Systematics, phylogeny and homeomorphy
of the Engonoceratidae HyATT, 1900 (Ammonoidea, Cretaceous)
and revision of Engonoceras duboisi LATIL, 1989
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Abstract: The Engonoceratidae may well have originated on the shallow marine carbonate platforms
of the southern margin of the Mediterranean Province of the Tethyan Realm during the earliest Albian
(?latest Aptian). In the entire Tethyan Realm and beyond adaptive radiation of the group was rapid
and successful during the early Albian as indicated by endemic centres in the Peruvian Basin and the
Western Interior Sea (USA). Later the group successfully enlarged its distribution, and invaded some
provinces (Mowry Sea, Canada) of the Boreal Realm. The mode of life of engonoceratids seems to have
been nektoplanktonic, epipelagic, and stenohaline, restricted to shallow water and platform or in some
cases extremely shallow (littoral and lagoonal) facies which may have helped their radiation. The group
is distinctive and consists of nine genera and up to a hundred species, although its origin is still
obscure. Their appearance may have been triggered by the oceanic anoxic event (OAE 1b) and their
rapid rise may have been helped by their shallow water mode of life and the global mid-Cretaceous
warming and rise in sea level. The fall of the engonoceratids coincides with the end-Cenomanian rapid
transgression, which may have changed their shallow water habitats. Today the group is considered to
have been a successful colonizer, a reliable stratigraphical indicator for shallow marine environments
and a pioneer taxon for recognition of transgressive phases.

Based on new material and sutural analysis, Engonoceras duboisi is revised and assigned to Parengo-
noceras. A set of features consisting of a simplified ceratitid suture, lanceolate and compressed
oxycone shell together comprising a shallow marine ecotype is pointed out as a successful and
repeated morphotype among Mesozoic Ammonoidea, for it was repeated three times during ammonoid
evolution.
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Résumé : Systématique, phylogénie et homéomorphie des Engonoceratidae HyATT, 1900
(Ammonoidea, Crétacé) et révision de Engonoceras duboisi LATIL, 1989.- Les Enganoceratidae
apparaissent a I'Albien basal (ou peut-étre dés I'Aptien terminal) dans les séries de plates-formes
carbonatées de la marge sud de la province méditerranéenne du domaine téthysien. Leur efficacité
évolutive leur permet de coloniser rapidement lI'ensemble du domaine téthysien et méme au dela
comme le montre la présence de groupes endémiques dans le Bassin Péruvien et dans la mer
intérieure occidentale des Etats-Unis. Plus tard, le groupe élargira encore plus son aire de distribution
en envahissant certaines régions du domaine boréal (mer de Mowry, Canada). Les Enganoceratidae
semblent avoir eu un mode de vie nectoplanctonique, épipélagique et sténohalin au sein de mers chau-
des peu a trés peu profondes (rivages, lagons), dont la fréquence a favorisé leur évolution. Ce groupe,
dont I'origine est obscure, est bien individualisé. Il comprend neuf genres et une centaine d'espéces.
Leur apparition semble avoir été provoquée par la crise anoxique OAE 1b et leur rapide expansion
favorisée par |'extension progressive des mers chaudes et épicontinentales qui accompagne la montée
des eaux du milieu du Crétacé. Le déclin des Enganoceratidae semble lié a I'accélération de la montée
des mers qui caractérise la fin du Cénomanien, sans doute par modification substantielle de leurs
habitats peu profonds. Ce groupe est considéré comme un colonisateur efficace et un bon indicateur de
milieux de faible profondeur en ambiance transgressive.

A partir de nouvelles études stratigraphiques et structurales, il est proposé une révision de |'espéce
Engonoceras duboisi qui doit étre rattachée au genre Parengonoceras. Par ailleurs, il est mis en
évidence que le fait de présenter des sutures simplifiées de type Cératite et une coquille lancéolée a
oxycone comprimé est symptomatique d'ammonites adaptées a des milieux marins peu profonds. Ce
modele est, en effet, répété trois fois au long de I'évolution des Ammonoides mésozoiques.

Mots-Clefs : Ammonites ; Albien ; Cénomanien ; phylogénie ; systématique ; homéomorphie.
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Introduction

Engonoceratid ammonites form a distinct but
perplexing group among Cretaceous Ammonoi-
dea. Their systematics is still confusing and
their origin is obscure. After the period of great
monographs on engonoceratid ammonites
(HyaTT, 1903; PERVINQUIERE, 1907; SOMMERMEIER,
1910; BAssge, 1940; KNECHTEL in KNECHTEL et alii,
1947; DuBOURDIEU, 1953; MaHMOUD, 1955; BENA-
VIDES-CACERES, 1956; ReNz, 1970, 1982; ETAvo-
SERNA, 1979), twelve new species have been
introduced and forty species invalidated. This
prompts a review of the group, and a discussion
on the ecology and facies dependency of certain
of its taxa. Recent debates on the systematics
of Engonoceratidae also invite a review of the
systematic position, ecology, distribution, phy-
logeny and homoeomorphy of this group of fos-
sils and of the species assigned it.

Materials and methods

The following abbreviations indicate the re-
positories of specimens mentioned in the text:
HNHM, Hungarian Natural History Museum,
Budapest, Hungary; LC, Lumachella Collection
(private collection of Mr. Zoltdn Evanics, 29
Szatmar Street, Budapest, H-1194 Hungary);
MHNG-GEPI, Collection Muséum d'Histoire natu-
relle de Genéeve, Switzerland. Suture terminolo-
gy is after KuLLMANN & WIEDMANN (1970): E,
external lobe; L, lateral lobe; U, umbilical lobe;
I, internal lobe. Note that KorNn et alii (2003)
revised the sutural terminology of the Paleozoic
prolecanitid ammonites, which implies its
modification for Mesozoic ammonoids too, but
this modification has not been published yet. All
dimensions are in millimetres: D, diameter; Wb,
whorl breadth; Wh, whorl height; U, umbilicus;
myr: million year. Species names in brackets
indicate invalidation.

