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Abstract – The Paleocene locality of Menat (Puy-de-Dôme, France) has yielded several avian fossils,
which remained poorly studied, even though some were found almost a century ago. Here, we review
some of the material in public collections and show that those birds from Menat, which are at least
tentatively identifiable, resemble taxa from early Eocene fossil localities. A largely complete skeleton
of a medium-sized bird with strong feet shows affinities to the early Eocene Halcyornithidae and
Messelasturidae, which are considered to be representatives of the clade including Psittaciformes and
Passeriformes. Another skeleton of a small species resembles the Songziidae from the lower Eocene
of China, which are representatives of Ralloidea, the clade including Rallidae and Heliornithidae.
A new and previously unreported specimen exhibits exceptional soft tissue preservation, in that the
bones appear to be largely dissolved but the podotheca of the feet and even the soft parts around the
shank are visible; the plumage remains of this specimen furthermore show an unusual bluish hue.

Keywords: Aves, early Cenozoic, evolution, Halcyornithidae, Messelasturidae, Songziidae,
taphonomy

1. Introduction

The Paleocene fossil record of birds is very sparse
and this is particularly true for non-aquatic species.
In Europe, only a few localities have yielded identifi-
able remains of Paleocene terrestrial birds, that is, Wal-
beck in Germany, Cernay-lès-Reims, Mont-de-Berru,
Louvois and Rivecourt in France, as well as Mesvin in
Belgium.

From the Thanetian sites of Mesvin (Dollo, 1883;
Buffetaut & Angst, 2014) and Louvois (Buffetaut
& Angst, 2014; Mourer-Chauviré & Bourdon, 2016)
only remains of the large, flightless Gastornithidae are
known. The avian material from the uppermost Paleo-
cene of Rivecourt also includes a gastornithid, which
has not yet been described in detail (Smith et al. 2014).

The sites of Cernay-lès-Reims and Mont-de-Berru,
which are geographically and stratigraphically very
close to each other, are of Thanetian age, dating back
to about 58 Ma (Biochrom’97, 1997). The avifauna
of these two sites includes remains of the Gastornith-
idae and the flightless, palaeognathous Remiornith-
idae, as well as the gruiform Messelornithidae and the
strigiform taxon Berruornis (Martin, 1992; Mourer-
Chauviré, 1994, 1995, 1996; Buffetaut, 1997; Angst
& Buffetaut, 2013).

†Author for correspondence: Gerald.Mayr@senckenberg.de

The exact age of Walbeck is not well constrained,
but it appears to pre-date Cernay-lès-Reims and Mont-
de-Berru and is likely to belong to the upper Selandian
stage, about 59–60 Ma (de Bast, Steurbaut & Smith,
2013). In addition to several poorly represented taxa
of uncertain affinities, the Walbeck avifauna includes
remains of gastornithids, the messelornithid-like Wal-
beckornis and the strigiform Berruornis (Mayr, 2002,
2007). In Cernay-lès-Reims, Mont-de-Berru, Louvois,
Mesvin and Walbeck, terrestrial avian taxa dominate
and so far no remains of small arboreal birds have been
found.

Menat (Puy-de-Dôme, France) is another long-
known Paleocene site, whose avifauna so far, however,
has received very little attention, even though the first
bird remains from Menat were reported a century ago.
The Menat basin, in the department of Puy-de-Dôme,
is located in the northern part of the French Massif
Central (see location map in Matsumoto et al. 2013).
This small sedimentary basin is surrounded by meta-
morphic rocks and has been known since the early
nineteenth century (Lecoq, 1829). The sediments are
now interpreted as having been deposited in a maar
lake occupying a deep depression resulting from ex-
plosive volcanism (Vincent et al. 1977). The shale-like
sediments of the basin, which are in fact largely com-
posed of sponge spicules, diatoms and algal remains,
were exploited to produce a siliceous abrasive (‘Menat
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Tripoli’), and in the course of the quarrying operations
many exquisitely preserved fossils were discovered.

The age of the Menat beds has long remained con-
troversial. Earlier suggestions of an Oligocene age
(Launay, 1908, 1923) were still accepted, on the basis
of the insect fauna, by Balazuc & Descarpentries
(1964). Piton (1940) supported a Lutetian age, based
on the plants and insects. Russell (1967) identified one
of the few mammal specimens from Menat as belong-
ing to a primitive form of the genus Plesiadapis, in-
dicating a middle or late Paleocene age, an age as-
signment supported by Kedves (1967) on the basis of
palynomorphs. While the Paleocene age of the Menat
beds is no longer in doubt, their exact position within
that epoch is still disputed. Basalts associated with
the Menat maar have yielded ages clustering around
56 Ma, suggesting a Thanetian age, in agreement with
palynological evidence (Kedves & Russell, 1982). By
contrast, more recent studies, based on the evolution-
ary grade of the Menat Plesiadapis and magnetostrati-
graphy (Wappler et al. 2009; Wedmann, Wappler &
Engel, 2009) considered an older, Selandian (c. 60–
61 Ma) age as likely.

The most abundant fossils from Menat are plant,
fish and insect remains (e.g. Piton, 1940; Nel, 2008;
Nabozhenko & Kirejtshuk, 2014, 2017; Hartung et al.
2016; Garrouste et al. 2017; Legalov, Kirejtshuk &
Nel, 2017). However, the site has also yielded several
tetrapods including crocodilians, turtles, choristoderes,
mammals and birds (Piton, 1940; Guth, 1962; Russell,
1967; Matsumoto et al. 2013). Avian remains from
Menat were first reported by Launay (1908, 1923),
who figured and briefly described two articulated skel-
etons, one of which is redescribed below, while the
whereabouts of the second one are unknown. Piton
(1940) mentioned and illustrated a third specimen, now
kept at the University of Lyon, which he considered
as a possible long-legged wading bird (this specimen,
which actually lacks the feet and cannot be unambigu-
ously identified, will not be discussed in the present
paper). None of these authors provided a meaningful
and more detailed description of the fossils. The birds
from Menat were revisited in an unpublished Master’s
thesis (M. S. Jensen, unpub. M.Sc. thesis, Geological
Museum and Geological Institute, Copenhagen, 2008),
in which some new specimens were also described; as
detailed in the following, however, some of the taxo-
nomic identifications in this study are not supported
by the morphologies of the fossils.

Here we review some of the previously found bird
fossils from Menat and report a hitherto undescribed
specimen that was found in the course of one of the
recent excavations. All of these specimens are very
poorly preserved and allow the recognition of few
osteological details. Their determination would have
been doomed to failure even a few years ago, but com-
parison with the now much improved and extensive
early Eocene fossil record (Mayr, 2009, 2017a,b) al-
lows at least a tentative identification of some speci-
mens. Most of the fossils described in the present study

were already found in the first half of the twentieth cen-
tury. The fossiliferous strata were poorly exposed in
the subsequent decades, but in recent years, collecting
activities have been resumed, in the course of which
new avian material has been discovered, among which
is an unusually preserved specimen that is described
for the first time below.

