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Welcome

Welcome address

The Grand Duchy of Luxembourg has a long tradition in welcoming people from all 
over the world to enjoy our small, but beautiful country in the heart of Europe.

Luxembourg City is a proud, cosmopolite and multicultural town that looks optimistically 
to a European future. You, as a participant of the 3rd International Coleoid symposium, 
will certainly appreciate this cultural melting pot combined with the local character 
conserved in the old town.

The natural history museum of Luxembourg is a small institution that wants to come up 
to the visitor’s demands. Therefore, we primarily focus on the exhibition programme. 
Successful collaborations with museums in the neighbourhood (Saarbrucken, Trier, 
Metz, Nancy, Liege, and Brussels) established a good reputation. Scientific research 
has a focus on the monitoring of the native flora and fauna.

Admittedly, Luxembourg is not the centre of Marine Science. The sea is far, the 
university young (since 2003) and research has been restricted for a long time to 
terrestrial aspects only. However, the richness and extraordinary preservation of 
fossil cephalopods in Early Jurassic deposits in southern Luxembourg recently raised 
the research interest of the paleontological section and we initiated some smaller 
projects on belemnitid and vampyromorph coleoids.

We are confident hat the 3rd coleoid meeting in Luxembourg will be an important 
step towards interdisciplinary discussions and scientific projects in the future. We 
hope further that you will appreciate the short distances between the lecture hall in 
the Abbey Neumünster and our museum, or between the Grund in the valley and the 
old town on top of the rocks.

We wish you a pleasant stay!

Georges Bechet

Director of the Musée national d'histoire naturelle de Luxembourg
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Introduction

“Neontological approaches to the paleobiology of the Coleoidea in the light of their 
fossil record”

This was the motto of Dr. Kerstin Warnke, Prof. Dr. Helmut Keupp and Prof. Dr. 
Sigurd von Boletzky, the initiators of the first coleoid symposium.

As the first two meetings of coleoid workers in Berlin (2002) and Prague (2005) 
have been a stimulating exchange of information to many of us, we should retain 
and conserve this highly important aim. In order to understand their paleobiology, 
paleontologists need to be continuously informed about the newest observations on 
modern coleoids. On the other hand, neontologist need to be convinced that the fossil 
record and particularly the preservational potential of ancient coleoids are sometimes 
underestimated. Admittedly, paleobiologists depend on only a few evolutionary 
windows, but the coleoid fauna found in e.g. the Jurassic Solnhofen and Nusplingen 
Limestones and the Cretaceous Lebanon Limestones show remarkable details (arms, 
suckers, beaks, gills, cephalic cartilage etc.) of their soft-bodies. Although we just 
started to understand the early evolution of coleoids, our morphological knowledge 
about the coleoids have been considerably improved in the last decade.

The survival of the symposium has been long time uncertain, as we have not found 
a host for the next meeting. Fortunately, the paleontological section of the Musée 
national d’histoire Luxembourg later decided to accept the organization of the 3rd 
meeting and is now delighted to manage this challenge. Many thanks for your positive 
responses! It is a highlight of our recent projects about extraordinarily well preserved 
coleoids from the Early Jurassic of Luxembourg. 

We encourage you all to enjoy the informal atmosphere and the free spirit known 
from previous meetings.

Thank you all for coming

Alain Faber
Robert Weis
Dirk Fuchs
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Programme

Wednesday,  October 8: Musée

14:00 registration in the lobby of the Musée national d’histoire naturelle 
17:30 address of welcome, icebreaker party
18:00 vernissage: «Coquille coquine - Harte Schale, Weicher Kern» (exhibition about Mollusc 

shells)

Thursday, October 9: Abbey Neumünster

9:15 address of welcome

neontological session

9:30 Alexander I. Arkhipkin (keynote lecture)
Evolutionary trends in squid growth

10:30 Dirk Fuchs, Vyaceslav Bizikov, Giacomo Bracchi, Christina Ifrim, Wolfgang Stin-
nesbeck & Kazushige Tanabe
Evolutionary development of the octobrachian life styles - implications from the fossil 
record

10:50 Sigurd von Boletzky
The yolk organ of cephalopod embryos: origin and fate of a knapsack

coffee break & poster presentation P1-P3

11:40 Elvira Scharpf, Gerhard Haszprunar & Martin Heß
Coleoid cephalopod retinae - a comparative morphological approach

12:00 Janek von Byern, Waltraud Klepal & Norbert Cyran
Hoyle organ versus adhesive organ: an overview

PROGRAMME

3rd International Symposium «Coleoid Cephalopods Through Time»
Luxembourg, October 8-11, 2008
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12:20 Andrea Micossi, Waltraud Klepal & von Janek Byern 
Ultrastructural characterization of the adhesive area of Sepia tuberculata (Lamarck, 
1798)

lunch

palaeontological  session

14:30 Larisa A. Doguzhaeva (keynote lecture)
The skeleton of the Belemnoidea: extraordinary changes from the Early Carboniferous 
Hematites to the Late Cretaceous Belemnitella

15:30 Royal H. Mapes, Larisa A. Doguzhaeva, Harry Mutvei & Roger Pabian
Taphonomic analysis of a new coleoid cephalopod from the Shark Shale (Upper Carbo-
niferous) from Nebraska, USA

15:50 Günter Schweigert & Gerd Dietl
The Coleoidea of the upper Kimmeridgian Nusplingen Lithographic Limestone – diversity, 
preservation and palaeoecology

coffee break & poster presentation P4-P6

16:40 Neal L. Larson
Fossil Coleoids from the Late Cretaceous (Campanian & Maastrichtian) of the Western 
Interior

17:00 Luke Larson
Tusoteuthis, giant squids from the Late Cretaceous of the Western Interior

17:20 Patricia G. Weaver, Charles N. Ciampaglio & Richard E. Chandler
An Overview of Research on Coleoid Cephalopods from Tertiary rocks of Southern North 
America

public evening lecture: Musée

18:30 Michael Kuba
Smarte Weichtiere: was wir vom Lernen der Kraken und ihrer Verwandten lernen können
(“Smart Mollusks: learning from the octopus: how the octopus model inspires science”)
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Programme

Friday, October 10: Abbey Neumünster

palaeontological session

9:30 Martin Kostak (keynote lecture)
Palaeobiogeography, migration patterns and extinctions in Cretaceous coleoids

10:30 Robert Weis & Nino Mariotti
Towards Belemnite provincialism in the European Jurassic: investigating the paleobio-
geography of Holcobelus

10:50 Guillaume Dera, Mathieu Martinez, Dominique Delsate, Pascal Neige, Emmanuelle 
Pucéat, Pierre Pellenard & Michael Joachimski
Paleoecology of early Jurassic belemnites: a new contribution by δ18O analyses of 
Pliensbachian – Toarcian belemnites from Belgium and comparison with fish tooth data 

coffee break & poster presentation P7-P9

11:40 John W.M. Jagt & Norbert Keutgen
Belemnitellid coleoids from the Vijlen Member (Gulpen Formation) in the extended Maas-
trichtian type area (SE Netherlands, NE Belgium and Aachen area, Germany) – a rein-
terpretation

12:00 Zbigniew Remin
Structural development of belemnite rostra of the genera Belemnella and Belemnitella 
and its similarity to recent cephalopods statoliths – palaeobiological implications

12:20 Ajit Vartak, Dirk Fuchs & Mukund Gharel
New records of Naefia sp. from the Late Cretaceous (Cenomanian) of South Indian

lunch

neontological session

14:30 Jan Strugnell (keynote lecture)
New Bayesian methods for estimating divergence times using molecular sequence data: 
an example using Antarctic and deep sea octopods

15:30 Sandra Navet, Yann Bassaglia, Sébastien Baratte, Aude Andouche & Laure Bonnaud
Encrailed and NK4 in cephalopods: homeobox genes implicated in the apparition of mor-
phological novelties 
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15:50 Janek von Byern, Rainer Söller & Gerhard Steiner 
Genetic population structure of Idiosepius

coffee break & poster presentation P10-P12

16:40 Roland C. Anderson & Jennifer A. Mather
Octopuses (Enteroctopus dofleini) learn to open jars with cross-modal cueing

17:00 Jennifer A. Mather, Ulrike Griebel & Ruth A. Byrne
Squid dances: movement and postures of Sepioteuthis sepioidea with a muscular hy-
drostat 

17:20 open

Saturday, October 11

field trip

8:30 meeting point: Museum

1) Ottange-Rumelange (L): Jurassic Coral reefs (guide: Bernard Lathuilière &  Robert 
Weis)
2) Hettange-Grande (F): stratotype of the Hettangian (guide: Micheline Hanzo)

12:30 lunch

14:00 3) Metzert (B): Lower Jurassic coleoids (guide: Dominique Delsate & Alain Faber)

16:00 return

19:00 «Nuit de la musée» with special events at the museum
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Evolutionary trends in squid growth

Alexander I. Arkhipkin

Falkland Islands Government Fisheries Department, P.O. Box 598, Stanley, Falkland 
Islands; aarkhipkin@fisheries.gov.fk

It is assumed that coleoid cephalopods have evolved from their shelled predecessor by neoteny, 
i.e. development of precocious sexual maturity at the juvenile phase of their ontogenesis. This 
neoteny was probably accompanied by semelparity and significant shortening of the life cycle 
to 1-2 years (Nesis 1985; Rodhouse 1998). Most probably, the cephalopod predecessor had 
the asymptotic growth similar to recent long-living iteroparous Nautilus. Then the large portion 
of its post-juvenile ontogenesis was cut by neoteny. In fact, the growth of recent cephalopods 
resembles that of the juvenile period of iteroparous gastropod molluscs, with relatively high 
somatic and low reproductive investments (Clarke et al. 1994). 

Types of growth were studied in five recent nektonic coleoids, belonging to two different teuthid 
lineages. Myopsid squid were represented by warm water subtropical loliginid Alloteuthis 
subulata and cold water temperate Loligo gahi. Oegopsid squid were represented by shelf 
and slope water temperate Illex argentinus, slope water Subantarctic Moroteuthis ingens and 
temperate pelagic Gonatus fabricii. In all squid, the whole ontogenetic range of sizes and 
maturity stages were studied for each sex. Changes in morphometric weight indices of mantle 
and fins, digestive gland and reproductive system were analysed against the total body weight 
and age. Age of each specimen was estimated by reading their statoliths.

Among the squid studied, two types of growth were revealed. They were distinguished from 
each other by the position of the inflection point (=change between positive and negative 
acceleration) on the growth curve. Loliginids had the ‘late’ inflection point during the last 1/3-
1/4 of their ontogenesis, coinciding with the onset of their maturation. Their growth curve was 
asymmetric S-shaped with the larger lower part. Loliginids live throughout their entire life in 
the food rich environment of shelves and do not have distant migrations. These squid have 
a relatively small digestive gland (3-4% body weight, BW). During the juvenile and immature 
period, they invest their energy both to active metabolism and somatic growth. Upon maturation, 
they carry on active feeding (Yang et al. 1986, our data) and growth, redistributing a portion 
of their energy taken from food conversion and partially from the mantle and fins (which 
have a negative allometric growth) to reproductive growth. Mature animals continue their 
somatic growth, although with lower growth rates and die after spawning without reaching a 
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typical ‘asymptotic stage’ of their growth (Rodhouse 1998). This type of growth with high rates 

until late ontogenesis should be therefore considered as a primary type, as their neotenic 

ancestors probably possessed it.

On the contrary, all three nektonic oegopsids had the ‘early’ inflection point approximately 

in the middle of their ontogenesis, making their S-shaped growth curve almost asymptotic. 

Their growth rates decelerate prior maturation, and coincide with positive allometric growth 

of their digestive gland. The evolutionary radiation of squid ancestors spread from the warm 

water shelves to temperate waters and deep-water habitats (Nesis 1985). Ocean deep-water 

layers, as well as oligotrophic zones between feeding and spawning grounds are scarce 

of suitable food and situated sometimes hundreds and thousands miles from each other. 

Therefore, to be able to migrate that far it was necessary to have an additional energy store, 

which in case of food shortage could be used both for active metabolism and reproduction. 

Squid do not have fat layers under their skin or in the mantle, but their protein and lipid rich 

digestive gland (Nesis 1985) could serve as a back-up source of energy. Thus, in contrast 

to the loliginids and warm-water oegopsids (our data), juvenile and immature temperate and 

deep-water squid start to invest a part of their energy into the digestive gland, which achieves 

an impressive size of 15-20% BW. The re-allocation of energy from somatic growth to the 

digestive gland growth causes a substantial decrease in body growth rates in immature squid, 

and consequent appearance of the ‘early’ inflection point on their growth curve. During the pre-

spawning migration and spawning, the squid do not feed as intensively as during the juvenile 

and immature period, re-investing the energy from their digestive gland to their reproductive 

growth. During spawning they cease their growth, and either die soon before or immediately 

after achieving their final (asymptotic) size. Therefore, they have the secondary type of the 

S-shaped growth (tangent to asymptotic) evolved on the basis of the neotenic juvenile growth 

of squid ancestors.

Two types of squid growth reflect the evolutionary trends in energy investment into their 

reproduction. The direct investment (from food conversion) led to the primary non-asymptotic 

growth as in shelf loliginids. The indirect investment (through the intermediate phase of 

energy accumulation in the digestive gland) led to the secondary S-shaped growth (tangent 

to asymptotic) developed in temperate and deep-water oegopsids.
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Clarke, A., Rodhouse, P.G. & Gore, D.J. 1994. - Biochemical composition in relation to 
the energetics of growth and maturation in the ommastrephid squid Illex argentinus. 
Philosophical Transactions of the Royal Society of London, Section B 344: 201-212. 

Nesis, K.N. 1985. - Oceanic cephalopods: distribution, life forms, evolution. Nauka Press, 
Moscow.

Rodhouse, P.G. 1998. - Physiological progenesis in Cephalopod molluscs. Biological Bulletin 
195: 17-20. 

Yang, W.T., Hixon, R.F., Turk, P.E., Krejci, M.E., Hulet, W.H. & Hanlon, R.T. 1986. - Growth, 
behavior, and sexual maturation of the market squid, Loligo opalescens, cultured through 
life cycle. Fishery Bulletin 84: 771-798.
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Evolutionary development of the octobrachian life styles - 
implications from the Fossil record

Dirk Fuchs1, Vyaceslav Bizikov2, Giacomo Bracchi3, Christina Ifrim4, Wolfgang 
Stinnesbeck5, Kazushige Tanabe6 & Robert Weis7

1 Institut für Geologische Wissenschaften, Freie Universität Berlin, Malteserstr. 74-100, D-
12249 Berlin; drig@zedat.fu-berlin.de

2VNIRO, Russian Federal Institute of Marine Fisheries & Oceanography, Verkne 
Krasnoselskaya. 17, 107140, Moscow; bizikov@vniro.ru

3 Museo Civico di Storia Naturale, Corso Venezia 55, 20121 Milano; mojak@inwind.it
4Staatliches Museum für Naturkunde, Erbprinzenstr. 13, D-76133 Karlsruhe; christina.ifrim@

smnk.de
5Geologisch-Paläontologisches Institut, Universität Heidelberg, Im Neuenheimer Feld 234, 

D-69120 Heidelberg; Stinnesbeck@uni-heidelberg.de
6 Departement of Earth and Planetary Science, University of Hongo 7-3-1, Tokyo 113-0033; 

tanabe@eps.s.u-tokyo.ac.jp
7 Séction Paléontologie, Musée National D`Histoire Naturelle Luxembourg, 25, rue Münster, 

L-2160 Luxembourg; rweis@mnhn.lu

Owing to their comparatively high frequency in the Mesozoic fossil record, the general 
morphology of vampyromorph coleoids is comparatively well understood (Fuchs 2006). In 
contrast, knowledge about the direct ancestors of the Octopoda and the Cirroctopoda was long 
time restricted to Palaeoctopus newboldi from the Late Cretaceous (Santonian, approx. 85 
Ma) Limestones of Sâhel Aalma (Lebanon). Until 2003, Palaeoctopus newboldi was the only 
known fossil coleoid that could be unambiguously assigned to the Octobrachia. Palaeoctopus 
newboldi shows a pair of fins, but the medially isolated bipartite gladius vestige indicates that 
Palaeoctopus belongs to the octopod lineage.

However, recent records of octopods and cirroctopods from Late Cretaceous deposits 
considerably improved our knowledge about ancient octobrachians. Particulary, morphology 
of the gladius vestiges as well as the palaeoenvironment suggest that a bentho-pelagic life 
style is likely for fossil octobrachians (Fuchs et al., in press a).

Fuchs et al. (in press a) described Palaeoctopus pelagicus from the Turonian (approx. 90 Ma) 
of Vallecillo (NE Mexico), on the basis of a bipartite gladius vestige, which slightly differs from 
Palaeoctopus newboldi from Lebanon. The paleoecological conditions in the Vallecillo Ocean 
suggest that Paleoctopus pelagicus inhabited the pelagic shelf. Hostile low oxygen conditions 
on the sea floor exclude a benthic mode of life for Paleoctopus pelagicus.
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Fuchs et al. (in press b) introduced three new octopods from the Cenomanian (approx. 95 
Ma) of Hâkel and Hâdjoula (Lebanon). Keuppia levante and Keuppia hyperbolaris are similar 
to Palaeoctopus, but are characterised by a more conservative type of gladius vestige. In 
contrast, Styletoctopus annae shows rod-like gladius vestiges in the lateral mantle. Owing to 
their close similarities to modern octopuses, Styletoctopus annae was classified as a member 
of the family Octopodidae.

Tanabe et al. (2006, 2008) recovered six morphologically different coleoid jaws from the 
Santonian – Campanian of Canada and Japan. At least two of them (Paleocirroteuthis 
haggarti, Paleocirroteuthis pacifica) have been interpreted as being of cirroctopod type, one 
of octopod type, and one of uncertain octobrachiate type.

Finally, Fuchs et al. (2007) reported on the first fossil evidence of a cirroctopod gladius 
vestige from the Campanian (approx. 75 Ma) of Vancouver Island (Canada). In general, the 
three-dimensionally preserved saddle- or patella-shaped gladius vestige is similar to those of 
Recent cirroctopod Cirrothauma and appears morphologically intermediate between the well-
developed gladii of vampyromorph type and the bipartite gladius vestiges of Palaeoctopus 
and Keuppia. The detailed gladius morphology partly contradicts earlier assumptions that the 
reduced gladius vestiges of both cirrates and incirrates developed through a Teudopsis or 
Trachyteuthis-like gladius (Haas 2002, Bizikov 2004, Fuchs et al. in press a, b). The gladius 
vestige rather indicates affinities to the patella-like shells of late Jurassic/early Cretaceous 
muensterellids (Celaenoteuthis, Münsterella, Tusoteuthis). A wide flattened conus with 
subterminal apex represent the most striking similarity between the Vancouver specimen and 
muensterellid shells.

Bizikov, V.A. 2004. - The shell in Vampyropoda (Cephalopoda): morphology, functional role 
and evolution. Ruthenica 3: 1-88.

Fuchs, D., Beard, G., Tanabe, K. & Ross, R. 2007. - Coleoid cephalopods from the Late 
Cretaceous North eastern Pacific. In: 7th International Symposium “Cephalopods –Present & 
Past”, abstract volume, Sapporo 2007: 131.

Fuchs, D. 2006. - Fossil erhaltungsfähige Merkmalskomplexe der Coleoidea (Cephalopoda) 
und ihre phylogenetische Bedeutung. Berlin Paläobiologische Anhandlungen 8: 1-115.

Fuchs, D., Bracchi, G. & Weis, R. (in press a). - New octopods (Cephalopoda: Coleoidea) fromD., Bracchi, G. & Weis, R. (in press a). - New octopods (Cephalopoda: Coleoidea) from 
the Late Cretaceous (upper Cenomanian) of Hakel and Hadjoula, Lebanon. Paleontology.
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Fuchs, D. Ifrim, Ch. & Stinnesbeck, W. (in press b). - A new Paleoctopus (Cephalopoda: 
Coleoidea) from the Late Cretaceous of Vallecillo, north-eastern Mexico, and implications for 
the evolution of Octopoda. Palaeontology.

Tanabe, K., Trask, P., Ross, R. & Hikida, Y. 2008. - Late Cretaceous octobrachiate coleoid 
lower jawsfrom the North Pacific regions. Journal of Paleontology 82(2):398-408.

Tanabe, K. Hikida, Y. & Iba, Y. 2006. - Two different jaws from the Upper Cretaceous of 

Hokkaido, Japan. Journal of Paleontology 80: 138-145.

Haas, W. 2002. - The evolutionary history of the eight-armed Coleoidea. In: Summesberger, 

H., Histon, K. & Daurer, A. (eds.). Cephalopods- Present & Past. Abhandlungen der Geolo-

gischen Bundesanstalt: 341-351.



 Coleoid Cephalopods 2008 Luxembourg22 



Coleoid Cephalopods 2008 Luxembourg 2�

Talks

The yolk organ of cephalopod embryos: origin and fate of a 
knapsack

Sigurd v. Boletzky

CNRS, Laboratoire Arago, F 66650 Banyuls-sur-Mer;  
boletzky@tele2.fr

All known cephalopods develop from yolky, telolecithal eggs. Depending on the species, 
ova measure between 0.8 and 35 mm. After fertilization, zygotes always undergo partial 
cleavage at the outset of embryogenesis. The resulting syncytial ‘blastocones’, from the 
fourth cleavage onward, give off individualized blastomeres in the center of the cleavage 
area, at the animal pole. Blastomeres and surrounding blastocones together form a single-
layered blastula (also termed discoblastula). Gastrulation begins with a shearing movement 
of the sub-marginal part of the blastula reaching over and beyond the marginal ring, which 
comprises the remaining blastomeres and adjacent blastocones. Subsequently, in the course 
of a strictly epibolic gastrulation, the disc- or cap-shaped blastula is transformed into a hollow, 
bell-shaped complex of cells arranged in a continuous outer layer (ectoderm) and an inner 
layer of limited thickness (mesendoderm). This hollow, cellularized complex finally envelopes 
the whole uncleaved yolk mass. At the vegetal pole the cellular envelope remains very thin, 
the ectoderm being associated only with a delicate network of thin mesoderm cells (derived 
from the margin of the mesendoderm). Once the blastopore is closed at the vegetal pole, these 
mesoderm cells differentiate rapidly to form a muscular network around the yolk mass. This 
early musculature is functional (as can recognized from the peristaltic waves of contraction 
running over the ectodermic surface) long before the organ systems of the embryo proper are 
differentiated. The so-called ‘extra-embryonic’ complex containing this musculature can now 
be called the outer yolk sac. Its contents cannot be distinguished from the yolk mass lying 
inside the embryo proper (the so-called inner yolk sac).

What can be termed yolk organ is the entire complex comprising the yolk mass proper (including 
also the syncytial sub-surface elements such as nuclei and the accompanying cytoplasm that 
forms a three-dimensional network of filaments running across the yolk mass), the blood-filled 
space surrounding the yolk mass in the outer yolk sac, and the transient musculature of the 
outer yolk sac. A minor terminological problem arises with regard to the lining of the blood 
vessels and sinuses surrounding the inner yolk sac, since they become a part of the definitive 
venous system. In functional terms, however, these prospective venous vessels and sinuses 
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are still derivatives of the outer yolk sac blood lacuna, the blood circulation being generated 
by the peristaltic waves of contraction of the outer yolk sac envelope.

In the course of organogenesis, the overall contraction of the embryo cap, especially in the 

prospective cephalic part, leads to a strong constriction by which the separation of the inner 

from the outer yolk sac becomes increasingly distinct. By the end of organogenesis proper, 

most of the contents of the inner yolk sac have been extruded to the outer yolk sac. Soon after 

that, the inner yolk sac begins to increase in size, apparently due to an „influx“ of yolk from the 

outer yolk sac. Exactly how this is achieved is not yet entirely elucidated.

