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ABSTRACT—Eight well-preserved cephalopod jaw fossils were discovered from the Upper Cretaceous (Santonian and Campanian) deposits of
Vancouver Island, Canada, and Hokkaido, Japan. They occur individually in calcareous concretions and retain their three-dimensional architecture. Seven of them consist of a widely open outer lamella and a posteriorly projected inner lamella with a pointed rostrum. Both lamellae are
made of fluorapatite, which may represent diagenetically altered chitin, and lack a calcareous element. Based on these diagnostic features, the
seven jaw fossils are identified as lower jaws of the Coleoidea. Comparison with the lower jaws of modern coleoids allows us to distinguish
the following new genera and species among them; Nanaimoteuthis jeletzkyi of the Order Vampyromorphida, and Paleocirroteuthis haggarti
and P. pacifica of the Order Cirroctopodida. The lower jaws of these new taxa are clearly distinguished by having a much less projected inner
lamella from those of modern and extinct species of the Superorder Decabrachia and the Order Octopodida. The maximum lengths of their
outer lamellae (35.0–67.1 mm) are much larger than those of most modern vampyromorph and cirroctopodid species, indicating the large body
size and weight of their owners. One of the other three lower jaws examined, characterized by a posteriorly extended outer lamella, may be
assigned to the Octopodida. This study clearly demonstrates that large octobrachiate coleoids existed in the Late Cretaceous North Pacific.

INTRODUCTION

P

RESENT-DAY CEPHALOPOD

mollusks can swim in the seawater
column by jet-propulsion, facilitating a mobile, predatory
mode of life. In relation to this active life style, a number of
characteristic features have been developed in the Cephalopoda
when compared to other molluscan classes, such as 1) a chambered shell consisting of septa, siphuncle and outer shell wall, 2)
muscular appendages called arms and tentacles around the mouth,
and 3) a well-developed jaw apparatus (beaks or mandibles).
Of these autapomorphic features, the jaw apparatus bites and
cuts prey to support the carnivorous or scavenging mode of feeding of cephalopods. The jaw apparatus of cephalopods consists
of upper and lower elements that are accommodated in the globular-shaped proximal portion of the digestive system called the
buccal mass (Tanabe and Fukuda, 1999). Within the buccal mass,
the upper and lower jaws and a radula are surrounded by a welldeveloped jaw-radular musculature system, and the anterior tip of
the upper jaw fits inside that of the lower jaw. In modern cephalopods, both upper and lower jaws are composed mainly of a
darkly tinted, hard chitin-protein complex, in association with an
anterior calcareous covering for Nautilus Linnaeus, 1758, and Allonautilus Ward and Saunders, 1997 (Nautilida, Nautiloidea)
(Saunders et al., 1978; Hunt and Nixon, 1981; Lowenstam et al.,
1984).
In view of its essential role for feeding, there is no doubt that
all extinct cephalopods also had a jaw apparatus. Indeed, fossilized remains of cephalopod jaws have been found in Carboniferous and younger marine deposits (Tanabe and Fukuda, 1999).
In the case of ammonoid jaws, phosphatization or pyritization
during early diagenesis aided the preservation of the originally
chitinous jaw as fossils (e.g., Tanabe and Fukuda, 1983; Landman
et al., 2006). Cephalopod jaw fossils known to us are usually
found isolated, but rarely they occur in situ within the body chambers of ammonoids and nautilids (e.g., Lehmann 1976; Tanabe
and Fukuda, 1999; Klug et al., 2001) and/or in the soft tissue
remains of ‘‘fossil teuthids’’ from the Mesozoic ‘‘Konservat-Lagerstätten’’ (e.g., Naef, 1922; Donovan, 1977, 1983; Fischer and
Riou, 1982a, 1982b, 2002; Klug et al., 2005; Fuchs, 2006a,
2006b). Unfortunately, exact comparison of these ‘‘fossil teuthid’’
jaws with modern coleoid ones is difficult due to their flattened
mode of occurrence. Also, most previous authors did not pay
attention to isolated coleoid jaw fossils, even though studies of

modern coleoid jaws have shown that they are useful for suprageneric-level systematics (Clarke, 1962, 1980, 1986; Clarke and
Maddock, 1988; Kubodera, 2000; Neige and Dommergues, 2002).
Recently, we discovered two well-preserved isolated upper
jaws referable to the Coleoidea from the Upper Cretaceous of
Hokkaido, Japan, and proposed a new genus and species of the
Teuthida (Yezoteuthis giganteus) for the larger one with a sharply
pointed rostral tip (Tanabe et al., 2006). In the course of searching
for additional fossil material, we found several well-preserved
cephalopod jaw fossils in the collections of the Courtenay and
District Museum and Paleontology Center, Vancouver Island,
Canada (CDM) and Nakagawa Museum of Natural History, Nakagawa, Hokkaido, Japan (NMA) that are referred to the octobrachiate coleoids. These jaw fossils were recovered from Upper
Cretaceous (Santonian and Campanian) marine deposits of these
regions. In this article, we describe morphological features of
these jaws and propose two new genera and three new species,
relying upon comparison with the jaws of modern and fossil coleoids. Furthermore, we discuss the phylogenetic implications of
our findings.
MATERIAL AND GEOLOGICAL SETTING

