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New evidence of Annea and Jurobatos, two rare neoselachians
(Pisces, Chondrichthyes) from the Jurassic of Europe.

by D. THIES (¥)

Abstract : Previous records of the Jurassic neoselachian shark Annea carinata THIES, 1983 (Galeomorphii,
Orectolobiformes) were restricted to the Upper Aalenian (Middle Jurassic). A new tooth extends its stratigraphic range
into the Early Bajocian.

The neoselachian Jurobatos cappettai THIES, 1983 was previously known only by a single tooth from the Toarcian
(Lower Jurassic) of Germany. New material from the Toarcian of Belgium confirms the validity of this taxon. The
diagnosis of the monotypic genus Jurobatos THIES, 1983 is revised. Because of the morphology of the tooth crown
Jurobatos was previously considered to be a rhinobatoid. The tooth enameloid ultrastructure shows Jurobatos to
be a neoselachian shark. The exact systematic position of Jurobatos within the superorder Galeomorphii remains
uncertain.
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Resume : Annea carinata THIES, 1983 (Neoselachii, Galeomorphii, Orectolobiformes) etait connu seulement de
I’Aalenien superieur (Jurassique moyen).La decouverte d’une nouvelle dent permet d’etendre son extension
stratigraphique au Bajocien inferieur.

Jurobatos cappettai THIES, 1983 (Neoselachii, inc. sed.) etait connu par une unique dent du Toarcien (Jurassique
inferieur) d’ Allemagne.Un nouveau materiel recemment decouvert dans le Toarcien belge vient confirmer la validite
de ce taxon.La diagnose du genre monospecifique Jurobatos THIES, 1983 est revue.La morphologie de la couronne
dentaire de Jurobatos le fit attribuer a un rhinobatoide.Toutefois I’ultrastructure dentaire enameloide permetterait de
considerer Jurobatos comme un veritable Neoselachii.

La position systematique precise de Jurobatos au sein du superordre des Galeomorphii demeure incertaine.

Mots-clefs : Elasmobranchii, Neoselachii, Jurassique, dents, systematique, histologie, stratigraphie.

Kurzfassung : Frithere Funde des jurasischen Neoselachier-Hais Annea carinata THIES, 1983 beschrankten sich
auf Schichten ober-aalenischen Alters. Ein neuer Zahnfund verlangert die stratigraphische Reichweite dieses Hais in
das Unter-Bajocium. Von dem Neoselachier Jurobatos cappettai THIES, 1983 war zuvor nur ein einziger Zahn
bekannt, der aus dem Toarcium von Norddeutschland stammte. Neue Zahnfunde aus dem Toarcium von Belgien
bestatigen die Giiltigkeit dieses Taxons. Die Diagnose der monospezifischen Gattung Jurobatos THIES, 1983 wird
revidiert. Wegen seiner Zahnkronenmorphologie wurde Jurobatos friiher zu den Geigenrochenartigen (Rhinobatoidei)
gestellt. Nach der Struktur des Zahnschmelzes gehort Jurobatos jedoch zu den Neoselachier-Haien. Seine
systematische Stellung innerhalb der Galeomorphii ist unklar.

Schliisselworter : Elasmobranchii, Neoselachii, Jura, Zahne, Systematik, Histologie, Stratigraphie.

(*) D.THIES, Institut fur Geologie und Palaontologie der Universitat Hannover,Callinstrasse 30, D-3000, Hannover,
Deutschland.

