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Les éditeurs attirent I’attention des lecteurs:

sur le fait que, pour des raisons indépendantes de leur volonté, les auteurs n’ont regu qu'une seule
épreuve avant 'impression.

Le dernier article a été requ aprés l'unique contrdle autorisé; pour cette raison il est précédé d’un
crratum. :

The editors want to point out that:

due to circumstances independent of their will, the authors have received only one proof before final
printing.

As the last article was sent in after closure of the unique control authorized, an erratum is enclosed.

Die Verleger bitten um diec Aufmerksamkeit der Leser:
durch externe Umstinde wurde nur die erste Druckprobe zur Einsicht gezeigt.

Ein Erratum war notwendig fiir den Artikel "Vascularization of Selachii’, weil er unkorrigiert gedruckt
wurde.

Erratum: VASCULARIZATION SYSTEM IN THE TEETH OF SELAC

2

The authors are aware of typing crrors, of which only the ‘scientific importahtjfones will be corrected
. here.

Although it is not revcaled by the title, this document mostly concerns living Selachii.
Page 243. At the end of the ninth linc, read for "Textfig. 2": Textfig. 1.

Pagc 244. In the third linc of the text "Neoholaulacorhizy intruded by osteodentine...”, rcad for: "of the
intcostconal dentinc” : "of the circumpulpar dentine”.

Page 246. Last paragraph (Osteodonty), first line, read for "Textfig. 1" : Textfig. 2.

Page 247. Text-figurc 2. Read VASCULARIZATION TYPES for "HISTOTYPES".
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Introduction

Elasmobranches et Stratigraphie est la codification d’un projet national qui, initié dés 1986, avait pour
but d’affiner la microstratigraphie des terrains mésozoiques et cénozoiques belges sur base des successions
faunistiques d’élasmobranches.

Dés 1989, il s’avéra nécessaire d’étendre 1"implication chronostratigraphique dudit projet aux terrains
paléozoiques supérieurs (Dévonien - Permien) afin de clarifier les relations phylétiques entre les faunes
postpaléozoiques et leurs ancétres, ainsi que leurs implications stratigraphiques et paléogéographiques.

Il fallut également élargir le cadre géographique a 1’Europe toute entiere et prévoir des extensions 2
I’Afrique du Nord, a I’Amérique du Nord, au Proche Orient et & 1’ Asie Centrale, toutes contrées limitrophes.

Enfin, le manque total de données précises concernant ’odontologie des microdents de la plupart des
¢lasmobranches actuels, rendit indispensable la réalisation d’une série de monographies visant & combler cette
lacune. Cette série vit le jour dés 1988. La morphologie, la vascularisation et I’histologie dentaires de tous les
taxons supraspécifiques ont €t€ examinés. En décembre 1993, doit paraitre le septieme et "dernier" fascicule de
la premiére partie (Selachii).

L’odontologie des batoides fera I’objet de la deuxi®me partie dont la publication (LR.S.N.B.) devrait débuter en
1994. Les ichthyodorulites des holocéphales feront 1’objet de la troisiéme partie.

Le présent volume regroupe divers travaux traitant des faunes d’élasmobranches d’dge paléozoique
supérieur & crétacé inférieur, et est complété par une réflexion novatrice de I’histologie et de la vascularisation
dentaires des sélaciens actuels.

Devraient suivre deux autres volumes, 1’un regroupant des articles décrivant des faunes d’age crétacé

supérieur 2 paléocene, et le second, des articles traitant des faunes cénozoiques ainsi que les conclusions
biostratigraphiques.

J. Herman

12 septembre 1993
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New record of the phoebodontid chondrichthyan
Thrinacodus ferox (TURNER, 1982) from the Carboniferous of England.

by C.J. DUFFIN (*)

Abstract : Teeth of Thrinacodus ferox (TURNER, 1982) are described and figured from the Early Carboniferous
(Visean) of Steeplehouse Quarry, near Wirksworth in Derbyshire, England.

Keywords: Chondrichthyes, Phoebodontidae, Carboniferous, England.

Résumé : Les dents de Thrinacodus ferox (TURNER, 1982) découvertes dans le Carbonifére inférieur (Viséen) de
la Steeplehouse Quarry, prés de Wirksworth dans le Derbyshire, sont décrites et figurées.

Mots-clefs : Chondrichthyes, Phoebodontidae, Carbonifgre, Angleterre.

Kurzfassung : Zihne von Thrinacodus ferox (TURNER, 1982) werden beschrieben und abgebildet aus dem
Unterkarbon (Visean) der Steeplehouse Quarry, in der Nihe von Wirksworth, Derbyshire, England.

Schliisselworter : Chondrichthyes, Phoebodontidae, Karbon, England. .

(*) C.J. DUFFIN, collaborateur du Service Géologique de Belgique, 113 Shaldon Drive, Morden, Surrey SM4 4BQ,
England.

1. INTRODUCTION

Carboniferous deposits in Europe and the USA have long been known to yield fossil shark and holocephalan
remains (ZANGERL, 1981). The bulk of our knowledge of Carboniferous chondrichthyans comes from
articulated material retrieved from Lagerstitten deposits (eg. Glencartholm and Bearsden in Scotland, Mazon
Creek in the USA), or from isolated teeth and tooth plates of fairly large size. In recent years there has been
a move to sample microvertebrate assemblages in the USA (TWAY & ZIDEK, 1983), Australia (TURNER,
1982), south west Asia (LONG, 1990), England (DUFFIN & WARD, 1983), Poland (GINTER, 1990) Germany
(GEBHARDT, 1983) and Spain (SOLER GIJON, 1993). Carboniferous chondrichthyan assemblages commonly
yield remains of hybodent, xenacanth, edestid and cladodont sharks, plus petalodont and bradyodont tooth plates.
More unusual faunal components may include iniopterygians and other groups, recently reviewed by ZANGERL
(1981).

Teeth of a presumed neoselachian shark were recently described by DUFFIN & WARD (1983) from the
Carboniferous Limestone of Derbyshire, England, as Anachronistes fordi. DUFFIN (1985) has also described
teeth of a hybodont from the same locality as Lissodus wirksworthensis. Further sorting of limestone residues
after formic acid treatment and black shales broken down with kerosene and boiling water has yielded more
material. Amongst this are the teeth described briefly below.
2. SYSTEMATIC PALAEONTOLOGY
Subclass Chondrichthyes
Infraclass Elasmobranchii

Order Incertae sedis

Family Phoebodontidae WILLIAMS, 1985



Genus Thrinacodus ST. JOHN & WORTHEN, 1875
Type species : Thrinacodus nanus ST JOHN & WORTHEN, 1875.

Thrinacodus ferox (TURNER, 1982)
(Plate 1 Figures a-g; Plate 2 Figures a - h)

- 1932 Harpago ferox TURNER; TURNER, 113, figs 2-4.
1933 Harpagodens ferox (TURNER); TURNER, 38.
1935 Harpagodens ferox; WANG & TURNER, 226, pl. 2 figs. 11-12.
1988 Harpagodens ferox?; DERYCKE, pl. 1 figs 1-2.
1990 Thrinacodus (Harpagodens) ferox; LONG, fig. SL-M.
1990 Thrinacodus ferox; GINTER, 76, pl. 3 figs 2-4.
1991 Thrinacodus ferox; GINTER, 12, pl. A figs 6-8.
1991 Thrinacodus ferox; KIETZKE & LUCAS, 18, figs 2D-H.
1991 Thrinacodus (Harpagodens) ferox; TURNER, fig.6, pl. 2, fig. G.
1992 Thrinacodus ferox; DERYCKE, 30, pl. 1 fig. 3.
1993 Thrinacodus ferox; TURNER, fig. 8.7, F.

Diagnosis : Phoebodont shark known from isolated orthodont teeth. Crown tricuspidate and symmetrical to very
strongly asymmetrical. Cusps long, pointed and subequal to each other in size, with circular to sub-circular
cross-section and pronounced lingual curvature. Vertical ridges, which may anastomose, restricted to the cusp
bases. Elongate, lingually extended root has a 50° twist along its length, giving a C-shaped cross-section.
Vascularization restricted, comprising possibly multiple medio-internal foraminae and random distribution of tiny
foraminae over the root surface. A large central vascular canal runs the greater part of the length of the root,
emerging linguad on the root upper surface. There is no ventrolabial boss or "button".

Material : 3 isolated teeth; BMINH P.61388 (Plate 1 Figures a-¢), P.61388 (Plate 1 Figures f-g; Plate 2 Figures
a-b) and P.61389 (Plate 2 Figures c-h), all held in the Fossil Fish Section, Department of Palaeontology, British
Museum (Natural History), Exhibition Road, South Kensington, London SW7, England.

Age : Cawdor Limestones, PI sub-zone, Upper Visean, Dinantian, Early Carboniferous (FORD 1964).
Locality : Steeplehouse Quarry (disused), Wirksworth, Derbyshire, England. SK 288554.
Lithology : Interbedded crinoidal limestone and black shale bands.

Description : P.61388 (Plate 1 Figures a-e) is the largest and most complete of the three specimens, measuring
2mm labiolingually and 1.5mm high at the central cusp. The tricuspid crown is slightly asymmetrical and
suggests that the tooth is a left anterolateral. The tooth is heavily abraded, with damage to both the cusps and
the root. The central cusp is lingually directed at an angle of about 60° to the long axis of the root in lateral
view (Plate 1 Figures c, d). The central cusp is flanked by one pair of equally well developed lateral cusplets.
Each of the cusps has a roughly circular cross section, with moderately well developed cutting edges.

The mesial lateral cusplet is the best preserved and has well-defined, non-branching vertical ridges ascending
its lingual face from the cusp base. Vertical ridges are absent from the labial face, but may have been removed
by abrasion. Ornamentation of the distal lateral cusplet and central cusp is similar, although a faint trace of
vertical ridges is visible on the labial face of the central cusp. The lateral cusplet bases have a shallower
inclination (30°) than the central cusp. A swelling is developed at the labial basal border of the central cusp and
is twisted distally (Plate 1 Figures b, c).

The elongate root projects lingually and distally from the back of the crown, with the appearance of having been
twisted lengthwise. A single large vascular foramen perforates the upper surface of the root P.61389 (Plate 1
Figures f-g; Plate 2 Figures a, b) and P.61390 (Plate 2 Figures c-h) agree with P.61388 in most respects. The
crowns are consistently tricuspidate, and the cusps all have circular to subcircular cross sections with moderate
cutting edges. The lateral cusplets have a more shallow inclination than the central cusp. The central cusp in
P.61389 is rather less upright than in P.61388, forming an angle of 40° with the lingually-projecting root. The
lateral cusplets and central cusp in both specimens are ornamented on the lingunal face only. The swelling at the
labial base of the central cusp is just discernible in P.61389, and better developed in P.61390 (Plate 2 Figure f).
P.61389 is much more symmetrical than P.61388, and the root projects straight out from the crown base, rather
than curving distally. P.61389 probably comes from a right anterior position in the dentition. The root is broken
in both P.61389 and P.61390, revealing a complex of internal longitudinal vascular canals (Plate 2 Figure c),
the largest of which breaks the upper surface of the root (Plate 2 Figures ¢, f). The root vascularisation is as
for P.61388, except for a small foramen adjacent to the baso-labial swelling in P.61390 (Plate 2 Figure f).



3. DISCUSSION

LONG (1990: 62) placed the teeth of Thrinacodus ferox into the family Phoebodontidae on the basis of their
tricuspidate crown and lingually expanded root. Teeth allocated to this taxon have been described from the
following localities.

1.Late Tournaisian to Early Visean of Bingleburra Road, north east of Gresford, New South Wales, and Famennian of Broken River
Embayment, 200km north-west of Charters Towers, Queensland, Australia (TURNER, 1982).
2.Late Famennian of Mae Sariang, nedr Mae Sam Lap close to the Thailand/Burma border (LONG, 1990).
3.Late Famennian of Ostrowka, Holy Cross Mountains, Central Poland (GINTER, 1990, 1991).
4.7Late Devonian of the Sacramento Mountains, south-central New Mexico, USA (KIETZKE & LUCAS, 1992).
5.Late Famennian of Tafilalet, Morocco (DERYCKE, 1988, 1989, 1992).
6.Devonian/Carboniferous boundary (Daihua and Wangyou Formations) of Changshun County, Guizhou Province, China (WANG, 1989;
WANG, 1993: 267). :

T. ferox thus ranges from Late Famennian (Late Devonian) to Early Visean (Early Carboniferous) rocks of
Europe, north-west Africa (TURNER, 1993: 186), south-east Asia, China (TURNER, 1993: 186; Wang, 1989;
WANG, 1993: 267), Australia (TURNER, 1993: 197) and the USA.

The only other species of Thrinacodus described to date is T. nanus St. JOHN & WORTHEN (1875) from the
upper fish bed, Kinderhook Formation (Carboniferous) of Burlington, Iowa, USA (St. JOHN & WORTHEN,
1875: 289, plate 5 figs. 1-2). KIETZKE & LUCAS (1992:18) remark that T. ferox is distinguished from T.
nanus on the base of the crown asymmetry and elongate base shown by the former species. ST. JOHN &
WORTHEN (1875:289) state that the teeth of 7. nanus are "not uncommon in the upper fish bed" of Iowa.
Redescription of T. nanus from the Type locality, followed by detailed comparisons with teeth of T. ferox is
necessary since one specimen figured by St. JOHN & WORTHEN (1875 plate 5 figure 2b) has a lingually
expanded root. It is true that the other specimen figured from Iowa (St. JOHN & WORTHEN 1875 plate 5
figure 1) has a symmetrical crown, but the original description and diagnosis by St. JOHN & WORTHEN does
not characterise heterodonty. It may transpire that 7. nanus and T. ferox are conspecific. For the moment, I
prefer to refer the British material to T. ferox.

The specimens from Wirksworth described above differ from the Australian material in that vascular foramina
are less obvious on the labial face of the crown, and one of the Australian specimens is much more asymmetrical
(TURNER, 1982 figure 3B). The Thai material (LONG, 1990) shows a strongly arched basolabial root border,
by contrast to all other material, and much greater separation of the cusp bases (LONG, 1990 figure 5L). The
Polish and New Mexico material (GINTER, 1990, 1991; KIETZKE & LLUCAS, 1992) is much more similar to
the British specimens. The differences noted here could easily be accommodated within the heterodonty and
clinal variation shown by a single species with virtually global distribution.
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Plate 1. Teeth of Thrinacodus ferox (TURNER, 1982) from the Early Carboniferous (Carboniferous Limestone) of Steeplehouse Quarry,
Wirksworth, Derbyshire, England. BMNH P.61388 - Figures a-¢; P.61389 -Figures f-g. a, lingual view (x21); b, labial view (x28); ¢, mesial
view (x30); d, distal view (x24); e, occlusal view (x40); f, occlusal view (x64); g, distal view (x64).



Plate 2.

Plate 2. Teeth of Thrinacodus ferox (TURNER, 1982) from the Early Carboniferous (Carboniferous Limestone) of Steeplehouse Quarry,
Wirksworth, Derbyshire, England. BMNH P.61389 - Figures a-b; P.61390 -Figures c-h. a, labial view (64); b, lingual view (x52); ¢, basal
view (57); d, lingual view (x110); e, oblique lateral view (x60); f, labial view (x110); g, mesial view (x62); h, distal view (x48).
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Late Triassic sharks teeth (Chondrichthyes, Elésmobranchii)
from Saint-Nicolas-de-Port (north-east France).

by C.J. DUFFIN.(¥)

* Abstract : Tsolated fossil sharks teeth from Saint-Nicolas-de-Port, near Nancy in north-east France are described as
Rhomphaiodon nicolensis gen. et sp. nov. The teeth most closely resemble those of Hybodus minor AGASSIZ. A
high central cusp is flanked by up to three pairs of lateral cusplets. Ontogenetic changes in the dentition include
decrease in height of the lateral cusplets relative to the central cusp. Monognathic heterodonty includes increase in
crown asymmetry and central cusp inclination, plus lowering of the crown profile posteriorly through the dentition.
The teeth have a unique triple-layered enameloid; a surface layer of shiny enameloid is underlain by a parallel-fibred
enameloid, beneath which is a single crystallite layer. The enameloid ultrastructure indicates noselachian affinity,
while tooth architecture resembles that of hybodonts. The fauna also contains teeth of Lissodus minimus (AGASSIZ).
Faunal comparisons support the suggestion by previous authors that the Saint-Nicolas-de-Port succession is at least
partly equivalent to the Knollenmergel (Norian, Late Triassic).

Key-words : Chondrichthyes - Elasmobranchii - Neoselachii - teeth - new taxon - enameloid - Lissodus - age.

Résumeé : Des dents isolées de sélaciens fossiles provenant de Saint-Nicolas-de-port prés de Nancy dans le Nord Est
de la France sont décrites comme Rhomphaiodon nicolensis gen. et sp. nov. Elles présentent le plus de ressembance
avec celles d’ Hybodus minor AGASSIZ. La cuspide centrale élancée est flanquée d’un maximum de 3 paires de
petites cuspides latérales. Les modifications ontogénétiques de la dentition comprennent une réduction de 1a hauteur
des cuspides latérales par rapport a la cuspide centrale. L’hétérodontie monognathique se traduit de ’avant vers
I’arriere de 1a méichoire par un accroissement de 1’asymétrie de la couronne et de I’inclinaison de la cuspide centrale
en plus d’un abaissement progressif du profil de la couronne. Les dents présentent un type d’émail particulier
composé de 3 couches: une couche superficielle d’émail brillant recouvre une couche d’émail a fibres paralleles,
reposant sur-une couche a monocristaux. L’ultrastructure indique une affinité neosélacienne, alors que la morphologie
des dents rapelle celle des Hybodontes. Des dents de Lissodus minimus AGASSIZ sont également présentes. Les
comparaisons faunistiques semblent confirmer 1’opinion des auteurs antérieurs, pour qui la coupe exposée a
Saint-Nicolas-de-Port est, au moins en partie, équivalente au Knollenmergel (Norien, Trias terminal).

Mots-clefs : Chondrichthyes - Elasmobranchii - Neoselachii - dents - nouveau taxon - émail - Lissodus - ige.

Kurzfassung : Isolierte fossile Haizdhne von Saint-Nicolas-de-Port nahe Nancy in Nordost-Frankreich werden als
Rhomphaiodon nicolensis gen. et sp. nov. beschrieben. Die Zihne ahneln sehr denen von Hybodus minor AGASSIZ.
Eine hohe Zentralspitze wird von bis zu drei Paaren lateraler Spitzchen flankiert. Ontogenetische Anderungen in der
Bezahnung machen sich als Abnahme in der Hohe der lateralen Spitzchen relativ zur Hohe der Zentralspitze
bemerkbar. Monognathische Heterodontie schliesst Zunahme swohl der Kronen-Asymmetrie als auch der Neigung
der Zentralspitze ein wie auch eine Erniedrigung des Kronenprofils posterior durch die Abfolge der Bezahnung. Die
Zzhne besitzen einen einzigartigen dreilagigen Schmelz; eine oberflachliche Schicht glinzenden Schmelzes wird durch
parallelfaserigen Schmelz unterlagert, unter dem eine Kristallitschicht folgt. Die Ultrastruktur des Schmelzes deutet
Beziehungen zu Neoselachiern an, dar Zahnbau erinnart hingegen an den der Hybodonten Die fauna enthilt zusatzlich
Zihne von Lissodus minimus (AGASSIZ). Faunistische Vergleiche stiitzen die Annahme fritherer Autoren, dass die
stratigraphische Abfolge von Saint-Nicolas-de-Port wenigstens partiell dem Knollenmergel (Nor, Spittrias) aquivalent
ist.

Schliisselwérter : Chondrichthyes - Elasmobranchii - Neoselachii - Zihne - Neues taxon - Schmelzstruktur - Lissodus
- Alterseinstufung.

(*) C.J. DUFFIN, Collaborateur du Service Géologique de Belgique, 113 Shaldon Drive, Morden, Surrey SM4 4BQ,
England. PR

1. INTRODUCTION

In 1851 fossil bones ware recorded from the "grés infra-liassique” in the environs of Saint-Nicolas-de-Port. This
small town is situated on the River Meurthe, 10km ESE of Nancy in the north-eastern part of the Paris Basin
(LEVALLOIS, 1851).
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Text-figure 1. Locality sketch map for Saint-Nicolas-de-Port (after LAUGIER, 1971).

TERQUEM made the following note in 1855 (p.229): "Dans une excursion que nous avons faite avec M. Hebert,
nous avons trouvé & Varangeville, prés de Saint-Nicolas (Meurthe) un grés a ciment marneaux, qui renferme
Lithodomus, Mytilus, Lima, et qui est séparé du grés keupérien par le bone bed, caractérisé par les dents de
poissons".

LEVALLOIS (1862:273) later mentioned that a bed rich in fish and saurian remains outcropped to the south of
Saint-Nicolas-de-Port. Although not mentioned again in the literature for over 50 years, CORROY (1928)
acknowledged Saint-Nicolas-de-Port to be one of Lorraine’s major Keuper fossil vertebrate localities. No faunal
list or descriptions were given, however.

Almost half a century later, LAUGIER (1971) surveyed the Jurassic and closely related strata of north-east
France. He gave the stratigraphic log and descriptive details of the geological section exposed in a sand quarry
opened in 1922 some 2.5km southeast of Saint-Nicolas-de-Port. Although close to the town, the quarry falls
within the boundary of the adjacent village, Rosieres-aux-Salines. The location map and stratigraphic log,mo-
dified from LAUGIER (1971) are given here (Figs. 1, 2) for ease of reference. Briefly, the section comprises
shaley and gypsiferous "Keuper" marls overlain by 4 fining-upwards sedimentary cycles. Bone beds occur at
or near the base of each cycle, giving way to often cross-bedded sands, followed by clays. The bone beds are
intra-formational conglomerates, and decrease in thickness through the sequence. The bone bed overlying the
shaley marls at the base of the sequence varies in thickness from 0.1 to 1.05m (LAUGIER, 1971:42) and has
yielded the richest vertebrate faunas.



LAUGIER (1971:41) noted the importance of the fauna, and stated his intention of describing it in detail in a
separate monograph. Such a work has never been published, but further attention was paid to the stratigraphy
and sedimentology of the section shortly afterwards, as part of a thesis on the Rhaetian of the country around
Nancy (AL KHATIB, 1976). In this study, granulometric analysis of the sands showed some characters in
common with those of river and beach deposits. AL KHATIB (1976) accordingly interpreted the Saint-Nicolas--
de-Port sediments as having accumulated in a nearshore shallow marine environment.

In 1975, GEORGES WOUTERS, a Belgian policeman, washed and screened samples of the bone bed from the
quarry described by LAUGIER and was rewarded with the discovery of a double-rooted mammal tooth which
was subsequently described by RUSSELL, RUSSELL & WOUTERS (1976). This initial record, combined with
the overall palaeoenvironmental setting of the sequence made the locality a likely prospect for Mesozoic
mammals and other terrestrial remains. Bulk samples were accordingly processed by SIGOGNEAU-RUSSELL,
WOUTERS and COUPATEZ (SIGOGNEAU-RUSSELL, 1978) and yielded abundant fish remains, together with
a number of isolated mammal teeth and vertebrate fragments.

The mammals have been described in a series of papers by a team headed by SIGOGNEAU-RUSSELL
(SIGOGNEAU-RUSSELL, 1983a, 1983b, 1983c; SIGOGNEAU-RUSSELL, FRANK & HEMMERLE, 1986:
FRANK, SIGOGNEAU-RUSSELL & HEMMERLE, 1986; FRANK, SIGOGNEAU-RUSSELL & VOEGEL,
1984). They include multituberculates, haramiyids, triconodonts, kuehneotheriids and theroteinids; a faunal list
is given in Table 1.

