515

Biol. Rev. (2005), 80, pp. 515–542. f 2005 Cambridge Philosophical Society
doi:10.1017/S1464793105006779 Printed in the United Kingdom

The Paleogene fossil record of birds in Europe
Gerald Mayr
Forschungsinstitut Senckenberg, Sektion Ornithologie, Senckenberganlage 25, D-60325 Frankfurt am Main, Germany.
(Email : Gerald.Mayr@senckenberg.de)
(Received 26 July 2004 ; revised 22 February 2005 ; accepted 23 February 2005 )

ABSTRACT
The Paleogene (Paleocene–Oligocene) fossil record of birds in Europe is reviewed and recent and fossil taxa
are placed into a phylogenetic framework, based on published cladistic analyses. The pre-Oligocene European
avifauna is characterized by the complete absence of passeriform birds, which today are the most diverse and
abundant avian taxon. Representatives of small non-passeriform perching birds thus probably had similar
ecological niches before the Oligocene to those ﬁlled by modern passerines. The occurrence of passerines towards
the Lower Oligocene appears to have had a major impact on these birds, and the surviving crown-group
members of many small arboreal Eocene taxa show highly specialized feeding strategies not found or rare in
passeriform birds. It is detailed that no crown-group members of modern ‘families ’ are known from preOligocene deposits of Europe, or anywhere else. The phylogenetic position of Paleogene birds thus indicates that
diversiﬁcation of the crown-groups of modern avian ‘families ’ did not take place before the Oligocene, irrespective
of their relative position within Neornithes (crown-group birds). The Paleogene fossil record of birds does not
even support crown-group diversiﬁcation of Galliformes, one of the most basal taxa of neognathous birds, before
the Oligocene, and recent molecular studies that dated diversiﬁcation of galliform crown-group taxa into the
Middle Cretaceous are shown to be based on an incorrect interpretation of the fossil taxa used for molecular clock
calibrations. Several taxa that occur in the Paleogene of Europe have a very diﬀerent distribution than their
closest extant relatives. The modern survivors of these Paleogene lineages are not evenly distributed over the
continents, and especially the great number of taxa that are today restricted to South and Central America is
noteworthy. The occurrence of stem-lineage representatives of many taxa that today have a restricted Southern
Hemisphere distribution conﬂicts with recent hypotheses on a Cretaceous vicariant origin of these taxa, which
were deduced from the geographical distribution of the basal crown-group members.
Key words : Aves, Paleogene, Europe, fossil record, biogeography, diversiﬁcation of neornithine taxa.
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I. INTRODUCTION
Europe has the most complete and best studied Paleogene,
i.e. Paleocene–Oligocene (65–24 million years ago), fossil
record of birds, and some sites have yielded numerous
well-preserved avian remains (Table 1). However, despite
intensive study of these and other localities in the past decades, much uncertainty still exists on the exact composition
of the Paleogene European avifauna.
Earlier identiﬁcations of isolated, fragmentary remains
are often very doubtful, given the mosaic character distribution (e.g. Olson, 1977a) in Paleogene birds. Most problematic in this regard is the description of many species from
the Eocene of England that are based on non-comparable
elements of diﬀerent parts of the skeleton (Harrison &
Walker, 1976 c, 1977, 1979 a, b ; see Steadman, 1981 and
below). In addition, most earlier assignments of Paleogene
birds to modern groups were not established with derived
characters (e.g. Cracraft, 1980) but are based on overall
similarity that, in the case of Paleogene taxa, can be quite
misleading. If fossil birds are assigned to modern taxa, and
especially if conclusions about the diversiﬁcation time of
these are drawn, it is further important to assess whether the
fossil species are members of the crown-group (i.e. belong to
a clade including the stem species of this modern taxon
and all its descendants), or are stem-group representatives
(i.e. are outside the crown-group). Unfortunately, such a
distinction has also been made in recent years only.
The Paleogene avian record from Europe is in dire need
of revision, as many new avian taxa have been described
in the past decade, quickly outdating the existing earlier
surveys (Olson, 1985 ; Mlı́kovskỳ, 1996 b ; Bocheński, 1997).
A recently published catalogue by Mlı́kovskỳ (2002) is a
valuable source for the species described until the date of
its publication and the corresponding references. However,
that study uses a very unorthodox and often evidently
incorrect taxonomy and phylogeny (see Mourer-Chauviré,
2004 for a review), and numerous taxa are synonymized
without ﬁrst-hand examination of the specimens.
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Here, I review the Paleogene avifauna of Europe and
evaluate its paleobiogeographic relationships and implications for the timing of the origin of the modern taxa. This
study is not intended to be a list of all Paleogene species
that have been described so far, but a survey on those taxa
that are known from suﬃciently well-preserved remains to
ascertain their distinctiveness. Based on published cladistic
analyses, several recent and fossil taxa are placed into a
phylogenetic framework and derived characters are listed
that support the proposed phylogenies. The temporal distribution of the taxa is summarized in Table 2.

