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Abstract: The freshwater limestone deposits at Black Cigamibia, have yielded a low diversity of
aquatic and aquaphile vertebrates comprising thpeeies of fishes, one frog and a crocodile. As a
fauna these vertebrates suggest that, at the fiohgposition during the Late Ypresian or Early-Mid
Lutetian, the area lay within a tropical to subpioal climatic regime, and that the water bodiesewe
fresh, clear and well-oxygenated, contrasting Miith hyper-arid conditions that prevail in the area
today. One of the fisheblydrocynusis exclusively African. Its Palaeogene distribativas wider than
it's extant range, the five localities where it lesen recorded occurring well outside its presamt-d
range. The Black Crow occurrence of this genusisrgially the oldest known (if the deposits aréeLa

Ypresian).
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Introduction

Almost pure limestone at Black Crow
contains the remains of land snails, freshwater
vertebrates, and terrestrial squamates, birds and
mammals. The mammals from the carbonates
indicated a Mid-Lutetian correlation (Pickford
et al 2008a, 2008b; Pickford 2015b) which was
challenged by Seiffert (2010) who thought that
the fauna was considerably younger (Latest
Eocene to Early Oligocene). This led to a
reassessment of the age of the limestones in the
Sperrgebiet, a procedure that led to the
discovery of the limestone sites of Eocliff and
Eoridge, both of which are extremely rich in
fossils, mainly micromammals (rodents,
macroscelidids, tenrecoids, potamogalids and
chrysochlorids) but there are some large
mammals such as Rupestrohyrax and
Bothriogenyswhich indicate deposition during
the Late Bartonian or Early Priabonian
(Pickford 2015c, 2015d, 2015e, 2015f, 2015g;
Seiffert 2010). However, additional discoveries
of mammals at Black Crow indicate that the
limestone there could be older than originally
estimated (Pickford 2015a). Rodents from the
Black Crow deposits comprise two species of

26

Zegdoumyidae and a reithroparamyid, the latter
record being the first record of the family from
the continent, and suggesting an Ypresian or
Early Lutetian correlation (Korth 1984;
Escarguel 1999; Wood 1962). Thus it is
concluded that instead of one phase of
carbonate deposition in the Sperrgebiet during
the Palaeogene as intially interpreted, there
were in fact two phases of deposition, one
during the Ypresian/Lutetian separated by
several million years from a second phase
during the Bartonian/Priabonian.

This paper focuses on the aquatic and
aguaphile vertebrate remains from the Black
Crow Limestone which include fishes, frogs
and crocodiles. As an assemblages the
aquaphiles indicate that the water body at Black
Crow comprised fresh, well-oxygenated water,
and that the palaeoclimatic conditions at the
time of deposition were tropical to sub-tropical,
in stark contrast to the present-day hyper-arid
regime with winter rainfall. It complements the
paper by Raget al (2013) on the amphibians
and squamates from the Late Bartonian/ Early
Priabonian limestones of the Sperrgebiet.



Material and Methods

100 kg of limestone from Black Crow
was dissolved in 7% formic acid without buffer.
The insoluble residue comprised a few sand
grains and rock particles derived from the
basement Gariep Group schist and dolomite,
accompanied by many silicified pedotubules
often comprising agglomerations of minute
quartz crystals which model the shape of the
pedotubules, and invertebrate and vertebrate
fossils. There are also silicified algal mats and
opalised nodules in the deposit, and these can

also contain fossils. The fossils were
consolidated by soaking them in a weak
solution of glyptol dissolved in acetone, and
some were reinforced with cyano-acrylate
(super glue).

Images were taken with a Sony
Cybershot Camera placed over the lenses of a
stereoscopic microscope, and processed using
Photoshop Elements3. Measurements were
taken with sliding calipers.

Geological and faunal context

The geological context of the Black
Crow Carbonate has been described in detail by
Pickford et al (2008a, 2008b) and Pickford
(2015a). In brief, the fossiliferous deposit
comprises a 16 metre thickness of limestone

overlying Proterozoic Gariep Group dolomites
and < Pomona> Quartzite, and in its turn is
overlain by Neogene Blaubok Conglomerate
and Namib-1 Calc-crust.
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Figure 1. Geology of the Black Crow Carbonate occurrenger@ebiet, Namibia. Red symbols indicate the
sample locations which have yielded aquatic andaphjle faunal elements in association with the Late

Ypresian/Early Lutetian terrestrial fauna.



