4,7,
pla, figs.2-6.

1968 Abwrier el granged, Bed, N.Z. Jour, Geol, Geophys, v.11, pl61-166, figsl-2.

1973 Aturia enbaensiz, Beu, Toholu Univ, Sei, Rep, 2nd ser. (Geol), Spec. Vol, nb,
(Hatai Mem. Vol), p298-303, pla2, fgs1-4,6,7.

1990 Alwria cubaensiz, Bea & Maxwell, New Zealand Geol, Sur. Paleont. Boll, 58, p.219,
plAG, fig.q.

Occnrrvence:

Cuba: Miocene Matanzas Limestone in Matanzas (Type locality),

Trinidad: Mid. Miocene Brasso Formation in Trinidad Island.

Columbia: Mid, Miocene formation in Guajira,

Venerusln: Mid. Miocens formation at North Cantaure, Paraguana Peninsula,

Auatralia: Mid, Miocene Balecombian Baleombe Clay, Melbowrn, Victoria; Mid, Miocene

Balecombian Muddy Creek Marl, Hamilton, Vietoria,

Mew Zealand: Mid, Miocene Mocau series; Low, Mid, Miocens Clifdenian Mohalating
Formation in North Taranaki; latest Miocene Rapitean stage at Bluecliff,
Te Waewae Bay, Southland,
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Japan; Low. to Mid. Miocene formations In Ibaragi, Chiba, Kanagawa, Saitama, Nagano,
Gifu, Alchi, Mie, Wakayama, Toyama, Fuloui, Okayama, Shimane and Yamaguchi,

Italia: Mid. Miocene Helvetian Baldissero Formation at Albugnano, Piemonte,

France: Low, Miocene Burdigalian formation at Dax, Saubrigues, Aquitaine,

Abiria complanata Sturani, 1958

958 Atwrta complanata Sturani, Atti Soc, Ttal, Nat, Mus, Clv. Stor. Nab, Milano, v97, n,
4, pATE-38S, pll8, fipadab, pl19, figld.
1972 Alurta complanata, Robba, Riv, Ital, Paleont., v.77, p.105-106, pl5, fig.14,

Oceurrence:
Italin; Low, Mid, Miocene Langhian Cessole Formation; Mid. Miocene, Mid. to Up.
Helvetian formation in Colling di Torine, Piemonte (Type locality).
Japan: Upper Lower Miocene Yamanouchi Member, Alieyo Formatlon, Mizunami Group
at Yamanouchi & Matsugase, Alkeyo-chd, Mizunami Cily.

Aluria formae Paronn, 1808

1898 Aturia formae Parona, Paleo, Ital, v, pl64, pll3, figs.7-8,

1904 Aturia formae, Saceo, Tovino, C.Clausen, p.7, pl.2, figsd-5.

1926 Aturia aturi, var, tokunagai Shimizu, Sci. Rep. Tohoku Univ,, ser.2, v.9, v.2, p.
26-27, pladl), figs.7-10,

1968 Aberia formae, Sturani, Attl Soc. 16 Sei. Nab Mus. Civ. Stor, Nat. Milano, v.97 ,n.d,
pATT-378, pll8, fig.2, pl19, figd,

1990 Abweria forsae, Tomida, Bull, Mizunami Fossil Mus, n17, p97-103, pl19, figal-5,

Ocenrrence;

Italia: Low. Mid. Miocene Langhian Cessole Formation; Mid, Miocene, Mid, to Up.
Helvetinn formations In Baldissero torinese & Seiolze, Torino, Piemonte (Type
locality).

Japan: Upper Middle to lower Upper Miocene Kokozura Formation, Taga Group at Takal
& Tzura, Ohtsu-chd, Kitaibaragi City, Tharagi Pref,

Atrerta coxi Miller, 1947

1927 Atwria nariea, Cox, Publ, Gover, Zanzibar, p.19, pl19, figs.6,7.

1947 Adnrig coxi Miller, Geol, Soe. Amer,, Mem. 23, p88, pl.74, Mg,

1973 Aturia coxi, Beu, Tohoku Univ,, Sci, Rep, 2nd ser. (Geol), Spec. Vol, n6 (Hatai
Mem, Val), p303-305, pla3d, figss-16,

1983 Atnria coxi, Tomida, Bull, Mizunami Fossil Mus, n.10, p.114-115, pli6, figs.laf,

1989 Adpria coxi, Tomida, Bull, Mizunami Fossil Mus., 016, p 100, plid, figs.d,2.



283 5, Tomida

COecirenee

Tanzanin; Miocene Pemba Formation in Pemba Island, Zanzibar Protectorate (Type

locality).