Eight isolated cephalopod jaws were examined in this study.
Seven of them were recovered from the Santonian to the lower
Campanian strata of the Nanaimo Group in the northeastern region of Vancouver Island, British Columbia, Canada (Fig. 1), and
one from the Santonian strata of the Yezo Group in the Nakagawa
area, northern Hokkaido, Japan. In addition to these eight jaws,
we found one poorly preserved jaw (CDM998.165.1) that is referable to the Coleoidea in the collection of CDM. It is judged as
an upper jaw, but the absence of an inner lamella prevents determining its exact higher taxonomic relationship. For this reason,
this specimen is not described in this paper.
The Nanaimo and Yezo Groups are both represented by a thick
siliciclastic sequence that was deposited in a Cretaceous fore-arc
basin on the eastward and westward subducted active margin,
respectively (Mustard, 1994; Takashima et al., 2004). The basal
age limit of the Yezo Group is the Upper Aptian, which is older
than that of the Nanaimo Group (Lower Turonian). The Nanaimo
Group is subdivided into eleven formations, namely, Sidney Island, Comox, Haslam, Extension, Pender, Protection, Ceder District, De Courcy, Northumberland, Geoffrey, Spray, and Gabriola
Formations toward the top of the sequence, which were assigned
in age to the Lower Turonian to the Maastrichtian on the basis of
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1922; Harzhauser, 1999; Klug et al., 2005, for fossil coleoids;
Lehmann, 1976; Tanabe and Fukuda, 1999; Tanabe and Landman,
2002, for ammonoids; Saunders et al., 1978; Klug, 2001, for nautilids). For the descriptive terms and measurements of the cephalopod jaws, we mostly refer to Clarke (1962, 1986) and Clarke
and Maddock (1988) (see Fig. 2 for the lower jaw).
All of the eight jaws were found individually in calcareous
nodules that preserved their three-dimensional architecture (Figs.
3–9). Each jaw consists of outer and inner lamellae that are joined
anteriorly. Both lamellae are made of a black homogeneous material. X-ray diffraction analysis of powdered samples from two
jaws (CDM 2006.1.1 and CDM994.59.9) indicates that the black
homogeneous material consists of fluorapatite (Ca5(PO4)3F). We
interpret this mineralogy as representing diagenetically altered
chitin. The outer lamella is larger and thicker than the inner one
and is gently arched and extended posteriorly. The inner lamella
is prominently convex anteroventrally. These features are commonly observed in the lower jaws of modern and fossil cephalopods (nautilids, ammonoids, and coleoids) (see Clarke, 1986;
Tanabe and Fukuda, 1999, fig. 19.3); accordingly, all of the eight
jaws are identified as lower jaws.
Of the eight jaws, six (CDM 2006.1.1, CDM 994.59.9, CDM
996.295.1, CDM 2006.21.1, CDM 994.124.1, NMA 284; Figs.
3–7, 9) possess a well developed inner lamella that is prominently
projected posteroventrally and can be seen from the lateral side.
In the other two lower jaws (CDM 995.761 and CDM 998.141.1;
Fig. 8), the inner lamella is also well developed, but its posteroventral projection could not be ascertained because of imperfect
preservation. Previous studies of modern and fossil cephalopod
jaws (e.g., Okutani and Mikami, 1977; Lehmann, 1976; Clarke,
1986; Tanabe and Landman, 2002) have shown that the lower
jaws of coleoids are clearly distinguished from those of nautilids
and ammonoids by having a posteriorly much projected inner lamella that can be seen from the lateral side. In addition, the lower
jaws of coleoids lack an anterior calcified tip (termed the conchoryhynch) that occurs in jaws of nautilids and some phyloceratid and lytoceratid ammonoids (Saunders et al., 1978; Tanabe et
al., 1980). In the presence of the posteriorly projected inner lamella and the absence of an anterior calcareous tip, all of the
eight lower jaws can be referred to the Coleoidea.
SYSTEMATIC PALEONTOLOGY

(by K. Tanabe)
Subclass COLEOIDEA Bather, 1888
Superorder OCTOBRACHIA Haeckel, 1866
FIGURE 1—Map of Vancouver Island, British Columbia, Canada, showing
the distribution of Upper Cretaceous Nanaimo Group (dark colored) (1) and
locality map of coleoid jaw specimens examined (2). Modifed from Mustard
(1994, fig. 1) for 1.

the mollusks (ammonites and inoceramid bivalves) and planktonic
foraminifera in these formations (Muller and Jeletzky, 1970; Sliter, 1973; Ward, 1978; McGugan, 1979; Haggart and Ward, 1989;
Haggart, 1994).
One other jaw was recovered from the lower part of the
Osoushinai Formation in the Nakagawa area, northern Hokkaido,
Japan, which is dated to the Lower Campanian on the basis of
the co-occurring inoceramid bivalve Sphenoceramus naumanni
(Yokoyama, 1890) (Takahashi et al., 2003).
RECOGNITION OF JAW TYPES