II. COMPOSITION OF THE PALEOGENE
EUROPEAN AVIFAUNA
( 1) Palaeognathae
Virtually all recent phylogenetic analyses support monophyly of the Palaeognathae, i.e. a clade including Tinamidae
(tinamous) and the ﬂightless ratites (see Sibley & Ahlquist,
1990; Livezey & Zusi, 2001; Mayr & Clarke, 2003). Palaeognathous birds today only occur in the Southern Hemisphere
but are represented with several taxa in the Paleogene of
Europe.
The Lithornithidae were reported from the Fur Formation, the London Clay, and the early Paleogene of
North America (Houde, 1988 ; Kristoﬀersen, 1999, 2002b).
Although clearly identiﬁed as palaeognathous birds by their
palatal structure, the phylogenetic aﬃnities between lithornithids and other palaeognathous birds are unresolved
(Houde, 1988 ; Dyke & van Tuinen, 2004), which is in part
due to the fact that even the exact composition of this taxon,
which was considered paraphyletic by Houde (1986, 1988),
is uncertain. Lithornithids are distinguished from all other
palaeognathous birds by the plesiomorphic presence of a
well-developed hallux. All named European species come
from the London Clay, and include Lithornis Owen 1840
and a taxon that was tentatively referred to Pseudocrypturus
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Table 1. Major Paleogene European fossil localities that have yielded bird remains (see Mlı́kovskỳ, 1996b for a complete list)
Locality

Age

Kind of deposit

Selected references

Fur Formation, Denmark
London Clay, England

Latest Paleocene/Lowermost Eocene
Lower Eocene

Marine
Marine

Messel, Germany

Middle Eocene

Lake deposit

Geiseltal, Germany

Middle to Upper Eocene

Peatbogs and small lakes

Quercy, France

Middle Eocene to Upper Oligocene

Fissure ﬁllings

Frauenweiler, Germany
Céreste, France

Lower Oligocene
Lower Oligocene

Marine
Lacustrine

Kristoﬀersen (2002 b)
Harrison & Walker (1977),
Daniels in Feduccia (1999,
p. 167)
Schaal & Ziegler (1988),
Peters (1988 a),
Mayr (2000 f )
Krumbiegel et al. (1983),
Mayr (2002 f )
Mourer-Chauviré (1995 a,
1996)
Trunkó & Munk (1998)
Mourer-Chauviré (1996)

Houde 1988 by Houde (1988). Lithornithids and modern
Tinamidae are the only known volant palaeognathous birds.
Lithornithids are unknown from Middle Eocene deposits
of Europe where another palaeognathous taxon, the Palaeotididae, occurs. Well-preserved skeletons of the latter birds
were discovered in the Geiseltal and in Messel (Houde &
Haubold, 1987; Peters, 1988 b ; Mayr, 2002f ). The Palaeotididae are distinguished from the Lithornithidae, and
agree with a subclade of modern ratites, i.e. Struthionidae
(ostrich), Rheidae (rheas), and Casuariidae (emus and cassowaries), in the presence of well-developed supraorbital
processes, reduced sternal keel, presence of a scapulocoracoid, and loss of the hallux. Whereas Houde (1986) and
Houde & Haubold (1987) considered a sister-group relationship between Palaeotididae and Struthionidae, Peters
(1988 b) assumed a closer relationship with the Rheidae.
However, evidence for neither hypothesis is convincing.
Houde & Haubold (1987, p. 37) themselves indicated that
their character evidence consists of ‘ trivial characters ’ and
Peters (1988 b, p. 223) noted that, concerning his characters,
‘ there remain some doubts concerning the synapomorphic
nature of these features ’. Referring to an unpublished
cladistic analysis, Dyke & van Tuinen (2004) considered
the Palaeotididae to be the sister taxon of all modern
ratites, but did not present the character evidence for this
hypothesis.
The Remiornithidae are known from leg bones and
few associated remains from the late Paleocene of France
(Martin, 1992). The absence of an ossiﬁed supratendinal
bridge on the distal tibiotarsus and the structure of the
hypotarsus indicate palaeognathous aﬃnities of these birds,
but their relationships to other palaeognathous birds are
uncertain pending on the discovery of more material.
A fragmentary large pelvis from the Middle Eocene of
Switzerland was described as Eleutherornis helveticus by Schaub
(1940), who considered it to be a ratite bird. This specimen
formed the basis of the Eleutherornithidae Wetmore 1951,
but the known fossils are too fragmentary to exclude the
possibility that Eleutherornis belongs to the Palaeotididae,
Remiornithidae, or the anseriform Gastornithidae.

