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Abstract

We report bird fossils from the early Late Miocene (earliest Tortonian) of the Hammerschmiede clay pit in southern Germany. The
material includes a stem group representative of the Phalacrocoracidae, which is described as Bavaricarbo brevirostris gen. et sp.
nov. as well as another, unnamed and much smaller cormorant species the size of extant Microcarbo species. Furthermore, we iden-
tified new material of the darter Anhinga pannonica (Anhingidae), including the first (partial) tarsometatarsus of the species, and a
fragmentary humerus belonging to an undetermined species of the Gaviiformes. A partial tarsometatarsus of an unusual accipitri-
form bird is described as Mioaetus pforzenensis gen. et sp. nov. A humerus represents one of the earliest records of the apodiform
Apodi and is tentatively assigned to Apus gaillardi. The avifauna from the Hammerschmiede clay pit stems from a time interval of
the Miocene that yielded comparatively few avian remains in Europe, and the site continues to produce taxa that have not yet been
reported from other Miocene localities. The coexistence of at least two cormorant species, a darter, and a gaviiform testifies to the
high productivity of the river system that existed at the site, which must have provided ample prey for piscivorous birds.
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Introduction

Europe has a rich early Miocene fossil record of birds,
but avifaunas from later intervals of the Miocene are
much less known (Mlikovsky 2002). Against this back-
ground, it is significant that ongoing excavations in the
Hammerschmiede clay pit near Pforzen, in the Allgéu
region of Bavaria (Germany), yielded significant numbers

of avian remains from the early Late Miocene (earliest
Tortonian, MN 8; see Lechner and Béhme 2025 for
detailed data on the location and stratigraphy of the site).
The locality is renowned for its rich and diverse faunal
assemblage, including bivalves and gastropods (Schneider
and Prieto 2011), as well as fishes, amphibians, reptiles,
and a wide range of small and large mammals (e.g., Fuss
et al. 2015; Kirscher et al. 2016; Hartung et al. 2020;
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Kargopoulos et al. 2021a, 2021b, 2021c; Hartung and
Bohme 2022, 2026; Kargopoulos et al. 2022; Lechner and
Bohme 2022, 2023; Konidaris et al. 2023; Kampouridis
et al. 2024; Kargopoulos et al. 2024, 2025; Bohme and
Prieto 2025). It has furthermore gained particular promi-
nence through the discovery of associated skeletons of the
hominids Danuvius guggenmosi Béhme et al., 2019 and
Buronius manfredschmidi Béhme et al., 2024 (Bohme et
al. 2019, 2020, 2024). The fossiliferous sediments of this
site were deposited in fluvial meandering channels, and
avian fossils come from the regional stratigraphic levels
HAM 4, dated to 11.58 million years ago [Ma], and HAM
5, dated to 11.62 Ma (age model of Kirscher et al. 2016,
updated by Lechner and Béhme 2025).

Bird fossils from the time interval represented by the
Hammerschmiede clay pit are known from the Middle
Miocene (MN 7) of the Steinheim Basin in Germany
(Heizmann and Hesse 1995), and coeval records (MN
7-8) also exist from the French site La Grive-Saint-Alban
(Ballmann 1976). However, most other sites assigned to
the European Mammal Neogene (MN) zones 7-9 yielded
only fragmentary bird remains, the exact identities of
which are not always easy to determine (e.g., Grigorescu
and Kessler 1977, 1988).

Avian fossils from the Hammerschmiede clay pit
represent about 3.6% (HAM 4) and 1.6% (HAM 5), respec-
tively, of all catalogued remains. Previously reported birds
include the darter Anhinga pannonica (Lambrecht, 1916)
(Anhingidae; Mayr et al. 2020a), a large crane (Gruidae;
Mayr et al. 2020b), and some anseriform species including
the distinctive Allgoviachen tortonica (Mayr et al. 2023).
Mayr et al. (2020a) listed further avian taxa, which so far
remain unpublished (see also Lechner and Béhme 2025),
and in the present study some of these, as well as newly
discovered specimens, are described, including a new
genus and species of the Phalacrocoracidae, as well as a
new genus and species of an unusual accipitriform bird, and
one of the earliest records of an Apus-like apodiform bird.

Material and methods

The examined fossil material from the Hammerschmiede
clay pit is stored in the Paleontological Collection of the
University of Tiibingen, Germany (GPIT) and is labeled with
both GPIT (for Hammerschmiede fossils excavated until
2019), and SNSB-BSPG (Staatliche Naturwissenschaftliche
Sammlungen Bayerns - Bayerische Staatssammlung fiir
Paldontologie und Geologie, Munich, Germany; for spec-
imens found since 2020). Fossil and extant comparative
material is in the collection of Musée Guimet d’Histoire
Naturelle, Lyon, France (MHNL), Senckenberg Research
Institute Frankfurt, Germany (SMF), Staatliches Museum
fir Naturkunde Stuttgart, Germany (SMNS), and the
Generaldirektion Kulturelles Erbe Rheinland-Pfalz, Mainz,
Germany (PW). All measurements are in millimeters.
Regarding the cormorant remains, comparisons were
made with skeletons of the following extant species in the
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collection of SMF (nomenclature follows the IOC World
Bird Listathttps://www.worldbirdnames.org): Microcarbo
africanus (Gmelin, 1798), M. melanoleucos (Vieillot,
1817), M. pygmaeus (Pallas, 1773), Nannopterum auritum
(Lesson, 1831), N. brasilianum (Gmelin, 1798), N. harrisi
(Rothschild, 1898), Gulosus aristotelis (Linnaeus, 1761),
Poikilocarbo gaimardi (Garnot, 1828), Leucocarbo atri-
ceps (King, 1828), L. bougainvilliorum (Lesson, 1837),
L. magellanicus (Gmelin, 1798), L. melanogenis (Blyth,
1860), Urile pelagicus (Pallas, 1811), U. penicillatus
(Brandt, 1837), Phalacrocorax capensis (Sparrman, 1786),
P. carbo (Linnaeus, 1758), P. nigrogularis (Ogilvie-Grant
& Forbes, 1899), P. punctatus (Sparrman, 1786), P. varius
(Gmelin, 1798).

