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Introduction

Ammonoids from the Tournaisian-Vis�an boundary in-
terval belong to the first ever described Palaeozoic ce-
phalopods (Sowerby 1812–1814; Parkinson 1822).
They were already monographically described in the
19th century; M’Coy (1844) and M’Coy & Griffith
(1862) described some species from Ireland, de Ko-
ninck (1880) was the pioneer in describing time equiva-
lent faunas from Belgium, and Holzapfel (1889) gave
an overview on the ammonoids from the Erdbach
Limestone of the Rhenish Mountains in Germany. At
the beginning of the 20th century, it was particularly
Foord (1901, 1903) who revised the Irish Carboniferous
ammonoids and who produced for that time the most
extensive monographic description of the species
around the Tournaisian-Vis�an boundary.

Latest Tournaisian and earliest Vis�an ammonoids
were reported from a variety of geographic areas (Korn
& Ilg 2009):

Alaska – Gordon (1957) reported species of the genera
Polaricyclus and Eurites from the Brooks Range;
these genera occur in the Pericyclus-Progoniatites

Genus Zone and also in the Fascipericyclus-Ammon-
ellipsites Genus Zone. Therefore it is not clear,
which horizon is represented by this assemblage.

British Columbia – The Lower Mount Head Formation
yielded a rather diverse fauna with the genera Mero-
canites, Imitoceras, Irinoceras, Goniocycloides, Fur-
nishoceras, Eurites, and Dzhaprakoceras (Work &
Nassichuk 2000). An assemblage with such a com-
position is not known from other places, and hence,
its stratigraphic correlation is difficult. It might be a
time equivalent of the Dalle � Merocanites.

Utah – The assemblage from the Deseret Limestone
(Petersen et al. 2000) is composed of only two spe-
cies of Dzhaprakoceras; this makes it difficult to
place it within the stratigraphic scheme.

Kentucky – Early, middle, and late Osagean ammonoid
assemblages (Work & Mason 2003, 2004, 2005)
show a succession similar to the occurrences in Al-
geria. Particularly the fauna from the New Provi-
dence Shale (late Osagean) with Polaricyclus,
Winchelloceras, and Michiganites (Work & Mason
2004) may represent a time equivalent of the assem-
blage from the Dalle � Merocanites.
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Abstract

The ammonoids from the Early Carboniferous (Mississippian) Dalle � Merocanites of
Timimoun (Gourara, Algeria) are described. The following new ammonoid taxa are intro-
duced: subfamily Hammatocyclinae n. subfam., Hammatocyclus pollex n. sp., Hammato-

cyclus corrugatus n. sp., Neopericyclus arenosus n. sp., Ammonellipsites pareyni n. sp.,
Ammonellipsites menchikoffi n. sp., Ammonellipsites conradae n. sp., Muensteroceras

fabrei n. sp., Eurites commutatus n. sp., Eurites pondus n. sp., subfamily Trimorphocera-
tinae n. subfam., Trimorphoceras n. gen., Trimorphoceras crassilens n. sp., Trimorpho-

ceras absolutum n. sp., Trimorphoceras molestum n. sp., Obturgites n. gen., Obturgites

polysarcus n. sp., Obturgites oligosarcus n. sp., Dzhaprakoceras dzhazairense n. sp., and
Merocanites merocanites n. sp. These species occur in one very prolific horizon and can
be attributed to the North African Ammonellipsites-Merocanites Assemblage (Fasciperi-

cyclus-Ammonellipsites Genus Zone; Late Tournaisian to Early Vis�an). They represent
one of the most diverse ammonoid faunas known from this time interval.
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Ireland – Crick (1899) and particularly Foord (1901,
1903) described a rich ammonoid fauna on the basis
of well-preserved material. Their material came
from a number of localities and from lithologically
different sources, and because of this, both authors
were not able to present a stratigraphic succession
of the assemblages. The described species are prob-
ably belonging to the following genera: Dzhaprako-
ceras, Muensteroceras, Ammonellipsites, Irinoceras,
Fascipericyclus, Rotopericyclus, Eurites, Asiacyclus
(?), Neopericyclus (?), Merocanites, and Michiga-
nites. Smyth (1951) described a fauna from the Rush
Slates with Ammonellipsites, Dzhaprakoceras (?),
Eurites, and Merocanites; it has a position close to
the Tournaisian-Vis�an boundary.

Lancashire – An assemblage with Ammonellipsites, He-
licocyclus, Rotopericyclus, Dzhaprakoceras, Eono-
mismoceras, and Michiganites from the Leagram
Mudstone Member has a position in the basalmost
Vis�an (Riley 1996).

Derbyshire and Staffordshire – Assemblages from the
Peak district probably overspan the Tournaisian-Vi-
s�an boundary, with a lower (Tournaisian) fauna
containing Fascipericyclus and a higher fauna with
Ammonellipsites (Hind 1910; Tilsley & Korn 2009).

Belgium – The classical assemblages first described by
de Koninck (1844, 1880) and later revised by Del�-
pine (1940) from the “Calcaire Waulsortien” are
composed of the genera Muensteroceras, Dzhapra-
koceras, Eurites, Fascipericyclus, and Hammatocy-
clus; they have probably a latest Tournaisian age.

Rhenish Mountains – The Erdbach Limestone, which
occurs in pockets in the Devonian reef limestones,
yielded species of the genera Muensteroceras, Dzha-
prakoceras, Fascipericyclus (?), Ammonellipsites, Iri-
noceras, Merocanites, and possibly Dimorphoceras.
The fauna was first described by Holzapfel (1889)
and partly revised by Schmidt (1925). Conodont sam-
ples from the ammonoid-bearing rocks yielded a fau-
na that can be attributed to the latest Tournaisian
(Krebs 1968).

Harz – Early Carboniferous limestones resting in cav-
ities in the Devonian reef limestones yielded a rather
rich latest Tournaisian assemblage (Schindewolf
1951), but it is not clear by how much it has been
contaminated by younger (i.e. late Vis�an) elements.
It can be stated with some certainty that the genera
Ammonellipsites, Irinoceras, Merocanites, Dzhapra-
koceras, Eurites, Hammatocyclus, and Helicocyclus
come from one single time interval. Possibly, Ham-
matocyclus was already described by Roemer
(1852).

Cantabrian Mountains – The Alba Formation (“Marbre
Griotte”; Kullmann 1961, 1963) of the Oviedo and
Le�n districts yielded a fauna with species of Dzha-
prakoceras (very common), Eurites, Merocanites,
and Michiganites, and very rarely Ammonellipsites,
this formation can be correlated with the Dalle �
Merocanites. Barrois (1879, 1882), and Del�pine

(1943) already previously described a few elements
of the fauna. Possibly, the Villabellaco Formation of
the Palencia district (Higgins et al. 1964; Higgins &
Wagner-Gentis 1982) with the genera above and also
Winchelloceras (?) and Pseudogirtyoceras has a si-
milar age.

Sierra Morena in Central Iberia – The record of Am-
monellipsites places the Casa de la Varga Formation
near the Tournaisian-Vis�an boundary (Pardo Alon-
so & Kullmann 2002).

Western Pyrenees – A fauna with Ammonellipsites,
Dzhaprakoceras and Merocanites from the Aspe
Valley is probably a time equivalent of the Iberian
occurrences (Schmidt 1931).

Montagne Noire – The Calcaire de Faug�res (Faug�res
Formation) yielded a small fauna with Ammonellip-
sites, Winchelloceras (?), and Merocanites; this di-
minished fauna makes it hard to state if they are re-
presentative of the latest Tournaisian or earliest
Vis�an age (B�hm 1935; Korn & Feist 2007).

Carnic Alps – The published record of a Merocanites
sp. from the Cellon (M�ller 1959) is complimented
by new and so far undescribed faunas containing
Ammonellipsites, Dzhaprakoceras, and Irinoceras.

Holy Cross Mountains – The genera Ammonellipsites,
Muensteroceras, Irinoceras, and Merocanites from
the Radlin Formation at Galezice resemble the as-
semblages from other Central European occurrences
(Czarniecki 1973; Dzik 1997).

North Urals and Pay Khoy – Kusina (1971, 1973,
1974, 1980, 1983, 2000), Shimansky & Kusina
(1977), and Kusina & Konovalova (2004) described
diverse faunas from localities at the Kozhim River,
making it one of the key regions for understanding
the ammonoid succession of the time interval
around the Tournaisian-Vis�an boundary. The suc-
cession possibly overspans the Tournaisian-Vis�an
boundary; it is dominated by the genera Muenstero-
ceras and Dzhaprakoceras. The rich faunas show
some peculiarities in their composition, with a num-
ber of genera not recorded from other places.

Iran – Dzhaprakoceras and Merocanites fossils may
suggest the presence of a Tournaisian-Vis�an bound-
ary fauna in Central Iran (Walliser 1966).

Tien Shan of Kyrgyzstan – The area of the Dzhapryk
River is the most important Asian occurrence of
Late Tournaisian and Early Vis�an ammonoids. Sev-
eral horizons yielded rich faunas, which have a com-
position consisting of Fascipericyclus, Ammonellip-
sites, Dzhaprakoceras, Merocanites, etc. similar to
those of the European occurrences (Librovitch 1927;
Popov 1965, 1968, 1975).

Xinjiang – Muensteroceras, Dzhaprakoceras, and Mero-
canites are reported from the upper Donggulubastao
Formation of the eastern Junggar Basin (Sheng 1984;
Liang & Wang 1988, 1991); it is difficult to tell the
precise horizon of this occurrence.

New South Wales – Irinoceras and Merocanites from
the Flagstaff Sandstone (Campbell et al. 1983) may
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have a stratigraphic position near the Tournaisian-
Vis�an boundary.

This list shows that most of the described assem-
blages are very similar in their composition of genera
and that a very distinctive provincialism of faunas
obviously does not exist. The list also shows that the
rich occurrences are geographically restricted to the
European-North African-Central Asian realm. Indeed,
time equivalent assemblages from other regions are
poor in species, and they are mostly composed of
the widespread genera Dzhaprakoceras and Meroca-
nites.

Ammonoids from near the Tournaisian-Vis�an bound-
ary of the northern and Central Sahara were described
several times:

Anti-Atlas of Morocco – The assemblage from the lo-
cality at the Bordj d’Erfoud possibly yielded the
genera Muensteroceras, Dzhaprakoceras, Eurites,
Ammonellipsites, Fascipericyclus, Rotopericyclus,
Winchelloceras, and Merocanites as described by
Del�pine (1941); it was never re-investigated and re-
quires revision. The rich fauna from Bouhamed
(Korn et al. 2003a) is slightly older.

Saoura Valley of north-western Algeria – The fauna
from the Hassi Sguilma Formation was the richest
known African ammonoid assemblage of its age.
Menchikoff (1930) and Pareyn (1961) described spe-
cies possibly belonging to the genera Imitoceras, Ir-
inoceras, Muensteroceras, Dzhaprakoceras, Eurites,
Ammonellipsites, Neopericyclus, Fascipericyclus,
Rotopericyclus, Winchelloceras (?), and Merocanites,
i.e. a composition similar to the occurrence of the
Bordj d’Erfoud. Pareyn’s descriptions are partly
based on poorly preserved material difficult to inter-
pret. Re-sampling of the locality at Hassi Sguilma
by the present authors (Korn et al. 2010b) revealed
that the composition of the fauna shows some differ-
ences to the fauna from the Dalle � Merocanites.
Further studies are required to solve this problem.

Gourara of western Algeria – The specimens from the
Dalle � Merocanites figured by Conrad (1984) be-
long to the genera Ammonellipsites and Merocanites;
they come from the same locality, which will be
outlined in greater detail here.

Ahnet and Mouydir of South Algeria – Conrad (1984,
p. 151) listed a number of ammonoid species from
the Dalle des Iridet but did not Figure specimens.
New findings from these regions will be described
in a separate article (Korn et al. 2010b).

It was particularly the third occurrence, located
14.5 km west-southwest of Timimoun, which turned out
to be very productive for ammonoid faunas; it yielded
a large suite of material during the field trips by the
present authors. This fauna will be described here for
the first time to compliment the monographs of the
Early Tournaisian (Ebbighausen et al. 2004), early Late
Tournaisian (Korn et al. 2010c, 2010a), as well as Early

and Middle Vis�an (Bockwinkel et al. 2010) assem-
blages from the Central Sahara of Algeria.

Geological setting

The ammonoid fauna described here comes from a lo-
cality 14.5 km west-southwest of Timimoun (Gourara,
western Algeria), at the south-western margin of the
Grand Erg Occidental (Fig. 1). Between the sand dunes
of the Grand Erg, Carboniferous sedimentary rocks are
exposed, extending over a distance of approximately
40 km in a SW–NE erosion window that ranges in
width between a few hundreds of metres and 10 km.
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Figure 1. The outcrop of Palaeozoic rocks in northern Africa
and Iberia and the geographic position (marked by an asterisk)
of the Dalle � Merocanites near Timimoun.
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The rocks are gently inclined towards the north-east. Its
succession (Conrad 1984) consists mainly of shales
with several intercalated sandstone formations; carbo-
nates are very rare and restricted to distinct horizons.

The stratigraphically oldest of the carbonate horizons
within the Carboniferous succession is the Dalle � Mero-
canites, a unit of approximately 1.90 m thickness, com-
posed of a few mainly sideritic and dolomitized nodular
beds separated by strongly weathered shales (Fig. 2).
The Dalle � Merocanites rests immediately on top of
the highest sandstone complex of the Upper Kahla
Shales, which is about 100 m thick. It comprises a rock
unit composed of silty shales with a large number of
thin rhythmic sandstone beds. Both units form a low
ridge that forms an outcrop that can be studied over a
lateral distance of about 2.5 km. The Dalle � Meroca-
nites is located at the northern flank of this ridge. It is
overlain by the Lower Timimoun Shales (Argiles de Ti-
mimoun inf�rieur), a very strongly weathered shale unit
that forms a wide sebkha without any outcrop. All am-
monoids described here come from a single horizon at
the base of the Dalle � Merocanites.

Biostratigraphy and palaeogeography

The newly defined Tournaisian-Vis�an boundary (De-
vuyst et al. 2003) is, in most ammonoid-bearing sec-
tions, characterised by the genera Ammonellipsites and
Merocanites (Riley 1990; Korn et al. 2007; Tilsley &
Korn 2009). Both genera have been recorded from both
sides of the boundary. Konovalova (2005) gave an over-
view on the ammonoid diversity patterns across the
Tournaisian-Vis�an boundary.

Occurrences in Germany at Erdbach (Rhenish Moun-
tains) and Iberg (Harz Mountains), where the two genera
co-occur with species of Dzhaprakoceras, Eurites and
others, have been investigated in terms of conodont strati-
graphy. Both belong in the anchoralis Zone (Krebs 1968;
Gischler 1992), which speaks for a correlation with the
latest Tournaisian. By contrast, the occurrence of Ammo-
nellipsites in the Leagram Mudstone of Clitheroe (Lanca-
shire) has to be placed in the lowest Vis�an (Riley 1996).
This age determination is based on foraminifers.

Based on the occurrence of Ammonellipsites and
Merocanites alone, it cannot be decided if the Dalle �
Merocanites has a Tournaisian or a Vis�an age (Fig. 3).
The few other faunal elements provide little evidence
for a precise stratigraphic determination. Hammatocy-
clus is known from the Harz Mountains (i.e. with a
Tournaisian age); the occurrence of Dzhaprakoceras is
often an indication for the earliest Vis�an (Popov 1968;
Riley 1996).

The slightly imprecise stratigraphic assignment of
the assemblage from the Dalle � Merocanites and other
occurrences is an obstacle for a quantitative palaeogeo-
graphic analysis of the various North African occur-
rences (Wendt et al. 2009; Korn et al. 2010b). Differ-
ences in the composition of the assemblages may be
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Figure 2. Stratigraphic section of the Early Carboniferous
(Mississippian) rock succession near Timimoun with the posi-
tion of the fauna from the Dalle � Merocanites.
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caused by the different age of the faunas. It can be stated,
however, that the interval around the Tournaisian-Vis�an
boundary is, in contrast to the Late Vis�an (Korn 1997;
Korn et al. 2005; Korn & Ebbighausen 2008), a time of
ammonoid cosmopolitanism. The wide geographic range
of many of the genera, which compose similar commu-
nities is suggestive of such a situation. Ammonellipsites,
for instance, has a geographic range in the equatorial

zone between north-western Africa and Central Asia,
and Dzhaprakoceras as well as Merocanites have an al-
most global distribution. It has to be kept in mind, how-
ever, that many occurrences require revision for a de-
tailed analysis. Furthermore, the lack of taxa (e.g. the
Goniatitida; see Korn et al. 2005), which are known from
below and above the interval studied here, indicate that
the knowledge of the faunas is still limited.

Systematic descriptions

The descriptive part of this monograph will mainly focus
on the illustration and morphometric analysis of the spe-
cies with particular attention to their ontogenetic devel-

opment. For this reason, more than 100 cross sections
were produced (of which nearly 50 are illustrated here).
The key for the description of the species, including ex-
planation of methods, is published by Korn (2010). Su-
tural terminology follows Korn et al. (2003b).
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Figure 3. Stratigraphic scheme of the Early Carboniferous (Mississippian) chronostratigraphy and ammonoid zonation, with corre-
lation of the North African ammonoid assemblages (after Korn et al. 2004, 2007). The position of the fauna from the Dalle �
Merocanites is highlighted.

