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The Avifauna of the Miocene Fossil-Lagerstätte 
Sandelzhausen (Bavaria, Southern Germany)

Yon

URSULA B. G Ö H LICH

ABSTRACT
The early Middle Miocene (MN5) fossil site of Sandelz

hausen (Upper Freshwater Molasse, Bavaria, Southern Ger 
mans) is well-known for its vertebrate fauna, especially its 
mammals. This study presents the complete avifauna, which 
is the rarest represented vertebrate class m Sandelzhausen 
despite approximately 600 remains. 14 different taxa of 6 orders 
can be confirmed with the passeriforms most frequently 
represented. Additionally Galhformes (Phasiamdae: M io-

phasianus alt its, Palaeortyx interm edia, Phasiamdae gen. ft  sp. 
indet.), Anseriformes (Anatidae: Mionctta blanchardi, Mio- 
netta natator; Anseriformes gen. et sp. indet.), Accipitriformes 
(gen. et sp. indet. A, B, C), Strigiformex (gen. et sp. indet. A, 
B) and Gruiformes (Gruidae: PaLicogrns m ainbnrgcnsis, 
Gruiformes indet.) are identified. PaLicogrns mainbnrgcnsis 
is a unique species found only in Sandelzhausen.

KURZFASSUNG
Die früh-mittelmiozäne (MN5) Fossilfundstelle Sandelz

hausen (Obere Süsswussermolasse, Bayern, Süddeutschland) 
ist bekannt für ihre reiche Wirbeltierfauna und besonders ihre 
Säugetiere. Diese Arbeit stellt die gesamte Vogelfauna vor, die 
mit immerhin 600 Stücken die quantitativ am wenigsten gut 
repräsentierte Wirbeltiergruppe in Sandelzhausen ist. 14 ver
schiedene Taxa, verteilt auf 6 Ordnungen, konnten nachge
wiesen werden, wobei die Passeriformes mit Abstand zahlen

mäßig dominieren. Belegt sind weiterhin die Galhformes (Pha
siamdae: Mwpbasianus altns, Palaeortyx interm edia , Phasian- 
idae gen. et sp. indet.), Anseriformes (Anatidae: Mionctta blan- 
chardi, Mionctta natator, Anseriformes gen. et sp. indet.), Acci
pitriformes (gen. et sp. indet. A, B, C), Strigiformes (gen. et 
sp. indet. A, B) und Gruiformes (Gruidae: Palaeognts niani- 
burgcnsis, Gruiformes indet.). Palaeognts mainburgcnsis ist 
bisher nur aus Sandclzhausen bekannt.

1. INTRODUCTION
The site of Sandelzhausen is located near the town of Main

burg in Bavaria (Southern Germany), about 70 km north of 
Munich in the center of the North Alpine Foreland Basin (fig. 1). 
The latter is bounded by the river Danube in the north and 
the Alps in the south and is filled with Tertiary sediments. Its

uppermost part that crops out superficially is the Miocene 
limnofluviatile Upper Freshwater Molasse. Teams from the 
Institute for Palaeontology and the Bavarian State Collection 
Munich conducted systematic excavations in Sandelzhausen 
from 1969 to 1975 and from 1994 to 2001 under the supervision
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of V. F ai iLBUst n (Munich). To date, these excavations have 
yielded approximately 30,000 identiliable specimens, 
representing about 170 palaeozoological species (pers. comm. 
V. Fahlhuscii), most of them vertebrates. The richness of this 
continental vertebrate fauna and the extraordinary systematic 
diversity make Sandelzhausen an exceptional site. The fauna 
is dominated by vertebrates, although only represented by 
isolated disarticulated remains. Molluscs are represented by 
lreshwater and terrestrial gastropods as well as rare freshwater 
bivalves (G ai t. 1972). Freshwater ostracods (W itt 199S), algal 
gvrogonites, and Iruits of terrestrial angiosperms (Ccltis, Glc- 
ditsia) are also rare components. Within the vertebrates, mam
mals are the most common fossils, followed by fishes, amphi
bians, and reptiles. Birds are the rarest vertebrates found, with 
around 600 remains. The presence of birds in the deposits of 
Sandelzhausen has been known since the beginning of the 
diggings (F ain bliss ii & G ali 1970: 393), but they have never 
been determined or described. This study deals with the entire 
bird material and presents the complete avifauna of Sandelz
hausen.

1.1 G E O L O G Y

The fossiliferous limnofluviatilc deposits in Sandelzhausen 
reach a maximum of 3 meters in thickness. In general, the marly 
sediments show a decrease ol quartz pebbles in frequency and 
size from the bottom to the top. In the lower half of the section 
there is a brown-colored “coaly” lignite layer of 2,5 - 5 cm 
(fig. 7). Some horizons show a concentration ol carbonate 
concretions. The lossils are concentrated in and around the 
humous “coaly" layer, while large-sized fossils are more often 
found in the deposits below the “coaly” layer. The deposits 
arguably cover a time span ranging Irom some hundred to 
thousands ol years (Schmid 2001).

Fig. 1: Geographic position of l he site Sandelzhausen with schematic
illustration ol the extension of the Upper Freshwater Molasse without 
Ouatern.in eo\er.

Investigations by H mssig ( 1997) on mammal Luostratigraphy 
of the Upper Freshwater Molasse in Bavaria showed the launal 
position of Sandelzhausen in the early Middle Miocene (MN 5 
= I.uropean Mammal Neogene Llmt MN5, Badenian) with an 
absolute age of around I 6 Ma. Several studies on the geology 
and on different faunal groups of Sandelzhausen have already 
been published (cited in F ahiruscii S: L iebreich 1996 and 
Zn gi i r 2000).

1.2 METHO DS

Most of the bird remains, as well as thousands ol invertebrate 
and vertebrate microlossils, were obtained by screen-washing 
in the field. The osteological terminology principally follows 
Baumh et al. (1993) and occasionally Baumann (1969a, b); 
measurements were taken after von den D rii-sc ii (1976).

Abbreviations

O s t e o l o g y  -  CMC: carpometacarpus, TT: tibiotarsus, 
TMT: tarsometatarsus, dist.: distal, prox.: proximal, sin.: 
sinister, dext.: dexter, cran.: cranial, caud.: caudal.

M casu re m e n t s - GL: greatest length, L: length, Bp: width 
proximal, Bd: width distal, BTd: width Trochlea distal, Dp: 
diagonal proximal, Dd: diagonal distal, K.C: smallest width of 
corpus, I Ip: height proximal. Fid: height distal, HpA: diago
nal height proximal with apophysis flexoris inclusive, Td: depth 
distal, Tp: depth proximal.

The material is housed in the Bayerische Staatssammlung 
für Paläontologie und Geologie in Munich (BSP). (. )nly a few 
specimens are held at the Staatliches Museum für Naturkunde 
in Stuttgart (SMNS).

C o l l e c t i o n s  - BM N H: British Museum of Natural 
History, London; BSP: Bayerische Staatssammlung für Palä
ontologie und Geologie, München; SAPM: Staatssammlung 
für Anthropologie und Paläoanntomie, München; FSL: Faculté 
des Sciences de la Terre, Université Claude Bernard Lyon 1, 
Villeurbanne; 1SF.AK: lnstvtut Systematyki i Ewolucji Zwierz, 
Krakow (Institute of Systematics and Evolution, Polish 
Akademv of Sciences); LAC: Laboratoire d ’Anatomie 
comparée. Museum National d ’Histoire Naturelle, Paris; 
LPVM: Laboratoire de Paléontologie des Vertébrés, Université 
Montpellier; MAPI: Magyar Àllami Fcildtam Intéz.et, Buda
pest (Hungarian Geological Survey); ML Muséum d’Histoire 
Naturelle (Musée Guimet), Lyon; MNHN: Museum Natio
nal d’1 listoire Naturelle, Paris; NMB: Naturhistorisches Mu
seum Basel; RGM: Rijksmuseum van Geologie en Mineralo
gie, Leiden (= Nationaal Natuurhistorisch Museum Leiden); 
SMNS: Staatliches Museum lür Naturkunde, Stuttgart; LIPM: 
Department des Sciences de la Terre, Marseille.

C o u n tr v :  A: Austria, D: Germany, F: France, I: Italy, FI: 
Hungary, CZ: Czech Republic, F : Spain, MOL: Moldavia, PL: 
Poland, R: Romania, SL: Slovakia (see tab. 6)
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2. SYSTEMATIC PALAEONTOLOGY
Order Anseriformes W alter , 1 S31 

Family An.uid.ic V igors, 1825 

Subfamily Dcndrocheninae L ivezey & M artin, I9SS 

Genus Mionctta L iyfzey & M artin, 1988

Mionctta blancbardi (M ilne- E dw ards, 1S63)
(pi. 1, figs. 1 ,2, 3)

S y n o n v in :

IS63 ,1 n.o blanchanh -  Milnl-Edwa r d s : 60.
v 1983 Dcndrochcn blancbardi (MunfMowarus, IS63)-Chinf- 

\al : 88-91, pi. 1, fig. I (with synonymy).

L o cu s  t v p icu s :  St.-Gcrand-le-Puv (Allier, France).

S t r a tu m t v p i cu m : Lower Miocene, Aquitanien, MN2a.

L e c t o t  vpe: T T (MNHN Av S231) assigned by C hfnia.ai 
(1983: SS, 91).

O r i g i n a l  d i a g n o s i s :  M ilnl-E dw.ards (1863: 160).

E x ten d e d  d ia g n o s is :  C heneval (19S3: 9 0 ) : -tibiotarsc 
d’une taille intermédiaire entre celle des espèces actuelles 
Dendrocvgna javam ca  (denroevgne de Java) et D. viditata 
(denroeygne veuf); surface articulaire interne bien creusée, à 
bord postérieur très développé; crête enémienne externe impor
tante, crcte tabulaire longue; gouttière tendineuse large, à bord 
interne très fin et à bord externe creusé d’une gouttière du 
peroneus profundus profonde; condvlc interne très fin (longu
eur = 77,7 mm, largeur de l’épiphvse distale = 9,1 mm).»

S t r a 1 1 g r a p h î c a 1 and g e o g ra p h ic a l  d i s t r ib u t i o n :  
France: St.-Gérand-le-Puv (Lower Miocene, MN2.1, M u ni - 
E dwards 1863, C hin evai  1983); Germans’: Ravolzhausen 
(Lower Miocene, MN1 -2, Rheinhessen, M artini 1974), Wcise- 
nau (Lower Miocene, M N 1, L ambrecht 1933); C zcch Repub
lie: Skiritz (LowerMiocene, MN3-4, L ambrecht 1933; Romania: 
Gredin .a (Upper Miocene, K essler 1992), Malusteni (Lower 
Pliocene, MN15, Kessier , 1992).

R e m a rk s :  F ra,as ( 1870) described .1/. blancbardi in Stcin- 
hciin (Middle Miocene, MN7), but von A mmon ( 191 S) changed 
this determination to/fw.rs risgovtensis.

Created as Anas blancbardi by M ilne- E dwards in 1863, 
ClIENEVAL (1983) moved blancbardi to D cndrocben  - Sub- 
fannh Dendrocygninae R fichenbach, 1850 - a genus created 
by M iller (1944) (or a humerus from the Lower Miocene of 
South Dakota, USA. Based on osteological and phylogene- 
tically significant characters of the Anseriformes, L ivezey & 
M artin ( 19SS) placed blancbardi in their new genus Mionctta.

Previous osteological descriptions were provided bv Mu NL- 
E dwards(1S63), Ffi iward (1964), C heneval (19S3), L ivezey & 
M artin (I9SS).

M a te r ia l  and m e a su re m e n ts  (mm):

Humerus dext., pro\. half
BSP 1959 II 

8271 KC: 5.2.
Humerus sin., dist. end 8274 KC: 5.4.
CMC sin., prox. end S3 SO Bp: V. 1
CMC dext., prox. end 8292 Bp: 9.1
CMC sin., dist. half 8301 Dd: 5.8
Radius sin., prox. half S2S8 Dp: 4.3

D e s c r ip t i o n :

Humerus: one proximal half (BSP 1959 11 8271) and one 
distal end (BSP 1959 11 8274) of a humerus are preserved. The 
crista bieipitahs is broken off on BSP 1959 II S271. The fossa 
pneumotncipitalis is shallow and closed (non pneumatic) and 
the opening of the fossa pneumotricipitalis is nearly horizon
tal, also in ventral view. The fossa pneumotricipitalis is enclosed 
by a prominent edge, also at its cranial side. In ventral view 
the crus ventrale fossae is rectilinear, nearly horizontal, some
what ascending caudallv; the tuberculum ventrale is barely 
protruding d¡stallv. On the caudal side the caput humeri is 
limited distally by a distinct margin; in its ventral half the caput 
is somewhat undermined distally. The tuberculum dorsale is 
roundish and prominent. The margo caudalis flattens in pro
ximal direction proximallv before reaching the caput humeri 
and the tuberculum dorsale. The sulcus transversus extends 
and deepens centrally. On the distal humerus, BSP 1959 II 
S274, the epicondvlus ventrulis and the processus flexorius are 
broken off. The impression m the fossa musculi brachial is is 
shallow, but distinct and broadens proxintodorsallv. The fossa 
olecrani bears a longish horizontal furrow. The sulcus humero- 
tricipitalis is shallow and short.