Mew Zenlund: Low. Mid, Miocene Clifdenian basal Mohalating Formation, Up. Mid,
Miocene Walauan In Weatland; Up.Mid, to low, Up, Miocene Wainuan or
Tongaporutuan in Scotshman's Creek; Up, Miocene Tongaporinan Hurupl
Formation,

Ausiralin: Uppermost Miocene Cheltenhnminn Black Rock Sandstone in Beumaris, Mel-

baurne.

Japan: Uppermost Miocene to Lowermost Pliocene Senhata Formation, Miura Groujp al

Mutona, Kvonan-ch, Awaegiun, Chiba Pref.

Appendix 2 - Afuria mmoensis Kobayashi, a synonym of A, cubavisis

1964 Atria nunoensis Kobayashi, Japan. Jour, Geaol, Geogr, v.25, pab-54, plh, figsa-d,

1956 Adwrta minoensiz, Kobayashl & Masatani, Trans, Proc, Paleo, Soc, Japun, N.5. n.17,
pl-d, pll, Tigs.l-5,

1968 Abwria ef. iinoensts, Kobayashi & Horiloshi, Japan, Jour, Geol, Geogr,, v.29, n.l-3,
p.52-63, plbG, figs a2,

1960 Afwrie srfnoensis, Kobayvashi, Sci. Rep, Toholu Univ,, 2nd ser, (Geol,), Spec. Vol, n.
4, pl2z-1z4, pli12, figslabh,

1960 Afaria el snovasts, Kobayashil, Sel. Rep,, Toholku Univ,, 2nd ser, (Geol,), Spec, Vol,,
nd, pli2, figs2ah,

1962 Afnria sp., Hatad & Masuca, Trans, Proe. Soe, Japan, N5, nd6, pld0, fig.29,

1967 Atwria minoensis, Shibata, Jour, Geol, Soc. ITapian, 73, pda7 346,

1970 Atwria minoensis, Shibata, Jour. Earvth Sci., Nagoya Univ,, 18, p27-84.

1973 Aduvia of, minoensis, Sugiura, Kaselki-no-tomo, pd-6, 1 pl

1974 Afnria mimoensis, Hoigawa, Shibata & Nishimoto, Bull, Mizunami Fossil Mus, n.1,
196, pl6e.

1975 Aduria of, mineensts, Katto, Masuda & Saliou, Sei. Rep, Kochl Univ,, v.24, Nat, Sci,
ndb, pi, pl2 figd.

1970 Abwria minoensis, Okamoto & Suyama, in Geology of Yamaguchi Prel, p. 191, fig.6

A-26.
1975 Ainria minoensis, Okubo, Mem. Fae. Lit. & Sei. Shimane Univ,, Nat, Sci., 8, p86-87,
figa.1a,b.

1977 Atwrig sp., Okamoto, Geol. Soc. Japan, v.83, n6, pasd-362, figs.

1982 Atwrie ap., Ozald, Yokohama Nat, Univ,, Bull, Spec, Study 2, pdd-45, pl7, ligs.A,
13

1982 Aheree sp., Kishiimoto, Chigaku-kenkyu, v.33, nos7-12, paed,

1985 Afrerie minoensis, Nalkagawn & Takeyama, Bull. Mizunami Fossil Mus, nl2, p
27-d47 3.'!'.'3.‘1, {igs.8-9.
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1985 Atwria of, minoensis, Tomlda, Bull. Mizunami Fossil Mus, 0,02, p197-204, pla8,
fipnl,2,

1987 Aburia of, minoengis, Taury, Geol. Rep. Shimane Univ,, 6, p956-100, lig3.

1990 Atweria cf. sminoensis, Hachiva, Kaseki-no-tomo, n37, pid-36,

1992 Atweria sp., Toyama Sci. Mus, Spee. Publ, nb, p.30, plig, figsiab,

Examination of Atura specimens fram Japan
Aduria cubaenzis (Lea)

1) leura specimen (P28, Figs loby MEFM 41002,

Locality; Shishigashiva, [zura, Ohtsu-chd, Kitaibaragi City, Ibaragi Pref, (Loc, 1),

Hovizon: Kokozura Formation, Tagn Group,

Dimension; Diameter ea, 59 mm.

