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Late Cretaceous record of large soft-bodied coleoids 
based on lower jaw remains from Hokkaido, Japan
KAZUSHIGE TANABE, AKIHIRO MISAKI, and TAKAO UBUKATA

Tanabe, K., Misaki, A., and Ubukata, T. 2015. Late Cretaceous record of large soft-bodied coleoids based on lower jaw 
remains from Hokkaido, Japan. Acta Palaeontologica Polonica 60 (1): 27–38. 

The origin and phylogenetic relationships of most modern coleoid groups have not yet been explained by reliable fossil 
evidence, in large part because of the reduction or disappearance of a calcified chambered shell during their evolutionary 
history. Herein we describe two exceptionally large coleoid lower jaws from the Upper Cretaceous strata in Hokkaido, 
Japan. On the basis of the comparison of gross morphology and morphometric data of the lower jaws of modern and 
fossil coleoids, we assigned the two lower jaws to the following new taxa: Nanaimoteuthis hikidai sp. nov. of the order 
Vampyromorpha (superorder Octobrachia) and Haboroteuthis poseidon gen. et sp. nov. of the order Teuthida (super-
order Decabrachia). The lower jaw of N. hikidai is distinguished from other species of the same genus from the Upper 
Cretaceous of Vancouver Island (Canada) and Hokkaido by having a broader, more anteriorly curved hood of the outer 
lamella. The lower jaw of H. poseidon seemingly exhibits mosaic features like those of modern teuthids and sepiids 
but is assigned to Teuthida on the basis of the overall shape of the outer lamella and the development of a distinct fold 
on the lateral wall. Because of the unusually large lower jaws, these new taxa appear to be comparable in body size to 
modern giant squids (Architeuthis spp.) and the Humboldt squid (Dosidicus gigas). This and other discoveries of large 
jaws referable to octobrachian and decabrachian coleoids from the Upper Cretaceous strata of the North Pacific fill the 
gap in the relatively poor fossil record of mainly soft-bodied coleoids.
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Introduction
Cephalopod molluscs have been one of the dominant and 
highly diversified groups of marine invertebrates since the 
late Cambrian to the present (House 1988). This is confirmed 
by the abundant fossil record of chambered shells in exter-
nally shelled (ectocochleate) taxa such as Nautiloidea and 
Ammonoidea. In contrast, the fossil record of Coleoidea, a 
group that is largely characterised by an internally shelled 
(endocochleate) body plan, is much poorer than that of the 
ectocochleate cephalopods, other than the extinct taxa with 
an aragonitic phragmocone and calcitic rostrum (Belemnit-
ida, Aulacocerida, and Phragmoteuthidida). This is because 
a calcified chambered shell has been much reduced to a 

chitinous gladius or completely lost in most of the remain-
ing group during their evolutionary history (Donovan 1977; 
Doyle et al. 1994; Fuchs 2006a; Kröger et al. 2011). For this 
reason, most previous studies on extinct coleoids lacking a 
chambered shell relied on extremely well-preserved fossils 
with soft tissue remains that were recovered from the Kon-
servat-Lagerstätten of the late Palaeozoic to Cretaceous ages 
(e.g., Naef 1922; Donovan 1977; Donovan and Toll 1988; 
Fischer and Riou 1982a, b, 2002; Engeser and Reitner 1983, 
1985, 1986; Engeser 1990a; Fuchs 2006a, b; Fuchs et al. 
2009, 2013b; Fuchs and Larson 2011a, b).

The jaw apparatus, which is the primary feeding organ of 
cephalopods, appears to compensate for the relatively poor 
fossil record of Coleoidea because it has a preservation po-
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tential as a fossil even in taxa without a calcified chambered 
shell (Harzhauser 1999; Tanabe et al. 2006, 2008; Tanabe 
and Hikida 2010) and has been extensively used in taxo-
nomical studies of modern fauna (Naef 1923; Clarke 1962, 
1986; Clarke and Maddock 1988; Kubodera 2005). In mod-
ern cephalopods, the jaw apparatus consists of upper and 
lower elements (synonymous with beaks and mandibles) that 
are connected to each other by surrounding jaw muscles and 
housed within a globular-shaped muscular organ called the 
buccal mass in the proximal portion of the digestive tract 
(Nixon 1988; Tanabe and Fukuda 1999). The anterior portion 
of the upper and lower jaws is projected anteriorly to bite and 
cut prey, and chewed pieces of prey are conveyed to the oe-
sophagus with the aid of the radula, which is accommodated 
in the space surrounded by the jaws (see Tanabe and Fuku-
da 1999: fig. 19.1). The jaw apparatus of modern coleoid 
cephalopods is made of a darkly tinted, organic hard tissue 
composed of a chitin-protein complex (Saunders et al. 1978; 
Hunt and Nixon 1981; Gupta et al. 2008), whereas in naut-
ilids (Nautilus and Allonautilus), calcareous tips developed 
on the chitinous lamellae of upper and lower jaws (Saunders 
et al. 1978; Lowenstam et al. 1984). Fossilized chitinous and 
calcareous remains of cephalopod jaws have been discovered 
from the Devonian and younger marine deposits (Tanabe 
and Fukuda 1999; Tanabe et al. in press). They usually occur 
solitarily but are occasionally found in situ within the body 
chambers of ammonoids (e.g., Lehmann 1976, 1980, 1990; 
Tanabe and Landman 2002; Kruta et al. 2011; Tanabe et al. 
2013) and nautilids (e.g., Dietl and Schweigert 1999; Klug 
2001). Flattened jaws have also been preserved in situ in the 
buccal portion of exceptionally well-preserved late Palaeozo-
ic and Mesozoic coleoid fossils retaining soft tissue remains 
(Saunders and Richardson 1979; Klug et al. 2005; Fuchs 
2006a, b; Mapes et al. 2010; Fuchs and Larson 2011a, b). In 
addition to these flattened in situ jaws, unflattened isolated 

jaws referable to Coleoidea have recently been found from 
the Upper Cretaceous forearc basin deposits of Hokkaido, Ja-
pan (Yezo Group), and Vancouver Island, Canada (Nanaimo 
Group). Their comparative morphological examination with 
the jaws of modern coleoids allowed us to distinguish the 
following new genera and species (Tanabe et al. 2006, 2008; 
Tanabe and Hikida 2010; Tanabe 2012): Yezoteuthis gigan-
teus of the order Teuthida, Nanaimoteuthis jeletzkyi and N. 
yokotai of the order Vampyromorpha, and Paleocirroteuthis 
haggarti and P. pacifica of the order Cirroctopoda.

In the search for additional fossil material, we discovered 
two well-preserved coleoid lower jaws that we refer to here 
as another new species of Nanaimoteuthis and a new genus 
and new species of Teuthida from the Upper Cretaceous stra-
ta of Hokkaido. In this article, we describe the gross morpho-
logical and morphometric features of the jaws of these new 
taxa by comparing with those of modern coleoids and discuss 
the phylogenetic implications of the coleoid fauna from the 
Late Cretaceous of North Pacific.

Institutional abbreviations.—AMNH, American Museum of 
Natural History, New York, USA; CDM, Courtenary and 
District Museum and Palaeontology Centre, Courtenary, 
Canada; KMNH, Kitakyushu Museum of Natural History 
and Human History, Kitakyushu, Japan; NSM, National Mu-
seum of Nature and Science, Tsukuba, Japan; UMUT, Uni-
versity Museum of the University of Tokyo, Tokyo, Japan.

Other abbreviations.—HL, hood length of the lower jaw; 
ML, mantle length; RW, relative warp.

Material and recognition 
of jaw type
Two large cephalopod jaws that were recovered from Upper 
Cretaceous strata in the Haboro area of northwestern Hok-
kaido were used in this study. Both jaws were found individ-
ually in calcareous nodules; one (KMNH IvP 902,001) was 
collected from an outcrop exposed in the Detofutamata River 
before construction of the Haboro-futamata Dam (200 m 
north-northeast of the dam site; 44°18′19″N, 141°56′40″; Fig. 
1: Locality 1), and the other (KMNH IvP 902,002) was recov-
ered as float in the Sankebetsu River, about 1.2 km east-north-
east of the Haboro Dam site (44°20′56″N, 141°56′35″; Fig. 
1: Locality 2). KMNH IvP 902,001 came from the uppermost 
part of the Haborogawa Formation (Takashima et al. 2004), 
which was correlated to the Member Ui-j of the Nagareya 
Formation and dated the lower Campanian by Okamoto et 
al. (2003). The nodule that yielded KMNH IvP 902,002 was 
presumably derived from the upper part of the Haborogawa 
Formation (Takashima et al. 2004), which was correlated to 
the Member Uf-g of the Upper Haborogawa Formation and 
dated the upper Santonian by Moriya and Hirano (2001).