All the aquaphile vertebrate remains
from Black Crow (Fig. 1) described in this
paper came from the same outcrops in the
southwest corner of the basin that yielded

Namahyrax corvyszegdoumyid and paramyid
rodents and primitive chrysochlorids, all of
which indicate a Late Ypresian to Early
Lutetian age.

Systematic Palaeontology

Order Characiformes Regan 1911

Family Alestidae Hoedeman 1951sénsu Géry 1977)

GenusHydrocynus Cuvier 1816

Description and comments

The tooth from Black Crow attributed
to Hydrocynug(GSN BC Pc 14’17, Fig. 2) is a
tall, slender cone with mesio-distally narrow but
sharp flanges on the mesial and distal sides of

the cone. The tooth is slightly concave on the
lingual side, and in labial view is gently curved
from base to apex. The base of the tooth is
missing. The enamel is smooth.

Figure 2. Stereo images of an isolated toottHyfdrocynusfrom Black Crow, Ypresian/Lutetian, Black Crow,
Namibia. A) side view, B) lingual view, C) labiallew, D) side view (scale : 1 mm).

Five (Goodier et al 2011) or six
(Hammoudaet al 2016) extant species of
Hydrocynusthe Tigerfish of Africa, are known,
all of which inhabit well-oxygenated,
freshwater rivers and lakes of tropical and sub-
tropical Africa. It is a genus of carnivorous fish,
preying on other fish species and small
vertebrates and invertebrates. The taxa avoid
shallow, poorly oxygenated backwaters,
swamps and lagoons. At present the genus is not
present in rivers at the northern and southern
extremities of the continent (Fig. 3) seemingly
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being maladapted to areas which experience
winter rainfall regimes and neighbouring
Mediterranean type climatic regimes. It is also
largely absent from desert areas.

Fossilised remains ofHydrocynus
(mainly isolated teeth) are known from several
Neogene and Palaeogene localities in Africa
(Table 1). The Palaeogene localities, in
particular, lie well outside the present day range
of the genus, occurring in south-central Libya,
western Algeria and southwestern Namibia. If
the Palaeogene members of the genus had
similar environmental adaptations to the extant



forms, then the palaeodistribution would been tropical to sub-tropical during the Lutetian
indicate that virtually all of Africa would have and Bartonian.

Table 1L Summary of the distribution of fossilydrocynusdn Africa, arranged in approximate chronologicaler
(data from Greenwood 1972; Hammouwdal 2016; Murrayet al. 2010; Otero & Gayet 2001; Oteep al. 2009,
2010a, 2010b, 2011, 2015; Schwartz 1983; Stewa4,19997, 2001, 2003a, 2003b, 2009; Stewart & Murra
2013; Van Neer 1994; Weiler 1926).

Locality Country Age

Omo Ethiopia Plio-Pleistocene
Turkana Kenya Plio-Pleistocene
Malema Malawi Plio-Pleistocene
Kaiso Uganda Plio-Pleistocene
Kollé Chad Plio-Pleistocene
Kossom-Bougoudi Chad Pliocene

Koro Toro Chad Pliocene

Wadi Natrun Egypt Latest Miocene
Toros-Menalla Chad Latest Miocene
Nkondo Uganda Late Miocene
Nawata Kenya Late Miocene
Manonga Tanzania Late Miocene
Lothagam Kenya Late Miocene
Ngorora Kenya Middle-Late Miocene
BQ-2 Fayum Egypt Late Eocene

Dur At-Talah Libya Late Eocene

Garet Dermchane Algeria Lutetian-Bartonian
Black Crow Namibia Ypresian-Lutetian
Méridja Algeria Late Thanetian-Early Ypresian

Dur At-Tala

Figure 3. Distribution of the extant alestid fistydrocynugqthe Tigerfish of Africa) (light blue lines in leframe)
and Palaeogene fossils of the genus (red squ&mesietails of extant distribution ¢fydrocynusspecies, see
Goodieret al. (2011). Note thatlydrocynuss restricted to the equatorial and sub-equatpaats of the continent
(green tinges in the right hand map) and is alfsent rivers and lakes in the northern and soutlestamities of
the continent that experience winter rainfall. THhacene fossils all occur outside the present daitdiof the
genus, indicating overall warmer climate regimegfrica probably without winter rainfall and neighlring
climatic regimes.
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Genus cfAlestes Miller & Troschel 1846

