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Abstract: Valanginian strata at Wawal in central Poland
have yielded the oldest marine neoselachian assemblages
from the Cretaceous of Europe. The faunas comprise seven
taxa including Heterodontus polonicus sp. nov., an indeter-
minate orectolobiform, Protolamna sp., Palaeoscyllium sp.,
Synechodus nitidus, Squatina cranei and Belemnobatis sp.
Heterodontus polonicus is recognized primarily by the high
amount of reticulate ornamentation on the lower labial side
of the anterior teeth. The faunas from Wawat are numerically

dominated by neoselachian genera such as Synechodus,
Heterodontus and Belemnobatis that were already well estab-
lished in the Jurassic. More modern taxa include the oldest
recorded occurrence of the true Squatina-lineage, and the
presence of Protolamna is one of the earliest undoubted
lamniform occurrences so far reported.

Key words: Cretaceous, Neoselachii, Poland, rays, sharks,
teeth, Valanginian.

DURING the Jurassic, the diversity of neoselachian sharks
and rays increased dramatically following low-diversity
assemblages that characterized the Triassic. Recent investi-
gations have shown that most extant neoselachian groups
first occur in the Jurassic, constituting a major radiation
(Cappetta et al. 1993; Candoni 1995; Underwood 2002).
The composition of Jurassic faunas, however, appears to be
quite different from that of Cretaceous assemblages, and
the former are often numerically dominated by extinct
groups (e.g. palaecospinacids) or by bottom-dwelling
selachians (e.g. squatinids and batoids), although the
faunas seem to be environmentally controlled (Underwood
and Ward 2004). By the mid-Cretaceous, marine selachian
assemblages have a considerably more modern composi-
tion, including lamniforms and several batoid groups
unknown in the Jurassic. The earliest part of the Cretaceous
is consequently a crucial period in the faunal evolution of
neoselachians but marine faunas from this period are
rare and have been described from only a few localities (e.g.
Kriwet 1999; Underwood et al. 1999). The Valanginian
strata of central Poland have yielded the first marine neose-
lachian fauna from this stage, thus expanding our know-
ledge of Early Cretaceous neoselachian distribution.

GEOLOGY

The sedimentary sequence at the Wawal clay pit
(Text-fig. 1) comprises large parts of the Valanginian Stage,
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resting unconformably on Jurassic strata (Kutek et al.
1989). Sediments exposed in April 2001 were exclusively
dark clays and silts (Text-fig. 1), deposited in a shallow-
water environment probably in, or slightly beneath, the
littoral zone (A. Kaim, pers. comm. 2002), corresponding to
a global lowstand (Kutek et al. 1989). The marine palaeo-
environment is confirmed by the frequent presence of steno-
haline echinoderms and ammonoids within the section.
The recorded ammonoid fauna enables an accurate age
determination, and the entire section described herein
(Text-fig. 1) can be included in the upper part of the lower
Upper Valanginian Saynoceras verrucosum Zone. Estimates
of the palaeotemperature in the sea range from 135 to
16-5°C (A. Kaim, pers. comm. 2002). Several horizons in the
Wawal section are highly fossiliferous, being particularly
rich in bivalves, gastropods, ostracods and foraminifera.
Other frequent fossils include ammonoids, crustaceans,
bryozoans, brachiopods and actinopterygian otoliths.

As the sea that covered central Poland during the
Valanginian was connected to the North Sea through the
German Basin (Kutek et al. 1989; Mutterlose 1992),
the faunas recorded are primarily of Boreal composition.
The Wawal area was situated in a seaway connecting the
Boreal and Tethyan realms (Kaim 2001) and during a short
period in the earliest Late Valanginian, a highstand of the
Carpathian Ocean allowed Tethyan faunas to migrate into
the region (Mutterlose 1992). Boreal faunas reclaimed the
area when the eustatic trend reversed later in the early
Late Valanginian. A few Tethyan organisms, such as
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TEXT-FIG. 1. Map of Poland with detailed map showing the locality at Wawat and the strata exposed in late April 2001.

ammonoids and foraminifera, coexisted with the Boreal
faunas in Poland during the greater part of the Late
Valanginian (Mutterlose 1992), indicating that the seaway
was open throughout this period. During fieldwork for
this paper (April 2001), no parts of the lowest Upper
Valanginian were exposed and the entire sampled
sequence is considered to have been deposited in an
ocean with major Boreal influence (Kaim 2001).