Since the two cephalopod jaws were preserved in cal-
careous nodules, their three-dimensional architecture is fa-

Fig. 1. Map of Haboro area, northwest Hokkaido, Japan, showing the loca-
tions of the coleoid lower jaws examined.
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vourably preserved. The two jaws consist of outer and in-
ner lamellae that are jointed together in the anterior portion, 
forming a sharply pointed tip. The outer lamella is gently 
arched and extended posteriorly, while the inner lamella is 
partly enclosed by the outer lamella and projected postero-
ventrally. These features are commonly observed in the low-
er jaws of modern and fossil coleoids (Clarke 1986; Tanabe 
and Fukuda 1999; Neige and Dommergues 2002; Kubodera 
2005; Tanabe 2012), indicating that the two jaws examined 
are identified as lower jaws of coleoids. Both lamellae are 
wholly composed of a black homogeneous material without 
any trace of calcification. We interpret that the lamellae were 
originally made of a chitin-protein complex as in those of 
modern cephalopod jaws (Saunders et al. 1978; Hunt and 
Nixon 1981; Gupta et al. 2008).

One of the two jaw specimens, KMNH IvP 902,001, is 
identified as a new species of Nanaimoteuthis Tanabe in Ta-
nabe et al., 2008, of the order Vampyromorpha because it 
shares common generic features with other species of the 
same genus (see Diagnosis described in Systematic palaeon-
tology). The other jaw specimen, KMNH IvP 902,002, seem-
ingly exhibits mosaic features of the lower jaws of modern 
coleoids, especially sepiids and teuthids. To determine its 
higher taxonomic relationship, we performed morphomet-
ric analysis for the latter specimen with the lower jaws of 
94 modern and 1 fossil coleoid species (listed in SOM 1: 
Supplementary Online Material available at http://app.pan.
pl/SOM/app60-Tanabe_etal_SOM.pdf), each represented by 
a single specimen. We followed Doyle et al. (1994) for higher 
systematics of coleoid cephalopods and Clarke (1962, 1986) 
and Clarke and Maddock (1988) for descriptive terms and 
measurements of a coleoid lower jaw (Fig. 2).

Morphometric analysis
Data source and methods
Geometric morphometrics is useful for detecting slight dif-
ferences in shape among taxa with great within-group vari-
ation because it retains full geometric information on the 
spatial configuration of landmarks throughout analysis. In 
the present study, two-dimensional geometric morphomet-
rics was used to assess among-species variation in the form 
of the lower jaw in extant and fossil coleoid species and to 
compare the specimen KMNH IvP 902,002 with Recent taxa.

Landmark and outline data were collected from photo-
graphs by Clarke (1986) and Kubodera (2005) and from 
photographs taken by us for the specimens housed at UMUT, 
AMNH, and CDM. Some of the latter specimens have been 
provided in Tanabe et al. (2008) and Tanabe (2012). Spec-
imens were photographed from the right or left side using 
a digital camera, and the image was saved as a jpeg file. 
The left-side images were used for morphometric analysis, if 
available, and the right-side images were reflected to obtain 
reversed images prior to analysis. Eight landmarks were fixed 

on the surface of the lateral-side image of each jaw (Fig. 3A). 
Neige and Dommergues (2002) defined 10 landmarks on 
the lateral side of the lower jaw, but two were omitted in 
the present study because they were poorly defined in some 
specimens. Coordinates of all landmarks were collected on 
a computer image using the digitizing program DIGITIZER 
(Ubukata 2004). Each segment of the outline curve between 
neighbouring landmarks was equally spaced to define com-
parable points, or semi-landmarks, along the curve (Fig. 3A). 
Analysis using semi-landmarks allows us to simultaneous-
ly compare an outline curve with a landmark configuration 
(Bookstein 1997). The outline curves were digitized using 
the same computer program by locating a series of coordinate 
points along the curves, and sets of coordinate points were 
interpolated so that each segment was represented by a fixed 
number of equally spaced semi-landmarks (Ubukata 2003; 
Ubukata et al. 2010). A total of 89 semi-landmarks were used 
in addition to the eight fixed landmarks.

Fig. 2. Diagrammatic drawing of a coleoid lower jaw. Left lateral (A) and 
frontal (B) views. 1, rostral length; 2, hood length; 3, crest length; 4, wing 
length; 5, width of outer lamella. After Clarke (1962, 1986), see Clarke and 
Maddock (1988) for terms and measurements.

Fig. 3. Eight landmarks and 89 semi-landmarks collected on a coleoid lower 
jaw (A, B). 1, the rostral tip; 2, the base of the rostrum; 3, the posterior end of 
the wing; 4, the posterior intersection of the outer and inner lamellae; 5, the 
posterior end of the inner lamella; 6, the anteroventral end of the crest; 7, the 
anterior intersection of the outer and inner lamellae; 8, the anteroventral end 
of the hood. B. A square grid showing shape differences between two indi-
viduals as deformation from B1 to B2 drawn by use of a thin-plate spline.
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Centroid size (Bookstein 1991; Slice et al. 1996) was 
calculated for each specimen and was used for representing 
specimen size. A configuration of landmarks and semi-land-
marks was translated, rotated, and scaled using generalized 
least squares (Rohlf and Slice 1990), allowing semi-land-
marks to slide to minimize the bending energy of deformation 
(Bookstein 1997). The mean shape of all specimens was then 
calculated as the set of mean coordinates of landmarks and 
semi-landmarks of the aligned specimens by least squares su-
perimposition. The shape of a specimen can be characterised 
by the deformation of its landmark configuration from the 
mean shape. An interpolation technique applied for coordi-
nates of landmarks and semi-landmarks using the thin-plate 
spline function defines a deformation grid (Fig. 3B) for data of 
two shapes (Bookstein 1989, 1991; Rolf 1996). The thin-plate 
spline deformation from the mean shape of each specimen 
can be decomposed into a series of components, called partial 
warps (Bookstein 1989, 1991). Scores of the partial warps 

for each specimen (partial warp scores) were then used as 
variables in principal component analysis (relative warp anal-
ysis) (Bookstein 1991; Rohlf 1993). Relative warps, which 
correspond to principal components, were estimated in each 
specimen to examine the variation in shape of the lower jaw.

The lower jaw consists of outer and inner lamellae, and 
the length and orientation of the inner lamella seem to be 
highly variable among the species examined. Generalized 
least squares superimposition adopted here is sensitive to 
large displacements at one or several landmarks (Zelditch 
et al. 2004). The “Pinocchio Effect”, a great change concen-
trated at one landmark with little at others, may considerably 
affect analytical results in the present case.Therefore, shape 
of the outer lamella, as well as gross jaw form, was also com-
pared among species of different taxa. In this option, a subset 
of six landmarks and 64 semi-landmarks along the outline of 
the outer lamella was used for the analyses.

The morphometric analysis was performed using the 
computer program TPSRELW version 1.49 (Rohlf 2010). 
For sliding semi-landmarks, the default setting was used. 
In computing the partial warps, α = 0 (Rohlf 1993) and the 
estimates of the uniform components by Rolf and Bookstein 
(2003) were included as an option of the TPSRELW program.

Results
Procrustes analysis.—A set of the lateral views of coleoid 
lower jaws were registered using Procrustes superimposition 
to visualize variation in shape. Procrustes analyses for the full 
set and a subset of landmarks and semi-landmarks both led 
to a similar result (Fig. 4). Teuthids generally have an outer 
lamella with a wide jaw angle and a great lower rostral length; 
the shape of the outer lamella shows remarkable interspecif-
ic variation with species of other orders. Interspecific shape 
variation appears to be greater in the inner lamella than in the 
outer lamella. Octopods tend to possess a longer crest than 
most teuthids (Fig. 4A). In KMNH IvP 902,002, the jaw angle 
is acute (ca. 80°), and the rostral length is relatively as large as 
the rostral lengths of modern teuthids. However, unlike typical 
teuthids, its shoulder is distinctly projected dorsally, and its 
ventral margin of the outer lamella is almost straight (Fig. 4B).