Material
At total of more than 800 specimens were investigated from the Dalle � Merocanites in sample TIM-C7, 14.5 km west-southwest of Timimoun
(29.2275� N, 0.0855� E); approximately 640 specimens can be assigned to the following species:

Hammatocyclus pollex n. sp. 83 specimens (MB.C.18601.1–83)
Hammatocyclus corrugatus n. sp. 35 specimens (MB.C.18602.1–35)
Neopericyclus arenosus n. sp. 2 specimens (MB.C.18603.1–2)
Ammonellipsites pareyni n. sp. 59 specimens (MB.C.18604.1–59)
Ammonellipsites menchikoffi n. sp. 11 specimens (MB.C.18605.1–11)
Ammonellipsites conradae n. sp. 4 specimens (MB.C.18606.1–4)
Muensteroceras fabrei n. sp. 42 specimens (MB.C.18607.1–42)
Eurites commutatus n. sp. 62 specimens (MB.C.18608.1–62)
Eurites pondus n. sp. 51 specimens (MB.C.18609.1–51)
Trimorphoceras crassilens n. sp. 53 specimens (MB.C.18610.1–53)
Trimorphoceras absolutum n. sp. 47 specimens (MB.C.18611.1–47)
Trimorphoceras molestum n. sp. 41 specimens (MB.C.18612.1–41)
Obturgites polysarcus n. sp. 25 specimens (MB.C.18613.1–25)
Obturgites oligosarcus n. sp. 10 specimens (MB.C.18614.1–10)
Dzhaprakoceras dzhazairense n. sp. 98 specimens (MB.C.18615.1–98)
Merocanites merocanites n. sp. 14 specimens (MB.C.18616.1–14)
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Order Goniatitida Hyatt, 1884
Suborder Goniatitina Hyatt, 1884
Superfamily Pericyclaceae Hyatt, 1900
Family Pericyclidae Hyatt, 1900

Subfamily Hammatocyclinae n. subfam.

Subfamily definition. Pericyclidae with significant ontogenetic changes of conch geometry; juveniles thickly discoidal and evolute with broad,
slightly flattened venter; adult stage pachyconic, subinvolute to subevolute with increasing height of the aperture; umbilical wall often flattened,
umbilical margin narrowly rounded or subangular. Ornament with almost linear rectiradiate growth lines; growth lines sometimes strengthened to
fine riblets; shell constrictions extend parallel to the growth lines. Suture line with very narrow, parallel-sided or slightly pouched external lobe with
straight or weakly sinuous flanks and low median saddle; ventrolateral saddle narrowly rounded or subangular, adventive lobe lanceolate.

Included genera.
Hammatocyclus Schindewolf, 1951
Neopericyclus Popov, 1965

Hammatocyclus Schindewolf, 1951

Type species. Pericyclus (Hammatocyclus) homoceratoides Schindewolf, 1951 (OD).

Genus definition. Pericyclinae with significant ontogenetic changes of conch geometry; juveniles thickly discoidal and evolute with broad,
slightly flattened venter; adult stage pachyconic, subinvolute to subevolute (Fig. 4) with increasing height of the aperture; umbilical wall often
flattened, umbilical margin narrowly rounded or subangular. Ornament with very fine and almost linear rectiradiate growth lines, sometimes
forming a very wide and shallow ventral sinus; growth lines sometimes strengthened to fine riblets; shell constrictions extend parallel to the
growth lines. Suture line with very narrow, parallel-sided or slightly pouched external lobe with straight or weakly sinuous flanks and low
median saddle; ventrolateral saddle narrowly rounded or subangular, adventive lobe lanceolate.

Included species.
confinis: Hammatocyclus confinis Kusina in Shimansky & Kusina, 1977, p. 89; North Urals.
corrugatus: Hammatocyclus corrugatus n. sp.; Gourara, Algeria.
homoceratoides: Pericyclus (Hammatocyclus) homoceratoides Schindewolf, 1951, p. 82; Harz.
incertus: Hammatocyclus incertus Kusina & Konovalova, 2004, p. 18; North Urals.
latumbilicatus: Muensteroceras latumbilicatum Kullmann, 1961, p. 266; Cantabrian Mountains.
pollex: Hammatocyclus pollex n. sp.; Gourara, Algeria.
? brazerensis: Pericyclus (Hammatocyclus) brazerensis Gordon, 1986, p. 31; Utah.
? crenulatus: Goniatites crenulatus De Koninck, 1880, p. 112; Belgium.
? tumidus: Goniatites tumidus Roemer, 1852, p. 94; Harz.
? tuberculatus: “Goniatites” (Pericyclus?) tuberculatus Del�pine, 1940, p. 42; Belgium.

Separation of the new species. The two species of Hammatocyclus from the Dalle � Merocanites can be separated by their conch morphology
and ornament. In the conch shape and its ontogenetic development, they are characterised as follows:

� Hammatocyclus pollex – conch thinly pachyconic in the adult stage (ww/dm ¼ 0.60–0.75 at 60 mm dm); ww/wh ratio less than 2.00 above
40 mm dm; uw/dm ratio less than 0.30 above 60 mm dm;
� Hammatocyclus corrugatus – conch thickly pachyconic in the adult stage (ww/dm ¼ 0.75–0.85 at 60 mm dm); ww/wh ratio usually more

than 2.00 above 40 mm dm; uw/dm ratio usually more than 0.30 above 60 mm dm.

Figure 4. Ontogenetic trajectories of Hammatocyclus, exemplified for Hammatocyclus pollex n. sp. from locality TIM-C7. A. On-
togenetic development of the conch width index (ww/dm), umbilical width index (uw/dm). B. Ontogenetic development of the
imprint zone rate (IZR), whorl width index (ww/wh). C. Cross section of paratype MB.C.18601.7; �1.0. [Black dots represent
ontogenetic stages of cross section MB.C.18601.7, white dots represent the reference specimens (Tab. 2).]
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The ornament differs as follows:

� Hammatocyclus pollex – without riblets;
� Hammatocyclus corrugatus – riblets extending on the venter, causing a corrugated surface.

Discussion. Hammatocyclus differs from other genera, which may show a rather similar adult morphology, in the
presence of an evolute juvenile stage. The most similar genus is probably Rotopericyclus Turner, 1948, in which
some species possess a subevolute adult stage, but in this the juvenile stage is either subevolute or subinvolute.
Parahammatocyclus Riley, 1996 possesses a similar conch morphology, but differs in the V-shaped external lobe.

Hammatocyclus pollex n. sp.

Figures 5–7

Derivation of name. After Lat. pollex ¼ thumb, because of the thumb-shaped outline of the ventrolateral saddle.

Holotype. Specimen MB.C.18601.1, illustrated in Figure 5.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Very well preserved material is available. In total, 83 specimens between 17 and 80 mm conch diameter were studied. Holotype
MB.C.18601.1 is, at 80 mm conch diameter, still fully chambered; this suggests that the total diameter of the specimen was at least 150 mm.
Most of the specimens are internal moulds of the phragmocone with minor parts of the body chamber preserved, and many show somewhat
corroded shell remains.
Diagnosis. Hammatocyclus with a thickly discoidal and evolute conch at 2–6 mm dm; conch thinly pachyconic between 10 and 80 mm dm with
an almost continuous trend from evolute to subinvolute; whorl cross section strongly depressed in juveniles and moderately depressed in adults;
umbilical margin rounded in juveniles, becoming subangular at 10 mm dm and angular at 30 mm dm; umbilical wall flat and slightly oblique in
late growth stages; aperture very low in juveniles and continuously becoming moderately high to high during ontogeny. Ornament with very
fine and almost linear rectiradiate growth lines; external sinus very shallow; growth lines strengthened to form fine riblets particularly on the
flanks; shell constrictions parallel to the growth lines up to 20–25 mm dm, large stage without constrictions; very weak umbilical rim, some-
times with delicate nodes formed by the shell. Suture line with very narrow, parallel-sided and slightly pouched external lobe and low median
saddle; ventrolateral saddle narrowly rounded and sometimes slightly inflated, adventive lobe lanceolate, asymmetric.

Table 1. Conch ontogeny (Figs 7A–G, L–N) of Hammatocyclus pollex n. sp.

dm conch shape whorl cross section shape aperture

4 mm thickly discoidal; evolute

(ww/dm ¼ 0.52–0.58; uw/dm ¼ 0.50–0.60)

strongly depressed; moderately embracing

(ww/wh ¼ 2.00–2.40; IZR ¼ 0.15–0.25)

very low to low

(WER ¼ 1.45–1.55)

10 mm thinly pachyconic; evolute

(ww/dm ¼ 0.62–0.70; uw/dm ¼ 0.50–0.56)

strongly to very strongly depressed; moderately

embracing (ww/wh ¼ 2.30–2.70; IZR ¼ 0.20–0.25)

low

(WER ¼ 1.50–1.65)

30 mm thinly to thickly pachyconic; subevolute

(ww/dm ¼ 0.65–0.80; uw/dm ¼ 0.30–0.40)

moderately to strongly depressed; strongly embracing

(ww/wh ¼ 1.50–2.20; IZR ¼ 0.30–0.35)

low

(WER ¼ 1.60–1.75)

60 mm thinly pachyconic; subinvolute

(ww/dm ¼ 0.60–0.75; uw/dm ¼ 0.25–0.30)

moderately depressed; strongly embracing

(ww/wh ¼ 1.50–1.90; IZR ¼ 0.30–0.35)

moderate to high

(WER ¼ 1.90–2.05)

Figure 5. Hammatocyclus pollex n. sp., holotype
MB.C.18601.1 from locality TIM-C7;�1.0.

# 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim museum-fossilrecord.wiley-vch.de



Ebbighausen, V. et al.: Ammonoids from the Dalle à Merocanites160

Table 2. Conch dimensions (in mm) and proportions for reference specimens of Hammatocyclus pollex n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

holotype MB.C.18601.1 80.3 49.8 35.7 21.3 22.1 0.62 1.40 0.27 1.90 0.38

paratype MB.C.18601.4 62.1 37.4 27.0 18.0 18.5 0.60 1.39 0.29 2.03 0.31

paratype MB.C.18601.2 56.9 34.9 24.2 18.2 15.8 0.61 1.44 0.32 1.91 0.35

paratype MB.C.18601.3 53.2 34.0 22.3 16.3 15.1 0.64 1.52 0.31 1.94 0.33

paratype MB.C.18601.23 50.5 31.1 20.3 15.7 12.6 0.62 1.53 0.31 1.77 0.38

paratype MB.C.18601.13 49.1 29.4 20.7 16.0 13.0 0.64 1.52 0.31 1.94 0.33

paratype MB.C.18601.5 43.6 28.7 17.8 14.5 11.9 0.66 1.61 0.33 1.89 0.33

paratype MB.C.18601.16 42.8 25.8 16.0 14.8 11.7 0.60 1.61 0.35 1.90 0.27

paratype MB.C.18601.21 42.3 26.9 17.4 14.1 10.8 0.64 1.55 0.33 1.80 0.38

paratype MB.C.18601.17 40.8 24.4 16.1 13.9 9.8 0.60 1.51 0.34 1.73 0.39

paratype MB.C.18601.19 37.0 26.5 15.8 11.2 9.6 0.72 1.67 0.30 1.82 0.40

paratype MB.C.18601.20 36.3 25.9 14.3 12.4 10.0 0.71 1.81 0.34 1.90 0.30

paratype MB.C.18601.6 35.3 26.4 13.2 11.2 9.4 0.75 1.99 0.32 1.85 0.29

paratype MB.C.18601.18 34.8 23.5 12.7 11.6 8.1 0.67 1.85 0.33 1.70 0.36

paratype MB.C.18601.22 28.7 20.0 9.6 11.5 6.7 0.70 2.09 0.40 1.70 0.30

Figure 6. Hammatocyclus pollex n. sp. from locality TIM-C7; all �1.0. A. Paratype MB.C.18601.2. B. Paratype MB.C.18601.3.
C. Paratype MB.C.18601.4. D. Paratype MB.C.18601.5. E. Paratype MB.C.18601.6.
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Figure 7. Hammatocyclus pollex n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18601.7;�1.0. B. Cross section
(inner whorls) of the same specimen; �2.5. C. Cross section of paratype MB.C.18601.8; �1.0. D. Cross section of paratype
MB.C.18601.9; �1.0. E. Cross section of paratype MB.C.18601.10; �1.0. F. Cross section of paratype MB.C.18601.11; �1.0.
G. Cross section of paratype MB.C.18601.12; �1.0. H. Suture line of paratype MB.C.18601.13, at 21.6 mm ww, 13.0 mm wh;
�3.0. I. Suture line of paratype MB.C.18601.14, at 25.3 mm ww, 15.5 mm wh;�3.0. J. Suture line of paratype MB.C.18601.2, at
42.2 mm dm, 27.1 mm ww, 15.0 mm wh;�3.0. K. Suture line of paratype MB.C.18601.15, at 29.6 mm ww, 15.2 mm wh;�3.0.
L–N. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/dm), whorl width index (ww/wh),
and whorl expansion rate (WER) of all available specimens.
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Table 3. Suture line proportions (Figs 7H–K) for specimens of Hammatocyclus pollex n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

paratype MB.C.18601.15 c. 48.0 mm 0.37 0.79 0.82 0.26 0.47 flanks of A lobe strongly curved

paratype MB.C.18601.2 42.2 mm 0.35 0.82 0.74 0.27 0.43

paratype MB.C.18601.14 c. 34.0 mm 0.35 0.60 0.81 0.25 0.57 A lobe asymmetric

paratype MB.C.18601.13 c. 28.0 mm 0.36 0.70 0.78 0.23 0.51 E lobe parallel-sided

Discussion. The new species resembles the type species of the genus, Hammatocyclus homoceratoides (Schinde-
wolf, 1951), but can be separated by the lack of distinct umbilical nodes and coarse riblets on the flanks, which
both are present in the type species.

The co-occurring H. corrugatus differs in the wider conch, the wider umbilicus, and the stronger ribs from
H. pollex. H. confinis Kusina, 1977 has a slightly more slender conch at 40 mm dm (ww/dm ¼ 0.66) with a
slightly narrower umbilicus (uw/dm ¼ 0.31); this species has a suture line with slightly incurved flanks of the
external lobe (in contrast to the gently pouched E lobe in the new species).

H. incertus Kusina & Konovalova, 2004 is known from two small specimens (less than 30 mm dm). The exter-
nal lobe has incurved flanks in this stage and does not show specific characters, but the shell surface shows a
distinct umbilical rim, which is not present in H. pollex at this diameter.

Hammatocyclus corrugatus n. sp.

Figures 8, 9

Derivation of name. After Lat. corrugo ¼with wrinkles, because of the shell surface.

Holotype. Specimen MB.C.18602.1, illustrated in Figure 8C.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. A total of 35 specimens between 25 and 79 mm conch diameter are available for study. The largest specimen is a fragment of the
phragmocone with 55 mm whorl width; this suggests a total diameter of 80 mm for the protoconch and a diameter of 150 mm with body
chamber. Most of the specimens are somewhat corroded phragmocones with parts of the body chamber; shell remains exist on some specimens.

Diagnosis. Hammatocyclus with a thickly discoidal and evolute conch at 2–6 mm dm; conch thickly pachyconic between 10 and 60 mm dm with
an almost continuous trend from evolute to subevolute; whorl cross section strongly or very strongly depressed throughout ontogeny; umbilical
margin rounded in juveniles, becoming subangular at 10 mm dm and angular later in ontogeny; umbilical wall flat and slightly oblique in late
growth stages; aperture low in juveniles and continuously becoming moderately high during ontogeny. Ornament with fine and almost linear rectir-
adiate growth lines and shallow riblets; external sinus very shallow and very wide; growth lines strengthened to fine riblets on flanks and venter;
shell constrictions parallel to the growth lines; very weak umbilical rim, sometimes with delicate nodes formed by the shell. Suture line with very
narrow, parallel-sided external lobe and low median saddle; ventrolateral saddle rounded, adventive lobe lanceolate, asymmetric.