To determine the jaw types and higher taxonomic relationships
of the eight Late Cretaceous cephalopod jaws, we compared their
gross morphology to those of extant and fossil cephalopod jaws
described previously (Naef, 1923; Clarke, 1962, 1980, 1986;
Clarke and Maddock, 1988; Iverson and Pinkas, 1971; Kubodera,
2000; Neige and Dommergues, 2002, for Recent coleoids; Naef,

Discussion.⎯Recent Octobrachia comprises the Orders Octopodida, Cirroctopodida, and Vampryomorphida (Nixon and
Young, 2003), all of which share the outer capsule of the statocyst, the modified second pair of arms, and the position of the
superior buccal lobe of the brain as synapomorphies (Young and
Vecchione, 1996). The lower jaws of modern Octobrachia can be
classified into two groups (e.g., Naef, 1923; Clarke, 1962, 1980,
1986; Clarke and Maddock, 1988; Iverson and Pinkas, 1971; Kubodera, 2000; Neige and Dommergues, 2002). Those of the first
group occur in the Octopodida, and are characterized by having
an outer lamella with posteriorly elongated paired wings and an
inner lamella whose crest axis is remarkably projected posteroventrally. The lower jaws of the second group are observed in the
Cirroctopodida and the Vampryomorphida, and have a less elongated inner lamella that is covered mostly by the outer lamella.
In both types of lower jaws, the development of a jaw angle and
rostrum are markedly variable among species and/or among specimens of different growth stages even in a single species (Clarke,
1962, 1980, 1986). Clarke and Maddock (1988) also stated that
the development of a fold of the lateral wall is a characteristic
feature in the lower jaws of the Octopodida and the Cirroctopodida, but this feature is actually absent in some Cirroctopodida
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FIGURE 2—Diagrammatic drawings of a coleoid lower jaw, showing descriptive terms and measurements used in this paper. Right lateral (1, 2),
frontal (3) and dorsal (4) views. Mostly adapted from Clarke (1962, 1986)
and Clarke and Maddock (1988) for terms and measurements.

FIGURE 4—Nanaimoteuthis jeletzkyi n. gen. and sp. Drawings of holotype,
a lower jaw, CDM 2006.1.1. Dorsal (1), frontal (2), left lateral (3), and right
lateral (4) views.

(e.g., Cirroteuthis Eschricht, 1836, of the Cirroteuthidae; Stauroteuthis, Verrill, 1879, of the Saturoteuthidae, and Grimpoteuthis
Robson, 1932, of the Opisthoteuthidae; see Clarke, 1986).
The above-mentioned order-level morphological differences of
modern coleoid lower jaws pointed out by previous authors can
be expressed graphically by plotting measurement data of 49 extant coleoid species (38 species of the Teuthida, 7 species of the
Octopodida, one species of the Cirroctopodida, one species of the
Vampyromorphida, and two species of the Sepiida) cited from
different sources (Clarke, 1980; Kubodera, 2000, and our own
observation) (Fig. 10). The lower jaws of the Cirroctopodida and
Vampyromorphida of the Superorder Octobrachia generally have
a less laterally elongated outer lamella (⫽smaller ratios of maximum length of outer lamella vs. hood length) and a less posteroventrally elongated inner lamella (⫽smaller values for the ratio
of crest length vs. hood length) than those of the Teuthida (Oegopsina and Myopsina).
Of the eight Late Cretaceous coleoid lower jaws examined, five
almost complete ones (CDM 2006.1.1, CDM 994.59.9, CDM
996.295.1, CDM 2006.2.1, and NMA 284; see Figs. 3–7) all have
small values for the ratios of the maximum length of outer lamella
vs. hood length and of crest length vs. hood length as in those of
the lower jaws of extant Vampyromorphida and Cirroctopodida
(Fig. 10); accordingly, the higher taxonomic positions of these
five lower jaws can be placed in this superorder.

FIGURE 3—Nanaimoteuthis jeletzkyi n. gen. and sp. Holotype, a lower jaw,
dorsal (1), frontal (2), left lateral (3), and right lateral (4) views, CDM
2006.1.1. From the Lower Campanian Pender Formation, northwest of Courtenay, Vancouver Island, British Columbia, Canada (locality 2 in Fig. 1). All
⫻1.

Order VAMPYROMORPHIDA Robson, 1929
Family uncertain
Genus NANAIMOTEUTHIS new genus
Type species.⎯Nanaimomoteuthis jeletzkyi new genus and species.
Diagnosis.⎯Large lower jaw, characterized by very high wing
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FIGURE 5—Paleocirroteuthis haggarti n. gen. and sp. 1–5, Holotype, a lower jaw, dorsal (1), frontal (2), ventrofrontal (3), left lateral (4), and right lateral
(5) views, CDM 994.59.9. From the Santonian Haslam Formation near Courtenay, Vancouver Island, British Columbia, Canada (locality 3 in Figure 1). 6–9,
Paratype, a lower jaw, dorsal (6), frontal (7), left lateral (8), and right lateral (9) views, CDM 996.295.1. From the Lower Campanian Pender Formation near
Courtenay, Vancouver Island, British Columbia, Canada (locality 3 in Fig. 1). ⫻0.7 for 1–5, ⫻1.3 for 6–9.

fold, very broad hood that is prominently convex anteriorly without notch, weakly expanded wing, sharp rostrum with large hook,
short inner lamella with crest portion mostly covered by outer
lamella, and lateral wall without notch.
Etymology.⎯Named after the Nanaimo Group typically exposed near Nanaimo, southeast Vancouver Island, from which the type species was found,
and the Greek ‘teuthis,’ meaning ‘squid.’