Description and comments

An isolated tricuspid tooth from Black
Crow probably represents the gedlisstesor a
close relative such Brycinus(Fig. 4) (Murray
2004; Zanatti & Vari 2005). The pulpal cavity
is an elongated oval with thickened edges. The
crown has a tall central cusp, accompanied by
lower cusplets on either shoulder of the tooth,
one somewhat lower than the other. The labial

surface of the tooth is considerably taller than
the lingual side suggesting that this tooth is from
the labial part of the dentary. The labial and
lingual surfaces of the crown meet at round-
edged crests that run between the three cusps.

The « bunodont » aspect of the tooth
suggests that its function was to grip and crush
rather than to cut.

Figure 4. Stereo images of GSN BC Pc 11’17, isolated tpamitooth from Black Crow, Namibia, attributed to ¢
Alestessp. A) radicular/lingual view, B) side view, Clisiview, D) labial view (scale : 1 mm).

Genus indet. cf Cichlidae Gill 1872

Description and comments

Black Crow has yielded a quantity of
flattish, « button-shaped » teeth which have
varied outlines ranging from circular to ovoid
and « heart-shaped », and are of diverse sizes
(GSN BC Pc 1'17-10'17) (Fig. 5, 6). All the
specimens have smooth relatively flat enamel
on the occlusal surfaces without any hint of
currugations or cusplets. The specimens
resemble a collection of cichlid teeth attributed
to Tylochromis Regan 1920, from the Jebel
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Qatrani Formation in the Fayum, Egypt
(Murray 2004). But, such teeth could belong to
a diversity of fish species, both freshwater and
marine. They are illustrated in order to complete
the reportage on the fishes from the locality.
Their presence attests to the former presence at
Black Crow of fishes with a crushing dentition.

A more refined identification will require the
discovery of the teetim situin dentaries.



Figure 5. A-D) GSN BC Pc 1'17-4'17, isolated button-likeste from Black Crow interpreted to be from Cichkda
(1- stereo occlusal views, 2 - stereo radiculaws)e(scale : 1 mm).

Figure 6. A-E) GSN BC Pc 6’17-10'17, isolated button-likeeth from Black Crow interpreted to be from
Cichlidae (1- stereo occlusal views, 2 - steredcrddr views) (scale : 1 mm).
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Order Amphibia Linnaeus 1758
Family Pipidae Gray 1825
Genus indet.

Description and comments
The Black Crow limestone yielded a 2013). The Black Crow record is thus the
few frog bones. The illustrated radio-ulna (Fig.  earliest from the southern half of the continent.

7) is close in morphology to those of pipids This family of frogs (colloquially
(Trueb & Hanken 1992; Truebt al. 2000). known as « clawed-frogs ») is exclusively
Pipidae were already described from the Eocene aquatic and today occurs only in Africa and
of the Sperrgebiet at Silica North (Rageal South America.

Figure 7. Stereo anterior (A) and posterior (B) views of\GBC Pi 1'17, anuran radio-ulna, probably Pipidae
(scale : 1 mm).

Order Reptilia Laurenti 1768
Family Crocodylidae Cuvier 1807
Genus indet.

Description and comments

Crocodile teeth are quite common at A maxillary specimen from Black Crow
Black Crow, over 170 specimens having been contains a wind-abraded « caniniform » tooth
found. One specimen is in a fragment of (Fig. 8). The palatal surface of the maxilla
maxilla, and a vertebra and fragments of scutes  ghows depressions for the acceptance of the
were also found. There are fou_r main crocod_ile lower teeth when the jaws are closed, which in
d_ental morphotypgs at the site, representing this specimen would be lodged slightly inside
diverse tooth positions in the upper and lower the line of the upper teeth
jaws. Most of the teeth lack roots, but a few '
specimens have a root sheath preserved.
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Figure 8. GSN BC Cr 142’17, left maxilla fragment contaigia rooted « caniniform » tooth (morphotype 2)
behind which is part of the alveolus of a secoraltoA) stereo occlusal view, B) stereo lingualw,i&C) stereo
view of the wind-eroded lateral view. Note the ftite foramina and the deep rounded depressiottwxipalatal
surface of the maxilla in which the lower teeth Wbledge when the jaws are closed (scale : 10 mm).