2. Material and methods

Institutional abbreviations. BSP – Bayerische Staats-
sammlung für Paläontologie und Historische Geolo-
gie, München, Germany; FSL – Geological collection,
Université Claude-Bernard, Lyon, France; IVPP – In-
stitute of Vertebrate Palaeontology and Palaeoanthro-
pology, Beijing, China; MGUH – Geological Mu-
seum, University of Copenhagen, Denmark; MHNM
– Muséum d’Histoire Naturelle de Marseille, France;
MNHN – Muséum National d’Histoire Naturelle,
Paris, France; MNT – Musée de Menat, Puy-de-
Dôme, France; SMF – Senckenberg Research Institute
Frankfurt, Germany; SMNK – Staatliches Museum für
Naturkunde, Karlsruhe, Germany. Measurements are
in millimetres.

3. Systematic palaeontology

AVES Linnaeus, 1758
TELLURAVES sensu Yuri et al. (2013)

cf. Halcyornithidae Harrison & Walker, 1972 and
Messelasturidae Mayr, 2005

Gen. et sp. indet.

Referred specimen. MNHN-MEN 69 (Fig. 1a, b);
nearly complete skeleton on two slabs (the small
counter slab, which contains one half of the skull, the
cervical vertebrae and the cranialmost portion of the
trunk, is not shown).

Measurements. See Table 1.

Description and comparison. The fossil is exposed in
dorsal view. Most bones are split along their longit-
udinal axes and details of the articular surfaces are
not visible. The main slab was broken after Launay’s
(1908) description, so that the cranial and caudal por-
tions of the skeleton are now separated by a crack.

The skull is comparatively large in comparison to
the body. The beak appears to have been dorsovent-
rally tall, but only its caudal section is preserved. The
presence of long processus supraorbitales, which are
a characteristic feature of Halcyornithidae and strigi-
form birds (see below), cannot be assessed.

The bones of the pectoral girdle are too poorly pre-
served for the recognition of osteological features. The
humerus, however, has a characteristic shape, being
fairly long and slender, with a small proximal end and
a short crista deltopectoralis (Fig. 2a–d). Except for
the outline of the weakly prominent processus flex-
orius, details of the distal end of the bone are not
visible. The ulna exceeds the humerus in length. The
carpometacarpus is craniocaudally slender, with a
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Figure 1. (Colour online) (a) Skeleton of a bird from the Paleocene of Menat (MNHN-MEN 69), which resembles that of the early
Eocene Halcyornithidae and Messelasturidae; note that the slab is broken along the crack that intersects the cranial portion of the trunk,
and the two halves, which are more widely separated in the actual fossil, were digitally reassembled. (b) The specimen as figured
by Launay (1908). (c) Skeleton of Pseudasturides macrocephalus (Halcyornithidae) from the lower Eocene of Messel, Germany
(SMNK.PAL.2373a; specimen coated with ammonium chloride). (d) Skeleton of Tynskya eocaena (Messelasturidae) from the lower
Eocene Green River Formation, USA (BSP 1997 I 6). (e) Skeleton of Messelastur gratulator (Messelasturidae) from the lower Eocene
of Messel (SMF-ME 11348; specimen coated with ammonium chloride). Scale bars equal 10 mm.
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Table 1. Measurements (left/right, in mm) of two fossil birds from the Paleocene of Menat, MNHN-MEN 69 (cf. Halcyornithidae/
Messelasturidae) and MNHN-MEN 70/MNHM.16037 (cf. Songziidae), in comparison to the early Eocene species Pseudasturides
macrocephalus and Serudaptus pohli (Halcyornithidae), Tynskya eocaena and Messelastur gratulator (Messelasturidae), Songzia acutunguis
and S. heidangkouensis (Songziidae), Messelornis cristata (Messelornithidae) and Primozygodactylus quintus (Zygodactylidae)

Skull Humerus Ulna CMC Femur TBT TMT

MNHN-MEN 69 –/– ∼30.5/∼29∗ ∼33/∼33.5 ∼15.5/∼15.5 ∼20.5/∼20 ∼33/∼33 ∼17/∼17
Pseudasturides macrocephalus1 –/– –/∼29.5 ∼34.7/34.7 –/14.9 –/– 30.5/30.6 15.5/15.5
Serudaptus pohli2 –/– –/∼38.4 ∼45.3/46.5 19.1/19.4 ∼23.5/∼23.4 38.2/37.4 15.7/16.1
Tynskya eocaena3 –/– 36.6/– 40.0/∼39.4 20.1/20.1 –/– 42.0/– –/21.6
Messelastur gratulator4 –/– 46.4/47.6 50.6/50.5 25.0/24.1 ∼29/∼29 48.5/48.5 23.1/23.2
MNHN-MEN 70 ∼30 –/∼18.5 –/∼17.5∗ –/∼10.5∗ –/∼17 –/>28.5 –/–
MNHM.16037 ∼31 –/∼18.5 ∼17.5/∼17.5 ∼11.0/∼10.5 –/∼18 –/∼27 –/–
Songzia acutunguis5 36.5 25.8/24.9 25.2/24.8 12.3/13.4 24.5/26.2 40.0/43.9 28.4/28.9
S. heidangkouensis5 37.3 –/– 19.4 11.1 19.7 34.1/33.9 23.7/23.5
Messelornis cristata6 46.6 ± 1.4 37.9 ± 1.6 33.9 ± 1.5 20.8 ± 1.1 35.4 ± 0.8 64.6 ± 1.5 53.9 ± 1.9
Primozygodactylus quintus7 –/– 19.7/20.0 20.7/20.7 9.5/9.5 –/– 32.5/32.5 22.8/23.1

Asterisked values represent estimated measurements based on a tentatively reconstructed bone length. Abbreviations: CMC –
carpometacarpus; TBT – tibiotarsus; TMT – tarsometatarsus.
1holotype, from Mayr (1998); 2holotype, from Mayr (2000a); 3holotype, from Mayr (2000b); 4holotype, from Mayr (2011); 5from Wang
et al. (2012); 6from Hesse (1990); 7holotype, from Mayr (2017c).

Figure 2. (Colour online) Osteological details of MNHN-MEN 69 (cf. Halcyornithidae and Messelasturidae). (a, b) Right wing in
craniodorsal view. (c, d) Left wing in craniodorsal view. (e, f) Right foot in plantar view. (g, h) Left foot in medial view. In (b, d, f, h)
the bones are digitally highlighted; in (a–d) the slabs are broken along the cracks and the two parts, which are more widely separated
in the actual fossil, were digitally reassembled. The toes are numbered in (f) and (h). Abbreviation: ung – ungual phalanx. Scale bars
equal 10 mm.
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narrow spatium intermetacarpale. The phalanx digiti
alulae bears an ungual phalanx (Fig. 2b).

The legs are characterized by a comparatively short
tibiotarsus and a short and fairly stout tarsometatarsus.
Osteological details of both bones are, however, hardly
discernible. The left tarsometatarsus is exposed in me-
dial view and has a dorsoplantarly narrow shaft, with
the hypotarsus being only weakly prominent in plantar
direction. The right tarsometatarsus is seen in plantar
view. The bone is moderately stout and the shaft has
an equal width along most of its length; osteological
details of the trochleae are not preserved.

The right foot is visible in plantar view and the toes
are preserved in a relaxed position (Fig. 2g, h); judging
from its curvature, the fourth toe shows the latero-
plantar rather than the plantar surface, which may in-
dicate that it is preserved in a semizygodactyl position.
The left foot is seen in medial view and, except for the
clearly discernible third toe, the identity of the toes is
uncertain (Fig. 2e, f); our identification of a long first
toe is tentative. The shape of the ungual phalanges can-
not be determined. The fact that the toes are strongly
curved and exhibit a clasping position indicates the
former presence of strong pedal tendons, which con-
tracted postmortem.