The amphibian and reptile material has been described by BUFFETAUT & WOUTERS (1986) and includes
plagiosaur and capitosaur amphibians, phytosaurs, prosauropods, coelurosaurs and cynodont remains (Table 1).
CUNY & RAMBOER (1991) added metoposaurs, (?) procolophonoids and theropods to this list.

So far as the fish remains are concerned, little work has been completed, in spite of their abundance. MARTIN,
SIGOGNEAU-RUSSELL, COUPATEZ & WOUTERS (1981) have given a detailed analysis of the dipnoan tooth
plates in the fauna, concluding the presence of 2 species of Ceratodus, each of which is quite common in the
European Upper Trias. SIGOGNEAU-RUSSELL, CAPPETTA & TACQUET (1979) gave a brief preliminary
faunal list (which remained open to verification) in a progress report.

The fishes cited in this list are as follows:

Selachians : Hybodus plicatilis, Acrodus gaillardoti, Acrodus sp.
Actinopterygians : Birgeria sp., Gyrolepis sp., Sargodon sp.
Dipnoans : Ceratodus phillipsi, Ceratodus kaupi.

The persistent difficulty with Mesozoic mammal sites is dating and correlation with other faunas. Furthermore,
there is often little justification in assuming that the terrestrial and marine elements are exactly coeval.
Saint-Nicolas-de-Port is no exception. The mammal workers have assigned the faunas to the Rhaetian (Upper
Triassic), largely on the basis of the represented genera (SIGOGNEAU-RUSSELL, 1978; CLEMENS,
LILLEGRAVEN, LINDSAY & SIMPSON, 1979.11; CLEMENS, 1980), whilst awaiting more precise
contributions from other fields of study. Lack of international agreement on the status of the Rhaetian Stage, and
a complete scheme of palynological zones for the Upper Triassic has limited discussion on the age of the
Saint-Nicolas-de-Port deposits. BUFFETAUT (1985) and BUFFETAUT & WOUTERS (1986), however, gave
a broad discussion of age relations using the amphibians and reptiles so far as was possible. They concluded
. a Middle to Late Norian (Upper Triassic) age for the fauna (with the Rhaetian being considered as equivalent
to the Late Norian), and noted its close similarity to that of the Knollenmergel at Halberstadt in central Germany
(BUFFETAUT & WOUTERS, 1986; JAEKEL, 1910). This discussion was built upon and the overall conclusions
reaffirmed by the more recent work of CUNY & RAMBOER (1991).

The object of the present paper is to describe the selachian remains from Saint-Nicolas-de-Port and to assess their
contribution to the discussion concerning the stratigraphic position and correlation of the-fauna. The descriptions
given here are from material collected by SIGOGNEAU-RUSSELL and WOUTERS and COUPATEZ, now
housed in the Institut de Paléontologie, Museum National d’Histoire Naturelle, Paris, and the formerly private
collections of Dr. Paul COUPATEZ and Mr. Georges WOUTERS, which are now stored at the IR.S.N.B.
Brussels, Belgium.
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2.. SYSTEMATIC PALAEONTOLOGY

Class Chondrichthyes HUXLEY, 1880
Subclass Elasmobranchii BONAPARTE, 1838
Cohort Euselachii HAY, 1902
Subcohort Neoselachii COMPAGNO, 1977

- Order, Superfamily and Family incertae sedis

Genus Rhomphaiodon gen. nov.
(Type species : Rhomphaiodon nicolensis by monotypy)

Generic diagnosis : A neoselachian shark known only on the basis of isolated teeth measuring up to 10mm high
and I2mm long (mesiodistally). A high, slender sharply pointed upright central cusp is ornamented by
moderately coarse non-bifurcating vertical ridges. The vertical ridges may attain the cusp apex, but usually
terminate just below it. Up to three pairs of lateral cusplets are present. The labial root wall is shallow. The
root vascularization is anaulacorhize, although smaller teeth may show some organisation of foramina into
longitudinal rows on the labial root face and close to the lingual crown/root junction. The root projects lingually
with a fairly flat basal surface. Juvenile teeth show increase in number and divergence of lateral cusplets from
the central cusp, very high lateral cusplats and reduction in extent of the ornament. Symphyseal teeth are upright
and symmetrical; intraramal heterodonty taking place posteriorly through the dentition includes increase in
asymmetry of the crown, decrease in height of the central cusp relative to the lateral cusplets, and increase in
distal inclination of the central cusp. The enameloid is of a unique triple-layered structure comprising a surface
layer of shiny enameloid, central layer of parallel-fibred enameloid, and basal layer of haphazard single crystallite
enameloid.

Derivation of name : Rhomphaia (Greek: a long, double-edged Thracian sword); odous (Greek: tooth). The
name is not to be confused with Rhaphiodon, used as a generic and diminutive name for other selachians, which
is derived from Rhaphis (Greek: a needle), plus odous (Greek: tooth).

Rhomphaiodon nicolensis sp. nov.
(Plates 1-4)

1915 Hybodus sp. - JAEKEL, 167. text-fig. 7a-c.

1928 Hybodus sp. - SCHMIDT, 333, text-fig. 917. 1.

(?) 1962 Polyacrodus polycyphus - DREYER, 135, pl. 2 figs. 1-2.
(?) 1962 Hybodus sublaevis - DREYER, 135, pl.2 fig. 5.

(7) 1962 Hybodus minor - DREYER, 136, pl. 2 figs. 3.4, 6-17.

(?) 1962 Hybodus longiconus - DREYER, 136, pl. 2 figs. 1-3.
1991 Hybodus sp. - CUNY & RAMBOER, 70, fig. la.

Specific diagnosis : as for genus.
Derivation of specific name : from Saint-Nicolas-de-Port, near Nancy, Eastern France (the type locality).

Holotype : SNP 1000, a complete presumed symphyseal tooth (Plate 1 figures 1 to 3), held in the collections
of the Institut de Paléontologie, Museum national d’Histoire naturelle, 8 rue Buffon, 75005 Paris, France.

Type locality : Disused sand pit 2km south south east of Saint-Nicolas-de-Port, eastern France. Text-figure 1.
Horizon : (?) Knollenmergel (Text-figure 2).

Age : Norian, Late Triassic.

Other material : SNP 1001 (Plate 1 figures 4-6); SNP 1002 (Plate 1 figures 7-9); SNP 1003 (Plate 1 figures

10-12; Plate 2 figures 7-9); SNP 1004 (Plate 2 figures 5-6); SNP 1005 (Plate 2 figures 1-4); SNP 1008
(Text-figure 3); hundreds of uncatalogued isolated teeth in the colléctions of the Institut de Paléontologie,
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Museum d’Histoire natureile, Paris; thousands of isolated teeth in the personal collection of Dr. Paul
COUPATEZ, Brussels.

Description of the Holotype : SNP 1000 (Plate 1 figs. 1-3) is a complete isolated tooth measuring 3.8mm high,
3.6mm mesiodistally and 1.8mm labio-lingually. The coronal profile is high. A tall (3mm high) central cusp
is flanked by two pairs of lateral cusplets. The apex of the central cusp is blunted by ante-mortem wear. The
-occlusal crest runs the length of the crown, passing through the apices of the central cusp and lateral cusplets.
It is particularly well developed at the base of the central cusp where it forms prominent lateral cutting edges
(Plate 1 fig. 2).

The central cusp is narrow for two-thirds of its length, and then widens laterally towards its base 2mm from the
cusp apex. In lateral view the central cusp is sigmoid in shape, being upright at its base, and then recurved
lingually (Plate 1 fig. 3). The labial face of the crown is ornamented by a series of coarse vertical ridges in the
enameloid. Each of these ridges has its origin at the crown/root junction and ascends the cusp vertically without
break, anastomosis or bifurcation. The ridges terminate before attaining the cusp apex or occlusal crest. The
longest of the vertical ridges terminates half way up the central cusp.

The lingual face of the central cusp also possesses vertical ridges arising from the crown/root junction. These
are slightly longer than those on the labial side, extending over the basal two-thirds of the central cusp.

Jjunction ascend both labial and lingual faces of the cusplets. These ridges terminate half way up the cusplet
labially but may attain the cusplet apex lingually.

The second lateral cusplet pair is rudimentary, being only about a quarter of the height of the first pair of lateral
cusplets. Short, coarse vertical ridges attain the cusplet apex both labially and lingually. Prominent vertical
ridges are also present between the lateral cusplet pairs.

The crown/root junction is flush with both crown and root surfaces labially; there is no labial apron to the base
of the crown. Lingually, a moderately developed collar is present at the base of the central cusp, giving rise to
a change in slope at the crown/root junction. The crown/root junction is not incised, however; the lingual face
of the crown does not overhang the root. .

The labial face of the root is very shallow, comprising less than 8% of the total tooth height, and is angled very
slightly lingually from the crown/root junction (Plate 1 fig. 3). The basal face of the root has a roughly
triangular outline; there is a well developed lingual process (Plate 1 figs. 2-3). The vascularization is
anaulacorhize. A row of tiny foramina enter the root along the basal border in labial view (Plate 1 fig. 1). The
basal root face is punctuated by a large number of small foramina which enter at a variety of angles.
Lingually, vascular foramina are densest along the basal border of the root. The foramina in this region are
larger than those found elsewhere on the tooth, and tend to enter normal to the root surface. Those present on
the convex surface of the lingual process tend to enter the root horizontally,

Variation : the teeth of Rhomphaiodon show comparatively little heterodonty. Tooth size varies from 1 mm
to 12mm in length (mesiodistally) and 1mm to 10mm high at the central cusp.

The holotype is assumed to be from a symphyseal or anterior position in the dentition on the basis of its
symmetrical shape. -

The smallest teeth in the sample (Plate 1 figs. 10-12) are presumed to be derived from juveniles. They differ
from the holotype in that the central cusp is narrow for the top third of its height, flaring rapidly and than
dropping vertically to the cusp base. Vertical ridges ascending the cusp terminate just below the cusp apex. The
lateral cusplets are higher than in the holotype. The first and only lateral cusplet pair are 90% of the central
cusp height, with vertically-directed axes which parallel that of the central cusp. Vascular foramina perforating
the root are comparatively large and rather more organised than in larger specimens. A row of foramina is
present just below the lingual crown/root Junction mesially and distally (Plate 1 figs. 11, 12). Other foramina
are rather scattered along the baso-lingual and labial root borders. The root forms a more prominent lingual
projection than is the case in the holotype (Plate 1 fig. 12). An intermediate condition between the juvenile tooth
described above and a fully mature tooth might be represented by SNP 1003 (Plate 1 figs 7-9).

Thus, ontogenetic changes in the teeth would appear to include increase in height of the central cusp relative to
that of the lateral cusplets, increase in number and divergence of lateral cusplets from the central cusp, decrease
in vertical extent of the coronal ornament, decrease in the labio-lingual dimension of the root with respect to total
tooth height, and loss of organisation -of the vascularisation. _

An anterolateral tooth from an adult might be represented by SNP 1001, showing slightly more extensive
ornamentation, and a less slender, rather more lingually inclined central cusp than is the case with the holotype
(Plate 1 figs. 4-6).
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SNP 1002 is probably a lateral tooth. The central cusp is lower and stubbier with slight distal inclination (Plate
1 figs. 7-9). SNP 1004 and SNP 1005 are probably posterolaterals showing greater asymmetry of the crown,
slightly more distal inclination of the central cusp, increase in number of the lateral cusplet pairs (3 distal and
2 mesial cusplats in SNP 1005: 3 pairs in SNP 1004), and a longer crown relative to total tooth height (Plate
2 figs. 1-6).

Changes taking place posteriorly through the dentition can be summarized as follows

1.Increase in crown asymmetry.

2.Increase in number of lateral cusplet pairs to a maximum of three.
3.Decrease in relative height of the central cusp.

4.Increase in relative height of the lateral cusplets.

S.Increase in vertical extent of the crown ornamentation.

6.Increase in crown length relative to height.

7.Decrease in coronal profile.

8.Increase in distal inclination of the central cusp.

Discussion of R. nicolensis

Hybodontoid systematics are in desperate need of review: articulated skeletal material is known for comparatively
few species so the bulk of our knowledge comes from isolated teeth. These do yield useful data, but display
only a limited number of characters. Various authors, notably MAISEY (1987 etc.), CAPPETTA (1987),
DUFFIN (1985 etc.), REIF (1973 etc.) and JOHNSON (1981), have approached the problems posed by the
hybodontoids from different viewpoints, but no real synthesis has emerged to date. This makes the discussion
of new material somewhat open.

The specimens described above from Saint-Nicolas-de-Port most closely resemble teeth of the genus Hybodus,
which ranges from the Middle Trias to the Late Cretaceous. Hybodus teeth possess a high central cusp which
is often slightly lingually inclined and flanked by up to 5 pairs of lateral cusplets. The crown is ornamented by
vertical ridges. The lateral cusplats have confluent bases and vary considerably in height and development. The
root is often shallow with a flat basal surface and lingual extension. Coronal profile diminishes posteriorly
through the dentition, often with increasing distal inclination of the central cusp. The enameloid is of single
crystallite type (REIF 1973) and the root vascularization is anaulacorhize (CASIER 1947). Individual species
are mostly defined on variations in central cusp proportions, lateral cusplet development, ornamentation pattern,
form of the root and details of the heterodonty.

Hybodus reticulatus AGASSIZ from the Early Jurassic (Sinemurian) of Lyme Regis and Belgium is generally
agreed to be the type species of Hybodus (WOODWARD, 1916; MAISEY, 1987; DUFFIN, in press). From an
SEM study of etched enameloid in the teeth of H. reticulatus, MAISEY (1987:17, fig. 11) identified a layer of
single crystallite enameloid, with no indication of parallel-fibred or haphazardly fibred layers, stating that this
confirmed "Reif’s (1973) suggestion (founded on observations of other Hybodus spp. teeth) that this type of
enameloid is typical of Hybodus" (my comment in parentheses). In fact, the study by REIF showed that an
enameloid consisting of randomly oriented single apatite crystallites forming a single layer was distributed
amongst hybodont and ctenacanth shark genera (REIF, 1973: see DUFFIN & WARD, 1983 for further
discussion). Neoselachian sharks tooth enameloid, however, possesses a triple layered structure. REIF (1977)
was sufficiently confident in one case to define a selachian genus on the basis of enameloid ultrastructure
(Hueneichthys costatus from the Rhaeto-Liassic boundary in Germany).

While the teeth of Rhomphaiodon described above resemble those of Hybodus in terms of morphology, the
enameloid ultrastructure is unique, and most closely resembles that of neoselachian sharks. There is some
evidence for a surface layer of shiny enameloid in the single tooth subjected to acid etching and SEM study
(Plate 3 figs. 1-6). This is underlain by a layer containing surface-parallel apatite fibre bundles running in a
basal-apical direction. The average diameter of the fibre bundles is 7.5pm. While being more or less parallel
throughout this layer, the bundles closer to the surface are more closely packed with little branching. The fibre
bundles become much more widely spaced, are more prone to branching and rather more sub-paraliel in terms
of orientation deeper in the tissue. Radial fibres exploit the interstices between the surface-parallel fibres,
particularly in the lower part of this layer. The basal layer of the enameloid comprises a haphazard arrangement
of single crystallites.Thus, enameloid ulatrastructure in Rhomphaiodon nicolensis differs significantly from that
in the type species of Hybodus (H. reticulatus) and that in other hybodont (H. delabechei, H. grossiconus, H.
minor, Acrodus sp., Lissodus minimus) and ctenacanth sharks teeth (REIF, 1973, 1978; RIEPPEL, 1981, 1982;
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DUFFIN, 1985 and in press). Unlike the hybodonts and ctenacanths, Rhomphaiodon possesses a triple-layered
enameloid, as in neoselachian sharks. Whilst the basal layer in other neoselachians comprises haphazardly
arranged fibres, that in the Late Triassic species consists of randomly oriented single crystallites. Following
REIF (1973, 1977) it is clear that the Saint-Nicolas-de-Port material is of neoselachian affinities.

The nature of the basal layer in the enameloid separates Rhomphaiodon from all other neoselachians so far
studied. Other Late Triassic to Early Jurassic neoselachians in which the enameloid ultrastructure has been
studied include Hueneichthys, Palaeospinax, Sphenodus (=Orthacodus) and Reifia.

Hueneichthys costatus REIF (1978) possesses a haphazard fibre arrangement in the basal enameloid layer, as in
all other neoselachians. Hueneichthys also differs from Rhomphaiodon in that the German specimen has a unique
enameloid structure in the vertical ridges which ornament the crown. Here, horizontal fibres within the PEE ran
parallel to the tooth surface in a mesio-distal direction. These horizontal fibres form a sub-layer within the PFE,
being surrounded by surface-parallel apico-basal fibres with intervening radial fibre bundles.

THIES (1982) described a tooth of ?Palaeospinax from the Early Triassic (Middle Scythian) of Turkey. This
specimen has at least two layers in the enameloid. Later species of Palaeospinax all show the characteristic
triple-layered enameloid of neoselachians (REIF, 1973, 1970; THIES, 1983; DUFFIN, 1987). This is also true
for the teeth of Sphenodus (REIF, 1973) and Reifia (DUFFIN, 1980).

Other presumed early neoselachians (on the basis of tooth morphology) for which enameloid ultrastructure is
unknown include Vallisia coppi (Late Triassic, England - DUFFIN, 1982), Agaleus dorsetensis (Early Jurassic,
England - DUFFIN & WARD, 1983b) and an unnamed scyliorhinid (Early Jurassic, Belgium - LEPAGE,
DUFFIN, COUPATEZ & WOUTERS, 1984). Although argued to belong to a neoselachian (DUFFIN, 1981),
the teeth of Doratodus SCHMID (1861) possess a single crystallite enameloid layer. Note furthermore that teeth
of the oldest presumed neoselachian (Anachronistes fordi DUFFIN & WARD, 1983a; Early Carboniferous to
Permian) lack enameloid altogether.

Tooth morphology : as can be seen above the enameloid ultrastructure of the French specimens warrants
distinction at the generic level. The tooth morphology is very similar to that of a number of hybodonts and early
neoselachians, as has been mentioned earlier. Since the bulk of the identifications and comparisons of fossil
sharks teeth are based upon morphology, it is necessary to diagnose the new taxon on the grounds of tooth
architecture.

Rhomphaiodon can immediately be distinguished from all species of Acrodus and Palaeobates on the basis of
crown profile. Acrodus and Palaeobates typically show a very low profile with lateral cusplets seldom developed.
Furthermore, teeth of Acronemus tuberculatus RIEPPEL (1982) from the Middle Triassic of Monte San Giorgio
(Switzerland) do not develop lateral cusplets, and possess a very low central cusp.

None of the teeth from Saint-Nicolas-de-Port has labial or lingual nodes (swellings at the bases of the vertical
ridges which ascend the central cusp and lateral cusplets). The absence of this feature clearly separates thf%
French material from the following species :

Hybodus cloacinus QUENSTEDT, 1858 - Rhaetic and ?Sinemurian of Europe
Hybodus delabechei (CHARLESWORTH, 1839) - Sinemurian of Europe
Hybodus raricostatus AGASSIZ, 1843 - Sinemurian of Europe

Hybodus medius AGASSIZ, 1843 - Sinemurian of Europe

Hybodus austriacus BITTNER, 1898 - Norian of Austria

Polyacrodus polycyphus (AGASSIZ, 1843) - Muschelkalk of Germany

The form of the root in Rhomphaiodon, with its very shallow labial face and lingual projection distinguishes it
from the following additional species :

Hybodus intermedius OERTLE, 1928 - Muschelkalk of Germany
Hybodus plicatilis AGASSIZ, 1843 - Muschelkalk of Europe
Hybodus multiplicatus JAEKEL, 1889 - Muschelkalk of Germany
Hybodus longiconus AGASSIZ, 1843 - Muschelkalk of Europe
Hybodus multiconus JAEKEL, 1889 - Muschelkalk of Germany
Hybodus obliquus AGASSIZ, 1843 - Muschelkalk of Europe
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The presence of a high fairly slender central cusp separates Rhomphaiodon frofn the following species, in which
the central cusp is either relatively lower, more squat or has a proportionately wider base :

Hybodus similis OERTLE, 1928 - Lettenkohle of Germany
Hybodus cuspidatus AGASSIZ, 1843 - Muschelkalk of Germany
Hybodus apicalis AGASSIZ,; 1843 - Lettenkohle of Germany
Hybodus sublaevis AGASSIZ, 1843 - Rhaetic of Germany
H'ybodus orthoconus PLIENINGER, 1844 - Rhaetic of Germany
Hybodus mougeoti AGASSIZ, 1843 - Muschelkalk of Germany
Hybodus angustus AGASSIZ, 1843 - Muschelkalk

Hybodus sasseniensis STENSIO, 1921 - Triassic of Spitsbergen
Hybodus microdus STENSIO, 1921 - Triassic of Spitsbergen
Hybodus rugosus PLIENINGER, 1844 - Muschelkalk of Germany
Hybodus pyramidalis AGASSIZ, 1843 - Sinemurian of Britain
Hybodus youngi LIU, 1962 - Triassic of China

The vertical ridges ascending the crown in Rhomphaiodon are fairly coarse, well spaced, and attain the central
cusp and lateral cusplet apices. This contrasts with the condition in the following taxa :

Hybodus reticulatus AGASSIZ, 1843 - Sinemurian of Britain and Belgium
Hybodus non-striatus WINKLER, 1880 - Gipskeuper of Germany
Hybodus rapax STENSIO, 1921 - Triassic of Spitsbergen

Hybodus dubius AGASSIZ, 1843 - 7Rhaetic of Elgin

Rhomphaiodon possesses up to three pairs of lateral cusplets, the first and largest pair being over half the central
cusp height in juveniles. These features distinguish the French species from the following :

Hybodus shastensis WEMPLE, 1906 - Upper Triassic of California
Hybodus lawsoni (DUFF, 1842) - Rhaetic of Elgin, Scotland
Hybodus novus HENRY, 1875 - Rhaetic of France

The taxon with a tooth morphology closest to that of Rhomphaiodon is Hybodus minor AGASSIZ (1837) from
the Rhaetic of north-west Europe (Plate 2 figure 10) and the Norian of Luxembourg. This species has a single
crystallite enameloid (DUFFIN unpublished and REIF personal communication).

Close comparison has been made between teeth Rhomphaiodon and those of H. minor from the Rhaetic Bone
Bed at Aust Cliff (Avon, south-west England) plus the Steinmergel of Medernach (Luxembourg: DUFFIN, in
press). The teeth of H. minor fall within the size range of those of R. nicolensis, but are generally more squat
and less elongate in overal shape. Like Rhomphaiodon they possess coarse, fairly widely-spaced vertical ridges
which seldom bifurcate. Vertical ridges on the lingual face of the crown are consistently better developed in
H. minor, however. In the Rhaetic species they virtually always attain the central cusp apex, whereas those of
Rhomphaiodon tend to die out before reaching the tip.

Juvenile teeth of H. minor show increase in height of the first lateral cusplet pair in relation to the central cusp,
but not to the same degree as in Rhomphaiodon.

Pathological specimen : one tooth (SNP 1008) amongst the thousands examined shows a pathological deformity
(Text-figure 3). The large size of the specimen (8.7mm mesiodistally) indicates that the cause must either have
occurred late in life, or have been easily tolerated by the individual. The tooth comprises two fused crowns with
confluent roots. Two distinct central cusps are present, each with a different attitude. One is centrally placed and
shows relatively normal lingual inclination. The second, fully developed cusp adjacent to it is strongly directed
laterally, parallel to the long axis of the tooth, so that it crosses the first cusp labially. '

The condition is presumably due to disruption of the dental anlage. Similar conditions have been described for
a range of modern sharks and rays (CADENAT, 1962; GUDGER, 1933, 1938) often being due to damage
sustained during feeding; the fin spines of prey species may become caught in the jaw tissues for some time,
causing potentially permanent local disruption to tooth development. Indeed, SCHWEIZER (1964) described
fin spines of the chimaeroid Ischyodus avitus VON MEYER within the dentition of Synechodus jurensis
SCHWEIZER from the Plattenkalk (Tithonian, Late Jurassic) of Germany, although in this case no dental
abnormality is present.
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(England)(WOODWARD, 1889 plate 15 fig. 1).

