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Resurrecting the taxon Diatryma: 
A review of the giant flightless Eocene Gastornithiformes (Aves), 

with a report of the first skull of Diatryma geiselensis 

Gerald Mayr, Cécile Mourer-Chauviré, Estelle Bourdon, and Michael Stache

ABSTRACT

The middle Eocene coal seams of the Geisel valley in Germany have yielded sev-
eral remains of giant flightless birds of the taxon Gastornithiformes. These fossils were
described as Diatryma geiselensis Fischer, 1978 and represent the latest occurrence
of gastornithiforms. Initiated by the discovery of a previously unrecognized, largely
complete albeit strongly flattened skull, we revisit the gastornithiform material from the
Geisel valley. Most recent authors assigned D. geiselensis and all other gastorni-
thiforms to the taxon Gastornis Hébert, 1855, which has taxonomic precedence over
Diatryma Cope, 1876. In this paper we show that D. geiselensis distinctly differs from
the late Paleocene and early Eocene Gastornis parisiensis Hébert, 1855 in the mor-
phologies of the scapulocoracoid and tarsometatarsus. We therefore re-establish the
taxon Diatryma and comment on its oldest European record, based on a new tar-
sometatarsus from the British London Clay. The new D. geiselensis skull from the Gei-
sel valley represents only the second skull of a gastornithiform known so far. The
upper beak of this specimen differs from a previously reported partial beak of D. geisel-
ensis in a less vaulted culmen. Together with pronounced size differences, this may
indicate that D. geiselensis was sexually dimorphic. We also report the first in situ pre-
served gastrolith in a specimen of D. geiselensis and comment on some aspects of the
paleobiology of gastornithiforms. 
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INTRODUCTION

Some of the most unusual birds that popu-
lated the Northern Hemisphere in the early Ceno-
zoic belong to the Gastornithiformes. Except for a
distal tibiotarsus from the early Eocene of central
China, which was described as Zhongyuanus xich-
uanensis by Hou (1980), all fossils of these large
flightless birds stem from the late Paleocene and
Eocene of Europe and North America. Until
recently (see below), these latter specimens were
assigned to the taxa Gastornis Hébert, 1855 and
Diatryma Cope, 1876, within two distinct higher-
level clades, Gastornithidae Fürbringer, 1888 and
Diatrymidae Shufeldt, 1913 (e.g., Lambrecht,
1933; Brodkorb, 1967; Andors, 1992).

Gastornithiforms became known to science in
1855, when Hébert described a femur and a tibio-
tarsus (the lectotype) of a giant flightless bird from
the early Eocene (earliest Ypresian; MP 7) of
Meudon near Paris as Gastornis parisiensis
Hébert, 1855, with the genus name honoring the
finder of the fossil, Gaston Planté. Further remains
of G. parisiensis from the early Eocene of Passy,
also near Paris, were reported by Milne-Edwards
(1867) and include fragments of the tarsometatar-
sus.

Only a few years later, Cope (1876) described
a proximal tarsometatarsus and two tarsometatar-
sal trochleae of a similar bird from early Eocene
strata of North America as Diatryma gigantea
Cope, 1876. Since then, a fairly comprehensive
fossil record of gastornithiforms was assembled
from North American fossil sites, which was
reviewed by Andors (1988). All North American
species stem from early Eocene (Wasatchian)
sites and were assigned to the taxon Diatryma.
Andors (1988, 1992) considered two species to be
valid, Diatryma gigantea and D. regens (Marsh,
1894). Of D. gigantea, a nearly complete skeleton,
initially described as Diatryma steini Matthew and
Granger, 1917, is known and well figured (Matthew
and Granger, 1917), upon which much of our
knowledge of the anatomy of gastornithiforms is
based; in addition, multiple isolated bones of this
species were found. By contrast, D. regens is rep-
resented by a single pedal phalanx, which consti-
tutes the holotype of this species. A pedal phalanx
of a gastornithiform was also found in the early

Eocene of Ellesmere Island in Canada (West and
Dawson, 1978; Stidham and Eberle, 2016). 

After Hébert’s (1855) description of the Gas-
tornis parisiensis material from the Paris area, gas-
tornithiform remains were also found in other late
Paleocene and Eocene localities in Europe. How-
ever, for a long time the European fossil record of
these birds mainly consisted of fragmentary bones
and was afflicted with erroneous assumptions and
reconstructions of earlier authors. In particular,
much confusion was introduced by Lemoine (1878,
1881), who erected a second species of Gastornis,
G. edwardsii Lemoine, 1878, on the basis of vari-
ous fragmentary bones from the late Paleocene
(Thanetian, MP 6) of Cernay-lès-Reims in France.
Martin (1992) showed that many of these speci-
mens were non-avian and that Lemoine’s recon-
struction of Gastornis was patently incorrect, which
prevented earlier authors from recognizing the
close similarities of the fossils assigned to Dia-
tryma and Gastornis. Additional gastornithiform
bones from the Reims area (Cernay-lès-Reims and
Mont de Berru) were collected in later years, and
the material now known from these localities con-
stitutes one of the richest late Paleocene assem-
blages of Gastornis (Martin, 1992; Buffetaut, 1997;
Angst and Buffetaut, 2013). 

A distal end of a femur from the early Eocene
of Belgium was assigned to Gastornis edwardsii by
Dollo (1883), and proximal femora and distal tibio-
tarsi from the early Eocene (earliest Ypresian; MP
7) Reading Formation of Croydon near London
were described as G. klaasseni Newton, 1885
(Newton, 1885, 1886; Harrison and Walker, 1977).
Gastornis edwardsii and G. klaasseni were syn-
onymized with G. parisiensis by Martin (1992), who
described a much smaller species from the late
Paleocene of Mont de Berru as G. russelli Martin,
1992. This species may be conspecific with G.
minor, which was erected by Lemoine (1878) on
the basis of a fragmentary distal tibiotarsus from
Cernay-lès-Reims and was considered a nomen
dubium by Martin (1992). 

Mourer-Chauviré and Bourdon (2016)
reported a third, as yet unnamed late Paleocene
gastornithiform species from Louvois in the Reims
area, which is larger than Gastornis russelli and dif-
fers from G. parisiensis in some morphological
details. A small fragment of a putative gastorni-
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thiform vertebra from the late Paleocene of Rive-
court in northern France was described by
Buffetaut and de Ploëg (2020).

