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INTRODUCTION

The Diplobelida is a small and compara-
tively rare group of belemnoid-like coleoids
that has been supposed to play a central
role in the origin of the Decabrachia (NAEF,
1922; MEYER, 1993; HEwITT & JAGT, 1999;
Haas, 2003; FucHhs, 2012; Fuchs, Keurp, &
WiEsE, 2012; FucHs & others, 2013). The
order is mainly characterized by an advanced
degree of shell reduction (KROGER, VINTHER,
& FucHhs, 2011), which is expressed by
the absence of a bullet-like solid rostrum
(rostrum solidum or rostrum proper) and
the possession of a pro-ostracum that is
distinctly narrower than in the Belemni-
tida. Its isolated position among belemnoid
coleoids is also expressed by an unusual
protoconch architecture that appears to be
different from the belemnoid and decabra-
chian condition (FucHus, Keurpr, & WIESE,
2012; Fuchs, 2019). While JELETZKY (1966,
1981) and DovyLE, DoNoOVAN, & NIXON
(1994) assumed that the Diplobelida
represented an offshoot of the Belemnitida
without any descendants, the significant
reduction of the pro-ostracum width led
Fucns and others (2013) to regard diplo-
belids to be transitional between Belem-
nitida and Cretaceous Groenlandibelidae.
The Cretaceous genus Longibelus FucHs &
others, 2013, exhibits a mosaic of diplo-
belid and groenlandibelid characters and,
therefore, plays an important role linking

both groups. Moreover, workers derived the
Sepiida from breviconic diplobelids such as
Conoteuthis ORBIGNY, 1842, or Vectibelus
JELETZKY, 1981, owing to the presence of
distinctly inclined septa (MEYER, 1993;
Hewritt & JaGgT, 1999; Fuchs, Keurr,
& WIESE, 2012). Although unknown in
most diplobelid genera, in situ arm hooks
recorded in putative diplobelids Chondro-
teuthis BODE, 1933 (HorrMmaNN, FucHs,
& WEINKAUF, 2016) and Clarkeiteuthis
Fucus, DonovaN, & Keupp, 2013, as well
as isolated hooks in Cretaceous sediments
without belemnitid rostra suggest that
diplobelid arms were likewise equipped with
hooks (FucHs, ReicH, & WIESE, 2004; see
Treatise Online 91, Chapter 10). Fossilized
soft parts are virtually absent in unambig-
uous diplobelids, except for medio-dorsal,
soft-tissue attachment scars on the inner
surface of each chamber.

Apart from two questionable Early Jurassic
genera with a narrow pro-ostracum and
without a solid rostrum (FiG. 1), the first
unambiguous diplobelids appeared during
the Late Jurassic (Kimmeridgian—Tithonian).
Although their origin is still obscured, it
is reasonable to search the diplobelid root
among early belemnitid subgroups with a less
developed rostrum (e.g., Coeloteuthididae).
The group diversified during the Early Creta-
ceous but had already declined by the end of
the same period. Only a single genus (Cono-
teuthis) occurred during the Late Cretaceous.
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FiG. 1. Stratigraphical occurrences of diplobelid taxa.

ORDER DIPLOBELIDA
Jeletzky, 1965

[nom. transl. DRusHCHITS, KaBANOV, & NERODENKO, 1984, p. 13, ex
suborder Diplobelina JeLETZKY, 1965, p. 76] [=Diplobeloidea MULLER,
1981, p. 335; Diplobeloidei StaROBOGATOV, 1983, p. 7]

Phragmocones ortho- to breviconic,
Cretaceous forms adventrally incurved
(cyrtoconic); chamber length usually
short; solid rostrum solidum unknown;
sheath thin and short, lamellar, aragonitic,
adapically thickened, medio-dorsally with
or without keel; pro-ostracum narrow, only
one-eighth of the phragmocone circumfer-
ence, length uncertain; dorsal sutures
characteristically with a distinct saddle;
ventral sutures simple with a weak lobe;
septa either weakly or distinctly inclined;
dorsal parts of the septal necks retro-
choanitic; siphuncle mostly submarginal,
rarely marginal; mural flaps unknown;
medio-dorsal attachment scars narrow and

stripe-like, occupying the entire chamber
length; studies on the conothecal ultra-
structure still missing; internal organiza-
tion of the spherical protoconch poorly
known; caecum absent; arm hooks possibly
present. ? Lower Jurassic (Sinemurian—lower
Toarcian), Upper Jurassic (Tithonian)—
Upper Cretaceous (Maastrichtian).