Table 4. Conch ontogeny (Figs 9A–C, G– I) of Hammatocyclus corrugatus n. sp.

dm conch shape whorl cross section shape aperture

4 mm thickly discoidal; evolute

(ww/dm � 0.58; uw/dm � 0.55)

strongly depressed; moderately embracing

(ww/wh � 2.40; IZR � 0.20)

low

(WER � 1.60)

10 mm thickly pachyconic; evolute

(ww/dm � 0.75; uw/dm � 0.52)

very strongly depressed; moderately embracing

(ww/wh � 2.55; IZR � 0.20)

low

(WER � 1.70)

30 mm thickly pachyconic; subevolute

(ww/dm ¼ 0.75–0.85; uw/dm ¼ 0.35–0.45)

strongly depressed; strongly embracing

(ww/wh ¼ 2.10–2.50; IZR ¼ 0.30–0.35)

low

(WER ¼ 1.60–1.75)

60 mm thickly pachyconic; subevolute

(ww/dm ¼ 0.75–0.85; uw/dm ¼ 0.30–0.35)

strongly depressed; strongly embracing

(ww/wh ¼ 2.00–2.20; IZR ¼ 0.30–0.35)

moderate

(WER ¼ 1.80–2.00)

Table 5. Conch dimensions (in mm) and proportions for reference specimens of Hammatocyclus corrugatus n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18602.2 61.5 50.0 24.2 20.1 16.9 0.81 2.06 0.33 1.90 0.30

holotype MB.C.18602.1 43.0 36.5 15.6 16.3 10.5 0.85 2.35 0.38 1.75 0.33

paratype MB.C.18602.10 40.0 32.8 12.8 16.3 9.9 0.82 2.57 0.41 1.77 0.22

paratype MB.C.18602.3 37.3 28.3 14.1 12.6 8.8 0.76 2.00 0.34 1.71 0.38
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Table 5. (Continued)

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18602.11 36.7 30.0 14.3 14.0 9.9 0.82 2.10 0.38 1.87 0.31

paratype MB.C.18602.4 35.5 29.1 14.4 12.6 8.7 0.82 2.03 0.35 1.75 0.40

paratype MB.C.18602.5 28.3 21.9 9.9 11.6 6.7 0.82 2.23 0.38 1.77 0.33

paratype MB.C.18602.9 26.0 22.3 9.1 10.4 5.5 0.86 2.45 0.40 1.60 0.40

Table 6. Suture line proportions (Figs 9D–F) for Hammatocyclus corrugatus n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

holotype MB.C.18602.1 c. 31.0 mm 0.36 0.66 1.00 0.25 0.55 EL slightly concave; AL very narrow

paratype MB.C.18602.9 23.6 mm 0.42 0.98 0.89 0.25 0.43 VLS narrow; AL very asymmetric

Discussion. H. corrugatus differs in the wider conch and the wider umbilicus from the type species H. homocera-
toides and the co-occurring H. pollex. Furthermore, the riblets are usually stronger in H. corrugatus than in H. pol-
lex. The strength of the riblets is also a good criterion for the separation of the new species from H. confinis
Kusina, 1977 and H. incertus Kusina & Konovalova, 2004. These two species also show a narrower umbilicus than
H. corrugatus.

Figure 8. Hammatocyclus corrugatus n. sp. from locality TIM-C7; all �1.0. A. Paratype MB.C.18602.2. B. Paratype
MB.C.18602.3. C. Holotype MB.C.18602.1. D. Paratype MB.C.18602.4. E. Paratype MB.C.18602.5.
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Neopericyclus Popov, 1965

Type species. Neopericyclus kokdzharensis Popov, 1965 (OD).

Genus definition. Hammatocyclinae with insignificant ontogenetic changes in the conch; adult whorls thickly discoidal and subinvolute to sub-
evolute with moderately high or high aperture; umbilical wall and umbilical margin rounded. Ornament with moderately coarse growth lines or
weak riblets, course convex with shallow ventral sinus, direction rectiradiate. Suture line with narrow external lobe; median saddle very low,
secondary prongs of the external lobe hook-shaped; adventive lobe V-shaped; dorsolateral saddle strongly asymmetric, narrowly rounded.

Included species.
arenosus: Neopericyclus arenosus n. sp.; Gourara, Algeria.
kokdzharensis: Neopericyclus kokdzharensis Popov, 1965, p. 46; Tien Shan.
moldotooensis: Neopericyclus moldotooensis Popov, 1965, p. 47; Tien Shan.
polaris: Neopericyclus polaris Kusina & Konovalova, 2004, p. 17; North Urals.
subplicatilis: Pericyclus subplicatilis Crick, 1899, p. 442; Ireland.

Neopericyclus arenosus n. sp.

Figures 10, 11

Derivation of name. After Lat. arenosus ¼ sandy, because of the position of the type locality between sand dunes.

Holotype. Specimen MB.C.18603.1, illustrated in Figure 10.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Two rather well-preserved specimens, the holotype and paratype MB.C.18602.2, of 49 and 52 mm diameter.

Diagnosis. Neopericyclus with a thinly discoidal and subinvolute conch at 50 mm dm; whorl cross section weakly depressed; umbilical margin
rounded; flanks and venter rounded; aperture moderately high to high. Ornament with moderately coarse growth lines, course convex with
shallow ventral sinus, direction rectiradiate; irregularly spaced, faint riblets caused by rhythmic strengthening of the growth lines, delicate nodes
on the umbilical margin; five or six constrictions on shell and steinkern, course parallel to the growth lines. Suture line with diverging, slightly

Figure 9. Hammatocyclus corrugatus n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18602.6; �1.0. B. Cross
section of paratype MB.C.18602.7; �1.0. C. Cross section of paratype MB.C.18602.8; �1.0. D. Suture line and constriction of
paratype MB.C.18602.5, at 23.1 mm dm, 18.4 mm ww, 7.8 mm wh; �3.0. E. Suture line and constriction of paratype
MB.C.18602.9, at 23.6 mm dm, 20.0 mm ww, 6.8 mm wh; �3.0. F. Suture line and constriction of holotype MB.C.18602.1, at
25.8 mm ww, 9.7 mm wh; �3.0. G–I. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/
dm), whorl width index (ww/wh), and whorl expansion rate (WER) of all available specimens.
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sinuous flanks of the external lobe; median saddle very low, secondary prongs of the external lobe hook-shaped; adventive lobe V-shaped,
asymmetric with gently curved ventral flank and strongly curved dorsal flank; dorsolateral saddle strongly asymmetric, narrowly rounded.

Table 7. Conch dimensions (in mm) and proportions for reference specimens of Neopericyclus arenosus n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18603.2 51.9 23.3 20.9 15.0 14.6 0.45 1.11 0.29 1.94 0.30

holotype MB.C.18603.1 48.9 – 21.0 13.8 14.8 – – 0.28 2.05 0.30

36.3 16.7 15.1 10.8 – 0.46 1.11 0.30 – –

Table 8. Suture line proportions (Fig. 11B) for Neopericyclus arenosus n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h

holotype MB.C.18603.1 c. 42.0 mm 0.46 0.81 0.95 0.15 0.56

Discussion. Neopericyclus arenosus differs from the type species N. kokdzharensis Popov, 1965 in the weaker and
simple riblets (bifurcated in N. kokdzharensis). The median saddle is higher in N. kokdzharensis. N. moldotoensis
Popov, 1965 has a slightly wider umbilicus (uw/dm ¼ 0.35 at 43 mm dm) and a more slender conch (ww/
dm ¼ 0.40) than N. arenosus. N. polaris Kusina & Konovalova, 2004 has a much more compressed conch (ww/
dm ¼ 0.31 at 21 mm dm).

Subfamily Ammonellipsitinae Riley, 1996

Subfamily definition. Pericyclidae with insignificant or significant ontogenetic changes of conch geometry; juveniles usually thickly discoidal
and subevolute to evolute; adult stage discoidal or pachyconic, subinvolute to subevolute with moderately high or high aperture. Ornament with
ribs of various strength. Suture line with narrow V-shaped external lobe with slightly diverging sinuous flanks, median saddle very low or low;
ventrolateral saddle rounded to subacute.

Figure 10. Neopericyclus arenosus n. sp., holotype
MB.C.18603.1 from locality TIM-C7;�1.

Figure 11. Neopericyclus arenosus
n. sp. from locality TIM-C7. A. Dor-
sal view of holotype MB.C.18603.1;
�1.0. B. Suture line of holotype
MB.C.18603.1, at 14.2 mm ww,
10.2 mm wh;�4.0.
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Included genera.
Ammonellipsites Parkinson, 1822
Helicocyclus Schindewolf, 1951

Ammonellipsites Parkinson, 1822

Type species. Ellipsolithes funatus Sowerby, 1813 (subsequently designated by Schindewolf 1951).

Genus definition. Ammonellipsitinae with significant ontogenetic changes of the conch; inner whorls thickly discoidal and subevolute to evo-
lute; adult whorls discoidal or pachyconic and subinvolute to subevolute (Fig. 12) with high aperture; umbilical wall often flattened, umbilical
margin narrowly rounded or subangular. Ornament with sharp and simple concave or slightly biconvex ribs; shell constrictions parallel to the
ribs are particularly well-developed in juveniles. Suture line with narrow V-shaped external lobe with slightly diverging flanks, median saddle
low. Ventrolateral saddle subacute, adventive lobe V-shaped with gently sinuous flanks.

Included species.
clitheroensis: Ammonellipsites clitheroensis Riley, 1996, p. 70; Lancashire.
conradae: Ammonellipsites conradae n. sp.; Gourara, Algeria.
djaprakensis: Pericyclus djaprakensis Librovitch, 1927, p. 17; Tien Shan.
doohylensis: Pericyclus Doohylensis Foord & Crick, 1897, p. 151; Ireland.
funatus: Ellipsolithes funatus Sowerby, 1813, p. 81; Ireland.
grandicostatus: Pericyclus grandicostatus Librovitch, 1927, p. 23; Tien Shan.
hauchecornei: Pericyclus Hauchecornei Holzapfel, 1889, p. 36; Rhenish Mountains.
inflatus: Pericyclus inflatus Librovitch, 1927, p. 14; Tien Shan. [Synonym of p. nikitini]
kayseri: Pericyclus Kayseri Schmidt, 1925, p. 554; Rhenish Mountains.
kochi: Pericyclus Kochi Holzapfel, 1889, p. 35; Rhenish Mountains.
menchikoffi: Ammonellipsites menchikoffi n. sp.; Gourara, Algeria.
multicostatus: Pericyclus multicostatus Foord, 1901, p. 139; Ireland.
nikitini: Pericyclus Nikitini Librovitch, 1927, p. 14; Tien Shan.
pareyni: Ammonellipsites pareyni n. sp.; Gourara, Algeria.
sguilmensis: Ammonellipsites sguilmensis Korn, Ebbighausen & Bockwinkel, 2010; Saoura Valley, Algeria.
sonkulensis: Pericyclus sonkulensis Librovitch, 1927, p. 17; Tien Shan. [Synonym of p. djaprakensis]
subcompressus: Pericyclus subcompressus Librovitch, 1927, p. 14; Tien Shan. [Synonym of p. nikitini]
subglaber: Pericyclus subglaber Holzapfel, 1889, p. 37; Rhenish Mountains.

Separation of the new species. The three species of Ammonellipsites from the Dalle � Merocanites can easily be separated by their conch
morphology. In the conch shape, specimens with 30 mm diameter are characterised as follows:

� Ammonellipsites pareyni – conch thickly discoidal, subinvolute (ww/dm ¼ 0.50–0.55; uw/dm ¼ 0.15–0.20); aperture high (WER ¼ 2.25–
2.50);
� Ammonellipsites menchikoffi – conch thickly discoidal, subinvolute or subevolute (ww/dm ¼ 0.50–0.60; uw/dm ¼ 0.27–0.33); aperture high

(WER ¼ 1.75–1.90);
� Ammonellipsites conradae – conch thinly discoidal, subevolute (ww/dm ¼ 0.40–0.45; uw/dm ¼ 0.38–0.43); aperture low (WER ¼ 1.55–

1.75).

Figure 12. Ontogenetic trajectories of Ammonellipsites, exemplified for Ammonellipsites menchikoffi n. sp. from locality TIM-C7.
A. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/dm). B. Ontogenetic development of
the imprint zone rate (IZR), whorl width index (ww/wh). C. Cross section of paratype MB.C.18605.6;�2.0. [Black dots represent
ontogenetic stages of cross section MB.C.18605.6, white dots represent the reference specimens (Tab. 13).]
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Discussion. Ammonellipsites differs from Fascipericyclus Turner, 1948 in the simple ribs (frequently bifurcated or
intercalated in Fascipericyclus). Helicocyclus Schindewolf, 1951 has a much wider umbilicus and less rapidly
increasing apertural height.

Ammonellipsites pareyni n. sp.

Figures 13, 14

1984 Ammonellipsites kocki. – Conrad, pl. 5, fig. 8.

Derivation of name. After Claude Pareyn, in honour of his contribution to Early Carboniferous stratigraphy in Algeria.

Holotype. Specimen MB.C.18604.1, illustrated in Figure 13E.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. A total of 60 specimens between 12 and 33 mm conch diameter are available. The maximum conch diameter can be estimated to be
about 50 mm. Most of the specimens are rather strongly corroded phragmocones; shell remains are frequently preserved.

Diagnosis. Ammonellipsites with a subinvolute conch, changing from thinly pachyconic to thickly discoidal between 10 and 30 mm dm;
aperture moderately high in juveniles and rapidly becoming very high during ontogeny. Ornament with 65–70 sharp equidistant ribs per
volution, course slightly biconvex and rectiradiate with barely visible lateral sinus and very shallow ventral sinus. Suture line with narrow,
V-shaped external lobe with gently sinuous flanks and low median saddle; ventrolateral saddle narrowly rounded, adventive lobe V-shaped,
asymmetric.

Table 9. Conch ontogeny (Figs 14A–C, E–G) of Ammonellipsites pareyni n. sp.

conch shape whorl cross section shape aperture

4 mm thickly discoidal; subevolute

(ww/dm ¼ 0.52–0.60; uw/dm ¼ 0.30–0.40)

weakly depressed to moderately depressed; strongly

embracing (ww/wh ¼ 1.45–1.65; IZR ¼ 0.30–0.36)

moderate

(WER ¼ 1.80–1.90)

10 mm thinly pachyconic; subinvolute

(ww/dm ¼ 0.65–0.70; uw/dm ¼ 0.17–0.22)

weakly depressed; strongly embracing

(ww/wh ¼ 1.35–1.50; IZR ¼ 0.30–0.40)

moderate to high

(WER ¼ 1.90–2.20)

30 mm thickly discoidal; subinvolute

(ww/dm ¼ 0.50–0.55; uw/dm ¼ 0.15–0.20)

weakly depressed; moderately to strongly embracing

(ww/wh ¼ 1.15–1.30; IZR ¼ 0.25–0.35)

high

(WER ¼ 2.25–2.50)

Figure 13. Ammonellipsites pareyni n. sp.
from locality TIM-C7; all�1.5. A. Paratype
MB.C.18604.2. B. Paratype MB.C.18604.3.
C. Paratype MB.C.18604.4. D. Paratype
MB.C.18604.5. E. Holotype MB.C.18604.1.
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Table 10. Conch dimensions (in mm) and proportions for reference specimens of Ammonellipsites pareyni n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18604.5 28.3 16.7 13.7 5.6 9.2 0.59 1.22 0.20 2.19 0.33

holotype MB.C.18604.1 25.7 14.3 12.0 4.9 8.7 0.56 1.19 0.19 2.29 0.28

paratype MB.C.18604.9 23.1 13.4 11.0 5.3 7.2 0.58 1.22 0.23 2.12 0.34

paratype MB.C.18604.3 17.1 10.5 9.2 2.9 5.7 0.62 1.15 0.17 2.26 0.38

paratype MB.C.18604.4 13.0 8.2 6.9 2.5 4.3 0.63 1.19 0.19 2.25 0.37

Table 11. Suture line proportions (Fig. 14D) for Ammonellipsites pareyni n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h

paratype MB.C.18604.2 31.2 mm 0.55 1.34 1.16 0.34 0.41

Discussion. Ammonellipsites pareyni belongs to the narrowly umbilicate species of the genus; it has a narrower
umbilicus and a higher aperture than the co-occurring species A. menchikoffi and A. conradae. The differences are
particularly obvious in specimens of 25–30 mm conch diameter, where A. pareyni shows a slower opening of the
umbilicus (uw/dm ¼ 0.20) and a higher aperture (WER ¼ 2.25). A. menchikoffi shows a rather rapid opening of
the umbilicus in this growth stage (uw/dm ¼ 0.25–0.30) with a low or moderately high aperture (WER ¼ 1.65–
1.85).

A. clitheroensis Riley, 1996, A. doohylensis (Foord & Crick, 1897), and A. multicostatus (Foord, 1901) have also
a rather narrow umbilicus like A. pareyni, but possess a pachyconic, much wider conch (ww/dm ¼ 0.70) than
A. pareyni (ww/dm ¼ 0.55–0.60 at 20 mm dm). A. nikitini (Librovitch, 1927) has also a much stouter conch.

Figure 14. Ammonellipsites pareyni n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18604.6; �2.0. B. Cross
section of paratype MB.C.18604.7; �2.0. C. Cross section of paratype MB.C.18604.8; �2.0. D. Suture line of paratype
MB.C.18604.2, at 31.2 mm dm, 14.8 mm wh;�4.0. E–G. Ontogenetic development of the conch width index (ww/dm), umbilical
width index (uw/dm), whorl width index (ww/wh), and whorl expansion rate (WER) of all available specimens.
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Of the species known from the Rhenish Mountains, A. kochi (Holzapfel, 1889) has a wider conch (ww/
dm ¼ 0.70 at 35 mm dm) and much stronger ribs in juveniles, A. hauchecornei (Holzapfel, 1889) has a much
wider umbilicus (uw/dm ¼ 0.35 at 26 mm dm), and A. kayseri (Schmidt, 1925) has much finer riblets (approxi-
mately 100 or more per volution).

Ammonellipsites menchikoffi n. sp.

Figures 12, 15, 16

Derivation of name. After Nicolas Menchikoff, in honour of his contribution to Early Carboniferous stratigraphy in Algeria.

Holotype. Specimen MB.C.18605.1, illustrated in Figure 15D.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Ten specimens between 21 and 33 mm conch diameter are available. Some of the larger specimens are fully septate, and hence a
maximum conch diameter of about 50 mm can be estimated. The specimens are rather strongly corroded phragmocones, but shell remains are
occasionally preserved.

