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Selachians and actinopterygians from the Upper Jurassic of Tendaguru, Tanzania

Gloria Arratia’, Jiirgen Kriwet? & Wolf-Dieter Heinrich!

With 9 figures and 2 tables

Abstract

The first Late Jurassic selachian and actinopterygian fishes of Tendaguru in Tanzania were collected by the German-Tenda-
guru expedition in 1909-1913. They are represented mainly by occasional teeth of a neoselachian (Sphenodus) and several
specimens of a neopterygian (Lepidotes). New material collected by the German-Tanzanian Tendaguru expedition in 2000
includes additional selachians recovered from clay stones at site Dwa 5a and isolated actinopterygian remains. At least three
hybodonts (Hybodus sp., Hybodontidae indet., Lonchidion sp.) and a new neoselachian batoid are presented here. This assem-
blage is endemic to Tendaguru. A new batoid genus and species, Engaibatis schultzei, is described, which is the oldest record
of a ray from Gondwana. The actinopterygians are represented by scarce and disarticulated scales of Lepidotes, ‘pholido-
phoriform’-like scales, and teleostean vertebrae. This material includes new biogeographic records for Africa. In addition, a
synopsis of Jurassic fishes from Africa is presented.

Key words: Fishes, Engaibatis schultzei n. gen. and n. sp., Late Jurassic, Tendaguru, Tanzania, East Africa.

Zusammenfassung

Die Fischfauna aus dem Oberjura von Tendaguru ist bisher nur unzureichend bekannt. Das erste Material, das von der Deut-
schen Tendaguru-Expedition (1909—1913) gesammelt wurde, besteht fast nur aus einigen wenigen isolierten Zihne des Haies
Sphenodus und mehreren Exemplaren des Actinopterygiers Lepidotes. Neue Funde, die wihrend der Deutsch-Tansanischen-
Tendaguru-Expedition im Jahre 2000 geborgen wurden, erlauben es, mehrere Taxa zu beschreiben, die aus dem Oberjura
Afrikas noch nicht bekannt waren. Anhand von Zihnen konnten mindestens drei zu den urspriinglichen Hybodontiern zih-
lende Taxa (Hybodus sp., Hybodontidae indet., Lonchidion sp.) nachgewiesen sowie ein fiir Tendaguru neuer Rochen (Enga-
ibatis schultzei n. gen. and n. sp.) festgestellt werden. Actinopterygier sind durch wenige und disartikulierte Schuppen von
Lepidotes und einer ‘pholidophoriden’-dhnlichen Form sowie durch Wirbel von Teleosteern vertreten. Das neue Material gibt
wichtige Hinweise auf die palidobiogeographische Verbreitung der spétjurassischen Fische. Es wird ein Uberblick iiber die
bisher bekannten jurassischen Fischfaunen Afrikas gegeben.

Schliisselworter: Fische, Engaibatis schultzei n. gen. und n. sp., Oberjura, Tendaguru, Tanzania, Ostafrika.

Introduction

The first fish remains from the Tendaguru Beds

were reported by Hennig (1914a). Prior to this

study, fishes were unknown from the Mesozoic
of East Africa. Hennig recognized selachians
(Orthacodus, now interpreted as Sphenodus), a
pycnodontid, and semionotids described as Lepi-
dotus minor (figured as Lepidotus aff. minor),
Lepidotus sp., and remains of fishes identified as
Genus indet. (Table 1). Most of the material re-
ported by Hennig consists of moderately well
preserved teeth and scales. However, some speci-

mens assigned to Lepidotus minor are reason-
ably complete individuals from a monospecific
mass-accumulation (Hennig 1914a: 296). Nearly
90 years clapsed until the subsequent study of
fish remains from the Tendaguru Beds. Arratia
& Schultze (1999) restudied the available fish
material and referred the Lepidotus specimens
from Tendaguru to a new species, Lepidotes ten-
daguruensis. Recent field work of the German-
Tanzanian Tendaguru expedition (Heinrich et al.
2001) resulted in the discovery of further fish re-
mains. This new material, collected mainly in ex-
posures of the Tingutinguti and Dwanika stream
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sections, differs from the hitherto known fish
fauna of the Tendaguru Beds in its greater taxo-
nomic diversity. Several taxa previously un-
known from the Late Jurassic of East Africa are
recognized.

Geological and paleontological setting

Tendaguru Hill is located in southeastern Tanza-
nia, about 60 km northwest of the seaport of
Lindi. Details of the geological structure of the
Tendaguru region and the stratigraphy of the fa-
mous Tendaguru Beds, which have produced a
diverse dinosaur assemblage, are given by Hen-
nig (1914b), Janensch (1914, 1925), Aitken
(1961), and Russell et al. (1980), with important
additions and refinements by Bussert (2001),
Heinrich et al. (2001), and Aberhan et al. (2002,
this volume).

The stratigraphic sequence exposed at Tenda-
guru Hill consists of three dinosaur-bearing stra-
ta, the Lower, Middle, and Upper Saurian Bed,
separated from one another by three marine
sandstone units, the Nerinea Bed, the Trigonia
smeei Bed, and the Trigonia schwarzi Beds
(Figs 1 and 2). The age of the Tendaguru Beds is
considered to be Late Jurassic to Early Cretac-
eous. The age of the fish-bearing strata will be
discussed below.

The fish remains described here come from
the Lower and the Middle Saurian Beds, the Tri-
gonia smeei Bed, and the Upper Saurian Bed
(Figs 1 and 2, Tab. 2). They were collected from
sites in the Dwanika stream section and the Tin-
gutinguti stream section (Fig. 1, Tab. 2), and com-
plemented by material from previous excavation
localities of the German-Tendaguru expedition
(IV, XX, dy) located in the surroundings of Ten-
daguru Hill. Most of the material has been
found in the fine-grained sandstones in the chan-
nel facies, followed by specimens recovered from
fine-grained sediments in the tidal flat facies
(Tab. 2). The data on the petrography and de-
positional environment of the fish-bearing strata
are summarized in Table 2. All the material de-
scribed here was obtained from acetic acid resi-
dues of rock samples processed for recovery of
microvertebrates.

<4

The biostratigraphic position of fish-bearing
deposits in the Tendaguru Beds can be outlined
as follows: The age of the Lower Saurian Bed is
tentatively considered to be Oxfordian, since the
of the Nerinea Bed, from which fish remains
have yet to be recovered, is Oxfordian ? to Late
Kimmeridgian in age (Aberhan et al. 2002). Based
on charophyta, the middle part of the Trigonia
smeei Bed is referrable to the early Tithonian
(Heinrich etal. 2001, Aberhan etal. 2002). A
bone bed (Jg) in the Middle Saurian Bed at the
Tendaguru site dy was considered to be either
Kimmeridgian (Schudack 1999) or Kimmeridgian
to Tithonian (Schrank 1999) in age. Ammonites
collected from the Nerinea Bed and the Trigonia
smeei Bed indicate a Late Kimmeridgian to
Tithonian age of the Middle and Upper Saurian
Bed (Aitken 1961, Russell et al. 1980). Ammo-
nites (Aitken 1961) and palynomorphs (Heinrich
etal. 2001) refer the Trigonia schwarzi Bed to
the Early Cretaceous (possibly Valangian to
Hauterivian: Aberhan et al. 2002).

