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Decabrachia 1

INTRODUCTION

Extant Decabrachia is a highly variable 
group of coleoids, which is nevertheless 
well typified by its key character, the modi-
fication of the fourth ventrolateral arm pair 
into retractile tentacles (e.g., Naef, 1922; 
Engeser, 1990; Young & Vecchione, 
1996; Haas, 2003). Decabrachian shells 
can either retain a more or less calcified 
phragmocone (Spirulida, Sepiida), can be 
developed as a chitinous gladius (Oegopsida, 
Myopsida, a few sepiids, Sepiolida, Idiosepi-
idae), or can entirely be lost (Sepiadariidae).

In more than 200 years of intensive 
research, a remarkable number of names 
has been accumulated for the crown group of 
the ten-armed cephalopods (see Donovan & 
Fuchs, 2012). Decapoda Leach, 1817 was 
in use for a long time but had to be discon-
tinued because the name was preoccupied 
by the ten-armed crustaceans (Boettger, 
1952, Hoffmann, 2015). A comparison of 
most recent classifications shows that only 
two names have prevailed up to the present, 
Decabrachia Haeckel, 1866 and Decapo-
diformes Young, Vecchione, & Donovan 
1998. Originally, and in the sense of most 
present authorities, both groupings include 
the same recent orders, namely the Spiru-
lida, Sepiida, Oegopsida, Myopsida, and 
Sepiolida. The main difference refers to the 
inclusion or exclusion of likewise ten-armed 
belemnoids. In his famous phylogenetic tree, 
Haeckel (1866) included the Belemnitida 
within his Decabrachia (belemnoid root-
stock theory), while Young, Vecchione, 

and Donovan (1998) excluded this extinct 
group from their ‘Decapodiformes’. The 
intentional exclusion of belemnoid coleoids 
is rooted in a concept introduced by Haas 
(1997), who distinguished between sucker-
bearing neocoleoids and hook-bearing 
paleocoleoids (belemnoids). However, pale-
ontological support for this sister-group 
relationship has been considered to be weak 
(e.g., Boletzky, 1992; Fuchs, Boletzky, & 
Tischlinger, 2010, Fuchs, Hoffmann, & 
Klug, 2021). Since most recent approaches 
have found support for the phylogenetic 
origin of the decabrachian crown group 
within a belemnoid subgroup (Fuchs & 
others, 2013, 2015; Fuchs, 2019a; Sutton, 
Perales-Raya, & Gilbert, 2015; Klug & 
others, 2016; Tanner & others, 2017; Hoff-
mann & others, 2022), the more neutral 
term Decabrachia sensu Haeckel (1866) is 
herein preferred, which is in accordance with 
the terminologies used by Haas (1997) or 
Doyle, Donovan, and Nixon, 1994.

In contrast to the relatively consistent 
higher-level system of the Octobrachia (see 
Fuchs, 2020), the supraordinal system of 
recent Decabrachia is highly controversial. 
The debate mainly focuses on the ques-
tion whether the groupings Sepioidea sensu 
Naef, 1916 (Camerophora sensu Khromov, 
1990; originally including Sepiida, Spiru-
lida, and Sepiolida) and/or Teuthoidea 
sensu Naef, 1916 (Incamerophora sensu 
Khromov, 1990; including the Myopsida 
and Oegopsida) represent natural units. 
With only a few exceptions (e.g., Berthold 
& Engeser, 1987; Haas, 1997, 2003), most 
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morphology-based classifications followed 
this distinction between primary phragmo-
cone- and gladius-bearing decabrachians 
(e.g., Naef, 1916, 1921, 1921–1923; Voss, 
1964; Jeletzky, 1966; Fioroni, 1981; 
Nesis, 1987; Clarke, 1988). Many modern 
molecular studies, however, have found no 
support for the monophyly of either the 
Sepioidea or the Teuthoidea (e.g., Carlini, 
Reece, & Graves, 2000; Lindgren, Giribet, 
& Nishiguchi, 2004; Bonnaud, Pichon, & 
Boucher-Rodoni, 2005; Strugnell & 
others, 2005; Strugnell & Nishiguchi, 
2007; Lindgren, 2010; Tanner & others, 
2017; Uribe & Zardoya, 2017; Anderson 
& Lindgren, 2021). The validity of the 
Sepioidea and/or the Teuthoidea particu-
larly involves the real position of loliginids 
and spirulids. Both groups appear to be 
morphologically and genetically transi-
tional between Sepioidea and Oegopsida 
(Young, Vecchione, & Donovan, 1998, 
p. 410; Lindgren, Giribet, & Nishiguchi, 
2004, p. 472; Strugnell & others, 2005, 
p. 438; Strugnell & Nishiguchi, 2007, 
p. 408; Strugnell, Lindgren, & Allcock, 
2009, p. 244; Lindgren & others, 2012; 
Anderson & Lindgren, 2021).

By the end of the twentieth century, 
the systematics of fossil Decabrachia was 
impacted by the exclusion of Mesozoic 
gladius-bearing coleoids (fossil teuthids). 
Their reassignment to the Octobrachia by 
Bandel and Leich (1986) and Engeser 
(1988) was originally based mainly on the 
general lack of a fifth arm pair, but recently 
the reassignment received further support 
from the presence of more soft part features. 
Additional arguments against decabrachian 
affinities of Mesozoic gladius-bearing cole-
oids are discussed by Fuchs (2016) and 
Donovan and Fuchs (2016).

Thanks to numerous new Late Cretaceous 
and Cenozoic discoveries, we can, on the 
other hand, register remarkable progress 
in understanding the evolutionary level of 
early Spirulida and Sepiida (e.g., Meyer, 
1993; Weaver, Dockerty, & Ciampaglio, 
2010, Fuchs & others, 2012, 2013; Košťák 

& others, 2013, 2017, 2021; Košťák, Jagt, & 
Schlögl, 2018). Despite this paleontological 
progress, we are still far from resolving the 
unstable relationships within the Decabrachia 
(compare Haas, 2003; Kröger, Vinther, & 
Fuchs, 2011; Fuchs & others, 2013).

Fossil crown decabrachians are repre-
sented by the orders Spirulida, Sepiida, 
Sepiolida, Oegopsida, and Myopsida (see 
Fig. 1). The extinct orders Belemnitida and 
Diplobelida are considered separately in an 
article in preparation and Fuchs (2019b). 
Thirty-one fossil genera of crown decabra-
chians are arranged in nine extinct and two 
extant families (five spirulid families, two 
sepiid, four of uncertain affinities). The 
recent family Spirulidae is currently mono-
typic, whereas the Sepiidae also include the 
extinct genera Archaeosepia and Notosepia. 
Fossil cuttlebones assigned to Sepia appeared 
during the Miocene, while the first plani-
spiral shells of Spirula were found in Pleis-
tocene deposits. The Eocene remains of 
Belosepiella are assumed to represent the only 
sepiolid remains. Loliginidae and oegopsid 
Onychoteuthidae are finally represented by 
unnamed fossils. 

The fossil record of the Decabrachia is 
clearly dominated by Cenozoic forms. They 
are most abundant in localities in the Paris 
and Vienna basin as well as the London Clay. 
Their oldest unambiguous members belong 
to Late Cretaceous groenlandibelid spirulids 
and belosaepiid sepiids. Significantly older 
taxa originally ascribed to decabrachian 
subgroups are currently under discussion, 
as explored herein.

Ideas about the phylogenetic origin of 
the Decabrachia are surprisingly very rare. 
Naef (1922) had integrated all known 
belemnoids within the Decabrachia (his 
Decapoda) by that time and assumed—
according to his phylogenetic scheme (p. 
303)—the crown-group to be paraphyletic. 
He therefore followed the view of Voltz 
(1830, p. 23), who first introduced the idea of 
a belemnoid root stock. In contrast to Naef 
(1922), Jeletzky (1966) and several subse-
quent workers such as Doyle, Donovan, 
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Fig. 1. Stratigraphic distribution of Decabrachia (sensu stricto). 
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and Nixon (1994), Young, Vecchione, and 
Donovan (1998), and Haas (2002) excluded 
belemnoids. Jeletzky (1966), Donovan 
(1977), and Doyle, Donovan, and Nixon 
(1994) considered Phragmoteuthida to be 
the direct ancestors of Decabrachia (and 
Octobrachia) (see Fuchs & Donovan, 
2018; Clarke & Hart, 2018). More recent 
works have been influenced by the intro-
duction of Late Carboniferous Shimanskya, 
which was determined to be a spirulid by 
Doguzhaeva, Mapes, and Mutvei (1999). 
Fuchs (2006) for the time being accepted 
the existence of Carboniferous decabrachians 
and excluded belemnoids as potential precur-
sors. The assumption of Late Carboniferous 
spirulids implies that Decabrachia diverged 
from Early Carboniferous bactritoid-like 
coleoids through retention of protoconch 
characteristics (e.g., Jeletzky, 1966, p. 82). 
Later, Fuchs and others (2012, 2013) and 
Fuchs (2019a) questioned this presumed 
homology and rejected a Paleozoic origin 
of the Decabrachia. In doing so, Fuchs 
(2019a) agreed with Meyer (1993) and 
Hewitt and Jagt (1999), who stated a close 
phylogenetic relationship between diplobelid 
belemnoids and crown group decabrachians.

A Triassic origin of the Decabrachia within 
a phragmoteuthid subgroup, as Jeletzky 
(1966), Donovan (1977) and Doyle, 
Donovan, and Nixon (1994) suggested, 
is therefore conceivable only provided that 
Belemnitida and Diplobelida are regarded as 
stem decabrachians (Sutton, Perales-Raya, 
& Gilbert, 2015; Klug & others, 2016; 
Hoffmann & others, 2022). According 
to a hypothesis of Arkhipkin, Bizikov, 
and Fuchs (2012), teuthid squids evolved 
directly from true belemnites. If spiru-
lids and sepiids derived from diplobelids 
(Sepioidea concept), while myopsids and 
oegopsids (Teuthida concept) evolved from 
belemnitids, the crown group would be, as 
Naef (1922) assumed, paraphyletic. 

To conclude, the majority of recent phylo-
genetic studies support a Mesozoic origin of 
crown decabrachians within diplobelid and/
or belemnitid belemnoids and, thus, the 

extended Decabrachia concept, similar to 
the proposal of Haeckel (1866) and Naef 
(1922). Alternative ideas on a palaeozoic 
origin still bear a large set of phylogenetic 
conflicts (e.g., Fuchs, 2021). As a result of 
this, the orders Belemnitida and Diplobelida 
are here arranged within the superorder 
Decabrachia. (Their systematic information 
can be found in other Treatise Online Part 
M chapters, as identified below). 

Superorder DECABRACHIA  
Haeckel, 1866

[nom. transl. Doyle, Donovan, & Nixon, 1994, p. 6, ex order 
Decabrachia Haeckel, 1866, pl. 6] [=Decapoda Leach, 1817, 
p. 137; =Decacera Blainville, 1825, p. 366; =Decolenae 
Haeckel, 1896, p. 593; =Decembrachiata Winckworth, 
1932, p. 248; =Decabrachia Boettger, 1952, p. 290; =De-
capodiformes Young, Vecchione, & Donovan, 1998, p. 405; 

=Decabrachiomorpha Haas, 2002, p. 341]

Coleoids with five arm pairs; shell calcar-
eous phragmocone; chamber length variable; 
conotheca with or without layer of tabular 
nacre; mediodorsal attachment scar narrow 
stripe-like or wide rectangular; proostracum 
present, one quarter or less of its phragmo-
cone circumference; guard-like sheath arago-
nitic; rostrum proper where present calcitic; 
protoconch complex variable. [Diagnosis 
sensu lato.] Lower Triassic (Olenekian)–Holo-
cene. 

Order BELEMNITIDA  
Haeckel, 1866

See Fuchs & others, Treatise Online, Part 
M, Chapter 23D, Systematic Descriptions: 
Belemnitida. 

Order DIPLOBELIDA  
Jeletzky, 1965 

See Fuchs, 2019b, Treatise Online, Part 
M, Chapter 23E, Systematic Descriptions: 
Diplobelida.

CROWN DECABRACHIA
Coleoids with five arm pairs, arm pair 

4 (ventrolateral) modified into retractile 
tentacles; shell a calcareous phragmocone, 
chitinous gladius, or lost; phragmocone-
bearing forms: chamber length variable; 
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conotheca without layer of tabular nacre; 
mediodorsal attachment scar rectangular, 
shorter than chamber length; siphuncle 
submarginal; proostracum where present 
narrow, rodl ike,  one-s ixteenth of  i t s 
phragmocone circumference; guard-like 
sheath aragonitic; ?rostrum proper absent. 
[Diagnosis sensu stricto.] ?Lower Cretaceous 
(?Valanginian, Aptian), Upper Cretaceous 
(Campanian)–Holocene.

SPIRULIDA
Introduction

The extant Ram’s Horn squid Spirula 
represents—similar to the genus Nautilus—
the last survivor of a formerly very diverse 
group of cephalopods, the Spirulida. The 
small-sized spirulids are characterized mainly 
by the retention of a calcareous phragmo-
cone, which underwent—unlike the sepiid 
cuttlebone—comparatively little evolu-
tionary transformations. The planispiral 
Spirula shell is therefore an essential source 
for comparative analyses between fossil and 
Recent morphologies of the Cephalopoda 
(e.g., Appellöf, 1893; Naef, 1922; Bandel 
& Boletzky, 1979; Fuchs, 2019a, Hoff-
mann & others, 2021). Stranded shells of 
this mesopelagic cephalopod can be collected 
worldwide from subtropical beaches.

Detailed studies of fossil spirulid shells 
began during the first half of the nineteenth 
century with the works about the Eocene 
of France and the UK (Blainville, 1825; 
Sowerby, 1829; Ferrussac & d’Orbigny, 
1835–1848). In the following years, the 
number of Cenozoic taxa recorded from 
central Europe continuously increased. The 
first fossil spirulids outside Europe were 
found by Meyer and Aldrich (1886) from 
the Eocene of North America. Maastrichtian 
deposits in Chile and Greenland yielded the 
first Cretaceous spirulids (Wetzel, 1930; 
Birkelund, 1956). The last comprehensive 
revision of fossil Spirulida was done by Naef 
(1922). Most recent works consider system-
atically, stratigraphically, and/or biogeo-
graphically restricted aspects of the Spirulida 
(e.g., Jeletzky, 1969; Weaver, Dockerty, & 

Ciampaglio, 2010; Fuchs & others, 2012; 
2013; Fuchs & Lukeneder, 2014; Fuchs & 
Košťák, 2015).

The evolutionary trend of the spirulid 
lineage is defined by the reduction of the 
proostracum and a gradually increased 
shell coiling. The first undoubted spirulids 
appeared during the Late Cretaceous (late 
Campanian) with the family Groenlandi-
belidae (Jeletzky, 1966; Fuchs & others, 
2012; 2013; Fuchs, 2019a; Fuchs & others, 
2020). These early forms possessed an ortho-
conic phragmocone with a conspicuously 
narrow, rodlike proostracum and a thin 
sheath enveloping the phragmocone. Other 
key characters, by which groenlandibelid 
phragmocones can be delimited from belem-
noids, are the absence of tabular nacre in 
the conotheca, a siphuncle that enters the 
lumen of the protoconch, and the presence 
of rectangular mediodorsal attachment scars. 
Fuchs and others (2013) suggested that 
groenlandibelids derived from the Diplo-
belida via Aptian–Maastrichtian Longibelus, 
because it portrays a mosaic of characters 
intermediate between diplobelid belemnoids 
and the Groenlandibelidae. Evidence of a 
significantly reduced layer of nacre in the 
conotheca of Longibelus particularly chal-
lenges the assumed existence of Carbon-
iferous spirulids that seemingly lacked a 
nacreous layer (Doguzhaeva, Mapes, & 
Mutvei, 1999, 2010, Mutvei, Mapes, & 
Doguzhaeva, 2012). The idea of Carbonif-
erous spirulids is also rooted in the fact that 
recent Spirula possess a so-called caecum, 
the initial segment of the siphuncular tube 
(Naef, 1922; Jeletzky, 1966, p. 82; Fuchs, 
2019a). As in bactritoids and ammonoids, 
the caecum represents the blind end of the 
siphuncle that enters the lumen of the proto-
conch. It therefore seems obvious that spiru-
lids inherited their caecum directly from 
their ectocochleate ancestors, particularly in 
the light of a fundamentally different proto-
conch architecture in belemnoids. However, 
Hewitt and Jagt (1999), Fuchs and others 
(2012, 2013), and Fuchs (2019a) argued 
for a convergent evolution of the caecum, 
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owing to significant differences between the 
spirulid and the bactritoid/ammonoid type 
of protoconch.

Apart from the endogastric shell coiling 
that involves only the ontogenetically 
youngest chambers, Cenozoic spirulids are 
generally typified by the total loss of a proos-
tracum (please note that a proostracum as 
Naef (1922) indicated in his figures could 
not be confirmed) and by the development of 
a thickened, lamellar sheath. The thickening 
of the sheath is, by contrast to the regular 
lamination of the belemnitid rostrum proper, 
irregular and therefore remarkably variable, 
forming a complex arrangement of apical, 
lateral, and ventral outgrows (expansions, 
projections) or swellings. The post-alveolar 
part of the sheath can be spine- or club-like 
elongated (see Fig. 3). Lateral outgrows can 
be bulge- or wing-like. The ventral side is 
keel- or callus-like or significantly reduced 
(medioventral depression of Jeletzky, 
1966). In taxa with a distinct medioventral 
depression, the dorsal sheath appears to 
be elongated, which led many authors to 
misinterpret this dorsal projection as a proos-
tracum. In Spirula, remains of the sheath are 
commonly known as the outer plate, the 
outer reticulated shell layer that forms the 
so-called ventral ridge. Except for unpaired 
attachment scars on the mediodorsal inner 
surface of each chamber, we have no infor-
mation on the soft tissue organization of 
fossil Spirulida. 

In contrast to the vertical orientation 
observed in Recent Spirula, proostracum-
bearing groenlandibelids as well as their 
Cenozoic descendants most probably 
achieved a horizontal swimming posi-
tion (Monks & Wells, 2000). The bulk 
of Cenozoic spirulids have been recorded 
from shallow water deposits (northwestern 
Atlantic Ocean, the Pre-Mediterranean 
Sea—Paratethys, and the Gulf of Mexico 
region. Since a post-mortem drift of these 
solid shells is unlikely, Cenozoic spirulids 
probably roamed neritic waters indicating 
that the migration of Spirula to oceanic 
waters occurred comparatively late in the 

evolution of the Spirulida (Hoffmann & 
others, 2021).

Altogether, fossil spirulids are organized 
into five families (Groenlandibelidae, Belop-
teridae, Belemnoseidae, Spirulirostridae, 
and Spirulidae) and 14 genera. Their strati-
graphic occurrences are illustrated in Fig. 1.

Order SPIRULIDA Haeckel, 1866
[nom. transl. Pompeckj, 1912, p. 296, ex suborder Spirulida 
Haeckel, 1866, pl. 6, non Spirularia Rafinesque, 1815, p. 
140] [=Spiruloidea Pompeckj, 1912, p. 296; =Spiruloidea 
Stolley, 1919, p. 58; =Spiruliformes Starobogatov, 1983; 

=Spirulina Nesis, 1982]

Phragmocone ortho- to longiconic, slightly 
cyrtoconic, or gyroconic with an apical angle 
of 13°–20°; chamber length variable; coiling 
endogastric; dorsal sutures straight or with 
weak lobe; ventral sutures with weak lobes; 
septa not or only slightly inclined, composed 
of lamello-fibrillar nacre, mural flap present; 
ventral septal necks retrochoanitic, dorsal 
septal necks variable; siphuncle submarginal 
or marginal; mediodorsal attachment scars 
rectangular; conotheca generally without layer 
of tabular nacre (earliest forms possibly with 
significantly reduced layer of nacre); sheath 
thin, investment-like, uni- or multilamellar 
in Cenozoic forms with complex swellings 
and projections; rostrum proper absent; 
proostracum narrow or absent; protoconch 
subspherical with caecum and prosipho. 
Upper Cretaceous (Campanian)–Holocene.