Remarks: This specimen wis contained in a nodule and was obtained as a rolling stone
at the seashore of Shishigashiva, where sandstones of the Kolozurn Formation oulerops,
This spesimen is identical with Afurfa cubaensiz (Lea) in having an inflated-sided, sube.
quilateral and acutely pointed lateral lobe, where no turn is continuing from the lateral
sitdldle,  This specimen shows the post-morten drifting because the serpulid fossils are
adhering to its shell surface (P1 28, fg.1hb).

2) Kawayatsu-1 specimens (PL 25, Figs, lab, 2) . MFM 41003 & MFM 41004,
Locality: Dani-site in Kawayatsu, Kamogawa City, Chiba Prefecture (Loe, 3,
Horizon: Kinone Formation, Sakuma Subgroup, Miora Group,

Dinenstons: Length 40,5 = 38,8 mm (MFM 41004); length 28.5 = 24.0 mm, widlh
16,9 mm (MIFFM 41003),

Remarks: This (MFM 41004) is o fragmental specimen of a large-sized Atiria, on which
anly sectioned septal auture s observed. A small-sized specimen (MM 41002) ia deformed,
80 only a sigmoidal suture line is observed and it is one of important characteristics of
Afwria, | doubtfully refer the specimen to At cubaonsis (Len),

3) Kawayatsu-2 specimens (P, 26, Figs 3, 4); MFM 41006& MFM 41006
Lacality; Rond-eliff In Kawayatsn, Kamogawa Cily, Chiba Prefecture (Loc,3),
Horfzon: Amatsu Formation, Salouma Subgroup, Miura Group.

Dimensions: Max, diameter 59 6mim, min. diameter 53,7 mm (MEFM 41006); max,
dimmeter 37,6 mm, min, diameter 27,9 mm (MFM 41005),

Remavks: These two specimens are laterally compressed but have an nflated-sided,
subequilateral and acutely pointed lateral lobe, where no turn is continuing from the large
and rounded lateral saddle (13 septa o whorl), Therefore, these arve identical with Afwrda
ciibaensis (Lea).

4) Chichibu apecimen (P1 24, Figs, 1a-f); Opai's collection,

Locality: River bed of Aralkawa, Ohnolira, Chichibu City, Saitima Pref, (Loc, 6),

Howfzon: Nagura Formation, Chichibumachi Group,

Dimensions; Max. diameter 176.0 mm, min. diameter 154.5 mm, max. width 92,6
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mm,

Kemarks: This specimen has a very largesized shell without a living chamber, 13
septa a whorl, the overlapped ultimate septum to the penultimate septum and a wide whorl,
g0 |t seems to be adult, This specimen is identical with Afwria cubaensis (Lea) In having a
roundly trinngular whorl in section, no turn between the lateral lobe and the lateral saddle,
and a more broadly opencd septal foramen. This is one of the largest A, cidacists
apecimens in the world,

According to Takahashi (1992), Miocene strata in the Chichibu Basin, from the
lower, Ushilkubitoge Formation Lo the upper, Yolkoze Formation, eorvespond to N 8 of
Blow's zones in dge,

5 Iehihara specimens (Pl 27, Figs. 2ab, 3); MFM 11020 & MFM 11030,

Locatitv: River-eliff In lehihara, Told-chd, Mizunami City, Gifu Prefecture (Loc. 8),

Horizow; Sakurado Facies, Akeyo Formation, Mizunami Group,

Dimensions: Max, diameter 42,0 mm, min, diameter 31,8 mm, max. width 17,8 mm
(MFM 11028); diameter e, 26 mm, max, width ea. 12 mm (MFM 11030).

Kemarks: This (MFM 11029) has an almost complete and small-sized shell without the
Hying chamber, so it is a juvenile, The whorl is slender and has flat sides in the younger
stage, but has a roundly triangular section in the ultimate stage, This has a roundly ending
extremity of lateral lohe with the parallel and quasi straight sides in the vounger stage (Fig.
2-1), hut the suture lines of the adult stage are seen near the ultimate part of this specimen
(Fig. 2-2), The other specimen (MFM 11030) has an aboul half of the posterior disc, belig
largely destroved, The wharl seetion s slender and has flattened sides, but the suture lines
of the adult stage are seen near the ultimate part, These two specimens are referable to
Aturia cubaensis (Lea) because of having no tirn between the lateral lobe and the lateral
saddle in thely ultimate atage,

6) Matsubora specimen (P26, Figs, 1 a-d); MFM 11026,

Loealily: Matsubora, Shimizu, Toki-chd, Mizunami City, Gifu Prefecture (Loc. 8),

Hovizan; Tsukivoshi Member, Akeyo Formation, Mizunami Group,

Drisengions: Length 70,6 mm, max, width 37,2 mm,

Femarks: This specimen is large in size with almost destroyed ventral side, but a
roundly infundibular-formed and largely opened septal foramen, and no turn between the
lateral lobe and the lateral saddle, are observed, Therefore this is identical with Abiria
erhaensis (Lea).

