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Birds (Aves) from the Early Miocene of the Northern Sperrgebiet,
Namibia

Cécile Mourer-Chauviré
UMR 5125 PEPS CNRS, France ; Université Lyon 1, Campus de la Doua, Bdt. Géode, 69622 Villeurbanne Cedex, France.

Abstract

The avifaunas of the Northern Sperrgebiet are among the richest and the most diversified known from the Early Miocene of
Africa. They include Struthio coppensi, a small ostrich which is the earliest known representative of the genus Struthio, the
skeletal remains of which are associated with aepyornithoid type eggshells. They also include representatives of extinct genera,
which were widespread in other parts of the world, such as Megapaloelodus, Mionetta or Palaeortyx. The majority of these
forms are waterbirds. Although the sediments have been carefully washed and sorted, the only small avian fossil is a fragment
of tarsometatarsus of a Coliidae. No passeriform remains has been recovered, as was also the case for the more recent Middle
Miocene locality of Arrisdrift in Namibia.

Résumé

Les avifaunes de la Northern Sperrgebiet font partie des plus riches et des plus diversifiées connues pour le moment dans le
Miocéne inférieur d’Afrique. Elles comportent Struthio coppensi, une petite autruche qui est le plus ancien représentant du
genre Struthio et dont les restes osseux sont associés a de coquilles d’ceufs de type aepyornithoide. Elles comportent aussi des
représentants de genres éteints qui étaient largement répandus dans d’autres parties du monde, telles que Megapaloelodus,
Mionetta, ou Palaeortyx. La majorité des ces oiseaux sont aquatiques. Bien que les sédiments aient été soigneusement lavés et
triés, le seul reste de petite taille est un fragment de tarsométatarse de Coliidae. Aucun Passériforme n’a été trouvé, ce qui était

également le cas pour le gisement du Miocene plus récent d’ Arrisdrift en Namibie.

Introduction

This study concerns the fossil birds collected by
Brigitte Senut and Martin Pickford from the localities
of Elisabethfeld, Grillental, Langental and Fiskus, in
the Northern Sperrgebiet, Namibia. The age of these
localities is Early Miocene, approximately 21 Ma for
Elisabethfeld, 20 Ma for Grillental and Fiskus, and 19
Ma for Langental (Pickford and Senut, 2003). These
avifaunas are among the richest and the most diversi-
fied known so far from the Early Miocene of Africa.
The only avifaunas of comparable age previously
described were those of Songhor and Rusinga Island,
in Kenya (Harrison and Walker, 1976; Harrison,
1980 ; Pickford, 1986), Arrisdrift, in Namibia (age 17
Ma, MN 4b) (Pickford and Senut, 2003; Mourer-
Chauviré, 2003) and Gebel Zelten, in Libya (age MN
4) (Mlikovsky, 2003). The material is deposited in
the collection of the Geological Survey of Namibia,
Ministry of Mines and Energy, Windhoek, Namibia.
The anatomical terminology follows Baumel and
Witmer (1993) and when necessary Howard (1929).
The measurements are in mm.

Systematic description
Elisabethfeld locality
Order Struthioniformes
Family Struthionidae
Struthio Linné, 1758
Struthio coppensi Mourer-Chauviré et al., 1996a

Figures 1-3

Material previously described: Left tibiotarsus,

distal part and shaft, EF 3°94, holotype; left femur,
proximal part, EF 9’93 ; left tarsometatarsus, distal
part, EF 1°94 ; left tarsometatarsus, incomplete distal
part, EF 2°94; right tarsometatarsus, shaft, EF
83’94 ; left fibula, EF 7°94 ; cost, EF 12’94, paraty-
pes (figure 1 and figure 3, D).

New material: Three dorsal vertebrae, incompletely
preserved, articulated, the XXIIIrd, EF 1a’05, the
XXIVth, EF 1b’°05, and the XXVth, EF 1c¢’05; left
tarsometatarsus, distal part, EF 172°01; right tarsome-
tatarsus, distal part, EF 35°96; phalanx 2 of posterior
digit 111, juvenile, EF 240°01; phalanx 3 of posterior
digit III, proximal part, EF 6’03 (figure 3, A-C and
E-F).

The species Struthio coppensi was originally
described from the locality of Elisabethfeld (Mourer-
Chauviré et al., 1996a). It is the known representative
of the genus Struthio. It has been found associated
with aepyornithoid eggshells (Senut et al., 1995)
(figure 2). It is a small ostrich the known elements of
which show primitive characteristics compared to
recent ostriches, but the tarsometatarsus is already
typically didactylous, with a vestigial trochlea meta-
tarsi II. The fact of having skeletal remains of the
genus Struthio associated with aepyornithoid-type
eggshells shows that these eggs were not necessarily
laid by birds belonging to the family Aepyornithidae
(Elephant-birds). In the absence of skeletal remains
and based only on eggshells it is thus not possible to
write that « This record confirms that elephant birds
survived in mainland Africa until at least the late
Miocene » (Harrison and Msuya, 2005, p. 313).

Description and comparisons: Struthio coppensi is a
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Figure 1 (Struthionidae 1)
Struthio coppensi, Elisabethfeld.
A, left tibiotarsus, holotype, EF 3°94: A1, medial surface; A2, caudal surface; A3, lateral surface; A4, cranial surface;
A5, distal surface.
B, left tarsometatarsus, distal part, paratype, EF 1°94: B1, lateral surface; B2, dorsal surface; B3 medial surface. The
arrow shows the vestigial trochlea II (scale bar 10 mm).

much smaller form than the recent S. camelus and
shows different morphological characteristics. In S.
camelus, the width and the depth of the distal part of
the tibiotarsus are almost equal. In S. coppensi (EF
3°94) the width is greater than the depth and in cra-
nial view the incisura intercondylaris is much more
pronounced. In the Struthionidae, in the middle of the
area situated proximally to the condyles, there is a
flattened tubercle, called the tuberculum supra-
trochlearis (Tsa). The shape of this tubercle is vari-

able in the recent S. camelus but in general it is a
large rectangular plate. In S. coppensi this tubercle is
slightly eroded but is constituted of two parts, a lat-
eral one and a medial one. In the Struthionidae there
is an oval fossa on the lateral side of the Tsa. In S.
coppensi this fossa is shallower and situated more
proximally than is generally the case in S. camelus.
The sulcus extensorius, absent in S. camelus, is still
visible in S. coppensi and is limited on its lateral side
by the Tsa. The condylus medialis does not project as
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Figure 2 (Aepyornithoid)
Struthio coppensi, Elisabethfeld.
Aepyornithoid-type egg shell associated with skeletal
remains of Struthio coppensi (scale bar 10 mm).

far cranially in S. coppensi as in S. camelus, and its
distal outline is rounded, while it is flattened in S.
camelus.

Measurements of the holotype tibiotarsus (EF
3°94): Length from the foramen of the medullary

artery to the distal end, 255; maximal distal width at
the level of condyles, on the cranial face, 54.6; depth
of condylus medialis, 40.5; depth of condylus later-
alis, ca. 35; depth of incisura intercondylaris, 26.