5mm

Text-Figure 3. Tooth of Rhomphaiodon nicolensis gen. et sp. nov. showing pathological deformity (SNP 1008).
a, lingual view; b, occlusal view; ¢, labial view. i

The structure described as "Grosse Hautverknocherung" from the Rhaetic Bone Bed at Gaisbrunnen, southern
Germany by Erica VON HUENE (1933: 93, pl.2 figs. 21a-d) is actually a pathologically deformed tooth of
Hybodus minor AGASSIZ. The German specimen is similar in size to SNP 1008, also showing a crossing,
double-cusped structure.

Superfamily Hybodontoidea ZANGERL, 1981
Family Polyacrodontidae GLUCKMAN, 1960

Lissodus minimus (AGASSIZ, 1839)
(Plate 4 figs. 3-11)

1839 Acrodus minimus - AGASSIZ, p.145, pl. 22 figs. 6-12.

1839 Acrodus acutus - AGASSIZ, p.146, pl. 22 figs. 13-15.

1843 Acrodus minimus - PORTLOCK, p.107, 469, pl. 14 figs. 18a-b.

1844 Acrodus minimus - MEYER & PLIENINGER, p-115, p. 10 figs. 25-26, pl. 12 figs. 63, 82.
1844 Thectodus inflatus - MEYER & PLIENINGER, p.116, pl. 10 fig. 20.

1844 Thectodus glaber - MEYER & PLIENINGER, p.116, pl. 10 fig. 21.

1844 Thectodus crenatus - MEYER & PLIENINGER, p.1186, pl 10 fig. 22, pl. 12, fig. 39.
1844 Thectodus tricuspidatus - MEYER & PLIENINGER, p.116, pl. 10 fig. 27, pl. 12 fig. 29.
1852 Acrodus minimus - QUENSTEDT, p.179, pl. 13 figs. 47-50.

1858 Acrodus minimus - QUENSTEDT, p. 34, pl.2 figs. 23-27.

1858 Acrodus minimus - ROLLE, p.28, 31, pl.1 fig. 18.

1861 Acrodus acutus - SCHMID, p.17, pl.1 figs. 33-37.

1861 Acrodus minimus - SCHMID, p.17, pl.2 fig. 38.

1863 Acrodus minimus - MARTIN, p.122.
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1865 Thectodus tricuspidatus - ECK, p.118.
1870 Thectodus crenatus - ENDLICH, p.17.
1870 Thectodus inflatus - ENDLICH, p.18.
1870 Thectodus glaber - ENDLICH, p.18.
1870 Thectodus tricuspidatus - ENDLICH p. 18.
1871 Acrodus minimus - ETHERIDGE, pl.2 figs. 15-17.
1875 Thectodus tricuspidatus - HENRY, p.410, pl.2 fig. 7.
. 1880 Acrodus minimus - WINKLER, p.115, pl. 6 fig. 13.
1885 Acrodus minimus - QUENSTEDT, p.279, pl. 21 figs 46-48.
1885 Acrodus minimus - WOODWARD, fig. 77.
1889 Acrodus minimus - WOODWARD, p.282.
1908 Acrodus minimus - ENGEL, p.182, pl.1 fig. 11.
1908 Acrodus minimus - PRIEM, p.11 fig. 4.
1928 Polyacrodus minimus - CORROY, p.15.
1928 Acrodus minimus - SCHMIDT, p.337, fig. 935.
1928 Acrodus acutus - SCHMIDT, p.337, fig. 936.
1928 Acrodus minimus - OERTLE, p.344.
1962 Acrodus lateralis - DREYER, p.134, pl.1 figs. 1-11.
1962 Acrodus minimus - DREYER, p.134, pl.1 figs. 12-13.
1964 Acrodus minimus - MULLER, p.268, pl.5 figs if-g.
1966 Polyacrodus minimus - PATTERSON, p.315, pl.5 fig. 1.
1970 Acrodus minimus - SYKES, CARGILL & FRYER, p.254, pl. 15 figs. 10-14, text-fig.5 figs. 1-2.
1977 Acrodus minimus - DUFFIN & GAZDZICKI, p.335, pl.1 figs. 1-3.
1978 Acrodus minimus - DUFFIN, fig. 4.
1985 Lissodus minimus - DUFFIN, p.122, text-figs 13-14, pl.2 figs.3a-d.
1989 Lissodus minimus - DUFFIN, text-fig. 1f.
1991 Lissodus minimus - DELSATE & LEPAGE, figs S-W.

Neotype : BRSMG Cc735, an isolated complete tooth from the bone bed basal to the Westbury Beds, Penarth
Group, Rhaetian, Late Triassic of Aust Cliff, Avon, England (DUFFIN 1985 pl. 2 figs. 3a-d).

French material : 2 isolated, complete teeth - SNP 1006 (Plate 4 figs. 3-6): SNP 1007 )Plate 4 figs. 7-11).

Description : SNP 1006 is a presumed anterolateral tooth measuring 1.93mm long (mesiodistally) and 1.13mm
high. The crown is elongate with a low coronal profile. The central cusp is very low, and flanked by two even
lower lateral cusplets. A strong occlusal crest passes along the length of the crown through the central cusp and
lateral cusplet apices. The crown is little ornamented; a longitudinal ridge is situated at the crest of the crown
shoulder and is best developed on the lingual side (compare Plate 4 figure 4 with Plate 4 figure 5). The
moderate labial peg has a single, slightly meandering vertical ridge developed on its crest, ascending to the
central cusp apex. On the lingual side, a single vertical ridge bifurcates just below the central cusp apex; one
branch terminates just above the level of the crown shoulder, while the second, longer branch reaches the
longitudinal ridge (Plate 4 figures 3, 5). The mesial and distal extremities of the crown project well beyond the
crown/root junction (Plate 4 figures 4, 5).

The crown/root junction is incised. The root is lingually displaced from the crown underside (Plate 4 figure 6).
The upper labial root face is shallow and convex, bearing a single row of entrant vascular foramina (Plate 4
figure 4). The lower labial root face is strongly concave for the reception of the lingual surface of the preceding
tooth in the file. The lingual root face is convex; vascular foramina show rough organisation into two
" longitudinal rows (Plate 4 figure 5).

SNP 1007 is the smaller of the two specimens, measuring 1.1mm in length (mesiodistally), 0.92mm wide
(labiolingually) and 1.3mm high. The crown is short and squat. The central cusp is blunted with wear, but
moderately developed (Plate 4 figures 8-10). No lateral cusplets are present. The labial peg is very strongly
developed (Plate 4 figure 7, 11) and surmounted by a strong vertical ridge which ascends the crown to the central
cusp apex. A small accessory cusplet is developed on the surface of the labial peg, part way along the vertical
ridge (Plate 4 figure 10). A bifurcating vertical ridge is present on the lingual side of the crown (Plate 4
figure 9), below which there is a pressure scar produced by contact with the labial peg of the preceding tooth
in the file.

The crown/root junction is not so strongly incised as in SNP 1006, and the mesial and distal extremities of the

crown are not so well developed. The root is approximately the same height as the crown and has the same
overall morphology as that of SNP 1006. The vascular foramina are rather more indiscriminately distributed
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over the root surfaces, however (Plate 4 figures 8, 9, 11).
The tooth probably comes from an extreme anterior, perhaps symphyseal position on the jaw.

The only other species of Lissodus which is similar is Lissodus lepagei (DUFFIN, in press) from the Norian
(Steinmergel) of Medernach in Luxembourg. Both species possess a longitudinal ridge. The teeth of L. lepagei
can be distinguished from those from Saint-Nicolas-de-Port in that they possess a crenulate occlusal crest, up
to three pairs of lateral cusplets, and a moderate labial peg of variable shape in occlusal view.

3. CONCLUSIONS

of the latest Norian (eg. ODIN & ODIN, 1990; CUNY & RAMBOER, 1991).

The mammal workers intitially concluded that the Saint-Nicolas-de-Port fauna was "Rhaetic" in age. Subsequent
discussion of the amphibian, reptile, and some of the fish remains (BUFFETAUT & WOUTERS, 1986; CUNY
& RAMBOER, 1991) indicates that the fauna is very similar to that of the Knollenmergel at Halberstadt
(JAEKEL, 1914). The potential value of the selachian component of the fauna can now be assessed.

The preliminary list of sharks found at Saint-Nicolas-de-Port, as given by SIGOGNEAU—RUSSELL, CAPPETTA
& TACQUET ( 1979) can now be revised on the basis of the present study, which includes both the material

collections have so far been unsuccessful, so JAEKEL ’s figures (redrawn in Text-figure 4) must provide the basis
for comparison. The symmetrical form of the tooth with its high upright central cusp flanked by two pairs of
lateral cusplets, and ornamented by vertical ridges is identical to the condition in Rhomphaiodon.
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Text-figure 4. Teeth of Rhomphaiodon nicolensis (?) from the Norian of Halberstadt (after JAEKEL, 1914). a,
labial view; b, occlusal view.

Furthermore, the French specimens closely resemble material described and figured by DREYER (1962) from
the "Rhaetic" of Kallenberg, south east of Gotha, Germany. The German specimens are considerably rolled
(DREYER, 1962: 130) and could conceivably be reworked. DREYER allocates the specimens to four separate
taxa : Polyacrodus polycyphus (DREYER, 1962: 135, pl. 2 figs 1-2), Hybodus minor (DREYER, 1962: 136 pl.
2 figs. 3, 4 6-17), Hybodus longiconus (DREYER, 1962: 136, pl. 3 figs 1-3) and Hybodus sublaevis (DREYER,
1962: 135, pl.2 fig. 5). The consistently shallow labial root face, lingual projection of the root, high, slender
central cusp flanked by up to three pairs of lateral cusplets, and the extent .of the ornament of vertical ridges
suggest that the material belongs to a single taxon.

H. longiconus is not a potential candidate because it shows a much deeper root and less symmetrical crown
(SCHMIDT, 1928; AGASSIZ, 1843), than either the Kallenberg or Saint-Nicolas-de-Port specimens. The
specimens described by DREYER under H. longiconus fall within the range of morphology for Rhomphaiodon
nicolensis.

Polyacrodus polycyphus (AGASSIZ) is characteristic of the German Muschelkalk and strongly contrasts with
the specimens described by DREYER (1962). P. polycyphus has robust crowns with a low coronal profile.
The squat central cusp is ornamented by a highly branching network of coarse vertical ridges (JAEKEL, 1889;
SCHMIDT, 1928 fig. 938) and flanked by up to 5 pairs of very low lateral cusplets. Nodes are commonly
developed at the vertical ridge bases. The roots are deep and massive, directly underlying the crown. The
Kallenberg specimens are much more delicate in construction with non-branching vertical ridges, fewer lateral
cusplet pairs and a shallow, lingually-produced root. This condition is identical to that displayed by the teeth of
Rhomphaiodon nicolensis.

Hybodus sublaevis was originally founded on "common" specimens from the "Keuper" (?Lettenkeuper) of
Taibingen near Rottweil (AGASSIZ, 1843) and subsequently identified from the Rhaetic of southern Germany
(MEYER & PLIENINGER, 1844; QUENSTEDT, 1852 - these determinations require corroboration). The crown
is triangular with a wide base and ornamented by coarse vertical ridges (AGASSIZ, 1843, pl. 22a figs 3-4). The
tooth described and figured by DREYER (1962 pl. 2 fig. 5) has a fairly low, wide-based triangular cusp which
is best considered as falling within the range of variation of R. nicolensis.

The teeth of Hybodus minor have been discussed above. The Kallenberg specimens are very similar to H. minor,
but tend to show a more slender central cusp, and relatively higher lateral cusplets in smaller, presumed Juvemle
teeth (eg. DREYER, 1962 pl. 2 fig. 11, 16), as is the case with the teeth of R. nicolensis.

Thus, the material described by DREYER (1962) from Kallenberg is probably best considered as belonging to
Rhomphaiodon. This conclusion needs to be verified by analysis of the enameloid ultrastructure, which is
beyond the scope of this present paper. Therefore the designations made by DREYER (1962) are entered with
a query into the synonymy of R. nicolensis.
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SIGOGNEAU-RUSSELL, CAPPETTA & TACQUET (1979) also recorded Acrodus gaillardoti amongst the
material held in Paris. This citation, and that of Acrodus sp. must be mis-identification of Lissodus minimus,
since the determinations were made prior to the revision of Lissodus spp. (DUFFIN, 1985, 1989). Acrodus
gaillardoti was originally described by AGASSIZ (1843) from the French and German Muschelkalk. The teeth
have a long low coronal profile with a barely discernible central cusp and no lateral cusplets. The crown is
heavily ornamented by moderate to coarse, often branching vertical ridges (AGASSIZ, 1843 plL. 22 figs. 16-20).
- This contrasts strongly with the morphology of the teeth of Lissodus minimus, which have a labial peg, better
developed central cusp, clearly defined lateral cusplets, longitudinal ridge at the crown shoulder, and much
reduced ornament.

Teeth of Lissodus minimus are very common in "Rhaetic" deposits of France, Belgium, Germany, Switzerland,
Austria and Poland (DUFFIN & GAZDZICKI, 1977; DUFFIN, COUPATEZ, LEPAGE & WOUTERS, 1983).
Further records (requiring corroboration) have been made in older literature from the Hauptmuschelkalk,
Trochitenkalk, Keuperdolomit and Dachsteinkalk (cf. DEECKE, 1926). The stratigraphic range of Lissodus
minimus thus appears to be Ladinian to Rhaetian.

The presence of Rhomphaiodon nicolensis at Saint-Nicolas-de-Port and at Halberstadt supports a Knollenmergel
age for the French deposit. The presence of Lissodus minimus places the strata only in the range Ladinian to
Rhaetian. Possible records of Rhomphaiodon at Kallenberg require confirmation, and if substantiated suggests
that the age of that deposit should be re-examined.

4. SUMMARY

1.Sharks teeth with a seemingly hybodontoid morphology but unique triple-layered enameloid ultrastructure are
described from the Saint-Nicolas-de-Port section as Rhomphaiodon nicolensis gen. et sp. nov.

2.Teeth of Lissodus minimus AGASSIZ are identified in the fauna on the basis of two specimens.

3.The significance of these identifications to dating of the Saint-Nicolas-de-Port deposits is discussed. Previous
suggestions as to correlation with the Knollenmergel are supported by the sharks teeth.
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Table I. Summary of the Vertebrate fossils recorded from Saint-Nicolas-de-Port.

Class Osteichthyes
Subclass Actinopterygii
Infraclass Chondrostei
Order Acipenseriformes

Family Saurichthyidae GOODRICH, 1909

Saurichthys sp.
Material 25 teeth (RAMBOER Collection; CUNY & RAMBOER, 1991)

Saurichthys cf. longidens AGASSIZ, 1834
Material: many hundreds of isolated teeth,

Infraclass Neopterygii
Order Pycnodontiformes

Indeterminate tooth (CUNY & RAMBOER, 1991)
Sargodon sp. (SIGOGNEAU-RUSSELL, CAPPETTA & TACQUET, 1979)

Subclass Sarcopterygii v
Order Dipnoi

Family Ceratodontidae

1. Ceratodus kaupi AGASSIZ, 1838
Material:1 small complete tooth plate,and many broken fragments of occlusal ridges (MARTIN, SIG

OGNEAU-RUSSELL, COUPATEZ
& WOUTERS, 1981).

2. Ptychoceratodus Phillipsi AGASSIZ, 1838
Material: about 200 isolated tooth plates
(MARTIN, SIGOGNEAU-RUSSELL, COUPATEZ, & WOUTERS, 1981).

Class Chondrichthyes
Subclass Elasmobranchii
Cohort Euselachii
Superfamily Hybodontoidea

Family Polyacrodontidae

Lissodus minimus (Agassiz, 1834)
Material:2 isolated teeth,

Subcohort Neoselachii /
Superorder, Order and family incertae sedis

Rhomphaiodon nicolensis gen. et sp. nov. Material: many hundreds of isolated teeth.
Family incertae sedis
Nemacanthus monilifer AGASSIZ, 1837
Material: a small fragment of a dorsal fin spine (COUPATEZ Collection); 5 spine fragments (RAMBOER Collection; CUNY &
RAMBOER, 1991).
Class Amphibia

Order Temnospondyli
Superfamily Metoposauroidea

Family Metoposauridae

Metoposaurus cf. diagnosticus (FRAAS, 1889)

Material : I right clavicle fragment (RAMBOER Collection; CUNY & RAMBOER, 1991:72, fig. 1n).
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Suborder Plagiosauria
Family Plagiosauridae
cf. Plagiosaurus

Material: over 50 vertebral centra, an incomplete clavicle, dermal plates and indeterminate skull bones (BUFFETAUT & WOUTERS,
. 1986): 6 vertebral centra, centram with neural arch, 2 isolated neural arches, 5 claithra RAMBOER Collection (CUNY & RAMBOER,
1991:72, figs. 1f, 1g).

Suborder Stareospondyli
Superfamily Capitosauroidea

Indeterminate capitosaur
Material: fragment of a left palatine (BUFFETAUT & WOUTERS, 1986)

Class Reptilia
Subclass Anapsida
Order Captorhinida

Suborder Procolophonia
Superfamily Procolophonoidea

Indeterminate procolophonoid.
Material : 1 jaw fragment with three tooth bases (RAMBOER Collection; CUNY & RAMBOER, 1991 : 73, fig. 2)

Subclass Archosauria
Order Thecodontia
Suborder Phytosauria
Family Phytosauridae
Rutiodon ruetimeyeri (HUENE, 1911)
Material: more than 6 isolated teeth, and a few fragments of darmal armour (BUFFETAUT & WOUTERS, 1986: 139); 100 teeth
(RAMBOER Collection; CUNY & RAMBOER, 1991:73, figs. 3a-c).
Order Saurischia
Suborder Sauropodomorpha
Infraorder Prosauropoda

Family Anchisauridae

Plateosaurus sp.
Material: isolated teeth (BUFFETAUT & WOUTERS, 1986); 7 isolated teeth (RAMBOER Collection; CUNY & RAMBOER, 1991:74,
fig. 3g).

Suborder Theropoda

Indeterminate theropod
Material : 9 teeth, I caudal vertebra fragment (RAMBOER Collection; CUNY & RAMBOER, 1991:73, figs. 3d-)

Infraorder Coelurosauria
Family Procompsognathidae

Indeterminate procompsognathid.
Material: isolated teeth (BUFFETAUT & WOUTERS, 1986)

Subclass Synapsida
Order Therapsida
Suborder Theriodontia
Infraorder- Cynodontia

Indeterminate cynodont
Material: isolated tooth (RUSSELL, RUSSELL & WOUTERS, 1976; cf. also HAHN, LEPAGE & WOUTERS, 1984:362).

Class Mammalia
Subclass and Order incertae sedis

Family Theroteinidae SIGOGNEAU-RUSSELL, FRANK & HEMMERLE, 1986

27



28

Theroteinus nikolai SIGOGNEAU-RUSSELL, FRANK & HEMMERLE, 1986
Material: 1 upper molar, 5 lower molars.

"Prototheria”
Subclass Allotheria (MARSH, 1880)
Order Multituberculata COPE, 1884
Family Haramiyidae SIMPSON, 1947

indeterminate haramiyid (SIGOGNEAU-RUSSELL, 1983a)
Material: I tooth

Subclass Eotheria KERMACK & MUSSETT, 1958
Order Triconodonta OSBORN, 1888

indeterminate triconodont (FRANK, SIGOGNEAU-RUSSELL & HEMMERLE, 1986)
Material: 2 upper molars.

Family Morganucodontidae KUHNE, 1958

1. Brachyzostrodon coupatezi SIGOGNEAU-RUSSELL, 1983
Material: 7 lower molars.

2. Brachyzostrodon maior HAHN, SIGOGNEAU-RUSSELL & GODEFROIT, 1991.
Material : 1 tooth.

3. Brachyzostrodon sp. 1 (HAHN. SIGOGNEAU-RUSSEL & GODEFROIT, 1991)
Material : 3 upper molar teeth.

4. Brachyzostrodon sp. 2 (HAHN, SIGOGNEAU-RUSSEL & GODEFROIT, 1991)
Material : 1 right upper molar.

"“Theria"
Some 25 teeth (SIGOGNEAU-RUSSELL, 1983¢:175) including the following :

Infraclass Pantotheria (MARSH, 1880)
Order Symmetrodonta SIMPSON, 1925b

family Kuehneotheriidae KERMACK, KERMACK & MUSSETT, 1968

Woutersia mirabilis SIGOGNEAU-RUSSELL, 1983c
Material : 1 lower left molar, 1 right upper inolar, 1 further upper, molar
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Plate 3.

Plate 3. Tooth of Rhomphaiodon nicolensis gen. et sp. nov, from the Upper Triassic of Saint-Nicolas-de-Port (north-east France), etched
for 5 seconds in 2M HCI to show enameloid ultrastructure; labial face of the central cusp just beneath the apex. Fig. 1 - Deeply etched
Parallel-fibred enameloid x 290. Note the apically-oriented fibre bundles, with occasional lateral branches; Fig. 2 - same field of view, x
580; Fig. 3 - same field of view, x 1160, note the small patch of shiny surface enameloid overlying the apically-directed fibre bundles just
below the centre of the picture; Fig. 4 - same field of view, x2900. Note the radial bunches of apatite crystallites protruding between the
fibre bundles. Fig. 5 - Less deeply etched area of parallel-fibred enameloid, x 580. Note the closer packing and greater degree of apical
alignment of the fibre bundles; Fig. 6 - same field of view, x 2900.
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Plate 4.

Plate 4. Rhomphaiodon nicolensis enameloid, and teeth of Lissodus minimus AGASSIZ from the Upper Triassic of Saint-Nicolas-de-Port.
Fig. I - Radial bunches of single crystallite tufts from deeply etched enameloid, x 1160: Fig. 2 - randomly-oriented single apatite crystallites
close to the enameloid-dentine junction, x 5800. Figures 3-6, lateral tooth of Lissodus minimus AGASSIZ, SNP 1006, x 33.6. Fig. 3 -
occlusal view; Fig. 4 - 1abial view; Fig. 5 -lingual view; Fig. 6 - lateral view. Figures 7-11, anterior tooth of Lissodus minimus AGASSIZ,
SNP 1007, x 30; Fig. 7 - occlusal view; Fig. 8 - labial view; Fig. 9 - lingual view; Fig. 10 - lateral view; Fig. 11 - oblique occlusal view.

32




BELGIAN GEOLOGICAL SURVEY. Professional Paper, 264: Elasmobranches et Stratigraphie, 33-44, 1993.

The age of the Upper Triassic vertebrate fauna from Attert
(Province of Luxembourg, Belgium).

by C.J. DUFFIN (*) & D. DELSATE (**)

Abstract : Marine microvertebrates are used to discuss the age of the Upper Triassic fauna at Attert, which has
yielded therapsid reptile and mammal teeth. While the combined ranges of individual taxa is Anisian to ? Sinemurian,
the precise faunal composition is known only from "Rhaetic" deposits in north-west Europe.

Keywords : Chondrichthyes, Actinopterygii, Upper Triassic, Belgium.

Résumé : Les microvertébrés marins sont utilisés pour essayer de préciser I’4ge de la faune du Trias supérieur
d’Attert qui a également fourni des dents de Reptiles thérapsides et de Mammiferes. Les extensions stratigraphiques
des différents taxa recencés & Attert couvrent une période qui s’étend de 1’ Anisien au ? Sinémurien. Toutefois,seuls
les dépéts "rhétiens” d’Europe du Nord Ouest présentent semblable association.

Mots-elefs : Chondrichthyes, Actinopterygii, Triasique Supérieur, Belgique.

