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PART L, REVISED, VOLUME 3B, CHAPTER 6:
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STEPHANOCERATOIDEA AND SPIROCERATOIDEA

MicHAeL K. HOWARTH
[Department of Earth Sciences, The Natural History Museum, Cromwell Road, London SW7 5BD, England; m.howarth@nhm.ac.uk]

Superfamily

STEPHANOCERATOIDEA
Neumayr, 1875

[nom. transl. . P. SmitH, 1913, p. 661, ex Stephanoceratidac NEUMAYR, 1875,
p- 905] [=Stepheocerataceae BUCKMAN, 19194, p. xi, as Stepheoceratacea]

A morphologically highly varied group
derived from similar planulate forms of
upper Aalenian Erycitinae (Hammato-
ceratidae, Hildoceratoidea) mainly by the
replacement of the ventral smooth band in
that subfamily with ribs that are continuous
across the venter in the earliest Stephanocer-
atinae. Subsequent rapid phylogenetic radia-
tions, particularly in the lower Bajocian,
gave rise to forms covering almost the whole
range of ammonoid morphology, from
extreme serpenticones (Skirroceras) to coro-
nate cadicones (7eloceras, Cadomites, and
Cadoceras), inflated sphaerocones (Sphaero-
ceratidae) and oxycones (Cardioceratinae),
as well as sculptural features that include
one or more rows of lateral tubercles. A
ventral smooth band or groove interrupting
the secondary ribbing reappears in some
subfamilies (Garantianinae, Ermoceratinae),
tabulate venters occur in Kosmoceratidae
and keels in Cardioceratinae. Constric-
tions occur in a few Stephanoceratinae and
Cardioceratidae but are rarely prominent.
Dimorphism is usually strong and well
developed, with highly developed lappets
in the microconchs, but in one main branch
(Sphaeroceratidae), lappets are lost and are
never regained in any of its descendants, up

to the last survivor, Nannocardioceras, at the
top of the lower Kimmeridgian.

Sutures are typically highly complex,
dense, and intricately incised, recalling
their hammatoceratid ancestry, with long
lateral lobes and retracted umbilical lobes
supporting many auxiliaries. They became
simpler in some families, notably those of
more northerly boreal habitats (Kosmocera-
tidae and Cardioceratidae). A new character
appearing simultaneously in both Stepha-
noceratinae and Otoitidae and persisting
through most of their descendents is the
lobe element U, in the suture (SCHINDE-
WOLF, 1923, p. 344; 1965, p. 143 [413]).
U, firstappears in early ontgeny as a divi-
sion in the top of the internal lateral saddle
and then increases to a full-sized lobe (Fig.
1.1-1.2). Conversely, in Perisphinctoidea
(Fig. 1.3-1.4) the internal lateral saddle
remains undivided by a lobe. The presence
of U, in stephanoceratids and its absence in
perisphinctids has provided a strong indi-
cation of the path of evolutionary descent
through the complex pattern of both super-
families.

Aptychi are known, but rarely preserved,
and are believed to be mainly Granulaptychus,
Praestriaptychi (in Stephanoceratidae), and
Laevaptychus (in Kosmoceratidae) (TRAUTH,
1927, 1930). Some aptychi have outlines
resembling the cross section of the final body
chamber, but they are in no way related to
the outline of the highly modified aperture
constricted by lappets in microconchs.
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FiG. 1. Comparison of the suture development in Stephanoceratoidea and Perisphinctoidea; /-2, Stephanoceratoidea:

1a—e, Oroites, lower Bajocian, England, /¢ at a whorl height (Wh) of 2.5 mm; 2a—d, Cardioceras, lower Oxfordian, Scar-

borough, England, 24 at Wh of approximately 2 mm; 3—4, Perisphinctoidea: 3a—d, Bigotites, Bajocian, Cap San Vigilio,

Lake Garda, Italy, 34 at Wh of 3.9 mmy; 4a—d, Perisphinctes, upper Oxfordian, Hildesheim, Germany, 44 at Wh of ap-

proximately 3 mm; E, external lobe; Z, internal lobe; /LS, internal lateral saddle; Z, first lateral saddle; U, umbilical lobe;
see text for further explanation (adapted from Schindewolf, 1965, fig. 246, 281; 1966, fig. 302, 315).

The earliest forms are prominently from  Cardioceratidae (Boreal), Macrocephalitinae
western Tethys, and quickly become world-  (Tethyan Province and peripheral Submedi-
wide; later groups segregate bioprovin-  terranean Province) and Eurycephalitinae
cially, sometimes to mutual exclusion, as in ~ (Eastern Pacific Province).
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FiG. 2. Phylogeny of the superfamilies Stephanoceratoidea and Spiroceratoidea (new).
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FiG. 3. Ammonite zones for the Aalenian to lower Kimmeridgian stages (new).
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The phylogeny of the Stephanocera-
toidea (Fig. 2) and the Bajocian to lower
Kimmeridgian biostratigraphic ammonite
zones used herein (Fig. 3) were derived
from a variety of sources, including CorE
and others (1980), CaLLomoON (1981;
1984, p. 147; 1985, p. 54; 2003, p. 68)
and CaLLOMON, DIETL, and NIEDERHOFER
(1992, p. 15). Middle Jurassic (upper Aale-
nian)-Upper Jurassic (lower Kimmeridgian):
worldwide.

Family STEPHANOCERATIDAE
Neumayr, 1875

[nom. correct. FIsCHER, 1882, p. 393, pro Stephanoceratinen NEUMAYR,
1875, p. 905, vernacular name, validated by ICZN Direction 14, 1955b,
p- 466] [=Stepheoceratidac BuckmaN, 1898, p. 450, table 2, obj.]

Evolute serpenticones to cadicones with
whorl sections varying from rounded
to strongly depressed; the adult body
chamber varies in length from half a
whorl (Cadomites) to 2% whorls (some
Skirroceras), the latter being one of the
longest known in ammonites; strongly
ribbed, often with tubercles at the point of
furcation into bi- or polyplicate secondary
ribs; ribs are continuous across the venter,
except where a midventral smooth band
or groove is developed in Garantianinae
and Ermoceratinae. Strongly dimorphic,
with size ratio typically 4:1 or greater:
macroconchs evolute, round whorled to
cadicone, usually strongly ribbed, though
ribs may weaken on adult body chamber,
which has a simple adult mouth border,
sometimes with a strong terminal collar,
reflected as a broad, shallow constriction
on internal molds. Microconchs strongly
ribbed to the end of the adult body
chamber, and have simple (Polyplectites)
to large spatulate lappets (Normannites)
drooping over and severely constricting
the adult aperture. Sutures of macroconchs
very complex, with long, highly incised
slender lobes and umbilical lobes strongly
retracted. Middle Jurassic (upper Aalenian—
lower Callovian): worldwide, except for the
Boreal Province.

Subfamily STEPHANOCERATINAE
Neumayr, 1875

[nom. transl. BUCKMAN, 1887, p. 14, ex Stephanoceratidae NEUMAYR, 1875,
p- 905] [=Stemmatoceratidae Mascke, 1907, p. 23; =Normannitinae
WESTERMANN, 1954, p. 124; =Sturaniinae PARNES, 1985, p. 29]

Evolute serpenticone to depressed coro-
nate shells, ribbed with short, strong prima-
ries or bullae dividing at low to midlat-
eral furcation points, marked by nodes or
lateral tubercles, into sheaves of fine, sharp
secondaries; occasionally a row of umbilical
tubercles is developed. Strongly dimorphic:
macroconchs usually strongly ribbed up to
the simple adult peristome, which is often
marked by a prominent flared collar that is
reflected on the internal mold by a broad,
shallow constriction; microconchs have
large to enormous lappets, which are so
large in some cases (Normannites) that the
adult aperture is obstructed except for small
residual openings to whose shapes the associ-
ated aptychi bear no relation (WESTERMANN
1954, p. 126, 131).

The morphology of this ornate group is
highly variable, which has generated many
nominal generic names. The generic classi-
fication adopted here places some dimorphs
in separate genera where macroconch-
microconch associations cannot, or have
not yet been, determined. Taxa are listed in
an order that reflects to some extent their
phylogeny and biostratigraphical position.

The earliest stephanoceratids, the group
of Stephanoceras (Riccardiceras) longalvum
(VACEK), appear in the Concavum Zone
of the upper Aalenian (Fig. 4,71a—d), and
thereafter a line of successors can be followed
into the upper Bajocian. Major phylogenetic
branching in the Aalenian or lower Bajocian
generated several new lineages. One of these
was the main group leading to Zeloceras blag-
deni, which is derived from Stephanoceras in
the lower Humphriesianum Zone, and then
dominated the stephanoceratid faunas of the
upper Humphriesianum-lower Subfurcatum
Zones of Europe through an almost contin-
uous range of intermediate forms, including
S. (Stemmatoceras). This group terminated
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abruptly in the lower Subfurcatum Zone,
Banksi Subzone, but it is clearly distinct from
the more conservative line of Stephanocera-
tinae that continued higher into the upper
Bajocian, both in Europe as a minor element,
and further afield as the main element. Other
lineages derived from S. (Stephanoceras)
include the Garantianinae and the Cadomi-
tinae, the latter leading to the Kosmo-
ceratidae. BUCKMAN, 1908a; BUCKMAN, 1909—
1930; McLEARN, 1929, 1932; WEISERT,
1932; ScHuMIDTILL & KRUMBECK, 1938;
ARKELL, 1952a; ARKELL & PLAYFORD, 1954;
WESTERMANN, 1964a; SCHINDEWOLEF, 1965;
WESTERMANN & RICCARDI, 1979; PAVIA,
1983; WESTERMANN, 1995. Middle Jurassic
(upper Aalenian—upper Bajocian): worldwide.

Stephanoceras WAAGEN, 1869, p. 248 [*Ammonites
humphriesianus ]. bDE C. SOWERBY, 1825, p. 161;
SD BuckmaN, 1898, p. 454, ICZN Opinion 324,
1955a, p. 231, see ARKELL, 1951, p. 226] [=Stepheo-
ceras BUCKMAN, 1898, p. 454, obj.; =Stephoceras
ROLLIER, 1909, p. 613, 616, obj., misspelling of
Stepheoceras). Large; evolute serpenticones to cadi-
cones; whorl section rounded to highly depressed;
short, strong primary ribs divide at low to midlat-
eral tubercles or bullae into 2—4 secondaries that are
continuous across the venter. Macroconchs; ribs are
retained to the end of the adult whorl, which has
a flared, collared mouth border; the corresponding
microconchs are Normannites. Middle Jurassic
(upper Aalenian—lower Bajocian: worldwide.

S. (Riccardiceras) WESTERMANN, 1995, p. 109
[*Coeloceras longalvum Vacex, 1886, p. 99; OD]
[=Westermannites DIETZE, & others, 2001, p. 10
(type, Cocloceras limatum Pompeck], 1897, p.
745, OD)]. The earliest forms; evolute serpen-
ticones; ribs divide regularly into 2 or 3 second-
aries low on the whorl side and there are a few
intercalated secondary ribs; midlateral tubercles
occur only on the innermost whorls; the septum
has a distinct biaxial (bullate) structure, and the
suture has a large 2" lateral lobe U,. Middle
Jurassic (upper Aalenian—lower Bajocian): Europe
(western Tethys), Iran. Fi1G. 4,1a—d. *S.
(Riccardiceras) longalvum (VACEK); a—b, holo-
type, upper Aalenian, San Vigilio, Lake Garda,
Verona, Italy, x0.45 (Dietze & others, 2001, p.
9, fig. 6); c—d, the oldest known form of Stepha-
noceras, upper Aalenian, Concavum Zone, Horn
Park, Dorset, England, x0.7 (new; The Natural
History Museum, London, NHMUK CA5595,
J. H. Callomon Collection).

S. (Stephanoceras) [=Grahamites KiLiaN & REBOUL,
1909, p. 7, 26 (type, Ammonites skidegatensis
WHITEAVES, 1876, p. 34, OD); =Kallistephanus
BuckmaN, 1921, pl. 230 (type, K. kalus,
OD); =Skolekostephanus Buckman, 1921, pl.

249 (type, S. skolex, OD); =Rhytostephanus
BuckmaN, 1921, pl. 250 (type, R. rhytus, OD);
=Kreteostephanus Buckman, 1927b, pl. 755
(type, K. kreter, OD)]. Serpenticones, reaching
large sizes with robust whorls; whorl section
evenly rounded to moderately depressed; promi-
nent midlateral tubercles on all whorls. Middle
Jurassic (lower Bajocian): Europe, northern
Africa, Anatolia, Kenya, Caucasus, Azerbaijan,
Persia, Arabia, Japan, Indonesia, New Guinea,
New Zealand, Western Canada, USA (Alaska,
Oregon, Western Interior), Mexico, Argentina,
Chile. FiG. 4,2a—b. *S. (S. humphriesianum)
(J. bE SOWERBY), lectotype, Humphriesianum
Zone and Subzone, Sherborne, Dorset, England,
x0.64 (a, new; The Natural History Museum,
London, NHMUK 43908a; b, Buckman,
1908a, pl. 7,1b).

. (Skirroceras) MAscke, 1907, p. 23, 31 [*Ammo-

nites humphriesianus macer QUENSTEDT, 1886
in 1882-1888, p. 528; SD Buckman, 1921,
pl. 248, nom. conserv., ICZN Opinion 2123,
2005, p. 159; non Ammonites bucklandi
macer QUENSTEDT, 1883 in 1882-1888, p.
68] [=Oecostephanus Buckman, 1921, pl. 265
(type, O. dolichoecus, OD); =Dolichoecus ROCHE,
1939, p. 175 (type, Oecostephanus dolichoecus
Buckman, 1921, pl. 265, M); =Freboldites
TAYLOR, 1988, p.136 (type, F bifurcatus, OD)].
Large, very evolute serpenticones with slowly
expanding whorls and very long body cham-
bers: 2% whorls in S. dolichoecus (BUCKMAN);
whorl section rounded; prominent midlateral
tubercles, at least on the inner whorls. Middle
Jurassic (lower Bajocian, Laeviuscula—lower
Humphriesianum Zones): Europe, northern
Africa, Caucasus, Iran, USA (Alaska, Oregon),
Venezuela.——Fi1G. 5,1. *S. (Skirroceras)
macrum (QUENSTEDT), lectotype (designated by
Buckman, 1921, pl. 248), Bayeux, Calvados,
France, x0.25 (Schlegelmilch, 1985, pl. 23,2;
original of QUENSTEDT, 1886 in 1882-1888,
pl. 65,11).

. (Stemmatoceras) Masckg, 1907, p. 23, 30

[*Ammonites humphriesianus coronatus QUEN-
STEDT, 1886 in 1882-1888, p. 539; OD;
non Ammonites coronatus BRUGUIERE, 1789 in
1789-1792, p. 43 (Erymnoceras, Perisphinc-
toidea); =Stephanoceras frechi REnz, 1913, p.
684, nom. nov. pro Ammonites humphriesianus
coronatus QUENSTEDT, 1886 in 1882—1888, p.
539; =Cadomites quenstedti ROCHE, 1939, p.
205, obj.] [=Gibbistephanus BuckmaN, 1928,
pl. 780 (type, G. gibbosus, OD); =Paviceras
GAUTHIER, Rioutt, & TRrEVISAN, 1996, p. 35
(type, Stemmatoceras hoffmanni SCHMIDTILL
& KRrRuMBECK, 1938, p. 348, OD)]. Macro-
conchs; more involute, stouter, and whorls more
depressed than S. (Stephanoceras), with coronate,
cadicone inner whorls; transitional to Zeloceras.
Corresponding microconchs are possibly some
carly species of Epalxites (of which the type
species is the microconch of Teloceras). Middle
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Stephanoceras (Stephanoceras)

Fic. 4. Stephanoceratidae (p. 6).

Jurassic (lower Bajocian, Humphriesianum Zone):
Europe, Caucasus, Iran, ?Western Australia,
USA (Alaska, northwestern USA), Canada,
Chile, ?Antarctica (Ellsworth Land).——
FiG. 5,2a—b. *S. (Stemmatoceras) frechi RENZ,
holotype, Humphriesianum Zone, Eningen,
Germany, x0.8 (2, Weisert, 1932, pl. 18,4; 6,
Schlegelmilch, 1985, pl. 27,6).

Masckeites Buckman, 1920, pl. 152 [*M. densus;

OD] [=Lokuticeras GALACZ, 1994, p. 164 (type,
L. rossbrunnense, OD)]. Inner whorls cadicone or
coronate, with rounded to depressed whorl section;
middle and outer whorls more evolute and serpen-

ticone; primary ribs dense, dividing at small lateral
tubercles into 2—4 dense secondary ribs, persisting
to adult mouth border. Dimorphic: macroconchs
(Lokuticeras) have a deep constriction followed by
a flared collar at the adult mouth border; micro-
conchs (Masckeites) with short body chamber
and large spatulate lappets in the adult mouth
border. Transitional to the Cadomitinae, having
the spatulate lappets of Stephanoceratinae but the
ribbing and shorter body chamber of Cadomitinae.
Middle Jurassic (lower Bajocian, Humphriesianum
Zone—upper Bajocian, lower Subfurcatum Zone):
Europe (Mediterranean Province of western Tethys,
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2b

Stephanoceras
(Stemmatoceras)

Masckeites 3c

FiG. 5. Stephanoceratidae (p. 6-10).
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Normannites (Germanoides)

F1G. 6. Stephanoceratidae (p. 10).
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Submediterranean Province), France (Calvados),
Britain (rare). Fi1G. 5,3a—b. *M. densus, holo-
type, microconch with large lappets, Humphrie-
sianum Zone and Subzone, Sherborne, Dorset,
England, x1 (Buckman, 1920, pl. 152). FiG.
5,3c. M. rossbrunnense (GALACZ), holotype, macro-
conch, Humphriesianum Zone, Blagdeni Subzone,

Lokdt, Hungary, x0.55 (Galdcz, 1994, pl. 1,1).

Mollistephanus Buckman, 1922, pl. 344 [*M. mollis;

OD] [=Phaulostephanus Buckman, 1927b, pl. 754
(type, P paululus, OD); =Albarracinites FERNANDEZ-
Lorez, 1985, p. 299 (type, A. albarraciniensis, OD)].
Small or dwarf forms, evolute, with dense, bifur-
cating ribs and small (or absent) midlateral tuber-
cles; resembles early perisphinctids but macroconchs
retain the characteristic prominent peristomal collar
of Stephanoceras. Dimorphic: macroconchs with
constriction and collar in the adult mouth border;
microconchs (Albarracinites) have swollen secondary
ribs, paired across the venter on the body chamber.
CHANDLER & DIETZE, 2004. Middle Jurassic (lower
Bajocian, Discites—lower Sauzei Zones): England,
France, Spain, Portugal, Hungary, Morocco, USA
(Oregon), Mexico. F1G. 6,1a. *M. mollis, holo-
type, macroconch, Laeviuscula Zone, Clatcombe,
Sherborne, Dorset, England, x1 (Buckman, 1922,
pl. 344). FIG. 6,1b6—c. M. paululum (BuCKMAN),
holotype, Clatcombe, Sherborne, Dorset, England,
x1 (Buckman, 1927b, pl. 754). Fig. 6,1d-e.
M. albarraciniensis (FERNANDEZ-LOPEZ), holo-
type, microconch, Iberian Cordillera, Spain, x1.5
(Fernandez-Lopez, 1985, pl. 36,1a-0b).

Normannites MUNIER-CHALMAS, 1892, p. clxxii [*/V.

orbignyi BUCKMAN, 1908b, p. 146; SD, ICZN

Opinion 309, 1954d, p. 347] [=Itinsaites MCLEARN,

1927, p. 73 (type, L itinsae, OD); =2 Germanites

SCHINDEWOLE, 1929, p. 57 (type, G. parvus, M);

=Parallites WESTERMANN, 1954, p. 205 (type, N. (R)

parallelus, OD); =Platystomites WESTERMANN, 1954,

p- 218 (type, N. (P) platystomus, OD); =Desterman-

ites IMLAY, 1961, p. 471 (type, D. vigorosus, OD)].

Microconchs; evolute, with rounded to moderately

depressed whorls; strong primary ribs bifurcate at

midflank into secondaries that are continuous over
the venter; small, subdued tubercles usually present
at point of bifurcation; adult body chamber half
to three-quarters of a whorl long, with large to
enormous lappets in the mouth border that severely
constrict the aperture in some. Although these are
clearly microconchs associated with Srephanoceras
and its subgenera, associations have not yet been
identified with sufficient accuracy to merge the
generic nomenclature of macroconch-microconch
pairs. Middle Jurassic (Bajocian, Laeviuscula—lower

Subfurcatum Zones): worldwide.

N. (Normannites). Strongly ribbed, moderately
stout forms, secondaries bifurcating sharply at
midflank, sometimes with subdued tubercles;
adult body chamber one-half to three-quar-
ters whorl long, with little-modified ribs, and
peristome with enormous, elongated lappets
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severely constricting the aperture. Microconchs,
probably associated with several subgenera
of Stephanoceras. Middle Jurassic (lower Bajo-
cian, Sauzei-Humphriesianum Zones): Europe,
northern Africa, Saudi Arabia, Caucasus, Iran,
New Guinea, USA (Alaska, northwestern USA,
California), Canada, Honduras, Mexico, Chile,
?Antarctica (Ellsworth Land). Fi1G. 7a-g.
*N. (N.) orbignyi BUCKMAN; a—b, holotype
(now lost), Bayeux, Calvados, France, x0.9
(d’Orbigny, 1846 in 1842-1851, pl. 135,3—
4); c—d, neotype (designated by WESTERMANN,
1954, p. 136), Humphriesianum Zone, Clat-
combe, Sherborne, Dorset, England, x1 (new;
British Geological Survey, Keyworth, Notting-
hamshire, England, GSM 49321; figured by
Buckman, 1927b, pl. 734); e-¢g, complete adult
microconch, Goslar, Germany, x1 (new; Berlin
University, Mascke Collection, MB-C.511).

N. (Germanoides) WESTERMANN, 1956a, p. 251
[*Normannites (Gerzenites) nodosus WESTER-
MANN, 1954, p. 330; OD] [=Alfeldites WESTER-
MANN, 1975, p. 229, nom. nov. pro Germanites
WESTERMANN, 1954, p. 316, non SCHINDEWOLF,
1929, p. 57, nec MAsckE, 1907, p. 23, 28 (nom.
nud.) (type, Germanites bicostatus WESTERMANN,
1954, p. 321, OD)]. Ribs finer and more dense
than in N. (Normannites), in some cases like
perisphinctids. Microconchs. Middle Jurassic
(lower Bajocian, Sauzei—lower Humphriesianum
Zones): northwestern Europe. F1G. 6,2a—c.
*N. (G.) nodosum (WESTERMANN), holotype,
Sauzei Zone, Gerzen, near Alfeld, Lower Saxony,
Germany, x1 (Westermann, 1954, pl. 31,2a—
0). FIG. 6,2d—e. N. (G.) bicostatum (WESTER-
MANN), holotype of type species of Alfeldites,
lower Humphriesianum Zone, Gerzen, near
Alfeld, Lower Saxony, Germany, x1 (Wester-
mann, 1954, pl. 30,1a-b).

Domeykoceras HILLEBRANDT, 1977, p. 54 [*D. dehmi;

OD]. Inner whorls involute, compressed, subquad-
rate; later whorls more evolute and rounded;
umbilical wall vertical or overhanging; ribs dense,
short, bifurcating low on the whorl side with some
intercalatories. Dimorphic: microconchs are among
the largest known in the subfamily, with short
lappets in the adult mouth border; macroconchs
have plain, sinuous mouth borders. Middle Jurassic
(Bajocian, ?upper Humphriesianum—/lower Subfur-
catum Zones). Chile. FiG. 8,1a—d. *D. dehmi;
a—c, holotype, microconch with lappet in the aper-
ture, Quebrada Juncal, 25°39'S, 69°15'W, Cordil-
lera Domeyko, Antofagasta Province, northern
Chile, x0.5; d, paratype, fragmentary macroconch,
Quebrada del Profeta, 25°00'S, 69°14"W, Cordil-
lera Domeyko, Antofagasta Province, northern
Chile, x0.5 (Hillebrandt, 1977, pl. 4,1; p. 51, fig.
Ge; p. 53, fig. 7a; pl. 5,5).

Kumatostephanus Buckman, 1922, pl. 345 [*K.

kumaterus; OD] [=Cymarostephanus COSSMANN,
1924, p. 34, illegal emendation to original spelling;
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Normannites (Normannites)

FiG. 7. Stephanoceratidae (p. 10).
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Kumatostephanus Parabigotites

FiG. 8. Stephanoceratidae (p. 10-13).
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?=Gerzenites WESTERMANN, 1954, p. 230 (type,
Normannites (Gerzenites) rugosus, OD)]. Evolute;
moderately depressed whorls; strong, coarse ribs
bifurcate just below midwhorl at strong tubercles or
spines; secondary ribs are interrupted by a narrow,
smooth band at midventer. Somewhat perisphinctid
in appearance. Dimorphic: macroconchs are adult at
190-300 mm in diameter, with a raised collar and
ventral rostrum on the sinuous adult mouth border;
microconchs (Gerzenites) adult at 50-90 mm, with
large spatulate lappets. CHANDLER & others, 2013.
Middle Jurassic (lower Bajocian, upper Laeviuscula—
Humphriesianum Zones): England, France, Germany,
Spain, Hungary, Iran, USA (Alaska), ?Chile.
FiG. 8,2a—b. *K. kumaterus, holotype, macroconch,
Sandford Lane, Sherborne, Dorset, England, x0.33
(Buckman, 1922, pl. 345A-345B).——FIG. 8,2¢—d.
K. rugosus (WESTERMANN), holotype, microconch,
Gerzen, near Alfeld, Lower Saxony, Germany, x1
(Westermann, 1954, pl. 19,4a4,4c).

Parabigotites IMLAY, 1961, p. 472 [*P crassicostatus;
OD]. Evolute, with rounded whorl section and
perisphinctid appearance; coarse primary ribs
bifurcate high on the whorl side and curve gently
forwards across the venter; periodic irregular
constrictions are followed adorally by oblique
simple ribs. Dimorphic: macroconchs ribbed to
the end of adult body chamber, about one whorl
long, and the simple, slightly flared final aper-
ture is preceded by a broad, shallow constriction;
microconchs with body chamber about half a whorl
long, and short lappets. Middle Jurassic (lower Bajo-
cian, Crassicostatus Zone of Alaska [=Sauzei Zone,
part]): USA (Alaska, Oregon). Fig. 8,3a—e. *P
crassicostatus, Wide Bay, Alaska Peninsula, Alaska,
USA; a—b, holotype, macroconch, x0.6 (Imlay,
1964, pl. 29,14-15); c—e, microconch with lappet,
holotype of Normannites kialagvikensis IMLAY; c—d,
x1 (Imlay, 1964, pl. 13,7-8); e, sutures, x2 (Imlay,
1964, pl. 13,10).

Duashnoceras WESTERMANN, 1983, p. 32 [*Stepha-
noceras floresi BURCKHARDT, 1927, p. 25; OD].
Evolute; early whorls depressed with broad, arched
venter, becoming more compressed with subcircular
whorl section on middle and outer whorls; widely
spaced primary ribs of low relief end at a large
lateral tubercle, from which 3 or 4 secondary or
intercalated ribs cross the venter without interrup-
tion. Dimorphic: macroconchs adult at 80-150
mm in diameter; microconchs adult at 35-70 mm
and have small lateral lappets. Middle Jurassic (upper
lower—lower upper Bajocian): Mexico, Chile.
FiG. 9,1a—h. *D. floresi (BURCKHARDT); a—d, holo-
type, probable microconch, two parts of the same
specimen, Duashnd, 16°52'N, 18°04'W, 130 km
west of Qaxaca, Mexico, x1 (Westermann, 1983,
pl. 10,1a—d); e—h, Los Rebajes, 5 km southeast of
San Juan Mixtepec, Oaxaca, Mexico; ¢, an almost
complete macroconch, x0.6 (Sandoval & Wester-
mann, 1986, fig. 19-1); f, venter of another almost
complete macroconch, x0.7 (Sandoval & Wester-
mann, 1986, fig. 19-8); g—h, complete microconch

with small lappet in mouth border, x1 (Sandoval
& Westermann, 1986, fig. 23-4, 23-5).