Given the greater surface of the yolk syncytium and the absence of a cellular barrier (no 

vascular lining!) in the outer yolk sac, most of the transfer of nutrients from the yolk to the 

circulatory system (which distributes these nutrients throughout the embryo) takes place in 

the outer yolk sac. Once the outer yolk sac is empty (due to the combined effects of yolk 

digestion and yolk transfer to the inner sac), the inner yolk sac represents the ‘knapsack’ 

allowing the hatchling to survive for a short time without other food. However, under normal 

conditions, a newly hatched cephalopod begins to capture live prey within hours. The food 

thus taken is digested independently while the remaining yolk is absorbed. The final phase 

of yolk absorption reveals the anatomical relationship of the inner yolk sac - it forms a ‘plug’ 

sitting in the Vena hepatica.

The only exceptions to the ‘knapsack’ principle are some octopods producing very large eggs; 

in their embryos no inner yolk sac remains after early organogenesis. This is the opposite 

of what happens in oegopsid squids producing extremely small eggs; in their embryos no 

distinct outer yolk is formed, so that from the beginning the ‘knapsack’ is fully integrated in the 

developing body.
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Coleoid Cephalopod Retinae – A Comparative Morphological 
Approach

Elvira Scharpf, Gerhard Haszprunar & Martin Heß

Biozentrum LMU München, Großhadernerstr. 2, D-82152 Planegg-Martinsried, Germany;2, D-82152 Planegg-Martinsried, Germany; 
hess@zi.biologie.uni-muenchen.de

Morphological and morphometrical investigations of visual systems provide structural data 
that enable the derivation of probable visual functions and their adaptation in terms of visual 
ecology. The photoreceptor size can be interpreted as proportional to sensitivity, the photore-
ceptor density as proportional to visual acuity. Interspecific differences may result from 
disparate habitats and/or habits during adaptive radiation, e.g. diurnal/nocturnal activity or 
shallow/deep water dwelling. Stimulated by the well known conditions in teleosts (see e.g. 
Lythgoe 1979) a comparative study on cephalopod retinae should reveal analogous inter-
dependencies between structure and habitat, habit or similarities caused by phylogenetic 
relationship. 

We investigated the retinae of four coleoid cephalopod species collected from the Mediter-
ranean off Banyuls-sur-mer (France), two from shallow water: Octopus vulgaris and Sepia 
officinalis and two from greater depths: Eledone cirrhosa and Sepietta neglecta. Eyes were 
excised, fixed in buffered glutaraldehyde and subsequently each retina was dissected into 
24 pieces. The retina fragments were bisected, embedded in epoxy resin and cut in radial 
and tangential direction respectively. Semithin sections were used to demonstrate retinal 
histology, to measure layer extensions and to determine photoreceptor densities. Ultrathin 
sections were made to investigate fine structures. To plot retinal maps of various morpho-
logical characters (e.g. distal segment length and photoreceptor density) the polar coordi-
nates of each measured value were determined and isolines were calculated after linear 
interpolation with a self-made computer algorithm (IDL).

Longitudinal sections through the retinae of all examined species (Figs. 1A-C) show the 
characteristic stratification of the photoreceptors with proximal and distal segments, supporting 
cell nuclei in between and the plexiform layer close to the eye cartilage (see Yamamoto et 
al. 1965). The length of distal segments (containing the rhabdomers) varies strikingly with 
retinal location, culminating in a horizontal streak near the eye-equator (Figs. 1F-H, but see 
I). Tangential sections at the level of the distal segments (Figs. 1D, E) show the photoreceptor Tangential sections at the level of the distal segments (Figs. 1D, E) show the photoreceptorTangential sections at the level of the distal segments (Figs. 1D, E) show the photoreceptor 
profiles for enumeration. The corresponding density maps show horizontal streaks (Figs.1J, 
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K) or an area (Fig. 1L) of increased density, more or less concurrent with the topography of 
distal segment lengths.

The two complex retinal characters determined here (distal segment length- and density-
distribution) expand the data provided by Young (1963). They suggest an increased visual 
acuity without loss in sensitivity in the central to temporal visual field and a corresponding 
attention focus in the examined Octobrachia. Different dwelling depths evidently had no 
morphogenetic effect. The small and steep area in Sepia may subserve a precise visual 
distance determination during binocular fixation before prey-strokes, thus representing an 

Fig. 1: A-E: Octopus vulgaris retina, histological sections. ds: distal segments, pl: plexiform layer, 
ps: proximal segment, sc: supporting cells. F-I: distal segment length-distribution of O. vulgaris, 
E. cirrhosa, S. officinalis & S. negclecta. J-L: photorezeptor density distribution for O. vulgaris, E. 
cirrhosa & S. officinalis.
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adaptation to the hunting behavior of Decabrachia. The deviating structure of the Sepietta retina 
may be due to the buried way of life, but more data are needed for a solid interpretation.

We are indebted to Dr. Sigurd von Boletzky for his gentle help in animal procurement.

Lythgoe J.N.1979. - The ecology of vision. Clarendon Press, Oxford, 270 p.

Yamamoto T., Tasaki K., Sugawara Y. & Tonosaki A. 1965. - Fine structure of the octopus 
retina. Journal of Cell Biology 25: 345-359. 

Young J.Z. 1963. - Light- and dark-adaptation in the eyes of some cephalopods. Proceedings 
of the Zoological Society London 140: 255-272

Table. Interspecific differences

Species Lmin
[µm]

Lmax
[µm] Position of Lmax

Dmin
[104µm-2]

Dmax
[104µm-2] Position of Dmax

Octopus vulgaris 130 268 temporal to median 163 524 horizontal, median

Eledone cirrhosa 125 283 temporal 1/3 of streak 200 647 horizontal, median

Sepia officinalis 163 341 naso-median above 
equator 265 867 temporal at equator

Sepietta neglecta 249 435
ventro- and dorso- 
temporal, nasal & 

equator. depression
n.d. n.d. n.d.
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Fig. 1: A) SEM analysis of an embryo (stage 28) of S. officinalis with its Hoyle organ (white arrow). B) 
Cross-section of an area with the granular cell type. Cilia are situated around the glandular area as 
well as between the non-secretory cell types. Scale bar in B=100 µm

Hoyle organ versus adhesive organ: an overview

Janek von Byern, Waltraud Klepal & Norbert Cyran

University of Vienna, Faculty of Life Sciences, Cell Imaging and Ultrastructural Research 
Unit, Vienna, Austria; nbc555@gmx.at

Hoyle organ: The structure of the Hoyle organ was first described in 1889 by Hoyle but its 
function was unclear. Later studies by von Orelli (1959) and others suggested a digestive 
function during hatch. The Hoyle organ is present exclusively on the posterior part of the 
dorsal mantle surface (Fig. 1A) in the late embryonic developmental phase (Sepia stage 
22-23, Loligo stage 28, Octopus stage 13) (von Orelli 1959, Fioroni 1962, Arnold & Singley, 
1989). This secretory organ consists of one secretory cell type, filled with granular material 
(Fig. 1B) and two further cell types, which lack secretory material. Von Orelli (1959) and Arnold 
& Singley (1989) suggest that release of the digestive enzymes is facilitated by compression. 
Directly after secretion, the chorion of Sepia and Loligo becomes visibly distorted, whereas 
digestion of the membrane in Octopus takes longer (von Orelli 1959).

Arnold & Singley (1989) assume that the digestive enzymes are of specific nature because 
weak acids, bases or proteases such as trypsin, pronase and protease K do not attack the 
chorion. Following hatching, the production of secretory material ceases and the Hoyle organ 
degrades within hours (von Orelli 1959).

A B
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Adhesive organ: Like the Hoyle organ also the adhesive organ in Idiosepius first appears 
during late embryonic development (stage 24 of 30 embryological stages) on the posterior 
part of the dorsal mantle surface (Fig. 2A). But even at hatch (stage 30 = 6-18 days depending 
on the species) (Natsukari 1970, Yamamoto 1988) the adhesive system is not fully developed 
(Suwanmala et al. 2006; von Byern et al. 2006); it takes further 15 days to observe first 
attachment behavior in Idiosepius. The adhesive organ of the hatched specimens consists 
only of one glandular cell type (Fig. 2B), contrary to three in adult individuals (von Byern et 
al. 2006). It remains to be clarified if this cell type is a pre-stage of one of the three glandular 
cells in adults or a pre-stage of all three cell types.

Fig. 2: A) SEM analysis of an embryo (stage 2�) of I. biserialis 
with its adhesive organ (black arrow). B) Morphologically 
only one cell type can be identified based on the secretory 
granula. Scale bar in B=� µm. 

A B

Relation between Hoyle organ and adhesive organ: A relationship between the two glandular 
systems cannot be excluded. Both glandular systems are developed in the late embryonic stages 
and morphologically they are similar in size and origin However, the different development 
and function of the Hoyle organ and the adhesive organ (attachment vs. digestion) rule out 
the possibiliy of them being homologous.

Arnold, J. M. & Singley, C. T. 1989.- Ultrastructural changes in the cells of the Hoyle organ 
during hatching of the squid Loligo peali. Journal of Cephalopod Biology 1 (1): 1-14.Journal of Cephalopod Biology 1 (1): 1-14.
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Fioroni, P. (1962): Die embryonale Entwicklung der Hautdrüsen und des Trichterorganes von 
Octopus vulgaris Lam. Acta Anatomica 50: 264-295.Acta Anatomica 50: 264-295.

Hoyle, W. E. 1889.- VI. On a tract of modifies epithelium in the embryo of Sepia. Proceedings 
of the Royal Physical Society of Edinburgh X: 58-60.

Natsukari, Y. 1970.- Egg-Laying behavior, Embryonic Development and Hatched Larva of 
the Pygmy cuttlefish, Idiosepius pygmaeus paradoxus Ortmann. Bulletin of the Faculty of 
Fisheries, Nagasaki University 30: 15-29.

Suwanmala, J., Szaffich, C. A., von Byern, J., & Nabhitabhata, J. 2006.- �ltrastructuralUltrastructural 
insights in the embryonic development of Idiosepius biserialis (Mollusca, Cephalopoda). In 
Moltschaniwskyj, N. A., Pecl, G. T., Semmens, J., and Jackson, G. D. (Eds) Cephalopod 
International Advisory Council Symposium 2006 (pp. 106). Hobart, TasmaniaHobart, Tasmania

von Byern, J., Shigeno, S., Klepal, W., & Kasugai, T. 2006.- Postembryonic development ofPostembryonic development of 
the adhesive organ in Idiosepius under artificial conditions. In Moltschaniwskyj, N. A., Pecl, 
G. T., Semmens, J., & Jackson, G. D. (Eds) Cephalopod International Advisory Council 
Symposium 2006 (pp. 54). Hobart, Tasmania

von Orelli, M. 1959.- Über das Schlüpfen von Octopus vulgaris, Sepia officinalis und Loligo 
vulgaris. Revue Suisse de Zoologie 66 (18) : 330-343. : 330-343. 330-343.

Yamamoto, M. 1988.- Normal Embryonic Stages of the Pygmy Cuttlefish, Idiosepius pygmaeus 
paradoxus Ortmann. Zoological Science. 5: 989-998.
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Fig. 1: A-B: Adhesive organ of Sepia tuberculata. A Three glandular cell types (T 1, 2 and �). B 
Secretion of cell type 2 and type �. Mv microvilli. Scale bar A-B : 2 µmMv microvilli. Scale bar A-B : 2 µm

Ultrastructural characterization of the adhesive area of Sepia 
tuberculata (Lamarck, 1798)

Andrea Micossi *, Waltraud Klepal & Janek von Byern 

Cell Imaging and Ultrastructure, Faculty of Life Sciences, University of Vienna, Vienna, 
Austria. * Corresponding author: Andrea Micossi; diefine@gmx.at

Marine animals developed mechanical or chemical adhesive mechanisms to capture prey, to 
camouflage or to avoid drifting. In cephalopods mechanical adhesion is mainly achieved by 
a reduced-pressure system (Kier & Smith 2002; Smith 1991, 1996). In contrast, three genera 
of Cephalopoda (Idiosepius, Euprymna, Nautilus) adhere by means of chemical substances 
(von Byern & Klepal 2006). The morphology and the localisation of the adhesive areas vary 
according to the genera.

Four species of Sepia (S. typica, S. papillata, S. pulchra and S. tuberculata) use a mechanical 
mechanism to adhere to substratum (von Boletzky & Roeleveld 2000). In all species dermal 
structures on the ventral mantle side and the fourth arm pair (S. tuberculata, S. papillata) 
(Roeleveld 1972) act as a set of suckers and effect the bonding (von Boletzky and Roeleveld 
2000). Histochemical and morphological analyses for Sepia tuberculata indicate an additional 
chemical adhesion (Scott 2000). In order to verify this hypothesis, ultrastructural investigations 
were made to characterize the surface and the different cell types within the adhesive area.
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The height of the adhesive epithelium (about 125 µm) is considerably higher than the non-
adhesive mantle epithelium (about 50 µm). In the adhesive single-layered epithelium four 
gland cell types (type 1, type 2, type 3 and goblet cells) and the non-secretory interstitial 
cells can be distinguished by their structure and secretory composition (Fig. 1A). At the base 
the adhesive area is separated by a basement membrane from the connective tissue and 
the musculature. Apical it is limited by microvilli. Type1, type 2 and type 3 cells are filled with 
granules (type 1: 1-1.5 µm; type 2: 0.5-1 µm; type 3: 50-250 nm). Here cell type 3 is always in 
conjunction with type 2 (Fig. 1B). 

The occurrence of Golgi body and rough endoplasmatic reticulum in the glandular cells 
indicate the synthesis of protein and carbohydrate substances. Cell type 1, single type 2 cells 
and goblet cells are also in the other mantle epithelium. Some interstitial cells in the mantle 
and in the adhesive area have one or more cilia on the apical pole. 

Ultrastructural comparison with the adhesive system of Euprymna (Singley 1982), Idiosepius 
(Cyran et al. 2005) and Nautilus (Muntz & Wentworth 1995) indicate a congruence concerning 
the number and secretory content (two cells with granules). For these species a chemical 
adhesion is verified (von Byern & Klepal 2006). We suggest that the known mechanical 
adhesion of Sepia tuberculata (von Boletzky & Roeleveld 2000) might be supported by 
chemical substances from cells type 2 and 3.

Cyran N., von Byern J. & Klepal W. 2005.- Ultrastructure of the adhesive organ ofUltrastructure of the adhesive organ of Idiosepius 
(Mollusca, Cephalopoda). Microscopy Conference 6. Dreiländertagung 28.08.-02.09.2005 
(pp. 164). Paul Scherrer Institut, Davos, Switzerland

Muntz, W.R.A. & Wentworth S.L. (1995).- Structure of the adhesive surface of the digital 
tentacles of Nautilus pompilius. Journal of the Marine Biological Association of the United 
Kingdom 75: 747-750.

Kier W.M. & Smith A.M. 2002.- The structure and adhesive mechanism of Octopus suckers. 
Integrative and Comparative Biology 42: 1146-1153.

Roeleveld M.A.C 1972.- A review of the Sepiidae (Cephalopoda) of Southern Africa. Annals of 
the South African Museum 59 (10): 193-313.

Scott R. 2000.- Ventral adhesion in Sepia species. Honoured project for the degree of B.Sc. 
under the Supervision of Prof. Dr. Ch. Griffiths, �niversity of Cape Town and Dr. M. 
Roeleveld, South African Museum, Cape Town, South Africa. Unpublished. 

Singley C. T. 1982.- Histochemistry and fine structure of the ectodermal epithelium of the 
sepiolid squid Euprymna scolopes. Malacologia 23 (1): 177-192.
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Smith A.M. 1991.- Negative pressure generated by Octopus suckers: A study of the tensile 
strength of water in nature. Journal of Experimental Biology 157: 257-271.

Smith A.M. 1996.- Cephalopod sucker design and the physical limits to negative pressure. 
Journal of Experimental Biology 199: 949-958.

von Byern J. & Klepal W. 2006.- Adhesive mechanisms in cephalopods: a review. BiofoulingAdhesive mechanisms in cephalopods: a review. Biofouling 
22 (5): 329-338.

von Boletzky S. and Roeleveld MAC 2000.- “Ventral adhesion” to hard substrates: a thigmotactic 
response in sepiid cuttlefish (Mollusca, Cephalopoda). Vie et Milieu 50 (1):Vie et Milieu 50 (1): 59-64.
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The Skeleton Of The Belemnoidea: Extraordinary Changes 
From The Early Carboniferous Hematites To The Late 

Cretaceous Belemnitella

Larisa A. Doguzhaeva

Department of Palaeozoology, Swedish Museum of Natural History, Stockholm, Sweden

<larisa.doguzhaeva@nrm.se>

The belemnoids supposedly fall within Decabrachia (supposedly fall within Decabrachia (Boletzky 2002), which comprises seven 
orders:: Hematitida, Donovaniconida, Aulacoceratida, Phragmoteuthida, Belemnoteuthida, 
Belemnitida, Diplobelida. Evolutionary changes in the morphology of the skeleton in the 
Belemnoidea during their 250-270 million year history are typified by selected genera fromduring their 250-270 million year history are typified by selected genera fromby selected genera from 
these orders..

Hematitida (Early Carboniferous). In Hematites a short (about 50 mm long) prominent rostrum 
has numerous broad longitudinal ridges. The flat crests of the ridges bear a row of pits that 
continue into pronounced narrow channels. The central zone of the post-alveolar part of the 
rostrum is built of loosely packed calcareous rods and seems to contain originally organic 
material. The rostrum has little similarity with any other known rostra. The final chamber is 
about 1.5 camera length. The conotheca consists of five-six layers with no nacreous layer. The 
peristome has a ventro-lateral sinus. There is no pro-ostracum or pro-ostracum-like structure.

Donovaniconida (Early-Late Carboniferous). These phragmocone-bearing coleoids are about 
60 mm in length, with a short breviconic phragmocone, a long body chamber, a short (about 
1/5 of a shell length) broad pro-ostracum-like structure, ink sac, arm hooks, and sheeth-like 
rostrum (Doguzhaeva et al. 2007). The conotheca includes a lamello-fibrillar nacreous layer. 
The mural parts of the septa are about 1/2 camera in length. Also, in Saundersites the rostrum 
has a short, loosely calcified post-alveolar part. 

Aulacocerida (Late Carboniferous-Jurassic). The oldest genus is Mutveiconites with a loosely 
calcified rostrum that has a short post-alveolar portion about the size of a protoconch. The 
rostrum extends forward to about the first ten chambers of the phragmocone. The body 
chamber is tubular. The conotheca comprises a thin outer prismatic and a thick nacreous 
layer with columnar ultrastructure. In Mesozoic taxa the rostrum is well developed and a short 
pro-ostracum-like structure is present.
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Phragmoteuthida (Late Permian, Middle Triassic – Early Jurassic). In Phragmoteuthis the 
long broad pro-ostracum is trilobate. The length ratio of the pro-ostracum and phragmocone 
is approximately 1:1 with a width ratio of about 3:4. The pro-ostracum is built of two layers:  
an inner lamello-columnar layer and an outer layer with a plate ultrastructure. The orthoconic 
phragmocone has short camerae with long (about 2/5 of the camera length) mural parts of 
septa. The presence of a rostrum has not been observed. The only mandible known for the 
Phragmoteuthida is in Late Triassic Lunzoteuthis. Only the lower mandible is known: it has 
broad wings, a flattened crest, and a beak with a thick anterior edge.

Belemnoteuthida (Middle Jurassic-Lower Cretaceous). In Belemnoteuthis the apical portion 
of the rostrum consists of outer and inner layers, the former being solid prismatic and the latter 
being loosely mineralized composed of similar loosely packed prismatic units. Toward the 
aperture the rostrum loses its inner layer and the outer layer becomes spherulitic-prismatic. 
The outer surface of the rostrum is covered by a thin, possibly originally organic, layer.  The 
conotheca has three layers at earlier growth stages. At later growth stages the outer prismatic 
layer and then the nacreous layer wedge out. The pro-ostracum has a central field boarded 
on each side by a hyperbolar zone. It has an ultrastructure similar to the pro-ostracum of the 
phragmoteuthids (see above). 

Diplobelida (Late Jurassic-Upper Cretaceous). In Tauriconites the rostrum is stout, short, with 
deep alveolus and very short post-alveolus section. It lacks radially prismatic ultrastructure. 
The slightly curved phragmocone is breviconic. A primordial rostrum is missing. The long 
narrow pro-ostracum has central and lateral fields with hyperbolar zones. 

Belemnitida (Early Jurassic-Late Cretaceous). In Passaloteuthis the primordial rostrum was 
loosely calcified, apparently contained much organic material and lacked a radially prismatic 
ultrastructure. The loosely calcified pro-ostracum was already formed in the first camera ofThe loosely calcified pro-ostracum was already formed in the first camera of 
the phragmocone and had typical adult stage morphology with a central and two hyperbolar 
zones. In In Megateuthis the pro-ostracum ornamentation differs on outer and inner surfaces. In 
belemnitids the conotheca is three-, two-, one-layered, or it can be missing with a continuation 
of the primordial rostrum or a mural part of the first septum replacing a phragmocone wall. 
The rostrum has a radially prismatic ultrastructure. The Late Cretaceous Gonioteuthis has an 
organic capsule around the phragmocone (Doguzhaeva et al., in prep.).

Based on these characteristics seen in different genera in different orders of the Belemnitidae, 
the early evolution in Belemnoidea is characterized by a mosaic combination of “old” and “new” 
skeleton traits, the parallel appearance of novel taxa with short time ranges, and relatively 
rapid changes in basic morphology. In the Mesozoic the origin of new skeleton features was 
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rare, and the pro-ostracum with the reduction of the phragmocone became the evolutionary 
focus that reflected the soft body/shell attachment transformation seen in Jurassic-Cretaceous 
Belemnoidea. The development of the organic capsule in the Late Cretaceous Gonioteuthis 
seems to be the most recent belemnoid skeleton novelty. 

Boletzky S.v. 2002. - Developmental morphology of the coleoid arm crown: reflections on 
the phylogenetic position of belemnoids. Berliner Paläobiologische Abhandlungen 1: 
12-13. 

Doguzhaeva L.A.,.Mapes R.H. and MutveiMutvei H..2007..-.A Late Carboniferous Coleoid 
Cephalopod from the Mazon Creek Lagerstätte (USA), with a radula, arm hooks,radula, arm hooks,adula, arm hooks, 
mantle tissues, and ink. In: Landman N.H., Davis R.A., and Mapes R.H. (eds.) Sixth, and Mapes R.H. (eds.) Sixth and Mapes R.H. (eds.) Sixth.H. (eds.) SixthH. (eds.) Sixth(eds.) Sixtheds.) Sixth) Sixth Sixth 
International Symposium, Cephalopods – Present and Past, p. 121-143. Springer, The 
Netherlands.