Carpometacarpus: Proximal end (BSP 1959 II 8380) with a 
trochlea carpalis is somewhat extended proximodistally. The 
processus pisiformis is protruding cramallv. Processus exten- 
sonus is slender and long with a processus alularis protruding 
dorsallv. The distal half (BSP 1959 II S301) consists only of 
the os ntetacarpale major; the os metacarpale minor is mis
sing. The cross-section of os metacarpale major is rounded 
triangular. The longitudinal tendon furrow along the sulcus 
interosseus narrows dorsallv. The shallow sulcus tendineus 
starts at the middle level of the symphysis mctacarpalis distalis 
and slightly broadens as it extends proximocranially.

Radius: The proximal half (BSP 1959 II 82S8) with a roundish 
cotyla humeralis. The tuber bicipitalis radial is is blunt and close 
to the cotyla. The cross-section of the corpus is roundish.

C o m p a r is o n  and d is c u s s io n :  Within the four species 
of anscriforms in Sandelzhausen M ionctta b lan cbard i is 
represented with the most specimens (at least four individuals). 
The most diagnostic fossil is the proximal humerus, speeimen- 
BSP 1959 II S271. It is characterized specifically bv a shallow 
and closed (non pneumatic) fossa pneumotricipitalis; herewith 
it differs from the genus Anas and the Ansennae in general. 
Following W oolfeneden ( 1961) and L ivezey & M artin ( 198S: 
198, 207) the genus Anas and the Anserinae are characterized 
bv an open pneumatic fossa pneumotricipitalis. Although the
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genus Aytbya is also marked by a dosed fossa pneumotnapi- 
talis (CniM \AI 1LJ87: 150), the fossa is deeper in comparison. 
Moreover the humerus of the Miocene species A ytbya  
tbauvirac  is a little smaller (Cm NtVAl 2000, tab. 1). Although 
clearly corresponding morphometrically with M. blancbardi 
from St.-Gerand-le-Puv, the present proximal humerus differs 
bv one feature: the enclosure of the fossa pneumotrieipitahs 
has a prominent edge all around; the craniodistal margin clearly 
separates the fossa from the shaft. The distal humerus (BSP 
1959 11 8274) is morphometrically in accordance with M. 
blancbardi, but is also very similar to that of Anas vclox. 
Comparisons show no distinct features between the distal 
humerus end of .'/. blancbardi from St.-Gerand-le-Puv and 
A. v i7o.v from Sansan.

Because of the closed fossa pneumotrieipitahs and the 
relatively longer wing bones (in proportion to the leg bones) 
Mu \f-Edwards(1S63: 160)and L ivlzl v & M artin ( 19SS: 196) 
concluded that Mionctta b lam b an h  was moderately specia
lized lor diving rather than for fir ing.

M io n c tta  n a ta tn r  ( M u  n i  - E d w a r i i s , 1 8 6 7 )

(pi. 1, figs. 4, 5)

S v n o n v m v :

\ 1867 Anns natatnr, nor. sp. -  Mn M - E dw ar ds , vol. 1: 148, pi. 2 5 ,
fig. 14-2 2 .

v 1985 D cn d rm b cn  b lan ihard i (M i l m i - E d w a r u s , 1867 - 7 1 ) -  
C l  11 Nr\ ai : 9 3 -94 , pi. 1, fig. 3 (with synonymy).

L o cu s  tv p ic u s :  St.-Gérand-Ie-Puv (Allier, France).

S t r a t u m t v p i eu m : Lower Miocene, Aquitanien, MN2a.

L e c t o t v p e :  Ulna (MNHN Av 6428) ligured by M u n i - 
E dwakds (1867-71: pi. 25, fig. 21-22), assigned hv C hfnfyai 
( 1983: 93).

O r ig in a l  d ia g n o s is :  M u n i -E dwards ( 1867-71: 148ff).

E x te n d e d  d ia g n o s is :  C hi ni-.vai ( 1983: 93): "Cubitus 
d’une taille très inférieure à celle de Dctnlrocbcn blancbardi; 
saillie du ligament articulaire antérieur peu marquée; 
impression du brachialis antieus peu profonde, mais allongée 
le long de la diaphvse; tubérosité carpienne bien courbée vers 
le côté interne; dépression radiale inférieure étroite et prolonde 
(longueur = 50,8 mm, largeur de l’épiphyse proximale = 6,6 
mm, largeur de l’épiphvse distale = 5,3 mm).»

S t r a 11 g r a p h i c a 1 and g e o g r a p h i c a 1 d i s t r i b ut i  o n : 
France: St.-Gérand-le-Puy (l.ower Mioccne, MN2a, M ilnf.- 
Edwards 1863, C hfnfvai I9S3); Germait}': Weiscnau (Lower 
Miocene, MN1,  L ambri■c.tit 1933), Kastel Brueh (Upper 
Oligocène, L ambrei i it 1933); Czech Republie: Ski ri tz (Lower 
Miocene, M N 3-4, L amkrei ht 1933, M l i k o v s r - 2000a); 
Moldavia: Kishinev (Upper Miocene, MN9, K essler 1992).

Ma t e r i a l  and me as ur e nt e nt s  (mm):

BSP 1959 II
Coracoid sin., pros, end 
Coracoid sin., pros, end 
Humerus sin., prox. end 
Ulna sin., dist. end 
TT sin., dist. end

8269 KC: 3.1
8982 KC : 3.4
S272 Bp: 11.3
8284 I>d: 5.7
S312 Bd: 4.9, Td: 5.0

D e s c r i p t i o n :

Coracoid: Both remains are only proximal fragments with 
the processus procoi acoideus broken off. The processus acro- 
coracoideus is damaged on BSP 1959 II S9S2. Both specimens

Plate 1

All figures double size.

Mionctta blambanh (Muni -Edwards, 1863)
Fig. 1: Humerus dext. proximal end; a: caudal, b: cranial, c: medial (BSP 1959 II 8271). 
Fig. 2: Humerus sin., distal end; cranial (BSP 1959 II 8274).
Fig. 3: Carpometac.npus sin., proximal end; a: dorsal, b: ventral (BSP 1959 11 8380). 

Mionctta natator (Mu xn--Edwards, 1867)
Fig. 4: Humerus sin., proximal end; a: caudal, b: cranial (BSP 1959 II 272).
Fig. 5: Coracoid sin., proximal halt; dorsal (BSP 1959 II S9S2).

Anxeritorincs gen. et sp. indet.
Fig. 6: Lina sin., proximal end; cranial (BSP 19.59 II 8281).
Fig. 7: Phalanx dig. 11 1 dext.; a: dorsal, b: ventral (BSP 1959 II 8.379).

Strigitoinies gen. et sp. indet. B
Fig. S: Phalanx 1112; a: dorsal, b: lateral, c: plantar (BSP 1959 II 8336). 
big. 9: Phalanx III terminahs, claw; medial (BSP 1959 11 8330).

Strigdormes gen. et sp. indet. A
lug. 10: Phalanx III terminahs, claw; medial (SMNS 54005).

Palacngi ur niainlmrgcnrir (Colli K 1 1 , in press)
Fig. I 1: Iaisometal.usus dext., proximal end; dorsal (BSP 1959 II 8319, paratvpe).
Fig. 12: Tibiotarsux sin., distal end; a: cranial, b: caudal (BSP 1959 II 8309, holotvpc).

Gruitormcs indet.

big. 13: I lumvrus dext., distal end; a: cranial, b. caudal (BSP 1959 II 8279).
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.ire characterized by a rounded oft triangular-shaped and deep 
cotyla scapularis, and b\ a shallow concave facies articularis 
humeralis with a laterally protruding margin. The impressio 
ligamenti acrocoracohumeralis is distinct and longish oval. The 
distal edge of the processus acrocoracoidcus (tuberculum bra
chiale) medially shows a little incision between the facies 
artieulares clavicularis. Whereas BSP 1959 H S9S2 lies within 
the metrical variability of M. natdtor from St.-Gerand-le-l’uv, 
BSP 1959 II S269 is a bit smaller (own direct comparison).

Ulna: The preserved distal end represents a tiny ulna with a 
short but pointed tuber carpale. A sulcus intercondylaris is 
present distoventrally, but is absent distally. No incisura 
tendinosa can be observ ed.

Tibiotarsus: Only the distal fourth is preserved. The pons 
supratendineus is damaged. Both condvlus medialis and 
lateralis are slender and therefore the incisura intercondv Ians 
is wide. Along the preserved corpus, the sulcus extensorius is 
bounded medially by a crest. The sulcus musculus fibularis, 
epicondvlus medialis and lateralis and tuberculum retinaculi 
musculi fibularis are very weak.

Humerus: Only the proximal end is preserved. The interior 
of the fossa pneumotricipitalis is badly preserved, but seems 
to he shallow. The opening of the fossa pneumotricipitalis is 
nearly horizontal in ventral view. The caput humeri is slightly 
damaged, caudallv it is bordered distally by a distinct margin 
and it is somewhat hollowed out distally in its ventral halt. 
The tuberculum ventrale is barely protruding distally. The 
tuberculum dorsalc is longish, but weak. The sulcus transversus 
extends and deepens centrally.

C o m p a r i s o n  and d i s c u s s i o n :  All described elements 
are distinctly smaller than Mumcttd b iim bn u d i, M. cousobnna , 
Anas sansiinunsii and Aytbvd chdttvirac. The small sized A ims 
velox  from Sansan metrically corresponds in some bones (e. g. 
ulna dist.), or is only little larger (e. g. tibiotarsus dist.), but 
the apparent shallow lossa pneumotricipitalis of the humerus 
contradicts an allocation of these small sized anatids from 
Sandelzhausen to Anas (see Wool ffnehen 1961, L ivfziy & 
Martin 1988: I9S, 207). The proximal humerus and the distal 
tibiotarsus from Sandelzhausen are a little smaller than those 
of M. mUatur from St-Gerand-le-Puy (humerus prox. Bp: 13.6
15.0 mm, n=3; tibiotarsus dist. Bd: 5.7-7.4 mm, n=4, C hfnfvai 
19S3, tab. 1), hut the latter represent only a very few specimens. 
The distal tibiotarsus from Skintz (Czech Republic) is also a 
little smaller than those from St-Gerand-le-Puy (Bd: 5.5 mm, 
Eambrf.i Hi 1933: 35S).

Mwnctta natdtor and Mwnettd bhvicbdrdi were formerly 
known from Early and hate Miocene deposits (tab. 6), thereby 
the specimens from Sandelzhausen are the first evidence in 
the Middle Miocene.

Anseriformes gen. ct sp. indet.
(pi. 2, figs. 6, 7)

Mat er i a l  and me a s u r e me n t s  (mm):

BSP 195V II
L lna Mil., pros, end S2S0 Bp: 12.6
Ulna sin., pi ox. end 8281 Bp: 14.1, I >p: 18.2
Phalanx pros, digit! majons dext. 8379 L: 33.7, UL: 34.6, Bp: 8.7

D e s c r i p t i o n  and d i s c u s s i o n :  The specimens belong 
to an anseriform taxon of distinctly larger size than the two 
species described above.

Ulna: Only represented by two proximal ends. The 
olecranon projects ventrallv and surpasses the roundish cotyla 
ventrahs ventrally. The cotyla dorsalis is protruding dorsally 
and craniallv turns down distally in form of a lip. Dorsally 
beneath the processus cotylans dorsalis lies a dent with the 
impressio scapulotncipitahs. The tuberculum ligamenti colla- 
terahs beneath the olecranon bears a distinct longish facies, 
that deepens at its proximal half. The impressio brachialis (only 
preserved on BSP 1959 11 8280) is longitudinal and narrow.

By the means of their size, these proximal ulnas probably 
belong to the Anserinae. Specimen BSP 1959 II S280 is some
what smaller than BSP 1959 11 8281. However, comparisons 
with the measurements of some extant Anserinae (B acher 
1967) show that the dimensions (width prox. of ulna) of both 
specimen are within the metrical variability.