Diagnosis. Ammonellipsites with a thickly discoidal, subevolute conch between 10 and 30 mm dm; aperture very low in juveniles and
rapidly becoming moderately high during ontogeny. Ornament with 80 sharp equidistant riblets per volution, course almost linear across
flanks and venter, direction slightly rursiradiate. Suture line with very narrow or narrow, V-shaped external lobe with slightly sinuous flanks
and low median saddle; ventrolateral saddle almost asymmetric, narrowly rounded or subacute; adventive lobe slightly asymmetric V-
shaped.

Table 12. Conch ontogeny (Figs 16A, D–F) of Ammonellipsites menchikoffi n. sp.

dm conch shape whorl cross section shape aperture

4 mm thinly discoidal; evolute

(ww/dm � 0.45; uw/dm � 0.48)

moderately depressed; strongly embracing

(ww/wh � 1.55; IZR � 0.32)

low

(WER � 1.55)

10 mm thickly discoidal; subevolute

(ww/dm � 0.55; uw/dm � 0.35)

weakly depressed; strongly embracing

(ww/wh � 1.40; IZR � 0.32)

moderate

(WER � 1.85)

30 mm thickly discoidal; subinvolute to subevolute

(ww/dm ¼ 0.50–0.60; uw/dm ¼ 0.27–0.33)

weakly depressed; strongly embracing

(ww/wh ¼ 1.25–1.50; IZR ¼ 0.35–0.40)

moderate

(WER ¼ 1.75–1.90)

Figure 15. Ammonellipsites menchikoffi n. sp. from locality TIM-C7; all �1.5. A. Paratype MB.C.18605.2. B. Paratype
MB.C.18605.3. C. Paratype MB.C.18605.4. D. Holotype MB.C.18605.1. E. Paratype MB.C.18605.5.
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Table 13. Conch dimensions (in mm) and proportions for reference specimens of Ammonellipsites menchikoffi n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18605.3 32.4 17.2 12.8 9.4 9.3 0.53 1.34 0.29 1.97 0.27

paratype MB.C.18605.2 32.3 19.8 13.3 8.8 8.4 0.61 1.49 0.27 1.83 0.37

paratype MB.C.18605.4 26.5 14.3 11.1 7.2 7.0 0.54 1.29 0.27 1.86 0.37

holotype MB.C.18605.1 26.0 14.4 10.6 7.8 6.9 0.55 1.35 0.30 1.85 0.35

paratype MB.C.18605.5 21.4 13.1 8.8 5.6 5.6 0.61 1.48 0.26 1.82 0.37

Table 14. Suture line proportions (Figs 16B, C) for Ammonellipsites menchikoffi n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h

paratype MB.C.18605.4 19.3 mm 0.50 1.07 1.19 0.30 0.46

paratype MB.C.18605.5 16.2 mm 0.50 1.14 1.10 0.27 0.43

Discussion. Ammonellipsites menchikoffi has a morphological position between the co-occurring species A. pareyni
(which is narrower umbilicate) and A. conradae (which has a wider umbilicus). A. clitheroensis Riley, 1996, A. ko-
chi (Holzapfel, 1889), and A. kayseri (Schmidt, 1925) have a much narrower umbilicus. A. hauchecornei (Holzap-
fel, 1889) has a similar conch but possesses weaker, less sharp riblets (about 70 per volution) and a slightly more
slender conch (ww/dm ¼ 0.45 at 28 mm dm).

Ammonellipsites conradae n. sp.

Figures 17, 18

Derivation of name. After Jacqueline Conrad, in honour of her contribution to Early Carboniferous stratigraphy in Algeria.

Holotype. Specimen MB.C.18606.1, illustrated in Figure 17B.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Four specimens between 25 and 34 mm conch diameter are available. The maximum conch diameter of about 45 mm can be esti-
mated. The specimens are rather strongly corroded; shell remains are poorly preserved.

Figure 16. Ammonellip-
sites menchikoffi n. sp.
from locality TIM-C7. A.
Cross section of paratype
MB.C.18605.6; �2.0. B.
Suture line of paratype
B057, at 16.2 mm dm,
10.2 mm ww, 7.5 mm wh;
�4.0. C. Suture line of
paratype B058, at 19.3 mm
dm, 11.3 mm ww, 7.7 mm
wh; �4.0. D–F. Ontoge-
netic development of the
conch width index (ww/
dm), umbilical width index
(uw/dm), whorl width in-
dex (ww/wh), and whorl
expansion rate (WER) of
all available specimens.
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Diagnosis. Ammonellipsites with a thickly discoidal, subevolute conch between 10 and 30 mm dm; aperture low throughout ontogeny. Ornament
with 65 sharp equidistant riblets per volution, course convex with shallow ventral sinus, direction rursiradiate. Suture line with narrow, V-shaped
external lobe and low median saddle; flanks of the external lobe slightly sinuous; ventrolateral saddle almost asymmetric, narrowly rounded;
adventive lobe slightly asymmetric V-shaped.

Table 15. Conch ontogeny (Figs 18A, C–E) of Ammonellipsites conradae n. sp.

dm conch shape whorl cross section shape aperture

5 mm discoidal; evolute

(ww/dm � 0.48; uw/dm � 0.50)

moderately depressed; strongly embracing

(ww/wh � 1.70; IZR � 0.30)

low

(WER � 1.50)

10 mm thickly discoidal; subevolute

(ww/dm � 0.54; uw/dm � 0.42)

moderately depressed; strongly embracing

(ww/wh � 1.65; IZR � 0.30)

low

(WER � 1.70)

30 mm thinly discoidal; subevolute

(ww/dm ¼ 0.40–0.45; uw/dm ¼ 0.38–0.43)

weakly depressed; strongly embracing

(ww/wh ¼ 1.30–1.40; IZR ¼ 0.30–0.35)

low

(WER ¼ 1.55–1.75)

Table 16. Conch dimensions (in mm) and proportions for reference specimens of Ammonellipsites conradae n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18606.2 33.7 – 12.1 13.9 8.4 – – 0.41 1.77 0.31

paratype MB.C.18606.4 30.5 – 9.9 12.9 6.4 – – 0.42 1.60 0.36

holotype MB.C.18606.1 25.7 10.8 8.7 11.1 5.7 0.42 1.24 0.43 1.65 0.34

Figure 17. Ammonellipsites conradae
n. sp. from locality TIM-C7; all �1.5.
A. Paratype MB.C.18606.2. B. Holotype
MB.C.18606.1.

Figure 18. Ammonellipsites con-
radae n. sp. from locality TIM-
C7. A. Cross section of para-
type MB.C.18606.3; �2.0. B.
Suture line of holotype
MB.C.18606.1, at 23.1 mm dm,
10.6 mm ww, 7.8 mm wh;�4.0.
C–E. Ontogenetic development
of the conch width index (ww/
dm), umbilical width index (uw/
dm), whorl width index (ww/
wh), and whorl expansion rate
(WER) of all available speci-
mens.
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Table 17. Suture line proportions (Fig. 18B) for Ammonellipsites conradae n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h

holotype MB.C.18606.1 23.1 mm 0.53 1.16 1.32 0.33 0.46

Discussion. Ammonellipsites conradae belongs to the widely umbilicate species within the genus; it is the widest
umbilicate of the three Ammonellipsites species found in the Dalle � Merocanites. At 25 mm conch diameter, its
uw/dm ratio is higher than 0.40; at the same size this ratio amounts only to 0.30 in A. menchikoffi and to 0.20 in
A. pareyni.

Similarly widely umbilicate species like A. conradae are A. funatus (Sowerby, 1813), A. djaprakensis (Librovitch,
1927), and A. tianshanicus (Librovitch, 1927), but these possess rather strong constrictions in the adult stage.

Family Muensteroceratidae Librovitch, 1957

Muensteroceras Hyatt, 1884

For a detailed discussion of the genus, see Korn et al. (2010a).

Figure 19. Ontogenetic trajectories of Muensteroceras, exemplified for M. fabrei n. sp. (A–C) from locality TIM-C7 and M. ko-
ninckianum Schindewolf, 1951 (D–F) from Pauquys and Furfooz (Belgium). A. Ontogenetic development of the conch width
index (ww/dm), umbilical width index (uw/dm). B. Ontogenetic development of the imprint zone rate (IZR), whorl width index
(ww/wh). C. Cross section of paratype MB.C.18607.5; �1.0. D. Ontogenetic development of the conch width index (ww/dm),
umbilical width index (uw/dm). E. Ontogenetic development of the imprint zone rate (IZR), whorl width index (ww/wh). F. Cross
section of specimen MRH2;�1.0. [Black dots represent ontogenetic stages of cross sections MB.C.18607.5 and MRH2, white dots
represent the reference specimens (Tab. 19 for Muensteroceras fabrei).]
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Muensteroceras fabrei n. sp.

Figures 20, 21

Derivation of name. After Jean Fabre, in honour of his contribution to Carboniferous geology in Algeria.

Holotype. Specimen MB.C.18607.1, illustrated in Figure 20B.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. A total of 42 specimens between 38 and 90 mm conch diameter are available. The maximum conch diameter can be estimated to be
up to 120 mm. Most of the specimens are somewhat corroded, but some of them show shell remains.

Diagnosis. Muensteroceras with a subinvolute to involute conch throughout ontogeny, shape thickly discoidal to thinly pachyconic at 10 mm
and thinly to thickly discoidal at 60 mm dm; umbilical margin rounded in all growth stages; aperture low in early growth stages and high in the
adult stage. Shell almost smooth, ornament with very fine biconvex growth lines, course biconvex with very low lateral sinus and deep ventral
sinus, direction rectiradiate; usually without shell constrictions. Suture line with very narrow, parallel-sided external lobe and low median sad-
dle; ventrolateral saddle almost symmetric, broadly rounded; adventive lobe V-shaped with rather straight ventral flank and weekly curved
dorsal flank.

Table 18. Conch ontogeny (Figs 21A–C, F–H) of Muensteroceras fabrei n. sp.

dm conch shape whorl cross section shape aperture

4 mm thinly pachyconic; subinvolute

(ww/dm ¼ 0.65–0.70; uw/dm ¼ 0.15–0.20)

weakly depressed; very strongly embracing

(ww/wh ¼ 1.30–1.50; IZR ¼ 0.45–0.50)

low

(WER ¼ 1.65–1.75)

10 mm thickly discoidal to thinly pachyconic; involute

(ww/dm ¼ 0.55–0.65; uw/dm ¼ 0.07–0.15)

weakly depressed; strongly embracing

(ww/wh ¼ 1.00–1.25; IZR ¼ 0.40–0.45)

high

(WER ¼ 2.00–2.15)

30 mm thickly discoidal to thinly pachyconic; involute

(ww/dm ¼ 0.50–0.65; uw/dm ¼ 0.07–0.15)

weakly depressed; strongly embracing

(ww/wh ¼ 1.00–1.25; IZR ¼ 0.40–0.45)

moderate to high

(WER ¼ 1.95–2.15)

60 mm thinly to thickly discoidal; involute

(ww/dm ¼ 0.45–0.55; uw/dm ¼ 0.07–0.12)

weakly compressed; very strongly embracing

(ww/wh ¼ 0.80–1.00; IZR ¼ 0.45–0.50)

moderate to high

(WER ¼ 1.90–2.10)

Table 19. Conch dimensions (in mm) and proportions for reference specimens of Muensteroceras fabrei n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18607.2 70.2 37.4 40.0 4.7 20.0 0.53 0.94 0.07 1.95 0.50

paratype MB.C.18607.9 61.2 33.4 32.4 4.8 17.2 0.55 1.03 0.08 1.94 0.47

paratype MB.C.18607.7 55.0 29.1 29.1 6.7 16.1 0.53 1.00 0.12 2.00 0.45

paratype MB.C.18607.3 46.9 27.3 25.1 4.7 14.1 0.58 1.09 0.10 2.04 0.44

holotype MB.C.18607.1 45.8 28.9 23.8 6.2 12.4 0.63 1.22 0.14 1.87 0.48

Table 20. Suture line proportions (Figs 21D, E) for Muensteroceras fabrei n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

paratype MB.C.18607.7 43.8 mm 0.46 0.52 0.84 0.24 0.88 flanks of E lobe slightly diverging

paratype MB.C.18607.8 c. 40.0 mm 0.41 0.55 0.96 0.25 0.74 A lobe with curved dorsal flank

Discussion. Muensteroceras fabrei belongs to the few very narrowly umbilicate species with an almost smooth
conch within the genus. The lack of constrictions is a character that makes M. fabrei a rather unique species.

M. fabrei differs from the co-occurring Dzhaprakoceras dzhazairense, which has a similar conch shape, in the
parallel-sided external lobe that does not show the pouching typical for species of Dzhaprakoceras. The other
species of the Dalle � Merocanites from Timimoun have a stouter conch and are thus easily separable from M. fab-
rei.

A similar species is M. koninckianum Schindewolf, 1951 (= Goniatites inconstans de Koninck, 1880), but this
species differs in its adult opening of the umbilicus and its subangular ventrolateral shoulder from M. fabrei.

The co-occurring species Trimorphoceras crassilens n. sp. is very similar in the adult stage, and only well-pre-
served specimens can clearly be separated when the conch ontogeny is not known (Trimorphoceras crassilens
possesses, in contrast to M. fabrei a widely umbilicate intermediate growth stage). For a detailed comparison, see
under that species.
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Figure 20. Muensteroceras fabrei n. sp. from locality TIM-C7; all�1.0. A. Paratype MB.C.18607.2. B. Holotype MB.C.18607.1.
C. Paratype MB.C.18607.3.

Figure 21. Muensteroceras fabrei n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18607.4;�1.0. B. Cross section
of paratype MB.C.18607.5;�1.0. C. Cross section of paratype MB.C.18607.6;�1.0. D. Suture line of paratype MB.C.18607.8, at
19.3 mm ww, 16.3 mm wh;�2.5. E. Suture line of paratype MB.C.18607.7, at 43.8 mm dm, 24.8 mm ww, 23.5 mm wh;�2.5. F–
H. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/dm), whorl width index (ww/wh), and
whorl expansion rate (WER) of all available specimens.
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Familiy Rotopericyclidae Korn, Bockwinkel & Ebbighausen, 2010

For more detailed information about the family, see Korn et al. (2010a).

Family definition. Pericyclaceae with a conch ontogeny that includes an increase of the uw/dm ratio, beginning in the adult stage and progres-
sing onto juveniles. Suture line with parallel-sided or V-shaped external lobe with subparallel flanks.

Included subfamilies.
Rotopericyclinae Korn, Bockwinkel & Ebbighausen, 2010
Trimorphoceratinae n. subfam.

Subfamiliy Rotopericyclinae Korn, Bockwinkel & Ebbighausen, 2010

Subfamily definition. Rotopericyclidae with a conch ontogeny that includes an increase of the uw/dm ratio in the intermediate or adult stage,
without significant re-closure of the umbilicus.

Included genera.
Eurites Kusina, 1973
Mouydiria Korn, Bockwinkel & Ebbighausen, 2010
Rotopericyclus Turner, 1948
Rhnetites Bockwinkel, Korn & Ebbighausen, 2010
Parahammatocyclus Riley, 1996

Eurites Kusina, 1973

For a detailed discussion of the genus, see Korn et al. (2010a).

Separation of the new species. The two species of Eurites from the Dalle � Merocanites can easily be separated by their conch
ontogeny:

� Eurites commutatus – the umbilicus is closed at a conch diameter of 30–40 mm, when the whorls show increasing overlap onto the preceding
volution, reduction of the uw/dm ratio of 0.20–0.35 at 30 mm dm to 0.20–0.25 at 60 mm dm;
� Eurites pondus – the umbilicus widens almost continuously, reduction of the uw/dm ratio of 0.27–0.38 at 30 mm dm to 0.25–0.30 at 60 mm

dm.

The suture line shows more differences:

� Eurites commutatus – adventive lobe almost symmetric;
� Eurites pondus – adventive lobe asymmetric with rather straight ventral flank and strongly curved dorsal flank.

Figure 22. Ontogenetic trajectories of Eurites, exemplified for Eurites commutatus n. sp. from locality TIM-C7. A. Ontogenetic
development of the conch width index (ww/dm), umbilical width index (uw/dm). B. Ontogenetic development of the imprint zone
rate (IZR), whorl width index (ww/wh). C. Cross section of paratype MB.C.18608.13; �1.0. D. Cross section of paratype
MB.C.18608.11;�1.0. [Black dots represent ontogenetic stages of cross sections MB.C.18608.13 and MB.C.18608.11, white dots
represent the reference specimens (Tab. 22).]
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Discussion. The ontogenetic development of the species within the genus Eurites is known in great detail from
only the new Algerian material, and hence it is not clear if all the listed species in fact belong to this genus. A
species that obviously shows the ontogenetic loop with temporary opening of the umbilicus is E. corpulentissimus
(Schindewolf, 1951), which, according to the figures and measurement list provided by Schindewolf (1951), re-
sembles the species from the Dalle � Merocanites.

The type species E. latus Kusina, 1973 from the North Urals possesses obviously a trend towards rapid umbili-
cal opening during intermediate intervals of its ontogeny, but a closure of the umbilicus cannot be seen. It resem-
bles, in this respect, the new species E. pondus.