Family GROENLANDIBELIDAE 
Jeletzky, 1966

[Groenlandibelidae Jeletzky, 1966, p. 90]

Phragmocones ortho- to longiconic or 
slightly cyrtoconic with an apical angle of 
13–20°; ratio chamber length-to-diameter 
0·20–0·50; dorsal sutures straight or with 
weak lobe; ventral sutures with weak lobes; 
septa not or only slightly inclined, mural 
flap present; ventral septal necks retrochoa-
nitic, dorsal septal necks variable; siphuncle 
submarginal; mediodorsal attachment scars 
rectangular; conotheca without or a signifi-
cantly reduced layer of tabular nacre; sheath 
thin, investment-like, apically cone-like 
thickened, unilamellar; rostrum proper 
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absent; proostracum width narrow, rodlike, 
less than one-sixteenth of the phragmo-
cone circumference, proostracum length-
to-phragmocone length ratio unknown; 
protoconch subspherical with caecum and 
prosipho. Upper Cretaceous (Campanian–
Maastrichtian): Greenland, Chile, Canada.
Groenlandibelus Jeletzky, 1966, p. 90 [*Belemnoteu-

this rosenkrantzi Birkelund, 1956; M]. Phragmo-
cone longiconic with an apical angle of 13°–14°; 
ratio chamber length-to-diameter 0.40–0.46; 
suture lines almost straight; septa not inclined; 
siphuncle submarginal; conothecal ultrastructure 
still unknown; sheath apically thickened and high-
conically elongated, adorally thin, investment-
like; proostracum very narrow, rodlike, less than 
one-sixteenth of the phragmocone circumference; 
protoconch subspherical. Upper Cretaceous (upper 
Maastrichtian): Greenland.——Fig. 2,1a–b. *Gr. 
rosenkrantzi (Birkelund), holotype, MMK 7758, 
upper Maastrichtian, Agatdalen valley, western 
Greenland; phragmocone in lateral (a) and dorsal 
(b) views; scale bar 10 mm (Fuchs & others, 2012, 
fig. 1A). 

Cyrtobelus Fuchs, Keupp, Trask, & Tanabe, 2012, p. 
289 [*C. birkelundae; OD]. Phragmocone slightly 
cyrtoconic with an apical angle of 17°–20°; ratio 
chamber length-to-diameter 0.27–0.33; sutures 
lines with weakly developed ventral and dorsal 
lobes; septa slightly inclined; siphuncle submar-
ginal; dorsal attachments scars rectangular; cono-
theca without tabular nacre; sheath thin and invest-
ment-like, adapically on top of the protoconch 
bulge-like thickened; proostracum very narrow, 
rodlike; protoconch spherical with long caecum and 
short prosipho, protoconch conotheca continues 
into adult stages without interruption. Upper 
Cretaceous (upper Campanian–upper Maastrich-
tian): Canada, Greenland.——Fig. 2,2a–b. *C. 
birkelundae, cast of paratype, MMK 13001, upper 
Maastrichtian, Agatdalen valley, western Greenland; 
phragmocone in lateral (a) and dorsal (b) views; 
scale bar 10 mm (new).

Naefia Wetzel, 1930, p. 92 [*N. neogaeia; M]. Phrag-
mocone orthoconic with an apical angle of 13-19°; 
ratio chamber length-to-diameter 0.26–0.37; suture 
lines almost straight; septa not inclined; ventral part 
of septal necks short retrochoanitic, dorsal parts still 
unknown; siphuncle submarginal; dorsal attach-
ment scars located apertural, short and rectangular; 
tabular nacre in the conotheca unknown; sheath 
thin investment-like; proostracum very narrow, 
rodlike, less than one-sixteenth of the phragmo-
cone circumference; protoconch poorly known 
(?spirulid-like with caecum). Upper Cretaceous 
(?Campanian–Maastrichtian): Chile, ?Antarctica, 
USA (?California).——Fig. 2,3a–b. *N. neogaiea, 
Q/3509, upper Maastrichtian, Quiriquina Forma-
tion, Chile; phragmocone in lateral (a) and dorsal 
(b) views; scale bar 1 mm (new).

PUTATIVE GROENLANDIBELIDAE
Longibelus Fuchs, Iba, Ifrim, Nishimura, Kennedy, 

Keupp, Stinnesbeck, & Tanabe. 2013, p. 1090 
[*Naefia matsumotoi Hirano, Obata, & Ukishima, 
1991; OD] [=Naefia Wetzel, 1930, p. 92 (type, 
N. neogaeia, M, partim]. Phragmocone longiconic 
with an apical angle of 10–13°; ratio chamber 
length-to-diameter 0.37–0.50; dorsal sutures 
lines almost straight; ventral sutures with distinct 
ventral lobe; septa not inclined; mural flap short; 
dorsal part of septal necks achoanitic or procho-
anitic; siphuncle marginal; dorsal attachments 
scars narrow stripe-like; conotheca with a very 
thin nacreous layer, restricted to the ventral side; 
sheath thin and investment-like with a dorsal 
bipartite keel; rostrum proper absent; proostracum 
width encompass one-eighth of the phragmocone 
circumference; protoconch still unknown. Lower 
Cretaceous (?Valanginian, upper Aptian)–Upper 
Cretaceous (upper Maastrichtian): Russia, South 
Africa, southern India, Japan, Chile, Mexico, 
USA (Alaska), ?Hungary.——Fig. 2,4a–c. *L. 
matsumotoi (Hirano, Obata, & Ukishima), BSPG 
MB-723, Santonian, Harborogawa Formation, 
Hokkaido, Japan; a, phragmocone in lateral view, 
scale bar 10 mm; b, three chambers in dorsal view; 
c, reconstruction of the proostracum (dotted line: 
proostracum width in Groenlandibelidae sensu 
stricto); (a–c, new). 

Family BELOPTERIDAE Fischer,1887
[Belopteridae Fischer, 1887, p. 358, non Belopteridae Owen, 
1856, p. 4] [=Belopteridae Naef, 1921, p. 536; =Belopterinae 
Avnimelich, 1958, p. 64, partim; =Belemnosisidae Avni-
melich, 1958, p. 63, partim; =Belopteriidae Doyle, Donovan, 

& Nixon, 1994, p. 6]

Phragmocone slightly cyrtoconic, curva-
ture affects only the first two to four cham-
bers, chamber length variable; septa not 
inclined; ventral suture distinctly lobate; 
neck lobe distinct; siphuncle marginal; 
proostracum absent; conotheca without 
tabular nacre; sheath with complex exten-
sions, medioventral depression absent, post-
alveolar part long, club-like, thickened, and 
oriented towards the venter, adorally invest-
ment-like with ventral ridge. Palaeocene 
(Selandian)–Eocene (Priabonian): Europe.
Beloptera Blainville, 1825, p. 622 [*B. belemnoidea 

M] [=Belopterella Naef, 1921, p. 536 (type, Belop-
terella cylindrica Koenen, 1885, M]. Chamber 
length-to-diameter ratio <0.2, except earliest (post-
embryonic–juvenile) chambers; post-alveolar sheath 
oriented towards venter, length of club variable, 
lateral extensions well developed, winglike, oriented 
towards venter, ventral ridge moderately developed. 
Paleocene (Selandian)–Eocene (?lower Oligocene): 
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Fig. 2. Groenlandibelidae (p. 7).
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France, Belgium, UK (England), northern Germany, 
Denmark, Ukraine, ?Italy.——Fig. 3,1a–e. B. curta, 
Cossmann, 1896, MNHN J03303, upper Eocene 
(Bartonian), France; a, sheath in ventral view; b, 
reconstruction in ventral view; c, sheath in lateral 
view, scale bar 10 mm; d, reconstruction in lateral 
view; e, reconstruction of cross-section (a–e, new). 

Belopterina Munier-Chalmas, 1872, p. 531 [*Belop-
tera levesquei d’Orbigny, 1845, p. 307; OD] 
[=Belopteridium Naef, 1922, p. 54 (type, B. puer-
ilis, M)]. Chamber length-to-diameter ratio <0.2; 
sheath without or poorly developed lateral exten-
sions, apical thickening short or long, ventral ridge 
pronounced. Paleocene (Thanetian)–Eocene (Lute-
tian): Belgium, Austria, France, UK (England).——
Fig. 3,2a–e. *B. levesquei (d’Orbigny), MNHN 
R05666, lower Eocene (Ypresian), France; a, 
sheath in ventral view; b, reconstruction in ventral 
view; c, sheath in lateral view, scale bar 10 mm; 
d, reconstruction in lateral view; e, reconstruction 
of cross-section.——Fig. 3,3f–i. B. fabrezanensis 
Doncieux, 1908, lower Eocene, France; f, sheath 
in ventral view; g, reconstruction in ventral view; 
h, sheath in lateral view, scale bar 10 mm; i, recon-
struction in lateral view; (a–d, new).

Family BELEMNOSEIDAE  
Wiltshire, 1869

[nom. corr. Jeletzky, 1966, p. 106, pro Belemnosidae Wilt-
shire, 1869, p. 33] [=Belemnosidae Naef, 1921, p. 536; 

=Belemnosisidae Avnimelich, 1958, p. 63, partim].

Phragmocone slightly cyrtoconic; curva-
ture of apical part of phragmocone weak; 
chamber length short to moderate; septa not 
inclined; conotheca without tabular nacre; 
proostracum absent; conotheca without 
tabular nacre; sheath investment-like 
without prominent swellings or extensions; 
post-alveolar part shortest among spirulids, 
either obtusely rounded or extended into 
short spine; laterally without extensions; 
medioventral depression distinct; outer 
surface of sheath granulated or rugose. 
Eocene (Ypresian)–Oligocene: Europe, south-
eastern USA.
Belemnosis Edwards, 1849, p. 38 [*Beloptera anomala 

Sowerby, 1829, M] [=Beloptera Blainville, 1825, 
p. 622 (type, B. belemnoidea; M]. Chamber length 
short; post-alveolar sheath bulbous, obtusely 
rounded, ventrally largely reduced; laterally devel-
oped as diverging bulges. Eocene (Ypresian–Lute-
tian): UK (England), France.——Fig. 4,1a–e. 
*B. anomala (Sowerby), BMNH C43823, lower 
Eocene (Ypresian), London Clay, Highgate, UK; a, 
sheath in ventral view; b, reconstruction in ventral 
view; c, sheath in lateral view, scale bar 10 mm; d, 
reconstruction in lateral view; e, reconstruction of 
cross-section; scale bar 10 mm (a–e, new).

Belemnosella Naef, 1922, p. 48 [*Belemnosis ameri-
cana Meyer & Aldrich, 1886, M] [=Advena 
Palmer, 1937 (non Advena Gude, 1913), =Anevda 
Palmer, 1940; =Spirulirostrella Naef, 1921, p. 
536 (type, Spirulirostra szainochae Wojchik, 1903, 
OD)]. Ratio chamber length-to-diameter 0.2–0.25; 
post-alveolar sheath slightly extended into a spine-
like projection, ventral sheath adapically callus-
like, adorally reduced forming a medioventral 
depression. Eocene (upper Lutetian–lower Barto-
nian)–Oligocene (Rupelian): southeastern USA, 
Poland.——Fig. 4,2a–d. *B. americana (Meyer 
& Aldrich), holotype, USNM 638750, middle 
Eocene (Bartonian), USA; a, sheath in ventral view; 
b, reconstruction in ventral view; c, sheath in lateral 
view, scale bar 10 mm; d, reconstruction in lateral 
view (a–d, new). 

Family SPIRULIROSTRIDAE  
Naef, 1921

[Spirulirostridae Naef, 1921, p. 536] [includes Spirulirostrini-
dae Naef, 1921, p. 536]

Phragmocone distinctly cyrtoconic to 
gyroconic; curvature of the apical part of 
phragmocone involves half turn; chamber 
length long; septa not inclined; proostracum 
absent; conotheca without tabular nacre; 
sheath with prominent swellings and exten-
sions, post-alveolar part comparatively long, 
either rounded, nipple- or spine-shaped, 
laterally extended flange-like, ventrally with 
callus-like capitulum medioventral depres-
sion distinct; outer surface of the sheath 
granulated or rugose; protoconch located 
either inside or outside ventral callus. Oligo-
cene–Miocene: New Zealand, Australia, Japan, 
Mexico, Europe.
Spirulirostra d’Orbigny, 1842, p. 362 [*S. bellardiana, 

M]. Post-alveolar sheath extended into a compara-
tively long, dorsally directed spine; capitulum well 
developed, enveloping the protoconch. Oligocene 
(Chattian)–Miocene (Langhian): New Zealand, 
Australia, Japan, northern Germany, Italy, ?Austria, 
(?lower Oligocene of Hungary).——Fig. 5,1a–d. 
Sp. hoernesi Koenen, 1865, BSPG MC-183-3, 
Miocene (Langhian), northern Germany; a, ventral 
view; b, reconstruction; c, lateral view; d, recon-
struction; a–d, scale bar 10 mm (new). 

Amerirostra Jeletzky, 1969, p. 27 [*Spirulirostra amer-
icana Berry, 1922; M] [=Spirulirostra d’Orbigny, 
1842, p. 362 (type Sp. Bellardiana d’Orbigny, 
1842, OD)]. Post-alveolar sheath extended into 
a comparatively long, dorsally directed spine;  
capitulum strongly granulated, but sparsely 
pronounced, not enveloping the protoconch as in 
Spirulirostra. Miocene: Mexico.——Fig. 5,2a–d. *A. 
americana (Berry), lectotype, USNM 644841a, 
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Fig. 3. Belopteridae (p. 7–9).
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Fig. 4. Belemnoseidae (p. 9).
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Miocene, Vera Cruz, Mexico; a, ventral view; b, 
reconstruction; c, lateral view; d, reconstruction; 
a–d, scale bar 10 mm (new). 

Spirulirostridium Naef, 1922, p. 61 [*S. obtusum 
Naef, 1922; M]. Post-alveolar sheath comparatively 
short, obtusely or nipple-like extended, ventral 
callus well developed, enveloping the protoconch. 
Lower Oligocene (Rupelian)–Miocene (Langhian): 
Austria, Czech Republic, Malta.——Fig. 5,3a–d. S. 
(unknown species), RGM 516.883, middle Miocene, 
Zebbug, Malta; a, ventral view; b, reconstruction; 
c, lateral view; d, reconstruction; a–d, scale bar 10 
mm (new).

Spirulirostrina Canavari, 1892, p. 65 [*Sp. lovisatoi; 
M] [=Nipponirostra Obata, Ogawa, & Oishi, 2004, 
p. 118 (type, N. jeletzkyi, M)]. Curvature of the 
phragmocone tighter than in other spirulirostrids; 
septa not distinctly inclined; sheath generally 
thin, post-alveolar part spine-like extended, wing-
like extensions located ventrally, ventral callus 
weakly developed. Miocene (Langhian): Italy, Japan, 
?Belgium.——Fig. 5,4a–c. *Sp. lovisatoi, SMNS 
9185, Miocene, Sardina, Italy; a, reconstruction in 
ventral view; b, specimen in lateral view; c, recon-
struction in lateral view; a–c, scale bar 10 mm (new).

Family Spirulidae Owen, 1836
[Spirulidae Owen, 1836, p. 519] [=Lituitae Gray, 1847, p. 206]

Spirula Lamarck, 1799, p. 80 [*Nautilus spirula 
Linnaeus, 1758, p. 710; M] [=Lituina Link, 1806, 
p. 84 (type, Nautilus spirula Linnaeus, 1758, p. 
710, M); =Spirularius Dumeril, 1806, p. 157 
(new name for Spirula Lamarck)]. Phragmocones 
gyrconic, planispiral; curvature tight; ratio dorsal 
chamber length-to-diameter 0.50–0.60; dorsal 
sutures straight, ventral sutures with distinct lobe; 
septa not inclined; mural flap present, septal necks 
holochoanitic, reaching inner surface of preceding 
septal neck; connecting rings lining entire inner 
surface of preceding septal neck; siphuncle 
marginal; mediodorsal attachment scars rectan-
gular; conotheca (inner plate) unilayered, without 
layer of tabular nacre; sheath (outer plate) thin, 
investment-like, unilayered (forming a ventral ridge 
along early ontogenetic chambers), absent around 
final chamber; rostrum proper absent; proostracum 
absent; protoconch subspherical with caecum and 
prosipho. Pleistocene–Holocene: Worldwide, trop-
ical seas and oceans.——Fig. 6,1a–b. *S. spirula 
(Linnaeus), Holocene (extant), Mozambique; a, 
left lateral view; b, median section; scale bar 10 mm 
(new; photo by René Hoffmann). 

SPIRULIDA INCERTAE SEDIS

Amphispirula Fuchs & Košťák, 2015, p. 93 [*A. 
herspica; M)]. Phragmocone gyroconic with a 
continuous curvature; ratio chamber length-to-
diameter 0.18–0.26; septa distinctly inclined; sutures 
without lobes or saddles; proostracum absent; sheath 
unknown, probably investment-like. Eocene: Czech 
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Republic.——Fig. 6,2a–d. *A. herspica, holotype, 
GE 30 226, Eocene, Heršpice, Brno region, Czech 
Republic; dorsal (a), right lateral (b), left lateral (c), 
and ventral (d ) views; scale bar 10 mm (Fuchs & 
Košťák, 2015, fig. 3A–D).

SEPIIDA
Introduction

Sepiida is a nectobenthic group of dorso-
ventrally flattened decabrachians with high 
species diversity, remarkable cognitive abili-
ties, and high ecological and economical 
importance. Its key innovation is, besides 
several soft part features (e.g. dorsoventrally 
flattened mantle, arm pair 4 flattened), 
certainly the fundamental reorganization 

of the calcareous shell, which is commonly 
called a cuttlebone. Fossil sepiids are there-
fore well defined and rarely confused with 
other coleoid groups, although soft tissues 
are unknown—apart from evidence of 
muscle attachment sites and ink (Košťák, 
Jagt, & Schlögl, 2018). Despite its pecu-
liarity, the homology with the cephalopod 
phragmocone had already been recognized 
by the pioneers of systematic zoology (e.g., 
Linnaeus, 1758; Lamarck, 1799; Voltz, 
183, p. 23; d’Orbigny, 1845, p. 137). The 
alternative interpretations suggesting that 
the narrow interspaces between the lamellae 
are not equivalent to true chambers did not 

Fig. 6. Spirulidae, Spirulida incertae sedis (p. 11–13).
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achieve general acceptance (e.g., pseudoch-
ambers theory of Seilacher & Chinzei, 
1993, p. 366).