For most of the Neogene anserine species the ulnas are not 
known. The proximal end of the ulna of Anser ocniiigcnsis 
(Middle Miocene, Oeningen, Germany, von M i-yer IS65) and 
of Anscrobrdntd tanibuknu  (Upper Miocene, Kishinev, Roma
nia, Kurochkin & G ani-a 1972) are somewhat larger; that of 
Cygnus cxgmfortms (Middle Miocene, Steinheim, Germany) 
is distinctly larger.

Phalanx proximahs chgiti majons (Ph. dig. I l l ) :  The com
plete preserved bone is long and slender. The pila craniahs is 
craniallv flattened; dorsally a weak sulcus runs along the whole 
pila. The caudal wing is about the same width along the distal 
’/.< and distally surpasses the pila a little bit. The wing shows a 
longish and shallow concavity on the ventral side and dorsally 
there are two concavities with the proximal one more shallow 
than the distal one. Between them, there is a longitudinal 
protuberance close to the caudal end of the wing. The proxi
mal end is triangular with a two-pointed dorsal end. The ven
tral and caudal margin of the proximal end are weakly concave.

Because ol missing comparative fossil material, all these 
specimens are not determinable.

Order Accipitriformes V in tio r ,  1 S 16

Three taxa of accipitriforms can be distinguished bv their 
size, although they are not taxonomically determinable. For 
morphometrical comparisons the following extant and fossil 
(European Neogene) species have been considered:

Extant: Pdiuhon bdhdctns, Pcrnis dpivorus, Milvus »lilvtis, 
Milvits mignvis, A capitcrgcntihs, Accipilcr mats, Butco biitcu , 
Butco Idgopns, H ien iaetm  fascuitus, Aquild chrysdctns,Aquild 
bclidca, Hcluicctm alb ialL i, Hcluicctus Icucoccphdlus, Aegypius 
moiidcbiis, Gyps ju lvus , Circus cydticus, ( ircits dcrugmosus, 
Fdlco pcrcgrinus, Fdlco snbbntco (these studied extant species 
are housed m the SAPM).

Fossil: Butco pusilltts, Aquild pdm idtoidcs, A. dclpbmensis, 
Aquildvus depreddtor, A. corroyi, A. prisons, Hwnuictns cd- 
uw'dsi (including Svn. Aquild im nutd), Hdlnwctus pisedtor, 
Milvus depenhtus, Promilw inccrtns, Paldcohicrax gcrvdisii, 
Gargdiiudctus frcudcnthdli, G. mnrivnrus, Fdlco incdius,
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PcLirgop,ippm mugnm  [these lossil species are studied either 
bv means ot their original description or personally hv the 
author (tor the localities: St.-Gérant!-le-Puv, Sansan, t.a Grive), 
see tab. 1].

1’amilv Aecipitndae V ieii lot , 1816 

Accipitridae gen. et sp. indet. A 
(tigs. 2. 3)

BSP 1959 It 8320. The latter is relatively delicate. The trochleae 
metatarsi tt and 111 are the same length while trochlea metatarsi 
IV is a little shorter, tn dorsal view the trochlea metatarsi til is 
vert slightly oblique from distallv lateral to proximallv medi
al. Maximal width of the trochlea metatarsi 1II is 3.2 mm (BSP 
1959 It 8320) and 4.1 mm (BSP 1959 tt 8997). The fossa meta
tarsi I is slender and 8 mm in length (BSP 1959 It 8320). Distallv 
it extends to the level ol the proximal end ot the foramen 
vasculare distale.

Mat er i a l  and me a s u r e me n t s  (mm):

BSP 1959 II
TMT sin. distal halt S320 KC: 4.5, Bd: 10.S, Td: 7.0
TMT dext. distal end 8997 Bd: 13,9, Td: S.5
TT sin. distal end 8308 Bd: 10.4, Td: (7)
Phalanx IV? terminalis (claw) S329 Bp: 3.1, Pip: 3.S, I IpA: 5.2
Phalanx 1T1 terminalis (claw) 8996 Bp: 5.S, Hp: 6.5, I IpA: 10.1

D e s c r i p 1 1 o n :

Tarsometatarsus: One distal half of a tarsometatarsus sin.

Tibiotarsus: The distal end of the tibiotarsus is damaged 
caudallv. The trochlea cartilaginis tibialis caudallv streches far 
proximallv. The condvli are relatively short. The canalis 
extensonus passes obliquely from distally medial to proximallv 
lateral. The oblique distal aperture ot the canalis extensorius 
reaches up to the medial edge of the diaphysis. The proximal 
aperture of the canalis extensorius is located approximately 
midwidth of the diaphysis; it tapers off distallv and extends to 
the level of the proximal end of the distal aperture.

and one distal end of a tarsometatarsus dext. ,are preserved. Thailanx IV? terminalis (c!law): The small claw is nearly
The tarsometatarsus BSP 1959 It 8997 is somewhat larger than complete, only the outermost tip is brok en oft. The apophysis

Species Locality age Collection GL Dp KC Bd Td
TT
Accipitridae indet A Sandelzhausen D MN5 BSP - - - 10 4 (7)
Garganoaetus San Giovanmno* MN13 RGM (210) - 14 26 **
freudenthali (Gargano), 1
Hieraatus edwardsi Sansan*, F MN6 MNHN - - - 9 0 7 1
(formerly Aquila 
minuta)
Hieraatus edwardsi Sansan*, F MN6 MNHN 15 5
Aquí lav us 
depredator

St -Gerand-Ie-Puy*, F MN2a MNHN - - 86 - -

Aquilavus priscus St -Gerand-Ie-Puy*. F MN2a MNHN - - 9 2 16 9 (13)
Pelargopappus Phosphorites of Quercy*. F Eocene/ MNHN - - - 15.3 18 0
magnus Oligocène
Pelargopappus Phosphorites of Quercy*. F Eocene/ ML, LPVM - - 10 0-10 5 15 2-17 0 17 2-18 5
schlosseri Oligocène MNHN 131 131 121
TMT GL Bp TP KC Bd Td
Accipitridae indet A Sandelzhausen, D MN5 BSP - - - 4 5 10 8 7 0

BSP - - - - 13 9 85
Garganoaetus San Giovanmno* MN13 RGM 132 23-26 - - 25-27 -
freudenthali (Gargano). 1
Garganoaetus Chiro 10C* (Gargano), I MN13/14 RGM - - - - 18 -
murivorus
Aquila delphmensis La Grive*. F MN7+8 ML - 19 7 (107) <11 2 - -
Aquila pennatoides La Grive*. F MN7+8 ML - 13 3 <6 6 - -
Hieraaetus edwardsi Sansan*. F MN6 MNHN - - - 4 5 12 3 (7)
Palaeohirax gervalsil St -Gerand-Ie-Puy* F MN2 MNHN 88 7 16 9 14 8 6-9 7 

121
18 1 11.0

Promilio (Milvus) Chavroches, St -Gerand-le- MN2 ML 56 9 95 64 4 4 10-11 (5)
incertus Puy*, F
Milvus deperditus St -Gerand-Ie-Puy*, F MN2 MNHN 46 1 88 (5 7) 4 2 GO) -
Aquilavus
depredator

St -Gerand-Ie-Puy*, F MN2 MNHN 102 9 16 1 13 3 8 2-9 8 20 6 11 6

Aquilavus priscus St.-Gerand-Ie-Puy*. F MN2 MNHN (100) - - (10) (22) -
Aquilavus cornyt Phosphorites of Quercy*. F Eocene

/Ollqocene
UPM 62 5 11 4 - 6 1 12.6 87

Aquila7 hypogea Phosphorites of Quercy, F Eocene
/Oliqocene

? - - " 4 8 10 -

Pelargopappus Phosphorites of Quercy*, F Eocene MNHN 214 1 21 8 20 0 8.3 20 0-20 4 13 6-13 8
magnus /Oligocène [2] [2]

St -Gerand-Ie-Puy. F MN2a MNHN (215) 21 8 186 8.3 20 4 13 5
Pelargopappus Phosphorites of Quercy*, F Eocene ML, LPVM - - - 7 4 16 0-18 2 10 2-12 0
schlosseri /Qligocene MNHN Í21 151 161

Tab. 1: Comparison ot measurements of Tertian' accipitrid tibiotarsi and tarsometaiarsi. Own measurements, except those from Sansan (Cheneval
2000: tab. 2), from the Phosphorites of Quercv (Moure.r-Chauviki 8c C henevai 1983: tab. 1), from Gargano (Bai 1 mann 1973, 1976) and for 
Aqmlai'uspriscus measured from Milne-Edwards (1S67-71: pi. 184, fig. 1-4). Type locality marked by estimated measurements in ( ); number 
of specimen in [ ].
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extensons is long. The proximal articular facet is relatively 
symmetrical and pyriform. The apophysis tlexoris is also long 
and ends plantarelv to a pointed edge.

Phalanx l/ll terminahs (claw): The claw is complete. It is 
long and slender and distinctly larger than the Ph. tV terminalis 
described above.

C o m p a r i s o n  and d i s c u s s i o n :  Based on their 
dimensions, these elements might belong to the same species. 
Thev represent the smallest of the three recorded taxa of 
accipitriforms in Sandelzhausen. The two recorded tarsometa- 
tarsi differ in size. But studies on extant accipitritormes show 
that the size of the tarsometatarsi can vary up to 25% (concer
ning the distal width) c. g. in Acupiter gracilis, which is known 
to have the largest dimorphism in size (Si HMlDT-BlRotR 1982:
I 16). So the difference in size of the two described tarsometa
tarsi, amounting to 22%, can assumed to be within the variation 
of one species. Beyond that, the two tarsometatarsi are mor
phologically identical. The tibiotarsus and tarsometatarsus 
differ from the family Palcomdae by the lack of an additional 
second distal opening of the canalis extensonus on the 
tibiotarsus and by the more plantar position of the trochlea 
metatarsi IV and the more medial orientation of the processus 
of the trochlea metatarsi 11 on the tarsometatarsus (in distal 
view). Compared with extant taxa of Accipitridae and by means 
of morphology, the tarsometatarsus and the tibiotarsus seem 
to be closest to the buzzard Buteo butco.

The Tertiary European species like Aquilavus depredator , 
.4. prisons, Aquila delphmensis, A. pennatnulcs, Palaeohierax  
gervaisu , Garganoactus frcttdentbdl/, G. munvorus, and Pelar- 
gopdppn> magmts are distinctly larger (see tab. 1). The distal 
tarsometatarsi of both A quilapannatoides and .1. delphmensis 
from La Grive (MN7+8, France) are not known. 1 lowever, .4. 
delphmensis has a much broader shaft than can be assumed tor 
the present specimens. Aquilavus depredator and .4. prisons 
(both from St.-Gerand-le-Puv, MN2, France) differ by a larger 
distal tarsometatarsus. Aquilavus oorroyi (from the Paleogene 
of Quercv, France) is similar in size, but is distinguished by a 
shortened trochlea IV (m dorsal view) and a lacking plantar 
protuberance on trochlea II (in medial view).

Pinniho tneertns (formerly in Milvus) from the Lower 
Miocene of St-Gerand-le-Puy (France) is metrically similar to 
the distal end of the tarsometatarsus from Sandelzhausen, but 
in distal view the medial processus of the trochlea metatarsalis
II is shorter and the plantar processus of the trochlea metatar
salis tV is not present in P. ineertits.

In the distal half of the tarsometatarsus of Milvus deperditus 
from the Lower Miocene of St-Gerand-lc-Puv (France) the 
fossa metatarsi I is somewhat elongated proximally, thereby 
longer. Additionally, in contrast to the Sandelzhausen speci
men, the processus of the trochlea metatarsalis 11 in dorsal view 
surpasses the trochlea distally and in distal view it arises from 
the trochlea metatarsalis II by a well-marked angle.

/ heraaetus edivardsi (Sansan, MN6, France) is similar in size,
t differs in morphology: the trochlea metatarsalis Ilf of

176

Hieraaetus edivardsi is oriented more obliquely in dorsal view. 
Palaeohierax gervaisii (St-Gerand-le-Puy, MN2, France) is 
distinctly larger. Milvus perditus (St-Gerand-le-Puy, MN2, 
France) is only known by the holotype, a tarsometatarsus 
without trochlea 11, tn comparision the trochlea 111 is distinctly 
smaller. Promilio meertus (Chavroches, France) is similar in 
size, but differs by the lack of the plantarelv protruding 
protuberance on the trochlea IN'. Pelargopappus magmts and 
P. so 1)1 osseri (Phosphorites of Quercv, France, Eocene to 
Oligocene) as well as Garganoactrts freu den thali and G. 
munvorus (Gargano, ftaly) are distinclv larger.