MATERIAL AND METHODS

Wawal is a small village situated close to the town of
Tomaszow Mazowiecki in central Poland, some 110 km
south-west of Warszawa (Text-fig. 1). An abandoned clay
pit (active in 2001) is located on the outskirts of the
village. Most of the selachian material described herein is
derived from bulk samples collected in April 2001 from
two horizons containing abundant molluscan macrofossils
(W1 and W2; see Text-fig. 1). Sediments from the Wawat
section are largely unlithified and the samples, each weigh-
ing approximately 100 kg, were dried and left in a solution
of hot water and washing detergent for a few hours. The
disintegrated sediment was washed through a large sieve

with a mesh aperture of 0-355 mm and the residues,
mainly comprising mollusc shells and representing close to
10 per cent of the original sample weight, were dissolved
in buffered acetic acid. In order to remove glauconite
grains, comprising 95 per cent of the 0-355-0-500 mm
fraction of W1, this residue was fed through a magnetic
separator. The insoluble and non-magnetic residues were
sorted under a binocular microscope and vyielded 127
neoselachian teeth and 164 scales. During a previous inves-
tigation of the gastropod fauna at this locality (Kaim 2001,
2002), 11 neoselachian teeth and a single scale were recov-
ered. Precise correlation of horizons previously yielding
shark teeth to beds sampled for the present paper is some-
what complicated as layers may not be laterally persistent.

The illustrated teeth, together with the rest of the
material, are housed in the Institute of Paleobiology of
the Polish Academy of Sciences, Warszawa (ZPAL).

SYSTEMATIC PALAEONTOLOGY

Higher relationships of the Neoselachii follow that of
Shirai (1996) with the Synechodontiformes included
in the Squalea because of their close affinity to



the Hexanchiformes (Duffin and Ward 1993). Descriptive
tooth terminology follows that of Cappetta (1987).

Subcohort NEOSELACHII Compagno, 1977
Superorder GALEA Shirai, 1996
Order HETERODONTIFORMES Berg, 1940
Family HETERODONTIDAE Gray, 1851

Genus HETERODONTUS Blainville, 1816

Type species. Squalus philippi Schneider, 1801 (junior synonym
of Squalus portusjacksoni Meyer, 1793), Recent in Australian
temperate to subtropical waters to a depth of at least 172 m
(Compagno 1984).

Heterodontus polonicus sp. nov.
Plate 1, figures 1-14

Derivation of name. Latinization of Poland, the country of origin.

Type material. Holotype, ZPAL P.10/1, Pl 1, figs 1-3, complete
anterior tooth; paratypes, ZPAL P.10/2, PL 1, figs 4-6, 14,
incomplete anterior tooth and ZPAL P.10/4, Pl 1, figs 10,
12-13, complete lateral tooth.

Type stratum. Horizon W1 in the Upper Valanginian (verruco-
sum Zone) sequence at the Wawal clay pit, central Poland
(Text-fig. 1).

Additional material. 24 incomplete teeth (ZPAL P.10/3, ZPAL
P.10/5 and unnumbered), all of which are considered to origin-
ate from subadult or adult individuals. This species occurs
mainly in W1 with only a single tooth recovered from W2.

Diagnosis. Anterior teeth of this species are highly orna-
mented with irregular folds forming a reticulate surface
on the basal labial part of the crown. Large lateral teeth
possess equal-sized enlarged depressions situated in two
rows on either side of the longitudinal ridge.

Description. Anterior teeth have a moderately high central cusp
with well-developed cutting edges. A single pair of minute eleva-
tions in these cutting edges may occur at the base of the cusp.
The anterior teeth possess irregular folds in the enameloid on
the lower labial part of the crown, forming a reticulate ornamen-
tation. On the lingual side, the crown displays a central protu-
berance entirely supported by the root. The root is smaller than
the crown with a V-shaped basal outline, the V opening to the
labial side. A horizontal labio-lingual canal is formed in the lin-
gual part of the root and a few smaller foramina open on each
side of the lingual protuberance. The largest anterior tooth
measures 37 mm in mesio-distal width. Lateral teeth are low,
non-cuspidate and mesio-distally expanded. Reticulate ornamen-
tation covers the entire crown and is differentiated to form a
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moderately well-developed longitudinal ridge on the highest part
of the crown. In large lateral teeth, there are two rows of expan-
ded depressions on either side of this ridge whereas smaller lat-
erals possess both depressions and folds on the occlusal surface.
The root is low and smaller than the crown and has minute for-
amina irregularly placed on both the lingual and the labial root
faces. The largest lateral tooth measures 145 mm in width.

Remarks. The teeth of Heterodontus polonicus recovered
have a morphology that strongly indicates adult and sub-
adult origin, including a near absence of cusplets in the
anterior teeth and well-developed enlarged lateral teeth.
The size of the largest anterior tooth is equivalent to
those of a Recent H. portusjacksoni approximately 1 m
long (see Reif 1976).

