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Abstract
A skull of a lithornithid bird is described from the middle Eocene
fossil site Messel in Germany. The specimen is assigned to the same
species as a recently reported postcranial skeleton from the same
locality, and confirms the occurrence of lithornithids in Messel. The
new fossil shows that the Messel lithornithid had a proportionally
small skull, which supports its classification into the taxon
Lithornis. The Messel lithornithid constitutes the geologically
youngest record of the Lithornithidae, but the currently known
material still does not allow an unambiguous taxonomic assignment
at the species-level.
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Résumé
Le crâne d’un oiseau lithornithidé, découvert dans l’Eocème moyen
de Messel (Allemagne), est décrit. Ce spécimen est attribué à la
même espèce qu’un squelette postcranien récemment décrit de la
même localité, confirmant la présence des lithornithidés à Messel.
La nouvelle découverte montre que l’oiseau lithornithidé de Messel
était pourvu d’un crâne proportionnellement étroit, ce qui permet
de l’attribuer au genre Lithornis. L’oiseau lithornithidé de Messel
est le plus jeune représentant de cette famille, mais le matériel
actuellement connu ne permet pas de l’identifier sans ambigüité au
niveau spécifique.
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Introduction
The Lithornithidae are an extinct group of volant
palaeognathous birds, which had a wide distribution
over the western part of the Northern Hemisphere
in the early Eocene. Fossils were reported from the
Green River and Willwood Formations of Wyoming,
the London Clay in England, and the Fur Formation in
Denmark. In some of these localities lithornithids are
represented by numerous remains, and their osteology
is well-known (HOUDE, 1988; KRISTOFFERSEN,
1999, 2002; LEONARD et al., 2005; MAYR, 2009).
Still, however, most of our knowledge on these birds
is restricted to early Eocene specimens, and only
recently the first substantial middle Eocene record of a
lithornithid bird has been identified from the fossil site
Messel in Germany. The fossil is a partial postcranial
skeleton in a rather poor state of preservation, and apart
from an assignment to the Lithornithidae no further
taxonomic allocation was made (MAYR, 2008).
Here I describe a lithornithid skull from Messel,
which became known to me after publication of the
postcranial skeleton, and which I consider to be from
the same species. This specimen confirms the presence
of lithornithids in Messel and allows some refinement
of the affinities of the Messel species.
The fossils are deposited in the „Institut royal des
Sciences naturelles de Belgique“, Belgium (IRSNB)
and the Geologisch-Paläontologisches Institut
und Museum der Universität Hamburg, Germany
(SGPIMH); except for common names, osteological
terminology follows BAUMEL & WITMER (1993).
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Systematic paleontology
Class Aves LINNAEUS, 1758
Superorder Palaeognathae PYCRAFT, 1900
Family Lithornithidae HOUDE, 1988
Genus Lithornis OWEN, 1840
Type species: Lithornis vulturinus OWEN, 1840
Lithornis sp.
Figs 1-2
Referred specimen
IRSNB Av82 (skull with four cervical vertebrae; Fig.
1A).
Locality and horizon
Messel near Darmstadt, Hessen, Germany; middle
Eocene, about 47 million years ago.
Measurements (in mm)
Length of skull, 65.9; length of upper beak, 32.7.
Description
The specimen can be assigned to the Lithornithidae
because of the characteristic shape of the long and
narrow beak, which has a slightly decurved tip and
long narial openings. As in other lithornithids, the
tips of the upper beak and mandible bear numerous
openings of sensory nerves (foveae corpusculorum
nervosorum; Fig. 1B). HOUDE (1988: 20) noted that
in lithornithids the “lateral edge of the dorsal nasal bar
[which is formed by the processus praemaxillaris of the
os nasale] curves ventrally at the base of the bill to form
an osseous lateral wall of the nasal cavity”, and this
configuration is also visible in the fossil (Fig. 1B). The
beak measures somewhat less than half of the length of
the entire skull and is thus proportionally shorter than
that of the North American species Pseudocrypturus
cercanaxius and Lithornis promiscuus, in which it
slightly exceeds the cranium in length (complete
skulls of other lithornithid species have not been
described). Grooves along the lateral surfaces of the
upper beak and mandible, which constitute a typical
trait of palaeognathous birds, are not visible, but this
is likely to be an artifact of preservation owing to the
plastic deformation of the bones. Likewise a processus
maxillaris of the os nasale, which shows some variation
in its width in Lithornithidae (HOUDE, 1988), cannot be
discerned; whether its absence is true or, more likely,
also an artifact of preservation needs to be shown
by future specimens. There is a suture between the