For the Accipitridae, comparisons were made with
the following species in the collection of SMF: Elaninae:
Chelictinia riocourii (Temminck, 1821), Elanus caeru-
leus (Desfontaines, 1789), E. leucurus (Vieillot, 1818).
Gypaetinae: Gypaetus  barbatus (Linnaeus, 1758),
Neophron percnopterus (Linnaeus, 1758), Polyboroides
typus (Scopoli, 1786). Perninae: Aviceda cuculoides
Swainson, 1837, A. subcristata (Gould, 1838), Pernis apiv-
orus (Linnaeus, 1758). Circaetinae: Circaetus cinarescens
Miiller, 1851, C. cinereus Vieillot, 1818, C. gallicus
(Gmelin, 1788), C. (“Dryotriorchis”) spectabilis (Schlegel,
1863) (distal portion only), Spilornis cheela (Latham,
1790). Aegypiinae: Aegypius monachus (Linnaeus, 1766),
Gyps africanus Salvadori, 1865, G. coprotheres (Forster,
1798), G. fulvus (Hablizl, 1783), G. rueppelli (Brehm,
1852), Necrosyrtes monachus (Temminck, 1823), Torgos
tracheliotus (Forster, 1796). Harpiinae: Harpia harpyja
(Linnaeus, 1758). Aquilinae: Aquila audax (Latham,
1801), A. chrysaetos (Linnaeus, 1758), A. fasciata Vieillot,
1822, A. heliaca Savigny, 1809, A. nipalensis Hodgson,
1833, A. rapax (Temminck, 1828), Clanga clanga (Pallas,
1811), C. pomarina (Brehm, 1831), Hieraaetus ayresii
(Gurney, 1862), H. pennatus (Gmelin, 1788), Nisaetus
cirrhatus (Gmelin, 1788), Spizaetus ornatus (Daudin,
1800). Haliaeetinae: Haliaeetus albicilla (Linnaeus, 1758),
H. leucocephalus (Linnaeus, 1766), Ichthyophaga vocifer
(Daudin, 1800). Milvinae: Milvus migrans (Boddaert, 1783),
M. milvus (Linnaeus, 1758). Accipitrinae: Accipiter nisus
(Linnaeus, 1758), A. ovampensis Gurney, 1875, A. rufiven-
tris Smith, 1830, A. striatus Vieillot, 1808, Tachyspiza badia
(Gmelin, 1788), T. erythropus (Hartlaub, 1855), T' gularis
(Temminck & Schlegel, 1845), Astur bicolor (Vieillot,
1817), A. cooperi (Bonaparte, 1828), A. gentilis (Linnaeus,
1758), A. melanoleucus (Smith, 1830), Aerospiza tachiro
(Daudin, 1800), Circus aeruginosus (Linnaeus, 1758),
C. approximans Peale, 1849, C. macrourus (Gmelin,
1770), C. pygargus (Linnaeus, 1758). Buteoninae: Butastur
rufipennis (Sundevall, 1850), B. teesa (Franklin, 1831),
Buteo auguralis Salvadori, 1866, B. buteo (Linnaeus, 1758),
B. jamaicensis (Gmelin, 1788), B. lagopus (Pontoppidan,
1763), B. lineatus (Gmelin, 1788), Buteogallus meridio-
nalis (Latham, 1790), Parabuteo unicinctus (Temminck,
1824), Rupornis magnirostris (Gmelin, 1788). “Transitional
Accipitrinae”: Harpagus bidentatus (Latham, 1790),
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Melierax canorus (Thunberg, 1799), M. metabates Heuglin,
1861, Micronisus gabar (Daudin, 1800). Jollie (1977)
was consulted for comparisons with the tarsometatarsi of
Chondrohierax uncinatus (Temminck, 1822) (Perninae),
Elanoides forficatus (Linnaeus, 1758) (Perninae), Leptodon
cayanensis (Latham, 1790) (Perninae), Gypohierax ango-
lensis (Gmelin, 1788) (Gypaetinae), Machaerhamphus
alcinus  Bonaparte, 1850 (Harpiinae), Ichthyophaga
ichthyaetus (Horsfield, 1821) (Haliaeetinae), Geranospiza
caerulescens (Vieillot, 1817) (Buteoninae), Rostrhamus
sociabilis (Vieillot, 1817) (Buteoninae).

Systematic Palacontology

Suliformes Sharpe, 1891
Phalacrocoracidae Reichenbach, 1849

Bavaricarbo gen. nov.
https://zoobank.org/249997B2-A5D8-4C72-8293-56BD3993C454

Type species. Bavaricarbo brevirostris sp. nov.
Etymology. The generic name is derived from the
Neo-Latin term Bavaria and carbo (Lat.): coal, a common
component of the scientific names of cormorants; it refers
to the geographic provenance of the type species.
Differential diagnosis. The new genus differs from:

— the Early Miocene Nectornis Cheneval, 1984 in:
fossa musculi brachialis (humerus) deeper and
proximodistally narrower; processus procora-
coideus (coracoid) shorter.

— the Late Oligocene and Early Miocene Oligocorax
Lambrecht, 1933 in: extremitas omalis of cora-
coid dorsoventrally narrower and more pointed;
tuberculum supracondylare ventrale (humerus)
dorsoventrally narrower.

— the Late Oligocene Borvocarbo Mourer-Chauviré
et al., 2004 in: coracoid with flat facies articularis
scapularis.

— the Oligo-Miocene Nambashag Worthy, 2011 in:
extremitas omalis of coracoid more elongated and
processus procoracoideus shorter.

— the extant Microcarbo Bonaparte, 1856 in: larger
size; crista bicipitalis (humerus) shorter and fossa
musculi brachialis deeper.

— all other extant Phalacrocoracidae (Poikilocarbo
von Boetticher, 1935, Urile Bonaparte, 1856,
Leucocarbo Bonaparte, 1857, Gulosus Linnaeus,
1761, Nannopterum Sharpe, 1899, Phalacrocorax
Brisson, 1760) in: crista bicipitalis of humerus
proportionally shorter; linea intermuscularis on
ventral surface of extremitas sternalis of cora-
coid situated farther laterally; sulcus for musculus
abductor digiti IV of tarsometatarsus more exten-
sive and lateral margin of bone forming a sharp
ridge in lateral view; trochlea metatarsi II reaching
farther distally than tr. mt. III.

Remarks. Comparisons with the Late Oligocene
Praecarbo strigoniensis, which was described by Kessler
and Horvath (2023) on the basis of a distal tibiotarsus, are
not possible owing to the lack of overlap in the known bones.