Historical overview
of the concept of Engonoceratidae

The name Ceratites was introduced by de
HAAN (1825) for a group of Triassic ammonites
with simplified suture lines. As early research
developed, Ceratites-like fossils of Cretaceous
age were discovered, so early palaeontologists
included these fossils into the ceratitid group,
naming them as Cretaceous Ceratites (BucH,
1848, p. 30) or "pseudo-ceratites based on an
apparent resemblance between the sutures of
Triassic ceratitids and those of Cretaceous
engonoceratids" (HYATT, 1903; G. ScoTT, 1940a,
1940b; KENNEDY & CoBBAN, 1976; RAWSON, 1981;
KENNEDY et alii, 1998a). The first engonoceratid
ammonite was published by d'OrsIGNY (1841)
as Ammonites Vibrayeanus [= Neolobites vibra-
yeanus] from France, and by BucH (1848) as
Ammonites Syriacus [= Knemiceras syriacum]
from Lebanon, and Ammonites pierdenalis
[= Engonoceras pierdenalis] from Texas. BucH
(1848) also called attention to the importance

of the group referring to them as Cretaceous
ceratitids ('Kreide-Ceratit'). Although BucH
(1848) reported other "ceratitids" (whose sutu-
re lines superficially resemble those of the
Triassic Ceratites) such as Ammonites Ewaldi
and Ammonites Robini [= Metatissotia ewaldi
and M. robini], these species belong to discrete
taxa (Acanthoceratoidea) with no direct phyletic
connection to the engonoceratids. The family
name Engonoceratidae was introduced by HyATT
(1900, p. 585) to include Protengonoceras,
Engonoceras, Metengonoceras, and Neolobites.
Later HyaTT (1903, p. 144) established the fami-
ly Knemiceratidae for Knemiceras. Based on the
suture line DouviLLE (1912, 1928, 1931) placed
the group in the Pulchelliidae, an assignment
accepted by G. ScotT (1940b, p. 1066). SPATH
(1922, 1924) introduced Hypengonoceras, and
Parengonoceras. The last described member of
the family is Platiknemiceras (BATALLER, 1954).

In the mid 1900's CHIPLONKAR (1941) and
MoOREMAN (1942) referred certain placenticeratid
ammonites (Placenticeras mintoi, and P. pla-
num) to the Engonoceratidae and BENAVIDES-
CACERES (1956, p. 486) regarded Neolobites as
incertae sedis again an indication of taxonomic
uncertainty. Hypengonoceras was regarded as a
placenticeratid ammonite (CAsey, 1960) at that
time the only known Lower Cretaceous placenti-
ceratid. Later Renz (1970) summarized the
systematic debates and content of the family,
and KLINGER & KENNEDY (1989, p. 365) revised
the systematic position of the most discussed
member, Hypengonoceras, which they regarded
as having been derived probably from Parengo-
noceras. WRIGHT et alii (1996, p. 126) did not
accept this rationale proposing a different origin
for the genus: "Hypengonoceras, despite some
resemblances to Engonoceratidae, seems to
belong here" [= Placenticeratidae HyaTT, 1900]
and confirmed that the family had an uncertain
origin, "but some genera closely resemble
Pulchellidae but are probably not closely
related" (WRIGHT et alii, 1996, p. 130) and
placed the family in the Hoplitoidea with these
eight genera included: (Engonoceras, Hypengo-
noceras, Knemiceras, Metengonoceras, Neolo-
bites, Parengonoceras, Platiknemiceras, and
Protengonoceras). At present, the systematic
position of Hypengonoceras is again disputed
(ROBERT & BuLOT, 2004). RoBerT (2002) resur-
rected the genus Glottoceras HyatT 1875, a
view supported by RoOBERT & BuLoT (2004, p.
20). As yet there is no unequivocal approach
regarding the systematic position of the group.
SCHINDEWOLF (1968, p. 747) had already empha-
sized the impossibility of placing the group
properly until its sutural development is clearly
known. He refers this family doubtfully to the
Pulchellidae or the Hoplitidae. Renz (1970)
gave a detailed analysis of the engonoceratid
sutural history. In the past forty years many
species were introduced but no significant work
was done on the sutural ontogeny of the Engo-



noceratidae. Although ROBERT & BuLoT (2004)
discussed the systematic position of the group
placing it in the Pulchelliatoidea, this attribution
is not yet widely accepted. KENNEDY et alii
(2004), Yacosucct (2004), MEISTER & ABDALLAH
(2005), Szives et alii (2007), and ALy et alii
(2008) place the group in the Hoplitoidea, while
LATIL (2008) refers it to the Pulchelliatoidea.
Most recently, BuLoT (2010, p. 169) rejects the
pulchelliatoid origin of Engonoceratidae, sug-
gesting that the genus Subpulchellia/Mogharae-
ceras is most likely an endemic offshoot of
Barremites so cannot be the ancestor of the
Engonoceratidae. Further uncertainty is indica-
ted by LATIL (in MORENO-BEDMAR, 2008b, p. 160)
regarding the systematic position of European
Engonoceras sensu stricto. ROBERT & BuLoT
(2004, p. 11) stressed a pulchelliatoid origin
based on a probable relation with the Barre-
mian/Aptian Subpulchellia, but did not include a
thorough discussion. BuLoT (2010) proposes a
new taxonomic rank for engonoceratid ammo-
nites, the Superfamily Engonoceratoidea HYATT,
1900. This taxonomic approach has certain
advantages: on one hand it emphasizes the
integrity of the group, thus highlighting its
morphological independence. On the other hand
this approach leaves open the problem of the
origin of the group. As mentioned, BuLoT (2010)
rejected the pulchelliatoid origin of engono-
ceratid ammonites. If so, the most plausible
explanation for its origin is the hoplitoids. This
view may be strengthened by new data on the
ecology of Aptian Parahoplites (LEHMANN et alii,
2009). Consequently, the systematics and
origin of Engonoceratidae are still open issues.
Recently Engonoceratidae was considered to
consist of nine genera (Engonoceras, Glottoce-
ras, Hypengonoceras, Knemiceras, Metengono-
ceras, Neolobites, Parengonoceras, Platiknemi-
ceras, and Protengonoceras), and 143 species
(Table 1) of which 38 are invalid. They are
listed in the section discussing the described
genera and their species. The genus Pseuden-
gonoceras referred to by Rawson (1981, p. 517)
is a typing error for Parengonoceras (P. RAWSON,
pers. comm., 2009).