In general, the cuttlebone consists of 
a tough dorsal shield underlain by a soft 
buoyancy tank. In detail, the cuttlebone is 
a composite of highly complex substruc-
tures, each of which has its equivalent in the 
typical cephalopod phragmocone. Appellöf 
(1893) is widely acknowledged to have 
established the modern standard descrip-
tion of this sophisticated buoyancy device, 
although earlier workers already used a very 
similar terminology (e.g. Riefstahl, 1886). 
Denton and Gilbin-Brown (1959, 1961a, 
1961b, 1961c, 1964) provided the funda-
mentals of our current knowledge about 
the mechanical properties and the detailed 
physiology and functional morphology of 
the cuttlebone. Some extant cuttlebones 
are strong enough to withstand hydrostatic 
pressures in water depths down to 600 m 
(Birchhall & Thomas, 1983; Ward & 
Boletzky, 1984; Sherrard, 2000). The 
deepest depth of a Sepia species recorded by 
Reid (2016) is nearly 1000 m. We are still at 
the beginning of understanding the morpho-
logical and physiological adaptations to such 
enormous diving depths (Ward & others, 
2022). Essential insights into the early shell 
formation of Sepia officinalis were given by 
Naef (1928), Spiess (1972), Bandel and 
Boletzky (1979), and more recently by 
Pabic and others (2016, 2019). Age determi-
nation approaches based on cuttlebones were 
conducted, for example, by Bettencourt 
and Guerra (2001) and Nabhitabhata & 
others (2022). Ultrastructural (SEM) investi-
gations started with Barskov (1973), Bandel 
and Boletzky (1979), and Dauphin (1981). 
Authors such as Adam and Rees (1966), 
Khromov (1987), LU (1998), Bonnaud, 
Lu, and Boucher-Rodoni (2006), and 
Neige (2006) discussed the systematic-
taxonomic value of the cuttlebone. Spatial 
patterns of disparity, diversity, and body 
sizes were reconstructed based on cuttlebones 
(Neige, 2003, 2021). Molecular phylo-
genetic relationships among sepiids were 

analyzed by Bonnaud, Lu, and Boucher-
Rodoni (2006) and Yoshida, Tsuneki, and 
Furuya (2006). The geochemistry and the 
use of the cuttlebone for water temperature 
reconstructions were investigated by Betten-
court and Guerra (1999) and Rexfort and 
Mutterlose (2006, 2009), while Gutowska 
and others (2010) (Gutowska, Pörtner, & 
Melzner, 2008) studied abiotic effects on the 
calcification process. The latest physico- and 
biochemical characterization of the cuttle-
bone came from Florek and others (2009), 
Pabic and others 2017, and Liu and others 
(2021). 

Today, workers subdivide the modern 
cuttlebone into the dorsal shield, the ventral 
chamber complex, the fork, and the apical 
spine. In addition, one distinguishes between 
the inner and outer cone (e.g., Lu, 1998). 
As a result of the enormous evolutionary 
transformations, this morphological subdi-
vision is only, in part, applicable for the 
shells of the stem group of the Sepiidae, the 
Belosaepiidae, which is well known from the 
Cenozoic fossil record. 

Dorsal Shield

It is widely accepted that the dorsal shield 
evolved through gradual reduction of the 
ventral parts of an originally cyrto-breviconic 
shell. Haas (2003) recapitulated the growth 
modalities of the sepiid phragmocone and 
regarded the modern cuttlebone as a result 
of exponential growth of a cyrtoconic (endo-
gastrically enrolled) phragmocone, which 
possesses a radius that is logarithmically 
growing. This eccentric mode of growth 
caused the compression and later reduction 
of the ventral shell wall. As Haas explained, 
“The biological advantage of this is to move 
the centre of buoyancy to the mid-point 
of the animal and thus to enable a greater 
maneuverability on short distance. (Haas, 
2003, p. 121).”

Compared to the modern cuttlebone, the 
dorsal shield of the less specialized belosae-
piids is more convex (transversally as well 
as longitudinally), because the underlying 
phragmocone is still conical, particularly 
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in early ontogenetic stages (see Fig. 7). In 
addition, the posterior shield of belosaepiids 
can be characteristically thickened, forming 
a callus-like shoulder (capitulum). 

In both fossil and extant forms, the dorsal 
shield is composed of the granulated sheath 
(outer plate, guard), the intermediate, irreg-
ularly mineralized (and therefore mainly 
organic) periostracum, and a thin, inner 
prismatic shell layer to which the septa 
insert. The latter two layers structurally 
belong to the primary shell wall (conotheca), 
whereas the laminated sheath represents a 
secondary shell formation that is a secretion 
product of the dorsal (secondary) shell sac 
epithelium (e.g., Riefstahl, 1886; Barskov, 
1973; Bandel & Boletzky, 1979; Fuchs, 
2006, 2012). A layer of nacre is absent in the 
primary shell wall. 

Occasionally, one can find a subdivision 
of the dorsal shield in a median field and 
lateral wings (cone fields) as it is commonly 
in use in gladius-bearing coleoids (e.g., 
Bizikov, 2008; Košťák & others, 2016). 
Such a subdivision is hardly determinable 
in belosaepiids.

Dissolution of the calcified components of 
the cuttlebone exposes a chitinous gladius-
like structure (Hunt & Nixon, 1981). 
Authors such as Khromov (1987) and 
Bizikov (2008) therefore regarded the dorsal 
shield as a modified pro-ostracum. However, 
Sepiida lack any evidence of a true pro-
ostracum (Naef, 1922; Barskov, 1973, 
p. 290; Haas, 2003, p. 119; Fuchs & Iba, 
2015), which is widely accepted to represent 
the anteriorly projecting dorsal remains of 
the terminal chamber. The morphological 
series Ceratisepia–Belosaepia–Sepia mark-
edly demonstrates that the shell reduction 
affected the entire ventral shell wall rather 
than only the ventral side of the terminal 
chamber (homologization of the dorsal shield 
and the dorsal pro-ostracum would afford 
an anterior shift of the septal attachments 
onto the anterior pro-ostracum rim and 
this is regarded as unlikely). As a result of 
phragmocone-related transformations, the 
sepiid cuttlebone moved from an originally 

posterior to a dorsal position, which allowed 
the dorsal shield to look like a pro-ostracum. 
Young, Vecchione, and Donovan (1998, 
p. 407) compared the dorsal shield with a 
secondary pro-ostracum.

Intracameral Muscle Attachment Scars
Mediodorsal attachment scars on the inner 

surface of the conotheca suggest that belo-
saepiids—unlike modern sepiids—conserved 
(at least as juveniles) a visceral sac-conotheca 
connection typical for phragmocone-bearing 
coleoids (Fuchs & others, 2013).

Ventral Chamber Complex
The gradual migration of the chamber 

complex from a posterior to a dorsal posi-
tion, in which the centers of buoyancy and 
gravity are vertically aligned, represents the 
most remarkable modification of the sepiid 
cuttlebone. The modern cuttlebone thus 
differs significantly from those of belosae-
piids and particularly of other cephalopods.

In contrast to most other phragmocone-
bearing coleoids, the early sepiid lineage is 
characterized by a laterally depressed phrag-
mocone, i.e., the dorsoventral diameter 
exceeds the lateral diameter. This is already 
observable in Maastrichtian–Danian belo-
saepiid Ceratisepia (see Fig. 8) and accom-
panied by gradually inclined septa (Meyer, 
1993). In belosaepiids, the inclination of 
septa relative to the longitudinal axis of the 
phragmocone can be considered as moderate 
compared to the vertical position in other 
phragmocone-bearing coleoids and the nearly 
horizontal orientation in later cuttlebones. A 
similar evolutionary tendency involves the 
phragmocone curvature, which is gradually 
decreasing. As a combined result of decreasing 
shell curvature and increasing septal inclina-
tion, the sepiid phragmocone became flatter 
during evolution. In juvenile Belosaepia, the 
dorsoventral diameter of the phragmocone is 
still larger than the lateral diameter.

More differences between Belosaepiidae 
and Sepiidae concern the septal complex:

1) Belosaepiid septa were originally 
concave, unlike the straight or even convex 
septa in the members of the Sepiidae. 
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2) Septa are significantly less crowded in 
belosaepiids than in sepiids. 

3) Septum supporting pillars (intracam-
eral walls, columns, undular plates, vertical 
walls, trabeculae in other terminologies) 
throughout the entire chamber are still 
absent in belosaepiids and first evolved in 
the Sepiidae. Mutvei (1971) and Bandel 
and Boletzky (1979, p. 316, 349) postu-
lated that intracameral pillars are equiva-
lents of the pillars in the siphuncular tube 
(specifically the connecting rings) of other 
cephalopods. Barskov (1973), Bandel and 
Boletzky (1979, p. 316), and Tanabe, 
Fukuda, and Ohtsuka (1985) recognized 
that, in contrast to belosaepiids, the septa 
of modern cuttlebones are unique in being 
comprised of two structurally different 
components. The latter authors distin-
guished between the upper “chamber floor,” 
in which lamello-fibrillar ultrastructure 
indicates the septum proper, and the lower, 
semi-prismatic “chamber roof,” which has 
been interpreted as a thin, dorsal (upper) 
continuation of the pillars. Ideas about the 
morphogenetic development of this unusual 
septal architecture are still in flux. 

Authors such as Fuchs (2006, p. 36), 
and Doguzhaeva and Mutvei (2012, p. 
16) correlated the sepiid septa with those 
of other phragmocone-bearing cephalo-
pods, whereas authors such as Bandel and 
Boletzky (1979, p. 316), Khromov and 
others (1998), and Bizikov (2008) regarded 
the sepiid septa as equivalents of only the 
septal necks.

In Sepiidae, the posterior, striated part of 
the chamber complex is also known as the 
siphuncular surface (siphuncular zone, stri-
ated zone in other terminologies), because 
it is the site where the siphuncular epithe-
lium regulates the liquid exchange in the 
chambers (see Denton & Gilbin-Brown, 
1961a, 1961b, 1961c). It is noticeably flat 
in contrast to the tubular siphuncle in other 
cephalopods, and also in contrast to belo-
saepiids, in which the siphuncle forms a 
wide conical alveola (see Fig. 8). The early 
belosaepiid genus Ceratisepia impressively 

demonstrates the evolutionary develop-
ment of the siphuncular complex in the 
Sepiida (see Meyer, 1993). The diameter 
of the initially tubular siphuncle continu-
ously increased until the ventral portion of 
the septal necks became separated from the 
rest of the septum proper (approximately at 
septum 10–12). In Recent Sepia, the septal 
foramen is still closed in septa 1–2 but opens 
immediately after the formation of the third 
septum (Pabic & others, 2016). Altogether, 
the evolutionary trend of the sepiid siphun-
cular complex is dominated by the disloca-
tion from the interior of the phragmocone 
to its exterior.

Fork

In modern Sepiidae, the fork (furca in 
older terminologies) embraces the siphun-
cular surface. Such a coherent structure did 
not exist in belosaepiids. In cross sections, 
the fork is laminated. The lamello-fibrillar 
ultrastructure (Spirula nacre, nacre type 2) 
of each lamina reveals that the fork derived 
from the septa (see Adam & Rees, 1966, 
p. 134). The anteriorly directed limbs of 
the fork can therefore be seen as laterally 
crowded and as reverted remains of the 
septa (Gabellamellen in Riefstahl, 1886, p. 
212; Gabelsepten in Naef, 1922; Bandel & 
Boletzky, 1979: p. 340). 

The reversal point of the U- or V-shaped 
fork in modern sepiids is known as the inner 
cone. The latter is reminiscent of the ventral 
side of the siphuncular conus (Haas, 2003, 
p. 121). In belosaepiids, the equivalent 
structure is rarely preserved and therefore 
poorly known. It has variously been named 
ventral deck, ventral plate, or furcal process 
(Latin). The ventral deck is slightly curved 
(Ceratisepia) to planar (Belosaepia) and its 
inner surface bears the ventral mural parts of 
the septa (see Fig. 7,1d ); it thus corresponds 
to the vestiges of the ventral conotheca. 
Pillar-like structures between each septum 
have only been reported in this part of 
densely spaced septal remains (Meyer, 1993; 
Haas, 2003; Yancey, Garvie, & Wicksten, 
2010).
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Apical Spine 

Irrespective of its relative size, which 
is usually larger in belosaepiids than in 
modern sepiids, the lamellar texture of the 
apical spine (thorn, prong) is very similar 
(see Fig. 7,1c). Although the spine’s ultra-
structure appears relatively uniform (e.g., 
Barskov, 1973; Bandel & Boletzky, 1979; 
Dauphin, 1981; 1984; 1985), its phylo-
genetic interpretations are contradictory. 
Whether the sepiid spine represents a homo-
logue of the belemnite rostrum proper (e.g., 
Naef, 1922; Dauphin, 1984) or not (e.g., 
Mutvei, 1964; Jeletzky, 1966; Doyle, 
Donovan, & Nixon, 1994; Haas, 2003) it 
is still subject to intensive discussions (see 
Fuchs, 2012). Newest evidence of calcitic 
components in the spine (and sheath) of 
belosaepiids by Yancey and Garvie (2011) 
and Košťák and others (2013) may support 
the idea of homology.

Ventral Process

Belosaepiidae, by contrast to Sepiidae, 
possessed a well-developed and heavily 
mineralized ventral process (also termed the 
corona or ventral lip). It represents backward 
bending parts of the ventral shell wall (Fig. 
7,1c–e). Seen in ventral view, the ventral 
process can be short, collar-like, or long, 
forming a more-or-less flat, flabelliform 
plate. Its base is mostly in contact with 
the apical spine; more distal parts can be 
free. According to Naef (1922), the ventral 
process represents the attachment site of the 
ventral mantle. It further corresponds to the 
posterior parts of the outer cone of modern 
cuttlebones (e.g., Bizikov, 2008).

Origin of Sepiida

Ideas on the hypothetical ancestry of the 
Sepiida have a long and changeable history. 
In pre-Darwinian times, the pioneers of 
coleoid research regarded either Eocene 
Belosaepia (Blainville 1825, p. 622; Voltz, 
1830, p. 23) or Late Jurassic Trachyteuthis 
(Rüppell, 1829; Münster, 1837; Ferussac 
& Orbigny, 1835–1848; Meyer, 1846; 
Quenstedt, 1849) as the earliest sepiids.  

The assumption of a Sepia-Trachyteuthis 
relationship is based on a superficially similar 
shell outline and a similar dorsal granula-
tion. It is presently clear that Trachyteuthis, 
as well as its closest Cretaceous relatives 
Glyphiteuthis and Actinosepia, possessed an 
unmineralized gladius without any evidence 
of a chambered part (Fuchs, 2016). Apart 
from the lack of a true cuttlebone, the overall 
soft part morphology clearly indicates place-
ment of trachyteuthids in the stem lineage 
of octopods rather than in the Decabra-
chia (Bandel & Leich, 1986; Haas, 2002; 
Donovan, Doguzhaeva, & Mutvei, 2003; 
Bizikov, 2004; Fuchs, Engeser, & Keupp, 
2007; Fuchs & Larson, 2011; Sutton, 
Perales-Raya, & Gulbert, 2015; Fuchs & 
Iba, 2015; Fuchs, 2016; Fuchs & Donovan, 
2016; Fuchs & others, 2019; Fuchs, 2020). 

Naef (1922, p. 94) postulated a morpho-
logical series leading from Sepia–Belosepia 
via spirulirostrid and belemnoseid spirulids 
back to belemnites. He thought that their 
guard-like posterior sheath represents a 
modification of a belemnite rostrum. Naef 
further assumed Late Jurassic Diplobelus, a 
member of the belemnoid order Diplobelida 
(Fuchs, 2019b), to be a potential ancestor 
of the Spirulida/Sepiida clade.

Jeletzky (1966, p. 62, 66, 70) argued for 
sepiid roots within Late Cretaceous Groen-
landibelidae. In contrast to Naef (1922), he 
rejected a homology between the belemnite 
rostrum proper and the variously shaped 
sheaths of spirulids and sepiids.

Maastrichtian and Danian records of 
Ceratisepia by Meyer (1993) and Hewitt 
and Jagt (1999) can be considered a break-
through. The presence of distinctly inclined 
septa combined with a widely opened 
siphuncle in a slightly enrolled breviconic 
phragmocone is diagnostic for the Sepiida 
and therefore seminal for understanding 
the evolutionary transformations leading 
to a typical cuttlebone (Haas, 2003). A 
sepiid origin via Eocene spirulids, as Naef 
(1922) assumed, therefore appears strati-
graphically and morphologically implau-
sible. Both Meyer (1993) and Hewitt and 
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Jagt (1999), nevertheless, accentuated the 
remarkable similarity of Ceratisepia with 
likewise cyrto-breviconic phragmocones 
that are furnished with slightly oblique 
septa typical of the diplobelid genus Cono-
teuthis, which appeared during the later 
part of the Early Cretaceous and became 
extinct after the Late Cretaceous Maastrich-
tian. Many authors, such as Engeser and 
Bandel (1988), Doyle, Donovan, and 
Nixon (1994), Haas (1997, 2003), Young, 
Vecchione, and Donovan (1998), and 
Doguzhaeva (2000) rejected belemnitid or 
diplobelid affinities, mostly owing to differ-
ences in the construction of the protoconch. 
This argument in turn has been criticized by 
Hewitt and Jagt (1999), Yancey, Garvie, 
and Wicksten (2010), and Fuchs, Keupp, 
and Wiese (2012). Fuchs (2019a) noted 
that the diplobelid protoconch is structur-
ally closer to sepiids (and spirulids) than to 
belemnitids. This view, as well as additional 
mutualities between diplobelid and groen-
landibelid phragmocones (Fuchs, & others, 
2013), supports a common origin of Sepiida 
and Spirulida (the Sepioidea concept). On 
the basis of distinctly inclined septa as well as 
an unusual swelling of the posterior sheath, 
Fuchs, Keupp, and Wiese (2012) proposed 
the Aptian diplobelid Vectibelus to be an 
ideal forerunner of the Sepiida.

Origin of Sepiidae

The divergence of the Sepiidae from 
the Belosaepiidae is widely accepted (e.g., 
Young, Vecchione, & Donovan, 1998; 
Haas 2003; Fuchs, 2006; Košťák, & 
others, 2013; Goolaerts & others, 2022). 
The modern type of cuttlebone has probably 
occurred since the Late Eocene (Lörenthey, 
1899; Szörenyi, 1934; Wagner, 1938; 
Fornasiero & Vicariotto, 1995). This 
type of Eocene cuttlebone was ascribed to 
the genus Archeosepia, although a generic 
distinction between Archeosepia and Sepia is 
only approximate. The dispersion of pillars 
in the chambers and the development of the 
fork are therefore decisive characters. Both 
characters—pillar-bearing chambers and 

a fork, are proven from middle Miocene 
cuttlebones (Schloenbach, 1868; Baluk, 
1984; Fuchs & Lukeneder, 2014; Košťák 
& others, 2017). Middle Eocene (Lutetian) 
statoliths from the Paris Basin identified as 
Sepia sp. by Neige, Lapierre, and Merle 
(2016) concur with a Late Eocene divergence, 
although these statoliths may belong to the 
genus Belosaepia with its abundant shell 
remains co-occurring in the same deposits.

Systematic Problems

The Eocene Belosepiellidae with its 
sole genus Belosepiella was for a long time 
considered to represent another group 
of the Sepiida until Haas (1997, 2003) 
observed characteristics of sepiolid shell 
remains. Since this enigmatic type of shell is 
indeed hardly congruent with sepiid ground 
patterns, Belosepiellidae is herein tentatively 
dealt with as a stem-group of the Sepiolida.

Recently, Yancey and Garvie (2011) 
excluded the Eocene genus Anomalosaepia 
from the Belosaepiidae and erected a new 
family, the Anomalosaepiidae Yancey and 
Garvie, 2011, based on the presence of an 
outermost calcitic shell layer. Because the 
overall morphology of the phragmocone as 
well as the post-alveolar sheath is very close 
to Belosaepia, and because small amounts of 
calcite have also been detected in the dorsal 
shield of Aegyptosaepia (Košťák & others, 
2013) and Sepia officinalis (Jasso-Gastinel 
& others, 2009), and because the diagenetic 
loss of the same layer in other belosaepiids 
cannot be excluded, the genus Anomalo-
saepia is provisionally retained within the 
Belosaepiidae.

Belocurta (Paleocene) and Mississaepia 
(Eocene), both rare and morphologically 
enigmatic genera with a cyrtoconic phrag-
mocone, have been ascribed to Sepiida on 
the basis of inclined septa (Meyer, 1993; 
Doguzhaeva, Weaver, & Ciampaglio, 
2014). Significant dorsal and lateral swell-
ings are however atypical for sepiids, but 
instead resemble the sheaths of Cenozoic 
spirulids. Belocurta and Mississaepia are there-
fore preliminarily classified as Decabra-



Decabrachia 19

chia incerta sedis. The Carboniferous genus 
Pohlsaepia Kluessendorf & Doyle, 2000, 
identified as a Palaeozoic coleoid of uncer-
tain order and family (see Fuchs, 2021), 
has nothing to do with cuttlebone-bearing 
sepiids. 