Synopsis of Jurassic fishes from Africa

While the Cretaceous fish fauna of Africa has
attracted much scientific attention, there are
comparably few studies on Triassic and Jurassic
fishes (for references see Murray 2000). Isolated
teeth and scales referred to Colobodus cf. maxi-
mus, Colobodus sp., Hybodus cf. minor, and Eu-
gnathus (= Furo) from the Lugh Series of north-
ern Somalia by d’Erasmo (1931) are considered
to be Late Triassic or Early Jurassic in age
(MacFadyen 1933). Goodwin etal. (1999) re-
ported scales from the Late Triassic-Early Juras-
sic Adigrat Sandstones of Ethiopia west of Addis
Ababa. Gaudant et al. (1972) reported the pre-
sence of a small teleost from the Toarcian of Tu-
nisia, which was identified as Leprolepis. In gen-
eral, there are few Early Jurassic fish remains
reported from Africa.

Saint-Seine (1955) and Saint-Seine & Casier
(1962) described two fish faunas from the Juras-
sic Stanleyville Beds of the interior of what was
then the Congo. The deposits were interpreted
as Kimmeridgian in age by Saint-Seine (1955)
but are now considered to be Aalenian-Batho-

Fig. 1. Map of the Tendaguru area in southeastern Tanzania with a synthetic section of the Tendaguru Beds and the location
of the sites and the position of the fish-bearing horizons. Source: Hennig (1914a), Janensch (1914b, 1925), Heinrich et al.
(2001), and data from the German Tanzanian Tendaguru expedition 2000 (after R. Bussert).
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Late Jurassic fishes from Tendaguru, Tanzania
were described and figured by Hennig (1914a)
and more recently by Arratia & Schultze (1999).
Hennig (1914a) identified a selachian as Ortha-
codus sp. from the Upper Saurian Bed and acti-
nopterygian remains as Lepidotes minor (Lepi-
dotes cf. minor in the explanation of plate 23).
The actinopterygian was subsequently referred
to Lepidotes tendaguruensis (Arratia & Schultze
1999). New material obtained from the site of
Dwa 5a in 2000 contains the first records of hy-
bodonts and batoids from the Late Jurassic
(Kimmeridgian-Tithonian) of east Africa. This
assemblage differs distinctly in its taxonomic
composition from that of the Mugher Mudstone
Formation in Ethiopia.

Systematic Paleontology

Class Chondrichthyes Huxley, 1880
Subclass Elasmobranchii Bonaparte, 1838
Cohort Euselachii Hay, 1902

Superfamily Hybodontoidea Zangerl, 1981
Family Hybodontidae Owen, 1846

Genus Hybodus Agassiz, 1837

Type species: Hybodus reticulatus Agassiz,
1837 from the Sinemurian, Lower Jurassic of
Lyme Regis, South England.

Hybodus sp.
Fig. 3A—-H

Material: An isolated tooth crown lacking the
lateral crown portions and the root (MB. £7731)
and a fragmentary lateral tooth portion (MB.
£7732), Dwa 5a sample 6.

Description: Specimen MB. £7731 is an iso-
lated and abraded asymmetrical cusp. The lateral
portions and the root are lacking. The apex
shows strong wear patterns. The cusp is approxi-
mately 2.0 mm high, massive, triangular in out-
line, and broad at its base. In profile, the cusp is
moderately bent lingually. The cutting edges are
prominent and continuous without serrations.
The labial face is rather flat with eight vertical
and non-bifurcating enameloid ridges. One ridge
is broken. The labial ridges do not reach the
base of the tooth crown but reach far apically.
The ridges do not attain to the cusp apex but
seem to be restricted to the basal 85% of the
cusp. Additional short vertical ridges intervene
between the longer, coarser ridges. The lingual
face is only slightly more convex than the labial

face. There are seven vertical ridges that are
confined mainly to the lateral portions of the
cusp leaving the central area of the cusp almost
smooth. They are shorter compared to those on
the labial face and end well above the crown
base.

The second specimen (MB. £7732), which may
be attributed to this species of Hybodus, is a lat-
eral fragment of a tooth crown exposing two lat-
eral cusplets. No remains of the root are present.
The first preserved cusplet is high and labiolin-
gually compressed with an acute apex. The sec-
ond is much lower with a rounded apex and a
convex lateral margin in labial view. The first
cusplet exposes three long, well-developed, and
non-bifurcating vertical ridges on its labial face.
The ridges neither reach the apex nor the base
of the cusplet. Two additional faint and short
vertical ridges occur on the distal portion of the
larger cusp. The ornamentation of the lingual
face is very similar with five strong vertical
ridges. The ridges end well above the base of the
cusplet. The cutting edge is strong and continu-
ous between the two lateral cusplets in occlusal
view. There are no indications of serrations
along the cutting edges and no vertical ridges
between the two cusplets. The outermost cusplet
is rectangular to pyramidal in occlusal view. A
single, slightly curved ridge is present on its la-
bial face, whereas there are two on the lingual
face. One of the lingual ridges curves and meets
the distal most ridge of the larger cusplet. The
mesial portion is platform-like and enlarged in
occlusal view, indicating the likely presence of a
lingual shelf.

Discussion: The status of Hybodus and clo-
sely related forms such as Egertonodus and Poly-
acrodus is presently unclear. Maisey (1987) es-
tablished Egertonodus for Hybodus basanus
from the Lower Cretaceous of England based on
skeletal characters. He also referred Hybodus
fraasi to Egertonodus and interpreted this group
as more advanced than Hybodus. However, the
type species of Hybodus, H. reticulatus, from the
Sinemurian of South England shares many simi-
larities in tooth morphology with E. basanus.
Conversely, Hybodus hauffianus from the Toar-
cian of southeastern Germany is similar in skele-
tal morphology with H. reticulatus but differs
strongly in tooth morphology from both H. reti-
culatus and E. basanus. The teeth of H. hauffia-
nus are characterized by a small protuberance
on the basal part of the lingual face of the main
cusp, which is keel-like in some teeth and over-
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hangs the root to some degree and the basal la-
bial nodes (Duffin 1997, JK pers. obser.). In this
protuberance, teeth of Hybodus hauffianus re-
semble those of Hybodus parvidens from the
Lower Cretaceous of England. H. parvidens was
assigned to Polyacrodus by several authors (e.g.,
Cappetta 1987). Moreover, Hybodus has been
used traditionally as a “wastebasket” for species
with similar tooth morphologies and is still
poorly defined. In fact, there is no valid defini-
tion of Hybodus teeth available at the moment.
Woodward (1916) was the last who included dis-
tinct tooth characters in the definition of Hybo-
dus. Maisey (1987) included “multicuspid acumi-
nate teeth with osteodont crowns” in the
diagnosis of Hybodus. However, these characters
are not very helpful since multicuspid and acumi-
nate teeth are present in a wide range of neose-
lachian and hybodont sharks. In addition, Maisey
(1987) also uses the character “multicuspid os-
teodont teeth” in the diagnosis of Egertonodus.
Both Hybodus and Egertonodus form a group
possessing teeth adapted for tearing and holding.
This is in contrast to a second group of hybo-
donts with durophagous dental morphology (e.g.,
Acrodus, ‘Polyacrodus’). The differentiation of
Hybodus teeth from those of Egertonodus is
very difficult were it not for numerous materials
present to show the variety. Teeth of H. reticula-
tus have a symmetrical main cusp with an en-
larged base in some tooth positions (lateral?),
whercas teeth of Egertonodus basanus are al-
ways asymmetrical with the main cusp being sig-
moidally twisted in anterior positions and distally
bent in lateral to posterior positions. This charac-
ter is difficult to use when distinguishing Egerto-
nodus teeth. A revision of both genera based on
tooth morphologies will provide additional infor-
mation.