Late Jurassic and Early Cretaceous heterodontids are
known from several localities across Europe. Three nomi-
nal species have been described from the Upper Jurassic
lithographic limestones of southern Germany. The Kimme-
ridgian Heterodontus falcifer (Wagner, 1857) was designa-
ted type species of Paracestracion by Koken (1911) and is
retained in this genus by some authors (Maisey 1982;
Underwood 2002), although others regard Paracestracion
as a junior synonym of Heterodontus (e.g. Cappetta 1987).
A number of juvenile specimens of H. falcifer are known,
but it is doubtful whether there is any adult shark with
visible dentition in the material referred to this species. The
largest specimen of H. falcifer with preserved teeth that was
found in the survey by Schweizer (1964) has a total body
length of 0-5 m. It is likely that adult sharks grew larger, as
is indicated by a 1-m-long specimen without visible denti-
tion that was assigned to H. falcifer by the same author.
Anterior teeth of this species lack any ornamentation and
if fossil species follow the same pattern as the Recent
H. portusjacksoni (see Reif 1976), ornamentation would
occur on teeth of subadult individuals; thus, H. falcifer can-
not be conspecific with H. polonicus. Another species from
the Upper Jurassic of southern Germany, H. semirugosus
(Plieninger, 1847), possesses anterior teeth with a higher
and more slender cusp, larger cusplets and ornamentation
that only comprises simple folds (Schweizer 1961), in cont-
rast to the reticulate ornamentation pattern of H. polonicus.
Large lateral teeth of H. semirugosus possess a number of
almost parallel folds on one side of the central ridge while
the entire crown in large laterals of H. polonicus is covered
with reticulate ornamentation. The third nominal species
of the Heterodontidae from the Upper Jurassic of southern
Germany is H. zitteli Eastman, 1914, known only from a
single, very juvenile individual (150 mm in total length) and
considered to be synonymous with H. falcifer (Schweizer
1964). The extensive ornamentation on the anterior teeth
of H. polonicus separates this species from the Early
Cretaceous H. carerens Kriwet, 1999 from the Barremian of
Spain, H. canaliculatus (Egerton, in Dixon 1850) from the



212 PALAEONTOLOGY, VOLUME 438

Albian—Turonian of England and France and H. upnikensis
(Dalinkevicius 1935) from the Albian and Cenomanian of
Lithuania and France. Heterodontus carerens is further
characterized by anterior teeth with prominent lateral
blades on the labial side of the crown and a low root. Addi-
tionally, lateral teeth of H. carerens are higher and the
ornamentation is less reticulate and more irregular com-
pared with lateral teeth of H. polonicus. Anterior teeth of
H. upnikensis possess a low root and a markedly higher
cusp than in H. polonicus, while H. canaliculatus has
anteriors with widely separated cusplets and laterals with a
more pronounced longitudinal crest. Lateral teeth of the
Aptian H. sulcatus Woodward, 1889 (a species known only
from lateral teeth) from England can be separated from
those of H. polonicus in being more mesio-distally expan-
ded, often with narrow distal and mesial parts, and by a
more symmetrical ornamentation in smaller teeth. A single
anterior tooth from the Albian of north-east France
referred to Heterodontus sp. by Biddle (1993) displays some
labial ornamentation but considerably less than in teeth of
H. polonicus. This French tooth also possesses extremely
well-developed cutting edges and a root morphology quite
different from that of H. polonicus.

Order ORECTOLOBIFORMES Applegate, 1974
Family uncertain

Gen. et sp. indet.
Text-figure 2)-M

Material. 22 incomplete teeth, ZPAL P.10/6, ZPAL P.10/7 and
unnumbered.

Description. These small teeth possess a moderately high and
slender central cusp, usually flanked by a single pair of minute
lateral cusplets. The entire crown is labio-lingually compressed,
covered with smooth enameloid, and equipped with moderately
well-developed cutting edges. A labial apron descends from the
crown and would overhang the root, but the root is not pre-
served in any specimen. The largest tooth-crown measures
10 mm in mesio-distal width.

Remarks. The morphology of these tooth-crowns is
somewhat similar to that of certain hemiscyliids (e.g.
Pseudospinax Miiller and Diedrich, 1991) but the poor

state of preservation does not allow any closer systematic
determination.

Order LAMNIFORMES Berg, 1958
Family CRETOXYRHINIDAE Glikman, 1958

Genus PROTOLAMNA Cappetta, 1980

Type species. Protolamna sokolovi Cappetta, 1980 from the Upper
Aptian, Lower Cretaceous, of southern France.

Protolamna sp.
Text-figure 2A-G

Material. One complete (ZPAL P.10/8) and nine incomplete
teeth including ZPAL P.10/9 and ZPAL P.10/10.