Bavaricarbo brevirostris sp. nov.
https://zoobank.org/9745E31E-E8CD-4995-ADA1-A38DC68AC990

Holotype. GPIT/AV/00224 (incomplete right humerus
lacking proximal end and ventral portion of distal end;
Figs 1H, 20, Q).

Differential diagnosis. Medium-sized cormorant the
size of the extant Phalacrocorax capensis, with a propor-
tionally shorter beak (Figs 1, 3). Differs from the species
of the taxa Borvocarbo, Nectornis, Oligocorax, and
Nambashag as detailed above. Distinguished from:

— ?0ligocorax stoeffelensis from the Late Oligocene
of Germany (Mayr 2007, 2015a) in: smaller size
(humerus length ~115 versus 106; tibiotarsus length
~95-110 versus 82); extremitas omalis of coracoid
more elongated and facies articularis scapularis
situated farther sternally (Fig. 4C, D).

— Phalacrocorax bakonyiensis Horvath et al., 2024
from the Late Miocene (MN 11-12) of Hungary,
which is based on the proximal end of a humerus
and further fragmentary remains (Horvath et al.
2024), in: smaller size and crista bicipitalis of
humerus proportionally shorter and more convex.

Etymology. The specific epithet is derived from brevis
(Lat.), short, and rostrum (Lat.), beak, and refers to the
short beak of the taxon.

Type locality and horizon. Hammerschmiede clay
pit near Pforzen, Allgdu region, Bavaria, Germany
(47.923°N, 10.588°E); early Late Miocene, earliest
Tortonian, MN 8; regional stratigraphic level HAM 4.

Referred specimens. SNSB-BSPG 2020 XCIV-8500
and 8499 (partial rostrum and associated rostral portion
of left ramus mandibulae; Figs 1A, 3A, B, D, F, G);
SNSB-BSPG 2020 XCIV-17519 (rostral portion of left
ramus mandibulae); SNSB-BSPG 2020 XCIV-16498
(partial right coracoid); SNSB-BSPG 2020 XCIV-7605
(extremitas omalis of right coracoid); SNSB-BSPG 2020
XCIV-16184 (fragmentary extremitas omalis of left
coracoid); SNSB-BSPG 2020 XCIV-16865 (extremitas
sternalis of left coracoid; Figs 1E, 4H); SNSB-BSPG
2020 XCIV-1360 (extremitas omalis of left coracoid);
GPIT/AV/00194 (extremitas omalis of left coracoid,
Figs 2M, 4A-C); GPIT/AV/00105 (fragmentary right
coracoid; Fig. 1C); GPIT/AV/00222 (right humerus
lacking distal end; Figs 1G, 4M, N); SNSB-BSPG 2020
XCIV-8028 (distal end of left ulna of an immature indi-
vidual; Fig. 1J); GPIT/AV/00124 (proximal end of right
carpometacarpus; Fig. 1K); SNSB-BSPG 2020 XCIV-
3535 (right tibiotarsus of an immature individual lacking
proximal and distal ends; Fig. 1L); SNSB-BSPG 2020
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Figure 1. Selected bones of Bavaricarbo brevirostris gen. et sp. nov. from the earliest Tortonian of the Hammerschmiede clay pit
in southern Germany and extant Phalacrocorax capensis (SMF 8992) to illustrate the similar sizes of the postcranial bones and the
proportionally shorter beak of the fossil species. A. B. brevirostris, rostrum (SNSB-BSPG 2020 XCIV-8500); the arrow indicates
the presumed position of the nasofrontal hinge. B. Ph. capensis, rostrum; the arrow denotes the nasofrontal hinge. C. B. brevirostris,
fragmentary right coracoid (GPIT/AV/00105). D. Ph. capensis, left coracoid. E. B. brevirostris, extremitas sternalis of left coracoid
(SNSB-BSPG 2020 XCIV-16865). F. Ph. capensis, right humerus. G. B. brevirostris, right humerus lacking distal end (GPIT/
AV/00222). H. B. brevirostris, right humerus lacking proximal end and ventral portion of distal end (holotype, GPIT/AV/00224).
L. Ph. capensis, left ulna. J. B. brevirostris, distal end of left ulna of an immature individual (SNSB-BSPG 2020 XCIV-8028).
K. B. brevirostris, proximal end of right carpometacarpus (GPIT/AV/00124). L. B. brevirostris, right tibiotarsus of an immature
individual lacking proximal and distal ends (SNSB-BSPG 2020 XCIV-3535). M. Ph. capensis, right tibiotarsus. N. Ph. capensis,
left tarsometatarsus. O. B. brevirostris, distal portion of left tarsometatarsus (SNSB-BSPG 2020 XCIV-0697). The fossil bones were

coated with ammonium chloride. The scale bar equals 10 mm.

XCIV-5114 (left tibiotarsus lacking proximal and distal
ends); SNSB-BSPG 2020 XCIV-0652 (fragmentary
distal end of left tarsometatarsus); SNSB-BSPG 2020
XCIV-5073 (fragmentary distal portion of left tarsometa-
tarsus); SNSB-BSPG 2020 XCIV-0697 (partial distal end
of left tarsometatarsus; Figs 10, SA—C); SNSB-BSPG
2020 XCIV-16174 (phalanx of hallux).

Comments. All of the above material is assigned to the
new species based on a corresponding size to the holotype
humerus; the morphology of the referred bones is consis-
tent with the assignment of the fossils to a single species.

Locality and horizon of the referred specimens.
Hammerschmiede clay pit near Pforzen, Allgéu region,
Bavaria, Germany (47.923°N, 10.588°E); early Late
Miocene, earliest Tortonian, MN 8. Most specimens are
from the regional stratigraphic level HAM 4 except for
GPIT/AV/00124, which is from HAM 5.

Measurements (in mm). Rostrum (SNSB-BSPG
2020 XCIV-8500), length as preserved, 50.1. Humerus
(GPIT/AV/00224), length as preserved, 101.0; estimated
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total length ~115. Tibiotarsus (SNSB-BSPG 2020 XCIV-
3535), length as preserved, 80.4; estimated total length,
~95-110. Tarsometatarsus, length as preserved, 32.1;
estimated total length, ~50-55.

Description and comparisons. The partial rostrum
SNSB-BSPG 2020 XCIV-8500 (Fig. 3A, D, F) lacks
the tip and is longer than that of the extant Microcarbo
species, which are the smallest living cormorant. Judging
from the caudal widening and dorsal upturning, not
much of the caudal portion is missing, and the rostrum
is proportionally shorter than that of Phalacrocorax
capensis, which corresponds to the new species in the
size of the postcranial bones (Fig. 1). A lateral rostral
furrow, which characterizes extant Phalacrocoracidae
and other seabird taxa is visible.