This specimen was obtained as a rolling stone, Tuffaceous muddy sandstones of the
Taukiyoshi Member are exposed at the collection locality, This member is associated with
the Cyelina- Vicarya nssemblage (Itoigawa, 1980),

71 Yamanouchi-1 specimen (PL. 26, Figa, 2 a-c); MFM 11027,

Locality; Yamanouchi, Akeyo-chd , Mizunami City, Gifu Prefecture (Lo, 8),

Horizon: Yamanouchi Member, Alkeyo Formation, Mizunami Group,

Dimensions: Length 133,05 mm, width 60,5 Fmm, height of whorl 88.5 mm,

Remarks: This specimen was first deseribed by Itoigawa of o, (1974 0 p. 196, pl. 62,
flgs, 1 a,b) as mineensis, The large part of the anterior shell is destroyed, but a roundly
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infundibular-formed and largely opened septal foramen {8 observed at the ultimate septum
which Is altuated in a roundly trinngular whorl in section, It has no turn between the lnteral
lobe and the lateral saddle. From these characteristics, it Is identified with Abia cibacnsts
{(Lea),

The Akeyo Formation is assumed to be 16+ to 18 Ma in age (Itoigawa,1980), The
Akeyo Formation so far has yielded more than 16 specimens of Afuria up to date (Fig, 8),
8) Matsugase specimen (PL 27, Figs, 1 a-c); MFM 11028,

Loealily: Matsugase, Akeyo-chd, Mizunami City, Gifu Prefecture (Loc, 8),

Horizon: Yamanouchi Member, Akeyo Formation, Mizunami Group,

Dimensions: Max, diameter 24.5 mim, max. width 11.7 mm.

Remarks: This small specimen has a slendor whorl section with flattened lateral sides
in the younger stage, but has a roundly triangular whorl section in the ultimate part, This
also has sparsely arranged septa (10 5 whorl), a roundly ending extremity of lateral lobe
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with the parallel and quasi-straight sides, and a clear turn between the lateral lobe and the

Interal saddle (Fig, 2-1), These features indicate this is a juvenile of A, cibaensis | ns

above mentioned,

9) Oginoshima specimens (P 25, Figa, 5 a-¢, 6 a,b); MFM 11033 & MFM 11034,
Locality: Oginoshima, Kamado-chd, Mizunami City, Gifu Prefecture (Loc. 7),
Harizon: Shukunohora Facles, Mizunami Group,

Difmienstons: Diameter 70,3 mm, max, width 39,0 mm (MFM 11033); max, diameter
8.6 mm, max, width 12,8 mm (compressed; MM 11034).

Remarks: The living chamber of the larger specimen (MFM 11033) is damaged, and the
large part of its disc was destroyed in course of collection. The smaller specimen (MFM
11034) has a laterally compressed shell with a living chamber, and roundly curved septal
sulures, These specimens are identical with Afuria cubaensis (Lea), because they have no
turn between the lateral lobe and the Interal saddle, and a roundly trinngular whorl in
section,

This locality vields abundant tropical water molluses (Itoigawa, 1089 1 Ttoigawa and
Yamanol, 1990),

10} Nakohida specimen; Tatematsu's collection,

Locality: Nalkahida Hida.chd, Toki-City, Gifu Prefecture (Loc, 9).

Horizon: Nataki Conglomeraie Member, Oidawara Formation, Mizunami Group,

Dienston: Diameter ca, b0mm,

Remarks; This specimen is go laterally defaced that septal sutures cannot be observed
except only sectioned septal sutures. 1 doubtfully refer the specimen to Atura citheensis
{Lea).

11} Oa specimen (PL 27, Fig, 4) ; Mizuno's collection.

Locality; Oza, Minamichita-chd, Chita-gun, Alchi Prefecture (Loc, 11),

Hoprizon: Tovohama Formation, Morozaki Group.

Dimensions; Max, diameter ea, 20 mm, min, diameter ca, 12 mm.