Specimen MB. £.7731 resembles teeth of Hybo-
dus reticulatus to some extent in the overall form
and ornamentation. However, differences are
found in that occasionally single ridges are di-
vided to form two closely parallel ridges. Vertical
ridges are generally unbroken in Hybodus reticu-
latus. The Tendaguru specimen differs from Hy-
bodus hauffianus and Hybodus parvidens in the
absence of basal nodes and a labial keel. The

<

absence of bifurcating ridges distinguishes it
from teeth of H. cloacinus Quenstedt, 1885 from
the Rhaetian and Sinemurian? and Egertonodus
basanus. The teeth of Hybodus ensis from the
Lower Cretaceous of England and of Hybodus
songaensis Saint-Seine & Casier, 1962 from the
Middle Jurassic of the Congo are characterized
by large and massive teeth with weak and gener-
ally very short vertical ridges, contrary to the
condition found in the Tendaguru specimens.
The Ethiopian specimens certainly do not relate
to Hybodus.

The lateral tooth fragment from Tendaguru in-
dicates a shelf along the lingual tooth crown
base, which is also found occasionally in teeth of
Hybodus reticulatus but not in Egertonodus basa-
nus. However, more and better-preserved materi-
al is necessary to identify the Tendaguru hybo-
dont specifically.

The specimen from Tendaguru is easily differ-
entiated from teeth of Priohybodus in that the
former lacks distinct and serrated cutting edges.
It can be distinguished from Ethiopian speci-
mens by its general morphology and moderately
developed and rather distinct ornamentation. In
addition, there are no striations on the occlusal
crest intervening with the coarse striations of the
cusp in the Tendaguru specimens.

Hybodontidae indet.
Fig. 3J-N

Material: MB. £7733: A single isolated tooth
crown lacking the root, Dwa 5a sample 6.

Description: The single specimen (MB.
£.7733) is an isolated tooth crown with preserved
lateral portions but lacking the root. The strong
curvature indicates an anterior position of the
tooth within the dentition. The tooth crown is
mesiodistally elongated and approximately 3
times wider than high. The central cusp is very
low but well detached from the crown base and
moderately bent distally. The apex is abraded.
The cutting edge is prominent and continuous
between the main cusp and the lateral crown
shoulders in occlusal view. There are several ver-
tical enameloid ridges running downwards from

Fig. 3. Hybodonts from site Dwa 5a. A— D. Hybodus sp., specimen MB. £7731. A. Labial view. B. Lateral view. C. Lingual
view. D). Occlusal view. E—H. Hybodus sp., specimen MB £7732. E. Labial view. F. Lateral view. G. Lingual view. H. Occlusal
view. J— N, Hybodontidae indet. MB. £7733. J. Occlusal view. K. Labial view. L. Lateral view. M. Close up of mesial crown
portion, lingual view. N. Close up of distal crown portion, lingual view. Scale bars = 1.0 mm.
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the abraded area of the apex. They do not reach
the base of the crown. The crown shoulders are
very high in labial view. The main cusp is ap-
proximately 1.7 times higher than the lateral
crown shoulders. The distal cutting edge is con-
vex in labial view and bears three very low and
faint lateral cusplets mesially. The most proximal
cusplet forms the outermost edge of the cusp
and is robust. The base of the crown is incized.
The labial face of the distal and mesial crown
shoulders is completely smooth and convex in
profile. The lingual face of the main cusp is da-
maged exposing the dentine. Some vertical
ridges extend from the abraded apex downwards
without reaching the base of the crown. The or-
namentation of the lateral crown shoulders con-
sists of numerous fine, short, vertical ridges ar-
ranged randomly. They are mainly confined to
the lower-central portions. Two stronger ridges
are present on the mesial portion. They start
from the transverse cutting edge and stop well
before the base of the crown. The tooth crown is
curved in occlusal view with the lateral tips
being lingually inclined.

Discussion: The single tooth obtained from
Dwa 5a undoubtly belongs to a hybodont shark.
However, the absence of well-defined lateral and
acuminate cusplets differentiates this specimen
from Hybodus, Egertonodus, and Polyacrodus.
With its labiolingually compressed and rather
high crown in labial view, weak and very low
lateral cusplets on the mesial heel, it resembles
teeth of Lonchidion. It is distinguished from the
teeth of Lonchidion and from the more robust,
low-crowned teeth of Lissodus in the absence of
a well marked labial protuberance (labial peg).
The presence of keel-like labial ridges resembles
the condition found in teeth of Hybodus parvi-
dens. However, teeth of Hybodus parvidens have
a considerably lower crown with well-developed
lateral cusplets and generally only a single strong
labial keel. Rees & Underwood (in press) erect
a new genus for teeth described as Lissodus ru-
gianus from the Early Cretaceous of Germany
by Ansorge (1990) based on the character com-
bination “minute teeth with main cusp and lat-
eral cusplets, lower and more elongated lateral
teeth, well developed rounded labial protuber-
ance, which is often supported by root buttress”.
Specimen MB. £7733 differs from teeth of this
genus in the absence of both lateral cusplets and
a labial protuberance. Nevertheless, the minute
teeth and presence of lateral cusplets may not be
diagnostic characters. Thurmond (1971) de-

scribed teeth from the Aptian and Albian of
Texas as Hybodus butleri that are characterized
by rather large teeth with only poorly developed
lateral cusplets and a rounded labial protuber-
ance that is occasionally supported by a root but-
tress. Therefore H. butleri may belong to the
new genus described by Rees & Underwood (in
press). The character combination of the Tenda-
guru specimen described above separates it from
all known hybodonts and indicates the presence
of a hitherto unknown hybodont genus in the
Late Jurassic. However, it is not practical to base
a new taxon on a single tooth crown.