INTRODUCTION

In 1983 I described two rare neoselachians from the German Jurassic: Annea carinata THIES, 1983 from the
Upper Aalenian and Jurobatos cappettai THIES, 1983 from the Upper Toarcian. Each species was based on a
single oral tooth. Also, I thought both teeth to be different enough morphologically from the teeth of other
Jurassic neoselachians to warrant establishing new and as yet monospecific genera for them. This attracted heavy
criticism by other workers in the field. CAPPETTA (]987: 137) wrote of Jurobatos , "The single known
specimen is damaged and seems to be insufficient to create a new genus. Furthermore,it is unwise to create new
Jurassic taxa of rhinobatoids without revising the dentition of previously described genera such as Spathobatis
and mainly Belemnobatis of which the teeth are very poorly known. Some teeth from Moorberg (= Jurassic
shark teeth locality in Northern Germany) figured by THIES under the name Spathobatis ? moorbergensis seem
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to be very close if not identical with Jurobatos ". CAPPETTA’s last statement is nonsense. Unfortunately, my
1983 publication is written in German. It is, however, obvious from the figures in THIES (1983: pl. 12, figs.
1, 2 and pl. 14, fig. 6) that Spathobatis ? moorbergensis and Jurobatos cappettai are much different in
morphology and size. ¢

The most important morphological difference concerns the development of the uvula, which is strong, prominent
and massive in S.? moorbergensis but only rudimentary in J. cappettai.Also, the holotype of S.? moorbergensis
reaches 1 mm in mesiodistal width, whereas the holotype of J. cappettai is smaller, having only 0,7 mm
mesiodistal width.

WARD (1988: 474) in areview of CAPPETTA (1987) wondered "... why he (i. e. CAPPETTA) was not tempted
to harsher treatment of poorly defined genera such as Annea and Jurobatos (THIES, 1983) ...". CAPPETTA’s
and WARD’s main concern refers to the fact that Annea and Jurobatos are defined on a single oral tooth each.
I agree that a single tooth is a weak basis for the definition of a new species and genus. This leads, however,
to a general problem in palaeoichthyology. When dealing with extinct chondrichthyans most.of the fossil record
consists of oral teeth.

In the case of the description of a new species only one such tooth can be designated as the holotype for the
definition of this species according to articles 61 and 72 of the International Code of Zoological Nomenclature
(RIDE, SABROSKY, BERNARDI & MELVILLE 1985). The existence of paratypes is not obligatory for the
definition of a new species. Therefore, even in the absence of more material (which was not available then) the
original descriptions in THIES (1983) of Annea carinata and Jurobatos cappettai completely satisfy the rules
of the International Code of Zoological Nomenclature.

Nevertheless, with regard to the heterodonty developed in selachian dentitions paratypes are desirable for the
definition of at least those fossil selachian species which are based on oral teeth only. For Annea carinata
further material confirming the validity of this taxon and permitting the revision of its specific and generic
diagnoses has already been published by THIES (1989). A new tooth from the German Middle Jurassic briefly
described below, however, indicates a wider stratigraphic range for Annea than was previously known. With
respect to Jurobatos cappettai new material has recently been discovered in the Belgian Toarcian. Thus, the
second and main objective of this paper is to enhance our knowledge of Jurobatos cappettai .

MATERIAL and LOCALITIES
The material consists of one tooth of Annea carinata and seven teeth of Jurobatos cappettai .
The Annea carinata tooth was collected at:

Locality 1: Temporary railroad construction site ("DB Schnellbahntrasse”) c¢. 2 km NW of the village of
Emmerke in the vicinity of western Hildesheim, NW Germany. Grid ref.: TK 25 Hildesheim No. 3825; r c. 35
57 550, h c. 57 82 700. Age: The tooth bearing horizon was dated as Early Bajocian, supposedly sowerbyi
-zone, by means of the associated microfauna (ostracods, foraminifers).

The tooth of A. carinata is deposited in the collection of the Institut fiir Geologie und Palaontologie der
Universitat Hannover (IGPH) under the Cat. No. 1991-11-1.

The seven teeth of Jurobatos cappettai come from :

Locality 2: Section no. 1 E of the "Rue des Vergers", SE of Halanzy (Aubange), SE Belgium. Grid. ref.: Carte
geologique 1/40.000, feuille de Musson-Aubange, Long. East 5°45°10°°, Latit. North 49°38:23"’. Age: "Middle"
Toarcian, bifrons -zone, crassum - subzone. Ref.: DELSATE 1990.

The teeth were contained in a fossiliferous clay horizon 40 to 60 cm below the top of the section.