(2 ) Neognathae
( a ) Galliformes (landfowl )
Crown-group Galliformes comprise the Australian Megapodiidae (megapodes), the New World Cracidae (guans,
chachalacas, and currasows), and the Phasianidae (grouse,
quails, pheasants, and allies), which have a worldwide
distribution and are the only galliform taxon that occurs
in Europe.
Galliformes are well-represented and fairly diversiﬁed in
the Paleogene of Europe and all suﬃciently well-preserved
pre-Oligocene taxa reported so far are stem-group representatives of this taxon (contra Mlı́kovskỳ, 2002; Dyke,
2003 ; Dyke & van Tuinen, 2004; van Tuinen & Dyke,
2004).
Paraortygoides Mayr 2000, the earliest European galliform
bird (Fig. 1), was ﬁrst described from Messel and belongs
to the Gallinuloididae, a taxon that was originally erected
for the Lower Eocene Gallinuloides wyomingensis Eastman
1900 from the North American Green River Formation.
Paraortygoides and Gallinuloides are clearly identiﬁed as stemgroup Galliformes by the cup-like scapular articulation facet
on the coracoid that also occurs in Anseriformes, the sister
taxon of Galliformes, and certainly is plesiomorphic within
neornithine birds (Mayr, 2000 a ; Mayr & Weidig, 2004 ; Fig.
1). Mlı́kovskỳ’s (2002) synonymization of Gallinuloididae
and modern Cracidae is thus without any foundation and
incorrect. Mourer-Chauviré (1988 a) also assigned a distal
tarsometatarsus from the Upper Eocene Quercy ﬁssure
ﬁllings to the Gallinuloididae, in the genus Taoperdix
Milne-Edwards 1871. As detailed by Mayr & Weidig (2004),
the Upper Oligocene Taoperdix pessieti (Gervais 1862), the
type species of the genus Taoperdix, is, however, not a
member of the Gallinuloididae (contra Brodkorb, 1964), and
the aﬃnities of this taxon need to be restudied. My examination of the type specimens revealed that Paraortygoides
radagasti Dyke & Gulas 2002 from the London Clay is
probably a junior synonym of Argillipes paralectoris Harrison
& Walker 1977 from the same locality, with which it was
not compared by Dyke & Gulas (2002).
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Table 2. Temporal distribution of avian taxa in major Paleogene European fossil localities. Only taxa that are known from
substantial, diagnostic parts of the skeleton and dated localities are listed ; extinct taxa are indicated by a dagger. Shaded ﬁelds
indicate the temporal distribution of these taxa in Europe ; shaded ﬁelds without locality entry are extrapolated from the minimum
and maximum age (several taxa are known from Miocene or younger deposits). Correlation of the fossil localities with a
Mammalian Paleogene (MP) level is after Mlı́kovskỳ (1996b) and Legendre & Lévêque (1997). Abbreviations of localities :
Au – Austria ; Be – Mont de Berru/Cernay les Reims, France ; Ce – Céreste, France ; Eg – England ; En – Enspel, Germany ;
Fl – Flörsheim, Germany ; Fr – Central France ; Fu – Fur Formation, Denmark ; Fw – Frauenweiler, Germany ;
Ga – Gaimersheim, Germany ; Ge – Geiseltal, Germany ; Ha – Hampshire, England ; He – Herrlingen, Germany ;
Ho – Hoogbutsel/Boutersem, Belgium ; Le – Leipzig area, Germany ; Lo – London Clay, England ; Ma – Matt, Switzerland ;
Me – Messel, Germany ; Mo – Montmartre gypsum, France ; Ne – Nederokkerzeel, Belgium ; Qu – Quercy ﬁssure ﬁllings,
France ; Si – Siegsdorf, Germany ; Wa – Walbeck, Germany
Eocene
Oligocene
Middle
Paleocene
MP 1–6

Lower
MP 7–10 MP 11–13

Upper
Lower
MP 14–16 MP 17–20 MP 21–24

Upper
MP 25–30

PALAEOGNATHAE

#Lithornithidae
#Palaeotididae
#Remiornithidae (Palaeognathae
inc. sed.)