Morphotype 1 (Fig. 9A-E) consists of Morphotype 2 (Fig. 9F-J) has slightly
relatively low crowned teeth which, when taller and more pointed crowns than
viewed from the buccal or lingual aspect have a morphotype 1, and some specimens retain a root
semi-circular crown profile, some with a slight  structure, including a specimen situ in a
point at the apex, others without. In occlusal maxilla fragment. These teeth also possess a
view these teeth are somewhat bucco-lingually  sharp flange on the mesial and distal edges of
compressed, with a concave to almost straight the crown.
lingual surface and a convex buccal one. The
enamel is often adorned with vertical furrows
and ridges.

Figure 9. Crocodile teeth from Black Crow. A-E) dental moopype 1, GSN BC Cr 1'17-5'17; F-J) dental
morphotype 2, GSN BC Cr 13'17-18’17 (scale : 1 mm).
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Morphotype 3 (Fig. 10) has taller
crowns than morphotype 2 which are almost
circular in occlusal view and with a pointed
apex. Some specimens show a fluted enamel

surface, other specimens have wear facets down
one side (or two) presumably caused by
abrasion against the antagonising tooth in the
opposite jaw.

Figure 10. Isolated crocodile teeth from Black Crow. A-Entl morphotype 3, GSN BC Cr 13'17-18'17 (scale :

1 mm).

Dental morphotype 4 resembles
morphotype 3 save for the presence of a blunt
apex rather than a pointed one (Fig. 11).

On the basis of the dimensions of the
teeth, the Black Crow sample suggests that there
is likely to be a single crocodile species of small
body-size (1-2 metres head-tail length) at the
site. With the available sample it is not possible

to determine to which genus these teeth belong,
but it is possible to discount appurtenance to
Euthecodonand other crocodiles with tall,
pointed teeth. The overall impression is that the
teeth are not very different from those of
Crocodylus suggesting that the Black Crow
crocodile was a dietary generalist rather than a
specialist piscivore.

Figure 11 Isolated crocodile teeth from Black Crow. A-Enth morphotype 4, GSN BC Cr 91'17-96'17 (scale :

1 mm).
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Discussion

Freshwater aquatic and aquaphile
vertebrates are reasonably common at Black
Crow, a deposit of freshwater limestone of Late
Ypresian/Mid-Lutetian age. The commonest
fossils belong to a small species of crocodile,
the teeth of which suggest that it was a dietary
generalist. Next in abundance of specimens is a
possible species of cichlid fish with button-like
teeth lacking ornamentation on the occlusal
surface. These button-shaped teeth show
various outlines ranging from circular to ovoid,
but the diversity of shapes does not necessarily
indicate the presence of more than one taxon in
the deposits, as extant cichlids, characids and
other families of fish which possess button-like
teeth show a range of tooth shapes depending on
the position of the teeth within the mouth.
Furthermore, the shape of the teeth can change

as they are shed and replaced as the individual
matures (Murray 2004). Much rarer at Black
Crow are two taxa of characiforms, each
represented by a single tooth, one a Tigerfish
(Hydrocynu$ with a tall, conical, pointed tooth
sporting narrow, sharp-edged flanges, the other
a more bunodont tricuspid tooth, possibly
representing the genusestesor Brycinus In
addition to crocodiles and fishes, there are rare
frog bones at the site, probably pipids.

The composition of the aquaphile
vertebrates from Black Crow indicates that the
water body in which the carbonates
accumulated was probably fresh and well
oygenated, and that it occurred within a region
that enjoyed a tropical to sub-tropical climatic
regime.

Conclusions

The Ypresian/Lutetian limestones at
Black Crow have yielded a low diversity of
freshwater aquatic and aquaphile vertebrates
comprising, in descending order of their fossil
representation, crocodiles (over 170 teeth), a
possible cichlid with button-shaped teeth (10
teeth), a TigerfishHydrocynussp. one tooth)

and a possiblélestesor Brycinus(one tooth).
The carbonates have also yielded a few
incompletely preserved frog bones, probably
from pipids. The water body in which the
carbonates accumulated was fresh and well-
oxygenated and likely lay within a tropical to
sub-tropical climatic regime.

