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Abstract

We describe a partial skull of a very large crane from the early late Miocene (Tortonian) hominid locality Hammerschmiede
in southern Germany, which is the oldest fossil record of the Gruinae (true cranes). The fossil exhibits an unusual preservation
in that only the dorsal portions of the neurocranium and beak are preserved. Even though it is, therefore, very fragmentary,
two morphological characteristics are striking and of paleobiological significance: its large size and the very long beak. The
fossil is from a species the size of the largest extant cranes and represents the earliest record of a large-sized crane in Europe.
Overall, the specimen resembles the skull of the extant, very long-beaked Siberian Crane, Leucogeranus leucogeranus, but
its affinities within Gruinae cannot be determined owing to the incomplete preservation. Judging from its size, the fossil
may possibly belong to the very large “Grus” pentelici, which stems from temporally and geographically proximate sites.
The long beak of the Hammerschmiede crane conforms to an open freshwater paleohabitat, which prevailed at the locality.
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Zusammenfassung

Ein Schiidel eines sehr grofien Kranichs aus dem Obermiozin Siiddeutschlands, mit Bemerkungen zu den
Verwandtschaftsbeziehungen heutiger Gruinae

Wir beschreiben einen partiell erhaltenen Schédel eines sehr groen Kranichs aus dem friihen Obermiozin (Tortonium)
der Hominiden-Fundstelle Hammerschmiede in Siiddeutschland, welcher den altesten Fossilnachweis der Gruinae (echte
Kraniche) reprisentiert. Der Fund weist eine ungewohnliche Erhaltung auf, da nur die dorsalen Bereiche des Hirnschédels
und des Schnabels erhalten sind. Obwohl das Fossil daher sehr fragmentarisch ist, sind zwei morphologische Merkmale
auffillig und von palidobiologischer Bedeutung: seine Grofle und der sehr lange Schnabel. Der fossile Schidel stammt
von einer Art von der Grofle der grofiten heutigen Kraniche und ist der fritheste Nachweis eines derart gro3en Kranichs in
Europa. Insgesamt dhnelt das Fossil dem Schédel des heutigen, sehr langschnébeligen Sibirischen Kranichs, Leucogeranus
leucogeranus, aber seine Verwandtschaftsbeziehungen innerhalb der Gruinae konnen aufgrund der unvollstindigen Erhaltung
nicht bestimmt werden. Die Korpergrofe legt nahe, dass der Fund moglicherweise zu der sehr groen Art “Grus™ pentelici
gehort, die von zeitlich und geographisch nahen Fundstellen stammt. Der lange Schnabel des Hammerschmiede-Kranichs
steht im Einklang mit einem offenen Siiwasser-Paldohabitat, das vor Ort vorherrschte.
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clade (Gruoidea) together with the New World Aramidae
(limpkins) and Psophiidae (trumpeters), and their evolu-
tion appears to have been correlated with the Neogene
spread of grasslands.

The fossil record of the Gruidae is not very exten-
sive, and many species are based on fragmentary bones
of uncertain affinities (Cracraft 1973; Mourer-Chauviré
2001; Mlikovsky 2002; Gohlich 2003; Mayr 2009, 2017;
Zelenkov 2015). The taxonomy of many fossil cranes is
also in need of a revision, because the type species of
various widely used genus-level taxa introduced by Lam-
brecht (1933) do not belong to the Gruidae. This is true,
for example, for the taxon Palaeogrus Lambrecht, 1933,
which was originally established for Palaeogrus princeps
from the middle Eocene of Italy (Portis 1885). This spe-
cies is only known from a distal tibiotarsus and was long
regarded as the earliest record of the Gruidae, but is more
likely to be a representative of the palacognathous Palaeo-
tididae (Mayr 2019).