Relative warp analysis for the full data set.—The first 
relative warp (RW1) accounts for 46.48% of the total vari-
ance, and the first five relative warps together account for 
approximately 85% (SOM 2). RW1 mainly represents over-
all stretching or compression in the dorsoventral direction 
(Fig. 5A). As the score proceeds negatively along the RW1 
axis, the outline of the lower jaw is compressed dorsoventral-
ly, with a wider jaw angle and greater lower rostral length. In 
contrast, a jaw form accommodated in the positive RW1 area 
of the morphospace is characterised by dorsoventral elonga-
tion with a reduced rostrum. The second, and smaller relative 
warp (RW2) defines local shape variation. In the positive 
direction of RW2, the posterior ends of the wing are stretched 
posteriorly, but the outer lamella reduces its anterior, forming 
a dogleg shape (Fig. 5A). In the negative direction of RW2, 

Fig. 4. All coleoid lower jaws registered by the generalized least squares 
superimposition. A. A full set of landmarks (large symbols) and semi-land-
marks (small symbols). B. A subset of landmarks and semi-landmarks put 
along the outline of the outer lamella.
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the wing is largely reduced, while the outer lamella is greatly 
enlarged. The third relative warp (RW3) seems to correlate 
with the proportion of the inner lamella to the outer lamella 
as well as with the proportion of wing size to rostrum size. 
A specimen with a negative RW3 score tends to possess a 
short lateral wall of the inner lamella, covered mostly by the 
hood of the outer lamella and with a large rostrum, while a 
specimen with a positive RW3 score has a developed inner 
lamella with a flat cap of the outer lamella (Fig. 5B). The 
fourth relative warp (RW4) is closely related to the length of 

the lateral wall (Fig. 5B). As RW4 score decreases, the lateral 
wall is elongated posteroventrally, and the outer lamella is 
anteroposteriorly compressed. A positive perturbation along 
the RW4 axis reduces the lateral wall and elongates the wing.

RW1 fairly separates higher taxa of coleoids. Most teuth-
ids (>85%) have RW1 scores lower than 0.02, while all sepi-
ids examined, excluding Sepia longipes, have RW1 scores 
higher than 0.02 (Fig. 5A). Most species of Octopoda, Cir-
roctopoda, and Vampyromorpha, all of which are included 
in the superorder Octobrachia, occupy the larger RW1 re-

Fig. 5. Plots of the relative warp scores computed for the full set (A, B) or subset (C, D) of landmarks and semi-landmarks and the relative warps displayed 
as thin-plate splines. The lower and left grids show deformations from the mean shape (undeformed grid) corresponding to perturbations associated with 
RW1 and RW2, respectively (A, C) or RW3 and RW4, respectively (B, D). 
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gion than the species of Teuthida and Sepiida of the super-
order Decabrachia (>0.12). Compared to RW1, RW2 seems 
useless for higher taxonomy. Stauroteuthis sp., an octopod 
species, has by far the lowest RW2 scores of any coleoid 
species. Except for this species, species of Vampyromorpha 
and Cirroctopoda have extreme RW2 values. In RW1–RW2 
morphospace, KMNH IvP 902,002 is located near the region 
predominantly occupied by decabrachian species (sepiids, 
octopods, and teuthids) and has a higher RW1 score (0.0885) 
than most teuthid species (Fig. 5A).

In RW3–RW4 morphospace, all the decabrachian species 
occupy the central region and are surrounded by octobrachian 
species, most of which have forms that are quite different from 
the mean shape (Fig. 5B). This result indicates high variabil-
ity in the lower jaw morphology of octopuses. KMNH IvP 
902,002 is distributed at the periphery of the decabrachian 
species and has a lower RW3 value than any sepiid species.
Relative warp analysis for subset data on the outer lamel-
la.—RW1 accounts for 44.63% of the total variance, and the 
first five relative warps together account for approximately 
88% (SOM 2). As in the result for the full data set, RW1 also 
represents stretching or compression in the dorsoventral di-
rection and relative size of the rostrum, although the positive 
direction of the RW1 axis is reversed in this case (Fig. 5C). 
RW2 for the subset data corresponds to RW3 for the full data 
set, i.e., the proportion of wing size to rostrum size. RW3 for 
the subset data is characterised by compression of the ante-
rior hood and posterior wing (Fig. 5C). The anterior part of 
the hood is slightly compressed when the RW3 score is pos-
itive, whereas the negative perturbation of RW3 reduces the 
posterior part of the wing. The individual characterised by a 
positive RW4 score tends to have a well-developed shoulder 
and a straight ventral margin with great lower rostral length.

Most octobrachian species examined have lower RW1 
(less than –0.1) scores than the decabrachian species (Fig. 5C). 
KMNH IvP 902,002 is accommodated near the origin of the 
RW1–RW2 morphospace, which is occupied by teuthids as 
well as by sepiids. This specimen has one of the highest RW2 
scores among the decabrachian species. Neither RW3 nor 
RW4 separates higher taxa of coleoids (Fig. 5D).
Our two-dimensional geometric morphometric suggests that 
the higher taxonomic relationship of KMNH IvP 902,002 is 
assigned to the Decabrachia because its morphometric features 
are more similar to extant decabrachian species than to modern 
and fossil octobrachian species, especially in the overall shape 
of the outer lamella. The other characteristic feature observed 
in KMNH IvP 902,002 is the development of a distinct fold 
on the lateral wall (see Systematic palaeontology). In mod-
ern decabrachian coleoids, this feature is recognised in many 
genera of Teuthida, such as Lepidoteuthis (Octopoteuthidae), 
Histioteuthis (Histioteuthidae), and Cycloteuthis (Cycloteuth-
idae) (Clarke 1986; Kubodera 2005), but does not occur in the 
lower jaws of Sepiida, Sepiolida, and Spirulida (Clarke and 
Maddock 1988: fig. 2). For these reasons, we assign the higher 
taxonomic position of KMNH IvP 902,002 to Teuthida.

Systematic palaeontology
Subclass Coleoidea Bather, 1888
Superorder Octobrachia Fioroni, 1981
Order Vampyromorpha Robson, 1929
Family uncertain
Genus Nanaimoteuthis Tanabe in Tanabe et al., 2008
Type species: Nanaimoteuthis jeletzkyi Tanabe in Tanabe et al., 2008; 
Lower Campanian (Upper Cretaceous) Pender Formation, about 10 
km northwest of Courtenay, north-central Vancouver Island, Canada.
Species included: Nanaimoteuthis jeletzkyi Tanabe, 2008, from the 
lower Campanian of Vancouver Island, Canada (Tanabe et al. 2008), 
and the Haboro area, northwestern Hokkaido, Japan (AM unpublished 
data), and N. yokotai Tanabe and Hikida, 2010, from the Turonian of 
the Tappu (Obira) and Nakagawa areas, Hokkaido (Tanabe and Hikida 
2010), and Nanaimoteuthis hikidai sp. nov.

Emended diagnosis.—Large lower jaw characterised by 
large outer lamella with very high wing fold, very broad hood 
that is prominently convex anteriorly without notch, weakly 
expanded wing, and short rostrum with pointed hook; short 
inner lamella with crest portion mostly covered by outer 
lamella, and lateral wall without fold or ridge.
Discussion.—Vampyromorphid coleoid lower jaws compa-
rable in overall morphology and size to those of the present 
genus are hitherto unknown in the fossil record. However, 
large gladii of vampyromorphid genera Tusoteuthis Logan, 
1898,of the suborder Mesoteuthina Naef, 1921, and Acti-
nosepia Whiteaves, 1897, of the suborder Teudopseina Star-
obogatov, 1983, have been reported from the Campanian 
strata of Vancouver Island (Fuchs et al. 2007) in addition to 
the Campanian and Maastrichtian rocks in the Western Interi-
or Province of North America (Whiteaves 1897; Logan 1898; 
Waaage 1965; Nicholls and Isaak 1987; Larson 2010). The 
extremely large lower jaws of Nanaimoteuthis and gladii of 
Tusoteuthis and Actinosepia seem to suggest their taxonomic 
affinity, but this hypothesis should be verified from future 
discoveries of exceptionally well-preserved fossils showing 
a gladius-jaw apparatus association.
Stratigraphical and geographical range.—The genus Nana-
imoteuthis has been reported from the Turonian to the Cam-
panian rocks of Vancouver Island, Canada (Tanabe et al. 
2008), and Hokkaido, Japan (Tanabe and Hikida 2010; Ta-
nabe 2012; this paper).
Nanaimoteuthis hikidai sp. nov.
Fig. 6A–E.
2012 Nanaimoteuthis sp. nov.; Tanabe 2012: fig. 4-3a, b.
Etymology: Named for the palaeontologist Yoshinori Hikida (Nakaga-
wa Museum of Natural History, Nakagawa, Hokkaido) in recognition 
of his significant contribution to the studies of Cretaceous molluscs 
from Hokkaido.
Holotype: KMNH IvP 902,001, a lower jaw, the only specimen available.
Type locality: A riverside outcrop in the Detofutamata River, now un-
der the Futamata Reservoir, about 200 m north-northeast from the 
Haboro-futamata Dam site, Haboro, northwestern Hokkaido, Japan 
(Fig. 1: Locality 1).

http://app.pan.pl/SOM/app60-Tanabe_etal_SOM.pdf
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Type horizon: The Member Ui-j, the uppermost part of the Haborogawa 
Formation, lower Campanian, Upper Cretaceous.