Remarks: Thig specimen was firat reported by Hachiva (1990), This small specimen has

a living chamber, so this is a very younger shell, From the nearly complete preservation of

the living chamber, it seems to have been transported a short distance from its living site,

This specimen has a deep, parallel, quasi-straight-sided and roundly ending extremity of

Interal lobe, where a clear turn is continuing from the lateral saddle, in its younger stage

(Fig. 2-1), However, this also has an inflated-cided, subequilateral and acutely pointed

Interal lobe, where no turn i continuing from the lateral saddle (Fig. 2-2), at the ultimate

and penultimate septa, This feature is important to know the ontogeny of this species. It

is identified with Afria cubeensis (Lea) on the basis of the absence of turn between the
lateral lobe and the lateral saddle in the ultimate stage,

Abieria complanata Sturani

1) Matsugase apecimen (P 27, Fig. 6) 1 MFM 11032,
Locality; Matsugase, Akeyo-chd, Mizunami City, Gifu Prefecture (Loc. 8),
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Hovizon: ¥amanouchi Member, Alkevo Formation, Mizunami Group,

Dimenision: Max, diameter 26,5 mm.

Reptarks: This specimen has a amall shell without a living chamber, but it seems to be
adult on the basis of the ultimate septum overlapping on the penoltimate septum, This has
densely arranged septa (13 a whorl), a pointed but rather rounded extremity of lateral
lobe with slightly Inflated sides, largely rounded lateral saddle, and no turn between the
lateral lobe and the lateral saddle. Therefore [t s ldentified with Afwvia complanata
Sturani.

29 Yamanouchi-2 specimen (PL 27, Figs. 5 ab); MEM 11031,

Locality: Yamanouchi 282 Y 6, Akeyo-chd, Mizunami City, Gifu Prefecture (Loe, B),

Horfzom Y amanouchi, Member, Akeyo Formation, Mizunami Group,

Dimensions: Max, width 12.4 mm, height of whorl 17,5 mm.

Remarks: This specimen is largely destroyed but the overlapping ultimate septum
indicates it is an adult specimen. This is referved to Afria complanata Sturani on the basis
of a reetangular whorl in section, flattened sides, a broadly rounded lateral aaddle, nnd the
absence of turn between the lateral lobe and the lateral saddle,

Abwria formae Parona

Tzura specimen (L 27, Fig, 7 a,b); MEM 41001,

Locality: Shighigashira, Tzura, Ohtso-chd, Kitaibaragi City, Ibaragi Pref. (Loe, 1),

Hovizen: Kakozurn Formation, Taga Group,

Dimonsions: Max, diameter 31,5 mm, max, width 16,7 mm.

Remarks: This specimen was fivat veported as Atwrie formae Parona by Tomida
(10903, lis suture line is very similar to that of the juvenile specimen of crbaeiss from
Matsugase, Mizunami City, but the former differs from the latter in having o well-inflated
whorl with a round section, a small round septal foramen, a siphuncle very close to the
penultimate whorl, thicker septan and a roundly protruded shoulder of ventral saddle,
Therefore this is identical with Afuria formae Pavona, The European specimens by Parona
(1898) and Sturani (1958), differ from the lzura specimen in having a somewhat smaller
size, n more roundly quadrangular whorl in section and the overlapping septum, but W/D
ratio of formers Is very near to the latter in the numerieal value (Tomida, 1990), This
fenture may show the sexual dimorphism of this species, like the living Nedilis (Stenzel,
196Gd),

Knto (1980) assigned the Kokozura Formation in [zura to Blow's zone N 16-16, the
latest Middle to the earliest Late Miocene in age.

Afuria coxd Miller
Motona specimens (Pl 28, Figs, 2-6) ;. MFM 112110, Inoue’s collection, MFM 112111,

MFM 112112 & MIFM 112113,
Locality: Okumotona Quarry, Kyonan-chd, Awiegun, Chiba Prefecture (Loc. 2),
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Hovizon: Senhatn Formation, Toyoola Subgroup, Miura Group.