The femur EF 9°93 shows a pneumatic foramen
distal to the proximal articular surface. This foramen
is small, narrow and obliquely elongated. Compared
to S. camelus the trochanter is craniocaudally nar-
rower and the collum femoris is much more ex-
pressed. The caput femoris is more projecting in the
proximal direction. At the end of the caput femoris,
the fovea ligamenti capitis is wide and shallow, while
it is narrow and deep in the recent ostrich.

Measurements of the paratype femur (EF 9°93):
Maximal proximal width, 83; depth of caput femoris,
34.7; depth of collum femoris, 22.

The tarsometatarsus EF 1°94 shows the trochleae
metatarsorum III and IV and a vestigial trochlea met.
II. The tarsometatarsus EF 172’01 has the trochleae
metatarsorum III and IV and a fragment of shaft. The
vestigial trochlea met. II is just visible. The two
trochleae are eroded on the plantar side. The tar-
sometatarsus EF 35’96 also shows the trochleae met.
III and IV but it is strongly compressed and the distal
part of the trochlea met. III is missing. On these tar-
sometatarsi the trochlea met. III is not so mediolater-
ally widened as in S. camelus and its two foveae lig.
collateralium are shallower than in the ostrich.

Measurements: Table 1

The phalanx 2 of posterior digit III, EF 240’01,
is juvenile and it is strongly eroded. The phalanx 3 of
posterior digit III only has its proximal part and it is
extremely small. Its dimensions are: width and depth
of the proximal articular surface, 22.0 and 16.8; width
and depth of the shaft in the middle, 16.1 and 9.7

The XXIIIrd vertebra EF 1a’05 has the corpus
vertebrae and two caudal zygapophyses, the XXIVth,

Table 1 : Struthio coppensi from Elisabethfeld, measurements of the tarsometa-
tarsi (1) from the vestigial trochlea met. II to the distal extremity.

Tarsometatarsus

Distal width
Length of the trochlea met. III (1)
Width of the trochlea met. 111

Maximum depth of the trochlea met. IV

Length of the dorsal articular surface
of trochlea met. III, internal side

Idem, external side

EF 1'94 EF 172'01 EF 95'96
paratype new material new material
ca. 49.3 ca. 46 -

322 ca. 32 -

ca. 28 27.3 -

ca. 28 - 255

as preserved

ca. 37.5 ca. 36 -

ca. 32 ca. 32 -
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Figure 3 (Struthionidae 2)

Struthio coppensi, Elisabethfeld.

A, XXIlIrd, XXIVth, and XXVth dorsal vertebrae, EF 1a’05, EF 1b’05, and EF 1c’05. Left, dorsal surface; right,
ventral surface; B, left tarsometatarsus, distal part, EF 172°01. Left, dorsal surface; right, plantar surface; C, right
tarsometatarsus, distal part, EF 35°96. Left, plantar surface; right, dorsal surface; D, cast of the left femur, proximal
part, paratype, EF 9°93. Top, caudal surface; bottom, cranial surface. The arrow shows the position of a small pneu-
matic foramen distal to the proximal articular surface; E, phalanx 2 of posterior digit III, juvenile, EF 240°01. Left,
plantar surface; right, dorsal surface; F, phalanx 3 of posterior digit III, proximal part, EF 6°03. Left, plantar surface;
right, dorsal surface (scale bar 10 mm).
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EF 1b’05, has the corpus vertebrae, two cranial zyga-
pophyses and the caudal part of the arcus vertebrae
with the two caudal zygapophyses, and the XXVth,
EF 1c’05, has the corpus vertebrae and the cranial
part of the arcus vertebrae with the two cranial zyga-
pophyses. On the three vertebrac the processus
spinosus is absent or broken but it can be seen that it
was strongly developed. On the dorsal face of the
arcus vertebrae of the XXIVth vertebra one can see
two lateral fossae (f2 of Mivart, 1874, fig. 57) situ-
ated either side of the processus spinosus, and one
posterior fossa (f3 of Mivart), which is not subdi-
vided. On the dorsal surface of the arcus vertebrae of
the XXVth vertebra one can see two anterolateral
fossae (f1 of Mivart). On the ventral face of the cor-
pus vertebrae there is no crista ventralis corporis. The
ventral surface of the XXIIIrd vertebra is concave in
the craniocaudal direction. The ventral surface of the
centrum of the XXIVth and XXVth vertebrae is very
flat. The centrum of the XXIVth vertebra has its cau-
dal articular surface very concave dorsoventrally. The
caudal articular surface of the centrum of the XXVth
vertebra has its transverse extent nearly two times its
dorsoventral dimension. It has a bilobed shape, with a
narrowing in the middle in the dorsoventral direction.

Measurements: Table 2

Compared to the recent S. camelus the propor-
tions of the bones of S. coppensi are more slender.
This Early Miocene ostrich is very different from the
larger Struthio sp. reported in the Middle Miocene of
Fort Ternan (13.7 Ma), Kadianga West (ca. 14 Ma),
and Ngorora (12.5 Ma), in Kenya (Leonard et al.,
20006). In this Struthio the trochlea met. III is wider,
the trochlea met. IV is very short and not so splayed
as in S. coppensi, there is no sulcus extensorius on the
distal tibiotarsus, and the cranial surface proximal to
the condyles is much less excavated.

Table 2: Struthio coppensi from Elisabethfeld, measure-
ments of the dorsal vertebrae from the cranialmost part
of the facies articularis cranialis to the caudalmost part
of the facies articularis caudalis.

Dorsal vertebrae XXIIrd XXIVth XXVth
EF 1a'05 EF 1b'05 EF 1¢'05

Maximum length of the 46.3 49.2 44.6

corpus vertebrae (1)

Width of the corpus 21.8 19.3 22.8

vertebrae in the middle  as preserved

Maximum width of the 23.0 27.2 31.6

facies articularis caudalis as preserved as preserved

Maximum dorsoventral 19.0 20.4 16.3

lengthof the facies articu-
laris caudalis

as preserved

Order Pelecaniformes
Family Phalacrocoracidae
Oligocorax Lambrecht, 1933
cf. Oligocorax littoralis (Milne-Edwards, 1871)
Figure 4

Material: Left femur, proximal part and shaft, very
eroded, EF 10°96.