Zemistephanus MCLEARN, 1927, p. 72 [*Ammonites

richardsoni WHITEAVES, 1876, p. 32; OD] [=Kana-
stephanus MCLEARN, 1927, p. 73 (type, K. crickmayi,
OD)]. Moderately involute, inflated cadicones with
coronate section but rounded flanks; well-spaced,
short primary ribs or bullaec on more evolute inner
whorls divide low on the flank into sheaves of
fine secondary ribs that curve forwards across the
arched venter; ribs fade on outer whorls, leaving
large, blunt nodes at the umbilical edge and fine,
radial striations on venter. Dimorphic: macroconchs
have slightly flared adult mouth border with collar;
microconchs more evolute, like inner whorls of
macroconchs, with short lappets in the adult mouth
border. MCLEARN, 1949; ARKELL & PLAYFORD,
1954; ImLaY, 1964. Middle Jurassic (lower Bajocian,
Richardsoni Zone of North America [=?upper Sauzei
Zone of Europe]): USA (Alaska, Oregon, Montana,
Utah), Canada (British Columbia, Alberta), Western
Australia, ?Indonesia. F1G. 10a—e. *Z. richard-
soni (WHITEAVES); a—d, Mackenzie Bay, 53°12.8'N,
132°05"W, north shore of Maude Island, Skidegate
Inlet, Haida Gwaii (Queen Charlotte Islands),
British Columbia, Canada; a—b, holotype, macro-
conch, x0.6; c—d, complete microconch with lappet
in mouth border, x0.8 (Hall & Westermann, 1980,
pl. 3,2a—b, pl. 2,1a-b); ¢, suture of a macroconch
at diameter of 88 mm, Fossil Point, Tuxedni Bay,
Alaska, USA, x0.7 (Imlay, 1964, pl. 26,5). FIG.
10f~g. *Z. crickmayi (MCLEARN), holotype, Mack-
enzie Bay, 53°12.8'N, 132°05'W, north side of
Maude Island, Skidegate Inlet, Haida Gwaii (Queen
Charlotte Islands), British Columbia, Canada, x1
(McLearn, 1927, pl. 16,7-8).

Teloceras MASCKE, 1907, p. 23 [*Ammonites blagdeni

J. SOwWERBY, 1818, p. 231, pl. 201; OD] [=Epalxites
MASCKE, 1907, p. 23 (type, Ammonites contractus
anceps QUENSTEDT, 1886 in 1882-1888, p. 521,
nom. conserv., as Ammonites anceps QUENSTEDT,
1886, ICZN Opinion 2123, 2005, p. 158, OD;
non Ammeonites anceps ZIETEN, 1830 in 1830-1833,
p. 1 (ex Nautilus anceps REINECKE, 1818, p. 82), non
Ammeonites anceps carinatus QUENSTEDT, 1856 in
1856-1858, p. 473)]. Very large, coronate, highly
depressed cadicones; venter almost flat; strong,
widely spaced primary ribs end at large ventrolateral
tubercles from which two or more secondary ribs
are continuous across the venter. Dimorphic: the
adult body chamber of macroconchs contracts and
becomes rounded, the ribs tend to fade, and the
adulc aperture is simple; microconchs (Epalxites)
are strongly ribbed to the adult mouth border,
which has large lappets. Middle Jurassic (Bajo-
cian, upper Humphriesianum—/ower Subfurcatum
Zones): Europe, USA (Alaska, 2Montana), Canada
(Alberta), Chile. Fic. 11,1a—c. *T. blagdeni
(SowEeRrBY), holotype, macroconch, Humphrie-
sianum Zone, Sherborne, Dorset, x0.33 (new;
The Natural History Museum, London, NHMUK
43908¢). FiG. 11,1d—i. T" anceps (QUENSTEDT);
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Lupherites  2b %

FiG. 9. Stephanoceratidae (p. 13-15).

d—e, crushed holotype, microconch, Lauffen am
Neckar, Baden-Wiirttemberg, Germany, x1
(Westermann, 1954, pl. 28,1a—b; original of QUEN-
STEDT, 1886 in 1882-1888, pl. 64,20); f~g, para-
type, Gerzen, Alfeld, Hannover, Germany; £, x1; g,
x2 (Westermann, 1954, pl. 28,2, p. 299, fig. 127);
h—i, microconch, Humphriesianum Zone, ? Blagdeni
Subzone, Sherborne, Dorset, England, x1 (Arkell,
1933, pl. 34,5, 54).

Arkelloceras FrReBOLD, 1958, p. 9 [*A. tozeri; OD].

Macroconchs, moderately involute with broad,
rounded, depressed whorls; short, widely spaced
ribs of low relief divide at midwhorl height into
stronger secondary ribs that are interrupted by a
midventral smooth band, which may be bounded
by incipient tubercles; ribs fade on the body
chamber; adult body chamber one whorl long, with
broad, shallow constriction followed by a flare in
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f

Zemistephanus

Fic. 10. Stephanoceratidae (p. 13).

final aperture. Microconchs more evolute and more
strongly ribbed to the final aperture, but the peri-
stome is unknown; microconchs resemble Norman-
nites except for the ventral smooth band. FrREBOLD,
1958; ImLAY, 1964; WESTERMANN, 1964a; EFIMOVA
& others, 1968. Middle Jurassic (lower Bajocian,
Sauzei or lower Humphriesianum Zones): Canada
(Prince Patrick Island, Northwest Territories, Axel
Heiberg Island, Nunavut [formerly Arctic Canadal,
Alberta), USA (southern Alaska), Russia (north-
eastern Siberia). FI1G. 12a—e. *A. tozeri, Wilkie
Point Formation, 10 miles north of Cape Canning,
east side of Intrepid Inlet, Prince Patrick Island,
Canada; 4, holotype, macroconch, x0.5; b—c,
paratype, x0.5; d—e, inner whorls of another para-
type, x1 (Frebold, 1958, pl. 9,14,2a-b, pl. 10,14,
pl. 11,26).——Fi1G. 12f~¢g. A. melearni FREBOLD,
holotype, microconch, Wilkie Point Formation, 10
miles north of Cape canning, east side of Intrepid

Inlet, Prince Patrick Island, Canada, x1 (Frebold,
1958, pl. 12,1a,¢).

Lupherites ImLaY, 1973, p. 90 [*L. senecaensis; OD].

Involute, moderately compressed whorls; short,
irregular, forwardly curving primary ribs divide low
on whorl side into backwardly curving secondaries
that cross the venter radially; lateral tubercles very
small or absent. Dimorphic: microconchs with
short body chamber and short lappets; probable
macroconchs revert to normal stephanoceratid
coiling and ribbing on the adult body chamber.
Middle Jurassic (lower Bajocian, Humphriesianum
Zone): USA (Oregon).——FI1G. 9,2a—d. *L. sene-
caense, Snowshoe Formation, Seneca area, eastern
Oregon, USA; 4, holotype, microconch with part
of lappet visible, x1; b, paratype, microconch,
x1; ¢, suture of another paratype, x1.5; 4, prob-
able macroconch, x0.7 (Imlay, 1973, pl. 45,9, pl.
47,9,14-15).
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Teloceras

Sturania

FiG. 11. Stephanoceratidae (p. 13-17).
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Arkelloceras

FiG. 12. Stephanoceratidae (p. 14-15).

Sturania PARNES, 1985, p. 29 [*S. sturanii; OD].

Small, variable, ranging from planulate to
compressed involute; ribs fine and dense to coarse,
short primaries bifurcate or trifurcate irregularly
low on the side of the whorl, with accentuated
furcation point; 3-5 constrictions per whorl. Prob-
ably dimorphic, macroconchs more involute and
compressed, microconchs more evolute. Poorly
known from a few small specimens that show
considerable variation. Middle Jurassic (upper Bajo-
cian): Egypt (Sinai). F1G. 11,2a—b. *S. sturanii,
holotype, possible macroconch, wholly septate,
Gebel Maghara (Jabal al Magharah), North Sinai,
Egypt, x1.5 (new; figured by Parnes, 1985, pl.
1,2-3)——Fi1G. 11,2c—d. S. planula, holotype,
possible microconch, with body chamber, Gebel
Maghara (Jabal al Magharah), North Sinai, Egypt,
x1.5 (Parnes, 1985, pl. 1,21-22).

Parareineckeia IMLAY, 1962, p. 25 [*P hickersonensis;

OD]. Evolute, depressed subquadrate planulates;
strong primary ribs bifurcate at irregular ventro-
lateral tubercles; the secondary ribs are looped
across the arched or flat venter, and weaken at an
incipient midventral spiral groove; 3—4 inconspic-

uous constrictions per whorl. Dimorphic: macro-
conchs become more involute on the body chamber;
microconchs are strongly ribbed to the end of the
adult body chamber, which has lateral lappets.
Microconchs bear some resemblance to Para-
strenoceras (Garantianinae). Middle Jurassic (upper
Bajocian): USA (Alaska, Oregon), Canada (British
Columbia). FIG. 13a—e. *P hickersonensis; a—e,
holotype, microconch, 1.5 miles northeast of the
head of Hickerson Lake, north of Chinitna Bay,
Alaska, USA; a—b, x1; ¢, suture, x1.5 (Imlay, 1962,
pl. 7,1-2,4); d—e, microconch with complete adult
body chamber and lappet, Boulder Creek, 25 km
northeast of Chickaloon, Talkeetna Mountains,
Alaska, USA, x0.7 (Imlay, 1980, pl. 10,7,4).
FiG. 13 P shelikofana ImLay, holotype, macroconch,
wholly septate, Wide Bay, Alaska Peninsula, Alaska,
USA, x0.5 (Imlay 1953b, pl. 55,8).

Irianites WESTERMANN & GETTY, 1970, p. 271 [*Coeloceras

moermanni KRUIZINGA, 1926, p. 44; OD]. Evolute;
whorls subquadrate to depressed; short primary ribs
bifurcate or trifurcate at midwhorl side at a sharp
tubercle, forming sharp secondaries that weaken in
midventer to an incipient sulcus; smaller tubercles
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Parareineckeia

F1G. 13. Stephanoceratidae (p. 17).

on or close to the umbilical edge form a second row
of tubercles at least on the inner whorls. Dimorphic:
macroconchs with inflated, rounded and depressed
body chamber, one whorl long, strongly ribbed to
the end; microconchs with simple lappets in the adult
mouth border. Middle Jurassic (Bajocian, ?upper part):
Indonesia (Sula Islands, West Papua). Fig. 14a—f
*I. moermanni (KRUIZINGA); a—b, holotype, microconch,
Sula Islands, Indonesia, x0.75 (Jaworski, 1933, pl.
11,7, p. 321, fig. 6); -, Kemaboe Valley, West Irian,
Indonesia; c—4, macroconch, x0.75 (Westermann
& Getty, 1970, pl. 59,14—b); e—f, microconch, x1
(Westermann & Getty, 1970, pl. 57,1a,d).

Subfamily GARANTIANINAE
Wetzel, 1937

[nom. transl. CaLLOMON, 1981, p. 123, 145, ex Garantianidae WETZEL,
1937, p. 147)

Moderately evolute medium-sized planu-
lates with strong, sharp ribbing interrupted

by a ventral groove or smooth band bordered
by accentuated ends of the secondary ribs,
sometimes as ventral tubercles; some genera
have row of lateral tubercles at furcation
points high on the whorl side. Dimorphic:
macroconchs strongly ribbed up to the
simple adult aperture, and ribs usually
projected on the venter: microconchs with
large to spatulate lappets. Some species
are highly variable. All genera share the
common character of interrupted ribbing
on the venter.

The subfamily appears at the base of
the upper Bajocian, and some of the early
forms resemble Cadomites so strongly that
there can be little doubt that the group
is derived from earlier Stephanoceratinae
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Irianites

FiG. 14. Stephanoceratidae (p. 17-18).

rather than having any close connection with
Perisphinctoidea. DOUVILLE, 1915; BENTZ,
1924, 1928; WETZEL, 1954; STURANI, 1971;
Pavia, 1973. Middle Jurassic (lower Bajo-
cian, Humphriesianum Zone—upper Batho-
nian). Europe, Russia, Caucasus, Azerbaijan,
Egypt, Saudi Arabia, northern Africa, Mada-

gascar, Mexico, Chile.

Garantiana MASCKE, 1907, p. 24, non HyarT, 1900, p.
583, nom. nud. [*Ammonites garantianus D’ ORBIGNY,
1846 in 1842-1851, p. 377; OD, ICZN Opinion
324, 1955a, p. 230] [=Baculatoceras Mascke, 1907,
p. 23 (type, Ammonites baculatus QUENSTEDT,
1856 in 18561858, p. 402, OD); =Garantia
ROLLIER, 1909, p. 613, 615, obj.; =Hlawiceras
BuckmaN, 1921, pl. 240 (type, H. plaryrrymum,
OD); =Odontolkites BUCKMAN, 1925b, pl. 582
(type, Ammonites parkinsoni longidens QUENSTEDT,

1846 in 1845-1849, p. 144, OD); =Pseudogaran-
tiana BENTZ, 1928, p. 198 (type, P dichotoma,
OD); =Subgarantiana Bentz, 1928, p. 187 (type,
Garantiana subgaranti WEeTZEL, 1911, p. 175,
OD); ?=Pracparkinsonia SCHMIDTILL & KRUMBECK,
1931, p. 854 (type, P garantiformis, SD ROMAN,
1938, p. 239); =Paragarantiana GAUTHIER, 2003,
p- 262 (type, Odontolkites longidoides GAUTHIER,
TREVISAN & JoroN, 2000, p. 18, OD)]. Moder-
ately evolute, whorl section quadrate, slightly
compressed; primary ribs straight, usually biplicate
high on whorl side, but some simple or triplicate
ribs also occur; ventrolateral tubercles may occur at
the point of bifurcation; secondary ribs moderately
projected onto venter terminating at small ventral
tubercles at the ventral smooth band, which may
be as wide as the whole venter and form a tabulate
whorl section. Dimorphic: macroconchs have
simple, depressed peristomes slightly flared laterally
and with a ventral projection; microconchs (Psex-
dogarantiana) have more single ribs throughout,
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Garantiana

FiG. 15. Stephanoceratidae (p. 19-20).

and moderate to spatulate lateral lappets in the
adult mouth border. Middle Jurassic (upper Bajocian,
upper Subfurcatum Zone—lower Bathonian). Europe,
northern Africa, Caucasus, Ukraine (Donetsk),
Russia (Zabaykalsky Krai). FiG. 154-b. *G.
garantiana (D’ORBIGNY), lectotype (designated by
ARKELL, 1956, pl. 35,2), macroconch, St.-Vigor-
le-Grand, Calvados, France, x0.7 (Fischer, 1994,
pl. 47,1a,0). FiG. 15¢—¢. G. subgaranti WETZEL,
macroconch, Garantiana Zone, type species of
Subgarantiana, Bethel, Bielefeld, Germany; ¢,
holotype, macroconch, x1 (Wetzel, 1911, pl.
13,3-4); e—g, topotype, complete macroconch,
x0.7 (Bentz, 1928, pl. 16,1a—c). FiGc. 15h—i. G.
dichotoma BENTZ, holotype, complete microconch
with spatulate lappets, Bethel, Bielefeld, Germany,
x1 (Bentz, 1928, pl. 19,24,¢).

Strenoceras HyatT, 1900, p. 583 [*Ammonites
niortensis D’ ORBIGNY, 1846 in 1842-1851, p.
372; OD] [=Orthogarantiana BenTz, 1928, p.
183 (type, Garantiana schroederi BENTZ, 1924, p.
156, OD)]. Evolute, whorl section rounded to
slightly depressed; primary ribs strong and straight,
simple or dividing into two or more secondaries at
moderate to large ventrolateral tubercles; secondary
ribs rectiradiate on the venter and terminate at
tubercles bordering a narrow ventral smooth band.
Dimorphic: adult macroconchs (Orthogarantiana)
have contracted and collared perstomes; micro-
conchs (Strenoceras) have lateral lappets in the
adult mouth border, and more single ribs and larger
tubercles in some. Differs from Garantiana in the
more evolute whorls, stronger rectiradiate ribs, large
ventrolateral tubercles and narrow ventral sulcus,
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Strenoceras

FiG. 16. Stephanoceratidae (p. 20-23).



1a

Parastrenoceras

Benatinites
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2e

FiG. 17. Stephanoceratidae (p. 23-24).

although some early forms have dense secondary
ribbing as in Cadomites. GAUTHIER & others, 2002.
Middle Jurassic (upper Bajocian, Subfurcatum—
Garantiana Zones): Europe, Russia (middle Volga
River area), Caucasus, northern Africa. FiG.
16,1a—b. *S. niortense, neotype (designated by
FISCHER, 1994, p. 107), microconch, Thorigné,
Deux-Sevres, France, x1 (Fischer, 1994, pl. 44,44~
b). FiG. 16,1¢—d. S. bajocense (DE BLAINVILLE),
holotype, microconch, Calvados, France, x1
(Douvill¢, 1909, pl. 133).——FiG. 16,1e—f S.
schroederi (BENTZ), lectotype (designated by BEnTz,
1928, p. 183), macroconch, Subfurcatum Zone,
Lindenbruchweg, Bad Harzburg, Lower Saxony,
Germany, x0.7 (Bentz, 1924, pl. 5,2a-b). FiG.
16,1g. S. haugi (PAv1A), holotype, macroconch with
fine ribs and lipped peristome, Subfurcatum Zone,
Polygyralis Subzone, Chaudon, 14 km southeast of
Digne, Alpes-des-Haute Provence, France, x0.7
(Pavia, 1973, pl. 18,1).

Subcollina Seath, 1925b, p. 171 [*S. yeovilensis;

OD]. Evolute serpenticones; subquadrate whorl
section, with flat to slightly concave venter; strong,

straight primary ribs end at ventrolateral nodes
or tubercles, from which two or three vestigial
secondary ribs pass onto the flat venter and are
usually interrupted by a narrow midventral smooth
band; the ventrolateral nodes alternate on each
side of the venter and secondary ribs alternate or
zigzag between them; sutures simple with long
slender lobes. Dimorphic: macroconchs with adult
mouth border expanded laterally and projected on
venter; microconchs poorly known, but probably
adult at 40-50 mm in diameter, though the form
of the mouth border is not known. SANDOVAL &
WESTERMANN, 1986, Pavia, 2000. Middle Jurassic
(Bajocian, Humphriesianum—Subfurcatum Zones):
England, France, Italy, ?Austria, Mexico.
Fi1G. 16,2a—b. *S. yeovilensis, holotype, macro-
conch, Yeovil, Somerset, England, x0.65 (new;
The Natural History Museum, London, NHMUK
C.1932).—FI1G. 16,2c—d. S. sandovali Pavia, holo-
type, almost complete microconch, Barranco de La
Bolita, 18 km west-northwest of Tlaxiaco, Oaxaca
State, Mexico, x1 (Sandoval & Westermann, 1986,
fig. 32-1, 32-2).
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2b

Hemigarantia

Fic. 18. Stephanoceratidae (p. 24).

Torrensia STURANI, 1971, p. 154 [*Stephanoceras

gibbum PARONA, 1896, p. 17; OD]. Microconchs;
dwarf evolute cadicones; adult size only 6-9 mm in
diameter; whorls enlarge in segments; strong, pror-
siradiate primary ribs end at ventrolateral tubercles,
from which single or bifurcating secondary ribs
cross the venter, but are weakened at midventer.
Microconchs: adult body chamber elliptically
coiled and strongly contracted; adult mouth border
with collar expanded laterally into shoulders at the
base of long drooping spatulate lappets. Associ-
ated macroconchs not identified. STURANI, 1971.
Middle Jurassic (upper Bajocian, Subfurcatum Zone):
England, Italy (Venetian Alps). F1G. 16,3a—c.
*T. gibba (PARONA), lectotype, microconch, Monte

Longara, north of Gallio, Veneto, Italy, x3 (Sturani,
1971, pl. 13,14).

Parastrenoceras OCHOTERENA, 1963, p. 5 [*P mixteca;

OD]. Evolute, subquadrate, slightly depressed
whorl section; single primary ribs end at, or are
looped in pairs to, ventrolateral tubercles; feeble
secondary ribs on the venter are interrupted at a
smooth midventral groove, bordered by rows of fine
but prominent tubercles. Dimorphic: macroconchs
have a constriction and collar in the adult mouth
border; microconchs with constriction and lateral
lappet in mouth border. European species include
P caumontii (D’ ORBIGNY, 1846 in 1842-1851,
p- 406). STURANL, 1971 (p. 162). Middle Jurassic
(upper Bajocian): France, Italy, Mexico. FiG.
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17,1a—d. *P. mixteca, San Juan Diquiyd, north-
western Oaxaca, Mexico; a—b, holotype, probable
macroconch, x0.8; c—, probable microconch, x0.8
(Ochoterena, 1963, pl. 1,1a-b, pl. 2,16—c).

Benatinites SCHLOGL & others, 2006, p. 115 [*Para-
strenoceras schlageri KRySTYN, 1972, p. 258; OD)]
[=Lugariceras SCHLOGL & others, 2006, p. 118 (type,
Benatinites (Lugariceras) lugarensis, OD)]. Small
size, evolute, slightly depressed whorl section; single
primary ribs end at ventrolateral tubercles; vestigial
secondary ribs on venter are interrupted at a smooth
midventral band or groove, bordered by rows of
small tubercles. Dimorphic: macroconchs complete
and adult at 37-45 mm in diameter, with a constric-
tion and collar at the mouth border; microconchs
(Lugariceras) are adult at about 15 mm in diameter,
with a constriction and lateral lappets in the mouth
border. Similar to the mainly Mexican—Central
American genus Parastrenoceras, but much smaller
in size, and with smaller tubercles in both dimorphs.
Middle Jurassic (upper Bajocian—lower Bathonian):
Austria, Slovakia, Spain, Azerbaijan (Nakhchivan),
Morocco. FIG. 17,2a—f *B. schlageri (KRySTYN);
a—b, holotype, macroconch, Steinbruch Neumiihle,
Vienna, Austria, X1 (Krystyn, 1972, pl, 8,22-b); ¢,
complete macroconch with constriction in mouth
border, Pieniny Klippen Belt, Slovakia, x1 (Schlsgl
& others, 20006, fig. 2,1a); d—f, complete microconch
with lappets, holotype of type species of Lugariceras,
Sierra del Lugar, Murcia, Spain, x2 (Schlsgl &
others, 20006, fig. 6,1a-b,d).

Hemigarantia SpaTH, 1928b, p. 253 [*Ammonites julii
D’ORBIGNY, 1846 in 1842-1851, p. 420; OD]. Like
Garantiana but with an additional row of ventro-
lateral tubercles making three rows on each side
of the whorl; dimorphism unknown. Occurs just
below Epistrenoceras and has a similar distribution,
but is separated from Garantiana by a considerable
stratigraphical gap, and the phylogentical relations
are obscure. Middle Jurassic (Bathonian): France,
Spain, Romania, Algeria, 2Mexico. FiG. 18,24—c.
*H. julii (D’ORBIGNY), holotype, Niort, Deux-
Sevres, France, x1 (a—b, Fischer, 1994, pl. 53,54,¢;
¢, d’Orbigny, 1846 in 1842-1851, pl. 145,7).

Epistrenoceras BEnTZ, 1928 (1 November), p. 161
[*Ammonites contrarius D’ORBIGNY, 1846 in 1842—
1851, p. 418; OD] [=Pseudostrenoceras SpatH, 1928b
(December), p. 253 (type, Cosmoceras histricoides
RoLLIER, 1911, p. 290, nom. nov. pro Ammonites
contrarius D’ORBIGNY, 1846 in 1842-1851, pl.
145,34, non pl. 145,1-2, OD); =Sulcohamites
WETZEL, 1937, p. 135 (type, S. eminensis, OD);
=Sulcohamitoides BEznOsov in BEznosov & KuTtu-
Zova, 1990, p. 26 (type, S. karaimanensis, OD)].
Evolute, quadrate, with slightly compressed tra-
pezoidal whorl section; primary ribs curve strongly
forwards ending high on whorl side at subdued
tubercles, from which single secondary ribs are
angled strongly backwards ending in larger tubercles
at narrow, sunken, smooth midventer. Dimorphic:
microconchs differ only by smaller size and lappets
in the adult mouth border. Similar to Strenoceras
except for the marked chevron-type ribbing on the

side of the whorl, but direct affinity seems unlikely
in view of the large stratigraphical gap between the
last known Garantiana in the Garantiana Zone,
upper Bajocian, and Epistrenoceras which appears to
be confined to the top of the middle Bathonian and
the upper Bathonian. An alternative placement for
Epistrenoceras is with the Spiroceratoidea as a recoiled
spiroceratid, as suggested by DIETL (1978, p. 55) and
discussed by CaLLomoN (1981, p. 131). Sulcohamites
and Sulcohamitoides are both known from single,
small specimens only. Sulcohamites is a 13-mm-
long fragment of a curved phragmocone at a whorl
height of 7 mm, with ornament similar to the inner
whorls of Epistrenoceras, and the evidence that it is
part of a loosely coiled shell is unclear. Sulcohami-
toides is 27.5 mm in diameter, apparently closely
coiled, with an unknown amount of body chamber,
and also has ornament similar to Epistrenoceras.
Both are from the middle Bathonian or the basal
part of the upper Bathonian, and are unlikely to
be related to Strenoceras. DouviLLE, 1915. Middle
Jurassic (upper middle—upper Bathonian, Retrocos-
tatum /=Orbis/ Zone): Europe, Romania, Turkmeni-
stan, India (Kutch, northern Gujarat), Madagascar,
Mexico, Chile. FiG. 18,1a—f E. contrarium
(D’ORBIGNY); a—d, Niort, Deux-Sévres, France;
a—b, syntype (now lost), x1 (d’Orbigny, 1846 in
1842-1851, pl. 145,1-2); c—d, another syntype (now
lost), possibly a microconch, x1 (d’Orbigny, 1846
in 1842-1851, pl. 145,3—4); e—f; ?macroconch,
Anse-de-Jard (Jard-sur-Mer), Vendée, France, x1
(Fischer, 1994, pl. 54,1a—b).——Fi1G. 18,1g—j. E.
eminense (WETZEL), holotype, Eimen, Lower Saxony,
Germany; g, side view, x1; h—j, side, ventral and
dorsal views, x2 (Wetzel, 1937, pl. 14,8). FiG.
18,1k—L. E. karaimanense (BEzNEsOV), holotype,
Karaiman Wells, 39°58'N, 54°8'E, Balkan, western
Turkmenistan, x1 (Beznesov in Beznesov & Kutu-

zova, 1990, pl. 1,8).
Subfamily ERMOCERATINAE

Howarth, nov.

A morphologically distinctive group,
restricted geographically to the Arabian
Peninsula and northern Africa. Although
widely variable in morphology, all are more
involute than Garantianinae, and consis-
tently develop a midventral groove at some
growth stage. The morphological varia-
tion is difficult to assess due to insufficient
specimens collected from known horizons,
and relatively poor preservation. For similar
reasons, dimorphism is problematical:
macroconchs and microconchs are known,
but are difficult to associate, partly due to
lack of sufficient specimens with mouth
borders preserved. Their restricted distribu-
tion in epicontinental facies suggests that
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Ermoceras

Kosmermoceras

FiG. 19. Stephanoceratidae (p. 25-26).

they are the result of a short-lived evolu-
tionary burst at the top of the lower Bajocian
in relative geographical isolation. Middle
Jurassic (lower Bajocian, upper Humphrie-
sianum Zone—upper Bajocian, Garantiana
Zone): Morocco, Algeria, Italy, Egypt, Saudi
Arabia, Jordan.

Ermoceras H. DOUVILLE, 1916, p. 17 [*E. mogharense;
OD]. Involute with arched whorl section; short,
strong, bullate primary ribs branch close to the
umbilical edge, sometimes at a lateral tubercle,
into sheaves of strong prorsiradiate secondary ribs
that are interrupted by a deep midventral groove on
inner whorls, but are continuous across the venter
on outer whorls; radial strigation occurs between
the secondary ribs; small nodes or tubercles border
the midventral groove in some species. Dimorphism
is uncertain, due to lack of evidence. Middle Jurassic
(Bajocian, Humphriesianum-Subfurcatum Zones):
Morocco, Algeria, Italy (Sicily), Egypt, Jordan,
central Saudi Arabia. Fi6. 19,1a—e. *E. mogha-
rense, Gebel Aroussich, Gebel Maghara (Jabal al
Magharah), North Sinai, Egypt; 2—6, holotype, x1;

c—e¢, paratype, showing striations across the venter;
c—d, x1; ¢, x3 (Douvill¢, 1916, pl. 2,8-9).