processus frontalis of the os praemaxillare and the
processus praemaxillaris of the os nasale; the caudal
end of the latter is rounded (Fig. 1B). The os lacrimale
is detached from the os frontale and preserved below
its articulation facet on that bone, in the craniodorsal
portion of the orbita.
Although a part of the palatinum is exposed in
the specimen, its poor preservation does not allow
a meaningful description. The dorsal surface of the
cranium exhibits marked dendrite-shaped furrows for
blood vessels, which occur in various Palaeognathae
such as the Greater Rhea (Rhea americana), but have
not been reported for lithornithids so far (Fig. 1C). The
os parietale has an irregularly structured surface at
the caudal margin of the orbit. An open frontoparietal
suture, which is present in other lithornithid birds,
cannot be discerned. The fossa temporalis is distinct,
the processus zygomaticus broken.
The left quadrate has been lost, so that the otic
region and the dorsal surface of the left articular
end of the mandible are exposed. Details of the
crushed otic region are difficult to interpret, but the
fossil allows a tentative identification of the cotyla
quadratica squamosi and the processus suprameaticus
(Fig. 1D). The mandibular fossa for the articulation of
the quadrate is shallow, and the cotyla lateralis welldeveloped (Fig. 1D). The caudal end of the mandible
of lithornithids is characterized by a prominent
dorsally projecting process, which was identified as the
processus retroarticularis by HOUDE (1988: fig. 8), but
in fact serves as the attachment site for the aponeurosis
mandibulae medialis (WEBER, 1996); this process
cannot be seen in the Messel specimen and seems to
be broken.
Three or four cervical vertebrae are preserved in
articulation (identification of the atlas is tentative).
The axis bears a large processus spinosus, and the
fourth cervical vertebra lacks a bony bridge connecting
the zygapophyses craniales et caudales (arcus
interzygapophysialis of LIVEZEY & ZUSI, 2006). The
poor preservation of these vertebra does not permit a
meaningful further description.
Some feather remains are preserved around the
cranium, which indicate the presence of a short crest on
the dorsal surface of the cranium; the longest of these
narrow feathers has a length of 16.5 mm.
Discussion
As currently recognized (HOUDE, 1988), the Lithornithidae include the taxon Lithornis with six species,
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Fig. 1 – Lithornis sp. from the middle Eocene of Messel, newly identified skull IRSNB Av82. (A) total view of the
specimen; (B) detail of beak; (C) detail of surface of cranium with impressions of blood vessel; (D) detail of caudal
end of left mandible. Abbreviations: atl – atlas; axs – axis; cla – cotyla lateralis; cqs – cotyla quadratica squamosi;
fcn – foveae corpusculorum nervosorum; jug – os jugale; lac – articulation facet for os lacrimale; max – os
maxillare; mdb – mandibula; nar – narial opening; pal – os palatinum; pmx – processus praemaxillaris of os nasale;
psm – processus suprameaticus; tmp – fossa temporalis. Specimen coated with ammonium chloride.