Diagnosis.—Large lower jaw characterised by well-devel-
oped thick outer lamella with high wing fold, very obtuse 
jaw angle, long and gently arched hood with convex anterior 
margin, short rostrum with more or less pointed hook; rela-
tively short inner lamella without ridge and fold, with crest 
portion mostly covered by outer lamella, and lateral wall 
lacking fold and ridge and instead sculptured by many fine 
radial striations.
Description.—Lower jaw extremely large, consisting of 
almost equally sized thick inner and outer lamellae, both 
of which are made of black, presumably originally chitin-
ous material; rostrum short but sharply pointed with ridge-
line-like hook. Outer lamella 3.1 mm thick in rostral region 
(much thicker than inner lamella), 1.2 mm thick in lateral 
wall portion, expanded laterally with large open angle of 
paired wings approximately 115°, with very high wing fold 
(see Fig. 6D) and very long hood without notch; hood pro-
file from lateral side gently arched anteriorly; wing shortly 
expanded posteriorly; jaw angle very obtuse (approximately 
140°). Inner lamella weakly expanded posteroventrally, crest 
portion covered by outer lamella over 85% in profile from 
lateral side; crest narrowly rounded, and lateral wall lacking 
radial ridge and fold. Both outer and inner lamellae sculp-
tured by many radial striations; those on inner lamella much 
stronger than those on outer lamella.
Measurements.—Crest length 90.4 mm, wing length 51.1 

mm, hood length 78.4 mm, rostral length 13.0 mm, width of 
outer lamella ca. 87 mm.
Remarks.—The lower jaw of the present species is similar to 
that of N. jeletzkyi from the lower Campanian Pender Forma-
tion of the Nanaimo Group of Vancouver Island (Tanabe et al. 
2008: figs. 3, 4; Tanabe 2012: fig. 4-1) in overall shape and 
ornamentation but distinguished from the latter by having a 
less posteriorly expanded inner lamella and a broader, more 
anteriorly curved hood portion of the outer lamella. The low-
er jaw of the present species resembles the lower jaws of N. 
yokotai Tanabe and Hikida, 2010, from the Turonian in the 
Tappu (Obira) and Nakagawa areas of northern Hokkaido 
(Tanabe and Hikida 2010: 146, fig. 1) in overall shape, but 
the latter have a much smaller open angle of paired wings 
and a shorter inner lamella in relation to the outer lamella.

In modern coleoids, the lower jaw size has a linear rela-
tionship with mantle length (Clarke 1962, 1986). In Vampy-
roteuthis infernalis Chun, 1903, the sole living species of the 
order Vampyromorpha, mature males have approximately 2 
kg total body weight and 100 mm mantle length (Pickford 
1949), and the relationship between mantle length (ML, in 
mm) and hood length of the lower jaw (HL, in mm) is ap-
proximated by the following equation: ML = 9.02 HL – 5.8 
(Clarke 1986). When applying the relationship to the holo-
type of the present new species, its owner would have had a 
mantle length of approximately 700 mm.
Stratigraphical and geographical range. —Type locality and 
horizon only.

Fig. 6. Octobrachian coleoid Nanaimoteuthis hikidai sp. nov. KMNH IvP 902,001, holotype, a lower jaw; early Campanian, Late Cretaceous, Haboro 
area, Hokkaido, Japan. Right lateral (A), left lateral (C), dorsal (D), and frontal (E) views, and right lateral view after removing part of outer lamella (B). 

outer
lamella

inner lamella

outer
lamella

inner
lamella

outer
lamella

wing fold 10 mm

D

inner lamella

E

A B C

inner
lamella

outer
lamella



34 ACTA PALAEONTOLOGICA POLONICA 60 (1), 2015

Superorder Decabrachia Boettger, 1952
Order Teuthida Naef, 1916
Family uncertain
Genus Haboroteuthis nov.
Type species: Haboroteuthis poseidon sp. nov., see below.
Etymology: After Haboro, a town near to the type species locality.

Diagnosis.—Large lower jaw characterised by long rostrum 
with sharply pointed tip (hook), dorsally convex shoul-
der, relatively narrow hood weakly convex anteriorly with 
distinct radial notch on lateral side, long and anteriorly 
weakly curved crest, and long lateral wall that is parallelo-
gram-shaped in lateral view and with relatively broad fold.
Discussion.—The lower jaw of the present new genus exhib-
its mosaic features of modern teuthids and sepiids, such as 
the modern teuthids Nototodarus of Ommastrephidae (Clarke 
1986: fig. 28) and Onychoteuthis of Onychoteuthidae (Clarke 
1986: fig. 32), in which the outer lamella is characterised by a 
long rostrum with a sharply pointed tip, a dorsally arched shoul-
der, and a relatively short hood; however, the inner lamella of 
the present genus is more elongated posteroventrally than that 
of modern teuthids, which have an inner lamella with a short 
parallelogram- or rhomboidal-shaped lateral wall. The lower 
jaw of the present genus resembles that of modern sepiid and 
sepiolid genera in having a long parallelogram-shaped lateral 
wall in the inner lamella but is distinguished from the latter in 
the development of a lateral wall fold (Clarke 1986; Clarke 
and Maddock 1988; Kubodera 2005).

Lower jaws comparable in size and overall shape to those 
of the present genus are thus far unknown in the fossil re-
cord. However, there is a possibility that the present ge-
nus is congeneric with Yezoteuthis Tanabe, Hikida, and Iba, 
2006, a monospecific teuthid genus represented by a single 
species, Y. giganteus; this species was proposed based on a 
large upper jaw from the lower Campanian of the Nakaga-
wa area, Hokkaido. This hypothesis might be verified from 
co-occurring upper and lower jaws that are comparable to 
the holotypes of the type species of the two genera. Such 
co-occurrence of upper and lower jaws would be confirmed 
in stomach and coprolite remains of their probable predators 
such as large Cretaceous marine reptiles.

Fossil records of coleoid shell remains are also important 
when considering taxonomic affinity with the present genus. 
Shell remains of the following Late Cretaceous coleoid genera 
other than Belemnoidea and Octobrachia have been described 
previously; Naefia Wetzel, 1930, from the Maastrichtian of 
Chile (Wetzel 1930) and possibly from the Campanian of Ant-
arctica (Wetzel 1930; Stilwell and Zinsmeister 1987) and Cal-
ifornia (Hewitt et al. 1991); Cyrtobelus Fuchs, Keupp, Trask, 
and Tanabe, 2012, from the upper Campanian to the upper 
Maastrichtian of Vancouver Island, British Columbia, Cana-
da, and West Greenland (Fuchs et al. 2012); Groenlandibelus 
Jeletzky, 1966, from the upper Maastrichtian of Greenland 
(Birkelund 1956; Fuchs et al. 2012, 2013a); and Longibelus 
Fuchs, Iba, Ifrim, Nishimura, Kennedy, Keupp, Stinnesbeck, 

and Tanabe, 2013 from the Aptian of the Caucasus (Dogu-
zhaeva 1996), the Albian of South Africa and southern India, 
and the Cenomanian–Maastrichtian of Japan (Hirano et al. 
1991; Hewitt et al. 1991; Fuchs and Tanabe 2010), southern 
India (Doyle 1986), Mexico (Ifrim et al. 2004), and Alaska. 
Among these genera, the former three were included in ei-
ther the order Sepiida (Jeletzky 1966) or the order Spirulida 
(Fuchs et al. 2012, 2013a), while Longibelus was assumed 
to be a taxon linking the Belemnoidea and the early Decab-
rachia (Fuchs et al. 2013a). Although jaws and a complete 
proostracum are unknown, all these genera are represented 
by small phragmocones, usually less than 10 cm in length, 
suggesting their smaller body size than Haboroteuthis.
Stratigraphical and geographical range.—The genus Habo-
roteuthis is known to occur in the upper Santonian rocks of 
the Haboro area, Hokkaido, Japan (this paper).