Family DIPLOBELIDAE
Naef, 1926

[Diplobelidac NAEF, 1926, p. 4, nom. correct. pro Diploconidae NAEF,
1922, p. 278, nom. dub.]

Diagnosis as for the order.

Diplobelus Natr, 1926, p. 4 [*Diploconus belemnit-
oides Z1TTEL, 1868, p. 552; OD] [=Diploconus
ZITTEL, 1868, p. 552, nom. nud.]. Phragmocone
slightly cyrtoconic, apical angle 20°-30°; pro-
ostracum narrow, rodlike; ratio of chamber length
to diameter ranges from 0.15 to 0.20; keel absent;
dorsal sutures with distinct saddles; ventral sutures
straight; septa transverse or weakly inclined;
siphuncle submarginal; medio-dorsal attach-
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ment scars narrow, stripe-like, and as long as the
chamber; post-alveolar sheath slightly elongated,
dorsally thickened. Upper Jurassic (Tithonian):
Czech Republic. F1G. 2,1a—c. *D. belemnitoides
(ZrrrEL), Tithonian, Stramberg, Czech Republic,
holotype, BSPG AS 1I 329; 4, lateral view, x3; 4,
close-up view of medio-dorsal saddles and stripe-
like attachment scars, x7; ¢, close-up view of dorso-
lateral, forward-projecting growth lines indicating
rodlike pro-ostracum, x7 (new).

Conoteuthis ORrBIGNY, 1842, p. 376 [*C. dupini-
anus; OD]. Phragmocone cyrtoconic, apical angle
30°-40°; ratio of chamber length to diameter ranges
from 0.15 to 0.2; medio-dorsal keel pronounced,
involving conotheca and sheath; pro-ostracum
anteriorly acute; dorsal sutures with distinct saddles;
ventral sutures straight; septa weakly inclined;
siphuncle submarginal; protoconch spherical, adven-
trally inclined; post-alveolar sheath very short, adapi-
cally thickened on its dorsal side, adorally paper thin.
Lower Cretaceous (Hauterivian)—Upper Cretaceous
(upper Maastrichtian): UK, France, southern India,
Japan, Greenland. FiG. 2,2a—c. *C. dupinianus,
Aptian, Isle of Wight, UK, BMNH C.58037; 4,
medio-dorsal saddles and keel, x5; 4, oblique septa
in lateral view, x5; ¢, straight sutures in ventral view,
x5 (new).——FiG. 2,2d—f, C. hayakawai Fuchs &
Nixo, Turonian, Hokkaido, Japan; &, overview of
holotype, NSM PM23442, x2.5 (Fuchs & Niko,
2010, fig. 3,1); e—f, specimen, BSPG MB-710,
longitudinal section, x6; f; close-up view of spherical
protoconch, x20 (Fuchs, Keupp, & Wiese, 2012,
fig. 4C-D).

Chalalabelus JeLeTzKY, 1981, p. 141 [*Conoteuthis
renniei SPATH, 1939, p. 1; OD]. Phragmocone
cyrtoconic, apical angle 45°-50°; ratio of chamber
length to diameter ranges from 0.15 to 0.2; medio-
dorsal keel present; post-alveolar sheath elon-
gated, dorsally thickened and blunt. ?Upper Jurassic
(Tithonian), Lower Cretaceous (Barremian—Aptian):
Mozambique, UK, ?Russia. FiG. 3,1a—c. *C. aff-
renniei (SPATH), Barremian, UK, BMNH C58036;
a, frontal view, x4; b, apertural, x4; ¢, breviconic
cast of the alveola, x4 (new).