Description. A high and slender central cusp flanked by a single
pair of lateral cusplets characterizes these teeth. Anterior and
antero-lateral teeth are close to symmetrical while the crown of
lateral teeth is posteriorly inclined. The ornamentation compri-
ses coarse vertical folds on the lower labial side of the crown,
generally being more closely spaced in smaller and lateral teeth.
The amount of ornamentation on the lingual side is highly vari-
able but usually includes a few weaker folds on the cusplets and
lower half of the cusp. A well-developed lingual neck is present
at the base of the cusp but the height of this neck is somewhat
variable. The root is high, with long lobes, and a prominent lin-
gual bulge. In the centre of this bulge, there is a wide nutritive
groove. Additionally, a few small foramina open on each side of
the lingual bulge and in the centre of the low labial root-face.
The largest tooth measures 8:1 mm in height.

Remarks. These Polish teeth of Protolamna differ slightly
from those of the type species, P. sokolovi, from the
Aptian of southern France. The root is somewhat less
bulky and the groove in the centre of the root bulge is
more prominent than in teeth of P. sokolovi. The teeth
from Wawal also possess more strongly developed orna-
mentation, particularly on the labial side. Teeth from
the Barremian referred to P. cf. sokolovi by Biddle (1988),
Canudo et al. (1995) and Kriwet (1999) have a more
prominent ornamentation, with coarse folds that cover
most of the crown. This difference may, however, be
explained by the small size of these French and Spanish

EXPLANATION OF PLATE 1

Figs 1-14. Heterodontus polonicus sp. nov. 1-3, holotype, ZPAL P.10/1, complete anterior tooth, horizon W1, labial, occlusal and

lingual views; x 13. 4-6, 14, paratype, ZPAL P.10/2, anterior tooth-crown, horizon W1, labial, lingual and occlusal views; x13,

detail of ornamentation; X 64. 7-9, ZPAL P.10/3, anterior tooth-crown, horizon W1, occlusal, labial and lingual views; x 13. 10,
12-13, paratype, ZPAL P.10/4, enlarged lateral tooth, horizon W1, occlusal, lingual and labial views; x5. 11, ZPAL P.10/5, lateral
tooth, horizon C3 of Kaim (2001), &~ horizon W2, occlusal view; X 13.
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specimens. It is possible that the Polish teeth may be
included in a new species but owing to the scarcity of the
material and poorly understood dental variation of early
species of Protolamna, they are at present left in open
nomenclature. Being from deposits of early Late Valan-
ginian age, these teeth represent one of the oldest occur-
rences of undoubted lamniforms so far reported.

Order CARCHARHINIFORMES Compagno, 1973
Family SCYLIORHINIDAE Gill, 1862

Genus PALAEOSCYLLIUM Wagner, 1857

Type species. Palaeoscyllium formosum Wagner, 1857 from the
Tithonian, Upper Jurassic of Solnhofen, southern Germany.

Palaeoscyllium sp.
Text-figure 2H-1

Material. One antero-lateral tooth-crown, ZPAL P.10/11.

Description. This tooth-crown possesses a high and slender cen-
tral cusp flanked by two lateral cusplets on the mesial side and
one on the distal side. The entire tooth-crown is posteriorly
inclined. Cutting edges are well developed and coarse folds cover
the enameloid on the lower part of the labial side. Lingual orna-
mentation is limited to a few weaker folds on the cusplets and
lower half of the cusp. Nothing is preserved of the root. The
tooth-crown measures 12 mm in width.

Remarks. The genus Palaeoscyllium was originally des-
cribed on the basis of an incomplete fish lacking the head
(Wagner 1857). Recently, Leidner and Thies (1999), using
placoid scale morphology, were able to identify other, more
complete, specimens of this genus from the Upper Jurassic
of southern Germany. The teeth of Palaeoscyllium are extre-
mely similar to those of the contemporary scyliorhinid Par-
asymbolus Candoni, 1993, and the two genera are now
considered synonymous (Leidner and Thies 1999; Under-
wood 2002) as Parasymbolus octevillensis Candoni, 1993 is a
junior synonym of Palaeoscyllium formosum (Underwood
2002). The Polish tooth-crown is similar to teeth of
P. formosum although it is mesio-distally wider, more
posteriorly inclined and slightly less ornamented. Teeth of
another species, P. reticularis (Underwood and Mitchell,
1999) from the English Albian, are generally lower and pos-
sess a wider central cusp than those of P. formosum and the
Polish species. The English teeth are also ornamented with
a more reticulate pattern on the labial side.