Haboroteuthis poseidon sp. nov.
Fig. 7A–D.

Etymology: Named for Poseidon, the god of the sea in Greek mythology.
Holotype: KMNH IvP 902,002, a lower jaw.
Type locality: Recovered as float in the Sankebetsu River, about 1.2 km 
east-northeast of the Haboro Dam site, Haboro, northwestern Hokkai-
do, Japan (Fig. 1: Locality 2).
Type horizon: Possibly derived from the upper part of the Member 
Uf-g in the upper part of the Haborogawa Formation, upper Santonian.

Fig. 7. Decabrachian coleoid Haboroteuthis poseidon gen. et sp. nov. 
KMNH IvP 902,002, holotype, a lower jaw; late Santonian, Late Creta-
ceous, Haboro area, Hokkaido, Japan. Frontal (A), left lateral (B), dorsal 
(C), and right lateral (D) views.
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Diagnosis.—Same as for the genus, by monotypy.
Description.—Lower jaw large, consisting of moderately 
open outer lamella and posteriorly elongated inner lamel-
la, both of which are fused together in the anterior portion, 
forming a sharply pointed rostral tip; they are made up of 
black, presumably originally chitinous material; outer lamel-
la weakly expanded laterally with open angle of paired nar-
row wings, approximately 60°, with dorsally arched shoul-
der and relatively narrow hood with distinct radial notch on 
lateral side; hood covers 35% of crest in profile from lateral 
side; hood line weakly convex anteriorly; wing prominently 
expanded posteriorly; jaw angle acute, approximately 80°. 
Inner lamella remarkably expanded posteroventrally with 
narrowly rounded anterior margin; crest line weakly convex 
anteriorly; lateral wall parallelogram-shaped in lateral view, 
ornamented with relatively broad fold.
Measurements.—Crest length 63.1 mm, wing length 31.1 
mm, hood length 30.0 mm, rostral length 25.7 mm, width of 
outer lamella 49.0 mm.
Remarks.—The lower jaw of the present new species has a 
crest length of 63.1 mm, which is larger than the lower jaws 
of known modern coleoids. For example, in adult specimens 
of the giant squid Architeuthis kirki Robson, 1887, of Archi-
teuthidae, captured off Chatham Rise, New Zealand, with a 
total body length of approximately 7.7 m (AMNH 291938), 
and of the Humboldt squid Dosidicus gigas Orbigny, 1835, 
of Ommastrephidae, captured off Baja California, Mexico, 
with a mantle length of 1.5 m (UMUT 31004), the lower 
jaws have crest lengths of 47.5 mm and 50.2 mm, respec-
tively (see Tanabe 2012: fig. 3-1, 2). This rough comparison 

suggests that the present new species undoubtedly had an 
extremely large body size comparable to that of modern 
giant squids.

Discussion
Modern coleoid cephalopods are currently classified into two 
superorders, Decabrachia Boettger, 1952 (10 arms, fourth 
pair modified as tentacles), and Octobrachia Fiorini, 1981 (= 
Vampyropoda Boletzky, 1992) (10 arms, second pair mod-
ified or lost) (Doyle et al. 1994). The superorder Decabra-
chia includes four orders (Spirulida, Sepiida, Sepiolida, and 
Teuthida), and the superorder Octobrachia includes three or-
ders (Octopoda, Cirroctopoda, and Vampyromorpha) (Doyle 
et al. 1994: table 1). Molecular clock analysis of modern 
coleoids using different genes, models, and software sug-
gested a Palaeozoic origin for the coleoid crown (Strugnell et 
al. 2006; Bergmann et al. 2006; Warnke et al. 2011; Kröger et 
al. 2011). Although divergence time estimates of the coleoid 
crown do not match among researchers (453 + 60 Ma, Or-
dovician/Silurian boundary interval, Warnke et al. 2011; 415 
+ 24 Ma, early Palaeozoic, Bergmann et al. 2006; 276 + 75 
Ma, early to middle Permian, Kröger et al. 2011), they are 
congruent at several points with the available fossil record 
(see Kröger et al. 2011: fig. 5). For these reasons, the origin 
and phylogenetic relationships of individual modern coleoid 
orders are still controversial.

Well-preserved coleoid fossils with squid-like com-
pressed soft tissue remains (“fossil teuthids”) are known to 
occur episodically from the Konservat-Lagerstätten of the 

Fig. 8. Phylogenetic relationships of fossil and modern coleoid major taxa complied from the data by Kröger et al. (2011: fig. 5) and Fuchs et al. (2013: 
fig. 12). Fossil records of Cretaceous decabrachian and octobrachian coleoids from the North Pacific region are given in black circles. 1, Haboroteuthis 
(this study); 2, Yezoteuthis (Tanabe et al. 2006); 3, Paleocirroteuthis (Tanabe et al. 2008); 4, Nanaimoteuthis (Tanabe et al. 2008; Tanabe and Hikida 2010; 
this study). Age after Cohen et al. (2012).
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late Palaeozoic to Cretaceous ages (Naef 1922; Fischer and 
Riou 1982a, b, 2002; Fuchs 2006a, b; among others). These 
“fossil teuthids” sometimes exhibit a mosaic distribution of 
characteristic features of modern Decabrachia and Octobra-
chia (see discussion by Vecchione et al. 1999); hence, they 
have been mostly placed in Decabrachia and Octobrachia 
(Naef 1922; Donovan 1977; Doyle et al. 1994; Young et al. 
1998; Vecchione et al. 1999) or in Octobrachia (Bandel and 
Leich 1986; Engeser and Bandel 1988; Engeser 1990a, b; 
Haas 2002; Fuchs 2006a).This discrepancy among previous 
researchers contributes greatly to the different evaluations of 
the arm structures and gladii preserved as fossils. Concerning 
the origin of Decabrachia, Fuchs et al. (2013a) suggested 
that the Cretaceous belemnoid-like phragmocone-bearing 
coleoid Longibelus, which has a marginal siphuncle, stripe-
like dorsal attachment scars, and a poorly developed layer of 
tabular nacre, represents a sister taxon of the decabrachian 
clade comprising modern Spirulida, Sepiida, and Teuthida. 
Meanwhile, Tanabe et al. (2006) described an extremely 
large coleoid upper jaw from the Campanian (Upper Creta-
ceous) of Hokkaido as a new genus and species (Yezoteuthis 
giganteus) and assigned its higher taxonomic position as 
Teuthida based on cladistic analysis of several characters 
with modern cephalopods.

This study and others (Tanabe et al. 2006, 2008; Tanabe 
and Hikida 2010; Tanabe 2012) on the jaws from the Upper 
Cretaceous of Hokkaido and Vancouver Island (Canada) fill 
the gap in the relatively poor fossil record of the mainly 
soft-bodied coleoids (Fig. 8).

Conclusions
On the basis of the comparison of gross morphology and 
morphometric data of the lower jaws of modern and fos-
sil coleoids, two extremely large lower jaws that were re-
covered from the Upper Cretaceous strata in Haboro area, 
Hokkaido, Japan, were assigned to the following new taxa: 
Nanaimoteuthis hikidai sp. nov. of the order Vampyromor-
pha (superorder Octobrachia) and Haboroteuthis poseidon 
gen. et sp. nov. of the order Teuthida (superorder Decabra-
chia). Because of the unusually large lower jaws, these new 
taxa appear to be comparable in body size to modern giant 
squids (Architeuthis spp.) and the Humboldt squid (Dosidi-
cus gigas). This and other discoveries of large jaws referable 
to octobrachian and decabrachian coleoids from the Upper 
Cretaceous strata of the North Pacific fill the gap in the rela-
tively poor fossil record of mainly soft-bodied coleoids and 
demonstrate that large non-belemnoid coleoids existed in 
this bioprovince during that time.

Acknowledgements
We thank Tsunemi Kubodera (NSM) for allowing us to use photo-
graphs of modern coleoid jaws in his database for this study, and Neil 

H. Landman (AMNH) for facilitating observation of jaws of the giant 
squid (A. kirki) and cuttlefish (S. officinalis) under his care. We ap-
preciate Dirk Fuchs (Freie Universität, Berlin, Germany) and Neil H. 
Landman for critical comments to improve this manuscript. This work 
was supported by the JSPS research grants to KT (nos. 23340157 and 
23244101 in 2013) and AM (no. 25800290 in 2013).