Dimengions: Max, diameter 18 mm (MFM 112110); max. diameter 45 mm {Inoue's
collection), max, length 23 mm (MFM 1121110 max. diameter 26,5 mm (MFM 112119),
max, diameter ea. 26.5 mm (MFM 112113),

Remarks: These specimens have septa very close to one another, a pointed extremily
of the lateral lobe, the largely rounded lateral saddle, no turn between the lateral lobe and
the lateral saddle, and o ventral lobe, Therelore these are identical with Afuria coxi Miller,

Tomida (1983) was the first that reported the occurrence of Aturia coxi from Japan.
From this locality eight specimens of A coxd including adult and juvenile specimens
were obtained up to date. Moreover, the occurrence of the very yvoung shell of 18 mm in
dinmeter (Pl 28, Fig. 2), suggests that Afwrfe coxd may have lived in the adiacent sea of
Japan during deposition of their enclosing sediments, The Senhata Formation is character.
ized by a warm sea molluscan fauna, which is compured with a part of the Lower Mivazakl
Group, and the New Zealand's and Australian faunas (Tomida, 1989),

Locality data on Japanasa Neogana Afwife

Neagene Aluria localities in Japan are shown in Figure 7 and deseribed in detail in
following lines, The corvelation of the Afwria-benring formations 8 shown in Table 1.

1) Ohtav-chd, Kitaibaragi City, Ibarngi Prefecture.
e Taleai; Aturia formae Parona; Koltozura Formation; (Shimizu, 1926),
# lziiva; Abteria formae Parona; Kokozura Formation; Tomida, 1990,
Aturig cubaensis (Len); Kokozura Formation; (Lthis report),
2] Motona Quarry, Kyonan-chd, Awagun, Chibn Prefecture,
Aturia coxi Miller; Senhata Formation; Tomida, 1983, 1989,
) Kawayatsu, Kamogawa City, Chiba Prefecture,
# Danmi-gite; Afwrin of, cubaensis (Lea); (this report).
# Road-clill; Afierda cubaensis (Lea); (this report),
4} Taira, Hayama-chd, Miura-gun, Kanagawa Prefecture,
Alurta cubaensts (Lea);, Morito Formation; (Ozakl, 1982),
5§} Shigunzawa, Ranzan-chd, Hiki-gun, Saitama Prefecture,
Aburia cubaensis (Lea); Tokignwa Formation; (Hatal & Masuda, 1962),
6 ) Ohnohara, Chiehibu City, Saitama Prefecture.
Aburia cubaensis (Len); (this report),
7) East alde of Mizunami City, Gifu Prefecture,
# Matsubora, Toli-cht; Afuria cubaensis (Lea): (this report).
# lehihara, Tali-ehty Afwrin cubaensis (Len): (this report),
# Oginoshima, Kamado-chd; Aturia enbaensis (Lea); (this report).
8) West side of Mizunami City, Gifu Prefecture,
# Togari, Alkeyo-chiy; Afuria cubaensits (Lea); Yamanouchi Member, Akeyo Formation;
(IKobayashi, 1954) | (ltolgawa o af., 1974)
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Fig, ¥ Map showing the localities of the Japanese Neogene Alwvia