Unfortunately there are some Neogene accipitnd taxa where 
both the tarsometatarsus and tibiotarsus are not known - like 
the fossil buzzard Buteo pusillus (carpometacarpus from La 
Grive, MN 7+8, B ai i maxim 1969a) or the fossil eagle H ahae- 
etns pisedtor (carpometacarpus and phalanges from Sansan, 
Mu mi -E dwards 1867-71, C tu x ii\A i 2000). After B allmanm 
(1973: 101), the tarsometatarsus of buzzards and eagles can only 
be distinguished by characters of the proximal end, but which 
is not vet represented in Sandelzhausen. So with the present 
osteological knowledge of fossil accipitrids, a definitive syste
matic determination of these bones is not possible.

The claws are referred to this taxon on account of their size; 
they are too small to belong to the both larger taxa of accipitri
forms from Sandelzhausen. Metrically the phalanges are very 
similar to the claw's of digit tV and t/11 of extant Buteo buteo.

Accipitriformes gen. et sp. indet. B

(fig- -s )

Ma t e r i a l  and me a s u r e me n t s  (mm):

BSP 1959 II
Phalanx I I dext. 8376 I.: 23.5, Bp: 9.5, Up: 5.1, KG: 5.0, BTd: 5.7 
Phalanx 1 1 dext. 8377 I.: 23.3, Bp: 9.7, I lp: 5.5, KC 5.3, BTd: 6.0

De sc r i p t i o n :

Phalanx I 1: Both specimens are complete. The proximal 
end is dorsoplantarelv flattened and shows a medial indenta
tion. The plantar side of the shaft is weakly concave. The di
stal trochlea is flattened proximally.

C o m p a r i s o n  and d i s c u s s i o n :  These phalanges re
present the middle-sized of the three recorded accipitriform 
taxa. As mentioned before, taxon A is comparable in size with 
extant Buteo buteo  and taxon C is in the size range of the 
Golden Eagle (Aquila ihrvsaetos), which will be shown below. 
Compared with these species and considering the sexual 
dimorphism, the phalanges I I are definitively too big to belong 
to the accipitrid taxon A and too small to belong to the 
accipitnd taxon C.

There arc only a tew taxononucallv determined fossil pha
lanx 1 1. Three specimens are knoyvn from Sansan and deter
mined all to belong to H icraeetus edivardsi (CllENtVAl 2000: 

341, tab. 2). According to oyvn studies the variation in size of 
these phalanges seems to be too large to refer them all to the 
same species. The phalanx t 1 from Sandelzhausen correspond 
to the two smaller specimens from Sansan.
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1 c m

2: Accipitriformes gen. et sp. indet. taxon A, tarsometatarsus 
sin. distal half (BSP 1959 II 8320). a: dorsal, b: lateral, c: plan
tar, d: medial, e: distal.

3: Accipitriformes gen. et sp. indet. taxon A, tibiotarsus sin. di
stal end (BSP 1959 II 8308). a: cranial, b: caudal, c: distal.

4: Accipitriformes gen. et sp. indet. taxon C, phalanx I/II 
terminalis (claw) (BSP 1959 II S327). a: lateral/medial, b: pro
ximal.

Pig. 5: Accipitriformes gen. et sp. indet. taxon B, phalanx I 1 dext.
(BSP 1959 II S377). a: dorsal, b: plantar, c: proximal.

Fig. 6: Accipitriformes gen. et sp. indet. taxon C, Phalanx III 3 (BSP 
1959 II 8378). a: dorsal, b: plantar, c: proximal.
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Aecipitriformes yen. et sp. indet. C 
(figs 4, 6)

Mat e r i a l  and me a s u r e me n t s  (mm):

BSP 1959 11
Phalanx I/11 terminalis (claw) 8326 Bp: S.6,1 Ip: 9.8, HpA: 13.3 
Phalanx 1/11 terminalis (claw) 8327 Bp: 9.1, l ip 10.3, HpA: 15.1 
Phalanx III 3 S378 GL: 26.0, Bp: 6.6, Hp: 6.2,

BTd: 6.4

D e s c r i p t i o n :

Phalanx I/II terminalis (claw): The two claws with broken 
off tips belong to the digit I or II. Both specimen show a long 
apophysis extensoris and apophysis flexoris. Both the apo
physis extcnsoris and flexoris of BSP 1959 II 8327 are a little 
longer than those of BSP 1959 II 8326, especially in dorsal and 
plantar view. The proximal two-parted articular facet is pyri
form and symmetrical.

Phalanx III 3: In lateral view the phalanx is bent proximally 
convex. The proximal two-parted articular facet is relatively 
symmetrical. The plantar side of the corpus is concave. The 
distal trochlea is dorsoplantarcly flattened.

C o m p a r i s o n  and d i s c u s s i o n :  These phalangeal 
remains represent the large sized accipitrid taxon. In lateral 
view the claws show a characteristic apophysis extensoris as 
well as a long protruding slender apophysis flexoris. Both 
features are known from buzzards, eagles and hawks. Vultures, 
however, generally do not show a clear apophysis extensoris 
(B aumann  1973:12). The claws are distinctly larger than those 
of Hieraaetus edicardsi from the Middle Miocene of Sansan 
(France, see M ilne-E dwards 1867-71, ( Iheneval 2000). How
ever, they are morphometrically similar to those from St- 
Ccrand-le-Puy (France, Lower Miocene, see M ilne- E dw ards 
1867-71: pi. 1S3, figs. 17-21), which are not taxonomically 
determined.

In comparison with extant accipitrifornts the phalanx III 3 
is very close in size and morphology to that of the Golden 
Eagle (.A qm la ebrysaetos). Compared with the few known 
suitable fossils, the phalanges III 3 of Hteraeetus edwardsi from 
Sansan are smaller (see C heneval 2000: tab. 2), and a single 
undetermined specimen from St Gerand-le-Puy (MllNt-f D-

wards 1867-71 : pi. 183, fig. 26-29) is larger and somewhat more 
slender. Very close in size and morphology are the lossils of 
H ahaetus piscator from Sansan ( C heneval 2000: 337(f). But 
the scanty material allows no allocation.

Order Galliformes T emminc k, 1820 

Family Phasianidae V idors, 1825

The galliforms are represented by 3 taxa of Phasianidae in 
the avifauna of Sandelzhausen. Within the galliforms partridges 
are in general represented more abundantly in the European 
Miocene than pheasants ( C heneval 2000: 343), as is the case 
in Sandelzhausen. Most of the galliform remains of Sandelz
hausen belong to Palaeortyx interm edia followed in quantity 
by Miopbasiauus alias; only two fragments represent a tiny 
Phasianidae indet.. Palaeortyx intermedia has been known from 
older deposits and can now be confirmed in MN 5 (tab. 6).

Genus Miopbasiauus L ambrecht, 1933 

Miopbasiauus alias  (M ilne- E dwards, 1869)
(pi. 2, figs. 1-4)

S y n o n y m y :

1 v 1869 Pbasianus abus, nov. sp. -  Milnl-Edwards, vol. 2: 239-241, 
pi. 131, fig. 27-36.

v 2000 Miopbasuinusaltus( iiULNt.-l i.'Wards, 1869-71)- C heneval: 
351-352, figs. 9-11 (with synonymy).

L c e t o t y p e :  tarsometatarsus dext., prox. end (MNHN Sa 
1221 ), lectotype fixation by C henevai (2000: 35 if), figured in 
M uni  - E dwards (1869-71: pi. 131, fig. 27-29).

L o c u s  t y p i c us :  Sansan (Gers, France).

S t r a t um t v p i c u m:  Middle Miocene, Astarac, MN 6.

O r i g i n a l  d i a g n o s i s :  M il n e - E dwards ( 1 8 6 9 - 1 9 7 1 : 
23911): «L'une d’elles [Gallinacés de Sansan] paraît très-voisine 
des Faisans, et à raison de ses dimensions, je l’ai désignée sous 
le nom de Pbasianus altns.»

«La portion supérieure du métatarse de ce Faisan présente 
en elfet les charactères propres aux oiseaux dont le genre

Plate 2

Figures 1-4 m natural size, figures 5-10 in double size.

Miophasianns alius (Mu \E-ED\tARiis, 1869)
Fig. 1: Femur sin.; a: cranial, b: caudal, e: proximal, d: distal (BSP 1959 II 83S2).
Fig. 2: Tarsometatarsus dext.; a: dorsal, b: plantar, c: distal (BSP 1959 II 2207).
Fig. 3: Ulna dext. distal end; a: dorsal, b: ventral (BSP 1959 II 8980).
Fig. 4: Tibiotarsus sin.; a: cranial, b: lateral, c: caudal, d: proximal, e: distal (BSP 1959 II S3S1). 

Palaeortyx intermedia Bai I mann, 1969
Fig. 5: iarsometatarsus sin., distal end; a: dorsal, h: plantar (SMNS 54006/1).
Fig. 6: I iumerus sin., distal end; a: cranial, b: caudal (BSP 1959 11 8273).
Fig. 7: Phalanx dig. II 1 dext.; a: dorsal, b: ventral (BSP 1959 II 8331).
Fig. 8: Coracoid sin.; dorsal (BSP 1959 II 8270).
lag. 9: Tibiotarsus dext., distal end; a: cranial, b: caudal (BSP 1959 II S.307). 

i.isiamdae indet.
I J. ( .11 pometaearpus dext., distal 2/3; dorsal (BSP 1959 II S29I).
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Phiisumits sc compose, et elle ressemble plus .1 celle du Paisan 
commune qu’à toute .unie espèce. L’impreintc d’insertion du 
muscle tibial .intérieur est située un peu plus b.is que d’ordi
naire; elle est unique et assez saillante. La de-pression qui la 
surmonte est évasée, et, au fond, on aperçoit l’ouverture des 
deux pertuis supérieurs qui sont placés à la même hauteur. La 
coulisse de l’extenseur des doigts est assez large et limitée de 
chaque côté par une petite crête bien marquée. Les lacettes 
articulaires tibiales, situées a peu près au même niveau, sont 
grandes, arrondies et séparées par une tubérosité mtereondy- 
liennc peu saillante. Le talon est bien développe; la gouttière 
tubulaire est largement ouvert, et sa surface postérieure pré
sente trois coulisses dont l’externe très-courte est séparée de 
l’interne par une crête forte et arrondie. [...] ...cet os [méta
tarse]...aurait dépassé en longueur celui du plus grand Pliasia- 
nide actuel, le Crussoptvlo» diintum... . [ ..]■■

-La tête articulaire inferieure [du tibia] est presque aussi 
grosse que celle de Paon; mais le corps de l’os est notablement 
plus grêle. [...] La coulisse de l’extenseur commune des doigts 
est évasée, mais sa levre interne est peu saillante. Le pont osseux 
sustendineux est moins large que chez le Tétras et disposé 
comme dans le genre Pbasutnits. La coulisse du court péronier 
est située sur le bord externe et limitée de chaque côté par une 
petite crête bien accusée. L.e condvle externe est peu élargi et 
la gorge intercondvhenne antérieure est plus évasée et moins 
profonde que chez les Paons. La gorge rotuhenne est lisse et 
ses bords sont très-saillants latéralement. [...] A raison de sa 
taille, on ne peut pas davantage le [Phauanm  altus] confondre 
avec les espèces provenant de Pikermi et décrites par M. G au- 
dky sous le nom de Plnisianus an lr iaa  et de Câlins aesutldpi

S t r a 1 1 g r a p It 1 c a I and g e og r a phi c a l  d i s t r 1 b u t i o n : 
France: La Grive (Middle Miocene, MN7+S, B ai lmanx 
1969b), Sansan (Middle Miocene, MN6, C iienlval 2000), 
Vieux Collonges (Lower Miocene, MN4; B.\l lmann 1972; 
Miophasianus sp., might belong to M. altus after C hfneval 
2000: 352). Germany: Attenfcld (Middle Miocene, MN6?; 
St HlossER 1916), Dechbetten near Regensburg (Middle 
Miocene, MN5, von A mmon 1918: M. august us), Oehningen 
(Middle Miocene, MN7, L y d ik m  r 1891), Steinhcim (Middle 
Miocene, M N 7,1 Ih /mann 8c H esse 1995). Poland: Przeworno 
II (Middle Miocene, MN6-7, B ochf.NSM 1987). Slovakia: 
Devinska Nova Ves (= Neudorf an der March, Middle 
Miocene, MN" 6, '-'ve< 1986). Spam: Corcoles (Middle Miocene, 
MN 5, Ai.r-i iu.z et al. 1982: Miophasianus sp., ntav belong to 
M. altus after Cm Ni vai 2000: 352), Valles Penedes (Upper 
Miocene, V illaita 8c C rusaiont  Pairo 1950).