The Polish tooth-crown was collected during previous
fieldwork and is derived from the lower part of the
Saynoceras verrucosum Zone, when the Wawal strata were
deposited under major Tethyan influence (Bed C2 of

Kaim 2001). The Polish occurrence of Palaeoscyllium
extends the palaeogeographical distribution of the genus
to the east.

Superorder SQUALEA Shirai, 1996
Order SYNECHODONTIFORMES Duffin and Ward, 1993
Family PALAEOSPINACIDAE Regan, 1906

Genus SYNECHODUS Woodward, 1888b

Type species. Hybodus dubrisiensis Mackie, 1863 from the Ceno-
manian, Upper Cretaceous of southern England.

Synechodus nitidus Woodward, 1911
Plate 2, figures 6-15

1911 Synechodus nitidus Woodward, p. 219, pl. 46,
figs 3—4.
1935 Synechodus nitidus Woodward; Dalinkevicius, p. 257,
pl. 2, figs 39-49.
1975 Synechodus nitidus Woodward; Cappetta, p. 117,
fig. 3, pl. 2, figs 8-12.
1987 Synechodus nitidus Woodward; Cappetta, p. 130.
1999 Synechodus nitidus Woodward; Underwood and
Mitchell, p. 15, pl. 2, fig. 6.

Material. The material from Wawal comprises seven complete
and 33 incomplete teeth including ZPAL P.10/12-ZPAL
P.10/16. This species occurs in both sampled beds.

Description. The anterior teeth have a high and slender central
cusp with a comparably wide base. Two to three pairs of equal-
sized lateral cusplets flank the cusp. The ornamentation on the
labial side comprises weak folds, primarily on the cusplets and
sides of the cusp, while the centre of the cusp is completely
smooth. Reticulate ornamentation may occur on the mesial and
distal heels. On the lingual side, most teeth have an ornamenta-
tion of fine folds covering the cusplets and reaching to at least
one-third of the cusp height. A thin lingual neck is clearly visible
in anterior teeth. Lateral teeth are lower and more ornamented,
with folds often covering the entire crown. Posterior teeth are
very low-crowned, without well-demarcated cusp or cusplets.
These teeth are ornamented with densely spaced irregular folds
covering the entire crown and forming a reticulate pattern. This
type of ornamentation can also be found on large parts of juven-
ile tooth-crowns. The root morphology is very similar in teeth
of different files and is characterized by a low labial root-face
and a lingually projected root. A few prominent grooves on the
labio-basal edge form the pseudo-polyaulacorhize root vasculari-
zation pattern. The largest anterior tooth measures 4-4 mm in
mesio-distal width.

Remarks. Teeth of the holotype of Synechodus nitidus
appear to be slightly more asymmetrical, with a higher
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TEXT-FIG. 2. A-G, Protolamna sp. A—C, ZPAL P.10/8, anterior tooth, =~ horizon W2, labial, lateral and lingual views; x7. D-E,
ZPAL P.10/10, anterior tooth, horizon C3 of Kaim (2001), ~ horizon W2, lingual and labial views; x7. F-G, ZPAL P.10/9, incomplete
tooth, horizon W2, labial and lingual views; X 7. H-I, Palaeoscyllium sp., ZPAL P.10/11, antero-lateral tooth-crown, horizon C2 of
Kaim (2001), labial and lingual views; x30. J-M, Orectolobiformes gen. et sp. indet. ]-K, ZPAL P.10/6, tooth-crown, horizon W1,
labial and lingual views; X 35. L-M, ZPAL P.10/7, tooth-crown, horizon W1, labial and lingual views; x 35.

number of mesial cusplets, than the teeth from Wawat.
This is regarded herein as being within the normal range
of intraspecific variation. It is further possible that the
Aptian S. tenuis Woodward, 1889 from southern England
could fall within this range as the general morphology
and ornamentation pattern of the holotype (Woodward
1889, pl. 11, fig. 21) is very similar to teeth of S. nitidus.
As previously noted by Batchelor and Ward (1990), the
two species may be synonymous. Separating teeth of
S. nitidus from those of the contemporary S. dubrisiensis
is seldom problematic. Teeth of the latter species
are mesio-distally wider than corresponding teeth of

S. nitidus and possess more extensive ornamentation
covering most of the tooth-crown.

It is evident that Synechodus evolved slowly during the
Early Cretaceous, as indicated by the two long-lived
species S. dubrisiensis, ranging from the Hauterivian
(Underwood et al. 1999) to the Cenomanian (Underwood
and Mitchell 1999), and S. nitidus, with a stratigraphical
distribution from the Valanginian (herein) to the Conia-
cian (Dalinkevi¢ius 1935). The presence of S. nitidus in
the Polish Valanginian is the oldest reported occurrence,
and it expands the palaeogeographical distribution of this
species to the south-east.
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Order SQUATINIFORMES Buen, 1926
Family SQUATINIDAE Bonaparte, 1838

Genus SQUATINA Duméril, 1806

Type species. Squalus squatina Linnaeus, 1758, Recent in temper-
ate European and North African waters in depths to at least
150 m (Compagno 1984).