Doguzhaeva L.A., Bengtson S.M. and Mutvei H. - An organic skeleton in belemnites – an 
evolutionary novelty that did not prevent the final extinction of the Belemnoidea. (in 
prep.)
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Taphonomic analysis of a new coleoid cephalopod from the 
Shark Shale (Upper Carboniferous) from Nebraska, USA

Royal H. Mapes1, Larisa A. Doguzhaeva2, Harry Mutvei3 & Roger Pabian4

1Ohio University, Department of Geological Sciences, Athens, USA 45701;  
mapes@ohio.edu

2,3 Department of Palaeozoology, Swedish Museum of Natural History, Stockholm, Sweden 
ldoguzhaeva@rambler.ru; harry.mutvei@nrm.se

4 Conservation and Survey Division, University of Nebraska, Lincoln, NE, USA  
rpabian@neb.rr.com

Five uniquely preserved specimens of undescribed Late Carboniferous (Kasimovian) 
phragmocone-bearing coleoid cephalopods from Nebraska and Iowa are of a special value 
as they demonstrate the oldest known and excellently preserved flask-like ink sacs filled 
with fossil ink. The shells are strongly compressed, but in spite of that, the ink sacs show no 
deformation. In these specimens the phragmocones have thin shell walls, closely spaced septa, 
long mural parts of septa, and relatively small siphuncles. The number of preserved septa in 
the phragmocones varies from 2 to 11. One specimen with a large quantity of preserved shell 
shows that the ink sac is both underlain and covered by shell material indicating the presence 
of a body chamber. In other specimens the presence of a body chamber is suggested by traces 
of shell, no apparent septa, and impressions in the shale. None of the specimens preserve a 
rostrum or arm hooks. Under SEM the shell wall of one specimen is multilayered; however, all 
the shell material is replaced by phosphate, which did not preserve the ultrastructural details.

Of these specimens, one presents a particularly difficult problem of taphonomic interpretation, 
and ultimately this interpretation will impact the systematic interpretation. The fossil is 
represented by a part (USNM 16567A) and counter-part (USNM 16567B) because it was 
divided into two parts when the shale was split. Some of the shell may not have been 
preserved, and some may have been lost when the specimen was collected. The remaining 
shell material has been replaced by phosphate. Because of the burial conditions and the way 
the specimen was exposed when collected, some unusual morphologic features of the shell 
are apparent on the crushed specimen. These features include 1) the imprint of a final body 
chamber that is too small to accommodate the whole body (organs) of the coleoid, 2) the 
impression of the mural parts of 4 septa on top of the undistorted ink sac, 3) the overall lack 
of septal fragments in the specimen while the mural parts of the septum are well preserved, 
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and 4) the lack of shell debris near the fossil impression. The posterior of the shell is not well 
preserved and may be missing. We visualize three potentially possible taphonomic scenarios 
to explain this unusual combination of morphologic features. 

Scenario One: The phragmocone and the final body chamber of the specimen were internal 
inside the body of the animal. The phragmocone was in a dorsal position above the ink sac 
and perhaps other visceral organs. During burial and compaction, the septa collapsed directly 
onto the ink sac, which was filled with solidified ink. Diagenesis removed parts of the shell 
and septal fragments leaving traces of the mural parts of the septa on the ink sac. In places 
the specimen has a clearly impressed outer edge; in other places the outline of the shell 
is missing. Traces of the septa are present on the orad end of the ink sac. This, plus the 
distribution of the shell fragments, supports the contention that the phragmocone was over 
some of the viscera during life.

Scenario Two: The internal organs including the ink sac were in front of the phragmocone, 
and the mantle covered the shell. The test and septa of the entire phragmocone and body 
chamber was thin. After burial and when the shell was being crushed by compaction, the ink 
sac filled with solidified ink was pushed into the phragmocone where the mural parts of at 
least four septa were impressed on the ink sac. 

Scenario Three: The internal organs including the ink sac were in front of the phragmocone, and 
a thin mantle covered the shell. At the time of death, the ink solidified quickly, and then the gas-
filled chambers in the phragmocone imploded as the specimen drifted slowly to the bottom. The 
implosion destroyed the apical end of the shell. Most of the thin septal fragments were expelled 
out the apical end of the phragmocone with the cameral gas. As the implosion occurred, the 
ink sac moved simultaneously into the damaged phragmocone. After burial, the phragmocone 
collapsed leaving the impressions of the mural parts of the septa on the ink sac.

There are problems with each taphonomic interpretation. However, irrespective of which 

taphonomic and morphological reconstruction is utilized, there are problems with the 

phylogenetic placement of the specimen. The specimen has a phragmocone, a partial body 

chamber, and no rostrum. The presence of ink supports a coleoid interpretation. Presently, 

no Carboniferous coleoid order as presently defined can accommodate this specimen. Thus, 

in addition to the fact that this specimen from Nebraska is a new genus and a new species, 

it also belongs to a new coleoid family and order that has not been previously discovered. 

However, the problem of a realistic taphonomic interpretation that will explain the preservation 

of the specimen is still under study.
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The Coleoidea of the upper Kimmeridgian Nusplingen 
Lithographic Limestone – diversity, preservation and 

palaeoecology

Günter Schweigert & Gerd Dietl
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The Nusplingen Lithographic Limestone represents the only fossiliferous example of laminates 
in the Upper Jurassic of Swabia. It is located in the south-western part of the Swabian Alb, 
c. 10 km north of the Danube Valley, and covers an area of only 1.5 km2. Excavations by a 
team of the Stuttgart Natural History Museum started in 1993 in the Egesheim quarry (lower 
part of section) and 1994 in the Nusplingen quarry (upper part of section). The Nusplingen 
Lithographic Limestone was deposited in an about 80 metres deep lagoon surrounded by 
shallow water areas and sponge-microbial mounds partly elevated above sea level as small 
islands. In the deep Nusplingen lagoon, bituminous laminates were deposited, occasionally 
separated by turbidite layers. More details on the geological setting of this fossillagerstätte 
may be obtained from Dietl & Schweigert (1999, 2001, 2004).

In contrast to the Solnhofen limestones of Franconia, the ammonite fauna of the Nusplingen 
Lithographic Limestone indicates a slightly older age, late Kimmeridgian, Ulmense Subzone 
(Schweigert 2007). The Nusplingen Lithographic Limestone is famous for its exceptional 
preservation of vertebrates such as fishes, sharks, marine crocodiles and pterosaurs, although 
invertebrates like decapod crustaceans and especially cephalopods are much more common. 
Among a total of c. 350 taxa recorded until 2008, there are eight taxa of coleoids.

Belemnites are most common in all layers except of the turbidites, represented by Hibolithes 

semisulcatus Münster. The different modes of preservation of this taxon were studied by 
Schweigert (1999). In addition, a single specimen of a second belemnite taxon was recorded 
in the 2007 excavation campaign: Rhaphibelus acicula (Münster), previously only known from 
the Tithonian Lithographic Limestones in the vicinity of Eichstätt. Among belemnoteuthids, 
some poorly preserved phragmocones lacking a calcitic rostrum are referred to Pavloviteuthis 

kapitzkei engeser. The latter was originally described from late Kimmeridgian coral limestones 
in E Swabia. The same form as in Nusplingen, however, also occurs in the Tithonian of 
Solnhofen (unpublished). Some hooklets within a phosphatic coprolite are partly assigned to 
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the parataxon Deinuncus, but it is unclear if they belong to Pavloviteuthis or to another still 
unknown form.

Besides these mentioned forms there are three other species assigned to Vampyromorpha 
by Fuchs (2006) and Fuchs et al. (2007): Leptotheuthis gigas Meyer, Plesioteuthis prisca 
(rüppell), and Trachyteuthis nusplingensis FucHs,.engeser.&.keupp. From all of these, the 
mandibles are known, in the case of Leptotheuthis and Trachyteuthis even as in situ finds 
(Klug et al. 2005). In Nusplingen, the phosphatic muscle tissue of coleoids is only preserved 
in very few specimens, among them a single Leptotheuthis gigas with its tentacles and funnel. 
This is somewhat strange, because the ink sac or even the leaked ink is almost always 
present, pointing to a rapid burial. Interestingly, many of the vampyromorph gladii from 
Nusplingen show signs of predation. Moreover, in several examples of Leptotheuthis and 
Plesioteuthis (but not yet in Trachyteuthis) also the prey is preserved as stomach or crop 
contents. It consists of fish remains and/or small lamellaptychi of ammonites.

When recently the illustrated specimens of Trachyteuthis from Nusplingen were recognized 
as a separate taxon which seems to be restricted to this site (Fuchs et al. 2007), the question 
arises whether this occurrence is either due to evolutionary or to regional reasons. In other 
words, did the long-known species Trachyteuthis hastiformis (rüppell) from the early Tithonian 
Solnhofen limestones evolve from the late Kimmeridgian Trachyteuthis nusplingensis, or does 
the latter just represent a local race? A re-study of all prepared specimens of Trachyteuthis from 
Nusplingen indicates that besides Trachyteuthis nusplingensis also Trachyteuthis hastiformis 
very rarely occurs, even in the stratigraphically older layers of the Egesheim quarry. Thus we 
assume that the two coeval forms of the same genus must have differed in their ecological 
requirements; in contrast to the Franconian sites in the Solnhofen area the Nusplingen lagoon 
was located in a more pelagic environment.

Dietl G. & Schweigert G. 1999. - Nusplinger Plattenkalk. Eine tropische Lagune der Jura-Zeit. 
Stuttgarter Beiträge zur Naturkunde, Serie C 45: 1-64.

Dietl G. & Schweigert G. 2001. - Im Reich der Meerengel – Fossilien aus dem Nusplinger 
Plattenkalk. Friedrich Pfeil, München, 144 p.

Dietl G. & Schweigert G. 2004. - The Nusplingen Lithographic Limestone – a “fossil 
lagerstaette” of Late Kimmeridgian age from the Swabian Alb (Germany). Rivista Italiana 
di Paleontologia e Stratigrafia 110: 303-309.

Fuchs D. 2006. - Fossil erhaltungsfähige Merkmalskomplexe der Coleoidea (Cephalopoda) 
und ihre phylogenetische Bedeutung. Berliner paläobiologische Abhandlungen 8: 1-115.
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Fuchs D., Engeser T. & Keupp H. 2007. - Gladius shape variation in coleoid cephalopod 
genus Trachyteuthis from the Upper Jurassic Nusplingen and Solnhofen Plattenkalks. 
Acta Palaeontologica Polonica 52: 575-589.

Klug C., Schweigert G., Dietl G. & Fuchs D. 2005. - Coleoid beaks from the Nusplingen 
Lithographic Limestone (Late Kimmeridgian, SW Germany). Lethaia 38: 1-20.Lethaia 38: 1-20.

Schweigert G. 1999. Erhaltung und Einbettung von Belemniten im Nusplinger Plattenkalk 
(Ober-Kimmeridgium, Beckeri-Zone, Schwäbische Alb). Stuttgarter Beiträge zur 
Naturkunde, Serie B 273: 1-35.

Schweigert G. 2007. - Ammonite biostratigraphy as a tool for dating Upper Jurassic lithographic 
limestones from South Germany – first results and open questions. – Neues Jahrbuch für 
Geologie und Paläontologie, Abhandlungen 245: 117-125.
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Fossil Coleoids from the Late Cretaceous
(Campanian & Maastrichtian) of the Western Interior

Neal L. Larson

Black Hills Institute of Geological Research & Black Hills Museum of Natural History

PO Box 643, 117 Main Street, Hill City, South Dakota 57745;  
ammoniteguy@bhigr.com

Coleoid cephalopods have been reported from the Campanian and Maastrichtian of the Western 
Interior for more than 150 years, yet they remain poorly described and scantily represented. 
Meek & Hayden (1856) described Belemnitella bulbosa from the Fox Hills Formation (upper 
Maastrichtian). A few years later Meek & Hayden (1860) also described Phylloteuthis 
subovatus from the Fox Hills Formation (upper Maastrichtian). Whiteaves (1897) described 
Actinosepia canadensis from the Bear Paw Shale (upper Campanian) of southern Alberta. 
Waage (1965) reported on the occurrence of Actinosepia canadensis WHiteaves, 1897 from 
the Fox Hills Formation (upper Maastrichtian). Tusoteuthis longa logan, 1898 was reported 
by Nicholls & Isaak (1987) from the Pembina Member of the Pierre Shale (lower Campanian) 
in Manitoba. Larson et al. (1997) illustrated an undescribed species of Tusoteuthis from the 
Baculites compressus zone of Pierre Shale in South Dakota (upper Campanian). 

The Black Hills Institute of Geological Research collections from the Pierre Shale and Fox Hills 
Formation have revealed new information along with new discoveries regarding the Upper 
Cretaceous coleoids of the Western Interior. While Actinosepia is widely distributed in the 
upper Campanian (Baculites compressus Range Zone) to upper Maastrichtian (Jeletzkytes 
nebrascensis Range Zone) sediments throughout the northern portions of the Western Interior, 
there appear to several species based on their morphology and biological zones. Two coleoid 
jaws from the Baculites compressus zone of Pierre Shale in South Dakota have recently been 
discovered, perhaps representing at least one new species. And two other coleoids, which are 
tentatively identified as Tusoteuthis sp. from the Baculites compressus zone represent new 
taxa as well. 

Larson N.L., Jorgensen S.D., Farrar R.A. & Larson P.L. 1997. - Ammonites and the other 
cephalopods of the Pierre Shale. Geoscience Press, 144 p.
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Logan, W. 1898. - The invertebrates of the Benton, Niobrara and Fort Pierre Groups  University 
Geological Survey of Kansas, Topeka. Vol. 4. Paleontology. Part 1. Cretaceous: 431-
518. Meek F.B. & Hayden F. 1860. - Description of new organic remains from the Tertiary, 
Cretaceous and Jurassic rocks of Nebraska. Proceedings of the Academy of Natural 
Sciences, Philadelphia 12: 175-185.

Nicholls E.L. and Issak H. 1987. - Stratigraphic and taxonomic significance of Tusoteuthis longa 
Logan (Coleoidea, Teuthida) from the Pembina Member, Pierre Shale (Campanian), of 
Manitoba. Journal of Paleontology 61(4): 727-737.

Waage K. M. 1965. - The Late Cretaceous coleoid cephalopod Actinosepia Canadensis 
Whiteaves. Postilla, Peabody Museum of Natural History, Yale University 94: 33 p.

Whiteaves J. F. 1897. - On some remains of a Sepia-like Cuttlefish from the Cretaceous rocks 
of the South Saskatchewan. The Canadian Record of Science 7: 459-460.
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Tusoteuthis, giant squids from the Late Cretaceous of the 
Western Interior

Neal L. Larson and Luke A. Larson

Black Hills Institute of Geological Research PO Box 643, 117 Main Street, Hill City,

South Dakota 57745; ammoniteguy@bhigr.com, lukel@bhigr.com

The giant squid Architeuthis has captivated the imagination of researchers and the public for 
the last century. We have a growing knowledge of these recent giants but our knowledge of 
monster fossil squids are limited to only a few scientific papers. The Krakens of the Cretaceous, 
like their modern counterparts, were formidable giants. Recent discoveries of Tusoteuthis 
Logan 1898 will shed new insights on the size of these poorly known creatures. 

Logan 1898 described Tusoteuthis longa, the first ‘large’ squid discovered in the Western 
Interior. The gladius of Muensterellids, to which Tusoteuthis may belong, consists of a rhachis-
like median field and outer leaf-like lateral fields. The lateral fields form a patella like structure 
also referred to as “wings” (Nicholls & Issac 1987). In all Tusoteuthids, the rhachis ends a little 
before the middle of the leaf-like wings, but the entire rhachis is more than twice the length of 
the lateral field length (leaf-like wings), quite different than Muensterelids. 

The first described Tusoteuthis was not a large squid, its lateral fields measured 40 cm by 16 
cm wide with an incomplete rhachis (2.5 cm in width). Based on the proportions of a nearly 
complete gladius, MDM Q84.03.18 (Nicholls & Isaak 1987), the gladius length of Logan’s 
type would have measured about 120 cm. If these ancient squids were proportioned similar 
to extant squids (Architeuthis), and if they had tentacles (probably not) this entire animal when 
alive could have measured 4-5 meters in length. Since that time, several larger specimens 
have been recovered.

Six specimens referred to as Tusoteuthis longa. logan, 1898 were reported by Nicholls & 
Isaak (1987) from the Pembina Member of the Pierre Shale (lower Campanian) in Manitoba. 
Their largest specimen, MMMN I 794, has an incomplete lateral field 68 cm long by 35 cm 
wide with a partial rhachis 5 cm wide. Based on previous estimates, the length of its entire 
gladius would have been between 210 to 250 cm. From this estimate, MMMN I 794 would 
have rivaled a modern Architeuthis 10 to 11 meters in length.

BHI 5812 was a giant by all measurements.  The specimen is missing most of its gladius due 
to weathering and preservation and the partial preserved negative of the lateral field is only 
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46cm long by 27cm wide. The width of its uncrushed rhachis is 7.2 cm across, or 40% larger 
than MMMN I 794. If BHI 5812 had been complete, through comparison with other specimens, 
the lateral field of BHI 5812 would have measured nearly a meter long by a meter wide and its 
gladius would have been nearly 3 meters in length. Based upon previous estimates, BHI 5812 
would have been as large (if they had tentacles) as an extant Architeuthis between 12 to 14 
meters in length and would have rivaled many of the large vertebrate giants for dominance.

Logan, W. 1898. - The invertebrates of the Benton, Niobrara and Fort Pierre Groups. University 
Geological Survey of Kansas, Topeka. Vol. 4. Paleontology. Part 1. Cretaceous: 431-
518.

Nicholls E.L. & Issak H. 1987. - Stratigraphic and taxonomic significance ofStratigraphic and taxonomic significance of Tusoteuthis longa 
Logan (Coleoidea, Teuthida) from the Pembina Member, Pierre Shale (Campanian) of 
Manitoba. Journal of Paleontology, 61(4): 727-737.
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An Overview of Research on Coleoid Cephalopods from 
Tertiary rocks of Southern North America

Patricia G. Weaver1, Charles N. Ciampaglio2 & Richard E. Chandler3

1trish.weaver@ncmail.net, 2chuck.ciampaglio@wright.edu, 3chandler@math.ncsu.edu

Studies of coleoid cephalopods from Tertiary rocks of southern North America have yielded 
guard-like sheaths of three species of belemnosellids, from the Eocene of Mississippi, 
Alabama, and Louisiana; of two genera of belosaepiids, from Alabama, Louisiana, Texas and 
North Carolina; of two genera of spirulids, one from the Miocene of Mexico, the other from the 
Oligocene of Alabama; and one other coleoid cephalopod of uncertain family affinity from the 
Oligocene of Alabama. Workers have also recovered phragmocone steinkerns of Beloptera? 
sp. and Anomalosaepia sp. from the Eocene of North Carolina.

Meyer & Aldrich (1886) preformed the first research on Tertiary coleoids from southern 
North America when they described Belemnosis americana from Claibornian sediments 
of Mississippi. Palmer (1937) subsequently moved this genus to Advena. As Advena was 
preoccupied, Palmer (1940) renamed the genus Anevda. Stenzel (1941) synonymized 
Anevda under Belemnosella. Berry (1922), described Spirulirostra americana from Miocene 
sediments, Vera Cruz, Mexico. Palmer (1937) recognized the first belosaepiids from the 
Eocene of North America. These included one species from Texas, two from Louisiana, and 
four from Alabama. 

After a twenty-five year hiatus, new research on coleoid cephalopods from Tertiary rocks 
of southern North America began with Jeletzky (1966) moving the Miocene Spirulirostra 
americana (Berry 1922) to Amerirostra. Allen (1968) described Belemnosella palmerae, as 
well as two new species of Belosaepia from Claibornian sediments of Louisiana and one 
species from Alabama. Jeletzky (1969) continued research into comparative morphology, 
phylogeny and classification of coleoid cephalopods but did not describe any new Tertiary 
specimens from North America. 

Tertiary coleoid cephalopod research in North America suffered another long hiatus, until 
Carter et al. (1988) made mention of a coleoid phragmocone, Belemnosella? sp. from the 
Eocene of North Carolina. Garvie (1996) described one new species of Belosaepia from 
the Eocene of Texas. Weaver & Ciampaglio (2003), erected a new genus of belosaepiid, 
Anomalosaepia, based on guard-like sheaths that were in some ways similar to Belosaepia, 
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but markedly different. They described four species from the Eocene of North Carolina and 
moved Belosaepia jeletzkyi from Louisiana to Anomalosaepia. Weaver et al. (2007), after 
acquiring several phragmocone steinkerns from the Eocene of North Carolina, recognized 
two different types, those with low angle, almost parallel septae as Beloptera? sp. (specimen 
figured in Carter et al. 1988, as Belemnosella? sp. was subsequently reclassified as this) 
and those with very strongly oblique septae as Anomalosaepia sp. Recently, Ciampaglio & 
Weaver (2008), reported two types of diminutive, guard like sheaths from the Oligocene of 
Alabama. One is most likely a spirulid, while the other is so unlike other coleoids they were 
unable to place it into a family. These specimens, though possibly juvenile, marked the first 
record of Oligocene coleoids from North America.

Though the number of species of Eocene Belosaepia from North America is comparable 
to Europe, considerably more research is needed, especially on Oligocene and younger 
coleoids, to compare the two faunas and to assist in determining phylogenetic linkages with 
the modern.

Allen, J. E.1968. - New species of Sepiida (Mollusca, Cephalopoda) from the Eocene of the 
Gulf Coast. Tulane Studies in Geology 6: 33-37.

Berry, E. W. 1922. - An American Spirulirostra. American Journal of Science 3 (5): 327-334.
Carter, J. G., et al. 1988. -Fossil collecting in North Carolina. NC Geological Survey Bulletin 

89: 87.
Ciampaglio, C. N. & Weaver, P. G. 2008. - Two new genera of Coleoidea from the Chickasawhay 

Limestone (Oligocene) of Alabama. Neues Jarbuch für Geologie und Palaeontology (In 
Press).

Garvie, C. L. 1996. - The molluscan macrofauna of the Reklaw Formation, Marquez Member 
(Eocene: Lower Claibornian), in Texas. Bulletin of American Paleontology 111(352): 177.

Jeletzky, J. A. 1966. - Comparative morphology, phylogeny, and classification of fossil 
Coleoidea. University of Kansas Paleontological Contributions, Mollusca 7: 162.

Jeletzky, J. A. 1969. - New or poorly understood Tertiary sepiids from the Southeastern United 
States and Mexico. University of Kansas Paleontological Contributions 41: 39.

Meyer, O. & Aldrich, T. H. 1886. - The Tertiary fauna of Newton and Wautubee, Mississippi. 
Journal of the Cincinnati Society of Natural History 9(2): 104-114.

Palmer, K. V. W. 1937. - The Claibornian Scaphopoda, Gastropoda and Dibranchiate 
Cephalopoda of the Southern United States. Bulletin of American Paleontology 7: 548.

Palmer, K. V. M. 1940. - Anevda, a new name for Advena Palmer, 1937 not Gude, 1913. 
Journal of Paleontology 14(3):285.
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Stenzel, H. B. 1941. - The Eocene dibranchiate cephalopod genus Belemnosella Naef, 1922, 
=Advena Palmer, 1937, =Anevda Palmer, 1940. Journal of Paleontology 15(1): 90.

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

Weaver, P. et al. 2007. -Rarely seen coleoid phragmacone steinkerns from the Eocene Castle 
Hayne Limestone of southeastern North Carolina. Palaeontographica Abteilung A 279(4-
6): 159-165.



 Coleoid Cephalopods 2008 Luxembourg�� 



Coleoid Cephalopods 2008 Luxembourg ��

Talks

Smart Mollusks: learning from the octopus, how the octopus 
model inspires science”

Michael J Kuba

Department of Neurobiology, Institute of Life Sciences and Interdisciplinary Center for 
Neural Computation Hebrew University, Jerusalem 91904, Israel &  

Tiergarten Schönbrunn, Vienna 1130, Austria

There are about 700 species of coleoid cephalopods inhabiting today’s oceans. They can 
be found in every marine environment, from the tidal waters to the deep-sea abyss and 
from the tropics to the Polar regions. Cephalopods are an ancient group dating from the late 
Cambrian. Convergent to the development of modern teleost fish their adaptive radiation is 
characterized by a change in lifestyle, from slow moving heavily armored animals to mobile 
shell-less predators. 