References
Bandel, K. and Leich, H. 1986. Jurassic Vampyromorpha (dibranchiate 

cephalopods). Neues Jahrbuch für Geologie und Paläontologie, Mon-
atshafte, Jahrgang 1986 (3): 129–148.

Bather, F.A. 1888. Shell-growth in Cephalopoda (Siphonopoda). Annals 
and Magazine of Natural History (6) 1: 298–310.

Bergmann, S., Lieb, B., Ruth, P., and Markl, J. 2006. The hemocyanin from 
a living fossil, the cephalopod Nautilus pompilius: protein structure, 
gene organization, and evolution. Journal of Molecular Evolution 62: 
362–374.

Birkelund, T. 1956. Upper Cretaceous belemnites from West Greenland. 
Meddelelser om Grønland 137: 1–28.

Boettger, C.R. 1952. Die Stämme des Tierreichs in ihrer systematischen 
Gliederung. Abhandlungen der Braunschweigischen Wissenschaft-
ilchen Gesellschaft 4: 238–300.

Boletzky, S. von 1992. Evolutionary aspects of development, life style, 
and reproductive mode in incirrate octopods (Mollusca, Cephalopoda). 
Revue swisse de Zoologie 99: 755–770.

Bookstein, F.L. 1989. Principal warps: thin-plate splines and the decom-
position of deformations. IEEE Transactions on Pattern Analysis and 
Machine Intelligence 11: 567–585.

Bookstein, F.L. 1991. Morphometric Tools for Landmark Data: Geometry 
and Biology. 435 pp. Cambridge University Press, Cambridge.

Bookstein, F.L. 1997. Landmark methods for forms without landmarks: 
morphometrics of group differences in outline shape. Medical Image 
Analysis 1: 225–243.

Chun, C. 1903. Aus den Tiefen des Weltmeeres. Second edition. 592 pp. 
Jena, Gustav Fischer.

Clarke, M.R. 1962. The identification of cephalopod “beaks” and the re-
lationship between beak size and total body weight. Bulletin of the 
British Museum (Natural History), Zoology 8: 419–480.

Clarke, M.R. (ed.) 1986. A Handbook for the Identification of Cephalopod 
Beaks. 273 pp. Clarendon Press, Oxford.

Clarke, M.R. and Maddock, L. 1988. Beaks of living coleoid Cephalopoda. 
In: M.R. Clarke and E.R. Trueman (eds.), The Mollusca. Vol. 12. Pale-
ontology and Neontology of Cephalopods, 121–131. Academic Press, 
San Diego.

Cohen, K.M., Finney, S., and Gibbard, P.L. 2012. International chronostrati-
graphic chart. International Subcommision on Stratigraphy, July 2012.

Dietl, G. and Schweigert, G. 1999.A nautilid with a complete jaw appara-
tus still in-situ from the Lithographic Limestone of Nusplingen (Upper 
Jurassic, SW-Germany). Neues Jahrbuch für Geologie und Paläontol-
ogie Abhandlungen 211: 75–87.

Doguzhaeva, L.A. 1996.Two Early Cretaceous spirulid coleoids of the 
northwestern Caucasus: their shell ultrastructure and evolutionary im-
plications. Palaeontology 39: 681–707.

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

Donovan, D.T. and Toll, R.B. 1988. The gladius in coleoid (Cephalopoda) 
evolution. In: M.R. Clarke and E.R. Trueman (eds.), The Mollusca. 
Vol. 12. Paleontology and Neontology of Cephalopods, 89–101. Aca-
demic Press, San Diego.

Doyle, P.D. 1986. Naefia (Coleoidea) from late Cretaceous of southern 
India. Bulletin of the British Museum of Natural History 40: 133–139.

Doyle, P.D., Donovan, D.T., and Nixon, M. 1994. Phylogeny and systemat-
ics of the Coleoidea. University of Kansas, Paleontological Contribu-
tions, New Series 5: 1–15.

http://dx.doi.org/10.1080/00222938809460727
http://dx.doi.org/10.1007/s00239-005-0160-x
http://dx.doi.org/10.1109/34.24792
http://dx.doi.org/10.1016/S1361-8415%2897%2985012-8


TANABE ET AL.—JAWS OF CRETACEOUS COLEOIDS 37

Engeser, T. 1990a. Major events in cephalopod evolution. In: P.D. Tayler 
and G.P. Larwood (eds.), Major Evolutionary Radiations. Systematics 
Association Special Volume 42: 119–138.

Engeser, T. 1990b. Phylogeny of the fossil coleoid Cephalopoda (Molus-
ca). Berliner geowissenschaftlichen Abhandlungen (Abteilung A) 124: 
123–191.

Engeser, T. and Bandel, K. 1988. Phylogenetic classification of coleoid 
cephalopods. In: J. Wiedmann and J. Kullmann (eds.), Cephalopods–
Present and Past, 105–116. E. Schweizerbart’sche Velag., Stuttgart.

Engeser, T. and Reitner, J. 1983.Geoteuthis muensteri (d’Orbigny 1845) aus 
dem Untertithonium von Daiting und Arnsberg (Bayern). Stuttgarter Be-
iträge zur Naurkunde Serie B (Geologie und Paläontologie) 92: 1–12.

Engeser, T. and Reitner, J. 1985. Teuthiden ause dem Unterapt (»Töck«) 
von Helgoland (Schleswig-Holstein, Norddeutschland). Paläontolo-
gische Zeitschrift 59: 245–260.

Engeser, T. and Reitner, J. 1986: Coleoidenreste aus der Oberkreide des 
Libanon im Staatlichen Museum für Naturkunde in Stuttgart. Stutt-
garter Beiträge zur Naurkunde Serie B (Geologie und Paläontologie) 
124: 1–15.

Fioroni, P. von 1981. Die sonderstellung der Sepioliden, ein Vergleich der 
Ordnungen der rezenten Cephalopoden. Zoologische Jahrbücher 108: 
178–228.

Fischer, J.-C. and Riou, B. 1982a. Le plus ancient poulpe connu (Ceph-
alopoda, Dibranchiata), Proteroctopus ribeti nov. gen., nov. sp., du 
Callovien de l’ Ardèche (France). Comptes rendus de l’Académie des 
Sciences, Paris 295: 277–280.

Fischer, J.-C. and Riou, B. 1982b. Les teuthïdes (Cephalopoda, Dibranchi-
ata) du Callovien inférieur de la Voulte-sur-Rhône (Ardèche, France). 
Annales de Paléontologie, Paris 68: 295–325.

Fischer, J.-C. and Riou, B. 2002. Vampyronassa rhodanica nov. gen. nov 
sp., vampyromorphe (Cephalopoda, Coleoidea) du Callovien inférieur 
de La Voulte-sur-Rhône (Ardèche, France). Annales de Paléontologie 
88: 1–17.

Fuchs, D. 2006a. Fossil erhaltungsfähige Merkmalskomplexe der 
Coleoidea (Cephalopoda) und ihre phylogenetische Bedeutung. Ber-
liner Paläobiologische Abhandlunbgen 8: 1–115.

Fuchs, D. 2006b. Morphology, taxonomy and diversity of vampyropod 
coleoids (Cephalopoda) from the Upper Cretaceous of Lebanon. Mem-
orie della Societā Italiana di Scienze Naturali e del Museo Civico di 
Storia Naturale di Milano 34 (2): 1–28.

Fuchs, D. and Larson, N. 2011a. Diversity, morphology, and phylogeny of 
coleoid cephalopods from the Upper Cretaceous Plattenkalks of Leb-
anon–Part I: Prototeuthidina. Journal of Paleontology 85: 234–249.

Fuchs, D. and Larson, N. 2011b. Diversity, morphology, and phylogeny of 
coleoid cephalopods from the Upper Cretaceous Plattenkalks of Leba-
non–Part II: Teudopseina. Journal of Paleontology 85: 815–834.

Fuchs, D. and Tanabe, K. 2010: Re-investigation of the shell morphology 
and ultrastructure of the Late Cretaceous spirulid coleoid Naefia matsu-
motoi. In: K. Tanabe, Y. Shigeta, T. Sasaki, and H. Hirano (eds.), Ceph-
alopods—Present and Past, 195–207. Tokai University Press, Tokyo.