Description and comparisons: This proximal part of
femur corresponds to a Phalacrocoracidae and differs
from the Anhingidae because its articular part is me-
diolaterally wider and its femoral head is more medi-
ally protruding than in the Anhingidae. The Phalacro-
coracidae of the Late Oligocene and of the Miocene
include several extinct genera, namely Borvocarbo
from the Latest Oligocene of France (Mourer-
Chauviré et al., 2004), Oligocorax from the Late Oli-
gocene of Germany (Mayr, 2001) and the Early Mio-
cene of France (Milne-Edwards, 1867-71; Cheneval,
1984), and Nectornis from the Early Miocene of
France, Germany (Cheneval, 1984), Czech Republic
(Mlikovsky, 1998), and from the Middle Miocene of
Turkey (Paicheler et al., 1978; Mlikovsky, 1998).
The recent genus Phalacrocorax is also present in the
Early Miocene with the species P. intermedius from
France and the Czech Republic (Milne-Edwards,
1867-71; Cheneval, 1984; Mlikovsky, 1998), and P.
marinavis from North America (Shufeldt, 1915;
Brodkorb, 1963; Mayr, 2001). In the genus Borvo-
carbo only the coracoid is known so far and this cora-
coid presents primitive characteristics. In the genus
Nectornis the femoral head is not so medially pro-
truding as in the Elisabethfeld form.

Although it is poorly preserved, the Elisabethfeld
form is more closely related to Oligocorax littoralis.
It seems that in this species the femur is less curved
and its proximal part less projecting medially than in
the genus Phalacrocorax. By its dimensions the EF
form is very close to O. littoralis. It is slightly smaller

Table 3: cf. Oligocorax littoralis from Elisabethfeld and
Oligocorax littoralis from Saint-Gérand-le-Puy, meas-
urements of the femur from the cranialmost part of the
crista trochanteris to the mediocaudal part of the caput
femoris after the illustrations in Milne-Edwards, 1867-
71, pl. 43, fig. 1-4.

Femur Elisabethfeld  St-Gérand-le-Puy
EF 10'96 MNHN Av 9431

Maximum width of the 14.6 15.3(2)

proximal part (1)

Width of the shaft in the 53 6.0 (2)

middle

Depth of the shaft in the 6.4 -

middle
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Figure 4 (Phalacrocoracidae)
cf. Oligocorax littoralis, Elisabethfeld.

ot "

?Jc O¢g

Left femur, proximal part and shaft, EF 10°96. Left, caudal surface; right, cranial surface (scale bar 10 mm).

than the recent species P. aristotelis, the Shag, and
clearly smaller than the extinct species P. intermedius
and P. marinavis. Oligocorax cf. littoralis (syn. Pha-
lacrocorax cf. littoralis) has been reported in Tunisia,
in the Beglia Fm., Lower faunal level, dating from
the latest Middle Miocene or the beginning of the
Late Miocene (Rich, 1972). In this locality it is repre-
sented only by a carpometacarpus, so it is not possi-
ble to compare the EF form with it.

Measurements: Table 3

Order Accipitriformes
Family Accipitridae
Accipitridae indeterminate, small size
Figure 5, D

Material: Terminal phalanx of a posterior digit, EF
39°01.

Description and comparisons: The proximal part of
the phalanx is not preserved. This phalanx is very
thin and flattened, it shows a processus flexorius also

strongly flattened and strongly protruding on the
plantar surface, as is seen in the genus Pandion.
However in the genus Pandion the plantar surface of
the claws is rounded while in the EF form the plantar
surface is flat. The shape of this claw resembles that
of the claws in the genus Haliaeetus but its processus
flexorius is clearly more projecting than in Hali-
aeetus.

A small Accipitridae has been reported in the
Middle Miocene of Arrisdrift, Namibia (Mourer-
Chauvire, 2003).

Measurement in mm: Length, as preserved, 15.3

Order Galliformes
Family Phasianidae
cf. Palaeortyx Milne-Edwards, 1869
Figure 6, A

Material: Right carpometacarpus, proximal part, EF
4°06
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Figure 5 (Accipitridae)

Accipitridae indeterminate, Grillental, Langental, and Elisabethfeld.

A, phalanx 1 of posterior digit I, Grillental, GT 12°01. Left, dorsal surface; right, plantar surface; B, phalanx 3 of
posterior digit III, or phalanx 4 of posterior digit IV, Langental, LT 13°94. Left dorsal surface; right, plantar surface;
C, phalanx 2 of posterior digit III, Langental, LT 11°01. Left, dorsal surface; right, plantar surface; D, terminal pha-
lanx of a posterior digit, Elisabethfeld, EF 39°01. Medial and lateral surfaces (scale bar 10 mm).

Description and comparisons: This proximal part of
carpometacarpus shows the morphological character-
istics of the genus Palaeortyx, as they have been
described by Mourer-Chauviré et al. (2004) for a
specimen from the locality of Créchy, France. In the
different specimens of the Quercy species P. bre-
vipes, P. gallica, and P. prisca, on the dorsal face, in
the fossa supratrochlearis, there is a ridge which ends
distally in a tubercle. In the Créchy form the ridge is
not very pronounced and the most conspicuous char-
acter is a flattened tubercle in the middle of the fossa
supratrochlearis. In the EF specimen the ridge is not
very strongly expressed but it is present.

The genus Palaeocryptonyx is also present as
early as the Early Miocene of Petersbuch 2, Ger-
many, (Gohlich and Mourer-Chauviré, 2005). The
type species of this genus is Palaeocryptonyx donnez-
ani from the Pliocene of Perpignan, France. The car-
pometacarpus of Palaeocryptonyx differs from that of

Palaeortyx by the following characteristics: proces-
sus pisiformis much less projecting and less cranially
elongated; ventral ledge of the trochlea carpalis
showing a pronounced notch; dorsal ledge of the
trochlea carpalis also showing a notch, this dorsal
ledge is much shorter than the ventral ledge and does
not extend distally. In addition, in Palaeocryptonyx
the processus intermetacarpalis is situated much far-
ther distally than in Palaeortyx, but this is not visible
on the EF form.

A proximal humerus which possesses all the
hallmarks of the genus Palaeortyx is present in the
Middle Miocene of Arrisdrift, Namibia, and has been
reported as Phasianidae, form 4 (Mourer-Chauviré,
2003). Its size corresponds to that of P. gallica while
the carpometacarpus of the EF form corresponds to a
slightly larger form. The Galliformes are very diver-
sified at Arrisdrift, but all the other forms correspond
to larger species.
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Figure 6 (Phasianidae)
cf. Palaeortyx, Elisabethfeld. A, right carpometacar-
pus, proximal part, EF 4°06. Left, ventral surface;
right, dorsal surface: Phasianinae indeterminate, Gril-
lental; B, right scapula, cranial part, GT 110°06. Left,
costal surface; right, lateral surface (scale bar 10 mm).

The size of the EF specimen is intermediate be-
tween P. gallica and P. prisca (syn. of P. intermedia,
Gohlich and Mourer-Chauviré, 2005). At the present
time the genus Palaeortyx is known from the Late
Oligocene of France to the Late Miocene of Spain
(Cheneval and Adrover, 1995).

Measurements: Table 4

Order Charadriiformes
Charadriiform indeterminate, small size

Material: Left tibiotarsus, distal part, EF 21°05, and
right tarsometatarsus, distal part, EF 22°05.