Records of Late Jurassic hybodonts from Afri-
ca include teeth of the rare selachian Priohybo-
dus arambourgi (e.g., Duffin 2001a), Hybodus
spp. similar to H. grossiconus and H. ensis, as
well as other unidentified species (d’Erasmo
1960), and the peculiar crushing teeth reported
from Ethiopia (Goodwin etal. 1999). The new
hybodont from Tendaguru can easily be distin-
guished from teeth of Priohybodus in the ab-
sence of distinct and serrated cutting edges and
from the Ethiopian specimens by its general
morphology and the moderately developed and
rather distinct ornamentation. In addition, there
are no striations on the occlusal crest intervening
with the coarse striations of the cusp in the Ten-
daguru specimens.

Family Lonchidiidae Herman, 1977
Genus Lonchidion Estes, 1964

Lonchidion sp.
Fig. 4

Material: MB. £7734: A single isolated tooth
crown lacking the root, Dwa 5a sample 6.

Description: The single specimen is an iso-
lated tooth crown with a low profile. The central
main cusp is obtuse, low, stout, and slightly in-
clined distally. The apex is strongly abraded. The
cusp is laterally flanked by minute, poorly devel-
oped lateral cusplets. These are more prominent
on the distal crown portion. The cutting edge of
the mesial portion of the crown is undulating and
rises to three vestigial cusplets. The outermost
cusplets are rounded in labial and lingual views
and form the mesial and distal edges of the
crown respectively. In occlusal view, the cutting
edge is continuous between the main cusp and
the lateral cusplets and is more or less straight.
The labial protuberance is not pronounced and
overhangs the basal portion of the crown only
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Fig. 4. Lonchidion sp. MB. £7734. A. Labial view. B. Lingual view. C. Close up of labial peg and distal cusplets, labial view. D.
Lateral view. E. Close up of distal crown portion, lingual view. Scale bar = 0.5 mm. F. Occlusal view. G. Close up of labial

peg, occlusal view. Scale bars = 1.0 mm.

slightly in profile view. The lateral margins of the
protuberance are sub-parallel in labial view. The
labial ornamentation consists of few vertical
ridges that are confined to the main cusp. The
lateral portions of the labial crown face are
smooth. There is a vertical ridge on the upper
portion of the protuberance ascending the central
cusp as is found in several other species. Three
additional weak vertical ridges are present ex-
tending downward from the apex of the main
cusp. The lingual face is characterized by numer-
ous, short vertical ridges along the crown shoulder
and additional nodes near the base of the crown
shoulder, giving it a crenulated appearance.

Discussion: The single tooth crown MB.
£7743 is attributed to Lonchidion. This genus
was erected by Estes (1964) but was subse-
quently synonymized with Lissodus Brough,

1935 by Duffin (1985) who presented a list of
characters to justify the inclusion of all Lonchi-
dion species within Lissodus. Main characters for
identification of Lissodus are a low crown profile
and the presence of a labial protuberance (labial
peg) of the tooth crown that is not supported by
the root. In a review, Duffin (2001b) defends this
interpretation and indicates the presence of 38
species and 26 further, still not specifically identi-
fied members of Lissodus. However, these char-
acters are found occasionally also in several
other hybodonts (Acrodus, ‘Polyacrodus’, Hybo-
dus parvidens) and the genus Lissodus sensu
Duffin (1985, 2001b) contains a variety of differ-
ent tooth types. Maisey (1990) argued for the sy-
nonymy of Lonchidion with Lissodus, however,
Rees (1998, 1999) stated that Duffin’s genus Lis-
sodus is not monophyletic. Subsequently, Rees &
Underwood (in press) differentiate Lissodus and
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Lonchidion providing emended diagnoses for
both. In addition, they introduce two new genera
based on isolated teeth that were attributed to
Lissodus by Duffin (1985).

The character combination found in the single
tooth from Tendaguru is characteristic for teeth
of Lonchidion. The specimen differs significantly
from all other known species especially in the
ornamentation of the lingual crown face. It re-
sembles teeth of L. crenulatum Patterson, 1966
from the Wealden of southern England. How-
ever, the crenulations are developed on the la-
bial face in the Wealden species, whereas they
are restricted to the lingual face in the Tenda-
guru specimen. A specific attribution of the Ten-
daguru specimen is not justified since the materi-
al consists only of a single tooth.

The genus Lonchidion is wide spread in the
Mesozoic of Europe and North America. In
Africa it is so far known only from the Early
Cretaceous of Morocco (Duffin & Sigogneau-
Russell 1993). The Tendaguru specimen is the
first record of this taxon in the Late Jurassic of
the southern hemisphere and represents the old-
est evidence of Lonchidion in Africa. The oldest
African representative of the closely allied genus
Lissodus, L. africanus (Broom 1909), comes
from the Upper Beaufort Series of the Orange
Free State in southern Africa, which is upper
Scythian in age (Hutchinson 1973).

Subcohort Neoselachii Compagno, 1977
Superorder Squalomorphii Compagno, 1973
Order Synechodeontiformes Duffin & Ward, 1993
Family Orthacodontidae Glikman, 1957

Genus Sphenodus Agassiz, 1843

Sphenodus sp.
Fig. 5

Synonym: 1914a Orthacodus sp. Hennig: 304,
pl. 23, figs 2a—c.

Material: MB. {7728, two isolated tooth
crowns. MB. £7729, one isolated tooth crown.
MB. i.4 one thin section (Hennig 1914a: pl. 23,
fig. 2c). All teeth were recovered from the base
of the Upper Saurian Bed exposed at Tendaguru
Site Om (“Graben Om”).

Description: The tooth crowns are tall and
measure up to 1.5 cm in height and 0.65 cm wide
at the base. They are rather slender, and
pointed. All are bent lingually and have a
slightly sigmoidal mesial view. The cutting edges
are well developed and not serrated. Laterally,

they are extended by heels that are all damaged
in the Tendaguru specimens, which are lacking
the outermost portions. The labial face is only
moderately convex with short, vertical ridges at
its base. The lingual face is strongly convex with
fewer but longer enameloid ridges that are some-
times subdivided into shorter ones. The root is
lacking from all specimens.