General Preservation of Fossil Cuttlebones

In the Belosaepiidae, the post-alveolar 
thickened guard-like sheath as well as the 
spine and the ventral process are heavily 
calcified and more solid than the thinner 
anterior shield-like part. The large majority 
of belosaepiid records are therefore missing 
anterior parts. Apart from mineralogical and 
ultrastructural alternations, the posterior 
shell remains additionally suffered strong 
erosion, which resulted in a huge variety 
of different shapes. As a result, diagnostic 
characters, such as the original length of 
the spine, the shape of the shoulder, or 
the lateral and posterior extension of the 
ventral process are determinable only in 
well-preserved specimens. Systematic-taxo-
nomic valuable (hence, scarcely weath-
ered) specimens are present, e.g., when the 
primary shell wall (conotheca) covers the 
inner surface of the sheath. Although septa 
are regularly missing, even in scarcely weath-
ered specimens, the stubs of the septa as well 
as mediodorsal soft tissue attachment scars 
between the stubs may indicate the presence 
of the very thin, whitish conotheca.

Records of belosaepiid phragmocones either 
in situ with their guards (Edwards, 1849; 
Meyer, 1993; Fuchs, 2006; Yancey, Garvie, 
& Wicksten, 2010) or isolated (Weaver, 
Ciampaglio, & Chandler, 2007) are 
indispensable for our morphological under-
standing, but are unfortunately very rare.

Fossil cuttlebones assigned to the Sepi-
idae are often known by vague imprints in 
the sediment, but also through preserved 
shell material (see Fig.10,4b). In such cases, 
the dorsal shield and the apical spine were 
also more likely to be preserved than the 
chambered part. However, some Miocene 
fossil records have yielded insights into the 
high organization level of the septal complex 

(e.g., Fuchs & Lukeneder, 2014, Košťák 
& others, 2017).

All in all, fossil sepiids are organized into 
two families (Belosaepiidae and Sepiidae) 
and nine genera. Belosaepiidae appeared 
during the Maastrichtian and disappeared 
by the end of the Priabonian (see Fig. 1). 
The extant family Sepiidae is certainly 
established since the Miocene.

Order SEPIIDA Gray, 1849
[nom. correct. Zittel, 1895, p. 445, suborder pro Sepiophora 
Gray, 1849, p. 96; nom. transl. Pompeckj, 1912, p. 296, ex sub-
order Sepioidea Zittel, 1895, p. 445; nom. correct. Jeletzky, 

1965, p. 76, pro order Sepioidea Zittel, 1895, p. 445]

Phragmocone cyrto-breviconic to strong-
ly flattened, laterally compressed; degree 
of coiling ontogenetically decreasing; 
ventral shell wall compressed to distinctly 
reduced; septa distinctly inclined to nearly 
parallel with the dorsal shell wall, inclina-
tion increasing during ontogeny, lamello-
fibrillar in ultrastructure; septal distance 
(chamber length) dorsally wide to very 
dense, ventrally dense; septal necks holo-
choanitic to rectified; pillars restricted to the 
siphuncular complex or present throughout 
the entire chamber; siphuncle wide, with a 
trend towards ventral opening, either conus-
shaped inside the phragmocone or planar 
outside the phragmocone; mediodorsal 
attachment scars present in early forms and 
absent in later forms; conotheca without 
tabular nacre; sheath dorsally well devel-
oped, ornamented, shield-like, ventrally 
reduced or bent backwards forming a ventral 
process, post-alveolar sheath guard-like 
thickened, apically with nipple- or spine-
like extension; true proostracum absent; 
protoconch hemispherical or bowl-shaped; 
existence of caecum and prosipho assumed. 
Upper Cretaceous (Maastrichtian)–Holocene.

Family BELOSAEPIIDAE  
Dixon, 1850

[nom. correct. Fischer, 1887, p. 357, pro Belosepiadae Dixon, 
1850, p. 190; nom. correct. Palmer, 1937, p. 505, pro Belosepiidae 
Fischer, 1887, p. 357] [=subfamily Belosepiinae Naef, 1921, 

p. 536; =Anomalosaepiidae Yancey & Garvie, 2011, p. 912]

Dorsal shield strongly convex; phrag-
mocone cyrto-breviconic, septal distance 



20 Treatise Online, number 171

comparatively wide, dorsally significantly 
wider than ventrally; septa distinctly 
inclined, septal surface weakly concave; 
septal necks holochoanitic, weakly devi-
ated from septum proper; siphuncle very 
wide, conus-shaped; pillars restricted to the 
siphuncular complex; fork absent; medio-
dorsal attachment scars present; ventral 
process distinct, variable in size, shape, 
ornamentation, and length of posterior 
free margin; ventral deck slightly curved or 
planar; dorsal sheath coarsely granulated, 
reticulated, or labyrinthic, posteriorly thick-
ened forming a callus-like shoulder (crest); 
postalveolar sheath with adorsally directed, 
robust apical spine, base of the spine in 
contact with base of the shoulder, forming 
a connective fissure; protoconch hemispher-
ical, evidence of caecum and prosipho weak. 
Upper Cretaceous (Maastrichtian)–Eocene 
(Priabonian).
Belosaepia Voltz, 1830, p. 23 [*Beloptera sepioidea 

Blainville, 1825; OD]. [=Beloptera Blainville, 
1825, p. 622, partim; =Belosepia Deshayes, 1835, 
p. 756 (nom. null.)]. Phragmocone of belosae-
piid type; mediodorsal attachment scars short; 
posterior shell remains large- to medium sized, 
ventral process large, lateral diameter wider than 
dorsal shield, radially grooved, anterior base in 
contact with spine, posterior free margin, not in 
contact with spine, serrated, adventrally curved; 
ventral deck planar; dorsal shield anteriorly planar; 
shoulder pronounced, in lateral view angled, in 
dorsal view V-shaped to keel-like; apical spine 
medium- to large-sized, adorsally directed, profile 
straight to dorsally curved, cross section oval to 
spindle-shaped, often with sharp, dorsal keel, apex 
variable. Eocene (Ypresian–Priabonian): France, 
Belgium, Netherlands, UK, ?Hungary, Ukraine, 
Turkey, Egypt, Nigeria, India, USA. [A large 
number of species have been assigned to Belo-
saepia. However, most of them must be regarded 
as synonyms because important factors such as 
taphonomic artifacts, ontogenetic differences, 
and intraspecific variability were often neglected, 
particularly by authors dealing with specimens from 
the Eocene of France, Belgium, and UK].——Fig. 
7,1a–f. *B. sepioidea (Blainville), Lutetian, 
Bracklesham, UK; a–b, complete cuttlebone in 
lateral (a) and dorsal (b) views, BMNH c.46818; c, 
median section of the postalveolar sheath, BMNH 
c.3054; d, ventral view, BMNH c.82884; e, spec-
imen frontal view, MNHN-F-A69280; f, internal 
(silicon) cast showing earliest chambers; scale bars 
10 mm (new). 

Aegyptosaepia Košťák, Jagt, Speijer, Stassen, & 
Steurbaut , 2013, p. 4 [*Ae. lugeri; M]. Phrag-
mocone characteristics poorly known, generally 
of belosaepiid type; posterior shell remains small-
sized; anterior shell unknown; ventral process short, 
collar-like; ventral deck slightly curved; shoulder 
rounded; apical spine well developed, adorsally 
directed, almost vertical, with sharp dorsal keel, 
cross section triangular. Paleocene (upper Selandian–
lower Thanetian): Egypt.——Fig. 7,2a–b. *Ae. 
lugeri, lateral (a) and frontal (b) views, holotype, 
IGP-BDA 09/01, upper Selandian/lower Thanetian 
boundary, Western Desert, Egypt, scale bars 10 mm 
(Košťák & others, 2013, Fig. 8A1–5)

Anomalosaepia Weaver & Ciampaglio, 2003, p. 1103 
[*A. alleni; OD] [=non Anomalosepia Khromov, 
1987]. Phragmocone characteristics poorly known, 
generally of belosaepiid type; posterior shell remains 
small-sized; ventral process well developed, radially 
grooved, margins serrated, adorsally recurved, free 
part short; ventral deck unknown; shoulder evenly 
rounded, U-shaped in dorsal view; apical spine 
moderately developed, adorsally directed, profile 
triangular, cross section spindle-shaped, apex blunt. 
?Paleocene (Selandian–Thanetian), Eocene (Lute-
tian–Bartonian): USA, ?Egypt.——Fig.7, 3a–c. A. 
jeletzkyi (Allen, 1968), PRI 27553, middle Eocene, 
Cook Mountain Formation, Louisiana, USA; lateral 
(a), ventral (b). and dorsal (c) views, scale bars 10 
mm (Weaver & Ciampaglio, 2003, fig. 1,13–15). 

Ceratisepia Meyer, 1989, p. 30 [*C. elongata, p. 32; 
M]. Phragmocone generally belosaepiid-like, but 
stronger curved; mediodorsal attachment scars 
stripe-like occupying entire chamber length; ventral 
deck distinctly curved; ventral process short; sheath 
thin, with weak granulation, longitudinally and 
transversally convex, barely shield-like, shoulder 
absent; apex bulbous; spine absent. Upper Creta-
ceous (Maastrichtian)–Palaeocene (Danian): Nether-
lands, France.——Fig. 8,a–d. *C. elongata, Danian, 
Vigny, France; a, specimen MNHN XIVb131, 
phragmocone in lateral view showing moderately 
inclined septa; b, specimen MNHN XIVb133 
showing a septum in apertural view (chamber 7–9); 
c, specimen MNHN XIVb134 showing a septum 
(chamber 10–12) in apertural view; d, specimen 
MNHN XIVb132 showing earliest part of siphun-
cular conus formed by holochoanitic septal necks 
(septa broken off); scale bars 10 mm (new). 

Pseudosepia Naef, 1923 in 1921–1923, p. 794 [*Sepia 
vera Deshayes, 1866; p. 613; M]. Phragmocone 
characteristics poorly known, generally of belo-
saepiid type; posterior shell remains small-sized; 
anterior shell parts unknown; posterior shield 
without distinct shoulder; ventral process indis-
tinct; ventral deck unknown; apical spine short, 
hooked, adorsally directed. Middle Eocene (Lute-
tian–Bartonian): France, ?USA. [The limited set of 
characters of this monotypic and very rare genus 
might alternatively point to juvenile features of 
Belosaepia].——Fig. 9,1a–c. *P. vera (Deshayes), 
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Fig. 7. Belosaepiidae (p. 20).
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large sized, significantly compressed; anterior shell 
unknown; post-alveolar sheath distinctly elon-
gated; shoulder rounded; in dorsal view narrow, 
V-shaped, keel-like; ventral process elongated, oval, 
lateral diameter wider than dorsal shield, radially 
grooved, fused with spine over its almost entire 
length, posterior margin weakly serrated, adorsally 
recurved; ventral deck unknown; apical spine 
relatively small, adorsally directed, apex blunt. 

Fig. 8. Belosaepiidae (p. 20).

Lutetian, Parnes, France; lateral (a), ventral (b), 
and dorsal (c) views, scale bar, 10 mm (Cossmann 
& Pizarro, 1910–1913, pl. 60, fig.1,1). 

Stenosepia Vincent, 1900, p. 20 [*Beloptera compressa 
Blainville,  1827,  p.  110;  M] [=Beloptera 
Deshayes, 1835; =Sepia Linnaeus, 1758; =Belo-
saepia Voltz, 1830; =Belosepia Deshayes, 1835]. 
Phragmocone characteristics poorly known, gener-
ally of belosaepiid type; posterior shell remains 
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Eocene (?Ypresian, Lutetian–Bartonian): France, 
Belgium.——Fig. 9,2a–c. *S. compressa (Blain-
ville), Lutetian, Valmondois, France; lateral (a), 
ventral (b), and dorsal (c) views, scale bar 10 mm 
(Deshayes, 1835, pl. 101,1–3).

Family SEPIIDAE Leach, 1817

[d’Orbigny, 1840, p. 30, pro Sepiidea Leach, 1817, p. 138; 
nom. correct. Fischer, 1887, p. 355, pro Sepidae d’Orbigny, 

1840]

Shell of modern cuttlebone type; shape 
variable ranging from oval to rhomboidal; 
dorsal shield weakly convex, posteriorly 
winglike forming outer conus; phragmo-
cone strongly depressed; septal distance 
dense; septa nearly parallel with the dorsal 
shell wall, composed of a dorsal lamello-
organic (medially agglutinated with arago-
nite crystals, laterally purely organic) and 
a ventral prismatic layer; septal surface 
adorally convex; dorsal parts of septal necks 
rectified, achoanitic, lateral and ventral 
parts of septal necks separated and modified 
into U- to V-shaped fork; pillars present 
throughout each chamber; siphuncular 
complex planar; mediodorsal attachment 

scars absent; ventral process and ventral deck 
rudimentary; dorsal sheath finely granulated, 
posterior part without shoulder; apical spine 
weakly developed or reduced; protoconch 
plate- or bowl-shaped, caecum and prosipho 
absent. [Species of the living Hemisepius 
group may have secondarily lost most the 
calcified features]. Eocene–Holocene. 

Sepia Linnaeus, 1758, p. 658 [*Sepia officinalis 
Linnaeus, 1758; p. 658] [=Saepia Müller, 1775, 
p. 13, nom. van.]. Cuttlebone of modern type, 
outline elliptical to subrhomboidal or lanceolate; 
dorsal shield well calcified, granulation variable; 
inner conus conical or flared backwards; fork 
with long limbs, sometimes ridgelike; outer conus 
bowl-shaped, posterior margin directed to the 
venter; apical spine present or absent. Miocene 
(Burdiglian)–Holocene: Mediterranean Sea (Italy, 
Malta, Spain, Turkey), Paratethys (Hungary, 
Austria, Poland, Slovakia, Slovenia), Atlantic 
Ocean (France, Denmark), Indian Ocean (western 
India), western Pacific Ocean (Australia).——Fig. 
10,1a. S. vindobonensis Schloenbach, 1868, 
holotype, GBA collection, Langhian, Baden near 
Vienna, Austria; ventral view, scale bar 10 mm 
(Schloenbach, 1868, pl. 7,20 ).——Fig. 10,1b.  
S. juliebarborae Košťák & others, 2016, paratype, 
SNM Z 24851, Serravallian, Bratislava, Slovakia, 
scale bar 10 mm.

Fig. 9. Belosaepiidae (p. 20–23).

1a

2a

Pseudosepia

Stenosepia

1b

2b

1c

2c



24 Treatise Online, number 171

Fig. 10. Sepiidae, Putative Sepiidae (p. 23–25).
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PUTATIVE SEPIIDAE

Archaeosepia Szörényi, 1934, p. 186 [*A. naefi; SD 
Jaworski, 1936, p. 100] [=Hungarosepia Doyle, 
Donovan, & Nixon, 1994, p. 12]. Dorsal shield 
with pronounced, rip-like growth increments, 
outline oval, granulation coarse, differentiation 
between median field and lateral fields possible; 
chambered part unknown; presence of fork unclear; 
apical spine indistinct. Eocene (Bartonian–Prian-
bonian)–Oligocene (Rupelian–Chattian): Mediter-
ranean Sea (Italy, Hungary), Paratethys (Hungary). 
[Generic status preliminarily since a differen-
tiation with Sepia is indistinct.]——Fig. 10,2a. A. 
monticulimajoris Fornasiero & Vicariotto, 1995, 
dorsal view, holotype, MGPD 27817, Onte Valley, 
northern Italy, upper Eocene, scale bar 10 mm 
(Fornasiero & Vicariotto, 1995, Fig. 5b).——Fig. 
10,2b. A. harmati Szörenyi, 1934, dorsal view, 
IGP A898, Rupelian, Budapest, Hungary, scale 
bar 10 mm. 

Notosepia Chapman, 1915, p. 357 [*N. cliftonensis; 
M]. Dorsal shield convex; posterior shell remains 
massive, belosaepiid-like; ventral process short, 
grooved; ventral deck absent; fork present; shoulder 
indistinct; apical spine slender, adapically directed, 
apex pointed. Middle Miocene (Langhian–Serra-
valian): southeastern Australia.——Fig. 11,a–d. 
*N. cliftonensis, Langhian–Serravalian, Victoria, 
Australia; a–c, holotype, VM P12610, lateral (a), 
ventral (b), and dorsal (c) views; scale bar 10 mm 
(Chapman, 1915, pl. 7,16–17, pl. 8,22); d, ventral 
view of syntype VM P324157, scale bar 10 mm. 
(new). 

SEPIOLIDA
Introduction

The Sepiolida is a small-sized group of 
decabrachiate coleoids with a rounded body. 
The shell of these benthic or pelagic animals 
is either an unmineralized gladius-like struc-
ture or is absent. Where present, the shell 
vestige does not reach the posterior mantle, 
i.e., it does not equal the mantle length as 
in most other gladius- or phragmocone-
bearing coleoids. Recent Sepiolida includes 
only the family Sepiolidae Leach, 1817 
(e.g., Doyle, Donovan, & Nixon, 1994; 
Boletzky, 1999; Reid & Jereb in Reid, 
Jereb, & Roper, 2005). Some authors addi-
tionally included the families Sepiadariidae 
Fischer, 1882 in Fischer, 1880–1887 
(e.g., Grimpe, 1921, 1922; Fioroni, 1981; 
Allcock, Lindgren, & Strugnell, 2014) 
and/or Idiosepiidae Appellöf, 1898 (e.g., 
Clarke, 1988; Sweeney & Roper, 1998). 
The systematic position of the latter two 
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Fig. 11. Putative Sepiidae (p. 25).
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(1920, p. 239), and Strausz (1974) assumed 
that the conical depression corresponds to an 
empty alveola and that the Dentalium-like 
shell of Vasseuria perfectly fits into this 
structure. However, Naef (1922, p. 60) 
recognized that the Vasseuria remains them-
selves represent a guard-like sheath. Naef 
(1922) and Roger (1952) put Belosepiella 
along with spirulid coleoids, a relationship 
that Curry (1955) clearly rejected, because 
the hypothetical Belosepiella phragmocone 
must have been straight rather than ventrally 
enrolled. Haas (1997, 2003, fig. 17–19) 
recognized similarities with a sepiid cuttle-
bone (e.g., ventral deck and process) and 
reconstructed a new scenario in which the 
irregularly mineralized shell of Belosepiella is 
transitional between a sepiid cuttlebone and 
a demineralized sepiolid gladius. 

Although morphological support for the 
hypothesis of Haas (1997, 2003) is very 
fragile, the monogeneric family Belosepiel-
lidae is preliminarily regarded as a putative 
member of the Sepiolida until new data can 
verify this placement.

Order SEPIOLIDA Leach, 1817
[nom. corr. Keferstein, 1866 in 1862–1866, p. 1443, pro 
family Sepiolidea Leach, 1817, p. 137; nom. transl. Grimpe, 
1921, p. 298, ex family Sepiolidae Leach, 1817, p. 137; nom. 
correct. Fioroni, 1981, p. 181, pro Sepioloidea Grimpe, 1921, 
p. 298; nom. correct. Clarke, 1988, p. 334, pro Sepiolioidea 
Fioroni, 1981, p. 181] [=Sepiolaemorphae Grimpe, 1922, p. 

42; =Sepioloidea Starobogatov, 1983, p. 7].

Shell thin, rudimentary gladius-like 
structure or absent, located in the anterior 
mantle; pro-ostracal anterior portion narrow, 
rodlike, either long or short, never reaching 
posterior shell margin, posterior portion 
Y-shaped with posterolateral projections.