Remarks. MNHN-MEN 69 was first described by
Launay (1908, p. 395), who identified the fossil as
‘un oiseau de la taille d’une grive et probablement un
passereau’ [‘a thrush-sized bird and probably a pas-
serine’]. However, Launay (1908) did not detail his
reasons for this classification and provided no descrip-
tion of the specimen. Piton (1940, p. 282) considered
the fossil to be undeterminable, whereas M. S. Jensen
(unpub. M.Sc. thesis, Geological Museum and Geolo-
gical Institute, Copenhagen, 2008), mainly based on
limb proportions, compared it with Galliformes and
the early Eocene coraciiform Primobucconidae.

Passerine affinities clearly are not supported by the
skeletal morphology of MNHN-MEN 69, which has a
proportionally more robust tarsometatarsus and much
stronger feet than any passeriform bird. Closer re-
lationships to Galliformes likewise conflict with the
overall morphology of the fossil, in which the ulna
exceeds the humerus in length, the tarsometatarsus is
stouter and the toes are much stronger. Affinities to
the Primobucconidae can be rejected, because MNHN-
MEN 69 has a proportionally much longer tibiotarsus
and a stouter tarsometatarsus than coraciiform birds.

Because of the poor preservation of the skeleton,
a definitive assignment to an avian higher-level taxon
is not possible. The morphology of the feet suggests
a strong grasping foot, and overall the skeleton cor-
responds best with that of the Eocene Halcyornith-
idae (Fig. 1c) and Messelasturidae (Fig. 1d, e). These
birds are considered to be representatives of Psit-
tacopasseres, the clade including psittaciform and pas-
seriform birds (Mayr, 2009, 2015, 2017a). In addi-
tion to similar length proportions of the limb bones,
MNHN-MEN 69 bears a resemblance to halcyornith-

ids and messelasturids in the shape of the humerus,
which is a long and slender bone with narrow proximal
and distal ends, and in the proportions of the elongate
and narrow carpometacarpus and the fairly short and
stout tarsometatarsus. The earliest definitive records of
halcyornithids and messelasturids stem from the lower
Eocene of the British London Clay and from roughly
contemporaneous strata of the North American Nanje-
moy and Green River formations (Mayr, 2016, 2017a).
With an age of about 51–52 Ma, these fossils are at
least 4–5 million years younger than MNHN-MEN 69.

Compared with extant birds, MNHN-MEN 69 re-
sembles Strigiformes in overall skeletal proportions,
especially concerning the shape of the slender humerus
and the morphology of the feet. Owls have a fossil re-
cord that dates back into the Paleocene, but the tar-
sometatarsus of MNHN-MEN 69 differs from that of
the two described Paleocene taxa in its proportions:
whereas the bone is much stouter in Berruornis from
Cernay-lès-Reims (Mourer-Chauviré, 1994) and Wal-
beck (Mayr, 2007), the tarsometatarsus of the geolo-
gically older (Tiffanian) Ogygoptynx from Colorado,
USA (Rich & Bohaska, 1981) is proportionally much
longer.

The only Paleocene bird that may show closer af-
finities to MNHN-MEN 69 is the recently described
Tsidiiyazhi abini from the mid Paleocene (62 Ma)
Nacimiento Formation in New Mexico, USA (Ksepka,
Stidham & Williamson, 2017). This bird is known
from a fragmentary partial skeleton, which corres-
ponds in size to MNHN-MEN 69, and the tarsometa-
tarsus – the only bone that is complete in the T.
abini holotype – has similar proportions to the tar-
sometatarsus of the Menat fossil. Owing to the poor
preservation of MNHN-MEN 69 and the fragmentary
representation of the T. abini holotype, a definitive as-
sessment of possible close affinities is not possible, but
we note that such affinities cannot be excluded based
on the available data. T. abini was assigned to Colii-
formes in the original description, but this classifica-
tion is best regarded as tentative and the species also
shows some resemblance to the Messelasturidae, with
which it was not compared. MNHN-MEN 69, the bird
from Menat, is clearly distinguished from Coliiformes
in the craniocaudally narrow carpometacarpus and the
fact that the ulna distinctly exceeds the humerus in
length.

?GRUIFORMES sensu Yuri et al. (2013)
?RALLOIDEA (Vigors, 1825)

cf. Songziidae Hou, 1990
Gen. et sp. indet.

Referred specimen. MNHN-MEN 70 and
MNHM.16037 (Fig. 3a, b); partial skeleton on two
slabs lacking the left leg and the right foot.

Measurements. See Table 1.

Description and comparison. This fossil consists of
two slabs in different repositories, which are here for
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Figure 3. (Colour online) (a, b) Slab and counter slab of a bird from the Paleocene of Menat, which resembles the early Eocene
Songziidae (a: MNHM.16037; b: MNHN-MEN 70). (c) A similar skeleton from Menat of unknown whereabouts, which was figured
by Launay (1923, fig. 8). (d) Holotype of Primozygodactylus quintus (Zygodactylidae) from the lower Eocene of Messel, Germany
(SMF-ME 11091A; specimen coated with ammonium chloride). (e) Holotype of Songzia acutunguis (Songziidae) from the lower
Eocene Yangxi Formation in China (IVPP 18188). Scale bars equal 10 mm.

the first time recognized as being from the same indi-
vidual. Specimen MNHN-MEN 70 is visible in dorsal
view, whereas MNHM.16037 exposes the ventral side.
The skull is too poorly preserved for the recognition of
osteological details. The beak measures less than the
total length of the skull and is dorsoventrally low; in its
proportions it appears to have been similar to the beak
of Columbiformes or the charadriiform Charadriidae.
The shape of the nostrils is not clearly discernible in
either of the specimens.

The furcula (MNHM.16037) is broadly U-shaped
and bears a short apophysis furculae. The coracoid

(MNHM.16037) has a slender shaft. The craniocaudal
length of the sternum (MNHM.16037) is distinctly
shorter than the humerus length and the bone exhibits
two pairs of caudal incisions (Fig. 4e). The humerus
is relatively short, with a wide proximal end and a
ventrally protruding distal end (Fig. 4a–d). An import-
ant feature seen in the specimen concerns the fact that
the ulna is slightly shorter than the humerus. The car-
pometacarpus, which is complete, albeit very poorly
preserved in MNHM.16037, is comparatively long
and craniocaudally narrow. The distal wing phalanges
are missing in both specimens, but an impression in
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Figure 4. (Colour online) Osteological details of MNHN-MEN 70/MNHM.16037 (cf. Songziidae). (a) Right wing in craniodorsal
(MNHN-MEN 70) and (b, c) caudoventral (MNHM.16037) view. (d, e) Pectoral girdle and sternum. (f) Sternum and left wing of
Pellornis mikkelseni (Messelornithidae) from the lower Eocene Fur Formation in Denmark (MGUH 29278; specimen coated with
ammonium chloride). In (c) and (e) the bones are digitally highlighted. Abbreviations: cmc – carpometacarpus; fur – furcula; hum
– humerus, inc – incision in caudal margin of sternum; lco – left coracoid; pdm – phalanx distalis digiti majoris; ppm – phalanx
proximalis digiti majoris; rco – right coracoid; ste – sternum; uln – ulna. Scale bars equal 10 mm.

the slab MNHN-MEN 70 traces the proportions and
lengths of the bones and shows that the hand section
was as long as the ulna (Fig. 4a).