All the teeth of J. cappertai are deposited in the collection of the Institut fiir Geologie und Palaontologie der
Universitat Hannover (IGPH) under the Cat. Nos. 1991-1I-2 to 1991-11-8.

One tooth (IGPH 1991-11-8) was etched with 2 n HCI for ¢. 10 sec according to the method of REIF (1973) in
order to study the enameloid structure of J. cappettai.
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Further specimens of J. cappettai are present in the private collection of Dr. D. Delsate, 5 Rue du Quartier,
B-6792 Battincourt, Belgium.

SYSTEMATIC PALAEONTOLOGY
In the description of the teeth the terminologies of CASIER (1947) and CAPPETTA (1987) are followed.

Class Chondrichthyes HUXLEY 1880
Subclass Elasmobranchii BONAPARTE 1838
Cohort Neoselachii COMPAGNO 1977
Superorder Galeomorphii COMPAGNO 1973
Order Orectolobiformes APPLEGATE 1972

Fam. inc. sed.
Genus Annea THIES, 1983
Type species : Annea carinata THIES, 1983 from the Late Aalenian of Northwest Germany.
Diagnosis : see THIES (1983, 1989).

Annea carinata THIES, 1983
(PL fig. 1)

Holotype : Oral tooth from the Late Aalenian of Northwest Germany figured by THIES (1983: pl. 10, fig. 7)
(deposited in the Naturmuseum Senckenberg, Frankfurt am Main, Germany; Cat. No. SMF 7144).

Diagnosis : see THIES (1983, 1989).
Stratigraphical range : Late Aalenian to Early Bajocian.
Material : 1 tooth (IGPH 1991-II-1).

Description : The crown is built asymmetrically. The high, dagger-shaped central cusp is accompanied by two
mesial and one distal cusplet. The central cusp and the first mesial cusplet possess a vestigial cutting edge. On
the labial side the crown a bung-like apron overhangs the root. On the lingual side there is a bulky, massive and
rounded uvula with a flat upper surface. The labial face of the central cusp bears a prominent vertical keel which
also extends onto the apron basally. In addition, the labial face of the crown is ornamented by five vertical
ridges. One such ridge is placed on each of the mesial and distal cusplets. The remaining three are located on
the central cusp. The crown is slightly inclined distally.

Crown dimensions: height: 0,75 mm, mesio-distal width: 0,5 mm.The root is V-shaped in basal view. The central
foramen and the medio-internal foramen are connected by a groove on the basal face of the root. This groove
obviously represents the medio-internal canal which has become unroofed due to abrasion. Thus, the root must
originally have been of hemiaulacorhize structure.

Additionally, there are two latero-internal foramina discernable on the lingual side of the root.

Discussion : In its morphology the tooth described above agrees with the teeth of the little known fossil
orectolobiform shark Annea carinata (THIES 1983, 1989). The high and slender central cusp being
asymmetrical but only slightly inclined distally indicates an antero-lateral position of the tooth on the jaw. The
new tooth is the best preserved found so far of this species. Previous discoveries of the teeth of Annea showed
them to be restricted to Upper Aalenian strata. Only one of these teeth could not be dated exactly leaving its age
ranging between Late Aalenian and Early Bajocian (THIES 1989). According to the associated microfauna the
new tooth is undoubtedly of Early Bajocian age (pers.-comm. Dr. F. GRAMANN, Niedersachsisches Landesamt
fiir Bodenforschung, Hannover) and demonstrates that the stratigraphical occurrence of A. carinata extends from
the Late Aalenian to the Early Bajocian.
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Plate 1.

Plate 1.: 1. Annea carinata THIES, 1983: antero-lateral tooth from the Early Bajocian (sowerbyi -zone?) of Northwest Germany, IGPH
1991-1I-1. a - labial, b - lingual, ¢ - lateral view. 2. Jurobatos cappettai THIES, 1983: holotype from the Late Toarcian of Northwest

Germany (Naturmuseum Senckenberg, Frankfurt am Main, Germany; Cat. No. SMF 7166). a - labial, b - lingual, ¢ - lateral, d - apicolateral

view. 3. Jurobatos cappettai THIES, 1983: oral teeth from the "Middle" Toarcian of Belgium. a - labial, b - lingual, ¢ - lateral view.
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Superorder Galeomorphii COMPAGNO 1973
Order inc. sed.