Discussion.⎯The lower jaw of the present new genus resembles that of Vampyroteuthis Chun, 1903, the sole living genus in
the Order Vampyromorphida, in the overall shape, especially in
having a less expanded inner lamella, a very high wing fold and
a very broad hood which covers over 70% of the crest from lateral
side, but is distinguished from the latter by its much larger size
and the absence of a flat ledge between the wing fold and the
shoulder. Provampyroteuthis Kanie, 1998, a monotypic genus represented by a single species, P. giganteus, was proposed as a new
genus of the Vampyromorphida on the basis of several isolated

‘‘articulated’’ upper and lower jaws found as stomach contents of
a plesiosaur from the Lower Santonian of Hokkaido. This is a
very doubtful genus for two reasons: 1) the generic diagnosis was
assembled from observations of several isolated jaws whose morphologies greatly differ among specimens, possibly some of them
belong to different taxa, and 2) at least three jaws described as
lower jaws by Kanie (1998, those shown in figs. 2.6–2.9, 4) are
undoubtedly upper jaws. The lower jaw of Provampyroteuthis
represented by the holotype of P. giganteus (Kanie, 1998, figs. 1,
2.1–2.3), is much smaller than that of Nanaimoteuthis and greatly
differs from the latter by the much reduced inner lamella that is
hidden by the outer lamella as viewed from the lateral side. In
this respect, it is much more similar to the normal- and anaptychus-type lower jaws of ammonoids (see Tanabe and Fukuda,
1999, fig. 19.3). No other lower jaws comparable in size and
overall morphology to that of the present genus is hitherto known
in the fossil record.
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FIGURE 6—Drawings of holotypes of Paleocirroteuthis haggarti n. gen. and sp. (1–3), a lower jaw, CDM 2006.1.1 and Paleocirroteuthis pacifica n. gen.
and sp. (4–6), a lower jaw, CDM 2006.2.1. Dorsal (1), frontal (2, 4), right lateral (3, 5), and left lateral (6) views.

NANAIMOTEUTHIS JELETZKYI new species
Figures 3, 4
Diagnosis.⎯Same as for the genus.
Description.⎯Lower jaw very large, 54.0 mm in maximum length, consisting of larger outer and smaller inner lamellae; the outer lamella, approximately 1.5 mm thick, being much thicker than the inner lamella (ca. 0.4 mm
thick) ; both lamellae made up of black, presumably originally chitinous material; anterior rostral portion sharply pointed with large hook. Outer lamella
not prominently expanded laterally with open angle of paired wings, approximately 80 degrees, with very high wing fold and very broad hood without
notch, which covers over 75% of crest in profile from lateral side; hood line
prominently convex anteriorly; wing shortly expanded posteriorly; jaw angle
very obtuse. Inner lamella weakly expanded posteroventrally, with narrowly
rounded, unthickened crest and lateral wall with no notch near the crest. Both
outer and inner lamellae sculptured by concentric growth lines and many fine
radial striations; the former on the outer lamella much stronger than on the
inner one.
Etymology.⎯Named for the late J. A. Jeletzky, who contributed much to
the systematics of fossil coleoids and biostratigraphy of the Cretaceous Nanaimo Group.
Type.⎯Holotype, CDM2006.1.1, a lower jaw.
Measurements.⎯See Table 1.
Occurrence.⎯Pender Formation, Lower Campanian (Sphenoceramus
schmidti–Baculites chicoensis zone), an outcrop along the west side of Inland
Highway #19 (Locality 2 in Figure 1; lat. 49⬚48⬘13⬙N, long. 125⬚09⬘53⬙W),
Vancouver Island, Canada (R. Ross coll.).

Order CIRROCTOPODIDA J. Z. Young, 1989
Discussion.⎯CDM 994.59.9 (Figs. 5.1–5.5, 6.1–6.3), CDM
996.295.1 (Fig. 5.6–5.9), CDM 2006.2.1 (Figs. 6.4–6.6, 7.1–7.4),
and NMA 284 (Figs. 7.5–7.9) all possess a widely open outer
lamella whose paired wing portions are prominently expanded
posteriorly. Their hood is broad and covers 65 to 78% of the crest
from lateral side. These features are common with those of the
lower jaws of the extant species of the Cirroctopodida (Clarke,

1986; Kubodera, 2000); accordingly the higher taxonomic positions of these four lower jaws can be placed in this order.
Family uncertain
Genus PALEOCIRROTEUTHIS new genus
Type species.⎯Paleocirroteuthis haggarti new genus and species.
Diagnosis.⎯Very large to large lower jaws consisting of widely open, large and thick outer lamella with posteriorly elongated
wing and hood being broadly to narrowly rounded in profile, and
well-developed inner lamella, being moderately to strongly elongated posteroventrally, without infold on lateral wall; rostrum either sharp with small hook or blunt with weak hook.
Etymology.⎯From ‘Palaios,’ Greek meaning ‘ancient,’ the Greek ‘cirrus,’
meaning ‘curly haired,’ and the Greek ‘teuthis,’ meaning ‘squid.’