Mat e r i a l  and me a s u r e me n t s  (mm):

BSP 195V II
Scapula sin., eran. end 8383c De: 16.1, B: 6.5
11 uni crus dext., iragm. 8383d Bp:((IS)), Bd: ((17.5)) 

strongly deformed
Ulna dext., dist. third 89S0 KC: 6.6, Dd: 13.7, 

Bd (Trochlea): 1 1.8
I 'emur sin. 8382 GI : 1 16, L: 109, Bp: 24.0, Tp: 14.3, 

KC: 9.5, Bd: 21.7, Td: 17.5
TT sin. 8381 GI (188), La: 178, Dp: ((32)) 

KC : 8.8, Bd: 17.5, Td: 16.3
TT dext., dist. end, tragm. S314 Td: (16.3)
TT sin., dist. end S383.1 Bd: 13.4, Tel: 12.7
TT dext., dist. end 8383b Bd: 12.9, Td: (12.6)
TMT dext., male, dist. half 2207 Bd: 17.S
TMTdext., female, dist. half 8995 -

Species Locality Age Collection GL Bp Tp KC Bd Td
Scapula
Miophasianus Steinheim, D MN7 SMNS - - - (15 2-15 4) - -

altus [21
Humerus
Miophasianus La Grive, F MN7+8 ML, FSL, 103 2 24 3-26 1 - 9 9 20 7-21 1 -

altus BMNH [4] [2]
Steinheim, D MN7 SMNS 100 5 (25 9)-27 0 - 9 6-10 0 19 7-21 0 -

[21 [21 [21
Palaeoperdix La Grive, F MN7+8 ML - 17 7 - 64 - -

médius Przeworno II. PI MN6-7 ISEAK - ( 15.5)-16 4 - - - -

Femur
Miophasianus Steinheim, D MN7 SMNS 101 21 - - 19 -

altus Dechbetten, D MN5 ? 100 20 - - 20 -
TT
Miophasianus Sansan*, F MN6 MNHN - 7 8 >16 15.1
altus La Grive, F MN7+8 FSL - - - 8 3 13 3-15 8 12 2-15 8

[2] [3]
Can Mas, E MN3 ? - - - - 16 -
Steinheim, D MN7 SMNS - - - - 15-16 15-16

Í31 [31
Palaeoperdix La Grive, F MN7+8 FSL - - - - (10) (10 1 )-10 3
médius [2]

Przeworno II, PI MN6-7 ISEAK 10.7 (10 5)
TMT
Miophasianus Sansan* F MN6 MNHN* - 15 3 13 7
altus La Grive, F MN7+8 ML, FSL, - 15 1-18 5 15 4-16 5 7 5 16 4-18 0 -

BMNH [71 [31 [21 [31
Palaeoperdix Sansan*, F MN6 MNHN* - 12 0 -
médius La Grive, F MN7+8 ML, FSL - (10 5)-12 0 11 2-12 0 5 2-(5 4) - 11.3

n i 121 ____ S ____

I ah. 2: ( Oniparison ot measurements (mm) ot Mtophashuiiis dltus and Paiieopcrdix meduts. Own measurements, except those from Przeworno
II (tiom Bo< in \sk 1 19X7, tab. 2). Dechbetten (Irnm vi i\ Ammon ISMS, tormcrlv Phasianns augustas), and Can Mas (Sani iilz-Mari o 1999). 
I \ pe loc.ihtt marked bv '; estimated measurements in ( ); number of specimen in [ ].
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All the remains with the ('oil. No. BSP 195CJ II 8383 appa
rently belong to the same individual since all ot these bones 
were found within close proximity of one another. The same 
is applicable tor the well-preserved femur and tibiotarsus (BSP 
1959 11 S3S1-S3S2).

L) e s e r 1 p 1 1 o n :

Scapula: The cranial extremity and a part of the affiliated 
crushed corpus are preserved. Although the acromion is 
slightly damaged, it can be recognized to be long, longer than 
in extant Pbusninus eolebteus.

Humerus: Proximal hall and distal third of one humerus are 
badly crushed cranioeaudally; proximal extremity additionally 
deformed dorsoventrally. The epieondylus ventralis is broken 
off. The condvli ventralis and dorsalis are gallilorm-shaped.

Ulna: The cross-section of the corpus is triangular. The 
ineisura tuberculi carpalis is narrow and deep. The condvlus 
ventralis ulnae is pointed and protruding distallv. The sulcus 
intercondvlaris is deepest in the cranial half.

Femur: Complete and well preserved; only the proximal 
ridge of the trochanter temoris is slightly damaged. The caput 
fentoris shows two loveae ligamenti capitis, with the cranial 
one a little larger than the caudal one. The trochanter femoris 
is cranially non pneumatic like in pheasants; instead there are 
]ust two slight dents. Laterocaudallv the trochanter major ends 
in a projecting ridge. In lateral view well-marked impressiones 
obturatoriac (proximocaudallv), an impressio musculi iliotro- 
chanterici postererior (proximocraniallv) and below this, an 
impressio musculi diotrochanterici anterior and the impressi
ones musculi lliofemoralis and ischiofemoralis (see B ai t mann 
1969b) can be observed. The sharp-edged crista trochanteris 
flows into the linea intermuscularis cranialis, which extends 
distall)' to the medial condyle. The linea intermuscularis cau- 
dalis starts medially below the femoral caput and takes its 
course over the middle of the cranial corpus distal 1 \ to the 
medial condyle. The corpus is slightly bent mediocaudallv. The 
distal end of the femur is marked in cranial view bv a broad 
sulcus patellaris and in medial view bv a prominent proximo- 
cranial projection of the condvlus medialis and bv a large im
pression of the ligamentum collaterale medialc. Conspicious 
in caudal view of the distal extremity is a large and distinct 
impressio ansae musculi iliofibulans. The supracondylar fossa 
poplitea is characteristically divided bv two horizontal lineae.

Tibiotarsus: represented by the most specimens; three distal 
ends [BSP 1959 II 8383 a+b, BSP 1959 II 8314 (only a lateral 
half of the distal extremity, largest tibiotarsus specimen)] and 
one complete tibiotarsus (BSP 1959 II 8381), which is described 
here. The tibiotarsus is straight and slender. The surface of the 
proximal extremitas is damaged; the crista patellaris, crista 
cnenrialis cranialis and facies articulares lateralis and medialis 
are only partly preserved. Width of the facies articulares late
ralis and medialis is about 20 mm. The crista fibularis is about 
35 mm long. The cross section of the corpus is transverse- 
oval; two weak parallel ridges (linea interna and externa musculi 
peronci) along the lateral corpus side start from below the crista 
fibularis. Along the distal shaft lineas bound the sulcus peronei 
brevi; the lateral ridge (linea externa) flows into the longish 
tuberculum rctinaculi m. fibularis. The apophysis externa

ligamenti obliqui is strong but blunt. The apophysis interna 
ligamenti obliqui is pointed. The sulcus extensorius tapers 
upwards in the lower third. The pons supratendineus is 
cranially weakly concave. The condvlus medialis is somewhat 
more slender and proximallv shorter than the condvlus 
lateralis. The ineisura intercondvlaris cranially bears two 
transverse impressiones ligamenti intercondvlaris, whereby the 
distal one is deeper (especially medially) than the proximal 
one. Caudallv the trochlea cartilaginis tibialis is sharp-crested 
on both sides.

Tarsometatarsus: only two distal halfs are preserved. BSP 
1959 11 2207 (male): The corpus is cranioeaudally compressed. 
A spur is present, but partly broken ofl. The plantar processus 
of the trochlea metatarsi IV is broken off. The trochlea 
metatarsi IV is somewhat shorter distallv than the trochlea 
metatarsi II.The ineisura intertrochlearis lateralis is wide. BSP 
1959 II 8995 (female): The corpus is smashed, the trochlea 11 
is broken off. There is a crista plantaris medialis along the 
medioplantar side of the shaft strong, but without a spur. This 
tarsometatarsus is a little smaller and more gracile than the 
male tarsometatarsus (BSP 1959 II 2207).

C o m p a r i s o n  and d i s c u s s i o n :  Miophdsiamis dltus is 
the largest species of phasiamds from the European Miocene. 
Following - ve<. (1986), Bot henski (1987) and C heneval 
(2000) the species Miopbasidiius desnoyersi (MlLNE-EriWARDS 
1869-71), only known by a carpometacarpus from Tourainc, 
France, and Pbdsianus Augustus (\on A mmon 1918), repre
sented only bv a femur from Oechbetten near Regensburg, 
Germany, can be svnonvnnzed with M. alius. The validity of 
the taxon M iopbasutnus maximtis ( L yuekker  1893), only 
documented by a coracoid from La Grive, France, is not vet 
verified.

The smaller species Mtophdsianus meduts was moved to 
Pdldcupcniix hv C hfnev At (2000); it is recorded in France (La 
Grive: B allmann 1969a, Sansan: C heneval 2000), SW-Poland 
(Przeworno ff: B ochenski 19S7) and Germany (Steinheint: 
H eizmann & H esse 1995). Therefore, the genus Miopbdsidmts 
contains only one species.

B allmann (1969a) and C hfnevai (2000: 343) emphasize the 
approximation of M. alt us to peacocks yvithin the Phasianinae.

The scapula is morphometrically close to the only known 
scapulae ol ,1/. ¿iltus from Steinheint (SMNS 50SS1, 57963), 
rvhere the acromion also is broken ofl.

Hie femora of M. ¿iltus have, as y et, been rarely found; the 
femur from Sandelzhausen is the largest known.

The complete tibiotarsus (BSP 1959 If S382) is the largest 
knorvn of l/. dltus. An additional distal tibiotarsus fragment 
can be assumed to be the same size. The other tibiotarsal 
remains are smaller (BSP 1959 1 f S3S3a+b), but anyway larger 
than those of P. medms (tab. 2). Remains of similar small-sized 
M. dltus are also found in La Grive. As previously recognized 
(e. g. H eizmann & Htsst 1995, M. dltus from Steinheim), 
Miopbdsidmts and the gallifornts in general (e. g. E rbersdoblf.R 
I96S) shoyv a sexual dimorphism with respect to size; males 
arc distinctly larger than females. For the distal yvidth ol the 
tibiotarsus in extant Pbasianus colchiats the maximum range 
yvithin both males and females can be calculated (by the
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measurements from E rbi rsih >RLFR 1968:45, Bd max.:l 1.8 mm, 
Bd min.: 8.8 mm) to be 3 4 % ;  the variation ot the same 
measurements ot the fossil tibiotarsi studied here, is 35%  (Bd 
max.: 17.5 mm, Bd min.: 12.9 mm). Thcrelore, the size range 
of the fossils is close to the maximum v ariation in extant Pbasi- 
anns colcbiuts.

The two tarsometatarsi, one with the rest ot a spur and one 
without any spur, represents each a male and a female indivi
dual, whereby the female specimen is smaller.

The species Miopbasiamis altus is represented m Sandelz
hausen by at least 5 individuals.

Genus Palacortyx  Mu ni---Edwards, 1869 

Palaeortyx interm edia B a u m a n n , 1969 
(pi. I, ligs. 5-9)

S v n o n v m v :

v 1969b Pahcnrtxx'i mtenncdu n. sp. -  B.V1 1 MANN: 33-34, pi. I. ligs. 1,2. 
v 1442 PtiLtcorty.x intermedia Bvi 1 mann 1966 -  Mi iurer-Chal 

viki : 87, tigs, all, i, 10a, b, II, 1 la, d, e (with svnonvmv).

Di a g n o s i s :  see B AI L MANN ( 1969b: 33). „Kleiner Hühner
vögel, in der Größe zwischen PaLwartyx galhca und Palaeorty.v 
pbasianoides. [...]" - For the osteological characters of the dif
ferent bones see the descriptions m B allmann 1969b: 31, 33.

L e e t o t v p e :  Coracoid (BSP 1937 11 18103), figured in 
B allmann ( 1969b: pi. I. lig. 1-2).

F o c u s  t vpi c us :  Wintershof-Wcst, Southern Germany.

S t r a t um t v pi c u m:  Lower Miocene, MN3.

S t r a t i g r a p h i c a 1 and g e o g r a p h i c a 1 d i s t r i b u t i o n :  
France: Phosphorites ot Quercv (Eocene to Oligocene, 
M o u r e r - C hauvirl  1992),  S t . -Gerand- l e-Puv (Lower  
Miocene, MN2; Mn ne- L dwards 1867-71; M likovsk 2000b 
does not approve P. interm edia in St.-Gerand-le-Puv, but put 
it into svnonvmv with P. pbasianoides), Vieux-Collonges 
(Lower Miocene?, MN4?, B allmann 1972). Germany: Win
tershof-Wcst (Lower Miocene, MN3;  B au ma nn  1969b) and 
Sandelzhausen (early Middle Miocene, MN5). Austria: ( Irund 
(early Middle Miocene, MN5, ct. P. interm edia , G ohi k h in 
press b).