Fuchs, D., Beard, G., Tanabe, K., and Ross, R. 2007. Coleoid cephalopods 
from the Late Cretaceous Northeastern Pacific. In: Seventh Interna-
tional Symposium Cephalopods—Present and Past, 2007, Sapporo, 
Japan. Abstracts Volume, 131. Hokkaido University, Sapporo.

Fuchs, D., Bracchi, G., and Weis, R. 2009. New octopods (Cephalopoda: 
Coleoidea) from the Late Cretaceous (Upper Cenomanian) of Hâkel 
and Hâdjoula, Lebanon. Palaeontology 52: 65–81.

Fuchs, D., Iba, Y., Ifrim, C., Nishimura, T., Kennedy, W.J., Keupp, H., 
Stinnesbeck, W., and Tanabe, K. 2013a. Longibelus n. gen., a new 
Cretaceous coleoid genus linking Belemnoidea and early Decabrachia. 
Palaeontology 56: 1081–1106.

Fuchs, D., Keupp, H., and Schweigert, G. 2013b. First record of a complete 
arm crown of the Early Jurassic coleoid Loligosepia (Cephalopoda). 
Paläontologische Zeitschrift 87: 431–435.

Fuchs, D., Keupp, H., Trask, P., and Tanabe, K. 2012. Taxonomy, morphol-
ogy and phylogeny of Late Cretacerous spirulid coleoids (Cephalopo-
da) from Greenland and Canada. Palaeonology 55: 285–303.

Gupta, N.S., Briggs, D.E.G., Landman, N.H., Tanabe, K., and Summons, 
R.E. 2008. Molecular structure of organic components in cephalopods: 
Evidence for oxidative cross linking in fossil marine invertebrates. Or-
ganic Geochemistry 39: 1405–1414

Haas, W. 2002. The evolutionary history of the eight-armed Coleoidea. 
Abhandlungen der geologischen Bundesanstalt Wien 57: 341–351.

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

Hewitt, R.A., Yoshiike, T., and Westermann, G.E.G. 1991. Shell micro-
structure and ecology of the Cretaceous coleoid cephalopod Naefia 
from the Santonian of Japan. Cretaceous Research 12: 47–54.

Hirano, H., Obata, I., and Ukishima, M. 1991. Naefia matsumotoi, a unique 
coleoid (Cephalopoda) from the Upper Cretaceous of Japan. Saito Ho-
on Kai Special Publication (Proceedings of the Shallow Tethys 3, Sen-
dai, 1990) 3: 201–221.

House, M.R. 1988. Major features of cephalopod evolution. In: J. Wied-
mann and J. Kullmann (eds.), Cephalopods–Present and Past, 1–16. 
E. Schweizerbart’sche Velag., Stuttgart.

Hunt, S. and Nixon, M. 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.

Ifrim, C., Stinnesbeck, W., and Lopez-Olivia, J.G. 2004. Maastrichtian 
cephalopods from Cerravalo, Northeastern Mexico. Palaeontology 47: 
1575–1627.

Jeletzky, J.A. 1966. Comparative morphology, phylogeny and classifica-
tion of fossil Coleoidea. Paleontological Contributions, University of 
Kansas, Mollusca 7: 1–166.

Klug, C. 2001. Functional morphology and taphonomy of nautiloid beaks 
from the Middle Triassic of southern Germany. Acta Palaeontologica 
Polonica 46: 43–68.

Klug, C., Schweigert, G., Dietl, G., and Fuchs, D. 2005. Coleoid beaks 
from the Nusplingen Lithographic Limestone (Upper Kimmeridgian, 
SW Germany). Lethaia 38: 173–192.

Kröger, B., Vinther, J., and Fuchs, D. 2011. Cephalopod origin and evo-
lution: A congruent picture emerging from fossils, development and 
molecules. Bioessays 33: 602–613.

Kruta, I., Landman, N., Rouget, I., Cecca, F., and Tafforeau, P. 2011. The 
role of ammonites in the Mesozoic marine food web revealed by jaw 
preservation. Science 331: 70–72.

Kubodera, T. 2005. Manual for the Identification of Cephalopod Beaks in 
the Northwest Pacific. Version 1-1. National Science Museum, Tokyo. 
http://www.kahaku.go.jp/research/db/zoology/Beak-E/index.htm

Larson, N.L. 2010. Fossil ceoloids from the Late Cretaceous (Campanian 
and Maastrichtian) of the Western Interior. Ferrantia 59: 78–113.

Lehmann, U. 1976. Ammoniten: ihr Leben und ihre Umwelt. 171 pp. Enke, 
Stuttgart.

Lehmann, U. 1980. Ammonite jaw apparatus and soft parts. In: M.R. 
House and J.R. Senior (eds.), The Ammonoidea, 275–287. Academic 
Press, London.

Lehmann, U. 1990. Ammonoideen. 257 pp. Enke, Stuttgart.
Logan, W.N. 1898. The invertebrates of the Benton, Niobara and Fort 

Pierre Groups. University of Kansas, Geological Survey 4: 431–518.
Lowenstam, H.A., Traub, W., and Weiner, S. 1984. Nautilus hard parts: 

a study of the mineral and organic compositions. Paleobiology 10: 
269–279.

Mapes, R.H., Weller, E.A., and Doguzhaeva, L.A. 2010. Early Carbonif-
erous (Late Namurian) coleoid cephalopods showing a tentacle with 
arm hooks and an ink sac from Montana, USA. In: K. Tanabe, Y. Shig-
eta, T. Sasaki, and H. Hirano (eds.), Cephalopods–Present and Past, 
155–170. Tokai Univ. Press, Tokyo.

Moriya, K. and Hirano, H. 2001. Cretaceous stratigraphy in the Chikubet-
su area, Hokkaido [in Japanese with English abstract]. Journal of the 
Geological Society of Japan 107: 199–214.

Naef, A. 1916. Systematische uebersicht der Mediterranen Cephalopoden. 
Pubblicazioni della Stazione Zoologica di Napoli 1: 11–19.

http://dx.doi.org/10.1007/BF02988811
http://dx.doi.org/10.1016/S0753-3969%2802%2901037-6
http://dx.doi.org/10.1111/j.1475-4983.2008.00828.x
http://dx.doi.org/10.1007/s12542-013-0182-4
http://dx.doi.org/10.1666/10-089.1
http://dx.doi.org/10.1666/10-159.1
http://dx.doi.org/10.1016/j.orggeochem.2008.06.008
http://dx.doi.org/10.1016/0195-6671%2891%2990026-9
http://dx.doi.org/10.1111/j.0031-0239.2004.00426.x
http://dx.doi.org/10.1080/00241160510013303
http://dx.doi.org/10.1002/bies.201100001
http://dx.doi.org/10.1126/science.1198793
http://dx.doi.org/10.5575/geosoc.107.199
http://www.kahaku.go.jp/research/db/zoology/Beak-E/index.htm


38 ACTA PALAEONTOLOGICA POLONICA 60 (1), 2015

Naef, A. 1921. Das System der dibrachiaten Cephalopoden und die med-
iteranen Arten dereselben. Mitteilungen aus der zoologischen Station 
zu Neapel 22: 527–542.

Naef, A. 1922. Die Fossilen Tintenfische. 322 pp. Jena, Gustav Fischer.
Naef, A. 1923. Die Cephalopoden. Fauna und Flora des Golfes von Neapel, 

35 Monographie (Teil I, Band 1), Systematik. 863 pp. R. Friedländer & 
Sohn, Berlin.

Neige, P. and Dommergues, J.-L. 2002. Disparity of beaks and statoliths 
of some coleoids: A morphometric approach to depict shape differen-
tiation. Abhandlungen der Geologischen Bundesanstalt 57: 393–399.

Nicholls, E.L. and Isaak, H. 1987. Stratigraphic and taxonomic signifi-
cance of Tusoteuthis longa Logan (Coleoidea) from the Pembina 
Member, Pierre Shale (Campanian), of Manitoba. Journal of Paleon-
tology 61: 727–737.

Nixon, M. 1988. The buccal mass of fossil and Recent Cephalopoda. In: 
M.R. Clarke and E.R. Trueman (eds.), The Mollusca, Vol. 12, Pale-
ontology and Neontology of Cephalopods, 103–122. Academic Press, 
San Diego.

Okamoto, T., Matsunaga, T., and Okada, M. 2003. Restudy of the Upper 
Cretaceous stratigraphy in the Haboro area, northwestern Hokkaido [in 
Japanese with English abstract]. Journal of the Geological Society of 
Japan 109: 363–382.