Kosmermoceras ARKELL, 1952a, p. 273 [*Ermoceras

(Kosmermoceras) runcinatum; OD]. Involute, with
compressed, flat-sided whorls and narrow, tabulate
venter; fine, sinuous, falcoid or falcate ribs divide
irregularly about midwhorl into many secondary
ribs, which curve forwards and end at a prominent
midventral groove; no lateral tubercles, but rows of
small tubercles sometimes border the ventral groove.
Dimorphic: macroconchs with plain, sinuous mouth
border; microconchs with lateral lappets in the
adult mouth border. Smaller and more compressed
than Ermoceras, with a flat venter, finer ribs, and
no lateral tubercles. Middle Jurassic (upper Bajo-
cian): Morocco, Algeria, Egypt (North Sinai), Saudi
Arabia. FI1G. 19,2a—b. *K. runcinatum, holotype,
small inner whorls, 19 km southeast of Juraifa, Jebel
Tuwaiq, Saudi Arabia, x1 (Arkell, 1952a, pl. 22,82~
b).——F16. 19,2¢-d. K. elegans (DOUVILLE), large,
nearly complete adult, macroconch or microconch
uncertain, Juwai, 188 km northwest of Riyadh,
Saudi Arabia, x1 (Enay & Mangold, 1996, fig.
4a—b) ——F1G. 19,2¢—f K. inerme (DOUVILLE),
complete, weathered microconch with most of a
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Telermoceras

F1G. 20. Stephanoceratidae (p. 26).

lappet preserved, Dhurma area, Saudi Arabia, x1
(Enay & Mangold, 1996, fig. 10a-6).

Telermoceras ARKELL, 1952a, p. 273 [*Coeloceras corona-
toides H. DOUVILLE, 1916, p. 24; OD]. Large, up to
250-300 mm in diameter; inflated cadicones, with
rounded venter; very short primary ribs end at large
lateral nodes or tubercles, from which coarse, pror-
siradiate secondary ribs pass onto venter; a narrow,
prominent midventral groove occurs on inner and
middle whorls but is lost on outer whorls; mouth
border plain with a ventral rostrum. Microconchs
with lappets have not been identified, but the possi-
bility of dimorphism on size alone with similar plain
adult mouth borders in smaller microconchs has
been discussed by ENAY & MaNGOLD (1996). Middle
Jurassic (upper Bajocian): Morocco, Algeria, Egypt,
central Saudi Arabia. F1G. 20a—f. *T. coronatoides
(DOUVILLE); @b, holotype, Gebel Aroussieh, Gebel
Maghara (Jabal al Magharah), North Sinai, Egypt,
x0.6 (Douvill¢, 1916, pl. 1,3); c—d, large, weath-

ered, poorly preserved adult macroconch, 290 mm
in diameter, with plain mouth border and ventral
rostrum, Bou Rached, south of Guercif, Morocco,
%0.25 (Enay & Mangold, 1996, fig. 1a—6); ef; small
adult, 102 mm in diameter, possible microconch,
with contracted final quarter whorl and plain mouth
border, Gebel Maghara (Jabal al Magharah), North
Sinai, Egypt, 0.5 (new; Natural History Museum,
London, England, NHMUK C.71759; also figured
by Enay & Mangold, 1996, fig. 3a-5).

Subfamily CADOMITINAE
Westermann, 1956

[Cadomitinae WESTERMANN, 1956a, p. 251]

Strongly dimorphic descendents of Stepha-
noceratinae, appearing abruptly near the
top of the lower Bajocian and persisting
with little change into the lower Callovian.
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Cadomites

FiG. 21. Stephanoceratidae (p. 27-28).

Similar to S. (Stephanoceras), but more invo-
lute and inflated, with dense, fine secondary
ribs emanating in sheaves from closely
spaced midlateral tubercles. Septa have
characteristic large second lateral saddles
and barely retracted umbilical lobes resem-
bling those of Otoitinae, and differ from
those of Stephanoceratinae (WESTERMANN,
1956a; 1958). Middle Jurassic (uppermost
lower Bajocian—lower Callovian): worldwide,
except Boreal.

Cadomites MUNIER-CHALMAS, 1892, p. clxxii
[*Ammonites deslongchampsi D’ORBIGNY, 1846 in
1842-1851, p. 405; OD, ICZN Opinion 324,
1955a, p. 230, 236)] [=Polyplectites MAsCKE, 1907,

p. 23 (type, Ammonites linguiferus b’ ORBIGNY,
1846 in 1842-1851, p. 402, OD); =Polystephanus
BuckmaN, 1922, pl. 311, non BranDT, 1835, p.
12 (Coelenterata) (type, Stephanoceras daubenyi
GEMMELLARO, 1877, p. 141, OD); =Stegeostephanus
BuckMmaN, 1922, pl. 312 (type, S. stegeus, OD)].
Moderately evolute, with round to depressed,
quickly expanding, inflated whorls; primary ribs
divide at sharp midlateral tubercles into sheaves
of fine secondaries passing over the venter without
interruption; ribbing remains unaltered on the
adult body chamber. Macroconchs of medium size,
with contracting adult body chamber one-half to
three-quarters whotl long, with thick, collared lip at
the adult mouth border; microconchs (Polyplectites)
with more involute final whorl and simple lappets
in the mouth border. Middle Jurassic (uppermost
lower Bajocian—lower Callovian): Europe (especially
Tethys), northern Africa, Madagascar, Azerbaijan,
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Iran, India (Kutch, northern Gujarat), Indonesia,
New Guinea, Japan, Chile. FiG. 21a—b. *C.
deslongchampsi (D’ORBIGNY), lectotype (desig-
nated by Bicor, 1905, p. 254), complete adult
macroconch, upper Bajocian, Caen, Calvados,
France; 4, x0.8 (Douvill¢, 1909, pl. 132); 4, x0.8
(Fischer, 1994, pl. 46,1¢). Fic. 21c—d. C. psila-
canthus (WERMBTER), lectotype, complete adult
macroconch with collared mouth border, upper
Bajocian, Bayeux, Calvados, France, 0.6 (Fischer,
1994, pl. 45,4a,c). Fic. 21e—g. C. linguiferum
(D’ORBIGNY); ¢, topotype (designated as neotype
by WESTERMANN, 1954, p. 339, 347, but invalid;
see FISCHER, 1994, p. 123-124, and ICZN Code,
1999, Article 75.8), type species of Polyplectites,
middle Bathonian, adult microconch with lappet,
Lugon, Vendée, France, x1 (de Grossouvre, 1930,
pl. 40,10); f~¢, adult microconch with lappet,
Thalmissing, Franconian Alb, Germany, x1
(Westermann, 1954, pl. 32,34,¢).

Family KOSMOCERATIDAE
Haug, 1887

[Kosmoceratidae HauG, 1887, p. 156, footnote 1, as Cosmoceratidae]

The Kosmoceratidae are one of the best-
documented examples of an evolutionary
lineage known in Jurassic ammonites. Their
progress can be followed essentially mono-
phyletically throughout their range: from
the Humphriesianum Zone of the lower
Bajocian (if their precursors, the Cadomi-
tinae are included) to their end-members
in the Lamberti Zone of the upper Callo-
vian, covering 18 ammonite zones and 42
subzones, spanning perhaps 5 million years.

Early forms (Gowericeratinae) are round
whorled, evolute, and densely ribbed as
in Cadomites, and they evolve into more
involute and compressed forms (Kosmo-
ceratinae) with smooth, tabulate (runcinate)
venters and lateral and ventrolateral tuber-
cles. Strongly dimorphic: macroconchs have
simple peristomes, microconchs have long,
narrow lappets. Sutures are fairly simple with
rather short, unretracted lobes. Aptychi,
double-valved, thin, and concentrically
ribbed (Praestriaptychus), are occasionally
found in situ in Kosmoceras. Traditionally,
it was thought that Kosmoceratidae were
derived from Macrocephalitidae because of
partial homeomorphism between certain
members, such as Kepplerites and Macro-
cephalites. However, this similarity is only

between macroconchs of Kosmoceratidae
and microconchs of Macrocephalitidae, and
both families are geographically restricted
and mutually exclusive. The first Kosmocera-
tidae appear more or less simultaneously in
the Boreal Bathonian of North America and
Greenland as forms that are very similar to
Cadomites, from which their direct descent
in the Bathonian is not in doubt. BUCKMAN,
1909-1930; R. DouVILLE, 1915; BRINK-
MANN, 1929a, 1929b; MakowsKI, 1952;
IMLAY, 1953a, 1953b; TINTANT, 1964.
Middle Jurassic (middle Bathonian—upper
Callovian): worldwide in Boreal and Subbo-
real Provinces of the Northern Hemisphere.

Subfamily GOWERICERATINAE
Buckman, 1926

[nom. transl. CALLOMON, 1981, p. 145, ex Gowericeratidae BUCKMAN,
1926, p. 20] [=“Runcinati” SEEBACH, 1864, p. 151; =Keppleritinae
TINTANT, 1964, p. 65]

Early forms are round whorled, resem-
bling ancestral Cadomites, but usually with a
double row of lateral tubercles, the inner one
formed by thickening of the short bullate
primary ribs. Later forms develop tabulate
venters bordered by rows of ventrolateral
tubercles, particularly in the microconchs.
Strongly dimorphic: microconchs with
lappets. Middle Jurassic (middle Bathonian—
lower Callovian): Boreal and Subboreal Prov-
inces of the northern hemisphere.

Kepplerites NEumAYR & UHLIG, 1892, p. 53 [*Ammo-
nites keppleri OPPEL, 1862 in 1862-1863, p. 151;
OD] [=Seymourites KiLian & Resour, 1909, p.
26 (type, Ammonites loganianus WHITEAVES, 1876,
p. 27, OD); =Cerericeras Buckman, 1922, pl. 286
(type, C. cereale, OD); =Galilaeanus BUCKMAN,
1922, pl. 293 (type, G. crucifer, OD); =Galilaeites
BuckmaN, 1922, pl. 294 (type, G. curtilobus, OD);
=Pepplerites PETITCLERC, 1926, pl. 3,15, misspelling;
=Yakounites MCLEARN, 1927, p. 71 (type, Y. plenus,
OD); =Yakounoceras MCLEARN, 1927, p. 71 (type,
Y. gitinsi, OD)]. Large, moderately involute, inflated
whorl section and rounded venter; short primary
ribs are angled forwards on the umbilical wall and
divide into several secondary ribs low on the whorl
side, usually at a lateral tubercle; ribs pass over the
venter without interruption. Dimorphic: adult whorl
of macroconch becomes more evolute and contracts
markedly towards the adult body chamber, ending
in a simple aperture; microconchs much smaller with
lappets in the adult aperture. Derived from ancestral
Cadomites, early forms, with a tabulate venter on the
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Kepplerites

FiG. 22. Kosmoceratidae (p. 28-30).

inner whorls, were restricted to the middle and upper
Bathonian of the Boreal Arctic, western Canada, and
northern part of the Western Interior of the USA; in
the upper Bathonian they spread southwards across
the Russian Platform, then colonized the rest of
Subboreal Europe in the earliest Callovian, where
the sudden appearance of K. keppleri has been taken
to define the base of the Callovian. Middle Jurassic
(middle Bathonian—lower Callovian): northern and
eastern Europe, Caucasus, Kazakhstan (Mangystau),

Russia (Franz Josef Land), Japan, eastern Greenland,
Norway (Svalbard), USA (southern Alaska, Cali-
fornia, Oregon, Montana), Canada (Saskatchewan,
British Columbia). FiG. 22a—b. *K. keppleri
(OrpEL), lectotype, incomplete macroconch, lower
Callovian, Herveyi Zone, Eningen, Achalm, Wiirt-
temberg, Germany, x0.7 (Schlegelmilch, 1985, pl.
39,6). F1G. 22¢—d. K. curtilobus (BUCKMAN),
complete adult macroconch, Wiltshire, England,
x0.7 (Tintant, 1964, pl. 5,14,c). F1G. 22¢. K.
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Gowericeras

FiG. 23. Kosmoceratidae (p. 30).

stephanoides BIRKELUND & CALLOMON, holotype, the
earliest form, middle Bathonian, Cranocephaloide
Zone, Vardekloft, 70°36.1'N, 22°37.4"W, Jameson
Land, eastern Greenland (see HiGGiNs, 2010, for
details of all Greenland localities in this paper), x0.7
(Spath, 1932, pl. 26,6). Fi6. 22f-g. K. curti-
cornutus (BUCKMAN), holotype, adult microconch
with lappet, Kellaways, Wiltshire, England, x1
(new; Natural History Museum, London, NHMUK
C.76753).

Gowericeras BuckMAN, 1921, p. 54 [*G. metorchums;

OD; =Ammonites gowerianum ]. DE C. SOWERBY,
1827, p. 94] [=Toricelliceras BuckmaN, 1922, pl.
292 (type, Ammonites toricellii OPPEL, 1862 in
1862-1863, p. 153, OD); =Galilaeiceras BUCKMAN,
1922, pl. 290 (type, Ammonites galilaeii OPPEL,
1862 in 1862-1863, p. 152, OD); =Toricellites
BuckmaN, 1922, pl. 336 (type, 1. approximatus,
OD)]. Similar to Kepplerites, but smaller, more
evolute, inner whorls with well-defined tabulate
venter, more strongly ribbed, with mainly trip-
licate secondaries, and fine fasciculate ribbing
confined to the last part of the adult body chamber.
Dimorphic: macroconchs with simple adult
mouth border; microconchs with small lappets.
The earliest forms involute and round whorled;
later forms develop tabulate venters and finally
small ventrolateral tubercles on the margins of
a narrow, smooth venter, and are transitional to
Kosmoceras. Middle Jurassic (upper Bathonian—lower
Callovian, Calloviense Zone): northern Europe,
Caucasus, eastern Greenland, USA (?southern
Alaska). FiG. 23a—b. *G. metorchum BUCKMAN,
holotype, complete adult macroconch, Calloviense
Zone, Koenigi Subzone, Chippenham, Wiltshire,
England, x0.8 (Buckman, 1921, pl. 254).——Fic.
23¢—d. G. approximatus (BUCKMAN), holotype, adult
microconch with lappet, Calloviense Zone, Koenigi
Subzone, Kellaways Clay, Rampisham, Dorset,
England, x1 (Buckman, 1922, pl. 336,1,3).

Sigaloceras HyatT, 1900, p. 587 [Ammonites

calloviensis J. SOWERBY, 1815, p. 3, pl. 104, non
D’ORBIGNY, 1847 in 1842-1851, p. 455; OD,
ICZN Opinion 324, 1955a, p. 231] [=Gulielmina
BuckmaN, 1925b, pl. 586 (type, G. quinquepli-
cata, OD)]. Moderately involute, compressed to
trigonal whorl section, markedly tabulate venter;
primary ribs divide into many secondaries on
the lower half of whorl side; secondaries contin-
uous across the venter. Dimorphic: the adult
whorl of macroconchs becomes more evolute and
contracts towards a simple aperture, and ribbing
fades leaving widely spaced undulations near the
umbilical edge; microconchs (Gulielmina) more
evolute and compressed, with smooth venter and
small ventrolateral tubercles on inner whorls,
and ribbed to the end of the adult whorl, with
short lappets. Smaller than Kepplerites and Gower-
iceras and tabulate venter more persistent. Middle
Jurassic (lower Callovian, Calloviense Zone and
Subzone): northern and eastern Europe, Caucasus,
Kazakhstan (Mangystau), eastern Greenland.
FiG. 24,1a-d. *S. calloviense (J. SOWERBY), Kella-
ways, Wiltshire, England; 4—6, lectotype, incom-
plete macroconch, x0.65 (new; Natural History
Museum, London, NHMUK 43924a); c—d,
complete adult macroconch, x0.65 (new; Natural
History Museum, London, NHMUK 36819).
FiG. 24,1e—f. S. quinqueplicatum (BUCKMAN), holo-
type, microconch, Kellaways, Wiltshire, England,
x1 (Buckman, 1925b, pl. 586,1-2).
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Catasigaloceras BuckmaN, 1923a, pl. 417 [*C. plani-
cerclus; OD; =Cosmoceras enodatum NIKITIN, 1881b,
p. 112]. Moderately involute, compressed whorl
section; smooth, bituberculate, tabulate venter
on inner and middle whorls; primary ribs bifur-
cate at small tubercles near middle of whorl side;
secondary and intercalated ribs curve forwards onto
the tabulate venter. Dimorphic: macroconch with
contracting adult whorl and rounded venter, more
widely spaced ribs, and a simple sigmoidal aperture;
microconchs strongly ribbed to the end, with long
lappets in the adult mouth border. Smaller, more
compressed and less densely ribbed than Sigaloceras.
Middle Jurassic (lower Callovian, Calloviense
Zone): northern and central Europe, Kazakhstan
(Mangystau), Caucasus. Fi1G. 24,2a—e¢. *C.
planicerclus Buckman, Kellaways Rock, South Cave,
Yorkshire, England; 2—6, holotype, macroconch,
x1 (Buckman, 1923a, pl. 417); c—e, topotype,
macroconch, X1 (new; J. H. Callomon Collection,
from C. W. Wright Collection). Fic. 24,2f
C. anterior (BRINKMANN), microconch, with long
lappet, Calloviense Zone, Enodatum Subzone, South
Cave, Yorkshire, England, x1 (new; J. H. Callomon
Collection, 356, from C. W. Wright Collection).

Subfamily KOSMOCERATINAE
Haug, 1887

[nom. transl. TINTANT, 1964, p. 224, ex Kosmoceratidae Haug, 1887, p.
156] [=Gulielmiceratidae BuckmaN, 1926, p. 20]

Evolute to involute, planulate to
compressed, with smooth tabulate venters
bordered by rows of ventrolateral tubercles
or clavi; ribs and tubercles are highly vari-
able in a single population, ranging from
fine and regularly polyplicate (with double
row of small lateral tubercles) to coarse and
irregular (with one row of lateral tubercles,
nodes or bullae), sometimes changing from
one style to the other at different ontogenetic
stages in the same individual. In early forms
in the middle Callovian, the secondary ribs
terminate at single ventrolateral tubercles.
In later forms in the upper Callovian, the
secondary ribs reunite in pairs or bundles at
the ventral edge; this character (bundling)
appears almost simultaneously over the whole
range of morphologies, from finest to coarsest,
and in both macroconchs and microconchs.
Strongly dimorphic; microconchs with long,
slender lappets. This group occurs in very
large numbers in expanded stratigraphic
successions in France and northern Germany
and is probably the most studied of all ammo-

nites, providing insight into fundamental
problems of morphological variability of
populations, dimorphism, bioprovincialism,
and phylogeny. DouVILLE, 1915; KRENKEL,
1915; BRINKMANN, 1929a, 1929b; TINTANT,
1964; LOMINADZE & SAKHAROV, 1985. Middle
Jurassic (middle—upper Callovian): northern
hemisphere (Subboreal Province, occasion-
ally in Submediterranean Province, but not
Boreal Province).

Gulielmites BUCKMAN, 1923a, pl. 418 [*G. conlaxatum;
OD)] [=Gulielmiceras BuckmaN, 1920, pl. 194 (type,
Ammonites gulielmi J. Sowersy, 1821, pl. 311, OD);
=Anakosmokeras BUCKMAN, 1924, pl. 531 (type,
Ammonites stutchburii PRATT, 1842, p. 163, OD)].
The earliest Kosmoceratinae, successors of Catasiga-
loceras, with which the microconchs are very similar,
but differing in the smooth, flat, bituberculate venter
throughout growth and small umbilical tubercles.
Moderately involute, compressed whorl section,
narrow tabulate venter; primary ribs arise from
small tubercles at the umbilical edge, then divide
at low to midlateral tubercles into dense secondary
ribs curving forwards to end at small tubercles
bordering the flat smooth venter; rib density and
size of tubercles variable. Dimorphic: ribs fade on
the adult whorl of macroconchs and final mouth
border is sinuous; in microconchs (Gulielmiceras)
ribs remain up to the adult mouth border, which
has long lappets; dimorphic size ratio of complete
adults about 2:1. Middle Jurassic (middle Callovian,
Jason Zone): Europe (Subboreal Province), eastern
Greenland. FiG. 25,1a. *G. conlaxatum, holo-
type, macroconch, Backwater, Radipole, Weymouth,
Dorset, England, x0.7 (Buckman, 1923a, pl.
418). FiG. 25,1b—e. G. gulielmi (J. SOWERBY),
Wiltshire, England; b—¢, holotype, microconch,
x1 (new; The Natural History Museum, London,
NHMUK C.72470); d—e, topotype, complete micro-
conch with long lappet, x1 (new; The Natural
History Museum, London, NHMUK C.69271).

Zugokosmokeras BuCKMAN, 1923a, pl. 389 [*Z.
zugium; OD] [=Zugocosmoceras STOLL, 1934, p. 35,
unjustified emendation]. Phyletic descendents of
Gulielmites, differing by fine, dense ribs persisting
to the end of growth with sheaves of secondary ribs
branching from short, bullate primary ribs, not
looped or bundled at the ventral edge, and crossing
the venter on the adult body chamber of the macro-
conch; associated microconch is usually included
in “Gulielmiceras,” but the exact species has yet
to be identified. Middle Jurassic (middle Callovian,
Coronatum Zone): Europe, Caucasus, Kazakhstan
(Mangystau). Fig. 25,2. *Z. zugium, holotype,
north bank of River Brora, Fascally, Brora, Suther-
land, Scotland, x0.5 (Buckman, 1923a, pl. 389).

Epicosmoceras MoDEL & MoDEL, 1938, p. 654
[*Aspidoceras fuchsi NEUMAYR, 1871, p. 45; OD].

Macroconchs with coarse, bullate ribs, large, clavate
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Zugokosmokeras

Epicosmoceras

F1G. 25. Kosmoceratidae (p. 32-30).
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FiG. 26. Kosmoceratidae (p. 34-35).

midlateral tubercles, and large ventrolateral tuber-
cles bordering a smooth, concave venter; occa-
sional ribs bifurcate at the lateral tubercle. Middle
Jurassic (middle Callovian, Coronatum Zone):
Poland, central Russia. FiG. 25,3a—b. *E. fuchsi
(NEUMAYR), holotype, Czerna, Krakow, Poland,
x0.75 (Neumayr, 1871, pl. 15,3a-b).

Kosmoceras WAAGEN, 1869, p. 248 [*Ammonites

spinosus J. DE C. SOWERBY, 1826, p. 78; SD,
ICZN Opinion 303, 1954c, p. 275] [=Cosmoceras
NEUMAYR, 1869, p. 393, nom. null, misspelling;
=Spinikosmokeras BUCKMAN, 1924, pl. 486A
(type, S. acutistriatum, OD); =Katakosmokeras
BuckmaN, 1925a, pl. 548 (type, K. degradatum,
OD)]. Evolute, polygonal to compressed whorl

section with flat or concave venter on inner whorls;
weak primary ribs, sometimes issuing from small
tubercles at the umbilical edge, end at strong
midlateral tubercles, carrying long spines on the
test, from which flexuous, irregular secondary ribs
issue in pairs or bundles and lead to ventrolateral
tubercles bordering a narrow, smooth venter; the
ventrolateral tubercles sometimes alternate across
the venter, especially in microconchs. Dimorphic:
macroconchs with rounded whorl section on outer
whorls, on which somewhat irregular ribs remain
up to the simple final aperture, but the tubercles are
lost; ribs and tubercles remain on the adult whorl
of microconchs, which has long lappets in the adult
mouth border; dimorphic size ratio about 3:1;
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Mojarowskia

Lobokosmokeras

Fic. 27. Kosmoceratidae (p. 36).

size and density of ribs and tubercles vary greatly
in both dimorphs. Middle Jurassic (middle—upper
Callovian): northern Europe, Bulgaria, Caucasus,
Kazakhstan (Mangystau), eastern Greenland.——
FiG. 26a—f. *K. spinosum (J. DE C. SOWERBY);
a—b, lectotype, a wholly septate nucleus, Lamberti
Zone, Dorset, England, x1 (new; The Natural
History Museum, London, NHMUK 43937a);
¢—d, a complete adult macroconch, Lamberti Zone,
Villers-sur-Mer, Calvados, France, x0.55 (Douvillé,
1915, pl. 24,1,1b); e—f, complete adult microconch
with very long narrow lappets, Lukéw, Poland,
x1.5 (Makowski, 1963, pl. 2,3, pl. 3,26). FiG.
26g. K. acutistriatum (BUCKMAN), holotype, adult
microconch with very long lappet, lower Athleta

Zone, Christian Malford, Wiltshire, England, x0.8
(Buckman, 1924, pl. 486A).

Hoplikosmokeras Buckman, 1924, pl. 488 [H.

hoplistes; OD]. An extreme tuberculate form of
Kosmoceras, retained as a separate genus because
the very large lateral tubercles remain on the adult
body chamber of the macroconchs. Very coarse,
irregular, widely spaced ribs bear strong lateral
tubercles, which give to many secondary ribs that
are occasionally looped at the edge of the venter;
microconchs not identified. The morphological
forerunner of Kosmoceras gemmatum (PHILLIPS) and
K. aculeatum (EICHWALD). Middle Jurassic (upper
Callovian, lower Athleta Zone): Europe. Fic.
25,4. *H. hoplistes, holotype, Christian Malford,
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Oxfordshire, England, x0.5 (Buckman, 1924,
pl. 488).

Lobokosmokeras Buckman, 1923b, pl. 436 [*Kosmo-
ceras proniae TEISSEYRE, 1884, p. 557; OD]
[=Bikosmokeras Buckman, 1926, pl. 625 (type,
B. geminatum, OD); =Kuklokosmokeras BUCKMAN,
1926, pl. 626 (type, K. kuklikum, OD)]. Moder-
ately involute, compressed whorl section; flat,
tabulate venter; weak primary ribs link small umbil-
ical tubercles to lateral tubercles; on inner and
middle whorls secondary ribs are often looped or
bundled to ventrolateral tubercles or clavi at edge
of smooth venter; ribs are less dense and tend to
fade on adult body chamber of macroconch. Both
dimorphs are similar to those of Kosmoceras, but
generally more compressed and finely ribbed, and
on inner and middle whorls the secondary ribs are
more frequently and regularly looped or bundled
in sheaves to tubercles or clavi bordering the
smooth venter. Middle Jurassic (upper Callovian):
northern and eastern Europe, Caucasus, Kazakhstan
(Mangystau), Uzbekistan, eastern Greenland.
FiG. 27,1a~b. *L. proniae (TEISSEYRE), lectotype
(designated by Buckman, 1923b, pl. 436), ?macro-
conch, Athleta Zone, Pronya, Ryazan, Russia, x1
(Teisseyre, 1884, pl. 3,15a—b).——F1G. 27,1c—d.
L. kuklikum (Buckman), holotype, macroconch,
upper Athleta Zone, Brickyard, Upper Wolvercote,
Oxford, England, x0.5 (Buckman, 1926, pl. 626A,
626B,2).——FI1G. 27,1e—f. L. rowlstonense (YOUNG
& BIRrD), topotype, complete adult macroconch,
Hackness Rock, Scarborough, Yorkshire, England,
x0.5 (new; The Natural History Museum, London,
NHMUK 39540).——F1c. 27,1g. L. aculeatum
(EicHwALD, 1830, p. 29), neotype (designated by
BRINKMANN, 1929b, p. 78), upper Callovian, Papilé
(Popilani), Lithuania, x1 (Krenkel, 1915, pl. 22,3).

Mojarowskia NIKOLAEVA in KIPARISOVA, MARKOVSKI,
& RADCHENKO, 1956, p. 80 [*M. mojarowskii
NiIkOLAEVA & ROZHDESTVENSKAYA in KIPARI-
SOVA, MARKOVSKI, & RADCHENKO, 1956, p. 81;
OD]. Evolute, rounded whorl section, narrow
flat venter; small, closely spaced ventrolateral
tubercles form a third row between the midlateral
tubercles and the tubercles bordering the smooth
midventer. Small forms, poorly known, probably
microconchs. Middle Jurassic (upper Callovian):
Russia (Saratov). FiG. 27,2a-d. *M. moja-
rowskii; a—b, holotype, Kurdyumov, Saratov,
Russia, x1 (Nikolaeva in Kiparisova, Markovski,
& Radchenko, 1956, pl. 17,10a-b); c—d, topo-
type, lower Volga area, Russia, x1 (Krimholz,
1958, pl. 35,3a-b).