Acknowledgements

We thank the Namibia Palaeontology
Expedition (co-leader B. Senut), Namdeb Ore
Reserves Department (J. Jacob, H. Fourie, G.
Brand), the Geological Survey of Namibia (G.
Simubali, A. Nguno, V. do Cabo, H. Mocke),

the Namibian National Heritage Council (H.
Elago), the French Embassy in Windhoek, the
French Ministry of Foreign Affairs, the

Muséum National d’Histoire Naturelle, Paris
and the French CNRS.

References

Cuvier, G. 1807. Sur les différentes espéces de
crocodiles vivans et sur leurs caracteres
distinctifs. Annales du Muséum Nationale
d’Histoire Naturelle, Paris10, 8-86.

Cuvier, G. 1816Le Régne Animal Distribué
d'aprés son Organisation pour Servir de
Base a I'Histoire Naturelle des Animaux et
d’Introduction a I'’Anatomie Comparée. Les
Reptiles, les Poissons, les Mollusques et les
Annélides 1st Edition, Volume 2, P.F. Didot
le Jeune, Paris, France, 540 pp.

Escarguel, G. 1999. Les Rongeurs de I'Eocéne
inférieur et moyen d’Europe occidentale.
Systématique, Phylogénie, Biochronologie et
Paléobiogéographie des niveaux-repéres MP

35

7 a MP 14 Palaeovertebrata29 (2-4), 89-
351, 11 tables, 26 plates.

Géry, J. 1977Characoids of the Worldl.F.H.
Publications, Neptune City, NJ. 672 pp.

Gill, T. 1872. Arrangement of the families of
fishes, classes Pisces, Marsipobranchi, and
Leptocardii. Smithsonian Miscellaneous
Collections 247, xIvi + 39 pp.

Goodier, S.A.M., Cotterill, F.P.D, O'Ryan, C.,
Skelton, P.H. & de Wit, M. 2011. Cryptic
diversity of African Tigerfish (Genus
Hydrocynuy reveals palaeogeographic
signatures of linked Neogene Geotectonic
evets. PLoS ONEG6 (12), 15 pp. e28775.
doi:10.1371/journal.pone.0028775.



Gray, J.E. 1825. A synopsis of the genera of
reptiles and Amphibia, with a description
of some new species Annals of
Philosophy. Series 2, London10, 193-
217.

Greenwood, P.H. 1972. New fish fossils from
the Pliocene of Wadi Natrun. Egygburnal
of Zoology, London 168 503-519.
doi:10.1111/.1469-7998.1972. th01364.x.

Hammouda, S.-A., Murray, A.M., Divay, J.D.,
Mebrouk, F., Adaci, M. & Bensalah, M.
2016. Earliest occurrence dflydrocynus
(Characiformes, Alestidae) from Eocene
continental deposits of Méridja Hamada,
northwestern Sahara, AlgeriaCanadian
Journal of Earth ScienceS3, 1042-1052.

Hoedeman, J.J. 1951. Studies on African
characid fishes 1. the tribe Alestidi.
Beaufortig 3, 1-8.

Korth, W.W. 1984. Earliest Tertiary evolution
and radiation of rodents in North America.
Bulletin of the Carnegie Museum of Natural
History, 24, 1-71.

Laurenti, J.N. 1768. Specimen Medicum,
Exhibens Synopsin Reptilium Emendatam
cum Experimentis circa Venema Antidota
Reptilium Austriacorum Vienna, Joan.
Thom. Nob. De Trattnern, 214 pp.

Linnaeus, C. 1758 Systema Naturae per
Regna Tria Naturae, Secundum Classes,
Ordines, Genera, Species, cum
Characteribus, Differentiis, Synonymis,
Locis.10th Edition. Volume 1. Stockholm,
Sweden: L. Salvijipp. [1-4], 1-824.

Mdller, J.P. & Troschel, F.H. 1846-orae
ichthyologicae. Beschreibung und Abbildung
neuer Fische Berlin, Verlag von Veit &
Comp. 40 pp. 11 Plates.