The tibiotarsus is very long, with only moderately
prominent cristae cnemiales. Judging from the length
of the tibiotarsus, the legs appear to have been very
long. Unlike in gruiform birds, there are no ossi-
fied tendons along the tibiotarsus. Of the tarsometa-
tarsus, only the most proximal portion is preserved in
MNHM.16037, but the small fragment does not show
any morphological details.

Remarks. MNHN-MEN 70 was included in the thesis
of M. S. Jensen (unpub. M.Sc. thesis, Geological Mu-
seum and Geological Institute, Copenhagen, 2008),
who did not study the counterpart MNHM.16037.
Mainly because of the short ulna, Jensen considered
the fossil to be from a representative of Coliiformes.
Coliiform affinities are, however, not supported by the
overall proportions of the skeletons, in which the legs
are much longer than in mousebirds, with the tibi-
otarsus being sub-equal to the humerus in length (e.g.
Mayr & Peters, 1998).

The long legs of MNHN-MEN 70/MNHM.16037
suggest a predominantly terrestrial bird, although there
exists one group of Palaeogene arboreal birds with
equally long legs, that is, the Zygodactylidae (Fig. 3d).
These birds are stem group representatives of Pas-
seriformes and are abundant in some early Eocene
localities (Mayr, 2009, 2017a,c). Unlike in the fossil
from Menat, however, the ulna of zygodactylids ex-

ceeds both the humerus and the femur in length –
even though the length difference between the humerus
and ulna is only slight – and the carpometacarpus is
proportionally shorter, measuring less than half of the
length of the ulna (Table 1; Mayr, 2017c, table 1); fur-
thermore unlike in MNHN-MEN 70/MNHM.16037,
the skull of zygodactylids is longer than the tibiotarsus.

The short ulna of MNHN-MEN 70/MNHM.16037,
which does not exceed the humerus in length, is a ple-
siomorphic feature and conflicts with affinities of the
fossil to the land bird clade, whose representatives usu-
ally have an ulna that exceeds the humerus in length
(e.g. Mayr & Clarke, 2003). Compared with neornith-
ine avian taxa with an equally short ulna, the overall
morphology of the skeleton conforms best with an as-
signment to Ralloidea, the clade including extant Ral-
lidae and Heliornithidae.

Rallidae and Heliornithidae have no early Palaeo-
gene fossil record and the most abundantly represen-
ted ralloid birds in the lower Palaeogene of Europe
are the Messelornithidae, which were also repor-
ted from Cernay-lès-Reims (Mourer-Chauviré, 1995;
Mayr, 2009, 2017a). MNHN-MEN 70/MNHM.16037
is, however, much smaller than the early Eocene
Messelornis cristata, which is one of the smal-
lest species of Messelornithidae (Hesse, 1990, 1992;
Mourer-Chauviré, 1995; Bertelli, Chiappe & Mayr,
2012). Unlike in the Messelornithidae (Fig. 4f), the
sternum of MNHN-MEN 70/MNHM.16037 is shorter
than the humerus and there are no ossified tendons
along the limb bones. With a humerus length of
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36.8–40.3 mm (Mayr, 2007), Walbeckornis creber
from Walbeck, whose exact phylogenetic affinities are
uncertain, is likewise distinctly larger than MNHN-
MEN 70/MNHM.16037.

With regard to its small size, overall limb
proportions and short sternum, MNHN-MEN
70/MNHM.16037 agrees best with the Songziidae
from the lowermost Eocene (55 Ma; Ni et al. 2013)
of the Chinese Yangxi Formation. The type genus
Songzia includes two species, S. heidangkouensis and
S. acutunguis (Wang et al. 2012), which correspond
well with MNHN-MEN 70/MNHM.16037 in the
length proportions of the major limb bones (Table 1;
Fig. 3). Detailed comparisons are, however, prevented
by the poor preservation of the fossil from Menat,
and it is particularly unfortunate that the feet are not
preserved in MNHN-MEN 70/MNHM.16037, be-
cause Songzia is characterized by unusually long toes.
A songziid-like bird of uncertain affinities was also
reported from the lower Eocene of Messel in Germany
(Mayr, 2017d).

MNHN-MEN 70/MNHM.16037 resembles a com-
plete skeleton from Menat that was figured by
Launay (1923, fig. 8), but now appears to have been
lost and cannot be traced in a museum collection
(Fig. 3c). Launay (1923) did not publish measure-
ments of individual bones, but his indication of a
height of 10 cm for the fossil corresponds well with
the size of MNHN-MEN 70/MNHM.16037. Unlike in
MNHN-MEN 70/MNHM.16037, however, the skull of
Launay’s (1923) fossil is shorter than the tibiotarsus
and the hand section of the wing appears to be shorter
than the ulna. Although we therefore do not con-
sider the specimen to be conspecific with MNHN-
MEN 70/MNHM.16037, we regard close affinities as
possible. Concerning the identification of the fossil,
Launay (1923, p. 33) referred to Charles Depéret, who
considered it to be a galliform bird close to the taxon
Palaeortyx, and to Claude Gaillard, who likened it to
the Rallidae. M. S. Jensen (unpub. M.Sc. thesis, Geolo-
gical Museum and Geological Institute, Copenhagen,
2008) compared the skeleton figured by Launay (1923)
with the palaeognathous Lithornithidae and with Gal-
liformes. We consider a tentative assignment to Ral-
loidea to be best supported by the features that can be
assessed in Launay’s (1923) figure, with the tarsometa-
tarsus of the fossil being more elongated than in Pa-
laeogene Galliformes, in which the bone is shorter than
the humerus (Mourer-Chauviré, 1992; Mayr & Weidig,
2004). The toes are poorly preserved in Launay’s spe-
cimen and difficult to evaluate on the published photo-
graph, but they appear not to have been greatly elong-
ated as in Songzia.

Aves, gen. et sp. indet. A

Referred specimen. MNT-11-7952 (Fig. 5); two slabs
containing both legs and the tail feathers.

Measurements (left/right, in mm). Tibiotarsus, –/∼36–
39; tarsometatarsus, ∼25–26/∼25–26.

Remarks. This specimen was found during a recent ex-
cavation campaign and has not been described previ-
ously. The skeleton is clearly distinguished from the
two above-described species in its larger size, but the
bones are only preserved as very faint, brownish shad-
ows and do not allow the recognition of osteological
details.

In sharp contrast to the poor condition of the bones,
however, the specimen features exceptional soft tissue
preservation. Not only is the entire podotheca of both
feet preserved, but even the soft tissue of the left shank
is visible as a faint outline (Fig. 5d, e). The podotheca
exhibits a pattern found in many only distantly related
extant birds (Boetticher, 1929), being scutellate – with
large transverse scales – on the dorsal surface of the
toes, but reticulate on the tarsometatarsus.

Likewise highly unusual is the preservation of the
feather remains of MNT-11-7952. In most fossil birds,
feathers are traced by dark residues of the melano-
somes, the cell organelles containing the pigment
melanin (e.g. Vinther et al. 2008). In MNT-11-7952,
however, the tail feathers are represented by light
bluish-grey remains – a preservation mode unknown
from any other fossil bird. The central pair of tail feath-
ers is greatly elongated and measures c. 200 mm. The
outer tail feathers are less well visible, but clearly they
were shorter and the tail as a whole, therefore, had a
staggered shape. In addition to the tail feathers, there
is a further small patch with preserved feather remains
showing a bluish hue on one of the slabs (Fig. 5).