Lo, Fu
Me, Ge
Be

NEOGNATHAE

Galliformes : #Gallinuloididae
#Quercymegapodiidae
#Paraortygidae
Phasianidae
Anseriformes : #Gastornithidae
?Anseranatidae
Presbyornithidae
Anatidae
Gaviiformes : #Colymboides
Procellariiformes : #Diomedeoididae
#Pelagornithidae
Pelecaniformes : #Prophaethontidae
Sulidae
Phalacrocoracidae
Phoenicopteriformes : #Palaelodidae
Phoenicopteridae
#Juncitarsus
‘Ciconiiformes ’ : Threskiornithidae
Ardeidae
‘Gruiformes ’ : #Messelornithidae
Rallidae
Gruidae
#Elaphrocnemus
#Idiornithidae
#Salmilidae
#Ameghinornithinae
Charadriiformes : #Turnipacidae
?Glareolidae
Scolopacidae
Laridae
Alcidae
Columbiformes : Pteroclidae
‘Falconiformes ’ : Cathartidae
Sagittariidae
#Horusornithidae
Accipitridae
Strigiformes : cf. #Tynskya, #Messelastur
#Sophiornithidae
Protostrigidae
#Palaeoglaucidae
Tytonidae

Lo

Be, Wa

Lo
Lo

Me

?Qu
Qu

Qu
Qu

Lo
Lo

Qu
Qu

Me, Ge
Fr
?Ha
?Ha
Ha

Eg

Le, Qu

Ne
?Me

?Ho
Fw, Ho
Fw, Le
Fr

Quercy, unknown horizon
Ho
Fr, ?Ho
Me
Me

Fl
Fr, Si
En, ?Fr
Fr
Fr

Ce
Qu

Be

Me

Me, Ge
Me
Me

Qu

Qu
?Fr, Ha
?Ha
Qu
Qu

?Qu

Qu
Ho, Le

Fr

Qu
Qu, ?Ho

Qu
Qu

Qu
Ce
Ho
Ce

Fr
Fr
Au
Qu

Qu
Qu
?Ha
Lo

Qu

Qu

?Ho

Fr

Me

?Be, ?Wa
Lo
?Me

Quercy, unknown horizon
Le
Qu
?Qu
?Qu

?Qu
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Table 2. (cont.)
Eocene
Oligocene
Middle
Paleocene
MP 1–6
Psittaciformes : #Pseudasturidae
#Quercypsittidae
#Psittacopes
Musophagiformes
Coliiformes : #Sandcoleidae
Coliidae
Trogoniformes
Caprimulgiformes s.s. : Nyctibiidae
Caprimulgidae
#Archaeotrogonidae
Podargidae
Apodiformes : #Eocypselidae
#Aegialornithidae
?Hemiprocnidae
Apodidae
Trochilidae
?Leptosomidae (#Plesiocathartes)
Coraciiformes s.s. : #Primobucconidae
#Eocoraciidae
#Geranopteridae
Alcediniformes : #Quasisyndactylus
?Momotoidea
Upupiformes : #Messelirrisoridae
#Laurillardiidae
Piciformes : #Sylphornithidae
#Gracilitarsidae
Pici
#Primoscenidae
Passeriformes
Incertae sedis : #Palaeopsittacus
cf. #Fluvioviridavis1
#Pumiliornis2
1
2

Lower
MP 7–10 MP 11–13
Lo

Me, Ge

Lo

Me

?Fu

Me, Ge, Fr
Me, Ge
Me
Me

Upper
Lower
MP 14–16 MP 17–20 MP 21–24

Upper
MP 25–30

Qu
Ga
Lo, Fu

Qu

Qu

Fw, Ho
Ce, Ma
Quercy, unknown horizon

?Qu
?Lo

Me
Me

Qu

Qu

Qu
Qu

Qu

Qu

Qu

Lo, Fu
Ge

Lo
Lo

Qu
Qu

Me
Me
Me, Ge
Me
Me

Fr
Fw
Quercy, unknown horizon
Qu

Me
Lo

Qu

Qu, Ma

Mo
?Mo

Ho

Me, Ge
Qu
Me

Lo, Fu

Me

Lo
Lo

Me

Ho

He

Fw, Ce

Fr, Qu

Me

See Mayr & Daniels (2001).
See Mayr (1999 c).

The Quercymegapodiidae and Paraortygidae are known
from many well-preserved bones from the Middle to Upper
Eocene and Oligocene, respectively, Quercy ﬁssure ﬁllings
(Mourer-Chauviré, 1992 a) and from the Lower Oligocene
of Germany (Fischer, 1990, 2003). These two taxa are also
identiﬁed as stem-group Galliformes by the plesiomorphic
presence of a cup-like scapular articulation facet on the
coracoid (Mourer-Chauviré, 1992 a ; Fig. 1), and Mlı́kovskỳ’s
(2002) synonymization of the Quercymegapodiidae with
modern Megapodiidae again is incorrect. Ludiortyx hoﬀmanni
(Gervais, 1852) from the Upper Eocene of Paris, classiﬁed
into the Gallinuloididae by Brodkorb (1964) but considered
to belong to the Rallidae (rails) by Brunet (1970) and
Cracraft (1973), probably is a member of the Quercymegapodiidae with which it has not yet been compared (Mayr,
2000 a).
Fragmentary remains of other putative Galliformes which
were reported as ‘Phasianidae ’ from the Paleogene of

England by Harrison & Walker (1977, 1979 a, b) need to be
restudied and compared with the above taxa.
The earliest European crown-group galliform bird is the
Upper Oligocene phasianid taxon Palaeortyx (MourerChauviré, 1992). According to Ballmann (1969) this taxon
most closely resembles the modern Arborophila, which is
widespread in the tropical and subtropical regions of Africa
and Asia, although these similarities may well be plesiomorphic within Galliformes and have not yet been evaluated in a cladistic context.