Murray, A.M. 2004. Late Eocene and Early
Oligocene teleost and associated
ichthyofauna of the Jebel Qatrani Formation,
Fayum, EgyptPalaeontology 47 (3), 711-
724.

Murray, A.M., Cook, T.D., Attia, Y.S,,
Chatrath, P. & Simons, E.L. 2010. A
freshwater ichthyofauna from the late Eocene
Birket Qarun Formation, Fayum, Egypt.
Journal of Vertebrate Paleontolog30, 665-
680. doi:10.1080/02724631003758060.

Otero, O. & Gayet, M. 2001. Palaeo-
ichthyofaunas from the Lower Oligocene and
Miocene of the Arabian Plate : Palaeo-
ecological and  Palaeobiogeographical
implications. Palaeogeography, Palaeo-
climatology, Palaeoecology65 141-169.

36

Otero, O., Lécuyer, C., Fourel, F., Martineau, F.
Mackaye, H., Vignaud, P. & Brunet, M.
2011. Freshwater fish ¥ indicates a
Messinian change of the precipitation regime
in central Africa.Geology 39, 435-438.

Otero, O., Pinton, A., Mackaye, H., Likius, A.,
Vignaud, P. & Brunet M. 2009. First
description of a Pliocene ichthyofauna from
Central Africa (site KL2, Kolle area, Eastern
Djurab, Chad): What do we leard@urnal of
African Earth Science$4, 62-74.

Otero, O., Pinton, A., Mackaye, H.T., Likius,
A., Vignaud, P. & Brunet, M. 2010a. The
early/late Pliocene ichthyofauna from Koro-
Toro, Eastern Djurab, Chadseobios 43,
241-251. doi:10.1016/ j.geobios.2009.
10.003.

Otero, O., Pinton, A., Mackaye, H.T., Likius,
A.,Vignaud, P. & Brunet, M. 2010b. The fish
assemblage associated with the late Miocene
Chadian hominid (Toros-Menalla, Western
Djurab) and its palaeoenvironmental
significance.Palaeontographica, Abteilung
A: Palaeozoology - Stratigraph82 (1-3),
21-51.

Otero, O., Pinton, A., Cappetta, H., Adnet, S.,
Valentin, X., Salem, M. & Jaeger, J.-J. 2015.
A fish assemblage from the middle Eocene
from Libya (Dur At-Talah) and the earliest
record of modern African fish genefaLoS
Ong 10(12), e0144358. doi:10.1371/journal.
pone.0144358. PMID: 26674637.

Pickford, M. 2015a. Cenozoic Geology of the
Northern Sperrgebiet, Namibia, accenting the
Palaeogene. Communications of the
Geological Survey of Namihi&6, 10-104.

Pickford, M. 2015b. Chrysochloridae
(Mammalia) from the Lutetian (Middle
Eocene) of Black Crow, Namibia.
Communications of the Geological Survey of
Namibig 16, 105-113.

Pickford, M. 2015c. Late Eocene
Potamogalidae and Tenrecidae (Mammalia)
from the Sperrgebiet, Namibia.

Communications of the Geological Survey of
Namibig 16, 114-152.

Pickford, M. 2015d. Late Eocene
Chrysochloridae (Mammalia) from the
Sperrgebiet, Namibia. @umunications of
the Geological Survey of Namibia6, 153-
193.

Pickford, M. 2015e. Late Eocene Lorisiform
Primate from Eocliff, Sperrgebiet, Namibia.
Communications of the Geological Survey of
Namibig 16, 194-199.



Pickford, M. 2015f. New Titanohyracidae
(Hyracoidea: Afrotheria) from the Late
Eocene of Namibia. Gomunications of the
Geological Survey of Namihi&6, 200-214.

Pickford, M. 2015g.Bothriogenys(Anthraco-
theriidae) from the Bartonian of Eoridge,
Namibia. Canmunications of the Geological
Survey of Namibial6, 215-222.

Pickford, M., Senut, B., Morales, J. & Sanchez,
I. 2008a. Fossiliferous Cainozoic Carbon-
ates of the Northern Sperrgebiktemoir of
the Geological Survey of Namibia0, 25-
42.

Pickford, M., Senut, B., Morales, J., Mein, P. &
Sanchez, I. M. 2008b. Mammalia from the
Lutetian of NamibiaMemoir of the Geolog-
ical Survey of Namibi&20, 465-514.