Cephalopods are mollusks, yet their morphology, physiology, ecology and even behavior was 
shaped in a co-evolutionary arms race with fish (Packard 1972). Most coleoid cephalopods 
“live fast and die young”; they rapidly grow in size, and some species mature after as little as 
a few months. The majority of species only live a year or two. Despite this type of life history 
cephalopods are “brainy” animals and their behavior is complex and diverse. Cephalopod 
brains are comparable in size to those of some vertebrates and amongst the largest of any 
invertebrates.

Why is learning so well developed in short-lived animals like cephalopods? The answer 
might lie in their vulnerable soft bodies devoid of passive defense. In order to survive in the 
“behavior space” dominated by vertebrates modern cephalopods had to develop alternative 
means of defense and hunting (Packard 1972). These evolutionary needs resulted in large 
brained animals with unique camouflage abilities. There have been numerous studies on 
learning, memory and cognitive abilities, especially in the genera Octopus and Sepia (for 
reviews see: Boal 1996, Hanlon & Messenger 1998, Mather 1995, 2008, Nixon & Young 2003, 
Wells 1978). More recently, neurobiologists started to thoroughly investigate the neurological 
and physiological basis of learning and memory in cephalopods (e.g.: Hochner et al. 2003, 
Shomrat et al. 2008).

The brain of these soft-bodied coleoid cephalopods controls their unique camouflage abilities. 
The skin enables them to assume a large variety of body textures, postures and patterns. They 
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use the system of chromatophores not only to create cryptic patterns to hide from predators 
but also for communication. One species of sepia (Sepia apama, Hanlon et al. 2005) was 
even found to be able to deceive con-specifics during mating competition. Sneaker males 
pretend to be females to evade competition with larger more powerful males allowing them to 
mate “behind their backs”.

Another fascinating aspect of modern cephalopods is their highly flexible body. A common 
octopus can squeeze itself through any opening as long as its brain capsule can pass. The 
arms of an octopus have seemingly infinite degrees of freedom and carry out a large variety of 
tasks like crawling, hunting, swimming and mating. The flexibility and multi functional properties 
of octopus arms and body have started to attract researchers from the fields of biology and 
robotics. So far researchers have studied the kinematics of arm extension (Gutfreund et 
al. 1996, 1998), and also analyzed the kinematics and control of fetching movements by 
which the octopus accurately brings a grasped object directly to the mouth (Sumbre et al. 
2005, 2006). Presently several efforts are being undertaken to design and build a robotic arm 
inspired by the octopus abilities.

Due to this wide variety of traits, coleoid cephalopods will remain in the spotlight of modern 
science and continue to inspire and intrigue researchers. 

Boal, J.G., 1996. - A review of simultaneous visual discrimination as a method of training 
octopuses. Biological Reviews 71: 157-190

Gutfreund, Y., Flash, T., Yarom, Y., Graziano F., Segev I. & Hochner B. 1996. - Organization ofOrganization of 
octopus arm movements in three-dimensional space: a model for the control of flexible 
arms. Journal of Neuroscience 16: 7297-7307.

Gutfreund, Y., Flash, T., Fiorito, G. & Hochner, B. 1998. - Patterns of arm muscle activation 
involved in octopus reaching movements. Journal of Neuroscience 18: 5976-5987.

Hanlon, R. T. & Messenger, J. B., 1998. - Cephalopod behaviour. New York: Cambridge 
University Press.

Hanlon, R.T., Naud, M.-J., Shaw, P.W. & Havenhand, J.N. 2005 Transient sexual mimicry 
leads to fertilisation. Nature 430: 212.
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Palaeobiogeography, migration patterns and extinctions in 
Cretaceous coleoids

Martin Košťák

Institute of Geology and Palaeontology, Faculty of Science, Charles University in Prague, 
Albertov 6, Pratur 2, 128 43, Czech Republic.  

kostak@natur.cuni.cz

Coleoid cephalopods played an important role in Cretaceous ecosystem in both Northern 
and Southern hemispheres. Especially, a newly opened seaway enabled coleoid migrations, 
unique palaeobiogeographic conditions (i.e. large epicontinental seas) were often places of 
radiation centers. Changes in current systems strongly influenced coleoid migrations and 
palaeobiogeographic distribution. Finally, these aspects in relation to biotic factors (evolution 
of modern vertebrate groups) caused also a decrease and extinctions in several coleoid 
groups. Although coleoids do not belong to common Cretaceous fossils (except belemnoids), 
in some groups we can reconstruct their evolutionary history, palaeobiogeography, migration 
patterns and extinction events. While the relevant data are available mainly in belemnoids 
(especially in Belemnitida), the other Cretaceous coleoids provide scarce information due 
to a primarily bad preservation potential. Window into their habitat represent predominantly 
„Lagerstätten“ – sediments with great preservational potential. 

Cretaceous coleoids should be divided into three major groups – belemnoids, vampyropods 
(including most of Cretaceous „fossil teuthids“) and spirulids. Myopsids and oegopsids, except 
the single Turonian record of Eoteuthoidae (Košťák 2003) from Central Europe, are virtually 
unknown from Cretaceous sediments. 

Early Cretaceous 

Belemnoids (Belemnitida, Diplobelida, Belemnotheutida) show a model of migration patterns 
and provincialism in Early Cretaceous coleoids. In Belemnitina (Belemnitida), the geographic 
distribution is strictly limited into the boreal part of the Northern hemisphere. Two belemnite 
provinces are recognized: Boreal-Atlantic (with the North-west European and the Central 
Russian Subprovinces) and Boreal-Arctic. The marked decrease of diversity and the associated 
generic exctinction in Belemnitina (cylindroteuthids) falls into the Hauterivian/Barremian 
boundary interval. The second extinction pulse is observable at the Barremian/Aptian 
boundary and Belemnitina became extinct in Early Aptian (Mutterlose 1988). Belemnopseina 



 Coleoid Cephalopods 2008 Luxembourg�0 

Talks

(Belemnitida) shows the largest palaeobiogeographic distribution in belemnite history. They 
originated in the Mediterranean Province and during the Early Cretaceous expanded into the 
Boreal Realm in the North and also into the Indo-Pacific Province (including Africa, Madagascar, 
India, Indonesia, Australia, New Zealand, and Antarctica). During the Aptian - Albian, they 
show high diversity in the southern Gondwana region and they also occurred in the north 
Pacific (Japan) (Hanai 1953). Diplobelids occurred rarely in the Hauterivian in the Boreal 
Realm and the Indo-Pacific Province, from the Aptian also in the Mediterranean Province. 
Diplobelids became extinct during the Cenomanian, however new findings from Hokkaido 
may extent the stratigraphic range (Fuchs & Niko, in prep.). Cretaceous belemnoteuthids 
(Belemnotheutidae) are distributed mainly in the Boreal Realm (Rogov & Bizikov 2006) but 
from the Jurassic/Cretaceous boundary interval, they inhabited rarely also Tethyan Realm 
and Southern Hemisphere (Antarctica).

Early Cretaceous vampyropods are very rare in fossil record. Thus, the palabiogeography 
and migration patterns are very difficult for reconstruction. They have been recorded from 
Barremian deposits of Cape Verde Islands (Loligosepiina, Neololigosepia and Prototeuthina, 
Plesioteuthis=Maioteuthis) (Reitner & Engeser 1982) and the Aptian – Albian. The Aptian 
Prototeuthida is known from NW Europe (Helgoland Island, Germany – Loligosepiina 
– Mastigophora, Prototeuthina – Boreopeltis and Plesioteuthis=Maioteuthis) (Engeser 
& Reitner 1985) and Volga river area (Plesioteuthis) (Hecker & Hecker, 1955). Of the 
palaeobiogeographic importance, there are findings of the Albian Boreopeltis and kelaenid 
Muensterella from Queensland (Australia).

Early Cretaceous spirulids Naefia and Adygeya were recorder from Aptian deposits of the NW 
Caucasus (Doguzhaeva 1996). 

Late Cretaceous

Upper Cretaceous belemnoids are characterized by representatives of Belemnopseina 
(Belemnopseidae, Belemnitellidae and Dimitobelidae). Belemnopseidae immigrated into 
southern Gondwana areas already in the Aptian and persisted up to the Cenomanian when 
they disappeared in both Northern and Southern Hemispheres. The vacated niche has been 
re-populated by belemnitellids in the northern Boreal Realm. The belemnitellid evolution centre 
lied in the SE parts of the Russian Platform and mass migrations affected shallow seas in 
Central and NW Europe, Siberian areas and North America. They show marked provincialism 
and the North European, the North American and the East European Provinces were recognized 
(Christensen 1976, 1997; Košťák et al. 2004). The last belemnitellids became extinct at the 
K/T boundary (although, it concerns only last 1-2 species). The fall in belemnitellid diversity 
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is related to the reduction of shallow sea areas, eustasy and the radiation of new vertebrate 
groups (i. e. Neoselachii, Teleostei). Southern Hemisphere was inhabited by dimitobelids 
(Doyle 1988), a group probably derived from Belemnopseidae (in the latest Barremian - early 
Lower Aptian). Dimitobelids pervaded large areas of southern Gondwana during Albian, from 
the Lower/�pper Cretaceous boundary their diversity decreased and they became extint 
during the Maastrichtian. In the Santonian – Maastrichtian interval, they immigrated also to 
the Central Pacific (Magellan Rise) (Zahkarov et al. 2007).

Vampyropods shows higher diversity and palaeobiogeographic distribution in the Cenomanian 
– Maastrichtian. Cenomanian taxa belong mainly to trachyteuthid coleoids (Mesoteuthina). 
Genus Libanoteuthis has been recorded in Lebanon and Normandy (France). Higher 
vampyropod diversity (trachyteuthids prevail – i. e. Glyphiteuthis) is reported from the 
Turonian of Central Europe, where this assemblage immigrated from the NW Tethys (i. e. 
Near East probably). Inside this vampyropod assemblage, the genus Marekites belongs to 
Loligosepiidae (Loligosepiina) and Styloteuthis probably belongs to Tusoteuthidae (Kelaenina), 
a family known from the Santonian – Campanian of North America, where kelaenids shows 
higher diversity (Muensterellidae – Enchoteuthis, Kansasteuthis, Niobrarateuthis) in the 
Coniacian – Campanian interval. Santonian. Actinosepia (Mesoteuthina, Actinosepiidae) is 
known from the Campanian of Canada. Due to an excellent preservational potential of the 
Cretaceous sediments in Lebanon, relative high vampyropod diversity has been recorded, 
including Prototeuthina (Plesioteuthididae – Plesioteuthis, Dorateuthis), Mesoteuthina 
(Palaeololiginidae – Parateudopsis) and also octopods (Palaeoctopus). Palaeoctopus has 
recently been recorded in the Late Cretaceous sediments of NE Mexico (Fuchs et al., in 
press).

Spirulids are more widespread in the Late Cretaceous as it has been recorded from 
Maastrichtian of Chile, Mexico, India and Japan (Cenomanian – Campanian). Campanian 
giant coleoid beaks have recently been described from Hokkaido (Tanabe et al. 2006) and 
they prove an existence of gigantic coleoid predators in Cretaceous seas.

Christensen W. K. 1976. - Palaeobiogeography of Late Cretaceous belemnites of Europe. 
Paläontologische Zeitschrift 50: 113-129.

Christensen W. K. 1997. - Palaeobiogeography and migration in the Late Cretaceous belemnite 
family Belemnitellidae. Acta Palaeontologica Polonica 42(4): 457-495.

Doguzhaeva L. A. 1996. - Two Early Creatceous spirulid coleoids of the north-western Caucasus. 
Their shellultrastructure and evolutionaryimplications. Palaeontology 39: 681-707.
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Towards Belemnite provincialism in the European Jurassic: 
investigating the paleobiogeography of Holcobelus

Robert Weis1 & Nino Mariotti2

1 Musée national d’Histoire Naturelle, 25, Rue Münster, L-2160 Luxembourg;  
rweis@mnhn.lu

2 Dipartimento di Scienze della Terra, Università ‘La Sapienza’, Piazzale Aldo Moro 5, 00185 
Rome, Italy; nino.mariotti@uniroma1.it

The order Belemnitida appeared in the early Jurassic epicontinental seas of Europe with the 
first representatives of Belemnitina (Schwegler 1939, Weis & Delsate 2005). The phylogenetic 
origin of these belemnites is still not established; however their ancestors have to be located 
in the Triassic. Belemnites attained some measure of cosmopolitanism since the Sinemurian, 
being known from Europe, Pakistan, Tibet, Algeria, East Greenland, Canada (Doyle 1987). 

The uniform composition of European faunas broke up in the early Middle Jurassic: a 
decrease of diversity and generic extinction in Belemnitina (Acroelitids) characterises the 
Aalenian. This caused a change in Belemnite faunal composition, resulting in a separate, 
Belemnitina-dominated Boreal Realm and a Belemnopseina-dominated Tethyan Realm. For 
Europe, the Boreal Realm corresponds to the Boreal-Atlantic province and the Tethyan Realm 
to the Mediterranean province, with a distinct faunal composition from the Upper Aalenian 
onwards. 

In the Mediterranean Province Belemnitina had been replaced by a first important radiation of 
early Belemnopseina, meanwhile the Atlantic-Boreal province is still dominated by ‘conservative’ 
Belemnitina associated with early Cylindroteuthids and some rare Belemnopseina. A 
transitional area was composed by today’s NW France (Normandy) with a peculiar fauna 
equally composed by Belemnitina and Belemnopseina (several Holcobelus species). This 
fauna has close affinities with Holcobelus-dominated faunas of SE France and southern Italy 
(Mariotti et al. 2007). These affinities can partially been explained by the particular respective 
paleogeographic position of SE France and southern Italy (Calabro-Peloritani Arc).

The subsequent Bajocian transgression facilitated the migration of further tethysian 
Belemnopseina via the Mediterranean to the Atlantic-Boreal Province. This coincides with the 
decline of Belemnitina in this same province: among the few, only Cylindroteuthids will survive 
the later Middle Jurassic. 
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Holcobelus: a key genus at the origin of a Boreal and Tethyan Belemnite Realm

The genus Holcobelus has been established by Stolley (1927) for a peculiar group of species 
described from Normandy (Eudes-Deslongchamps 1878, Stolley 1927). Holcobelus is known 
from SW Germany, Luxembourg, France, Portugal, Great Britain, Italy, Switzerland, Austria, 
Bulgaria Turkmenia and Daghestan (Mariotti et al. 2007, Weis & Mariotti 2007). It is characterised 
by the absence of apical grooves (characteristic of Belemnitina) and the presence of a long 
ventral furrow reaching the alveolar region (characteristic of early Belemnopseina). The genus 
is currently under systematic revision (Mariotti & Weis, work in progress), evidencing it’s 
paleobiogeographic importance: Holcobelus is the earliest representative of Belemnopseina 
and therefore marks the passage from a Lower Jurassic uniform Europe-wide belemnite 
fauna towards the establishment of a distinct Tethyan fauna in the Mediterranean Province. 
This fauna is characterised by an association of different Holcobelus-species at the Aalenian-
Bajocian boundary, later on replaced by Belemnopsis and Hibolithes associations.

In this context, it is generally admitted (Riegraf 1980) that the cosmopolitan genus Belemnopsis 
derives from Holcobelus. The close phylogenetic relationship between both genera is 
emphasised by a new form from Southern Italy and SE France (probably genus novus), which 
displays characters of both Holcobelus and Belemnopsis (Mariotti et al. 2007, Mariotti & Weis, 
work in progress).

Doyle, P. 1987. - Lower Jurassic-Lower Cretaceous belemnite biogeography and the 
development of the Mesozoic boreal realm. Palaeography, Palaeoclimatology, 
Palaeoecology, 61 : 237-254.

Eudes-Deslongchamps, E. 1878. - Etudes paléontologiques des divers niveaux jurassiques 
de la Normandie. Premier ordre des Mollusques. In “Le Jura normand”, Paris, Caen: 32-
78.

Mariotti, N., Santantonio, M. & Weis, R. 2007. - Aalenian-early Bajocian belemnite assemblage 
from peri-mediterranean tethyan sediments (Calabria, southern Italy). Geologica RomanaGeologica Romana 
40: 1-19.

Riegraf, W. 1980. - Revision der Belemniten des Schwäbischen Jura. Palaeontographica, 
Abt. A, 169 (4/6): 128-208.

Schwegler, E. 1939. - Belemniten aus den Psilonotentonen Schwabens. Cbl. Mineral. Geol. 
Paläont. 1939: 200-208.

Stolley, E. 1927. Zur Systematik und Stratigraphie median gefurchter Belemniten. Niedersächs. 
Geol. Ver. Hannover (Geol. Abt. d. Natuhistor. Gesellsch. Hannover) Jahresb. 20: 111-136.Hannover) Jahresb. 20: 111-136.
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Belgique. In: Delsate D. (ed.) Biostratigraphie et Paléontologie de l`Hettangien en Belgique 
et au Grand-Duché de Luxembourg. Royal Institute of Natural Sciences, Memoirs of theRoyal Institute of Natural Sciences, Memoirs of the 
Geological survey of Belgium 51: 27-31. 

Weis, R. & Mariotti, N. 2007. - A belemnite fauna from the Aalenian-Bajocian boundary beds of 
the Grand Duchy of Luxembourg (NE Paris Basin). Bollettino della Società Paleontologica 
Italiana 46 (2-3): 149-174.



 Coleoid Cephalopods 2008 Luxembourg�� 



Coleoid Cephalopods 2008 Luxembourg ��

Talks

Paleoecology of early Jurassic belemnites: a new contribution 
by δ18O analyses of Pliensbachian – Toarcian belemnites from 

Belgium and comparison with fish tooth data 

Guillaume Dera1, Mathieu Martinez1, Dominique Delsate2, Pascal Neige1, Emmanuelle 
Pucéat1, Pierre Pellenard1 & Michael Joachimski3

1Biogéosciences, UMR CNRS 5561, University of Burgundy, 6 boulevard Gabriel, F-21000 
Dijon, France, guillaume.dera@u-bourgogne.fr

2MNHN, 25 rue Münster, 2160 Luxembourg, Luxemburg;
3Institute of Geology and Mineralogy, University of Erlangen, Schlossgarten 5, 91054, 

Germany

Owing to their common occurrence in Mesozoic marine deposits and their relatively good 
preservation to diagenetic alterations, belemnite guards have been widely used as biological 
supports for stable isotope analyses such as δ18O and δ13C. These studies allowed accurate 
reconstructions of seawater temperature variations, enhancing our knowledge of Jurassic 
and Cretaceous paleoclimates. However, paleoecological questions concerning depth habitat 
and migration of belemnites remain crucial for paleoclimatic interpretation of geochemical 
data. Recent studies based on isotopic approaches suggest that belemnites likely inhabited 
intermediate to deep waters but probably migrated into the water column during ontogenesis 
(Zakhorov et al. 2006; Dutton et al. 2007). In addition, their ecological niches would be different 
according to the generic and/or specific level (Mutterlose & Rexford 2005; McArthur et al. 
2007), making difficult to interpret geochemical data.

The present study investigates the paleodepth of Pliensbachian-Toarcian belemnites (Early 
Jurassic). Oxygen isotope ratio (δ18O) was measured on nearly coeval belemnites and fish 
teeth recovered from biostratigraphically well-constrained (ammonite subzone) strata of 
Belgium and Luxemburg. By calculating and comparing respective temperatures, we remark 
that both organisms record a quick warming during the Early Toarcian, but temperatures 
recorded by belemnites are generally cooler. Additionally, for one level of the bifrons zone 
where the sampling was suitable, we statistically compare values given by two belemnite 
genera (Acrocoelites and Dactyloteuthis) with pelagic/benthic fish data. Results show that 
pelagic fishes are significantly different (p<0.01) from the other groups because of their warmer 
temperatures (~23-26°C). Conversely, temperatures recorded by Acrocoelites, Dactyloteuthis, 
and benthic fishes are similar and are generally cooler than the previous ones (~16-20°C). 
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This implies that Early Jurassic genera Acrocoelites and Dactyloteuthis probably lived at the 
same depth, in intermediate to deep waters of median/outer shelf (Fig.1). However, migrations 
towards warmer waters (for predation) are not excluded owing to high temperatures recorded 
by some specimens.

Dutton A., Huber B.T., Lohmann K.C. & Zinsmeister W.J. 2007. High-resolution stableHigh-resolution stable 
isotope profiles of a Dimitobelid belemnite: Implications for paleodepth habitat and Late 
Maastrichtian climate seasonality. Palaios 22: 642-650.

McArthur, J.M., Doyle P., Leng M.J., Reeves K., Williams C.T., Garcia-Sanchez R. & Howarth 
R.J., 2007. Testing palaeo-environmental proxies in Jurassic belemnites: Mg/Ca, Sr/Ca, 
Na/Ca, δ18O and δ13C. Palaeogeography, palaeoclimatology, Palaeoecology 252: 464-
480.

Mutterlose J. & Rexford A. 2005. Stable isotope signatures of Cretaceous belemnites: The 
approach of a palaeobiologist. 2nd international Symposium – Coleoid Cephalopods 
Through Time –Prague 2005, pp. 94.

Zakhorov, Y., Smyshlyaeva O.P., Shigeta Y., Popov A.M. & Zonova T.D. 2006. New data on 
isotopic composition of Jurassic-Early Cretaceous cephalopods. Progress in Natural 
Science 16 (special issue).

Fig. 1: Paleoecological sketch representing life depth of belemnites and fishes
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Belemnitellid Coleoids From The Vijlen Member (Gulpen 
Formation) In The Extended Maastrichtian Type Area (Se 

Netherlands, Ne Belgium And Aachen Area, Germany)

John W.M. Jagt & Norbert Keutgen

Natuurhistorisch Museum Maastricht (SCZ), de Bosquetplein 6-7, NL-6211 KJ Maastricht, 
Netherlands; john.jagt@maastricht.nl

Ongoing studies (Keutgen et al. in press) show that the typically late Maastrichtian belemnitellids 
Belemnitella junior noWak 1913 and Blt. lwowensis naidin.1952 first occur within unit 4 of the 
Vijlen Member at several localities in southern Limburg (the Netherlands) and the Aachen area 
(Germany), while material assignable to the typically latest Campanian-early Maastrichtian 
subgenera Belemnella (Belemnella) noWak 1913 and Bln. (Pachybelemnella) scHulz 1979 
in units 4-6 must be considered reworked. The base of the junior Zone (or tegulatus/junior 
Zone; see Table 1) is close to the base of unit 4; however, the exact provenance of remanié 
specimens of Belemnella is unknown. Preliminary data suggest that they originated from 
high-energy, nearshore settings along the margins of a channel system oriented southeast-
northwest and from southeast-southwest, where currents inhibited sedimentation. Reworked 
assemblages comprise Belemnitella minor II cHristensen.1995, Bln. (Bln.) cf. lanceolata von.
scHlotHeiM 1813, Bln. (P.) cf. inflata (arkHangelsky 1912), Bln. (P.) cf. obtusa scHulz.1979, Bln. 
(P. ) cf. sumensis Jeletzky.1949, Bln. (?Bln.) cf. praearkhangelskii naidin 1964 and Bln. (P.) 
cf. cimbrica Birkelund 1957, which accumulated on omission surfaces in this area. In view of 
its complex sedimentary history, remanié material of belemnitellids may be expected to occur 
throughout the Vijlen Member, which means that age interpretations for units 0-3 are difficult 
– the identification key for species of Belemnella provided by Schulz (1979) is applicable 
only to populations. Currently, there is no belemnite material available from units 0-2, but 
specimens collected from unit 3 indicate either the upper sumensis, cimbrica or fastigata 
zones; a more precise assignment than the ‘conventional’ (i.e. pre-1979) ‘occidentalis’ Zone 
(sensu Birkelund 1957) is impossible (see also Keutgen 1996).