Fam. inc. sed.
Genus Jurobatos THIES, 1983
Type species : Jurobatos cappettai THIES, 1983 from the Late Toarcian of Northwest Germany.

Jurobatos THIES, 1983 is a monotypic genus based on a single oral tooth from the German Late Toarcian (PI.
1, fig. 2). The generic diagnosis given by THIES (1983) is incomplete. The new material from the Belgian
Toarcian permits a revision of the diagnosis.

Revised diagnosis (based on oral teeth only): Teeth wider than high. In the crown the ratio of width to height
(= distance from the basal extremity of the apron to the tip of the central cusp) ranging between 1,8:1 (Holotype,
fig. 2) and 3:1. Tooth crown of rhinobatoid-like appearance in labial view with a stout central cusp, large lateral
heels and an apron. Central cusp rounded at its apex. Apron wider than deep. Uvula inconspicuous, flat and
narrow; elevating only a little above the level of the lingual face of the root and provided with only a thin
covering of enameloid. Marked incision developed between the uvula and the basal portion of the lingual face
of the crown above the uvula.

Lingual face of the crown with a central protuberance, i. e. lingual face of the crown between the uvula and the
central cusp swollen and of knob-like shape. Ornamentation present occasionally, consisting of one or two sharp
vertical folds on the knob-like swelling below the central cusp on the lingual side of the crown. Additional short
vertical folds may also be developed on the lingual side of the lateral heels. Root hemiaulacorhize. Lingual
protuberance of the root inconspicuous.

Differential diagnosis : The presence of a central protuberance on the ligual side of the crown together with
a vestigial uvula in the oral teeth separates Jurobatos from all other known fossil and recent neoselachian
genera.

Remark : Originally, Jurobatos was placed into the superorder Batoidea (= Batomorphii), order Rajiformes and
suborder Rhinobatoidei because of the rhinobatoid-like appearance of the tooth crown. Its familial affinities were
considered to be uncertain (THIES 1983). The new material from Belgium shows that the enameloid is of
shark-like structure (see below). (The enameloid of the neoselachian sharks contains a middle layer in which the
apatite crystallites are organized into parallel fibres. This layer is missing in the enameloid of batoids.) Thus,
Jurobatos has to be removed from the batoids and grouped with the neoselachian sharks. Within the sharks its
exact systematic position remains uncertain.

The neoselachian sharks comprise three superorders: Squalomorphii, Squatinomorphii and Galeomorphii.

In its dental morphology Jurobatos differs strongly from the squalomorphs.Some resemblance exists between
the teeth of Jurobatos and the teeth of the squatinomorphs and the orectolobiforms within the galeomorphs. This
refers to the presence of an apron, an uvula and a hemiaulacorhize root. Jurobatos differs from all
squatinomorphs and orectolobiforms in lacking a high and sharply pointed central cusp and in possessing a
central protuberance on the lingual side of the crown. Also, there is only a vestigial uvula in Jurobatos whereas
the uvula is well developed in the squatinomorphs and in the orectolobiforms (with the exception of
Eostegostoma and Rhiniodon where the uvula is strongly reduced or absent; CAPPETTA 1970, HERMAN
1977). In all other galeomorphs except the Heterodontiformes (whose teeth,however, differ from Jurobatos in
many other respects) an uvula is lacking. I therefore consider Jurobatos as a galeomorph shark of uncertain
ordinal and familial affinities.