Pavloviteuthis SHIMANSKY, 1957, p. 43 [*R kabanovi;
OD]. Phragmocone orthoconic, weakly adven-
trally incurved, apical angle 25°; ratio of chamber
length to diameter ranges from 0.15 to 0.2; medio-
dorsal keel indistinct; dorsal sutures with distinct
saddles; ventral sutures slightly lobate; septa weakly
inclined; siphuncle marginal; post-alveolar sheath
short. 2Upper Jurassic (upper Kimmeridgian), Lower
Cretaceous (Hauterivian—upper Albian): Russia,
UK, ?Germany. FiG. 3,2a—c. *P. kabanovi,
Hauterivian, Volga region, Russia, holotype,
PINS888/10; dorsal (), lateral (4), and ventral (c)
views, x5 (new).——FIG. 3,2d. P cantiana (SPATH),
Albian, Gault Formation, Folkstone, UK, holotype,
BMNH C.37844, lateral view, x1.3 (new).

Tauriconites KaBaNOV in DRUSHTCHITS, KaBANOV, &
NERODENKO, 1984, p. 13 [*T. nikolai; OD]. Phrag-

mocone orthoconic, weakly adventrally incurved,
apical angle 15°-30°; pro-ostracum unknown;
septa weakly inclined; siphuncle submarginal;
septal necks of protoconch spherical, adventrally
inclined; post-alveolar sheath very short, dorsally
thickened and blunt. Lower Cretaceous (Berriasian—
lower Valanginian): Russia (Crimea). FiG. 3,3.
*T. nikolai, PIN 2578/240, Berriasian, Letneya,
Crimea (adapted from Drushtchits, Kabanov, &
Nerodenko, 1984, fig. 2a).

Vectibelus JeLETZKY, 1981, p. 135 [*Conoteuthis
vectensis SPATH, 1939, p. 3; OD]. Phragmocone
cyrtoconic, apical angle 45°-50°; chamber length
short; medio-dorsal keel present; dorsal sutures
with distinct saddles; ventral sutures slightly lobate;
septa strongly oblique; siphuncle submarginal;
sheath apex dorsally incurved (spinelike) and thick-
ened; hooks unknown. Lower Cretaceous (lower
Aptian): UK (Isle of Wight).——Fi1G. 3,4a—c. *V.
vectensis (SPATH), lost holotype, BMNH C.48619;
dorsal (), lateral (4), and ventral (¢) views, x3

(Jeletzky, 1981, pl. 24,1/-L).

PUTATIVE DIPLOBELIDA

Family CHONDROTEUTHIDAE
Jeletzky, 1965

[nom. correct. herein, pro Chondroteuthididae JELETZKY, 1965, p. 76]

Phragmocones ortho- to breviconic;
chamber length variable; rostrum unknown;
sheath short and thin, aragonitic, medio-
dorsally without keel; pro-ostracum narrow,
only one-eighth of the phragmocone circum-
ference, length up to twice as long as phrag-
mocone; dorsal sutures with a faint saddle;
ventral sutures simple with a weak lobe; septa
straight; siphuncle submarginal; medio-
dorsal attachment scars narrow, stripe-like,
occupying the entire chamber length; cono-
thecal ultrastructure unknown; protoconch
morphology unknown; arm hooks present,
bi- or uniserial. Lower Jurassic (Sinemurian—
lower Toarcian).

Chondroteuthis Bopg, 1933, p. 55 [*C. wunnen-
bergi; OD]. Phragmocone orthoconic, apical angle
15°-16°; ratio of chamber length to diameter
ranges from 0.15 to 0.2; pro-ostracum narrow,
anteriorly straight to weakly rounded, almost twice
as long as the phragmocone; keel absent; dorsal
sutures with faint saddle; ventral sutures lobate;
siphuncle submarginal; sheath thin covering only
the most apical part of the phragmocone; ratio
of arm length to mantle length 0.45:0.5; micro-

hooks uniserial, with four different, spurless types;
possibly one pair of mega-hooks present; arms
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Conoteuthis

FiG. 2. Family Diplobelidae (p. 2-3).
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3