The material from the Reims area includes the
oldest formally named gastornithiforms, but some-
what older remains of comparatively small species
stem from the late Paleocene (Selandian) of Wal-
beck in Germany (Weigelt, 1939; Mayr, 2007) and
Maret in Belgium (Mayr and Smith, 2019). These
unnamed species are merely represented by a
coracoid (from Walbeck) and a fragmentary femur
(from Maret), but Weigelt (1939: 525) also reported
“ungual phalanges and vertebrae of the ostrich-
sized Gastornis” [our translation] from Walbeck,
which could not be located and may be lost.

Recently, a new gastornithiform species from
the early Eocene (Ypresian; MP 8‒9) of the La
Borie site near Saint-Papoul in southern France
was described as Gastornis laurenti by Mourer-
Chauviré and Bourdon (2020). Unlike other early
Eocene gastornithiforms from Europe, it is well rep-
resented by skeletal elements from different body
parts including various skull remains. Bones of this
species were initially assigned to G. parisiensis
(Buffetaut, 2008; Bourdon et al., 2016), and
Mourer-Chauviré et al. (2024) reported further
material, which support its distinctness. 

Martin (1992) considered Gastornis and Dia-
tryma to be distinct taxa, but only identified rather
subtle characters of the tibiotarsus as distinguish-
ing features. Buffetaut (1997) emphasized the sim-
ilarities between Gastornis and Diatryma, and the
latter was synonymized with the former by
Mlíkovský (2002: 95). Subsequent authors fol-
lowed this proposal and assigned all gastorni-
thiforms (including Zhongyuanus xichuanensis) to
the taxon Gastornis (Buffetaut, 2008, 2013; Mayr,
2009, 2022; Hellmund, 2013; Bourdon et al., 2016;
Mourer-Chauviré and Bourdon, 2016, 2020; Angst
and Buffetaut, 2017; Worthy et al., 2017; Agnolin,
2021; Mourer-Chauviré et al., 2024). As detailed
below, we no longer consider this classification to
be justified and resurrect the taxon Diatryma. 

European records of Diatryma stem from late
early and middle Eocene sites. A partial distal tar-
sometatarsus from the early Eocene (late Ypre-
sian; MP 10) of Monthelon (France), which lacks
the trochlea metatarsi IV, was described as ?Dia-
tryma sarasini by Schaub (1929); the question
marks indicate that the assignment to the taxon
Diatryma was considered uncertain in the original
publication, but gastornithiform affinities of the
specimen are uncontested. The latter is not true for

“Diatryma” cotei Gaillard, 1937, which is based on
a distal tarsometatarsus and some pedal phalan-
ges from the middle Eocene of France (Gaillard,
1937) and was – presumably erroneously (Andors,
1988; Mayr, 2009, 2022) – referred to the Gastorni-
thiformes; the species was likened to the Phorus-
rhacidae by Angst et al. (2013), but this
classification was likewise challenged (Mayr,
2022). 

A natural mold of a femur from the latest early
or earliest middle Eocene (Lutetian; MP 11) of
Messel in Germany was reported by Berg (1965).
This singular find is unusual in its preservation as a
natural mold in a concretion, which distinguishes it
from other fossils from the locality. Berg (1965)
assigned the Messel gastornithiform to “Diatryma
steini” (= D. gigantea), but Peters (1988) consid-
ered that it possibly belongs to the coeval D.
geiselensis. 

Apart from middle and late Eocene footprints
of disputed identity (Buffetaut, 2004; Patterson and
Lockley, 2004; see also Mustoe et al., 2012), Dia-
tryma geiselensis is the youngest record of the
Gastornithiformes. The species was described by
Fischer (1978) from the middle Eocene (Lutetian;
MP 11‒13) coal seams of the Geisel valley (Geisel-
tal) in Germany. Various localities of this area
yielded well-preserved gastornithiform material,
which was excavated in the 1950s and 1960s and
studied by Fischer (1962, 1978). Mlíkovský (2002)
synonymized D. geiselensis with D. sarasini, listing
it as Gastornis sarasini (Schaub, 1929), but most
recent authors, e.g., Hellmund (2013), did not fol-
low this taxonomic proposal and detailed compari-
sons between the material assigned to D.
geiselensis and D. sarasini have not yet been per-
formed. 

The gastornithiform remains were omitted
from previous revisions of the middle Eocene avi-
fauna from the Geisel valley (Mayr, 2002, 2020),
but a survey of the material was published by Hell-
mund (2013), who amended Fisher’s earlier stud-
ies by giving a comprehensive overview of the
Diatryma geiselensis fossils and by assigning sev-
eral of the bones to particular individuals. Here, we
report an as yet unrecognized largely complete
skull of D. geiselensis from the Geisel valley, which
is only the second skull of a gastornithiform known
so far. We revise the taxonomic status and phylo-
genetic affinities of D. geiselensis and comment on
previously unnoticed aspects of the gastornithiform
material of the Geisel valley, which are of paleobio-
logical interest.
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MATERIAL AND METHODS

The fossils are deposited in the collections of
the American Museum of Natural History, New
York, USA (AMNH); the Natural Sciences Collec-
tions, Geiseltalmuseum of Martin-Luther-Universi-
tät Halle-Wittenberg, Halle/Saale, Germany
(GMH); the Natural Sciences Collections, Geowis-
senschaftliche Sammlung of Martin-Luther-Univer-
sität Halle-Wittenberg, Halle/Saale, Germany
(MLU_GeoS); the Muséum National d’Histoire
Naturelle, Paris, France (MNHN); the Muséum
d’Histoire Naturelle de Toulouse, France (MHNT),
and the National Museum of Natural History,
Smithsonian Institution, Washington D.C., USA
(USNM). 

The anatomical terminology follows Baumel
and Witmer (1993). Three-dimensional (3D) sur-
face scans are made available for three of the Gei-
sel valley gastornithiforms: GMH XVIII-1178-1958
(https://doi.org/10.25673/117207), GMH XLI-
200[15]-1968 (https://doi.org/10.25673/117208),
and GMH XLI-200[14]-1968: (https://doi.org/
10.25673/117209).

Roman numerals in the inventory numbers of
the vertebrate fossils from the Geisel valley in
GMH indicate particular stratigraphic sections. For
the Gastornis fossils, six localities are of relevance,
which span a stratigraphic range from MP 11 to MP
13 (early to late Lutetian), that is, have an age of
about 47.5 to 43.5 million years ago [Ma] (Vanden-
berghe et al., 2012) and therefore cover an interval
of about four million years. The “Unterkohle”
(“basal coal seam”; MP 11) occurred at sites XIII
and XIV of the Neumark West mine, the “untere
Mittelkohle” (“lower middle coal seam”; MP 12) was
quarried at sites XVIII of Neumark Süd and IL of
Geiselröhlitz, and the “obere Mittelkohle” (“upper
middle coal seam”; MP 13) occurred at sites XXXV
of Neumark Süd and XLI of Geiselröhlitz (Krumbie-
gel et al., 1983; Hellmund, 1996). 