Kurzfassung : Das Alter der oberen Triassischen fauna bei Attert, in der Therapsiden (Reptilia) und Zihne von
Saugetieren gefunden wurden, wurde anhand von Meeresmicrovertebraten diskutiert. Wahrend die gesamten Serien
der einzeinen Taxa Anis bis Sinemur sind, ist die genaue Zusammensetzung der Fauna nur aus "Rhaetische”
Ablagerungen in Nordwesteuropa bekannt,

Schliisselworter : Chondrichthyes, Actinopterygii, Ober Trias, Belgien.

(*) C.J. DUFFIN, Collaborateur du Service Geéologique de Belgique, 113 Shaldon Drive, Morden, Surrey SM4 4BQ,
England.

(**) D. DELSATE, Collaborateur du Service Géologique de Belgique, Centre de Recherches Lorraines, 5 Rue du
Quartier, B - 6792 Battincourt, Belgium.

1. INTRODUCTION

In 1969, MONTEYNE remarked upon the paucity of exposure of Rhaetic rocks in Bas-Luxembourg, and
described what he considered to be a reference section at Attert (Text figure 1).He considered that the basal 8.8m
of sands, clays and subsidiary conglomerates represented the Grés de Mortinsart. The overlying marls (3.6 m)
were attributed to the Marnes de Levallois, followed by 0.75 m of the basal Hettangian (Early Jurassic) Marnes
de Helmsange. Occasional unspecified fish remains (teeth and scales) were found in association with bivalves
(including Rhaetavicula contorta (PORTLOCK, 1843; MONTEYNE, 1969:2), fragmentary echinoderm remains
and some vegetable matter in the Grés de Mortinsart. The Marnes de Levallois yielded teeth of "Saurichthys
acuminatus, A. longiconus, Sphaerodus sp." and otoliths (MONTEYNE, 1969:3). Although he did not discuss
the age of the section in detail, MONTEYNE concluded that it was Rhaetic, presumably on the basis of his
detailed knowledge of local stratigraphy, and the occurrence of Rhaetavicula contorta and Birgeria acuminata
(AGASSIZ, 1839) (=Saurichthys acuminatus).

Collaborators of the Service Géologique de Belgique based at the Centre de Recherches Lorraines, Ethe-Buzenol,
recently sampled deposits in the Attert region for microvertebrates and were rewarded with the discovery of
therapsids and mammals (WOUTERS, LEPAGE & DELSATE, 1985). These authors prefer a Norian age,
remarking that the Rhaetic is inadequately defined, particularly in the Germanic Basin.

The object of this paper is to present a faunal list for the vertebrates recovered from Attert, and currently held
in the private collections of J-C. LEPAGE and D. DELSATE at the Centre de Recherches Lorraines,
Ethe-Buzenol. This list contributes to the discussion concerning the age of the mammals and therapsids. DEL-
SATE (in preparation) has identified the Harmiyid Thomasia within the fauna.
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Text-figure 1. Map to show the location of the Attert section.

2. FAUNAL LIST.

Class Chondrichthyes HUXLEY, 1880
Subclass Elasmobranchii BONAPARTE, 1838

Indeterminate elasmobranch -7 placoid scales 41 scales.

Cohort Euselachii HAY, 1902
Superfamily Hybodontoidea ZANGERL, 1981

Family Hybodontidae OWEN , 1846

Hybodus minor AGASSIZ, 1837 - 488 teeth.
Gen. et sp. nov. - 4 teeth,

Family Polyacrodontidae GLUCKMAN, 1964

Lissodus minimus (AGASSIZ, 1834) - 690 teeth.
Polyacrodus cloacinus (QUENSTEDT, 1858)- 7 teeth.

Family Pseudodalatiidae REIF, 1978

Pseudodalatias barnstonensis (SYKES, 1971) -12 teeth of which 6 are from the lower dentition and 6 from the upper.

Indeterminate hybodontoid scales - 18 stud-like, 6 compound,

Superfamily Ctenacanthoidea ZANGERL, 1981

Indeterminate Ctenacanthoid - 11 scales,

Subcohort Neoselachii COMPAGNO, 1977

Indeterminate neoselachian - 4 vertebrae,
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Class Actinopterygii
Subclass Holostei
Order Semionotiformes

Family Semionotidae
Sargodon tomicus PLIENINGER, 1847 - 127 teeth.
Order Perleidiformes
Family Colobodontidae
Colobodus sp. - 14 teeth.
Order Palaeconisciformes
Family Birgeriidae ALDINGER, 1937
Birgeria acuminata (AGASSIZ, 1839) - 287 teeth.
Family Palaeoniscidae VOGT, 1852
Gyrolepis albertii AGASSIZ, 1835 - 78 teeth, 1005 scales.
Order Saurichthyiformes
Family Belonorhynchidae WOODWARD, 1888
Saurichthys longidens AGASSIZ, 1834 - 11 teeth.
A pie chart showing the proportional representation of the taxa cited above is given in Text-figure 2. Such results
cannot be taken as being a true indication of species representation because of vastly differing potentials for entry

into the fossil record; sharks continually shed and replace their teeth throughout life, whereas the tooth of an
actinopterygian usually represents the death of an individual.

PIE CHART OF THE LATE TRIASSIC VERTEBRATE FAUNA OF ATTERT (BELGIUM)

<. " . Colobodus sp.

Pseudodalatias barnstonensis

Lissodus minimus
Hybodus minor

Polyacrodus cloacinus

Gyrolepis albertii
Saurichthys longidens New hybodont

Birgeria acuminata

Text-figure 2. Pie chart showing the proportional representation of vertebrate fossils from the "Rhaetic" of
Attert.
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3. DISCUSSION

The list of microvertebrate fossils given above should be considered provisional. Further taxa may well be
discovered in washed, graded, but currently unsorted residues. Figure 2 illustrates proportional species diversity
for the deposit.

a. Selachians,

Pseudodalatias barnstonensis SYKES, 1971
(Plate 1, figs. 1, 2)

This species was first described from isolated teeth recovered from acid prepared bone bed residues from
stratified marine deposits in the Penarth Group (Westbury Formation, "Rhaetic") exposed at Barnstone in
Nottinghamshire. The labio-lingually compressed, upright, triangular lower teeth and the acicular-crowned upper
teeth with bifid roots show striking similarity to teeth of extant squaloid sharks such as Dalatias licha (Kitefin
Shark). For this reason SYKES (1971) assigned the Rhaetic specimens to the same genus as "Dalatias
barnstonensis”. Examination of the enameloid ultrastructure by REIF (1978) yielded results resembling the
hybodont condition. The Upper Triassic species was accordingly designated generic distinction, removed from
the neoselachians ("modern level” sharks) and tentatively grouped with the hybodonts. The morphological
similarities between the two dentitions were thus assumed to be due to convergent evolution. Pseudodalatias
barnstonensis has now been described from a number of British "Rhaetic" localities (SYKES 1974a; DUFFIN
1980), as well as from the Grés de Mortinsart of Habay-la-Vieille in Belgium (DUFFIN, COUPATEZ, LEPAGE
& WOUTERS, 1983). Furthermore, articulated dental strips have been found in the Calcare di Zorzino
limestones (Norian, Upper Triassic) at Cene in the Lombardy Alps, northern Italy (TINTORI, 1980).
Pseudodalatias therefore ranges from Norian to Rhaetian. :

Hybodus minor AGASSIZ, 1837
(Plate 1, fig. 3)

This species was originally described from a dorsal finspine and teeth from the Penarth Group of western
England. It is widespread in the north-west European "Rhaetic”, being recorded in Wales, Scotland, Germany,
France, Switzerland and Austria (cf. DEECKE, 1926), as well as from Habay-la-Vieille in south-east Belgium
(DUFFIN, COUPATEZ, LEPAGE & WOUTERS, 1983). OERTLE (1926) further records H. minor from the
Lettenkohlesandstein (Middle Norian), and STRUCKMANN (1871) reports its presence in the Upper
Muschelkalk (Ladinian) of Germany, although these records require verification. DUFFIN (in press) describes
H. minor in some detail from the Steinmergelgruppe (Middle Norian) of Medemach in Luxembourg. Thus, H.
minor ranges from the Ladinian to the Rhaetian.

Teeth of a new hybodont genus
(Plate 2, fig. 1)

These teeth, cited in the above faunal list for Attert, will be described elsewhere. They show a range of
morphological variation which resembles that of extant basking sharks (Cetorhinus). Similar teeth have been
described by DUFFIN (1980) from the Holwell fissure filling (Somerset, England), and stratified British Penarth
Group deposits. They have also been cited in the faunal list for the "Rhaetic” of Habay-la-Vieille by DUFFIN,
COUPATEZ, LEPAGE & WOUTERS (1983:313) under the name "Polyacrodus sp. nov. 2". Teeth of species
therefore suggest Rhaetian age. :

Lissodus minimusv (AGASSIZ, 1834)
(Plates 3, figs. 1, 2)

This species has recently been redescribed as part of a revision by DUFFIN (1985). It is very common in the
Penarth Group of Britain, and has also been recorded from the "Rhaetic" of France, Belgium , Germany,
Switzerland, Austria and Poland (DEECKE, 1926; DUFFIN & GAZDZICKI, 1977; DUFFIN, COUPATEZ,
LEPAGE & WOUTERS, 1983). Further records (requiring corroboration) have also been made from the
Hauptmuschelkalk, Trochitenkalk, Keuperdolomit and Dachsteinkalk of Germany (cf. DEECKE, 1926). The
range displayed by L. minimus thus appears to be Ladinian to Rhaetian.
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Polyacrodus cloacinus (QUENSTEDT, 1858)
' (Plate 2, fig. 2)

The teeth are long (up to 30 mm) with a multicuspid crown, which does not easily survive the rigours of
sedimentary transportation. Originally described from the "Rhaetic" of Germany, it has also been recorded from
Switzerland, France, Britain, Belgium, and possibly Poland (DEECKE, 1926; DUFFIN & GAZDZICKI, 1977;

- DUFFIN, COUPATEZ, LEPAGE & WOUTERS, 1983). The species is difficult to distinguish from teeth of
Hybodus raricostatus AGASSIZ, 1843 which is known from the basal Jurassic (Hettangian and Sinemurian) of
Lyme Regis (Dorset, southern England). WOODWARD (1889:257) tentatively records P. cloacinus from the
Lower Jurassic, making its range Rhaetian to ? Sinemurian.

Other ichthyodorulites

The placoid, hybodontoid, ctenacanthoid and indeterminate selachian scales (Plate 2, fig. 3) listed from Attert
contribute little to the age of the fauna. Suffice it to say that the scale types closely resemble those described
by SYKES (1974a) and REIF (1978b) from the British and German "Rhaetic" respectively.

The indeterminate neoselachian vertebrae closely resemble specimens from the British and Belgian "Rhaetic"
(DUFFIN 1980; DUFFIN, COUPATEZ, LEPAGE & WOUTERS, 1983).

We have found no specimens resembling Hybodus longiconus as recorded from Attert by MONTEYNE (1969).
According to DEECKE (1926), the species ranges from the Upper Muschelkalk (Ladinian) to the Rhaetian in
Germany, although an extensive review of "Rhaetic” vertebrate faunas (DUFFIN 1980) failed to substantiate the
latter records. It is quite possible for isolated fragmentary crowns of H. cloacinus to be mistaken for H.
longiconus.

b. Actinopterygians.

Sargodon tomicus (PLIENINGER, 1847) has been described on the basis of both incisiform and molariform
teeth from the "Rhaetic" of Britain, France, Belgium, Germany, Switzerland, Austria and Poland (DEECKE,
1926; DUFFIN & GAZDZICKI, 1977; DUFFIN, COUPATEZ, LEPAGE & WOUTERS, 1983). It has also been
recorded from the Upper Muschelkalk (Ladinian) and Lettenkohle (Carnian) of Germany (cf. DEECKE, 1926),
and complete, articulated specimens have been described from the Calcare di Zorzino (Middle Norian) and
Argilliti di Riva di Solto (?Upper Norian) of the Italian Lombardy Alps (TINTORI, 1983). The range of the
species is thus Ladinian to Rhaetian. The record of "Sphaerodus sp." made by MONTEYNE (1969) most likely
refers to molariform teeth of Sargodon tomicus.

The conical teeth of Birgeria acuminata, Saurichthys longidens and Gyrolepis albertii are all very similar to each
other (Plates 4, figs. 1-3) and a host of species of Saurichthys which are common in the European Upper
Triassic, leading to a certain lack of confidence in some published records. All three taxa are well established
from the "Rhaetic” of Britain, France, Belgium and Germany (DEECKE, 1926; DUFFIN, 1980; DUFFIN,
COUPATEZ, LEPAGE & WOUTERS, 1983). Birgeria acuminata is reported from Upper Muschelkalk
(Ladinian) to Rhaetian rocks, while Saurichthys longidens is known only from the Upper Lettenkohle (Carnian
to Norian) outside the Rhaetic (cf. DEECKE, 1926). Gyrolepis albertii has distinctive scales, and is reported
from Lower Muschelkalk (Anisian) to Rhaetian sediments.

Colobodus is represented by over 18 species in the Upper Triassic and is in need of redescription and taxonomic
review. The current state of knowledge means that the teeth recorded from Attert are of little significance in
determining stratigraphic position.

4. CONCLUSIONS

From the above discussion, individual faunal components from the microvertebrates recovered from Attert show
stratigraphic ranges from Anisian to possibly Sinemurian age (Table 1). At first glance it would seem that the
age of the fauna cannot be resolved beyond "Upper Triassic". If the fauna is taken as a whole, however, the
combination of taxa is unique to the north west European "Rhaetic". While certain species may have cohabited
Norian or even Carnian seas, only "Rhaetic” deposits show the full diversity recorded at Attert.
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Table 1. Stratigraphic ranges of the microvertebrates discovered at Attert.

Faunal composition is very similar to that recorded for the Gres de Mortinsart at Habay-la-Vieille (DUFFIN,
COUPATEZ, LEPAGE & WOUTERS, 1983); all of the taxa recorded at Attert are also known from Habay. The
latter fauna contains additional taxa, also typical of other north-west European "Rhaetic" faunas, which have not
so far been recovered from Attert. These might be discovered in the future to offer confirmatory evidence as
to the Rhaetian age suggested here, and might include teeth of the hybodont shark listed as "Polyacrodus sp. nov.
1" by DUFFIN, COUPATEZ, LEPAGE & WOUTERS (1983:313), teeth of the neoselachian Vallisia coppi
DUFFIN (1981) and fin spines of Nemacanthus monilifer AGASSIZ (1843). In addition, teeth of the dipnoan
Ceratodus latissimus AGASSIZ (1843), as yet unrecorded in the Belgian Rhaetic, might be found.

Thus, the microvertebrate fauna of Attert is most consistent with a "Rhaetic" age, as suggested by MONTEYNE
(1969) rather than Norian as preferred by WOUTERS, LEPAGE & DELSATE (1985). However, as these latter
authors remark, the "Rhaetic" is ill-defined, and there is debate over the validity of the Rhaetian as the uppermost
Stage of the Triassic (cf. DUFFIN, in press).

On a finer level, correlations with the Grés de Mortinsart at Habay-la-Vieille, Westbury formation (Penarth
Group) in Great Britain, and parts of the German and Austrian Dachsteinkalk would seem reasonable on the basis
of the structure of the Attert marine vertebrate fauna so far as it is currently known.
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Plate 1.
1 : Pseudodalatias barnstonensis : a. lower tooth, b. profile of lower tooth x 83.

Pseudodalatias barnstonensis : a. upper tooth, occlusal view; b. profile of upper tooth x 123.
Hybodus minor : a. lingual view, b. labial view, c. distal oblique view x 139.

Plate
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Plate 2.

Plate 2,
1 : indeterminate hybodontid : a, lingual view, b. labial view x 139.
2 : Polyacrodus cloacinus : fragment; a. lingnal view, b. labial view x 73.
: indeterminate stud-like hybodontoid scale x 139.
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Plate 3.
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Plate 3.
1 Lissodus minimus : a. labial view, b. lingual view, c. occlusal view x 108.
2 : Lissodus minimus : a. labial view, b. lingual view, c. occlusal view x 108.

—
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Plate 4.

Plate 4.
1 Gyrolepis albertii : a. tooth x 123; b. pharyngeal hook x 139.
2 : Birgeria acuminata : tooth x 83.
3 : Saurichthys longidens : tooth x 83.
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Teeth of Hybodus (Sélachii) from the Early Jurassic of Lyme Regis,
Dorset (southern England) : preliminary note.

by C. J. DUFFIN (*)

Abstract : The tooth crowns of (?) Hybodus cloacinus, H. raricostatus, H. medius, H. delabechei and H.
reticulatus, all from the Sinemurian (Early Jurassic) of Lyme Regis are briefly described. An initial attempt at
differential diagnoses is offered in order to assist the identification of isolated tooth crowns from washed samples of
Sinemurian sediments.

Keywords : Chondrichthyes, Hybodontiformes, Lower Furassic, England.
Résumé : Les couronnes dentaires de (?) Hybodus cloacinus, H. raricostatus, H. medius, H. delabechei et H.
reticulatus, toutes espéces provenant du Sinémurien (Jurassique inférieur) de Lyme Regis sont bridvement

réexaminées. Une diagnose différentielle facilitant 1’identification des couronnes isolées récoltées dans d’autres
sédiments sinémuriens est proposée.

Mots-clefs : Chondrichthyes, Hybodontiformes, Jurassique Inférieur, Angleterre.

Kurzfassung : Die Zzhnkronen von ? Hybodus cloacinus, H. raricostatus, H. medius, H. delabechei und H.
reticulatus, alle aus dem Sinemur (unterer Jura) von Lyme Regis, werden kurz beschrieben.

Schliisselworter : Chondrichthyes, Hybodontiformes, Unter Jura, England.

(*) C.J. DUFFIN, collaborateur du Service Géologique de Belgique, 113 Shaldon Drive, Morden, Surrey SM4 4BQ),
England.

1. INTRODUCTION

The Sinemurian (Early Jurassic) succession of interbedded black shales and limestones at Lyme Regis in Dorset
(southern England) has yielded a diverse association of vertebrate fossils for over 150 years. The bulk of our
knowledge of the Sinemurian chondrichthyan fauna is based upon specimens collected from this locality (eg.
AGASSIZ, 1837-1843). The material includes a considerable number of articulated partial skeletons, as well as
isolated teeth, fin spines and cephalic spines. There have been occasional descriptions of isolated elements of
the chondrichthyan dermal skeleton from continental Europe, but the Lyme Regis fauna has acted as an essential
reference. The chondrichthyan fauna from Lyme Regis can be summarized as follows:

Hybodont sharks

? Hybodus cloacinus QUENSTEDT, 1858 represented by teeth (cf. WOODWARD, 1889:256).

Hybodus raricostatus AGASSIZ, 1843 - teeth and possibly the skull and branchial cartilages of a juvenile
(WOODWARD, 1889:258).

Hybodus delabechei (CHARLESWORTH, 1839) - articulated dentitions, cranial, fin and appendicular skeletons
(AGASSIZ, 1803; DAY, 1865; WOODWARD, 1889).

Hybodus pyramidalis AGASSIZ, 1843, based on a group of displaced teeth, was placed i in junior synonymy with
this species by WOODWARD (1889: 259).

Hybodus medius AGASSIZ, 1843 - articulated dentitions, cranial and post-cranial material (WOODWARD
1889:260).
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Hybodus reticulatus AGASSIZ, 1837 - articulated dentitions, cranial and post-cranial remains (WOODWARD

1889; MAISEY, 1987). Hybodus formosus AGASSIZ, (1837), based upon a dorsal fin spine, may be a junior

synonym of this species (WOODWARD, 1889:266).

Acrodus nobilis AGASSIZ, 1837 - articulated dentitions with associated cartilages (WOODWARD, 1889:280).

WOODWARD (1889:283) incorporated Acrodus latus AGASSIZ, (1839) (based upon two isolated teeth), Acrodus
. gibberulus AGASSIZ (1839) (based upon teeth) and Acrodus arietis QUENSTEDT (1858) (based upon isolated

teeth) into this species by synonymy.

Acrodus anningae AGASSIZ, 1839 - articulated dentitions, associated cartilages and dorsal fin spines
(WOODWARD, 1889). :

Neoselachian sharks

Palaeospinax priscus (AGASSIZ, 1843) - complete articulated specimens with dentition and dorsal fin spines
intact (EGERTON, 1872; WOODWARD, 1889: MAISEY, 1977; DUFFIN & WARD, in press).

Palaeospinax occultidens (DUFFIN & WARD, in press) - complete articulated specimens with dentition and
dorsal fin spines (EGERTON, 1872).

Agaleus dorsetensis DUFFIN & WARD, 1983 - isolated teeth.,
Squalorajoid holocephalans

Squaloraja polyspondyla (AGASSIZ, 1836) - complete articulated skeletons (PATTERSON, 1965; see DUFFIN,
1983 for a guide to the literature).

Squaloraja tenuispina WOODWARD (1886) - known from a single frontal clasper.
Myriacanthid holocephalans

Myriacanthus paradoxus AGASSIZ, 1836 - articulated skull fragments, tooth plates and dorsal fin spines
(WOODWARD, 1891; PATTERSON, 1965).

Metopacanthus 7granulatus (AGASSIZ, 1837) - articulated cranial fragments, tooth plates and dorsal fin spines
(WOODWARD, 1891; PATTERSON, 1965). '

Recurvacanthus uniserialis DUFFIN, 1981 - based upon a single isolated dorsal fin spine.
In addition to these records from Lyme Regis, the following additional Sinemurian chondrichthyans have been
described from continental Europe :
Neoselachian sharks
Palaeospinax pinnai DUFFIN, 1987 - associated teeth and dermal scales from Osteno (Lombardy, northern Italy).

New genus and species (DUFFIN, MS) - a number of articulated skeletons from Osteno (Lombardy, northern
Italy).

Myriacanthid holocephalans

Halonodon warneri DUFFIN, 1980 - isolated tooth plates, frontal clasper and dorsal fin spine from Huombois,
Belgium.

Chimaeropsid holocephalans

Chimaeropsis foussi CASIER, 1959 - a single incomplete toothplate from Ethe, Belgium.
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2. DESCRIPTIONS

The teeth of the hybodont shark species from L);me Regis are in considerable need of review. Scant attention
has been paid to them since their original description and the review of WOODWARD (1889). It is difficult
to distil differential diagnoses from the available literature.

. H. reticulatus provides a sobering example of the difficulties involved. It is considered to be the type species
of Hybodus (WOODWARD, 1916; MAISEY, 1987). MAISEY (1987) figured a number of teeth of H.
reticulatus, describing the enameloid ultrastructure and dental histology, plus aspects of the root vascularization.
The tooth architecture was not described by MAISEY, but formed the basis of his diagnosis for the species.
Furthermore, he assigned several specimens to H. reticulatus that were previously identified (WOODWARD,
1889) as H. raricostatus or H. delabechei. This action was taken since he considered "the tooth morphology
to be more like that of H. reticulatus" (MAISEY, 1987:7). No attempt was made to justify this opinion, to
provide differential diagnoses or to compare the dental morphology of H. reticulatus with that of
contemporaneous hybodont sharks. He does make the undefended comment that "since other specimens of H.
delabechei and H. raricostatus equal those of H. reticulatus in size, these species are still considered distinct
on the basis of tooth morphology" (MAISEY, 1987:7).

Attempts to identify isolated hybodont teeth from the Belgian Sinemurian (DELSATE & DUFFIN, in press, this
volume) has necessitated a re-examination of the Lyme Regis material. Revision of the Lyme Regis hybodonts
is in hand (DUFFIN, in preparation). The identifications made in the present paper should be considered
preliminary, being based upon a rather cursory initial appraisal of available specimens (including type and figured
material) from Lyme Regis.