Eurites commutatus n. sp.

Figures 23–25

Derivation of name. After Lat. commutatus ¼ changing, because of the ontogenetic changes of conch shape.

Holotype. Specimen MB.C.18608.1, illustrated in Figure 23.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. The species is represented by well-preserved material; 62 specimens between 19 and 75 mm conch diameter are available. The max-
imum diameter including the body chamber is estimated to be 120 mm.

Diagnosis. Eurites with a subinvolute conch in juveniles, a subevolute conch at 20 mm dm, and a subinvolute conch in the adult stage; shape
thinly to thickly pachyconic between 20 and 60 mm dm; umbilical wall flattened, umbilical margin subangular; aperture low to moderate up to
25 mm dm and moderate in the adult stage. Shell almost smooth, ornament with very fine biconvex growth lines, course biconvex with very
low lateral sinus and deep ventral sinus, direction rectiradiate; shallow constrictions occur irregularly parallel to the growth lines. Suture line
with very narrow, parallel-sided external lobe and low median saddle; ventrolateral saddle broadly rounded; adventive lobe V-shaped, almost
symmetric.

Table 21. Conch ontogeny (Figs 25A–F, J–L) of Eurites commutatus n. sp.

dm conch shape whorl cross section shape aperture

4 mm thinly to thickly pachyconic; subinvolute

(ww/dm ¼ 0.70–0.80; uw/dm ¼ 0.15–0.22)

weakly depressed to moderately depressed;

very strongly embracing

(ww/wh ¼ 1.35–1.80; IZR ¼ 0.45–0.50)

low to moderate

(WER ¼ 1.60–1.90)

10 mm thinly to thickly pachyconic; subinvolute

(ww/dm ¼ 0.63–0.77; uw/dm ¼ 0.20–0.30)

moderately depressed; strongly to very strongly embracing

(ww/wh ¼ 1.50–2.00; IZR ¼ 0.40–0.50)

low to moderate

(WER ¼ 1.55–1.90)

30 mm thickly pachyconic; subinvolute to subevolute

(ww/dm ¼ 0.70–0.85; uw/dm ¼ 0.20–0.35)

moderately to strongly depressed; strongly embracing

(ww/wh ¼ 1.65–2.25; IZR ¼ 0.35–0.45)

low to moderate

(WER ¼ 1.60–1.85)

60 mm thinly pachyconic; subinvolute

(ww/dm ¼ 0.60–0.70; uw/dm ¼ 0.20–0.25)

weakly depressed to moderately depressed; strongly

embracing

(ww/wh ¼ 1.40–1.60; IZR ¼ 0.35–0.45)

moderate

(WER ¼ 1.80–2.00)

Table 22. Conch dimensions (in mm) and proportions for reference specimens of Eurites commutatus n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

holotype MB.C.18608.1 74.8 43.5 33.6 16.5 19.4 0.58 1.29 0.22 1.82 0.42

paratype MB.C.18608.17 52.8 37.8 27.0 10.6 15.2 0.72 1.40 0.20 1.97 0.44

paratype MB.C.18608.18 42.4 29.4 17.0 11.0 10.7 0.69 1.73 0.26 1.79 0.37

paratype MB.C.18608.4 42.2 31.4 19.0 11.3 11.5 0.74 1.65 0.27 1.89 0.39

paratype MB.C.18608.2 41.8 30.0 17.6 10.5 10.3 0.72 1.71 0.25 1.77 0.41

paratype MB.C.18608.3 41.4 29.0 16.8 12.3 10.2 0.70 1.73 0.30 1.76 0.40

paratype MB.C.18608.5 38.4 29.1 17.3 9.0 10.6 0.76 1.69 0.24 1.92 0.38

paratype MB.C.18608.16 37.7 26.9 17.3 9.6 10.1 0.71 1.55 0.26 1.87 0.42

paratype MB.C.18608.8 30.6 23.3 10.5 10.6 7.2 0.76 2.22 0.35 1.71 0.32

paratype MB.C.18608.10 27.8 22.7 12.2 8.5 6.9 0.82 1.87 0.31 1.78 0.43

paratype MB.C.18608.9 27.7 20.3 12.3 7.8 6.9 0.73 1.65 0.28 1.76 0.44

paratype MB.C.18608.6 20.2 14.8 8.2 6.4 4.7 0.73 1.81 0.31 1.70 0.42

paratype MB.C.18608.7 19.5 14.9 7.5 6.1 4.7 0.76 1.99 0.31 1.73 0.38
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Table 23. Suture line proportions (Figs 25G– I) for Eurites commutatus n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

paratype MB.C.18608.4 39.6 mm 0.30 0.45 0.76 0.20 0.68 E lobe slightly pouched

paratype MB.C.18608.14 c. 39.0 mm 0.35 0.53 0.79 0.17 0.66 E lobe parallel-sided

paratype MB.C.18608.16 c. 25.0 mm 0.49 0.69 0.81 0.22 0.71

Figure 23. Eurites commutatus n. sp., holotype
MB.C.18608.1 from locality TIM-C7;�1.0.

Figure 24. Eurites commutatus n. sp. from locality TIM-C7; all �1.0. A. Paratype MB.C.18608.2. B. Paratype MB.C.18608.3.
C. Paratype MB.C.18608.4. D. Paratype MB.C.18608.5. E. Paratype MB.C.18608.6. F. Paratype MB.C.18608.7. G. Paratype
MB.C.18608.8. H. Paratype MB.C.18608.9. I. Paratype MB.C.18608.10.
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Discussion. Eurites commutatus closely resembles the co-occurring species E. pondus, and small specimens up to
a conch diameter of 20–25 mm are probably not separable with certainty. In E. commutatus, the umbilicus is being
closed at a conch diameter of 30–40 mm, when the whorls show increasing overlap onto the preceding volution,
whereas in E. pondus the umbilicus widens almost continuously. The suture line of E. commutatus has a more
symmetric, V-shaped adventive lobe, which is strikingly asymmetric in E. pondus.

The type species of the genus, E. latus Kusina, 1973, has a slightly wider conch (ww/dm ¼ 0.78 at 48 mm dm)
than E. commutatus (ww/dm about 0.70 at the same diameter). E. latus has a continuously opening umbilicus.
E. corpulentissimus (Schindewolf, 1951) is also stouter (ww/dm ¼ 0.78 at 52 mm dm) than E. commutatus and has
a strikingly asymmetric adventive lobe.

The conch ontogeny of the Irish species E. corpulentus (Crick, 1899) and E. ellipsoidalis (Crick, 1899) is un-
known, and hence these two species are difficult to compare with the Algerian material. The two Irish species
may be conspecific; they possess a conch that is not as stout as E. commutatus (ww/dm ¼ 0.61 at 68 mm dm) but
has a wider umbilicus (uw/dm ¼ 0.27).

Juvenile conchs of E. commutatus have some superficial similarities with the co-occurring Hammatocyclus pol-
lex, but can easily be distinguished by the course of constrictions (concavo-convex with deep ventral sinus in
E. commutatus, almost linear in H. pollex).

Figure 25. Eurites commutatus n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18608.11;�1.0. B. Cross section
(inner whorls) of the same specimen; �2.5. C. Cross section of paratype MB.C.18608.12; �1.0. D. Cross section of paratype
MB.C.18608.13; �1.0. E. Cross section of paratype MB.C.18608.14; �1.0. F. Cross section of paratype MB.C.18608.15; �1.0.
G. Suture line of paratype MB.C.18608.16, at 19.3 mm ww, 9.0 mm wh; �2.5. H. Suture line of paratype MB.C.18608.14, at
31.2 mm ww, 17.5 mm wh;�2.5. I. Suture line of paratype MB.C.18608.4, at 39.6 mm dm, 31.0 mm ww, 19.3 mm wh;�2.5. J–
L. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/dm), whorl width index (ww/wh), and
whorl expansion rate (WER) of all available specimens.
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Eurites pondus n. sp.

Figures 26, 27

Derivation of name. After Lat. pondus ¼ weight, because of the voluminous conch shape.

Holotype. Specimen MB.C.18609.1, illustrated in Figure 26A

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Well-preserved material is available; 51 specimens between 20 and 84 mm conch diameter were studied. Paratype MB.C.18609.11 is
a fully septate specimen with a conch diameter of 84 mm; the size of the phragmocone suggests that the maximum diameter with body chamber
was about 150 mm. Most of the specimens are phragmocones with few shell remains.

Diagnosis. Eurites with a subinvolute conch in juveniles and a subinvolute to subevolute conch between 20 and 60 mm dm; shape thinly to
thickly pachyconic at 10 mm dm and becoming globular during ontogeny; umbilical wall flattened, umbilical margin subangular; aperture low
or moderately high throughout ontogeny. Shell almost smooth with very fine growth lines, course concavo-convex with very shallow lateral
sinus, low ventrolateral projection, and moderately deep, subangular ventral sinus, direction rectiradiate. Suture line with very narrow, parallel-
sided external lobe; median saddle very low or low; ventrolateral saddle broadly rounded and almost symmetric; adventive lobe V-shaped,
asymmetric with rather straight ventral flank and strongly curved dorsal flank.

Table 24. Conch ontogeny (Figs 27A–F, J–L) of Eurites pondus n. sp.

dm conch shape whorl cross section shape aperture

4 mm thinly to thickly pachyconic; subinvolute

(ww/dm ¼ 0.70–0.80; uw/dm ¼ 0.15–0.22)

moderately depressed; very strongly embracing

(ww/wh ¼ 1.50–1.80; IZR ¼ 0.45–0.50)

low

(WER ¼ 1.60–1.75)

10 mm thinly to thickly pachyconic; subinvolute to

subevolute (ww/dm ¼ 0.68–0.77; uw/dm ¼ 0.25–0.32)

moderately depressed; strongly to very strongly

embracing (ww/wh ¼ 1.60–2.00; IZR ¼ 0.40–0.50)

low

(WER ¼ 1.60–1.75)

30 mm thickly pachyconic; subinvolute to subevolute

(ww/dm ¼ 0.75–0.85; uw/dm ¼ 0.27–0.38)

moderately to strongly depressed; strongly embracing

(ww/wh ¼ 1.85–2.25; IZR ¼ 0.35–0.45)

low

(WER ¼ 1.60–1.75)

60 mm thickly pachyconic to globular; subinvolute

(ww/dm ¼ 0.80–0.90; uw/dm ¼ 0.25–0.30)

moderately depressed; very strongly embracing

(ww/wh ¼ 1.75–1.90; IZR ¼ 0.45–0.50)

low to moderate

(WER ¼ 1.60–1.85)

Figure 26. Eurites pondus n. sp. from locality TIM-C7; all�1.0. A. Holotype MB.C.18609.1. B. Paratype MB.C.18609.2. C. Para-
type MB.C.18609.3. D. Paratype MB.C.18609.4.
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Table 25. Conch dimensions (in mm) and proportions for reference specimens of Eurites pondus n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18609.11 83.3 71.9 39.0 22.6 20.7 0.86 1.84 0.27 1.77 0.47

holotype MB.C.18609.1 60.8 52.4 29.0 15.1 15.6 0.86 1.81 0.25 1.81 0.46

paratype MB.C.18609.3 43.3 35.3 18.7 11.1 11.3 0.82 1.89 0.26 1.83 0.40

paratype MB.C.18609.4 41.5 33.7 16.4 13.8 10.0 0.81 2.06 0.33 1.73 0.39

paratype MB.C.18609.12 39.6 30.6 15.8 11.1 9.9 0.77 1.94 0.28 1.77 0.37

paratype MB.C.18609.10 39.2 30.5 15.0 11.0 9.8 0.78 2.03 0.28 1.78 0.35

paratype MB.C.18609.13 37.0 29.3 14.5 10.4 8.7 0.79 2.02 0.28 1.71 0.40

paratype MB.C.18609.2 32.2 24.3 10.8 11.2 7.5 0.75 2.25 0.35 1.69 0.31

paratype MB.C.18609.14 27.3 21.6 10.2 9.0 6.0 0.79 2.13 0.33 1.64 0.41

Figure 27. Eurites pondus n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18609.5;�1.0. B. Cross section (inner
whorls) of the same specimen; �2.5. C. Cross section of paratype MB.C.18609.6; �1.0. D. Cross section of paratype
MB.C.18609.7;�1.0. E. Cross section of paratype MB.C.18609.8;�1.0. F. Cross section of paratype MB.C.18609.9;�1.0. G. Su-
ture line of paratype MB.C.18609.10, at 33.5 mm dm, 26.1 mm ww, 14.4 mm wh; �2.5. H. Suture line of holotype
MB.C.18609.1, at 59.4 mm dm, 48.5 mm ww, 24.8 mm wh; �1.5. I. Suture line of paratype MB.C.18609.11, at 67.0 mm dm,
57.0 mm ww, 27.0 mm wh;�1.5. J–L. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/
dm), whorl width index (ww/wh), and whorl expansion rate (WER) of all available specimens.
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Table 26. Suture line proportions (Figs 27G– I) for Eurites pondus n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

paratype MB.C.18609.11 67.0 mm 0.30 0.41 0.57 0.19 0.75 A lobe strongly asymmetric

holotype MB.C.18609.1 59.4 mm 0.29 0.44 0.73 0.21 0.66

paratype MB.C.18609.10 33.5 mm 0.31 0.48 0.87 0.18 0.64 A lobe almost symmetric

Discussion. The co-occurring species Eurites commutatus closely resembles E. pondus, but the two species can be
separated by the development of the umbilicus and the adventive lobe. In E. commutatus, the umbilicus is being
closed at a conch diameter of 30–40 mm, where the whorls show increasing overlap onto the preceding volution,
whereas in E. pondus the umbilicus widens almost continuously. The suture line of E. commutatus has a more
symmetric, V-shaped adventive lobe, which is strikingly asymmetric in E. pondus.

The type species of the genus, E. latus Kusina, 1973, has a slightly narrower conch (ww/dm ¼ 0.78 at 48 mm dm)
than E. pondus (ww/dm about 0.85 at the same diameter). E. latus has a much narrower ventrolateral saddle than
E. pondus. E. corpulentissimus (Schindewolf, 1951) is also more slender (ww/dm ¼ 0.78 at 52 mm dm) but resembles
E. commutatus in the strikingly asymmetric adventive lobe. E. corpulentissimus differs particularly in the much nar-
rower umbilicus (uw/dm ¼ 0.16 at 17 mm dm) from E. pondus (uw/dm ¼ 0.28–0.38) at the same diameter.

E. corpulentus (Crick, 1899) and E. ellipsoidalis (Crick, 1899) are very similar in the opening rate of the umbi-
licus, but differ in the more slender conch (ww/dm ¼ 0.61 at 68 mm dm) from E. pondus.

Subfamiliy Trimorphoceratinae n. subfam.

Subfamily definition. Rotopericyclidae with a conch ontogeny that includes an increase of the uw/dm ratio in the intermediate or adult stage
and a subsequent re-closure of the umbilicus.

Included genera.
Trimorphoceras n. gen.
Obturgites n. gen.

Discussion. The members of the subfamily differ from the subfamily Rotopericyclinae in the adult stage with re-
closure of the umbilicus.

Trimorphoceras n. gen.

Derivation of name. After Greek tri ¼ three and morphos ¼ shape, because of the three principal postembryonic growth stages of conch mor-
phology.

Type species. Trimorphoceras absolutum n. sp.

Genus definition. Muensteroceratinae with significant ontogenetic changes in the conch geometry; shape pachyconic in juvenile and preadult
conchs and rapid ontogenetic development towards a discoidal adult conch; conch involute or subinvolute in juveniles and the adult stage,
intermediate stage with striking temporary opening of the umbilicus (Fig. 28); flanks converge towards the rounded venter; aperture low or
moderately high in the juvenile and preadult stage, becoming rapidly higher in the adult stage; umbilical wall often flattened, umbilical margin
narrowly rounded or subangular. Ornament with very fine, concavo-convex rectiradiate growth lines with subangular ventrolateral projection
and rather deep ventral sinus; often with shell constrictions parallel to the growth lines. Suture line with very narrow, parallel-sided external
lobe and low median saddle; ventrolateral saddle broadly rounded; adventive lobe V-shaped, symmetric.

Included species.
absolutum: Trimorphoceras absolutum n. sp.; Gourara, Algeria.
azzelmattiense: Trimorphoceras azzelmattiense Korn, Ebbighausen & Bockwinkel, 2010; Ahnet, Algeria.
crassilens: Trimorphoceras crassilens n. sp.; Gourara, Algeria.
molestum: Trimorphoceras molestum n. sp.; Gourara, Algeria.
sphaeroidale: Goniatites sphaeroidalis M’Coy, 1844: 15. Ireland.
teguentourense: Trimorphoceras teguentourense Korn, Ebbighausen & Bockwinkel, 2010; Ahnet, Algeria.
? crassum: Glyphioceras (Muensteroceras) crassum Foord, 1903, p. 193; Ireland.