Jurobatos cappettai THIES, 1983

(PL. 1.figs. 2-3, P1. 2, P1. 3)
¥

Holotype : Oral tooth from the Late Toarcian of Northwest Germany figured by THIES (1983: pl. 14, fig. 6)
(deposited in the Naturmuseum Senckenberg, Frankfurt am Main, Germany; Cat. No. SMF 7166). The holotype
is refigured here in Fig. 2.
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Plate

Plate 2. Jurobatos cappettai THIES, 1983: oral teeth from the "Middle" Toarcian of Belgium, 1: IGPH 1991-11-3; 2: IGPH 1991-11-4; 3:
IGPH 1991-11-5; 4: IGPH 1991-11-6;5: IGPH 1991-11-7. a - labial, b - lateral, ¢ - lingual.
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Revised diagnosis (based on oral teeth only): Same as for genus (see above).
Differential diagnosis: Same as for genus (see above).
Stratigraphic range: Toarcian.

Geographic range: Jurobatos cappettai is as yet reported only from the type locality in Germany and from the
new Belgian locality. It also occurs at other Belgian, French (Lorraine) and Luxembourg localities in the same
Coeloceras crassum horizon (DELSATE, pers. comm.).

Material : Seven teeth from the Toarcian of Belgium (IGPH 1991-11-2 to 1991-11-8, P1.1.,fig. 3, P12, P1.3). All
teeth have suffered postmortem abrasion to a greater or lesser extent and diagenetic stress resulting in cracks and
other damage. Also, borings on the uvula and the root indicate that bioerosion has occurred before the teeth were
completely embedded in the sediment. The borings on the root were probably caused by fungi boring for food
and digesting the organic material still present in the root after the tooth was shed or removed from the dentition
in some other way.

BROMLEY (1970) distinguished the borings of fungi from those of algae by their size. Borings smaller than
4 pm in diameter are considered to be of fungal origin. Most borings and canals on the root of the Toarcian teeth
are smaller than 4 pm in diameter. In the present material bioerosion has obviously played an important role in
wearing down the root and in destroying the uvula. The damage became visible only after cleaning the teeth
from the carbonate matrix by applying 1 % acetic acid solution.

Description : All seven teeth are wider than high. The ratio "width of the crown" to "distance between the basal
extremity of the apron and the tip of the central cusp” ranges between 2:1 (IGPH 1991-II-6, Fig. 7) and 2,8:1
(IGPH 1991-1I-3, Fig. 4). The crown comprises a stout, blunt central cusp and strongly expanded lateral heels
which are rounded at their lateral extremities. With the exception of IGPH 1991-11-2 all teeth have a symmetrical
crown. In IGPH 1991-11-2, however, the central cusp is slightly inclined distally and permitting the distinction
of mesial and distal lateral heels (Pl. 1..fig. 3a, b).

A blunt "cutting” edge traverses the crown in mesiodistal direction. The labial face of the crown is provided with
an apron basally which overhangs the root. In all the teeth the apron is wider than deep whereas its specific
development varies among the specimens. It is most prominent in the specimens IGPH 1991-11-2 (PL.1., fig. 3a)
and 1991-1I-5 (P1.2.,fig. 3a) but can hardly be discerned in IGPH 1991-1I-4 (P1.2. fig. 2a).

The lingual face of the crown has a vestigial uvula. The uvula is developed best in the specimens IGPH
1991-11-2 (PL.1.,fig. 3b) and 1991-1I-7 (P1.2.,fig. 5b) where it appears as an inconspicuous, narrow and flat
structure, being only a little elevated above the surface of the lingual side of the root. The uvula reaches
approximately half way down the lingula face of the root and covers the upper surface of the lingual root
protuberance. The crown is separated from the root by a marked constriction which, on the lingual side, runs
between the uvula and the rest of the crown and in this way delimits the uvula from the remaining crown.
The most striking feature of the crown is a knob-like swelling in the center of the lingual side below the central
cusp (termed here central lingual protuberance of the crown).Together with the central cusp this protuberance
has an onion-like outline in lateral view in the specimens IGPH 1991-11-2 (P1.1.,fig.3c), 1991-11-5 (P1.2..fig. 3c),
1991-11-6 (P1.2..fig. 4c), and 1991-11-7 (P1.2.fig. 5¢). In IGPH 1991-I1-3 it appears to be more pointed lingually
(P1.2.fig. 1c). The labial face of the crown is devoid of ornamentation. The lingual face of the crown
occasionally bears a few short vertical folds. IGPH 1991-II-2 has two of these folds on the lingual protuberance
with one of which bifurcating basally (PL.1..fig. 3b). Two further, smaller folds occur on the extremity of the
mesial lateral heel. IGPH 1991-11-7 has a single inconspicuous vertical fold on the central lingual protuberance
of the crown (P1.2.,fig. 5¢). In IGPH 1991-11-3 (P1.2. figs. la, Ic) and to a lesser degree also in IGPH 1991-1I-5
(PL.2.fig. 3a, 3c) the central cusp is separated from the lateral heels by small notches on either side of the cusp.
In IGPH 1991-1I-3 these notches are deep enough to give the impression that the lateral heels carry a pair of
vestigial lateral cusplets.