Tauriconites

Chalalabelus

Pavloviteuthis

Vectibelus
FiG. 3. Family Diplobelidae (p. 3).
differentiated. Lower Jurassic (lower Toarcian): dorsal view showing pro-ostracum, x1; &, specimen,
Germany, Luxembourg, ?UK.——FiG. 4a—d. *C. Bundesanstalt fiir Geowissenschaften und Rohst-
wunnenbergi; lower Toarcian, Germany; 4, holo- offe, Hanover, Germany, with focus on hook-
type, Technische Universitit Clausthal-Zellerfeld, bearing arm crown, x2 (new).
ventral view, x0.5; 4, specimen, collection Engeser, Clarkeiteuthis Fuchs, DoNovan, & Keurp, 2013, p.

Berlin, lateral view, x1; ¢, specimen, BSPG MB746, 246 [*Onychoteuthis conocauda QUENSTEDT, 1849
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FiG. 4. Family Chondroteuthidae (p. 3-5).

in 1845-1849, p. 529; OD] [=Phragmoteuthis
Moyjsisovics, 1882, p. 302, partim]. Phragmocone
breviconic; pro-ostracum comparatively long and
narrow, anteriorly rounded, almost twice as long
as the phragmocone; 10 comparatively short arms;
ratio of arm length to mantle length ranges from
0.3 to 0.4; hooks biserial, hook shaft perpendicular
to hook base, hook pairs appear to articulated like
pincers. Lower Jurassic (Sinemurian—Toarcian): UK,
southern Germany. FiG. 5a—g. *C. conocauda
(QUENSTEDT), lower Toarcian, southern Germany;
a, complete specimen, coll. UMH, ventral view,
x0.5 (new); b, specimen, Banz monastery collec-
tion, ventral view showing phragmocone and pro-
ostracum, x0.75 (new); ¢, specimen, Museum Hauff,
with focus on hook-bearing arms, x1 (new); d—e,
reconstruction of shell, lateral (4) and ventral (e)
views (new); f~g, reconstruction of the hook, lateral
(f) and frontal (g) views (new).
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Clarkeiteuthis

FiG. 5. Family Chondroteuthidae (p. 5-6).



8 Treatise Online, number 118

Fuchs, Dirk. 2019. Homology problems in cephalopod
morphology: Deceptive (dis)similarities between
different types of “caecum.” Swiss Journal of Palacon-
tology. DOI:10.1007/s13358-019-00183-7.

Fuchs, Dirk, D. T. Donovan, & Helmut Keupp. 2013.
Taxonomic revision of “Onychoteuthis” conocanda
Quenstedt, 1849 (Cephalopoda: Coleoidea). Neues
Jahrbuch fiir Geologie und Paliontologie, Abhand-
lungen 270(3):244-255.

Fuchs, Dirk, Yasuhiro Iba, Christina Ifrim, Tomohiro
Nishimura, W. J. Kennedy, Helmut Keupp, Wolfgang
Stinnesbeck, & Kazushige Tanabe. 2013. Longibelus
gen. nov., a new Cretaceous coleoid genus link-
ing Belemnoidea and Decabrachia. Palacontology
56(5):1081-1106.

Fuchs, Dirk, Helmut Keupp, & Frank Wiese. 2012.
Protoconch morphology of Conoteuthis (Diplo-
belida, Coleoidea) and its implications on the
presumed origin of the Sepiida. Cretaceous Research
34:200-207.

Fuchs, Dirk, & Shuji Niko. 2010. The first diplobelid
belemnoid from the Late Cretaceous (Turonian)
of Hokkaido (Japan). Paleontological Research
14(3):1-10.

Fuchs, Dirk, Mike Reich, & Frank Wiese. 2004.
Onychites in diplobelid Coleoids? Arguments and
discussion. /z Joachim Reitner, Mike Reich, &
Gariele Schmidt, Geobiologie: 74. Jahrestagung der
Paliontologischen Gesellschaft, Gottingen, 02. bis
08 Oktober 2004: Kurzfassungen der Vortrige und
Poster. Gottingen University. Gottingen. p. 87-88.
Internet resource.