During the late Maastrichtian, rostra of Blt. junior became more subconical, and means for 
the ventral aspect (AV) of Vijlen Member material match those documented for Hemmoor, 
from 0-36 metres above the base of the upper Maastrichtian (Christensen, Schmid & Schulz 
2004). Samples of Blt. lwowensis from unit 4 include a high number of primitive, comparatively 
lanceolate forms, and show this species to be almost as common as associated Blt. junior, 
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[kazimiroviensis Zone]
baltica/danica

upper Maastrichtian danica/argentea
argentea/junior
tegulatus/junior

fastigata
cimbrica
sumensis

lower Maastrichtian obtusa
pseudobtusa
lanceolata

Table 1. Biozonation of the Maastrichtian in northern Germany (after Schulz 1���; Schulz 
& Schmid 1�8�).

while higher upsection this decreases to about 10 % of belemnitellid faunas.

Birkelund T. 1957. - Upper Cretaceous belemnites from Denmark. Biologiske Skrifter fra detBiologiske Skrifter fra det 
Kongelige Danske Videnskabernes Selskab 9: 1-69.

Christensen W. K., Schmid F. & Schulz M.-G. 2004. - Belemnitella from the Upper Maastrichtian 
of Hemmoor, Northwest Germany. Geologisches Jahrbuch A157: 23-67.Geologisches Jahrbuch A157: 23-67.

Keutgen N. 1996. - Biostratigraphie, Paläoökologie und Invertebratenfauna des Untermaastricht 
von Aachen (Westdeutschland) und angrenzenden Gebieten (Südostniederlande, 
Nordostbelgien). Shaker Verlag, Aachen, iv + 213 p.

Keutgen N., Jagt J.W.M., Felder P.J. & Jagt-Yazykova E.A. in press. - Stratigraphy of the upper 
Vijlen Member (Gulpen Formation; Maastrichtian) in northeast Belgium, the southeast 
Netherlands and the Aachen area (Germany), with special reference to belemnitellid 
cephalopods. Netherlands Journal of Geosciences

Schulz M.-G. 1979. - Morphometrisch-variationsstatistische Untersuchungen zur Phylogenie 
der Belemniten-Gattung Belemnella im Untermaastricht NW-Europas. Geologisches 
Jahrbuch A47: 3-157.

Schulz M.-G. & Schmid F. 1983. - Das Ober-Maastricht von Hemmoor (N-Deutschland): 
Faunenzonen-Gliederung und Korrelation mit dem Ober-Maastricht von Dänemark und 
Limburg. Newsletters of Stratigraphy 13: 21-39.
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Structural development of belemnite rostra of the genera 
Belemnella and Belemnitella and its similarity to recent 

cephalopods statoliths – palaeobiological implications

Zbigniew Remin

Faculty of Geology, �niversity of Warsaw, Al. Żwirki i Wigury 93, PL 02-089 Warsaw, Poland; 
zbyh@uw.edu.pl

The belemnites (order Belemnoidea) popularly but wrongly called “thunderbolts”, “thunder-
arrows” or “Devil’s finger”, belong to subclass Coleoidea and include animals with an internal, 
chambered shell, covered by mantel. These fossil cephalopods possessed ten arms and are 
all extinct. The rostrum or guard is the most common skeletal element that is preserved in the 
stratigraphic record.

The Upper Cretaceous belemnites, especially of the genera Belemnella and Belemnitella of 
Late Campanian and Maastrichtian age are very similar in their outward appearance. However, 
the representatives of these genera markedly differ in their microstructural development of the 
guard. The most important difference is the presence or lack of the growth rings (= growth 
lines) which are visible on the cross sections or after split the guard along its axis.

The representatives of the genus Belemnella possess large numbers of well expressed growth 
lines, whereas representatives of the genus Belemnitella almost lack that kind of structures 
(Fig. 1A, B). They manifest in presence of dark and light rings (= growth increment). These 
structures were interpreted as “organic” and inorganic respectively, additionally the “organic” 
growth rings were interpreted as been diagenetically modify (Jeletzky 1966, Barskov 1970, 
Spaeth et al. 1971). Saelen (1989) explained the growth increments as a result of variable 
amount of organic matter included into the structure of belemnite guard. However, in research 
mentioned above, there has been neither attempt to explain the real genesis of these structures 
nor translated them to palaebiological and palaeobehavioral aspects of belemnites.

In present studies, the interpretation of the concentric growth increments is based on analogical 
structures present in statoliths of recent cephalopods Sepia officinalis and Loligo vulgaris. 
The statoliths, similarly as belemnite guards, are structures that origin inside the cephalopod 
body and show a lot of similarity with each other in their structural development. Additionally 
they show poor and very good definition of concentric growth increments respectively (see 
Bettencourt & Guerra 2000), similarly as in belemnite rostra of the genera Belemnitella 



 Coleoid Cephalopods 2008 Luxembourg�2 

Talks

and Belemnella. Bettencourt & Guerra (2000) suggested that presence of growth lines in 
statoliths of L. vulgaris and their absence in S. officinalis is caused by marked differences in 
biomineralization processes, causing differences in crystallization, and consequently different 
microstructure of the statoliths. It seems that it is directly connected with daily variations of 
CaCO3, as well as mixture of proteins and Ca2+, Mg2+ and Sr2+ ions. It also allows satisfactory 
explain the hypothesis of daily deposition of increments – dark layer, enriched in organic matter 
is deposited at day; the light layer, enriched in CaCO3 is deposited at night (see Bettencourt 
& Guerra 2000).

Similar dependence in crystalline microstructure we can observe for belemnite guards of the 
study genera. In guards of Belemnitella, crystals deposition were irregular (Fig. 1B), without 
well define layers rich in organic matter, similarly as in S. officinalis. It looks quite different 

Fig. 1: Thin sections of the axial part of the belemnite guards; 
differences in micro-structural development of the rostra of the genera 
Belemnella (A) and Belemnitella (B); changed after Remin 200�.
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for Belemnella, where crystals have been deposited regularly between succeeding layers 
enriched in organic matter (compare Fig. 1A, B; Bettencourt & Guerra 2000, Figs. 2-4; Remin 
2007).

The working hypothesis adopted herein, indicate that growth increments in belemnite guards 
were deposited daily: the dark ring at daylight, the light ring at night (this can not be applied to 
guards of Belemnitella). The deposition mechanism and crystallization process were directly 
connected with type of biomineralization result in presence or lack the concentric growth 
increments, analogically as in recent S. officinalis and L. vulgaris. The type of biomineralization 
in individual cephalopods is depend on biochemical and metabolic processes in living creature 
that regulates the ratios of mixture of proteins, Ca2+, Mg2+ and Sr2+ ions, while these are more 
or less derivative of mode of live of living organisms. 

The palaeophysiological and palaeobehavioral conclusions result from the hypothesis 
accepted above are as follows: (1) representatives of the genus Belemnella (with prominent 
growth increments) were characterized by metabolic and biochemical processes similar to 
recent squids (Teuthoidea; i.e. L. vulgaris). It suggest that these belemnites usually lived and 
feed in water column within the shelf and upper slope areas, and being very active predators; 
(2) representatives of the genus Belemnitella (without growth increments) were demersal 
inhabitants of nearshore and continental shelf areas, and lead less active mode of live, similar 
to recent cuttlefishes (Sepioidea; i.e. S. officinalis) (compare Remin 2007).

Barskov, I.S. 1970. Structure of the belemnitid rostrum. Palaeontological Journal 4: 110-112.
Bettencourt, V. & Guerra, A. 2000. Growth increments and biomineralization process in0. Growth increments and biomineralization process inGrowth increments and biomineralization process in 

cephalopod statoliths. Journal of Experimental Marine Biology and Ecology 248: 191-
205.

Jeletzky, J.A. 1966. comperathive morphology, phylogeny and cllassification of fossil 
Coleoidea. Mollusca. Palaeontological Contributions of the University of Kansas, article 
7: 1-162.

Remin, Z. 2007. Strukturalne różnice budowy rostrum u przedstawicieli Belemnella i 
Belemnitella – implikacje paleobiologiczne. In: A. Żylińska (ed.) Granice Paleontologii, 
XX Konferencja Naukowa Paleobiologów i Biostratygrafów PTG, 115-116.

Saelen G. 1989. Diagenesis and construction of the belemnite rostrum. Palaeontology 32: 
765-798.

Spaeth, C. 1971. Aragonitische und calcitische Primarstrukturen im Schalenbau eines 
belemniten aus der englischen Unterkreide. Paläontologische Zeitschrift 45: 33-40.
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New records of Naefia sp. from the Late Cretaceous 
(Cenomanian) of South India

Ajit Vartak1, Dirk Fuchs2 & Mukund Ghare1

1Departement of Geology & Petroleum Technology, Nowrosjee Wadia College, Pune 
411001, India; vartakajit@yahoo.com

2Institut für Geologische Wissenschaften, Fachrichtung Paläontologie, Freie Universität 
Berlin, Malteser Str. 74-100, D-12249 Berlin; drig@zedat.fu-berlin.de

Naefia Wetzel, 1930 is an orthoconic coleoid that has been commonly considered to be 
a stem lineage representative of the Spirulida. Specimens assigned to Naefia have been 
reported from the Campanian - Maastrichtian of Chile, Mexico, Antarctica, India, USA, the 
Cenomanian - Campanian of Japan, and from the Aptian of Russia. Owing to its enigmatic 
shell morphology, Naefia plays a key role in phylogenetic and morphogenetic questions 
(Fuchs & Tanabe, in press). 

Naefia from India has been previously described from the Campanian - Maastrichtian of 
Puucherry (formerly Pondicherry; Forbes 1846, Doyle 1986) equivalent of Ariyalur Group. 
Additionally, Blanford (1865) figured phragmocones similar to Naefia from Odiyam, but without 
detailed descriptions. Recent field work in Odiyam yielded 21 phragmocones with partly 
preserved shell material. The specimens come from the shelly limestone of Odiyam (11°13’00 
N, 78°59’30 E), which is located about 60km northeast from the city of Tiruchirapalli in Tamil 
Nadu State of India. The present shelly limestone of Odiyam belongs to the Karai Formation, 
Uttattur Group. On the basis of heteromorph ammonites, Vartak (1990) and Kendrick & Vartak 
(2007) determined the stratigraphic age as Cenomanian. The phragmocones are very similar 
to Naefia aff. neogaiea from the Ariyalur Group and can be preliminarily determined as Naefia 
sp. Thus, the studied material represents the oldest record of Naefia from India.

Blanford (1865). - The fossil cephalopoda of the Cretaceous rocks of southern India: 
Belemnitidae -Nautilidae. Palaeontologia Indica(Series 3)1: 1-40.

Doyle, P.1986. - Naefia (Coleoidea) from the late Cretaceous of southern India. Bulletin of the 
Bristish Museum of natural History, 40 (4): 123-127.

Forbes, E. 1846. - Report on the Cretaceous fossil invertebrates from south India, collected by 
Mr Kaye and Mrs. Cunliffe. Transactions of the Geological Society of London, 7: 97-174.



 Coleoid Cephalopods 2008 Luxembourg�� 

Talks

Fuchs, D. & Tanabe, K. (in press). - Re-investigation of shell morphology and ultrastructure 
in a Late Cretaceous spirulid coleoid Naefia matsumotoi. In: Proceedings of the 7th 
International Symposium “Cephalopods – Present & Past”, Sapporo 2007.

Kendrick, G.W & Vartak, A.V. (2007). - Middle Cretaceous(Cenomanian)Bivalves from the 
Karai Formation, Uttattur group,of the Cauvery basin, south India. Records of the Western 
Australian Museum, Supplement 72: 1-101.

Vartak, A.V. (1990). - Stratigraphy and Palaeontology of heteromorph ammonoids from South 
Indian Cretaceous deposits. Unpublished Ph.D. thesis. The University of Poona. 376 pp.
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New Bayesian methods for estimating divergence times using 
molecular sequence data: an example using Antarctic and 

deep sea octopods

Jan Strugnell

Department of Zoology, University of Cambridge, Downing Street, CB2 3EJ Cambridge, UK; 
jan.strugnell@gmail.com

Resolving the timing and tempo of the major radiations of life on Earth represents one of the 
most controversial debates in evolutionary biology. Information from molecular clocks and the 
fossil record have been shown to provide often widely different time estimates when used to 
investigate the divergence dates of lineages of interest. The last 20 years has seen a wide 
range of techniques employed to estimate divergence times. These methods have varied in 
the way in which fossil and molecular data have been incorporated in analyses and resulting 
divergence estimates have also varied widely in their overall estimates and precision. A new 
field of “relaxed phylogenetics” has recently been described and is well suited to estimating 
divergence times when there is uncertainty in evolutionary rates and calibration times. This 
new method is described and applied to divergence time estimation in Antarctic and deep sea 
octopuses.
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Engrailed and NK4 in cephalopods: homeobox genes 
implicated in the apparition of morphological novelties 

Sandra Navet, Yann Bassaglia, Sébastien Baratte, Aude Andouche & Laure Bonnaud

MNHN, DMPA BOME UMR CNRS 5178, 55 Rue Buffon, 75005 Paris, France; 
 navet@mnhn.fr

During evolution, the shell regression among extant cephalopods has led to morphological andthe shell regression among extant cephalopods has led to morphological and 
anatomical adaptations to the pelagic or benthic life. The structures related to the locomotoryThe structures related to the locomotory 
function, the mantle, the arms and the funnel associated with a specialized nervous system 
are some of the numerous morphological peculiarities among mollusks. These morpho-
logical novelties being informative about evolution of biological systems, we explore the role explore the role 
of homeobox genes known as crucial in the development,crucial in the development, engrailed and NK4. We concen-
trate our study on muscular structures, the arm crown, the mantle and the funnel particularly 
developed in cephalopods without shell such as our model, Sepia officinalis

Sepia shows intermediate characteristics linked to its lifestyle, at the interface of the benthic 
domain and pelagic one. It presents a well developed chromatophore system, used for the 
camouflage (hiding by confounding with the environment), and giant axons, which potien-
tialize the jet propulsion locomotion. Its internal calcareous shell, the bone, shows chambers 
allowing buyoancy for this necto-benthic species.

Engrailed has been shown to be expressed at the margin of the future shell in a wide range 
of mollusks (bivalve Transenella tantilla, Jacobs et al. 2000, gastropod, Ilyanassa obsoleta, 
Moshel et al. 1998). Roles in segment polarity establishment (Fjose et al. 1985) and neuro-
genesis (Patel et al. 1989) have also been underlined. 

We have cloned the central part of eng homeodomain in Sepia officinalis, Nautilus pompilius 
and Loligo forbesi and followed engrailed protein expression during Sepia officinalis devel-
opment by immunostaining. Our results in Sepia suggest a role of eng in shell compartment 
delimitation (but not in the mineralization function): thus, this function has been conserved 
in cephalopods despite of shell internalization. The presence of eng in Loligo, which has no 
shell, indicates that the function of this gene can not be restricted in mollusks to the formation 
of the internal skeleton. We did not found any evidence for a role of eng in the nervous system 
setting up. By contrast, our results support a role of eng in the setting up of cephalopods 
morphological novelties, such as the funnel and arms, for which it could have been secondary 
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recruited in this group. Funnel, arms and mantle are the main muscular effectors for the 
locomotion function by jet propulsion. Very few data are available concerning the geneticVery few data are available concerning the genetic 
control of myogenesis in cephalopods. 

The development of cardiac muscle in vertebrates depends on numerous transcription 
factors. Among them, NK4, another homeobox gene, seems to have an important evolutionary 
significance, as its role in cardiac muscle development seems to be conserved throughout 
evolution. Indeed, NK4 homologue genes have been implicated in cardiac cells determination 
in Drosophila (Bodmer 1993) and heart morphogenesis in vertebrates (Cripps & Olson 
2002). 

We have determined the expression pattern of NK4 by in situ hydridization during Sepia 
officinalis development. The structures expressing NK4 during Sepia officinalis development 
are particularly rich in muscles. NK4 is mainly expressed in arms and mantle (thus non-
cardiac muscle) and in funnel tube primordia. The early expression of NK4 (even before any 
detectable morphogenesis) suggests that a transient expression of NK4 could be implicated in 
determination and specification of obliquely striated muscle cells in Sepia officinalis. Moreover, 
these results are relevant to NK4 function evolution. Nearly all the structures expressing NK4 
during Sepia officinalis development are involved in the locomotory function, thus contrasting 
with the restricted cardiac expression known in other groups. Nk4 could have been secondary 
recruited for the establishment of these structures in cephalopods.

These results point out the involvement of genes in the development of tissue and/or structures 
not evidenced in other metazoan groups. It seems that the emergence of cephalopods’ 
morphological novelties has necessitated their secondary recruitment. This may have been 
required for the establishment of structures indispensable for an efficient locomotion by jet 
propulsion in the absence of protective shell.  

Bodmer R. 1993. - The gene tinman is required for specification of the heart and visceral 
muscles in Drosophila. Development 118(3):719-29. 

Cripps R. M. & Olson E. N. 2002. - Control of cardiac development by an evolutionarily 
conserved transcriptional network. Developmental Biology 246(1): 14-28.

Fjose A., Mcginnis W. J. & Gehring. 1985. – Isolation of a homeobox-containing gene from 
the engrailed region of Drosophila and the spatial distribution of its transcripts. Nature 
313:284-289.

Jacobs D. K., Wray C. G., Wedeen C. J., Kostriken R., DeSalle R., Staton J. L., Gates R. D. 
& Lindberg D. R. 2000. - Molluscan engrailed expression, serial organization, and shell 
evolution. Evolution & Development 2(6): 340-347.



Coleoid Cephalopods 2008 Luxembourg 81

Talks

Moshel S. M., Levine M. & Collier J. R. 1998. – Shell differentiation and engrailed expression 
in the Ilyanssa embryo. Development Genes and Evolution 208:135-141.

Patel N. H., Martin-Blanco E., Coleman K. G., Poole S. J., Ellis M. C., Kornberg T. B. & 
Goodman C. S. 1989. – Expression of engrailed proteins in arthropods, annelids and 
chordates. Cell 58:955-968.
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Genetic population structure of Idiosepius

Janek von Byern1, Rainer Söller2 & Gerhard Steiner3

1University of Vienna, Faculty of Life Sciences, Cell Imaging and Ultrastructural Research 
Unit, Vienna, Austria; vByern@freenet.de;

2QIAGEN Hamburg GmbH, Hamburg, Germany;
3University of Vienna, Dept. of Evolutionary Biology & Emerging Focus: Molecular 

Phylogenetics, Vienna, Austria

�p to date, eight species (http://www.itis.usda.gov) belong to Idiosepius, the only genus of 
the family Idiosepiidae: Idiosepius biserialis voss,.1962; I. macrocheir voss,.1962; I. minimus 
(d`orBigny.&. de.Ferussac, 1848); I. notoides Berry,.1921; I. paradoxus ortMann,.1888; I. 
picteti JouBin,.1894; I. pygmaeus steenstrup, 1881 and I. thailandicus cHotiyaputta. et. al., 
1991. Morphologically, the species are characterized by the arrangement of suckers on 
the club (two or four rows) and number of suckers on the ventral arms (hectocotyli). The 
systematic key, proposed by Nesis (1982), included only six species. The taxonomic position 
of I. minimus within the genus was very doubtful and I. thailandicus was described later 
(Chotiyaputta et al. 1991).

To elucidate the systematics of the Idiosepiidae molecular biological analyses of the seven 
valid species (I. biserialis, I. macrocheir, I. thailandicus, I. picteti, I. paradoxus, I. pygmaeus, 
I. notoides) and of several populations were carried out (von Byern et al. 2008). Genetic 
differences between populations and species were shown by comparison of the 12S rRNA, 
16S rRNA, cytochrome c oxidase subunit I (COI) and subunit III (COIII) sequence. In total, 
386 bp of the 12S, 505 bp of the 16S, 640 bp of the COI and 657 bp of the COIII were used 
to validate the Idiosepius systematics. Similar tree topologies resulted from phylogenetic 
analyses using NJ, MP, ML and Bayesian inference.

thailandicus.

Four well-supported clades were consistently recovered (Fig. 1). The 2-rowed species I. 
biserialis (clade 1) is robustly subdivided into two populations: 1) the African group consisting 
of I. macrocheir and I. biserialis from the different locations in Moçambique and 2) the Indo-
Pacific group comprises all specimens from Thailand, Indonesia and I. thailandicus.

The specimens of I. paradoxus from Okinawa Island (Japan) form a sister group to I. 
thailandicus, I. macrocheir and I. biserialis (Africa and Indo-Pacific). The 4-rowed group is 
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represented by I. pygmaeus (clade 2), I. notoides (clade 3) and I. paradoxus (clade 4) from 
Nagoya, Ushimado and Seto Island (Japan), and comprises the sister clade to I. biserialis 
from Japan. The position of the type specimen of I. picteti is unstable and varies with markers 
and analysis methods.

The present study supports the morphological results (von Byern & Klepal 2008) and suggest 
reducing the numbered species in the genus Idiosepius to five: I. biserialis (= I. thailandicus, = 

Fig. 1: Bayesian tree of Idiosepius relationships. Posterior probabilities and parsimony bootstrap 
values are above and below the branches, respectively. (I. biserialis=I. bis., I. macrocheir=I. mac., I. 
thailandicus=I. thail., I. picteti=I. pic., I. paradoxus=I. para, I. pygmaeus=I.pyg., I. notoides=I.not.)
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I. macrocheir), I. notoides, I. paradoxus, I. picteti and I. pygmaeus. For I. picteti the status as a 
single species is doubtful, while for others (I. thailandicus and I. macrocheir) the classification 
is better supported. The taxonomic status of I. paradoxus from Okinawa and I. biserialis from 
Japan also remains questionable on both the morphological and genetic level. More detailed 
morphological ínvestigations are crucial to verify their taxonomic status.

Berry, S. S. 1921. - Cephalopods of the Genera Sepiolidea, Sepiadarium, and Idiosepius. The 
Philippine Journal of Science 47 (1): 39-55.

Chotiyaputta, Ch., Okutani, T., & Chaitiamvong, S. 1991. - A new pygmy cuttlefish from the 
Gulf of Thailand Idiosepius thailandicus n. sp. (Cephalopoda: Idiosepiidae). Venus, the 
Japanese Journal of Malacology 50 (3): 165-174.

D`Orbigny, A. C. V. & de Ferussac, A. 1848. - Histoire naturelle generale et particuliere des 
cephalopodes acetabuliferes, vivantes et fossiles. Libraire de L�Academie Nationale DeLibraire de L�Academie Nationale De 
Medecine Paris: 1-361.

Joubin, L. 1894. - Céphalopodes d`Amboine. Revue Suisse de Zoologie et Annales du Mus�eRevue Suisse de Zoologie et Annales du Mus�e 
d`Historie Naturelle de Genéve 2: 23-64.

Nesis, K. 1982.- Cephalopods of the World. V.A.A.P. Copyright Agency of the UdSSR for Light 
and Food Industry Publishing House; Moscow, 1987 T.F.H. Publications, Inc. Ltd., for 
English Translation. Translated from Russian by B.S. Levitov., 1-351

Ortmann, A. 1888. - Japanische Cephalopoden. Zoologische Jahrbücher 3: 639-670.Zoologische Jahrbücher 3: 639-670.
Steenstrup, J. 1881. - Sepiadarium and Idiosepius two new genera of the family of Sepia. 