The greatest difficulty lies in the definition and distinction of H. reticulatus, H. raricostatus, H. delabechei and
H. cloacinus. Heterodonty in the dentitions of these species is considerable, especially with respect to tooth
dimensions, number and development of lateral cusplets, and details of the coronal ornament. It is quite probable
that a certain amount of synonymy exists. The following preliminary comments can be made :

1. Hybodus cloacinus QUENSTEDT, 1858; Rhaetian of Britain, France, Belgium, Germany and Switzerland.
(Text-figures la-b)

The teeth of this species are very slender and elongate (up to 25 mm mesiodistally) with a muiticuspid crown.
The central cusp is moderate to high, quite slender and has weak cutting edges. Vertical ridges ascend the
central cusp on both labial and lingual faces, originating from the top of the crown shoulder. The ridges may
extend to the cusp apex and may bifurcate basally. A well developed labial node is commonly developed at the
base of the central cusp. The central cusp is angled lingually from the crown base, and may show a small
amount of distal inclination in lateral teeth. There are three to four pairs of fairly low stubby lateral cusplets;
they are about one quarter of the height of the central cusp. The lateral cusplets decrease in height mesially and

- distally, and are ornamented by moderate vertical ridges both labially and lingually. These vertical ridges have
a moderately dense distribution may bifurcate basally and often attain the cusplet apices. Labial nodes are
commonly developed as swollen bases to the vertical ridges at the level of the crown shoulder. There is no
lingual shelf (i.e., flattened surface) formed along the lingual crown shoulder. The root is not commonly
preserved.

2.(7) Hybodus cloacinus QUENSTEDT,1985; British Sinemurian (P.39785).
(Text-figure lc)

The teeth of this specimen are up to 15 mm in length, with a maximum crown height of 8 mm. Up to four pairs
of lateral cusplets flank the moderate central cusp. The lateral cusplets are higher in this specimen, relative to
the central cusp, than in the Rhaetian teeth described above. The tooth is also less elongate and displays a more
dense pattern of vertical ridges. These ridges are present on both labial and lingual faces of the crown, attain
the central cusp and lateral cusplet apices, commonly bifurcate basally, and may have labial nodes developed
at their origin on the crown shoulder. The root is shallower relative to the crown than.is the case in those few
Rhaetian teeth in which the root is preserved. Also, there is a strong lingual shelf developed at the top of the
lingual crown shoulder, due to the coarse development and close spacing of the vertical ridges in that area. This
is a feature lacking in all the teeth of H. cloacinus so far studied from the Rhaetian.
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Text-figure 1.

Isolated hybodont sharks teeth from the Rhaetic (Late Triassic) and Sinemurian (Early Jurassic) of southern
England. All catalogue numbers refer to specimens held in the Fossil Fish Section, Department of
Palaeontology, British Museum (Natural History).
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3. Hybodus delabechei (CHARLESWORTH, 1839).
(Text-figure le)

The teeth of this species measure up to 27mm in length, and are generally much less elongate and narrow than
those of H. cloacinus (the posterior teeth may provide exceptions to this statement). The crown is multicuspid;
the central cusp is comparatively squat and stubby, having a much wider, expanded base and more pyramidal

-outline than that of H. cloacinus. There are up to four pairs of lateral cusplets which are much lower than those
of H. cloacinus. Vertical ridges ornament both labial and lingual crown faces. They tend to be more densely
distributed, especially in the region of the central cusp than in the Rhaetian teeth described above. The ridges
commonly bifurcate basally, with numerous, fairly small labial nodes developed at their origin on the labial face.
The pattern of branching is quite complex on the labial face of the central cusp; vertical ridges from the flanks
of the first lateral cusplet pair deviate to the central cusp. The ridges attain the central cusp and lateral cusplet
apices. There is a well developed lingual shelf at the top of the lingual crown shoulder, heavily ornamented with
vertical ridge bases.

4. Hybodus raricostatus AGASSIZ, 1843,
(Text-figure 1f)

The teeth are very elongate (up to 40mm) and slender - moreso even than those of H. cloacinus. The crown
is multicuspid. The central cusp is low to moderate, and flanked by between four and eight pairs of low lateral
cusplets. The central cusp itself is less slender than that of H. cloacinus or H. reticulatus, but possesses quite
well developed cutting edges. Coarse vertical ridges ascend the crown to the cusp and cusplet apices, commonly
bifurcating basally, with common labial node development at their bases. The ridges show variable spatial
density (moderate to dense), and combine to produce a well developed lingual shelf on the crest of the lingual
crown shoulder.

5. Hybodus reticulatus AGASSIZ, 1837.
(Text-figure 1d)

The teeth of this species measure up to 25mm in length. The distinctive high central cusp is slender with well
developed cutting edges. Up to three pairs of well developed lateral cusplets flank the central cusp. Vertical
ridges ascend labial and lingual crown faces. They are weak to moderate, show basal bifurcation only
occasionally, are widely spaced (low density) and seldom, if ever, attain the cusp or cusplet apex. Labial nodes
are never developed. The lingual shelf is developed occasionally in larger teeth only.

6. Hybodus medius AGASSIZ, 1843.
(Text-figure 1g)

Teeth of this species are distinctively squat and robust. The central cusp is quite low and pyramidal, with a
greatly expanded base. Up to four pairs (more usually two or three) of poorly developed, very low lateral
cusplets flank the central cusp. The cutting edges of the central cusp and lateral cusplets are very weak, if
present at all. The occlusal crest often shows the development of crenulations mesially and distally. The crown
is heavily ornamented by closely spaced complex patterns of coarse vertical ridges which attain the cusp/cusplet
apices and occlusal crest. Basal bifurcation of the ridges is very common. Labial nodes are common and often
well developed. There is no lingual shelf. '

Explanation of Text-figure 1.Bar scale = 5 mm in all cases.
a. P.51495, a detached crown of Hybodus cloacinus QUENSTEDT, 1858 from the Rhaetic Bone Bed of
Barnstone, Nottinghamshire.
b. P.2193b, a detached crown of H. cloacinus from the bone bed basal to the Westbury Beds, Penarth Group,
Rhaetic of Aust Cliff, Avon.
¢. 39785, a complete tooth of H. cloacinus from the Sinemurian of Lyme Regis.
d. P.6068, a tooth crown of Hybodus reticulatus AGASSIZ, 1837 from the Sinemurian of Lyme Regis.
e. P.2793, a complete tooth of Hybodus delabechei (CHARLESWORTH, 1839) from the Sinemurian of Lyme
Regis.
f. P.44380, a complete tooth of Hybodus raricostatus AGASSIZ, 1843 from the Sinemurian of Lyme Regis.
g. P.2792, a tooth of Hybodus medius AGASSIZ, 1843 from the Sinemurian of Lyme Regis.
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3.CONCLUSIONS
The various species of Hybodus described from Lyme Regis to date can be distinguished as follows :

H. reticulatus : tall slender central cusp with weak to moderate vertical ridges hardly ever reaching apex,
seldom bifurcating; no labial nodes; lingual shelf in large teeth only; well developed cutting edges.

The following species all possess labial nodes and vertical ridges attaining cusp/cusplet ai)ices:

H. cloacinus : elongate crowns (less elongate than H. raricostatus);no lingual shelf; labial nodes well
developed but fairly sparse.

H. delabechei : very similar to H. cloacinus but less elongate; central cusp more pyramidal; lingual shelf
present; more complex vertical ridge bifurcations; labial nodes more common but less well developed; lateral
cusplets lower.

H. raricostatus : elongate crowns; up to 8 lateral cusplet pairs; strongly developed lingual shelf,

H. medius : squat, pyramidal ventral cusp; lateral cusplets poorly developed; vertical ridges strong, dense
with complex branching; lingual shelf absent; crenulate occlusal crest.

Examples of the teeth are illustrated in Figure 1, with details of the root omitted. Typical teeth have been drawn
where possible, but material was limited in terms of numbers of specimens or views presented in some species.
No attempt to quantify heterodonty has been attempted so far; this approach is in progress and may necessitate
combination of certain species by synonymy. The distinctions drawn above are not visualised as being definitive,
but are intended to provide a working framework for useful discussion of isolated Sinemurian hybodont sharks
teeth.

On the basis of the above descriptions and differential diagnoses, a simple dichotomous key can be generated
for isolated crowns of Hybodus in the British Sinemurian:

(1) Presence of labial nodes; vertical ridges attain central cusp apex ... go to (2).
Absence of labial nodes; vertical ridges seldom reach central cusp apex: Hybodus reticulatus.

(2) Presence of lingual shelf ... go to (3).
Absence of a lingual shelf; lingual shoulder rounded ... go to (4)

(3) Maximum of four lateral cusplet pairs : Hybodus delabechei.
Maximum of eight lateral cusplet pairs : Hybodus raricostatus.

(4) Elongate tooth with moderately slender central cusp and well developed lateral cusplets :
Hybodus cloacinus.
Wider tooth with squat pyramidal central cusp and poorly developed lateral cusplets :
Hybodus medius.
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BELGIAN GEOLOGICAL SURVEY. Professional Paper, 264: Elasmobranches et Stratigraphie, 53-102, 1993,

The Early Jurassic Palaeospinacid sharks of Lyme Regis, southern England.

by C. J. DUFFIN (*) & D. J. WARD (*¥)

Abstract : The palacospinacid shark material from the Sinemurian (Early Jurassic) of Lyme Regis, (Dorset,
England), is reviewed in detail and two new species described; Synechodus enniskilleni sp. nov. and Synechodus
occultidens sp. nov. Tt is concluded that the name Palaeospinax priscus can only be applied to a single specimen
on which no characters of taxonomic value can be discerned and is thus a nomen dubium. Palaeospinax cannot
therefore be applied to other Early Jurassic specimens previously assigned to the genus. Species previously referred
to as Palaeospinax are referred to Synechodus. The differences between the two valid palaeospinacid genera,
Synechodus and Paraorthacodus are discussed and nominal species listed. From a review of the relationships of
Synechodus, it is concluded that the palacospinacids plus the orthacodontids (forming the Synechodontiformes ord.
nov.) are the sister -group of the hexanchids. :

Keywords : Chondrichthyes, Palacospinacidae, Lower Jurassic, England.

Résumé : Deux nouvelles especes de requins paléospinacidés: Synechodus enniskilleni et Synechodus occultidens sont
décrites sur base des matériaux récoltés dans le Sinémurien (Jurassique inférieur) de Lyme Regis (Dorset,
Angleterre).Le nom de Palaeospinax priscus, s appliquant en fait  un unique spécimen dépourvu de tout caractére
taxinomique valable,ne peut étre retenu et doit donc étre considéré comme nomen dubium. Palaeospinax ne peut plus
servir & définir les autres espéces du Jurassique inférieur autrefois attribuées a ce genre. Les espéces anciennement
attribuées & Palaeospinax sont rapportées au genre Synechodus. Les différences entre les deux genres valides de
Palaeospinacidés,Synechodus et Paraorthacodus sont réexaminées. Les espéces nominales sont redistribuées entre ces
deux genres suivant de nouveaux criteres. Les Palacospinacidaes et les Orthacondatidaes (formant le nouvel ordre des
Synechodontiformes) constituent un groupe directement apparenté aux Hexanchiformes.

Mots-clefs : Chondrichthyes, Palaeospinacidae, Jurassique Inférieur, Angleterre.

Kurzfassung : Das aus Palaeospinaciden bestehende Hai-Material aus dem Sinemur (Unterer Jura) von Lyme Regis
(Dorset, England) wird im Einzelnen revidiert. Zwei neue Arten werden beschrieben: Synechodus enniskilleni sp.
nov. und Synechodus occultidens sp. nov. Es ergibt sich, dass der Name Palacospinax priscus ausschliesslich auf
ein einzelnes Exemplar angewendet werden kann, das keine Charaktere taxonomischer Bedeutung erkennen lisst und
daher als nomen dubium aufzufassen ist. Andere unter Jurassische Individuen, die zuvor dieser Gattung zugeordnet
waren, konnen jedoch nicht zu Palaeospinax gestellt werden. Arten, die Palaeospinax zugeschrieben waren, werden
nunmehr zu Synechodus gestellt. Die Differenzen zwischen den beiden validen palacospinciden Gattungen,
Svrechodus und Paraorthacodus, werden diskutiert und nominelle Arten aufgefiihrt. Auf der Basis einer Nachpriifung
der verwandtschaftlichen Beziehungen von Synechodus wird Folge gezogen, dass die Palacospinaciden und die
Orthacodontiden (welche die synechodontiformes ord. nov. bilden) die Schwestergruppe der Hexanchiden darstellen.

Schliisselwérter : Chondrichthyes, Palacospinacidae, Unter Jura, England.
(*) C.J. Duffin, collaborateur du Service Géologique de Belgique, 113 Shaldon Drive, Morden, Surrey SM4 4BQ,

England.
(**) D.J. Ward, 209 Crofton Lane, Orpington, Kent, BR6 0BL, England.

1. INTRODUCTION
1.1. HISTORY OF RESEARCH

In 1843, Louis Agassiz described a fragmentary specimen of part of the vertebral column and shagreen of an
Early Jurassic selachian from Lyme Regis. He suggested that it be placed in the genus Thyellina Miinster, which
was originally erected for Thyellina angusta, an almost complete selachian from the Cretaceous of Baumberg,
near Miinster (Germany). In the absence of the fins and on the basis of minor differences in the vertebrae,
Agassiz reserved judgment on the affinities of the Lyme Regis specimen, suggesting that it might prove to be
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the holotype of a new genus '(Agassiz, 1843: 579; Egerton, 1872: 1). The specimen belonged to the collection
of the Philpott sisters and was subsequently acquired by the Oxford University Museum (Powell & Edmonds,
1978). It comprises a chain of 98 vertebrae and associated squamation (Plate 1).

A specimen with identical vertebral characters was later acquired by Lord Enniskillen and described by Egerton
(1872). This fossil revealed the ventral aspect of the head, with the dentition, and the anterior part of the
vertebral column, up to and including the first dorsal fin spine. This, together with two further specimens,
enabled Egerton to remove the species from Thyellina, which has no dorsal fin spines. Egerton (1872: 1)
accordingly erected a new genus, Palaeospinax, to accommodate the specimens. He noted and implied in his
* generic name the similarity between the Jurassic shark and the modern "spinacids" (now the Family Squalidae),
in preference to close alliance with the scylliids as originally suggested by Agassiz (1843: 378). Accompanying
the description of Palaeospinax priscus, Egerton (1872: 3) mentioned: "a chain of vertebrae and some scattered
teeth from the Lias of Wurttemberg, which much resemble those of Palaeospinax, but the materials are 100
imperfect to justify such as classification". This latter specimen was not described until after Egerton’s death
in 1881; Woodward (1889) made it the holotype of Palaeospinax egertoni. In the intervening years, several
other specimens allocated to P. priscus were discovered, and the genus has become firmly established in the
literature by these and subsequent authors (Egerton, 1873; Davis, 1881; Jackel, 1898; Dean, 1909; Maisey, 1977).

Presumably, unknown to Egerton, a fin spine closely similar to those preserved in the more complete specimens
of P. priscus described in 1872, had already been described and figured as Aulakisanthus agassizi from the
Sinemurian ("Belemnites acutus" zone) of Chilly in the Ardennes (Terquem & Piette, 1865: 16, 22). The
specimen was later redescribed by Priem (1911: 3, pl. 1 figs.1, 2) who retained the original name but remarked
on the close affinity of the specimen with Palaeospinax. Woodward (1932: 71) included Aulakisanthus as a
Jjunior synonym of Palaeospinax in his revision of the English edition of Zittel’s Textbook of Palaeontology.

Ameghino (1893) erected the genus Molobrosichthys for some isolated teeth from Patagonia, Argentina. The
material was never figured, but from specimens sent by Ameghino to the British Museum (Natural History)
(Text-fig 2d-f) it is evident that Molobrosichthys  patagonicus Ameghino, 1893 is a palacospinacid shark.
Ameghino (1935: 627) subsequently made Molobrosichthys a junior synonym of Synechodus.

1.2. THE HOLOTYPE OF PALAEOSPINAX PRISC Us

Locality : "Lyme Regis, Dorset".

Horizon : Unspecified.

Age : Early Jurassic; Hettangian to Sinemurian.

Repository : The Geology Department, University Museum, Parks Road, Oxford, UK.
Catalogue number : J. 3094, Philpott Collection (Plate 1.

References : Agassiz 1843; 3: 378, pl. 39, figs 1-2, cited in Woodward (1889: 322).

Description : The specimen measures 288mm in length and consists of a chain of at least 90 weakly
asterospondylous  vertebrae (Plate 1). Those situated anteriorly measure 5mm in length and 5mm deep,
narrowing to 3mm deep at the central waist. Posterior vertebrae are 2.5mm long and a maximum of 2mm deep.
There are no signs of teeth, nor of cranial, fin or other cartilages on the specimen. It is very heavily shellaced
making examination of the squamation impossible. At certain sites of breakage in the coating some small scale
fragments can be seen but the lacquer penetration is such as to obscure any details. A careful examination of
the whole specimen failed to reveal any single scale which could be drawn or described. The illustration by
Agassiz (1843, pl. 39, fig.2) must therefore be relied upon for details of the scales.

L3. THE VALIDITY OF THE GENUS PALAEOSPINAX EGERTON, 1872

As can be discerned from the description above, and Agassiz’s figures, the holotype of P. priscus contains no
characters that that can be used to define a genus. The presence of calcified vertebral centra is a plesiomorphic
character within the neoselachii (Reif, 1977: 573; Thies 1983: 76). The string of vertebrae on the Philpott
specimen are currently indistinguishable from isolated vertebrae found in the British Rhaetic bonebeds (Duffin,
1980), certain hexanchids (Maisey, 1986, figs 2, 5) and Synechodus (Woodward, 1902-1912, pl. 46, fig. ).
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The scales belong to the placoid morphotype (non-growing scales with a distally directed simple crown) which
is found in all neoselachians and, probably by convergence, in all pre-Rhaetian hybodontiforms (Reif, 1978: 126).
Agassiz’s figure of the scales gives little detail, due perhaps to wear or to artistic licence.

We have no useful characters on the holotype with which to diagnose the genus and species Palaeospinax
priscus. Thus, in our opinion, the name Palaeospinax priscus should be considered a nomen dubium since it
.can be applied to a single specimen only.

Since the use of the name Palaeospinax is thus restricted, all specimens and species described by subsequent
authors as Palaeospinax require nomenclatural revision.

Normal taxonomic practice demands the use of the oldest available junior synonym. In this case, only one
nominal synonym exists; Aulakisanthus (Terquem & Piette, 1865). This genus, however, was based on a single
isolated finspine which we have been unable to trace, and is believed to have been lost. In addition, the detailed
study by Maisey (1977) on the morphology and histology of "Palaeospinax" finspines revealed a suite of
pleisiomorphic characters "typical of modern selachians" (Maisey, 1977: 263) and a few characters shared with
ctenacanths. As shown below, finspine morphology in the Sinemurian palacospinacid material shows
considerable variation (cf. also Maisey, 1977, text-fig. 3A; Duffin, 1982: 6). Furthermore, palaeospinacid
finspines are almost indistinguishable from those of Heterodontus and Nemacanthus. Maisey (1982: 401)
suggested that only a single feature (extent of trunk vascularization) could be used to separate "Palacospinax"
and Heterodontus, and two features (ornamentation and extent of trunk inner layer) separates "Palaeospinax"
and Nemacanthus. In view of these factors, we consider the genus Aulakisanthus inappropriate as a replacement
for Palaeospinax. There are no further junior synonyms of Palaeospinax.

There has been a long standing difficulty over the taxonomic distinction between "Palaeospinax" and
Synechodus. Traditionally, Cretaceous species of palacospinacids have been placed in Synechodus, whilst
Jurassic species are referred to Palaeospinax. Synechodus is based on the species S. dubrisiensis Mackie, 1863
from the English Late Cretaceous for which abundant and articulated material is available (Maisey, 1985). A
number of species, originally referred to Synechodus, have been separated off into the genus Paraorthacodus,
which is diagnosed and discussed further below.

Woodward (1889: 325) remarked that Synechodus is "a genus, so far as is known, scarcely differing from
Palaeospinax except in its higher degree of specialisation”.

Much' later, Cappetta (1987: 130) stated "the dental morphology of Synechodus is so close to that of
Palaeospinax that it is not impossible that the two genera are synonymous". A careful review of the literature
and close examination of those specimens available to us confirms this view.

The only significant difference between "Palaeospinax" and Synechodus is the apparent lack of dorsal finspines
in the latter. Cappetta (1987: 130) reiterating Woodward (1891) states that the spines known as "Spinax major"
might belong to Synechodus.

Of the species of "Palaeospinax”, only "P. priscus "is known to have two dorsal finspines; finspines are
unknown in all other species of "Palaeospinax" founded upon teeth. S. dubrisiensis is the only member of the
genus Synechodus which is sufficiently well preserved to suggest the absence of a dorsal finspine. Note also
that Schweizer (1964) described a specimen from the Late Jurassic of Germany as Synechodus Jjurensis (now
removed to Paraorthacodus) believing a finspine to be present. Since the absence of dorsal finspines in species
previously assigned to Synechodus is equivocal, we believe that the generic name remains available, in view of
the current impossibility of distinguishing between teeth of "Palaeospinax" and Synechodus. Compagno (1984:
28) following Hubbs & McHugh (1951) remarks that the presence or absence of finspines in squaloid sharks is
not a useful taxonomic character; finspine loss in this group has probably occurred many times. We agree with
Compagno and feel that to separate two genera solely on the loss of a single character (dorsal finspines) is
unwise.

We accordingly recommend that Synechodus be adopted as the valid name, by synonomy, for a number of

species previously attributed to Palaeospinax, other than those better accommodated in Paraorthacodus. A full
review of Synechodus and its allies is beyond the scope of this paper. However, for the purposes of the proposed
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taxonomic revision, the necessity of which has been indicated above, a brief summary of the characteristics of
each genus is presented below.

1.4. SYSTEMATIC SUMMARY

CLASS CHONDRICHTHYES Huxley, 1880
SUBCLASS ELASMOBRANCHII Bonaparte, 1838
COHORT EUSELACHII Hay, 1902
SUBCOHORT NEOSELACHII Compagno, 1977
SUPERORDER SQUALOMORPHII Compagno, 1973

ORDER SYNECHODONTIFORMES nov.

Diagnosis : Neoselachian sharks in which the calcified vertebrae are cyclospondylous or asterospondylous. The
dentition shows linear gradient monognathic heterodonty. The anterior teeth have a crown bearing a central cusp
‘flanked by lateral cusplets or blade-like ridges. The base of the cusp and cusplets is striated to a greater or lesser
extent. The root has a relatively shallow, flat labial face. The basal face of the root is flat to slightly concave.
The lingual face of the root is convex and lingually displaced. The root vascularization is of modified
anaulacorhizoid type. The basal face of the root has a series of open vascular canals originating labially and
shallowing and terminating lingually. These canals may be horizontal, or short and steeply inclined. The tooth
is osteodont with triple-layered enameloid.

Referred families: Orthacodontidae (Glyckman, 1957); Palaeospinacidae Regan, 1906.

Note : Agassiz (1843) originally described teeth of Lamna Sphenodits ) longidens from the German Late Jurassic
(Oxfordian). Quenstedt (1852) subsequently described 3 species, including L.longidens from the German
Jurassic under the genus Oxyrhina, but later revived the name Sphenodus (Quenstedt, 1858). Woodward (1889)
erected the genus Orthacodus for these and other species, suggesting affinity with the lamnids, although Jaekel
(1889) allied it with the hybodonts. De Beaumont (1960) retained the name Orthacodus, but Schweizer (1964:
88) argued in favour of the use of Sphenodus, in spite of its etymological similarity to Sphenodon, a genus of
diapsid reptile. This proposal has been followed by subsequent authors, including Cappetta (1987).