SYSTEMATIC PALEONTOLOGY

Class AVES Linnaeus, 1758
Order GASTORNITHIFORMES Stejneger, 1885

Family GASTORNITHIDAE Fürbringer, 1888
Genus DIATRYMA Cope, 1876

Type species. Diatryma gigantea Cope, 1876, by
monotypy.
Emended differential diagnosis. Differs from
Gastornis Hébert, 1855 (as exemplified by the
specimens from the Reims area, which were origi-
nally assigned to G. edwardsii) in that the scapulo-
coracoid is straight, with essentially no

mediolateral or dorsoventral curvature; the body of
the coracoid is dorsoventrally flattened (curved in
Gastornis) and pierced by a large foramen (which
may or may not be homologous to the foramen
nervi supracoracoidei; see description); the tar-
sometatarsus is stouter, with an elongation index
(ratio length of bone to mediolateral width of proxi-
mal end) of less than 2.8 (2.9‒3.8 in the species of
Gastornis), the proximal and distal ends are much
wider mediolaterally than the shaft, the midsection
of the shaft shows a mediolateral constriction, and
the trochlea metatarsi IV is more laterally splayed
and the incisura intertrochlearis lateralis is wider.
Remarks. The above diagnosis is based on mate-
rial referred to Diatryma gigantea, even though all
of the above-listed diagnostic features also pertain
to D. geiselensis. For Gastornis parisiensis, the
type species of the taxon Gastornis, comparisons
are made with material originally assigned to G.
edwardsii.

Diatryma geiselensis Fischer, 1978
Differential diagnosis. The gastornithiform spe-
cies from the Geisel valley differs from: 
• Gastornis parisiensis Hébert, 1855 in: man-

dibular rami dorsoventrally deeper and pro-
cessus coronoideus better developed; 
rudiments of furcula absent; trochlea meta-
tarsi II reaching farther distally (other differ-
ences concerning the morphology of the 
scapulocoracoid and the tarsometatarsus are 
mentioned in the differential diagnosis of the 
taxon Diatryma).

• Gastornis russelli Martin, 1992 in: being much 
larger; trochlea metatarsi II reaching farther 
distally (other differences concerning the mor-
phology of the tarsometatarsus are mentioned 
in the differential diagnosis of the taxon Dia-
tryma).

• Gastornis laurenti Mourer-Chauviré and Bour-
don, 2020 in: upper beak proportionally lon-
ger; mandibular rami dorsoventrally deeper 
and processus coronoideus better devel-
oped; trochlea metatarsi II reaching farther 
distally (other differences concerning the mor-
phology of the tarsometatarsus are mentioned 
in the differential diagnosis of the taxon Dia-
tryma).

• Diatryma sarasini Schaub, 1929 in: trochlea 
metatarsi II proportionally larger and reaching 
farther distally; trochlea metatarsi III not asym-
metrical (in D. sarasini the lateral rim of this 
trochlea reaches farther distally than the 
medial one).
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• Diatryma gigantea Cope, 1876 in: mandible 
dorsoventrally deeper; furcula absent or more 
strongly co-ossified with scapulocoracoid (see 
description); body of coracoid pierced by a 
large foramen; tarsometatarsus stouter; troch-
lea metatarsi II proportionally larger.

Remarks. Meaningful comparisons with Diatryma
regens, of which only a single pedal phalanx is
known (Marsh, 1894), are not possible. Zhongyu-
anus xichuanensis is based on a distal tibiotarsus
(Hou, 1980). This element exhibits a similar mor-
phology in all gastornithiforms and shows some
damage owing to compression and breakage in all
D. geiselensis specimens, so that only limited com-
parisons with Z. xichuanensis are possible. 
Referred specimens. Fischer (1962, 1978) made
only few attempts to assign to particular individuals
the various isolated bones he described. Hellmund
(2013) presented a clearer overview of the associ-
ation of these remains and estimated that they rep-
resent nine individuals (the new skull described in
the present study was not included). Because
some specimens lack exact stratigraphic data,
there remains a possibility that they stem from indi-
viduals with such data, and we determine a mini-
mum number of eight Diatryma geiselensis
individuals in the collection of GMH (including the
new skull).
• GMH Dia 2 (holotype scapulocoracoid); there 

are no exact stratigraphic data, but Fischer 
(1962, 1978) noted that the specimen is likely 
to be from site XIII, so that it possibly belongs 
to the same individual as GMH XIII-40-1954.

• GMH Dia 3 (right humerus lacking distal end); 
there are no exact stratigraphic data, but 
Fischer (1962) noted that the specimen may 
be from site XIII, so that it possibly belongs to 
the same individual as GMH XIII-40-1954.

• GMH Dia 8 (left femur); Hellmund (2013) con-
sidered the exact provenance of this speci-
men to be uncertain, but Fischer (1962) 
indicated that it stems from the “Unterkohle” of 
Neumark West and may belong to the same 
individual as GMH XIII-40-1954.

• GMH Dia 12 (left tarsometatarsus); no exact 
stratigraphic data exist, but the specimen may 
stem from one of the individuals found in the 
“Unterkohle” of Neumark West.

• GMH XIII-40-1954 (right femur, right tibiotar-
sus); from Neumark West (“Unterkohle”, early 
Lutetian, MP 11), found in 1954.

• GMH XIII-108-1954 (rib); from Neumark West 
(“Unterkohle”, early Lutetian, MP 11), found in 

1954; whether the specimen belongs to the 
same individual as GMH XIII-40-1954 cannot 
be determined.

• GMH XIV-258-1954 (proximal end of left tibio-
tarsus); from Neumark West (“Unterkohle”, 
early Lutetian, MP 11), found in 1954.

• GMH XIV-2476-1955 (proximal and distal 
ends of right femur); from Neumark West 
(“Unterkohle”, early Lutetian, MP 11), found in 
1955.

• GMH XIV-4730-1956 (partial mandible), GMH 
XIV-658-1956 (partial pelvis), GMH XIV-2042-
1956 (left femur), GMH XIV-4628-1956 (right 
femur), GMH XIV-2091-1956 (left tibiotarsus), 
GMH XIV-4005-1956 (pedal phalanx), from 
Neumark West (“Unterkohle”, early Lutetian, 
MP 11), found in 1956.