Remarks. Identifying isolated teeth of this genus to speci-
fic level is difficult (Cappetta 1987) as the tooth morphol-
ogy is extremely conservative and has remained virtually
the same since the Aptian (Cappetta 1975; Siverson
1995). A few Jurassic squatinid taxa included in Squatina
[e.g. ‘S alifera (Miinster, 1842) and S.? frequens Under-
wood, 2002] have a dental morphology quite different
from Aptian and younger species (Rees 2002; Underwood
2002). The teeth of these Jurassic taxa can be distin-
guished by their development of lateral blades possessing
cusplets, a more prominent labial protuberance unsup-
ported by the root and a root divided in two separate
lobes. As suggested by Underwood (2002), it is likely that
a new genus is needed to include most Jurassic species
referred to Squatina but that is beyond the scope of this

paper.

Squatina cranei Woodward, 1888a
Plate 2, figures 1-5

1888a Squatina cranei Woodward, p. 144, pl. 7, figs 1-6.

1889  Squatina cranei Woodward; Woodward, p. 70.

1911 Squatina cranei Woodward; Woodward, p. 224, pl.
47, figs 7-12.

1975 Squatina cranei Woodward; Cappetta, p. 124, fig. 8.

1977  Squatina cranei Woodward; Herman, p. 123, pl. 5,

fig. 2.

1991  Squatina cranei Woodward; Miiller and Diedrich,
p. 21.

1993  Squatina cranei Woodward; Biddle, p. 199, pl. 1,
fig. 2.

Material. Four complete and 14 incomplete teeth including
ZPAL P.10/17 and ZPAL P.10/18.

Description. The teeth possess a high central cusp with promin-
ent cutting edges continuing on the mesial and distal heels of
the tooth. Most teeth have a straight cusp; it is slightly inclined
to the posterior in two specimens only. The labial protuberance
is well developed and partly supported by the root. The shape is
somewhat variable, from parallel-sided to drop-shaped. A med-
ian lingual uvula is present in three teeth only, where it is clearly
developed and parallel-sided. The low and lingually projected
root displays a number of small foramina on the upper part of
the lingual root-face and commonly a single, large foramen in
the centre of the lingual root protuberance. Additionally, a single
large foramen in the central part of the basal surface confirms
the hemiaulacorhize stage of root vascularisation. The teeth
range from 36 to 6:5 mm in mesio-distal width.

Remarks. These Polish teeth are identical to those of Squatina
cranei Woodward, 1888a from the Albian and Cenomanian
of southern England and are thus included in this species.
The conservative tooth morphology of this genus (see above)
may lead to unnaturally long-ranging species but this may
also be a result of a slowly evolving lineage. Squatina deci-
piens from the Cenomanian of Lithuania is separated from
S. cranei on tooth size only (Dalinkevicius 1935) and is prob-
ably a junior synonym of the latter. The presence of both
nominal taxa in the Albian and Aptian of France (Cappetta
1975; Biddle 1993) supports this interpretation. The occur-
rence of S. cranei in the Polish Valanginian represents the
oldest record of the true Squatina-lineage reported so far.

Order RAJIFORMES Berg, 1940
Family uncertain
Genus BELEMNOBATIS Thiolliere, 1854

Type species. Belemnobatis sismondae Thiolliere, 1854 from the
Upper Kimmeridgian, Upper Jurassic of Cérin, northern France.

Belemnobatis sp.
Plate 2, figures 16-19

Material. Two complete teeth (ZPAL P.10/19 and ZPAL
P.10/20) and 18 tooth-crowns.

EXPLANATION OF PLATE 2

Figs 1-5. Squatina cranei Woodward 1888a. 1-3, ZPAL P.10/17, antero-lateral tooth, horizon W1, labial, occlusal and lingual views.
4-5, ZPAL P.10/18, anterior tooth, horizon W2, labial and lingual views. Both x65.

Figs 6-15. Synechodus nitidus Woodward, 1911. 6-7, ZPAL P.10/12, anterior tooth, horizon W1, labial and lingual views;
x12. 8-9, ZPAL P. 10/13, anterior tooth, horizon W1, labial and lingual views; x12. 10-11, ZPAL P. 10/14, antero-
lateral tooth, horizon W2, labial and lingual views; X 12. 12-13, ZPAL P. 10/15, juvenile tooth, horizon W1, labial and
lingual views; x20. 14-15, ZPAL P. 10/16, posterior tooth, horizon W2, labial and lingual views; X 20.