Discussion: Hennig (1914a) described four
isolated tooth crowns, which were recovered
from the base of the Upper Saurian Bed in the
“Om Graben”, and attributed them to Orthaco-
dus Woodward, 1889 (= Sphenodus Agassiz,
1843). Sphenodus includes many ill-defined spe-
cies ranging from the Liassic, Early Jurassic to
the Danian, early Palaeocene (Cappetta 1987).
A list of species attributed to Sphenodus is pre-
sented by Duffin & Ward (1993: 58). A discus-
sion of the authorship of the family Orthacodon-
tidae can be found in Béttcher & Duffin (2000).
Teeth of this genus are rather common in Juras-
sic deposits of Europe (e.g., de Beaumont 1960).
There are three valid species of Sphenodus pre-

Fig. 5. Sphenodus sp. MB. £7729. A. Labial view. B. Lingual
view. Scale bars = 0.5 cm.
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sent in the Late Jurassic of Germany (Bottcher
& Duffin 2000). These represent the best-known
species to date. S. macer (Quenstedt, 1851) is
known by completely articulated skeletons from
the upper Kimmeridgian of Nusplingen. Isolated
teeth attributed to this species also occur in the
middle Oxfordian to lower Kimmeridgian of
southern Germany (Duffin 1993, Boéttcher &
Duffin 2000). A partial skeleton from the lower
Tithonian of the Solnhofen Plattenkalke was de-
scribed as S. nitidus by Wagner (1862). This spe-
cies also occurs in the upper Oxfordian and low-
er Kimmeridgian of southern Germany (Duffin
1993) and in the upper Kimmeridgian of the
Nusplingen Plattenkalke (Bottcher & Duffin
2000). The type-species of Sphenodus, S. longi-
dens Agassiz, 1843, has a rather long strati-
graphic range from the Early Jurassic to the
early Kimmeridgian (Béttcher & Duffin 2000)
and is known from many localities through Eur-
ope. Other species assigned to Sphenodus are re-
corded from Late Jurassic deposits of France,
Austria, Russia, Carpathians of Central Europe,
and Sicily (de Beaumont 1960).

Teeth of Orthacanthus (= Sphenodus) also
were reported from the Late Jurassic Lugh Ser-
ies of Somalia by d’Erasmo (1960). Some frag-
mentary teeth resemble those of O. longidens
Agassiz, 1843 and O. virgai Gemmellaro, 1868.
However, none of the figured specimens
(d’Erasmo 1960: figs 13, 19, 20) allow any specific
identification because of their fragmentary pre-
servation. The Tendaguru specimens differ in the
broader tooth crown especially at the base where
the cutting edges continue onto the lateral heels.
However, these features may be related to tooth
position and may not be specific differences.

The specimens of Sphenodus from Tendaguru
confirm the presence of this taxon in the South-
ern Hemisphere during the Late Jurassic and
extend the occurrence of Sphenodus further
southward. Unfortunately, the fragmentary pre-
servation of the teeth and the unsatisfactory
state of our knowledge concerning valid species
to be included in Sphenodus, does not allow spe-
cific identification. Hennig (1914a) interpreted
Sphenodus as scavenger since the teeth occur to-
gether with disarticulated remains of theropods,
teeth of crocodilians, and other unidentified
bone fragments.

Superorder Batomorphii Cappetta, 1980
Order Rajiformes Berg, 1940

Suborder Rhinobatoidea Fowler, 1941
Rhinobatoidea incertae sedis

Genus Engaibatis nov.

Diagnosis: Rajiform batoid characterized by
very small teeth, less than 1 mm in width. Denti-
tion heterodont. All teeth asymmetrical. Crown-
root junction not incized. Neck collar broad and
lingually overhung by the uvula. Anterior teeth
with a pair of low and blunt lateral cusplets. Cus-
plets reduced laterally. Teeth longer than wide in
anterior to anterolateral position, wider than
long in more lateral positions. Labial contour
rounded and labially projected over the root. No
protuberance or apron. Labial visor not very
broad or flat. Tooth crown ornamentation con-
fined to the inside of the labial visor and labial
part of the neck collar. Transverse crest sharp.
Central cusp low, pointed, and distally displaced.
Lateral heels of crown convex in anterior and
anterolateral rows, mesial heel continuous with
apex and distal heel convex in lateral teeth. Lin-
gual face not very steep or abrupt. Central uvula
massive and more or less long with abrupt and
steep club-like posterior edge in anterolateral
teeth. Lateral uvulae absent. Root massive, wide,
and displaced lingually. Labial face vertical and
straight, only slightly higher than the lingual
face. Root lobes oblique and laterally protruding
from the crown. Lobes narrow and V-shaped.
Groove lingually narrow with posterior notch, la-
bially wide. Lingual opening of notch displaced
below the median uvula in anterior teeth. One
to two pairs of marginolingual foramina. Central
foramen wide and placed posteriorly in groove.

Etymology: Derived from the name of the
Masai god Engai and from the Greek word batis
meaning ray.

Type species: Engaibatis schultzei n. sp.

Age: Late Jurassic, Late Kimmeridgian-Titho-
nian.

Engaibatis schultzei n. sp.
Figs 6A—P, 7TA—F

Diagnosis: Same as for genus.

Holotype: Isolated tooth MB. £7735, Dwa 5a,
sample 6.

Paratypes: Two isolated teeth, Dwa 5a sam-
ples 2 (MB. £.7736) and 6 (MB. £7737).

Type locality: Dwa 5a, Dwanika stream sec-
tion north-northeast of Tendaguru Hill, southern
Tanzania.

Type horizon and age: Lowermost part of
section Dwa 5 (samples 2 and 6), Upper Saurian
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Bed, Late Jurassic, Late Kimmeridgian-Titho-
nian.

Etymology: In honor of Hans-Peter Schultze
who has strongly supported the Tendaguru re-
search projects of the Institut fiir Paldontologie
of the Humboldt Universitit zu Berlin.

Description: The dentition of this species is
characterized by very small and asymmetrical
teeth, less than 1 mm in width. Rather strong
probably gradient heterodonty is present. What
are probably anterior to anterolateral teeth
(Dwa 5a, sample 6) are longer labiolingually
than they are wide mesiodistally. The crown is
mesiodistally elongated. The contour of the la-
bial face is rounded in labial view. The trans-
verse crest is sharp and more or less straight in
occlusal view. It reaches the lateral angles of
the crown and rises centrally into a low central
cusp, which is slightly bent distolingually. The
apex is pointed and rather narrow in profile.
The lateral heels are convex forming a pair of
very low and blunt cusplets. The distal margin
of the tooth crown of paratype MB. £7737 is
notched in labial view. The profile of the labial
face is slightly concave below the cusp. The ba-
sal margin is broadly rounded and overhangs
the root. There is no defined protuberance or
apron. The inside of the labial visor is flat and
exhibits a characteristic ornamentation. The vi-
sor is directed ventrally in profile. The lingual
face is shallow and abrupt. There is a well-de-
veloped central uvula. Lateral uvulae are ab-
sent. The central uvula is straight, very long and
narrow. The posterior edge is club-like in the
paratype MB. £7736 (Fig.6L). In lateral view
the uvula is rather high with a more or less pos-
teriad oblique occlusal surface. The posterior
part of the uvula is very abrupt and steep in
profile view. The crown-root junction is not in-
cized but there is a broad neck collar that is
almost completely overhung by the uvula pos-
teriorly.