Mat er i a l  and me a s u r e me n t s  (mm):

BSP 1959 II
Coracoid sin., prox. 2/3 8270
Humerus sin., dist halt S273
Humerus sin., dist. end 8275
Humerus sin., dist. end 898 1
Humerus dext., dist. end 8384 
Ulna sin., dist. halt 82S3
Phalanx proximatis digiti majnrls dexi 
Phalanx proximahs digiti ma|ons sin.

KC: 3.7
KC : 3.4, Bd: IO.I 
Bd: 10.3 
Bd: 10.3 
Bd: 10.0
KC : 3.7, Dd: 6.6

8331 GL: 10.4
8333 GL: 10.0

Phalanx proximalis digiti majoris sin. 8334 GL: 10.S
Phalanx proximalis digiti majoris dext. S335 GL: 10.4
I T dext., dist. halt 8307
I T dext., dist. halt 8311
I P sm., dist. halt 8310
I P dext., dist. end 8306
I T sin., dist. end 8315
IT sin., dist. end 8316
H dext., dist. end 8317

M 1 dext., dist. tragment 8322 
i ’ s n , sorpus 8325

Bd: 7.5, Td: 7.1
KC: 3.7, Bd: 7.0, Td: (7.2)
KC : 3.4, Bd: 7.0. Td: 6.4 
Bd: 7.1, Td: 7.1 
Bd: 7.0, Td: 7.1 
Bd: 6.5, Td: (6.4)
Bd: 6.8
trochlea metatarsi III: B: 3.0, T: 4.1 
KC: 3.6

Mat er i a l  and me a s u r e me n t s  (mm) (continued): 

SMNS
TMT sin., dist. tragment 54006/1 trochlea metatarsi III: B: 3.2, T: 4.5

D e s c r i p t i o n :

( toraeoid: The caudal end including facies is broken otf. The 
processus procoracoideus is short and blunt. Foramen pneuma- 
ticum is absent. The impressio ligamentum acrocoracohumera- 
1 is is distinct and concave. The facies articularis seapularis is 
oriented obliquely to the longitudinal axis, its caudal half is a 
little concave. In medial view, the caudal end of the tuberculum 
brachiale is straight.

Humerus: Only distal ends are represented. The insertion 
of the musculus entepicondv lo-radiahs sublimis is located on 
the cranial crest ot the epicondvlus ventral is. The processus 
tlexorius is lengthened ventrallv in the distal direction, even 
surpassing the condvlus ventrahs; the processus flexorius is 
slender eaudallv and in ventral view its distal end is rather 
pointed m comparison. The condvlus ventrahs is strongly 
swollen distally, with distinct incisures to the condvlus dorsalis 
and to the epicondvlus ventrahs. The fossa musculi brachial is 
lies very close to the ventral margin of the bone. Medially it is 
bordered bv a sharp crest which flows into the tuberculum 
supracondvlare ventrale. This is especially prominent in 
specimen BST 1959 11 8273. On the cranial side above the 
processus supracondvlaris dorsalis there is a roundish facet 
for the musculus extensor metacarpi radiahs. Caudally a weak 
fossa olecrani is present; this is most distinct in specimen BSP 
1959 It 8346.

Ulna: One distal half of an ulna is available. The condvlus 
dorsalis ulnans is distinct larger than the condvlus ventrahs 
ulnaris. The latter is distallv sharp and protruding distally. I'he 
mcisura tendinosa is indistinct.

rhalanx 11 1 dig.: Four complete phalanges proximales digiti 
majoris are preserved. The small phalanges are short. The pila 
cranialis phalangis is flattened craniallv and broadens distally. 
The fossa ventrahs is longish-oval and deep. In ventral view 
the pila and fossa are about the same width in the middle of 
the bone. The fossa dorsalis is shallow and separated 
craniodistallv to caudoproximallv by a very weak bulge. In 
dorsal view the pila is thin and sharp-crested. The proximal 
facies articularis metacarpalis shows two parallel oblique crests, 
surpassed by the caudal end of the facies. The distal facies 
articularis phalangeahs is an inverted heart shape.

Tibiotarsus: Represented only by distal halves or ends. The 
corpus and distal end is slender. The condvlus nredialis is 
thinner than the condvlus lateralis. The ineisura mtercondylaris 
bears two vertical ligamental grooves. Craniallv above the 
condvlus lateralis, laterally of the pons supratendineus and at 
the level of the distal opening ol the canalis extensorius there 
is a stout tubercle. The canalis extensorius runs a little oblique 
from distallv medial to proximallv lateral. The sulcus 
extensorius is midwidth ol the corpus. Craniolaterally at the 
level of the proximal opening of the canalis extensorius, the 
sulcus peronei brevi begins. Specimen BSP 1959 11 S307 differs 
from the others bv a more roundish shape of the distal opening 
of the canalis extensorius and bv somewhat closer ligamental 
grooves in the ineisura intercondvlaris. These morphological 
deviation are apparently to due to variability.
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Tarsometatarsus: Only three fragments are preserved; one 

corpus with neither proximal nor distal ends (BSP 1959 H 
8325), one fragmentary distal end with only the trochlea 
metatarsi II and til (SMNS 54006/1), and one fragmentary 
distal end with only the trochlea metatarsi 111 (BSP 1959 11 
S322). In addition to the foramen vasculare distale, the 
specimen SMNS 54006/1 shows another tiny foramen at the 
same level, but above the incisure between the trochleae 
metatarsi 111 and IV. In distal view the plantar process of the 
trochlea metatarsi IN' is oriented plantolaterallv.

C o m p a r i s o n  and d i s c u s s i o n :  For comparisons the 
following Neogene European galhform taxa were considered: 
Palaeortyxphasianoides, P. gallica, P. pnsca (new combination 
and including P. sansamensis, after Cl ienevai 2000), P brcvipcs, 
P. grivensis, and P. dcpcrcti [which might be synonymous with 
P. g riv en sis  after B a l im a n n  (1969a:  181,  1973:  25)], 
Palaeocryptonyx grivensis, P. don n ezan i, P. hungariens, P. 
cdzvardsi, Palaeoperdix longipes, P. sansamensis, Phoperdix  
jo lcau d i, P. pon tim s, P. capcki, P subjrancuhrnts, A lcctons 
bavarica, Tioperdix rmocaena, Coturnix miocaena.

The present specimens of Palaeortyx interm edia differ irom 
P. pbasianoides by their smaller and from P. gallica , P brcvipcs, 
P. grivensis, and P. dcpcrcti bv their larger size (tab. 3, 4, 5). As 
typical for the humerus of Palaeortyx (B ALLMANN 1 969b: 3 1),

the processus flexonus is slender and caudallv crest-like and 
the condvlus ventrahs is distally swollen. One ot the more 
distinctive characters between Palaeortyx and Palacocryptonyx, 
namely the more shallow fossa pneumotricipitalis in the latter, 
can not be considered due to lack of proximal humerus remains 
m the Sandelzhausen material. However, with respect to their 
larger size, they difler from all species of Palacocryptonyx from 
La Gnve, (France, MN 7+S; B alimann 1969a) and Perpignan 
(France, MN 15, D eperet 1890). Following Ballmann (1969b: 
3 1), the straight caudal end of the tuberculum brachiale of the 
coracoid (in medial view) is typical for P alaeortyx. The 
coracoid corresponds well morphometrically with the tvpe 
coracoid of P. interm edia  from Wintershof-West, Germany. 
Although the tarsometatarsi are only preserved very frag
mentary, these remains correspond well in direct comparison 
with those of/! intermedia Irom St.-Gcrand-le-Puv. Until now 
no phalanx II 1 dig. of P. interm edia  has been described. 
However, due to their galhform shape and their size, these 
remains are referred to P. interm edia.

In general, Palaeoperdix longipes, represented only bv a few 
specimens from Sansan (France, MN6; C hi ni val 2000), differs 
by its larger dimensions. Additionally the distal humeri of P. 
longipes are distinguished bv a distinctly vcntrodistallv shorter 
cntepicondyle. Measurements of the available fragmentary ulna 
and tibiotarsus correspond to those of Palaeoperdix pnsca.

Species Locality Age Collection GL Bp KC Bd
humerus
Palaeortyx phasianoides Wintershof-West, D MN3 BSP 53 5-59 0 14 5-15 9 4 5-5 6 11 1- 12.1

[3l [3l [31 [31
Palaeortyx phasianoides La Grive*, F MN7+8 FSL, ML, 55 7-56 7 13 0-15 4 3-5 2 9 4-114
grivensis (incl Palaeortyx 
edwardsi, see Ballmann  1969b)

BMNH H] [7] [4] [7]

Palaeortyx grivensis La Grive*. F MN7+8 ML, FSL 32 9-37 0 8 0-9 3 2 7-3 3 6 1-7 5
(incl Palaeortyx depereti, see [7] [10] [10] [10]
Ballmann  1969b 181,1973.25)

Gargano. I MN13- RGM 30-33 . .

14 1201
Palaeortyx brevipes St.-Gérand-le-Puy*. F MN2 MNHN 35 6-35.7 8 2-9 3 2 6-3 0 1 0-7 2

[2] [2] [2] [2]
Phosphorites of 
Quercy

NMB 33 7 8.4 30 6.6

Palaeortyx gallica St.-Gérand-le-Puy*, F MN2 MNHN 42 4-43 2 10 7-11 2 3 5-4 9 8 0-8.6
[3] [4] [5] [4]

Palaeortyx? gallica Vieux-Collonqes, F MN4 FSL (36) - - -
Palaeortyx intermedia Wintershof-West*, D MN3 BSP 47.5-50 6 12 8-14 1 4 1-4 9 9 8-10 7

[81 [41 [7] [6]
Palaeortyx pnsca Sansan*, F MN6 MNHN (43 3) 12 0-12 3 

[21
" -

Alectoris bavarica Wintershof-West*, D MN3 BSP - - 52 -
Taoperdix miocaena Wintershof-West*, D MN3 BSP - - 4 5-4.9 109-11.0

[31 [21
Palaeoperdix longipes Sansan*, F MN6 MNHN - " - 12.0-12.5

[2]
Palaeocryptonyx grivensis La Grive*, F MN7+8 ML 37 1 9 6 3 5 (7 0)
Palaeocryptonyx donnezani Perpignan*, F MN15 FSL 38 2 10 1 3 3 7.2
Palaeocryptonyx edwardsi (incl. La Grive*, F MN7+8 FSL, ML 44 3-47.3 11 4-12 4 4 2-4 7 8 7-9.9
Palaeortyx miocaena, 
Palaeocryptonyx gaillardi, see 
Ballmann  1969a)

[6] [9] [4] [4]

Palaeocryptonyx ? miocaena Polgàrdi, Fl MN13 MAFI 37-38 8.8-9 7 3.3-3 9 6 8-7.6
[5] [4] [5] [4]

Plioperdix joleaudi La Grive*, F MN7+8 ML 28 8 7 5 2.5 5.6

Tab. 3: Comparison of measurements of humeri of Tertiary European Phasianidae and Gallinuloididae. Own measurements, except those from
Polgardi (Janossy 1991) and Gargano (Ballmann 1973). Tvpe locality marked by :i; estimated measurements in (); number of specimen in [ ].
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In difference to T w pcnhx »uocaena from Wintershof-West 
( B ali mann 1969b) the following characters are observed in 
the Sandelzhausen P. in term ed ia . The distal humeri are 
somewhat smaller, the insertion of the musculus entepicon- 
dvlo-radialis sublintis is on the cranial crest of the entepicon- 
dyle instead of the central side of the epicondvlus ventralis;

the processus flexorius (in caudal view) is more lengthened 
ventrodistally and the distal end (in ventral view) is somewhat 
more pointed, instead of blunt and rounded. The distal tarso- 
metatarsus lacks this characteristic little dent doi sally above 
the trochlea metatarsi III, which is present in the only known 
tarsontetatarsus of T. nuocaena (BSP 1937 II 1S112).