Although the poor preservation of the bones pre-
vents a taxonomic identification of the fossil, the shape
of the unusually long tail suggests affinities with Colii-
formes, which were a common element in early Eo-
cene avifaunas (Mayr, 2009, 2017a,b). Equally long
tail feathers are also known from the early Eocene Zy-
godactylidae (Mayr, 2017c), which are, however, char-
acterized by zygodactyl feet, for which there exists no
evidence in MNT-11-7952.

Aves, gen. et sp. indet. B

Referred specimen. MNHN-MEN 9 (Fig. 6); skull, cer-
vical vertebrae, sternum and right wing on a slab.

Measurements (in mm). Humerus, ∼21.5; ulna, ∼27.5;
longest primary feather ∼55.

Remarks. This fossil was described by M. S. Jensen
(unpub. M.Sc. thesis, Geological Museum and Geolo-
gical Institute, Copenhagen, 2008), but is too poorly
preserved for even a tentative identification. The main
reason for its inclusion in the present study is the fact
that it is one of the few avian specimens from Menat
known to us in which feathers are well preserved.

4. Discussion

4.a. Taxonomic diversity of the birds from Menat

Altogether, we know of nine skeletal remains of birds
from Menat. Seven of these are in public repositories,
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Figure 5. (Colour online) Exceptional soft tissue preservation of an undetermined bird from Menat (MNT-11-7952). (a, b) The two
slabs containing the fossil. (c) Detail of the long tail feathers, which exhibit an unusual bluish hue. (d) Right and (e, f) left legs. The
long arrows in (a) point to a small patch with preserved feather remains showing a bluish hue; the short arrows in (d) and (e) indicate
soft tissue preservation of the shank. The toes are numbered in (d–f). Scale bars equal 10 mm

one specimen is in a private collection and the where-
abouts of another are unknown (Table 2). Virtually all
of these fossils are poorly preserved, but most can be
clearly differentiated from each other and some are at
least tentatively identifiable.

As detailed in the introduction, the Paleocene avi-
faunas of Cernay-lès-Reims, Mont-de-Berru and Wal-
beck share a few avian taxa, with Gastornithidae and
the strigiform Berruornis having been reported from
both Mont-de-Berru and Walbeck (the exact affinit-
ies between Walbeckornis creber from Walbeck and

Messelornis russeli from Cernay-lès-Reims are in need
of further scrutiny; Mayr, 2009). In contrast, those
birds from Menat that are at least tentatively iden-
tifiable show affinities to early Eocene taxa, and no
close taxonomic overlap appears to exist between the
known birds from Menat and those from Cernay-
lès-Reims, Mont-de-Berru and Walbeck (one Menat
fossil, i.e. specimen FLS 367076, was compared with
Walbeckornis by M. S. Jensen (unpub. M.Sc. thesis,
Geological Museum and Geological Institute, Copen-
hagen, 2008) but its poor preservation renders an
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Table 2. Overview of the bird remains from the Paleocene of Menat that are known to the authors

Specimen Identification Material Source

MNHN-MEN 69 cf. Halcyornithidae/
Messelasturidae

skeleton Launay (1908), Piton (1940), M. S. Jensen (unpub. M.Sc.
thesis, Geological Museum and Geological Institute,
Copenhagen, 2008), this study

MNHN-MEN
70/MNHM.16037

cf. Songziidae partial
skeleton

M. S. Jensen (unpub. M.Sc. thesis, Geological Museum and
Geological Institute, Copenhagen, 2008) [MNHN-MEN
70], this study

unknown ?Ralloidea skeleton Launay (1923)
MNHN-MEN 9 indeterminate

(Aves, gen et sp. B)
partial

skeleton
M. S. Jensen (unpub. M.Sc. thesis, Geological Museum and

Geological Institute, Copenhagen, 2008)
FLS 367076 unknown1 partial

skeleton
Piton (1940), M. S. Jensen (unpub. M.Sc. thesis, Geological

Museum and Geological Institute, Copenhagen, 2008)
Musee de Menat unknown2 left wing M. S. Jensen (unpub. M.Sc. thesis, Geological Museum and

Geological Institute, Copenhagen, 2008)
Musee de Menat unknown humerus M. S. Jensen (unpub. M.Sc. thesis, Geological Museum and

Geological Institute, Copenhagen, 2008)
MNT-11-7952 indeterminate

(Aves, gen et sp. A)
legs this study

Private collection unknown foot Richard T. J. Moody, pers. comm.

1Piton (1940) identified the specimen as a possible long-legged wading bird (‘échassier migrateur’), whereas M. S. Jensen (unpub. M.Sc.
thesis, Geological Museum and Geological Institute, Copenhagen, 2008) considered affinities to Walbeckornis. 2M. S. Jensen (unpub. M.Sc.
thesis, Geological Museum and Geological Institute, Copenhagen, 2008) considered affinities to the palaeognathous Lithornithidae.

Figure 6. (Colour online) Unidentifiable bird from Menat
(MNHN-MEN 9) with well-preserved feather remains. Scale
bar equals 10 mm.

identification tentative at best). We hypothesize that
this taxonomic disparity between the Menat avifauna
and those of Cernay-lès-Reims, Mont-de-Berru and
Walbeck reflects the different palaeoenvironments or
depositional conditions of the localities.

Likewise, there exists no unambiguous taxonomic
overlap between the Menat avifauna and those of Pa-
leocene localities outside Europe (see Mayr, 2009 for a
review), although, as noted above, the halcyornithid- or
messelasturid-like specimen MNHN-MEN 69 cannot
be clearly differentiated from the recently described
taxon Tsidiiyazhi from the mid Paleocene of North

America. We note that very few Paleocene represent-
atives of Telluraves, the clade including most arboreal
land birds, have been described so far (Mayr, 2009,
2017a). If affinities to the psittacopasserine Halcyor-
nithidae and Messelasturidae can be proven, MNHN-
MEN 69 would be the first non-strigiform repres-
entative of Telluraves from the Paleocene of Europe.
MNHN-MEN 70/MNHM.16037, by contrast, would
be of biogeographical significance, if a closer relation-
ship to the Chinese Songziidae can be shown.

Because our identification of these specimens is
only tentative, we refrain from far-reaching conclu-
sions concerning their evolutionary significance. We
note, however, that despite the fact that the fossilifer-
ous strata of Menat were deposited only 5–8 million
years after the K/Pg extinction event, the avifauna in-
cludes taxa that appear to be phylogenetically widely
separated, which adds to the mounting evidence (e.g.
Prum et al. 2015; Mayr, 2017a) that the initial diver-
gences within neoavian birds already occurred within
the latest Cretaceous period.

4.b. Unusual soft tissue preservation

Menat is not only of interest because of the taxonomic
composition of its fossil assemblage, but also because
of the exceptional preservation of some of the speci-
mens. The primatomorph mammal Plesiadapis (‘Men-
atotherium’) insignis (Piton, 1940; Russell, 1967; Gin-
gerich, 1976), for example, is one of the most complete
specimens of Plesiadapiformes and the only one with
preserved integument.