The root is massive, wide, and displaced lin-
gually. The labial face is vertical and straight in
profile and is only slightly higher than the lin-
gual face. The root lobes protrude lateral to the

|

crown with oblique basal faces in labial view. In
basal view, the root lobes are labiolingually elon-
gate but mesiodistally narrow and more or less
oval in outline. The surfaces are moderately con-
vex. The lobes are in an arranged V-shape. Lin-
gually, the posterior portions of the lobes form a
narrow groove. This groove open lingually into a
medium-sized notch, which is displaced below
the median uvula. Labially, the groove is wide
open and concave in labial view. A rather large
central foramen opens posteriorly into the notch
of the root lobes. The holotype exhibits two mar-
ginolingual foramina on the mesial side and a
single one on the distal side. The paratype from
Dwa 5a, sample 6 has a pair of marginolingual
foramina on each side of the root. Smaller, addi-
tional foramina open on the surfaces of the root
lobes.

Teeth of a more lateral or even posterior posi-
tion (paratype Dwa S5a, sample 2, MB. £7737)
are also asymmetrical and characterized by a
rather triangular contour of the labial face. The
crown is almost as long labiolingually as it is
wide mesiodistally. The labial face is almost
straight in profile view and juts out above the
root. The basal margin of the labial face is mod-
erately concave. The visor’s edge is horizontal
and almost straight in profile view. The trans-
verse crest is sharp and straight in occlusal view.
It rises centrally into a pointed cusp, which is not
well offset from the crown. The mesial cutting
edge is continuous and there is only a small,
cusp-like structure at the greatest width of the
crown. The distal cutting edge between apex and
crown also is continuous but notched forming a
low and rounded distal heel. The median uvula
is massive and short with a rounded posterior
edge.

The morphology of the root corresponds in its
general appearance to that described above. The
labial face is rather high and almost as high as
the lingual face. The lobes are asymmetrical in
labial view forming the characteristic basin like
structure that is enclosed by the labially open
lobes and narrows posteriorly to a distinct
groove. One or two marginolingual foramina are
present.

Fig. 6. Engaibatis schultzei n. gen. and n. sp. A— H. Holotype MB. £7735, Dwa 5a, sample 6. A. Labial view. B. Mesial view,
showing pair of marginolingual foramina. C. Distal view, showing single marginolingual foramen. D. Lingual view. E. Linguo-
marginal view. F. Occlusal view. G. Marginolabial view. H. Close up of characteristic ornamentation on inside of labial visor.
J—P. Paratype MB. £7736, Dwa 5a, sample 6. J. Labial view. K. Distal view. L. Lingual view. M. Linguomarginal view. N.
Occlusal view. Q. Labiobasal view exposing morphology of root. P. Close up of characteristic ornamentation. Scale

bars = 0.5 mm.
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Fig. 7. Engaibatis schultzei n. gen. and n. sp., paratype MB. £7737, Dwa 5a, sample 2. A. Labial view. B. Distal view. C. Mesial
view. D. Lingual view. E. Linguomarginal view. F. Occlusal view. Scale bars = 0.5 mm.

The crowns of all teeth are smooth with the
exception of a folded sculpture on the inside of
the labial visor, This sculpture is restricted to the
labial part of the neck collar. The neck collar is
distinct in all teeth but is covered lingually by
the uvula. Anterior teeth are characterised by a
pair of low, blunt lateral cusplets, which are re-
duced laterally. The root is of the holaulacorhize
type with a characteristic morphology that re-
sembles that found in several rajids. The roots of
the teeth in E. schultzei n. gen. and n. sp. are
asymmetrical.

Discussion: Jurassic batoids are known
mainly from Europe. The only specimen that
consists of more than isolated teeth from the
Southern Hemisphere comes from middle Titho-
nian sediments of Argentina (Cione 1999). The
Jurassic species are attributed to the families
Rhinobatidae Miiller & Henle, 1838 and Archae-
obatidae Delsate & Candoni, 2001. Archaeoba-
tids include the genera Toarcibatis, Cristabatis,
and Doliobatis that are only known from the
Toarcian of Belgium, Luxembourg, and northern
France (Delsate & Candoni 2001). Teeth of

these genera are easily distinguished from the
Tanzanian taxon in the morphology and orna-
mentation of the tooth crowns and especially in
the morphology of the root, which is described
as pre-rhinobatoid and similar to the scleror-
hynchid type by Delsate & Candoni (2001).
Rhinobatids are represented mainly by teeth
generally identified as Spathobatis and Belem-
nobatis (Thies 1983, Cavin etal. 1995, Delsate
& Candoni 2001, Underwood & Ward in
press). The oldest representative occurs in the
Toarcian and Aalenian of northern Germany
(Spathobatis? moorbergensis Thies, 1983 = Be-
lemnobatis? moorbergensis Cavin et al., 1995)
and Toarcian of France (aff. Belemnobatis cf.
moorbergensis, Delsate & Candoni 2001). Mid-
dle Jurassic batoids include several species of
both Belemnobatis and Spathobatis, which per-
sist into the Tithonian (Thies 1983, Cavin et al.
1995). In addition, a third batoid, Asterodermus
occurs in the lower Tithonian of southern Ger-
many (e.g., Leidner & Thies 1999). Cavin et al.
(1995) presented an identification key of teeth
of Belemnobatis and Spathobatis and provided
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several tooth crown characters for differentia-
tion. Nevertheless, the identification of isolated
teeth remains difficult.

The batoids Asterodermus and Spathobatis are
similar in that they possess long rostra and in
placoid scale morphology (Leidner & Thies
1999). These features distinguish both genera
from Belemnobatis. But the teeth of Asteroder-
mus more closely resemble the teeth of Belem-
nobatis sismondae in having mesiodistally ex-
panded crowns with a rudimentary central cusp
and a more or less entire convex labial visor
without distinct medial protuberance (Leidner &
Thies 1999). A prominent median cusp and an
apron distinguish the teeth of Spathobatis buge-
siacus from teeth of Asterodermus.

Underwood & Rees (in press), apparently
unaware of the paper by Leidner & Thies (1999)
and without having investigated original materi-
al, consider Asterodermus a nomen dubium.
However, the dental and placoid scale morpholo-
gies found in Late Jurassic batoids (e.g., Cavin
etal. 1995, Leidner & Thies 1999, JK pers. ob-
ser.) suggest that all three genera are valid. In
addition, the teeth from the Purbeckian of Eng-
land ascribed to Belemnobatis by Underwood &
Rees (in press) must be placed within another
batoid genus along with the Early Cretaceous
species attributed to Spathobatis (e.g., Biddle
1993, Kriwet 1999).

The teeth of Engaibatis schultzei n. gen. and
n. sp. share several similarities with teeth of As-
terodermus, Belemnobatis, and Spathobatis,
mainly in the morphology of the crown. The un-
ique combination of crown characters indicated
in the generic diagnosis (e.g., asymmetrical tooth
crown, presence of low lateral cusplets in ante-
ro-lateral teeth, the absence of a labial protuber-
ance, the very well-developed and long median
uvula, which overhangs the neck collar lingually,
and the crenulated lower visor’s face) in combi-
nation with the unique root morphology, which
is probably asymmetrical in all tooth positions
and is more similar to that found in several ra-
jiids than in typical rhinobatids, distinguishes the
teeth of Engaibatis n. gen. easily from teeth of
Asterodermus, Belemnobatis, Spathobatis, and all
other known batoids. Engaibatis n. gen. is left
here within Rajiformes as family incertae sedis
because the systematics and phylogenetic rela-
tionships of Late Jurassic batoids is not yet fully
understood.