Description and comparisons: The morphological
details of these distal tibiotarsus and tarsometatarsus
correspond to a Charadriidae, such as Tringa totanus,
the Redshank, but they are slightly smaller. They
correspond to a smaller form than the indeterminate
charadriiform reported at Arrisdrift (Mourer-
Chauviré¢, 2003).

Measurements: Tibiotarsus, distal width, 3.9; distal
depth, 3.6; tarsometatarsus, distal width, 4.2; distal
depth, 2.8.

Aves indeterminate

Material: Left femur, distal part, very eroded, EF
9’96, Phalanx 1 of the major digit of the wing, EF
157°01.

Grillental locality

Order Phoenicopteriformes
Family Palaelodidae
Megapaloelodus A. H. Miller, 1944
Megapaloelodus sp.

Figure 7

Material: Right humerus, distal part, GT 44°00.

Description and comparisons: This humerus con-
sists in the distal end and a part of the shaft compris-
ing several crushed fragments. The condylus ventralis
is incompletely preserved and the epicondylus ven-
tralis is missing. This humerus shows the morpho-
logical characteristics of the Palaelodidae, with a
condylus dorsalis which ends proximally in a ven-
trally recurved point. The attachment of the anterior
articular ligament (Howard, 1929) forms a flattened

Table 4: Palaeortyx sp. from Elisabethfeld, comparisons of the measurements
of the carpometacarpus with Palaeortyx brevipes, P. gallica, and P.
prisca from the Phosphorites du Quercy (Mourer-Chauviré, 1992). The
species P. intermedia, reported in the Phosphorites du Quercy, has been
placed in synonymy with P. prisca by Gohlich & Mourer-Chauviré

(2005).
Carpometacarpus cf. Palaeortyx | Palaeortyx | Palaeortyx | Palaeortyx
Elisabethfeld brevipes gallica prisca
EF 4’06 mean mean mean
Proximal depth 6.5 5.25 5.85 7.30
Width of carpal trochlea 32 2.67 3.05 3.55
Ratio Depth/Width 2.03 1.97 1.92 2.06
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Figure 7 (Palaelodidae)
Megapaloelodus sp., Grillental.
Right humerus, distal part, GT 44°00. Left, cranial surface; right, caudal surface (scale bar 10 mm).
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surface, very elongated in the proximodistal direction
and situated in same plane as the surface of the cra-
nial surface. The ectepicondylar prominence
(Howard, 1929) is well developed and projects dor-
sally. Inside the fossa m. brachialis, the impressio of
the m. brachialis anticus extends obliquely and its
distalmost and ventralmost part forms an oval, very
deep fossa. In the genus Palaelodus the impressio of
the m. brachialis anticus has a variable shape but it is
always deep and some individuals show a very deep
depression on the distal and ventral side, as in the
Grillental fossil.

The Palaclodidac range from the Lowermost
Oligocene of Europe (Mayr and Smith, 2002) to the
Middle Pleistocene of Australia (Baird and Vickers-
Rich, 1998). They are present in numerous localities,
generally in the Late Oligocene, the Early Miocene,
and the Middle Miocene. In Europe they are repre-
sented by Palaelodus ambiguus Milne-Edwards,
1863, P. gracilipes Milne-Edwards, 1863, P. cras-
sipes Milne-Edwards, 1863, and Megapaloelodus
goliath (Milne-Edwards, 1871) (Cheneval, 1983a;
Heizmann and Hesse, 1995; Mourer-Chauviré et al.,
2004). In North America is found only the genus
Megapaloelodus, represented by two species, M. con-
nectens A. H. Miller, 1944, from the Early and Mid-
dle Miocene, and M. opsigonus Brodkorb, 1961, from
the Late Miocene (Becker, 1987). In South America,
Palaelodus aff. ambiguus has been reported in the
Tremembé Fm., Taubaté Basin, age Late Oligocene
or Early Miocene (Alvarenga, 1990), and Megapa-
loelodus sp. in the Late Miocene of Argentina
(Noriega, 1995). In Africa, two forms related to the
genus Palaelodus, one the size of P. gracilipes, the
other the size of P. crassipes, have been reported
from the Early Oligocene of Jebel Qatrani, Fayum
Province, Egypt (Rasmussen et al., 1987). Lastly in
Australia two species of the genus Palaelodus are
known, a small one, P. pledgei, only in the Middle
Miocene, and a large one, P. wilsoni, from the Mid-
dle Miocene to the Middle Pleistocene (Baird and
Vickers-Rich, 1998). It appears, thus, that the family
Palaelodidae had a worldwide distribution and it is
not surprising to find one of its representatives in the
Early Miocene of Southwest Africa.

The genus Megapaloelodus differs from Pa-
laelodus by its larger size and by some distinctive
morphological characteristics. Unfortunately the dis-
tal part of the humerus is unknown in any of the spe-
cies attributed to this genus. In the Grillental speci-
men the minimal distal width of the humerus is 29.0
mm. According to the measurements given by
Cheneval (1983a) on a large sample of Palaelodus
and Megapaloelodus ssp. the ratio between the mean
dimensions of P. ambiguus and M. goliath is on aver-
age 1.36, with extreme values of 1.21 and 1.51. The
mean value of the distal width of the humerus of P.
ambiguus being 18.40 mm, the mean value of the
distal width of the humerus of M. goliath should be
ca. 25.02 mm, with extremes values of 22.26 mm and

27.78 mm. The Grillental humerus is thus slightly
larger than the presumed value of the M. goliath hu-
merus.

In the species M. connectens, some elements are
from 15% to 23% larger than the corresponding ele-
ments of M. goliath, but other elements are quite
equivalent in size (A. H. Miller, 1944; L. Miller,
1950; 1952). In the species M. opsigonus the meas-
urements given by Brodkorb (1961) for the proximal
width of the tarsometatarsus fall within the variation
range of M. goliath, and for the distal part of the tar-
sometatarsus attributed by Howard (1971) to ?M.
opsigonus, they are only slightly larger than those of
M. goliath. In the Megapaloelodus sp. from the Mio-
cene of Argentina, the dimensions of the distal part of
tibiotarsus also fall in the range of variation of M.
goliath.

Lastly Olson (1985) reports that a form still lar-
ger than M. goliath, M. connectens, and M. opsigonus
is present in the Early Miocene of France and the
Middle Miocene of Texas (see below, about the ge-
nus Cygnopterus).

In conclusion it is not possible to attribute the
Grillental specimen to any of the species previously
described in the genus Megapaloelodus. One may
simply write that large forms of Palaelodidae were
present almost everywhere in the world throughout
the Miocene, and that some of them survived in Aus-
tralia until the Pleistocene.

Order Anseriformes
Family Anatidae
Subfamily Oxyurinae

The subfamily Dendrocheninae had been de-
scribed by Livezey and Martin (1988) to include the
extinct genera Dendrochen and Mionetta. Worthy et
al. (2007) have included in this subfamily the extinct
genus, Manuherikia, from the Early-Middle Miocene
of New Zealand. However in a more recent work
Worthy and Lee (2008) have placed the Dendrochen-
inae into synomymy with the recent subfamily Oxyu-
rinae and have placed the extinct genera Mionetta,
Dendrochen, Manuherikia and Dunstanetta in this
expanded subfamily.