Irrespective of taxonomic issues, the affinities of most
Eocene fossils assigned to the Gruidae (Mayr 2009) are not
well established. Eobalearica tugarinovi from the middle
Eocene of Uzbeskistan, for example, was hypothesized to
possibly belong to the Pelagornithidae (bony-toothed birds;
Mayr and Zvonok 2011), even though Zelenkov and Kuro-
chkin (2015) maintained affinities to the Gruidae. A puta-
tive gruiform bird from the late Eocene and early Oligo-
cene of England, Geranopsis hastingsiae, may belong to
the Parvigruidae, which are stem group representative of the
Gruoidea from the early Oligocene of Europe (Mayr 2005,
2012).

Several Paleogene and early Neogene species of the Grui-
dae were assigned to Palaeogrus, but this classification can
no longer be upheld in light of the likely palaeotidid affinities
of P. princeps, the type species of the taxon. Moreover, the
significant time interval between these fossils and the mid-
dle Eocene type species makes an assignment to the same
genus highly unlikely. “Palaeogrus” hordwelliensis from the
late Eocene of England is only known from the distal end of
the tibiotarsus (Lydekker 1891). “P.” excelsa from the early
Miocene of France is better represented by various postcra-
nial bones, but its genus-level assignment is likewise in need
of a revision. This is also true for “Palaeogrus” mainburgen-
sis from the middle Miocene of Germany (Gohlich 2003),
which is a small species that differs from extant Gruidae
in hypotarsus morphology (a tentatively referred coracoid
appears to be too small to belong to this species and may be
from a larger species of the Anseriformes). “P.” mainbur-
gensis is of similar size to Basityto rummeli from the early
Miocene of Germany and there exists a possibility that both
species are closely related, if not conspecific. In this case the
taxon Basityto may encompass some of the early and middle
Miocene cranes from Europe, which is unfortunate, since
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this name reflects the initial misidentification of B. rummeli
as a tytonid owl (Mlikovsky 1998; Mourer-Chauviré 2001).

“Palaeogrus” excelsa was assigned to the Balearicinae
(as “Balearica excelsa”) by Mlikovsky (2002), and Basityto
rummeli was likewise transferred to Balearica by Mourer-
Chauviré (2001). However, the characters in support of these
classifications may well be plesiomorphic for the Gruidae.
Other Paleogene and early Neogene fossils were likewise
assigned to the Balearicinae, but again the taxonomy and
phylogenetic affinities of some of the involved species is
problematic. The taxon Probalearica, for example, was
established by Lambrecht (1933) for P. problematica, a
species from the early Miocene of France based on a frag-
mentary upper beak, which is now assigned to the phoen-
icopteriform Palaelodidae (Cheneval and Escuillié 1992).
“Probalearica” moldavica from the late Miocene of Mol-
dova was assigned to the Gruinae by Mlikovsky (2002), but
this species is not a crane (Mourer-Chauviré 2001) and may
actually be a heron (Ardeidae; Zelenkov 2015).

Putative Balearicinae were also reported from the Mio-
cene of North America (Olson 1985; Olson and Rasmussen
2001). One of these, “Probalearica” crataegensis from the
early Miocene of Florida, is based on the distal end of a tibi-
otarsus (Brodkorb 1963). Olson (1985) also considered the
putative limpkin Aramornis longurio from the early/middle
Miocene of Nebraska to be a representative of the Balear-
icinae; the holotype and only known specimen of this spe-
cies is a distal tarsometatarsus. Another species, Balearica
exigua from the late Miocene of Nebraska, is represented by
well-preserved skeletons (Feduccia and Voorhies 1992), but
meaningful comparisons between B. exigua, “P.” crataegen-
sis, and A. longurio have yet to be performed.