With remarks on the two related forms Sepioloidea d�Orb. and Spirula Lmk. K.danske 
Vidensk.Selsk.Skrifter Raekke 6 (Bd. 1): 211-242.

von Byern, J. & Klepal, W. 2008. - Morphological characterization of systematically relevantMorphological characterization of systematically relevant 
features of the genus Idiosepius (Cephalopoda; Idiosepiidae). Invertebrate Systematics 
(submitted).

von Byern, J., Söller, R. & Steiner, G. 2008. - Phylogenetic characterization of the genusPhylogenetic characterization of the genus 
Idiosepius (Cephalopoda; Idiosepiidae). Zoological Journal of Linnean Society 
(submitted).

Voss, G. L. 1962. - South African cephalopods. Transaction of the Royal Society of South 
Africa 36 (4): 245-272.
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Octopuses (Enteroctopus dofleini) learn to open jars with 
cross-modal cueing

Roland C. Anderson1 & Jennifer A. Mather2

1The Seattle Aquarium, 1483 Alaskan Way, Seattle, WA USA 98101, 
 roland.anderson@seattle.gov, 2 Mather@uleth.ca

While octopuses are known for their problem solving and manipulative ability, they seem to 
have difficulties in learning to open a jar to capture a crab prey inside.  Fiorito, von Plant & 
Scotto (1990) demonstrated that Octopus vulgaris performs the task fairly easily.  However, 
their animals did not decrease the time to open the lid, and thus did not demonstrate learning.  
Even giving stimulus pre-exposure so that octopuses would be accustomed to the situation 
(Fiorito, Biederman, Davy & Gherardi 1998) did not improve the situation.

A clue as to why the octopus might have difficulty learning the manipulation comes from the 
anatomy of the animal.  While octopuses are able to recognize and capture prey with visual 
information, when they manipulate prey they hold it under the arm web, out of their sight.  
Perhaps the provision of an initial visual cue does not transfer to a subsequent situation 
where vision is blocked.  Carrying out demonstrations at the Seattle Aquarium, Anderson & 
Blustein (2006) fed Enteroctopus dofleini  pieces of herring in perforated jars and found that 
the time to open the jar lids decreased over trials.  As these were not carefully controlled, 
the present study replicated the findings with visual (1), then minimal chemical (2), and lastly 
obvious chemical cues on the outside of the jars (3).  A final test was added later, that provided 
chemical cues only (4). Both duration of time in contact with the jars and success at entry 
were evaluated.

Octopuses (n=12) seldom (1/10 trials with visual-only and 2/10 with minimal chemical cues) 
opened the jar lid in trial types 1 and 2. When only chemical cues (4) were present, the mean 
number of jar openings was 1.5/10 (n=4).  When a herring was smeared on the outside of the 
jar (3), octopuses opened the jars in 9.5/10 trials.  Duration of time before opening decreased 
slowly and significantly from Day one of the testing (two trial per day) to day five, from 41 to 
16 minutes.  This transferred to a single visual-only trial at the end of the sequence, showing 
that the information had transferred.  Thus octopuses learned to open the jars.

Why did the octopuses learn to open the jars with these sensory cues?  Octopuses that 
are foraging in the ocean initially orient to likely locations for prey finding and then conduct 
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chemotactile exploration to locate and capture the prey (Mather 1991). The situation in this 
study thus mimicked a naturally occurring one.  In addition, this is the first research to show 
that information from different modalities can be summed, either to increase motivational level 
or to common projections in the vertical lobe to facilitate learning.

Anderson R.C. & Blustein D. 2006. Smart octopus? The Festivus 38: 7-9.Smart octopus? The Festivus 38: 7-9.

Fiorito G., von Planta C. & Scotto P. 1990. Problem solving ability of Octopus vulgaris 
Lamark (Mollusca Cephlopoda). Behavioral and Neural Biology 53: 217-230

Fiorito G., Biederman G. B., Davey V. A. & Gerardi F. 1998. The role of the stimulus 
preexposure in problem solving by Octopus vulgaris. Animal Cognition 1: 107-112.

Mather J. A. 1991. Foraging, feeding and prey remains in middens of juvenile Octopus 
vulgaris (Mollusca: Cephalopoda). Journal of Zoology, London. 224: 27-39.Journal of Zoology, London. 224: 27-39.
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Squid dances: movement and postures of Sepioteuthis 
sepioidea with a muscular hydrostat system 

Jennifer A. Mather, Ulrike Griebel & Ruth A. Byrne 
Mather@uleth.ca

Squid have no bony skeleton and thus their actions have potentially many degrees of freedom. 

They are demersal and thus live in a three-dimensional world with a minimal effect of gravity. 

As well, they swim in groups and their actions are made with relation to conspecifics. All these 

influences dictate their movement and postural repertoire.

Arm and tentacle movements and postures are made with relation to their proximal places 

of articulation below the head. Arms can extend from this place of articulation, splay from 

the linear axis, bend or curl along their length and twist around the linear axis of each arm. 

Camouflaging postures of very young squid such as Full-V and Bad Hair are a combination 

of these placements. In adults, Sway, the Strike when capturing prey and Place for spermato-

phores by males are complex actions of the limbs.

Locomotion by jet propulsion results in position maintenance, fast single moves or multiple 

escape jets. The direction of these is the result of funnel actions, and the funnel aiming of 

jets can also result in position maintenance and movement of items in the environment. 

Locomotion is aided by the paired fins, which can undulate simultaneously in the same or 

opposite direction, give a strong downward Flap or Tuck around the body to reduce drag 

during fast jetting.

Squid maintain positions fairly parallel with relation to the sea bottom. The can move around 

this position in three dimensions by tilting, rotating around their linear axis or yawing left or 

right. They maintain a fairly linear alignment with relation to group members but a consort pair 

will swim closely parallel and about a body length apart. A male-female pair will go over-under 

for a Saddle-Stripe courtship display exchange, as will a pair of male rivals in a Zebra contest. 

Males intent on spermatophore transfer will take up a diagonal position to the female and 

show a Flicker display; females signal consent with a simultaneous back-and-forth rocking. 

Surprisingly, despite constant position maintenance squid rarely touch—only at spermato-

phore transfer and in male Zebra contests.
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Five principles seem to delineate the principles of this set of actions. The first is that postures 

are important, especially producing the camouflage that allows the squid to ‘hide in the open’. 

The second is that, unlike actions of octopus arms, those of squid arms are highly coordinated 

and interdependent. The third is that even though the arms are in a radial arrangement, the 

symmetry of their actions is nearly always bilateral, as are those of the fins. The fourth is that 

the repertoire of the arms appears to be smaller than that of the octopus, perhaps because 

the squid itself is more mobile. The last is that for the social squid position is important both 

with relation to the environment and to conspecifics. The similarities and differences from 

octopod actions emphasize the ways in which different cephalopods have adapted the basic 

body plan to produce the greatest efficiency in their specific ecological niches.
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Development of the mantle nervous network in Sepia 
officinalis embryos

Sébastien Baratte & Laure Bonnaud

Muséum national d’histoire naturelle, DMPA BOME UMR CNRS 5178, 55 Rue Buffon, 
75005 Paris, France; baratte@mnhn.fr; bonnaud@mnhn.fr

As for all coleoids, the mantle of Sepia officinalis is free of any external shell and its edge, 
mostly made of circular muscles controlling water entrance within the mantle cavity, provides 
an interesting model to investigate the molecular basis underlying nervous differentiation, 
nervous specialisation and axonal guidance during development. 

The mantle edge contains many effectors controlled by the peripheral nervous system and 
organized with a clear dorsoventral pattern. Circular muscles are mostly located ventrally 
whereas chromatophores (neuro-muscular structures that intervene in skin colouring-
camouflage) are more numerous at the dorsal side. Sensory cells and neuromuscular junctions 
both contribute to a complex layout of nerves all passing through two stellate ganglia located 
at the dorsal side and connected to the palleovisceral lobe of the brain. The stellate ganglia 
belong to the peripheral nervous system and emerge from the embryonic mantle area before 
being contacted by brain extensions (palleal nerves) during development. They both provide 
a relay for sensory afferents and motoneurons between the brain and the mantle and thus 
constitute key organs to study axonal guidance and cell targeting in coleoids. Little is known, 
however, about the embryonic genesis of this nervous network. 

The edge of the mantle is delineated since very early developmental stages and its 
development can be followed until hatching. Its dissection is simple and always provides a 
flat tissue - a disc or a ring - convenient for slide mounting and observation. Mantle edges 
were dissected at different stages for immunostaining as whole mounts. Nervous network 
was visualized using alpha-tubulin antibody and nervous specialisation was investigated 
using both TH (tyrosine hydroxylase) and 5HT (serotonin) antisera. Muscle organisation 
was also studied with fluorescent labelling and assays of in vitro culture were conducted. 
We here describe how and when sensory neurons project their axon through the primary 
stellate ganglia and how, in a second wave, motoneurons from the brain get connected to 
differentiating effectors, as muscles and chromatophores. Understanding the development of 
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this network constitutes a preliminary step requisite for future comparisons with squids and 
octopus in order to appreciate the unique evolution of the cephalopod neuro-muscular system 
among molluscs and metazoans.
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Non-invasive Squid Identification For Behavioural Observations 
In The Field

Ruth A. Byrne1, James B. Wood2, Roland C. Anderson3 & Jennifer A. Mather4

1Medical University of Vienna, Vienna, Austria; ruth@byrne.at
2Bermuda Institute of Ocean Sciences, St. George’s, Bermuda

3Seattle Aquarium, Seattle, United States; roland.anderson@seattle.gov;
4University of Lethbridge, Lethbridge, Canada; mather@uleth.ca

Identifying individual free-living animals in field studies opens the door to asking many more 
questions about their behaviour than would otherwise be possible. 

There have been several attempts to invasively tag cephalopods for individual identification 
externally with acoustic/archival tags or pop-up tags (Sauer et al. 2000, Jackson et al. 2005, 
Block et al. 2002) and internally with visible implant elastomers and alphanumeric tags 
(Replinger & Wood 2007). Because of the cephalopod’s soft skin and the possibility of tag-
removal this is not a trivial task. 

In a tagging study to measure growth rates of the Caribbean reef squid, Sepiotheuthis 
sepioidea, in the field Replinger & Wood 2007 concluded that visible implant elastomers have 
the lowest impact on the subjects. However, during the tagging process squid still have to be 
handled out of the water and that may cause stress to the animals and mortality. Advanced 
invertebrates such as squid learn from being captured, they alter their behaviour making 
subsequent observations and recapture more difficult. 

For behavioural studies in the field these handling methods are too stressful as the subjects 
need to be as un-disturbed as possible. In a long-term study of the behaviour of S. sepioidea 
in the field on Bonaire, Netherlands Antilles, we developed a technique to individually identify 
these squid with very low impact.

Body markings are used for identifying individuals within many different species of animals, 
including whale sharks, humpback whales, seals, zebras, etc. non-invasively. We developed 
a method to sex and individually identify S. sepioidea using their unique dot patterns on the 
dorsal surface of their bodies. In the field we use three characters to distinguish individual S. 
sepioidea from each other – relative size to each other, scars and mantle and fin dots. These 
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dot patterns are individually unique and constant in location through time. They can easily 
be observed in the field, as this species lives in shallow waters and quickly habituates to 
snorkelers. Observations in the field were backed up by a photographic database. 

Additionally, it is possible for us to distinguish between adult male and female S. sepioidea. 
Males show distinct bright dots on their fins on Basic Brown background while females have 
a gradual transition from Brown to Pale towards the edge of their fins without showing distinct 
fin-dots.

Block, B.A., Costa, D., Boehlert, G.W. & Kochevar, R. 2002. - Revealing pelagic habitat use: 
the tagging of Pacific pelagics program. Oceanolog. Acta 25: 255–266.

Jackson, G.D., O’Dor, R.K. & Andrade, Y. 2005. - First tests of hybrid acoustic. archival tags 
on squid and cuttlefish. Mar. Freshw. Res. 56: 425–430.

Replinger, S.E. & Wood, J.B. 2007. - A preliminary investigation of the use of subcutaneous 
tagging in Caribbean reef squid Sepioteuthis sepioidea (Cephalopoda: Loliginidae). 
Fisheries Research 84 (2007): 308–313.

Sauer, W.H.H., Lipinski, M.R. & Augustyn, C.J. 2000. - Tag recapture studies of the chokka 
squid Loligo vulgaris reynaudii d’Orbigny 1845 on inshore spawning grounds on the 
south-east coast of South Africa. Fish. Res. 45 (3): 283–289.
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Ultrastructural characterization of the adhesive organ of 
Idiosepiidae Voss, 1962 (Mollusca, Cephalopoda)

Norbert Cyran1, Waltraud Klepal & Janek von Byern

Cell Imaging and Ultrastructural Researche Unit, Faculty of Life Science, University of 
Vienna, Vienna, Austria; 1Corresponding author: nbc555@gmx.net

The species of the cephalopod family Idiosepiidae possess an epithelial adhesive organ on 
the posterior part of the dorsal mantle area (Steenstrup 1881, Sasaki 1921). It is used to 
stick on several substrates for camouflage, prey capture and during egg spawning (Voss 
1962, Suwanmala et al. 2006, von Byern & Klepal 2007). The adhesive epithelium consists of 
three glandular (columnar, granular and goblet cells) and four non-secretory cell types (basal, 
interstitial, fusiform and saccular cells) (Fig. 1).

The columnar cells are stretched pear-shaped and contain spherical granules with a diameter 
of about 1 µm. Several of these cells form aggregates, which are innervated basally. Granular 
cells have a cylindrical shape and contain closely packed polygonal granula, 2-4 µm in 

Fig. 1: Schematic drawing of the cell arrangement in the adhesive organ. af actin filaments, ba 
basal cell, bm basal membrane, co columnar cell, f fusiform cell, go goblet cell, gr granular cell, i 
Interstitial cell, ne neuron.
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diameter, each covered by a micellar layer. The cylindrical to barrel-shaped goblet cells are 
filled with fine granular material. Whereas the columnar and granular cells are randomly 
distributed in the adhesive organ, the goblet cells are more numerous in the boundary and fin 
adhesive region of the adhesive organ than in its middle part.

The basal cells, containing electron-transparent vesicles with electron-dense inclusions, form 
the continuous proximal cell layer. Between the glandular cells are interstitial cells. They have 
microvilli on their apical surface and contain numerous actin filaments but they lack granular 
secretory material. The interstitial cells next to the columnar cells have aligned actin filament 
strands from the cell base up to the tips of the microvilli. Associated with the columnar cell 
aggregates, the pear-shaped fusiform cells possess cilia. They are presumably sensory and 
adjoined by an efferent nerve. There is no evidence for secretory products in the irregularly 
distributed saccular cells with a spacious cell lumen. 

Columnar, granular and fusiform cells are in the adhesive organ only and seem to be 
responsible for adhesion and release of the animals. Some facts indicate a kind of duo gland 
system, forming glue and release material. 

Sasaki M. 1921. - On an adhering habit of a pygmy cuttlefish, Idiosepius pygmaeus Steenstrup. 
Annotationes Zoologicae Japonenses 10[21], 209-213. 

Steenstrup J. 1881. - Sepiadarium and Idiosepius two new genera of the family of Sepia. 
With remarks on the two related forms Sepioloidea d�Orb. and Spirula Lmk. K.danske 
Vidensk.Selsk.Skrifter Raekke 6[Bd. 1], 211-242. 

Suwanmala J, von Byern J, Nabhitabhata J. 2006. - Observation of Idiosepius pygmaeus 
(Cephalopoda, Idiosepiidae) at Klong Bangrong, Phuket Island, Thailand. Phuket Marine 
Biological Center Research Bulletin 67, 49-51. 

von Byern J, Klepal W. 2007. - Morphological characterization of systematically relevant 
features of the genus Idiosepius (Cephalopoda; Idiosepiidae). Zoological Journal of 
Linnean Society (submitted).

Voss GL. South African cephalopods. 1962. - Transaction of the Royal Society of South Africa 
36[4], 245-272.



Coleoid Cephalopods 2008 Luxembourg ��

Posters

Predator-prey interactions between coleoids, fishes and 
marine reptiles during the Early Jurassic (Toarcian) in 

Luxembourg

Dominique Delsate, Dirk Fuchs & Robert Weis

Musée national d’Histoire naturelle de Luxembourg, Section Paléontologie. 25 Rue Münster, 
L-2160 Luxembourg; Dr_delsate@hotmail.com

Predation and competition are important factors that control the structure of ecosystems. 
Knowledge about ancient predator-prey interactions is essential for developing and testing 
hypothesis concerning the role of ecological factors in evolution. Thanks to the extraordinary 
preservational potential of the “Schistes Carton” in the Bascharage region we are able to 
reconstruct predator-prey interactions between some nektonic inhabitants of a marine 
paleoenvironment.

Ichtyosaurs, pachycormid (pelagic carnivorous fishes of tuna-like habitus) and leptolepid 
(herring-like) fishes are found in close association with gladii of vampyropod coleoids (calmar-
like). Occasionally, gladii are located in oblique or axial position behind the cleithro-pectoral 
region, indicating an oesophagal or stomachal position.

Vice versa vampyropod coleoids sometimes show preoperculars, operculas, angulo-
dentalosplenial and vertebral centra of Leptolepis in their caecal sac or stomach. It is not 
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surprising that both leptolepids and pachycormids are predated by ichtyosaurs and that 
pachycormids ingested leptolepids.

A hierarchical classification into trophic levels is possible only concerning the highest position 
captured by the ichtyosaurs.

The trophic level of leptolepids and vampyropods is, however, unclear. It seems as if the body 
size of these groups is the major factor that decides who is the predator and who is the prey. 
Interactions between vampyropods and pachycormids, too, are uncertain, because the gladii 
in the oesophagal region of pachycormids suggest that they died in consequence of suffocation 
during regurgitation. On the other hand one can not exclude that larger vampyropods (body 
size up to 1m) also attacked adolescent smaller pachycormids.

This small section of predator-prey interactions shows that the competition between nektonic 
organisms has been complex as in modern marine ecosystems.
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The cephalic remains of the Late Carboniferous coleoid from 
Oklahoma

Larisa A. Doguzhaeva1, Royal H. Mapes2, Stefan Bengtson1 & Harry Mutvei1

1Dept. Palaeozoology, Swedish Museum of Natural History, Stockholm, Sweden;  
larisa.doguzhaeva@nrm.se

2Dept. Geological Sciences, Ohio University, Athens, USA

The discovery of an Upper Carboniferous (ca. 300 MY) radula associated with the arm hooks 
and cartilage remains preserved within a coprolite that formed the nucleus of a phosphate 
concretion (length = 30 mm; width = 15 mm) is described. The concretion was recovered from 
the Eudora Shale (Pennsylvanian; Missourian stage) in Oklahoma, USA. The coprolite might 
have been produced by a small shark as their remnants are common in these concretions. 
The coleoid origin of the radula is based on its association with horny arm-hooks that have the 
typical morphology for similar structures seen in coleoids. 

Several transitional rows of the radula teeth are exposed in two short pieces (Fig. 1A); together 
they give an overall idea of the radula structure that is similar to the radula in Saundersites 
(Doguzhaeva et. al. 2007). Several disintegrated teeth (Fig. 1C) are exposed around the 
more completely preserved fragments noted above. Additionally there are numerous holes 
in the area of the radula that may be the tips of the radula teeth not completely exposed in 
the fracture plane. The central tooth is distinguished by its symmetrical shape and central 
position in a transverse row of the radula (Fig. 1D). This tooth is approximately two and half 
times shorter than the marginal teeth. Its basal area is broad and stout, and the upper part is 
triangular with an angle of 35 degrees and having a pointed tip. At approximately one third of 
the distance above the base, the sides of the central tooth curve inward, forming a sinuous 
curved symmetrical outline. The lateral contour of the tooth is curved and convex near the tip. 
The marginal teeth (Fig. 1C) are long, asymmetrical, and strongly curved and have pointed 
tips. The lateral teeth are supposedly to be shorter than the marginal ones but longer that 
the central tooth. There are two marginal plates outside of the marginal teeth on each side of 
the radula. The total number of teeth and plates in each transverse row can be estimated as 
11. The teeth are preserved as internal moulds with the external surface being preserved as 
impressions in the coprolite material. 
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The internal moulds have a granular appearance (Fig. 1E). Originally, the hollow interior of 
the radula teeth was filled with organic material. The granular infilling that forms the internal 
mould is probably the product of bacterial activity. 

The arm hooks are of two sizes: small (about 0.6 mm in length) and large (about 1.8 mm in 
length). The small arm hooks are similar in size with the marginal teeth of the radula (compare 
Figs. 1B and C). The small and large arm hooks are uniform in shape and material that they 
are build off. The arm hooks are shiny, curved hollow structures composed of black horny 
material. Their shaft is comparatively long and thick. Their distal part (from the maximum 
curvature to the tip) is also long and well developed. The angle between the shaft and the 

Fig. 1: A-F. The radula, arm hook and supposedly remains of the cranial capsule cartilage; U. 
Carboniferous, Oklahoma, USA: A- The radula (r), radula teeth (t), disintegrated marginal tooth (m), 
an arm hook (h) (right top corner) and supposed cranial cartilage remains (cc), bar is 2.� mm; B- 
Enlarged arm hook, bar is 0.2 mm; C- Enlarged marginal tooth, bar is 0.2 mm; D- Enlarged central 
tooth (c), bar is 0.2 mm; E- Infilling of a cavity of the teeth, bar is 50µm; F- The arm hook (h) and 
cranial cartilage remains (cc), bar is 0.� mm; G- Fracture and surface of arm hook material, bar is 
10 µm.
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distal part is about 90º (Fig. 1B, F). The arm hooks are ornamented with delicate longitudinal 
striation. The material that built the wall in the arm hooks (supposedly chitin) is preserved inThe material that built the wall in the arm hooks (supposedly chitin) is preserved in 
an altered form that has a typical blocky fracture structure (Fig.1B, F). The micro-globular 
ultrastructure of the arm hook material (Fig. 1G) is similar to that described in the arm hooks 
in the Late Triassic Phragmoteuthis (Doguzhaeva et al. 2007: Fig. 5A-C).

The specimen exhibits numerous, uniform in general appearance fragments of material with 
cell-like structure (Fig.1F). These fragments are clustered around the radula and arm hooks. 
It is possible these cell-like fragments are pieces of the cartilaginous cranial capsule of the 
coleoid individual that the radula and arm hooks were belonged to. The experimental data on 
phosphatization of the cranial cartilage in invertebrates, including living squid Loligo (Eilberg 
et al. 1975) supports this assumption.

Doguzhaeva L.A., H. Summesberger H. Mutvei, F. Brandstaetter 2007. - The mantle, ink sac, 
ink, arm hooks and soft body debris associated with the shells in Late Triassic coleoid 
cephalopod Phragmoteuthis from the Austrian Alps. Palaeoworld 16: 272-284.

Doguzhaeva L.A., Mapes R.H., Mutvei H. 2007. - A Late Carboniferous Coleoid Cephalopod 
from the Mazon Creek Lagerstätte (USA), with a Radula, Arm Hooks, Mantle Tissues, 
and Ink. In: Landman, N. H., Davis, R. A., and Mapes, R, H. eds., Sixth International 
Symposium, Cephalopods – Present and Past, p. 121-143. Springer. 

Eilberg R.G., Zuckerberg D.A., Person P. 1975. - Mineralization of invertebrate cartilage. 
Calcified tissue researches 19: 85-90.
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Fossil evidence of cephalic cartialge – 
a New character relevant for systematic and phylogenetic 

problems?