Figs 16-19. Belemnobatis sp. 16—-17, ZPAL P.10/19, lateral tooth, horizon W2, lingual-occlusal and labial views. 18-19, ZPAL
P.10/20, antero-lateral tooth, horizon W2, lingual-occlusal and labial views. Both x 44.
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Description. The dentition of this species is characterized by a
high degree of monognathic, and possibly gynandric hetero-
donty. Anterior teeth may have a small but demarcated cusp
and are rather stout, while lateral teeth are lower, mesio-distally
expanded and possess a prominent transverse crest. In occlusal
view, this crest is either straight or sinuous. The teeth have a
rather narrow and tapering median lingual uvula while rudimen-
tary marginal lingual uvulas are displayed in only a few teeth.
The labial projection of the crown is moderate but there may be
a well-developed knob-like labial protuberance. Only a few teeth
display any ornamentation, comprising weak folds on the labial
rim of the crown. Below the median lingual uvula there is a
prominent notch in the root, and on either side of the uvula a
large foramen opens. The root is divided into two well-separated
lobes by a large, basal groove with one or two nutritive foramina
in the centre. The teeth range from 0-5 to 09 mm in width.

Remarks. The taxonomy of Late Jurassic and Early Cre-
taceous batoids of the three nominal genera Belemnobatis,
Spathobatis Thiolliere, 1854 and Asterodermus Agassiz,
1843 is currently in a state of confusion. The dentitional
distinction between Belemmnobatis and Spathobatis is some-
what unclear, although skeletal characteristics clearly jus-
tify the two genera (Cavin et al. 1995). The dentitions of
species usually referred to Spathobatis include anterior
teeth with a high central cusp and lateral teeth in which
the cusp is smaller, but clearly marked. The median lin-
gual uvula is strongly developed, often wide and expand-
ing towards the root, while the root itself has a rather
robust morphology. Teeth referred to Belemnobatis are
lower, more mesio-distally expanded and often possess a
tapering median lingual uvula. Clearly developed cusps
are rarely found but distinctive transverse crests are com-
mon (Cavin et al. 1995). However, many of the separ-
ating characters differ gradually and it may be difficult to
refer isolated teeth to either of these genera. It is evident
that many teeth, representing several individuals and dif-
ferent tooth positions, are needed to determine the gen-
eric affinity of any tooth-based species. As the holotype of
Asterodermus platypterus Agassiz, 1843, the type species of
Asterodermus, is a partial fish lacking the head, neither
teeth nor rostral length (as in Leidner and Thies 1999)
can be used to diagnose this genus unless other characters
are found to distinguish this specimen from complete
skeletons of Spathobatis and Belemnobatis. The holotype
of A. platypterus is housed in The Natural History
Museum, London (P.12067) and, contrary to the claims
of Arratia et al. (2002), the placoid scale morphology has
been studied on several occasions by the author. Scales
identical to those of the holotype, and scales referred to
Asterodermus by Thies (1995) and Leidner and Thies
(1999), have been recorded from Late Jurassic and Early
Cretaceous deposits yielding teeth of Spathobatis and/or
Belemnobatis (e.g. Underwood 2002; Underwood and Rees
2002). Furthermore, Leidner and Thies (1999) found that

the placoid scale morphology of the holotype of A. platy-
pterus is identical to that of the holotype of S. bugesiacus
Thiolliere, 1854, the type species of Spathobatis. Despite
recent claims by Leidner and Thies (1999) and Arratia
et al. (2002), no characters have so far been provided for
a generic diagnosis of Asterodermus. Although it is
likely that A. platypterus is conspecific with S. bugesiacus
(Underwood 2002), a thorough investigation of the skel-
etal morphology of the holotype of A. platypterus is nee-
ded to resolve this issue.