Discussion.⎯In having a posteriorly elongated wing, a hood
being broadly to narrowly rounded in profile, and an obtuse jaw
angle (⫽wing angle), the lower jaw of the present new genus is
similar to those of most modern cirroctopodid genera such as
Cirroteuthis Eschricht, 1836 (see Clarke, 1986, fig. 134(C)) and
Cirrothauma Chun, 1911(Clarke, 1986, fig. 134(A)) of the Cirroteuthidae, and Opisthoteuthis Verrill, 1883 (Clarke, 1986, fig.
135) of the Opisthoteuthidae, but is distinguished from the latter
ones in having a more posteriorly expanded lateral wall. Lower
jaws comparable in size and morphology to those of Paleocirroteuthis are unknown in the fossil record.
PALEOCIRROTEUTHIS HAGGARTI new species
Figures 5, 6.1–6.3
Diagnosis.⎯Very large lower jaws consisting of widely open,
large and very thick outer lamella, and well-developed thick inner
lamella, being moderately elongated posteroventrally; wing markedly elongated posteriorly and hood being broadly rounded in
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FIGURE 7—Paleocirroteuthis pacifica n. gen. and sp. 1–4, Holotype, a lower jaw, frontal (1), ventrofrontal (2), left lateral (3), and right lateral (4) views,
CDM 2006.2.1. From the Lower Campanian Pender Formation, northwest of Courtenay, Vancouver Island, British Columbia, Canada (locality 1 in Fig. 1).
5–9, Paratype, a lower jaw, frontal (5), ventrofrontal (6), dorsal (7), left lateral (8), and right lateral (9) views, NMA 284. From the Lower Campanian
Osoushinai Formation of Nakagawa area, northern Hokkaido, Japan. ⫻1.2 for 1–4, ⫻1 for 5–9.

profile, and without infold on lateral wall; rostrum blunt with less
pointed hook.
Description.⎯Lower jaws large to very large attaining 78.2 mm in maximum width of outer lamella in holotype; both outer and inner lamellae consist
of black chitinous material; rostrum blunt with a weakly pointed hook. Outer
lamella very thick, 3.4 mm for holotype and 1.5 mm for paratype, prominently
expanded laterally with wide wing area; open angle of paired wings, approximately 80⬚–90⬚, hood very broad without notch covering over 71–78% of
crest in profile from lateral side; wing prominently expanded posteriorly; jaw
angle very obtuse (133⬚–154⬚). Inner lamella, approximately 1.5 mm thick in
holotype, prominently expanded posteroventrally with narrowly rounded,
thickened crest and lateral wall without notch. Both outer and inner lamellae
sculptured by irregularly-spaced strong concentric growth lines and many fine
radial striations; the latter especially conspicuous on wing margin.

Discussion.⎯The lower jaw of the present species is similar in

overall shape and ornamentation to that of Paleocirroteuthis pacifica new species from the Santonian of Hokkaido and the Lower
Campanian of the Vancouver Island (Figs. 6.4–6.6, 7), but the
former has a blunter rostrum and much finer radial striations on
the outer lamella than the latter.
Etymology.⎯Named for W. J. Haggart, who contributed much to the biostratigraphy of the Cretaceous Nanaimo Group.
Types.⎯Holotype, CDM994.59.9, a lower jaw; Paratype, CDM996.295.1,
a lower jaw.
Measurements.⎯See Table 1.
Occurrence.⎯CDM994.59.9: Haslam Formation, Santonian (Eupachydiscus haradai subzone), an outcrop in the Puntledge River (Locality 3 in Fig.
1; lat. 49⬚41⬘21⬙N, long. 125⬚02⬘08⬙W), Vancouver Island, Canada (D. Bowen
coll.); CDM996.295.1: Pender Formation, Lower Campanian (Sphenoceramus
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FIGURE 8—Coleoidea, genus and species indeterminate. 1–4, An incomplete lower jaw, frontal (1), right lateral (2), dorsal (3), and ventral (4) views, CDM
995.76.1. From the Lower Campanian Pender Formation, northwest of Courtenay, Vancouver Island, British Columbia, Canada (locality 5 in Fig. 1). 5–7, An
incomplete lower jaw, frontal (5) and right lateral (7) views of outer lamella, and frontal view of inner lamella (6), CDM 998.141.1. From the Santonian
Haslam, near Courtenay, Vancouver Island, British Columbia, Canada (locality 3 in Fig. 1). All ⫻1.

schmidti-Baculites chicoensis zone), an outcrop in the Puntledge River (Locality 3 in Fig. 1; lat. 49⬚41⬘17⬙N, long. 125⬚01⬘40⬙W), Vancouver Island,
Canada (T. Obear coll.).