Dirk Fuchs1, Robert Weis2 & Neal L. Larson3

1Institut für Geologische Wissenschaften, Fachrichtung Paläontologie, Freie Universität 
Berlin, Malteser Str. 74-100, D-12249 Berlin; drig@zedat.fu-berlin.de

2Séction Paléontologie, Musée National D`Histoire Naturelle Luxembourg, 25, rue Münster, 
L-2160 Luxembourg; rweis@mnhn.lu

3Black Hills Institute of Geological Research & Black Hills Museum of Natural History

PO Box 643, 117 Main Street, Hill City, South Dakota 57745; mmoniteguy@bhigr.com

Fossil-Lagerstätten such as the Early Jurassic (Toarcian, 180 Ma) Posidonian Shales of 
Holzmaden (Germany), the Middle Jurassic (Callovian, 163 Ma) of La Voulte-sur-Rhône 
(France), the Late Jurassic (Tithonian, 150 Ma) Limestones of Solnhofen (Germany), and the 
Late Cretaceous (Cenomanian – Santonian, 95-83 Ma) Limestones of Lebanon are crucial in 
the study of Coleoidea evolution. Owing to the extraordinary soft-tissue preservation in these 
deposits, we have a comparatively detailed idea about the morphology of Mesozoic coleoids 
(Fuchs 2006).

Nevertheless, systematic and phylogenetic problems still exist, particularly within non-
belemnoid coleoids. Although most of them appear teuthid-like (that is why they are formerly 
called “fossil teuthids”), the majority of characters found (i.e. absence of a fifth arm pair, 
dorsal arm pair elongated, gladius shape, and beak morphology) rather suggest vampyropod 
affinities (Bandel & Leich 1986, Fuchs 2006, Klug et al. 2005). However, this systematic 
position has not yet achieved general acceptance as some authorities consider these 
characters as convergences or diagenetic artefacts. Hence, ongoing search for systematic 
and phylogenetic usable characters is therefore urgently necessary.

Thanks to the digging activities of the family aBi-saad (Hâkel, Lebanon) we are regularly able to 
investigate new coleoid material from the Cenomanian Hâkel and Hâdjoula Limestones (both 
Lebanon) with soft-parts preserved. In the course of examining some of these specimens, 
we recently came across the regular occurrence of orange discolorations in the head region 
and identified them as flattened remnants of cephalic cartilages or head capsules (Larson 
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2008). This is the first evidence of cephalic cartilage in the fossil record. In at least two taxa, 
Dorateuthis syriaca and Glyphiteuthis libanotica, these colorations seem to be characteristic 
in the shape of cephalic cartilage.

Unfortunately, comparisons with cephalic cartilages of Recent coleoids have proved to be 
problematic, because literature about the morphology of cephalic cartilage is surprisingly 
limited (except for Nixon 1998). A morphological comparison including cephalic cartilages of 
more than four species has not yet been published and the character “shape of the cephalic 
cartilage” has never been used in phylogenetic reconstructions.

As a result, we are currently unable to compare fossil and Recent cephalic cartilages in order 
to find additional support for vampyropod affiliations of Mesozoic gladius-bearing coleoids.

Bandel, K. & Leich, H. 1986. - Jurassic Vampyromorpha (dibranchiate cephalopods). NeuesNeues 
Jahrbuch für Geologie und Paläontologie, Monatshefte 1986 (3): 129-148.

Fuchs, D. 2006. - Fossil erhaltungsfähige Merkmalskomplexe der Coleoidea (Cephalopoda) 
und ihre phylogenetische Bedeutung. Berliner Paläobiologische Abhandlungen 8: 1-115.

Klug, Ch., Schweigert, G., Dietl, G. & Fuchs, D. 2005. – Coleoid beaks from the Nusplingen 
Lithographic Limestone (Late Kimmeridgian, SW Germany). Lethaia 38 (3): 173-192.

Larson, N.L., 2008 (in reviesion) A new look at fossil cephalopods. Proceedings of the 7th 
International Symposium “Cephalopods – Present & Past”, Sapporo 2007.

Nixon, M. 1998. - Cephalic cartilage of Cephalopoda. Smithonian Contributions to Zoology 
568: 31-38.
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Palaeoctopus pelagicus (Cephalopoda: Coleoidea): a Turonian 
octopod from Vallecillo, N.L., Mexico

Dirk Fuchs1, Christina Ifrim2 & Wolfgang Stinnesbeck3

1Institut für Geologische Wissenschaften, Fachrichtung Paläontologie, Freie Universität 
Berlin, Malteser Str. 74-100, D-12249 Berlin; drig@zedat.fu-berlin.de

2Staatliches Museum für Naturkunde, Erbprinzenstr. 13, D-76133 Karlsruhe; christina.ifrim@
smnk.de

3Geologisch-Paläontologisches Institut, Universität Heidelberg, Im Neuenheimer Feld 234, 
D-69120 Heidelberg; Stinnesbeck@uni-heidelberg.de

The idea is widespread that pelagic families of the living Octopoda evolved from benthic 
ancestors and multiply invaded the pelagic realm (Young et al. 1998). This hypothesis is now 
challenged by the discovery of an originally bipartite gladius vestige near Vallecillo, Nuevo 
León. This specimen was found during a scientific excavation in 2003 and identified as a new 
species of Palaeoctopus (Fuchs et al. in press).

The Platy Limestone of Vallecillo is widely known for its well-preserved marine vertebrates. 
Ammonites and inoceramids provide an early Turonian age for the assemblage (Ifrim & 
Stinnesbeck in press). Planktonic foraminifers, calcispheres and recrystallized radiolarians 
indicate a pelagic environment, consistent with the palaeogeographic position of Vallecillo; the 
nearest palaeocoasts were >500 km to the NE or W, and islands or submarine topographic 
heights are not known to exist in the area due to the high global sea-level of the early Turonian. 
Our research indicates that the late Cenomanian Oceanic Anoxic Event 2 persisted on the 
Mexican shelf. Inoceramids are the only benthic fossils known from the Vallecillo assemblage 
and were able to tolerate the hostile bottom environment (Ifrim 2006). 

Palaeoctopus pelagicus represents the second species of its genus. The other species, 
P. newboldi, is known from the Santonian of Lebanon and possibly inhabited benthic or 
benthopelagic environments on a Carbonate Platform. The carcasses probably drifted 
from this shallow water area into the small basin of Sâhel Aalma. The palaeoenvironment 
of Vallecillo clearly suggests that Palaeoctopus pelagicus inhabited a pelagic environment. 
Hostile low oxygen conditions on the sea floor preclude a benthic mode of life for Palaeoctopus 
pelagicus. The species likely existed under normal marine conditions near the surface and fed 
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on floating carcasses or hunted small prey. This new Mexican specimen represents the first 
record of a fossil octopod from the Americas; its presence at Vallecillo casts new light on the 
mode of life of early Octopods.

Fuchs, D., Ifrim, C. & Stinnesbeck, W., (in press). - A new Palaeoctopus (Cephalopoda: 
Coleoidea) from the Late Cretaceous of Vallecillo, North-eastern Mexico, and its 
implications on the evolution of Octopoda. Palaeontology.

Ifrim, C. 2006. - The Fossil Lagerstätte at Vallecillo, North-Eastern Mexico: Pelagic Plattenkalks 
related to Cenomanian-Turonian Boundary Anoxia [PhD thesis]: University of Karlsruhe, 
ix+151 p.,http://digbib.ubka.uni-karlsruhe.de/volltexte/1000004528.

Ifrim, C. & Stinnesbeck, W. (in press). - Cenomanian-Turonian high-resolution bio-stratigraphy 
of north-eastern Mexico and its correlation with the GSSP and Europe: Cretaceous 
Research.

Young, R.E., Vecchione, M. & Donovan, D.T. 1998. - The evolution of cephalopods and their 
present biodiversity and ecology. South African Journal of Marine Science 20:393-420.
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Aspects of the life history of Octopus huttoni Hoyle, 1885

Fiona Higgins Crane & Miles Lamare 

Department of Marine Science, Universtiy of Otago, 310 Castle Street, Dunedin, New 
Zealand; higfi685@student.otago.ac.nz

There are 39 species of octopus recorded off the coast of New Zealand (O’Shea 1999). 
Octopus huttoni Hoyle, 1885 is a small bodied, benthic octopus found in shell beds off the New 
Zealand coast as well as in temperate Australian waters (Stranks 1996). Little is known about 
the life history and ecology of this species, and it was initially thought to be the juvenile of the 
common large octopus species Pinnoctopus cordiformis Quoy.&.gaiMard, 1832. On average 
O. huttoni does not exceed 23.6cm in total length (O’Shea 1999), although comparatively 
enormous specimens do occur which greatly exceed morphological expectations for this 
species. Live animals have an array of body patterns within the red/brown/yellow/white colour 
scheme, however they occasionally display a distinctive mauve colour. Another distinguishing 
feature of this species are two usually very obvious irregularly shaped iridescent spots on the 
mantle posterior to the eyes and in a general line with the dorsal (R1, L1) arms. This study 
is at present focusing on those octopuses found in the oyster beds of the Foveaux Strait 
between the South Island of New Zealand and Stewart Island. Research animals have been 
pulled up in trawls or oyster dredges in coastal waters from between 30-60m deep. The aim 
of this study is to gain an in-depth understanding of the life history of these small octopuses 
and thus morphology, ageing, growth, diet, ecology within the shell beds, and reproductive 
behaviour and histology will be examined.

O’Shea, S. 1999. - The Marine Fauna of New Zealand: Octopoda (Mollusca: Cephalopoda). 
NIWA Biodiversity Memoir: 112. 280 p.

Stranks, T.N. 1996. - Biogeography of octopus species (Cephalopoda: Octopodidae) from 
southeastern Australia. American Malacological Bulletin 12: 145-151



 Coleoid Cephalopods 2008 Luxembourg110 



Coleoid Cephalopods 2008 Luxembourg 111

Posters

New information about Hematites from Arkansas and Utah: 
the oldes known coleoid from the Lower Carboniferous 

Royal H. Mapes1, Larisa A. Doguzhaeva2, Harry Mutvei3, Neil H. Landman4 & 
Kazushige Tanabe5

1Department of Geological Sciences, Ohio University, Athens OH 45701; mapes@ohio.edu
2,3Department of Palaeozoology, Swedish Museum of Natural History, Stockholm, Sweden; 

ldoguzhaeva@rambler.ru, harry.mutvei@nrm.se
4Department of Invertebrate Paleontology, American Museum of Natural History, New York, 

NY 10012; landman@amnh.org
5University of Tokyo, Tokyo, Japan; tanabe@eps.s.u-tokyo.ac.edu

The recovery of more than 200 coleoid specimens in the past 40 years from the Lower 
Carboniferous of Arkansas and �tah (Lower Carboniferous: Namurian = Late Mississippian: 
middle Chesterian) provides new insights into early coleoid morphology. Additionally, new 
morphology details suggest that significant taxonomic reevaluation of the coleoids assigned 
to the Order Hematitida may be required.

Flower & Gordon (1959) were not able to find a protoconch-bearing phragmocone in the 250+ 
specimen Late Mississippian coleoid rostrum collection they analyzed, and the new collection 
of coleoid specimens from the same horizons in Arkansas and Utah contains only a single 
protoconch-bearing specimen of Hematites barbarae. This specimen is the oldest known 
coleoid with a protoconch. In that specimen, the protoconch is relatively large (length 0.9 mm, 
width 1.0 mm) and nearly spherical with a bactritoid-like constriction; whereas, the co-occurring 
bactritoid Bactrites fayettevillensis has a smaller (length 0.6mm, width 0.6 mm) protoconch. The 
protoconch is much smaller and the constriction is much less pronounced in the aulacocerid 
Mutveiconites (length 0.5 mm, width 0.3mm), which is the only other known protoconch-bearing 
coleoid specimen from the Carboniferous. The interior of the Hematites protoconch shows no 
evidence of an enclosing membrane, which is a characteristic of the Order Belemnitida. The 
ceacum is not preserved. The first septum is thin and appears to be calcified. The first septal 
neck is short and is distinguished by a slight apicad curvature of the septum around the septal 
foramen. The septal foramen in the first septum is like that in bactritoids. The foramen has a 
sub-marginal position, and there is no evidence of a primordial rostrum. 



 Coleoid Cephalopods 2008 Luxembourg112 

Posters

The new data about the overall morphology of Hematites suggest that a reevaluation of the 
taxonomy of Carboniferous coleoids is probably warranted. In summary, Flower & Gordon 
(1959) described three new genera and five species of coleoids (Paleoconus bakeri, 
Bactritimimus girtyi, B. ulrichi, Hematites barbarae and H. burbankensis). An evaluation of 
the descriptions and illustrations of Flower & Gordon indicate that B. girtyi from Arkansas 
has no definitive coleoid characteristics, and therefore, it may be a bactritoid. The remaining 
specimens have a partial or relatively complete rostrum, and therefore, they are coleoids. 
Based on variations seen in the new coleoid collection, all of the coleoid taxa described 
by Flower & Gordon could be interpreted as morphologic variations of Hematites barbarae. 
However, comparison of the holotypes of these taxa is necessary before a final taxonomic 
decision can be made.

Based on the protoconch morphology, namely: 1) the position of the first septum, 2) the lack of 
an enclosing membrane, and 3) the slightly retrochoanitic shape of the septal neck on the first 
septum, there is strong support for the conclusion by Doguzhaeva et al. (2002) that Hematites 
can be assigned neither to the Order Belemnitida nor to the Order Aulacocerida. Therefore, 
the presence of the rostrum in the coleoid orders Hematitida, Aulacocerida, and Belemnitida 
can be considered a product of parallel evolutionary development. With this being the case, 
the Order Hematitida must stand as a separate evolutionary experiment that was probably 
short lived. 

Doguzhaeva L. A., Mapes, R. H. & Mutvei, H. 2002. Early Carboniferous coleoid Hematites 
Flower and Gordon, 1959 (Hematitida ord. nov.) from Midcontinent (USA): 299-320, in 
Summesberger H., Histon K., and Daurer A. (eds), Abhandlungen der Geologischender Geologischen 
Bundesanstalt International. Band 57.

Flower R. H. & Gordon M. Jr. 1959. More Mississippian Belemnites. Journal of Paleontology, 
33: 809-842. 
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First record of two pelagic octopods from the Andaman sea, 
Thailand

Jaruwat Nabhitabhata1, Charuay Sukhsangchan2 & Koraon Wongkamhaeng3
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psu.ac.th
2Department of marine Science, Faculty of Fisheries, Kasetsart University, Chatuchak, 

Bangkok 10900, Thailand
3Graduate School, Department of Biology, Faculty of Science, Prince of Songkla University, 
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Materials of Tremoctopus violaceus cf. gracilis (eydoux. &. souleyet, 1852) and Argonauta 
argo linnaeus, 1758 are described. It is the first record of these species for the Andaman Sea, 
Thai waters. Both species are known as pelagic species, but collection of the former species 
in 2007 from coastal zone reflected temporary change of water current in the Andaman Sea.
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On the search for hatching temperatures of Spirula based on 
isotope analyses

Kerstin Warnke, Alexandra Oppelt & René Hoffmann

Freie Universität Berlin, FR Paläontologie, Malteserstr. 74-100, Haus D, 12249 Berlin, 
Germany, warnke@zedat.fu-berlin.de

The mesopelagic recent Decabrachian Spirula might be a suitable model for the embryonic 
development of ammonoids (Warnke & Keupp 2005; Keupp 2000), even more than that of, even more than that of 
Sepia or Nautilus. This is justified in the structure of its well developed internal shell, the This is justified in the structure of its well developed internal shell, the 
planispiral phragmocone and the small size of the eggs.

Indeed, the external structure of the earlythe external structure of the early Spirula shell starting from a spherical initial 
chamber resembles very much that of Ammonoidea (Bandel & Boletzky 1979; Bandel 1982, 
Doguzhaeva 1996).

Possible laid egg masses of ammonoids (e. g. Lehmann 1966) have not been confirmed but 
the diameter of the ammonitella which is the initial shell of hatchling ammonites measures 
between 0.5 and 2 mm (Landman 1988; House 1996; Landman et al. 1996). The egg size is 
comparable to the size of Spirula which measures about 2 mm.

However, even if Spirula is not a rare animal and widely distributed their embryonic development 
is still unknown.  Moreover, no laid Spirula eggs have ever been found. Spirula lives near the 
continental slope in the neighbourhood of oceanic islands in tropical and subtropical waters 
and migrates daily within the water column between depths of 100 and 1000m (Clarke 1966). 
To make Spirula a useful recent model organism for understanding the embryonic development 
of ammonoids artificial fertilization could help to obtain information (Boletzky 1989, 1998).

To accomplish the artificial fertilization for example after the methods of Arnold & O´Dor 
(1990) with freshly caught animals and running fresh seawater is possible. The critical point 
is the correct rearing temperature for the fertilized eggs. The problem is that there are only 
presumptions concerning the depth where spawning takes place within the water column 
(Nesis, pers. comm.).

Well-preserved material of Spirula is scarce, compared to the countless shells stranded on 
oceanic beaches (Dauphin 1979a/b)
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Here the septa of Spirula caught alive near the Canary Islands (Spain) will be analyzed for 
isotope ratios. The oxygen isotope ratio (δ18O) of carbonates in combination with a known 
δ18O of sea water provides information on temperature and depth of Spirula egg masses 
during septal carbonate precipitation.

Arnold J. M. & O�Dor R. 1990. - In vitro fertilization and embryonic development of oceanic 
squid. Journal of Cephalopod Biology 1 (2): 21-36.

Bandel K. 1982. - Morphologie und Bildung der frühontogenetischen Gehäuse bei conchiferen 
Mollusken. Facies 7: 1-198.Facies 7: 1-198.

Bandel K. & Boletzky S. v. 1979. - A comparative study of the structure, development and 
morphological relationship of chambered cephalopod shells. Veliger 21: 313-354.

Boletzky S. v. 1989. - Recent studies on spawning, embryonic development, and hatching in 
the Cephalopoda. Advances in Marine Biology 25: 85-115.

Boletzky S. v. 1998. - Cephalopod eggs and egg masses. Oceanography and Marine Biology: 
an Annual Review 36: 341-371.

Clarke M. 1966. – A review of the systematics and ecology of oceanic squids. Advances inAdvances in 
Marine Biology 4: 91-300.

Dauphin Y. 1979a. - Contribution a l’etude de la formation des gisements de Cephalopodes. 
I Les coquilles de spirules (Dibranchiata, Cephalopoda) de Nouvelle-Caledonie. Cahiers 
de l’Indo-Pacifique 1 (2): 165-194.

Dauphin Y. 1979b. - Contribution a l’etude de la formation des gisements de Cephalopodes. 
II- Les coquilles de spirules (Dibranchiata, Cephalopoda) de l’Ile Maurice (Ocean indien). 
Cahiers de l’Indo-Pacifique 1 (3): 335-351.35-351.

Doguzheaeva L. 1996. - Shell ultrastructure of the early permian bactriella and ammonitella, 
and its phylogenetic implication. Jost Wiedmann Symposium, Tübingen: 19-25.

House M. R. 1996. - Juvenile goniatite survival strategies following Devonian extinction 
events. In: Hart M.B. (ed.) Biotic recovery from mass extinction events. Geological Society, 
Special Publication 102: 163-185.

Keupp H. 2000. -  Ammoniten. Jan-Thorbecke-Verlag, Stuttgart: 165 pp.

Landman N. H. 1988. - Early Ontogeny of Mesozoic Ammonites and Nautilids. In: 
Wiedmann, J, Kullmann J (eds) Cephalopods, present and past. E. Schweizerbart�scheE. Schweizerbart�sche 
Verlagsbuchhandlung, Stuttgart: 215-228.
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Lehmann U. 1966. - Dimorphismus bei Ammoniten der Ahrensburger Lias-Geschiebe. 
Paläontologische Zeitschrift 40 (1/2): 26-55.

Warnke K. & Keupp H. 2005. - Spirula - a recent model for ammonoids? Molecular indication 
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Towards objectivity in palaeontological modeling – species 
recognition of Upper Cretaceous belemnites using Kohonen 

neural networks

Zbigniew Remin

Faculty of Geology, �niversity of Warsaw, Al. Żwirki i Wigury 93, PL 02-089 Warsaw, Poland; 
zbyh@uw.edu.pl

There has always been a problem with objective taxonomic classification. In most cases 
precise recognition on species level are based on our experience and subjective circumstance. 
That is why that kind of recognition is more or less burden with mistakes resulting from non-
objective treating of „important” taxonomic features. This problem is less visible in form with well 
expressed and stable morphology (i.e. within the species). However, the recognition of forms 
with small morphological dispersion (i.e. belemnites), is much hinder. Correct classification 
has lot of consequences: (1) give us opportunity to know the real i.e. intraspecific variation 
and to follow phyletic and phylogenetic changes in evolutionary lineages; (2) it has primary 
significance in palaeoecological and palaeogeographical conclusion; (3) it allows producing 
reliable biostratigraphic schemes. The problems mentioned above force us to apply more 
objective classification tools. One of them are surely the artificial neural networks (ANN).

ANN are software of systems that are able to „learn” just on the basis on previously collected 
data input set. They arose form research on artificial intelligence. In general assumption 
ANNs try to imitate the structure and function of natural neural systems such as the human 
brain, possessing couple of very important features formerly recognized only in natural neural 
systems: (1) ANNs learn on examples; (2) ANNs are resistant to incompleteness of input data, 
and (3) ANNs are able to generalize the knowledge.

Starting from 80th of XX century ANNs are applied to almost all the scientific discipline 
(medicine, physics, chemistry, economy, applied ecology etc.). ANNs can be use in all the 
fields where problems of prediction or classification nature need to be solved. The successes 
of ANNs are the effect of their ability to project complicated function, especially non-linear 
function which dominates in nature.

So far applications of ANNs in earth siences are relatively sparse, but it seems that in recent 
years we will observe a rapid rise in interest of use of ANNs in this field. They were applied 
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to interpretation of well logs (Baldwin et al. 1989; Rogers et al. 1992), to chemostratigraphy 
(Malmgren & Nordlund 1996), to analyze the palaeooceanographic data (Malmgren & 
Nordlund 1997). In palaeontological research the ANNs were use very saldom; i.e. Marmo et 
al. (2006) using ANNs obtain good results in automatic recognition of foraminifera.

In my last research (Remin 2007, 2008) I have studied the potential of use of ANNs, especially 
Kohonen neural networks in palaeontology. The aim of this research is to propose new 
methodology, maximal unification and objectification in taxonomical study of late Cretaceous 
belemnites of the genera Belemnitella d’orBigny, 1840 and Belemnella noWak,.1913. Self 
organizing Kohonen neural networks are design to learn in mode “without the teacher” 
(Kohonen 1982, Fausett 1994; Haykin 1994, Patterson 1996, StatSoft 2001, 2006).

The base of the simulation was data set containing biometric measurements of 15 features 
and 14 ratios based on row data for about 750 specimens (about 21 000 biometric records). 
The exploration of self organized maps (an output layer of Kohonen neural network) allows to 
distinguished 15 morphological groups, representing the genera Belemnitella and Belemnella. 
The recognized morphogroups are characterized by intragroup (intraspecific) cohesion and 
statistically significant differences between groups (species). These differences are emphasize 
by different stratigraphic intervals occupy by individual morphogroups (species). The analyze, 
based on implemented methodology - Kohonen neural networks, on fossils like belemnite, 
that characterize by very small morphological dispersion, confirm its effectiveness, usefulness 
and marked competitive to methods used so far.

The research carried out show that ANNs possess great potential and possibility to apply them 
to problems of classification nature in taxonomy, especially where great number of statistical 
and/or biometrical data is analyzed. It offers new perspectives in primary palaeontological 
research in such groups as belemnite, ammonite, brachiopods, corals and other. ANNs give 
also opportunity to know and follow the real morphological closeness and relationships of 
distinguished species in analyzed multidimensional morphospace. That kind of relationships 
could be the base of evolutionary interpretations between “biological” taxa based on recognized 
morphotypes. It gives us also chance to find even small changes and phylogenetic trends 
within analyzed group, what in many cases can cause much rise of their biostratigraphic 
potential.