Gohlich (2003) listed “Grus” miocenicus as the earli-
est record of the Gruinae, but this species, which stems
from the late middle Miocene of Romania (Grigorescu and
Kessler 1977), is also a misidentified record of the Palaelo-
didae (Mlikovsky 2002). One of the earliest described fos-
sil species of the Gruinae is, therefore, “Grus” pentelici,
which was first reported from the late Miocene of Greece
(see Cracraft 1973; Mlikovsky 2002). The species has
also been identified in the late Miocene of Hungary (Kret-
zoi 1957) and the middle Miocene of Sansan in France
(Depéret 1887), but especially the latter record is very
fragmentary and was not listed in a recent revision of the
locality (Cheneval 2000). “Grus” pentelici was assigned
to the taxon Pliogrus by Lambrecht (1933), which was
established for Pliogrus germanicus from the middle to
late Miocene of Eppelsheim in Germany (the fossilifer-
ous sediments of this fluvial site were deposited between
15 and 9 Ma; Bohme et al. 2012). However, this latter
species, which is only known from a distal tibiotarsus, is
much smaller than “G.” pentelici and was transferred to
the Palaelodidae (Fischer and Stephan 1971; Mlikovsky
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2002). “G.” pentelici was a very large species, the size of
the extant Grus antigone and Bugeranus carunculatus. An
equally large-sized species, “Grus” afghana from the late
Miocene of Afghanistan (Mourer-Chauviré et al. 1985),
was regarded as a junior synonym of “G.” pentelici by
Mlikovsky (2002).

“Probalearica” mongolica from the late Miocene and
early Pliocene of Mongolia (Zelenkov 2013) is another
large-sized crane, which is only known from a distal tibio-
tarsus. The species was assigned to the taxon Grus (sensu
lato), as G. mongolica, by Zelenkov (2013), who also noted
similarities to Leucogeranus. A distinctive, small-sized
species of crane, Camusia quintanai, inhabited the Balearic
island of Menorca during the Pliocene and was considered
to occupy a basal phylogenetic position within the Gruinae
(Segui 2002).

During the Pleistocene, a very large crane, “Grus”
melitensis, occurred on the Mediterranean islands of Malta
and Sicily (Lydekker 1890, 1891; Northcote 1982a; Pavia
and Insacco 2013). Another large species, “Grus” primi-
genia, was found in Pleistocene localities of the Mediterra-
nean area, including the Balearic island of Majorca, and in
the Holocene of Northern Europe (Northcote and Mourer-
Chauviré 1985, 1988; Mlikovsky 2002; Stewart 2007). The
taxonomic status of “G.” primigenia was controversially
discussed and some authors considered it to be conspecific
with the extant G. antigone or G. grus (see Stewart 2007).
Mlikovsky (2002) synonymized “G.” melitensis and “G.”
bohatshevi from the Pleistocene of Azerbaijan with “G.”
primigenia, but this taxonomic action was poorly founded
and only based on the large size of the involved species.

Outside Europe, a Grus antigone-sized crane coexisted
with smaller species of the Gruidae in the early Pliocene of
North Carolina (Olson and Rasmussen 2001). Large-sized
cranes were furthermore reported from the Pleistocene of
Florida (Emslie 1995) and Cuba (Grus cubensis; Fischer
and Stephan 1971).

Here we describe a partial skull of a very large crane
from the German locality Hammerschmiede near Pforzen
(Allgdu region, Bavaria). The fossiliferous sediments of
this clay pit stem from the earliest late Miocene (Tortonian;
MN 8) and were deposited in a fluvio-alluvial flood plain.
The vertebrate fauna of the Hammerschmiede locality is
very diverse and includes more than 120 species, including
the bipedal hominid Danuvius guggenmosi (Bohme et al.
2019). So far, the only formally described bird species is the
darter Anhinga pannonica (Anhingidae; Mayr et al. 2020),
but there exists a fairly rich record of undescribed avian
remains, which belong to waterfowl (Anseriformes), cormo-
rants (Phalacrocoracidae), landfowl (Galliformes), diurnal
birds of prey (Accipitridae), Passeriformes (passerines), and
Alcedinidae (kingfishers). The crane skull described in the
present study is the oldest fossil record of the Gruinae and

expands the known temporal range for the occurrence of
large-sized cranes in Europe.