Separation of the new species. The three species of Trimorphoceras from the Dalle � Merocanites can be separated by their conch shape at 30
and 60 mm dm:

� Trimorphoceras crassilens – at 30 mm dm: conch thickly discoidal to thinly pachyconic; involute to subinvolute (ww/dm ¼ 0.55–0.65; uw/
dm ¼ 0.10–0.20); at 60 mm dm: conch thinly to thickly discoidal; involute (ww/dm ¼ 0.45–0.50; uw/dm ¼ 0.05–0.10);
� Trimorphoceras absolutum – at 30 mm dm: conch thinly pachyconic; subinvolute (ww/dm ¼ 0.60–0.70; uw/dm ¼ 0.20–0.30); at 60 mm dm:

conch thickly discoidal; involute (ww/dm ¼ 0.50–0.60; uw/dm ¼ 0.10–0.15);
� Trimorphoceras molestum – at 30 mm dm: thickly pachyconic; subinvolute (ww/dm ¼ 0.70–0.85; uw/dm ¼ 0.20–0.30); at 60 mm dm: conch

thickly discoidal; subinvolute (ww/dm ¼ 0.55–0.60; uw/dm ¼ 0.15–0.20).
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Discussion. It is difficult to tell if other already known Late Tournaisian muensteroceratid species belong to Tri-
morphoceras, because the conch ontogeny is only known from the new species. At least “Goniatites sphaeroidalis
Mc Coy, 1844” can be assigned to the new genus with some certainty because of the striking deceleration of whorl
width increase in the last volution of that species.

Trimorphoceras crassilens n. sp.

Figures 29, 30

Derivation of name. After Lat. crassus ¼ thick and lens ¼ lentil, because of the thickly lenticular conch shape.

Holotype. Specimen MB.C.18610.1, illustrated in Figure 29D.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. A total of 53 specimens between 20 and 70 mm conch diameter were studied. The largest of these, paratype MB.C.18610.11, is still
fully septate, suggesting that the total diameter with body chamber was at least 130 mm.

Diagnosis. Trimorphoceras with a thickly pachyconic conch between 2 and 15 mm dm, thereafter rapid lateral compression towards a thinly
discoidal conch at 70 mm dm; juvenile stage subinvolute, growth interval between 8 and 15 mm dm subevolute, rapid closure of the umbilicus
in the adult stage by very strong whorl overlap onto the previous whorl; umbilical margin rounded in juveniles, becoming subangular at 10 mm
dm; umbilical wall flat in intermediate growth stages; aperture low in juveniles and rapidly becoming high in growth stages above 30 mm dm.
Ornament with very fine growth lines; course concavo-convex with very shallow lateral sinus and deep ventral sinus, direction rectiradiate;
small specimens with shell constrictions parallel to the growth lines, specimens larger than 30 mm dm without constrictions on shell and
steinkern. Suture line with very narrow, parallel-sided external lobe and very low or low median saddle; ventrolateral saddle broadly rounded
and almost symmetric; adventive lobe V-shaped, slightly asymmetric.

Figure 28. Ontogenetic trajectories of Trimorphoceras, exemplified for Trimorphoceras crassilens n. sp. (A–C) and Trimorpho-
ceras absolutum n. sp. (D–F) from locality TIM-C7. A. Ontogenetic development of the conch width index (ww/dm), umbilical
width index (uw/dm). B. Ontogenetic development of the imprint zone rate (IZR), whorl width index (ww/wh). C. Cross section
of paratype MB.C.18610.7; �1.0. D. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/
dm). E. Ontogenetic development of the imprint zone rate (IZR), whorl width index (ww/wh). F. Cross section of paratype
MB.C.18611.6;�1.0. [Black dots represent ontogenetic stages of cross section MB.C.18610.7 and MB.C.18611.6, white dots re-
present the reference specimens (Tab. 28, 31).]
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Table 27. Conch ontogeny (Figs 30A–G, L–N) of Trimorphoceras crassilens n. sp.

dm conch shape whorl cross section shape aperture

4 mm thickly pachyconic; subinvolute

(ww/dm ¼ 0.75–0.85; uw/dm ¼ 0.20–0.30)

moderately depressed; very strongly embracing

(ww/wh ¼ 1.60–2.00; IZR ¼ 0.45–0.50)

low

(WER ¼ 1.55–1.75)

10 mm thickly pachyconic; subevolute

(ww/dm ¼ 0.75–0.80; uw/dm ¼ 0.30–0.38)

strongly depressed; strongly embracing

(ww/wh ¼ 2.00–2.25; IZR ¼ 0.35–0.40)

low

(WER ¼ 1.55–1.75)

30 mm thickly discoidal to thinly pachyconic; involute to sub-

involute (ww/dm ¼ 0.55–0.65; uw/dm ¼ 0.10–0.20)

weakly depressed; strongly embracing

(ww/wh ¼ 1.00–1.50; IZR ¼ 0.40–0.45)

moderate to high

(WER ¼ 1.90–2.10)

60 mm thinly to thickly discoidal; involute

(ww/dm ¼ 0.45–0.50; uw/dm ¼ 0.05–0.10)

weakly compressed; strongly embracing

(ww/wh ¼ 0.80–1.00; IZR ¼ 0.40–0.45)

high

(WER ¼ 2.00–2.15)

Table 28. Conch dimensions (in mm) and proportions for reference specimens of Trimorphoceras crassilens n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18610.11 67.8 32.2 36.6 5.4 21.4 0.47 0.88 0.08 2.13 0.42

paratype MB.C.18610.10 59.0 27.7 32.9 3.6 18.3 0.47 0.84 0.06 2.10 0.44

paratype MB.C.18610.2 51.5 26.1 27.8 3.3 15.1 0.51 0.94 0.06 2.00 0.46

paratype MB.C.18610.4 46.4 26.6 26.4 2.6 13.0 0.57 1.01 0.05 1.93 0.51

holotype MB.C.18610.1 45.8 23.5 25.8 3.5 13.6 0.51 0.91 0.08 2.02 0.47

paratype MB.C.18610.12 38.7 21.5 20.8 3.7 12.1 0.56 1.03 0.09 2.12 0.42

paratype MB.C.18610.3 32.1 18.8 16.6 4.2 8.3 0.58 1.13 0.13 1.81 0.50

paratype MB.C.18610.13 20.1 14.2 9.3 4.8 6.1 0.71 1.52 0.24 2.05 0.35

Table 29. Suture line proportions (Figs 30H–K) for Trimorphoceras crassilens n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

paratype MB.C.18610.10 54.5 mm 0.42 0.50 1.00 0.21 0.85 A lobe with almost straight flanks

holotype MB.C.18610.1 44.8 mm 0.39 0.43 0.79 0.18 0.89 A lobe with slightly curved flanks

paratype MB.C.18610.4 32.7 mm 0.41 0.52 0.91 0.24 0.79 A lobe asymmetric

paratype MB.C.18610.3 25.0 mm 0.42 0.58 0.87 0.23 0.72 A lobe asymmetric

Figure 29. Trimorphoceras
crassilens n. sp. from locality
TIM-C7; all �1.0. A. Para-
type MB.C.18610.2. B. Para-
type MB.C.18610.3. C. Pa-
ratype MB.C.18610.4.
D. Holotype MB.C.18610.1.
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Discussion. The very strange ontogenetic development of the conch morphology makes Trimorphoceras crassilens
a species easily separable from most of the other species from the Dalle � Merocanites when cross sections are
available. Only T. absolutum is similar, but this species has wider whorls at comparable stages (ww/wh ¼ 1.80–
2.20 at 15 mm dm in T. absolutum and only 1.70–2.00 in T. crassilens). Whorl overlap upon the umbilicus is much
less conspicuous in T. absolutum, and the external lobe is slightly pouched in this species.

Figure 30. Trimorphoceras crassilens n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18610.5;�1.0. B. Cross sec-
tion (inner whorls) of the same specimen;�2.5. C. Cross section of paratype MB.C.18610.6;�1.0. D. Cross section of paratype
MB.C.18610.7;�1.0. E. Cross section (inner whorls) of the same specimen;�2.5. F. Cross section of paratype MB.C.18610.8;�1.0.
G. Cross section of paratype MB.C.18610.9;�1.0. H. Suture line of paratype MB.C.18610.3, at 25.0 mm dm, 15.2 mm ww, 12.1 mm
wh;�2.0. I. Suture line of paratype MB.C.18610.4, at 32.7 mm ww, 20.8 mm ww, 18.5 mm wh;�2.0. J. Suture line of holotype
MB.C.18610.1, at 44.8 mm dm, 22.9 mm ww, 24.5 mm wh; �2.0. K. Suture line of paratype MB.C.18610.10, at 54.5 mm dm,
27.4 mm ww, 29.2 mm wh;�2.0. L–N. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/
dm), whorl width index (ww/wh), and whorl expansion rate (WER) of all available specimens.
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Muensteroceras fabrei is very similar in the growth stage between 40 and 60 mm conch diameter, but possesses
a slightly wider umbilicus. At 30–40 mm dm, the umbilicus is opening in M. fabrei, but in T. crassilens it is in the
process of closure. The best criterion to separate between the two species is, if the conch ontogeny is not known,
the external lobe, which is slightly pouched in T. crassilens (M. fabrei has parallel or slightly diverging flanks of
the external lobe).

Another co-occurring species with a very similar conch in the adult stage is Dzhaprakoceras dzhazairense, and
confusion of the two species is possible when the development of the umbilicus is not known. T. crassilens shows
the striking closure, by significant overlap, of the umbilicus, in contrast to the continuously opening umbilicus in
D. dzhazairense.

Trimorphoceras absolutum n. sp.

Figures 31, 32

Derivation of name. After Lat. absolutum ¼ complete, because of the completely preserved ontogeny in the material.

Holotype. Specimen MB.C.18611.1, illustrated in Figure 31B.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Well preserved material is available; in total 47 specimens between 30 and 66 mm conch diameter were studied. The maximum
diameter with body chamber can be estimated to be about 95 mm.

Diagnosis. Trimorphoceras with a thickly pachyconic conch between 2 and 22 mm dm, thereafter rapid lateral compression towards a thickly
discoidal conch at 60 mm dm; juvenile stage subinvolute, growth interval between 15 and 20 mm dm subevolute, rapid closure of the umbilicus
in the intermediate stage by strong whorl overlap; umbilical margin rounded throughout ontogeny; umbilical wall convex; aperture low or
moderately high in juveniles and rapidly becoming high in growth stages above 20 mm dm. Ornament with very fine growth lines; course
concavo-convex with very shallow lateral sinus and deep ventral sinus, direction rectiradiate; small specimens with shell constrictions parallel to
the growth lines, specimens larger than 30 mm dm without constrictions on shell and steinkern. Suture line with narrow, parallel-sided external
lobe and low median saddle; ventrolateral saddle broadly rounded and almost symmetric; adventive lobe V-shaped, slightly asymmetric.

Figure 31. Trimorphoceras absolutum n. sp. from locality TIM-C7; all �1.0. A. Paratype MB.C.18611.2. B. Holotype
MB.C.18611.1. C. Paratype MB.C.18611.3. D. Paratype MB.C.18611.12.
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Table 30. Conch ontogeny (Figs 32A–E, I–K) of Trimorphoceras absolutum n. sp.

dm conch shape whorl cross section shape aperture

4 mm thinly to thickly pachyconic; involute to

subinvolute (ww/dm ¼ 0.70–0.80; uw/dm ¼ 0.10–0.20)

weakly to moderately depressed; very strongly embra-

cing (ww/wh ¼ 1.40–1.70; IZR ¼ 0.45–0.50)

moderate

(WER ¼ 1.75–2.00)

10 mm thinly to thickly pachyconic; subinvolute to subevolute

(ww/dm ¼ 0.70–0.80; uw/dm ¼ 0.25–0.35)

moderately to strongly depressed; strongly embracing

(ww/wh ¼ 1.70–2.10; IZR ¼ 0.40–0.45)

low to moderate

(WER ¼ 1.60–1.80)

30 mm thinly pachyconic; subinvolute

(ww/dm ¼ 0.60–0.70; uw/dm ¼ 0.20–0.30)

weakly to moderately depressed; very strongly embra-

cing (ww/wh ¼ 1.40–1.70; IZR ¼ 0.45–0.50)

moderate

(WER ¼ 1.75–2.00)

60 mm thickly discoidal; involute

(ww/dm ¼ 0.50–0.60; uw/dm ¼ 0.10–0.15)

weakly compressed to weakly depressed; strongly

embracing (ww/wh ¼ 0.80–1.15; IZR ¼ 0.40–0.45)

moderate to high

(WER ¼ 1.90–2.15)

Figure 32. Trimorphoceras absolutum n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18611.4; �1.0. B. Cross
section (inner whorls) of the same specimen;�2.5. C. Cross section of paratype MB.C.18611.5;�1.0. D. Cross section of para-
type MB.C.18611.6;�1.0. E. Cross section (inner whorls) of the same specimen;�2.5. F. Suture line of holotype MB.C.18611.1,
at 37.5 mm dm, 21.7 mm ww, 17.2 mm wh; �2.5. G. Suture line of paratype MB.C.18611.7, at 42.4 mm dm, 24.6 mm ww,
21.8 mm wh;�2.5. H. Suture line of paratype MB.C.18611.8, at 57.9 mm dm, 31.0 mm ww, 29.0 mm wh;�2.0. I–K. Ontogenetic
development of the conch width index (ww/dm), umbilical width index (uw/dm), whorl width index (ww/wh), and whorl expan-
sion rate (WER) of all available specimens.
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Table 31. Conch dimensions (in mm) and proportions for reference specimens of Trimorphoceras absolutum n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18611.9 65.8 35.9 31.8 6.1 18.5 0.55 1.13 0.09 1.93 0.42

paratype MB.C.18611.8 58.7 31.3 28.7 7.0 16.6 0.53 1.09 0.12 1.94 0.42

paratype MB.C.18611.2 52.2 29.0 27.0 6.0 15.9 0.56 1.08 0.12 2.06 0.41

holotype MB.C.18611.1 51.2 25.7 28.0 6.4 14.6 0.50 0.92 0.13 1.96 0.48

paratype MB.C.18611.10 50.2 30.7 25.6 6.8 15.1 0.61 1.20 0.13 2.04 0.41

paratype MB.C.18611.3 45.4 27.8 23.2 7.0 12.9 0.61 1.20 0.15 1.95 0.45

paratype MB.C.18611.11 43.1 26.7 19.4 7.6 12.5 0.62 1.38 0.18 1.98 0.35

paratype MB.C.18611.12 37.0 24.4 17.9 7.5 10.3 0.66 1.36 0.20 1.92 0.43

Table 32. Suture line proportions (Figs 32F–H) for specimens of Trimorphoceras absolutum n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

paratype MB.C.18611.8 57.9 mm 0.35 0.49 0.93 0.26 0.73 A lobe rather narrow

paratype MB.C.18611.7 42.4 mm 0.32 0.45 0.78 0.23 0.71 A lobe V-shaped, symmetric

paratype MB.C.18611.11 40.0 mm 0.35 0.45 0.94 0.25 0.79

holotype MB.C.18611.1 37.5 mm 0.37 0.54 0.94 0.27 0.67

paratype MB.C.18611.3 c. 35.0 mm 0.34 0.51 0.96 0.27 0.67

Discussion. Trimorphoceras absolutum has a morphological position between T. crassilens and T. molestum. It dif-
fers in the slightly stouter conch and the less conspicuous whorl overlap onto the umbilicus in the adult stage from
T. crassilens. Therefore, the uw/dm ratio amounts to 0.05 in T. crassilens at 45 mm conch diameter but to 0.15 in
T. absolutum. T. molestum and T. sphaeroidalis (M’Coy, 1844) have a stouter conch; T. sphaeroidalis has a wider
umbilicus (uw/dm > 0.20 at 45 mm dm).

Trimorphoceras molestum n. sp.

Figures 33, 34

Derivation of name. After Lat. molestum ¼ difficult, because of the difficult separation from other species.

Holotype. Specimen MB.C.18612.1, illustrated in Figure 33A.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Well-preserved material is available; 41 specimens between 27 and 80 mm conch diameter were studied. The maximum diameter with
body chamber can be estimated with 100 mm.

Diagnosis. Trimorphoceras with a thickly pachyconic conch between 2 and 30 mm dm, thereafter lateral compression towards a thickly discoidal
conch at 60 mm dm; juvenile stage at 15 mm dm subevolute, closure of the umbilicus in the adult stage by moderate whorl overlap; umbilical
margin rounded or subangular; umbilical wall convex; aperture low or moderately high in juveniles and high in growth stages above 20 mm dm.
Ornament with very fine growth lines; course concavo-convex with very shallow lateral sinus and deep ventral sinus, direction rectiradiate;
small specimens with shell constrictions parallel to the growth lines, specimens larger than 30 mm dm without constrictions on shell and
steinkern. Suture line with narrow, parallel-sided external lobe and low median saddle; ventrolateral saddle broadly rounded and almost sym-
metric; adventive lobe V-shaped, almost symmetric.