The new batoid from Tendaguru represents
the second and oldest record of Late Jurassic
rays from Africa. Whether the species is identi-

cal with that from the Tithonian of Ethiopia can-
not be ascertained at present.

Class Actinopterygii Cope, 1887

Actinopterygians are rare in the Upper Jurassic
beds of Tendaguru (Tables 1, 2) where they are
represented by almost complete specimens of
Lepidotes tendaguruensis and numerous disarti-
culated scales and vertebrae (Hennig 1914a, Ar-
ratia & Schultze 1999). Although Hennig
(1914a) noted the presence of a pycnodontid and
cranial fish remains, the material cannot be
checked because it is lost apparently. Among the
material recently recovered, there are incomple-
tely preserved and disarticulated actinopterygian
fishes that are listed below.

Division Halecostomi Regan, 1923

Order Semionotiformes Arambourg & Bertin,
1958

Family Semionotidae Woodward, 1890 pro part
Genus Lepidotes Agassiz, 1832

Description and Discussion: Lepidotes
tendaguruensis is a fish known from numerous
specimens that are generally articulated. The
specimens are of moderately small size, reaching
about 250 mm total length; other species of Lepi-
dotes are much larger. Its morphology is rather
well known allowing a more or less detailed os-
teological description based on the partly articu-
lated specimens. Consequently, Arratia &
Schultze (1999) questionably assigned L. tenda-
guruensis to one group of the Semionotidae that
includes some species of Lepidotes and Araripe-
lepidotes (sensu Wenz 1999). This assigment is
tentative because L. fendaguruensis presents a
mosaic of morphological features that conflicts
its inclusion not only within the Lepidotes-Arari-
pelepidotes group and within Pliodetes, as well as
within the remaining species of Lepidotes. To dis-
cern the proper taxonomic assignment and the
relationships of L. tendaguruensis, further materi-
al is required as well as an extensive revision of
the whole genus Lepidotes.

Material that served as the basis for the de-
scription of L. tendaguruensis was recovered in
Trench Xlla, approximately 700 m north of Ten-
daguru Hill, and in locality M, approximately
250 m south of Tendaguru Hill. Most specimens
of L. tendaguruensis from these localities are ar-
ticulated and with the scales in situ. In contrast,
the new material includes numerous isolated
scales of Lepidotes-type (Table 2).
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Lepidotes sp.
Fig. 8A

Material examined: MB. £7723 a complete,
isolated scale. MB. £7724, isolated scale. MB.
£7725, isolated scale; and numerous incomplete
scales.

Description and Discussion: Isolated
scales assigned to Lepidotus sp. were mentioned
by Hennig (1914a). It is uncertain as to
whether those scales belong to Lepidotes tenda-
guruensis because the poor scale preservation
of the type and paratype specimens. In addi-
tion, the scales studied by Hennig have worn
surfaces or are incomplete. The new material
reported here (e.g., Fig. 8A) can be confidently
included within the semionotiforms and inter-
preted as Lepidotes. Lepidotes is a cosmopolitan
genus represented by numerous poorly de-
scribed species all over the world; consequently,
it is almost impossible to make comparison with
scales of other species.

Division Halecomorphi Patterson, 1973
Teleosteomorpha sensu Arratia, 2001
Teleosteomorpha incertae sedis

‘Pholidophoriform’-like fishes
Fig. 8B

Material examined: MB. 17726, isolated
scale. MB. £.7748 (SEM), isolated scale.

Description and Discussion: Among the
isolated scales from locality Dwa 6c, there are ga-
noid scales that show similarities to those of cer-
tain ‘pholidophoriforms’ (sensu Arratia 2000a).
The scales (Fig. 8B) are rectangularly-shaped,
deeper than long, and have a moderately sharp
peg dorsally. No ornamentation is observed on
their surface and their posterior margin is smooth.

Similar scales are known from different ages
and localities in the world. For example, they are
present in Triassic members of the genus Pholi-
dophorus from Austria and Italy (Schultze 1966,
Arratia pers. obser. on P. latisculus) and in the
Late Jurassic (Kimmeridgian) Siemensichthys sie-
mensis from southern Germany (Arratia 2000a).
Similar scales are also present in other ‘pholido-
phoriforms’ such as pleuropholids.

A few pleuropholids have been recorded from
the Late Jurassic African deposits, first by Saint-
Seine (1955). Among them, members of the gen-
era Pleuropholis, Parapleuropholis, and Austro-
pleuropholis are known from Stanleyville, Zaire.

Fig. 8. Scales. A. Lepidotes sp. (30x). B. ‘Pholidophoriform’-like fish (35x). Arrows point anteriorly.
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Due to the incompleteness of the fossil re-
mains and lack of diagnostic characters in the
studied material, the scales cannot be assigned to
any ‘pholidophoriform’ or to any pleuropholid
taxon. Because the so-called Order Pholidophor-
ifomes is an unnatural assemblage, including nu-
merous genera and species from all over the
world, and some of the former members occupy
very different positions in cladograms (e.g., Pat-
terson 1977, Arratia 2000a). It is, therefore, im-
possible to assign the material to any ‘pholido-
phoriform’ taxon; thus, the scales are interpreted
as belonging to a teleosteomorph incertae sedis.

Class Actinopterygii Cope, 1887
Subdivision Teleostei sensu Arratia, 1999
Teleostei incertae sedis

Undetermined teleost
Fig. 9A—-D

Material: MB. £7724, addominal vertebrae
(two prepared for SEM). MB. £7726, incomplete
vertebra.

Description and Discussion: Among the
disarticulated remains (Table 2), there are a few
abdominal and at least one incomplete caudal
vertebra. The centra are small elements about
two mm in diameter and one and a half mm
long. These vertebrae are supposed to belong to
the same taxon because of their identical struc-
ture and superficial ornamentation. Due to the
size of the vertebrae, the fishes were probably
only a few centimeters in total length.

The abdominal vertebrae are represented by
two complete and three incomplete centra. The
centra are almost circular in diameter, with a
small notochordal foramen (Fig.9C, D) and
thick walls. The centra are formed by a thin
chordacentrum surrounded by a well ossified,
thick autocentrum with cavities for adipose tis-
sue. The dorsal arcocentra are autogenous in the
abdominal vertebrae, whereas the ventral arco-
centra are fused to the ventrolateral part of the
centrum forming the region where the ribs ar-
ticulate. In contrast, both the dorsal and ventral
arcocentra are fully fused to the autocentra in
the caudal vertebrae.