Family OTOITIDAE Mascke, 1907

[Oroitidae Mascke, 1907, p. 23, 25].

Early whorls cadicone or sphaerocone;
outer whorls much more evolute, with long,
contracted adult body chambers and eccen-
tric umbilical seam. Strongly dimorphic:

macroconchs large, sometimes with nearly
smooth body chambers, with contracted,
lipped and collared adult apertures; micro-
conchs small, with long, drooping lappets.
Sutures complex and highly incised as in
Stephanoceras. First occurrences are at base
of lower Bajocian, probably descended from
Erycitinae (e.g., from Abbasites). Otoitidae
is retained as the family-group name under
the provisions of ICZN Code, 1999, Article
40.1, despite Oroites MASCKE, 1907, being
regarded herein as a junior synonym of
Emileia. BUCKMAN, 1898; ARKELL & PLAY-
FORD, 1954; WESTERMANN, 1954, 1964b,
1969; ImLAY, 1964, 1973. Middle Jurassic

(lower Bajocian): worldwide.

Docidoceras Buckman, 1919b, pl. 133A-133B [*D.
cylindroides; OD) [=Trilobiticeras BuckMmaN, 1919b,
pl. 140 (type, T. trilobitoides, OD); =Docodoceras
CossMANN in LEMOINE & COSSMANN, 1919, p. 77,
misspelling]. Evolute, depressed whorl section with
broad, rounded venter; strong primary ribs divide,
and secondaries are intercalated, at midwhorl to
high lateral tubercles. Dimorphic: macroconchs
large, outer and adult whorls becoming more
compressed and rounded, ending at a lipped and
collared adult mouth border; microconchs much
smaller, coarsely ribbed to the end of the adult
whorl, with large, drooping lappets. Middle Jurassic
(lower Bajocian, Discites—Ovalis Zones): Europe,
northern Africa, ?Iran, New Guinea, USA (Oregon)
Western Australia. FiG. 28,1a—b. *D. cylin-
droides, holotype, complete adult macroconch,
Discites Zone, Bradford Abbas, Sherborne, Dorset,
England, x0.7 (Buckman, 1919b, pl. 133A).
FiG. 28,1c—e. D. trilobitoides (BuckMaN), holotype,
complete adult microconch with lappets, Fossil
Bed, Bradford Abbas, Dorset, England, x1.25
(Buckman, 1919b, pl. 140,7-2,4).

Pseudocidoceras WESTERMANN, 1969, p. 136 [*Docido-
ceras (Pseudocidoceras) widebayense; OD]. Whorls
less depressed, whorl section more rounded, and ribs
coarser than in Docidoceras; primary ribs tend to be
bullate up to prominent midlateral tubercles, and
secondary ribs are characteristically strongly prorsira-
diate over the venter, with an impersistent midven-
tral interruption. Probably dimorphic: macroconchs
with a strongly prorsiradiate adult collar; micro-
conchs poorly known, but have lappets in the adult
mouth border. Middle Jurassic (lower Bajocian,
Discites—Laeviuscula Zones): USA (Alaska). FiG.
28,2a—c. *P widebayense, southeast shore of Wide
Bay, Alaska Peninsula, Alaska, USA; a—6, holotype,
complete adult macroconch, x0.85 (Westermann,
1969, pl. 34,14,d); ¢, microconch with part of a
lappet, x1 (Westermann, 1969, pl. 36,3).

Emileia BuckmaN, 1898, p. 456 [*Ammonites brocchii
J. SowERBY, 1818, p. 233; OD] [=Oroites MASCKE,
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Pseudocidoceras

FiG. 28. Otoitidae (p. 36).

1907, p. 23 (type, Ammonites sauzei D’ ORBIGNY,
1846 in 1842-1851, p. 407, OD)]. Involute,
inflated whorls with broad, rounded venter on
inner whorls, becoming contracted and compressed
with an uncoiling umbilical seam on the adult
body chamber; subdued bullate primary ribs end
at tubercles or nodes low on the side of the whorl;
fine, dense secondary ribs continuous across the
venter. Dimorphic: macroconchs large, tending
to become compressed and smooth on the body
chamber, with a simple mouth border; microconchs
(“Otoites”) much smaller, with coarser secondary
ribs, mainly bifurcating from the lateral nodes, with
a contracted, elliptically coiled adult body chamber
and with prominent lappets, sometimes long,

spatulate, and drooping. A valid primary type spec-
imen (lectotype or neotype) for Ammonites sauzei
D’ORBIGNY, the type species of Otoites, has yet to be
selected from D’ORBIGNY’s original type series. The
neotype designated by WESTERMANN (1954, p. 85,
pl. 1,1) is invalid because the type series still existed
and a lectotype had not been designated (ICZN
Code, 1999, Article 75.1). This difficult problem
has been discussed at length by Pavia (in FISCHER,
1994, p. 127-128), who found 8 syntypes in the
D’ORBIGNY collection, and after eliminating several
that did not correspond well to the original drawing
(D’ORBIGNY, 1846 in 1842-1851, pl. 139,1-2),
he found that syntype number 2155 A-1 is a very
close match for D’ORBIGNY’s original drawing up to
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29. Otoitidae

Fic
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Chondromileia

Fic. 30. Otoitidae (p. 40-41).
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Pseudotoites

FiG. 31. Oroitidae (p. 41-42).

the end of the adult body chamber, except for the
absence of the lappets. In view of the importance
of selecting a type specimen for Oroites sauzei, both
the original drawing and p’ORrsIGNY Collection
no. 2155 A-1 are refigured here, and that syntype
is selected by HOWARTH, herein as the lectotype of
Ammonites sauzei. WESTERMANN, 1964b. Middle
Jurassic (lower Bajocian, Ovalis—Sauzei Zones):
Europe, northern Africa, Caucasus, Tajikistan
(Pamirs), Iran, Japan, USA (Alaska, Oregon), Vene-
zuela, Argentina, Chile, Western Australia. Fig.
29a—e. *E. brocchii (J. SOWERBY); a—c, lectotype
(designated by BuckMAN, 1908a, pl. 4; see ARKELL,
1956, p. 768, pl. 35, footnote), phragmocone
of macroconch, Sandford Lane Quarry, Sher-
borne, Dorset, England, x0.5 (new; The Natural
History Museum, London, NHMUK 43906a);
d—e, topotype, adult macroconch, with mouth
border, Sherborne, Dorset, England, x0.35 (new;
The Natural History Museum, London, NHMUK
C.86510). FiG. 29f~i. E. sauzei (D’ORBIGNY),
Niort, Deux-Sevres, France; f~g, lectotype (desig-
nated by HowarTH, herein), complete microconch
except for lappets, 0.8 (Fischer, 1994, pl. 39,34,¢;

d’Orbigny Collection 2155A-1); h—i, D’ORBIGNY’s
original figure, x0.7 (d’Orbigny, 1846 in 1842—
1851, pl. 139,1-2).

Emileites BUCKMAN, 1927a, p. 46 [*E. malenotatus;
OD)] [=Parsemileites DIETZE & CHANDLER, 2008,
p. 168 (type, Docidoceras liebi MAUBEUGE, 1955, p.
42, OD)]. Smaller than Emileia, more evolute, and
more compressed on outer whorls of macroconch,
and ribs tend to be prorsiradiate with smaller lateral
tubercles or nodes. Macroconchs have contracted
and collared adult mouth border; microconchs have
long lateral lappets. Middle Jurassic (lower Bajocian,
Ovalis—Sauzei Zones): Europe. FiG. 30,1a—h. E.
malenotatus; a—b, holotype, phragmocone of macro-
conch, Dundry, Somerset, England, x1 (Dietze &
Chandler, 2008, p. 169, fig. 1a-b6); c—d, complete
adult macroconch, Sandford Lane Quarry, Sher-
borne, Dorset, England, x0.65 (Dietze & Chan-
dler, 2008, p. 169, fig. 1g-h); e—f; complete adult
microconch with large lappets in mouth border,
x1 (Dietze & Chandler, 2008, p. 169, fig. 1i,m);
¢—h, topotype, immature macroconch, Dundry,
Somerset, England, x1 (new; The Natural History
Museum, London, NHMUK C.78550).




Stephanoceratoidea and Spiroceratoidea 41

Labyrinthoceras

FiG. 32. Otoitidae (p. 42).

Chondromileia WESTERMANN & Riccarpr, 1979, p. 129

[*Stephanoceras giebeli GoTTsCHE, 1878, p. 15; OD].
Sphaeroconic inner whorls; whorl cross- section
contracts on outer whorls and umbilical seam uncoils
on adult whorl of both dimorphs; primary ribs end
at nodes or radial clavi at midwhorl, giving rise to
secondary ribs curving slightly forwards across the
venter. Dimorphic: macroconchs up to 150 mm
in diameter, with ribs fading on middle and outer
whorls, then whotl section contracts towards simple,
prominently constricted and flared adult mouth
border; microconchs up to 60 mm in diameter, ribs
and clavi remaining strong up to the adult mouth
border with moderately long lappets. Intermediate
between Emileia and Chondroceras. Middle Jurassic
(lower Bajocian, Laeviuscula—Sauzei Zones): Argen-

tina, Chile, USA (Oregon). FiG. 30,2a—f *C.
giebeli (GOTTSCHE); a—b, holotype, large macroconch
with part of the adult body chamber (at bottom of
figures), Paso del Espinacito, 50 km southwest of
Barreal, San Juan province, Argentina, x0.6 (West-
ermann & Riccardi, 1979, pl. 6,1a,¢); c—f; Cerro
Charahuilla, Neuquén province, Argentina; c—d,
complete adult macroconch with constricted and
flared mouth border, x0.6 (Westermann & Riccardi,
1979, pl. 7,1a—b); e—f, complete adult microconch
with large lappets, x1 (Westermann & Riccardi,
1979, pl. 10,4a-b).

Pseudotoites SeATH, 1939, p. 124 [*Stephanoceras leicharti

NEUMAYR, 1885, p. 140; OD] [=Latotoites WESTER-
MANN, 1964b, p. 53 (type, Ammonites (Stephano-
ceras) australe CricK, 1894, p. 391, OD)]. Evolute,



42 Treatise Online, number 84

rounded to compressed whorls; short primary ribs
end at tubercles or bullae low on the whorl, with
secondary ribs issuing in pairs or bundles and are
slightly prorsiradiate over the venter. Dimorphic: in
macroconchs ribs and tubercles tend to strengthen on
adult body chamber, ending in simple collared and
lipped aperture; microconchs (Latoroites) have lappets
in the adult mouth border. Smaller, more evolute and
more compressed than Emilea, with tubercles lower
on the flank. ARKELL & PLAYFORD, 1954; WESTER-
MANN, 1964b, 1969. Middle Jurassic (lower Bajocian,
Discites—Sauzei Zones): Western Australia, Indonesia,
USA (southern Alaska, Oregon), Canada, Argen-
tina, Chile. Fig. 31a—b. *R leicharti (NEUMAYR),
holotype, macroconch, Moore River, northeast of
Guilderton, western Australia, x0.5 (Neumayr, 1885,
pl. 1,4a-b). Fig. 31c—d. P australis (Crick),
holotype, microconch, Champion Bay, Geraldton,
Western Australia, x1 (Arkell & Playford, 1954,
pl. 31,1a-b). Fig. 31e. P evolutus (TORNQUIST),
holotype, microconch, Paso del Espinacito, 50 km
southwest of Barreal, San Juan province, Argentina,
x1 (Westermann, 1964b, pl. 9,5).

Labyrinthoceras BuckmAN, 1919b, pl. 134 [*L. perex-
pansum; OD] [=Frogdenites BuckmAN, 1921, pl. 215
(type, F spiniger, OD); =Manselites GaLAcz, 1990,
p. 345 (type, Ammonites manselii J. BUCKMAN,
1881, p. 64, OD)]. Highly inflated, depressed
sphaerocones; fine prorsiradiate ribs divide at small
lateral tubercles and tend to bend backwards over
the venter. Dimorphic: macroconchs uncoil and
become much more evolute on middle and outer
whorls and adult aperture is constricted with a
strong ventral projection; microconchs remain
sphacroconic and depressed, and are more strongly
ribbed on adult body chamber, with a moderately
contracted aperture with small lappets. Labyrintho-
ceras is a link between Otoitinae and Sphaero-
ceratidae, intermediate in size and coiling, but
still strongly dimorphic, though the lappets in the
microconch are diminished in size. Middle Jurassic
(lower Bajocian, Sauzei-Humphriesianum Zones):
Europe, China (Tibet), USA (Alaska, Oregon).
FiG. 32a—f. *L. perexpansum, Clatcombe, Sher-
borne, Dorset, England; 2—4, holotype, phragmo-
cone of macroconch, x1 (Buckman, 1919b, pl.
134A); c—d, topotype, complete adult macroconch,
x0.5 (Buckman, 1919b, pl. 134C-134D); ¢—f,
complete adult microconch, holotype of Ammonites
manselii J. BUCKMAN, 1881, x1 (Buckman, 1882,
pl. 2,3a-b). FiG. 32¢—h. L. spiniger (BUCKMAN),
holotype, microconch, Frogden Quarry, Oborne,
Dorset, England, x1 (Buckman, 1921, pl. 215,1,3).

Family SPHAEROCERATIDAE
Buckman, 1920

[Sphaeroceratidac Buckman, 1920, p. 22]

Dwarf, small or medium-sized sphaero-
cones and cadicones, with involute, highly

inflated inner whorls, followed by contracted
adult body chambers with eccentrically
coiled umbilical seams; ribs persist to the
end of growth and the adult mouth borders
are constricted and hooded. The dimorphs
differ in size only, and have similar peri-
stomes, though the final hoods and mouth
borders in microconchs can become highly
complex. Descent from Otoitinae of the
Sauzei Zone via forms like Labyrintho-
ceras seems clear, from which they differ
in the form of dimorphism, the micro-
conchs having no lappets. ARKELL, 1952b;
WESTERMANN, 1956b; Makowski, 1963;
STuraNy, 1971. Middle Jurassic (lower Bajo-
cian, Sauzei Zone—upper Bathonian)—Upper
Jurassic (lower—lower middle Oxfordian—
Alower Kimmeridgian): worldwide.

Subfamily SPHAEROCERATINAE
Buckman, 1920

[nom. transl., WESTERMANN, 1964b, p. 50, ex Sphacroceratidac BUCKMAN,
1920, p. 22]

Medium-sized to dwarf sphaerocones,
at least on the inner whorls, with small to
occluded umbilicus in many forms. At 4
mm maximum diameter, some microconchs
of Sphaeroceras are amongst the smallest
known adult ammonites. Derived from
Labyrinthoceras in the Sauzei Zone. Middle
Jurassic (lower Bajocian, Sauzei Zone—middle
Bathonian): worldwide.

Chondroceras MASCKE, 1907, p. 24 [*Ammonites
gervillii J. SOWERBY, 1817, p. 189; OD] [=Defon-
ticeras MCLEARN, 1927, p. 72 (type, D. defontii,
OD); =Saxitoniceras MCLEARN, 1927, p. 72
(type, S. allani, OD)]. Sphaerocones, umbi-
licus small, but not occluded, then widening
on the contracted adult body chamber, with an
uncoiling umbilical seam; whorl section rounded
to depressed; prorsiradiate ribs divide high on
the whorl side; ribs are retained to end of the
adult body chamber, but the primaries become
thickened and bullate on the final half whorl;
adult mouth border with strong constriction
followed by a hooded collar. Dimorphic, differing
only in size, macroconchs are 2-5 times larger
than microconchs. Derived from Labyrinthoc-
eras, differing in its less depressed whorls and
a slightly more open umbilicus. The predomi-
nant groups are Chondroceras gervillii in Europe
and Defonticeras in North America, but both
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Chondroceras

Sphaeroceras

Fic. 33. Sphaeroceratidae (p. 42-45).
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1b

Praetulites

2b

Satoceras
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FiG. 34. Sphaeroceratidae (p. 45).

groups are so variable that no consistent differ-
ences worthy of generic separation are apparent.
Middle Jurassic (Bajocian, Sauzei-Subfurcatum
Zones): Europe, northern Africa, Caucasus, Russia
(eastern Siberia), New Guinea, Canada (British
Columbia, Alberta), USA (southern Alaska,
Montana, Oregon, California), Chile. FiG.
33,1a—b. *C. gervillii (J. SOWERBY), holotype,
macroconch, Humphriesianum Zone, Bayeux,
Calvados, France, x1.5 (new; The Natural History
Museum, London, NHMUK C.36735).——FIG.
33,1¢—d. C. canovense (DE GREGORIO), a dimorphic
pair, Subfurcatum Zone, Longara di Sotto, north
of Gallio, Italy, x2 (Sturani 1971, p. 147, fig.
44.1).——F1G. 33,1e—f. C. defontii (MCLEARN),
holotype, macroconch, Humphriesianum Zone,
Richardson Bay, 53°11.5'N, 132°4.7'E, south
Maude Island, Haida Gwaii (Queen Charlotte

Islands), British Columbia, Canada, x1 (Frebold
1964, pl. 13,2a-b).

Sphaeroceras BavLe, 1878, pl. 52, 53, non Hork,

1840 (Coleoptera), ICZN Opinion 300,1954b, p.
239 [*Ammonites brongniarti J. SOWERBY, 1817, p.
190; SD H. DouviLLg, 1879, p. 91] [=Spheroceras
LissoN, 1908, p. 22a, misspelling]. Small to dwarf
sphaerocones; phragmocone globular, with occluded
umbilicus; whorl section contracts on the adult body
chamber, resulting in a comma-shaped umbilical
seam; fine primary ribs bifurcate high on the whorl
side into secondary ribs that are continuous across the
venter; all ribs are usually confined to the outer surface
of the shell, with an almost smooth internal mold.
Dimorphic: both dimorphs with constriction before
the adult mouth border, preceded in some forms by a
flared collar that is sometimes raised ventrally into a
node; mouth border with a rounded or pointed lateral
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projection immediately above the umbilical seam,
above which the remainder of the mouth border is
smooth in macroconchs, while microconchs have a
variety of ventral projections and ears. Macroconchs
3-6 times larger than microconchs; some micro-
conchs are complete and adult at diameters as small
as 4.1 mm. STURANL, 1971. Middle Jurassic (Bajocian,
upper Humphriesianum—Garantiana Zones): Europe,
northern Africa, ?Iran, USA (southern Alaska),
New Zealand. FiG. 33,2a—f *S. brongniarsi (].
SOWERBY); a—b, holotype, adult macroconch, Bayeux,
Calvados, France, x1.5 (new; The Natural History
Museum, London, NHMUK C.36734); c—d, adult
macroconch, Humphriesianum Zone, St.-Vigor-le-
Grande, Bayeux, Calvados, France, x1 (Sturani, 1971,
pl. 10,6; previously figured by Bayle, 1878, pl. 53,3);
e—f, adult microconch, Humphriesianum Zone, Troch,
Monte Longara, north of Gallio, Veneto, Italy, x2.5
(Sturani, 1971, pl. 10,9). FIG. 33,2¢—. S. auritum
StUrANI, holotype, complete adult microconch with
complex hood on mouth border, Monte Melleta,
Veneto, Italy, x2.5 (Sturani, 1971, p. 139, fig. 42-1).

Schmidtoceras WESTERMANN, 1956b, p. 66 [*Chondro-

ceras (Schmidtoceras) schmidti; OD]. Small, evolute;
rounded, compressed whortls; short, strong primary
ribs branch into 2—4 secondaries at blunt midlat-
eral tubercles. Dimorphism poorly known. Middle
Jurassic (lower Bajocian, Humphriesianum Zone):
Germany, Switzerland, Italy, Spain. FiG. 33,3a—.
*S. schmidti, holotype, macroconch, Gerzen, near
Alfeld, Lower Saxony, Germany, x1.5 (Westermann,
1956b, pl. 3,7a—).

Praetulites WESTERMANN, 1956a, p. 257 [*Chondroceras

(Pracetulites) kruizingai, nom. nov. pro Sphaeroceras
godohense KRUIZINGA, 1926, p. 52, non BOEHM, 1912,
p. 151; OD]. Large, coronate whorls with high arched
venter; bullate primary ribs divide at midlateral
tubercles into 2—4 secondary ribs; ribs remain strong
to end of adult body chamber, which terminates
in a constriction and collar. Only macroconchs are
known. Not closely related to Ziclites. WESTERMANN
& CALLOMON, 1988: Midcle Jurassic (uppermost Bajo-
cian—lower Bathonian): Indonesia (New Guinea, Sula
Islands). FIG. 34,1a—b. *P. kruizingai (WESTER-
MANN), holotype, macroconch, Wai Menanga, 1°43'S,
124°50'E, 5 km inland from river mouth, 35 km east
of Tikong, Taliabu, Sula Islands, Indonesia, x0.67
(Kruizinga, 1926, pl. 14,2-3).

Satoceras WESTERMANN & CALLOMON, 1988, p. 39 [*S.

satoi; OD]. Sphaerocones; small umbilicus, rounded
whotl section; primary ribs curve slightly forwards and
divide at small tubercles at midwhorl into 3—4 second-
aries that are continuous across the venter. Macro-
conchs uncoil and contract on the last half whorl of
the adult body chamber to end in a forwardly curving
mouth border; microconchs not definitely identified.
Differs from Praetulites in more rounded umbilical
walls and umbilical edge and weaker ribs throughout.
Middle Jurassic (lower—middle Bathonian): Indonesia
(Papua New Guinea, Sula Islands), Japan. FiG.
34,2a—c. *S. satoi, holotype, macroconch, Homejo,
Kemabo Valley, Irian Jaya, Indonesia; a—b6, x0.6;

1c
Waikatoceras

Opuatia

FiG. 35. Sphaeroceratidae (p. 46).

¢, showing well-preserved adult mouth border, x1
(Westermann & Callomon, 1988, pl. 16,14—).

Subfamily WAIKATOCERATINAE
‘Westermann, 2000

[Waikatoceratinae WESTERMANN in WESTERMANN, HUDSON, & GRANT-
MAacKiE, 2000, p. 48]

Sphaeroconic inner whorls become much
more evolute on body chamber; small,
reaching only 50 mm in diameter; ribs
divide from midflank and are interrupted in
middle of tabulate venter; small to promi-
nent ventrolateral tubercles. Size dimorphic;
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both dimorphs have similar oblique adult
mouth borders with ventral rostrum. Prob-
ably evolved from Chondroceras (Sphaero-
ceratinae) in the Australasian area. Middle
Jurassic (lower Bajocian, top Humphrie-
sianum Zone—upper Bajocian): New Zealand.

‘Waikatoceras WESTERMANN in WESTERMANN, HUDSON,
& GRANT-MACKIE, 2000, p. 49 [*W crassum; OD].
Small sphaeroconic inner whorls, becoming more
evolute with widening umbilicus up to adult body
chamber; tabulate venter throughout growth;
strong, prorsiradiate ribs bifurcate on mid- to
upper flank and are projected further forwards
onto venter and interrupted at midventer; develops
ventrolateral tubercles or bullae. Size dimorphic:
both dimorphs have ventral rostrum in adult mouth
border, macroconchs are adult at 32-48 mm in
diameter, microconchs at 15-20 mm. Middle
Jurassic (upper Bajocian): New Zealand.——FiG.
35,1a—d. *W. crassum, Opuatia Cliff, southwestern
Auckland; a—b, holotype, complete macroconch,
x1; ¢—d, complete microconch, x2 (Westermann,
Hudson, & Grant-Mackie, 2000, fig. 8A-B,H-I).

Opuatia WESTERMANN in WESTERMANN, HUDSON, &
GRANT-MACKIE, 2000, p. 51 [*O. circularis; OD].
Smaller, more sphaeroconic, more involute, and
tubercles less developed than in Waikatoceras; tabu-
late venter with midventral interruption of ribs only
develops on adult body chamber of macroconchs.
Both dimorphs have strongly oblique adult aper-
ture; macroconchs adult at about 36 mm in diam-
eter; microconchs are smaller. Middle Jurassic (lower
Bajocian, uppermost Humphriesianum Zone—upper
Bajocian): New Zealand.——F1G. 35,2a—b. *O.
circularis, holotype, complete macroconch, Opuatia
Cliff, southwestern Auckland, New Zealand, x1
(Westermann, Hudson, & Grant-Mackie, 2000,
fig. 8R,T).

Subfamily EURYCEPHALITINAE
Thierry, 1978

[Eurycephalitinae THIERRY, 1978, p. 142 (THIERRY, 1976, p. 375, nom.
nud., no differentiating characters given)] [=Paracephalitinae TINTANT &
MOUTERDE, 1981, p. 97]

This subfamily is characteristic of the
Circum-Pacific Province, with occurrences
from the western borders of the Americas,
through Alaska, the far northeast of Siberia,
Indonesia (New Guinea), New Zealand
and Antarctica. Derived in the Subfurcatum
Zone, upper Bajocian, from Sphaeroceras
along the eastern border of the Pacific, Eury-
cephalitinae differ from Sphaeroceratinae in
their larger size, and the smooth outer and
adult whorls of the macroconchs. Dimor-

phism is probably present in the whole
subfamily, but association of dimorphs is
difficult due to lack of collections from
single horizons, incomplete preservation,
and lack of significant morphological
features in microconchs other than size
difference. Consequently, most of the four-
teen genera were proposed for macroconchs.
Both dimorphs have been satisfactorily asso-
ciated only in /niskinites and Warrenoceras,
and they are probably correctly associated
in Megasphaeroceras and Stehnocephalites.
Xenocephalites is a genus containing only
microconchs, which almost certainly belong
to three or more macroconch genera, but
the associations remain to be determined.
RiccarDI & WESTERMANN, 1991. Middle
Jurassic (upper Bajocian)-Upper Jurassic (low
middle Oxfordian): Circum-Pacific Province
only.

Eocephalites ImLaY, 1967, p. 96 [*E. primus; OD]
[=Gukerites REPIN & others, 2007, p. 133 (type,
G. stolbovi, OD)]. Moderately involute, globose
to slightly compressed whorls; primary ribs curve
forwards and divide at middle of whorl side; ribs
persist, but become blunt, on adult body chamber,
which attains sizes up to 100 mm in diameter, with
a constriction at the mouth border; suture with
broad lobes and saddles. Middle Jurassic (upper
Bajocian): USA (Wyoming, Idaho, Utah), Chile,
Russia (Franz Josef Land).——Fi1G. 36,1a—¢. *E.
primus; a—b, holotype, Twin Creek Limestone, Pine
Creek, near Cokeville, Lincoln County, Wyoming,
USA, x0.75 (Imlay, 1967, pl. 16,11,13); c—d,
paratype, showing ribs on the phragmocone, Twin
Creek Limestone, 16 km southwest of Woodruff,
Rich County, Utah, USA, x0.75 (Imlay, 1967,
pl. 15,4-5); e, another paratype showing broad
saddles in suture, Twin Creek Limestone, South
Eden Canyon, Rich County, Utah, USA, x1 (Imlay,
1967, pl. 15,16).

Parachondroceras ImLAY, 1967, p. 94 [*P andrewsi;
OD]. Whorls involute, whorl section compressed
or trigonal, with bluntly angled venter on inner
whorls, rounded venter on the body chamber;
umbilicus small on inner whorls, widening and
uncoiling up to the adult mouth border; primary
ribs on inner whorls divide into several secondaries
at midwhorl and angled forwards over venter; ribs
fade on adult body chamber except on venter.
Macroconchs only; microconchs unknown. Similar
to Warrenoceras, but umbilicus wider on all whorls
and retains ribs on venter of adult whorl. Middle
Jurassic (upper Bajocian): USA (Montana, Utah,
Wyoming).——Fi1G. 36,2a—b. *P. andrewsi, holo-
type, Twin Creek Limestone, Red Dome, 45°13'N,
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Eocephalites

Parachondroceras
Sohlites

Megasphaeroceras

—49).

Fic. 36. Sphaeroceratidae (p. 46
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1c

Warrenoceras

Paracephalites

Fic. 37. Sphaeroceratidae (p. 48-49).