Table 33. Conch ontogeny (Figs 34A–C, F–H) of Trimorphoceras molestum n. sp.

dm conch shape whorl cross section shape aperture

10 mm thinly pachyconic; subevolute

(ww/dm � 0.70; uw/dm � 0.34)

moderately depressed; strongly embracing

(ww/wh � 1.90; IZR � 0.45)

low

(WER � 1.60)

30 mm thickly pachyconic; subinvolute

(ww/dm ¼ 0.70–0.85; uw/dm ¼ 0.20–0.30)

moderately depressed; strongly embracing

(ww/wh ¼ 1.60–1.90; IZR ¼ 0.40–0.45)

moderate

(WER ¼ 1.75–1.85)

60 mm thickly discoidal; subinvolute

(ww/dm ¼ 0.55–0.60; uw/dm ¼ 0.15–0.20)

weakly depressed; strongly embracing

(ww/wh ¼ 1.10–1.25; IZR ¼ 0.40–0.45)

moderate to high

(WER ¼ 1.95–2.10)
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Table 34. Conch dimensions (in mm) and proportions for reference specimens of Trimorphoceras molestum n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

holotype MB.C.18612.1 64.2 36.3 31.9 12.3 18.5 0.56 1.14 0.19 1.97 0.42

paratype MB.C.18612.4 61.6 34.1 31.0 10.3 17.9 0.55 1.10 0.17 1.99 0.42

paratype MB.C.18612.10 57.2 39.6 29.0 9.2 17.7 0.69 1.36 0.16 2.10 0.39

paratype MB.C.18612.5 54.6 36.1 27.5 8.8 16.4 0.66 1.31 0.16 2.04 0.41

paratype MB.C.18612.11 54.5 34.7 25.5 8.6 15.3 0.64 1.36 0.16 1.94 0.40

paratype MB.C.18612.2 53.8 36.1 26.7 8.8 15.4 0.67 1.35 0.16 1.97 0.42

paratype MB.C.18612.12 50.2 32.1 26.7 8.4 14.2 0.64 1.30 0.17 1.95 0.42

paratype MB.C.18612.13 43.3 30.5 21.6 7.3 12.3 0.70 1.41 0.17 1.95 0.43

paratype MB.C.18612.3 32.8 23.5 14.8 7.8 8.5 0.72 1.59 0.24 1.82 0.43

Table 35. Suture line proportions (Figs 34D, E) for specimens of Trimorphoceras molestum n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

paratype MB.C.18612.9 c. 40.0 mm 0.32 0.47 0.77 0.22 0.67 VL saddle ventrally inclined

paratype MB.C.18612.8 c. 25.0 mm 0.33 0.47 0.76 0.16 0.70 VL saddle almost symmetric

Figure 33. Trimorphoceras molestum n. sp. from locality TIM-C7; all �1.0. A. Holotype MB.C.18612.1. B. Paratype
MB.C.18612.2. C. Paratype MB.C.18612.3. D. Paratype MB.C.18612.4. E. Paratype MB.C.18612.5.
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Discussion. Trimorphoceras absolutum is a similar species, but possesses a more slender conch and a narrower
umbilicus than T. molestum; these differences are most obvious in the growth stage above 40 mm conch diameter.
Furthermore, the external lobe is narrower in T. molestum, and the ventrolateral saddle is more asymmetric.
T. sphaeroidale (M’Coy, 1844) has a less stout conch shape and a wider umbilicus at comparable growth stages.

Obturgites n. gen.

Derivation of name. After Lat. obturgesco ¼ swelling, because of the rapid ontogenetic increase of the whorl width.

Type species. Obturgites polysarcus n. sp.

Genus definition. Muensteroceratinae with insignificant ontogenetic changes of the conch geometry; shape pachyconic or globular and involute
or subinvolute with ontogenetic development towards a stouter adult conch by rapid increasing rates of the whorl width (Fig. 35); flanks con-
verge strongly towards the rounded venter; aperture moderately high to high; umbilical wall often flattened, umbilical margin narrowly rounded
or subangular. Ornament with extremely fine growth lines; without constrictions. Suture line with very narrow, parallel-sided or slightly
pouched external lobe and low median saddle; ventrolateral saddle broadly rounded; adventive lobe V-shaped, asymmetric or symmetric.

Included species.
polysarcus: Obturgites polysarcus n. sp.; Gourara, Algeria.
oligosarcus: Obturgites oligosarcus n. sp.; Gourara, Algeria.

Separation of the new species. The two species of Obturgites from the Dalle � Merocanites can easily be separated by their conch shape at 30–
50 mm dm:

� Obturgites polysarcus – conch thickly discoidal (ww/dm ¼ 0.75–0.80);
� Obturgites oligosarcus – conch thinly discoidal (ww/dm ¼ 0.60–0.75).

Discussion. Obturgites differs from Eurites mainly in the ontogenetic development of the conch, which in Eurites
includes a temporary accelerated opening of the umbilicus in the middle growth stage, whereas the umbilicus in
Obturgites shows an almost continuous and slow opening rate. Furthermore, Obturgites differs in the much stron-
ger increasing rate of the whorl width in some ontogenetic stages. Species may be difficult to assign to either of
the two genera when their ontogeny is not known.

Figure 34. Trimorphoceras molestum n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18612.6; �1.0. B. Cross
section of paratype MB.C.18612.7;�1.0. C. Cross section (inner whorls) of the same specimen;�2.5. D. Suture line of paratype
MB.C.18612.8, at 18.4 mm ww, 9.4 mm wh;�3.0. E. Suture line of paratype MB.C.18612.9, at 29.6 mm ww, 20.2 mm wh;�2.5.
F–H. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/dm), whorl width index (ww/wh),
and whorl expansion rate (WER) of all available specimens.
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Obturgites polysarcus n. sp.

Figures 36, 37

Derivation of name. After Greek poly ¼ much and sarcus ¼ flesh, because of the voluminous body chamber.

Holotype. Specimen MB.C.18613.1, illustrated in Figure 36C.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Figure 35. Ontogenetic trajectories of Obturgites, exemplified for Obturgites oligosarcus n. sp. from locality TIM-C7. A. Ontoge-
netic development of the conch width index (ww/dm), umbilical width index (uw/dm). B. Ontogenetic development of the imprint
zone rate (IZR), whorl width index (ww/wh). C. Cross section of paratype MB.C.18614.4;�1.0. [Black dots represent ontogenetic
stages of cross section MB.C.18614.4, white dots represent the reference specimens (Tab. 40).]

Figure 36. Obturgites polysarcus n. sp. from locality TIM-C7; all �1.0. A. Paratype MB.C.18613.2. B. Paratype MB.C.18613.3.
C. Holotype MB.C.18613.1. D. Paratype MB.C.18613.4. E. Paratype MB.C.18613.5.
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Material. A total of 25 specimens between 20 and 93 mm diameter are available. The largest specimen is paratype MB.C.18613.9; it is fully
chambered at 93 mm dm, suggesting a total conch diameter with body chamber of approximately 170 mm.

Diagnosis. Obturgites with a thickly pachyconic conch between 2 and 10 mm dm, thereafter lateral compression towards a thickly discoidal
conch at 15–20 mm dm and reversal to a thickly pachyconic adult conch; juvenile stage subinvolute, slight opening of the umbilicus in the
adult stage; umbilical margin rounded or subangular; umbilical wall slightly flattened; aperture low or moderately high throughout ontogeny.
Ornament with very fine growth lines; course concavo-convex with very shallow lateral sinus and deep ventral sinus, direction rectiradiate;
small specimens with shell constrictions parallel to the growth lines, specimens larger than 30 mm dm without constrictions on shell and
steinkern; very weak umbilical rim in the juvenile stages. Suture line with very narrow external lobe with slightly concave flanks and low
median saddle; ventrolateral saddle broadly rounded; adventive lobe V-shaped, symmetric.

Table 36. Conch ontogeny (Figs 37A, B, E–G) of Obturgites polysarcus n. sp.

dm conch shape whorl cross section shape aperture

10 mm thickly pachyconic; subinvolute

(ww/dm � 0.74; uw/dm � 0.20)

weakly depressed; strongly embracing

(ww/wh � 2.00; IZR � 0.45)

moderate

(WER � 1.90)

30 mm thinly to thickly pachyconic; subinvolute

(ww/dm ¼ 0.65–0.75; uw/dm ¼ 0.15–0.25)

moderately depressed; very strongly embracing

(ww/wh ¼ 1.50–1.75; IZR ¼ 0.45–0.50)

moderate

(WER ¼ 1.75–1.85)

60 mm thickly pachyconic; subinvolute

(ww/dm ¼ 0.70–0.80; uw/dm ¼ 0.15–0.20)

moderately depressed; very strongly embracing

(ww/wh ¼ 1.50–1.60; IZR ¼ 0.45–0.50)

moderate

(WER ¼ 1.85–1.95)

Figure 37. Obturgites polysarcus n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18613.6;�1.0. B. Cross section
of paratype MB.C.18613.7;�1.0. C. Constriction of paratype MB.C.18613.8, at 20.6 mm ww, 11.6 mm wh;�3.0. D. Suture line
of paratype MB.C.18613.4, at 33.3 mm dm, 25.5 mm ww, 15.5 mm wh;�3.0. E–G. Ontogenetic development of the conch width
index (ww/dm), umbilical width index (uw/dm), whorl width index (ww/wh), and whorl expansion rate (WER) of all available
specimens.
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Table 37. Conch dimensions (in mm) and proportions for reference specimens of Obturgites polysarcus n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18613.9 92.9 72.1 40.0 17.4 23.4 0.78 1.80 0.19 1.79 0.42

paratype MB.C.18613.2 62.6 45.0 28.0 10.0 14.6 0.72 1.61 0.16 1.70 0.48

paratype MB.C.18613.10 45.1 35.0 20.2 10.4 11.2 0.78 1.74 0.23 1.77 0.44

holotype MB.C.18613.1 39.7 31.4 17.2 8.2 9.9 0.79 1.82 0.21 1.77 0.43

paratype MB.C.18613.4 38.9 27.1 17.9 7.9 10.5 0.70 1.52 0.20 1.88 0.41

paratype MB.C.18613.8 37.5 25.7 16.1 8.5 8.8 0.69 1.60 0.23 1.70 0.46

paratype MB.C.18613.5 36.6 28.2 16.8 7.5 8.9 0.77 1.68 0.20 1.74 0.47

paratype MB.C.18613.11 26.6 20.7 11.6 5.3 5.9 0.78 1.79 0.20 1.65 0.49

paratype MB.C.18613.12 20.7 13.8 9.1 4.6 5.2 0.67 1.52 0.22 1.78 0.43

Table 38. Suture line proportions (Fig. 37D) for specimens of Obturgites polysarcus n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h

paratype MB.C.18613.4 42.6 mm 0.36 0.47 0.75 0.22 0.77

Discussion. Obturgites polysarcus differs from the co-occurring species O. oligosarcus in the much stouter conch
of specimens between 30 and 50 mm dm (ww/dm ¼ 0.75–0.80 in O. polysarcus but only 0.60–0.75 in O. oligosar-
cus).

Species of the genus Eurites are superficially similar, but these possess a wider umbilicate intermediate growth
stage and do not show the rapid increasing rate of the whorl width.

Obturgites oligosarcus n. sp.

Figures 35, 38, 39

Derivation of name. After Greek oligos ¼ less and sarcus ¼ flesh, because of the less voluminous body chamber.

Holotype. Specimen MB.C.18614.1, illustrated in Figure 38C.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Ten specimens between 41 and 125 mm conch diameter are available. The largest of these is paratype MB.C.18614.5, it is still
chambered at 125 mm dm, suggesting that the diameter with body chamber has been at least 220 mm.

Diagnosis. Obturgites with a thickly pachyconic conch between 2 and 10 mm dm, thereafter lateral compression towards a thinly pachyconic
conch at 15–60 mm dm; juvenile stage subinvolute, slight closure of the umbilicus in the adult stage; umbilical margin rounded or subangular;
umbilical wall slightly flattened; aperture low or moderately high throughout ontogeny. Shell almost smooth; no constrictions on shell and
steinkern. Suture line with very narrow, slightly pouched external lobe and low median saddle; ventrolateral saddle broadly rounded and asym-
metric; adventive lobe asymmetric with almost straight ventral flank and strongly curved dorsal flank.

Table 39. Conch ontogeny (Figs 39A–C, E–G) of Obturgites oligosarcus n. sp.

dm conch shape whorl cross section shape aperture

4 mm thickly pachyconic; subinvolute

(ww/dm � 0.82; uw/dm � 0.20)

moderately depressed; strongly embracing

(ww/wh � 1.85; IZR � 0.44)

moderate

(WER � 1.95)

10 mm thinly pachyconic; subinvolute

(ww/dm � 0.70; uw/dm ¼ 0.16)

weakly depressed; strongly embracing

(ww/wh � 1.35; IZR � 0.42)

moderate

(WER � 1.95)

30 mm thinly pachyconic; subinvolute

(ww/dm ¼ 0.65–0.72; uw/dm ¼ 0.15–0.25)

moderately depressed; very strongly embracing

(ww/wh ¼ 1.50–1.65; IZR ¼ 0.45–0.50)

moderate

(WER ¼ 1.75–1.85)

60 mm thinly pachyconic; involute

(ww/dm � 0.65; uw/dm � 0.10)

weakly depressed; strongly embracing

(ww/wh � 1.15; IZR � 0.42)

high

(WER � 2.10)
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Table 40. Conch dimensions (in mm) and proportions for reference specimens of Obturgites oligosarcus n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18614.5 124.2 66.8 54.9 16.9 32.1 0.54 1.22 0.14 1.82 0.46

paratype MB.C.18614.2 51.6 32.1 28.5 6.8 14.9 0.62 1.12 0.13 1.97 0.48

holotype MB.C.18614.1 44.5 30.0 22.3 6.7 11.5 0.68 1.35 0.15 1.82 0.48

paratype MB.C.18614.3 41.7 28.4 22.4 6.0 12.4 0.68 1.27 0.14 2.02 0.45

Table 41. Suture line proportions (Fig. 39D) for specimens of Obturgites oligosarcus n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h

holotype MB.C.18614.1 42.6 mm 0.38 0.56 0.85 0.20 0.67

Discussion. Obturgites oligosarcus differs from the co-occurring species O. polysarcus in the much more slender
conch (ww/dm ¼ 0.75–0.80 in O. polysarcus but only 0.60–0.75 in O. oligosarcus at 30–50 mm dm).

Figure 38. Obturgites oligosarcus n. sp. from locality TIM-
C7; all �1.0. A. Paratype MB.C.18614.2. B. Paratype
MB.C.18614.3. C. Holotype MB.C.18614.1.
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Family Maxigoniatitidae Korn, Klug & Mapes, 1999

Dzhaprakoceras Popov, 1965

Type species. Muensteroceras tianshanicum Librovitch, 1927 (OD).

Genus definition. Maxigoniatitidae with insignificant ontogenetic changes in the conch; shape pachyconic or discoidal, involute or subinvolute
with an ontogenetic tendency for lateral compression of the conch and closure of the umbilicus (Fig. 40); flanks moderately strong converging
towards the rounded venter; umbilical wall and umbilical margin rounded; aperture high in the adult stage. Ornament with very fine, biconvex
rectiradiate growth lines with moderately ventrolateral projection and rather deep ventral sinus; sometimes with shell constrictions parallel to
the growth lines. Suture line with very narrow, slightly pouched external lobe and very low or low median saddle; ventrolateral saddle broadly
rounded and usually strikingly asymmetric; adventive lobe V-shaped, usually asymmetric with almost straight or concave ventral side and con-
vex dorsal side.

Included species.
aksuense: Muensteroceratoides aksuensis Popov, 1965, p. 37; Tien Shan.
angustum: Dzhaprakoceras angustum Kusina & Konovalova, 2004, p. 15; North Urals.
arkansanum: Muensteroceras arkansanum Gordon, 1965, p. 177; Arkansas.
belcourtense: Dzhaprakoceras belcourtense Work & Nassichuk, 2000, p. 44; British Columbia.
catena: Dzhaprakoceras catena Riley, 1996, p. 53; Lancashire.
chermnykhi: Dzhaprakoceras chermnykhi Kusina, 1980, p. 51; North Urals.
crassum: Dzhaprakoceras crassum Work & Nassichuk, 2000, p. 45; British Columbia.
deflexum: Dzhaprakoceras deflexum Kusina, 1980, p. 58; North Urals.
djaprakense: Muensteroceras djaprakense Librovitch, 1927, p. 37; Tien Shan.
duponti: Munsteroceras duponti Del�pine, 1940, p. 58; Belgium.
flexiforme: Dzhaprakoceras flexiforme Kusina & Konovalova, 2004, p. 15; North Urals.
flexum: Dzhaprakoceras flexum Riley, 1996, p. 58; Lancashire.
flexuosum: Nautellipsites pseudoparallelus forma flexuosa Pareyn, 1961, p. 106; Saoura Valley. [synonym of D. hispanicum]
glabrum: Dzhaprakoceras glabrum Kusina & Konovalova, 2004, p. 13; North Urals.
gordoni: Dzhaprakoceras gordoni Petersen, Korn & Kullmann, 2000, p. 885; Utah.
gracile: Dzhaprakoceras gracile Kusina in Shimansky & Kusina, 1977, p. 87; North Urals.