PALEOCIRROTEUTHIS PACIFICA new species
Figures 6.4–6.6, 7
Diagnosis.⎯Large lower jaws consisting of widely open, large
outer lamella and well-developed inner lamella, being promiently
elongated posteroventrally; wing markedly elongated posteriorly
and hood, narrowly rounded in profile, and without infold on
lateral wall; rostrum sharp with large hook.
Description.⎯Lower jaws large attaining 43–46 mm in maximum width
of outer lamella; both outer and inner lamellae consist of presumably formerly
black chitinous material; rostrum with sharply pointed tip. Outer lamella thick,
1.3 mm for holotype and 1.5 mm for paratype, prominently expanded posteriorly with wide wing area; open angle of paired wings, approximately 80⬚,
hood very broad, without notch, covering 65% of crest in profile from lateral
side; wing prominently expanded posteriorly; jaw angle obtuse (124⬚–128⬚).

Inner lamella, approximately 0.8 mm thick, prominently expanded posteroventrally with narrowly rounded, thickened crest and lateral wall without
notch. Both outer and inner lamellae sculptured by irregular-spaced weak
concentric growth lines and many fine radial striations.
Etymology.⎯Named after the Pacific, where this species was distributed.

Discussion.⎯The lower jaw of the present new species is
somewhat similar in size and overall morphology to the isolated
lower jaw described as the upper jaw of Provampyroteuthis giganteus Kanie (1988, fig. 4 right) from the Santonian of the Tappu
area, northwest Hokkaido, but the poor preservation without rostrum in the latter prevents exact taxonomic comparison with the
present species.
Types.⎯Holotype, CDM2006.2.1, a lower jaw; Paratype, NMA284, a lower jaw.
Measurements.⎯See Table 1.
Occurrence.⎯CDM2006.2.1: Pender Formation, Lower Campanian
(Sphenoceramus schmidti-Baculites chicoensis zone), an outcrop along the
west side of Inland Highway #19 (Locality 1 in Fig. 1; lat. 49⬚49⬘52⬙N, long.
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FIGURE 9—Octopodida genus and species indeterminate. An incomplete
lower jaw, frontal (1), dorsal (2), left lateral (3), and right lateral (4) views
(whitened with ammonium chloride), CDM 994.124.1. From the Santonian
Haslam Formation near Courtenay, Vancouver Island, British Columbia, Canada (locality 4 in Fig. 1). All ⫻1.2.

125⬚11⬘27⬙W), Vancouver Island, Canada (R. Ross coll.), NMA284: Lower
part of the Osoushinai Formation, Lower Campanian (Sphenoceramus naumanni zone), found in a calcareous nodule that was excavated from the underground mudstone during the construction of the Sakihana Tunnel on Route
119 (lat. 44⬚45⬘ N, long. 141⬚59⬘E), Nakagawa Town, northern Hokkaido,
Japan (Y. Hikida coll.).

Order and Family uncertain
Genus and Species indeterminate
Figure 8
Description.⎯Medium- to large-sized, imperfectly preserved lower jaws;
larger one, 47.7 mm in preserved hood length and 50.0 mm in maximum
length of outer lamella, and smaller one 36.4 mm and 35.3 mm in same
dimensions, although their rostral tip and ventrolateral margin of inner and
outer lamellae missing; both outer and inner lamellae extremely thick, approximately 3.0 mm and 2.5 mm in maximum thickness for larger and smaller
jaws, consisting of black chitinous material; outer lamella characterized by
very broad hood, being gently convex anteriorly without notch and weakly
expanded wing; posteroventral portion of inner lamella free from outer lamella
missing; outer lamella ornamented by faint concentric growth lines and numerous very fine radial striations.
Material examined.⎯CDM995.76.1, CDM998.141.1, two imperfect lower
jaws.
Occurrence.⎯CDM995.76.1: Pender Formation, Lower Campanian
(Sphenoceramus schmidti–Baculites chicoensis zone), an outcrop in the Headquaters Creek (Locality 5 in Fig. 1; lat. 49⬚45⬘33⬙N, long. 125⬚07⬘50⬙W),
Vancouver Island, Canada (R. Ross coll.), CDM998.141.1: Haslam Formation,
Santonian (Eupachydiscus haradai subzone), an outcrop in the Puntledge River (Locality 3 in Fig. 1; lat. 49⬚41⬘21⬙N, long. 125⬚02⬘08⬙W), Vancouver
Island, Canada (T. Obear coll.).

Discussion.⎯The two imperfect lower jaws are possibly conspecific in view of the shape and ornament of the outer lamella.
The larger lower jaw, though imperfect, might be extremely large,
judging from the very thick preserved outer and inner lamellae;
in turn, its owner also would be extremely large. Because the
inner lamella is recognizable just below the preserved ventrolateral margin of the outer lamella, it might be originally more expanded posteroventrally. The presence of a broad hood and a
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FIGURE 10—Scatter plot of crest length/hood length ratio against maximum
length of outer lamella/hood length ratio for four well-preserved Late Cretaceous coleoid jaws examined and lower jaws of 49 extant coleoid species (38
species of the Teuthida, 7 species of the Octopodida, one species of the Cirroctopodida, one species of the Vampyromorphida, and two species of the
Sepiida). 1, Paleocirroteuthis pacifica n. gen. and sp., NMA 284 (paratype).
2, 3, Paleocirroteuthis haggarti n. gen. and sp., CDM 996.295.1 (paratype;
2) and CDM 994.59.9 (holotype; 3). 4, Nanaimoteuthis jeletzkyi n. gen. and
sp., CDM 2006.1.1 (holotype). After Clarke (1980), our own observation, and
Kubodera (2000, http://research.kahaku.go.jp/zoology/Beak/Sp-sheets/sp-list.
HTM) for measurements on lower jaws of Vampyroteuthis infernalis (Vampiromorphida), Loligo bleekeri (Myopsina) and the other 47 extant coeloids
respectively. See pages 8–9 for details.