108°49'W, 11 km southeast of Bridger, Carbon and body chambers unknown. Probably macroconchs.

county, Montana, USA, x0.6 (Imlay, 1967, pl. Middle Jurassic (upper Bajocian): USA (Montana, Utah,

12,15,18). Wyoming).——FIG. 36,3a—b. *S. spinosus IMLay, Twin
Sohlites IMLAY, 1967, p. 91 [*S. spinosus; OD]. Similar to Creck Limestone, Boulder River, Sweet Grass County,

Parachondroceras, but with wider umbilicus and large Montana, USA; 4, holotype, x1; b, paratype, x0.75

radially elongated tubercles near the umbilicus on the (Imlay, 1967, pl. 11,18,20).

inner whorls; tubercles give rise to strong prorsiradiate ~ Warrenoceras FREBOLD, 1963, p. 13 [*Ammonites

ribs that are continuous over the venter; outer whorls henryi MEEK & HAYDEN, 1865, p. 123]. Oval,
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slightly compressed whorls with very narrow or
occluded umbilicus; angled venter on inner whorls
becomes rounded on outer whorls; fine to strong,
bifurcating ribs on inner whorls gradually fade,
leaving outer whorls smooth. Dimorphic: micro-
conchs moderately to strongly ribbed up to adult
mouth border. Middle Jurassic (middle Bathonian—
basal upper Bathonian): USA (South Dakota,
Wyoming, Alaska), Canada (Alberta). FiG.
37,1a—c. *W. henryi (MEEK & HAYDEN); 4, holotype,
macroconch, southwestern base of Black Hills,
South Dakota, x0.67 (Imlay, 1953a, pl. 5,11);
b—c, macroconch with half a whorl of (?adult) body
chamber, Custer County, South Dakota, x0.67
(Imlay, 1953a, pl. 5,13,15). FiG. 37, 1d—e.
W. crassicostatum (IMLAY), holotype, microconch,
Sundance Formation, Platte County, southeastern

Wyoming, x1 (Imlay, 1953a, pl. 3,1-2).

Megasphaeroceras IMLAY, 1961, p. 470 [*M. rotundum;

OD] [=Umaltites SEY & KaLACHEVA, 1979, p. 37
(type, Sphaeroceras era Krimuorz, 1939, p. 29,
OD)]. Large sphaerocones with very small umbi-
licus; sharp ribs divide into two or three secondaries
low on whorl side, and ribbing fades on adult
body chamber; umbilicus widens slightly on adult
whorl and the aperture has a broad constriction.
Probably dimorphic: probable microconchs are
more compressed and retain ribs to the end of
final whorl. Middle Jurassic (upper Bajocian): Russia
(Far East Region), Canada (British Columbia),
USA (southern Alaska, Oregon, Idaho, Wyoming,
Utah), ?Mexico, Peru, Argentina, Chile, Antarc-
tica.——FIG. 36,4a—c. *M. rotundum, holotype,
macroconch, Inisikin Peninsula, Cook Inlet, Alaska,
USA, x1 (Imlay, 1961, pl. 63,2-3,6).——Fic.
36,4d. M. era (KRyMHOLZ), ?microconch, Sologne
River, Bureya, Amur Oblast, Russia, x1 (Sey &
Kalacheva, 1980, pl. 10,6).

Talkeetnites ImLaY, 1980, p. 35 [*T. cadiformis; OD].

Macroconchs; inner whorls subcircular or slightly
depressed, with fine to moderate, bifurcating ribs;
outer whorls become highly depressed and cadi-
cone, with a broad, arched venter, angled umbilical
edge, and coarse primary ribs on lower part of
whorl side. Middle Jurassic (upper Bajocian—lowest
Bathonian): USA (southern Alaska). FiG.
38,1a—b. *T. cadiformis, holotype, macroconch,
Boulder Creek, Talkeetna Mountains, 25 km north-
east of Chickaloon, Alaska, USA, x0.75 (Imlay,
1980, pl. 9,4,6,8).

Paracephalites Buckman, 1929, p. 8 [*P jucundus;

OD)] [=Metacephalites BuckmaN, 1929, p. 11 (type,
M. metastatus, OD); =Metastites FREBOLD, 1963, p.
9, misspelling of Mezracephalites BuCKMAN; =Micco-
cephalites BUCKMAN, 1929, p. 14 (type, M. miccus,
OD); =Oligocadoceras MELEDINA, 1977, p. 87 (type,
Cadoceras shoshonense IMLAY, 1948, p. 22, OD)].
Moderately involute, globose to slightly compressed
whorls; moderate to strong primary ribs divide at
midwhorl and are straight across the venter; ribs
fade on body chamber. Similar to Eocephalites, but
younger in age, adults are larger and smooth on the
final body chamber, except for remnants of ribs on

venter. Middle Jurassic (top lower—basal upper Batho-
nian): Canada (Alberta), USA (Wyoming).——Fic.
37,2a—b. *P jucundus, holotype, Blairmore, Alberta,
x1 (Buckman, 1929, pl. 2,2-3).——Fi1G. 37,2cd.
P metastatus (BUCKMAN), holotype of type species
of Metacephalites, Blairmore, Alberta, Canada, x1
(Buckman, 1929, pl. 3,1,3—4).——F1G. 37,2¢—f I
shoshoense (IMLAY), holotype of type species of Oligo-
cadoceras, Shoshone River, 2 miles west of Cody,

Wyoming, USA, x0.7 (Imlay, 1948, pl. 7,16-17).

Iniskinites IMLAY, 1975, p. 23 [*Kheraiceras magni-

Sforme IMLAY, 1953b, p. 79; OD] [=Chinitnites
IMLAY, 1975, p. 17 (type, C. chinitnaensis, OD);
=Loucheuxia POULTON, 1987, p. 62 (type, L. bartletts,
OD)]. Involute, globose to sphaeroconic whorls
with depressed whorl section and small umbilicus;
primary ribs bifurcate or secondaries are intercalated
at midwhorl, and ribs are continuous across broad,
rounded venter, curving slightly forwards; ribs strong
throughout growth and may become stronger on
final whorl of larger macroconchs. Dimorphic:
macroconchs adult at 80—140 mm in diameter,
highly depressed or sphacroconic, and umbilicus
widens on adult half whorl, with a constriction
and collar in mouth border; microconchs (“Chinit-
nites”) adult at 22—-30 mm in diameter with similar,
uncoiling final half whorl and constriction in the
adult mouth border, but have less depressed whorls
throughout. Middle Jurassic (upper Bajocian—upper
Bathonian): USA (southern Alaska, western USA),
Canada, Argentina, Chile, New Zealand. FiG.
38,2a—b. *I. magniformis (IMLAY), holotype, adult
macroconch, east shore of Iniskin Bay, Cook Inlet,
southern Alaska, USA, x0.6 (Imlay, 1953b, pl.
31,7-8). FI1G. 38,2¢—d. I. intermedius (IMLAY),
holotype, adult macroconch, northwest shore of
Chisik Island, Tuxedni Bay, Cook Inlet, southern
Alaska, x0.7 (Imlay, 1953b, pl. 31,3—4).——Fic.
38,2¢~f. 1. chinitnaensis IMLAY, holotype, adult micro-
conch, Little Telchina River, 62°07'N, 147°42"W,
Talkeetna Mountains, Alaska, x1.5 (Imlay, 1975, pl.
2,29-30).——FiG. 38,2¢—h. 1. parviformus (IMLAY),
holotype, adult microconch, Bowser Creek, Iniskin
Peninsula, Cook Inlet, Alaska, x1.5 (Imlay, 1953b,
pl. 33,8,10).

Stehnocephalites Riccarpi, WESTERMANN, & ELwmi,

1990, p. 567 [*Indocephalites gerthi SpatH, 1928b,
p. 175; OD]. Moderately evolute, subcircular
whorls, broad, arched venter; prorsiradiate primary
ribs curve forwards and divide on upper part of
whorl and are continuous across the venter. Adults
complete at 70-155 mm in diameter and have a
constriction at the mouth border. Possible dimor-
phism expressed only as two overlapping size groups
with little or no morphological differences. More
evolute and whorls more depressed than Eury-
cephalites and Lilloettia and ribs retained to end of
body chamber. Middle Jurassic (upper Bathonian—
lower Callovian): Argentina. FiG. 39,1a—b. *S.
gerthi (SATH), holotype, complete adult, Chacay
Melehue, Neuquén, Argentina; @, x0.7 (Stehn,
1923, pl. 8,4); b, x0.7 (Riccardi, Westermann, &
Elmi, 1990, pl. 6,2).
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Talkeetnites

Iniskinites

FiG. 38. Sphaeroceratidae (p. 49).
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Stehnocephalites

Lilloettia

"} Xenocephalites

Fic. 39. Sphaeroceratidae (p. 49-52).

Lilloettia CrICKMAY, 1930, p. 60 [*L. lilloetensis;

SD ARKELL, 1957, p. 294]. Involute, compressed
whorls, with rounded venter and very small or
occluded umbilicus; slightly prorsiradiate ribs divide
at midflank and secondary ribs are continuous
across the venter; ribs fade on larger whorls. Dimor-
phism not identified. Similar to Eurycephalites but
larger, with more compressed whorls, and umbilicus
usually smaller or occluded. Middle Jurassic (upper
Bathonian—lower Callovian): USA (Alaska, Oregon,
Idaho, California), Canada (British Columbia),
New Zealand. FiG6. 39,2a—¢. *L. lilloetensis; a—d,
holotype, complete adult with part of mouth border,
Billhook Creek, 5 miles west of Harrison Lake,

British Columbia, Canada; #—b, final suture shown
at end of phragmocone, x0.6; ¢—, inner whorls, x1
(Crickmay, 1930, pl. 18,/—4); ¢, adult with phrag-
mocone and half a whorl of body chamber, north
side of Wide Bay, Alaska Peninsula, Alaska, USA,
x0.6 (Imlay, 1953b, pl. 30,1).

Eurycephalites SpaTH, 1928b, p. 175 [*Macrocepha-

lites vergarensis BURCKHARDT, 1903, p. 21; OD].
Globose, involute sphaerocones; whorl section
evenly rounded to highly depressed; umbilicus
very small, umbilical wall rounded; primary ribs
slightly flexuous and projected, dividing into 2
or 3 secondaries about midflank and crossing the
venter without interruption; ribs tend to fade on
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Eurycephalites
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Fic. 40. Sphaeroceratidae (p. 51-52).

inner flank of body chamber, but remain across
the venter. Macroconchs; adult at 50-110 mm in
diameter; corresponding microconchs not identi-
fied. RiccARDI & WESTERMANN, 1991; HILLEBRANDT
& GROSCHKE, 1995. Middle Jurassic (lower Callo-
vian)-Upper Jurassic (lower Oxfordian): Argentina,
Chile, Mexico, ?New Zealand.——Fi1G. 40a—d.
*E. vergarensis (BURCKHARDT); a—b, lectotype (now
lost; designated by RiccarD1, WESTERMANN, &
ELmi, 1990, p. 565), macroconch, lower Callovian,
Paso Vergara, Mendoza, Argentina, x0.75 (Burck-
hardt, 1903, pl. 2,19; pl. 3,4); c—d, complete adult
macroconch, lower Callovian, Chacay Melchue,
Neuquén, Argentina, x0.75 (Riccardi & Wester-
mann, 1991, pl. 2,2a-b).—F1G. 40e—f. Eury-
cephalites sp., lower Oxfordian, Cerro Amarillo,
100 km east of Antofagasta, northern Chile, x0.75
(Hillebrandt & Grdschke, 1995, pl. 5,32-6).

Xenocephalites SpATH, 1928b, p. 175 [*Macrocephalizes

neuquensis STEHN, 1923, p. 86; OD] [=Tuxednites
Imeay, 1980, p. 34 (type, Arcrocephalites? altico-
status IMLAY, 1962, p. 22, OD)]. Microconchs up
to 75 mm in diameter; whorls only moderately
involute, with rounded to slightly depressed whorl
section and broad, rounded venter; ribs fine and
bifurcating on inner whorls, becoming strong and
widely spaced on adult body chamber on which

the umbilical seam tends to uncoil, ending in
a simple aperture. Larger than microconchs of
Iniskinites with coarser ribs on the body chamber.
Associated macroconchs have not been identified.
Middle Jurassic (middle Bathonian—lower Callovian):
Indonesia (New Guinea), New Zealand, western
Canada, USA (southern Alaska, Western Inte-
rior), Mexico, Argentina, Chile. FiG. 39,3a-b.
*X. neuquensis (STEHN), lectotype (designated by
Riccarpl, WESTERMANN, & Ermi, 1990, p. 566),
microconch, Chacay Melehue, Neuquén, Argen-
tina, 4, X1 (Stehn, 1923, pl. 1,3); 4, x1 (Riccardi
& Westermann, 1991, pl. 16,66).

Buckmaniceras CRICKMAY, 1930, p. 62 [*B. buckmani;

M] [=Imlayoceras FREBOLD, 1963, p. 20 (type,
1. miettense, OD)]. Highly depressed sphaero-
cones with very narrow umbilicus; whorl breadth
greatly exceeds whorl height on inner and middle
whorls; moderately strong primary ribs bifurcate
at midflank into secondary ribs that bend slightly
backwards onto venter; ribs fade on adult body
chamber. Probably macroconchs, but accompanying
microconchs not identified. Middle Jurassic (upper-
most Bathonian—lower Callovian): USA (Alaska),
Canada (Alberta, British Columbia).——FIaG.
41a—d. *B. buckmani, holotype, Billhook Creek,

5 miles west of Harrison Lake, British Columbia,
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Buckmaniceras

FiG. 41. Sphaeroceratidae (p. 52-53).

Canada; a—b, complete specimen with most of the
adult body chamber, x0.65; ¢—d, end of penulti-
mate whorl, with highly depressed whorl section,
x1 (Crickmay, 1930, pl. 20,7-4). Fic. 41,e—f
B. miettense (FREBOLD), holotype, complete phrag-
mocone, Rocky River, 26 km northeast of Jasper,
Alberta, Canada, x0.65 (Frebold, 1963, pl. 8,14,¢).

Araucanites WESTERMANN & RICCARDI in STIPANICIC,

WESTERMANN, & RIccARDI, 1976, p. 290 [*Mayaites
(Araucanites) stipanicici; OD]. Oval, compressed
whorls, with very small umbilicus on inner whorls,
occluded umbilicus on middle and outer whorls and
rounded venter; primary ribs moderate to strong,
bifurcating at midwhorl side and continuous over
the venter. Dimorphic: macroconchs with ribs
quickly fading on side of whorl, but remaining on
venter of adult body chamber; microconchs retain
strong ribs on adult body chamber, on which the
umbilicus opens and uncoils slightly. Araucanites
was originally proposed as a subgenus of the middle
Oxfordian—lower Kimmeridgian genus Mayaites
(Mayaitinae), but occurrences in the lower Callovian
in New Zealand (WESTERMANN, HUDSON, & GRANT-
MACKIE, 2002) appear to show that it belongs to the
Eurycephalitinae. Araucanites was probably derived
from Lilloettia, differing in its occluded umbilicus,

more compressed whorl section, and earlier disap-
pearance of the ribs, though this conclusion is
still the subject of debate (e.g., Enay, 2009, p. 42,
58-59). Middle Jurassic (lower Callovian)-Upper
Jurassic (low middle Oxfordian): Argentina, Chile,
New Zealand. FIG. 42a—c. *A. stipanicici, holo-
type, Aguada de Campos, Sierra de Reyes, Mendoza,
Argentina; 4, complete specimen with body chamber
three-quarters of a whorl long, x0.35; 6—¢, complete
phragmocone, x0.5 (new; Museum La Plata, Argen-
tina, MLP 12240). FiG. 42d—e. A. spellmani
WESTERMANN, HUDSON, & GRANT-MACKIE, 2002,
complete microconch with small lappet, Spellman
Cliff, Awakino River, North Island, New Zealand,
x1 (Westermann, Hudson, & Grant-Mackie, 2002,
fig. 9C-D).

Subfamily MAYAITINAE
Spath, 1928

[nom. transl. WESTERMANN, 1964c, p. 130, ex Mayaitidae SeatH, 1928b,
p. 165, 222] [=Grayiceratidae SpaTH, 1925a, p. 145 (nom. dub.), ICZN

Opinion 471, 1957, p. 203]

Sphaerocones to compressed platycones,

with rounded venter, moderate to very small
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Araucanites

FiG. 42. Sphaeroceratidae (p. 53).

umbilicus, and strong, dividing ribs that fade
at large sizes. Dimorphism probably occurs,
but has been little investigated; macroconchs
large, up to 400 mm in diameter, while
specimens that might be microconchs are
adult at 100-200 mm in diameter; both
dimorphs have similar, plain mouth borders,
but convincing associations have not yet
been established. Mayaitinae are confined
to the Indian Ocean Province.

The origin of the Mayaitinae has been
much debated. They were originally thought
to have been derived from Pachyceratidae
(Perisphinctoidea) in the middle Oxfordian,
but their suture-line development results in
a complexly divided and sometimes strongly
retracted dorsal part of the umbilical lobe
and includes the lobe-element U,, which
contrasts with the absence of U, and the

simpler umbilical lobe in Pachyceratidae
(THIERRY, 1975, p. 1543). For this reason,
derivation from the Macrocephalitinae
(with which they are homeomorphic in
many features) or the Eucycloceratinae
was considered more likely (CaLLOMON,
1981, p. 148; Riccarpl & WESTERMANN,
1991, p. 32, fig. 4), though no morpho-
logically similar connecting specimens are
known from the upper Callovian and lower
Oxfordian. However, following the discovery
of morphologically similar examples of
Eurycephalites in the upper Callovian and
lower Oxfordian of northern Chile (HiLL-
EBRANDT & GROSCHKE, 1995), derivation of
the Mayaitinae from the Eurycephalitinae
in the lower Oxfordian now appears to be
more likely (Fig. 3). Upper Jurassic (middle

Oxfordian—lower Kimmeridgian): Tanzania,
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Mayaites

3a Grayiceras

Epimayaites

FiG. 43. Sphaeroceratidae (p. 56-57).
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1c

Paryphoceras

Dhosaites

FiG. 44. Sphaeroceratidae (p. 57).

Kenya, Madagascar, Yemen, India, Nepal,
Thailand, Indonesia, Papua New Guinea,
New Zealand, Antarctica.

Mayaites SraTH, 1924, p. 9 [*Ammonites maya J. de
C. SOowERBY, 1840b, p. 719, pl. 61,8; OD]. Very
large; inflated to sphaeroconic whorls, rounded
whorl section, small umbilicus; moderate to coarse
primary ribs divide at midwhorl and secondaries
are continuous over the venter; ribs fade on outer
whorls. Homeomorphic with some species of
Macrocephalites. Upper Jurassic (middle Oxfordian—
lower Kimmeridgian): Kenya, Tanzania, Mada-
gascar, India (Kutch, northern Gujarat; Spiti Valley,
Himachal Pradesh), Pakistan (Attock, Punjab),
Nepal, Indonesia (Sula Islands). FIG. 43,1a—b.

M. maya (J. pE C. SOWERBY), holotype, Kutch,
northern Gujarat, x0.33 (Spath, 1928b, pl. 31,14,
pl. 32,6).

Epimayaites SPATH, 1928b, p. 223 [*Stephanoceras
transiens WAAGEN, 1875, p. 111; OD]. More invo-
lute and whorl section more compressed than
Mayaites; also ribs finer, dividing into 2—4 second-
aries, or secondaries are intercalated at midwhorl,
and projected slightly forwards on venter. Upper
Jurassic (middle Oxfordian—lower Kimmeridgian):
Kenya, India (Kutch, northern Gujarat; Spiti Valley,
Himachal Pradesh), Nepal, Yemen, Thailand, New
Zealand. Fig. 43,2a—b. *E. transiens (WAAGEN),
lectotype (designated by Searh, 1928b, p. 240),
northwest of Soorka, Kutch, India, x0.5 (Waagen,
1875, pl. 32,2).
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Grayiceras SPATH, 1923, p. 306 [*Ammonites nepau-
lensis Gray, 1830 in 1830-1835, pl. 100,7/-2; SD
SeatH, 1924, p. 11; =Grayiceras blanfordi SpATH,
1924, p. 11, obj.]. Similar to Epimayaires, but
more evolute; primary ribs somewhat stronger,
and dividing at midflank into only 2 or 3 second-
aries. The lectotype and paralectotype have body
chambers about three-quarters of a whorl long
and might be microconchs, adult at 110 to 125
mm in diameter; no corresponding macroconchs
are known. Grayiceras has a long and complicated
history, summarized by ARKELL (in ICZN Opinion
471, 1957) and WESTERMANN and WANG YI-GANG
(1988, p. 322). Seatn (1923, 1924) originally
considered the genus to be Tithonian in age and
possibly related to Kossmatia (Ataxioceratidae),
but later he included it in the Mayaitidae (SpaTh,
1928b, p. 224). It is now well established as a
Mayaitinid of upper Oxfordian to lower Kimmerid-
gian age (JANA, BARDHAN, & HALDER, 2005, p. 885;
Enay, 2009). [Although Gray (1830 in 1830-1835,
pl. 100) gave the locality of his figured specimens
as “Sulgranees, Nepal,” BLANFORD (1903, p. 345)
stated that no locality with that name existed
in Nepal, and that Gray had probably misin-
terpreted the term “Saligram,” a name for black
limestone nodules containing ammonites that are
prized as holy stones or charms by Hindu pilgrims
(HacN, 1977). The locality name “Saligramam”
has been used for Muktinath, 190 km northwest
of Kathmandu, Nepal, where Saligrams have been
found for many years in the Kali Gandaki River
valley, and this is the most likely locality of Gray’s
specimens]. Upper Jurassic (upper Oxfordian—lower
Kimmeridgian): India (Spiti Valley, Himachal
Pradesh), Nepal. FIG. 43,3a—c. *G. nepaulense
(Gray), probably Muktinath, 190 km northwest of
Kathmandu, Nepal; 2—6, lectotype (designated by
WESTERMANN & WANG Y1-GANG, 1988, p. 323),
x0.6; ¢, paralectotype, x0.6; the arrow indicates
the last suture in both specimens (Westermann &
Wang, 1988, pl. 22,1,3, pl. 23,1; also figured by
Gray, 1830 in 1830-1835, pl. 100,/-2, reversed;
Salter & Blanford, 1865, pl. 14,14—b; and Uhlig,
1910, pl. 45A,1a-b).

Paryphoceras SratH, 1928b, p. 224, 247 [*P. badi-
ense; OD] [=Prograyiceras SpaTH, 1928b, p. 224,
250 (type, Dhosaites grayi SpatH, 1924, p. 10,
OD)]. Whorls rounded-quadrate; more evolute
than Grayiceras, ribs generally stronger, a few are
single, but most bifurcate at midwhorl side; ribs
remain up to the adult mouth border. Possibly
microconchs, but association with macroconchs
uncertain. Upper Jurassic (middle Oxfordian—
lower Kimmeridgian): Kenya, India (Kutch,
northern Gujarat; Spiti Valley, Himachal
Pradesh), Nepal, Yemen. FiG. 44,1a—b. *P.
badiense, holotype, Dhosa Oolite, Badi, Kutch,
northern Gujarat, India, x0.8 (Spath, 1928b,
pl. 40,7).——FiG. 44,1c—d. P grayi, holotype,
Huntcote, Kutch, northern Gujarat, India, x0.5
(Waagen, 1875, pl. 35,2).

Dhosaites SpaTH, 1924, p. 10 [*D. elephantoides
SPATH, 1928b, p. 244; SD SpatH, 1925a, p.
159, as “Genotype: Stephanoceras elephantinum
(Sowerby), Waagen, XXXI, 3” (i.e., WAAGEN,
1875, plate XXXI, fig. 3); the identity of the type
species is now fixed by HowarTH, herein (under
the provisions of Article 70.3.2 of the ICZN
Code, 1999, p. 74), as Dhosaites elephantoides
SpaTH, 1928b, p. 244, this being the taxonomic
species actually involved in SPATH’s misidenti-
fication of SOWERBY’s (1840a, p. 329) species].
Evolute, whorl section rounded and depressed;
strong primary ribs divide low on the whorl side
and are radial across the venter; ribs persist to
end of growth. More evolute and more depressed
than any other mayaitinid. Upper Jurassic (upper
Oxfordian—lower Kimmeridgian): Kenya, India
(Kutch, northern Gujarat), Madagascar. FiG.
44,2a—b. *D. elephantoides, lectotype (designated
by SpaTH, 1928b, p. 244), Dhosa Oolite, Lodai,
Kutch, northern Gujarat, India, x1 (Waagen,
1875, pl. 31,3).

Family MACROCEPHALITIDAE
Salfeld, 1921

[nom. correct. BUCKMAN, 1922, p. 24, ex Macrocephalinae SALFELD,
1921, p. 344]

Mostly sphaerocones and cadicones,
though some later forms are more evolute
and compressed; they are strongly dimorphic
in size only, with no lappets on the micro-
conchs. The earliest subfamily, the Macro-
cephalitinae, was probably derived from
Satoceras (Eurycephalitinae) in the upper
part of the middle Bathonian. Macrocepha-
litinae then gave rise to the more evolute
and more compressed Eucycloceratinae at
the top of the lower Callovian. Mayaitinae
are homeomorphic in many features with the
Macrocephalitinae, but they are separated
from them by a stratigraphical gap in the
upper Callovian and lower Oxfordian, and
derivation of Mayaitinae from Eurycephalites
(Eurycephalitinae) in the lower Oxfordian
now appears to be more probable. WAAGEN,
1875; BuckmaNn, 1909-1930; LEMOINE,
1910-1911; BoeHm, 1912; SpaTH, 1927-
1933; Basse & PERRODON, 1952; CALLOMON,
1955, 1971; JEANNET, 1955; LOMINADZE,
1967. Middle Jurassic (uppermost middle
Bathonian—middle Callovian): Tethyan and
sub-Mediterranean Provinces, Northern and
Southern Hemispheres, not Boreal.
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Subfamily MACROCEPHALITINAE
Salfeld, 1921

[Macrocephalinae SALFELD, 1921, p. 344]

Involute forms with arched whorl
section and rounded venter at all growth
stages, ranging from sphaerocones to more
compressed forms, with dense, sharp,
somewhat flexuous prorsiradiate ribbing,
bifurcating or polyfurcating low on the
side of the whorl and some intercalatory
ribs. Strongly dimorphic: the macroconchs
become smooth on final whorls, the umbil-
ical seam uncoils somewhat, and the adult
body chamber contracts and terminates in
a simple, sinuous peristome; microconchs
are strongly ribbed to the end of the body
chamber, without modification except for
some approximation of ribbing near the
adult aperture, which is also simple, never
collared, flared, or constricted. Sutures show
the heterochronous element U, in early
ontogeny characteristic of the Stephano-
ceratoidea and become elaborate with many
incised, slender lobes in the macroconchs.

The first occurrences are in the middle
Bathonian in Indonesia and New Guinea in
the western Pacific and are thought to have
been derived from Satoceras (Sphaerocera-
tinae) in the New Guinea-Japan area of the
western Pacific. The subfamily then spread
rapidly to most of the circum-Tethys region
from India to eastern and northern Africa,
Europe, southern Russia, and southern
China, but not to any more northerly or
Boreal regions. In these Tethyan areas, the
earliest occurrences were originally consid-
ered to define the base of the Callovian, but
they have now been dated as upper Batho-
nian, and they became more abundant in the
lower Callovian.

The traditional classification into genera
and subgenera was based on differences
in whorl shape, size of umbilicus, and rib
density. Large collections from known strati-
graphical horizons in southern Germany
(CALLOMON, DIETL, & NIEDERHOFER, 1992)
and Kutch, northern Gujarat, western India
(KRISHNA & WESTERMANN, 1987; BHAUMIK &

others, 1993) have now shown that intraspe-
cific variability at single horizons embraces
most of the differences between the existing
generic names. Consequently, the classifica-
tion adopted herein differs radically from
previous morphological classifications, with
most of the previous generic names being
placed in synonymy with Macrocephalites. In
western India, where the largest collections
have been obtained, there are six succes-
sive horizons, each with a characteristic
species, but all show continuous variation
covering most of the morphological range
of Macrocephalites as now defined herein.
THIERRY, 1978; WESTERMANN & CALLOMON,
1988. Middle Jurassic (top middle Bathonian—
middle Callovian): Europe, northern Africa,
southern Russia, southern China, Indian
Ocean Province, Indonesia, New Zealand,
Antarctica.