Materials and methods

The fossil is deposited in the paleontological collection of
the University of Tiibingen, Germany (GPIT). Comparisons
with extant species are based on the osteological collection
of the ornithological section of Senckenberg Research Insti-
tute Frankfurt (SMF), which includes skulls of the follow-
ing species of the Gruidae (the taxonomy follows Krajewski
et al. 2010; the different genus-level classification employed
by the IOC World Bird List [https://www.worldbirdnames.
org] is indicated in parentheses): Balearica balearica, B.
pavonina, Leucogeranus leucogeranus, Bugeranus (Grus)
carunculatus, Anthropoides (Grus) paradisea, A. (G.) virgo,
Grus (Antigone) antigone, G. (Antigone) vipio, G. (Anti-
gone) rubicunda, Grus grus, G. japonensis, and G. nigricol-
lis. Comparisons with Grus (Antigone) canadensis are based
on a trunk skeleton in SMF and the synoptic skeleton images
provided by the Smithsonian National Museum of Natural
History at https://collections.nmnh.si.edu/search/birds.

Systematic palaeontology

Gruiformes Bonaparte, 1854.
Gruidae Vigors, 1825.
Gen. et sp. indet.

Referred specimen

GPIT/AV/00196: dorsal portion of skull (Fig. 1); found in
the 2019 excavation season in the local stratigraphic horizon
HAM 4.

Stratigraphic horizon

The fossil stems from the local stratigraphic horizon Ham-
merschmiede 4 (HAM 4), about six meters above the hom-
inid-bearing level HAM 5 (Bohme et al. 2019). The fossil-
iferous sediments of HAM 4 originated in a river of about
50 m width, and vertebrate fossils accumulated in channel-
lag deposits between 11.59 and 11.44 million years ago (Kir-
scher et al. 2016).
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Fig.1 Skull fragment of a large crane from the early late Mio-
cene of the Hammerschmiede locality in southern Germany (GPIT/
AV/00196). a Dorsal view. b Ventral view. ¢ Left lateral view. d
Right lateral view. The frames in a and c indicate the position of the

Measurements (in mm)

Length as preserved, 225.9; length of nostril, 122.0; esti-
mated total skull length, ~265.

Taphonomic remarks

The fossil skull shows a highly unusual preservation in that
only the dorsal portions of the beak and neurocranium are
preserved (Fig. 2j). The specimen was discovered in situ in
undisturbed sediment. Therefore, we exclude the possibility
that it was damaged in the course of the excavation or due
to mining activities in the clay pit. Attached sediment along
the breaking edges suggests that the damage occurred before
the final deposition of the fossil.
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details shown aside. The arrows in ¢ and d denote the end of the nos-
tril. feb fossa cerebelli, inb internarial bar, lro lateral rim of orbit, sit
slit-like caudal end of nostril, sup articulation site of supraorbital pro-
cess. Scale bar: 50 mm [Color online].

To the best of our knowledge, no other fossil bird skull
has been described that shows a similar preservation. The
most common damage of bird skulls concerns a breakage
of the beak at the nasofrontal hinge, whereas the cranium
usually remains intact. At the excavation site, the damaged
ventral surface of the specimen was facing upwards, so that
the skull was embedded in the sediment with its dorsal sur-
face down.

So far, the specimen represents the only avian skull from
the Hammerschmiede locality. The HAM 4 layer represents
fluvial river channel deposits, and the fossils frequently
exhibit signs of reworking and sorting. GPIT/AV/00196
lacks most of the ventral portion and the skull may, there-
fore, have been fixed in the sediment and may have been
partly exposed, when a destructive event chopped its ventral
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Bugeranus Grus antigone Leucogeranus Grus vipio Grus grus Anthropoides
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Bugeranus

Leucogeranus

Grus antigone n Anthropoides

Fig.2 Skulls of the Hammerschmiede crane and extant Gruidae in m Grus grus (SMF 7172). g, n Anthropoides virgo (SMF 5398). h
dorsal (a=h) and lateral (i-n) view. a, i the fossil Hammerschmiede Balearica regulorum (SMF 336). The arrows in a~=h denote the width
crane (the silhouette indicates the reconstructed outline). b, j Bugera- of the internarial bar. The dotted line in j indicates the level the skull
nus carunculatus (SMF 19585). ¢, k Grus antigone (SMF 3759). d, 1 was cut in the fossil. ios interorbital section, slt slit-like caudal end
Leucogeranus leucogeranus (SMF 252). e Grus vipio (SMF 11375) 1, of nostril, sup supraorbital process. Scale bar: 50 mm [Color online].
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portion. The excavation area directly surrounding the fos-
sil contained turtle and mammal bones of comparable den-
sity and elongate shape, which indicates that the skull was
deposited along other bones with similar properties.