and the taxa Pseudocrypturus and Paracathartes with
a single species each. With a length of 65.9 mm, the
skull IRSNB Av82 is slightly shorter than the humerus
of the postcranial lithornithid skeleton described by
MAYR (2008), which measures about 70 mm, and
distinctly shorter than its tibiotarsus, which has a
length of 82 mm (Tab. 1). The only published skeleton
of a lithornithid with a completely preserved skull
belongs to Pseudocrypturus cercanaxius, a species
that has proportionally shorter limb elements than the
representatives of the taxon Lithornis (HOUDE, 1988).
The skull of the privately owned “Siber specimen” of
P. cercanaxius measures 96.2 mm and exceeds both the
humerus (~84.4 mm) and tibiotarsus (90.3/89.0 mm) in
length (Tab. 1; HOUDE, 1988: tabs. 3, 10, 21). Of the

species of Lithornis, no skeletons have been described
in which an entire skull is associated with major limb
bones. The single complete skull assigned to Lithornis
promiscuus has a length of 96.9 mm (HOUDE, 1988:
tab. 3), whereas the humerus and tibiotarsus of a
different individual of this species measure 112.7 and
129.6 mm, respectively (HOUDE, 1988: tabs. 10, 21).
Lithornithids are not known to be sexually dimorphic in
size, and a reconstruction of an unspecified lithornithid
by HOUDE & OLSON (1981: fig. 2) also shows the skull
to be as long as the humerus and significantly shorter
than the tibiotarsus. The skull IRSNB Av82 is thus of
appropriate size for the postcranial skeleton described
by MAYR (2008) (Fig. 2), and I consider it likely that
both specimens belong to the same species.
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Fig. 2 – Lithornis sp. from the middle Eocene of Messel,
postcranial skeleton SGPIMH MEV1a with the
skull IRSNB Av82 shown to scale. Specimens
coated with ammonium chloride.

skull,
length
Messel lithornithid1
Lithornis celetius2
?Lithornis hookeri2
Lithornis nasi2
Lithornis plebius2
Lithornis promiscuus2
Lithornis vulturinus2
Paracathartes howardae2
Pseudocrypturus cercanaxius2

humerus,
length

65.9
~68.0/~72.8
—
96.7
—
—
—
—
—
78.2-83.5
>94.1-96.9
112.7
—
>>91.3
—
>123.6
95.6-96.2
~84.4

The Messel lithornithid is clearly distinguished
from the large Paracathartes (MAYR, 2008), and its
small skull and limb proportions suggest an assignment
to Lithornis rather than Pseudocrypturus (Tab. 1). It is
smaller than all other named lithornithid species except
?Lithornis hookeri from the early Eocene (Ypresian) of
the London Clay (Tab. 1 and MAYR, 2008). Meaningful
comparisons with ?L. hookeri are not possible owing
to the fact that this species is only known from few
fragmentary bones that are crushed in the Messel
skeleton, i.e. the holotype distal tibiotarsus, and a
referred proximal tarsometatarsus, proximal femur,
and distal humerus (HOUDE, 1988). The holotype
tibiotarsus of ?L. hookeri has a similar width to that
of the Messel species, but the referred distal humerus
is significantly narrower (MAYR, 2008; Tab. 1). The
humerus assigned to ?L. hookeri by HOUDE (1988) is,
however, not from the type locality, and its allocation
to that species is thus not absolutely certain.
?L. hookeri comes from deposits that are some
5 million years older than those of Messel, and the
Messel lithornithid may well belong to a new species.
At present, however, a well-founded distinction from
?L. hookeri is not possible, and a definitive taxonomic
assignment of the Messel lithornithid has to await the
discovery of future specimens that allow more detailed
comparisons with the London Clay material of ?L.
hookeri.
It is assumed that lithornithids used their long
and narrow beak for probing along shorelines and
other bodies of water (HOUDE, 1988). Larger birds
are generally scarce in the Messel sediments, but
the lithornithid species is significantly rarer than
the equally-sized ibis Rhynchaeites messelensis, of

humerus, width
of extremitas
distalis

ulna,
length

tibiotarsus,
length

tibiotarsus,
width of
extremitas distalis

~12.0
16.2
10.3
13.6 - 15.1
12.5-12.9
20.1
—
24.2
13.1-~15.2

70.0/>>85.5
—
~86.0
76.6
105.5
—
>116.7-~120.0
79.2

81.9/82.2
—
—
112.5
97.2/95.8
129.6->130.0
—
172.8-179.0
90.3/89.0

~8.0
—
8.1
10.1-11.0
9.0-10.0
13.4-~14.3
11.2-11.4
>15.3-17.8
8.9-~10.5

based on specimens IRSNB Av82 (skull) and SGPIMH MEV1a+b (postcranial skeleton)
after HOUDE (1988)