( b ) Anseriformes (waterfowl, incl. Gastornithidae)
Crown-group Anseriformes include the South American
Anhimidae (screamers), the Australian Anseranatidae
(magpie goose), and the Anatidae (swans, geese, and ducks).
Only the last group today occurs in Europe.

Cracida
e

odiidae
Megap

ymegap
odiidae
†Querc

†Parao
rtygida
e

loidida
e
†Gallin
u

Phasia
nidae
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4

3

2

1
10 mm

Fig. 1. Phylogenetic relationships between Paleogene and extant taxa of the Galliformes (after Mayr & Weidig, 2004), with a ﬁgure
of Paraortygoides messelensis Mayr 2000 (Gallinuloididae) from the Middle Eocene of Messel in Germany (holotype specimen). Extinct
taxa are indicated by a dagger, the arrow indicates the crown-group. The nodes are supported by the following diagnostic
synapomorphies : 1 – humerus with markedly elongated tuberculum dorsale ; tarsometatarsus, plantar side of articular surface of
trochlea metatarsi III asymmetric with lateral ridge protruding farther proximally than medial ridge. 2 – Humerus with transversal
ridge at beginning of incisura capitis (weakly developed in Quercymegapodiidae). 3 – Cotyla scapularis of coracoid shallow.
4 – Carpometacarpus with wide spatium intermetacarpale and strongly bowed os metacarpale minus.

The giant ﬂightless Gastornithidae (‘Diatrymidae’ auct.,
see Buﬀetaut, 1997, and Mlı́kovskỳ, 2002 who synonymized
Gastornis Hébert 1855 and Diatryma Cope 1876) were shown
to be the sister taxon of crown-group Anseriformes by
Andors (1992). In Europe, gastornithids were reported from
the Paleocene and Lower Eocene of England, France, and
Germany (e.g. Fischer, 1962, 1978; Andors, 1992; Buﬀetaut,
1997). Gastornithidae also occur in the Lower Eocene of
China (Hou, 1980) and North America, and are evidence
for the existence of a land connection between Europe and
North America by that time (Andors, 1992).
The extinct Presbyornithidae are abundant anseriform
birds in the Paleogene of North America (Olson & Feduccia,
1980a) and were identiﬁed in Europe by Harrison & Walker
(1976 c, 1978) and Dyke (2001 e).
From the London Clay, Olson (1999b) reported an
anseriform species, Anatalavis oxfordi Olson 1999, that is represented by most of the cranial half of the skeleton including the skull. A. oxfordi was considered by Olson (1999 b) to
be most closely related to the Anseranatidae, but at least the
large pneumatic foramen on the sternal end of the coracoid,
which was listed as supporting evidence and also occurs in