Description and comparisons

The very long and straight bill lacks the tip, but is of similar
relative length to that of the extant Bugeranus carunculatus
(Fig. 2b) and Leucogeranus leucogeranus (Fig. 2d), which
are among the extant cranes with the proportionally longest
beaks (Table 1).

The nostrils are very long and exhibit a schizorhinal
condition, with a slit-like caudal end that extends beyond
the nasofrontal hinge. A notable feature is the broad inter-
narial bar, which is proportionally wider than in all extant
cranes and almost twice as wide as that of the similar-sized
B. carunculatus (Fig. 2). The fossil shows little compression,
so that we do not consider this unusually wide internarial
bar to be an artefact of a taphonomic flattening. The entire
ventral surface of the internarial bar has a flat, unstructured
surface without any traces of an ossified internarial septum.
On the dorsal surface, the base of the internarial bar exhibits
a shallow fossa, which is also present in extant cranes.

A distinctive feature of the fossil is the dorsoventrally
thickened lateral rim of orbit (Fig. 1c), which characterizes
all modern cranes except for B. carunculatus. Unlike in
extant Gruidae, there is no noticeable notch for the processus
supraorbitalis in the orbital rim. The interorbital section of
the frontal bones is wide as in most extant cranes (an excep-
tion is Grus japonensis, in which the interorbital section is
proportionally narrower).

The dorsal surface of the neurocranium is only slightly
elevated relative to the beak and does not form a marked
vault. The dorsal surface of the neurocranium exhibits vas-
cular furrows. There is no dorsal midline fossa on top of the
neurocranium. On the ventral surface, the fossae cerebelli
for the two cerebral hemispheres of the telencephalon are
visible.

Phylogenetic interrelationships of the Gruinae—
molecular data and sternum morphology

The interrelationships of cranes have been studied based
on DNA-DNA hybridization and mitochondrial sequence
data (Krajewski 1989; Krajewski and Dickerman 1990;
Krajewski and Fetzner 1994; Krajewski et al. 2010). These
analyses support the long-assumed split between Balearici-
nae and Gruinae, but suggest paraphyly of the traditional
(e.g., Archibald and Meine 1996) taxon Grus. Not only is
the Siberian Crane, Leucogeranus leucogeranus, recovered
as the sister taxon of all other Gruinae, but a clade including
Grus antigone, G. vipio, G. rubicunda, and G. canadensis
is found to be the sister taxon of a clade including the sister
taxa Bugeranus and Anthropoides as well as the other spe-
cies of Grus (Fig. 3a; Krajewski et al. 2010). However, as
yet no nuclear sequence data have been published and the
trees based on DNA-DNA hybridization and mitochondrial
sequences conflict with morphological evidence and sternum
morphology in particular, which shows considerable varia-
tion in the Gruidae.

An account of the sternum morphology of the Grui-
dae was already given by Stephan and Fischer (1971), but
the existing variation has not yet been set in context with
the results of molecular phylogenies. The sternum of the

Table 1 Skull dimensions of the Hammerschmiede crane and extant species of the Gruidae (in mm; the length of the upper beak was measured

from the tip to the caudal end of the processus frontalis of the os nasale)