The low crown profile and near absence of clearly
demarcated cusps warrant the inclusion of the Polish
teeth in Belemnobatis, at least for the time being (see
below). The Polish teeth differ from those of B. morinicus
(Sauvage, 1873) from the Tithonian of France, in being
mesio-distally wider and having a larger crown with a less
developed labial projection. A knob-like labial protuber-
ance, which can be found in some of the Polish teeth,
separate them from those of the type species, B. sismon-
dae from the Kimmeridgian of France. Teeth of the latter
species are also characterized by a wider basal notch and
a more prominent labial crown projection. Teeth of
B. werneri Thies, 1983 from the Callovian of England pos-
sess both extreme labial protuberance and crown projec-
tion. By contrast to the Polish specimens, the root in
teeth of B. werneri is both wider and higher than the
crown. The general morphology and, in particular, the
high degree of heterodonty where anterior teeth approach
a Spathobatis-like morphology indicate that the Polish
species is more closely related to the Early Cretaceous
B. variabilis Underwood and Rees, 2002 and B. picteti
(Cappetta, 1975) than to the Jurassic species of Belemno-
batis. The median lingual uvula in teeth of B. variabilis
from southern England is larger and parallel-sided as
opposed to the tapering uvula in the Polish specimens.
The more strongly developed labial crown projection in
teeth of both B. variabilis and B. picteti separates these
species from the Polish one. It is possible that this Valan-
ginian occurrence represents an undescribed species but it
is left in open nomenclature as the material only compri-
ses two complete teeth. Arratia et al. (2002) claimed,
without presenting any supporting evidence, that B. var-
iabilis must be placed within another batoid genus that
would also include some Early Cretaceous teeth referred
to Spathobatis. It is herein agreed that the high degree
of heterodonty may warrant the erection of a new genus
including B. variabilis, B. picteti and the Polish material
but not, as suggested, the bulky and rounded teeth
referred to Spathobatis by Biddle (1993) and Kriwet
(1999). At our present state of knowledge about these
batoids, however, it would be premature to erect new
genera before the existing genera are properly under-
stood.



EARLY CRETACEOUS NEOSELACHIAN
DISTRIBUTION

Selachian faunas from the first half of the Early Creta-
ceous (Berriasian—Barremian) are known from many
localities in northern and western Europe but the major-
ity of these assemblages are derived from non-marine
deposits and include almost exclusively hybodont sharks
(e.g. Patterson 1966; Ansorge 1990; Rees 2002; Under-
wood and Rees 2002). Neoselachian assemblages of the
Berriasian—Barremian are so far limited to a few localities
and have recently been recorded in the Hauterivian of
England (Underwood et al. 1999), the Lower and Upper
Barremian of Spain (Canudo et al. 1995; Kriwet 1999)
and the Upper Barremian of France (Biddle 1988). Addi-
tionally, a number of isolated neoselachian occurrences
have been recorded in the Hauterivian and Barremian of
Germany (Thies 1979, 1981; Ward and Thies 1987) and
the Valanginian and Hauterivian of France (Leriche 1910;
Cappetta 1990). Selachian teeth from the Late Barremian
assemblage of France were concentrated in a bone-bed
(Biddle 1988) and do not represent a natural assemblage.
The frequent hybodont teeth and the composition of the
neoselachian assemblage, including almost exclusively
lamniforms and batoids, suggest that the Late Barremian
fauna from Spain (Canudo et al. 1995) perhaps originates
from a marginal marine setting. Most hybodonts were at
this time primarily restricted to non-marine habitats and
many batoids are known to occur in settings with lower
salinity. In the open marine assemblages, neoselachians
constitute the main portion of the fauna, both regarding
the number of specimens and species diversity. As with
their Late Jurassic analogues, the assemblages are domin-
ated either by neoselachian groups that were already well
established in the Jurassic (palaeospinacids; Underwood
et al. 1999) or by bottom-dwellers (heterodontids and
rajiforms; Kriwet 1999). Noteworthy, however, is an
increased diversity of batoids, particularly on a higher sys-
tematic level, including early appearances of the Hypso-
batidae and the Sclerorhynchidae (Kriwet 1999).
Lamniforms, with an undoubted record ranging from the
Valanginian, appear to have been slightly more diverse in
the Barremian (Canudo et al. 1995; Kriwet 1999), an early
indication of their coming success as large predatory
sharks in the Late Cretaceous. Aptian and Albian neosela-
chian assemblages are more similar to their Late Creta-
counterparts and include a wide range of
lamniforms and rajiforms (e.g. Biddle 1993; Underwood
and Mitchell 1999).

The Wawal faunas are numerically dominated by
neoselachian genera typical of Late Jurassic assemblages,
such as Synechodus, Heterodontus and Belemnobatis. There
is also a striking component of taxa more commonly
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found in mid-Cretaceous and later faunas, including early
occurrences of the true Squatina-lineage and the lamni-
form Protolamna. The Wawal faunas are not particularly
similar in composition to the Berriasian—Barremian fau-
nas previously described and it is evident that the deposi-
tional environment was an important factor. The
Hauterivian assemblage from Speeton in north-east Eng-
land (Underwood et al. 1999, Bed C7H) is stratigraphical-
ly closest to the Wawal assemblages and this fauna is
numerically dominated by a palaeospinacid (Synechodus
dubrisiensis, similar to that of Wawal W2). The Speeton
and Wawal faunas are also the only pre-Albian assem-
blages recorded from the Boreal realm.
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