the Anhimidae, may be plesiomorphic within Anseriformes
(Livezey, 1986; it is equally parsimonious to assume that this
foramen evolved in the stem species of Anseriformes and
was reduced in the Anatidae, or that it convergently evolved
in Anseranatidae and Anhimidae). A phylogenetic analysis
by Dyke (2001 e) resulted in a sister-group relationship between A. oxfordi and a clade including Presbyornithidae and
Anatidae. However, this analysis is considerably ﬂawed by
the fact that only 22 of the 123 included characters could
be coded for A. oxfordi, and that characters listed as evidence
for anseranatid aﬃnities of Anatalavis by Olson (1999b) were
not included, e.g. concerning the morphology of the furcula
that ‘ is absolutely distinctive in being V-shaped and having
a long, broad symphysis, thus resembling only Anseranas
among the Anseriformes ’ (Olson, 1999b, p. 241). Anatalavis
was originally described from the Upper Cretaceous or early
Paleocene of New Jersey (Olson & Parris, 1987, see Olson,
1994 for the age of this locality), and Mlı́kovskỳ (2002)
separated A. oxfordi in a new genus, Nettapterornis. I agree with
Mourer-Chauviré (2004) that the known material does
not justify this action. Mlı́kovskỳ (1996 a, 2002) and Olson
(1999b) noted that another anseriform, Romainvillia stehlini
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Lebedinsky 1927 from the Upper Eocene of France, may
also belong to the Anseranatidae. So far, however, no derived
characters have been presented which support this assumption, and the coracoid of Romainvillia lacks the pneumatic
foramen which is characteristic for the coracoid of the
Anseranatidae (Mayr & Smith, 2001). The plesiomorphic
(Livezey, 1986 ; Olson, 1999b) presence of a foramen for
the supracoracoideus nerve, however, shows Anatalavis and
Romainvillia to be outside crown-group Anatidae. A further
putative member of the Anseranatidae, Anserpica kiliani, has
recently been reported from the Upper Oligocene of France
(Mourer-Chauviré, Berthet & Hugueney, 2004).
The earliest European representative of crown-group
Anatidae may be Paracygnopterus scotti Harrison & Walker
1979 from the early Oligocene of England. The coracoid
of Paracygnopterus exhibits a distinct incision for the supracoracoideus nerve which is present in many recent
Anserinae (swans and geese), but absent in Anatinae (ducks)
and Dendrocygninae (whistling-ducks). Remains of Paracygnopterus were also tentatively identiﬁed in the Lowermost
Oligocene of Belgium by Mayr & Smith (2001). Also from
the Oligocene of Belgium, a large anseriform taxon was
described as Cygnopterus by Lambrecht (1931), who considered it to be a swan. At least judging from the published
illustrations, Cygnopterus is very similar to the presumed
presbyornithid (Dyke, 2001e) Headonornis Harrison & Walker
1976 from the Upper Eocene of England, with which is has
not yet been compared. Mionetta Livezey & Martin 1988,
which occurs in the Upper Oligocene of France (Hugueney
et al., 2003), was shown to occupy a basal position within
crown-group Anatidae by Livezey & Martin (1988).
( c) Gaviiformes (loons) and Procellariiformes (tubenoses and petrels)
In Europe, the earliest record of Gaviiformes is Colymboides
anglicus Lydekker 1891 from the Upper Eocene of England
(Storer, 1956). This species is represented by a coracoid, a
referred humerus, and a referred frontal part of the skull
(Harrison & Walker, 1976c). Another species of Colymboides,
Colymboides belgicus, was described from the lowermost
Oligocene of Belgium and is based on a proximal carpometacarpus and a distal ulna (Mayr & Smith, 2002 b).
Recently, a disarticulated skeleton of a new species of
Colymboides, C. metzleri Mayr 2004, was also found in the
Lower Oligocene of Frauenweiler (Mayr, 2004 a). In this
specimen stomach content is preserved, which shows
Paleogene loons to be piscivorous like their modern relatives. Remains of Colymboides are also known from early
Miocene deposits (Storer, 1956). Storer (1956, p. 423) noted
that the hindlimbs of Colymboides were ‘ not as highly adapted
for swimming rapidly and powerfully under water as are
those of living loons ’, and that the ‘ morphological diﬀerences between Colymboides and Gavia are many and rather
great, but they are largely one of size and degree of specialization ’ (p. 425).
The earliest European remains of putative procellariiform
birds were reported from the London Clay (Harrison &
Walker, 1977) but these, a distal end of a humerus described
as Primodroma bournei Harrison & Walker 1977 and a fragmentary beak and proximal end of a carpometacarpus
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described as Marinavis longirostris Harrison & Walker 1977,
are too fragmentary for reliable identiﬁcation (see also
Steadman, 1981 ; Mlı́kovskỳ, 2002, p. 259). The earliest
European record of procellariiform birds thus is the Diomedeoididae which are known from abundant remains,
including several complete skeletons, from the Lower