The mandibular ramus (SNSB-BSPG 2020 XCIV-
8499) bears a ventral flange at its rostral end (Fig. 3B),
which indicates that only a short portion of the symphysis
is missing. The ramus is proportionally deeper dorsoven-
trally than in extant Phalacrocoracidae (Fig. 3B, C).
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Figure 2. A—L. Partial skeleton of Oligocorax littoralis (SMF Av 133) from the Early Miocene (Aquitanian) of Frankfurt Westhafen
(A: left coracoid; B: right coracoid; C: right humerus; D: left humerus; E: left ulna; F: left radius; G: proximal portion of right ulna;
H: right carpometacarpus and wing phalanges; I: left femur; J: distal portion of right femur; K: proximal portion of right tibiotar-
sus; L: left tibiotarsus). M, N. Extremitas omalis of left coracoid (medial view) of Bavaricarbo brevirostris (M: GPIT/AV/00194)
and O. littoralis (N: SMF Av 133). O, P. Distal end of the humerus (cranial view) of B. brevirostris (O: holotype, GPIT/AV/00224;
right side) and O. littoralis (P: SMF Av 133; left side, mirrored); the dotted lines indicate the different shapes of the fossa musculi
brachialis and the tuberculum supracondylare ventrale. Q. Distal end of the humerus (caudal view) of B. brevirostris (holotype,
GPIT/AV/00224; right side). All bones were coated with ammonium chloride. Abbreviations: fmb, fossa musculi brachialis; tsv,
tuberculum supracondylare ventrale. The scale bars equal 10 mm.

Unlike in Anhinga pannonica, the facies articularis
scapularis of the coracoid is flat. On the extremitas
sternalis, the linea intermuscularis, which delimits the
insertion site of musculus supracoracoideus from that
of m. coracobrachialis caudalis, is situated father later-
ally than in crown group Phalacrocoracidae (Fig. 4H-L);
this plesiomorphic feature was first noted by Lambrecht
(1933: 296) to characterize the taxon Oligocorax.
Compared to Oligocorax littoralis, the extremitas omalis
of the coracoid of Bavaricarbo brevirostris is dorsoven-
trally narrower and more pointed (Fig. 2M, N).

The humerus is represented by two specimens in
complementary states of preservation, which lack the
proximal and distal ends, respectively (Fig. 1G, H). It
differs in some subtle features from the corresponding
bone of extant Phalacrocoracidae. Most notably, the
crista bicipitalis is less extensive proximodistally than in
extant Phalacrocoracidae and the fossa musculi brachialis
is deeper and proximodistally narrower. The crus dorsale
fossae is broken, but it can still be discerned that, unlike

in the Anhingidae, it was well developed and overhung
the fossa pneumotricipitalis. The cranial surface of the
crista bicipitalis is weakly convex. On the distal end
of the bone, the proximal end of the condylus dorsalis
forms a ventrally directed lobe as it does in extant
Phalacrocoracidae. The tuberculum supracondylare
ventrale is mediolaterally narrower than in Oligocorax
littoralis (Fig. 20, P).

Only the distal portion of the ulna has been found, and,
judging from the rough surface texture, the specimen is
from an immature individual.

The carpometacarpus lacks the distal portion and
is poorly preserved; the processus extensorius and the
processus pisiformis are broken. The fovea carpalis crani-
alis is less pronounced than in P. africanus.

All tibiotarsi lack the distal and proximal ends, which
prevents detailed comparisons. The preserved portions of
the bone show, however, that it was proportionally longer
than the tibiotarsus of Oligocorax littoralis (compare
Fig. 1 and Fig. 2).

sjp.pensoft.net
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Phalacrocorax capensis

G

Bavaricarbo brevirostris

?Microcarbo sp.

N‘
cf. A.pannonica
J KL M

Anhinga pannonica Anhinga anhinga

Figure 3. Skull remains of the Phalacrocoracidae and Anhingidae from the Hammerschmiede clay pit. A, D, F. Rostrum of Bavaricarbo
brevirostris, rostrum (SNSB-BSPG 2020 XCIV-8500) in lateral (A), dorsal (D), and ventral (F) view. B, G. B. brevirostris, portion of
left ramus mandibulae (SNSB-BSPG 2020 XCIV-8499) in lateral (B) and medial (G) view. C, E. Skull of Phalacrocorax capensis
(SMF 13546) in lateral (C) and dorsal (E) view; this skull is from a smaller individual than the one shown in Fig. 1B. H, 1. ?Microcarbo
sp., processus mandibularis of left quadratum (SNSB-BSPG 2020 XCIV-10084) in ventral (H) and lateral (I) view. J-L. Anhinga pan-
nonica, rostrum (SNSB-BSPG 2020 XCIV-13269) in dorsal (J), ventral (K), and lateral (L) view. M. Tip of rostrum of Anhinga anhinga
(SMF 9967). N. cf. Anhinga pannonica, tip of rostrum in dorsal view (SNSB-BSPG 2020 XCIV-16163). All fossil bones were coated
with ammonium chloride. Abbreviations: cdl, condylus lateralis; cdm, condylus medialis; flg, ventral flange. Scale bars equal 10 mm.

The tarsometatarsus agrees with the corresponding
bone of Microcarbo spp. The sulcus for musculus
abductor digiti IV is more extensive than in extant
Phalacrocoracidae other than Microcarbo, and the lateral
margin of the bone forms a sharp ridge in lateral view.
Also, as in the species of Microcarbo and unlike in other
Phalacrocoracidae, the trochlea metatarsi II projects
distally beyond the trochlea metatarsi II1.