PUTATIVE SEPIOLIDS

Family BELOSEPIELLIDAE Naef, 1921
[Belosepiellidae, Naef, 1921, p. 536]

Belosepiella Alessandri, 1905, p. 147 [*B. cossmanni; 
SD Curry, 1955, p. 116] [=partim Vasseuria 
Munier-Chalmas, 1880]. Posterior shell remains 
mineralized, small-sized, capulus-shaped with 
conical depression on convex side (empty alveola?); 
apex nose-shaped, located close to posterior margin, 
covered by spine-like extension, which can easily 

families is obscured and still subject to 
controversial discusions (see Allcock, 
Lindgren, & Strugnell, 2014, p. 29). 
Concerning phylogenetical relationships 
of the Sepiolidae, also morphological and 
molecular data did not yield a clear resolu-
tion. The crucial question is whether the 
Sepiolida (either with or without the Idiose-
piidae and Sepiadariidae) is phylogeneti-
cally closer to the sepioid (e.g., Vecchione 
& Young, 2004; Strugnell, Lindgren, 
& Allcock, 2009; Allcock, Cook, & 
Strugnell, 2011;) or to the teuthoid clade 
(e.g., Bonnaud, Pichon, & Boucher-
Rodoni, 2005; Strugnell & others, 2005; 
Lindgren, 2010; Lindgren & others, 2012; 
Strugnell & others, 2017; Tanner & 
others, 2017; Uribe & Zardoya, 2017). 
The answer to this question is essential for 
understanding the evolutionary history of 
the Decabrachia. Phylogenetic certainty 
could specifically decide whether the sepiolid 
shell rudiment is morphogenetically derived 
from a mineralized shell or from an organic 
gladius. A gladius evolved two to four times 
(Young, Vecchione & Donovan, 1998, 
p. 409; Fuchs & Iba, 2015; Fuchs, 2016), 
depending on the proposed phylogeny. To 
better know the sister-group relationships 
of the Sepiolida would strongly facilitate 
the search for ancestral sepiolids, which are 
virtually absent from the fossil record.

So far, only Haas (1997, 2003) suspected 
the Eocene genus Belosepiella to be a stem-
lineage representative of the Sepiolida. 
Belosepiella has been erected on the basis 
of a rare and peculiar shell which is funda-
mentally different from what is known about 
guard-like sheaths of contemporary sepiids 
and spirulids. The putative sepiolid shell 
rudiment is calcareous and consists of an 
elongated cap-like structure with a conical 
depression (gap) on the convex surface 
(Fig.12). The posterior apex of the cap is 
covered by a rostrum-like layer, which is 
extended in a spine-like manner.

The systematic history of Belosepiella 
is accordingly very inconsistent. Leriche 
(1906), Abel (1916), Bülow-Trummer 
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be lost; anterior shell portion unknown (?organic); 
phragmocone probably absent. Middle Eocene 
(Lutetian): France, UK (England), Hungary.——
Fig. 12,a–d. *B. cossmani; a–b, BMNH C46559, 
Lutetian, Liancourt, France; a, ventral view; b, 
dorsal view, scale bar, 10 mm; c, lateral view, 
MNHN FB56208, Lutetian, Oise, France, scale bar 
10 mm (new); d, drawing of longitudinal section 
(adapted from Haas, 2003, Fig. 18).

MYOPSIDA AND OEGOPSIDA
Introduction

Myopsida and Oegopsida are streamlined, 
fast-swimming squids of highest importance 
in marine food chains. Both groups bear 
a gladius in their dorsal mantle and were 
therefore traditionally united as Chon-
drophora (e.g., Keferstein, 1866 in 1862–
1866) or more frequently as Teuthoidea 
(e.g. Naef, 1921; Jeletzky, 1966; Nesis, 
1982; Clarke, 1988, Sweeney & Roper, 
1998). The shared presence of a branchial 
canal and an interstellate connective support 
a sister-group relationship between the 
neritic myopsids and the oceanic oegopsids 
(Young & Vecchione, 1996). However, as 
already outlined earlier, the monophyly of 
the Teuthoidea Naef, 1916 is not beyond 
doubt because characters such as the posses-
sion of benthic, yolk-rich eggs, beak without 
angle point, or cornea-bearing eyes also 
suggests myopsid squids may derive from the 
sepioid lineage (e.g., Berthold & Engeser, 
1987; Haas, 2003). Furthermore, molec-
ular studies provided evidence of a closer 
phylogenetic relationship between myopsids 
and sepioids (e.g., Lindgren, Giribet, & 
Nishiguchi, 2004; Strugnell & others, 
2005; Strugnell & Nishiguchi, 2007; 
Anderson & Lindgren, 2021). The inclu-
sion of myopsids in the Sepioidea topology 
proposes an independent development of 
the teuthoid gladius. The formation of a 
chitinous gladius, which is widely accepted 
to be equivalent to a decalcified proos-
tracum-bearing phragmocone, apparently 
occurred multiple times in the evolution 
of the Coleoidea (see Fuchs & Iba, 2015; 
Fuchs, 2016). The correlation between 
convergent traits and lifestyle in coleoids 
were impressively demonstrated by Lind-

gren and others (2012). It has also been 
shown that characters such as the cornea or 
the branchial canal might be habitat-related 
adaptations. Although most of the shared 
features of a clade consisting of sepioids and 
myopsids may be plesiomorphic within the 
Decabrachia, there is currently no general 
agreement concerning the monophyly of 
the Teuthoidea.

The term “fossil teuthids” frequently 
appears in the literature of the nineteenth 
and twentieth century. The reassignment 
of these Mesozoic gladius-bearing coleoids 
from the decabrachian to the octobrachian 
clade has no influence on neontological 
understanding (see Fuchs, 2020); however, 
it resolves many homology problems that 
arose from fossil soft part morphologies. For 
instance, the presence of uniserial circular 
suckers, ventromarginal mantle-gladius 

Fig. 12. Belosaepiidae (p. 26–27).
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contact, the absence of sucker rings (and 
arm hooks), or the absence of mantle- and 
funnel-locking cartilages, would hardly be 
explainable if Mesozoic gladius-bearing  
coleoids were classified as ancestral teuthids 
(see Donovan & Fuchs, 2016, Fuchs, 
2016). The systematic reassignment impacts 
the fossil record of teuthid decabrachians in 
a way that only a very few fossils can reli-
ably be identified as myopsid and oegopsid 
remains. Currently, paleontological knowl-
edge can contribute neither pros nor cons 
for the Teuthoidea concept. 

Why are true oegopsids and myopsids so 
rare in the fossil record? This question arises 
particularly in the light of abundant and 
high-fidelity preserved (squid-like) octobra-
chians in Mesozoic Konservat–Lagerstaetten  
such as the Toarcian Posidonian shales of 
Central Europe, the Tithonian limestones 
of southern Germany, or the Cenoma-
nian-Santonian limestones of Lebanon. In 
decay experiments, Clements and others 
(2017) observed that ammonitelic squids are 
more subject to decomposition than non-
ammonitelic octopods. A taphonomical bias 
might be one explanation for the absence of 
Mesozoic teuthids. Alternatively, Mesozoic 
teuthids were adapted to other habitats,  
such as deeper waters. Ancestral character 
states observed in spirulids and sepiids by 
the end of the Cretaceous alternatively 
suggest that both myopsids and oegopsids 
may have first evolved during the Cenozoic 
(Kröger, Vinter, & Fuchs, 2011; Fuchs & 
others, 2012, 2013, Fuchs, 2019a). In this 
time period, typical Konservat–Lagerstaetten 
that provide the preservation potential of at 
least chitinous structures are unfortunately 
unknown.

In the following section, we consider fossil 
structures that were previously discussed as 
teuthoid remains.

Shell  Remains.  Haas (1997, 2003) 
assumed the enigmatic Eocene genus 
Vasseuria to be a stem-lineage representative 
of the Myopsida. Before, Vasseuridae had 
variously been classified either as the last 
survivors of the belemnites or an aberrant 

offshoot of the Spirulida. This new idea 
of Haas (1997, 2003) is mainly based on 
the retention of—by contrast to spirulids 
and sepiids—a straight phragmocone and 
a forward-projecting pro-ostracum. The 
shared presence of a bowl-shaped proto-
conch led him to place Vasseuria (and 
therefore the Myopsida) closer to the sepiid 
lineage than to the spirulid branch that is 
typified by an egg-shaped protoconch. Since 
his argument creates stratigraphic as well 
as phylogenetic problems, and since affilia-
tions with oegopsid squids cannot properly 
be excluded, the entire family Vasseuridae 
(including Vasseuria and Styracoteuthis) is 
considered as Decabrachia incertae sedis.

Kretzoi (1942) and several later authors 
(e.g., Jeletzky, 1966; Doyle, Donovan, 
& Nixon, 1994) determined the shell 
remains of Necroteuthis from the Oligo-
cene of Hungary to be a teuthoid gladius, 
whereas other workers assumed a mineral-
ized dorsal shield of a sepiid cuttlebone (e.g., 
Riegraf, Janssen, & Schmitt-Riegraf, 
1998). Most recent studies suggest a non-
mineralized gladius morphologically inter-
mediate between the Loligosepiina and 
Vampyromorpha (Košťák, & others, 2021; 
Fuchs, 2020).

Non-mineralized, spatulate-shaped fossils 
have repeatedly been interpreted as a teuthid 
gladius (Engeser & Phillips, 1988). The 
Early Permian genus Glochinomorpha 
Gordon, 1971 is based on belemnoid hooks 
associated with leaf-like structures (Engeser 
& Phillipps, 1986; Doyle, Donovan, & 
Nixon, 1994; Fuchs, 2021). 

Two Triassic gladiuses (Germanoteuthis 
and Reitneriteuthis) are here classified as 
octobrachian gladius owing to their simi-
larity to Jurassic examples (Fuchs, 2020). 
Teuthid affinities of the Triassic genus Idaho-
teuthis Doguzhaeva & others, 2018 are 
rejected owing to associated belemnoid arm 
hooks.

Statoliths. Clarke and Fitch (1975, 
1979) recognized myopsids and oegopsids 
among the first fossil statoliths. Their samples 
came from the Cenozoic successions of 



Decabrachia 29

North America (ten myopsid species, middle 
Eocene–lower Pleistocene; five oegopsid 
species, upper Pliocene–lower Pleistocene). 
Since these statoliths were isolated without 
any further body remains, Clarke and Fitch 
introduced a parataxonomy based on stato-
liths (similar to the parataxonomy based on 
belemnoid arm hooks). Clarke, Maddock, 
and Steurbaut (1980) found the first stato-
liths from Europe. These samples recovered 
from the lower Miocene (Burdigalian) were 
identified as Loligo sp. Neige, Lapierre, 
and Merle (2016) distinguished between 
sepiid, myopsid, and oegopsid statoliths 
from the Eocene of France. Lehmann 
(2010) recently reemphasized that stato-
liths can easily be confused with otoliths 
and suggested that fish remains commonly 
identified as Neobythinarum (e.g., from the 
Eocene of France) might represent cepha-
lopod statoliths.

From Lower (Hettangian–Toarcian), 
Middle (upper Bathonian–upper Callovian) 
and Upper Jurassic deposits from the UK, 
Clarke, and Maddock (1988) as well as 
Hart and others (2009, 2010, 2015) isolated 
huge amounts of statoliths possessing an 
unusual morphology, which has given rise to 
a controversial discussion about their system-
atic affinities. Clarke and Maddock (1988) 
assumed teuthid affinities, whereas Fuchs 
(2006), and Clarke and Hart (2018) did 
not want to exclude the option that these 
uniform statoliths may belong to belemno-
teuthid belemnites. Engeser (1990, p. 156) 
reemphasized that these Jurassic statoliths 
should not be excluded per se from being 
categorized as ammonoid cephalopods.

Since a fossil (para)genus that is based 
on statoliths has not yet been introduced, 
please refer to Clarke and Hart, 2018 
for more morphological information about 
fossil statoliths.

Beaks.Tanabe, Hikida, and Iba (2006) 
erected the genus Yezoteuthis from the Late 
Cretaceous (Campanian) of northern Japan 
on the basis of the existence of two upper 
beaks. After a phylogenetic comparison with 
extant forms, the fossil beaks grouped with 

oegopsid teuthids. Furthermore, the Santo-
nian genus Harboroteuthis based on a lower 
beak has been classified as a member of the 
Teuthida. Herein, we preliminarily follow the 
original classification, but it is worthwhile to 
note—particularly in the light of poor knowl-
edge about belemnoid beaks—that we are still 
far from being able to reconstruct ancestral 
character states of beaks.

Arm hooks. Pre-Cenozoic arm hooks, 
commonly attributed to belemnoid cole-
oids, strikingly differ from those of various 
oegopsid families (Fuchs & Hoffmann, 
2017). The oegopsid type of arm hook is 
mainly characterized by an aperture, which 
is known to represent a reminiscence of 
the decabrachian sucker rings (Engeser & 
Clarke, 1988; Fuchs, Hoffmann, & Klug, 
2021. Harzhauser (1999), who recorded 
cephalopod arm hooks from the middle 
Miocene of Austria, explained their assign-
ment to onychoteuthid oegopsids, although 
the lack of an aperture is quite atypical.

In summary, the existence of oegopsid 
and myopsid squids is reliably evidenced by 
Cenozoic statoliths. Their coexistence with 
primitive spirulids and sepiids during the 
Late Cretaceous needs further confirmation.

Order MYOPSIDA d’Orbigny, 
1842 in Ferussac & d’Orbigny, 

1835–1848
[nom. correct. Keferstein, 1866 in 1862–1866, p. 1441, 
pro Myopsidés d’Orbigny, 1842 in Ferussac & d’Orbigny,  
1835–1848, p. xxxvii; nom. transl. Chun, 1910, contents page, 
ex superfamily Myopsidae d’Orbigny, 1842 in Ferussac & 
d’Orbigny, 1835–1848, p. xxxvii, non Myopsida sensu Chun, 
1910] [=Loliginida sensu Khromov, 1990 and Haas, 2002]

Order OEGOPSIDA d’Orbigny, 
1842 in Ferussac & d’Orbigny, 

1839–1848
[nom. correct. Keferstein, 1866 in 1801–1866, p. 1442, pro 
Oigopsidés d’Orbigny, 1842 in Ferussac & d’Orbigny, 
1839–1848, p. xxxvii; nom. transl. Chun, 1910, p. 3, ex 
Oigopsidae d’Orbigny, 1842 in Ferussac & d’Orbigny, 

1839–1848, p. xxxvii]

SUPPOSED ‘TEUTHIDS’

Harboroteuthis Tanabe, Misaki & Ubukata, 2015, p. 
34 [*H. poseidon; M]. Beak large sized; upper beak 
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unknown; lower beak with long rostrum, sharply 
pointed; hood relatively narrow, weakly convex, 
notch weakly developed; wing short, shoulder 
dorsally convex; crest anteriorly weakly curved; 
lateral wall comparatively long, parallelogram-
shaped, with broad fold. Upper Cretaceous (upper 
Santonian): northern Japan.——Fig. 13,1a–b. *H. 
poseidon, holotype, KMNH IvP 902,002, upper 
Santonian, Harborogawa Formation, Harboro 
region, northern Japan; 1a, left lateral view, 1b, 
dorsal view; scale bar 10 mm (Tanabe, Misaki, & 
Ubukata, 2015, Fig. 7).

Yezoteuthis Tanabe, Hikida, & Iba, 2006, p. 142 
[*Y. giganteus; M]. Beak large sized; lower beak 
unknown; upper beak with rostrum long, sharply 
pointed; hood posteriorly extended, gently convex; 
wing concave inward at mid-lateral margin, ventral 
margin posteriorly weakly expanded; shoulder 
ventrally gently arched; lateral wall margin concave; 
crest gently convex; outer lamella smooth on dorsal 
side; inner lamella sculptured by equally spaced, 
very fine concentric growth lines with fine radial 
striations on ventrolateral side. Upper Cretaceous 
(lower Campanian): northern Japan.——Fig. 13, 
2a–b, *Y. giganteus, holotype, NMA-335, Campa-
nian, Osousyunai Formation, Nakagawa region, 
northern Japan; 2a, left lateral view; 2b, dorsal 
view; scale bar, 10 mm (Tanabe, Hikida, & Iba, 
2006, fig. 1.4–1.6).

DECABRACHIA incertae sedis
Family VASSEURIDAE Naef, 1921

[nom. correct. Doyle, Donovan, & Nixon, 1994, p. 6, pro 
Vasseuriidae, Naef, 1921, p. 534] [=Neobelemnitidae Pavlow 

in Schwetzow, 1913, p. 44, partim]

Phragmocone orthoconic with moderate 
chamber length and unusually curved septa; 
sutures in early stages symmetrical; in later 
stages asymmetrical with wide ventral lobes 
and lateral saddles, dorsal suture straight; 
septa distinctly inclined; pro-ostracum prob-
ably present; conotheca without tabular 
nacre; post-alveolar sheath belemnoid-like 
in being long and conical.
Vasseuria Munier-Chalmas, 1880, p. 183 [*V. occi-

dentalis; M]. Phragmocone orthoconic with an 
apical angle of 14–15°; ratio chamber length-to-
diameter ~0.2–0.3; cross sections oval; dorso-
ventrally flattened; septal necks retrochoanitic; 
siphuncle marginal; mediodorsal attachment scars 
rectangular; sheath investment-like; post-alveolar 
part long, conical, apically pointed; outer surface 
with longitudinal furrows and ridges, alveolar part 
rugose; pro-ostracum present; protoconch cup-like; 
caecum and prosipho unknown. Eocene (Barto-

Fig. 13. Supposed ‘Theuthids’ (p. 29–30).
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Fig. 14. Vasseuridae (p. 30–31).
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nian): France, UK (England), Italy, ?Hungary.——
Fig. 14,1a–e. *V. occidentalis, BMNH C46546 
(Eocene (Bartonian), France; a, sheath in lateral 
view; b, longitudinal section, c, drawing of lateral 
phragmocone with unusual suture lines; d, drawing 
of ventral phragmocone; e, transversal fracture of 
alveolar part; scale bars 10 mm (new)

Styracoteuthis Crick, 1905, p. 275 [*S. orientalis; 
M]. Phragmocone orthoconic with an apical angle 
of 11–12°; chambers comparatively low; sheath 
thick; post-alveolar part long, conical, pointed; 
outer surface typified by two dorsolateral and 
one mediodorsal deep, longitudinal grooves; pro-
ostracum possibly present; protoconch probably 
cuplike; caecum and prosipho unknown. ?Palaeo-
cene–Eocene: Israel, Oman, Pakistan.——Fig. 14, 
2a–c. *S. orientalis, holotype, BMNH c.8010, 
lower Eocene, Oman; a, sheath in dorsal view; 
b, longitudinal section (Ru Smith collection); 2c, 
transversal section of alveolar part; scale bars 10 
mm (new).

Family BAYANOTEUTHIDAE  
Naef, 1922

[nom. transl. Jeletzky, 1966, p. 6, ex subfamily Bayanoteu-
thinae, Naef, 1922, p. 259] [=Neobelemnitidae Pavlow in 

Schwetzow, 1913, p. 44, partim]

Bayanoteuthis Munier-Chalmas, 1872, p. 530 
[*Belemnites rugifer Schloenbach, 1868, OD (M)] 
[=Belemnites Lamarck, 1801]. Sheath thick, post-
alveolar part very long, with radial-concentrical 
growth rings, outer surface with dorso- (or ventro-) 

Fig. 15. Bayanoteuthidae (p. 31). 
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Fig. 16. Mississaepiidae (p. 32).
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lateral furrows and faint longitudinal striation; 
apex unknown; phragmocone longiconic, elliptical 
in cross section, apical angle low. Middle Eocene: 
northern Italy, ?France, ?Australia.——Fig. 15, 
a–d. *B. rugifer (Schloenbach), MNHN R07487, 
middle Eocene, northern Italy; a, sheath in lateral 
view, scale bar 10 mm; b, close-up of alveolar part, 
scale bar 10 mm; c, transversal section of alveolar 
part; d, transversal section of post-alveolar part 
(new).