Skull length Beak length Ratio beak: skull
(mean values)
Hammerschmiede crane ~265 [est.] ~195 [est.] ~0.73
Balearica pavonina 113.6—123.7 [n=4] (x=119.4+3.9) 58.3—64.6 [n=4] (x=61.9+2.5) 0.52
B. regulorum 112.0—124.0 [n=4] x=119.4£5.0) 54.9—67.0 [n=4] (x=62.5+4.8) 0.52
Leucogeranus leucogeranus 259.5-268.5 [n=2] (x=264.0+4.5) 187.6—192.1 [n=2] (x=189.9+2.3) 0.72
Anthropoides virgo 120.4—136.7 [n=6] (x=126.3+5.3) 68.5—80.7 [n=6] (x=72.7+4.1) 0.58
A. paradisea 150.2—163.0 [n=4] x=157.7+4.8) 86.8—98.0 [n=4] (x=94.0+4.4) 0.60
Bugeranus carunculatus 2593 [n=1] 176.9 [n=1] 0.68
Grus antigone 224.3-256.7 [n=4] (x=238.5+12.2) 150.8—175.8 [n=4] (x=162.6+9.1) 0.68
G. vipio 209.6—226.2 [n=4] (x=2172+6.4) 145.5—-149.5 [n=4] x=147.1x£1.5) 0.68
G. rubicunda 203.0 [n=1] 137.5 [n=1] 0.68
G. grus 163.1-181.4 [n=6] (x=169.6 +6.1) 99.5—-108.0 [n=6] (x=103.2+3.4) 0.61
G. nigricollis 194.7 [n=1] 128.5 [n=1] 0.66
G. japonensis 228.9-232.4 [n=2] (x=230.7x1.75) 156.3—160.5 [n=2] x=158.4+2.17) 0.69
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carina sterni deeply excavated,
tracheal loop encompassed by

sheath formed by spina externa

carina sterni with distinct fossa

Ba/ea,-/C 3

furcula fused with sternum,
carina sterni with shallow sulcus

b

jewski et al. (2010) based on complete mitochondrial sequences. b
modified phylogeny based on sternum morphology; apomorphies are

listed at the nodes (see text)

Fig. 3 Interrelationships of extant cranes based on analysis of molec-
ular data contrasted with a modified phylogeny that takes differences
in sternum morphology into account. a molecular phylogeny of Kra-

Leucogeranus

Leucogeranus

b

Balearica

d Anthropoides e Bugeranus f Bugeranus
Grus antigone h Grus vipio ! Grus grus

eral and f craniolateral view. g Grus antigone (SMF 3759). h Grus

vipio (SMF 11375; right side, mirrored). i Grus grus (SMF 7172).

apx apex carinae, car carina sterni, fos fossa encompassing trachea,

fur furcula, spe spina externa, tra trachea. Scale bars: 50 mm [Color

Fig.4 Sternum of extant Gruidae in left lateral view to show vari-
online].
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ation in the osteological structures encompassing the trachea. a

Balearica regulorum (SMF 336). b, ¢ Leucogeranus leucogera-
nus (SMF 252) in b lateral and ¢ craniolateral view. d Anthropoides

virgo (SMF 5398). e, f Bugeranus carunculatus (SMF 8599) in e lat-
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Balearicinae (Fig. 4a) still resembles that of the Aramidae,
the sister taxon of the Gruidae, in that there is no spina
externa, the furcula is not co-ossified with the apex carinae,
and the trachea is not coiled, with the tracheal loop not being
encompassed by the carina sterni. In all Gruinae, by contrast,
a well-developed spina externa is present, the furcula is co-
ossified with the apex carinae, and the cranial margin of the
carina sterni braces or encompasses a tracheal loop.

Amongst the Gruinae, the least specialized sternum mor-
phology is present in Leucogeranus, in which the cranial
margin of the carina bears only a shallow fossa for the tra-
cheal loop (Fig. 4b, ¢). In Anthropoides spp. (Fig. 4d) and
Bugeranus (Fig. 4e, f), the fossa in the cranial margin of the
carina sterni is much more marked than in Leucogeranus
and forms a deep excavation. In all other examined species
of Grus (Grus antigone (Fig. 4g), G. canadensis, G. vipio
(Fig. 4h), G. grus (Fig. 4i), G. nigricollis, and G. japonen-
sis), the tracheal loop is encompassed by a marked cavity
formed by the cranial portion of the carina sterni and the
trachea extends further caudally within the carina sterni; the
cranial margin of the carina and the spina externa further-
more form a sheath, which fully encompasses the tracheal
loop. In G. grus, G. nigricollis, and G. japonensis, which
form a clade in molecular phylogenies (Fig. 3a), the tracheal
loop extends deep into the carina and reaches almost to the
caudal end of the sternum; as a consequence, the carina is
much wider mediolaterally, and the dorsal surface of the
sternum (pars hepatica) shows a distinct longitudinal bulge
in its caudal section.