Mionetta Livezey and Martin, 1988
Mionetta sp.
Figure 8, B

Material: Left humerus, distal part, GT 133°06.

Description and comparisons: On this humerus, on
the cranial face, the proximal part of the dorsal and
ventral condyles is eroded, and on the caudal face,
the epicondylus ventralis is incompletely preserved.
This specimen shows the morphological characteris-
tics of the genus Mionetta, as they have been defined
by Livezey and Martin (1988) and modified by Wor-
thy et al. (2007). The facet for the anterior articular
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Figure 8 (Oxyurinae)

Mionetta sp and Dendrocheninae., Langental. A, right scapula, cranial part, LT 185°03. Left, costal surface; right,
lateral surface.

Mionetta sp., Grillental. B, left humerus, distal part, GT 133°06. Left, cranial surface; right, caudal surface.

Mionetta sp., Langental. C, right humerus, distal part, LT 56°05. Left, cranial surface; right, caudal surface.

Oxyurinae indeterminate, Grillental. D, left ulna, proximal and distal parts, GT 46°05. Proximal part, left, cranial
surface; right, caudal surface. Distal part, left, ventral surface; right, caudal surface.

Mionetta sp., Langental. E, right tibiotarsus, distal part, LT 254°99. Left cranial surface; right, caudal surface.

Mionetta sp., Langental. F, right tarsometatarsus, almost complete, LT 188°03. Left, cranial surface; right, plantar
surface (notice adhering nodule) (scale bar 10 mm).
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ligament is not situated in a plane parallel to the sur-
face of the cranial face but it is raised and rotated
(tilted) distally. It differs from Mionetta blanchardi
and from Manuherikia because, in these forms, on
the ventral face, the attachment point for the m. pro-
nator brevis (Howard, 1929) is at the same level as
the top of the facet for attachment of the anterior ar-
ticular ligament, while in the Grillental form, and in
Mionetta consobrina, it is situated slightly more
proximally. The Grillental form differs from Manu-
herikia because, in the later, the fossa m. brachialis is
deep and bounded by a sharp ridge ventrally, whereas
in Mionetta the fossa m. brachialis is shallow and
bounded ventrally by a more rounded ridge.

Measurements: Distal width, 13.7; distal depth, 7.9

Oxyurinae indeterminate
Figure 8§, D

Material: Left ulna, proximal and distal part, GT
46°05.

Description and comparisons: This ulna shows the
morphological characteristics of the Oxyurinae. The
cotyla ventralis has a rounded outline and is very
deep. The olecranon is slightly ventrally oriented.
The tuberculum lig. collateralis has an oval shape, it
is well delimited and proximodistally elongated. On
the ventral side, the rim of the cotyla ventralis forms
a projecting ledge above the tuberculum lig. coll. The
impressio brachialis is very wide at its proximal side.
It takes up almost all the ventral side and extends
very far distally. At the distal part it is not possible to
see any difference from the genus Dendrocygna.

This form is different from Mionetta because, in
ventral view, the cotyla ventralis is more perpendicu-
larly oriented compared to the axis of the shaft, while
in Mionetta it is more obliquely oriented. As part of
the shaft missing it is not possible to know the total
length of the bone. The other measurements show
that this form is almost the same size as Mionetta
natator, the smallest species of Mionetta.

Table 5: Oxyurinae indet. from Grillental, comparison of
the measurements of the ulna with Mionetta natator
from Saint-Gérand-le-Puy, after Cheneval (1983b).

(1) Distal diagonal after Bacher (1967).

. Mionetta natator,
Oxyurinae
. mean
Ulna indet. Saint-Gérand-le
GT 46°05 ) il
Puy
Proximal width 6.3 6.6
Proximal depth 7.0 5.7
Depth of condylus dor-
. 5.5
salis
Distal diagonal (1) 6.3 5.2

Figure 9 (Coliidae)
Coliidae indeterminate, Grillental.
Right tarsometatarsus, distal part, GT 120°06. Left,
cranial surface; right, plantar surface
(scale bar 5 mm).

Measurements: Table 5

Early representatives of the subfamily Oxyurinae
were widely distributed in the world. They are known
from the Late Oligocene of Kazakhstan (Mlikovsky
and Svec, 1986: Anas oligocaena has been trans-
ferred to the genus Dendrochen by Mlikovsky and
Svec, 1986), and the Latest Oligocene of Créchy,
France (Mourer-Chauvir¢ et al., 2004). They are very
abundant in the Early Miocene of France, Germany
(Cheneval, 1983b; Livezey and Martin, 1988), and
the Czech Republic (Svec, 1981), and persist into the
Middle Miocene of Hungary (Mlikovsky, 2002), Ro-
mania (Kessler, 1992) and maybe also of Sansan,
France (Worthy et al., 2007). The genus Dendrochen
is known in the Early Miocene of the United States
(Miller, 1944) and the genus Manuherikia in the
Early-Middle Miocene of New Zealand (Worthy et
al., 2007). A "Dendrocheninae" gen. and sp. indet. is
also present in the Late Miocene of Argentina
(Noriega, 1995).

Finally, in Namibia, the species Anas [luede-
ritzensis Lambrecht, 1929, has been found in the E-
Bay Fm., dated from the Early Miocene on the basis
of a micromammalian fauna (Pickford, pers. comm.
6. 03. 2007). This species is known by a proximal
part of humerus which does not present a pneumatic
foramen in the ventral pneumotricipital fossa. For
this reason it cannot belong to the genus Anas
(Worthy et al., 2007). By this characteristic “Anas”
luederitzensis is similar to Mionetta and also differs
from the Dendrocygninae which have a pneumatic
foramen in the pneumotricipital fossa.

In conclusion the occurrence of Oxyurinae in the
Early Miocene of the Northern Sperrgebiet makes it
possible to complete the biogeographical distribution
of this subfamily which was probably already repre-
sented in Africa by “Anas” luederitzensis.
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Figure 10 (Anserinae)
Anserinae indeterminate, Grillental; A, left coracoid, omal part and shaft, GT 10’03 GT6. Left, dorsal surface; right,
ventral surface; B, right coracoid, middle part, GT 11°06 GT6, dorsal surface; Anserinae indeterminate, Langental; C,
right coracoid, LT 10°01. Left, dorsal surface; right, ventral surface; Anatidae indeterminate, Fiskus; D, right scapula,
FS 32°01. Top, lateral surface; bottom, costal surface (scale bar 10 mm).
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Subfamily Anserinae
Anserinae indeterminate
Figure 10, A-B

Material: Left coracoid, pars omalis and shaft, GT
10°03 GT6; right coracoid, middle part, GT 11’06
GT6. On the left coracoid the pars omalis is com-
plete. It shows the facies articularis scapularis, the
facies articularis humeralis, and a part corresponding
to two thirds of the shaft. On the right coracoid the
pars omalis is absent. It shows mainly the facies art.
scapularis and the facies art. humeralis. This right
element is quite similar in size to the left element,
thus it seems that these two specimens come from the
same individual, although they were found three
years apart.