Oligocene (Rupelian) of Germany, France, and Belgium,
and the Upper Oligocene of Germany (Cheneval, 1995;
Mayr, Peters & Rietschel, 2002). Diomedeoididae were
further reported from the Oligocene of Iran (Peters &
Hamedani, 2000). These birds are characterized by a
peculiar foot structure with grotesquely widened phalanges,
which are strikingly similar to those of the modern
procellariiform Nesofregetta (Hydrobatidae, storm petrels). In
other respects, however, the skeleton of the Diomedeoididae
strongly diﬀers from all Hydrobatidae, and their phylogenetic aﬃnities to other procellariiform birds are uncertain
(Mayr et al., 2002).
‘Larus’ raemdonckii van Beneden 1871, known from an
incomplete humerus from the Rupelian of Belgium, was
placed in the genus Puﬃnus by Brodkorb (1962), but also
needs to be compared with the Diomedeoididae.
( d ) Pelagornithidae (bony-toothed birds)
The extinct, bony-toothed Pelagornithidae are fairly abundant and greatly diversiﬁed in Paleocene and Lower Eocene
marine deposits of England (Harrison & Walker, 1976 b,
1977 ; Harrison, 1985). However as noted by Olson (1985),
the taxonomy of these birds, which at this locality are
known from isolated remains only, is in dire need of revision
and probably too many taxa are currently recognized.
The large tarsometatarsi from the London Clay that were
assigned to the alleged procellariiform Neptuniavis by
Harrison & Walker (1977) almost certainly belong to one
of the pelagornithid taxa from the same locality, of which
the tarsometatarsus has not been described (Mayr et al.,
2002, see also Harrison & Walker, 1976 b, p. 60). The systematic aﬃnities of the Pelagornithidae are still uncertain
and aﬃnities to Procellariiformes and ‘Pelecaniformes’
were suggested (Harrison & Walker, 1976 b ; Olson, 1985).
Pelagornithidae also occur in the Paleocene to early
Oligocene of the former USSR (e.g. Averianov et al., 1997;
Aslanova & Burchak-Abramovich, 1999), the Eocene of
Nigeria (see Rasmussen, Olson & Simons, 1987), and the
Neogene of Europe, Japan, North and South America,
Antarctica, and New Zealand (Olson, 1985 ; Ono,
Hasegawa & Kawakami, 1985 ; Cheneval, 1993).
( e) ‘Pelecaniformes ’ ( pelicans, cormorants, and allies)
The most completely preserved Paleogene ‘pelecaniform ’
bird from Europe is Prophaethon shrubsolei Andrews 1899, the
single named species of the extinct Prophaethontidae, of
which a partial skeleton has been found in the London Clay
(Harrison & Walker, 1976 a) and a coracoid in Middle
Eocene marine deposits of Belgium (Mayr & Smith, 2002 a).
Prophaethontidae were also tentatively identiﬁed in the
Paleocene of North America (Olson, 1994), and exhibit a
mosaic of derived characters of modern ‘Pelecaniformes’
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(e.g. presence of an articulation facet for the furcula on
the sternal carina and a distinct naso-frontal hinge) and
Procellariiformes (e.g. narrow pelvis and enlarged cnemial
crests on tibiotarsus). Compared to modern birds, the
Prophaethontidae most closely resemble the ‘pelecaniform ’
Phaethontidae (tropicbirds), but their phylogenetic assignment is aggravated by the existing uncertainty regarding
monophyly of the traditional ‘ Pelecaniformes ’ (e.g. Sibley &
Ahlquist, 1990 ; van Tuinen et al., 2001; Mayr, 2003 d ).
There is no Paleogene European record of Pelecanidae
(pelicans), as Protopelicanus cuvieri Reichenbach 1852 was
incorrectly identiﬁed (Olson, 1985, contra Brunet, 1970).
Phalacrocoracidae (cormorants) are known from the
Upper Oligocene of Germany (Mayr, 2001 a) and France
(Mourer-Chauviré et al., 2004) and were also reported
from the Quercy ﬁssure ﬁllings (Mourer-Chauviré, 1995 a).
The Oligocene taxa appear to be outside crown-group
Phalacrocoracidae (Mayr, 2001 a). The coracoid of Borvocarbo
Mourer-Chauviré et al., 2004, from the Upper Oligocene of
France, diﬀers from that of extant Phalacrocoracidae and
Anhingidae, their sister taxon, in the presence of a plesiomorphic, cup-like cotyla scapularis and Borvocarbo may thus
even be outside the clade (Phalacrocoracidae+Anhingidae).
Sulidae (gannets and boobies) were reported from the
Oligocene of Germany (Darga et al., 1999) and France
(Mourer-Chauviré, 1995a). Masillastega Mayr 2002 from
Messel is known from an isolated skull only and was tentatively identiﬁed as a stem-group representative of the
Sulidae (Mayr, 2002d ).
( f ) Charadriiformes (shorebirds, incl. Turnicidae)
Charadriiform birds have a scanty Paleogene record in
Europe. Taxa that are unambiguously within crown-group
Charadriiformes are not known from pre-Oligocene deposits. The Lower Eocene taxa that were reported from
the London Clay consist of very fragmentary remains and
are in need of revision ; the paratypic humerus of the putative pratincole (Glareolidae) Precursor parvus Harrison &
Walker 1977, for example, belongs to the psittaciform
Pseudasturidae (Mayr, 2002 g). A partial skeleton of an