Taxonomic remarks. Overviews of Cenozoic Phala-
crocoracidae were given by Mlikovsky (2002), Worthy
(2011), Gohlich and Mourer-Chauvire (2010), and Mayr
(2015a). Since these studies, Phalacrocorax ibericus
Villalta, 1963 from the Late Miocene (MN 9) of Spain
was synonymized with the galliform species Palaeortyx
gallica by Sanchez-Marco (2021), and Phalacrocorax
intermedius Milne-Edwards, 1867 was considered to
likely be a representative of the Anhingidae (Mayr et al.
2020a). A very small cormorant from the Late Oligocene
or Early Miocene of Germany, which was initially
described as ?Limicorallus carbunculus by Mayr (2009),
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was tentatively assigned to Borvocarbo guilloti by Mayr
(2010); the holotype of this latter species stems from the
Late Oligocene of France (Mourer-Chauviré et al. 2004).
Bavaricarbo brevirostris is readily distinguished
from the species of the Late Oligocene and Early
Miocene taxa Borvocarbo and Nectornis in the flat facies
articularis scapularis of the coracoid (which is plesio-
morphically concave in Borvocarbo) and the shorter
processus procoracoideus (which is distinctly longer in
Nectornis), respectively. In size and morphology, the new
species resembles Oligocorax littoralis from the Early
Miocene (MN 1-3) of Europe. A specimen of O. littoralis
in the collection of SMF, which was first mentioned by
Lambrecht (1933: 290), consists of wing and leg bones
of a single individual that were found around 1885 during
construction work for the Frankfurt Westhafen (western
harbor). This specimen, SMF Av 133 (Fig. 2A-L), is
one of the most substantial records of an Early Miocene
(Aquitanian) cormorant and is here for the first time
figured. While similar to B. brevirostris in size and overall



Swiss Journal of Palaeontology (2026) 145: 927-941

933

morphology, it differs in several features listed in the
differential diagnosis.

Phalacrocoracidae Reichenbach, 1849
?Microcarbo Bonaparte, 1856

?Microcarbo sp.

Referred specimens. SNSB-BSPG 2020 XCIV-10084
(processus mandibularis of left quadratum; Fig. 3H, I);
GPIT/AV/00275 (fragmentary omal portion of right

coracoid; Fig. 4G); GPIT/AV/00256 (fragmentary
distal end of left tarsometatarsus; Fig. 50, P); GPIT/
AV/00164 (fragmentary distal end of right tarsometa-
tarsus; Fig. 5Q, R).

Locality and horizon. Hammerschmiede clay pit near
Pforzen, Allgdu region, Bavaria, Germany (47.923°N,
10.588°E); early Late Miocene, earliest Tortonian, MN §.
Most specimens are from the regional stratigraphic level
HAM 4 except for GPIT/AV/00164, which is from HAM 5.

Measurements (in mm). Tarsometatarsus, GPIT/

AV/00164, length as preserved, 15.3; estimated total
length, ~33-35.

ppc—

fas ~ppc

G

?Microcarbo sp.

A4

Microcarbo pygmaeus

’?Ollgocorax stoeffelensis

\A\

lim
Phalacrocorax capensis

Ph alacrocorax capensis

Bavaricarbo brevirostris

H

Bavaricarbo brevirostris Oligocorax littoralis Anhinga anhinga

M N

Bavaricarbo brevirostris

o

Phalacrocorax capensis

Microcarbo pygmaeus

Anhinga anhinga

Figure 4. Extremitas omalis (A—G) and extremitas sternalis (H-L) of coracoid, as well as proximal end of humerus (M—Q) of Bavaricarbo
brevirostris gen. et sp. nov. in comparison with extant Phalacrocoracidae and Anhingidae. A—C. B. brevirostris (GPIT/AV/00194), ex-
tremitas omalis of left coracoid in dorsal (A), medial (B), and lateral (C) view. D. ?Oligocorax stoeffelensis from the late Oligocene of
Enspel, Germany (PW 2013/5000-LS a), extremitas omalis of left coracoid in dorsolateral view; surrounding bones and matrix were
digitally brightened. E, F. Phalacrocorax capensis (SMF 8992), extremitas omalis of left coracoid in dorsal (E) and medial (F) view.
G. ?Microcarbo sp. (GPIT/AV/00275), partial right coracoid in dorsal view. H. B. brevirostris (SNSB-BSPG 2020 XCIV-16865). 1. Oli-
gocorax littoralis (SMF Av 133; right side, mirrored) from the Early Miocene (Aquitanian) of Frankfurt Westhafen. J. Ph. capensis (SMF
8992). K. Microcarbo pygmaeus (SMF 6681). L. Anhinga anhinga (SMF 9967). M, N. B. brevirostris (GPIT/AV/00222), proximal end of
humerus in caudal (M) and cranial (N) view. O. Ph. capensis (SMF 8992). P. M. pygmaeus (SMF 6681). Q. A. anhinga (SMF 9967). The
fossil bones were coated with ammonium chloride. The dotted lines in O—Q indicate the superimposed course of the crista bicipitalis of
B. brevirostris, to illustrate the better developed bicipital crest of the crown group taxa. Abbreviations: cbt, crista bicipitalis; fah, facies ar-
ticularis humeralis; fas, facies articularis scapularis; lim, linea intermuscularis; ppc, processus procoracoideus. The scale bars equal 10 mm.
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Remarks. These bones are from a very small cormo-
rant, the size of the extant Microcarbo pygmaeus. An
equally small cormorant from the Late Miocene (?MN
9) of Moldova was described as Phalacrocorax lautus
by Kurochkin and Ganea (1972). Kessler (1984) referred
a coracoid and a partial carpometacarpus from Moldova
to this species, but the latter bone was subsequently
identified as belonging to a species of the Anatidae (see
Mlikovsky 2002). Because of the fragmentary preserva-
tion of the coracoid from the Hammerschmiede clay pit,
meaningful comparisons with the similar-sized specimens
from Moldova (proximal femur and distal ulna) are not
possible, and there may well have been other small-sized
cormorants in the Late Miocene of Europe. Ph. lautus
was assigned to Microcarbo by Zelenkov and Kurochkin
(2015). The small size of the Hammerschmiede fossils
also suggests an assignment to Microcarbo, even though a
small size may be plesiomorphic for the Phalacrocoracidae.

Anhingidae Reichenbach, 1849

Anhinga pannonica (Lambrecht, 1916)

Newly referred specimens. SNSB-BSPG 2020 XCIV-
13269 (tip of rostrum; Fig. 3J-L), SNSB-BSPG 2020
XCIV-8677 (fragmentary distal end of left ulna); SNSB-
BSPG2020XCIV-17035 (partial left coracoid of an immature
individual); SNSB-BSPG 2020 XCIV-3536 (partial left
coracoid); SNSB-BSPG 2020 XCIV-8872 (partial left cora-
coid); SNSB-BSPG 2020 XCIV-8695 (partial distal portion
of left humerus); GPIT/AV/00279 (partial right humerus
lacking proximal and distal ends); SNSB-BSPG 2020
XCIV-18824 (partial right humerus lacking proximal and
distal ends); SNSB-BSPG 2020 XCIV-7927 (fragmentary
distal portion of left tarsometatarsus; Fig. 5G-1I).