doeed i abind, @ Abria cubaensis, O Afuvia complanata
W Adwria fovmae, ¥ Aturia codd, o Nautilida, gen. ot sp. indet.
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# Yamanouchi, Akeyvo-chdy Afwere cibacnsiz (Lealy (Itolgawa ef el 1974) 0 (thia
report), Afuria complanata Sturani; (this report),
i Matsugase, Akeyo-chd;, Afurte cubaensis (Lea); (Itolgawa ef al., 1974) o (this report},
Abwria complaneata Sturani; (this report),
9] Taoki City, Gifu Prefecture,
* Joringi, Tzumi-chdy; Afurie cubaensis (Lea); Kujivi Facies, Mizunami Groug; (Hachiva,
1990),
# Malcahida, Hida-chd; Atwria of, enbgensis (Lea); (this report),
10) Himaka-jima, Minamichita-cha, Chita-gun, Aichi Prefecture,
Atiria cnbaensis (Lea); Himala Formation; (Sugiura, 1973).
11) Chita Peninsula, Minamichita-chd, Chitiegun, Aichi Prefecture.
# Hayashizaki; Afwrie cnbacirsis (Lea), Toyohama Formation; (Tomida, 1986),
# Qi Atevig cubaensts (Lea); Toyohama Formation; (Hachiva, 19900 § (this report).
12) Bungd, Misato-¢ho, Age-gun, Mie Prefecture,
Abwria cubaensis (Lea); Mitsugano Formation; (Hachiya, 1940) ,
13) Sada & Katada, Hakusan-ehd, lehishi-gun, Mie Prefecture.
Abwria cubaensis (Lea); Mitsugano Formation; (Shibata, 1967, 19705,
14) Tanosalki, Tanami, Kushimolo-chd, Nishimoro-pun, Wakavama Prefecture.
Abwria cubeensis (Lea); Tanami Formation; (Katto of af., 1975).
15) Gohyakkoku, Tateyama-chd, Nakaniikawa-gun, Tovama Prefecture,
Aturia cubaensis (Len); Tochizu Member, Yatsuo Formation; (Kobayashi, 1960)
16) Tauzuwara, Osawana-chd, Kaminiikawa-gun, Tovama Prefecture.
Aturin  cnbaensfs (Len); Kurosedani Member, Yatsuo Formation; (Kobayashi &
Masatani, 1955},
17) Oguirud, Talkahama-chd, Ool-gun, Fukul Prefecture,
Abviae cubaensis (Lea); Uchiura Caroupy, (Kulmyamhi & Horikoshi, 1958) | (N:llt:igalw:l
& Takeyama, 1985),
18) Tajibe, Ohsa-chd, Atetsugun, Okayama Prefecture,
Atigria cibaensiz (Lea); Bihoka Groupy (Kishimoto, 1982),
19) Fujina, Tamayu.chd, Yatsulcsgun, Shimane Prefecture.
At cihaensiz (Lea); Fullna Formation; (IKebayaahi, 1960},
20 Tatamignurn, Kokubuchd, Hamada City, Shimane Prefecture,
Atwria ewbaensts (Lea); Togane Formation; (Olkubo, 1975),
21) Komatalka, Honmatala-chd, Masuda City, Shimane Prefecture.
Atwria eithaensts (Lea): Masuda Group: (Tsuru, 1987),
22) Kouyama, Susn-chd, Abu-gun, Yamaguchi Prefecture,
Abwrter coebeensts (Lea); Maeji Formation, Susa Group; (Okamoto & Suyama, 1975),
23) Kakebuchi, Yuya-chd, Ohtau-gun, Yamaguchi Prefecture,
Aturia cithaensis (Lea); Kadoyama Formation, Yuyawan Group; (Okamoto, 1977},
24) ? Kusu-gun, OQita Prefecture,
Atwria aturi (Basterot); horizon unknown; (Kobayashi, 1957),
25) Hitodou, Yamalkita-chd, Ashigarakami-gun, Kanagawa Prefecture,
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Nautilida; Tanzawa Group; Kadota & Suckane, 1978,
26) Shittaleou, Shigaamura, Higashichilkuma-gun, Nagano Prefecture.
Atuvia enbaensis (Lea); Aokl Formation; (Hachiva, 1990).

Remrks: The geologieal range of the Neogene Afuria in Japan was hitherto reported
by Okamoto and Suyama (1976), Tomida (1986) and Tsura (19871, who pointed out
the abundant oceurrence of Aftwria fn the late Early to early Middle Miocene in age,
However, from the features above mentioned and shown in Table 1, it can be staled that
the occurrences of Atiodg {ossils in Japan are coneentrated in 3 ages; the first is the late
Early to early Middle Miocene (N 7-HN 9 (-N 12} of Blow zone), the second is the late
Middle Miocene (M 14-N 15 of Blow zone) and the thivd ia the latest Miocene (N 17 of
Blow zone). They are always nccompanied by tropical or subtropical marine molluses,
These 3 ages correspond Lo the remarkable warnings of marine ellmate (Climatic Opti-
muiin 1-3 of Barron and Baldaof, 1990, in chronologic order),

Conclusions

1) Neogene Afuria consiats of 5 species, afuri, cubaensis, complanala, formae and caoxi,
From Japan, four species except aturi locality cxuctly unknown, have been reported,

21 Atwrte atieri (Bagterot) Is distinguished from Abwvia cndaensis (Lea) by the different
auture lines not only in the adult stage but in the juvenile stage. Aferta ifiovisis
Kobayashi seems to be synonymous with Aterie cubaensis (Lea),

) Aluria complanata Sturani is small in size and has a suture line similar to an adult
of Aluria cubaensis (Lea). While Afwria formae Parona Is small in size and has a suture line
atmilar to & juvenile of Aturia cubaensis (Lea), Abora cobaensis (Lea) is known (rom the
Burdigalinn Stage of Lower Miocene in age, but Aturia complanata and Abiria formae are
known from the Langhian Stage of lower Middle Miocene in age. These facts suggrest that
Aburia cubaenses (Lea) may be an ancesiral form of these two apecies, For example, Afuria
Jovigae Parvona seems to have derived from Aberia enbaensis (Lea) on the basis of phenomie:
non of progenesis accompanying a prococious maturation,