Systematic paleontology

Order Ammonitida Z1T1TEL, 1884
Suborder Ammonitina HyAaTT, 1889
Superfamily Hoplitoidea DOUVILLE,

1890
Family Engonoceratidae HyATT, 1900
= Knemiceratidae HyATT, 1903,
p. 144;
Neolobitinae LurrPov & MIKHAILOV,
1958, p. 125

Genus Glottoceras HyAaTT, 1875, p. 372
(Fig. 1)

Type species. Glottoceras attenuatum HYATT,
1875, from the Lower Albian of Peru.

Figure 1: Glottoceras attenuatum (HYATT, 1903).
Reproduction of the original specimen of HYATT (1903,
pl. 17, figs. 13-14).

Diagnosis. Typical engonoceratid coiling with
narrow umbilicus. Cross section is rather com-
pressed and pentagonal, or oval in some spe-
cies. Venter is flat to slightly concave or roun-
ded in adult stage. Ornamentation consists of
rather strong, sometimes coarse prorsiradiate
ribs, which may originate at the umbilical shoul-
der from bullae. Ventrolaterally bullae may also
appear. Suture consists of many adventive and
auxiliary elements. Relative breadth of saddles
and lobes are similar. Saddles are bifid, lobes
are finely frilled.

Occurrence. Glottoceras (sensu ROBERT,
2002) is restricted to the Albian of South Ame-
rica.

Included species:

e Knemiceras andinum Renz, 1970: p. 1047,
pl. 10, figs. 1a-b, 3; text-fig. 10a-b.

e Glottoceras attenuatum HvyatT, 1875: p.
372.

e [Knemiceras bassleri KNECHTEL in KNECHTEL et
alii, 1947: p. 90, pl. 17, figs. 1-2 = syno-
nym of G. gabbi (BENAVIDES-CACERES, 1956,
p. 451; Renz, 1970, p. 1048; ROBERT &
BuLoT, 2004, p. 20)].

e Knemiceras crassicostatum SOMMERMEIER,
1910: p. 343, pl. 10, fig. 4; PI. 11, figs. 1-
3.

e Knemiceras crassinodosum SOMMERMEIER,
1910: p. 361, pl. 13, figs. 1-2.

e Knemiceras gabbi HyatT, 1903: p. 152, pl.
18, figs. 1-3.

e [Knemiceras gracilecostatum SOMMERMEIER,
1910: p. 343, pl. 10, figs. 2-3 = synonym
of G. semicostatum (ROBERT & BuLoT, 2004,
p. 20)].

e Knemiceras laraense ReNz, 1970: p. 1049,



pl. 12, fig. 1; text-fig. 11a-c.

e Glottoceras raimondii var. largum ROBERT,
2002: p. 125, pl. 12, figs. 4-8; Pl. 13, figs.
1-2.

e [Knemiceras libertadense  BREISTROFFER,
1952: p. 2633 = synonym of G. crassinodo-
sum (ROBERT & BuLoT, 2004, p. 20)].

e Knemiceras moorei KNECHTEL in KNECHTEL et
alii, 1947: p. 98, pl. 21, figs. 1-2.

e Ammonites ollonensis Gass, 1877: p. 271,
pl. 38, fig. 4.

e Knemiceras ovale BENAVIDES-CACERES, 1956:
p. 452, pl. 52, figs. 1, 4.

e Knemiceras raimondii pacificum BENAVIDES-
CACERES, 1956: p. 455, pl. 49, fig. 1.

e [Knemiceras pegnai ETAYO-SERNA, 1979: p.
77, pl. 12, fig. 2; text-figs. 8d, 8f) = syno-
nym of G. tardum (ROBERT & BuLoT, 2004, p.
20)].

e Knemiceras raimondii LissON, 1908: p. 4a,
pl. 4, figs. la-e, 2.

e Knemiceras semicostatum  SOMMERMEIER,
1910: p. 342, pl. 9, fig. 3; Pl. 10, fig. 1.

e [Knemiceras seminodosum SOMMERMEIER,
1910: p. 344, pl. 12, figs. 1-3 = synonym
of G. semicostatum (ROBERT & BuLoT, 2004,
p. 20)].

e Knemiceras sommermeieri (KNECHTEL in
KNECHTEL et alii, 1947: p. 96, pl. 18, figs. 5-
6.

e [Knemiceras spinosum SOMMERMEIER, 1910:
p. 347, pl. 9, fig. 2 = synonym of G. semi-
costatum (RoBERT & BuLoT, 2004, p. 20)].

e Knemiceras raimondii var. tardum BENAVI-
DES-CACERES, 1956: p. 455, pl. 48, figs. 6-7.

e Knemiceras triangulare BENAVIDES-CACERES,
1956: p. 451, pl. 47, figs. 1-2.

e [Knemiceras typicum SOMMERMEIER, 1910: p.
341 = synonym of G. semicostatum (ROBERT
& BuLoT, 2004, p. 20)].

Remarks. BENAVIDES-CACERES (1956, p. 449)
had already pointed out that South American
'Knemiceras' are different from the Knemiceras
attenuatum described by Basse (1940). On the
basis of Art. 23.9 of ICZN (1999), ROBERT
(2002) resurrected Glottoceras to group the
South American species of Knemiceras. ROBERT
(2002) and RoBerT & BuLoT (2004, p. 20)
consider the genus Glottoceras to be restricted
to these Andean species. In the assignment of
species to this group, Knemiceras andinum RENz
must be included in Glottoceras if the rationale
of ROBERT & BuLoT (2004, p. 20) is accepted.

Genus Engonoceras NEUMAYR & UHLIG,
1881, p. 140
= Engonhoplitoides BAsSSE, 1940,
p. 441;
Epigonoceras PACKARD, 1956, p. 400
(Fig. 2)

Type species. Ammonites pierdenalis BUCH,
1848, from the Cretaceous of Fredericksburg,
Texas.