Description and comparisons: The pars omalis is
strongly developed in the dorsoventral direction. The
processus acrocoracoideus is very globular and pro-
jects ventrally. The facies art. clavicularis is
dorsoventrally elongated and omalosternally narrow.
There is no pneumatic foramina under the caudal
ledge of the facies articularis clavicularis. There is an
oblique ridge which divides into two parts the fossa
situated in the sulcus m. coracoidei, a cranioventral
part, under the ledge of the facies art. clavicularis,
and a caudodorsal part. The facies art. scapularis has
a rounded shape and is very deep. The processus pro-
coracoideus is present but poorly developed in the
medial direction and it ends in a blunt point. There is
no hint of foramen n. supracoracoidei, or of incisura
n. supracoracoidei. The shaft is robust.

This coracoid differs from the Dendrocygninae
and Oxyurinae because in both of these subfamilies
the pars omalis is much narrower dorsoventrally, the
facies art. clavicularis is elongated in the omaloster-
nal direction and narrow in the dorsoventral direc-
tion, and the shaft is much thinner. It looks similar to
the Anserinae by the shape of the pars omalis, but it
differs from the recent Anserinae by the absence of
pneumatic foramina under the ledge of the facies art.
clavicularis.

Among the recent Anserinae, it is closer to the
genus Branta than to the genus Anser by the shape of
the processus procoracoideus which is not strongly
developed and not ventrally incurved. In the genus
Branta there are numerous pneumatic foramina under
the facies art. clavicularis, and a small pneumatic
foramen on the dorsal face, cranially to the facies art.
scapularis, on the medial side of the facies art. hu-
meralis. All these foramina are absent in the Grillen-
tal form.

The absence of pneumatic foramina under the
facies art. clavicularis is a primitive characteristic
among the Anseriformes (Livezey, 1996). The Gril-
lental form probably corresponds to a primitive form
of Anserinae, not included in the crown-group An-
serinae.

Measurements of the coracoid GT 10°03: Me-

diolateral width of processus acrocoracoideus, 5.5;
dorsoventral depth of processus acrocoracoideus, 8.2;
width of the omal part from the lateral edge of facies
articularis humeralis to tip of processus procora-
coideus, 10.3; width of shaft in the middle, 5.5; depth
of shaft in the middle, 4.2

The oldest known Anserinae known at present is
Cygnavus formosus from the Early Oligocene of Ka-
zakhstan, only represented by a tibiotarsus
(Kurochkin, 1968; Mlikovsky and Svec, 1986). The
genus Cygnopterus was described by Lambrecht
(1931) in the Early Oligocene of Belgium, with the
species Cygnopterus affinis (van Beneden, 1883), and
two other species have been attributed to this genus,
C. lambrechti Kurochkin, 1968, from the Middle
Oligocene of Kazakhstan, and C. alphonsi Cheneval,
1984, from the Early Miocene of France.

The species Cygnopterus affinis was described
on the basis of several elements from the same indi-
vidual (Lambrecht, 1931; 1933), and the coracoid
shows a fossa under the facies articularis clavicularis
which is devoid of pneumatic foramina, so this spe-
cies does not belong to the crown-group Anserinae.
Mayr (2005) even suggests that this taxon does not
belong to the Anatidae.

The species Cygnopterus lambrechti was placed
into synonymy with the Phoenicopteridae
“Agnopterus” turgaiensis (Mlikovsky and Svec,
1986).

The species Cygnopterus alphonsi is known by
several skeletal elements, including coracoids
(Cheneval, 1984). However my opinion is that these
coracoids actually belong to very large Palaelodidae.
Indeed the shaft is proportionally shorter than in the
Anserinae, the processus acrocoracoideus and the
angulus medialis are much more projecting medially,
the facies articularis scapularis is proportionally lar-
ger and deeper, and there is a foramen n. supracora-
coidei situated very close to the facies articularis
scapularis, on its sternal and medial side. This fora-
men only exists in the primitive Anseriformes and is
absent in the Anatidae (Livezey, 1997). In addition
the pars omalis of the coracoids attributed to C.
alphonsi is different from that of C. affinis.

Compared to Palaelodus ambiguus, the dimen-
sions of the coracoids attributed to Cygnopterus
alphonsi are on average 1.82 times larger, and com-
pared to Megapaloelodus goliath on average 1.39
times larger.

The species Aminornis excavatus, described by
Ameghino from the Middle Oligocene of Patagonia
has been recently revised and transferred to the An-
seriformes, family Anatidae, subfamily Anserinae
(Agnolin, 2004). This species is only known by a
coracoid which does not show any pneumatic fora-
men under the facies articularis clavicularis
(Ameghino, 1899). So this taxon also corresponds to
a primitive form, not included in the crown-group
Anserinae.

In conclusion the Grillental form corresponds to
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a primitive Anserinae but cannot be attributed to any
known form.

Order Accipitriformes
Family Accipitridae
Accipitridae indeterminate
Figure 5, A

Material: Phalanx 1 of posterior digit I, GT 12°01.

Description and comparisons: This phalanx is
slightly incomplete, a part of the proximal articular
surface is missing. Its proportions recall that of the
genus Hieraaetus, but it is larger than that of
Hieraaetus fasciatus, which is the largest species in
the genus (del Hoyo et al., 1994). It is more elongate
that the corresponding phalanx of the genus Aquila.
At the distal part, on the dorsal surface, the trochlea
articularis is narrow, and the foveae lig. collateralium
are very deep, as in Hieraaetus, while the trochlea is
wide and the foveae shallow in Aquila. It also differs
from the genus Haliaeetus where the proximal part of
the phalanx is very wide.

Measurements: Total length, as preserved, 45.6;
Proximal width, as preserved, 18.4; Maximal distal
width, on the plantar face, 11.0; Width between the
two foveae, on the dorsal face, 5.6; Width in the mid-
dle, 9.6; Depth in the middle, 7.4

Order Galliformes
Family Phasianidae
Subfamily Phasianinae
Phasianinae indeterminate
Figure 6, B

Material: Right scapula, cranial part, GT 110’06

Description and comparisons: In this scapula the
acromion is strongly curved costally. There is no
pneumatic foramen between the facies art. clavicu-
laris and the facies art. humeralis. It is different from
the genus Palaeortyx because in this genus the ac-
romion is almost rectilinear and only very slightly
curved at its tip (Gohlich and Mourer-Chauviré,
2005). It differs from the recent genera Afropavo,
Numida and Phasianus, which have an acromion
which is either rectilinear or is less curved than the
Grillental form. The form which is the most similar is
a wild specimen of Gallus gallus. Forms related to
the recent genera Gallus and Phasianus are present at
Arrisdrift (Phasianidae, forms 1 and 3, Mourer-
Chauviré, 2003). A Gallus sp. has been reported from
the Middle Miocene of Beni Mellal, in Morocco
(Brunet, 1961) and cf. Phasianus in the Late Miocene
of Lemudong’o, in Kenya (Stidham, 2007).