Dorsally, the abdominal centra show two elon-
gated cavities (almost as long as the centrum),
where left and right halves of the neural arch (or
arcocentra) articulate. The two cavities are not
well exposed in Figure 9A because the remains
of the matrix could not be removed without da-

maging the centra. Both articular cavities are se-
parated from each other by a sharp, narrow
crest. Due to the distance between both cavities,
it is assumed that the neural arch was small and
narrow. Laterally, one centrum (Fig. 9B) shows a
reticulate pattern of grooves and cavities; how-
ever, the other centrum presents several elon-
gated grooves and crests (Fig. 9D) (oriented
anterior to posterior) giving a characteristic as-
pect to the vertebral surface. These grooves and
crests are not as numerous and narrow as those
in Late Jurassic elopomorphs (e.g., Arratia 1997:
text-figs 32, 34; 2000b: fig.11) or in the ichthyo-
dectiform vertebrae found in the Late Jurassic
European genera Pachythrissops and Allothris-
sops (Arratia 1997: figs 22 A, B, 24; 2000b: fig. 9).

The abdominal centra do not bear parapo-
physes for articulation of the ribs. The ribs ar-
ticulate on broad ventrolateral cavities (Fig. 9B).
Each cavity is surrounded by a thick anterior
border that presumably aided (with the help of
ligaments) to keep the rib in position.

The structure of the vertebral centra corre-
sponds to that of teleostean fishes, above the le-
vel of Leptolepis coryphaenoides, in the clado-
gram of teleostean phylogenetic relationships
proposed by Arratia (1997: fig. 99, 1999: figs 19,
20). Leptolepis coryphaenoides has ring-like ab-
dominal centra whose main element is the ring-
like chordacentrum that leaves a'large, round no-
tochordal foramen. The autocentrum is repre-
sented by a smooth, thin layer of compact bone
overlying the chordacentrum (see Schultze &
Arratia 1989, Arratia 1997: fig. 89A—C). The
structure of the small vertebrae from Tendaguru
is similar to that of other Late Jurassic and those
of younger teleosts with reduced chordacentrum,
well-developed autocentrum, and cavities for
fatty tissue (see Arratia 1991, Arratia & Schultze
1992, Arratia etal. 2001). However, the noto-
chordal canal is smaller than that in Leptolepis
coryphaenoides but slightly larger than that of
other Late Jurassic teleosts.

In conclusion, the structure of the vertebrae
from Tendaguru can be identified as teleostean
vertebrae, belonging to fishes that are placed
above the Leptolepis coryphaenoides phyloge-
netic level. Due to a lack of broadly comparative
data on the external morphology of teleostean
vertebrae (fossil and Recent), we are unable to
give them a taxonomic assignment.

Late Jurassic teleosts from Africa have been
reported. Among these taxa, the peculiar genera
Catervariolus, Ligulella, and Majokia have been
described by Saint-Seine (1955) and later inter-
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Fig. 9. Teleostean vertebrae. A. Dorsal view of abdominal centrum (MB. £7734a; 35x). B. Ventrolateral view of an abdominal
centrum showing the articular region for a rib (MB. £7724b; 45x). C. Lateroposterior view of an abdominal centrum showing
the thickness of the autocentrum and chordacentrum. Notice the moderately large notochordal foramen (MB. £7724a; 30x).
D. The same abdominal centrum in Fig. C, but turned more laterally to show the ornamentation of the surface (30x). Arrows
point anteriorly.

preted by Schaeffer & Patterson (1984) as tele- of their vertebrae, so far as known, does not cor-
osts incertae sedis. Members of these three gen- respond to that described and illustrated for the
era possess peculiar morphology. The structure vertebrae recovered in the Tendaguru beds. The
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vertebrae found belong to a new African fish, not
yet described, due to incomplete preservation.

Final comments

During the Late Jurassic and Early Cretaceous,
the Gondwana continent was breaking up and
the separation of the Laurasian and Gondwana
supercontinents resulted from the connection of
the Tethys sea with the proto-Atlantic and the
Pacific Ocean. In addition, the South Atlantic
developed towards the end of the Late Jurassic
with the separation of South America and Afri-
ca. Africa became increasingly isolated from
most other continents by marine barriers from
the Kimmeridgian into the Early Cretaceous but
retained a continental connection with South
America (Smith etal. 1994, Goodwin etal
1999). Global sea levels dropped significantly in
the Early Jurassic and remained low through the
Middle Jurassic but rose considerably towards
the Late Jurassic, deepening the marine trenches
between continents (Haq et al. 1987).

The largest and best known samples of Afri-
can Late Jurassic terrestrial and coastal verte-
brate faunas are those of the Mugher Mudstone
Formation (Tithonian) in Ethiopia (Goodwin
et al. 1999) and of Tendaguru. Although past col-
lecting at Tendaguru focused on excavations of
dinosaurs, the German-Tanzanian expedition in
2000 concentrated on the sedimentological his-
tory and the smaller faunal elements. The inten-
sive microvertebrate sampling in dinosaur-bear-
ing matrix collected by the first German
expedition and by the German-Tanzanian Tenda-
guru expedition in 2000 produced new material
of selachians with a new ray and actinoptery-
gians including teleostean remains.

Even though the study of these microverte-
brates is still in its infancy, the new material con-
tributes much to our understanding of the pa-
lacoenvironment of the Tendaguru depositional
area and also closes a gap in our knowledge of
Late Jurassic fish distribution. A remarkable fea-
ture of site Dwa 5a is the presence of an ende-
mic hybodont-batoid selachian association, thus
far unknown from other Jurassic localities. It is
similar to one reported from the Mugher Mud-
stone Formation in Ethiopia in general taxo-
nomic composition. Both faunas are character-
ized by the dominance of hybodont taxa and the
almost complete absence of neoselachian taxa,
especially neritic and pelagic forms. This compo-
sition can be regarded as indicative of shallow

coastal water and near shore faunas. Both hybo-
donts and neoselachians represent slow swim-
ming, near bottom or bottom dwelling predators.

Accordingly to the present study, the selachian
fauna includes five taxa, three of which are new.
However, only a new batoid genus is named.
Additionally, two isolated teeth, that do not al-
low a definite specific identification, certainly re-
present new hybodont taxa. Almost all taxa from
Tendaguru are members of cosmopolitan groups.
The suprageneric affinities of the new batoid are
uncertain due to the unknown status of most
Late Jurassic batoids from Europe (e.g., Spatho-
batis, Belemnobatis). Engaibatis schultzei n. gen.
and n. sp. belongs, along with batoids from the
Tithonian of Ethiopia (Goodwin et al. 1999) and
Argentina (Cione 1999), to the oldest known
rays from the Southern Hemisphere. The known
distribution pattern of Late Jurassic rays in the
Northern and Southern Hemisphere indicates
that batoids migrated southwards from their
place of origin on the Northern Hemisphere
(Europe?) early in their evolutionary history.
Nevertheless, our knowledge about Jurassic sela-
chian distribution and taxonomy is still in its in-
fancy and the poor fossil record represents cer-
tainly a collecting bias.
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