Haas, Winfried. 2003. Trends in the evolution of the
Decabrachia. Berliner Paldobiologische Abhandlun-
gen 3:113-129.

Hewitt, R. A., & J. W. M. Jagt. 1999. Maastrichtian
Ceratisepia and Mesozoic cuttlebone homeomorphs.
Acta Palacontologica Polonica 44(3):305-326.

Hoffmann, René, Dirk Fuchs, & M. E G. Weinkauf.
2016. Grasping the shape of belemnoid arm hooks:
A quantitative approach. Paleobiology 43(2):304—
320.

Jeletzky, J. A. 1965. Taxonomy and phylogeny of fossil
Coleoidea (=Dibranchiata). Geological Survey of
Canada Papers 65-2(42):72-76.

Jeletzky, J. A. 1966. Comparative morphology, phylog-
eny and classification of fossil Coleoidea: Mollusca 7.
University of Kansas Paleontological Contributions,

Article 42:1-166, 15 fig., 25 pl.

Jeletzky, J. A. 1981. Lower Cretaceous diplobelinid
belemnites from the Anglo-Paris Basin. Palacontol-
ogy 24(1):115-145.

Kréger, Bjorn, Jakob Vinther, & Dirk Fuchs. 2011.
Cephalopod origin and evolution: A congruent
picture emerging from fossils, development and
molecules. BioEssays 33(8):602-613.

Meyer, J.-C. 1993. Un nouveau coleoide sepioide
Ceratisepia elongata nov. gen., nov. sp. du Paleocene
inferieur (Danian) de Vigny: Implications tax-
onomiques et phylogenetiques. Geobios (Memoire
Special) 15:287-304.

Mojsisovics, E. von. 1882. Die Cephalopoden der
mediteranen Triasprovinz. Abhandlungen der Kéni-
glichen Geologischen Reichsanstalt 10:1-322.

Miiller, A. H. 1981. Lehrbuch der Paldozoologie. Band
2: Invertebraten, Teil 2: Mollusca 2—Arthropoda 1.
3rd (revised and expanded) Edition. Gustav Fischer.
Jena. xii + 448 p.

Naef, Adolf. 1922. Die Fossilen Tintenfische: Eine Palio-
zoologische Monographie. Gustav Fischer. Jena. 322 p.

Naef, Adolf. 1926. Nomenklatorische Notiz betreffend
die Gattung, ‘Diploconus Zittel, 1868. Pubblicazioni
di Stazione Zoolologice di Napoli 7:4.

Orbigny, Alcide d’.1842. Mémoire sur deux genres
nouveux céphalopodes fossiles (les Conoteuthis et
Spirulirostra) offrant des passages, d’un cote entre la
spirule et la seiche, de 'autre des bélemnites et les
Ommastrephes. Annales de la Société des Sciences
Naturelles (2, Zoologie) 17:362-379.

Quenstedt, F. A. 1845-1849. Petrefactenkunde
Deutschlands. Abteilung 1. Band 1, Cephalopoden.
Verlag Fues. Tiibingen. 581 p.

Shimansky, V. N. 1957. Novyi rod melovykh tsefalopod
[New genus of Cretaceous cephalopods]. Paleonto-
logicheskiy Institut Akadmii Nauk SSR, Materialy po
Osnovam Paleontologii 1:43—44. In Russian.

Spath, L. F. 1939. On a new belemnoid (Conoteuthis
renniei) from the Aptian of the Colony of Mocam-
bique. Boletim dos Servicos de Industria, Minas e
Geologia 2:1-3.

Starobogatov, Y. I. 1983. The System of the Cepha-
lopoda. 7 Y. I. Starobogatov & K. N. Nesis, eds.,
Taxonomy and Ecology of Cephalopoda. Zoological
Institute, USSR Academy of Sciences. Leningrad.
p. 4-7.

Zittel, K. A. 1868. Diploconus, ein neuer Genus aus der
Familie der Belemnitiden. Neues Jahrbuch fiir Miner-
alogie, Geologie und Palacontologie 1868:548-552.