Orbigny, A. d’ (1834–1847). Voyages dans L’Amérique Méridionale, 3 (2). 
Mollusques. 758 pp. Chez P. Bertand, Paris.

Pickford, G.E. 1949. Vampyroteuthis infernalis Chun. An archaic dibran-
chiate cephalopod. II. External anatomy. Dana Reports, Carlsberg 
Foundation 32: 1–132.

Robson, C.W. 1887. On a new species of giant cuttlefish stranded at Cape 
Campbell, June 30th 1886 (Architeuthis kirkii). Transactions and Pro-
ceedings of the New Zealand Institute 19: 155–157.

Robson, G.C. 1929. A Monograph of the Recent Cephalopoda, I: The Oc-
topodinae. 236 pp. British Museum (Natural History), London.

Rohlf, F.J. 1993. Relative warp analysis and an example of its application 
to mosquito wings. In: L.F Marcus, E. Bello, and A. García-Valdecasas 
(eds.), Contribution to Morphometrics, 131–159. Museo Nacional de 
Ciencias Naturales, Madrid.

Rohlf, F.J. 1996. Morphometric spaces, shape components and the effects 
of linear transformations. In: L.F. Marcus, M. Corti, A. Loy, G.J.P. 
Naylor, and D.E. Slice, (eds.), Advances in Morphometrics, 117–129. 
Plenum, New York.

Rohlf, F.J. 2010. TPSRELW-Thin-Plate Spline Relative Warp Analysis, 
Version 1.49. Department of Ecology and Evolution, State University 
of New York at Stony Brook, New York.

Rohlf, F.J. and Bookstein, F.L. 2003. Computing the uniform component 
of shape variation. Systematic Biology 53: 66–69.

Rohlf, F.J. and Slice, D.N. 1990. Extension of the Procrustes method for the 
optimal superimposiotion of landmarks. Systematic Zoology 39: 40–59.

Saunders, W.B. and Richardson, E.S., Jr. 1979. Middle Pennsylvanian 
(Desmoinesean) Cephalopoda of the Mazon Creek Fauna, Northeast-
ern Illinois. In: M.H. Nitecki (ed.) Mazon Creek Fossils, 333–359. Ac-
ademic Press, New York.

Saunders, W.B., Spinosa, C., Teichert, C., and Banks, R.C. 1978. The jaw 
apparatus of Recent Nautilus and its palaeontological implications. 
Palaeontology 21: 129–141.

Slice, D.N., Bookstein, F.L., Marcus, L.F., and Rohlf, F.J. 1996. A glossary 
for geometric morphometrics. In: L.F. Marcus, M. Corti, A. Loy, G.J.P. 
Naylor, and D.E. Slice (eds.), Advances in Morphometrics, 531–551. 
Plenum, New York.

Starobogatov, Y.I. 1983. The system of the Cephalopoda. In: Y.I. Starobo-
gatov and K.N. Nesis (eds.), Taxonomy and Ecology of Cephalopoda, 
4–7. Zoological Institute, USSR Academy of Sciences, Leningrad.

Stilwell, J.D. and Zinsmeister, W.J. 1987. Late Cretaceous faunal assem-
blage of Humps Island collected during the 1986–1987 expedition to 
the Antarctic Peninsula. Antarctic Journal of the U.S. 12: 9–10.

Strugnell, J., Jackson, J., Drummond, A.J., and Cooper, A. 2006. Diver-
gence time estimates for major cephalopod groups: evidence from 
multiple genes. Cladistics 22: 89–96.

Takashima, R., Kawabe, F., Nishi, H., Moriya, K., Wani, R., and Ando, H. 
2004. Geology and stratigraphy of forearc basin sediments in Hokkai-
do, Japan: Cretaceous environmental events on the north-west Pacific 
margin. Cretaceous Research 25: 365–390.

Tanabe, K. 2012. Comparative morphology of modern and fossil coleoid 
cephalopod jaw apparatuses. Neues Jahrbuch für Geologie und Palä-
ontologie, Abhandlungen 266: 9–18.

Tanabe, K. and Fukuda, Y. 1999. Morphology and function of cephalopod 
buccal mass. In: E. Savazzi (ed.), Functional Morphology of the Inver-
tebrate Skeleton, 245–262. John Wiley & Sons, London.

Tanabe, K. and Hikida, Y. 2010. Jaws of a new species of Nanaimoteuthis 
(Coleoidea: Vampyromorphida) from the Turonian of Hokkaido, Ja-
pan. Paleontological Research 14: 145–150.

Tanabe, K. and Landman, N.H. 2002. Morphological diversity of the jaws 
of Cretaceous Ammonoidea. Abhandlungen der Geologischen Bunde-
sanstalt 57: 157–165.

Tanabe, K., Hikida, Y, and Iba, Y. 2006. Two coleoid jaws from the Upper 
Cretaceous of Hokkaido, Japan. Journal of Paleontology 80: 138–145.

Tanabe, K., Kruta, I., and Landman, N.H. (in press). Ammonoid buccal 
mass and jaw apparatus. In: C. Klug, D. Korn, K. De Baets, I. Kruta, 
and R.H. Mapes (eds.), Ammonoid Paleobiology: From Anatomy to 
Ecology. Springer, Dordrecht.

Tanabe, K., Misaki, A., Landman, N.H., and Kato, T. 2013. The jaw ap-
paratuses of Cretaceous Phylloceratina (Ammonoidea). Lethaia 46: 
399–408.

Tanabe, K., Trask, P., Ross, R., and Hikida, Y. 2008. Late Cretaceous octo-
brachiate coleoid jaws from the circum-North Pacific regions. Journal 
of Paleontology 82: 429–439.

Ubukata, T. 2003. A morphometric study on morphological plasticity of 
shell form in crevice-dwelling Pterioida (Bivalvia). Biological Journal 
of the Linnean Society 79: 285–297.

Ubukata, T. 2004. A three-dimensional digitizing system based on trian-
gulation using multiple viewing images [in Japanese with English ab-
stract]. Geoscience Reports of Shizuoka University 31: 65–72.

Ubukata, T., Tanabe, K., Shigeta, Y., Maeda, H., and Mapes, R.H. 2010. 
Eigenshape analysis of ammonoid sutures. Lethaia 43: 266–277.

Vecchione, M., Young, R.E., Donovan, D.T., and Rodhouse, P.G. 1999. 
Reevaluation of coleoid cephalopod relationships based on modified 
arms in the Jurassic coleoid Mastigophora. Lethaia 32: 113–118.

Waage, K.M. 1965. The Late Cretaceous coleoid cephalopod Actinosepia 
canadensis Whiteaves. Postilla 94: 1–32.

Warnke, K.M., Meyer, A., Ebner, B., and Lieb, B. 2011: Assessing diver-
gence time of Spirulida and Sepiida (Cephalopoda) based on hemocy-
anin sequences. Molecular Phylogenetics and Evolution 58: 390–394.

Wetzel, W. 1930. Die Quiriqina-Schichten als Sediment und paläontolo-
gisches Archiv. Palaeontographica 73: 49–104.

Whiteaves, J.F. 1897. Some remains of a Sepia-like cuttlefish from the 
Cretaceous rocks of the South Saskatchewan. The Canadian Record 
of Science 7: 459–462.

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

Zelditch, M.L., Swiderski, D.L., Sheets, H.D., and Fink, W.L. 2004. Geo-
metric Morphometrics for Biologists: A Primer. 443 pp. Elsevier Aca-
demic Press, San Diego.

http://dx.doi.org/10.5575/geosoc.109.363
http://dx.doi.org/10.1080/10635150390132759
http://dx.doi.org/10.2307/2992207
http://dx.doi.org/10.1111/j.1096-0031.2006.00086.x
http://dx.doi.org/10.1016/j.cretres.2004.02.004
http://dx.doi.org/10.1127/0077-7749/2012/0243
http://dx.doi.org/10.2517/1342-8144-14.2.145
http://dx.doi.org/10.1666/0022-3360%282006%29080%5b0138:TCJFTU%5d2.0.CO;2
http://dx.doi.org/10.1111/let.12017
http://dx.doi.org/10.1666/07-029.1
http://dx.doi.org/10.1046/j.1095-8312.2003.00144.x
http://dx.doi.org/10.1111/j.1502-3931.2009.00191.x
http://dx.doi.org/10.1111/j.1502-3931.1999.tb00529.x
http://dx.doi.org/10.1016/j.ympev.2010.11.024
http://dx.doi.org/10.2989/025776198784126287