Family Orthacodontidae (Glyckman, 1957)
Diagnosis : Synechodontiform sharks with asterospondylous vertebrae. The symphyseal and anterolateral teeth
possess a very high, slightly labiolingually compressed central cusp with well developed cutting edges. The
central cusp is upright to slightly distally inclined, and is often strongly inclined lingually. Posterolateral teeth
possess a much lower, stubbier central cusp. The central cusp may be flanked by up to two very low lateral
cusplets, or by low, elongate blades. The basal face of the root is suboval with prominent lingual extension.
Shallow, open, horizontal vascular canals run labiolingually on the basal face of the root, giving the basolabial
root border a faint corrugation only. Tiny additional vascular foramina are present over the whole surface of
the root.
Referred genera : Sphenodus Agassiz, 1843.

Genus Sphenodus Agassiz, 1843

Synonymy :

1889 Orthacodus, Woodward: 349.
1957 Eychlaodus, Glyckman: 116.

Diagnosis : as for the family.

Type species : "Sphenodus longidens" Agassiz, Corallian to Oxfordian of north-west Europe.
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Text-figare 1.Teeth of Sphenodus stschurovkii Kiprijanoff (Virgatus zone, Lower Portlandian, Late Juras: . of Mnevniki, approximately
10km west of Moscow, Russia; presented A. Paulow circa 1892).P.28834 (also figured by De Beaumont, 1960, fig. 20) in a, labial, b, lateral,
¢, lingual view and d, basal views, P.28835 in e, basal, f, labial, g, lateral and h, lingual views. P.28837 in i, labial and j, labial views.
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Referred nominal species :

Sphenodus helveticus De Beaumont, 1960, Early Jurassic; Sinemurian, Toarcian .
Sphenodus belottii Meneghini, 1867, Early Jurassic; Toarcian (cf. Schweizer, 1964:89).
Sphenodus robustidens Seguenza, 1900 Early Jurassic, Toarcian,

Sphenodus liassica (Schlonbach, 1863), Early Jurassic; Toarcian.

Sphenodus alpinus (Guembel, 1861), Early Jurassic; Toarcian and Callovian.
Sphenodus longidens Agassiz, 1843, Middle Jurassic; Bajocian-Aptian.

Sphenodus ornati Quenstedt, 1852, Middle Jurassic; Bajocian.

Sphenodus angulatus (Chabokov & Zonov, 1935); Late Jurassic.

Sphenodus. intermedius (Chabokov & Zonov, 1935); Late Jurassic.

Sphenodus laevis (Chabokov & Zonov, 1935); Late Jurassic.

Sphenodus macer Quenstedt, 1852, Late Jurassic; Kimmeridgjan.

Sphenodus nitidus Wagner (1863), Late Jurassic; Kimmeridgian.

Sphenodus rectidens Seguenza, 1900, (?Emmons, 1858), Late Jurassic; Kimmeridgian.
Sphenodus impressus Zittel, 1870; Late Jurassic; Tithonian,

Sphenodus tithonius Gemmelaro, 1868; Late Jurassic; Tithonian,

Sphenodus virgai Gemmelaro, 1868; Late Jurassic; Tithonian,

Sphenodus stschurouskii Kiprijanoff, 1880; Late Jurassic; Tithonian,

Sphenodus hybodoides Jaekel, 1898; Late Jurassic; Portlandian.

Sphenodus venulosus (Chabakov & Zonov, 1935); Late Jurassic; Tithonian (with four varieties).
Sphenodus ceratidens (G. Seguenza, 1887); Jurassic.

Sphenodus sulcidens (G. Seguenza, 1887); Jurassic.

Sphenodus brevis (G. Seguenza, 1887); Jurassic.

Sphenodus jurensis (G. Seguenza, 1887); Jurassic.

Sphenodus salandianus Gervais, 1859; Early Cretaceous

Sphenodus subaudianus (Pictet, 1857); Early Cretaceous; Valanginian.

Sphenodus sennessi (Leriche, 1936); Late Cretaceous; Santonian.

Sphenodus sp. cf. Richter & Ward, 1990; Late Cretaceous.

Sphenodus planus (Agassiz, 1843); Late Cretaceous; Cenomanian.

Sphenodus lundgreni (Davis, 1890); Danian.

Remarks : Although Agassiz (1843) proposed Sphenodus as a generic name, subsequent confusion arose in its
usage, in particular its similarity with the reptilian genus Sphenodon, leading Woodward (1889) to replace it with
"Orthacodus”. Both Agassiz (1843) and Woodward (1889) considered that the affinities of the genus lay with
the lamnids. Jaekel (1898) and Glyckman (1957, 1964) both considered it to be a hybodont on the basis of root
vascularization. De Beaumont ( 1960) reviewed the genus, and described skeletal remains with calcified vertebrae
which suggested to him that its affinities lay with Notidanus. Schweizer (1964) classified Sphenodus as a
galeomorph shark.

Family Palaeospinacidae Regan, 1906

Diagnosis : Synechodontiform sharks in which the teeth possess a moderately high central cusp, which may or
may not be flanked by lateral cusplets. Low blades never flank the central cusp. Up to four pairs of lateral
cusplets may be present. The basal root face is arcuate to a variable degree in anterior teeth, but straight in
posterolaterals. Open vascular canals in the basal root face are deep, and the basolabial root margin prominently
corrugated.

Referred genera :Synechodus Woodward, 1888
Paraorthacodus Glyckman, 1957

DISCUSSION.
The problem of the distinction and relationships between, Synechodus and Paraorthacodus is one that has vexed
palaeontologists for decades. "Palaeospinax" was the first palaeospinacid genus to be described (Agassiz,

1843;Egerton, 1872) and was established on articulated skeletons preserving teeth and fin spines from the Early
Jurassic (see above).
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The genys Synechodys Was originally erected by Woodward (1886: 288) in order to distinguish "Hybodus"
dubrisiensis Mackie, 1863 from the hybodonts, Synechodys dubrisiensiy is also based Upon partial articulate

Thies (1991) discussed the generic distinction of Palaeospinax, Paraorthacodys and Synechodys and concluded
that the denta] characters ysed may be symplesiomoxphies or the products of convergent evolution, He therefore
advocated the ”lumping" of isolated palaeospinacid teeth into the single genys Palaeospingy.

From the aboye discussion it cap be appreciated that considerable confusion hag arisen and beep maintained by
tradition in the literature over the taxonomjc status and composition of the palaeospinacid genera. The injtig]
concepts of previoug authors (Glyckman, 1957, Cappetta, 1973; Herman, 1977) are essentially valid, assuming
that one accepts the synonymy of Palaeosping with Synechodys,

Two species groupings become evident, as follows:

Group 1. Paraorthacodus: characterised by the bossession of teeth in which the centra] cusp and latera]

anterolatera]s. Schweizer (1964) implies that 5 minimum of 13 footh families is present on each jaw in P,
Jurensis.
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Text-figure 2.
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Included within group 1, and therefore referred to Paraorthacodus are the following nominal species :

P. kruckowi (Thies, 1983): Jurassic; Upper Aalenian.

P. jurensis (Schweizer, 1964): Jurassic; Kimmeridgian.

. sulcatus (Davis, 1888): Late Cretaceous; Campanian.

. conicus (Davis, 1890): Late Cretaceous; Campanian.

. andersoni (Case, 1978): Late Cretaceous; Campanian.

. striatus (Case, 1978): Late Cretaceous; Campanian.

. recurvus (Trautschold, 1877): Late Cretaceous; Senonian; the type species.
. validus (Chapman, 1918): Late Cretaceous; Senonian.

. nerviensis (Leriche, 1929): Late Cretaceous; Senonian - Maastrichtian,
. patagonicus (Ameghino, 1893): 7 Late Cretaceous.

. hesbayensis (Casier, 1943): Palacocene; Thanetian.

. subulatus (Leriche, 1951): Palaeocene; Thanetian.

. clarkii (Eastman, 1901): Palaeocene; Thanetian.

. eocaenus (Leriche, 1902): Palaeocene; Thanetian.

. turgaicus (Glyckman, 1964): Palacocene; Thanetian.

-~ Mia - Tia -Tie~2ia - Tia -Hie - Mia -Hia -Hia - Hia - Ria -

Group 2. Synechodus (incorporating many species previously referred to "Palaeospinax™): this group
is diagnosed more fully below, but possesses teeth in which the central cusp and lateral cusplets are not strongly
separated on the crown, and the labial base of the crown overhangs the crown/root junction. In posterolateral
teeth, the lateral cusplets are very low, indistinct from the central cusp, and all but lost. Parasymphyseal teeth
are slightly shorter (mesiodistaily) than anterolaterals. All lateral teeth are elongate mesiodistally, but the
parasymphyseals are reduced to approximately one quarter of the length of the laterals.

In the genotype, S. dubrisiensis, eleven tooth positions are present on the lower jaw. 13 tooth families
are present in S. enniskilleni sp. nov., and 13 to 14 in S. occultidens sp. nov., described below.

On the basis of this diagnosis the species of Synechodus are :

rhaeticus (Duffin, 1982): Upper Triassic; Rhaetian.

enniskilleni (Egerton, 1872): Lower Jurassic; Hettangian to Sinemurian: the type species.
occultidens sp. nov.: Lower Jurassic; Sinemurian.

pinnai (Duffin, 1989): Lower Jurassic; Sinemurian.

egertoni (Woodward, 1889): Early Jurassic; Toarcian.

riegrafi (Thies, 1983): Late Jurassic; Oxfordian.

nitidus Woodward, 1911 (1902-1912): Early Cretaceous; Albian, Cenomanian.
dubrisiensis (Mackie, 1863): Early Cretaceous; Albian - Cenomanian. The type species.
. michaeli Thies, 1981: Early Cretaceous; middle Barremian.

. turneri Case, 1987: Late Cretaceous, Campanian.

. polyptychus (Reuss, 1846): Late Cretaceous.

. tenuissimus (Reuss,1846): Late Cretaceous.

. bronni (Reuss, 1846): Late Cretaceous.

. serratus Reuss, (1846): Late Cretaceous.

. lerichei Herman, 1974; Late Cretaceous; Senonian-Maastrichtian.

dispar (Reuss, 1845): Late Cretaceous; Senonian-Maastrichtian.

S. faxensis (Davis, 1890): Palaeocene; Danian.

S. viedmai Ameghino (1935): stratigraphic position unknown.

nuhnunuhhunhnnnnh

S. horwitzi Leriche, 1937 from the Early Cretaceous of Poland is based on a single rootless cusp, possibly
belonging to Sphenodus.

Explanation of Text-figure 2.Teeth of Paraorthacodus spp. a, GPIT Pi 1210/1, a parasymphyseal tooth of Paraorthacodus jurensis
(Schweizer, 1964) from the Plattenkalk (Tithonian, Late Jurassic) of Nusplingen, Germany. Specimen in labial view; Paraorthacodus
recurvus (Trautschold, 1877) from the Gault Clay (Albian, Early Cretaceous) of Folkestone, Kent, England - b, 47220b in labial view, c,
39219 in labial view; Paraorthacodus patagonicus (Ameghino, 1935) from Lago Argentino, Patagonia, South America. P.12335a(presented
Ameghino, 1896) in d, labial view, e, lingual view and f, lateral view. Paraorthacodus eocaenus (Leriche, 1902) from the Woolwich Bottom
Bed, Late Palacocene of Herne Bay, Kent, England - P.51665 (Ward Collection) in g, labial, h, lingual and i, lateral view. Bar scale-= 5mm
throughout.
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Text-figure 3.Teeth of Synechodus and Paraorthacodys SPP. 3, P.1132, tooth of Synechodus egertoni (Woodward, 1889) from the
Posidonienschiefer (Toarcian, Early Jurassic) of Ohmden, near Holzmaden, southern Germany; b, SMF 7096, HOLOTYPE of P, kruckowi
(Thies, 1983) from the Upper Aalenian (Late Jurassic) of Moorberg, northern Germany (redrawn from Thies 1983 plate 2, figure la). Bar
scale = Imm throughout.

hybodonts and insertion in the genus Synechodus. Contrary to Woodward’s opinion we feel that " §.”
illingworthi should remain in the hybodonts, possibly assigned to the genus Polyacrodus Jaekel, 1898. On the
basis of its very deep root with its highly disorganised system of tiny, simple vascular foramina conforming to
the hybodont type anaulacorhizoid condition of Casier (1947; 30).

As noted by Maisey (1977: 269), the specimen of "Palaeospinax” ejuncidus Lambe, 1918 from the Cretaceous
of Alberta lacks characters of taxonomic significance, such as finspines and teeth, preserving only rhomboidal
dermal denticles which lack keels and striations. This species must remain indeterminate with regard to
taxonomic position, and may well be unrelated to the palaeospinaciform sharks,

S. pinnai (Duffin, 1987), from Early Sinemurian, Early Jurassic of Lombardy, Italy differs from others in this
group in having little labial overhang and well developed cutting edges. In some respects it resembles the
presumed hexanchid Welcommia from the Early Cretaceous of France and may represent a new genus,

Synechodus is of importance since it is the earliest known neoselachian shark from which articulated cranial and
post-cranial material is known and accessible (Raineria is a Late Triassic neoselachian based upon an articulated
rostrum, but the material cannot be traced). Furthermore, Synechodus has held an important position in
considerations of selachian evolution. It is generally taken to be representative of a shark close to the ancestral
morphotype for the neoselachians (Schaeffer, 1967; Compagno, 1977; Maisey, 1977; Schaeffer & Williams,

1977).
A re-examination of the available Sinemurian (Early Jurassic) material of Synechodus is presented here,

following up the work of Maisey (1977), and preparatory to the description and review of stratigraphically
localised and sequential Mesozoic chondrichthyan faunas.
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2. SYSTEMATIC PALAEONTOLOGY -

Superclass Chondrichthyes
Class Selachii
Cohort Neoselachii
Order Synechodontiformes

Family Palaeospinacidae Regan, 1906
Diagnosis : see above
Genus Synechodus WOODWARD, 1888
Synonymy :

1843 Thyellina, Agassiz: 578. (in part)
1865 Aulakisanthus Terquem & Piette: 22.
1872 Palaeospinax Egerton, 1.

1884 Cestracion (Acrodus), Hasse: 6.

1893 Molobrosichthys Ameghino: 83

Diagnosis : Palacospinacid shark possessing teeth in which the central cusp and lateral cusplets are not strongly
separated on the crown and the labial base of the crown overhangs the crown/root Jjunction. In posterolateral
teeth, the lateral cusplets are very low, indistinct from the central cusp, and all but lost. Parasymphyseal teeth
are slightly shorter (mesiodistally) than anterolaterals. All lateral teeth are elongate mesiodistally, but the
parasymphyseals are reduced to approximately one quarter of the length of the laterals. There are around eleven
tooth rows in each jaw. Fin spines are present in some species, the lateral walls of which are enamel covered,
with enameled tubercles developed proximally. The vertebrae are calcified, cyclospondylous to asterospondylous.

Synechodus enniskilleni sp. nov.
(Plates 2-7, 8, fig b, 10, fig a.)
Synonymy :

1872 Palaeospinax priscus (Agassiz), Egerton : 1, pL.7 figs. 1, 3-6.
1873 Palaeospinax priscus (Ag.), Egerton : 420.

1881 Palaeospinax priscus (Ag.), Davis : 429, pl.20.

1884 Cestracion (Acrodus), Hasse : 6, pl.2 figs.8-9.

1885 Palaeospinax priscus (Ag.), Hasse : 66.

1888 Palaeospinax priscus (Ag.), Woodward : 499,

1889 Palaeospinax priscus (Ag.), Woodward : 322, pl.7 fig.1.

1898 Palaeospinax priscus (Ag.), Jaekel : 141.

1909 Palaeospinax priscus (Ag.), Dean : 254, PL34 text-figs.46, 48-50.
1974 Palaeospinax priscus (Ag.), Reif : 4.

1977 Palaeospinax priscus (Ag.), Maisey : 259, figs.1-5, pls.1, 2.
1983 Palaeospinax priscus (Ag.), Thies: 12, pl.1 figs.1-4, text-fig. 4b.
1992 Palaeospinax priscus (Ag.), Duffin: 201.

Etymology : This species is named after the famous Victorian fossil fish collector, Lord Enmniskillen (W.W.
Cole; 1807-1886), from whose collection in the BM(NH) the holotype was chosen.

Diagnosis: (based on teeth only): Palaeospinacid shark in which the height/length ratio in symphyseal teeth is
1:0.8 and 1:0.5 in posterolaterals. Strong vertical ridges are present on the central cusp and lateral cusplets, both
labially and lingually throughout the dentition. A longitudinal ridge is developed in posterolateral teeth only.
Up to three pairs of lateral cusplets are present. The central cusp is robust and a collar is developed just above
the crown/root junction.

Holotype : P.3189 (Plate 2, figs a, b; Text-figures 4a-c,) the anterior part of a fish including the dentition, jaws,

hyoid skeleton, vertebral column, first dorsal fin (Egerton, 1872: 2, pl.7, figs 1, 4-6; Woodward, 1889: 322;
Dean, 1909: 256, fig. 48; Maisey, 1977: 260, 262, figs 1A, 3A, pl.1, fig. A; Maisey, 1980: 11)
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Other specimens : ; P.7788 (Plate 5), the greater part of a fish including some teeth, vertebral column and both
dorsal fins (Davis, 1884: 429, pl. 20; Dean, 1909: 256); P.1297 (Plate 3, 4, 10 fig. a), an almost complete fish
with upper and lower dentition, pectoral girdle, vertebral column and both dorsal fin spines (Egerton, 1872: 420;
Woodward, 1889: 322; Maisey, 1977: 260); P.1297(Plates 3, 4) an almost complete fish with upper and lower
dentition, pectoral girdle, vertebral column, both dorsal fin spines (Egerton, 1872: 420; Woodward, 1889: 322;
Maisey, 1977: 260). isolated teeth, SMF 7092 (symphyseal -Thies, 1983: 13, pl.1, fig.1), 7093 (Thies, 1983:

12, pl.1, fig.2), 7094 (a lateral - Thies, 1983: 13, pl.1, fig.3), 7095 (a lateral -Thies, 1983 13, pl.1,fig.4). All
of the BM(NH) material is from the Lower Lias of Lyme Regis. The material described and figured by Thies
is from the Hettangian (Schlotheimia angulata zone) of Egge, northern Germany (not seen).

Referred specimens: Since the distinction between the two Early Jurassic species of Synechodus has been based
upon tooth morphology it is not possible to allocate partial skeletons devoid of dentition to a particular species.
This material is listed under S. enniskilleni sp. nov. for convenience. P.3191, an isolated dorsal fin spine
(possibly figured by Egerton, 1872 pl.7, fig.3; Woodward, 1889: 324); P.3192 (Plate 8 fig. b), preserving part
of the vertebral column, the second dorsal fin spine and pectoral girdle (Egerton, 1872; Woodward, 1889: 322;
Maisey, 1977: 260); P.3194, presenting 29 vertebral centra plus the second dorsal fin spine (Woodward, 1889:
324; Maisey, 1977: 260); P.3195, a length of 14 vertebrae (Woodward, 1889: 324); P.1296, (Plate 6, 7) the
posterior part of a male fish including the pelvic girdle, pelvic claspers and clasper spines, the second dorsal fin
with associated spine, anal fin, caudal fin (Woodward, 1889: 323; Maisey, 1977: 260, 263, pl.1,fig.E); P.1298,
an isolated dorsal fin spine (Woodward, 1889: 324: Maisey, 1977: 260, pl.1, fig.C); P.1299, a length of 30
vertebrae (Woodward, 1889: 324); P.24413, an isolated tooth; P.24414, an isolated tooth; P.47463, a dorsal fin
spine which has been sectioned (Woodward, 1889: 324; Maisey, 1977: 260, pl.1, fig.B).

Description : the anatomy of S. enniskilleni has been dealt with by previous authors wunder the name
"Palaeospinax priscus" and will only briefly be considered here.

The braincase is apparently only weakly calcified, and since all specimens in which the head is preserved are
visible in ventral view, even those parts of the neurocranium which might be preserved are mostly overlain by
the jaws (eg. P.3189, Plate 2). It is clear that the mouth is subterminal, as shown by the presence of rostral
shagreen anterior to the palatoquadrate symphysis in P.3189.

The palatoquadrate itself is shown in P.3189 and P.1297. (Plate 2, fig. a) It is 57mm long in P.3189 (and
probably slightly smaller in P.1297) and 12mm at its deepest. We cannot find evidence for Maisey’s (1977: 260)
statement concerning the presence of a prominent otic process with steeply inclined anterior margin, and must
concur with Schaeffer 1967: 23) that such an articulation is lacking in Synechodus. P.3189 suggests that, even
allowing for crushing and distortion, the rise to the otic region of the palatoquadrate is shallow. The articulation
for the lower jaw is well marked and measures 3mm in P.3189.

15mm from the palatoquadrate symphysis in P.3189, the upper edge of the palatoquadrate bears a smalil eminence
which we interpret as an orbital process (Text-figure 5). Maisey (1977, fig. 1E) restored Synechodus with a
reasonably strong orbital process. His basis for this was the condition in P.3189 (Maisey, 1980: 11) which he
later stated was the subject of some doubt, and might be a crushed olfactory capsule or other cartilage fragment.
The eminence mentioned above is certainly part of the right palatoquadrate. There is no indication of any
postorbital articulation of the palatoquadrate. The jaw suspension must have been hyostylic, although the details
of the precise variation (Maisey, 1980) within this type remains obscure. As stated by Maisey (1980: 11), it is
likely that Synechodus had jaws which were reasonably protractible. Our feeling is that their contact with the
braincase was predominently ligamentous. A reconstruction of the jaws and braincase in lateral view is given
in Text-figure 5.

Meckel’s cartilages are long (52mm in P.3189) and fairly deep (in excess of 10mm) with a moderately long
symphysis (Maisey, 1977: 262; probably in the order of Smm from P.3189).

The hyoid arch skeleton is preserved in P.3189 (Plate 2, fig. a) and has been described by Maisey (1977: 262).
The ceratohyals are 33mm long, gently curved, meeting close to the occiput. There is no basihyal. The right
epihyal is mostly obscured beneath the right palatoquadrate, but the posterior extremity is just visible, possessing
a good facet for articulation with the ceratohyal. A large cartilage which may be the epihyal is preserved just
posterior to the right ceratohyal.

Parts of the branchial skeleton are preserved just posterior to the ceratohyals in P.3189 (Plate 2, figure a). At
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least three left epibranchials, each about 6mm long, are preserved behind the left epihyal. A further cartilage
in this vicinity may be one of the pharyngobranchials. On the right, 4 cartilages, each 8mm in length with a
spatulate distal part, may represent ceratobranchials.

Both right and left halves of the pectoral girdle are preserved in P.1297 (Plate 3, figure a; Plate 4). The right
scapulocoracoid is the best preserved, measures 40mm from the proximal to the distal extremities, and is strongly
ccurved. Three associated cartilage fragments presumably represent the propterygium, mesopterygium and
metapterygium. The fin outline cannot be discerned in this specimen, but a series of thin, disarticulated radials
lies lateral to the left scapulocoracoid. The right scapulocoracoid is preserved in P.3192 (Plate 2, figure a) and
measures 42mm long. The left pectoral fin outline is well preserved in P.7788 (Davis, 1881: 431, pl.20, fig.1;
Plate 5), but shagreen obscures the fin anatomy. The fin is at least 50mm long (anteroposteriorly) close to the
body, and would have projected at least 52mm from the body. The base of the left pectoral fin is also preserved.