Outstanding among the avian fossils is the soft tis-
sue preservation of MNT-11-7952 (Fig. 5), which sets
this specimen apart from all other avian remains from
Menat known to us. Patches of foot scales have been
reported from one fossil from the lower Eocene Ger-
man fossil locality of Messel (Peters, 1988, fig. 208),
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but we are not aware of any other Palaeogene fossil
bird in which the podotheca is as completely preserved
as in MNT-11-7952 (see, however, Falk et al. 2016 con-
cerning Confuciusornis fossils from the Early Creta-
ceous Jehol Biota). Even more unusual is the visible
outline of the soft tissue of the shank, which is likely
to represent remains of the skin, and the bluish hue
shown by the tail feathers of the fossil.

The poor condition of the bones suggests a high de-
gree of decalcification and, hence, deposition of the
carcass in an acidic milieu. With regard to the combin-
ation of exquisite integument preservation and strongly
dissolved bones, the fossil corresponds with some hu-
man corpses from North European peat bogs, whose
demineralized bones and tanned skin are due to the
combined action of a low pH and the antibacterial ef-
fects of a polysaccharide produced by sphagnum moss
(Painter, 1991; Turner-Walker & Peacock, 2008). Re-
cent evidence from the study of molecular biomarkers
in the sediments (Thibault et al. 2014) suggests that
physico-chemical conditions in the Menat lake were
highly variable and may have at times approximated
those of a peat bog, although not a sphagnum bog
(Jérémy Jacob, pers. comm.). Although vegetable anti-
microbial or tanning agents may therefore have played
a role in the soft tissue preservation of MNT-11-7952,
it is equally possible that this was due to phosphatiza-
tion, which is well known from other instances of ex-
ceptional soft tissue preservation and occurs in depos-
itional environments with large quantities of phosphate
and a low pH (e.g. Briggs et al. 1993; McNamara et al.
2009).

Unlike the two specimens MNHN-MEN 69 (cf.
Halcyornithidae and Messelornithidae) and MNHN-
MEN 70/MNHM.16037 (cf. Songziidae), which are
preserved in a blackish matrix and do not show soft
tissue preservation, the sediment of the slab containing
MNT-11-7952 is a cream-coloured spongo-diatomite
(see Piton, 1940). Possibly these differences are in-
dicative of different palaeoenvironmental conditions
that could account for the unusual preservation of the
fossil, but the exact taphonomic circumstances that
led to the unusual soft tissue preservation of MNT-11-
7952 still remain to be determined.

Future physico-chemical analyses are also needed to
assess the cause of the bluish hue shown by the feather
remains. The obvious conclusion that it is due to mod-
ified keratin residues is not supported by the fact that
the podotheca does not show this unusual coloration;
as a protein, keratin furthermore has a low fossiliz-
ation potential (e.g. Saitta et al. 2017). We consider
it most likely that the blue colouration of the fossil
plumage is due to physical characteristics of the feather
residues that are absent in other soft tissue remains pre-
served in the fossil, and possibly it is caused by light
scattering (e.g. Prum et al. 1998) from fossil feather
microstructures such as melanosomes, the melanin-
containing cell organelles (Vinther et al. 2008). A light
scattering effect of fossilized feather microstructures
is, however, unknown from the numerous other cases

of fossil feather preservation known to us. Detailed
analyses are therefore, required to exclude alternat-
ive explanations, such as formation of the iron phos-
phate vivianite, which was reported from, e.g., the skin
and bones of subfossil Pleistocene mammals from the
North American mammoth steppe (Guthrie, 2013), but
is unknown from any fossil so far found in Menat.

Acknowledgements. We thank Christophe Borrely
(MNHM) and Ronan Allain (MNHN) for access to fossils
in the collections under their custody, and Stéphane Jouve
(Université Pierre et Marie Curie, Paris VI) for drawing
our attention to the specimen in MNHM. Thanks also to
Florence Quesnel (BRGM, Orléans) and Jérémy Jacob
(Institut des Sciences de la Terre d’Orléans) for their helpful
comments about the palaeoenvironment of the Menat maar.
Comments from two anonymous reviewers improved the
manuscript.

References

Angst, D. & Buffetaut, E. 2013. The first mandible of
Gastornis Hébert, 1855 (Aves, Gastornithidae) from the
Thanetian (Paleocene) of Mont-de-Berru (France). Re-
vue de Paléobiologie 32, 423–32.

Balazuc, J. & Descarpentries, A. 1964. Sur Lampra gau-
tieri et quelques autres Buprestidae fossiles des schistes
de Menat (Puy-de-Dôme). Bulletin de la Société Ento-
mologique de France 69, 47–108.

Bertelli, S., Chiappe, L. M. & Mayr, G. 2012. A new Mes-
sel rail from the Early Eocene Fur Formation of Den-
mark (Aves, Messelornithidae). Journal of Systematic
Palaeontology 9, 551–62.

BiochroM’97. 1997. Synthèses et tableaux de corrélations.
In Actes du Congrès BiochroM’97 (eds J.-P. Aguilar,
S. Legendre & J. Michaux). Mémoires et Travaux de
l’Institut de Montpellier de l’École Pratique des Hautes
Études 21, 769–805.

Boetticher, H. von. 1929. Morphologische und phylogen-
etische Studien über die hornige Fußbekleidung der
Vögel. Jenaische Zeitschrift für Naturwissenschaft 64,
377–448.

Briggs, D. E. G., Kear, A. J., Martill, D. M. & Wilby,
P. R. 1993. Phosphatization of soft-tissue in experi-
ments and fossils. Journal of the Geological Society,
London 150, 1035–8.

Buffetaut, E. 1997. New remains of the giant bird Gast-
ornis from the Upper Palaeocene of the eastern Paris
Basin and the relationships between Gastornis and
Diatryma. Neues Jahrbuch für Geologie und Paläonto-
logie, Monatshefte 3, 179–90.

Buffetaut, E. & Angst, D. 2014. Stratigraphic distribu-
tion of large flightless birds in the Palaeogene of Europe
and its palaeobiological and palaeogeographical implic-
ations. Earth-Science Reviews 138, 394–408.

de Bast, E., Steurbaut, E. & Smith, T. 2013. New mam-
mals from the marine Selandian of Maret, Belgium, and
their implications for the age of the Paleocene contin-
ental deposits of Walbeck, Germany. Geologica Belgica
16, 236–44.

Dollo, L. 1883. Note sur la présence du Gastornis Ed-
wardsii, Lemoine, dans l’assise inférieure de l’étage
Landénien à Mesvin, près Mons. Bulletin du Musée
royal d’Histoire naturelle de Belgique 2, 297–305.

Falk, A. R., Kaye, T. G., Zhou, Z. & Burnham,
D. A. 2016. Laser fluorescence illuminates the soft

G . M AY R , S . H E RV E T & E . B U F F E TAU T582

https://doi.org/10.1017/S0016756818000080 Published online by Cambridge University Press

https://doi.org/10.1017/S0016756818000080


tissue and life habits of the Early Cretaceous
bird Confuciusornis. PLoS One 11, e0167284. doi:
10.1371/journal.pone.0167284.

Garrouste, R., Wedmann, S., Pouillon, J. M. & Nel, A.
2017. The oldest ‘amphipterygid’ damselfly of tropical
affinities in the Paleocene of Menat (Zygoptera: Eucal-
optera). Historical Biology 29, 818–21.

Gingerich, P. D. 1976. Cranial anatomy and evolution
of early Tertiary Plesiadapidae (Mammalia, Primates).
University of Michigan Papers on Paleontology 15, 1–
116.