weakly expanded wing in the outer lamella of the two jaws suggests their affinity to the Octobrachia, especially, Vampyromorphida; however, imperfect preservation of the inner lamella and
rostrum in the two lower jaws prevent their exact taxonomic assignment.
Order OCTOPODIDA Zittel, 1895
Family uncertain
Genus and Species indeterminate
Figure 9
Description.⎯Medium-sized imperfect lower jaw, approximately 30 mm
in maximum length, consisting of larger outer and smaller inner lamellae;
outer lamella characterized by wide and posteriorly expanded wing and small
hood, narrowly rounded in profile without notch; open angle of paired wings
acute (ca. 60⬚); jaw angle very obtuse (ca. 130⬚) located at posterior wing
portion; inner lamella prominently expanded posteriorly with narrowly rounded crest; lateral wall short and lacks notch; rostral portion missing; surface
ornamentation indistinguishable, because only cast of outer and inner lamellae
preserved.
Material examined.⎯CDM994.124.1, an imperfect lower jaw.
Occurrence.⎯Haslam Formation, Santonian (Eupachydiscus haradai subzone), an outcrop in the Puntledge River (Locality 4 in Fig. 1; lat. 49⬚40⬘53⬙N,
long. 125⬚03⬘16⬙W), Vancouver Island, Canada (A. Rosenberg coll.).

Discussion.⎯Pair of posteriorly expanded wings and a ventrally projected inner lamella with a narrowly rounded crest in the
present lower jaw are commonly observed in the lower jaws of
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DISCUSSION

LOL/HL

extant Octopodida, indicating its assignment to this order, but the
exact lower taxonomic relationship could not be determined because of its imperfect preservation.