Rage, J.-C., Pickford, M. & Senut, B. 2013.
Amphibians and Squamates from the middle
Eocene of Namibia, with comments on the
pre-Miocene anurans from Afric&Annales
de Paléontologig99, 217-242.

Regan, C.T. 1911. The classification of the
teleostean fishes of the order Ostariophysi 1.
Cyprinoidea. Annals and Magazine of
Natural History including Zoology, Botany,
and Geology8th series8, 13-32.

Regan, C.T. 1920. The classification of the
fishes of the family Cichlidae. I. The
Tanganyikan generannals and Magazine
of Natural History 9, 33-53.

Schwartz, H.L. 1983 Paleoecology of Late
Cenozoic Fishes from the Turkana Basin,
Northern KenyaPh.D. Thesis, University of
California Santa Cruz, California, 291 pp.

Seiffert, E. 2010. Chronology of Paleogene
mammal localities. In: Werdelin, L. &
Sanders, W.J. (Eds}enozoic Mammals of
Africa. University of California Press,
Berkeley, pp. 19-26.

Stewart, K.M. 1994. A late Miocene fish fauna
from Lothagam, Kenya. Journal of
Vertebrate Paleontology 14, 592-594.
doi:10.1080/02724634.1995.10011580.

Stewart, K.M. 1997. A new species of
Sindacharax (Teleostei: Characidae) from
Lothagam, Kenya, and some implications for
the genus. Journal of Vertebrate
Paleontology 17, 34-38. do0i:10.1080/
02724634.1997.10010950.

Stewart, K.M. 2001. The freshwater fish of
Neogene Africa (Miocene-Pleistocene):
Systematics and biogeographiish and
Fisheries 2, 177-230.

37

Stewart, K.M. 2003a. Fossil fish remains from
Mio-Pliocene deposits at Lothagam, Kenya.
In: Leakey, M.G. & Harris, J.M. (Eds)
Lothagam: the Dawn of Humanity in Eastern
Africa. Columbia University Press, N.Y. pp.
75-111.

Stewart, K.M. 2003b. Fossil fish remains from
the Pliocene Kanapoi site, Kenysatural
History Museum of Los Angeles County,
Contributions in Sciencd98, 21-38.

Stewart, K.M. 2009. Fossil fish from the Nile
River and its southern basins: Dumont,
H.J. (Ed.)The Nile: Origin, Environments,
Limnology and Human UsBerlin, Springer,
pp. 677-704.

Stewart, K.M. & Murray, A.M. 2013. Earliest
fish remains from the Lake Malawi Basin,
Malawi, and biogeographical implications.
Journal of Vertebrate Paleontolog33, 532-
539. do0i:10.1080/02724634.2013.741086.

Trueb, L. & Hanken, J. 1992. Skeletal
development in Xenopus laevis(Anura:
Pipidae).Journal of Morphology214 (1), 1-
41.

Trueb, L., Pugener, L.A. & Maglia, A.M. 2000.
Ontogeny of the bizarre: an osteological
description ofPipa pipa (Anura: Pipidae),
with an account of skeletal development in
the specieslournal of Morphology243 (1),
75-104.

Van Neer, W. 1994. Cenozoic fish fossils from
the Albertine Rift Valley in Ugandaln:
Senut, B. & Pickford, M. (Edgpeology and
Palaeobiology of the Albertine Rift Valley,
Uganda-Zaire Vol. IlI, Palaeobiology
Occasional Paper N9, CIFEG, Orléans, pp.
89-127.

Weiler, W. 1926. Mitteilungen Uber die Wirbel-
tierreste aus dem Mittel-pliozdn des
Natrontales (Agypten). 7. Selachii und Acan-
thopterygii. Sitzungsberichte der Bayer-
ischen Akademie der Wissenschaften Math-
ematisch-naturwissenschaftliche Abteilung
1926 317-340.

Wood, A.E. 1962. The Early Tertiary Rodents
of the Family Paramyidaélransactions of
the American Philosophical Socie§? (1),
3-261.

Zanata, A.M. & Vari, R.P. 2005. The family
Alestidae (Ostariophysi, Characiformes) : a
phylogenetic analysis of a trans-Atlantic
clade. Zoological Journal of the Linnaean
Society 145 1-144.