Macrocephalites ZITTEL, 1884, p. 470 [*Ammonites
macrocephalus SCHLOTHEIM, 1813, p. 705 SD
LEMOINE, 1910 in 1910-1911, p. 151] [=Pleu-
rocephalites BUCKMAN, 1922, pl. 284 (type, P
lophopleurus, OD); =Macrocephaliceras BUCKMAN,
1922, pl. 313, obj.; =Kamptokephalites BUCKMAN,
1922, pl. 347 (type, K. kamptus, OD); =Dolikepha-
lites BUCKMAN, 1923a, pl. 372 (type, D. dolius,
=Macrocephalites typicus BLAKE, 1905, p. 42, OD);
=Tinetokephalites BUCKMAN, 1923a, pl. 373 (type,
1. bathymetus, OD); =Indocephalites SpatH, 1928b,
p- 171 (type, L. kheraensis, OD); =Platystomaceras
Corroy, 1932, p. 101 (type, Ammonites platys-
tomus QUENSTEDT, 1856 in 1856-1858, p. 478,
non QUENSTEDT, 1846, p. 184, =Platystomaceras
vesaignense CORROY, 1932, p. 102, pl. 5,12, lecto-
type, OD; see ARKELL, 1954, p. 119, for discussion
of the highly problematical genus Platystomac-
eras]. Medium to very large, inflated sphaerocones;
umbilicus usually small, but variable in some, with
rounded umbilical edge and steep umbilical walls;
whorls rounded and highly variable in width from
compressed to depressed (30% to 120% of the
diameter); ribs fine to medium, dividing or interca-
lated at low to midwhorl side, and continuous across
the venter. Dimorphic: macroconchs (Macrocephal-
ites, “Tmetokephalites,” and “Indocephalites’) are 2-3
times larger than microconchs (“Pleurocephalites,”
“Kamptocephalites,” and “Dolicephalites”); both
dimorphs with moderately contracting adult whorls,
slightly uncoiling umbilical seams, and simple,
sinuous adult mouth borders; ribs in macroconchs
tend to fade on adult whorl; ribs in microconchs
unaltered to end of final whorl. The earliest species
tend to be the most involute and finely ribbed,
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Macrocephalites

Fi6. 45. Macrocephalitidae (p. 58-60).
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Nothocephalites

FiG. 46. Macrocephalitidae (p. 60).

while late species are more compressed and evolute
and slightly more strongly ribbed. Homeomorphic
with some genera of Mayaitinae. The search for a
primary type specimen of Macrocephalites macro-
cephalus (SCHLOTHEIM) has a long and complicated
history; a neotype (Fig. 452—c) was finally selected
by CaLLomon (1971, p. 121) and ratified in ICZN
Opinion 1275 (1984, p. 34), and the determination
of its correct locality and stratigraphical horizon
in southern Germany was described in detail by
CaLLoMoN, DIETLL, and NIEDERHOFER (1992, p.
22-28). Middle Jurassic (top middle Bathonian—
low middle Callovian): Europe, Russia, Caucasus,
Kazakhstan (Mangystau), Tadzhikistan, northern
Africa, Kenya, Tanzania, Somalia, Madagascar, Paki-
stan (Baluchistan), India (Kutch, northern Gujarat),
Nepal, China (Tibet), Indonesia, New Guinea.
FiG. 45a—f. *M. macrocephalus (SCHLOTHEIM);
a—d, Ipf, Bopfingen, Swabian Alb, Germany; a—,
neotype, phragmocone of macroconch; a,¢, x0.4
(Callomon in Callomon, Dietl, & Niederhofer,
1992, p. 23, fig. 8); b, x0.4 (Callomon, 1971,
pl. 16); d, topotype, adult microconch, x0.6
(Callomon in Callomon, Dietl, & Niederhofer,
1992, pl. 5,1); e, adult macroconch with smooth
body chamber, three-quarters of a whorl long,
uncoiling umbilical seam, and complete peristome,
Nevers, Nievre, France, x0.27 (Thierry, 1978, pl.
8,2); f, suture, Lochen, Wiirttemberg, Germany,
x0.5 (Spath 1928b, pl. 33,4).——FiG. 45¢—h.
M. kheraensis (SpaTH), holotype of type species of
Indocephalites, macroconch, Chari (Charri, Chhari),
69°16.3'E, 23°31.5'N, 3 km south of Fuley, Kutch,
northern Gujarat, India, x0.5 (Spath, 1928a, pl.
19,1a; Spath, 1928b, pl. 21,5).——FI1G. 45i—. M.
kamptus (BUCKMAN), holotype of type species of
Kamprokephalites, complete microconch with adult

body chamber three-quarters of a whorl long and
uncoiling umbilical seam, lower Callovian, Herveyi
Zone, Kamprus Subzone, Peterborough, England,
x0.5 (new; British Geological Survey, Keyworth,
Nottingham, England, GSM 8650).

Nothocephalites SeatH, 1928b, p. 173, 206 [*NV.
asaphus; OD]. Smaller, more involute and more
compressed than Macrocephalites, with fine ribs
fading on the body chamber. Dimorphism as
in Macrocephalites: dimorphs differ only in size,
macroconchs about 2 times larger than micro-
conchs. Late forms, transitional to Eucycloceras.
Middle Jurassic (upper part of the lower—middle
Callovian): Europe, northern Africa, Madagascar,
India (Kutch, northern Gujarat), Indonesia.
Fi1G. 46a—c. *N. asaphus, holotype, possibly a
microconch, lower Callovian, Khera (Keera, Kira),
69°14.1'E, 23°34.2'N, 1 km northeast of Tal,
Kutch, northern Gujarat, India, x0.7 (Spath,
1928b, pl. 28,2a-b, pl. 37,2).

Subfamily EUCYCLOCERATINAE
Spath, 1928

[nom. transl. Bassk, 1952, p. 629, ex Eucycloceratidae SpatH, 1928b,
p. 165, 203]

Descendants of Nothocephalites, appearing
in the top of the lower Callovian and
persisting to the top of the Anceps Zone,
middle Callovian, leaving no known descen-
dants. The most evolute and compressed
sphaeroceratids, they differ from Nothocepha-
lites mainly in the coarse, persistent ribs on
the outer whorls of the macroconchs; the
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Eucycloceras

FiG. 47. Macrocephalitidae (p. 61-62).

secondary ribs are characteristically prorsira-
diate on the venter. Strongly dimorphic in size
only, though macroconchs have more variable
ribbing than microconchs, and ribbing tends
to disappear on the venter of the final whorl
of macroconchs. Middle Jurassic (top lower
Callovian—middle Callovian, Anceps Zone
[=Jason Zone]): India, China (Tibet), eastern
Africa, Indonesia.

Eucycloceras SPATH, 1924, p. 8 [*Stephanoceras eucy-

clum WAAGEN, 1875, p. 142; OD; =Ammonites opis
J. bE C. SOWERBY, 1840a, p. 329] [=Subkossmatia

SeaTH, 1924, p. 11 (type, Ammonites opis J. DE
C. SowEeRrBY, 1840a, pl. 23,9, OD)]. Moderately
involute, compressed oval whorls; fine, slightly
prorsiradiate ribs bifurcate high on the whorl side.
Dimorphic: macroconchs reach 220 mm in diam-
eter, microconchs are about half that size; both
dimorphs with plain adult mouth borders; ribs
become coarser, distant, and subdued on the adult
body chamber of macroconchs, but remain unal-
tered on microconchs. Derived from Nothocephalites
at the top of the lower Callovian, differing mainly
in the coarse, subdued ribs on the body chamber
of macroconchs. JaNA, BARDHAN, & HALDER, 2005.
Middle Jurassic (top lower Callovian—middle Callo-
vian, Anceps Zone [=]ason Zone]): India (Kutch,
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northern Gujarat), Madagascar, China (southern
Tibet), Indonesia, New Guinea. FiG. 47a—¢.
E. opis (J. pE C. SoweRrBY), Khera (Keera, Kira),
69°14.1'E, 23°34.2'N, 1 km northeast of Tal,
Kutch, northern Gujarat, India; @—c, holotype,
?microconch, arrow indicates last suture; a—b,
x0.7 (Spath, 1928b, pl. 39,24-b); ¢, final sutures,
x1.4 (Spath, 1928b, pl. 36,2); d—f; holotype of
Stephanoceras eucyclum (WAAGEN), macroconch with
incomplete body chamber, x0.5 (Jana, Bardhan,
& Halder, 2005, pl. 1,14—c); g microconch with
complete adult body chamber, x0.5 (Jana, Bardhan,
& Halder, 2005, pl. 3,10).

Idiocycloceras SpaTH, 1928b, p. 205, 206, 215 [*1.
perisphinctoides; OD]. Successors to Eucycloceras,
differing in their larger size, more evolute whorls
and stronger, coarse ribs; ribs remain to the end
of the adult body chamber of the macroconch,
but venter tends to have central smooth band.
Dimorphic size ratio about 2.5:1, with macro-
conchs reaching 270 mm in diameter. Middle
Jurassic (middle Callovian, Anceps Zone [=]ason
Zone]): India (Kutch, northern Gujarat), ?Mada-
gascar. FiG. 48a—f. *1. perisphinctoides; a—b,
holotype, immature macroconch, Habay (Habye,
Habo) Hills, Kutch, northern Gujarat, India, 0.5
(Spath, 1928b, pl. 38,34,¢); c—f, Khera (Keera,
Kira), 69°14.1'E, 23°34.2'N, 1 km northeast of
Tal, Kutch, northern Gujarat, India; ¢—¢, macro-
conch with one-sixth of a whorl of adult body
chamber, x0.35 (Jana, Bardhan, & Halder, 2005,
pl. 9,1a-b); f, complete adult microconch, x0.5
(Jana, Bardhan, & Halder, 2005, pl. 6,2).

Family CARDIOCERATIDAE
Siemiradzki, 1891

[Cardioceratidae SiEMIRADZKI, 1891, p. 24]

The many new discoveries in Arctic North
America, eastern Greenland, and northern
Russia have given an almost continuous
picture of the evolution of this family from
its upper Bajocian ancestors to its final
extinction in the lower Kimmeridgian.
The earliest forms, Arctocephalitinae, were
derived from Chondroceras (Sphaerocera-
tinae) at the base of the upper Bajocian, and
they retain the involute, inflated coiling of
these ancestors. Dimorphism is prominent
throughout the family, although lateral
lappets are never developed, being replaced
in the microconchs by equally character-
istic long ventral rostra, and the prominent
terminal constrictions of adult macroconchs
persist up to Cadoceras of the lower Callo-
vian. Another feature characteristic of the
family is the wide variation of the inflation

of the shell: at almost every level up to the
middle Oxfordian, collections from single
horizons encompass forms ranging from
compressed to sphaeroconic.

The realization that the existing
morphological classification for Cardioc-
eratidae was unsatisfactory was expressed
by ARkELL in his phylogenetic diagram
(1941, p. Ixxiii) and again when he wrote
the following.

The present study has shown again how

ammonite material, if sufficiently plen-

tiful, will defeat any attempt at classifica-
tion, however ‘natural’ and well-balanced
its author may consider it to be, ... [that]
in at least some cases (and perhaps in all),
the possibility of defining species depends
on deficiency of material, and especially
on its geographical limitations... [and
that] with some families, therefore, it
is only gaps in our knowledge, whether
geographical or stratigraphical, or the
result of “collection failure,” that make
any classification appear natural, or
any differentiation of species within

subgenera obvious. (ARKELL, 1948, p.

380)

However, in cases where material is suffi-
ciently abundant and closely defined strati-
graphically, there is a strong impression
that the whole range of variation at a single
horizon belongs to a single, biospecific
population, and these are the units that
need to be identified. Such wide variation
occurs at successive levels in Cadoceras,
Quenstedtoceras, Cardioceras, Amoeboceras,
and Amoebites. Finally, the family and the
whole superfamily comes to an end with
Nannocardioceras in the lower Kimmerid-
gian, leaving no descendants. In addition to
these main genera, sharp-ventered oxycones
evolved independently as phylogenetic
side-branches at least twice, in the lower
and upper Callovian, before the family as a
whole developed ventral keels in the lower
Oxfordian. Septal sutures have the heter-
ochronous element U, and broad, shallow,
moderately incised lobes on a straight base-
line on outer whorls.
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Idiocycloceras

F1G. 48. Macrocephalitidae (p. 62).

The family originated from upper Bajo-
cian Sphaeroceratidae of North America, the
northern Pacific, and parts of the Arctic, then
retreated into the Arctic, evolving in isolation
for most of the Boreal Bathonian and leaving
an almost continuous record in the shelf
deposits of Arctic North America, Green-
land, the Barents Shelf, Russia, and northern
Siberia. During this time no representatives
are known from the Tethyan or sub-Tethyan
realms or from the southern hemisphere. At
the beginning of the Callovian, the Cadoc-
eratinae invaded the Subboreal province in
Europe, and then in the upper Oxfordian
the Cardioceratinae penetrated as far south
as the sub-Tethyan areas of western Europe,
the Caucasus and California, and some local
faunas developed in the isolated shallow
epicontinental seas of the Western Interior
of North America. CALLOMON (1984, 1985,

1993). Middle Jurassic (wpper Bajocian)—
Upper Jurassic (lower Kimmeridgian): Boreal,
Subboreal, North-west European, and sub-
Tethyan Provinces.

Subfamily ARCTOCEPHALITINAE
Meledina, 1968

[Arctocephalitinac MELEDINA, 1968, p. 418] [=Chamoussetitinac ALEKSEEV
& RepIN, 1989, p. 133]

Mostly involute, moderately to highly
inflated forms with rounded umbilical edge
and arched whorl cross section; short primary
ribs bifurcate or polyfurcate into sheaves
of fine, sharp secondaries, at least on inner
whorls. Strongly dimorphic: macroconchs tend
to become smooth on the adult body chamber
that expands laterally and flattens on the venter
near the mouth border, which has an oblique
terminal constriction and ventral projection;
microconchs ribbed to the adult mouth border.
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1b
Cranocephalites

Arctocephalites

FiG. 49. Cardioceratidae (p. 65-67).
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Arcticoceras

Fic. 50. Cardioceratidae (p. 67).

SeatH, 1932; Imray, 1953b, 1962, 1967;
CALLOMON, 1959; FrREBOLD, 1963; FREBOLD &
T1pPER, 1970; MELEDINA, 1973. Middle Jurassic
(upper Bajocian—lower Callovian, Callovi-
ense Zone): Russia (northern Siberia, eastern
Barents Shelf), eastern Greenland, Canada
(Nunavut, British Columbia), USA (Alaska,
Georgia, Western Interior), 2Indonesia, ?New
Guinea, Chile, Argentina.
Cranocephalites SpatH, 1932, p. 14 [*C. vulgaris; OD;
=Macrocephalites pompeckji MADSEN, 1904, p. 189]

[=Pachycephalites MELEDINA, 1973, p. 55 (type,
P spathi, OD)]. Inner whorls extremely involute;

whorl section compressed at first, becoming broader
and rounded; ribs moderately dense and sharp.
Dimorphs differ in size only, and both have slightly
constricted and collared mouth border: adult
macroconchs tend to become smooth, some devel-
oping smooth venters or ventral smooth band only;
microconchs ribbed to the end. Middle Jurassic
(upper Bajocian, Indistinctus—Pompeckji Zones
[=upper Subfurcatum—Parkinsoni Zones]): eastern
Greenland, Norway (Svalbard), Russia (Novaya
Zemlya, northern Siberia), Canada (Nunavut),
USA (southern Alaska). Fig. 49,1a—b. *C.
vulgaris, holotype, macroconch, Pompeckji Zone,
Cathedral Mountain, 70°52.8'N, 22°57.1"W,
Jameson Land, eastern Greenland, x0.9 (Spath,
1932, pl. 1,4a-b). Fig. 49,1c. C. pompeckji
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Chamoussetia

Fic. 51. Cardioceratidae (p. 67).

(MADSsEN), adult suture, northern Siberia, Russia,
x1 (Meledina 1973, p. 45, fig. 17).

Boreiocephalites MELEDINA, 1967, p. 106 [*B. pseudo-

borealis; OD; =Xenocephalites borealis SpatH, 1932,
p. 44]. Occurs in the zone below Cranocephalites,
and is smaller, more involute, with coarser ribs that
are rursiradiate on the inner whorls; macroconchs
become smooth on the adult body chamber with a
broad, shallow, oblique terminal constriction and
flared peristome. Middle Jurassic (upper Bajocian,
Borealis Zone [=lower Subfurcatum Zone]): eastern
Greenland, Russia (northern Siberia), Canada
(Yukon, Nunavut). Fig. 49,2a—b. *B. pseudo-
borealis, holotype, macroconch, northern Siberia,
Russia, x1 (Meledina, 1973, pl. 1,7a-b). Fig.
49,2¢—g. B. borealis (SPATH); c—¢, holotype, ?macro-
conch, inner whorls of phragmocone, Mount
Hjornefjaeld, 71°12.4'N, 22°49.3'W, Jameson
Land, eastern Greenland; a—b, x1; ¢, x4 (Spath,
1932, pl. 14,4a—b,d); f~¢g, complete adult macro-

conch with constriction and flare at aperture,
Ugle Elve, north ridge of Teebjerg, 70°52.0'N,
22°44.9'W, Jameson Land, eastern Greenland, x1
(Callomon, 1959, pl. 17,1a-b).

Arctocephalites SpatH, 1928b, p. 174 [*Ammonites

(Macrocephalites) ishmae var. arcticus NEWTON in
NewTON & TEALL, 1897, p. 500; OD]. Highly
involute, compressed whorls; fine, sharp ribs.
Dimorphic: ribs tend to fade on body chamber of
macroconchs, which have a pronounced flattening
of the venter at the peristome; microconchs become
more evolute and ribbed to the adult mouth border.
More involute than Cranocephalites and reduced
ribs remain on adult whorls. Middle Jurassic (upper
Bajocian, upper Pompeckji Zone—middle Batho-
nian, lower Ishmae Zone [=Parkinsoni—Progracilis
Zones]): eastern Greenland, Russia (Franz Josef
Land, Novaya Zemlya, northern and eastern
Siberia), Canada (Yukon Territory, Axel Heiberg
Island). F1G. 49,3a—d. *A. arcticus (NEWTON);
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a—d, Windy Gulley, east of Elmwood, Cape Flora,
Northbrook Island, Franz Josef Land, Russia; 2—6,
holotype, phragmocone of macroconch, x0.8
(Newton & Teall, 1897, pl. 40,1,14); ¢, topotype,
macroconch with half a whorl of body chamber,
x0.8 (Spath, 1932, pl. 12,2); d, complete adult
microconch, Jameson Land, eastern Greenland,
x1 (new; J. H. Callomon-T. Birkelund Collection
1971, no. 4230, sect. 35, bed 8; also figured by
Callomon, 1985, p. 66, fig. 8e).

Arcticoceras SPATH, 1924, p. 7 [*Ammonites ishmae
KEYSERLING, 1846, p. 331; OD] [=Costacadoceras
RAwsON, 1982, p. 96 (type, C. bluethgeni, OD)].
Macroconchs (Areticoceras) larger than Arctocepha-
lites, more coarsely and strongly ribbed to a later
growth stage, with secondaries projected and accen-
tuated on narrowly arched venter; microconchs
(Costacadoceras) are adult at up to about 60 mm in
diameter, more finely ribbed and more evolute on
the adult whorl. Middle Jurassic (middle Bathonian,
Ishmae—Cranocephaloide Zones [=Progracilis—
Hodsoni Zones]): eastern Greenland, Norway
(Svalbard), Russia (Komi Republic, Franz Josef
Land, Novaya Zemlya, northern Siberia), Canada
(Yukon, Prince Patrick Island). FiG. 50a—d. *A.
ishmae (KEYSERLING); a—d, River Izhma (Ishma),
Komi Republic, Russia; 24, holotype, macroconch;
a, x0.75 (new; Museum of the Mining Institute,
St. Petersburg, Russia, not numbered); 4, x0.75
(Sachs, 1976, pl. 9,16); c—d, topotype, macroconch,
x0.75 (Spath, 1932, pl. 15,72-6).—F1G. 50,cf.
A. bluethgeni (RawsoN), holotype, microconch,
nearly complete with half a whorl of adult body
chamber, Kongsoya, Kong Karls Land, Svalbard,
Norway, x1 (Rawson, 1982, pl. 1,7-8).

Chamoussetia R. DOUVILLE, 1911, p. 132 [*Ammonites
chamousseti D’ ORBIGNY, 1847 in 1842-1851, p.
437; SD R. DouvILLE, 1912, p. 19] [=Platycham-
oussetia REPIN, 2002, p. 475 (type, Chamoussetia
(Platychamousettia) dertevi, OD)]. Inner whorls
involute, compressed, with fine ribs, as in ancestral
Arcticoceras; outer whorls trigonal or lanceolate
in whorl section, with loss of ribbing except on
venter, which is acute and serrated with forwardly
projecting chevrons. Dimorphs differ mainly in
size: macroconchs 100-200 mm in diameter;
microconchs 40-70 mm in diameter and retain the
ribs longer. Chamoussetia is an offshoot from some
forms of Arcticoceras in the upper Ishmae Zone that
have acute venters but retain ribs longer on the
side of the whorl. Middle Jurassic (lower Callovian,
Calloviense Zone): England, France, Germany,
Russia, Caucasus, eastern Greenland. Fia.
51a—c. *C. chamousseti (D’ORBIGNY); a—b, holo-
type, macroconch with one-third whorl of body
chamber, Mont du Chat, Savoie, France; 2, x0.75
(new; d’Orbigny Collection 3167-1, Museum
d’Histoire Naturelle, Paris, France); 4, x0.75
(Fischer, 1994, pl. 59,2b); ¢, suture of another
specimen, Montigny-sur-Vence, Ardennes, France,
x1 (Douvill¢, 1912, p. 19, fig. 13). FiG. 51d-g.
C. phillipsi CALLOMON & WRIGHT, 1989; d—e,

neotype (designated by CaLLOMON & WRIGHT,
1989, p. 803), adult macroconch with half a whorl
of body chamber, Scarborough, Yorkshire, England,
x0.5 (Callomon & Wright, 1989, pl. 88,14-b); f~g¢,
complete adult microconch with five-cighths whorl
of body chamber, Kellaways Rock, Cayton Bay,
Scarborough, Yorkshire, England, x1 (Callomon
& Wright, 1989, pl. 89,44,c).

Subfamily CADOCERATINAE
Hyatt, 1900

[nom. transl. Searn, 1932, p. 47, ex Cadoceratidae HyarT, 1900, p. 580]

Inner whorls compressed and moder-
ately involute; moderately dense, sharp
ribs bifurcate or polyfurcate into secondary
ribs that sweep forwards over the arched
venter. Strongly dimorphic, microconch-
macroconch size ratio approximately 1:3.
Microconchs remain with compressed,
rounded, or ventrally angled whorls and
are sharply ribbed to the end of the adult
body chamber. Macroconchs become much
inflated and cadiconic to sphaeroconic on
middle and outer whotls, but always retain a
craterlike umbilicus with sloping walls and a
sharp or prominent umbilical edge; ribs fade
on the final whorl, though remnants of ribs
or nodes at or near the umbilical edge may
remain until the end of the contracting adult
body chamber, which is typically up to one
whorl long; the mouth border is preceded
by a broad, shallow constriction and has a
ventral peristome.

Early forms are derived from Arcticoceras
and are strictly Boreal. Then rare stragglers
appear in the basal Callovian of north-
western Europe, to be followed by a major
invasion in the Calloviense Zone extending
to the northern edge of the Sub-Mediterra-
nean Province.

The microconchs of Cadoceratinae and
some Arctocephalitinae have been identi-
fied as various species of Pseudocadoceras
(including its subgenera and synonyms
Novocadoceras, Costacadoceras, and Percacos-
ticeras) at many horizons in the upper Batho-
nian and lower—middle Callovian. However,
the type species of Pseudocadoceras, P boreale,
accompanies C. (Cadoceras) sublaeve and C.
(Cadoceras) tolpe BuckmaN (1923a, pl. 406)
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Cadoceras
(Paracadoceras)

FiG. 52. Cardioceratidae (p. 69-70).

in the Koenigi and Calloviense Zones, of
which it is the microconch. Pseudocadoceras
is, therefore, placed in the synonymy of
C. (Cadoceras) here, and the other generic
names based on microconchs are united with

the macroconch genera that they accom-
pany. BuckmaN, 1909-1930; DOUVILLE,
1912; Soxorov, 1912; SPATH, 1932; IMLAY,
1953b; SazoNov, 1957; BODYLEVSKY, 1960;
VORONETS, 1962; FREBOLD, 1964; CALLOMON
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Cadoceras (Cadoceras)

FiG. 53. Cardioceratidae (p. 70-71).

& WRIGHT, 1989. Middle Jurassic (upper
Bathonian—Callovian)—Upper Jurassic (lower
Oxfordian, lower Mariae Zone): northern and
central Europe, Caucasus, Russia (Siberia),
Norway (Svalbard), eastern Greenland,
Canada (Nunavut), USA (Alaska).

Cadoceras FIsCHER, 1882, p. 394 [*Ammonites
sublaevis ]. SOWERBY, 1814, p. 117; SD SpaTH,
1932, p. 58, ICZN Opinion 324, 1955a, p. 229].
Species of Cadoceras occur from the base of the
Variabile Zone, upper Bathonian, to the top of
the Coronatum Zone, middle Callovian. In eastern
Greenland abundant specimens have been collected
from 23 separate horizons in this range. At some
horizons they are continuously variable between
highly different extremes, especially in the amount
of whorl inflation, the inference being that most
horizons consist of a single, variable species. Both
dimorphs are present at most levels, though the
macroconchs are often much more abundant than
microconchs. Although all the species could be
satisfactorily accommodated in the single genus
Cadoceras, there are subtle differences between the

populations as they evolve upwards through the
different horizons and zones, and these differences
are given subgeneric status here. Middle Jurassic
(upper Bathonian, Variabile Zone—middle Callovian,
Coronatum Zone).

C. (Catacadoceras) BobyLEvsky, 1960, p. 64 [*C.
(C.) laptievi; OD] [=Greencephalites REPIN in
RePIN & others, 2007, p. 134 (type, Cadoceras
freboldi Seath, 1932, p. 65, OD)]. The earliest
forms, with an open umbilicus and steep umbil-
ical wall, strongly and coarsely ribbed to the
adult mouth border. Middle Jurassic (upper
Bathonian, Variabile—Calyx Zones [=Orbis—lower
Discus Zones]): Russia (Siberia), eastern Green-
land, Canada (Axel Heiberg Island). Fig.
52,1a—b. *C. (C.) laptievi, holotype, macro-
conch, northern Siberia, Russia, x0.5 (Bodyl-
evsky, 1960, pl. 2,1a4-b). Fig. 52,1¢—d. C.
(C.) variabile Spath, holotype, adult macro-
conch with approximated final sutures and
complete mouth border, Vardekloft, Hurry Inlet,
70°36.1'N, 22°37.4'"W, Jameson Land, eastern
Greenland, x0.4 (Spath, 1932, pl. 18,1a-b).

C. (Paracadoceras) CRICKMAY, 1930, p. 55 [*P
harveyi; M) [=Streptocadoceras MELEDINA,
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Cadoceras (Stenocadoceras)

Fic. 54. Cardioceratidae (p. 72).

1977, p. 83 (type, Cadoceras subtenuicostatum
VORONETS, 1962, p. 110, OD)]. Evolute,
compressed inner whorls, becoming inflated
and depressed on middle and adult whorls,
but with open, steep-walled umbilicus and
rounded or bluntly angled umbilical edge; ribs
moderately strong, prorsiradiate, and bifur-
cating. Dimorphic: macroconchs inflated cadi-
cones, with ribs fading on the final whorls,
except for short clavi on the umbilical edge;
microconchs evolute platycones with rounded
whorl section and strongly ribbed to the end.
Includes C. (P) elatmae NIKITIN of the Russian
Elatmae Zone (=Herveyi Zone) and C. (P)
breve BLAKE from the English Upper Cornbrash
(Herveyi Zone). Slightly more evolute than C.
(Catacoeloceras) and smooth on adult whorl
of macroconch. Middle Jurassic (lower Callo-
vian, Apertum—Nordenskjoeldi Zones [=upper
Discus—upper Herveyi Zones]): England, Russia
(northern Siberia), eastern Greenland, Canada
(British Columbia, Nunavut), USA (southern
Alaska). Fig. 52,2a—b. *C. (R) harveyi, holo-
type, macroconch, complete with mouth border,
arrow marks end of phragmocone, Deer Creek,
west side of Harrison Lake, British Columbia,
Canada, x1 (Crickmay, 1930, pl. 16,7-2).——
Fig. 52,2c—d. C. (R) elatmae (NIKITIN), lecto-
type (designated by MELEDINA, 1977, p. 70),

complete adult macroconch, Elatma, Russia,
x0.55 (new; Nikitin Collection, Leningrad
Museum, no. 34/1344; figured by Nikitin,
1881b, pl. XI (IV),20).—Fig. 52,2 C. (P)
apertum CALLOMON & BIRKELUND, adult micro-
conch with complete mouth border, south slopes
of Olympen, 71°26.5'N, 23°31.1"W, Jameson
Land, eastern Greenland, x1 (Callomon &
Birkelund, 1985, pl. 3,7a-5).