Figure 2: Engonoceras pierdenalis (BucH, 1848).
Reproduction of the original figure of BucH (1848, p.
31, pl. 6, figs. 8-10).

Diagnosis. Diagnosis is after WRIGHT et alii
(1996, p. 130): "Involute, inner whorls very
compressed with narrow, flat or sulcate venter;
later flexuous striae normally repeated by
weak, flat, flexuous or straight ribs ending in
small ventrolateral clavi placed alternately and,
in some shells, joined across venter by zig-
zagging ribs; umbilical and lateral tubercles
may be present, and venter of last whorl may
be rounded. Suture with more elements than
Knemiceras and with saddles normally all entire
except that outermost are bifid; external lobe
normally with strongly divergent branches."

Occurrence. Engonoceras is widespread in its
distribution. It is abundant with many species in
North America (Colorado, Kansas, New Mexico,
Oregon, Texas) and in Mexico (Sonora) and
South America (Colombia, Peru) but also in the
Tethys: North Africa (Algeria, Morocco, Tunisia),
the Near East (Lebanon, Syria) and Asia (Bor-
neo). It is also reported from Europe (England).
Stratigraphically it ranges from the Early Albian
to the Middle Cenomanian.

Included species:

e Ammonites belviderensis CRAGIN, 1894: p.
369, pl. 1, figs. 3-5.

e Engonoceras pierdenale var. commune
HyatT, 1903: p. 165, pl. 21, fig. 1.

e Engonoceras complicatum Hyatt, 1903: p.
175, pl. 24, figs. 6-8.

e [Engonoceras duboisi LATIL, 1989: p. 56, pl.
2, figs. 1-3 = Parengonoceras duboisi (this
paper)].

e Engonoceras elegans KENNEDY et alii, 1998a:
p. 5, figs. 2-4.

e Sphenodiscus emarginatus CRAGIN, 1893: p.
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245,

e Engonoceras gibbosum HyatT, 1903: p. 171,
pl. 22, figs. 6-10; pl. 23, figs. 1-6.

e Engonoceras grimsdalei SpATH, 1931: p.
345, pl. 36, fig. 7.

e Engonoceras hilli Béum, 1898: p. 192, text-
fig. 5.

e Engonoceras iris SPATH, 1924: p. 506, pl.
35, figs. 5a-b; text-fig. 113.

e FEngonoceras jezzinense BAsSe, 1940: p.
437, pl. 3, fig. 4a-b; text-fig. 7.

e Engonhoplitoides  khenchelaense  BASSE,
1940: p. 442, pl. 4, figs. 5-6; text-fig. 12.

e Engonoceras olgaluciae ETAYO-SERNA, 1979:
p. 130.

e Ammonites pierdenalis BucH, 1848: p. 30a,
pl. 6, figs. 8-10.

e Knemoceras pinax Krausg, 1902: p. 10, pl.
1, figs. 1-3; Pl. 2, figs. 1-8 [= Engonoceras
pinax (WRIGHT, 1963, p. 612)].

e Engonoceras retardum HyaTtT, 1903: p. 160,
pl. 19, figs. 15-17.

e Sphenodiscus belviderensis var. serpentinus
CRAGIN, 1900: p. 31, pl. 2, figs. 4-6.

e Engonoceras subjectum HvyatTt, 1903: p.
168, pl. 21, figs. 2-6; PI. 22, figs. 1-5.

e Engonoceras stolleyi BoHm, 1898: p. 188,
pl. 5, fig. 3a-c; PI. 6, fig. 1; text-figs. 2-4.

e Engonoceras thomasi PERVINQUIERE, 1907: p.
302, pl. 9, fig. 8.

e Engonoceras toussainti PERVINQUIERE, 1907:
p. 305, pl. 9, fig. 7a-c.

e [Sphenodiscus belviderensis var. uddeni
CRAGIN, 1900: p. 30, pl. 1, figs. 3-4 = syno-
nym of E. belviderense (R.W. ScoTT,
1970)].

e Engonhoplitoides vicorpense BAssg, 1940:
p. 443, pl. 5, figs. 2-3.

e Engonoceras wilkinsoni PACKARD, 1956; p.
399, text-fig. la-c.

e Engonhoplitoides zumoffeni BAssg, 1940: p.
443, pl. 5, fig. 1.

Remarks. Although BucH (1848, pl. 6, fig.
10) in his description of the type species indica-
tes that all the saddles of the suture are bifid:
"the saddle is rounded, however with one small
secondary lobe in the middle", subsequent desi-
gnations refer to entire or nearly entire saddles
with only one bifid element being typical for
Engonoceras (WRIGHT et alii, 1996; KENNEDY et
alii, 1998a, p. 5). According to BENAVIDES-CACE-
RES (1956, p. 444) most species of Engonoceras
have sutures with entire saddles and are orna-
mented with three or two rows of tubercles. In
some species (e.g. E. complicatum) there are
more (up to five) bifid or sometimes trifid
saddles (E. elegans). Saddles are generally
rounded, lobal necks are narrow. Saddles are
always broader than lobes. Basse (1940, p.
441) established Engonhoplitoides on the basis
of the subdivision of the lateral lobe of the sutu-
re line, remarking that the shell morphology of
Engonhoplitoides is closer to that of Engono-
ceras, while its suture line is more nearly like

that of Knemiceras. This separation was discre-
dited by WRIGHT et alii (1996).
Genus Neolobites FISCHER, 1882,
p- 389
(Fig. 3)
Type species. Ammonites Vibrayeanus

d'ORBIGNY, 1841, p. 322, from the Cretaceous of
Sarthe (France).
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Figure 3: Neolobites vibrayeanus (d'ORBIGNY, 1841).
Reproduction of the original figure of d'ORBIGNY
(1841, p. 322, pl. 96, figs. 1-3).