1
2

Table 1 — Measurements (in mm) of the Messel lithornithid in comparison to other lithornithid species. Measurements
separated by a slash are from two sides of the same individual (left/right).
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which more than a dozen skeletal remains have been
found (PETERS, 1983; MAYR, 2002). It is likely that
the relative abundance of these birds reflects different
ecological preferences, and possibly lithornithids did
not regularly forage directly at the ancient Messel
lake.
Acknowledgments
I thank Thierry Smith and Annelise Folie (both IRSNB) for the
loan of the fossil, and Sven Tränkner for taking the photographs.
I further thank Bent LINDOW and an anonymous referee for
reviewing the manuscript.

References
BAUMEL, J.J. & WITMER, L.M., 1993. Osteologia. In:
BAUMEL, J.J., KING, A.S., BREAZILE, J.E., EVANS, H.E.
& VANDEN BERGE, J.C. (Editors), Handbook of avian
anatomy: Nomina anatomica avium. Publications of the
Nuttall Ornithological Club, 23: 45-132.
HOUDE, P., 1988. Paleognathous birds from the early
Tertiary of the Northern Hemisphere. Publications of the
Nuttall Ornithological Club, 22: 1-148.
HOUDE, P. & OLSON, S.L., 1981. Paleognathous carinate
birds from the early Tertiary of North America. Science,
214: 1236-1237.
KRISTOFFERSEN, A.V., 1999. Lithornithid birds (Aves,
Palaeognathae) from the Lower Palaeogene of Denmark.
Geologie en Mijnbouw, 78: 375-381.
KRISTOFFERSEN, A.V., 2002. The avian diversity in the
latest Paleocene - earliest Eocene Fur Formation, Denmark.
A synopsis. Unpublished phD thesis, University of
Copenhagen, Geological Institute, 95 pp.
LEONARD, L., DYKE, G.J. & VAN TUINEN, M., 2005. A new
specimen of the fossil palaeognath Lithornis from the lower
Eocene of Denmark. American Museum Novitates, 3491:
1-11.
LIVEZEY, B.C. & ZUSI, R.L., 2006. Higher-order phylogeny
of modern birds (Theropoda, Aves: Neornithes) based on
comparative anatomy: I. - Methods and characters. Bulletin
of the Carnegie Museum of Natural History, 37: 1-544.
MAYR, G., 2002. A contribution to the osteology of the
Middle Eocene ibis Rhynchaeites messelensis (Aves:
Threskiornithidae: Rhynchaeitinae nov. subfam.). Neues
Jahrbuch für Geologie und Paläontologie, Monatshefte,
2002: 501-512.
MAYR, G., 2008. First substantial middle Eocene record
of the Lithornithidae (Aves): A postcranial skeleton from
Messel (Germany). Annales de Paléontologie, 94: 29-37.

173

MAYR, G., 2009. Paleogene fossil birds. Springer,
Heidelberg, 262 pp.
PETERS, D.S., 1983. Die „Schnepfenralle“ Rhynchaeites
messelensis Wittich 1898 ist ein Ibis. Journal für
Ornithologie, 124: 1-27.
WEBER, E., 1996. Das Skelet-Muskel-System des
Kieferapparates von Aepypodius arfakianus (Salvadori,
1877) (Aves, Megapodiidae). Courier Forschungsinstitut
Senckenberg, 189: 1-130.

Gerald MAYR
Forschungsinstitut Senckenberg
Sektion Ornithologie
Senckenberganlage 25
D-60325 Frankfurt/M.
Germany
E-mail: Gerald.Mayr@senckenberg.de

Typescript submitted: January 2, 2009
Revised typescript received: June 19, 2009