Whereas sternum morphology supports an early diver-
gence of the taxon Leucogeranus, it conflicts with molec-
ular data concerning the affinities of Anthropoides and
Bugeranus. In molecular phylogenies, these latter two taxa
are nested within a clade together with Grus antigone, G.
canadensis, G. vipio, G. grus, G. nigricollis, and G. japon-
ensis (Fig. 3a), but sternum morphology supports the tradi-
tional view that Anthropoides and Bugeranus are the sister
taxon of this clade (Fig. 3b).

Discussion

Identification, taxonomic identity, and phylogenetic
affinities

Although GPIT/AV/00196 is very fragmentary, the fossil
can be unambiguously assigned to the Gruidae based on
a number of derived characteristics, including schizorhinal
nostrils (which are absent in the equally long-beaked Cico-
niidae and Ardeidae), a wide interorbital section of the fron-
tal bones, a dorsoventrally thickened lateral margin of the
orbital rim, and vascular furrows on the dorsal surface of the
neurocranium. The very long beak of the Hammerschmiede
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crane suggests its classification into the Gruinae, but mean-
ingful comparisons with the dorsal portion of the neurocra-
nium of the Balearicinae are hindered by the fact that the
corresponding skull section is greatly modified in crowned
cranes and exhibits a highly apomorphic morphology. The
specimen represents the largest bird as yet reported from
the Hammerschmiede locality and no postcranial remains of
an equally-sized bird could as yet be identified in the avian
material from the site.

The tallest extant Gruidae are the African Wattled Crane,
Bugeranus carunculatus, and the Australasian Sarus Crane,
Grus antigone, both of which reach a standing height of
about 175 cm (Archibald and Meine 1996). With an esti-
mated total skull length of about 265 mm, the fossil reaches
the skull length of these two extant species and that of the
long-beaked but somewhat smaller Siberian Crane, Leuc-
ogeranus leucogeranus (Fig. 2; Table 1).

The crane from the Hammerschmiede clay pit is much
larger than all species assigned to “Palaeogrus”. Judging
from its very large size, it may possibly belong to the large
“Grus” pentelici (Cracraft 1973; Mlikovsky 2002), which
stems from temporally and geographically proximate sites.
Of “G.” pentelici no skull has been found, but the dimen-
sions of the postcranial bones indicate a species about the
size of G. antigone. The Hammerschmiede fossil is, how-
ever, more than four million years older than the fossils of G.
pentelici from the Greek type locality Pikermi, the fossilifer-
ous strata of which are dated to 7.33 Ma (MN 12; Béhme
et al. 2017). If the crane from Csakvar in Hungary (MN11;
Kretzoi 1957) was correctly assigned to “G.” pentelici, the
species would already have been present in Europe 8—9 Ma.
Other large-sized fossil cranes, that is, “G.” afghana (MN
12; Mlikovsky 2002) and “G.” mongolica (MN 13/MN14;
Zelenkov 2013), stem from geographically more distant
areas and the latter species is even younger than “G.”
pentelici.

Currently, most Miocene and Pliocene cranes are assigned
to the taxon “Grus”, but this classification mainly serves to
distinguish these fossils from the morphologically distinct
Balearicinae and the smaller species of Anthropoides. No
fossil representative of the Gruidae has yet been subjected
to a phylogenetic analysis including a wide range of extant
species. Actually, it is likely that some of the fossil species
branch early in the phylogeny of the Gruinae, but for the
species from the Hammerschmiede, the limited data avail-
able on skull morphology do not allow firm phylogenetic
conclusions.