• GMH XVIII-1178-1958 (skull); from Neumark 
Süd (“untere Mittelkohle”, middle Lutetian, MP 
12), found in 1958.

• GMH IL-38-1969 (pedal phalanges); from 
Geiselröhlitz (“untere Mittelkohle”, middle 
Lutetian, MP 12), found in 1969.

• GMH XXXV-481-1963 (right femur, left tibio-
tarsus) and GMH XXXV-202-1963 (right tibio-
tarsus); from Neumark Süd (“obere 
Mittelkohle”, late Lutetian, MP 13), found in 
1963; contrary to Hellmund (2013), we con-
sider it likely that both tibiotarsi are from the 
same individual.

• GMH XLI-200-1968 (partial upper beak, man-
dible, atlas and three further vertebrae, rib, 
partial scapulocoracoid, partial pelvis, right 
femur and partial left femur, right tibiotarsus 
and distal portion of left tibiotarsus, right tar-
sometatarsus, six pedal phalanges); from 
Geiselröhlitz (“obere Mittelkohle”, late Lute-
tian, MP 13), found in 1968.

Remarks. Fischer (1967) reported a putative par-
tial gastornithiform sternum from the Geisel valley
(GMH XIV-3979c-1956), but this specimen was
misidentified and actually is a right ilium of the
perissodactyl mammal Lophiodon. Incidentally, the
specimen was published in a study, in which meta-
tarsals of Lophiodon were introduced as a new
avian taxon (“Saurornis matthewsi”); this latter
identification was corrected by Fischer (1987),
whereas the sternum was still assigned to the Gas-
tornithiformes by Hellmund (2013). A putative gas-
tornithiform humerus (GMH XIV-3979a-1956),
which was listed by Hellmund (2013), is the right
radius of Lophiodon. A putative scapulocoracoid
(GMH XIV-3979b-1956), also listed by Hellmund
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(2013), is likewise misidentified even though its
true identity is elusive.
Notes on the comparative osteology of Dia-
tryma geiselensis. Fischer (1978) described a
partial upper beak (rostrum) of D. geiselensis,
which belongs to the most complete individual
GMH XLI-200-1968 (Figure 1C-F). Together with
two partial mandibles, this specimen until now con-
stituted the only skull remains of D. geiselensis.

Here we report a nearly complete but strongly flat-
tened skull from the collection of GMH, which was
stored in two parts (neurocranium and upper beak)
that have now been reassembled (Figure 1A-B).
The specimen (GMH XVIII-1178-1958) was mis-
taken for crocodilian remains ‒ as per the index
card of the fossil ‒ and is from a smaller individual
than the previously known D. geiselensis beak and
mandibles. The fossil is only the second complete

FIGURE 1. Skull remains of Diatryma geiselensis from the middle Eocene of the Geisel valley, Germany. A–B, the
newly identified, almost complete skull GMH XVIII-1178-1958 in left lateral (A) and right lateral (B) view. C–F, the
upper beak GMH XLI-200-1968 in left lateral (C), right lateral (D), dorsal (E), and ventral (F) view; the arrow indicates
an enlarged detail of the nostril. G, detail of the upper beak of GMH XVIII-1178-1958, the dotted line denotes the
superimposed shape of the culmen of GMH XLI-200-1968. H, upper beak (ventral view) of D. gigantea from the early
Eocene of Wyoming, USA (AMNH 6169); from Matthew and Granger (1917). 
Abbreviations: cdo, condylus occipitalis; ftp, fossa temporalis; fur, furrow rostral to nostril; nfh, nasofrontal hinge;
nos, nostril; par, processus paroccipitales; ppo, processus postorbitalis. The scale bars equal 50 mm.
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skull of a gastornithiform known so far, with the
other being that of the D. gigantea skeleton
described by Matthew and Granger (1917). Unfor-
tunately, GMH XVIII-1178-1958 is strongly flat-
tened and the bone surfaces of the specimen are
shattered throughout, so that subtle osteological
details cannot be recognized. The maximum length
of GMH XVIII-1178-1958, from the caudal end of
the left processus paroccipitalis to the tip of the
beak, is 347 mm.

The culmen (dorsal ridge) of the upper beak of
GMH XVIII-1178-1958 is less dorsally vaulted than
in Diatryma gigantea and the tomia (cutting edges)
are more strongly sigmoidally curved (Figure 2A,
C). The beak of this specimen is also less strongly
dorsally vaulted than in the partial beak GMH XLI-

200-1968 (Figure 1G), which was described by
Fischer (1978). The rostrum of the latter specimen
(GMH XLI-200-1968) is mediolaterally wider than
in D. gigantea (Figure 1F, H); owing to the flatten-
ing of GMH XVIII-1178-1958, the width of its beak
cannot be reliably assessed. The bone surface of
the D. geiselensis beak exhibits numerous neuro-
vascular foramina and vascular grooves. Mourer-
Chauviré and Bourdon (2020) already commented
on the shape of the nostril of D. geiselensis, which
is preserved on the right side of specimen GMH
XLI-200-1968, but was not figured by Fischer
(1978). The nostrils of GMH XVIII-1178-1958 con-
form to those of GMH XLI-200-1968. They are of
similar size to the nostrils of D. gigantea and open
rostrally into shallow furrows at mid-height on the
rostrum level with the quadratojugal bar (Figure

FIGURE 2. Skulls, upper beaks, and mandibles of gastornithiforms. A, skull of Diatryma geiselensis from the middle
Eocene of the Geisel valley, Germany (GMH XVIII-1178-1958). B, upper beak and mandible of D. geiselensis (GMH
XLI-200-1968) superimposed on the skull of D. gigantea (mirrored, from Matthew and Granger, 1917). C, skull and
mandible of D. gigantea from the early Eocene of Wyoming, USA (AMNH 6169); from Matthew and Granger (1917),
modified. D, upper beak (right lateral view) of Gastornis laurenti from the early Eocene of La Borie, France
(MHNT.PAL.2013.15.1). E, upper beak fragment (left lateral view) from Cernay-lès-Reims (MNHN R2583), which was
tentatively referred to G. russelli by Martin (1992). 
Abbreviations: ftp, fossa temporalis; nos, nostril; orb, orbit; pco, processus coronoideus; ppo, processus postorbitalis.
The scale bars equal 50 mm.
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1D); these furrows were also noted for G. laurenti
and D. gigantea by Bourdon et al. (2016). The
damaged surface of the upper beak of GMH XLI-
200-1968 shows a “spongy” interior. 