Measurements: Length from base of facies articu-
laris humeralis to tip of acromion, 10.8; width of cor-
pus scapulae, 4.4; dorsoventral depth of corpus

scapulae, 2.5

Order Coliiformes
Family Coliidae
Coliidae indeterminate
Figure 9

Material: Right tarsometatarsus, distal part, GT
120°06

Description and comparisons: The trochleaec meta-
tarsi II and IV are missing. The trochlea met. III is
proximodistally short. On the dorsal side, the two
rims of this trochlea are slightly eroded. The dorsal
surface of this distal part is very flat. There is no lon-
gitudinal ridge and the outer extensor groove is
poorly indicated. The plantar surface is also very flat.
There is a weak ridge which prolongs proximally the
wing of the trochlea met. IV. The fossa metatarsi I is
present but it does not seem that there has been a
ridge connecting the wing of the trochlea met. II with
this fossa met. 1. In plantar view the two rims of the
trochlea met. III are parallel.

This form differs from the two recent mouse-
birds Colius and Urocolius, because in both genera
the trochlea met. III is raised compared to the surface
of the shaft and its two rims are divergent in the distal
direction. The outer extensor groove is wide and well
marked; the plantar surface of the distal part is con-
cave, it is bordered by two ridges which prolong in
proximal direction the wings of the trochleae met. II
and I'V.

This form differs from the extinct genus Primo-
colius, from the Late Eocene of Quercy and Mont-
martre, France (Mourer-Chauviré ef al., 1988; Mayr
1998) because Primocolius has a strong longitudinal
ridge on the dorsal surface of the shaft, and this ridge
extends onto the trochlea met. III, the distal vascular
foramen is situated in a deep outer extensor groove,
the two wings of trochleae met. II and IV are pro-
longed by a ridge on each side of the shaft on the
plantar surface. It is difficult to compare the Grillen-
tal form with the genus Oligocolius, from the Early
Oligocene of Germany (Mayr, 2000) because an im-
portant morphological characteristic of this genus lies
in the relative length of trochlea met. III compared to
trochleae met. II and IV and these latter are not pre-
served in the Grillental specimen.

In the Early Miocene of Saint-Gérand-le-Puy,
France, is known the genus Limnatornis, with the two
species L. paludicola and L. archiaci (Milne-
Edwards, 1867-71). The tarsometatarsus of the genus
Limnatornis has not been described but two speci-
mens are present in the collection of the Université
Claude Bernard, Lyon 1. On these two specimens the
trochlea met. IV is missing. In Limnatornis the distal
part is also flat, both on the dorsal and plantar faces.
The outer extensor groove is weakly indicated and
the trochlea met. III is proximodistally short. The
main difference between the Grillental form and Lim-
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natornis is that in Limnatornis the two rims of the
trochlea met. III are divergent in the distal direction,
while they are almost parallel in GT 120°06.

In the Middle Miocene of La Grive-Saint-Alban
and Sansan, France, is found the genus Necrornis
with the species N. palustris (Milne-Edwards, 1867-
71; Ballmann, 1969, Cheneval, 2000). From Sansan
is known a distal part of a tarsometatarsus which has
been illustrated by Milne-Edwards (1871, pl. 187, fig.
6-10) and by Cheneval (2000, fig. 24). This distal
part is very flat and the trochlea met. III is short, but
the outer extensor groove is long and deep (Cheneval,
2000, p. 370).

In conclusion it is not possible to ascribe the
Grillental mousebird to one of the recent or fossil
genera of Coliidae.

In Africa fossil Coliidae have been reported
only from the Pliocene and belong to the recent gen-
era Colius and Urocolius (Rich and Haarhoff, 1985;
Haarhoff, 1993).

Measurements: Estimated distal width, 2.6; Width
of shaft, 1.5; Depth of shaft, 0.7; Width trochlea met.
I, 1.1.

Langental locality

Order Anseriformes
Family Anatidae
Subfamily Oxyurinae
Mionetta Livezey and Martin, 1988
Mionetta sp.

Figure 8, A, C, E-F

Material: Almost complete right tarsometatarsus, LT
188°03; right tibiotarsus, distal part, LT 254°99; cra-
nial part of right scapula, LT 185°03; right humerus,
distal part, LT 56°05.

Description and comparisons: The tarsometatarsus
shows the morphological characteristics of the genus
Mionetta as they have been described by Livezey and
Martin (1988). The trochlea met. II does not show a
groove in dorsal and medial views, and the groove is
only visible in plantar view. In medial view this
trochlea is globular and is prolonged plantarly by a
wing. The proximal part is incompletely preserved
and the calcaneal ridges are missing. In the genus
Dendrocygna, there is a median ridge on the plantar
surface of the proximal part of the shaft. This ridge
starts from the third calcaneal ridge. In the genus
Mionetta there is no median ridge but only a weakly
indicated ridge starting from the first calcaneal ridge
and following the medioplantar border of the shaft. In
the Langental specimen, the surface of the shaft situ-
ated distally to the calcaneal ridges is flattened as in
the genus Mionetta. If one estimates the missing part
of the bone, the Langental tarsometatarsus was longer
than that of Mionetta blanchardi.

Table 6: Mionetta sp. from Langental, comparison of the
measurements of the tarsometatarsus with Mionetta
blanchardi from Saint-Gérand-le-Puy, after Cheneval
(1983b). (1) Distal diagonal after Bacher (1967).

Tarsometatarsus Mionetta sp. Mionetta blanchardi,

LT 188°03 mean
Saint-Gérand-le-Puy

Total length 49 (estimated) 43.8

Width of shaft in 4.9 4.5

the middle

Distal width 10.6 9.7

Distal depth 9.1 -

Width of trochlea 43

met. I11

Distal diagonal (1) 11.5 9.8

Measurements: Table 6

On the tibiotarsus, the condylus medialis has
been eroded on the medial face, which makes it ap-
pear very thin and slightly oblique compared to the
axis of the shaft. The cranial face is still covered of a
very hard deposit and it is not possible to see the sul-
cus extensorius and the pons supratendineus. As indi-
cated by Livezey and Martin (1988) for M. blanch-
ardi, the condylus medialis extends farther anteriorly
than the condylus lateralis and the distal end of the
tibiotarsus is less centered on the shaft than in the
genus Dendrocygna. It is not possible to take meas-
urements but the size is very similar to that of Mio-
netta blanchardi.

The cranial part of the scapula is also very simi-
lar to the scapulae of Mionetta blanchardi from
Saint-Gérand-le-Puy, France. The acromion is
strongly projecting cranially and dorsally. It shows a
small ridge on the facies lateralis. The tuberculum
coracoideum has a hemispherical shape, it is distincly
visible on the facies costalis, and it is distinctly distal
to the acromion.