The first dorsal fin is preserved in several specimens. The fin spine is inserted at the level of thel7th vertebra
in P.7788, (Plate 5) and at the 15th in P.3189 (Plate 2, figure a) and P.1297. The outline of the first dorsal fin
is not preserved in any specimen. The fin spine is gently recurved posteriorly, with roughly triangular
cross-section. The proximal inserted portion is fairly deep, and possesses longitudinal unroofed mantle canals
on the lateral walls. The distal, exserted portion of the spine is enamelled. The enamel is restricted to the lateral
walls and anterior margin of the spine; the posterior spine wall is unenamelled. Growth lines can occasionally
be seen in the enamel, especially proximally. The base of the enamelled portion of the fin spine is usually
smooth, sweeping backward from the anterior margin. A series of enamel tubercles may be developed below
the basal margin of the enamel (P.1297, P.3189). If present, they are rounded, small (less than 1mm in diameter)
and organised in up to two rough growth lines. The largest confidently determined first dorsal fin spine is 35mm
in length (P.3189). The fin spine appears to be supported by a single, large, triangular basal, which is visible
in P.3189. No further details of the fin skeleton are known.

P.7788 is the only specimen to preserve both dorsal fin spines (Plate 5). The second dorsal fin spine is located
at the 56th vertebra (Davis, 1881: 430), some 115mm behind the first. In this specimen, the second dorsal fin
spine is a few millimetres longer than the first, but only incompletely preserved. In all other respects, it agrees
with the morphology of the first dorsal fin spine. Details of the fin outline are present in P.1296 (Woodward,
1889 pl.7, fig.1; Maisey, 1977, pl.1 fig. E; Plate 6). In this specimen, the second dorsal fin spine is preceded
by 33 vertebrae over a distance of 140mm. The fin itself is at least 52mm long and 40mm high.

The pelvic girdle and fin skeleton is preserved in P.1296 (Plate 7, figure a) and described by Woodward (1889:
323). ‘'There are clear indications of the pelvic girdle, the top part of which underlies the vertebral column. The
pelvic girdle is at least 43mm in length, and is inclined with its base directed anteriorly. Part of the
mixopterygium (clasper cartilage) is also visible. Several large cartilages are present anterior to the
mixopterygium, but it is not clear how these relate to each other, since they are incomplete and partially covered
with shagreen. Clasper denticles are preserved at the end of the mixopterygium. Each consists of two spines,
12mm long, bifurcating from a densely calcified base. Nodes are developed at the spine bases on the external
face. The internal face of the clasper spine base is flat. No further elements of the pelvic fin can be discerned.

Clear indications of an anal fin are present just posteroventral to the second dorsal fin in P.1296. (Plate 6) The
anal fin attachment is  around 50mm long. P.1296 also preserves the anterior part of the caudal region of the
vertebral column. Here, a moderately strong ventral lobe of the caudal fin can be distinguished, indicating the
possession of a heterocercal tail.

The vertebrae are cyclospondylous, although bases for neural and haemal arches are visible in some specimens
(P.3189, P.3192). Dean (1909: 255) has estimated that the vertebral column must comprise around 130 elements.
The general indication from the specimens is that the complete adult fish must have measured approximately
700mm in length.

The dentition is beautifully preserved in P.3189 (Plate 2, figure b) although scattered teeth are also present in
P.1297 and P.7788. From the position and attitude of the teeth in P.3189, many must be from the upper
dentition. The presence of teeth belonging to the lower dentition is suggested by the orientation of a number
of teeth, notably a lateral tooth lying close to the distal occlusal margin of the right palatoquadrate, and several
rows of anterior and symphyseal teeth preserved in lingual view just behind the palatoquadrate symphysis.
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Text-figure 4. Teeth of Synechodus enniskilleni sp. nov. from P.3189 (HOLOTYPE)("Lower Lias", ? Sinemurian, Barly Jurassic of Lyme
Regis, Dorset, England). a, right upper parasymphyseal tooth in labial view; b, left lower lateral tooth in labial view; c, left lower
posterolateral tooth in labial view. Bar scale = lmm throughout.

Description of the teeth from different positions in the dentition of P.3189 must necessarily rely upon several
‘teeth presenting various views.

A right upper symphyseal tooth is preserved in labial view adjacent to the palatoquadrate commissure, and can
be directly related to the figures given by Maisey (1977, fig. 2 A-C). It measures 1.6mm mesiodistally and
1.9mm high. The central cusp is high, upright, slender and sharply pointed with some lingual inclination. Tt
is flanked by a pair of prominent lateral cusplets, each approximately one fifth of the height of the central cusp.
A second incipient pair of lateral cusplets is also present. The occlusal crest is strong, forming the cutting edges
of the cusp sides. There is no longitudinal ridge present at the labial crown shoulder. The crown is ornamented
by a series of strong vertical ridges arising from a position well above the crown/root junction and ascending
the cusps to attain the occlusal crest and cusp/cusplet apices. So far as can be determined from the limited
number of teeth preserved in labial view, the vertical ridges do not bifurcate or anastomose. The crown/root
Jjunction is not markedly incised, but fairly flat. The labial root wall is very shallow (not more than one eighth
of the total tooth height) and has a basal border indented by two large vascular foramina which enter the root
at a high angle. The figures given by Maisey (1977, figs 2 A-E) are misleading in that they indicate the
presence of a double notch at the base of the crown, directly beneath the central cusp. These are entrant vascular
foramina which are the only visible punctuations in the labial root wall.

The scattered symphyseal teeth from the lower dentition are preserved in lingual, oblique and basal views, in
P.3189. Atleast 20 teeth, plus several isolated crowns must be from the lower dentition. They indicate that the
central cusp has a moderate lingual inclination. The largest teeth measure 2mm mesiodistally and 2.2mm high.
The crown/root junction on the lingual side is marked by a short collar which is devoid of ornament. Moderate
vertical striations arise from a position just above this collar and ascend about two thirds of the way up the
central cusp, terminating well before the cusp apex. The vertical ridges do not branch or converge. Vertical
ridges are also present on the lingual face of the lateral cusplets. Two pairs of prominent lateral cusplets can
be discerned in most teeth. A collar is developed close to the crown/root junction, but the vertical ridges attain
the lateral cusplet apices in contrast to those on the central cusp. The root is V-shaped in basal view, with a
flat basal face punctuated by small, simple vascular foramina. The root is longest (labiolingually) directly
beneath the central cusp, where there is a lingual root extension (lingual torus of Maisey, 1975). Large vascular
foramina enter the root with an almost vertical attitude at the basolabial border. The remainder of the
anaulacorhize vascularisation comprises a single row of large simple foramina entering the root almost
horizontally along the lingual border. A small number of tiny additional foramina may be present on the lingual
torus of some teeth.

Extreme posterolateral teeth (Plate 10, figure a)(Maisey, 1977, fig. 2F) are represented by three articulated tooth

rows from the upper dentition and preserved in lingual and occlusal views on the hinder part of the occlusal
margin of the left palatoquadrate. Moving anteriorly, the tooth rows contain 9, 4 and 2 teeth respectively, with
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the roots of some further teeth visible on the lingual margin of the palatoquadrate. The teeth in the first two rows
measure 2mm in length (mesiodistally) while the teeth in the most posterior row are only Imm long. The height
of the teeth is approximately 0.5mm. They are long and slender with a low coronal profile. Teeth in the most
posterior row have a slightly arched crown in labial view. The central cusp is very low indeed and just visible
in a position distal to the crown centre. It has a slight distal inclination. The occlusal crest is moderate and
crenulate; no lateral cusplets are discernible. The presence of a crenulate longitudinal ridge along the labial and

lingual crown shoulders is particularly well demonstrated in the teeth from the centre of the rows under

consideration. Vertical ridges arising from this longitudinal ridge on both labial and lingual crown faces ascend
the crown without bifurcating or converging, and attain the occlusal crest, giving rise to its crenulate appearance.

Chondrocranium  Postorbital process
Otic process

Orbital process

Hyomandibular
Rostrum

Palatoquadrate

Ceratohyal

Meckelian Cartilage

Text-figure 5.Reconstruction of the skull of Synechodus enniskilleni sp. nov. based upon Heptranchias (redrawn from Maisey, 1977).

The crown/root junction is quite flat on the lingual side, and the root is approximately one half of the the total
tooth height. The root is long and slender, directly underlying the crown. There is no lingual torus. Further
posterolateral teeth conforming to this description are scattered around the posterior occlusal margin of the right
palatoquadrate.

Few lateral teeth are available for study. Most are scattered midway along the left palatoquadrate and appear
to be from both upper and lower jaws. One lower lateral is present in lingual view just inside the right
palatoquadrate. Teeth from this position are figured by Maisey (1977, figs 2D, E). Lateral teeth are, to a large
extent, intermediate in morphology between the symphysals and posterolaterals. The largest measures 2.5mm
mesiodistally; all are over 2mm in length. Total tooth height varies from 1 to 1.8mm. The central cusp is more
squat and robust than in symphyseal teeth, and shows marked distal inclination, with little lingual curvature.
Up to three pairs of strong lateral cusplets may be present. Occasionally, three lateral cusplets may be
represented mesial to the central cusp, and two distal to it. The lateral cusplets are approximately one third the
height of the central cusp. No longitudinal ridge is present on either labial or lingual crown shoulders. The
crown is ornamented by a series of strong vertical ridges which arise from just above the the labial and lingual
crown shoulders, and ascend the crown to the strong occlusal crest and cusp apices. The ridges do not branch
or converge. The crown/root junction is slightly incised. The labial root wall is shallow (one sixth of the total
tooth height) and has an arched basal margin. Large vascular foramina indent the labiobasal root margin. The
basal face of the root is flat and gently curved, in contrast to the strong V shape of symphyseal teeth, and the
straight condition in posterolaterals. Small vascular foramina punctuate the basal root face. The lingual root
wall is developed into a slight torus and punctuated by a row of large, simple, horizontal foramina, with
occasional additional scattered, tiny foramina.

So far as can be estimated from the specimen, there is space for 15 tooth positions along the palatoquadrate.
The posterolateral teeth are arranged in independent rows. Some overlap of adjacent tooth rows may have been
present in symphyseal and lateral positions, but the preservation of the specimen leaves room for doubt.
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Text-figure 6.Reconstruction of the pelvic fin and clasper of Synechodus (redrawn from Dean, 1909).

There appears to be little dignathic heterodonty. If our assumptions concerning tooth positions are correct, it
may be that upper symphyseal teeth show greater distal cusp inclination than do lower symphyseals. Otherwise,
the only heterodonty visible on the specimen is linear gradient monognathic heterodonty. This can be
summarized as comprising the following changes, moving posteriorly through the dentition :

1. From 2mm symphyseally, the tooth length (mesiodistal) increases to 2.5mm in laterals, and then  decreases to 0.5mm in extreme
posterolaterals.

2. There is a progressive lowering of the coronal profile.

3. The high, upright central cusp becomes more squat and distally inclined in laterals, and very low indeed in posterolaterals.

4. The crown height decreases.

5. The number of lateral cusplets increases from 1 plus an incipient pair in symphyseals, to 3 in laterals, and finally reduces to none
in posterolaterals.

6. Vertical ridges are present in all teeth, In symphyseals, they do not attain the central cusp apex  lingually, but they do in laterals.
Ridges attain the occlusal crest labially in all teeth.

7. A longitudinal ridge is only developed on the labial and lingual crown shoulders of posterolateral teeth,

8. The basal root face is V-shaped in symphyseal teeth and becomes progressively straighter through the dentition.

9. The lingual torus is progressively reduced through the dentition, and is lost in posterolaterals.

10. The occlusal crest is strong in symphyseals and laterals, but crenulate in posterolaterals.

DERMAL DENTICLES.

The dermal skeleton of Synechodus enniskilleni consists of a shagreen of fine dermal scales. One scale was
briefly described and figured by Maisey (1977: 269, fig. 5A) as a typical example.

The scales are of simple organisation and belong to the "placoid” morphotype of Reif (1978: 126). They vary
only little from a basic overall plan. A typical scale is divided into a tetraradiate base (also called basal plate)
which has a flat to concave undersurface pierced by a single entrant vascular foramen. From the centre of the
base a well developed neck or pedicel leads to the expanded spatulate crown. The apex of the crown is directed
posteriorly. The crown may possess a central keel which may become further modified by the presence of
longitudinal ridges of varying length and coarseness. These central longitudinal ridges arise from the shoulder
of the central keel in most cases, but may extend down the pedicel to the basal plate in some examples. Toward
the lateral margins of the crown, lateral longitudinal ridges may be developed to a variable length and degree
of prominence. The central keel and lateral ridges are separated by two lateral indentations of varying depth. A
horizontal ridge is often develped at the crown shoulder, often giving rise to the central keel and lateral ridges,
encircling the crown to a variable extent.

In order to avoid damage to the beautifully articulated material, the bulk of the variation in crown shape over
the body and between individuals was assessed by studying in situ scales by light microscopy. Reconstructions
of the scales, often based upon several adjacent examples (Text-figure 9), are given with reference to body
location in Text-figure 8.
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Text-figure 7.Diagram to show terminology used in the text to describe dermal scales.

P. 1296
P, 3189 P, 3189

P. 3194 P. 1296
P. 3189 ﬂ/ / p
W) g

— P. 1296
P. 3189 . . X
P, 3189

P. 1296
P. 3193

12
P7788 3194 P. 7788 P 129

Text-figure 8.Diagram to show the locations of scales of S. enniskilleni 8p. nov. and . occultidens sp. nov. described in the text.
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1. Buccal region. (Text-figure 9a)

A series of denticles is associated with the dentition in the area enclosed by the meckelian cartilagesin P.3189.
It is not clear which denticles derive from the upper and which from the lower dermal tissues. Those adjacent
to the symphysis are the largest and comprise a robust quadrate crown devoid of ornament, directly surmounting
a well developed pedicel possessing moderately coarse vertical ridges. The basal plate is not expanded, and is
only slightly larger that the pedicel base. A single large vascular foramen is present on the underside of the basal
plate. Tiny entrant vascular foramina may be present between the vertical ridges, often high up the pedicel. No

2. Rostrum. (Text-figures 9b, c)

Lateral and anterior to the Meckel’s cartilages in P.3189 are groups of denticles which presumably derive from
the rostrum. The crowns are more spatulate and posteriorly pointed than those from the buccal region and may
begin to develop a central keel. Very rarely, two short fine longitudinal ridges may be developed on the central
keel. A single lateral ridge may be developed in some of the asymmetric crowns. The pedicel is lightly ridged,

but lacks vascular foramina, The basal plate shows some flaring. In some denticles a central indentation is
present,

3. Central skull region/orbit. (Text-figure 9d)
A mass of denticles is present lateral to the midpoint of the left Meckel’s cartilage in P.3189. Assuming the

This general scale morphology is maintained posteriorly throughout the occipital region and down the flanks to
the first dorsal fin in P.3189,

ridges. Lower down the flanks in this region, below the level of the vertebral column in P.3189, there is a
tendency for coarser longitudinal and latera) ridge, and central keel development.

6. Pectoral fin. Text-figure 9g)

P.7788 possesses coarse, large, robust-crowned scales along the anterior margin of the pectoral fin. The scales
in this position possess subrounded to almost rectangular crowns in surface view and lack surface ornament. A
fine horizontal striation may be developed at the crown shoulder. On the remainder of the fin, the crowns are
more spatulate and delicate, closely resembling those from the flank. :
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Text-figure 9.Dermal denticle crowns of Synechodus enniskilleni sp. nov. from the "Lower Lias” (? Sinemurian, Early Jurassic) of Lyme
Regis, Dorset, England. a) buccal region, x25; b) rostrum x120; ¢) rostrum, x120; d) central skull region, x220; e) first dorsal fin, x240;
f) ventral branchial region, x240; g) pectoral fin, x240; h) posterior flank region, x240; i) mid flank region, x240; j) second dorsal fin, x240;
k) dorsal margin of the tail, x90; 1) tail region; x90; m) ventral lobe of tail, x90.P.3189 - figures a-e; P.7788 -figures f-h; P.1296 - figures
i-m.

D, 0
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7. The flank. (Text-figure 9h)

From P.7788 the scales on the flanks and dorsal midline of the body posterior to the pectoral fin, as far as the
second dorsal fin, are of a type intermediate between those of the gular and occipital region. The lateral ridges
are coarse and fairly short, while the very coarse ridge surmounting the central keel extends along the greater
part of the crown midline. A node may be developed at the crown shoulder on the prominent central
fongitudinal ridge, but no horizontal ridges could be discerned. Some scales in this region may possess posterior
. indentations either side of the central keel..

8. Flanks midway between dorsal fin spines (female). (Text-figure 9i)

The male specimens of S. priscus, P.1296, preserves scales very much like those of P.7788 in the flank region,
but showing a more lanceolate shape and coarser ribbing.

9. Pelvic region.

From P.1296, the crowns in the proximal region of the clasper cartilage show a tendency to lose surface
ornament and become more rounded posteriorly.

10. Second dorsal fin (P.1296). (Text-figure 97)

Those denticles on the anterior margin of the second dorsal fin are larger than adjacent scales and similar to that
described above in overall shape. The remainder of the scales on the fin have delicate tripartite crowns with very
fine lateral ridges and a moderately coarse central keel, extending for only one third of the crown length or even
less. The scales of the anal fin and body flanks in this region possess similar scales. :

11. Dorsal margin of caudal fin. (Text-figure 9k, 1)

From P.1296, considerable variation of scale morphology exists in the dorsal midline along the tail margin. The
scales are large and robust with wide crowns. The central keel is not prominent. A series of short longitudinal
ridges arises from the anterior margin of the scale, extending for a short distance over the crown. Some crowns
may have accessory cusps developed on the posterior margin, with two prominent lateral ridges and short
longitudinal ridges ascending the poorly developed central keel. This second type predominates toward the back
of the tail, and shows the tendency for increasing sparseness of ridges.

On the hypochordal lobe and remainder of the tail, the scales are much finer and more lanceolate with a well
developed central keel but no further surface ornamentation (Text-figure 9m).

Synechodus occultidens sp.nov.
(Plates 8 Fig. a, 9, 10 fig. b, 11, 12)

1872 Palaeospinax priscus (Agassiz); Egerton: 2, pl.7 figs 2, 7, 8.
1889 Palaeospinax priscus (Agassiz); Woodward: 322, (part only).
1977 Palaeospinax priscus (Agassiz); Maisey: 260 (name only).
1983 Palaeospinax priscus (Agassiz); Thies: 13, fig. 4a.

Diagnesis : Palacospinacid shark in which the height/length ratio in symphyseal teeth is 1:1.25; in posterolaterals
is 1:0.3. Crown ornamentation is restricted to occasional short fine vertical ridges at the base of the crown in
symphyseal and anterolateral teeth; posterolateral teeth have coarse vertical ridges. An occasionally
anastomosing longitudinal ridge is present on the crown shoulder. There are no lateral cusplets, but lateral blades
are present. The central cusp is slender.

Derivation of name : occultus (Latin) = hidden; dens (Latin) = tooth, relating to the fact that the material has
long been available but the species had been incorporated into P. priscus.

Holotype : P.3190, (Plates 9, 10 fig. b). preserving the Meckel’s cartilages and parts of the dentition, previously
described and figured by Egerton (1872: 2, pl.7, figs 2, 7, 7a, 8). A single tooth was figured by Thies (1983,
fig. 4a) and the specimen was briefly described by Woodward (1889: 322).
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The specimen comes from the Lower Lias of Lyme Regis. No further details of stratigraphy or locality are
available.

Dean (1909: 256, fig. 48) supposedly figured the specimen, but the citation and figure are of P.3189, a specimen
of S. enniskilleni (see above). V

Other Material : P.3193, the associated elements of the anterior part of a fish, including parts of the dentition,
. jaws and branchial cartilages, vertebral column, first and second dorsal fin spines, cartilages of the pectoral and
pelvic girdles, pelvic claspers and shagreen.

AMNH 7085, an almost complete specimen (Dean, 1909: 255, pl. 34; Schaeffer, 1967: 23; Plate 12)

Description of the Holotype : P.3190 (Plate 9) preserves the Meckel’s cartilage and parts of the dentition only,
exposed in ventral view on a block of the black shale which is so typical of the Lower Lias at Lyme Regis.
Each Meckel’s cartilage is 50mm in length and some 10 to 11mm deep at the deepest point. Traces of the
ceratohyal overlie the posterior part of the left Meckel’s cartilage for a distance of 17mm. The left Meckel’s
cartilage is preserved in lateral view, but the right is slightly twisted ventrally. Only part of the symphysis can
be discerned, and the impression is gained that it is fairly short (not more than 5mm). Two small cartilage
fragments lie adjacent to the right Meckel’s cartilage and may be parts of the skeleton of the hyoid arch. The
palatoquadrate and neurocranium are not preserved. The bulk of the lower dentition is preserved in mildly
disarticulated fashion. Some of the teeth of the upper dentition may be present. We believe that the tooth
adjacent to the left Meckel’s cartilage in a symphyseal position and preserved in labial view (Egerton, 1872: fig.
7; Thies, 1983: fig. 4a) is an upper (Plate 10, fig. b). Some of the details of the teeth remain obscured by the
matrix, but sufficient information can be obtained for their outline description and characterisation of the
heterodonty.

The dentition is preserved on both the left and right lower jaws, but is more easily distinguished on the left.
Here, 15 tooth families can be seen, although there may have been space to accommodate an additional two,
which, if present, are now obscured by matrix. So far as can be distinguished, anterolateral teeth have alternate
arrangement between adjacent tooth families, although the six posterolateral tooth families appear to be arranged
independently.

The description of the teeth in this specimen must rely upon information from various tooth families. The
symphyseal teeth are accessible in lateral view on the basis of three teeth, and in basal view from two teeth
which are slightly detached from the rest.

The parasymphyseal teeth are high crowned with a prominent, sharply pointed slender central cusp. Two
crowns on the inner margin of the right Meckel’s cartilage are upright, whereas crowns on the occlusal margin
of the right and left Meckel’s cartilages are distally inclined. The crown of each symphyseal tooth is 2mm high
and 2.5mm long. The occlusal crest forms a moderate cutting edge on the sides of the central cusp. In lateral
view, the central cusp has a sigmoid shape, being gently curved lingually before regaining an upright orientation.
The occlusal crest is labially positioned when the tooth is viewed laterally. Lateral cusplets are absent from
symphyseal teeth with an upright central cusp, although one pair is present incipiently in those in which the
central cusp is distally inclined. In these cases, the distal lateral cusplet is the more pronounced. The upper part
of the labial face of the crown is smooth and devoid of ornament, with the single exception of a tooth adjacent
to the left Meckel’s cartilage (Egerton, 1872, pl.7, fig. 7; Thies, 1983, fig.,4a) which has three impersistent
vertical striations high up the central cusp.

The crown/root junction is incised in labial view. The lower labial border of the crown is arched, this feature
being more pronounced in those teeth with an inclined central cusp. The crown shoulder is situated very low
down the tooth on the labial side, only a short distance above the crown/root junction. The labial crown shoulder
is marked by a fine longitudinal ridge extending the full mesiodistal extent of the crown. This ridge breaks and
rejoins in an anastomosing, reticulate pattern. Very short vertical striations arise from this ridge network, but are
restricted to the lowermost part of the crown at the level of the crown shoulder. One tooth preserved in an
oblique view shows that the same longitudinal ridge development is present on the lingual face of the crown,
together with rather longer vertical striations arising from it at the base of the central cusp.
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Text-figure 10.Teeth of Synechodus occultidens sp. niov. ("Lower Lias", ? Sinemurian, Early Jurassic of Lyme Regis, Dorset, England).
P.3190 (HOLOTYPE) - a) lower anterior tooth in labial view; b) two left lower anterior teeth in basal view; c) left ? upper tooth in labial
view; d) left upper tooth in labial view; e) lateral tooth in labial view from P.3193; f) right posterolateral tooth in labial view from P.3190.
Bar scale = 1mm throughout.

In basal view, the root of symphyseal teeth has a strong V-shape. A lingual projection beneath the central cusp
is the longest (labiolingually) part of the root. The arms of the V., underlying the mesial and distal parts of the
crown, are quite short.