As in Gastornis laurenti and Diatryma
gigantea (see Bourdon et al., 2016), there are a
distinct nasofrontal hinge and lateral projections at
the base of the upper beak. GMH XVIII-1178-1958
lacks the bones of the palate and the jugal bars are
likewise not preserved. The orbits are not clearly
visible in the specimen, but must have been situ-
ated rostral to the large processus postorbitalis
(Figure 2A). As in D. gigantea, the neurocranium is
strikingly short relative to the entire length of the
skull. Andors (1988: 135) noted a peculiar rostral
restriction of the orbit of D. gigantea, which he con-
sidered to possibly be the result of a hyperdevelop-
ment of the fossae temporales. The fossae
temporales of GMH XVIII-1178-1958 are likewise
very deep. In D. gigantea, a massive bony bridge
connects the processus zygomaticus with the pro-
cessus postorbitalis and forms a secondary tempo-
ral opening. This orbitozygomatic junction (sensu
Elzanowski and Mayr, 2018) is not visible in GMH
XVIII-1178-1958 and appears to be broken. The
condylus occipitalis is very large and caudally pro-
truding, as it also is in D. gigantea. 

Two gastornithiform mandibles, which are
from specimens GMH XIV-4730-1956 and GMH
XLI-200-1968, are known from the Geisel valley
(Figure 3A-E). In both, the rami are dorsoventrally
deeper than in Gastornis laurenti, G. parisiensis
(Figure 3F-G), and Diatryma gigantea (Figure 2C).
In both specimens from the Geisel valley, the sym-
physis mandibulae is wider than in G. laurenti, G.
parisiensis, and D. gigantea; whether this is an
artefact of preservation is difficult to ascertain. The
processus coronoideus is more prominent than in
G. parisiensis and G. laurenti (see Mourer-Chauviré
and Bourdon, 2020: figure 1) and narrower than in
D. gigantea. As noted by Fischer (1962, 1978), the
mandibular surface is distinctly pitted by neurovas-
cular foramina and covered with vascular grooves.
In both specimens, the rostral tip of the mandible is
more strongly raised dorsally than in G. parisiensis.

The holotype of Diatryma geiselensis is a sca-
pulocoracoid (Figure 4M-N), which lacks exact col-
lection data but is likely to stem from the
“Unterkohle” of Neumark West (Fischer, 1978) and
therefore possibly belongs to specimen GMH XIII-
40-1954. We identified a second, previously unrec-
ognized partial scapulocoracoid in the collection of
GMH, which is from the individual GMH XLI-200-

1968 and was stored amongst unsorted material
(Figure 4K-L). The specimen is distinctly larger
than the scapulocoracoid of the holotype but other-
wise shows an identical morphology. Fischer
(1962, 1978) noted the presence of a foramen
nervi supracoracoidei in D. geiselensis and its
absence in D. gigantea; furthermore, unlike in D.
geiselensis, there is an elongated process extend-
ing from the cranial end of the scapula on the
medial side of the scapulocoracoid of D. gigantea
(Figure 4O‒Q). This process was considered to be
the acromion of the scapula by Matthew and
Granger (1917). At the time of Fischer’s studies, no
correctly identified scapulocoracoid of Gastornis
was known. Martin (1992) showed that the shoul-
der girdle bones identified by Lemoine (1881) do
not belong to Gastornis and are not even of avian
origin. Martin (1992) identified a previously unde-
scribed scapulocoracoid of G. parisiensis from
Mont de Berru, and photographs of this compound
bone, which has a distinctive “boot-shaped” out-
line, are here for the first time shown (Figure 4A-F).
Unlike in D. geiselensis and D. gigantea, the scap-
ula and coracoid of G. parisiensis are angled rela-
tive to each other, whereas both bones are
situated in the same axis and plane in the Diatryma
species. The coracoid of G. parisiensis exhibits a
small foramen nervi supracoracoidei, and there is a
narrow, rod-shaped process that is likely to repre-
sent the shaft of the furcula (Figure 4A-B). Based
on comparisons with the scapulocoracoid of G.
parisiensis, the stouter process in the same area of
the D. gigantea coracoid (which was longer at the
time of the discovery of the specimen but has since
lost its tip; compare Figures 4O and 4P) probably
also represents the omal portion of a co-ossified
furcula. Because there is a deep notch in the cora-
coid of D. gigantea (Figure 4O), it is unclear
whether the large foramen piercing the scapulo-
coracoid of D. geiselensis is indeed a foramen
nervi supracoracoidei or whether it represents an
opening that formed by fusion of the remnants of
the furcular shaft with the coracoid (which would
explain the absence of a furcula in D. geiselensis).
The facies articularis humeralis of D. geiselensis is
less deeply incised into the body of the scapulo-
coracoid than in D. gigantea. As in G. parisiensis, a
slit-like gap separates the ventral portions of the
facies articulares humerales of the coracoid and
scapula in the holotype coracoid of D. geiselensis.
In both, D. geiselensis and D. gigantea, there is a
marked longitudinal ridge along the midline of the
ventral surface of the corpus of the coracoid. 
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Even though fossils from the Geisel valley are
often deformed by diagenetic flattening, this does
not severely affect the two Diatryma geiselensis
tarsometatarsi, which are largely three-dimension-
ally preserved, with only moderate dorsoplantar
compression. These two tarsometatarsi are stouter
than those of the Gastornis species, of which a
complete tarsometatarsus is known (G. parisiensis,
G. russelli, and G. laurenti; Figure 5). The elonga-
tion indices (ratio length of bone to mediolateral
width of proximal end) of the two tarsometatarsi

from the Geisel valley are ~2.21 (GMH XLI-200-
1968) and ~2.78 (GMH Dia 12). For G. parisiensis,
this index is 2.96 (MNHN L3092) and 3.32 (MNHN
L3093), whereas it is 2.79 in D. gigantea (based on
a complete tarsometatarsus figured by Andors,
1988: pl. 17) and 2.52 in a Diatryma-like tar-
sometatarsus from the London Clay of the Isle of
Sheppey (see discussion). The ratio of the proxi-
mal (mediolateral) width of the bone to the width of
the midsection of the shaft is 1.58‒1.77 in G. pari-
siensis (MNHN L3092 and MNHN L3093) and