The root is more or less damaged by bioerosion in all the specimens. Its hemiaulacorhize structure with the
characteristic medio-internal foramen on the lingual root face is clearest in IGPH 1991-11-2 (P1.1.,fig. 3b). In
accordance with the laterally expanded crown the root is also much expanded laterally with the mesial and distal
lobe forming an obtuse angle. The basal face is flat or almost so in the mesial and distal root lobes. The root
is deepest in its middle portion. Laterally its depth decreases slightly. Thus, the basal faces of mesial and distal
root lobes are not arranged in the same plane but form an obtuse angle with one another. The lingual side of the
root also bears latero-internal foramina. Their excact number remains uncertain. The lingual protuberance of the
root is inconspicuous.
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Dimensions in mm (first figure mesio-distal width, height following in brackets): IGPH 1991-11-2: 0,93 (0,4),
IGPH 1991-1I-3: 0,89 (0,4), IGPH 1991-11-4: 0,77 (0,45), IGPH 1991-1I-5: 0,77 (0,4), IGPH 1991-1I-6: 0,68
(0,35), IGPH 1991-11-7: 0,61 (0,35), IGPH 1991-11-8: 0,84 (0,45).
s

Enameloid structure (P1.3.): In order to elucidate the enameloid structure of the teeth from the Belgian Toarcian
specimen IGPH 1991-11-8 was etched with 2n HCl for ¢. 10 sec. according to the method of REIF (1973). After
that the enameloid was studied with a scanning electron microscope. The enameloid of IGPH 1991-11-8
comprises at least two different layers (PL.3.,fig. Ib). The outer layer which is about two pm thick consists of
randomly orientated rod-shaped apatite crystallites each less than one pm long (PL3.fig. lc). This layer
corresponds to the shiny layer enameloid (SLE) of REIF (1973). Below that is a second layer in which the
crystallites are organized into fibres and bundles (P1.3.,fig. 1d). The fibres, which run parallel to the surface,
branch dichotomously and anastomose, surrounding slot-like openings. 1 assume that these openings lead into
canals housing radially orientated crystallite fibres, the outer extremities of which were destroyed by etching.
Therefore, the second layer must correspond to the parallel-fibred enameloid (PFE) of REIF (1973).

I assume that below the parallel-fibred enameloid there is a third layer in the enameloid of IGPH 1991-1I-8 -
the haphazardly fibred enameloid of REIF 1973 which is present in Recent neoselachians but which is not visible
in the specimen because of insufficient etching.

Plate 3.

Plate 3.: Jurobatos cappettai THIES, 1983: oral tooth from the "Middle" Toarcian of Belgium, IGPH 1991-11-8. The specimen was treated
with 2 n HCl to reveal the structure of the enameloid. a - labial view of the specimen. b - detail of the labial surface of the crown.Thepa-
rallel-fibred enameloid (above) is still partially covered by the shiny layer enameloid (below). c - the shiny layer enameloid at high
magnification. d - the parallel-fibred enameloid at high magnification.
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Discussion: The teeth described above agree with the holotype of Jurobatos cappettai THIES. 1983 (Fig. 2).
Apart from the general morphology of the crown and root this is particularly true of the presence of a central
lingual crown protuberance and the development of a vestigial uvula and lingual root protuberance. Further
agreement exists in the ornamentation of the central lingual crown protuberance, which consists of one or two
vertical folds. Some variation is observable in the size of the specimens ranging from 0,61 to 0,93 mm in
mesiodistal width and from 0,35 to 0,45 mm in height. The holotype of J. cappettai having a width of 0,7 mm
and a height of 0,4 mm falls well within this range. Therefore, I consider that the seven teeth from the Toarcian
of Belgium are conspecific with J. cappettai THIES, 1983 from the Upper Toarcian of Germany.