Family MISSISSAEPIIDAE Doguzhaeva, 
Weaver, & Ciampaglio, 2014

[Mississaepiidae Doguzhaeva, Weaver, & Ciampaglio,  
2014, p. 153]

Mississaepia Weaver, Dockerty, & Ciampaglio, 
2010, p. 58 [*M. mississippiensis; M]. Phragmocone 
cyrtoconic, curvature involves chambers 2–10, 
cross sections circular, chamber length variable, 
particularly in earliest stages; early septa distinctly 
inclined, later perpendicular to phragmocone axis, 
septa weakly mineralized; ventral suture simple, 
dorsal suture with wide, indistinct saddle; siphuncle 
submarginal; pro-ostracum unknown; conotheca 
without tabular nacre; sheath well developed with 
complex swellings and extensions, post-alveolar 
part long, ventrally spinelike, dorsally callus-like 
thickened; anterior alveolar part investment-like 
with bipartite ventral ridge, laterally and dorsal 

surfaces extensively rugose, dorsolateral sides with 
rudimental flange giving dorsal sheath shield-
like appearance. Eocene (Bartonian–Prianbo-
nian): USA.——Fig. 16,1–2. *M. mississippiensis, 
Bartonian-Prianbonian boundary, Moodys Branch 
Formation, Mississippi, USA; 1a–b, MGS 1945, 
lateral (a) and ventral (b) views; scale bar 8 mm 
(Doguzhaeva, Weaver, & Chiampaglio, 2014, fig. 
1); 2a–c, paratype, MGS 1941; lateral (a), ventral 
(b), and dorsal (c) views, scale bar 10 mm (Weaver, 
Dockery, & Ciampaglio, 2010, pl. 1,G–H).

FAMILY UNKNOWN
Belocurta Avnimelech, 1958, p. 61 [*B. yahavensis; 

OD]. Phragmocone cyrtoconic, cross section later-
ally compressed; septa oblique (?); post-alveolar 
part of the sheath short, apically obtuse, dorsally 
thickened; ventral process present (?). Palaeocene: 
Israel, Belgium.

REJECTED MYOPSIDA
Idahoteuthis Doguzhaeva & others, 2018, p. 347 

[*I. parisiana; OD]. Lower Triassic: USA (Idaho).

REJECTED TEUTHIDA 
Glochinomorpha Gordon, 1971, p. C35 [*G. stifeli; 

p. C36; OD]. Permian (Kungurian): USA (Utah).

For detailed systematic information on 
Glochinomorpha, see Fuchs, 2021. 
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ABBREVIATIONS FOR 
MUSEUM REPOSITORIES

BMNH: The Natural History Museum [formerly Brit-
ish Museum (Natural History)] London, UK

BSPG: Bayerische Staatssammlung für Paläontologie 
und Geologie, München, Munich, Germany

GBA: Geologische Bundesanstalt Wien, Germany
GE: The Moravian Museum, Brno, Czech Republic
IGP: Institute of Geology and Palaeontology, Charles 

University, Prague, Czeck Republic
KMNH: Kitakyushu Museum of Natural History and 

Human History, Kitakyushu, Japan
MGPD: Paleontological Museum, University Padova, 

Italy
MMK: Statens Naturhistoriske Museum, Copenhagen, 

Denmark
MNHNL: Musée National d´Histoire Naturelle de 

Luxembourg, Luxembourg
NMA: Nakagawa Museum of Natural History, Nak-

agawa, Japan
PRI: Paleontological Research Institution, Ithaca, New 

York, USA
RGM: Naturalis, National Museum of Natural History, 

Leiden, The Netherlands
SMNS: Staatliches Museum für Naturkunde Stuttgart, 

Germany
SNM Z: Slovak National Museum, Bratislava, Slovakia
USNM: US National Museum of Natural History, 

Washington, DC, USA
VM: Museums Victoria, Melbourne, Australia
Q: Geological department of the University of Concep-

tion, Chile

REFERENCES
Abel, Othenio. 1916. Paläobiologie der Cephalopoden. 

Gustav Fischer Verlag. Jena. 281 p.
Adam, William, & W. J. Rees. 1966. A review of the 

cephalopod family Sepiidae. Scientific reports of the 
John Murray Expedition 1933–1934 11(1):1–165.

Allcock, A. L., Ira R. Cooke, & J. M. Strugnell. 2011. 
What can the mitochondrial genome reveal about 
higher-level phylogeny of the molluscan class Cepha-
lopoda? Zoological Journal of the Linnean Society. 
161:563–586.

Allcock, A. L., Annie Lindgren, & J. M. Strugnell. 
2014. The contribution of molecular data to our 
understanding of cephalopod evolution and sys-
tematics: A review. Journal of Natural History 
49(21–24):1–49.

Allen, J. E. 1968. New species of Sepiidae (Mollusca: 
Cephalopoda) from the Eocene of the Gulf Coast. 
Tulane Studies in Geology 6(1):33–38.

Alessandri, G. d. 1905. Avanzi di un nuovo genre di 
Cefalopodi dell´Eocene dei dintorni di Parigi. Revista 
Italiana di Paleontologica 11:146–150.

Anderson, F. E., & A. R. Lindgren. 2021. Phylogenomic 
analyses recover a clade of large-bodied decapodiform 
cephalopods. Molecular Phylogenetics and Evolution 

156:107038 [doi:10.1016/j.ympev.2020.107038.]. 
Appellöf, J. J. A. 1893. Die Schalen von Sepia, Spirula 

und Nautilus. Kongliga Svenska Vetenskaps-Akade-
miens Handlingar 25(7):1–105.

Appellöf, J. J. A. 1898. Cephalopoden von Ternate.1. 
Verzeichnis der von Prof.: Kükenthal gesammelten 
Arten. 3. Untersuchungen über Idiosepius, Sepi-
adarium und verwandte Formen, ein Beitrag zur 
Beleuchtung der Hektokotylisation und ihrer sys-
tematischen Bedeutung. Frankfurt. 79 p.

Arkhipkin, A. I., V. A. Bizikov, & Dirk Fuchs. 2012. 
Vestigial phragmocone in the gladius points to a 
deep water origin of squid (Mollusca: Cephalopoda). 
Deep Sea Research: Oceanic Research Papers I 61: 
109–122.

Avnimelech, Moshé. 1958. A new belemnoid genus 
from the Paleocene of Israel with remarks on the clas-
sification of the tertiary dibranchiate cephalopods. 
Bulletin of the Research Council of Israel 7:61–65.

Baluk, Waclaw. 1984. Additional data on chitons and 
cuttlefishs from the Korytnica Clays (Middle Mio-
cene; Holy Cross Mountains, Central Poland). Acta 
Geologica Polonica 34(3–4):281–297.

Bandel, Klaus, & Sigurd. v. Boletzky. 1979. A compara-
tive study of the structure, development and morpho-
logical relationships of chambered cephalopod shells. 
The Veliger 21:313–354.

Bandel, Klaus, & Helmut Leich. 1986. Jurassic Vampy-
romorpha (dibranchiate cephalopods). Neues Jahr-
buch für Geologie und Paläontologie, Monatshefte 
1986(3):129–148.

Barskov, I. S. 1973. Microstructure of the skeletal layers 
of Sepia and Spirula compared with the shell layers 
of other molluscs. Paleontological Journal (Transla-
tion of the Paleontologicheskiy Zhurnal) 3:285–294.

Berry, E. W. 1922. An American Spirulirostra. American 
Journal of Science 5(3):327–334.

Berthold, Thomas, & Theo Engeser. 1987. Phylogenetic 
analysis and systematization of the Cephalopoda 
(Mollusca). Verhandlungen des Naturwissenschaftli-
chen Vereins Hamburg 29:187–220.

Bettencourt, Vera, & Angel Guerra. 1999. Carbon- 
and oxygen-isotope composition of the cuttlebone 
of Sepia officinalis: A tool for predicting ecological 
information? Marine Biology 133:651–657.

Bettencourt, Vera, & Angel Guerra. 2001. Age studies 
based on daily growth increments in statoliths and 
growth lamellae in cuttlebone of cultured Sepia of-
ficinalis. Marine Biology 139:327–334.

Birchall, J. D., & N. L. Thomas. 1983. On the archi-
tecture and function of cuttlefish bone. Journal of 
Materials Science 18(7):2081–2086.

Birkelund, Tove. 1956. Upper Cretaceous Belemnites 
from West Greenland. Meddeleser om Gronland 
137(9):1–28.

Bizikov, V. A. 2004. The shell in Vampyropoda (Cepha-
lopoda): Morphology, functional role and evolution. 
Ruthenica supplement 3:1–88.

Bizikov, V. A. 2008. Evolution of the shell in Cepha-
lopoda. VNIRO Publishing. Moscow. 447 p.

Blainville, M. H. D. 1825. Manuel de Malacologie 
et de Conchyliologie. Librairie Levrault. Paris & 
Strasbourg. 664 p.



34 Treatise Online, number 171

Blainville, M. H. D. 1827. Mémorie sur les Bélemnites. 
Levrault. Paris. 156 p.

Boettger, C. B. 1952. Die Stämme des Tierreichs in 
ihrer systematischen Gliederung. Abhandlungen der 
Braunschweigischen Wissenschaftlichen Gesellschaft 
4:238–300.

Boletzky, Sigurd von. 1992. Evolutionary aspects of 
development, life style, and reproduction mode in 
incirrate octopods (Mollusca, Cephalopoda). Revue 
de Suisse Zoologie 4:755–770.

Boletzky, Sigurd von. 1999. Breve mise au point sur la 
classification des cephalopodes actuels. Bulletin de 
Societe Zoologie France 124(3):271–278.

Bonnaud, Laure, C. C. Lu, & Renata Boucher-Rodoni. 
2006. Morphological character evolution and mo-
lecular trees in sepiids (Mollusca: Cephalopoda): Is 
the cuttlebone a robust phylogenetic marker? Biologi-
cal Journal of the Linnean Society 89(1):139–150.

Bonnaud, Laure, Delphine Pichon, & Renata Boucher-
Rodoni. 2005. Molecular approach of Decabrachia 
Phylogeny: Is Idiosepius definitely not a sepiolid. 
Phuket Marin Biological Centre Research Bulletin 
66:203–212.

Bülow-Trummer, E. V. 1920. Cephalopoda Dibran-
chiata. Fossilium Catalogus, Animalia. Kugler. 
Berlin. p. 313.

Canavari, M. 1892. Spirulirostrina Lovisatoi n. gen. et 
n. sp. di Cefalopodo raccolto nel Terziario di Sardegna, 
spettante al gruppo Phragmophora Fischer. Bulletino 
della Società Malacologica Italiana 16:65–73.

Carlini, D. B., K. S. Reece, & J. E. Graves. 2000. Actin 
gene family evolution and the phylogeny of coleoid 
Cephalopods. Molecular Biology and Evolution 
17(9):1353–1370.

Chapman, Frederick. 1915. New or little known Victo-
rian fossils in the National Museum. Proceedings of 
the Royal Society of Victoria 27:350–361.

Chun, Carl. 1910. Die Cephalopoden, 1. Teil: Oegop-
sida. Wissenschaftliche Ergebnisse der Deutschen 
Tiefsee Expedition auf dem Dampfer “Valdivia” 
1898–1899 18(1):1–401.

Clarke, M. R. 1988. Evolution of recent cephalopods: A 
brief review. In M. R. Clarke & E. R. Trueman, eds., 
The Mollusca. Paleontology & Neontology. Vol. 12. 
Academic Press. San Diego. p. 331–340.

Clarke, M. R., & J. E. Fitch. 1975. First fossil records of 
cephalopod statoliths. Nature 257(5525):380–381.

Clarke, M. R., & J. E. Fitch. 1979. Statoliths from 
Cenozoic teuthoid cephalopods from North America. 
Palaeontology 22(2):479–511.

Clarke, M. R., & M. B. Hart. 2018. Part M, Chapter 
11: Statoliths and coleoid evolution. Treatise Online 
102:1–23, 20 fig. 

Clarke, M. R., & Linda Maddock. 1988. Beaks of 
living coleoid Cephalopoda. In M. R. Clarke, & E. 
R. Trueman, eds., The Mollusca. Palaeontology and 
Neontology. Academic Press. London. p. 123–131.

Clarke, M. R., Linda Maddock, & Etienne Steurbaut. 
1980. The first fossil cephalopod statoliths to be 
described from Europe. Nature 287(5783):628–630.

Clements, Thomas, Caitlin Colleary, Kenneth De Baets, 
& Jakob Vinther. 2017. Buoyancy mechanisms limit 
preservation of coleoid cephalopod soft tissues in 

Mesozoic Lagerstätten. Palaeontology 60(1):1–14.
Cossmann, Maurice. 1886. Catalogue illustré des 

coquilles fossiles de l’Éocène des environs de Paris. 
Annales de la Société royale malacologique de Bel-
gique 21:17–184. 

Cossmann, Maurice, & G. Pissarro. 1910–1913. Ico-
nographie complète des coquilles fossiles de l’Éocèn 
des environs de Paris. M. Pissarro. Paris. 65 pl.

Crick, G. C. 1905. On a dibranchiate Cephalopod 
Styracoteuthis orientalis from the Eocene of Arabia. 
Proceedings of the Malacological Society of London 
6:274–278.

Curry, Dennis. 1955. The occurrence of the dibran-
chiate Cephalopods Vasseuria and Belosepiella in 
the English Eocene, with notes on their structure. 
Proceedings of the Malacological Society of London 
31:111–122.

Dauphin, Yannicke. 1981. Microstructures des coquilles 
de Cephalopodes II—La seiche (Mollusca, Coleoida). 
Palaeontographica (Abt. A) 176:35–51.

Dauphin, Yannicke. 1984. Microstructures des Cepha-
lopodes. IV: Le rostre de Belosepia (Dibranchiata). 
Paläontologische Zeitschrift 58:99–117.

Dauphin, Yannicke. 1985. Implications of a micro-
structural comparison in some fossil and recent 
coleoid cephalopod shells. Palaeontographica (Abt. 
A) 191:69–83.

Denton, E. J., & J. B. Gilpin-Brown. 1959. Buoyancy 
of the cuttlefish. Nature 184:1330–1331.

Denton, E. J., & J. B. Gilpin-Brown. 1961a. The buoy-
ancy of the cuttlefish, Sepia officinalis (L.). Journal 
of the Marine Biological Association of the United 
Kingdom 41:319–342.

Denton, E. J., & J. B. Gilpin-Brown. 1961b. The effect 
of light on the buoyancy of the cuttlefish. Journal 
of the Marine Biological Association of the United 
Kingdom 41:343–350.

Denton, E. J., & J. B. Gilpin-Brown. 1961cc. The 
distribution of gas and liquid within the cuttlebone. 
Journal of the Marine Biological Association of the 
United Kingdom 41:365–381.

Denton, E. J., & D. W. Taylor. 1964. The composition 
of gas in the chambers of the cuttlebone of Sepia Of-
ficinalis. Journal of the Marine Biological Association 
of the United Kingdom 44(01):203–207.

Deshayes, G. P. 1835. Description des coquilles fos-
siles des environs de Paris. In G. P. Deshayes, & 
J. Bechet, eds., Baudouin frères. Treutel & Wurtz. 
Paris. p. 499–780.

Deshayes, G. P. 1866. Description des animaux sans 
vertèbres. Mollusques céphalopodes. 3. Paris. 667 p.

Dixon, Fredericke. 1850. The Geology and Fossils of 
the Tertiary and Cretaceous Formations of Sussex. 
Longman, Brown, Green & Longmans. London. 
422 p. 

Doguzhaeva, L. A. 1996. Two early cretaceous spirulid 
coleoids of the northwestern Caucasus: Their shell 
ultrastructure and evolutionary implications. Pale-
ontology 39(3):681–707.

Doguzhaeva, L. A. 2000. A rare coleoid mollusc from 
the upper Jurassic of central Russia. Acta Palaeonto-
logica Polonica 45:389–406.

Doguzhaeva, L. A., Arnaud Brayard, Nicolas Goude-



Decabrachia 35

mand, L. J. Krumenacker, James Jenk, Kevin Bylund, 
Emmanuel Fara, Nicolas Olivier, Gilles Escarguel, 
& Emmanelle Vennin. 2018. An Early Triassic gla-
dius associated with soft tissue remains from Idaho, 
USA: A squid-like coleoid cephalopod at the onset 
of Mesozoic Era. Acta Palaeontologica Polonica 
63(2):341–355.

Doguzhaeva, L. A., R. H. Mapes, & Harry Mutvei. 
1999. A late carboniferous spirulid Coleoid from 
the southern mid-continent (USA). In F. Oloriz & 
F. J. Rodriguez-Tovar, eds., Advancing Research on 
Living and Fossil Cephalopds. Kluwer Academic/
Plenum Publisher. New York. p. 47–57.

Doguzhaeva, L. A., R. H. Mapes, & Harry Mutvei. 
2010. Evolutionary patterns of Carboniferous coleoid 
cephalopods based on their diversity and morpholog-
ical plasticity. In Kazushige Tanabe, Yasunari Shigeta, 
T. Sasaki, & H. Hirano, eds., Cephalopods—Present 
& Past. Tokai University Press. Tokyo & Sapporo. 
p. 171–180. 

Doguzhaeva, L. A., & Harry Mutvei. 2012. Connecting 
stripes: An organic skeletal structure in Sepia from 
Red Sea. Geobios 45(1):13–17.

Doguzhaeva, L. A., P. G. Weaver, & C. N. Ciampaglio. 
2014. A unique Late Eocene coleoid cephalopod 
Mississaepia from Mississippi, USA: New data on 
cuttlebone structure, and their phylogenetic implica-
tions. Acta Palaeontologica Polonica 59(1):147–162.

Doncieux, Louis. 1908. Cataloque descriptif des fos-
siles nummulitiques de l´Aude et de L´Herault. An-
nales de l´Universite de Lyon, I. Sciences, Medecine 
22:1–288.

Donovan, D. T. 1977. Evolution of the dibranchiate 
Cephalopoda. Symposia of the Zoological Society 
of London 38:15–48.

Donovan, D. T., L. A. Doguzhaeva, & Harry Mutvei. 
2003. Two pairs of fins in the Late Jurassic coleoid 
Trachyteuthis from southern Germany. Berliner 
Paläobiologische Abhandlungen 3:91–99.

Donovan, D. T., & Dirk Fuchs. 2012. Part M, Chapter 
14: History of higher classification of Coleoidea. 
Treatise Online 53:1–20. 

Donovan, D. T., & Dirk Fuchs. 2016. Part M, Chap-
ter 13: Fossilized soft tissues in Coleoidea. Treatise 
Online 73:1–30.

Doyle, Peter, D. T. Donovan, & Marion Nixon. 1994. 
Phylogeny and systematics of the Coleoidea. The 
University of Kansas Paleontological Contributions 
(New Series) 5:1–15.

Dumeril, A. M. C. 1806. Zoologie analytique, ou 
methode naturelle de classification des animaux, 
rendue plus facile a l’aide de tableaux synoptiques. 
Allais, Libraire. Paris. 344 p.

Edwards, F. E. 1849. A monograph of the Eocene 
Mollusca, or descriptions of shells from the older 
tertiaries of England. Paleontological Society, Lon-
don. 180 p.

Engeser, Theo. 1988. Vampyromorpha (“Fossile Teu-
thiden”). In Frank Westphal, ed. Fossilium Cata-
logus. I: Animalia. Kugler Publications. Amsterdam. 
p. 1–167. 

Engeser, Theo 1990. Phylogeny of the fossil coleoid 
Cephalopoda (Mollusca). Berliner geowissenschaftli-

che Abhandlungen (A) 124:123–191.
Engeser, Theo, & Klaus Bandel. 1988. Phylogenet-

ic classification of cephalopods. In J. Wiedmann 
& J. Kullman, eds., Cephalopods—Present and 
Past. Schweizerbart´sche Verlagsbuchhandlung.  
Stuttgart. p. 105–115.

Engeser, Theo, & M. R. Clarke. 1988. Cephalopod 
hooks, both recent and fossil. In M. R. Clarke, and 
E. R. Trueman, eds. The Mollusca. Paleontology & 
Neontology. Academic Press. London. p. 133–151.

Engeser, Theo, & D. Phillips. 1986. Redescription of 
two specimens previously recorded fossil teuthids 
(Coleoidea, Cephalopoda). Bulletin of the British 
Museum of Natural History 40 (5):295–264.