A4y Atwria coxd Miller seems to have been an Indo-Pacific element ranging from the
Middle Miocene to the Latest Miocene in age. This species 2 characterized by the presence
of a ventral lobe, but it has no ventral lobe in its juvenile stage, Therefore this seems (o
have derived from A, atueri or A, enbaensis which has no veniral lobe in lis Juvenile and
adult stages,

) The oceurrences of the Neogene Abwrda in Japan are concentrated in 3 ages. These
3 ages correspond Lo the remarkable warmings of marine climate (Climatic Optimum
1-3).
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Plate 24

Figa, 1n-, Adwria cubaensiz (Lea); Ogai's collection, Nagura Fm,
fig. la Left lateral side; {ig. 1b Right lateral side; fig, lo Adoral side;
fig, 1d Posterior side; fig. Le Ventral side; fig, 11 Dorsal side, =04,



5. Tomida Plate 24




Plate 24

Figs, 1ab  Adwria el. cubaensis (Lea); MEM 41003; Kinone Fm.
fig. la Lateral side, fig, 1b Ventral side, x1,2,
Fig, 2 Atwria ef. cubacnsi (LeayMEFM 41004; Kinone Fm.
Lateral side of a fragment, =1.5.
Flg, 3 Atwrle ciebeensis (Lea); MEM 41005; Amatsu Fm.
Lateral side, =1 .4,
Fig. 4 Aturta enbaensis (Lea); MFM 41006; Amatsu Fm.
Lateral side, %1,
Figs, Sa-c  Aturia cubaensis (Lea), MFM 11033; Shukunohora Facies, Mizunami Gr.
fig. fa Right lateral side; fig. 5b Left lateral side; fig. S¢ Posterior side, =0,8,
Figs, Gab  Aburia cubaensis (Lea), MEM 11034; Shulcunohora Facies, Mizunami Gr.
fig, 6a Left lateval side; fig. 6b Right lateral side, =0.9,
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Plate 26

Flga, 1a-d  Afurig cubaensis (Len); MFM 11026, Tsukiyvoshi Mem.
fig. 1a Left lateral gide; fig. 1b Right lateral side; fig. le Adoral side; fig. 1d  Dorsal
alde, %0.9.

Figs, 2n-c  Atwria cebaensis (Lea); MEM 11027; Yamanouehi Mem,
flg. 2a Left latoral side; fig, 2b Right lateral side; fig, 2c Adoral side, %0.6,
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Plate 27

Figs, la-c  Alurta cubaensis (Lea), MFM 11028 Yamanouchi Mem.
fig. 1a Enlarged Left lateral side; =22, fig. 1b Adoral side; fig. le Right lateral
side, %1.5.

Figs., Zab  Atwria cubaensis (Lea); MFM 11029; Sakuradd Facies, Mizunami Gr.
fig, 2n Left lateral side; fig, 2b Adoral side, =1,

Fig. 3 Aberia ciebaensts (Lea); MFM 11030; Sakuradd Facles, Mizunami Gr
Left lateral side, ®1.5,

Fig. 4  Aheria cubaensis (Len); Mizuno's collection; Toyohama Fm,
Right lateral aide, =<2 3.

Figs. b Aturia complanata Sturani; MFM 11031; Yamanouchi Mem.
fig. ba Right lateral side; fig. 6b Sectioned view, =14,

Fig, 6 Aferia complanate Sturani; MFM 11032, Yamanouchi Mem.
Right lateral side, =1.4,

Fig, Tab  Afwria formae Parona, MEMA41001 | Kokozura Fm.
fig. 7a Sectioned view: fig. Th Right Interal side, =1.2.
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Plate 28

Figs., lab Alwria eubaensis (Lea); MFM41002 | Kokozura Fm,
fig. 1a Whorl view of Atwria-bearing nodule, =<0.8, fig. b Enlarged inner view,
x2.5,
Fig, 2 Afurie coxd Miller; MEM 112110; Senhata Fm.,
Lateral side of a juvenile specimen, =3,
Figa. dab  Afaria coxd Miller: Inous's callection: Senhata Fm,
fig. 3n Ventral side; fig, 3b Lateral side, =1.3,
Figa, daly  Afwria coxi Miller; MFM 112111; Senhata Fm,
fig. dn Ventral side of a fragment, showing ventral lobes; fig. db Lateral side, =15,
Fig.h  Abwrie cowr Miller; MEM 112112; Senhatn Fm,
Lateral side of a fragment, =2,
Fig, 6 Aturia coxr Miller; MEM 112113; Senhata Fm,
Lateral side of a juvenile specimen, =15,
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