The vascularization is anaulacorhize. Large simple foramina are distributed in a single row on the linguobasal
margin of the root, entering it horizontally. Smaller, scattered foramina may be present in some teeth. Simple
labial vascular foramina forming a single row are notched into the basal part of the labial root wall, and enter
the root steeply (sometimes almost vertically).

Posterolateral teeth are less robust, shorter (1.8mm mesiodistally) and lower crowned (0.6mm total tooth height)
than symphyseals. Most of the posterolateral teeth are preserved in occlusal view, but one tooth from the left
twelfth tooth family is preserved in lateral view. The central cusp is very low and stubby. Lateral cusplets are
not present. The occlusal crest is moderate and may often be crenulated. The longitudinal ridge with its
anastomosing pattern is moderately developed, and the vertical striations arising from it are much stronger and
more pronounced than in symphyseal teeth. On the labial face of the crown, the vertical striations attain the
occlusal crest mesially and distally, and ascend the greater part of thecentral cusp. The longitudinal ridge and
accompanying vertical striations are weak on the lingual face of the crown. The central cusp shows moderate
distal inclination, and is directed lingually. The root vascularization is as for the symphyseal teeth, but the root
itself is much more slender with a less pronounced V-shape and lingual extension beneath the central cusp.

Lateral teeth are morphological intermediates between the symphyseals and posterolaterals. The central cusp
is pointed, moderately high and slender with little distal inclination. The longitudinal ridge is well developed
but the vertical striations arising from it are short, although some may reach the moderate occlusal crest at the
distal crown extremity., '

The monognathic heterodonty  shown by the lower dentition is of linear gradient type
(Duffin&Ward,1983a),andthe following changes take place distally:
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1. Decrease in central cusp height.

2. Change of central cusp from high, slender and upright to low and stubby with distal inclination.
3. The mesiodistal length of the tooth decreases.

4. The incipient lateral cusplet development is suppressed.

8. The root is V-shaped in basal view in symphyseal teeth, but becomes more slender with loss of the
strong lingual exaggeration beneath the central cusp in posterolateral teeth.

If the tooth present just above the occlusal margin of the left Meckel’s cartilage (Egerton, 1872, pl. 7, fig. 7;
Thies, 1983, fig. 4a) is from the upper dentition, as we suspect, some dignathic heterodonty must be present and
reflected in the degree of distal inclination of the central cusp, ie. lower teeth might be more upright than upper
teeth from the same position on the opposite jaw,

easily visible (Plate 11 fig. a). Asin P.3190, the Crowns are smooth in high cusped symphyseal teeth, but more
coarsely ornamented in the lower crowned posterolaterals.

The vertebral column is broken in several places, but has 39 cyclospondylous vertebrae present. Each vertebra
is densely calcified and 4mm long (Plate § fig. a).

Both dorsal fin spines are present (Plate 11 figs b, ). The first has the proximal 12mm preserved, whereas the
second is complete and measures 18mm in length. Both have an enamelled exserted portion with a straight basal
border and no tubercle development. The proximal part of the second dorsal fin spine has vertical unroofed
mantle canals exposed on its flanks. There is no evidence of the basals or radials of the fin skeletons.

Several cartilage fragments are scattered in the area of the head and must represent the jaws and hyoid skeleton,
although little detail can be made out. The shagreen in this area has been differentially compacted to give the

impression of 5 gill openings. Some cartilages are present in the pectoral region and must represent the pectoral
girdle and fin skeleton, although again details are lacking,

Exoskeletal fibres, first recorded by Woodward (1889: 323) are scattered over the block, but are most easily
discerned in the area of the dorsal fins.

Dermal denticles

Few scales are accessible in sufficiently informative view to be useful for detailed study on the holotype of
Synechodus occultidens (P.3190).
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The lateral ridges may also be divided.
Passing posteriorly down the body, coarse ornamentation persists in dorsal scales but diminishes dawn the flanks
becoming quite weak in the ventral region (as in the holotype).
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The outline of the first dorsal fin is not visible but there is a large number of scales associated with exoskeletal
fibres in the region of the dorsal fin spine. Scales in this region are generally typical dorsal body scales with
coarse ornamentation and multiple ridges, although a few areas show more delicate crowns with weaker ridge
development (Text-figure 11g).

Scales along the belly and ventral flanks (Text-figure 11h) appear to maintain their conservative shape, but with
slight coarsening of the anterior part of the central keel. Scales of this morphology extend as far back as the
line of the second dorsal fin. Dorsally in this position, the scale crowns retain their coarse ornament, often with
up to four fairly short ridges developed on the central keel (Text-figure 11i).

a b | d d

Text-figure 12.Palacospinaciform dermal denticles. a-g, scales of Synechodus pinnai (Duffin, 1987) (Sinemurian, Early Jurassic of Osteno,
Lombardy, Italy - MCSN V644, HOLOTYPE), redrawn from Duffin, (1987, figure 5). h-J, scales of Synechodus dubrisiensis (36908- Lower
Chalk, Late Cretaceous,, of Dover) (original); k, scale of Paraorthacodus jurensis (Schweizer, 1964) (Tithonian, Late Jurassic of Nusplingen,
southern Germany) GPIT 1210/1, redrawn from Reif & Goto (1977).
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Discussion of scales.

On the basis of the specimens available, it would appear that the scales of §. enniskilleni and S. occultidens are
distinct from each other; those of §. occultidens possess coarser multiple longitudinal ridges on the central keel
than those of S. enniskilleni. When these apparent differences in scale morphology were used in an attempt to
assign specimens lacking teeth to a particular species, however, it proved impossible. Much more material of
both species is necessary to determine the extent to which scale morphology might be used as a taxonomic
feature.

Reif (1985: 89) makes the comment that "for all practical purposes placoid scales will always be of low
taxonomic significance”. Part of the problem is that the study of shark squamation is still in its infancy.
Assessments of intraspecific variation in scale morphology, including sexual variation for extant sharks are
limited; Reif (1985) based his classic comparative study on between 1 and 6 specimens of each species, while
Cigala Flilgosi & Gandolfi (1983) based their study of Somniosus rostratus (Risso, 1826) on sixteen specimens.
Ontogenetic variation was incorporated into Reif’s (1985) study, but is best documented for modern and fossil
species of the bullhead shark, Heterodontus (Reif 1972, 1973, 1985). Ontogenetic changes in the squamation
of Heterodontus are closely linked to changes in ecological preference with maturity; juveniles prefer shallow,
muddy-enclosed waters, feeding on soft-bodied benthos, while the slow-swimming adults live on rocky substrates
including reefs, feeding on shelled invertebrates. These changes in habit with ontogeny are also reflected in the
dentition (Thies & Reif, 1985: 343).

A detailed ecological analysis of Synechodus spp. is beyond the scope of this paper, but it is likely that it was
a moderately fast swimming occupant of open water. feeding on shelled invertebrates. with no significant
habitat change with age. Furthermore, the comparatively small number of Jurassic specimens and their
incomplete preservation makes assessment of ontogeny difficult,

The other Mesozoic palaeospinacids for which traces of the squamation are known are Synechodus pinnai
(Duffin, 1987) (Sinemurian, Ttaly), Synechodus egertoni (Woodward, 1889)(T oarcian, Germany) and
Paraorthacodus jurensis (Schweizer, 1964) (Tithonian, Germany).

The scales of Synechodus jurensis described and figured by Reif & Goto ( 1979) and Reif (1985, text-fig. 1¢)
are very similar to those of S. occultidens. The Nusplingen specimen has a prominent keel bearing two
longitudinal ridges which meet Just before the crown apex. It has two pairs of longitudinal ridges laterally and
no horizontal ridge.

The scales of . egertoni (Reif & Goto, 1979; Reif, 1985) have a prominent keel at the crown shoulder but no
longitudinal ridges. The Toarcian scales are more rounded in surface view and possess only a faint horizontal
ridge.

The available squamation of §. pinnai has been considered in some detail by Duffin (1987, cf. figs 4-5). Scales
in the Italian species vary from large unornamented rounded crowns to those with pointed apices. The central
keel is weak and may bear up to three fine longitudinal ridges which do not meet posteriorly or gain the crown
apex. A fine horizontal ridge is occasionally developed anteriorly. Up to two pairs of short lateral longitudinal
ridges may be present. '

Some scales of S. dubrisiensis (Mackie) have been figured by Woodward (1911, pl. 46, fig. 2a). A patch of
scales is present on 47287 and is very similar to those of S. occultidens and Paraorthacodus jurensis; the

apices associated with them. In contrast to S, occultidens, the scales of S. dubrisiensis have no horizontal ridge.
While much more material is needed to assess the taxonomic potential of scale features of morphology, it is
worthwhile noting that the divided keel with longitudinal ridges meeting at the crown apex is currently confined
to scales of S. occultidens, P. jurensis and §. dubrisiensis; the feature is developed in none of the scales figured
in the atlas compiled by Reif (1985). '
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3. COMPARISONS:
3.1. Comparison of S. enniskelleni and S. occultidens.

The teeth of the two British Sinemurian species of Synechodus fall within the same overall size range,
the total tooth height being around 2mm. The teeth of S. occultidens are proportionally longer than those of S.
enniskilleni, however; the height: length ratio in symphyseal teeth is 1:1.25 in S. occulridens, as opposed to 1:0.8
in S. enniskilleni. In posterolaterals the height:length ratio is 1:0.3 in S. occultidens, against 1:0.5 in S.
enniskilleni.

In both species there appears to have been around 11 tooth families in each jaw. The arrangement of
these families varies from alternate symphyseally to independent postero-laterally in S. occultidens, whereas it
is independent throughout the dentition in S. enniskilleni.

The most strikKing differences between the two species are in crown ornamentation and lateral cusplet
development. S. enniskilleni shows the development of strong vertical ridges on central and lateral cusplets both
labially and lingually throughout the dentition, whereas the crown is smooth in the symphyseal teeth of S.
occultidens with the exception of a few short, fine vertical ridges developed occasionally. The posterolateral teeth
of this species show the development of strong vertical ridges. An occasionally anastomosing longitudinal ridge
is developed at the crown shoulder around the whole tooth throughout the dentition in S. occultidens, whereas
a similar feature is developed only in the posterolaterals of S. enniskilleni. S. occultidens lacks lateral cusplets,
while S. enniskilleni has between one (in symphyseal teeth) and three (in lateral teeth) pairs.

The central cusp tends to be more robust in S. enniskilleni, as against the slender central cusp of S.
occultidens. A collar is developed just above the rather flat crown/root junction in the teeth of S. enniskilleni.
The teeth of S. occultidens have no collar, and the crown/root junction is more incised.

Both species show linear gradient monognathic heterodonty with decreasing tooth height and increasing

distal inclination of the central cusp passing posteriorly through dentition. The teeth of S. enniskilleni first
increase and then decrease in length away from the symphysis. whereas there is a gradual decrease in tooth
length posteriorly in the dentition of S. occultidens.
The two Sinemurian species are quite easy to distinguish on the basis of symphyseal and lateral teeth, but
posterolaterals are very similar. The question arises as to whether the two dental morphologies described above
might represent case of gynandric (sexual) heterodonty within a single species. S. occultidens is known by
articulated material showing both teeth and pelvic clasper cartilages (P.3193, a male), while S. enniskilleni is
represented mostly by partial specimens preserving the anterior section only. Further specimens, notably males
of S. enniskilleni, are needed for clarification.

10cm

Text-figure 13. Full reconstruction of a male specimen of Synechodus sp., one quarter of the natural size.
3.2. Comparison with other Jurassic Palacospinacids.

"S". pinnai (Duffin, 1987) from the Sinemurian of Italy is represented by large (over Smm high) teeth
with an upright central cusp flanked by three lateral cusplet pairs. The crown ornament is restricted to fine
vertical ridges arranged in pairs on the lateral cusplets only.

S. egertoni was described from the German Toarcian by Woodward (1889). The teeth are comparable
in size to those of "S”. pinnai, but with a squat, robust central cusp flanked by two pairs of lateral cusplets.
Crown ornamentation is variable, but generally consists of occasional short, moderately coarse vertical ridges
on the central cusp and lateral cusplets (Text-figure 3a).

S . politus Thies (in press), also from the German Posidonienschiefer (Reif, 1970) possesses up to five
pairs of lateral cusplets. Teeth of P. kruckowi Thies (1983) from the Aalenian (Late Jurassic) of northern
Germany shows up to three slender lateral cusplet pairs (Text-fig. 3b), while S. riegrafi Thies (1983) from the
Upper Oxfordian (Late Jurassic) of southern Germany develops two. In both these latter species, the vertical
ridges which ornament the crown are much denser and more closely spaced than is the case in S. enniskilleni.
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4. DISCUSSION
4.1 THE SYSTEMATIC POSITION OF SYNECHODUS - HISTORICAL PERSPECTIVE

Since its first description (Agassiz, 1843), "Palaeospinax" has been regarded as a neoselachian shark. Egerton’s
(1872) construction of the generic name reflected the opinion of relationship to the squalids. It was first formally
classified by Woodward (1889), who placed it within his Family Cestraciontidae, together with Orodus, various
Palaeozoic sharks including Tristychius, hybodonts and Heterodontus. Regan (1906) then placed it (together with
Synechodus) in a new Family, the Palacospinacidae. This he allied to the Hybodontidae in his Division
Squaloidei, but distinguished "Palaeospinax" on the basis of its smooth dorsal fin spines, lack of cephalic spines
and presence of calcified vertebral centra. On the basis of the dentition, he concluded (Regan 1906: 750) that
"Palaeospinax" was "evidently related" to Hybodus. This opinion was also (posthumously) held by Ameghino
(1935: 627).

Dean (1909: 254) maintained Woodward’s suggestion of close affinity to Heterodontus, and remarked
that "Palaeospinax" was "modern in a number of respects”, and that it "might well have stood in the line of the
other Euselachii, but in other regards is evidently too specialised to have occupied this position." Dean thought
it unlikely that "Palaeospinax", with its dorsal fin spines supported by single basal cartilages, and its dentition,
could give rise to modern sharks such as the notidanids and scylliids.

In his revision of Zittel’s Textbook of Palaeontology, Woodward (1932) ignored Regan’s suggestion of familial
status for "Palaeospinax" plus Synechodus, and retained these genera with Heterodontus in the Cestraciontidae,
this time removing the hybodonts from the familial assemblage.

’ Brough (1935: 46) similarly excluded "Palaeospinax"and Synechodus from the hybodonts, by his
definition of the Family, and implied for the first time that it might be an ancestor of the "modern
elasmobranchs". White (1937) took up this idea, proposing that"Palaeospinax" was a modernised hybodont
providing a stem group for all modern selachians with the exception of the heterodontids, which she derived
independently from the hybodonts, and Chlamydoselachus and the hexanchids, which she envisaged as evolving
from cladodont ancestors.

Schaeffer (1967: 23) was strongly of the opinion that"Palaeospinax" was the oldest representative of
his modern level of organisation amongst the sharks, and remarked that the dentition was too specialised for
close affinity with the heterodontids or squalids. Subsequently, Maisey (1975) noted that Berg (1955) followed
Woodward (1889) and Smith (1940) in relating "Palaeospinax" to the hybodonts. He placed "Palaeospinax” in
his Order Euselachiformes (ie. the Neoselachii) on the basis of the presence of calcified vertebrae, subterminal
hyostylic jaws and characters of dorsal finspine structure (mantle and trunk meeting at a well defined junction,
lack of posterior ornament, and outer trunk layer at least partly lamellar). He saw the teeth of "Palaeospinax"as
being primitive for the Order, however, on the basis of the presence of a lingual torus, a feature also seen in
some hybodont and cladodont teeth. He noted (Maisey, 1975: 563) that "Palaeospinax” fin spines are
ctenacanthiform in most respects”, but that the characters noted above warranted consideration as a neoselachian
shark. Maisey later (1977) added to this conclusion in his review of "Palaeospinax”, and suggested that, together
with Synechodus and Nemacanthus (based on an Upper Triassic fin spine), it formed an assemblage bridging a
morphological gap between the ctenacanths and neoselachians. He noted the following similarities between
"Palaeospinax" and the ctenacanths (Maisey, 1975); the teeth are multicuspid with a lingual torus, the jaws
elongate with amphistylic or nearly hyostylic suspension, the fin spines are trabecular and highly vascularized
with a spongy anterior region, posteriorly displaced central cavity, flattened and gently concave posterior wall,
lack of posterior ornament, and the presence of structural interfaces in the osteodentine posterolaterally but not
anteriorly.

Meanwhile, Reif (1974) had studied the enameloid ultrastructure of "Palaeospinax" politus Thies, 1992
(as "P."” egertoni and found them to have the triple-layered structure which he believes to be typical of
neoselachians (surface layer of shiny enameloid, underlain by parallel fibred and then tangled-fibred enameloid).
He retained the Family Palacospinacidae, and placed it within the Heterodontoidei.

Compagno (1977) also included "Palaeospinax" and Synechodus in the neoselachians, suggesting that
they lie close to his hypothetical ancestral neoselachian morphotype. Schaeffer & Williams (1977: 296) used
"Palaeospinax" as a representative neoselachian in their preliminary cladistic analysis of living and fossil
chondrichthyans.

More recently, Thies (1983) retained "Palaeospinax" as a neoselachian, placing it in a lineage together
with Synechodus, Orthacodus and the hexanchids. He defined the palaeospinacid/orthacodontid stem group by
the autapomorphic condition of an anaulacorhize root with many furrows on the labial side. This lineage is then
envisaged as the stem group for the remainder of the neoselachian sharks and rays.
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Text-figure 14.Teeth of palacospinaciform sharks. a, Synechodus pinnai (Duffin, 1987) (Sinemurian, Early Jurassic of Osteno, Lombardy,
Italy - MCSN V6411, HOLOTYPE), redrawn from DUFFIN (1987); b-1, Welcommia (redrawn from Cappetta, 1990).
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4.2 THE RELATIONSHIPS OF SYNECHODONTIFORM SHARKS

The problem of distinguishing teeth of Palaeospinax and Synechodus has been resolved. Palaeospinax is based
upon a single specimen which lacks any useful taxonomic characters and is therefore a nomen dubium. All of
the nominal species previously referred to "Palaeospinax" have now been referred to Synechodus or
Paraorthacodus as appropriate. These two palacospinacid genera, Synechodus and Paraorthacodus are, in our
- opinion, valid and readily separable, as discussed above.

Synechodus is, without doubt, a neoselachian shark as currectly understood, on the basis of enameloid
ultrastructure, calcified vertebral centra, fin spine histology etc. The systematic relationship of Synechodus within
the Neoselachii has never been satisfactorily demonstrated.

Cappetta (1990) has recently described the teeth of Welcommia from the Valanginian (Early Cretaceous) of
southern France. He placed the genus within the Hexanchidae, in spite of the unique character combinations
displayed by the teeth, ie. the presence of a pulp cavity, limited monognathic and dignathic heterodonty and the
small number of distal cusplets. The root morphology, moreover, closely resembles that of Synechodus in
contrast to the condition of hexanchids. The lower symphyseal teeth of Welcommia are very similar to those
of "Synechodus” pinnai (Text-figure 14a)

Welcommia possesses a shallow root with prominent lingual projection and concave underside. The
vascularization is anaulacorhize, with a longitudinal row of larger foramina located midway up the labial root
face. Pillars of root tissue intervene between the larger foramina labially, as in Synechodus and Paraorthacodus.
The root of recent hexanchids is, by contrast, deep, labio-lingually compressed, with a narrow, flat underside.
The vascularization is anaulacorhize.

A cladistic analysis of the dental characters of Synechodontiform and Hexanchiform sharks is presented in
Text-figure 15. By using a squatinoid shark as an outgroup, it would appear that in Synechodus and
Paraorthacodus, the development of a multicuspid crown, multiforaminate root and conical ornamented cusps,
are advanced features. Hybodont sharks probably possess similar features through convergence.

It is likely that the Synechodontiform sharks gave rise to the Hexanchiforms via a species with a dental
morphology similar to that of "Synechodus" pinnai.

5. CONCLUSIONS

1. The name Palaeospinax priscus Egerton, 1872 can only be applied to a single specimen on which no
characters of taxonomic value can be discerned. We therefore consider it to be a nomen dubium. Palaeospinax
cannot, therefore be applied to other Early Jurassic specimens previously assigned to the genus.

2. There are insufficient structural differences between species previously referred to as Palacospinax and
Synechodus dubrisiensis (the type species of Synechodus) to warrant taxonomic distinction at a generic level.
3. There are two valid palacospinacid genera; Synechodus and Paraorthacodus: A brief review based on the
literature and specimens available to us has permitted a compilation of lists of appropriale nominal species.
4. The Sinemurian (Early Jurassic) material from the classic locality of Lyme Regis, Dorset, England, is
reviewed in detail. Many of the specimens previously referred to Palaeospinax priscus are described as
Synechodus enniskilleni sp. nov. An additional species, Synechodus occultidens sp. nov. is also present.

5. From a review of the relationships of Synechodus, it is concluded that the palacospinacids plus the
orthacodontids (forming the Synechodontiformes ord. nov.) are the sister group of the hexanchids.
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Tooth character key:
1: Root basally flat with crown at 90°, lingually 15: Separate principal cusp and cusplets.
projected. 16: Crown strongly labio-lingually flattened.
2: Squatinoid vascularisation Casier (1947: 2). 17: Loss of mesial cusplets.
3: Low degree of dignathic heterodonty. 18: Loss of symmetry.
4 Teeth symmetrical. 19: Acquisition of cavernous pulp cavity.
5: Single pair of lateral cusplets. 20: Increase in number of distal cusplets.
6: Cusps and cusplets fused. 21: Root labio-lingually flattened.
7: Cutting edge present. 22: “"Notidanoide" vascularisation Casier (1947: 7).
8: Anaulacorhize vascularisation Casier (1947). 23: Thickening of root and basal crown
9: Development of tall sigmoidal crown. 24: Imbricating dentition
10: Multiplication of lateral cusplets. 25: Marked dignathic heterodonty
11: "Palaeospinacid vascularisation®” Casier (1947: 9). 26: Presence of mesial serrations central cusp.
12: Cusps have sub-circular cross-section. 27: Teeth wider with increase in number of distal
13: Base of crown and cusplets ornamented by cusplets.
raised ridges.
14: Loss of cutting edge.

Text-figure 15.
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Plate 1.

10 ocm

Plate 1. The HOLOTYPE .of Palaeospinax priscus (AGASSIZ, 1843) from the "Lower Lias" (Early Jurassic) of Lyme Regis (Dorset,
England); J3090, Philpott Collection, Oxford University Museum). Magnification indicated by barscale. a) actual specimen showing train
of vertebrae and lacquered shagreen. b) Illustration of the same specimen from Agassiz (1843, plate 39, figure 2).
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Plate 2.

Plate 2. The HOLOTYPE of Synechodus enniskilleni sp. nov. from the "Lower Lias" (Early Jurassic ) of Lyme Regis (Dorset, England);
P.3189 - specimen coated with ammonium chioride. a) Whole specimen in ventral view. Note the vertebral column, palatoquadrates,
Meckel’s cartilages, first dorsal fin spine and traces of the branchial skeleton. Magnification x1. b) Detail of the symphyseal region of the

palatoquadrates with associated dentition. Magnification x3. Note the shagreen extending anterior to the palatoquadrates indicating the
presence of a rostrum and hence subterminal mouth.
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' Plate 3.

Plate 3. P.1297, a specimen of Synechodus enniskilleni sp. nov. from the "Lower Lias" (Early Jurassic) of Lyme Regis (Dorset, England).
Specimen coated with ammonium chloride. a) Whole specimen. Note the disrupted vertebral column, first and second dorsal fin spines,
paired scapulocoracoids and traces of the branchial skeleton. Magnification x 0.5. b) Detail of the first dorsal fin spine in lateral view
(magnification x2). Note the incomplete row of enamelled tubercles and faint growth lines. c¢) Detail of the second dorsal fin spine
(magnification x2). Note the different shape of the pro