Ferussac, Andre B. d., & Alcide d’Orbigny. 1835–1848. 
Histoire naturelle generale et particuliere des Cépha-
lopodes acétabulifères vivant et fossiles. Lacour. 
Paris. 361 p.

Fischer, Paul. 1887. Manuel de Conchyliologie et de 
palaeontologie conchyliologique ou histoire naturelle 
des Mollusques vivants et fossilles. Savy. Paris. 1369 p.

Fioroni, Pio. 1981. Die Sonderstellung der Sepioli-
den, ein Vergleich der Ordnungen der rezenten 
Cephalopoden. Zoologische Jahrbücher, Systematik 
108:178–228.

Florek, M., E. Fornal, P. Gómez-Romero, E. Zieba, W. 
Paszkowicz, J. Lekki, J. Nowak, & A. Kuczumow. 
2009. Complementary microstructural and chemical 
analyses of Sepia officinalis endoskeleton. Materials 
Science and Engineering: C 29(4):1220–1226.

Fornasiero, Mariagabriella, & Marco Vicariotto. 1995. 
Fossil cuttlebones in the Vicentinian Prianbonian 
(Late Eocene, Veneto Region, NE Italy). Memorie 
di Scienza Geologiche 47:173–178.

Fuchs, Dirk. 2006. Fossil erhaltungsfähige Merkmal-
skomplexe der Coleoidea (Cephalopoda) und ihre 
phylogenetische Bedeutung. Berliner Paläobiolo-
gische Abhandlungen 8:1–115.

Fuchs, Dirk. 2012. The “rostrum”—problem in coleoid 
terminology—an attempt to clarify inconsistencies. 
Geobios 45(1):29–39.

Fuchs, Dirk. 2016. Part M, Coleoidea. Chapter 9B: 
The gladius and gladius vestige in fossil Coleoidea. 
Treatise Online 83:1–23.

Fuchs, Dirk. 2019a. Homology problems in cephalopod 
morphology: Deceptive (dis)similarities between dif-
ferent types of “caecum.” Swiss Journal of Palaeontol-
ogy 138(1):49–63.

Fuchs, Dirk. 2019b. Part M, Coleoidea. Chapter 23E: 
Systematic Descriptions: Diplobelida. Treatise Online 
118:1–8, 5 fig.

Fuchs, Dirk. 2020. Part M, Coleoidea, Chapter 23G: 
Systematic descriptions: Octobrachia. Treatise On-
line 138:1–52.

Fuchs, Dirk. 2021. Part M, Coleoidea. Chapter 23A: 
Systematic descriptions: Hematitida and Donovani-
conida. Treatise Online 154:1–12, 8 fig. 

Fuchs, Dirk, Sigurd von Boletzky, & Helmut Tisch-
linger. 2010. New evidence of functional suckers in 
belemnoid coleoids weakens support for the “Neo-
coleoidea” concept. Journal of Molluscan Studies 
76(4):404–406.

Fuchs, Dirk, & Desmond Donovan. 2018. Part M, 



36 Treatise Online, number 171

Chapter 23C: Systematic Descriptions: Phragmo-
teuthida. Treatise Online 111:1–7, 4 fig. 

Fuchs, Dirk, Theo Engeser, & Helmut Keupp. 2007. 
Gladius shape variation in coleoid cephalopod 
Trachyteuthis from the Upper Jurassic Nusplingen 
and Solnhofen Plattenkalks. Acta Palaeontologica 
Polonica 52(3):575–589. 

Fuchs, Dirk, & René Hoffmann. 2017. Part M, Chapter 
10: Arm armature in belemnoid coleoids. Treatise 
Online 91:1–20, 9 fig., 1 table. 

Fuchs, Dirk, Rene Hoffmann, & Christian Klug. 2021. 
Evolutionary development of the cephalopod arm 
armature. Swiss Journal of Palaeontology 140(27) 
[doi.org/10.1186/s13358-021-00241-z].

Fuchs, Dirk, & Yasuhiro Iba. 2015. The gladiuses in co-
leoid cephalopods: Homology, parallelism, or conver-
gence? Swiss Journal of Palaeontology 134:187–197.

Fuchs, Dirk, Yasuhiro Iba, Alexander Heyng, Masaya 
Iijima, Christian Klug, N. L. Larson, & Günter 
Schweigert. 2019. The Muensterelloidea: Phylogeny 
and character evolution of Mesozoic stem octopods. 
Papers in Palaeontology 6(1):31–92.

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. Palaeontology 
56(5):1081–1106.

Fuchs, Dirk, Yasuhiro Iba, Helmut Tischlinger, Helmut 
Keupp, & Christian Klug. 2015. The locomotion 
system of Mesozoic Coleoidea (Cephalopoda) and 
its phylogenetic significance. Lethaia 49:433–454.

Fuchs, Dirk, Helmut Keupp, Pat Trask, & Kazushige 
Tanabe. 2012. Taxonomy, morphology and phylog-
eny of Late Cretaceous spirulid coleoids (Cepha-
lopoda) from Greenland and Canada. Palaeontology 
55(2):285–303.

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

Fuchs, Dirk, & Martin Košťák. 2015. Amphispirula gen. 
nov. from the Eocene of southern Moravia (Czech 
Republic): a new ancestor of the Recent deep-sea 
squid Spirula? Journal of Systematic Palaeontology 
14(2):91–98.

Fuchs, Dirk, Vladimir Laptikhovsky, Svetlana Niko-
laeva, Alexei Ippolitov, & Mikhail Rogov. 2020. 
Evolution of reproductive strategies in coleoid mol-
lusks. Paleobiology 46(1) 82–103.

Fuchs, Dirk, & N. L. Larson. 2011. Diversity, mor-
phology and phylogeny of coleoid cephalopods 
from the Upper Cretaceous Plattenkalks of Leba-
non Part II: Teudopseina. Journal of Paleontology 
85(5):815–834.

Fuchs, Dirk, & Alexander Lukeneder. 2014. Cenozoic 
coleoids (Cephalopoda) from Austria—A review 
of Schultz´s Catalogus Fossilium Austriae. Denisia 
32:23–32.

Goolaerts, S., Y. Christiaens, F. Mollen, B. Motte-
quin, and E. Steurbaut. 2022. Applying micro-CT 
imaging in the study of historically and newly col-
lected specimens of Belosaepia (Sepiida, Coleoidea, 

Cephalopoda) from the Early Eocene (Ypresian) of 
Belgium. Rivista Italiana di Paleontologia e Stratigra-
fia 128(3):585–606. 

Gordon, Mackenzie Jr. 1971. Primitive squid gladii 
from the Permian of Utah. U.S. Geological Survey 
Professional Paper 750 C:34–38.

Grimpe, Georg. 1921. Teuthologische Mitteilungen. 
VII. Systematische Übersicht der Nordseecephalo-
poden. Zoologischer Anzeiger 52:296–304.

Grimpe, Georg. 1922. Systematische Übersicht der 
europäischen Cephalopoden. Sitzungsber. Sitzungsb-
erichte der Naturforschenden Gesellschaft zu Leipzig 
45–48:36–52.

Gray, J. E. 1847. A list of the genera of Recent Mol-
lusca, their synonyma and types. Proceedings of the 
Zoological Society of London 15:129–219.

Gude, G. K. 1913. Definitions of further new genera of 
Zonitidae. Proceedings of the Malacological Society 
of London 10:389–391.

Gutowska, M. A., Frank Melzner, H. O. Pörtner, & 
Sebastian Meier. 2010. Cuttlebone calcification 
increases during exposure to elevated seawater pCO2 
in the cephalopod Sepia officinalis. Marine Biology 
157(7):1653–1663.

Gutowska, M. A., H. O. Pörtner, & Frank Melzner. 
2008. Growth and calcification in the cephalopod 
Sepia officinalis under elevated seawater pCO2. Ma-
rine Ecology Progress Series 373(303–309).

Haas, Winfried. 1997. Der Ablauf der Entwicklungsge-
schichte der Decabrachia (Cephalopoda, Coleoidea). 
Paleontographica (Abt. A) 245:63–81.

Haas, Winfried. 2002. The evolutionary history of the 
eight-armed Coleoidea. Abhandlungen der Geolo-
gischen Bundesanstalt 57:341–351.

Haas, Winfried. 2003. Trends in the Evolution of the 
Decabrachia. Berliner Paläobiologische Abhandlun-
gen 3:113–129.

Haeckel, E. H. P. A. 1866. Generelle Morphologie der 
Organismen. G. Reiner. Berlin. p. 46

Haeckel, E. H. P. A. 1896. Systematische Phylogenie 
der wirbellosen Thiere (Invertebrata). G. Reimer. 
Berlin. p. 720.

Hart, M. B., Alex De Jonghe, Keith Duff, Kevin Page, 
Gregory Price, Christopher Smart, & Philip Wilby. 
2010. Microfossil evidence for a mid-Jurassic squid 
egg-laying area in association with the Christian 
Malford Lagerstätte. Geophysical Research Abstracts 
12:4415.

Hart, M. B., Alex De Jonghe, S. T. Grimes, Brett Met-
calfe, G. D. Price, & C. Teece. 2009. Microfaunal 
analysis of the Wattonensis Beds (Upper Bathonian) 
of South Dorset. Geoscience in South-West England 
12:134–139.

Hart, M. B., M. R. Clarke, Alex De Jonghe, G. D. 
Price, K. N. Page, & C. W. Smart. 2015. Statoliths 
from the Jurassic succession of south-west England, 
United Kingdom. Swiss Journal of Palaeontology 
134(2):199–205.

Harzhauser, Mathias. 1999. Filling a gap—beaks and 
hooks of Cenozoic coleoids (Cephalopoda). Annalen 
des Naturhistorischen Museums Wien 101(A):123–135.

Hewitt, R. A., & J. W. M. Jagt. 1999. Maastrichtian 
Ceratisepia and Mesozoic cuttlebone homeomorphs. 



Decabrachia 37

Acta Palaeontologica Polonica 44(3):305–326.
Hirano, Hiromishi, Ikuo Obata, & Miyako Ukishima. 

1991. Naefia matsumotoi, a unique coleoid (Cepha-
lopoda) from the upper cretaceous of Japan. Proceed-
ings of the Shallow Tethys 3:201–221.

Hoffmann, René. 2015. The correct taxon name, au-
thorship, and publication date of extant ten-armed 
coleoids. Paleontological Contributions 11:1–4. 

Hoffmann, René, M. K. Howarth, Dirk Fuchs, Chris-
tian Klug, & Dieter Korn. 2022. The higher taxo-
nomic nomenclature of Devonian to Cretaceous 
ammonoids and Jurassic to Cretaceous ammonites 
including their authorship and publication. Neues 
Jahrbuch für Geologie und Paläontologie, Abhand-
lungen 305(2):187-197. 

Hoffmann, René, M. F. G. Weinkauf, Dirk Fuchs, & 
Alexander Lukeneder. 2021. Is there more than one 
species in the genus Spirula (Cephalopoda: Decabra-
chia): Evidence for an Atlantic–Pacific divide. Journal 
of Molluscan Studies 87(1)eyab001 [doi.10.1093/
mollus/eyab001] 

Hunt, Stephen, & Marion Nixon. 1981. A comparative 
study of protein composition in the chitin-protein 
complexes of the beak, pen, sucker disc, radula and 
oesophageal cuticle of cephalopods. Comparative 
Biochemistry and Physiology 68B:535–546. 

Jasso-Gastinel, Carlos, Salvador Garcia, Jorge Flores 
Mejia, Ignacio Reyes-González, & Eduardo Men-
dizabal. 2009. Acrylic bone cements modified with 
bioactive filler. Macromolecular Symposia 283–284: 
159–166.

Jaworski, E. 1936. [Review of ] Szöreny, E., Neue Ter-
tiäre Sepiinae aus Ungarn nebst Bemerkungen zum 
zeitlichen Auftreten und zur Entwicklung der Gat-
tung Sepia. Palaeontologisches Zentralblatt 7:100. 

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, phy-
logeny, and classification of fossil Coleoidea. Pa-
leontological Contributions, University of Kansas 
Mollusca 7:1–166. 

Jeletzky, J. A. 1969. New poorly understood Tertiary 
sepiids from southeastern United States and Mexico. 
Paleontological contributions, University of Kansas 
41:1–39.

Keferstein, W. M. 1862–1866. Kopftragende Weich-
thiere (Malacozoa cephalophora). In H. G. Bronn, 
Dr. H.G. Bronn’s Klassen und Ordnungen der 
Weichthiere (Malacozoa). C. F. Winter. Leipzig. p. 
1307–1464.

Khromov, D. N. 1987. Systematic and phylogeny 
of the cuttlefish family Sepiidae (Cephalopoda). 
Zoologicheskiy Zhurnal 66:1164–1176.

Khromov, D. N. 1990. Cuttlefishes in the systematics 
and phylogenie of the Cephalopoda. Zoologicheskiy 
Zhurnal 69:12–20.

Khromov, D. N., C. C. Lu, Angel Guerra, Zh. Dong, & 
S. von Boletzky. 1998. A synopsis of Sepiidae outside 
Australian waters (Cephalopoda: Sepioidea). Smi-
thonian Contributions to Zoology 586(1):1–157. 

Kluessendorf, Joanna, & Peter Doyle. 2000. Pohlsepia 
mazonensis, an early “Octopus” from the Carbonifer-

ous of Illinois, USA. Palaeontology 43(5):919–926.
Klug, Christian, Günter Schweigert, Dirk Fuchs, 

Isabelle Kruta, & Helmut Tischlinger. 2016. Adapta-
tions to squid-style high-speed swimming in Jurassic 
belemnitids. Biology letters 12(1):20150877 [doi.
org/10.1098/rsbl.2015.0877].

Koenen, A. von. 1865. Spirulirostra aus dem Miozän 
von Dindgen. Zeitschrift der deutschen geologischen 
Gesellschaft 17:428–429.

Koenen, A. von. 1885. Über eine paläozäne Fauna 
von Kopenhagen. Abhandlungen der königlichen 
Gesellschaft der Wissenschaften zu Göttingen 32:11. 

Košťák, Martin, J. W. M. Jagt, & Jan Schlögl. 2018. 
Diversity and distribution of Miocene–Pliocene se-
piids (Cephalopoda) in the Mediterranean area, with 
new records from Italy and Turkey. Swiss Journal of 
Palaeontology 138:99–108.

Košťák, Martin, J. W. M. Jagt, R. P. Speijer, Peter Stas-
sen, & Etienne Steurbaut. 2013. New Paleocene 
sepiid coleoids (Cephalopoda) from Egypt: Evolu-
tionary significance and origin of the sepiid ‘rostrum’. 
PLOS One 8(11):e81180 [doi.org/10.1371/journal.
pone.0081180].

Košták, Martin, Andrei Ruman, Jan Schlögl, Natalia 
Hudácková, Dirk Fuchs, & Martin Mazuch. 2017. 
Miocene sepiids (Cephalopoda, Coleoidea) from 
Australia. Fossil Record 20:1–14.

Košťák, Martin, Jan Schlögl, Dirk Fuchs, Katarina Hol-
cová, Natalia Hudáčková, Adam Culka, Istvan Fözy, 
Adam Tomašových, Rastislav Milovský, Juraj Šurka, 
& Martin Mazuch. 2021. Fossil evidence for vampire 
squid inhabiting oxygen-depleted ocean zones since 
at least the Oligocene. Communications Biology 
4(1):216 [doi:10.1038/s42003-021-01714-0]. 

Košťák, Martin, Jan Schlögl, Natalia Hudáčková, 
Andreas Kroh, Eva Halásová, Rok Gašparič, Matus 
Hyžný, & Gerhard Wanzenböck. 2016. Sepia from 
the Miocene of the Central Paratethys: New taxa and 
notes on late Cenozoic cuttlefish diversity. Journal of 
Systematic Palaeontology 14(12):1033–1057.

Kretzoi, M. 1942. Necroteuthis n. gen. (Ceph. Dibr. 
Necroteuthidae n. f.) aus dem Oligozän von Budapest 
und das System der Dibranchiata. Földtani Közlöny 
72:124–138.

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

Lamarck, J. B. 1799. Prodrome d’une nouvelle clas-
sification des coquilles. Memoires de la Societe 
d’Histoire Naturelle de Paris 1:63–91.

Lamarck, J. B. 1801. Système des animaux sans verté-
brès ou tableau général des classes des orders et des 
genres de ces animaux. L’Auteur. Paris. p. 432.

Leach, W. E. 1817. Synopsis of the orders, F=families, 
and genera of the class Cephalopoda. The Zoological 
Miscellany, Being Descriptions of New or Interesting 
Animals 3(3):137–141. 

Lehmann, Jens. 2010. Statolithen—kleine Fossilien 
ganz groß. Fossilien 27(6):359–366.

Leriche, Maurice. 1906. Note sur le Genre Vasseuria 
MUNIER-CHALMAS. Bulletin de la société des 
Sciences naturelles de lóuest de la France 6:185–189.



38 Treatise Online, number 171

Lindgren, Annie R. 2010. Molecular inference of 
phylogenetic relationships among Decapodiformes 
(Mollusca: Cephalopoda) with special focus on the 
squid order Oegopsida. Molecular Phylogenetics and 
Evolution 56(1):77–90.

Lindgren, Annie R., Gonzalo Giribet, & M. K. Nishi-
guchi. 2004. A combined approach to the phylogeny 
of Cephalopoda (Mollusca). Cladistics 20:454–486.

Lindgren, Annie R., Molly Pankey, Frederick Hochberg, 
& Todd Oakley. 2012. A multi-gene phylogeny of 
Cephalopoda supports convergent morphological 
evolution in association with multiple habitat shifts 
in the marine environment. BMC Evolutionary 
Biology 12(1):129 [doi.org/10.1186/1471-2148-
12-129].

Link, H. F. 1806. Beschreibung der Naturalien-Sam-
mlung der Universität zu Rostock. Adler. Rostock. 
p. 165.

Linnaeus, Carl von. 1758. Systema naturae per regna 
tria naturae :secunondum classes, ordines, genera, 
species, cum characteribus, differentiis, synonymis, 
locis. Impensis Direct. Laurentii Salvii. Holmiae 
(Stockholm). 824 p.

Lörenthey, Emerich. 1899. Sepia im ungarischen 
Tertiär. Mathematische und naturwissenschaftliche 
Berichte aus Ungarn 15. Band:20–27. 

Liu, C., X. Ji, J. Huang, Z. Wang, Y. Liu, & M. T. 
Hincke. 2021. Proteomics of shell matrix proteins 
from the cuttlefish bone reveals unique evolution 
for Cephalopod biomineralization. ACS Biomaterials 
Science & Engineering 9(4):1796–1807.

Lu, C. C. 1998. Use of the sepion in the taxonomy of 
Sepiida (Cephalopoda: Sepioidea) with an emphasis 
on the Australian fauna. Systematics and Biogeogra-
phy of Cephalopods. Smithsonian Contributions to 
Zoology 586 (1):207–214.

Meyer, Hermann, von. 1846. Mitteilungen an Prof. 
Bronn gerichtet. Neues Jahrbuch für Mineralo-
gie, Geognosie, Geologie und Petrefactenkunde 
1846:596–599.

Meyer, J.-C. 1989. Un nouveau Cephalopode Coleoide 
dans le Paleocene inferieur de Vigny. SAGA Informa-
tion (Paris) 94:30–51. 

Meyer, J.-C. 1993. Un nouveau coleoide Sepioide 
Ceratisepia elongata nov. gen., nov. sp. du Paleo-
cene inferieur (Danian) de Vigny. Implications tax-
onomiques et Phylogenetiques. Geobios (memoire 
special) 15:287–304.

Meyer, Otto, & H. T. Aldrich. 1886. The tertiary 
fauna of Newton and Wautubbee, Mississippi. 
Journal of the Cincinnati Society of Natural History 
9(2):104–114.

Monks, Neale, & Simone Wells. 2000. A new record of 
the Eocene coleoid Spirulirostra anomala (Mollusca: 
Cepahalopoda) and its relationships to modern Spi-
rula. Tertiary Research 20(1.4):47–52.