. (Cadoceras) [=Pseudocadoceras BuckmaN, 1918,

p. xiv (type, P boreale, OD); =Catacepha-
lires BUCKMAN, 1922, pl. 283 (type, C. durus,
OD, a single crushed nucleus); =Bryocadoc-
eras MELEDINA, 1977, p. 60 (type, Cadoceras
falsum VORONETS, 1962, p. 49, OD); =Dolganites
REPIN, 2002, p. 472 (type, D. adzvensis, OD)].
Sphaeroconic cadicones with wide funnel-shaped
umbilicus, prominent umbilical edge, and whorl
width about 90% of diameter, with only slight
variation; ribs prorsiradiate and bifurcating.
Dimorphic: macroconchs with ribs fading on
final whorls except for remnants at umbilical
edge; microconchs (Pseudocadoceras) much more
involute and compressed, with angled venter
throughout and ribs remain strong up to adult
mouth border. Middle Jurassic (lower Callovian,
Koenigi—Calloviense Zones): northern and central
Europe, Caucasus, Russia (northern Siberia,
Novaya Zemlya, Franz Josef Land, New Siberian
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Funiferites

FiG. 55. Cardioceratidae (p. 72-73).

Islands), Norway (Svalbard), eastern Green-
land, Canada (British Columbia, Nunavut),
USA (southern Alaska). F1G. 53a—e. *C.
(C.) sublaeve (J. SOWERBY), Kellaways, Wiltshire,
England; a—, lectotype, adult macroconch, x0.6
(new; The Natural History Museum, London,
NHMUK 43881a); d—e, topotype, macroconch
phragmocone, Calloviense Zone and Subzone,

x0.8 (Buckman, 1922, pl. 275,1,3). Fia.
53f. C. (C.) glabrum ImLay, holotype, suture,
Wide Bay, Alaska Peninsula, Alaska, USA,x0.75
(Imlay, 1953b, pl. 37,6).——FiG. 53g-h. C.
(C.) boreale (BuckmaN), holotype, complete
adult microconch, Koenigi Zone, Scarborough,
Yorkshire, England, x1 (Callomon & Wright,
1989, pl. 94,1a-b).
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FiG. 56. Cardioceratidae (p. 73).

C. (Stenocadoceras) Imray, 1953b, p. 46 [*C. (S.)
multicostatum; OD] [=Rondiceras TROIZKAYA
in Kirarisova, MARKOVSKI, & RADCHENKO,
1956, p. 79 (type, Stephanoceras milaschevici
NIKITIN, 1881a, p. 66, OD); =Novocadoceras
SazoNov, 1965, p. 34 (type, N. suraense, OD)].
Inner whorls involute, compressed with subcari-
nate venter; rather fine, slightly flexuous ribs
bifurcate at midwhorl. Dimorphic: macro-
conchs large, evolute, inflated, and depressed,
with ribs fading first on flat whorl side, then
outer whorls become entirely smooth; micro-
conchs small, up to 60 mm in diameter, more
involute, compressed, and ribbed up to adult
mouth border. Middle Jurassic (middle Callo-
vian, Jason—Coronatum Zones): Russia (Volga
Basin, Siberia), Canada (Yukon Territories),
USA (southern Alaska). Fic. 54a—f. *C.
(S.) multicostatum; a—d, western shore of Chisik
Island, Tuxedni Bay, Cook Inlet, southern
Alaska, USA; a—b, holotype, macroconch,
phragmocone, x1; ¢—d, complete adult macro-

conch, x0.5 (Imlay, 1953b, pl. 44,1-2,13,15);
e—f, complete adult microconch, southern shore
of Chinitna Bay, Alaska Peninsula, USA, x1
(Imlay, 1953b, pl. 49,5-6).——Fic. 54g—h. C.
(S.) milaschevici (NIKITIN), lectotype (designated
by HowartH, herein), phragmocone, already
entirely smooth, River Volga, Bolobanovo, near
Selekhovo Selikovo), 58°2.5'N, 38°23.5'E,
Yaroslavl Oblast, Russia, x0.8 (Nikitin, 1881a,
pl. 3,25).

Cadochamoussetia MITTA in GERASIMOV & others,

1996, p. 37 [*Ammonites subpatruus NIKITIN, 1885,
p. 58; OD]. Inner whorls involute, compressed
with rounded venter; straight, single ribs bifurcate
from midwhorl and are angled forwards across
venter; middle whorls cadicone, inflated, and
rapidly lose the ribs; outer whorls very involute,
with trigonal whorl section, rounded venter, and
mainly smooth, but traces of ribs may remain on
venter. Dimorphic: microconchs complete and
adult at about 40 mm in diameter and strongly
ribbed to the end; macroconchs adult at 120-180
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mm in diameter with smooth final whorl. Differs
from ancestral Cadoceras in the trigonal whorl
section and rounded venter in the adult. Middle
Jurassic (lower Callovian): Russia. FiG. 55,1a—b.
*C. subpatruum (NIKITIN), lectotype (designated
by MitTa, 1999, p. 129), adult macroconch,
Kurmysch, Nizhniy Novgorod Oblast, Russia, x0.5
(Nikitin, 1885, pl. (XI) XIII,58). FiG. 55,1c. C.
saratovensis (CALLOMON & WRIGHT), microconch,
with half a whorl of body chamber, River Unzha,
Makaryev, Kostroma Oblast, Russia, x1 (Mitta,
1999, p.135, fig. 9C).

Eckhardites M1TTA, 1999, p. 132 [*Macrocephalites
pavlowi SMORODINA, 1929, p. 423]. Involute,
venter narrowly rounded; inner whorls compressed;
primary ribs branch into 2-5 secondary ribs at
midwhorl and cross the venter with slight forwards
projection; middle and outer whorls with thicker,
trigonal whorl section, and become smooth on side
of whorl, though ribs remain across the venter.
More compressed than Cadochamoussetia, but less
compressed than Chamoussetia or Funiferites; may
have originated from Arctocephalitinae (Mi1TTa,
2009, p. 55). Middle Jurassic (lower Callovian):
Russia. FiG. 55,2a—d. *E. pavlowi (SMORO-
DINA), Unzha River, Manturovo, Kostroma Region,
central Russia; -6, lectotype (designated by Mrrta
& STARODUBSTEVA, 1998, p. 12), macroconch,
complete adult with three-quarters of a whorl of
body chamber, x0.33 (Mitta & Starodubsteva,
1998, pl. 1, pl. 2,1); c—d, topotype, inner whorls,
x1.5 (Mitta, 2009, pl. 6,64,¢). FIG. 55,2¢—f. E.
dietli MITTA, paratype, ?adult microconch, Unzha
River, near Makaryev, Kostroma Oblast, Russia, x1
(Mitta, 2009, pl. 6,52-b).

Funiferites KiseLEv, GuULYAEV, & Rocov, 2003, p.
223 [*Ammonites funiferus PHiLLIPS, 1829, p. 142;
OD]. Involute oxycone, compressed whorl section,
small umbilicus, and sharply angled or keeled
venter; primary ribs on inner whorls bifurcate at
midwhorl, and secondary ribs project strongly
forwards, forming crenulations on venter; ribs
fade on middle and outer whorls, but crenulations
remain on venter. Dimorphic: dimorphs differing
only in adult size. Possibly a development from
Cadochamoussetia, having more compressed whorl
section throughout growth. Middle Jurassic (middle
Callovian, Jason Zone—upper Callovian, Athleta
Zone): England, France, Germany, Russia. FiG.
55,3a—d. *E funifera (PHILLIPS), Athleta Zone, Scar-
borough, Yorkshire, England; 4—6, holotype, macro-
conch, with beginning of body chamber, x0.5;
¢—d, microconch, with approximated final sutures
and beginning of body chamber, x1 (Callomon &
Wright, 1989, pl. 92,246, 4a,c).

Longaeviceras BUCKMAN, 1918, p. xiv [*L. longaevum
BuckmaN, 1918, p. xiv; ODj; ex BEAN MS in LECk-
ENBY, 1859, p. 11; 2=Ammonites stenolobus KeYSER-
LING, 1846, p. 329] [=Percacosticeras KISELEV, 1996,
p- 388 (type, Longaeviceras polonicum CALLOMON &
WRIGHT, 1989, p. 828, OD); =Longoceras REPIN,
2002, p. 473 (type, Cadoceras nikitini SOKOLOV,
1912, p. 24, OD); =Platylongoceras RePIN, 2002,

p- 474 (type, P petchoricum, OD)]. Inner whorls
compressed with narrow, rounded venter or
incipient keel; outer whorls become evolute and
inflated, with sharp umbilical edge as in Cadoc-
eras; strong primary ribs bifurcate high on whorl
side, with some intercalatories, and secondary
ribs sweep well forwards on venter. Dimorphic:
macroconchs become cadiconic, inflated, depressed,
and smooth on the final whorls; microconchs
remain compressed and strongly ribbed up to
adult mouth border. CatLomon & WriGHT, 1989.
Middle Jurassic (upper Callovian, Athleta—Lamberti
Zones [including part of the Keyserlingi Zone of the
Boreal Province in Siberia])-Upper Jurassic (lower
Oxfordian, basal Mariae Zone): northern Europe,
Russia (Siberia, Novaya Zemlya), Norway (Sval-
bard), eastern Greenland, ?USA (Alaska). FiG.
56a—b. *L. longaevum, lectotype, macroconch inner
whortls, Athleta Zone, Castle Rock, Scarborough,
Yorkshire, England, x1 (Buckman, 1919a, pl.
121A).——Fi1G. 56¢—e. L. nikitini (Sokorov, 1912),
holotype, macroconch, Fluss, Wischera, Petchora,
Russia; ¢, with half a whortl of adult body chamber,
x0.5; d—e, inner whorls of same specimen, x1
(Sokolov, 1912, pl. 1,34,c-d).——F1G. 56f~¢. L.
polonicum CALLOMON & WRIGHT, type species of
Percacosticeras KISELEV, complete adult microconch,

Lukéw, Poland, x0.8 (Makowski, 1952, pl. 6,2,24).

Subfamily CARDIOCERATINAE
Siemiradzki, 1891

[nom. transl. ARKELL, 1950, p. 363, ex Cardioceratidae SIEMIRADZKI, 1891,
p- 24] [=Quenstedtoceratinae MELEDINA, 1977, p. 98; =Amoeboceratinae
TINTANT & MOUTERDE, 1981, p. 97]

Descendents of Cadoceratinae, having
lost the sharp umbilical edge of Cadoc-
eras and becoming more or less keeled, at
least on inner whorls. In the earliest forms
(Quenstedtoceras), the secondary ribs merely
form angular chevrons on the venter; later,
in Cardioceras, proper keels develop, which,
combined with the low point of maximum
whorl thickness and well-rounded ventro-
lateral shoulder, give the whorl section the
characteristic cardioform outline. Finally, the
whorl section becomes subquadrate with a
flat venter and a minutely crenulated keel
(Amoeboceras and Amoebites).

The subfamily is marked by an especially
wide variation in gross morphology at most
biostratigraphical levels, particularly in
evoluteness and whorl inflation (ranging
from cadicone to oxycone), which, combined
with marked dimorphism, has made existing
morphological classifications unbalanced
and inconsistent. Where necessary, genera
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are reassessed and combined herein to reflect
the wide variability at some biostratigraph-
ical levels and more recent ideas on the
phylogeny of the subfamily, rather than
the polyphyletic lineages derived from the
purely morphological taxonomy widely
used previously—e.g., by Buckman (1909—
1930) and ARKELL (1941, p. Ixxiii; 1948, p.
380). Although this can be achieved with
some success in Quenstedtoceras, Cardioceras,
Amoeboceras, and Amoebites, there are still
some genera for which a mainly morpho-
logical definition has been retained (e.g.,
in Vertebriceras and Cawtoniceras). ARKELL,
1939, 1935-1948; Sykes & CALLOMON,
1979; GyGl & MARCHAND, 1982; WRIGHT,
1983; CAaLLOMON, 1985; CALLOMON &
WRIGHT, 1989. Middle Jurassic (upper Callo-
vian, Lamberti Zone)—Upper Jurassic (lower
Kimmeridgian, Autissiodorensis Zone): wide-
spread in the Boreal Province, sometimes
predominant in the Subboreal Province,
rarely extending into the sub-Mediterranean
Province.

Quenstedtoceras HyatT, 1877, p. 390, incorrect
original spelling as Quenstedioceras, corrected in
ICZN, 1955a, Opinion 324, p. 238; see ARKELL,
1951, p. 225 [*Ammonites leachi J. SOWERBY, 1819,
p. 73; M] [=Quenstedticeras TEISSEYRE, 1889, p.
148, misspelling; =Quenstedticeras PARONA &
BONARELLI, 1897, p. 125, misspelling; =Eboraciceras
BuckmaN, 1918, p. xiv (type, Ammonites dissimilis
BrowN, 1849 in 1837-1849, p. 246, OD); =Pror-
siceras BUCKMAN, 1918, p. xiv (type, Ammonites
gregarius LECKENBY, ex BEAN MS, 1859, p. 11,
OD); =Vertumniceras BuckMaN, 1918, p. xiv (type,
Ammonites vertumnus LECKENBY, ex BEAN MS, 1859,
p- 9, OD, =Ammonites leachi ]. SONERBY); =Lamber-
ticeras BUCKMAN, 1920, p. 14, non Lamberticeras
KiLiaN, 1910, p. 194, nom. nud., ICZN Opinion
324, 1955a, p. 230, 232 (sce ARKELL, 1951, p. 225)
(type, Ammonites lamberti J. SOWERBY, 1819, p. 73,
OD); =Bourkelamberticeras Buckman, 1920, p. 17
(obj. of Lamberticeras); = Weissermeliceras BUCKMAN,
1920, p. 20 (type, W longilobatum, OD); =Eich-
waldiceras BuckMaN, 1920, p. 20 (type, Ammo-
nites carinatus EICHWALD, 1868 1IN 1865-1868, p.
1072, OD); =2Sutherlandiceras BUCKMAN, 1922,
pl. 320A (type, S. albisaxeum, OD); =Transilon-
goceras REPIN, 2002, p. 474 (type, T. lamberti-
forme, OD)]. Inner whorls vary from compressed
(Lamberticeras) to moderately inflated (Eboraci-
ceras), and from moderately involute to more
evolute (Prorsiceras); venter angled; widely spaced

primary ribs, with or without nodes or bullae
near umbilical edge, bifurcate into 2-4 secondary
ribs high on whortl side and swing forwards on
venter. Microconchs retain this morphology, with
compressed to rounded whorl section and strong
ribbing, up to the adult mouth border, which is
simple with a long ventral rostrum. Macroconchs
become 2—4 times larger than microconchs, some
remaining compressed (Lamberticeras), others
becoming inflated to sphaeroconic, with rounded
venters (Eboraciceras); ribs are lost on the smooth
body chamber, and adult mouth border has a long
ventral rostrum, as in microconchs. Quenstedtoceras
is one of the most variable genera in Cardiocera-
tidae, forming dimorphic populations that are
highly and continuously variable at single biostrati-
graphical horizons, these being single (bio)species
that embrace the morphology of all the existing
generic names that are given above as synonyms.
Quenstedtoceras differs from its Cadoceratinid
ancestors in its rounded umbilical edge and angled
venter, at least on the inner whorls. Middle Jurassic
(upper Callovian, Lamberti Zone)-Upper Jurassic
(lower Oxfordian, Mariae Zone): Europe, Caucasus,
Ukraine (Donetsk), Russia (northern Siberia, Franz
Josef Land), Kazakhstan (Mangystau), Norway
(Svalbard), eastern Greenland, USA (southern
Alaska, Montana, Wyoming).——FI1G. 57a—e.
*Q. leachi (J. SOWERBY); a—c, neotype, micro-
conch, Lamberti Zone, Tidmoor Point, Weymouth,
Dorset, England, x1 (Arkell, 1939, pl. 10,52—c);
d—e, microconch with peristome, Lamberti Zone,
Lukéw, Poland, x1 (Makowski, 1963, pl. 20,22—
b).——F1G. 57f. Q. praelamberti MAIRE, adult
dimorphs, Lukdéw, Poland, macroconch x0.32,
microconch, x0.4 (Makowski, 1963, p. 37, text-
pl. V). FiG. 57g—h. Q. lamberti (J. SOWERBY),
topotype, macroconch phragmocone, type species
of Lamberticeras, Weymouth, Dorset, England,
%0.9 (new; The Natural History Museum, London,
NHMUK C.70978).——FiG. 57i—j. Q. gregarium
(LECKENBY), lectotype, macroconch, type species of
Prorsiceras, Castle Rock, Scarborough, Yorkshire,
England, x0.7 (Buckman, 1918, pl. 117A).——
FiG. 57k—L. Q. dissimile (BRowN), holotype, macro-
conch, type species of Eboraciceras, Scarborough,
Yorkshire, England, x0.8 (Buckman, 1918, pl.
118A).——F16. 57m—n. Q. grande ARKELL (1939);
a—b, lectotype (designated by ARkeLL, 1939, p.
176), Villers-sur-Mer, Calvados, France, x0.9
(Douvill¢, 1912, pl. 4(X),57).

Pavloviceras BuckmMAN, 1920, p. 18 [*Quenstedtoceras
pavlowi DOUVILLE, 1912, p. 74; OD]. Inner whorls
have rounded, slightly depressed whorls and an
angled venter; outer whorls quickly become highly
depressed and inflated; strong, coarse, biplicate
ribbing persists to late stages, and the secondary
ribs cross the venter with only a gentle projection
forwards. Microconchs are strongly ribbed to the
end; macroconchs become smooth on the adult
body chamber. Pavioviceras is kept distinct from
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Pavloviceras

FiG. 58. Cardioceratidae (p. 75-76).

Quenstedtoceras only because it occurs biostrati-
graphically higher in the Mariae Zone, and as yet
it is unclear whether such highly depressed and very
coarse ribbed examples form part of the wide range
of variation of Quenstedtoceras. Upper Jurassic (lower
Oxfordian, Mariae Zone—?lower Cordatum Zone):
Europe, Ukraine (Donetsk), USA (Wyoming).——
Fi6. 58,1a—c. *P. pavlowi DOUVILLE, Mariae Zone,
Villers-sur-Mer, Calvados, France; a6, holotype,
phragmocone, macroconch, x0.75; ¢, suture of a
topotype, x1; (Douvillé, 1912, pl. 5(XI),13,134;
p. 74, fig. 83).——FIG. 58,1d—e. R omphaloides (].
SOWERBY), neotype (designated by ArkeLL, 1939,
p. 151), microconch, phragmocone, Mariae Zone,
Weymouth, England, x1 (Buckman, 1921, pl.
195,1,3).

Soaniceras MELEDINA, 1977, p. 154 [*Quenstedtoceras

(Soaniceras) angustatum; OD] [=Anabariceras
STOLYAROVA, 2007, p. 242 (type, A. meledinae,

OD)]. Involute, compressed, rounded whorl
sides and narrowly rounded venter; well-spaced
primary ribs curve gently forwards and divide
into 2—4 secondaries about midwhorl, and some
secondaries are intercalated; secondaries angled
forwards across narrow venter; ribbing fades
on the outer whorls, but chevrons remain on
the angled venter. More involute, less strongly
ribbed, and ribs fade earlier than in Quenstedto-
ceras; probably a local form in northern Siberia.
Middle Jurassic (upper Callovian, Lamberti Zone)—
Upper Jurassic (lower Oxfordian, Mariae Zone):
Russia (northern Siberia). Fi1G. 58,2a—b.
*S. angustarum, holotype, River Innokentevna,
Bolshevik Island, Krasnoyarsk Krai, Russia, x1
(Meledina, 1977, pl. 46,1).——F1G. 58,2¢—d. S.
meledinae (STOLYAROVA), paratype, Anabar River,
Sakha Republic, Russia, x0.75 (Stolyarova, 2007,
pl. 4,26—c).
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Cardioceras (Cardioceras)

F1G. 59. Cardioceratidae (p. 78-81).

Cardioceras NEUMAYR & UHLIG, 1881, p. 140

[*Ammonites cordatus J. SOWERBY, 1813, p. 51; SD
BuckMmaN, 1920, p. 15]. A strong keel flanked by
concave areas on venter and trapezoid (cardiform)
whorl section distinguish Cardioceras from the
angled venter of ancestral Quenstedroceras; well-
spaced, flexuous primary ribs on middle whorls are
accentuated by incipient ventrolateral tubercles;
secondary ribs strongly projected on the venter
and pass over keel without interruption; ribbing

fades on adult body chamber of macroconchs. As
in Quenstedtoceras, whorl inflation varies from
compressed to depressed and inflated. This high
variability comes to an end in the Densiplicatum
Zone, and is not found again at higher levels.
The highly inflated, sphaeroconic Goliathiceras
might be the most inflated end of this varia-
tion in Cardioceras, but the relationship between
Cardioceras and Goliathiceras is still unclear; so
Goliathiceras is kept distinct herein as a subgenus
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Cardioceras (Goliathiceras)

Fic. 60. Cardioceratidae (p. 81).

of Cardioceras until better evidence becomes
available. Upper Jurassic (lower Oxfordian, Mariae
Zone—Densiplicatum Zone). Europe, Caucasus,
Ukraine (Donetsk), Russia (northern Siberia),
Kazakhstan (Mangystau), Norway (Svalbard),
eastern Greenland, Canada (British Columbia,
Axel Heiberg Island), USA (Alaska, Georgia,
Wyoming).

C. (Scarburgiceras) Buckman, 1924, pl. 508 [*Ammo-
nites scarburgensis YOUNG & BIRD, 1828, p. 265;
OD] [=Protocardioceras SCHIRARDIN, 1958, p. 24
(type, Quenstedticeras praecordatum DOUVILLE,
1912, p. 62, OD)]. Early forms in the Mariae
Zone, with compressed whorl section and differ-
entiated ventral keel that is more prominent in
the macroconchs; secondary ribs curved, moder-
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Scoticardioceras

Fic. 61. Cardioceratidae (p. 81).

ately projected, and less flexuous than in later
forms. Dimorphic, with ribs remaining on adult
whorls of both dimorphs. Upper Jurassic (lower
Oxfordian, Mariae Zone): Europe, Caucasus,
Ukraine (Donetsk), Russia (northern Siberia),
eastern Greenland, Canada (British Columbia,
Axel Heiberg Island), USA (Alaska, Georgia,
Wyoming).——FiG. 59,1a—b. *C. (S.) scarbur-
gense (YOUNG & BIRD), neotype (designated by
HowartH, 1962, p. 127), phragmocone of micro-
conch, Mariae Zone, Scarburgense Subzone, Scar-
borough, Yorkshire, England, x1 (Buckman, 1924,
pl. 508). FiG. 59,1¢—d. C. (S.) alphacordatum
SpatH, holotype, macroconch, probably of C. (S.)
praecordatum (DOUVILLE), Mariae Zone, Prae-
cordatum Subzone, Warboys, Huntingdonshire,
England, x1 (Arkell, 1946, pl. 69,84b).

. (Cardioceras) [=Anacardioceras BUCKMAN,
1923a, pl. 420 (type, A. cordatiforme, OD);
=Plasmatoceras BUCKMAN, 1925a, p. 66; 1925b,
pl. 617 (type, P plastum, OD); =Paracardioceras
Buckman, 1925b, pl. 588 (type, P persecans,
OD); =Pachycardioceras BuCKMAN, 1926, pl. 634
(type, P robustum, OD); =Pechoracardioceras

REePIN in REPIN & others, 2006, p. 110 (type,
Cardioceras (Pechoracardioceras) boreale, M)].
Differs from Scarburgiceras in its subquadrate
whorl section with strong keel, flexuous primary
ribs, small and clavate ventrolateral tubercles,
and secondary ribs strongly projected on venter,
passing over the corded keel without interrup-
tion. Ribs weaken on adult whorl of micro-
conchs, but fade on macroconchs. Plasmatoceras
is included as a synonym on the basis of the
identification of the horizon of its type specimen
as Cordatum Zone by ARkeLL (1941, p. Ixxvii)
and Sykes and CALLOMON (1979, p. 847). Upper
Jurassic (lower Oxfordian, Cordatum Zone—lower
Densiplicatum Zone): Europe, Russia (northern
Siberia), Norway (Svalbard), Canada (British
Columbia), USA (southern Alaska, Georgia,
Wyoming). Fi16. 59,2a—b. *C. (C.) cordatum
(SOWERBY), lectotype (designated by ICZN,
1954a, Opinion 235, p. 313), microconch,
phragmocone, Cordatum Zone and Subzone,
Send, Wiltshire, England, x1 (Healey, 1905,
pl. 94,4,4a). FiG. 59,2¢. C. (C.) robustum
BuckmaN, holotype, macroconch with % whorl
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F1G. 62. Cardioceratidae (p. 81



Stephanoceratoidea and Spiroceratoidea 81

of adult body chamber, probably the macroconch
of C. (C.) cordatum, Cordatum Zone, Lower
Calcareous Grit, Calne, Wiltshire, England, x0.7
(Buckman, 1926, pl. 634).——F1G. 59,2d—e. C.
(C.) plastum (Buckman), holotype, microconch,
Cordatum Zone, Wooton Bassett, Wiltshire,
England, x1 (new; British Geological Survey,
Keyworth, Nottingham, England, GSM 30524).
C. (Goliathiceras) Buckman, 1919b, pl. 132
[*Nautilus ammonoides YOUNG & BIRD, 1828,
p. 271; OD] [=Korythoceras Buckman, 1920,
p. 17 (type, K. korys, OD); =2Chalcedoniceras
BuckmaN, 1922, pl. 295 (type, Nautilus
chalcedonicus Young & BIrD, 1828, p. 271,
OD); =Hortoniceras Buckman, 1922, pl. 296
(type, H. sidericum, OD); =Goliathites ARKELL,
1943, p. Ixxxi (type, Ammonites goliathus
D’ORBIGNY, 1849 in 1842-1851, p. 519, OD);
=?Herznachites JEANNET, 1951, p. 34 (type,
H. helveticus, OD)]. Large, inflated sphaero-
cones, smooth with rounded or bluntly angled
venter on outer whorls of macroconchs; inner
whorls of both dimorphs involute and inflated,
with secondary ribs curving backwards before
sweeping sharply forwards from the lateral
shoulders, crossing the low ventral keel as small
chevrons. Microconchs (Korythoceras) maintain
this morphology to the end of growth, while
macroconchs become much larger, sphaeroconic,
and smooth. Goliathiceras has been used conven-
tionally for any large, inflated to sphaeroconic,
smooth form with rounded venter on adult
body chamber; its inner whorls cover almost all
the morphological range found in Cardioceras,
and this highly inflated morphology comes to
an abrupt end in the Densiplicarum (=Plica-
tilis) Zone). Nevertheless, its relationship with
Cardioceras is still unclear. Upper Jurassic (lower
Oxfordian, Cordatum Zone—middle Oxfordian,
Densiplicatum Zone): Europe, Russia (northern
Siberia), Kazakhstan (Mangystau), USA
(Wyoming).——F1G. 60a—d. *C. (G.) ammo-
noides (YOUNG & BIRD); a—b, holotype, complete
phragmocone of macroconch, ?Malton, York-
shire, England, x0.3 (Buckman, 1919b, pl.
132A-132B); ¢—d, macroconch, phragmocone,
Plicatilis Zone, Cowley, Oxford, England, x0.7
(Arkell, 1943, pl. 56,36, pl. 57,4).——F1G.
60e—f C. (G.) titan ARKELL, almost complete
adult macroconch, Densiplicatum (=Plicatilis)
Zone, Headington, Oxford, England, x0.2
(Arkell, 1943, p. 258-259, fig. 914,0). FiG.
60g—j. C. (G.) korys (BuckmaN), Loch Staffin,
Isle of Skye, Scotland; g-A, holotype, micro-
conch, x1 (Turner, 1970, pl. 2,4-B; also figured
by Buckman, 1922, pl. 361); i—j, topotype,
microconch, x1 (Turner, 1970, pl. 2,F-G).