CL/HL
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TABLE 1—Measurements of the Late Cretaceous coleoid lower jaws examined. Abbreviations: LOL: Maximum length of outer lamella, HL: hood length, WL: wing length, LR: length of rostrum, WOL:
width of outer lamella, HOL: height of outer lamella, LIL: maximum length of inner lamella, CL: crest length, JA: jaw angle.
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The fossil record of the Coleoidea excluding the Aulacocerida
and Belemnitida is much poorer than the external-shelled Nautiloidea and Ammonoidea (see House, 1988, text-fig. 1). This is
because a calcified chambered shell has been much reduced to a
chitinous ‘‘pen’’ (gladius) or completely lost in most of the rest
of the groups during their evolutionary history.
Divergence time analysis using multiple genes of extant coleoids suggests that the Decabrachia and Octobrachia branched in
the Devonian or earlier and the Vampryomorphida and the clade
comprising the Cirroctopodida and the Octopoda in the Permian
(Strugnell et al., 2006). The diversification time of the Cirroctopodida and the Octopodida is also estimated to middle Jurassic.
These divergence time estimates and the origin and evolutionary
relationships of modern coleoid families, however, have not yet
been confirmed by reliable fossil evidence. Extremely well-preserved fossils with squid-like compressed soft tissue remains
(‘‘fossil teuthids’’) are known to occur episodically in a taphonomic window from the ‘‘Konservat-Lagerstätten’’ of Upper Paleozoic to Cretaceous ages (Naef, 1922; Fischer and Riou, 1982a,
1982b, 2002; Fuchs, 2006a, 2006b, among others). These ‘‘fossil
teuthids’’ sometimes exhibit a mosaic distribution of characteristic
features of modern Decabrachia and Octobrachia (see discussion
by Vecchione et al., 1999); hence, opinions are still unsettled as
to whether they are mostly placed in the Octobrachia (Bandel and
Leich, 1986; Engeser, 1990; Haas, 2002; Fuchs, 2006b) or in the
Decabrachia and the Octobrachia (Naef, 1922; Donovan, 1977;
Doyle et al., 1994; Young et al., 1998; Vecchione et al., 1999).
For example, Donovan and his co-workers (Donovan, 1977; Donovan and Toll, 1988; Doyle et al., 1994) classified the JurassicCretaceous family Plesioteuthidae into the Decabrachia and interpreted it as a direct ancestor of modern Teuthida. On the
contrary, German workers (Bandel and Leich, 1986; Engeser and
Bandel, 1988; Engeser, 1988; Fuchs, 2006b) placed it in higher
taxonomic position in the Octobrachia. This discrepancy among
previous workers owes much to the different evaluations of the
arm structure and gladius preserved as fossils. Likewise, orderlevel assignment of Late Paleozoic and Mesozoic ‘‘octopus-like’’
soft bodied coleoids (e.g., Late Carboniferous Pohlsepia Kluessendorf and Doyle, 2000, Callovian Proteroctopus Fischer and
Riou, 1982b, and Late Cretaceous Palaeoctopus Woodward,
1896) is the question at issue (see discussions by Engeser, 1988;
Doyle et al., 1994; Kluessendorf and Doyle, 2000; Haas, 2002;
Bizikov, 2004).
In this study, we distinguish six lower jaws from the Upper
Cretaceous marine deposits in Vancouver Island and Hokkaido,
which can be taxonomically assigned to a new genus and species
of the Order Vampyromorphida, one new genus and two new
species of the Order Cirroctopodida, and an unknown genus and
species of the Octopodida. These lower jaws range from 37.5–
67.0 mm in the maximum length of the outer lamella, and are
much larger than those of most modern vampyromorphid and
cirroctopodid species. Fossil records of coleoid shell remains are
important when considering a possible source of the isolated lower jaws examined. In the Upper Cretaceous of the North Pacific
regions, shell remains of the following coleoid genera have been
discovered; Naefia Wetzel, 1930, from Hokkaido, Japan (Hirano
et al., 1990; Hewitt et al., 1991), and Groenlandibelus Jeletzky,
1966 (figured as Naefia n. sp. by Ludvigsen and Beard, 2001, fig.
103) and Actinosepia Whiteaves, 1897 (figured as a cuttlebone of
an unnamed cuttlefish by Ludvigsen and Beard, 2001, fig. 102),
from the Upper Cretaceous of Vancouver Island, Canada. Of these
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three genera, Naefia and Groenlandibelus, that have been classified into the Groenlandibelidae Jeletzky, 1966 of the Order Sepiida by Jeletzky (1966), are represented by small phragmocones,
usually less than 10 cm in length. In view of their small phragmocones, these two genera can be excluded as a source for the
coleoid lower jaws examined. Actinosepia has been placed as a
sister group of the Order Octopodida by Fuchs (2006b, fig. 3.6–
13). This genus can be considered as a source of CDM 994.124.1
(Figure 9) that was identified in this study as belonging to the
Octopodida, but this hypothesis should be verified by firm fossil
evidence showing a cuttlebone-jaws association.
In all modern coleoids, the lower jaw size is strongly negatively
allometric in relation to the total body weight and mantle length
(Clarke, 1962, 1986). For example, in the vampyromorphid Vampryoteuthis infernalis Chun, 1903, with approximately 2 kg in
total body weight and 100 mm in mantle length for mature males
(Pickford, 1949), the regressions of hood length of lower jaw (HL
in mm) against wet body weight in grams (W in grams) and mantle length (ML in mm) calculated by Clarke (1980) are: ln W ⫽
⫺2.88 ⫹ 3.71 ln HL (n ⫽ 19) and ML ⫽ ⫺5.8 ⫹ 9.02 HL (n ⫽
15) respectively. If we apply these regressions to our lower jaw
specimens, their owners are estimated to have had body weight
and mantle length of approximately 11–57 kg and 24–37 cm,
respectively.
In situ coleoid jaws have been found together with soft tissue
remains and/or a gladius from the Jurassic and Cretaceous ‘‘Konservat-Lagerstätten’’ [e.g., Trachyteuthis hastiformis (Rüppel1,
1829) and Leptotheuthis gigas Meyer, 1834, from the Kimmeridgian Lithographic Limestone of Southwest Germany: (Klug et
al., 2005, figs. 4–7, 9A–C, 10); Romaniteuthis gevreyi (Roman,
1928) from the Lower Callovian mudstone of La Voulte-surRhône, France (Fischer and Riou, 1982a, fig. 1, pls. 1–2); Dorateuthis syriaca Woodward, 1883, from the Upper Cenomanian
lithographic limestone of Lebanon; (Fuchs, 2006a, pl. 3, fig. A)].
All of the jaws of these ‘‘fossil teuthid’’species are much smaller
than the Late Cretaceous coleoid jaws examined. Unfortunately,
they are all flattened on a plane or partly missing during fossilization, so that exact comparison with our material is difficult.
Klug et al. (2005, figs. 7A–G, 11B) figured and reconstructed the
lower jaw of T. hastiformis Rüppell, 1829, but their reconstruction
is highly speculative in view of the poor preservation of the inner
lamella in the actual fossil specimens (C. Klug, personal commun.). If we accept their reconstruction, the lower jaw of T. hastiformis differs from any of the Late Cretaceous coleoid lower
jaws examined in having a more ventrally elongated inner lamella,
and in this respect, it is much more similar to the lower jaws of
modern Octopodida.
Although our knowledge of fossil coleoid jaws is still insufficient, discoveries of well-preserved jaws of octobrachiates and
teuthids by Tanabe et al. (2006) and ourselves from the Upper
Cretaceous of the circum-North Pacific regions fill the gap of the
poor fossil record of the Coleoidea. They clearly demonstrate that
large octobrachiate and teuthid coleoids existed in the Late Cretaceous North Pacific, together with sepioids (Naefia and Groenlandibelus), ammonoids and nautilids.
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