Müller, P. L. S. 1775. Des Ritters Carl von Linné … 
vollständiges Natursystem: nach der zwölften latein-
ischen Ausgabe und nach Anleitung des holländisch-
en Houttuynischen Werks mit einer ausführlichen 
Erklärung ausgefertigt von Philipp Ludwig Statius 
Müller. Gabriel Nicolaus Raspe. Nürnberg. 536 p.

Münster, G. G. zu. 1837. Mineralogische Vorträge 

auf der Versammlung Deutscher Naturforscher und 
Ärzte, Jena 1836, Sektion Geon. Geogr. Mineralogie. 
Neues Jahrbuch für Mineralogie, Geognosie, Geolo-
gie und Petrefactenkunde 1837. 252 p.

Munier-Chalmas, Erneste. 1872. Sur les genres Bayano-
teuthis et Belopterina. Bulletin de Sociéte Geologique 
de France (serie 2) 29:530–531.

Munier-Chalmas, Erneste. 1880. Vasseuria nov. Gen. 
Journal de Conchyliologie 28:183–184. 

Mutvei, Harry. 1964. Remarks on the anatomy of 
recent and fossil Cephalopoda, with description of 
the minute shell structure of belemnoids. Stockholm 
Contributions to Geology 11:79–102.

Mutvei, Harry. 1971. The siphonal tube in Jurassic 
Belemnitida and Alaucocerida (Cepahalopoda: Co-
leoida). Bulletin of the Geological Institutions of the 
University of Uppsala (new series) 3:27–36.

Mutvei, Harry, R. H. Mapes, & L. A. Doguzhaeva. 
2012. Shell structures in Carboniferous bactritid-like 
coleoids (Cephalopoda) from South Central USA. 
GFF 134(3):201–216.

Nabhitabhata, J., J. Suriyawarakul, A. Yamrungrueng, 
K. Tongtherm, & S. Tuanapaya. 2022. Relation-
ships of growth increments of internal shells and 
age through entire life cycles in three cultured ne-
ritic cephalopods (Mollusca: Cephalopoda) with re-
evaluation as application for age determination. Swiss 
Journal of Palaeontology 141(1):5 [doi.org/10.1186/
s13358-022-00249-z].

Naef, Adolf. 1916. Systematische Übersicht der Medi-
terranen Cephalopoden. Publicazioni delta Stazione 
Zoologica di Napoli 1:11–19.

Naef, Adolf. 1921. Das System der dibranchiaten 
Cephalopoden und die mediteranen Arten derselben. 
Mitteilungen aus der zoologischen Station zu Neapel 
22:527–542.

Naef, Adolf. 1921–1923. Die Cephalopoden. In Fauna 
und Flora des Golfes von Neapel und der angrenzen-
den Meeres-Abschnitte. 35. Monographie, Band 1, 
Volume 1, Lieferung 1–2. R. Friedländer & Sohn. 
Berlin. 864 p.

Naef, Adolf. 1922. Die fossilen Tintenfische—Eine 
paläozoologische Monographie. Gustav Fischer. 
Jena. 322 p.

Naef, Adolf. 1928. Die Cephalopoden (Embryologie). 
In Fauna und Flora des Golfes von Neapel und der 
angrenzenden Meeres-Abschnitte. 35. Monographie, 
Band 1, Volume 2. R. Friedländer & Sohn. Berlin. 
p. 460.

Neige, Pascal. 2003. Spatial patterns of disparity and 
diversity of the Recent cuttlefishes (Cephalopoda) 
across the Old World. Journal of Biogeography 
30:1125–1137.

Neige, Pascal. 2006. Morphometrics of hard parts in 
cuttlefish. Vie et millieu 56(2):121–127.

Neige, Pascal. 2021. The geography of body size in 
cuttlefishes (Cephalopoda, Sepiidae). Swiss Journal of 
Palaeontology 140(1):17 [doi.org/10.1186/s13358-
021-00231-1].

Neige, Pascal, Hervé Lapierre, & Didier Merle. 2016. 
New Eocene Coleoid (Cephalopoda) Diversity from 
statolith remains: taxonomic assignation, fossil record 
analysis, and new data for calibrating molecular phy-



Decabrachia 39

logenies. PLOS One 11(5):e0154062 [doi.10.1371/
journal.pone.0154062]. 

Nesis, Kir N. 1982. Printisipy sistematiki sovremennyka 
golovonogikh Mollyuskov (Principles of the system-
atics of Recent cephalopods]. Byulleten Moscovskogo 
Obshchesta Ispytatelei Prirody, Otdel Geologicheskii 
57:99–112.

Nesis, Kir N. 1987. Cephalopods of the World. TFH 
Publications. Neptune City (New Jersey). 351 p.

Obata, Ikuo, Yoshio Ogawa, & Toru Oishi. 2004. 
Miocene coleoid (Cephalopoda) from Chichibu-
machi Group, Japan. Annual report of the Fukuda 
Geological Institute 5:107–119.

d’Orbigny, A. D. 1840. Paléontologie française; descrip-
tion zoologique et géologique de tous les animaux 
mollusques et rayonnés fossiles de France. Paris. 
662 p.

d’Orbigny, A. D. 1842. Mémoire sur deux genres 
nouveux céphalopodes fossiles (les Conoteuthis et 
Spirulirostra) offrant des passages, d’un côte entre la 
spirule et la seiche, de l’autre des bélemnites et les 
Ommastrephes. Annales de la Societe des Science 
Naturelles (2. Zoologie) 17:362–379.

d’Orbigny, A. D. 1845. Mollusques vivants et fossiles 
ou description de toutes les especes de coquilles et 
de mollusces. Gide et Cie. Paris. 605 p. 

Owen, Richard. 1836. Cephalopoda. In M. D. Todd, 
ed., Cyclopaedia of Anatomy and Physiology. Sher-
wood, Gilbert, and Piper. London. p. 517–562.

Owen, Richard. 1856. Descriptive Catalogue of the 
Fossil Organic Remains of Invertebrata Contained 
in the Museum of the Royal College of Surgeons of 
England. Taylor & Francis. London. 260 p.

Pabic, Charles, Arul Marie, Benjamin Marie, Aline 
Percot, Laure Bonnaud, Pascal Lopez, & Gilles 
Luquet. 2017. First proteomic analyses of the dorsal 
and ventral parts of the Sepia officinalis cuttlebone. 
Journal of Proteomics 150:63–73.

Pabic, Charles L., Meghan Rousseau, Laure Bonnaud-
Ponticelli, & Sigurd von Boletzky. 2016. Overview 
of the shell development of the common cuttlefish 
Sepia officinalis during early life stages. Vie et milieu 
66(1):35–42.

Pabic, Charles L., Julien Derr, Gilles Luquet, P.-J. 
Lopez, & Laure Bonnaud-Ponticelli. 2019. Three-di-
mensional structural evolution of the cuttlefish Sepia 
officinalis shell from embryo to adult stages. Journal 
of The Royal Society Interface 16(158):2019017 
[doi/10.1098/rsif.2019.0175].

Palmer, K. V. W. 1937. The Claibornian Scaphopoda, 
Gastropoda and dibranchiate Cephalopoda of the 
southern United States. Bulletin of American Pale-
ontology 7(32):1–548.

Palmer, K. V. W. 1940. Anevda, a new name for Advena 
Palmer, 1937, not Gude, 1913. Journal of Paleontol-
ogy 14(3):285. 

Pompeckj, J. F. 1912. Cephalopoda, Palaeontologie. In 
E. Korschelt, G. Linck, F. Oltmanns, K. Schaum, M. 
Verworn, & E. Teichmann, eds., Handwoerterbuch 
der Naturwissenschaften. Fischer Verlag. Jena. p. 
265–296.

Quenstedt, F. A. 1849. Petrefactenkunde Deutsch-
lands, 1. Abteilung, 1. Band, Cephalopoden. Verlag 

Fues. Tübingen. 581 p. 
Rafinesque, C. 1815. Analyse de la Nature, ou Tableau 

de l’Univers et des Corps Organisés. Palerme. 244 p.
Reid, Amanda. 2016. Post-mortem drift in Australian 

cuttlefish sepions: Its effect on the interpretation 
of species ranges. Molluscan Research 36(1):9–21.

Reid, A., P. Jereb, & C. F. E. Roper. 2005. Cuttlefishes. 
In P. Jereb & C. F. E. Roper, eds., FAO Species Cata-
logue for Fishery Purposes 4:(1)56–208.

Rexfort, Andreas, & Jörg Mutterlose. 2006. Stable 
isotope records from Sepia officinalis: A key to un-
derstanding the ecology of belemnites? Earth and 
Planetary Science Letters 247(3–4):212–221.

Rexfort, Andreas, & Jörg Mutterlose. 2009. The role of 
biogeography and ecology on the isotope signature of 
cuttlefishes (Cephalopoda, Sepiidae) and the impact 
on belemnite studies. Palaeogeography, Palaeoclima-
tology, Palaeoecology 284(3–4):153–163.

Riefstahl, Erich. 1886. Die Sepienschale und ihre 
Beziehungen zu den Belemniten. Inaugural-Disser-
tation der Universität München. Paleontographica 
32:201–214.

Riegraf, Wolfgang, Nico Janssen, & Cornelia Schmitt-
Riegraf. 1998. Cephalopoda dibranchiata fossiles 
(Coleoidea) II. In F. Westphal, ed., Fossilium Cata-
logus. I: Animalia. Backhuys Publishers. Leiden. 512 p. 

Roger, Jean. 1952. Sous-classes des Dibranchiata 
OWEN 1836. In J. Piveteau, ed., Traité de Paleon-
tologie. Masson. Paris. p. 689–755.

Rüppell, Eduard. 1829. Abbildung und Beschreibung 
einiger neuer oder wenig bekannten Versteinerungen 
aus der Kalkschieferformation von Solnhofen. Brön-
ner Verlag. Frankfurt. p. 12.

Schloenbach, Urban. 1868. Über Belemnites rugifer 
Schloenbach sp. nov. aus dem eocenen Tuffe von 
Ronca. Jahrbuch der geologischen Reichsanstalt 
Wien 18:455–461.

Schwetzow, M. S. 1913. Ezhegodnik po geologii i 
mineralogii Rossii. [Lower Cretaceous belemnites 
from Abkhasie (Gagry’Suklum).] Annuaire de la 
Geologie et Minaralogie de Russie 15:43–74, pl. 
2–5. In Russian.

Seilacher, Adolf, & Kyotaka Chinzei. 1993. Remote 
biomineralisation II: Fill skeletons controlling 
bouyancy in shelled cephalopods. Neues Jahrbuch 
für Geologie und Paläontologie Abhandlungen 
190(2–3):363–373.

Sherrard, K. M. 2000. Cuttlebone morpology limits 
habitat depth in eleven species of Sepia (Cephalop-
oda: Seppiida). Biolological Bulletin 198:404–414.

Sowerby, James. 1829. The Mineral Conchology of 
Great Britain; or Coloured Figures and Descriptions 
of those Remains of Testaceous Animals or Shells 
which have been Preserved at Various Times and 
Depths in the Earth. Published privately. London. 
230 p.

Spiess, P. E. 1972. Organogenese des Schalendrüsen-
komplexes bei einigen coleoiden Cephalopoden 
des Mittelmeeres. Revue de Suisse de Zoologie 
79(1[5]):167–226.

Starobogatov, Y. I. 1983. The System of the Cepha-
lopoda. In Y. I. Starobogatov, & K. N. Nesis, eds., 
Taxonomy and Ecology of Cephalopoda. Zoological 



40 Treatise Online, number 171

Institute, USSR Academy of Sciences. Leningrad. 
p. 4–7.

Stolley, Ernst. 1919. Die Systematik der Belemniten. 
Jahresberichte des Niedersächsischen Geologischen 
Vereins 11:1–59.

Strausz, Laszlo. 1974. Die Eozänmollusken von 
Neszmely (Ungarn). Geologica Hungarica. Series 
Palaeontologica 38:95–148.

Strugnell, J. M., N. E. Hall, Michael Vecchione, Dirk 
Fuchs, & A. L. Allcock. 2017. Whole mitochondrial 
genome of the Ram’s Horn Squid shines light on 
the phylogenetic position of the monotypic order 
Spirulida (Haeckel, 1896). Molecular Phylogenetics 
and Evolution 109:296–301.

Strugnell, J. M., A. Lindgren, & A. L. Allcock. 2009. 
Cephalopod mollusks (Cephalopoda). In S. B. 
Hedges & S. Kumar, eds., The Tree of Life. University 
Press. Oxford. p. 242–246.

Strugnell, J. M., & M. K. Nishiguchi. 2007. Molecular 
phylogeny of coleoid cephalopods (Mollusca: Cepha-
lopoda) inferred from three mitochondrial and six 
nuclear loci: A comparison of alignment, implied 
alignment and analysis methods. Journal of Mol-
luscan Studies 73:399–410.

Strugnell, J. M., M. K. Norman, Jennifer Jackson, A. 
J. Drummond, & A. A. Cooper. 2005. Molecular 
phylogeny of coleoid cephalopods (Mollusca: Cepha-
lopoda) using a multiple approach; the effect of data 
partitioning on resolving phylogenies in a Bayesian 
framework. Molecular Phylogenetics and Evolution 
37:426–441.

Sutton, Mark, Catalina Perales-Raya, & Isabel Gilbert. 
2015. A phylogeny of fossil and living neocoleoid 
cephalopods. Cladistics 32(3):297–307.

Sweeney, M. J., & C. F. E. Roper. 1998. Classifica-
tion, type localities, and type repositories of Recent 
Cephalopoda. In N. A. Voss, Michael Vecchione, 
R. B. Toll, & M. J. Sweeney, eds., Systematics and 
Biogeography of Cephalopods. Vol. II. Smithsonian 
Contributions to Zoology p. 561–599.

Szörenyi, Erzsebet. 1934. Neue tertiäre Sepiinae aus 
Ungarn nebst Bemerkungen zum zeitlichen Auftreten 
und zur Entwicklung der Gattung Sepia. Földtani 
Közlöny 63:183–189.

Tanabe, Kazushige, Yoshio Fukuda, & Yasuo Ohtuska. 
1985. New chamber formation in the cuttlefish Sepia 
esculenta Hoyle. Venus 44(1):55–67. 

Tanabe, Kazushige, Yoshinori Hikida, & Yasuhiro 
Iba. 2006. Two coleoid jaws from the Upper Creta-
ceous of Hokkaido, Japan. Journal of Paleontology 
80(1):138–145.

Tanabe, Kazushige, Akihiro Misaki, & Takao Ubu-
kata. 2015. Late Cretaceous record of large soft-
bodied coleoids based on lower jaw remains from 
Hokkaido, Japan. Acta Palaeontologica Polonica 
60(1):27–38.

Tanner, A. R., Dirk Fuchs, I. E. Winkelmann, M. T. P. 
Gilbert, M. S. Pankey, A. M. Ribeiro, K. M. Kocot, 
K. M. Halanych, T. H. Oakley, R. R. da Fonseca, 
David Pisani, & Jakob Vinther. 2017. Molecular 
clocks indicate turnover and diversification of mod-
ern coleoid cephalopods during the Mesozoic Marine 

Revolution. Proceedings of the Royal Society, B 
(Biological Sciences) 284(1850):20162818 [doi.
org/10.1098/rspb.2016.2818].

Uribe, J. E., & R. Zardoya. 2017. Revisiting the 
phylogeny of Cephalopoda using complete mito-
chondrial genomes. Journal of Molluscan Studies 
83(2):133–144.

Vecchione, Michael, & R. E. Young. 2004. Sepiolida 
Keferstein, 1866. Version 21 August 2004. Tree of 
Life Web [http://tolweb.org/Sepiolida].

Vincent, E. 1900. Contribution a la Paléontologie de 
l’Eocene Belge. Cephalopodes dibranchiaux. Annales 
de la société royal Malacologique 35:4–22.

Voltz, P. L. 1830. Observations sur les Belémnites. M 
Observations sur les Belémnites moires de la so-
ciété de Museum d´Histoire naturelle de Straßburg 
1:1–67.

Voss, G. L. 1964. Cephalopoda. In Encyclopedia 
Britannica 5. University of Chicago Press. Chicago. 
p. 194–202. 

Wagner, Janos. 1938. A kiscelli Közep-Oligocen (Rupe-
lien) retegek ketkopoltyus cephalopodai es uj Sepia-
felek a Magyar Eocenbol. Annales Musei Nationales 
Hungarica 21:179–199.

Ward, P. D., & S. von Boletzky. 1984. Shell implosion 
depth and implosion morphologies in three species 
of Sepia (Cephalopoda) from the Mediteranean 
Sea. Journal of Marine Biological Association of the 
United Kingdom 64:955–966.

Ward, P. D., J. L. Veloso, and C. Klug. 2022. Morpho-
logical disparity in extant and extinct sepiid phrag-
mocones: Morphological adaptions for phragmocone 
strength compared to those related to cameral liquid 
emptying hypotheses. Swiss Journal of Palaeontology 
141(1):6 [doi.org/10.1186/s13358-022-00248-0]. 

Weaver, P. G., & C. N. Ciampaglio. 2003. A new genus 
of belosaepiid (Coleoidea) from the Castle Hayne 
Limestone (Eocene) of southeastern North Carolina. 
Journal of Paleontology 77(6):1103–1106.

Weaver, P. G., C. N. Ciampaglio, & R. E. Chandler. 
2007. Rarely seen coleoid phragmocone steinkerns 
from the Eocene Castle Hayne Limestone of south-
east North Carolina. Palaeontographica A 279(4–
6):159–165.

Weaver, P. G., D. T. Dockery III, & C. N. Ciampaglio. 
2010. A new genus of coleoid cephalopod from the 
Jackson Group (Late Eocene), Hinds County, Missis-
sippi. Palaeontographica (Abt. A) 292:53–63.

Wetzel, Walter. 1930. Die Quiriquina-Schichten als 
Sediment und paläontologisches Archiv. Palaeonto-
graphica A 73:49–106.

Wiltshire, Thomas. 1869. On the Chief Groups of 
the Cephalopoda. Geological Association, London. 
p. 42.

Winckworth, Ronald. 1932. The British marine mol-
lusc. Journal of Conchology 19:211–252.

Wojcik, M. K. 1903. Die unteroligozäne Fauna von 
Kruhel maly bei Przemysl. Bulletin de I’ international 
Academie des Sciences Cracovie, Classe des sciences 
mathemathiques et naturelles 1903:798–809.

Yancey, T. E., & C. L. Garvie. 2011. Redescription of 
Anomalosaepia (Cephalopoda: Coleoida): A Sepioid 



Decabrachia 41

with a Bimineralic Calcite and Aragonite Skeleton. 
Journal of Paleontology 85(5):904–915.

Yancey, T. E., C. L. Garvie, & Mary Wicksten. 2010. 
The Middle Eocene Belosaepia ungula (Cephalopoda: 
Coleoida) from Texas: Structure, ontogeny and func-
tion. Journal of Paleontology 84(2):267–287.

Yoshida, Masaaki, Kazuhiko Tsuneki, & Hidetaka 
Furuya. 2006. Phylogeny of selected Sepiidae (Mol-
lusca, Cephalopoda) on 12S, 16S, and COI sequenc-
es, with comments on the taxonomic reliability of 
several morphological characters. Zoological Science 
23(4):341–351.

Young, R. E., & Michael Vecchione. 1996. Analysis 
of morphology to determine primary sister taxon 
relationships within coleoid cephalopods. American 
Malacological Bulletin 12:91–112.

Young, R. E., Michael Vecchione, & D. T. Donovan. 
1998. The evolution of coleoid cephalopods and 
their present biodiversity and ecology. South African 
Journal of Marine Science 20:393–420.

Zittel, K. A. 1895. Grundzüge der Palaeontologie (Pa-
laeozoologie). R. Oldenbourg. Munich & Leipzig. 
971 p. 