Tentatively referred specimen. SNSB-BSPG 2020
XCIV-16163 (rostrum Fig. 3N).

Locality and horizon. Hammerschmiede clay pit near
Pforzen, Allgdu region, Bavaria, Germany (47.923°N,
10.588°E); early Late Miocene, earliest Tortonian, MN
8. All new specimens are from the regional stratigraphic
level HAM 4.

Measurements (in mm). Tarsometatarsus (SNSB-
BSPG 2020 XCIV-7927), length as preserved, 28.8;
estimated total length, ~45-50.

Remarks. The rostrum (SNSB-BSPG 2020 XCIV-
13269) resembles that of extant Anhingidae (Fig. 3M).
As in the latter, the ventral surface of the specimen is
flat, whereas it is concave in, e.g., the Gaviiformes (see
below). The tentatively referred specimen SNSB-BSPG
2020 XCIV-16163 is somewhat smaller, which may
reflect a sexual dimorphism in size.

The tarsometatarsus of A. pannonica was previously
unknown. SNSB-BSPG 2020 XCIV-7927 shows a close
resemblance to the tarsometatarsus of the extant Anhinga
anhinga (Fig. 5]-L), but is from a distinctly larger species.
As in A. anhinga, the foramen vasculare distale is very
small and the fossa metatarsi I bears an ovate articular
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facet. Also as in extant Anhingidae, the lateral margin of
the bone forms a sharp ridge in lateral view, and the sulcus
for musculus abductor digiti IV is marked and wide.

Gaviiformes Wetmore & Miller, 1926

Gen. et sp. indet.

Referred specimen. GPIT/AV/00205 (fragmentary prox-
imal portion of right humerus; Fig. 6A, B).

Locality and horizon. Hammerschmiede clay pit near
Pforzen, Allgiu region, Bavaria, Germany (47.923°N,
10.588°E); early Late Miocene, earliest Tortonian, MN &;
regional stratigraphic level HAM 4.

Measurements (in mm). Length as preserved, 82.5;
distal width, 14.9.

Remarks. This fragmentary bone is assigned to the
Gaviiformes (loons/divers), because of a character-
istic shape of the crista deltopectoralis, which reaches
much farther distally than the crista bicipitalis and is
strongly cranially deflected. The shaft has a subtrian-
gular cross-section and relatively thick bone walls,
which support an assignment to divers. The specimen
is from a species that was much smaller than all extant
Gaviiformes. The loon from the Hammerschmiede clay
pit is likewise smaller than Gavia moldavica from the late
Miocene (?MN 9) of Moldova, which was described by
Kessler (1984). In size, it corresponds to a humerus of an
undescribed small gaviiform from the Middle Miocene
(MN 7) of the Steinheim Basin in Germany (Fig. 6C).

Apodiformes Peters, 1940
Apodini Olphe-Galliard, 1887

Apus cf. A. gaillardi Ennouchi, 1930

Referred specimen. SNSB-BSPG 2020 XCIV-17516
(left humerus; Fig. 7A—C).

Locality and horizon. Hammerschmiede clay pit near
Pforzen, Allgéu region, Bavaria, Germany (47.923°N,
10.588°E); early Late Miocene, earliest Tortonian, MN 8&;
regional stratigraphic level HAM 4.

Measurements (in mm). Maximum length, 9.9; distal
width, 3.9.

Remarks. Apus gaillardi was described by Ennouchi
(1930) from the late Middle Miocene (MN 7-8) of La
Grive-Saint-Alban in France. The holotype and only
known specimen is a humerus (Fig. 7D, E). The species
closely resembles the Hammerschmiede apodiform, and
because of the similar ages of the fossils, the latter is here
tentatively referred to Apus gaillardi.

The specimen from the Hammerschmiede clay pit is
also of the same size as the humerus of Apus wetmorei
from the Miocene-Pliocene transition (MN 13-14)
of the Gargano peninsula in Italy (Ballmann 1976).
Morphologically, it is likewise similar to the latter
species, which was not differentiated from A. gaillardi
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Bavaricarbo brevirostris

Anhinga pannonica

P

R

Anhinga anhinga ?Microcarbo sp.

Figure 5. Tarsometatarsi of the Phalacrocoracidae (A-F, M—R) and Anhingidac (G-L). A—C. Bavaricarbo brevirostris gen. et
sp. nov. (SNSB-BSPG 2020 XCIV-0697), distal portion of left tarsometatarsus in dorsal (A), plantar (B), und lateral (C) view.
D-F. Phalacrocorax capensis (SMF 8992), distal portion of left tarsometatarsus in dorsal (D), plantar (E), und lateral (F) view.
G-1. Anhinga pannonica, partial left tarsometatarsus (SNSB-BSPG 2020 XCIV-7927) in dorsal (G), plantar (H), und lateral (I)
view. J-L. Anhinga anhinga (SMF 9967), left tarsometatarsus in dorsal (J), plantar (K), und lateral (L) view. M, N. Microcarbo
pygmaeus (SMF 6681), right tarsometatarsus in dorsal (M) and lateral (N) view. O, P. ?Microcarbo sp., fragmentary distal end of
left tarsometatarsus (GPIT/AV/00265) in dorsal (O) and plantar (P) view. Q, R. ?Microcarbo sp., fragmentary distal end of right
tarsometatarsus (GPIT/AV/00164) in dorsal (Q) and plantar (R) view. The fossil bones were coated with ammonium chloride. The
tarsometatarsal trochleae are numbered. Abbreviations: ext, sulcus for musculus abductor digiti IV; fvd, foramen vasculare distale,

rdg, ridge along lateral surface of tarsometatarsus. The scale bars equal 10 mm.

by Ballmann (1976). However, in the Hammerschmiede
specimen the processus supracondylaris dorsalis is situ-
ated somewhat farther distally than in A. wetmorei, which
suggests a distinctness on species level.

Apus gaillardi is the oldest record of the Apodini, but
the exact affinities of the fossil species within the latter
clade still need to be determined. Skeletons of Tachornis,
Panyptila, and Aeronautes were not available to us, and
the assignment of A. gaillardi and A. wetmorei to the
taxon Apus is anything but well established. The crista
bicipitalis of SNSB-BSPG 2020 XCIV-17516 does not
form the ventral bulge found in Apus apus and A. pall-
idus, but the bone is damaged in this area, so it is possible
that this bulge is broken in the fossil.