Measurements: From the top of the acromion to
the caudal part of the facies art. humeralis, 10.3

The humerus is strongly eroded and the two epi-
condyles, dorsalis and ventralis, have disappeared.
The condylus ventralis is also very eroded, mainly on
the caudal face. However the shape of the entepi-
condylar prominence (Howard, 1929) corresponds
well to an Anseriform. In Mionetta the condylus ven-
tralis has a flattened shape on the cranial face, on the
proximal side, and it is very globular on the distal
face. In cranial view the condylus ventralis is much
more globular in the genus Dendrocygna than in the
genus Mionetta. In the Langental specimen the shape
corresponds well to Mionetta.

Measurements: Distal width, estimated, 14.5
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Subfamily Anserinae
Anserinae indeterminate
Figure 10, C

Material: Right coracoid, LT 10°01

Description and comparisons: On this coracoid the
processus acrocoracoideus is incompletely preserved,
and the processus procoracoideus as well as the proc-
essus lateralis of the sternal part are missing. It can be
ascribed to an Anatidae because the facies art. hu-
meralis is very protruding laterally, the foramen n.
supracoracoidei is absent, and on the dorsal face of
the shaft there are two oblique intermuscular lines. It
differs from the genera Anas, Dendrocygna, and Mio-
netta, because the shaft is proportionally much wider
and dorsoventrally deeper, and because the intermus-
cular lines are much more oblique. It recalls the An-
serinae coracoid found at Grillental but it is smaller.

Measurements: Total length measured on the medial
side, estimated, 35; Width of the shaft in the middle,
4.6; Depth of the shaft in the middle, 3.4

Order Accipitriformes
Family Accipitridae
Accipitridae indeterminate
Figure 5, B-C

Material: Phalanx 2 of posterior digit III, LT 11°01;
Phalanx 3 of posterior digit III or phalanx 4 of poste-
rior digit IV, LT 13°94.

Description and comparisons: The phalanx 2 of
posterior digit III differs from the recent genera
Aquila, Haliaeetus and Hieraaetus because at its
proximal part the processus extensorius is very sharp
while it is more rounded in these genera. By the gen-
eral morphology of its distal articulation and by its
measurements, it is more similar to the recent species
Hieraaetus fasciatus. The other phalanx is incom-

Table 7: Accipitridae indet. from Langental, measurements
of the phalanx 2 of posterior digit III (LT 11°01) and of
the phalanx 3 of posterior digit III or phalanx 4 of pos-
terior digit IV (LT 13°94).

Posterior phalanges LT 11°01 LT 13°94
Total length 14.1 27.5 (estimated)
Proximal width 6.9 8.1
Proximal depth 7.1 -

Distal width 6.1 6.4

Distal depth 52 6.2
Width in the middle 5.6 6.0
Depth in the middle 3.8 53

plete, its proximal articular surface is lacking. Its
morphological characteristics are the small width of
the distal articular surface in dorsal view (this part of
the surface seems pinched) and the deep foveae lig.
collateralium. By these characters it looks more simi-
lar to the genus Hieraaetus than to the other genera.

Measurements: Table 7
Aves indeterminate

Material: Right femur, proximal part, very small, LT
72°97.

Fiskus locality

Order Anseriformes
Family Anatidae
Anatidae indeterminate
Figure 10, D

Material: Right scapula, cranial part, FS 32°01.

Description and comparisons: At its cranialmost
part the acromion shows two tubercles, one quite at
the top, and a second one more caudal, on the lateral
surface. This form is different from the Oxyurinae
which show a tubercle at the top and a ridge on the
lateral face, and corresponds better to an Anatinae.
The tuberculum coracoideum is globular and stands
out on the lateral face as well as on the costal face.
This scapula corresponds to a form smaller than the
scapula from Langental LT 185°03.

Measurements: From the top of the acromion to the
caudal part of the facies art. humeralis, 7.9

Palaeoecological significance

From the palaeoecological point of view the os-
trich, which only occurs at Elisabethfeld, indicates a
savannah environment, while two other forms, the
cormorant and the small charadriifom, indicate an
aquatic biotope. In the other localities one finds a
very large majority of aquatic forms such as the Pa-
laclodidae, the Oxyurinae, the Anserinae and the
Anatinae. The Palaelodidae were birds related to
modern flamingos but adapted to diving (Cheneval,
1983a). They were living in relatively deep water
expanses (Cheneval, 1989). The presence of an
aquatic environment is also attested by the study of
other classes of animals which include freshwater
snails, a few fishes, Pipidae frogs, and brachyodont
mammals (M. Pickford, pers. comm.).

The galliforms are mainly terrestrial birds and
for the accipitriforms it is not possible to know
whether they preferently fed on aquatic or terrestrial
prey. Finally the present day Coliidae live in wooded
areas, with scrub or light woodland, but they avoid
dense forests (del Hoyo ef al., 2001).
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Conclusions

These Northern Sperrgebiet avifaunas are very
interesting faunistically. The show the first appearing
of the genus Struthio, which ultimately spread very
widely over the Old World (Mourer-Chauviré et al.,
1996b). Representatives of groups are also found
which were present at the same time in other parts of
the world, and which became extinct, such as the
Palaelodidae, the genus Mionetta, or the small galli-
form Palaeortyx, which was present mainly in
Europe. They include a representative of the Colii-
dae, which were very diverse and widespread in the
European Tertiary, but which disappeared from
Europe and survive at the present time only in Africa.
They also include a primitive form of Anserinae, and
some Phasianinae close to the genera Gallus or Pha-
sianus which do not occur any longer in Africa.

Although the sediments have been carefully
washed and sorted, in order to collect micromammal
teeth, no passerine remains have been found and the
only small bird remains is a fragment of tarsometatar-
sus of a Coliidae, or mousebird. This was also the
case in the more recent locality of Arrisdrift, Namibia
(age ca. 17 Ma, MN 4) (Mourer-Chauviré, 2003).
Studies based on DNA imply a very early origin of
Passeriformes in the Gondwanan continent (Ericson
et al., 2002; 2003). From a central southern origina-
tion point some groups would have reached New
Zealand, some Australia, some the Old World, and
some South America. In Europe, the first known pas-
serines are from the lower part of the Oligocene of
Southern France (Roux, 2002) and Germany (Mayr
and Manegold, 2004). According to the hypothesis
proposed by Ericson et al. (2002; 2003) the Old
World Suboscines would have reached Africa and
Asia through the Kerguelen Plateau and the Indian
Plate before 80 Ma ago. Considering their apparent
absence in the Early Miocene African localities, one
may suppose that they first reached Asia and that
they arrived relatively late in Africa. For the moment
they are known in Africa only since the Middle Mio-
cene, in the Beni Mellal locality, Morocco (Brunet,
1961; 1971), aged about 13 Ma, MN 7 (Pickford and
Senut, 2003).
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