Diagnosis. Highly variable, oxycone and
lanceolate engonoceratid, with small, shallow
umbilicus. Suture is extremely simplified con-
sisting of rounded, narrow lobes and wide roun-
ded saddles. Cross section is variable from
compressed to slightly inflated. Venter is
variable from wide to narrow trapezoidal or
simply rounded and in some species ornamen-
ted by fine crenulations. Sculpture is variable,
too, ranging from smooth, unornamented forms
to flexuous and ventrally ornamented forms.

Occurrence. Neolobites is restricted to the
Middle (N. fourtaui) and Late (N. vibrayeanus)
Cenomanian being a successful shallow marine
taxon among Engonoceratidae. The genus is
characterized by distinct morphotypes and
populations in the Tethyan Realm and seaming-
ly preferred lower latitudes and subtropical/tro-
pical settings (WIEse & ScHuLzge, 2005, p. 942).
It is reported from South America (Bolivia,
Colombia, Peru, and Venezuela), Africa (Algeria,
Egypt, Libya, Morocco, Niger, and Tunisia),
Europe (France, Portugal, and Spain), and the
Near and Middle East (Israel, Jordan, Lebanon,
Oman, and Syria).

Included species:

e [Neolobites bassleri Boit, 1926: p. 39, pl. 1,
figs. 1-3 = intraspecific variety of N. vibra-
yeanus (WIESE & ScHuLzg, 2005, p. 935)].

e [Neolobites brancai STAFF & Eck, 1908: p.
277, fig. 5 = subspecies of N. vibrayeanus
(MEeISTER & ABDALLAH, 2005, p. 123); =



intraspecific variety of N. vibrayeanus (KEN-

NEDY & JUIGNET, 1981, p. 24; MEISTER et alii,

1994; MEISTER & ABDALLAH, 1996; MEISTER &

RHALMI, 2002; WIiese & ScHuLze, 2005, p.

935)].

e [Neolobites bussoni CoLLIGNON, 1965: p.
170, pl. C, fig. 1la-c = intraspecific variety
of N. vibrayeanus (WIESE & ScHuLze, 2005,
p. 935)].

e [Neolobites choffati HyatT, 1903: p. 178, pl.
25, figs. 1-4 = intraspecific variety of N.
vibrayeanus (KENNEDY & JUIGNET, 1981: p.
24; WIESE & ScHuLzg, 2005, p. 935)].

e Neolobites fourtaui PERVINQUIERE, 1907: p.
209, pl. 8, figs. 2-6.

e [Neolobites isidis GrReco, 1915: p. 206, pl.
17, fig. 4 = intraspecific variety of N. vibra-
yeanus (KENNEDY & JUIGNET, 1981, p. 24;
MEISTER et alii, 1992, p. 62; WIESE &
ScHuLzg, 2005, p. 940)

e [Neolobites kummeli  BENAVIDES-CACERES,
1956: p. 486, pl. 66, figs. 5-6 = synonym
of N. vibrayeanus (KENNEDY & JUIGNET, 1981,
p. 24; WIESE & ScHuLzE, 2005, p. 940)].

e [Ceratites maresi CoQUAND, 1862: p. 168,
pl. 32, figs. 1-2 = N. vibrayeanus (PERVIN-
QUIERE, 1907, p. 307)].

e [Neolobites medeninensis BAsse, 1954: p.
197, pl. 32, figs. 1-11 = intraspecific varie-
ty of N. fourtaui (WIiese & ScHuLzg, 2005, p.
940)].

e [Neolobites peroni HyatT, 1903: p. 179 =
synonym of N. vibrayeanus (BENAVIDES-CA-
CERES, 1956, p. 486) = intraspecific variety
of N. vibrayeanus (Greco, 1915, p. 205;
KENNEDY & JUIGNET, 1981, p. 24)].

e [Neolobites pervinquieri STAFF & Eck, 1908:
p. 279 = intraspecific variety of N. vibra-
yeanus (KENNEDY & JUIGNET, 1981, p. 24;
WIESE & ScHuLzg, 2005, p. 940)].

e [Neolobites schweinfurthi STAFF & Eck,
1908: p. 284, text-fig. 13 = intraspecific
variety of N. vibrayeanus (KENNEDY & Jui-
GNET, 1981, p. 24; MEISTER et alii, 1992, p.
62; MeistTeER & RHAWMI, 2002; WIESE &
ScHuLzg, 2005, p. 935)].

e Ammonites Vibrayeanus d'ORBIGNY, 1841: p.
322, pl. 96, figs. 1-3.

Remarks. WiIese & ScHuLze (2005) stated
that only N. vibrayeanus, N. fourtaui and N.
peroni deserve discrete specific status. KENNEDY
et alii (1981, p. 28) convincingly ruled out N.
bedoti from Neolobites. It was placed in Meten-
gonoceras (MEeISTER et alii, 1992). Reported new
species are based on fragmented and worn
specimens. Therefore the sculpture and suture
appear to be simplified (e.g. N. bassleri, N.
kummeli). KeENNEDY & JUIGNET (1981, p. 24)
argued that N. peroni is also no more than an
intraspecific variety of N. vibrayeanus. WIESE
and ScHuLze (2005) did not discuss the earlier
authors' opinion, but maintain N. peroni as a
distinct species based on slight morphological

differences between N. vibrayeanus and N.
peroni. Taking into consideration the extreme
morphological variety of the populations of
Neolobites, the present author accepts the opi-
nion of KENNEDY & JUIGNET (1981) on N. peroni,
and considers this species an intraspecific varie-
ty of N. vibrayeanus. It is possible that N. four-
taui will also be found to fall into the intra-
specific range of N. vibrayeanus, especially ta-
king into consideration the eco-morphological
analysis of WIESE & ScHuLze (2005). The other
possibility, that future research will elucidate, is
that N. fourtaui and N. vibrayeanus form two
discrete chronospecies, namely N. fourtaui is
older and N. vibrayeanus is younger. The Early
Cenomanian N. bedoti of GROSSOUVRE (1912, p.
31) has been assigned to Metengonoceras by
KENNEDY & JUIGNET (1984, p. 105) because of the
very similar morphologies of Neolobites and
Metengonoceras. Based on these similarities,
the most probable ancestor of Neolobites is
Metengonoceras (LEHMANN & MuRPHY, 2001).