Apus gaillardi and A. wetmorei were very small species,
the size of Apus caffer and A. affinis, both of which are
distinctly smaller than the extant European Apus apus (see
measurements in Pavia et al. 2025). An equally small but
considerably younger swift, Apus baranensis, is known
from the Late Pliocene of Hungary and Bulgaria (Boev
2000). Because early Cenozoic stem group Apodidae were
even smaller (Mayr 2015b), a small size is likely to be
plesiomorphic for the Apodidae.

Accipitriformes Vieillot, 1816
Accipitridae Vieillot, 1816

Mioaetus gen. nov.
https://zoobank.org/883D55C6-COEF-4134-8262-CE3F4CAS51F2C

Type species. Mioaetus pforzenensis sp. nov.
Etymology. The generic name is derived from aetos
(Gr.): eagle; the prefix “Mio-* refers to the age of the taxon.
Diagnosis. The new taxon is distinguished from all
other Accipitridae by the plantar deflection of the trochlea
metatarsi I and the mediolaterally wide trochlea meta-
tarsi [V.

Mioaetus pforzenensis sp. nov.
https://zoobank.org/66C1F53F-1D59-42BF-BF91-E35DAA2F26B9

Holotype. SNSB-BSPG 2020 XCIV-3657 (distal end of
left tarsometatarsus; Fig. 6D-F).

Diagnosis. As for genus. The new species was of
similar size to a male individual of the extant Ornate
Hawk-eagle, Spizaetus ornatus.
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Mioaetus pforzenensis
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Accipitridae indet.

Figure 6. Gaviiformes (A, B) and Accipitriformes (D-K) from the Hammerschmiede clay pit. A, B. Indeterminate Gaviiformes,
fragmentary proximal portion of right humerus (GPIT/AV/00205) in cranial (A) and caudal (B) view. C. Right humerus of an un-
named gaviiform species from the Middle Miocene of the Steinheim Basin (SMNS 9974) in cranial view. D-F. Mioaetus pforzenen-
sis gen. et sp. nov., distal end of left tarsometatarsus (holotype, SNSB-BSPG 2020 XCIV-3657) in dorsal (D), plantar (E), and distal
(F) view; the arrow denotes an enlarged detail of the bone in plantar view. G—I. Accipitridae, gen. et sp. indet., left tarsometatarsus
(GPIT/AV/00229) in dorsal (G), plantar (H), and distal (I) view. J, K. Accipitridae, gen. et sp. indet., left tarsometatarsus (GPIT/
AV/00132) in dorsal (J) and plantar (K) view. All bones except C were coated with ammonium chloride. The tarsometatarsal troch-
leae are numbered. Abbreviations: cdp, crista deltopectoralis; mtl, fossa metatarsi I. The scale bars equal 10 mm.

Etymology. The specific epithet refers to Pforzen,
the municipality to which the Hammerschmiede clay pit
belongs.

Type locality and horizon. Hammerschmiede clay
pit near Pforzen, Allgdu region, Bavaria, Germany
(47.923°N, 10.588°E); early Late Miocene, earliest
Tortonian, MN 8§, regional stratigraphic level HAM 4.

Measurements (in mm). Length as preserved, 40.3;
distal width, 13.4.

Description and comparisons. This bone exhibits a very
distinctive morphology in that the trochlea metatarsi II is
more plantarly deflected than in other Accipitridae (Fig. 6F,
I), and has a more convex lateroplantar articular surface.
The trochlea metatarsi III is damaged and its medial rim is
broken, but the trochlea appears to have been mediolaterally
unusually narrow. The trochlea metatarsi IV is proportion-
ally larger and wider than in other accipitriforms. The shaft
has a subtriangular cross section. The fossa metatarsi I is
situated far proximally (much more so than in strigiforms).

Remarks. We considered the possibility that the unusual
morphology of SNSB-BSPG 2020 XCIV-3657 is due to
taphonomic distortion of the specimen. However, although
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the avian bones from the Hammerschmiede clay pit are often
crushed to various degrees, they do not show plastic defor-
mation. The trochlea metatarsi IV of SNSB-BSPG 2020
XCIV-3657 is broken and has been somewhat displaced in
the specimen, but this is not the case for the trochlea meta-
tarsi I, whose plantar deflection is one of the most unusual
features of the new species. Direct comparison of SNSB-
BSPG 2020 XCIV-3657 to a “typical” accipitrid from
the Hammerschmiede (Fig. 6G-K) serves to illustrate the
unusual features of Mioaetus pforzenensis gen. et sp. nov.

Discussion

Evolutionary implications of the cormorant
fossils

Bavaricarbo brevirostris gen. et sp. nov. is one of the
more abundant birds from the Hammerschmiede clay
pit. Being the size of the extant Phalacrocorax capensis,
the new species is much smaller than the darter Anhinga
pannonica. Itis, furthermore, identified as a representative
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Apus cf. gaillardi

psd—-

G

Apus pallidus

D

Apus gaillardi

Chaetura vauxi

Figure 7. Humeri of fossil and extant swifts (Apodidae). A—C. Apus cf. gaillardi (SNSB-BSPG 2020 XCIV-17516) from the Ham-
merschmiede clay pit, left humerus in cranial (A), caudal (B), and dorsal (C) view; coated with ammonium chloride. D, E. Apus
gaillardi from the late Middle Miocene of La Grive-Saint-Alban in France (MHNL L-Gr47), right humerus in cranial (D) and caudal
(E) view, note that the distal portion of the crista bicipitalis is damaged in this specimen. F, G. Apus pallidus (Apodini; SMF 22474),
left humerus in cranial (F) and caudal (G) view. H, 1. Cypsiurus parvus (Apodini; SMF 22886), left humerus in cranial (H) and
caudal (I) view. J, K. Chaetura vauxi (Chaeturini; SMF 4025), left humerus in cranial (J) and caudal (K) view. Abbreviations: cbp,

crista bicipitalis; cdp, crista deltopectoralis; psd, processus supracondylaris dorsalis. The scale bars equal 10 mm.

of the Phalacrocoracidae, rather than a small darter, by
the hooked tip of the rostrum and the well-developed crus
dorsale fossae of the humerus.