The presence of a parallel-fibred enameloid (PFE) in the teeth is an autapomorphy of the neoselachian sharks
(REIF 1977, 1979; THIES 1983). Jurobatos having a PFE must therefore belong to the neoselachian sharks and
not to the rhinobatoids as previously assumed. The hemiaulacorhize root is a characteristic of several shark
orders but is only rarely found in batomorphs. The exact systematic position of Jurobatos among the
neoselachian sharks is unclear (see above).

The size variation shown in the specimens may reflect different positions of the teeth on the jaw. The situation
in Rhinobatos LINK, 1790 (pers. observ.), whose tooth crowns morphologically compare best with the crowns
of J. cappettai , suggests that the larger teeth of J. cappettai had an anterior or antero-lateral position on the
jaw whereas the smaller teeth were placed postero-laterally or posteriorly. Alternatively, differently sized teeth
of J. cappettai may represent derivation from individuals of different ontogenetic stage.

With respect to dental morphology and histology and also because of its early appearance one could be tempted
to regard Jurobatos as a connecting link between neoselachian sharks and the rhinobatoids, which are the oldest
group of modern rays. The laterally expanded crown of J. cappettai provided with a stout blunt cusp is
undoubtedly of rhinobatoid-like appearance in labial view and indicates adaptation to a durophagous diet.
Shark-like features of the teeth of Jurobatos include the structure of the enameloid comprising a parallel-fibred
enameloid (PFE) and the possession of a hemiaulacorhize root. However, if one accepts the presence of a
parallel-fibred enameloid (PFE) in the teeth as an autapomorphy of the neoselachian sharks (THIES 1983)
Jurobatos clearly is a neoselachian shark (of uncertain ordinal and familial affinities, see above). Also,
Jurobatos is too young to be a "connecting link" between neoselachian sharks and rays. The Upper Toarcian
sediments of Northern Germany which yielded the holotype of J. cappettai also contain the teeth of Spathobatis
? moorbergensis which by their dental morphology and differently structured enameloid seem to be of true
rhinobatoid affinity (THIES 1983). It is therefore more reasonable to regard the rhinobatoid-like tooth crown of
Jurobatos and true rhinobatoids as a feature being developed convergently in both groups and reflecting
adaptation to the same sort of diet. The food of Recent guitarfishes consists mainly of small fishes, crustaceans,
shellfish and other epibiontic benthos which they crush with their teeth (BIGELOW & SCHROEDER 1953).

The systematic position of Jurobatos is obscured by the occurrence of a central lingual protuberance on the
crown. This obviously served the same function as does the uvula in the teeth of other neoselachians. The uvula
protects the lingual protuberance of the root (which consists of less mineralized and thus "softer" hard tissue than
the crown and contains nerves and blood vessels) against injuries when hard shelled food is crushed. The central
lingual crown protuberance of Jurobatos being placed above the inconspicuous lingual root protuberance and
thus providing it a kind of shelter must have fulfilled the same purpose. The presence of a crown protuberance
having protected the root protuberance explains why there is only a vestigial uvula in the teeth of Jurobatos -
because there was no need for a well developed uvula in this fish.

CONCLUSIONS

The present material supports the validity of the Jurassic neoselachian taxa Annea carinata and Jurobatos
cappettai . Both species are rare and further material is awaited to clarify their exact systematic position within
the galeomorph sharks. The morphological similarity between the crowns of Jurobatos and rhinobatoids suggests
similar habits and diets in the two groups.
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