Genus Knemiceras B6HM, 1898, p. 200
= Cnemidoceras HAuG, 1900, p. 24;
Cnemioceras HAuUG, 1900, p. 85;
Knemoceras KRAUSE, 1902, p. 7;
Omaimaiceras MAHMOUD, 1955;
Iranoknemiceras COLLIGNON, 1981,
p- 258
(Figs. 4 - 5)

Type species. Ammonites Syriacus BUCH,
1848, from the Neocomian of Lebanon

Figure 4: Knemiceras syriacum (BUCH, 1848).
Reproduction of the original figure of BucH (1848, p.
21, pl. 6, figs. 1-3).

Diagnosis. Diagnosis is after WRIGHT et alii
(1996, p. 130): "compressed to moderately
inflated; sides flat and parallel or converging;
venter flat or slightly concave; ribs moderately
to very strong, sparse, rounded or flat, arising
singly or in pairs from stout umbilical tubercles;
ending in ventrolateral clavi or crossing venter.
Suture with frilled lobes and slightly frilled,
rarely entire saddles; commonly irregular."
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Figure 5: Highly variable cross sections of Knemiceras species. A.) K. compressum (HYATT, 1903, pl. 16, fig. 16); B.)
K. compressum (RENz, 1970, text-fig. 9c); C.) K. subcompressum (GEYER et alii, 1997, fig. 2f); D.) K. kazhdumiense
(CoLLIGNON, 1981, pl. 3, fig. 1c); E.) K. douvillei (CoOLLIGNON, 1981, pl. 4, fig. 1b); F.) K. persicum (COLLIGNON, 1981,

pl. 5, fig. 1b).

Occurrence. Separation of South American
forms of Knemiceras as Glottoceras by ROBERT
(2002) does not restrict the geographic distri-
bution of the remaining Knemiceras species,
which are reported from Europe (France, Portu-
gal, Spain), North Africa (Algeria, Egypt,
Tunisia), Near East (Israel, Lebanon, Syria),
Middle East (Iraq, Iran, Oman), and also from
South America (Colombia, Peru). Stratigraphi-
cally, Knemiceras appears in the earliest Albian
(?latest Aptian) and disappears in the Early
Cenomanian.

Included species:

e Knemiceras aegyptiacum MaHmoup, 1955: p.
56, pl. 3, fig. 1.

e Knemiceras arambourgi BAsse, 1940: p.
426, pl. 1, fig. 2.

e Knemiceras collignoni MaHmouD, 1955: p.
57, pl. 3, figs. 2-3; text-figs. 31-34.

e Knemiceras compressum HyaTtT, 1903: p.
149, pl. 16, figs. 9-10, 15-18.

e Knemiceras douvillei Basse, 1940: p. 431,

pl. 3, fig. 1; text-fig. 5.

Knemiceras dubertreti BAsse, 1940: p. 427,
pl. 1, figs. 3-4; Pl. 2, figs. 1, 2; text-fig. 2a-
b.

Knemiceras flexiloculosum Bassg, 1940: p.
430, pl. 2, fig. 3a-b.

?  Hypengonoceras ibericum ARIAS &
WIEDMANN, 1977: p. 9, fig. 5 [see H.
ibericum].

Knemiceras iraniense COLLIGNON, 1981: p.
254, pl. 1, fig. 1; Pl. 2, fig. 1.

Knemiceras kazhdumiense COLLIGNON, 1981:
p. 255, pl. 3, fig. 1.

[Knemiceras mintoi (VREDENBURG, 1907: p.
111, pl. 14, figs. 14-15) of CHIPLONKAR
(1941, p. 271) is a synonym of Placentice-
ras mintoi VREDENBURG, 1907 (GANGOPADHYAY
& BARDHAN, 2007, p. 101)].

[Knemiceras orientalis MaHmMouD, 1955: p.
54, pl. 2, figs. 2-7; text-figs. 28-29 = syno-
nym with K. spathi (BuLoT, 2010)].
Knemiceras persicum COLLIGNON, 1981: p.



259, pl. 5, fig. 1.

e [Knemiceras priscum DOUVILLE, 1916: p.
122 = Subpulchellia prisca (WRIGHT et alii,
1996, p. 114); = Mogharaeceras priscum
(BuroT, 2010, p. 168)].

e Knemiceras (Omaimaiceras)
MaHmouD, 1955: p. 63, pl. 3, fig. 5.

e Placenticeras saadense PERON & THOMAS,
1890: p. 19, pl. 16, figs. 3-7.

e Knemiceras saharae COLLIGNON, 1965: p.
167, pl. B, fig. 1a-b.

e ? Knemiceras sinaiticum is cited by ABDALLAH
et alii (2008). Without an original diagnosis
it is considered here to be a nomen nudum

e [Knemiceras spathi ManmouDp, 1955: p. 48,
pl. 1, figs. 1-11; PIl. 2, fig. 3; text-figs. 18-
27 = synonym with K. syriacum (GEYER et
alii, 1997)].

e [Knemiceras compressum var. subcompres-
sum HyaTtT, 1903: p. 150, pl. 16, figs. 11-
14, 19 = subspecies of K. uhligi (GEYER,
1995a, p. 12, GEYER et alii, 1997, p. 226)].

e Ammonites Syriacus BucH, 1848: p. 20, pl.
6, figs. 1-3; PI. 7, fig. 1.

e Placenticeras Uhligi CHOFFAT, 1886: p. 4, pl.
2, figs. 3-5.