It was first noted by Mayr (2007) that some Cenozoic
taxa that were identified as cormorants are more likely to
be stem group representatives of the clade (Anhingidae
+ Phalacrocoracidae). Bavaricarbo and other stem
group Phalacrocoracidae differ from extant cormo-
rants in a shorter and more convex crista bicipitalis of
the humerus (Fig. 4M-P) and a more laterally situated
linea intermuscularis on the sternal extremity of the cora-
coid (Fig. 4H-K). Based on the different position of the
linea intermuscularis, Lambrecht (1933: 298) hypothe-
sized that cormorants underwent changes in the pectoral
girdle musculature in the course of their evolution. He

hypothesized that musculus supracoracoideus — which
elevates and supinates the humerus — decreased in size,
whereas musculus coracobrachialis caudalis — which
retracts and pronates the humerus — increased. Lambrecht
considered these differences to be indicative of better
flight capabilities of stem group Phalacrocoracidae, and,
without further explanation, attributed the poorer flight
capabilities of the crown group taxa to their foraging
technique. The differences in the course of the linea inter-
muscularis and the size and shape of the crista bicipitalis
are likely to be functionally interdependent. In extant
Phalacrocoracidae, a correlation exists between diving
depth and flight performance (Watanabe et al. 2011),
so that stem group Phalacrocoracidac may have been
foraging in shallower waters than most crown group taxa.
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Bavaricarbo and other stem group Phalacrocoracidae
agree with the Anhingidae and the species of Microcarbo
in that the trochlea metatarsi II of the tarsometatarsus
extends farther distally than the trochlea metatarsi III,
whereas trochlea metatarsi II is shorter in other crown
group cormorants (Fig. 5A, D, M). Cormorants are
foot-propelled divers, so that these differences in
tarsometatarsus morphology may also be related to dispa-
rate underwater foraging strategies.

After the removal of Phalacrocorax ibericus and
Phalacrocorax intermedius from the Phalacrocoracidae
(Mayr et al. 2021a; Sanchez-Marco 2021), B. breviros-
tris is the only European cormorant from the Serravallian
and Tortonian stages of the Miocene other than M.
lautus (MN 9 of Moldova). The new species is the
youngest record of a stem group representative of the
Phalacrocoracidae and suggests a recent radiation of
crown group Phalacrocoracidae.

The extant sister group of the Phalacrocoracidae are
the Anhingidae, and calibrated molecular phylogenies
indicate a comparatively recent divergence of both taxa
about 28 Ma (Kennedy et al. 2023). Microcarbo is the
sister taxon of all other crown group Phalacrocoracidae
(Mayr 2007; Kennedy et al. 2023), and the divergence
between Microcarbo and other cormorants occurred at
approximately 16 Ma (Kennedy et al. 2023). The cormo-
rants from the Hammerschmiede clay pit postdate the
latter molecular divergence estimate by about 5 million
years. As detailed above, the smaller species may belong
to Microcarbo, whereas B. brevirostris lies outside
crown group Phalacrocoracidae. After the divergence
of the crown group taxa (which, based on the interrela-
tionships of extant Phalacrocoracidae, is likely to have
occurred on one of the southern continents), stem group
Phalacrocoracidae, therefore, persisted in Europe for
several million years.

Avian piscivory and general aspects of the
avifauna of the Hammerschmiede clay pit

An outstanding feature of the Hammerschmiede avifauna
is the diversity of its piscivorous birds, which is docu-
mented by the coexistence of at least two cormorant
species, a darter, and a loon. This testifies to a high produc-
tivity of the river system of the Hammerschmiede site,
which must have provided ample prey for piscivorous
birds. The unusual morphology of the tarsometatarsus of
the new accipitrid taxon Mioaetus, which shows a remote
resemblance to the corresponding bone of the Osprey
(Pandion haliaetus) in the plantar deflection of the
trochleae metatarsorum II et IV, possibly also suggests
piscivorous habits of this taxon.

By applying a taphonomic analysis (Bohme 2010), it
was recently hypothesized (Lechner and Bohme 2025)
that the majority of the fish remains are derived from
predatory accumulations. This is especially pronounced
in certain layers of HAM 4, which are enriched in
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micro- to millimeter-sized phosphatic concretions, inter-
preted as bird guano, together with a plethora of fish
debris. It was estimated that one metric ton of these sedi-
ments contains 1.6 million fragments of mostly juvenile
fishes (Lechner and Bohme 2025). The presently known
fish fauna from Hammerschmiede is composed of 13
species, ranging from small-sized gobies and loaches
to large pikes and giant salmons, the latter reaching up
to 1.3 m in length. The body sizes of the piscivorous
birds span weight classes ranging from about 0.7 kg (cf.
Microcarbo) to 3.3 kg (Anhinga), suggesting dietary
segregation between the birds. Furthermore, five pisciv-
orous mammals (three Lutridae, one Potamotheriidae,
one Phocidae; Kargopoulos et al. 2025), at least one
piscivorous soft-shell turtle, a snapping turtle, and a giant
salamander co-exist in HAM 4, underscoring the high
primary productivity and complexity of fish-based food-
webs in this river.

The scarcity of remains of the Gaviiformes conforms to
the fact that loons prefer lacustrine or marine environments
over fluviatile ones (Carboneras 1992). Accordingly,
gaviiforms are more common in the geographically
close and only slightly older, Middle Miocene (MN 7)
lacustrine sediments of the Steinheim Basin, where they
are represented by three as yet undescribed species
(Heizmann and Hesse 1995; GM, pers. obs.; Fig. 6C).
The Steinheim avifauna also features numerous anseri-
form birds, whereas other taxa of aquatic birds known
from the Steinheim Basin, such as the Podicipedidae,
Palaelodidae, and Sulidae (Heizmann and Hesse 1995),
have as yet not been found in the Hammerschmiede clay
pit. Cormorants and darters, by contrast, are unknown
from the Steinheim avifauna.

The avifauna from the Hammerschmiede clay pit
includes several taxa that have not been reported from
other Miocene localities and that exhibit distinctive
morphologies, including the anseriform Allgoviachen
(Mayr et al. 2023), a large indeterminate crane (Mayr
et al. 2020b), and the new cormorant and hawk species
described in the present study. This may reflect the
fact that early Late Miocene avifaunas of Europe are
understudied, but it may also be due to the particular,
fluviatile, palacoenvironment of the Hammerschmiede
clay pit. Future excavations and ongoing studies of
the material already collected will certainly shed more
light on this comparatively poorly known episode of
avian evolution.
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