FIGURE 3. Gastornithiform mandibles. A–B, Diatryma geiselensis from the middle Eocene of the Geisel valley, Ger-
many (GMH XLI-200-1968) in left ventrolateral (A) and right dorsomedial (B) view. C‒E, D. geiselensis (GMH XIV-
4730-1956) in right ventrolateral (C) and left dorsolateral (D) view; E, left mandibular ramus in lateral view (the right
ramus was digitally removed). F–G, Gastornis parisiensis from the late Paleocene of Mont de Berru, France
(MHNT.PAL.2012.1.1) in dorsal (F) and left lateral (G) view. 
Abbreviations: pco, processus coronoideus; pra, processus retroarticularis. The scale bars equal 50 mm.
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1.97‒2.46 in D. gigantea (the larger value is based
on the tarsometatarsus figured by Andors, 1988:
pl. 17, the smaller value is from USNM 15118
[based on a photo provided by T. Worthy]). For D.
geiselensis, this ratio is difficult to estimate,
because part of the proximal end of the tarsometa-
tarsus is broken in GMH Dia 12, whereas the shaft
is damaged in GMH XLI-200-1968; for the latter
specimen the ratio is ~2.24. The tarsometatarsus

of D. geiselensis differs from the distal tarsometa-
tarsus of the D. sarasini holotype in that the troch-
lea metatarsi II reaches farther distally and the
trochlea metatarsi III has a symmetric shape (in G.
sarasini, the lateral rim projects farther distally than
the medial one). The two largely complete tar-
sometatarsi of D. geiselensis differ in size and
some morphological features (Figure 5I, K).
Whereas the foramen vasculare distale is well

FIGURE 4. Scapulocoracoids and coracoids of gastornithiforms. A‒E, nearly complete right scapulocoracoid of Gas-
tornis parisiensis from the late Paleocene of Mont de Berru, France (MNHN BR15750 [erroneously given as 45750 by
Martin, 1992]) in ventrolateral (A) and dorsomedial (B) view (the arrow denotes an enlarged detail of the bone), right
coracoid in ventral (C), medial (D), and sternal (E) view. F, left coracoid of G. parisiensis from the late Paleocene of
Mont de Berru (MNHN R4151) in dorsal view. G‒J, Gastornithiformes, gen. et sp. indet., right coracoid from the late
Paleocene of Walbeck, Germany (MLU_GeoS WAL347.2007) in dorsal (G), ventral (H), omal (I), and sternal (J) view.
K–L, partial scapulocoracoid of D. geiselensis from the middle Eocene of the Geisel valley, Germany (GMH XLI-200-
1968, right side) in ventral (K) and dorsal (L) view. M–N, partial scapulocoracoid of D. geiselensis from the middle
Eocene of the Geisel valley (holotype, GMH Dia 2, right side), in ventral (M) and dorsal (N) view. O‒Q, nearly complete
scapulocoracoid of D. gigantea from the early Eocene of Wyoming, USA (AMNH 6169, right side) in ventral (O–P) and
dorsal (Q) view; O is from Matthew and Granger (1917) and shows the original condition of the specimen, which has
experienced damage to exposed parts. 
Abbreviations: cor, coracoid; cts, cotyla scapularis; fah, facies articulares humerales of scapula and coracoid; fns,
foramen nervi supracoracoidei; fur, furcula; ntc, notch in the scapulocoracoid of D. gigantea; sca, scapula. The scale
bars equal 50 mm.
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delimited in GMH Dia 12, it appears to be distally
open in GMH XLI-200-1968, and the trochlea
metatarsi II is proportionally larger in the smaller
specimen GMH Dia 12 than in the larger GMH XLI-
200-1968. In both specimens the trochlea meta-
tarsi III is proportionally larger than in the Gastornis

tarsometatarsi, and the trochlea metatarsi IV is
mediolaterally wider. In GMH XLI-200-1968, the
trochlea metatarsi IV reaches less far distally than
the trochlea metatarsi II (the condition in GMH Dia
12 cannot be established, because the distal por-
tion of the trochlea metatarsi IV is broken).

FIGURE 5. Tarsometatarsi of gastornithiforms; the specimens in the top row are shown in their relative sizes to each
other, those in the bottom row (except for P and Q) are scaled to the same size to illustrate different proportions;
except for H, the top row shows the dorsal view, whereas the plantar view is depicted in the bottom row and in H. A‒D,
Gastornis parisiensis from the late Paleocene of Mont de Berru (France), casts of tarsometatarsi from private collec-
tions (A–B: MNHN L3093, right side; C–D: MNHN L3092, left side). E–F, G. russelli from the late Paleocene of Mont de
Berru (MNHN R3560, left side). G, G. laurenti from the early Eocene of La Borie (France) (MHNT.PAL.2018.22.2, right
side). H–I, Diatryma geiselensis from the middle Eocene of the Geisel valley, Germany (GMH Dia 12, left side). J–K,
D. geiselensis from the middle Eocene of the Geisel valley (GMH XLI-200-1968, right side). L, distal end of left tar-
sometatarsus of D. sarasini from the early Eocene of Monthelon (France), uncatalogued cast in GMH; the dotted line
indicates the reconstructed trochlea metatarsi IV, which is not preserved in the fossil. M–N, D. gigantea from the early
Eocene of Wyoming, USA (AMNH 6169, right side); the erroneously restored midsection of the shaft was digitally
removed and the bone was shortened to match its original proportions (see Martin, 1992: figure 5 and Andors, 1992:
figure 8 for a complete tarsometatarsus of the species). O, Diatryma sp. from the early Eocene of the Isle of Sheppey
(left side, collection of Scott Moore-Fay; additional figures of the specimen can be found on http://sheppeyfossils.com/
pages/gastornis_sp.htm). P, D. geiselensis (GMH XLI-200-1968), distal end of mirrored right tarsometatarsus in plan-
tar view. Q, D. sarasini (cast in GMH), distal end of left tarsometatarsus in plantar view; the dotted line indicates the
reconstructed trochlea metatarsi IV, which is not preserved in the fossil. The trochleae metatarsorum are identified by
Roman numerals. 
Abbreviations: fvd, foramen vasculare distale; iil, incisura intertrochlearis lateralis. The scale bars equal 50 mm.
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DISCUSSION

Taxonomy, Interspecific Relationships, and 
Biogeographic History

As detailed above, Diatryma geiselensis and
the North American D. gigantea differ distinctly
from Gastornis parisiensis in features of the cora-
coid and tarsometatarsus. A clade including D.
geiselensis and D. gigantea to the exclusion of G.
parisiensis is supported by the straight and dorso-
ventrally plane scapulocoracoid and the morphol-
ogy of the tarsometatarsus, which is stouter than in
Gastornis, with wider proximal and distal ends and
an elongation index of less than 2.8, a mediolater-
ally waisted midsection of the shaft, a large troch-
lea metatarsi III, and a wide incisura
intertrochlearis lateralis. The latter two features
also suggest an assignment of D. sarasini to the
Diatryma clade (Figure 6). Outgroup comparisons
with other neornithine birds show the above tar-
sometatarsus morphologies to be derived, and the
differences are similar to those distinguishing dif-
ferent genera of moas (e.g., Cracraft, 1976). 