Remarks. Resurrection of Glottoceras by
ROBERT (2002) did not solve the systematic
uncertainties around Knemiceras. He considered
the genus to be a geographical variant and
leaves open the problem of the systematic posi-
tion of the remaining Knemiceras species (e.g.
K. attenuatum spinosum from Australia:
WRIGHT, 1963). Other occurrences of 'Knemi-
ceras' attenuatum from Tunisia (ARNOULD-SAGET,
1956, pl. 2, fig. 3a-b) and Iran (COLLIGNON,
1981, pl. 6, fig. 2) should be convincingly
placed somewhere in the Engonoceratidae.
KLINGER & KENNEDY (1989, p. 364) proposed that
Hypengonoceras ibericum be placed in Knemi-
ceras on the basis that quadrituberculate orna-
ment is unknown in Hypengonoceras. Bifid (e.g.
K. compressum, K. subcompressum) or irregu-
lar (K. douvillei, K. iraniense) saddles are
present in the suture line at any growth stage,
distinguishing all Knemiceras species from
Engonoceras and Platiknemiceras. The extreme
intraspecific variation seen in Knemiceras
(KLINGER & KENNEDY, 1989, p. 383) especially in
its inflation and ornamentation (REYMENT &
KENNEDY, 1991) is easily observable in the
cross- sections of the body chambers of various
species (Fig. 5). Cross-sections of Knemiceras
range from the slender lanceolate forms (K.
compressum) through wider (K. kazhdumiense,
K. subcompressum) and subcircular (K. douvil-
lei) and rectangular (K. persicum) forms. CASEY
(1961) decreased this great variation within the
genus by distinguishing the thin, unsculptured
and less ornamented forms as Platiknemiceras.
The extreme variability of shell morphology of
Knemiceras may have been linked to the mode
of life.

rittmanni

Genus Protengonoceras HYATT, 1903,
p. 153
(Fig. 6)
Type species. Engonoceras Gabbi BOHM,

1898, p. 197, from the Cretaceous of Texas
(USA).

Figure 6: Protengonoceras gabbi (BOHM, 1898). Re-
production of the original specimen of BOHM (1898, p.
197).

Diagnosis. Diagnosis is after WRIGHT et alii
(1996) and KENNEDY et alii (1998a). Conch is
like Engonoceras but lacks tubercles at any
stage and has feeble, smooth ribs only on adult
stage. Cross section is compressed to very
compressed and tabulate or may be rounded at
adult stage. Where ventrolateral shoulder is
present, it is always sharp. The suture line is
almost straight and consists of many low
adventive saddles, which are entire. Adventi-
cious lobes are narrow and incised.

Occurrence. Protengonoceras is reported
from the Early and Middle Albian of Peru, Texas,
Mexico and Egypt. CoLLiGNON (1981) reported
two species from the latest Albian and earliest
Cenomanian of Iran.

Included species:

e Protengonoceras dufaurei COLLIGNON, 1981:
p. 261, pl. 5, fig. 2.

e [Protengonoceras emarginatum (CRAGIN,
1893): p. 245. referred by HyatT (1903, p.
177) is a synonym of Engonoceras emargi-
natum (HyaTtT, 1903, p. 157)].

e Engonoceras Gabbi BoHM, 1898: p. 197.

e Protengonoceras planum HyaTtT, 1903: p.
156, pl. 18, figs. 6-9.

e ? Protengonoceras prestati COLLIGNON,
1981: p. 262, pl. 6, fig. 3.

Remarks. HYATT (1903, p. 157) referred Cra-
GIN's Sphenodiscus emarginatus to both Proten-
gonoceras and Engonoceras. Without detailed
description it can only be considered a nomen
nudum so cannot be maintained. HyaTtT (1903,
p. 157) referred to this ambiguity: "not having



seen any specimens of the species, I can not
say positively that it is a member of this
genus", therefore this reference is omitted.
CoLLIGNON (1981) reported two new species
from the Late Albian-Early Cenomanian of Iran.
However, all other species are reported from
the Early and Middle Albian, and no occurrences
are known from the Late Albian or younger.
COLLIGNON (1981) introduced P. prestati posses-
sing well preserved dorsolateral and lateral
bullae and a suture line with bifid saddles
typical of Knemiceras. Protengonoceras lacks
tubercles and never presents bifid and/or inci-
sed saddles. On that basis, P. prestati belongs
rather to Knemiceras; however the single figu-
red specimen (CoLLIGNON, 1981, pl. 6, fig. 3a-b)
does not permit a reliable revision.

Genus Metengonoceras HYATT, 1903,
p- 179
= Epengonoceras SPATH, 1924, p. 508
(Fig. 7)
Type species. Metengonoceras inscriptum
HyaTtT, 1903, from the Albian of Decatur, Texas.

Figure 7: Metengonoceras inscriptum HYATT, 1903.
Reproduction of the original figure of HYATT (1903: p.
180, pl. 25, figs. 5-9).

Diagnosis. Diagnosis is after CoseaN (1987,
p. C2). Metengonoceras includes very compres-
sed, almost smooth ammonites having very
narrow umbilicus and narrow, flattened venters,
which may be rounded on the adult body
chamber. Sculpture consists of falcoid growth
lines. On some species, weak arcuate ribs ap-
pear a little above the midflank. Rarely faint
umbilical bullae may appear. Suture is sim-
plified, consisting of closely shaped numerous
auxiliary and adventive elements. Most of the
saddles are wide, being undivided and rounded.

Larger lobes may be frilled moderately.

Occurrence. Metengonoceras occurred in the
Gulf of Mexico during the Middle Albian (COBBAN
& KENNEDY, 1989). Many species flourished in
the Western Interior of the USA. Repeated
speciation took place there (R.W. ScotT, 2007)
from which certain Metengonoceras species
invaded northward (Mowry Sea, Canada) and
eastward (Normandy, France). During the Ce-
nomanian Metengonoceras enlarged its territory
outside North America. It is reported from
Europe (France, Germany), Africa (Algeria,
Egypt, Niger, Nigeria, Tunisia), and the Middle
East (Jordan) as well as from South America
(Brazil, Ecuador) reached through the Saharan
seaway. Metengonoceras tended to become
more acute and sharply keeled during the
Cenomanian.