Species Locality Age Collection GL L Dp KC Bd Td
TT
Palaeortyx phasianoides Wintershof-West, D MN3 BSP * - 13 8-14 3 

[2]
3 7-3 8 

13]
8 0 7.9

Palaeortyx phasianoides
g riven sis

La Grive*, F MN7+8 FSL 69 7-70 
[3]

67 4-68 2 
[3]

12 0-12.5 
[3]

3 7-4 0 
171

7 0-7 8 
[41

7 7-8 1 
[4]

Palaeortyx grivensis Gargano. 1 MN13-
14

RGM 41 5-42 
[3]

" ' ' “ “

Palaeortyx brevipes St -Gerand-Ie-Puy* F MN2 MNHN 50 1 48 5 7 1 2 2 
[21

4 2-4 7 
[21

4 1-4 5 
[2]

Palaeortyx gallica St -Gerand-Ie-Puy*. F MN2 MNHN 58 6 56 5 9 1 2 6-2 9 
[41

5.3-6 0 
[31

5 2-6 0 
[31

Palaeortyx2 intermedia Wintershof-West*, D MN3 BSP ' - 3 3 6 2-7 1 
[61

6 1-7 2 
[61

Palaeortyx edwardsi La Grive*, F MN7+8 ML - - 12 6 - - -

Palaeortyx prisca Sansan*. F MN6 MNHN 2 9 5 5-6 7 
[21

5 6-6 6 
[21

Palaeocryptonyx
donnezani

Perpignan*, F MN15 FSL 10 8 “ 5 4

Palaeocryptonyx
edwardsi

La Grive*, F MN7+8 FSL (9 5) 3 1-3 3 
[21

(6 0) 
[21

(6 0)

Tab. 4: Comparison of measurements of tibiotarsi of Tertiärs European Phasianidae and Gallinuloididae. Own measurements 
from Gargano (B ai l mann 1973). Type locality marked by estimated measurements in ( ); number of specimen in [ ].

except those

Species Locality Age Collection GL Bp Tp KC Bd
TMT
Palaeortyx phasianoides Wintershof-West, D MN3 BSP (39 5)-39 7 

[21
7 7-8 3 

[41
7 8-8 9 

[31
3 6-3.7 

[41
(8.9)

Palaeortyx phasianoides 
(incl. Palaeortyx miocaena. 
see Ballmann 1969a 179)

La Grive*, F MN7+8 ML 43 8 8.6 8 5 3 6 8.9

Palaeortyx phasianoides La Grive*, F MN7+8 FSL, 40 6-41 6 7 8-9 1 6 8-7 2 3 6-4 7 8.5-89
grivensis (incl. some BMNH [2] [7] [4] [7] [2]
Palaeortyx edwardsi. see 
Ballmann 1969a 178)
Palaeortyx grivensis 
(formerly P depereti. 
Ballmann 1973 25)

La Grive*. F MN7+8 ML 31 6 5 4 (5 3) 26 60

Palaeortyx grivensis Gargano, I MN13-
14

RGM 21.5-24
[81

- - “ -

Palaeortyx brevipes St -Gerand-Ie-Puy*. F MN2 MNHN 27 2 4 9 (4 1) 2 4 5 5
Phosphorites of 
Quercy, F

Eocene
/Oligo-

NMB 27,5 5 3 4 8 2 8 "

cene
Palaeortyx gallica St -Gerand-Ie-Puy*. F MN2 MNHN 34 4 58 5 4 2 7 5 0
Palaeortyx? intermedia Wintershof-West*, D MN3 BSP - - - 32 -

Palaeortyx intermedia Vieux-Collonqes, F MN4 FSL - - - - -

Palaeortyx prisca Sansan*, F MN6 MNHN - 7 1 64 - -

Alectoris bavanca Wintershof-West*, D MN3 BSP 43 4 9 0 - 4 0 9 7
Taoperdix miocaena Wintershof-West*. D MN3 BSP - - - - 82
Palaeoperdix longipes Sansan*, F MN6 MNHN - 8 6-9 7 8 4-9 0 4 0 -

[31 [21
Palaeortyx edwardsi La Grive*, F MN7+8 ML 46 0 10 7 - 4 7 10 8
Palaeocryptonyx
donnezani

Perpignan*, F MN15 FSL - (7 1) - 34 -

Palaeocryptonyx edwardsi La Grive*. F MN7+8 FSL 37 0 (6 8) (6 6) 3 4-3 5 7.7
[21 [21

Palaeocryptonyx
hungaricus

Polgärdi, H MN13 MAFI 27 4-29 6 
[41

4 5-5 5 
[4]

- 2 2-2 6 
[41

5 2-6 2 
[41

Tab. V ( mipnnson of measurements of tarsi »metatarsi of Tertiary European Phasianidae and Gallinuloididae. Own measurements except 
thoM horn Pollard) (J wnssa 1991) and Gargano (B ali mann 1973). Type locality marked hv estimated measurements in ( ); number of
specimen in | ].
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The species of Palaeoiryptonyx  from La Grive (B ai lmann 

1969a) and Perpignan (T rance; Di im ret 1890) are all of smaller 
dimensions. Alectons ba ra ru a  is onlv represented from Win- 
tcrshol-West (Germany; B aumann ) 969b) and only by a 
damaged distal two thirds ot both a humerus and a tarsometa
tarsal s. in comparison, the humerus of A. bavan ca  is larger. 
Pliopcrdtx joleaudi, P. capcki, and P. ponticns are distinguished 
by their smaller size (see Mlikovsr 1995, tab.l). Only P. 
subfrancolmus coincides in the distal width of the humerus, 
but this taxon is known only from Pho-Pleistocene deposits 
(MlikovsK' 1995: 1 16). Mwgdlluslongaez'us, represented only 
by a coracoid fragment from Regensburg (von A mmon 191S. 
fig. 8), is distinctly larger. ICoturm x nuoaiena  is known only 
by a fragmentary carpometacarpus (Y ilialta 1963) and 
therefore can not be considered.

Phasianidae gen. sp. indet.
(pi. 2, fig. 10)

Mat er i a l  and me a s u r e me n t s  (mm):

BSP 1959 II
CMC dext., dist S291 Dd: 4.3
7 MT sin., dist fragm. S321 trochlea metatarsi III: B: 2.3, T: 3.0

D e s c r i p t i o n  and d i s c u s s i o n :

Tarsometatarsus: only the distal end with the trochleae 
metatarsi II and III is preserved.

Carpometacarpus: The distal third of the carpometacarpus, 
but only the metacarpale majus with the processus inter- 
tnetacarpahs are present.

In side by side comparison, both remains are smaller than 
those of Paldcortyx interm edia. Because both specimens are 
very fragmentary, they are hardly comparable morphometri
cally. The distal width of the carpometacarpus is smaller than 
that of Palaeortyxpnsca from Sansan (Cheneval 2000: tab. 3).

C >rder Strigiformes W\gllr, 1830

The strigiforms are represented only by phalangeal remains, 
mainly claws. More precise determination is not possible. 
Because of their size, two taxa of owls can be confirmed.

However, an allocation to the families Strigidae orTvtonidae 
is not possible on the basis of these phalangeal bones. Both 
families are known from the Middle Miocene; Strigidae are 
known since the Early Miocene (St-Gerand-le-Puv, MN2, 
France); Tytonidae are recorded since the Upper Eocene 
(Phosphorites of Quercy, France; Mourer-C hauvire I9S7). 
For morphometrical comparisons, the following extant owls 
were considered: Stnx alnco, Stnx nebtilosa, Strix ¡Valerius, 
Nycta scandidca, Asio otus, dsfo flam m cus , Bubo bobo , Ottis 
scops, Ketupa zeylottensis, Tyto alba  (these studied extant 
species are housed in the SAPM).

Strigiformes gen. et sp. indet. A 
(pi. 1, fig. 10)

Mat er i a l  and me a s u r e me n t s  (mm):

SMNS
Phalanx III terminalis sin. (claw) 54005/1 Bp:(7.5),Hp: S.5,HpA: 12.2

D e s c r i p t i o n :  Phalanx 111 terminal is (claw): The tip ot the 
claw is broken off. Along the medial side of the claw there is a 
weak ridge, typical only for the claw ot the third digit. The 
apophysis extensoris is long hut stout. The apophvsis flexoris 
is short and broad in plantar view. The proximal two-parted 
articular facet is rounded and seems to have been symmetrical, 
but the lateral margin is slightly damaged.

C o m p a r i s o n  and d i s c us s i on :  The terminal phalanges 
(claws) of the digit 111 are characterized by a weak ridge along 
their lateral side. Because there are two claws of digit HI known 
from Sandelzhausen that differ distinctly in size, at least two 
taxa of owls can be distinguished. The claws of owls can be 
differentiated from those of accipitriforms bv their rounded 
(not flattened) plantar facies of the claws and by their curve.

The size of this claw indicates a huge owl. Compared with 
extant strigiforms this claw is of the same size as the Horned 
Owl, Bubo bu bo , the largest of the extant European owls. 
Claws ol fossil owls are barely known and published and much 
less taxonomically determined.

Strigiformes gen. et sp. indet. B 
(pl. 1, figs. 8-9)

Mat er i a l  and me a s u r e me n t s  (mm):

BSP 1959 II
Phalanx III 2 S336 CL: 20.0, Bp: 4.7, HP: 5.0
Phalanx III terminalis sin. (claw) S330 CL: (16.5), Bp: 5.5, Hp: 4.8,

DHp: 7.S
Phalanx I? terminalis (claw) 8328 (|j|: (13.5), Bp: 3.6, lip: 5.3,

DHp: 8.0
Phalanx II? terminalis (claw) SI95 CL: (13.0), Bp: 3.9, Hp: 5.0,

DHp: 6.9

D e s c r i p t i o n :

Phalanx ttl 2: The complete phalanx is slender with an 
extraordinary long apophysis extensoris. The proximal two- 
parted articular facies is symmetrical. At its plantar margin 
there is a protruding, somewhat oblique peak in the middle. 
In lateral view the corpus is slightly bent proxintally. There is 
a round dent proximal to the distal trochlea, the latter is 
dorsall v flattened. The plantar side of the diaphvsis is concave, 
especially in its proximal half and proxintally the distal trochlea.

Phalanx III terminalis (claw): The outermost tip of the claw 
is broken off. Along the medial side of the claw there is a 
distinct ridge. The apophv sis extensoris is long but stout. The 
apophysis flexoris is short and broad in plantar view. The pro
ximal two-parted articular facet is symmetrical. This claw' is 
distinctly smaller than that of the above mentioned strigiform 
species (A) from Sandelzhausen.

Phalanx I? terminalis (claw): The outermost tip of the slender 
claw is broken off. The apophysis extensoris is long. The 
apophysis flexoris is long and slender in plantar view. The pro
ximal two-parted articular facet is symmetrical and medio- 
laterally flattened.

Phalanx tt? terminalis: The outermost tip of the claw is 
broken off. The apophysis extensoris is long but stout and the 
apophvsis flexoris is short and broad m plantar view. The pro
ximal two-parted articular facet is symmetrical and medio- 
laterallv flattened.
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C o m p a r i s o n  and d i s c u s s i o n :  These remains (daws 
and phalanx III 2) fit together with respect to their size. 
Comparisons with extant taxa show that phalanx lit 2 ot Tyto 
a lb a , A thene noetita, Aegoluts fitnerens, G lauadium  passen- 
ntnn, and Otits scops are distinctly smaller, those of Asio otits 
and Asia flam m eus are smaller, and that ot Strix ahtco are little 
smaller. The phalanx tit 2 ot Bubo bubo  and Ketupa zeylonensis 
are distinctly larger and of Nyctea seamhaca are somewhat 
larger; they all are more stout. This owl of Sandelzhausen 
corresponds in size to Strix iiralensis and Strix nebulosa - there
fore it was quite large. The latter also is the closest in morpho
logy of the compared extant species. Metrical comparisons with 
known phalanx til 2 of fossil taxa show that Tyto gtgantea is 
much larger, Tyto robusta is somewhat larger, and Tyto sancti- 
albant and Strix? perpasta are somewhat smaller.

For most of the fossil taxa the phalanx III 2 is not known. 
Using the measurements ol the limbs of extant 5. iiralensis and 
S. nebulosa lor comparisons with tossil taxa, it can be concluded 
that Strix collougensts (coracoid), Otits wintershofensis (CMC), 
Strix brevis (TMT), Tyto cam pitcrrae (femur, CMC, TMT), 
Tyto sanctialbani (TMT, CMC), Prosybris antiqua  (TMT), 
Necrobyas arvernensis (TMT, TT, humerus), Necrobyas ed- 
icardsi (femur) are smaller; Bubo longaevus (TT), and Bubo 
poirrieri (TM 'I) may have been of similar size.

Compared with the Sandelzhausen claw III the apophysis 
flexoris of S. nebulosa is much slender in plantar view and 
shorter in lateral view. Concerning these features, the claw ot 
Sandelzhausen corresponds much better to that of S. iiralensis. 
The apophysis flexoris of N. scandiaca is larger, whereas it is 
smaller in B. bubo, A. otits, and S. alitco.

on trochlea tibialis along inner margin of the condyles. Sulcus 
extensorius very broad, broader than in Palaeogrus hordtrelh- 
ensis.»