The researches are part of my PhD thesis. The Polish Ministry of Science and Higher Education 
is acknowledge for financial support; grant no. 2 P04D 020 27.
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Belemnite Occurrences (Coleoid Cephalopods) in Jurassic and 
Cretaceous Strata of Mexico: A Progress Report

Ekbert Seibertz & Christian Spaeth

Institut für Umweltgeologie, Pockelssraße 3, D-38106 Braunschweig, e.seibertz@web.de

Institut für Geologie und Paläontologie, Bundesstraße 55, D-20146 Hamburg, chspaeth@
web.de

Belemnites have been cited sparsely from Mexican Jurassic and Cretaceous strata, being 
rarely determined and never investigated until the 1980-years. During the last twenty five 
years, Northamerican, Mexican, and German colleagues collected specimens at Jurassic 
and Cretaceous sites especially in Northern and Central Mexico and entrusted them to the 
authors. By this, own collections were enlarged to be of biostatistic value. First results were 
published by Seibertz (1986), Seibertz & Buitron.(1987a, b), Spaeth (1988), and Seibertz & 
Spaeth (1995, 1998, 1999, 2000 a, b, 2002a, b, 2005a, b).

In Mexico, the occurrence of belemnites is restricted mainly to areas that can be interpreted as 
shallower water regions by means of the sedimentologic characters and structures within the 
strata. Thus, belemnite findings can be used for paleogeographic interpretations. Furthermore, 
the known biogeographic relations lead to paleooceanographic implications.

Jurassic belemnites

From the uppermost Middle Jurassic (Upper Callovian) of central northern Mexico, a single 
rostrum of Cylindroteuthis puzosiana (d’orBigny) has been described for the first time which 
is a typical form of the North European Province (NEP, Boreal). In the middle Late Jurassic 
(Middle Kimmeridgian), rostra of still undetermined acroteuthid belemnites occur. In younger 
Late Jurassic times (Tithonian), C. puzosiana co-occurs with C. alpina (ooster), and 
Conodicoelites sp., as well as Hibolithes australis.cHallinor, and H. aff. catlinensis (Hector). 
Most of these species show a great affinity to forms of the South Pacific Realm (SPR).

Lower Cretaceous belemnites

Nearly all Lower Cretaceous stages are represented by belemnites. In the Berriasian, rare 
findings of Hibolithes marwicki stevens, and Belemnopsis sp. were made, both of SPR affinities. 
The Valanginian is not represented; the Hauterivian yielded several rostra of Hibolithes 
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jaculoides sWinnerton, and specimens of the Praeoxyteuthis-group, typical forms of the NEP 
which are actually under investigation. After another gap in the record (Barremian to Lower 
Aptian) a questionable specimen of Duvalia grasiana (duval) shows influences of the South 
European Province (SEP, Tethys). Not co-occurring, but with the same age of Upper Aptian, 
a flood occurrence of NEP typical Neohibolites wollemanni stolley is traceable over the whole 
northeast Mexican area, accompanied by N. clava stolley, and N. strombecki (Müller). It is 
followed by another acme in the Middle Albian with N. spiniformis kriMHolz, and N. minimus 
(Miller) including the subspecies N. m. pinguis stolley, N. m. obtusus stolley, and N. m. 
clavaformis seiBertz.&.Buitron. The latter is considered to be restricted in its distribution to 
Mexico. Ecologically, it substitutes the European N. m. minimus, which ranges not that high into 
younger strata in Europe than does its substitute in Mexico. Furthermore, in mid-Albian strata 
of northeast Mexican localities, two forms occur with several specimens strongly resembling 
the Upper Albian N. praeultimus spaetH, and the Lower Cenomanian N. ultimus (d’orBigny) 
respectively, both being looked upon as new subspecies of N. minimus, showing an earlier 
iterative radiation. Besides these neohibolitids of NEP affinity, mid-Albian strata yielded the two 
species Mesohibolites semicanaliculatus (Blainville), and M. spicatus (sWinnerton). Originally 
described by the author under reservation as Neohibolites, the Mexican specimens confirm 
the doubts and lead to a generic change with paleobiogeographic consequences. The Upper 
Albian is characterized in its lower part by N. oxycaudatus spaetH, and in its upper part by the 
real N. praeultimus spaetH. Besides these, N. subtilis kriMHolz as well as N. m. clavaformis, 
and N. m. obtusus co-occur.

Upper Cretaceous belemnites

The last member of the neohibolitids occurs in the basal Lower Cenomanian with N. ultimus 
(d’orBigny), resembling typical forms of the NEP. The Middle Cenomanian is represented 
by a single specimen of Praeactinocamax primus arkHangelsky from a northwest Mexican 
locality. The youngest belemnite known from Mexican strata until now is Praeactinocamax 
manitobensis (WHiteaves) from central northern Mexico that indicates faunal immigration from 
the northerly neighbouring boreal Western Interior Seaway.

Seibertz E..1986.- Berliner Geowissenschaftliche Abhandlungen, A:187.

Seibertz E. & Buitron B. E. 1987 a.- Actas Facultad Ciencias Tierra UANL 2: 121-124.

Seibertz E. & Buitron B. E. 1987 b.- Revista Sociedad Mexicana Paleontología 1(1): 285-299.

Seibertz E. & Spaeth C. 1995. - Berliner Geowissenschaftliche Abhandlungen E16: 45-51.
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Jurassic Coral reefs and Coleoids at the Ottange-Rumelange 
quarry

Bernard Lathuilière 1 & Robert Weis 2

1 G2R, Nancy-Université, CNRS, BP 239, 54506, Vandoeuvre-les-Nancy, France- bernard.
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2. Musée national d’Histoire naturelle de Luxembourg, Section Paléontologie, 25 rue 
Münster, L 2160 Luxembourg, rweis@mnhn.lu

1. Introduction

The outcrop to be visited is a very large active quarry worked by the Group “ciments 
luxembourgeois” to extract limestones and marls for the local cement industry. The entrance 
is situated SW of the town of Rumelange (Luxembourg) but the quarry extends beyond 
the border, over the territory of Ottange-Nondkeil (France). This quarry is also commonly 
named “Op der Heed” or “Intermoselle”. It is in close connection with ancient quarries named 
“Carri�re blanche” or Weiss-Kaul” described in the past (Geister 1984, 1986, 1989; Geister & 
Lathuili�re 1991, Hary 1970, Stamm 1976, Lucius 1945, Stamm 1976, Waterlot et al. 1973). 
The new quarry provided a number of fossils of which some have been recently published 
with some details (for coleoids see Weis 2006, for sea- urchins see Thuy 2003).

A well illustrated general inventory was made with help of two local societies of amateurs 
(Fayard et al. 2005). Thiry-Bastien (2002) provided a sequence stratigraphic approach of the 
considered stratigraphic interval but from different outcrops nearby the Ottange quarry.

2. Structural context

The rocks of the whole quarry belong to the Lower Bajocian (Middle Jurassic). The outcrop 
is situated on the northeastern margin of the Paris Basin. From a tectonics point of view, 
the area is relatively quiet and strata observed remained in their original horizontal position. 
Nevertheless the Basin and its Variscan-Cadomian basement are affected by faults that 
controlled sedimentation during Jurassic times. In the area considered, the Metz fault oriented 
NE-SW and many smaller faults of comparable orientation had such a role and delineated 
more subsiding areas during Jurassic times.
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3. Stratigraphic description

Due to lateral changes in facies, to the historical situation on the border, and to the diverse 
nationalities of geologists that worked in the area, the local lithostratigraphy appears 
anomalously complex. It can be summarized in figure 2.

In the Ottange quarry, the lowest unit is the Calcaire d’Ottange Formation, the highest unit is 
the Calcaire de Nondkeil Formation.

The Calcaire d’Ottange Formation is made of rust-colored limestones in irregular wavy beds 
of fine grained  biosparite- grainstone. Hummocky cross stratifications were observed.

The Calcaire de Haut-Pont Formation consists in less colored limestones arranged in cross 
bedding, defined as biosparites or biomicrites, grainstone to packstone, characterized by the 

Fig. 1: Situation of the Ottange quarry. Background from Google Earth.
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occurrence of crinoid ossicles. Fragments of the large bivalve Trichites are numerous and 
easy to recognise with its prismatic shell layer.

The Calcaire à polypiers inférieur Formation includes very diverse facies that can be clustered 
in two main sets: facies build by corals and facies sedimented nearby the reefs.

Fig. 2:_ Lithostratigraphic chart of the Lower Bajocian from Luxembourg to Lorraine.
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Fig. 3: Lithostratigraphic column of the Ottange-Rumelange quarry.
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Reef building corals created large bioherms with a paleorelief that can be deduced from onlap 
and downlap geometries. Corals are poorly diverse and dominated by platy, hummocky and 
sometimes dome-shaped colonies of the genus Isastrea. Lateral facies vary from marls to 
grainstones. The top wall of the formation is a spectacular bored hardground encrusted by 
oysters.

The Marnes sableuses d’Audun le Tiche Formation is made of alternating beds of silty 
limestones and silty marls arranged in regular beds. Macrofossils are diverse and abundant, 
for instance the bivalves Oxytoma, Lopha, Entolium or the ichnofossils Rhizocorallium or the 
scarcer Thalassinoides. Most of cephalopods come from this formation. The fauna includes 
numerous vertebrates including fragments of a large ichthyosaur skeleton (Soirfeck in Fayard 
et al. 2005).

The Calcaires de Nondkeil Formation can be observed in the uppermost quarry wall. They 
are rust colored silty limestones. Cross bedding cut by erosional truncations covered by thin 
silty-clayey layers can be observed. The fauna is mainly represented by small white bivalves 
(Oxytoma).

The Calcaire à polypiers supérieur Formation is eroded and occurs at some kilometers from 
the quarry (Crusne).

4. Paleoenvironmental interpretation

The succession of the formations can be interpreted as a succession of cyclic fluctuations in 
relative sea-level (Malartre et al. 1999, Thiry-Bastien 2002).

The Calcaires de Haut Pont Formation is interpreted as the end of a shallowing up trend. TheThe 
Calcaire à polypiers inférieur Formation corresponds to a proper cycle. The final hardgroundThe final hardground 
corresponds both to a sequence boundary and to a surface worked by the erosive process of 
the subsequent transgression. The more argillaceous part of the quarry at the bottom of the 
Marnes sableuses d’Audun le Tiche Formation is interpreted as a maximum floading interval 
followed by a shallowing up trend recorded in the two last quarry walls up to the top of the 
Calcaires de Nondkeil Formation. It means that cephalopods are abundant in the deeper part 
of the succession.

The regional continuity in facies of the Calcaire à polypiers inférieur Formation and the contrast 
with the changing facies and thickness during the sedimentation of the Marnes sableuses 
d’Audun le Tiche Formation suggest a deepening of the sea floor in relation to the activity of 
basement faults.
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Fluctuations of the sea level are not a unique key to read the fossil record. It is worth to note 
that the coral reef of Ottange Rumelange is the northernmost coral reef known at this time, 
not far from the 30 degrees of paleolatitude. Reefs are not recorded in the first cycle that 
includes the Calcaire de Haut-Pont Formation. The transition from echinoderm-rich to coral-
rich sediments could be interpreted as induced by a climatic warming. The Marnes sableuses 
d’Audun le Tiche episode, rich in quartz grains coming from the emerged Ardennes massif, is 
interpreted as an episode of increasing humidity of the climate. Laterally, in South Lorraine, 
this interval corresponds to the Oolithe cannabine Formation, a formation strongly marked 
by the development of microbial activity. All these facts suggest that the transition from the 
Calcaire à polypiers inférieur Formation to the Marnes sableuses d’Audun le Tiche Formation 
is not only a change in depth of environment but also a change from an oligotrophic ecosystem 
to a more mesotrophic one. The fertility of water could provide an additional explanation for 
the distribution of cephalopods.

5. Coleoids in Ottange-Rumelange

Numerous coleoids have been found in the quarry – they all belong to Belemnitida. Fossil 
collectors especially appreciate the large rostra of Megateuthis, the largest belemnite genus 
known in Earth History. Complete rostra of Megateuthis elliptica can reach up to 70 cm, but 
have usually to be reconstructed from several pieces.

Belemnite rostra are most frequently found in the Marnes sableuses d’Audun-le-Tiche 
(Bajocian, Humphriesianum Zone) where they are frequent in marly intercalations. The faunal 
association has been described by Weis (2006): 7 species could be identified, amongst 
them Megateuthis suevica (=M. gigantea), Megateuthis elliptica and Pachybelemnopsis 
roettingensis are most frequent. Less abundant are Eocylindroteuthis corneliaschmittae, 
Brevibelus gingensis, Pachybelemnopsis baculiformis and Hibolithes wuerttembergicus. 
Giant Belemnites from the genus Megateuthis are amongst the most studied in literature and 
several species had been described through the years. Ontogenetic studies (Weis & Mariotti 
2007) indicated that only two species should be maintained, other species corresponding to 
different ontogenetic stages of the later ones.

From a palaeobiogeographic point of view, this association is representative for the faunal 
changeover that took place in early Middle Jurassic Belemnites. “Modern” Tethyan elements 
(Hibolithes, Pachybelemnopsis) are for the first time present in significant numbers, meanwhile 
the more conservative Belemnitina (Megateuthis, Brevibelus) see a marked decrease of 
diversity leading towards generic extinction during the later Middle Jurassic. 
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The Hettangian Stratotype (Hettange-Grande, France) and 
early Jurassic belemnites from the NE Paris Basin

Micheline Hanzo1 & Robert Weis2

1 G2R, Nancy-Université, CNRS, BP 239, 54506, Vandoeuvre-les-Nancy, France- micheline.
hanzo@g2r.uhp-nancy.fr

2 Musée national d’Histoire naturelle de Luxembourg, Section Paléontologie, 25 rue 
Münster, L 2160 Luxembourg; rweis@mnhn.lu

The Hettangian stage (the first in the Jurassic system) was established in 1864 by Swiss 
geologist Eug�ne Renevier. He choose as stratotype the ‘Gries’ quarry in Hettange-Grande 
because of a well-developed, polyspecific coquina bed. The Hettangian layers developed on 
a total thickness of 50m, in the lower part by a bore hole realized in 1986 (Hanzo 2005).

Fig. 1: Locality of the stratotype near Hettange-Grande
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Fig. 2: Hettange area 200 million years ago (taken from panel, Réserve Naturelle 
Géologique de Hettange).

Fig. 3: Hettange area today: lenticular aspect of the ‘Grès d’Hettange’ as an 
inclusion in the ‘Calcaire à gryphées’ Formation (taken from panel, Réserve 
Naturelle Géologique de Hettange).
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A Lower Jurassic marine environment

The region of Hettange was of coastal area during Lower Jurassic, this explains the presence 
of a terrigenous flux (quartz, clays, plant detritus) and a thalassogen flux (calcite and animal 
organisms) alternatively dominant in the Hettangian stage and the Lower Sinemurian stage 
(visible in situ). 

Successively, the lower part of the ‘Calcaire à gryphées’, the ‘Gr�s d’Hettange’, and the 
upper part of the ‘Calcaire à gryphées’ were deposited. The ‘Gr�s d’Hettange’ forms an 
intercalation within the ‘Calcaire à gryphées’: the sandstone body crops out South of Thionville 
and continues to the North-East. It thickens progressively partly due to the proximity of the 
sediment input from the northern continent. Different local designations (Gr�s d’Hettange, 
Gr�s de Luxembourg…) are diffused. 

Fig. 4: Sedimentary discontinuity between the ‘Grès d’Hettange’, poorly stratified, and the upper 
part of the‘Calcaire à gryphées’, well stratified (photo A. Monguillon).
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The fossils of Hettange

The ‘’Grès d’ Hettange’ contains terrestrial flora, mainly millimetric to centimetric debris 
(Bennettitales, Ginkgoales, Cycadales…); other very frequent remains are spores, pollens 
and dinoflagellates. The marine fauna is chiefly represented with completely preserved fossils 
of benthic organisms in the ‘Calcaire à gryphées’ (rare Gryphaea) and the ‘Gr�s d’Hettange’ in 
particular, with some 130 species of bivalvia and gastropods, regrouped in the coquina bed. 
More or less bioclastic fossils of nektonic organisms (ammonites, plesiosaur and phytosaur 
reptile bones) can be found.

Biostratigraphy 

The Hettangian stage shows three ammonites zones: Planorbis, Liasicus and Angulata. The 
lower part of the Sinemurian stage is dated by different ammonites. 

Fig. 5: Detail of the coquina bed, developed at the stratotype section (photo M. Hanzo).
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Fig. 6: Biostratigraphic zonation of the Hettangian (ammonite 
photos by S. Guérin-Franiatte)

Geological heritage

Due to its status as a stratotype, the site is classified as a ‘Réserve Naturelle Nationale 
géologique’ since April 4th 1985 (the only one in Lorraine).

On an area of 6 hectares, the Reserve presents (panels, guided tours, animations) a large 
variety of geologic, pedologic, floristic and faunistic features.

An adequate management allows to protect and to develop this protected area (maintenance, 
activities). 



 Coleoid Cephalopods 2008 Luxembourg1�0 

Excursion

Contact address:
tel 33 (0)9 54 72 57 33
mail rng.hettange@free.fr
internet http://rng.hettange.free.fr

Hettangian belemnites of the north-east Paris Basin (Lorraine, 
Luxembourg, Belgium)

Although the Hettangian stratotype has not yielded yet any remains of belemnites or other 
coleoids, some Hettangian outcrops in the north-eastern Paris Basin have yielded rare early 
belemnites. Recent field research in the Hettangian of Belgium and Luxembourg yielded 
some isolated rostra assignable to the Passaloteuthididae (Schwegleria), the Hastitidae (aff. 
Subhastites) as well as belemnitid armhooks. This new material shows a formerly unrecognized 
heterogeneity of morphological features in early belemnites (Weis & Delsate 2005, 2006).

Hanzo, M. 2005. - Le point sur l’Hettangien d’Hettange. In Hanzo M.(coord.): Coll. L’Hettangien 
à Hettange, de la science au patrimoine, Hettange, 1-3 avril 2005, Nancy, Univ. Henry 
Poincaré, pp. 27-32.

Weis, R. & Delsate, D. 2005. - Présence de Bélemnites précoces dans l`Hettangien de 
Belgique. In : Delsate D. (ed.) Biostratigraphie et Paléontologie de l’Hettangien en 
Belgique et au Grand-Duché de Luxembourg. Royal Institute of Natural Sciences. 
Memoirs of the Geological Survey of Belgium. 51-2005: 27-31.

Weis, R. & Delsate, D. 2006. - The earliest belemnites: New records from the Hettangian 
of Belgium and Luxembourg. In: Kostak, M. & Marek, J. (eds.): Proceedings of 
the 2nd International Symposium « Coleoid Cephalopods Through Time », Prague, 
September 26-29 September, 2005. Acta Universitatis Carolinae Geologica, 49: 
181-184. Charles University, Prague.



Coleoid Cephalopods 2008 Luxembourg 1�1

Excursion

Lower Sinemurian Coleoids at Metzert-Tontelange (Belgian 
Province of Luxembourg).

Dominique Delsate 

Musée national d’Histoire naturelle de Luxembourg, Section paléontologie, 25 Rue Münster, 
L2160 Luxembourg

Introduction

The Metzert-Tontelange Quarry (commonly named “Côte Rouge”) on the western slope from 
the Arlon Lotharingian hill westwards to the Ardennes Devonian (Fig.1) is exploited for sands 
and sandstone for road and building constructions, by the SETIM Company. The blue-grey 
marls overlying the yellow-white sandstones are discarded on huge tips on the central part 
of the excavations. The sands and sandstones are removed by bulldozers, either by vertical 
peeling, or after removing of the marl cap on a large surface.

The outcrops cover the altitudes 360 to 420 m. 

Fig. 1: Localisation of the Metzert-Tontelange quarry. © Map by Google Earth.
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Structural context

The Quarry cuts the Sinemurian (Lower Jurassic) cuesta of the Belgian Lorraine, on the north-
eastern margin of the Paris Basin. The strata keep their original horizontal position, with about 
3° inclination to the South. The Luxembourg Sandstone Formation is highly diachronic, dated 
from the Semicostatum to the Raricostatum Zones in north-western Lorraine, but expanding 
from the Angulata to Bucklandi Zones in the north-eastern Lorraine.

Stratigraphy

The Quarry has been intensively studied by numerous geologists (Monteyne 1958, Maubeuge 
1975, 1981, Mergen 1983, 1984-1985, Boulvain et al. 2001). The ammonite fauna has been 
studied by Maubeuge (1975, 1981) and Franiatte (in Mergen 1983). The shark fauna is 
introduced by Delsate & Duffin (1993).

Hettangian marls underlying the sandstones are not exposed, they can be observed in road 
cuts in the nearby village of Metzert. 

The Lower part of the Quarry concerns the Luxembourg Sandstone Fomation, with the Sable 
de Metzert Member (decalcified sandstones of the �pper Hettangian and Lower Sinemurian) 
at its lower half, and the Gr�s de Florenville Member at its upper half. The Sandstones contains 
several coquina beds with Cardinia and corals. The Marne de Strassen Member (Part of the 
marly Arlon Formation) is intercalated between the Gr�s de Florenville Member and the Orval 
Member; its base is a lumachellic limestone bed with Liogryphaea arcuata (Fig. 2).

Biostratigraphy

The stratigraphical attribution of the decalcified sandstones of the Sables de Metzert Member 
remains unclear, but it contains the Hettangian-Sinemurian transition.

The rest of the yellow-white sandstones pertain to the Bucklandi Zone, with the Conybeari, 
Rotiforme and Bucklandi Subzones identified. 

The Bucklandi Subzone goes up in the first 2 meters of the Marne de Strassen Member, of 
which the upper part is dated to the Semicostatum Zone.

The Turneri Zone seems to be present at the very top of the outcrops (tiny reddish-brown 
sandstone beds), attributed to the Orval Member of the Gr�s de Luxembourg Formation.
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Fig. 2: Biostratigraphy of the Metzert-Tontelange quarry. From Mergen (1�8�).
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The Gr�s de Florenville fauna includes the Bivalvia Cardinia sp, Tancredia ovata, Plagiostoma 
nodulosa, Chlamys textorius, annelids Serpula socialis, corals Isastrea sp cfr condeana, 
ammonites Arietites bucklandi, Metophioceras conybeari, Coroniceras schloenbachi,  
Metophioceras longidomus.

The Marnes de Strassen fauna includes the ammonites Arnioceras semicostatum, Arnioceras 
oppeli, Arnioceras arnouldi, bivalvia Liogryphaea arcuata, Cardinia, Pinna, crinoids Pentacrinus 
tuberculatus, Belemnites Nannobelus acutus, Brachiopods Spiriferina walcotti,  Vertebrates 
are present: elasmobranches Hybodus delabechei, Acrodus nobilis, Agaleus dorsetensis and 
Synechodus sp, holocephalan Halonodon cfr warneri, Ichthyosaurid  remains.

Coleoids in Metzert

Belemnites are classically attributed to Nannobelus acutus, but different species might well 
be differentiated. Most of the material originates from the Marnes de Strassen Member, but 
some specimens have also been found in the Gr�s de Florenville Member. This belemnite 
fauna is highly interesting as it directly follows the already diversified first belemnites found in 
the nearby Lorraine Hettangian (Delsate et al. 2002, Weis & Delsate 2005a, b).
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