Included species:

e Metengonoceras acutum HyatT, 1903: p.
184, pl. 26, fig. 8; pl. 27, figs. 1-2.

e Metengonoceras ambiguum HyaTT, 1903: p.
183, pl. 26, figs. 5-7.

e Metengonoceras arnaudi GROSSOUVRE, 1912:
p. 30.

e Epengonoceras aspenanum REESIDE &
WEyMouTH, 1931: p. 16, pl. 1, fig. 15; pl. 2,
figs. 2-5; pl. 3, figs. 5-7.

e Neolobites bedoti GROSSOUVRE, 1912: p. 31,
pl. 3, fig. 2; text-fig. 4.

e Engonoceras bravoense BOsg, 1928: p. 229,
pl. 7, figs. 31-35: pl. 8, figs. 1-8.

e ? Metengonoceras dibbleyi is cited by
GROSHENY et alii (2008, p. 594) referring to
HERKAT (1999, p. 270), however both cita-
tions are considered to be nomen nudum
because of a lack of original designation

e [Metengonoceras  douvillei  GROSSOUVRE,
1912: p. 34, pl. 3, fig. 3 = synonym of M.
dumbli (KENNEDY et alii, 1981, p. 36;
KENNEDY & JUIGNET, 1984, p. 100)].

e Sphenodiscus dumbli CRAGIN, 1893: p. 243,
pl. 44, fig. 6.

e Metengonoceras inscriptum HyatT, 1903: p.
180, pl. 25, figs. 5-9; pl. 26, figs. 1-4.

e [Metengonoceras nigeriensis FUrRON, 1935:
p. 55, pl. 3, fig. 1 = synonym of M. dumbli
(KENNEDY et alii, 1981, p. 36; MEISTER &
ABDALLAH, 2005, p. 123)].

e Metengonoceras oliveirai Brito, 1967: p.
71, pl. 1, figs. 1-2.

e Metengonoceras teigenense COBBAN &
KENNEDY, 1989: p. L6, pl. 2, figs. 1-7; PI. 3,
figs. 1-8; Pl. 4, figs. 1-8; PI. 5, figs. 1-3;
text-fig. 4.

e [Metengonoceras tolveiense GROSSOUVRE,
1912: p. 36 = synonym of M. dumbli
(KENNEDY et alii, 1981, p. 36)].

Remarks: STEPHENSON (1952) extensively
reviewed the type species of Epengonoceras (E.
dumbli) and concluded that the genus is not
separable from Metengonoceras. This view was
accepted by KENNEDY & JUIGNET (1984, p. 100)



and is also followed here. R.W. ScotT (2007)
reports stratigraphical ranges of engonoceratid
ammonites from North America showing that
certain Metengonoceras species occur in the
Late Albian (M. teigenense, M. aspenanum) and
Cenomanian (M. dumbli, M. acutum) suggesting
that in North America Metengonoceras species
range from earliest Late Albian to the latest
Cenomanian.

Genus ? Hypengonoceras SPATH, 1922,
p- 112
(Fig. 8)

Type species. Placenticeras Warthi KOSSMAT,

1895, from the Albian Utatur Group of southern
India.

Figure 8: Hypengonoceras decaryi (COLLIGNON,
1963). Reproduction of the figures of KLINGER &
KENNEDY (1989: figs. 112-113).

Diagnosis. Diagnosis is after KLINGER & KEN-
NEDY (1989, p. 362). "Umbilicus is narrow. The
shell compressed, the flanks generally little
rounded. Sculpture consists of low falcoid ribs,
often very weak and only visible under oblique
lighting. Umbilical tubercles may be present,
but are never very prominent. Venter is flat to
concave with alternating ventral clavi at least at
some stage. Dimorphism pronounced, but
mainly restricted to differences in size. Suture
variable; in typical forms some saddles are little
divided and 'pincer-like' with bifid folioles; in
others as incised as in a normal placenticeratid
pattern."”

Occurrence. Hypengonoceras is reported
from the Late Albian of Europe (France), Africa
(Madagascar, Morocco, Mozambique, Zululand),
Near East (Israel), India, and probably Sakhalin
(Japan). AvvasamMl & BANERJI (1984, Table 1)
noted a doubtful occurrence in the Late Ceno-
manian of the Utatur Group, South India but

they did not figure or describe it, so this occur-
rence is omitted.

Included species:

e Hypengonoceras chouberti COLLIGNON, 1966:
p. 17, pl. 4, figs. 1-2; PI. 5, fig. 127.

e Hypengonoceras decaryi COLLIGNON, 1963:
p. 128, pl. 291, fig. 1269.

e Hypengonoceras fauremuretae COLLIGNON,
1966: p. 18, pl. 6, figs. 1-4.

e ? Hypengonoceras ibericum ARIAS & WIED-
MANN, 1977: p. 9, fig. 5 [= ? Knemiceras
ibericum, see KLINGER & KENNEDY, 1989, p.
364].

e Hypengonoceras tarfayense  COLLIGNON,
1966: p. 19, pl. 7, fig. 1.

e [Hypengonoceras vredenburgi SARKAR,
1966: p. 144, pl. 11, figs. 1-2 = Placentice-
ras vredenburgi (KLINGER & KENNEDY, 1989,
p. 389)].

e Placenticeras Warthi KossmaT, 1895: p. 80,
pl. 20, fig. 8.

Remarks. Although KLINGER & KENNEDY (1989)
indicated the placenticeratid-like pattern of the
suture of Hypengonoceras, they assigned the
genus to the Engonoceratidae. This clearly rela-
tes to the debate on the systematic position of
Hypengonoceras for it is the most disputed
among the Engonoceratidae and is again under
reconsideration (RoBerT & BuLoT, 2004). This
continuing dispute is based on the general diffe-
rences between the Engonoceratidae and the
Placenticeratidae. The Engonoceratidae are cha-
racterized by simplified ceratitic saddles (best
seen on all species of Protengonoceras, Engono-
ceras, Metengonoceras, and Neolobites) in
contrast to the frilled and finely incised saddles
and lobes of Placenticeratidae. In this scheme,
Parengonoceras and Hypengonoceras are tran-
sitional between the Engonoceratidae and the
Placenticeratidae (KLINGER & KENNEDY, 1989, p.
364); however the first-named genus was
placed in the Engonoceratidae without dispute -
partly because of its known stratigraphical
distribution (Early and Middle Albian) and be-
cause Parengonoceras possesses two true ad-
ventive lobes (RENz, 1970). Only H. ibericum is
que