Our phylogenetic hypothesis is not based on a
formal analysis, which is impeded by the fact that
some gastornithiforms are represented by non-
overlapping skeletal material and fragmentary
remains (of the Walbeck species, for example, only
a coracoid was described). However, the main
conclusion of our study is that the Geisel valley
gastornithiform is more closely related to the North
American forms than to Gastornis parisiensis. The
above-listed character evidence for this placement
shows no homoplasy within gastornithiforms, and
there exists no morphological evidence in support
of a clade including G. parisiensis and Diatryma
geiselensis to the exclusion of D. gigantea. By
itself, this phylogenetic hypothesis does not neces-
sarily entail taxonomic consequences, but if all
gastornithiform species were assigned to the taxon
Gastornis, information on the interrelationship of
gastornithiforms would not be properly reflected.
This is why we advocate re-establishment of the
taxon Diatryma for a well-defined subclade of gas-
tornithiforms. 

It is less straightforward to assess the interre-
lationships of other Paleocene and early Eocene

FIGURE 6. Schematic hypothesis of the interrelationships of gastornithiforms as proposed in the current study; the
grey bars indicate the stratigraphic and temporal relationships of the species. Note that this tree is not based on a for-
mal analysis and merely serves to visualize the phylogenetic proposal made in the study. The nodes can be charac-
terized as follows: 1 – coracoid with poorly developed processus acrocoracoideus and with mediolaterally very wide
body; 2 – scapula and coracoid co-ossified to form a scapulocoracoid; 3 – tarsometatarsus short and stocky (elonga-
tion index of less than 2.8), with wide proximal and distal ends and mediolaterally waisted shaft, straight scapulocora-
coid; scapula and coracoid are situated in the same plane and are not angled relative to each other.
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Gastornithiformes from Europe, which are currently
assigned to the taxon Gastornis. The incomplete
femur from Maret in Belgium described by Mayr
and Smith (2019) is from a very small species and
may belong to G. russelli. The small size of these
fossils may be a plesiomorphic characteristic,
which supports a position of the Maret gastorni-
thiform and G. russelli outside a clade formed by G.
parisiensis, G. laurenti, the Louvois gastornithiform,
and the Diatryma species. This hypothesis con-
forms to the fact that the Maret gastornithiform and
G. russelli are among the oldest known gastorni-
thiforms and – if confirmed in future studies –
would require an assignment of G. russelli to a new
genus-level taxon. Martin (1992) tentatively
assigned a beak fragment from the late Paleocene
of the Reims area to G. russelli, which differs from
other gastornithiform beaks in having very large
nostrils (Figure 2E). However, according to previ-
ous authors (Martin, 1992; Louchart et al., 2021),
this latter specimen is from a juvenile individual, so
that the size of the nostrils may have been sub-
jected to ontogenetic changes in gastornithiforms.

The gastornithiform from Walbeck is even
older, but it is only known from a coracoid. This
bone is not co-ossified with the scapula, which sug-
gests that the Walbeck species is outside a clade
formed by Gastornis and Diatryma (Figure 6).
However, the bone surface of the Walbeck cora-
coid has a somewhat porous texture, so that the
specimen may stem from an immature individual,
in which the coracoid and scapula were not yet
fused.

The phylogeny outlined above and shown in
Figure 6 supports an Old World origin of the Gas-
tornithiformes. As suggested by earlier authors
(Andors, 1992; Buffetaut, 1997; Mayr, 2009; Buffe-
taut, 2013; Buffetaut and Angst, 2014), these birds
are likely to have dispersed into North America via
high latitude land corridors. This hypothesis con-
forms to the discovery of gastornithiform remains
on Ellesmere Island in Canada (West and Dawson,
1978; Stidham and Eberle, 2016), but it conflicts
with the fact that current records of Diatryma from
Europe are significantly younger than those from
North America.

The so far oldest Old World gastornithiform
that was assigned to the taxon Diatryma is D.
sarasini. The holotype and only known specimen of
this species is from the late Ypresian (MP 10) of
France and therefore dates back some 51‒48 Ma
(Vandenberghe et al., 2012). The specimen is still
five to eight million years younger than the earliest
North American records of the Gastornithiformes,

which stem from the early Wasatchian, some 56
Ma. 

However, there exists a previously unpub-
lished tarsometatarsus from the early Eocene Lon-
don Clay of the Isle of Sheppey in a private
collection, of which a photograph (Figure 5O) is
here shown by permission of its owner, Scott
Moore-Fay. This bone is much stouter than the tar-
sometatarsus of Gastornis parisiensis and shows
the distinctive proportions of the tarsometatarsus of
the Diatryma species. The London Clay Formation
of the Isle of Sheppey spans a time interval from
about 53.5 to ca. 51.5 Ma (Ypresian, MP 8‒9;
“upper Division C to F”; Collinson et al., 2016).
Depending on its exact stratigraphic provenance,
the London Clay gastornithiform is therefore at
least 3 million younger than the gastornithiform
from the Reading Formation (early Ypresian, MP 7;
56 Ma, Vandenberghe et al., 2012) of Croydon
near London, which was described as G. klaasseni
and is now assigned to G. parisiensis. If the London
Clay gastornithiform were conspecific with that
from the Reading Formation, G. klaasseni would
have to be removed from synonymy with G. pari-
siensis and transferred to the taxon Diatryma. 

Because Diatryma occurs in North America
already in the earliest Wasatchian, some 56 Ma
(Andors, 1992), the Diatryma lineage is likely to
extend into the late Paleocene. A potential candi-
date taxon is the unnamed late Paleocene Louvois
gastornithiform, for which Mourer-Chauviré and
Bourdon (2016) noted some resemblance in tar-
sometatarsus morphology to D. sarasini. Currently,
however, the fragmentary material known of the
Louvois gastornithiform does not allow an unam-
biguous phylogenetic placement.