-Tarsometatarsus with eminentia intercotvlaris well deve
loped and somewhat pointed (although still rounded), more 
pointed than in P alaeogrus cxcclsa. Sulcus ligamentosus 
shallow. Hypotarsus moderately long proximodistally, some
what longer than in Palaeogrus excelsa.»

H o l o t y p e :  Tibiotarsus sin., dist. end. (BSP 1959 It 8309).

Para tv pes:  Tarsometatarsus dext., prox. end (BSP 1959 
II 8319), radius sin., dist. end (BSP 1959 tl S99S).

L o c u s  t v p l c u s : Sandelzhausen, about 2 km southeast of 
the city ot Mainburg (Lower Bavaria, Southern Germany), 
topographic map 7336 Mainburg, r: 44 85 580, h: 53 87 700.

S t r a t u m t v p i c u m:  Early Middle Miocene, Badenian, 
MN5.

Ma t e r i a l  and me a s u r e me n t s  (mm):

TT sin., dist. end 
TMT dext., prox. end 
Radius dext., dist. half 
tentatively referred specimen:
( ioraeoid dext., prox. end 8385

KG: ca. 7.4, Bd: 13.0, Td: 12.6 
Bp: 14.7, KG: 6.6 
Bd: 14.S, K( : 5.8

width ol cotvla scapularis: 4.3 
length of facies artic. hunieralis: 9.3

BSP 1959 11 
8309 
S319 
899S

Palaeogrus mambitrgensis is a new species of a crane, known 
only from the site of Sandelzhausen. tt is the smallest species 
within Palaeogrus. Palaeogrus m am bitrgensis is the only' 
known gruid taxon from Sandelzhausen. For description, com
parisons, and systematic discussion see G oulich (in press a).

Order Gruiformes B< iNAPARTf, 1S54 

Supertamily Gruoidea V igors, 1825 

Family Gruidae V igors, 1825 

Genus Palaeogrus Portis, 18S5

Palaeogrus mainbitrgcnsis Gi 'HUGH [in press a]
(pi. I, figs. 11-12)

S v n o n y mv :

in press a Palaeogrus mambitrgensis n. sp. -  Gohlii'II: figs. 2-4.

D i a g n o s i s :  From G ohlich (in press a): -Smallest species 
of the genus Palaeogrus. Tibiotarsus with caudal trochlea 
cartilaginis tibialis distinctly surpassing cranial condyles in 
proximal direction (in lateral and medial view), reaching furt
her proximally than in P. excelsa and P. princeps. Condylus 
lateralis distally rounded to slightly flattened (not notched); 
condylus lateralis thicker than condylus medialis, but of same 
length cramocaudallv. Tubercle on pons supratendineus mode
rately developed and separated from tuberositas retinaculi 
extensorius by groove, and thereby not connected as in Palaeo
grus bunlifclhensts. Pons supratendineus proximodistally high, 
higher than in Paid eogrus princeps. Tuberositas retinaculi 
extensorius vertical, crestlike, and separated from sulcus 
muxeuli fibularis by vertical sulcus-like groove (in P bonhvelli- 
ensis not clearly separated, but merged). No grooves distally

Gruiformes indet.
(pi. 1, figs. 13)

Mat e r i a l  and me a s u r e me n t s  (mm):

BSP
Humerus dext., dist. end 1959 11 8279 KG: 1.9, Bd: 4.8, Td: 2.2

D e s c r i p t i o n  and d i s c u s s i o n :  Only the distal half of 
the humerus is preserved. Remarkable are the ventrodistally 
elongated epicondylus ventralis and processus flexorius, which 
surpasses both the condylus ventralis and dorsalis in the distal 
direction. The condylus ventralis is characterized by its very 
round shape, in contrast to the land birds such as Coracii- 
tonues. Pick and Passerines, in which this condyle is flattened. 
A small tuberculum supracondvlare ventrale is situated tar 
distally at the level of the condylus dorsalis. Only a little more 
proximally, at the level ot the proximal end of the condylus 
dorsalis, a weak processus epicondylaris dorsalis - just a 
tuberculum - is present on the dorsal border of the distal bone. 
The fossa musculi brachial is is deep and narrow. It is situated 
proximally to the processus epicondylaris dorsalis along the 
sharp-crested dorsal border of the distal end of the humerus. 
Also outstanding is the small but deep fossa olecrani.

Re m arks :  Despite extensive comparisons with extant taxa, 
the combination of morphological characters allowed no 
certain allocation to any family as yet. But it seems to be pro
bable bv its morphology to refer this specimen to any gruiform 
family, probably the Rallidae.
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Order Passeriformes L innf, 1758 

Passeriformes indet.

The passeriforms are the quantitatively dominant fossil bird 
group in Sandel/hausen with about 500 remains, all of them 
fragmentan.

Although the Passeriformes are the most important group 
of extant birds with more than 5000 species assigned to about 
60 families, studies on fossil passeriforms are rare, as well as 
the knowledge of osteolological distinctive features within this 
order is very poor. Bex.Ht—SKI (1997) listed only 10 species m 
4 families for the European Tertian’. Considering the distinctive 
features for the Passeres, the Eurvlaimi, and Tvranni on the

distal humerus and proximal ulna reported by B a u m a n n  
( 1969b: 47f), only the Passeres are evident in Sandelzhausen. 
It is long known that the osteology within the Passeres is very 
uniform. 1’he proximal humerus and the distal tai sometatarsus 
are supposed to show some taxonomicallv useful characters 
(B allmann 1969b: 49, J anossy 1985). However, the studied 
material consists of approximately two thirds of undetermin
able little claws, and about one third of bone fragments; not 
one single bone is complete. Herein only one proximal end of 
a humerus was found, but very fragmentary; there are several 
distal tarsometatarsi fragments, but mostly with at least one 
trochlea broken off. Therefore, these conditions allow no 
taxonomical determinations.

3. PALAEOECOLOGY
The fossil avifauna can contribute to the palaeoecological 

and/or paleoenvironmental interpretations of deposits, 
especially when considering the ecological adaptions and the 
ecological behavior of the most closely related modern species. 
The distribution of bird remains within the tossilifcrous 
deposits in Sandelzhausen (fig. 7), meaning the presence and 
the quantity of different groups or species in different layers, 
provides only limited evidence. All in all, the fossils of the 
different bird taxa are too rare to be statistically informative 
and their distribution within the section possibly does not

depend only on different ecological conditions and environ
ments, but also on other facts: There may be enrichments of 
bones due to birds of prey and carnivores; the presence of many 
small passeriforms may be due to owl pellets. On the other 
hand, most of the small bird remains come from screen 
washings, and therefore the different layers have been sampled 
in different quantitative intensity. Most material for the screen 
washing comes from layer B, followed by layer C and D, 
whereas layer A is much too coarse-grained to have been screen 
washed.
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Fig. 7: Quantitative distribution of the fossil bird remains within the section of Sandelzhausen.
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In general, an increase of bird fossils can be observed from 
the bottom to the top ot the deposit (fig. 7), as is observed for 
all other vertebrate remains (pers. comm. V Fahi bu su i). Most 
of the bird species arc found m all of the three marly layers (B, 
C and I)). Only the undeterminable large sized aeeipitrid taxon 
C seems to be restricted to the bottom layer, whereas the 
smaller aeeipitrid taxa A and B and the both representatives of 
the gruiformes are only found in the deposits above. But the 
specimens are too rare to allow definitive ecological inter
pretations.

However, representatives of three different environments 
can be seen. The anseriforms Mionctta blanchardi and Mionctta 
natator are aquatic species. Miophastanus altus and the crane 
Palacogrus mainbitrgensis are adapted to a terrestrial mode ot 
live. Although extant gallitorms are predominantly terrestrial, 
C hlnlvai (2000: 3S0) takes into account that Palaeortyx might

have lived arboricole. Most of todays passeriforms and several 
of the extant stngiforms and accipitnforms are arboricole 
forms, even if occasionally terrestrial. Extant owls and Acci- 
pitridae are geographically and climatically widespread and 
therefore allow no conclusions about special faunal regions.

Comparisons with the ecological adaptions and the ecolo
gical behavior of the most closely related modern species allow 
some indication on the paleoecology and palcoclimatologv.

Besides the aquatic anatids and the finfoot, the terrestrial 
crane also indicates nearby aquatic habitats. Extant cranes 
prefer open landscapes in swamps, bogs, or close to lakes and 
ponds; only a few species live in steppes (M akatsch I 970: 111, 
114). Following C m ni-vai (2000: 379), Miophastanus altus is 
close to peakocks (P avo), which predominantly live today in 
open forrested landscapes.

4. CONCLUSIONS
The avifauna ot Sandelzhausen comprises 6 orders ot birds 

with at least 14 different taxa. Quantitatively dominating are 
the Passeriformes, but their fragmentary and poor preservation 
prevents their determination. Following in terms of quantity 
are the Phasianidae (Galliformes), represented by Miophastanus 
altus, Palacorty.v interm edia, and a small sized undeterminable 
taxon. Some of the remains ot Miophastanus altus found in

Sandelzhausen are the largest ever known. Miophastanus altus 
and P alaeortyx  in term ed ia  were known front older and 
younger European deposits before, and now can be confirmed 
in MN 5 (Early Middle Miocene).

The Anseriformcs are represented bv the anatids Mionctta 
blanchardi, Mionctta natator and one larger sized, but undeter-

Anatidae Phasianidae Gruidae

I. Str.uigraphic.tl distribution ot the
sp , íes represented ill Sandelzhausen. (A: 
\ istna, ( Z: Czech Republie, I): Germany, 
1 1 Spain, I-: France, MOI : Moldavia; PI : 
Poland, R- Romania, SL: Slovakia)

localities
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age
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_  <D

I J<  ~Q
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p  'S
o gCD fc 
-2 ' 'SCL

03
C

3C.<0
SCD-Cao

y>
S

<o £ 3  <D £  P) O) hO 5
CD "2

à. é
Malusteni (R) MN 15 •

Credmta (R) U-Miocene •

Klshinev (MOL) MN 9 •

Hostales de Pierola (E) MN 7+8 •

La Grive (F) MN 7+8 • •

Steinheim (D) MN 7 •

Oeningen (D) MN 7 •

Przeworno II (PL) MN 6-7 •

Attenfeld (D) MN 6 •

Sansan(F) MN 6 •

Devmska Nova Ves (SL) MN 6 •

Corcoles (E) MN 5 •

Grund (A) MN 5 •

Sandelzhausen (D) MN 5 • • • • •

Dechbetten (D) MN 5 •

Dolmce (CZ) MN 4 •

Vieux Collonges (F) MN 4 • •

Skiritz (CZ) MN 3-4 • •

Can Mas (E) MN 3

Wintershof-West (D) MN 3 •

St -Gerand-Ie-Puy (F) MN 2 • • •

Ravolzhausen (D) MN 1-2 •

Weisenau (D) MN 1 • •
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minable anscnnv taxon. For Mionettu bLtncbardi and U. nata- 
tor, it is the youngest record in Western and Central Kurope. 
KhssLtR (1992) described these two species from the Upper 
Miocene of Romania and Moldavia and additionally Mionctta 
blancbanli from the Pliocene ( M N 15) of Malustcni, Romania.

Three species of Aeeipimtormes and two species of Striyi- 
formes can be distinguished bv their different size. However, 
they are represented almost only by phalangeal remains and 
therefore are not taxonomicallv determinable.

Within the Gruiformes one representative each ol the Gru- 
idae (cranes) and a Gruiformes indet. - probabK1 a Rallidae -

can be found. The crane P^lacognts »nnnburgcmis is only 
known from Sandelzhausen. It is the smallest species of the 
genus Palaeogrtis.

The avifauna represents aquatic species as well as terrestrial 
and arboneole taxa. Based on several investigations of the 
fauna, flora, and sedimentologv of the deposits in Sandelz
hausen, it has been suggested that this locality was a meadow 
environment with temporals ponds embedded m a braided 
river system in a warm temperate to subtropical climate 
(St hmid 2001). The presented avifauna rellects well the diffe
rent habitats in such a reconstructed environment.
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ERRATA 
Z ITTELIA N A  22

We kindly ask to apologize the following printing errors:

p. 171: for 'Credin.a' read 'Credin^a'
p. 172, 182, 185, 190: for 'M U kovsk»’ read ’M likovskv'
p. 180, 189: for 'B ociie nski ' read ’B ochenski’
p. 1S7: for 'B o ch e- ski ' read ’B ochenski’
p. ISO, 1S 1: for '°VEC' read 'SvFC'
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