Figure 39. Obturgites oligosarcus n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18614.4; �1.0. B. Cross
section (inner whorls) of the same specimen; �2.5. C. Dorsal view of holotype MB.C.18614.1;�1.0. D. Suture line of holotype
MB.C.18614.1, at 42.6 mm dm, 29.0 mm ww, 20.3 mm wh; �2.5. E–G. Ontogenetic development of the conch width index
(ww/dm), umbilical width index (uw/dm), whorl width index (ww/wh), and whorl expansion rate (WER) of all available speci-
mens.
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hibernicum: Nautellipsites hibernicus Del�pine, 1940, p. 164; Ireland.
hispanicum: Glyphioceras hispanicum Foord & Crick, 1903, p. 190; Cantabrian Mountains.
humile: M�nsteroceras humile Schindewolf, 1951, p. 62; Harz.
improcerum: Dzhaprakoceras improcerum Kusina, 1980, p. 50; North Urals.
latilobatum: Dzhaprakoceras latilobatum Kusina, 1983, p. 93; North Urals.
levis: Dzhaprakoceras levis Riley, 1996, p. 61; Lancashire.
narynense: Bollandites narynensis Popov, 1965, p. 39; Tien Shan.
paracatena: Dzhaprakoceras paracatena Riley, 1996, p. 63; Lancashire.
planum: Dzhaprakoceras planum Kusina & Yatskov, 1987, p. 103; Novaya Zemlya.
procerum: M�nsteroceras procerum Schindewolf, 1951, p. 57; Harz.
pseudoparallelum: Nautellipsites pseudoparallelum Del�pine, 1940, p. 54; Anti-Atlas.
quantulum: Dzhaprakoceras quantulum Kusina & Yatskov, 1987, p. 104; Novaya Zemlya.
shabyrense: Bollandites shabyrensis Popov, 1968, p. 93; Tien Shan.
sonkulicum: Muensteroceras kazahstanicum var. sonkulica Librovitch, 1940, p. 32; Karaganda.
subglobosum: Muensteroceras subglobosum Librovitch, 1927, p. 35; Tien Shan.
subquadratum: Glyphioceras (Beyrichoceras) subquadratum Foord, 1903, p. 172; Ireland.
subtruncatum: Glyphioceras (Beyrichoceras) subtruncatum Foord, 1903, p. 168; Ireland.
subtile: Dzhaprakoceras subtile Kusina, 1980, p. 54; North Urals.
tianshanicum: Muensteroceras tianshanicum Librovitch, 1927, p. 33; Tien Shan.
? difficile: Glyphioceras (Beyrichoceras) difficile Foord, 1903, p. 171; Ireland.
? kokdzharensis: ?Bollandites kokdzharensis Popov, 1965, p. 41; Tien Shan.
dzhazairense: Dzhaprakoceras dzhazairense n. sp.; Gourara, Algeria.

Dzhaprakoceras dzhazairense n. sp.

Figures 41, 42

Derivation of name. After Al Dzhazair, the Arab name for Algeria.

Holotype. Specimen MB.C.18615.1, illustrated in Figure 41A.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. The species is the most common in the Dalle � Merocanites and is represented by well-preserved material; a total of 98 specimens
between 25 and 87 mm conch diameter were studied. The maximum diameter of the specimens with body chamber can be estimated to be
within about 120 mm.

Diagnosis. Dzhaprakoceras with an involute conch throughout ontogeny, shape continuously transformed from thickly pachyconic at 2 mm dm
to thinly discoidal at 60 mm dm; umbilical margin rounded in all growth stages; aperture moderately high in early growth stages and slightly
increasing in the adult stage. Ornament with very fine biconvex growth lines, course biconvex with very low lateral sinus and deep ventral
sinus, direction rectiradiate; shell and steinkern without constrictions. Suture line with very narrow, almost parallel-sided and slightly pouched
external lobe and low median saddle; ventrolateral saddle strongly asymmetric and broadly rounded; adventive lobe V-shaped, usually strongly
asymmetric with strongly convex dorsal flank.

Figure 40. Ontogenetic trajectories of Dzhaprakoceras, exemplified for Dzhaprakoceras dzhazairense n. sp. from locality TIM-C7.
A. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/dm). B. Ontogenetic development of
the imprint zone rate (IZR), whorl width index (ww/wh). C. Cross section of paratype MB.C.18615.12;�1.0. [Black dots represent
ontogenetic stages of cross section MB.C.18615.12, white dots represent the reference specimens (Tab. 43).]
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Table 42. Conch ontogeny (Figs 42A– I, N–P) of Dzhaprakoceras dzhazairense n. sp.

dm conch shape whorl cross section shape aperture

4 mm thinly pachyconic; involute

(ww/dm ¼ 0.65–0.70; uw/dm ¼ 0.10–0.15)

weakly depressed; very strongly embracing

(ww/wh ¼ 1.30–1.50; IZR ¼ 0.45–0.52)

moderate

(WER ¼ 1.75–1.95)

10 mm thickly discoidal; involute

(ww/dm ¼ 0.55–0.60; uw/dm ¼ 0.07–0.15)

weakly depressed; strongly embracing

(ww/wh ¼ 1.00–1.25; IZR ¼ 0.40–0.45)

moderate to high

(WER ¼ 1.95–2.15)

30 mm thinly to thickly discoidal; involute

(ww/dm ¼ 0.45–0.55; uw/dm ¼ 0.07–0.15)

weakly compressed to weakly depressed; strongly

embracing (ww/wh ¼ 0.90–1.15; IZR ¼ 0.40–0.45)

moderate to high

(WER ¼ 1.95–2.25)

60 mm thinly discoidal; involute

(ww/dm ¼ 0.40–0.45; uw/dm ¼ 0.05–0.10)

weakly compressed; strongly embracing

(ww/wh ¼ 0.75–0.85; IZR ¼ 0.40–0.45)

moderate to high

(WER ¼ 1.95–2.20)

Table 43. Conch dimensions (in mm) and proportions for reference specimens of Dzhaprakoceras dzhazairense n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

paratype MB.C.18615.15 56.6 22.7 28.9 4.6 16.5 0.40 0.78 0.08 1.99 0.43

paratype MB.C.18615.16 55.1 24.5 29.5 5.2 17.2 0.45 0.83 0.09 2.12 0.42

holotype MB.C.18615.1 52.9 21.1 27.4 4.4 16.0 0.40 0.77 0.08 2.06 0.42

paratype MB.C.18615.17 46.5 21.7 25.5 3.3 14.1 0.47 0.85 0.07 2.06 0.45

paratype MB.C.18615.3 45.9 18.3 24.4 3.6 14.1 0.40 0.75 0.08 2.08 0.42

paratype MB.C.18615.4 44.4 19.2 24.0 4.4 13.5 0.43 0.80 0.10 2.06 0.44

paratype MB.C.18615.2 42.3 18.7 21.7 3.6 12.9 0.44 0.86 0.08 2.06 0.41

paratype MB.C.18615.18 32.7 16.0 17.5 2.3 9.9 0.49 0.91 0.07 2.06 0.43

Table 44. Suture line proportions (Figs 42J–M) for Dzhaprakoceras dzhazairense n. sp.

specimen at dm EL w/d EL/VLS EL/AL MS h VLS w/h remarks

paratype MB.C.18615.14 54.0 mm 0.31 0.52 1.01 0.25 0.60 A lobe strongly asymmetric

paratype MB.C.18615.16 c. 45.0 mm 0.39 0.58 0.91 0.22 0.67

holotype MB.C.18615.1 40.4 mm 0.39 0.48 0.71 0.27 0.80 A lobe almost symmetric

paratype MB.C.18615.13 c. 38.0 mm 0.35 0.45 0.87 0.21 0.79 VL saddle almost symmetric

paratype MB.C.18615.4 c. 27.0 mm 0.41 0.63 0.92 0.24 0.64

Figure 41. Dzhaprakoceras dzhazair-
ense n. sp. from locality TIM-C7; all
�1.0. A. Holotype MB.C.18615.1.
B. Paratype MB.C.18615.2. C. Para-
type MB.C.18615.3. D. Paratype
MB.C.18615.4.
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Discussion. Dzhaprakoceras dzhazairense belongs to the slender and involute species of the genus. It differs from
the co-occurring Muensteroceras fabrei in the ww/dm ratio that decreases continuously in D. dzhazairense but
shows an adult stabilization in M. fabrei. Furthermore, the aperture in D. dzhazairense becomes almost continu-
ously higher, whereas it stagnates at 1.90–2.10 in adult conchs of M. fabrei. The external lobe of M. fabrei has
almost parallel flanks.

The type species of Dzhaprakoceras, D. tianshanicum (Librovitch, 1927), has a similar conch like D. dzhazai-
rense, but differs in the wider external lobe and the symmetric adventive lobe. According to the cross section
illustrated by Popov (1968, fig. 15b), the inner whorls are more widely umbilicate than in D. dzhazairense (uw/
dm ¼ 0.27 at 4.5 mm dm in D. tianshanicum and only 0.12–0.15 in D. dzhazairense).

D. chermnykhi Kusina, 1980 is similar to D. dzhazairense, but that species has an almost closed umbilicus (uw/
dm ¼ 0.06 at 43 mm dm) and a much wider external lobe. D. subtile Kusina, 1980 has a similar conch but pos-
sesses a wider external lobe and a symmetric adventive lobe. D. gracile Kusina, 1977 has a similar conch and

Figure 42. Dzhaprakoceras dzhazairense n. sp. from locality TIM-C7. A. Cross section of paratype MB.C.18615.5;�1.0. B. Cross
section of paratype MB.C.18615.6; �1.0. C. Cross section of paratype MB.C.18615.7; �1.0. D. Cross section of paratype
MB.C.18615.8; �1.0. E. Cross section of paratype MB.C.18615.12; �1.0. F. Cross section of paratype MB.C.18615.9; �1.0.
G. Cross section of paratype MB.C.18615.10; �1.0. H. Cross section of paratype MB.C.18615.11; �1.0. I. Cross section (inner
whorls) of paratype MB.C.18615.12;�2.5. J. Suture line of paratype MB.C.18615.4, at 13.3 mm ww, 14.8 mm wh;�2.0. K. Su-
ture line of paratype MB.C.18615.13, at 17.8 mm dm, 13.7 mm ww, 17.2 mm wh;�2.0. L. Suture line of paratype MB.C.18615.1,
at 40.4 mm dm, 18.5 mm ww, 21.2 mm wh; �2.0. M. Suture line of paratype MB.C.18615.14, at 54.0 mm dm, 24.4 mm ww,
28.3 mm wh; �2.0. N–P. Ontogenetic development of the conch width index (ww/dm), umbilical width index (uw/dm), whorl
width index (ww/wh), and whorl expansion rate (WER) of all available specimens.
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suture line, but is more slender than D. dzhazairense (ww/dm ¼ 0.36 in D. gracile at 45 mm dm but 0.45–0.50 in
D. dzhazairense).

D. hispanicum (Foord & Crick, 1897) is difficult to compare because it is based on a single corroded and fully
septate specimen (NHM 37492a) of 54 mm conch diameter from the Cantabrian Mountains. The conch is thinly
discoidal (ww/dm ¼ 0.41) and involute (uw/dm ¼ 0.12). The specimen has a parallel-sided external lobe, but this
may be an effect of corrosion. D. hibernicum (Del�pine, 1940) is based on a large specimen (NHM c38180,
J. Sowerby Coll.; 104 mm dm) from an unknown locality in Ireland. It is thinly discoidal (ww/dm ¼ 0.34) and
involute (uw/dm ¼ 0.07); in this it resembles the conch of larger specimens of D. dzhazairense. The suture line of
the specimen also shows a parallel-sided external lobe, but in this case a possible sinuosity of the external lobe
flanks may be an artefact of deep grinding. The suture line of D. hispanicum and also that of D. hibernicum have
a rather symmetric adventive lobe and thus differ markedly from D. dzhazairense.

“Nautellipsites pseudoparallelus Del�pine, 1941” from Erfoud (Anti-Atlas, Morocco) may also belong to Dzha-
prakoceras, but this species is known from only one specimen (the others listed by Del�pine came from Timi-
moun) of 17 mm dm. The umbilicus is nearly closed in this specimen. The specimens from Djebel Ioucha (Saoura
Valley, Algeria) referred by Pareyn (1961, p. 106) to this species and the “forma flexuosa” clearly belong to Dzha-
prakoceras. They have a very low median saddle and differ in this respect from D. dzhazairense.

Order Prolecanitida Miller & Furnish, 1954
Suborder Prolecanitina Miller & Furnish, 1954
Superfamily Prolecanitaceae Hyatt, 1884
Family Prolecanitidae Hyatt, 1884
Subfamily Protocanitinae Weyer, 1972

Merocanites Schindewolf, 1922

Type species. Ellipsolithes compressus Sowerby, 1813 (OD).

Included species.
applanatus: Prolecanites applanatus Frech, 1899, p. pl. 46a; Rhenish Mountains.
compressus: Ellipsolithes compressus Sowerby, 1813, p. 37; Ireland.
djaprakensis: Prolecanites (Merocanites) djaprakensis Librovitch, 1927, p. 38; Tien Shan.
drostei: Merocanites drostei Collinson, 1955, p. 434; Kentucky.
henslowi: Ammonites Henslowi Sowerby, 1820, p. 111; Ireland.
holzapfeli: Prolecanites Holzapfeli Frech, 1902, p. 66; Rhenish Mountains. [Synonym of M. applanatus]
houghtoni: Goniatites Houghtoni Winchell, 1862, p. 363; Michigan.
ogivalis: Merocanites ogivalis Pareyn, 1961, p. 82; South Oran, Algeria.
planorbis: Merocanites planorbis Del�pine, 1941, p. 44; Morocco.
rileyi: Merocanites rileyi Work & Nassichuk, 2000, p. 29; British Columbia.
similis: Prolecanites similis Crick, 1895, p. 180; Yorkshire.
subapplanatus: Merocanites subapplanatus Smyth, 1951, p. 290; Ireland.
subhenslowi: Merocanites subhenslowi Wagner-Gentis, 1964, p. 238; Cantabrian Mountains. [Synonym of M. applanatus]
tenuis: Merocanites tenuis Sheng, 1984, p. 287; Xinjiang.
quadrilobus: Merocanites quadrilobus Riley, 1996, p. 18; Lancashire.

Merocanites merocanites n. sp.

Figures 43, 44

1984 Merocanites applanatus. – Conrad, pl. 5, fig. 7.

Derivation of name. Tautonym of the genus name.

Holotype. Specimen MB.C.18616.1, illustrated in Figure 43A.

Type locality and horizon. Sebkha de Timimoun, locality TIM-C7 (14.5 km west-southwest of Timimoun, Algeria); Ammonellipsites-Meroca-
nites Assemblage.

Material. Fourteen moderately preserved specimens between 16 and 66 mm conch diameter are available for study.

Diagnosis. Merocanites with strongly applanate whorl cross section (ww/wh ¼ 0.62 at 65 mm dm); flattened and subparallel and separated from
slightly flattened venter by a subangular ventrolateral edge; umbilical margin rounded. Shell surface almost smooth. Suture line with small V-
shaped external lobe; three lobes present on the flanks, the outer two of these resemble each other in their strikingly asymmetric form with a
steeper ventral flank and a prominently curved dorsal flank, they are separated by an inflated saddle.

Discussion. Many of the species of Merocanites require revision and are thus very difficult to compare with the
new species. M. merocanites differs from M. applanatus, M. djaprakensis, M. ogivalis, and M. quadrilobus in the
strongly asymmetric shape of the outer two lobes on the flank (adventive lobe and first lateral lobe).
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Table 45. Conch ontogeny (Figs 44A, C–E) of Merocanites merocanites n. sp.

dm conch shape whorl cross section shape aperture

16 mm extremely discoidal; evolute

(ww/dm � 0.25; uw/dm � 0.45)

weakly compressed; weakly embracing

(ww/wh � 0.80; IZR � 0.05)

moderate to high

(WER � 2.00)

30 mm extremely discoidal; evolute

(ww/dm ¼ 0.24–0.30; uw/dm ¼ 0.45–0.50)

weakly compressed; weakly embracing

(ww/wh ¼ 0.75–0.90; IZR ¼ 0.05–0.08)

moderate to high

(WER ¼ 1.95–2.10)

60 mm extremely discoidal; evolute

(ww/dm ¼ 0.18–0.22; uw/dm ¼ 0.45–0.50)

weakly compressed; weakly embracing

(ww/wh ¼ 0.60–0.70; IZR ¼ 0.05–0.08)

moderate to high

(WER ¼ 1.95–2.10)

Table 46. Conch dimensions (in mm) and proportions for reference specimens of Merocanites merocanites n. sp.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

holotype MB.C.18616.1 65.6 12.7 20.6 31.0 19.3 0.19 0.62 0.47 2.01 0.06

paratype MB.C.18616.2 60.8 12.5 18.9 29.5 17.7 0.21 0.66 0.48 1.99 0.06

paratype MB.C.18616.3 43.8 10.5 14.3 19.5 13.6 0.24 0.73 0.45 2.10 0.05

paratype MB.C.18616.4 29.0 6.5 8.7 14.1 7.9 0.22 0.74 0.49 1.88 0.10

paratype MB.C.18616.5 16.0 4.1 5.1 7.4 4.9 0.25 0.80 0.46 2.02 0.06

Figure 43. Merocanites merocanites n. sp. from locality TIM-C7. A. Holotype MB.C.18616.1;�1.0. B. Paratype MB.C.18616.2;�1.0.

Figure 44. Merocanites merocanites n. sp. from locality TIM-C7. A. Dorsal view of holotype MB.C.18616.1;�1.0. B. Suture line
of paratype MB.C.18616.3, at 23.0 mm dm, 8.0 mm wh;�7.5. C–E. Ontogenetic development of the conch width index (ww/dm),
umbilical width index (uw/dm), whorl width index (ww/wh), and whorl expansion rate (WER) of all available specimens.
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