In overall shape, the preserved portion of the skull of the
fossil resembles the corresponding skull parts of Leucogera-
nus (Fig. 2d, 1), which has a similar skull size and relative
beak length. As in Leucogeranus and Bugeranus (Fig. 2b,
), the skull of the Hammerschmiede crane has a low profile
in lateral view, whereas in other Gruinae, the cranial vault
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is more elevated relative to the beak (Fig. 2). The dorsoven-
trally thick orbital rim of the frontal is present in most extant
Gruinae except Bugeranus.

In some features, the Hammerschmiede fossil differs from
all extant Gruidae. This is particularly true for the very wide
internarial bar, but also applies to the absence of notches in
the orbital rim for the supraorbital processes. With the lim-
ited anatomical data at hand, it is not possible to determine
whether these differences indicate a plesiomorphic condi-
tion or are due to specializations of the Hammerschmiede
crane. A wide internarial bear is absent in the Aramidae and
Psophiidae, so that its occurrence in the Hammerschmiede
crane may represent an autapomorphic specialization due to
particular feeding habits.

Based on calibrated molecular data, Krajewski et al.
(2010: Fig. 3) dated the origin of crown group Gruinae
at about 12.5 million years ago. Given the only slightly
younger age of the Hammerschmiede fossil, which is the
earliest fossil record of the Gruinae, we consider it possible
that the species is an early diverging representative of true
cranes. A well-based phylogenetic assignment of the fossil
is, however, only possibly once more skeletal elements have
been found.

Paleobiological implications

All extant Gruidae occur in open habitats, but otherwise
cranes have variable preferences concerning the nature of
their environment. Whereas some smaller species (e.g.,
Balearica spp., Anthropoides virgo) live in dry grassland
or savanna, all of the very large species inhabit wetlands
(Archibald and Meine 1996). Habitat differences are also
reflected by the length of the toes and beaks of cranes, with
savanna species having shorter toes and beaks than species
foraging in wetlands (Archibald and Meine 1996). The crane
from the Hammerschmiede locality is not only one of the
largest known species of the Gruidae, but it is also among
those with the longest beak. Its very large size and long beak
conform to an open freshwater paleohabitat, which prevailed
at the Hammerschmiede locality (Bohme et al. 2019).

Very long beaks occur in only distantly related species of
cranes, whereas the taxa Balearica and Anthropoides have
notably shorter beaks than the Hammerschmiede crane and
other extant Gruidae. Based on all current phylogenies, it is
more parsimonious to assume that the stem species of the
Gruinae already had a long beak and that the short beak of
Anthropoides is a derived feature of the taxon.

Some Miocene and Pliocene species of the Gruinae were
very large and reached the size of the largest extant cranes
(Grus antigone and Bugeranus carunculatus). As detailed in
the introduction, these large-sized cranes have been reported
from the late Miocene to Pleistocene of Europe and Asia
and from the Pliocene and Pleistocene of North and Central

America. Today, such large cranes no longer occur in Europe
and the New World, and the reasons for their demise may
have been both climatic and biotic.

Amongst endothermic vertebrates, species that live in
cold climates tend to be larger than those occurring in sub-
tropical or tropical areas (Meiri and Dayan 2003). How-
ever, within Gruidae this relation does not pertain, and
most extant crane species that occur in northern latitudes
are smaller than those in warm climates (an exception is the
Siberian Crane, L. leucogeranus). The Hammerschmiede
crane also lived in a subtropical environment, as did other
large Miocene and Pliocene species.

Northcote (1982b) commented on the coexistence of
large-sized cranes with the smaller extant Common Crane
(Grus grus) in the Pleistocene of Europe. She hypothesized
that very large cranes were more specialized in their dietary
habits and lacked capabilities for long-distance migration,
which made them more susceptible to extinction by envi-
ronmental changes. The presence of very large cranes in the
late Miocene of Europe may indicate that some Pleistocene
insular forms, such as “Grus” melitensis and Grus cubensis,
do not represent large-sized insular endemics, but are relics
of formerly more widely distributed large-sized cranes. If
these very large-sized cranes persisted under insular condi-
tions non-climatic ecological factors, such as competition
or predation, may have played a role in their extinction else-
where in Europe and in the New World.
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