Guth, C. 1962. Un insectivore de Menat. Annales de
Paléontologie 48, 1–10.

Guthrie, R. D. 2013. Frozen Fauna of the Mammoth Steppe:
The Story of Blue Babe. Chicago: University of Chicago
Press.

Harrison, C. J. O. & Walker, C. A. 1972. The affinities of
Halcyornis from the Lower Eocene. Bulletin of the Brit-
ish Museum (Natural History), Geology series 21, 153–
70.

Hartung, V., Garrouste, R., Pouillon, J. M. & Nel, A.
2016. First fossil of Cylindrostethinae (Heteroptera:
Gerromorpha: Gerridae) in the Paleocene of Menat,
France. Palaeontologia Electronica 19, 1–10.

Hesse, A. 1990. Die Beschreibung der Messelornithidae
(Aves: Gruiformes: Rhynocheti) aus dem Alttertiär
Europas und Nordamerikas. Courier Forschungsinstitut
Senckenberg 128, 1–176.

Hesse, A. 1992. A new species of Messelornis (Aves: Gru-
iformes: Messelornithidae) from the Middle Eocene
Green River Formation. Natural History Museum of Los
Angeles County, Science Series 36, 171–8.

Hou, L. H. 1990. An Eocene bird from Songzi, Hubei
province. Vertebrata PalAsiatica 28, 34–42.

Kedves, M. 1967. Quelques types de sporomorphes du
bassin lignitiferes de Menat. Acta Biologica Szegedien-
sis 13, 11–23.

Kedves, M. & Russell, D. E. 1982. Palynology of the
Thanetian layers of Menat. The geology of the Menat
Basin, France. Palaeontographica, Abteilung В; 182,
87–150.

Ksepka, D. T., Stidham, T. A. & Williamson, T. E. 2017.
Early Paleocene landbird supports rapid phylogenetic
and morphological diversification of crown birds after
the K-Pg mass extinction. Proceedings of the National
Academy of Sciences 114, 8047–52.

Launay, L., de. 1908. La fourrure d’un écureuil tertiaire.
Nature (Paris) 36, 393–5.

Launay, L., de. 1923. Études sur le plateau central. V. Notes
sur le terrain tertiaire de la Limagne bourbonnaise. Bul-
letin des Services de la Carte Géologique de la France
36, 1–146.

Lecoq, H. 1829. Description géologique du bassin de
Menat. Annales Scientifiques, Littéraires et Industri-
elles de l’Auvergne 2, 433–47.

Legalov, A. A., Kirejtshuk, A. G. & Nel, A. 2017. New
and little known weevils (Coleoptera: Curculionoidea)
from the Paleocene of Menat (France). Comptes Rendus
Palevol 16, 248–56.

Linnaeus, C. 1758. Systema Naturae per Regna Tria
Naturae, 10th edition, 2 volumes. L. Salmii, Holmiae,
824 pp.

Martin, L. D. 1992. The status of the Late Paleocene birds
Gastornis and Remiornis. Natural History Museum of
Los Angeles County, Science Series 36, 97–108.

Matsumoto, R., Buffetaut, E., Escuillié, F., Hervet, S.
& Evans, S. E. 2013. New material of the choristodere
Lazarussuchus (Diapsida, Choristodera) from the Pa-

leocene of France. Journal of Vertebrate Paleontology
33, 319–39.

Mayr, G. 1998. A new family of Eocene zygodactyl birds.
Senckenbergiana Lethaea 78, 199–209.

Mayr, G. 2000a. New or previously unrecorded avian taxa
from the Middle Eocene of Messel (Hessen, Germany).
Mitteilungen aus dem Museum für Naturkunde in Ber-
lin, Geowissenschaftliche Reihe 3, 207–19.

Mayr, G. 2000b. A new raptor-like bird from the Lower Eo-
cene of North America and Europe. Senckenbergiana
Lethaea 80, 59–65.

Mayr, G. 2002. An owl from the Paleocene of Walbeck, Ger-
many. Mitteilungen aus dem Museum für Naturkunde in
Berlin, Geowissenschaftliche Reihe 5, 283–8.

Mayr, G. 2005. The postcranial osteology and phylogenetic
position of the Middle Eocene Messelastur gratulator
Peters, 1994 – a morphological link between owls (Stri-
giformes) and falconiform birds? Journal of Vertebrate
Paleontology 25, 635–45.

Mayr, G. 2007. The birds from the Paleocene fissure filling
of Walbeck (Germany). Journal of Vertebrate Paleonto-
logy 27, 394–408.

Mayr, G. 2009. Paleogene Fossil Birds. Berlin, Heidelberg:
Springer, 262 pp.

Mayr, G. 2011. Well-preserved new skeleton of the Middle
Eocene Messelastur substantiates sister group rela-
tionship between Messelasturidae and Halcyornithidae
(Aves, ?Pan-Psittaciformes). Journal of Systematic Pa-
laeontology 9, 159–71.

Mayr, G. 2015. A reassessment of Eocene parrotlike fossils
indicates a previously undetected radiation of zygodac-
tyl stem group representatives of passerines (Passeri-
formes). Zoologica Scripta 44, 587–602.

Mayr, G. 2016. The world’s smallest owl, the earliest un-
ambiguous charadriiform bird, and other avian remains
from the early Eocene Nanjemoy Formation of Virginia
(USA). Paläontologische Zeitschrift 90, 747–63.

Mayr, G. 2017a. Avian Evolution: The Fossil Record of
Birds and its Paleobiological Significance. Chichester:
Wiley-Blackwell, 293 pp.

Mayr, G. 2017b. The early Eocene birds of the Messel fossil
site: a 48 million-year-old bird community adds a tem-
poral perspective to the evolution of tropical avifaunas.
Biological Reviews 92, 1174–88.

Mayr, G. 2017c. New species of Primozygodactylus from
Messel and the ecomorphology and evolutionary signi-
ficance of early Eocene zygodactylid birds (Aves, Zy-
godactylidae). Historical Biology 29, 875–84.

Mayr, G. 2017d. A small, “wader-like” bird from the early
Eocene of Messel (Germany). Annales de Paléontologie
103, 141–7.

Mayr, G. & Clarke, J. 2003. The deep divergences of neor-
nithine birds: a phylogenetic analysis of morphological
characters. Cladistics 19, 527–53.

Mayr, G. & Peters, D. S. 1998. The mousebirds (Aves:
Coliiformes) from the Middle Eocene of Grube Messel
(Hessen, Germany). Senckenbergiana lethaea 78, 179–
97.

Mayr, G. & Weidig, I. 2004. The Early Eocene bird Gallin-
uloides wyomingensis – a stem group representative of
Galliformes. Acta Palaeontologica Polonica 49, 211–7.

McNamara, M. E., Orr, P. J., Kearns, S. L., Alcalá, L.,
Anadón, P. & Penalver Molla, E. 2009. Soft-tissue
preservation in Miocene frogs from Libros, Spain: in-
sights into the genesis of decay microenvironments.
Palaios 24, 104–17.

Mourer-Chauviré, C. 1992. The Galliformes (Aves) from
the Phosphorites du Quercy (France): systematics

Paleocene birds from Menat 583

https://doi.org/10.1017/S0016756818000080 Published online by Cambridge University Press

https://doi.org/10.1371/journal.pone.0167284
https://doi.org/10.1017/S0016756818000080


and biostratigraphy. Natural History Museum of Los
Angeles County, Science Series 36, 67–95.