Scoticardioceras BUCKMAN, 1925b, pl. 599 [*S. scoticum;

OD; ?=Ammonites excavatus (J. SOWERBY), 1815, p.
5] [=Galecardioceras BUCKMAN, 1926, pl. 647 (type,
G. galeiferum, OD); =Cuneicardioceras ARKELL,

1941, p. Ixxvi (type, C. cuneiforme, OD)]. Involute,
discoidal whorls, with tall, finely serrated keel;
straight primary ribs divide at ventrolateral clavi into
strongly projected secondary ribs that form serrations
on the keel; ribs fade quickly to sigmoidal striations
and venter becomes acutely angled on outer and
adult whorls. Macroconchs; associated microconchs
have not been identified. Upper Jurassic (Oxfordian,
Cordatum—Tenuiserratum Zones): Europe, Russia
(northern Siberia), USA (Wyoming). FI1G. 61a.
*S. scoticum, holotype, poorly preserved and crushed,
Ardassie Point, Brora, Sutherland, Scotland, x0.4
(Buckman, 1925b, pl. 599). FiG. 61b—e. S.
excavatum (J. SOWERBY); b—c, holotype, macro-
conch with part of body chamber, Shotover Hill,
Oxford, England, x0.5 (Healey, 1905, pl. 92); d—e,
macroconch, phragmocone, Densiplicatum Zone,
Horspath, Oxford, England, x0.6 (Arkell, 1941, pl.
49,1a-b).——F1G. 61fg. S. expositum (BUCKMAN),
macroconch, inner whorls, 2Marcham, Oxford,

England, x0.8 (Arkell, 1941, pl. 50,14-b).

Vertebriceras BuckmaN, 1920, p. 16 [*V. dorsale;

OD] [=Sagitticeras Buckman, 1920, p. 19 (type,
S. sagitta, OD); =Subvertebriceras ARKELL, 1941, p.
Ixxviii (type, Cardioceras vertebrale var. densiplicata
BobpeN, 1911, p. 159, OD)]. Evolute, subquadrate
whorl section; strong, rectiradiate primary ribs
divide high on the whorl side at lateral tubercles
into secondary ribs that bend sharply forward at
weak tubercles on the ventrolateral shoulders to
join the keel as forwardly projecting crenulations;
keel weak or absent in the most inflated forms.
All known specimens are microconchs, strongly
ribbed to the end; associated macroconchs have
not been identified. Differs from Cardioceras mainly
in the form of the secondary ribs. Upper Jurassic
(lower—middle Oxfordian, Cordatum—/lower Tenui-
serratum Zones): Europe, Russia (northern Siberia),
eastern Greenland, USA (?Wyoming). Fic.
62,1a—b. *V. dorsale, holotype, microconch, Plica-
tilis Zone, Vertebrale Subzone, Horspath Road
Quarry, Cowley, England, x0.6 (Arkell, 1942, pl.
54,3a—b).——F1G. 62,1c~d. V. sagitta (BUCKMAN),
holotype, microconch, Cordatum Zone, Costicardia
Subzone, Red Nodule Beds, Weymouth, Dorset,
England, x0.7 (Arkell, 1946, pl. 70,15a—b).

Cawtoniceras BUCKMAN, 1923b, pl. 454 [*Ammonites

cawtonensis BLAKE & HUDLESTON, 1877, p. 370, 392,
403; OD] [=Maltoniceras ARKELL, 1941, p. Ixxvii
(type, Ammonites maltonensis YOUNG & BIRD, 1822,
p- 252, OD)]. Similar to Vertebriceras, but more
involute and compressed, and secondary ribs termi-
nate at small ventrolateral tubercles, continuing only
as weak striae across the almost smooth venter up to
the minutely serrated keel. Macroconchs (Malton-
iceras) become smooth on adult whorl; microconchs
ribbed to the end. Upper Jurassic (middle Oxfordian,
Densiplicatum /=Plicatilis/~Tenuiserratum Zones):
Europe, Russia (northern Siberia), Canada (British
Columbia), USA (Wyoming). F1G. 62,2a—b.
*C. cawtonense (BLAKE & HUDLESTON), lectotype
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Fic. 63. Cardioceratidae (p. 83).
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(designated by ARKELL, 1941, p. Ixxviii), microconch,
phragmocone, Plicatilis Zone, Antecedens Subzone,
Cawton, Yorkshire, England, x0.75 (new; British
Geological Survey, Keyworth, Nottingham, England,
GSM 46265).——Fi1G. 62,2c—d. C. maltonense
(YounG & BIRD), neotype (designated by ARKELL,
1941, p. 232), macroconch, Antecedens Subzone,
Highworth, Wiltshire, England, x0.6 (new; Oxford
University Museum, England, OUM ]J2983; also
figured by Arkell, 1941, pl. 51,1a-b).

Miticardioceras BUCKMAN, 1923a, pl. 375 [*M. mite;

OD]. Small, moderately involute forms, with
compressed whorls and prominent, serrated keel;
smooth on inner whorls except for the serrated
keel; middle and outer whorls develop weak, well-
spaced primary ribs, small lateral or ventrolateral
tubercles, and secondary ribs continuous to the
keel. Both dimorphs retain weak ribs to the end
of growth; microconchs include Cardioceras zieteni
(ROUILLIER in ROUILLIER & VOSINSKY, 1849, p. 364,
368) and C. tenuiserratum (OPPEL, 1863 in 1862—
1863, p. 200), which are characteristic of the basal
upper Oxfordian. Upper Jurassic (middle Oxfordian,
Tenuiserratum Zone—lower Kimmeridgian): Europe,
Russia, eastern Greenland, USA (Wyoming).——
F1G. 62,3a—d. *M. mite; a—b, holotype, ?macro-
conch, Tenuiserratum Zone, Worminghall, Buck-
inghamshire, England, x1 (new; British Geological
Survey, Keyworth, Nottingham, England, GSM
47171); c—d, an uncrushed phragmocone of a prob-
able microconch, St. Ives Rock, Huntingdonshire,
England, x1 (Arkell 1942, pl. 52,18a—b).——
FiG. 62,3¢—f. M. tenuiserratum (OPPEL), lecto-
type, microconch, Birmensdorf, Baden, Aargau,
Switzerland, x2 (new; Eidgendssische Technische
Hochschule (ETH), Ziirich, no. Ve S.4; also figured
by Oppel, 1862-1863, pl. 53,2a—c).

Amoeboceras HYATT, 1900, p. 580 [*Ammonites alter-

nans VON BucH, 1831, pl. 7,4; OD] [=Prionodoceras
Buckman, 1920 (June), p. 17, nom. nov. pro Prionoc-
eras Buckman, 1920 (March), pl. 155, non Hyarr,
1883, p. 328 (Cheiloceratidae, Paleozoic), (type,
P, prionodes, OD; =Ammonites serratus J. SOWERBY,
1813, p. 65); =Paramoeboceras (GERASIMOV MS)
MESEZHNIKOV, KALCHEVA, & ROTKITE, 1989, p. 81,
95 (type, Cardioceras ilovaiskii SoxoLov, 1929, p. 11,
30, OD)]. Amoeboceras and later genera are succes-
sors of Cardioceras in the upper Oxfordian, where
they repeat much of the same range of morphology,
except for the absence of the inflated forms found
previously from the Boreal Bathonian upwards,
and are characterized by a minutely serrated keel on
tabulate venter, flanked on inner whorls by smooth
bands or shallow sulci. In the lower Kimmeridgian
dimorphism becomes less conspicuous, with both
dimorphs retaining strong, dense, almost straight
ribbing to the end of growth. The last forms are
very small, the family (and superfamily) becoming
extinct in the middle of the Autissiodorensis Zone at
the top of the lower Kimmeridgian. Inner whorls of
Amoeboceras subquadrate, with a strong, serrated keel;

primary ribs variable, but usually strong and gently
curved up to high lateral or ventrolateral tubercles,
from which secondaries bifurcate or are intercalated
and swing strongly forwards on the venter. Micro-
conchs retain this morphology up to the adult mouth
border, which has long, narrow rostrum. On middle
and outer whorls of macroconchs (Prionodoceras) the
whorl section becomes trigonal with high, serrated
ventral keel, and ribs and tubercles gradually fade to
striae; the adult whorl is smooth with a long, narrow
ventral rostrum in mouth border. Sykes & CALLOMON,
1979. Upper Jurassic (upper Oxfordian—lower Kimmer-
idgian): Europe, Caucasus, Ukraine (Donetsk),
Russia (western Russia, northeastern Siberia, Novaya
Zemlya), Kazakhstan (Mangystau), Norway (Andoe
Island, Lofoten, Svalbard), eastern Greenland, Canada
(Northwest Territories, Mackenzie King Island),
USA (northern Alaska, Georgia). F1G. 63a—f
*A. alternans (VON Buch); a—b, lectotype (now lost),
microconch, Bimammatum Zone, Streitberg, Fran-
conia, Germany, x1 (Salfeld, 1915, pl. 16,34-6);
c—d, neotype (designated by Sykes & CALLOMON,
1979, p. 864), complete adult microconch, Bimam-
matum Zone, Lochenstein, 6 km south of Balingen,
Germany, x1 (new; Tiibingen University, Germany,
Quenstedt Collection; also figured by Quenstedst,
1887 in 1882-1888, pl. 91,6; Salfeld, 1915, pl.
16,6a—b); e—f; paralectotype, microconch phragmo-
cone, Streitberg, Franconia, Germany, x2 (new; von
Buch collection, Museum fiir Naturkunde, Berlin,
Germany). FiG. 63g. A. ilovaiskii (SOkOLOV),
holotype, type species of Paramoeboceras, macroconch,
Verkhnee Myachkovo (Miatchkovo), 10 km southwest
of Bykovo, Moscow Oblast, Russia, x1 (Ilovaisky,
1904, pl. 11,6). FiG. 63/h—i. A. leucum SpatH,
both specimens from the same bed, River Boyarka,
approximately 70°36'N, 94°19'E, Krasnoyarsk Krai,
Russia; 4, adult microconch, x0.6; 7, macroconch,
x0.6; (Mesezhnikov, 1967, pl. 1,34, pl. 2,1).
FiG. 63j. A. prionodes (BuckMaN), holotype, glacial
drift, ex Serratum Zone, St. Ives, Huntingdonshire,
England, x0.6 (Buckman, 1920, pl. 155).——Fic.
63k—m. A. serratum (J. SOWERBY), glacial drift, ex
Serratum Zone, St. Ives, Huntingdonshire, England;
k, neotype (designated by ArkeLL, 1937, p. 67, foot-
note), X0.6 (Salfeld, 1915, pl. 18,1¢); lm, topotype,
x0.75 (new; Geology Department, University of
Birmingham, England, no. 1901; also figured by
Sykes & Callomon, 1979, pl. 117,2).

Amoebites BuckMmaN, 1925a, pl. 550 [*A. akantho-

phorus; OD; =A. kitchini SALFELD, 1915, p. 189]
[=Euprionoceras SraTH, 1935, p. 13, 26 (type, E.
kochi, OD); =Hoplocardioceras Seath, 1935, p. 13,
36 (type, H. decipiens; OD)]. Compressed whorls
with flat venter and high, serrated keel bordered by
smooth areas on inner whorls; primary ribs dense
and straight, curving forwards onto venter; occa-
sional short, intercalatory secondary ribs; tubercle
size varies between the small ventrolateral tubercles
in many specimens, trituberculate forms with bold
umbilical, midlateral, and ventrolateral tubercles,
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FiG. 64. Cardioceratidae (p. 83-85).
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and extreme forms (e.g., holotype of type species)
with large ventrolateral tubercles or nodes, to which
two or three ribs are looped; tubercles fade on outer
whorls, but ribs are retained on adult whorl of
both dimorphs; adult mouth border of microconch
(Amoebites) has a long ventral rostrum; rostrum is
similar, but less long, in macroconch (Euprionoceras).
Amoebites is a successor to Amoeboceras in the lower
Kimmeridgian, differing its straight, mainly single
ribs that are retained to adult mouth border in both
dimorphs. SPATH, 1935; BIRKENMAJER & WIERZ-
BOWSKI, 1991. Upper Jurassic (lower Kimmeridgian,
Baylei-Eudoxus Zones): northern Europe, Norway
(Andoya Island, Lofoten Archipelago, Svalbard),
Russia (west and northeastern Siberia, Franz Josef
Land), eastern Greenland, Canada (Mackenzie
King Island, Northwest Territories), USA (northern
Alaska, California). Fig. 64a. *A. akanthophorus,
holotype, microconch, lower Kimmeridgian, ?Cymo-
doce Zone, shore at Ethie, 4 km south of Cromarty,
Highland, Scotland, x1 (Buckman, 1925a, pl.
550,1). Fig. 64b—c. A. beaugrandi (SAUVAGE),
microconch, ?Cymodoce Zone, Culgower, Scotland,
x1 (Spath, 1935, pl. 5,4a-b). Fig. 64d—e. A.
kochi Seath, Milne Land, eastern Greenland; 4,
holotype, macroconch, shore below Hartz Moun-
tain, 70°42.1'N, 25°16.6'W, x0.65 (Spath, 1935,
pl. 5,2a); e, topotype, macroconch, x0.9 (new;
University Museum, Copenhagen, GGU 137427,
1970). Fig. 64f~g. A. decipiens SpaTH, Milne
Land, eastern Greenland; £, holotype, macroconch,
Pinnadal (Pinna valley), 70°42.6'N, 25°17.8"W,
Hartz Mountain, x0.5 (Spath, 1935, pl. 3,2); g
macroconch, x0.6 (new; University Museum,
Copenhagen, GGU 137438). Fig. 64h—i. A.
kichini (SALFELD); complete adult microconch with
mouth border, Cromarty, Highland, Scotland, x1
(Spath, 1935, pl. 1,94-5).

Nannocardioceras SPATH, 1935, p. 13 [*Cardioceras
anglicum SALFELD, 1915, p. 199; OD]. Dwarf forms
with quadrate whorls and flat sides; highly variable,
ranging from forms with serrated ventral keel and
primary ribs that thicken to small midlateral and
ventrolateral tubercles, to forms with rounded
venter that are almost wholly smooth throughout.
Dimorph associations unclear despite abundant
occurrence in shell beds. Upper Jurassic (lower
Kimmeridgian, Autissiodorensis Zone): England,
northern Germany, Russia. FIG. 62,4a—d. *N.
anglicum (SALFELD), Ringstead Bay, Weymouth,
Dorset, England; a6, lectotype (designated by
HowarTH, herein), x2.25 (Salfeld, 1915, pl. 20,4¢c—
d); c—d, topotype, x4 (new; The Natural History
Museum, London, NHMUK C.78555).

UNAVAILABLE NAMES IN
STEPHANOCERATOIDEA

Germanites MASCKE, 1907, p. 23 (nom. nud., because
type species is nom. nud.).
Germanites HILTERMANN, 1939, p. 116 (nom. nud.).

Metaxytes MASCKE, 1907, p. 23 (nom. nud., because
type species is nom. nud.)
Praecardioceras Kopik, 1967, p. 100 (nom. nud.).

In his description of Cadomites, ROCHE
(1939, p. 175-176) named seven subdi-
visions of that genus which he called
“sections,” and each is a valid subgeneric
name under Article 10.4 of the ICZN Code
(1999): “A ... name proposed for a genus-
group division of a genus ... is deemed to
be a subgeneric name even if the division
is denoted by the term ‘section.”” However,
only Dolichoecus is an available name,
having only one species included in the
original description, which is therefore the
type species by monotypy; it is a synonym
of Stephanoceras (Skirroceras). The other six
names proposed by ROCHE were Bayleia,
Blagdenia, Brodiacia, Deslongchampsia,
Freycinetia, and Romania; all are unavail-
able because they were proposed after 1930
without fixation of the type species in
the original publication, contrary to the
requirements of the ICZN Code (1999,
Article 13.3), and subsequent designations
of their type species are not allowed under

the Code.

Superfamily
SPIROCERATOIDEA

Hyatt, 1900

[nom. transl. ARKELL, 1950, p. 359, ex Spiroceratidae Hyart, 1900, p. 584]

Uncoiled ammonites, probably derived
from genera of the Garantianinae (Stephanoc-
eratoidea), although an alternative derivation
from Timetoceras (Hildoceratidae) has been
suggested by CALLOMON (1981, p. 131). Shell
morphology is often variable within a single
species, from loosely coiled, planispiral or heli-
coid, to slightly curved or straight. A benthonic
mode of life has been postulated (DIeTL, 1978,
p. 65). The most recent, major descriptions
are by DIETL (1978, 1981), and CALLOMON
(1981, p. 127-131, 155) provided extensive
comments. POTONIE (1929). Middle Jurassic
(upper Bajocian; upper Bathonian—middle
Callovian, Jason Zone); worldwide, except
central and eastern Asia and Australasia.
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Spiroceras

FiG. 65. Spiroceratidae (p. 86-88).
Family SPIROCERATIDAE
Hyatt, 1900

[Spiroceratidae HyarT, 1900, p. 584]

simplified suture. Middle Jurassic (upper
Bajocian).
Spiroceras QUENSTEDT, 1856 in 1856-1858, p. 407

Two subfamilies are recognized on the
basis of probable separate derivation from
Strenoceras and Epistrenoceras. Middle Jurassic
(upper Bajocian; upper Bathonian—middle
Callovian, Jason Zone).

Subfamily SPIROCERATINAE
Hyatt, 1900

[nom. transl. Seath, 1933, p. 681, ex Spiroceratidae HyatT, 1900, p. 584]

The only genus, Spiroceras, is confined
to the upper Bajocian, and has a variable
shell form, loosely coiled initially, then
becoming slightly curved or straight. Deriva-
tion is probably from Strenoceras, with which
Spiroceras has a similar, but somewhat more

[*S. bifurcatum HyatT, 1900, p. 584; by subsequent
monotypy by Hyart, 1900, p. 584 (ICZN Code,
1999, Article 69.3); =Toxoceras orbignyi BAUGIER
& SAUZE, 1843, p. 6] [=Patoceras MEEK, 1876, p.
485 (type, Helicoceras teilleuxii BAUGIER & SAUZE,
1843, p. 15, OD); =Apsorroceras Hyart, 1900, p.
584 (type, Hamites baculatus QUENSTEDT, 1856 in
1856-1858, p. 403, OD); =Rhabdodites BUCKMAN,
1923a, pl. 374 (type, R. rhabdodes, OD); =Plagia-
mites BUCKMAN, 1925a, pl. 539 (type, Ancyloceras
costatus MORRIs, 1845, p. 33, OD)]. Shell form
variable: initial two whorls usually loosely coiled
in planar, helicoid, or irregular (twisted) spiral,
then becomes straight or slightly curved; adult with
hook and flared, and sometimes collared, aperture.
Often small, but can attain sizes up to 600 mm in
total length and 40 mm dorsal to ventral whorl
size (the largest figured specimens are QUENSTEDT,
1886 in 1882-1888, pl. 70,12,38, from Germany).
Single, straight ribs end at rows of ventrolateral



Stephanoceratoidea and Spiroceratoidea 87

Parapatoceras

Paracuariceras

Acuariceras

F1G. 66. Spiroceratidae (p. 88).

and ventral tubercles or spines bordering a narrow
midventral groove or smooth area; ribs projected
forwards on the flat dorsum and weaken or disap-
pear. Dimorphic: macroconchs 2—4 times larger
than microconchs; macroconchs usually with long,
nearly straight body chamber, hooked and flared
at adult aperture, and body chambers are known
up to 260 mm long; microconchs have flared
and collared adult aperture, often while still at
the loosely coiled stage. Specimens are found
as fragments, but reconstructions of complete
adults of both dimorphs are shown here in the
figures. Because no available species were referred
to Spiroceras by QUENSTEDT (1856 in 1856-1858,
p. 407), the designation of its type species, and the
selection of a neotype were discussed by HowarTH
and MELVILLE (1984). Middle Jurassic (upper Bajo-

cian, Subfurcatum—Parkinsoni Zones): Germany,

France, Spain, Italy, Switzerland, England, Poland,
Hungary, Armenia, Algeria, Kenya, Egypt (Sinai),
Saudi Arabia, Canada (Alberta), USA (Alaska,
Wyoming), Peru, Argentina, Chile. FiG. 65a.
*S. bifurcarum HYATT, neotype (designated by
HowartH & MELVILLE, 1984, p. 132), Ehningen,
Reutlingen, Germany, x1 (Dietl, 1978, pl. 3,2;
also figured by Quenstedt, 1886 in 1882-1888,
pl. 70,36).——F1G. 65b—f. S. orbignyi (BAUGIER
& SAUZE); b—c, lectotype, macroconch (original of
BAUGIER & SauzE, 1843, pl. 1,1), Mougon, near
Niort, Deux-Seévres, France, x0.5 (Dietl, 1978,
pl. 1,1a-b); d—e, adult microconch, Eningen,
Reutlingen, Germany, x1 (Dietl, 1978, pl. 1,2a—b;
original of QUENSTEDT, 1886 in 1882-1888,
pl. 70,40); £, suture at 11.7 mm whorl height,
Eningen, Reutlingen, Germany (Dietl, 1978, p.
53, fig. 11e). FiG. 65¢—k. Reconstructions of
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complete adults; g—4, macroconch and microconch
of S. orbignyi (BAUGIER & SAUZE); i—j, macroconch
and microconch of S. annulatum (DESHAYES); k,
macroconch of S. sauzeanum (D’ORBIGNY); x0.33
(Dietl, 1978, p. 26, fig. 7a,c.e).

Subfamily PARAPATOCERATINAE
Buckman, 1926

[nom. transl. DiETL, 1978, p. 43, ex Parapatoceratidaec BUCKMAN, 1926,
p- 20] [=Acuariceratidae SCHINDEWOLF, 1961, p. 731]

Similar to Spiroceratinae, but ribs more
continuous across the dorsum and not
projected forwards. Later genera, Paracu-
ariceras and Acuariceras, become straighter
and smoother, with no tubercles, and suture
becomes progressively reduced. Probably
derived independently from Epistrenoceras
in the upper Bathonian, there being no
records of spiroceratids from the lower or
middle Bathonian that might link them to
the highest Spiroceras in the upper Bajocian.
Middle Jurassic (upper Bathonian—middle
Callovian, Jason Zone).

Parapatoceras Spath, 1924, p. 12 [*Ancyloceras
calloviense MORRiS, 1845, p. 32; OD; =Ancyloceras
tuberculatum BAUGIER & SAUZE, 1843, p. 11]
[=Crioconites BUCKMAN, 1925a, pl. 538A-538B
(type, C. crioconus, OD); =Metapatoceras SCHINDE-
WOLF, 1963, p. 134 (type, M. semiserratum, OD);
=Infrapatoceras OCHETERENA, 1966, p. 7 (type, L
biserratum, OD)]. Smaller than Spiroceras, and after
the initial, two, loosely coiled, sometimes helicoid,
whorls, the shell becomes generally straighter,
ending in a gently curved hook and flared aper-
ture; bituberculate ribs similar to Spiroceras on
side and venter, but ribs pass over the dorsum with
no forwards projection and only slight weakening
along the mid-dorsal line. Dimorphic: microconchs
usually become adult while still in the coiled stage;
macroconchs are 2—4 times larger and gently curved
or straight up to the flared adult mouth border.
Middle Jurassic (upper Bathonian, Retrocostatum
[=Orbis] Zone—middle Callovian, Jason Zone):
Germany, France, England, Spain, Italy, Poland,
Hungary, Romania, Russia (Kostroma Oblast),
India (Kutch, northern Gujarat), ?Algeria, Mada-
gascar, Mexico, Argentina, Chile. FIG. 66,1a—b.
*P calloviense (MORRIs), lectotype (designated by
BuckmaN, 1924, p. 33; see also Buckman, 1925a, p.
80, corrigenda for p. 33), Kellaways, Chippenham,
Wiltshire, England, x1 (Buckman, 1925a, pl.
537,1-2; originally figured by Morris, 1845, pl.
6,3a). FIG. 66,1c. P distans (BAUGIER & SAUZE),
Cocklebury Hill, Chippenham, Wiltshire, England,
x1.5 (Buckman, 1925a, pl. 538B). FI1G. 66,14.
P tuberculatum (BAUGIER & SAUZE), suture at 5.5
mm whorl height, Gammelshausen, Wiirttemberg,

Germany (Dietl, 1978, p. 58, fig. 13d). FiG.
66,1e—f. P biserrarum OCHOTERENA, holotype, 3
km southwest of Huamuxtitldn, Guerrero, Mexico;
¢, X2; f, inner whorls x4 (Ochoterena, 1966, pl.
1,1a-b).——F1G. 66,1g-h. Reconstructions of
complete adults; g, macroconch of P rubercularum
(BAUGIER & SAUZE); A, microconch of P distans
(BauGiEr & Sauzi); x0.33 (Dietl, 1978, p. 26,

fig. 7f-9).

Paracuariceras SCHINDEWOLF, 1963, p. 127 [*P.

incisum; OD] [=Lytospiroceras PaTrRULIUS, 1996,
p. 16 (type, Paracuariceras (Lytospiroceras) percon-
strictum, OD)]. Small, up to 100 mm maximum
length; slightly curved after the protoconch, then
quickly becomes straight, with circular to oval cross
section, and may end in a gently curved hook and
flared aperture; low, rounded, straight ribs angled
forwards from dorsum to venter and are replaced
by constrictions in some forms; ribs become weak
on dorsum and venter; no tubercles; suture more
reduced than in Parapatoceras. Probably dimorphic,
but poorly known. DiETL, 1981. Middle Jurassic
(lower Callovian, Herveyi Zone—middle Callovian,
Jason Zone): Germany, France, Romania. Fi1G.
66,2a. *P. incisum, holotype, Gammelshausen,
Wiirttemberg, Germany, x2 (Dietl, 1978, pl.
9,6). Fi1G. 66,2b—c. P giganteum DIETL; b,
complete adult macroconch, Klingenbachrtal,
Swabia, Germany, x0.33 (Dietl, 1981, p. 6, fig.
2a); ¢, suture at 4.7 mm whorl height, Bisingen,
Baden-Wiirttemberg, Germany, x2 (Dietl, 1981,
p. 5, fig. la).

Acuariceras Spath, 1933, p. 681 [*Baculites acuarius

QUENSTEDT, 1848 in 1845-1849, p. 295] [=Leio-
ceras HORNES, 1884, p. 325, non Leioceras HYATT,
1867, p. 101, obj.]. Known mainly from straight
fragments, perhaps reaching 100-150 mm when
complete; apical end slightly curved; rounded
cross section; adult mouth border probably flared
or collared; smooth or with low, broad, undu-
lating ribs and occasional constrictions angled
forwards on side of shell, weakening or smooth on
venter and dorsum; suture much reduced. Middle
Jurassic (middle Callovian, Jason Zone): Germany,
Romania. FiG. 66,3a—b. *A. acuarius (QUEN-
STEDT), Gammelshausen, Wiirttemberg, Germany;
4, neotype (designated by DieTL, 1978, p. 49), x2
(Dietl, 1978, pl. 9,8); b, suture at 2 mm whorl
height (Schindewolf, 1963, p. 124, fig. 1b).

The following are excluded from the

Spiroceratoidea:

Ancyloceras ischeri FAVRE, 1876, p. 60, from the

upper Oxfordian of the Swiss Alps. A tectonically
deformed perisphinctoid.

Ancyloceras mosellense TERQUEM, 1857, p. 160, from

the Toarcian of France. Not an ammonite.

Arcuceratidae ARKELL, 1950, p. 359, proposed for

Arcuceras POTONIE, 1929, p. 226, as the only
genus, based on a single specimen that was
subsequently identified as possibly the stem or



Stephanoceratoidea and Spiroceratoidea 89

arm of a crinoid (DoNOvAN & HOLDER, 1958,
p. 218).

Helicoceras alpinum THALMANN, 1924, p. xxiii, from the
Aalenian of the Swiss Alps. Probably a Zinetoceras.
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