The distal tibiotarsus from the early Eocene of
China described as Zhongyuanus xichuanensis by
Hou (1980) also cannot be reliably assigned to
either Gastornis or Diatryma. Buffetaut (2013) syn-
onymized Zhongyuanus Hou, 1980 with Gastornis
Hébert, 1855, which he recognized as the only
genus-level taxon within gastornithiforms. Now that
Diatryma has been re-established, it is more
appropriate to maintain the Chinese species in the
taxon Zhongyuanus until its affinities can be clari-
fied. 

Agnolin (2007, 2021) suggested close affini-
ties between gastornithiforms and Brontornis bur-
meisteri from the late Oligocene of Bolivia
(Buffetaut, 2017) and the late early Miocene of
Patagonia (Argentina). This latter species is usu-
ally assigned to the Phorusrhacidae, but it differs
from typical phorusrhacids in a much stouter tar-
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sometatarsus, which is of very similar proportions
to that of Diatryma (compare 5M, O with Agnolin,
2021: figure 7). The sparse material known of
Brontornis does not allow an unambiguous deter-
mination of its affinities, but the species differs from
gastornithiforms in that the quadrate has a condy-
lus caudalis (Worthy et al., 2017). The rostral por-
tion of the mandible of Brontornis is dorsoventrally
deeper than in Gastornis and Diatryma, and unlike
in gastornithiforms the distal end of the Brontornis
tibiotarsus lacks a pons supratendineus. The latest
North American record of Diatryma is from the
early Eocene, so that a dispersal to South America
must have occurred at that time or before. How-
ever, no early Cenozoic land bridges are known
that would have facilitated the dispersal of large
flightless birds from North to South America.
Palaeogeography therefore also challenges close
affinities between Brontornis and gastornithiforms.

Paleobiology

The Gastornis remains from Louvois in
France show disparate sizes, which Mourer-Chau-
viré and Bourdon (2016) considered to be indica-
tive of a sexual size dimorphism of this as yet

unnamed species. Angst and Buffetaut (2017)
stated that a dimorphism in size has not been
demonstrated for other gastornithiforms, but the
hindlimb bones of Diatryma geiselensis likewise
exhibit pronounced differences in size, and differ-
ently-sized individuals were found in the same
stratigraphic horizon (e.g., GMH XLI-200-1968 and
GMH XXXV-481-1963; Figure 7). Rather than
assuming the coexistence of two large flightless
birds in the same habitat, we consider it more likely
that D. geiselensis was sexually dimorphic in size.
The culmen of the upper beak is more vaulted in
the larger specimen GMH XLI-200-1968 than in the
smaller GMH XVIII-1178-1958 (Figure 1G), so that
D. geiselensis also appears to have shown sexual
dimorphism in beak shape.

Gastornithiforms are now generally regarded
as having been herbivorous birds (Andors, 1992;
Mayr, 2009; Angst et al., 2014). In this regard, it is
notable that a conspicuous rounded quartz pebble,
which was not mentioned by Fischer (1978), is situ-
ated on the ventral surface of the synsacrum of
GMH XLI-200-1968 (Figure 8). Isolated pebbles
are uncommon in the coal seams of the Geisel val-
ley, and based on its shape, size, and location, we

FIGURE 7. Femora (A‒C) and tibiotarsi (D‒F) of Diatryma geiselensis from the middle Eocene of the Geisel valley,
Germany, to illustrate the different sizes of the specimens. A, GMH XLI-200-1968; right side, caudal view. B, GMH
XXXV-481-1963; right side, cranial view. C, GMH XIV-2042-1956; left side, cranial view. D, GMH XLI-200-1968; right
side, craniolateral view. E, GMH XIII-40-1954; right side, cranial view. F, GMH XXXV-481-1963; left side, cranial view.
The scale bars equal 50 mm.
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interpret the specimen as a gastrolith. Possible
Gastornis gastroliths were reported before from
southern France, where they were found in associ-
ation with putative gastornithiform eggshell frag-
ments (Angst and Buffetaut, 2017). Gastroliths
often occur in herbivorous birds, where they serve
to aid digestion of coarse plant matter, but they are
also found in omnivorous or carnivorous birds and
fulfill different functions across birds that ingest
them (Wings, 2007). The partial pelvis of GMH XLI-
200-1968 preserves the first in situ gastrolith,
which conforms to an herbivorous diet of gastorni-
thiforms, but by itself does not constitute unequivo-
cal evidence for a particular dietary preference. 

Gastornithiforms existed over at least 16 mil-
lion years, from the late Paleocene, some 60 Ma,
to the middle Eocene, about 44 Ma. During that
period, they were exposed to selective forces,
which altered their body plan. In particular, gastor-
nithiforms show notable differences in the shapes
of their beak, which are indicative of disparate
feeding ecologies. The upper beaks of both Dia-
tryma geiselensis and D. gigantea are proportion-
ally much longer than the beak of Gastornis
laurenti (Figure 2D; Bourdon et al., 2016). The
upper beak of D. geiselensis is mediolaterally
wider than that of D. gigantea, and the mandibular
rami are dorsoventrally deeper; in GMH XVIII-
1178-1958 the tomia are more strongly curved
than in D. gigantea. Disparate feeding ecologies of
gastornithiforms are also suggested by differences
in the shapes of the quadrate, which has a dorso-
ventrally wider processus orbitalis in D. gigantea

than in G. laurenti (compare Matthew and Granger,
1917: pl. XXII with Bourdon et al., 2016: figure 2). 

Gastornithiforms are considered to have been
graviportal and probably had rather low walking
speeds (Fischer, 1978; Angst et al., 2016). The
stouter tarsometatarsus proportions probably indi-
cates that the species Diatryma were heavier than
those of Gastornis or that they had different walk-
ing or feeding postures. 

The coracoid of gastornithiforms is unusually
wide and lacks a processus acrocoracoideus. This
morphology strongly departs from the typical neo-
avian condition and is likely to be the result of pae-
domorphosis, that is, the retention of juvenile
character, which is a characteristic trait of the
development of the pectoral girdle and wing bones
of flightless birds (e.g., Livezey, 1993; Cubo and
Arthur, 2000). Progressive paedomorphosis –
rather than functional adaptations – may also
explain the differences in the morphology of the
scapulocoracoid of Gastornis parisiensis and the
species of Diatryma. 
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FIGURE 8. A, Partial synsacrum of Diatryma geiselensis from the middle Eocene of the Geisel valley (GMH XLI-200-
1968, ventral view) with a preserved gastrolith in the framed area. B, Enlarged detail of the framed area in A. The
scale bars equal 50 mm.
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