Mourer-Chauviré, C. 1994. A large owl from the Palaeo-
cene of France. Palaeontology 37, 339–48.

Mourer-Chauviré, C. 1995. The Messelornithidae (Aves:
Gruiformes) from the Paleogene of France. Courier
Forschungsinstitut Senckenberg 181, 95–105.

Mourer-Chauviré, C. 1996. Paleogene avian localities of
France. In Tertiary Avian Localities of Europe (ed. J.
Mlíkovský). Acta Universitatis Carolinae, Geologica
39, 567–98.

Mourer-Chauviré, C. & Bourdon, E. 2016. The Gast-
ornis (Aves, Gastornithidae) from the Late Paleocene
of Louvois (Marne, France). Swiss Journal of Palaeon-
tology 135, 327–41.

Nabozhenko, M. V. & Kirejtshuk, A. G. 2014. Cryptohel-
ops menaticus – a new genus and species of the tribe
Helopini (Coleoptera: Tenebrionidae) from the Palaeo-
cene of Menat (France). Comptes Rendus Palevol 13,
65–71.

Nabozhenko, M., & Kirejtshuk, A. 2017. The oldest opat-
rine terrestrial darkling beetle (Coleoptera: Tenebri-
onidae: Tenebrioninae) from the Paleocene of Menat
(France). Palaeontologische Zeitschrift 91, 307–13.

Nel, A. 2008. The oldest bee fly in the French Paleo-
cene (Diptera: Bombyliidae). Comptes Rendus Palevol
7, 401–5.

Ni, X., Gebo, D. L., Dagosto, M., Meng, J., Tafforeau,
P., Flynn, J. J. & Beard, K. C. 2013. The oldest known
primate skeleton and early haplorhine evolution. Nature
498, 60–4.

Painter, T. J. 1991. Lindow man, Tollund man and other
peat-bog bodies: the preservative and antimicrobial ac-
tion of sphagnan, a reactive glycuronoglycan with tan-
ning and sequestering properties. Carbohydrate Poly-
mers 15, 123–42.

Peters, D. S. 1988. Die Messel-Vögel – eine Land-
vogelfauna. In Messel – Ein Schaufenster in die
Geschichte der Erde und des Lebens (eds S. Schaal &
W. Ziegler), pp. 135–51. Frankfurt am Main: Kramer,
315 pp.

Piton, L.-E. 1940. Paléontologie du gisement éocène de
Menat (Puy-de-Dôme) (flore et faune). Mémoires de la
Société d’Histoire Naturelle d’Auvergne 1, 1–303.

Prum, R. O., Torres, R. H., Williamson, S. & Dyck, J.
1998. Coherent light scattering by blue feather barbs.
Nature 396, 28–9.

Prum, R. O., Berv, J. S., Dornburg, A., Field, D. J.,
Townsend, J. P., Lemmon, E. M. & Lemmon, A. R.
2015. A comprehensive phylogeny of birds (Aves) us-
ing targeted next-generation DNA sequencing. Nature
526, 569–73.

Rich, P. V. & Bohaska, D. J. 1981. The Ogygoptyngidae, a
new family of owls from the Paleocene of North Amer-
ica. Alcheringa 5, 95–102.

Russell, D. E. 1967. Sur Menatotherium et l’âge paléocène
du gisement de Menat (Puy-de-Dôme). Problèmes ac-
tuels de paléontologie. Évolution des vertébrés. Col-
loques Internationaux du C.N.R.S. 163, 483–9.

Saitta, E. T., Rogers, C., Brooker, R. A., Abbott, G. D.,
Kumar, S., O’Reilly, S. S., Donohoe, P., Dutta, S.,
Summons, R. E. & Vinther, J. 2017. Low fossilization
potential of keratin protein revealed by experimental ta-
phonomy. Palaeontology 60, 547–56.

Smith, T., Quesnel, F., De Ploëg, G., De Franceschi,
D., Métais, G., De Bast, E., Solé, F., Folie, A.,
Boura, A., Claude, J., Dupuis, C., Gagnaison, C.,
Iakovleva, A., Martin, J., Maubert, F., Prieur, J.,
Roche, E., Storme, J. Y., Thomas, R., Tong, H., Yans,
J. & Buffetaut, E. 2014. First Clarkforkian equival-
ent Land Mammal Age in the latest Paleocene basal
Sparnacian facies of Europe: fauna, flora, paleoenvir-
onment and (bio)stratigraphy. PLoS One 9, e86229. doi:
10.1371/journal.pone.0086229.

Thibault, A., Jacob, J., Quesnel, F., LeMilbeau, C. &
Bossard, N. 2014. Diversité et évolution des biomar-
queurs moléculaires dans les sédiments du Maar de
Menat (Paléocène). In Résumés de la 24e Réunion des
Sciences de la Terre, pp. 280–1. Université de Pau et
des Pays de l’Adour.

Turner-Walker, G. & Peacock, E. E. 2008. Preliminary
results of bone diagenesis in Scandinavian bogs. Pa-
laeogeography, Palaeoclimatology, Palaeoecology 266,
151–9.

Vigors, N. A. 1825. XXII. Observations on the natural af-
finities that connect the orders and families of birds.
Transactions of the Linnean Society of London 14, 395–
517.

Vincent, P. M., Aubert, M., Boivin, P., Cantagrel, J. M.
& Lenat, J. P. 1977. Découverte d’un volcanisme
paléocène en Auvergne: les maars de Menat et leurs an-
nexes; étude géologique et géophysique. Bulletin de la
Société géologique de France 19, 1057–70.

Vinther, J., Briggs, D. E. G., Prum, R. O. & Saranathan,
V. 2008. The color of fossil feathers. Biology Letters 4,
522–5.

Wang, M., Mayr, G., Zhang, J. & Zhou, Z. 2012. Two new
skeletons of the enigmatic, rail-like avian taxon Song-
zia Hou, 1990 (Songziidae) from the early Eocene of
China. Alcheringa 36, 487–99.

Wappler, T., Currano, E. D., Wilf, P., Rust, J. &
Labandeira, C. C. 2009. No post-Cretaceous eco-
system depression in European forests? Rich insect-
feeding damage on diverse middle Palaeocene plants,
Menat, France. Proceedings of the Royal Society of Lon-
don B: Biological Sciences 276, 4271–77.

Wedmann, S., Wappler, T. & Engel, M. S. 2009. Direct
and indirect fossil records of megachilid bees from the
Paleogene of Central Europe (Hymenoptera: Megachil-
idae). Naturwissenschaften 96, 703–12.

Yuri, T., Kimball, R. T., Harshman, J., Bowie, R. C. K.,
Braun, M. J., Chojnowski, J. L., Han, K.-L.,
Hackett, S. J., Huddleston, C.-J., Moore, W.-S.,
Reddy, S., Sheldon, F. H., Steadman, D. W., Witt,
C. C. & Braun, E. L. 2013. Parsimony and model-
based analyses of indels in avian nuclear genes reveal
congruent and incongruent phylogenetic signals.
Biology 2, 419–44.

G . M AY R , S . H E RV E T & E . B U F F E TAU T584

https://doi.org/10.1017/S0016756818000080 Published online by Cambridge University Press

https://doi.org/10.1371/journal.pone.0086229
https://doi.org/10.1017/S0016756818000080