unnamed species of uncertain aﬃnities within Charadriiformes was described from Messel (Mayr, 2000e), but is
too incompletely preserved to allow detailed comparisons.
Scolopacidae (sandpipers, snipes, and allies) were reported
from the Lower Oligocene of Céreste (Roux, 2002), from an
unknown horizon of the Quercy ﬁssure ﬁllings (‘Totanus’
edwardsi Gaillard 1908), and from the Upper Oligocene of
France (Hugueney et al., 2003). The two species of Villetus
Harrison & Walker 1976 from the Upper Eocene of
England are based on distal tibiotarsi and cannot be referred
to the Scolopacidae with conﬁdence (contra Harrison &
Walker, 1976c).
An as yet unnamed charadriiform bird from the Lower
Oligocene of Southern France was ﬁgured and brieﬂy described by Bessonat & Michaut (1973). The aﬃnities of
this specimen, which is in a private collection in France,
are uncertain, but judging from the apparently complete absence of a hallux it may belong within Charadriidae (plovers
and allies). Boutersemia Mayr & Smith 2001 from the Lower
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Oligocene of Belgium is known from several postcranial
elements of two species and was tentatively assigned to the
Glareolidae (pratincoles), but this assignment was based on
a possibly plesiomorphic overall similarity (Mayr & Smith,
2001). Laridae (gulls) are known from the Upper Oligocene
of France (Hugueney et al., 2003; Mourer-Chauviré et al.,
2004; the putative gull Gaviota lipsiensis Fischer 1983 belongs
to the procellariiform Diomedeoididae, see Mayr et al.,
2002). The earliest European record of Alcidae (auks) is a
dissociated skeleton from the Upper Oligocene of Austria
(Mlı́kovskỳ, 1987).
The Turnipacidae were described from the Lower
Oligocene of Céreste (Mayr, 2000 e) and include Turnipax
Mayr 2000 and the tentatively referred Cerestenia Mayr 2000.
Mayr (2000e) assigned these birds to the Charadriiformes
but noted similarities to the Turnicidae (buttonquails), including a highly derived coracoid morphology. If Turnicidae
are indeed within crown-group Charadriiformes as assumed
by Paton et al. (2003), the Turnipacidae may be on their
stem-lineage and the similarities to charadriiform birds
plesiomorphic for the clade including Charadriiformes and
Turnicidae.
( g ) Columbidae (doves and pigeons) and Pteroclidae (sandgrouse)
Columbidae have no Paleogene fossil record, even outside
Europe, and I consider the Lower Eocene putative columbid
Microena Harrison & Walker 1977 to be a member of the
Cypselomorphae. Olson (1989) assumed that Columbidae
evolved in the Southern Hemisphere and did not arrive
in Europe before the Neogene. Pteroclidae, however,
were found in the Quercy ﬁssure ﬁllings (Mourer-Chauviré,
1992b, 1993) : Archaeoganga Mourer-Chauviré 1992 was reported from an unknown horizon and locality and Leptoganga
Mourer-Chauviré 1993 from Upper Oligocene deposits.
At least Leptoganga exhibits the peculiar intermetatarsal
sesamoid bone that is characteristic of modern Pteroclidae
(Mourer-Chauviré, 1993).
( h ) Threskiornithidae (ibises), Ardeidae (herons), and
Ciconiidae (storks)
The earliest substantial European fossil record of the
Threskiornithidae is Rhynchaeites messelensis Wittich 1898
from Messel. This species is known from several complete
and well-preserved skeletons and, among other characteristics, diﬀers from its modern relatives in sternal morphology
and a much more abbreviated tarsometatarsus (Peters,
1983; Mayr, 2002 a). Roux (2002) further described an as
yet unnamed species of the Threskiornithidae from the
Lower Oligocene of Céreste, which also exhibits a proportionally shorter tarsometatarsus than modern ibises. All
other Paleogene ibises are based on much too fragmentary
remains for reliable identiﬁcation (see Olson, 1981).
The only substantial Paleogene record of Ardeidae
from Europe is Proardea amissa that was described from an
unknown horizon and locality of the Quercy ﬁssure ﬁllings
by Milne-Edwards (1892). New remains of P. amissa were
found in the Upper Oligocene Quercy locality Pech Desse
(C. Mourer-Chauviré, personal communication ; G. Mayr,
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personal observations). According to Mlı́kovskỳ & Švec
(1989), ‘ Anas ’ basaltica Bayer 1883 from the Lower Oligocene
of the Czech Republic is another member of the Ardeidae.
Ciconiidae (storks) have not been recorded from the
Paleogene of Europe and their earliest record is from the
Upper Eocene of Egypt (Miller, Rasmussen & Simons,
1997).
( i ) Phoenicopteriformes ( ﬂamingos)
The phylogenetic aﬃnities of the Phoenicopteriformes have
long been debated (see reviews in Olson & Feduccia, 1980b
and Sibley & Ahlquist, 1990). Recent molecular and morphological studies, however, provide strong evidence for a
sister-group relationship to Podicipediformes (grebes) (van
Tuinen et al., 2001 ; Chubb, 2004 ; Mayr, 2004 b), which puts
into a new light some fossil taxa that were assigned to the
Phoenicopteriformes.
The earliest fossils classiﬁed into the Phoenicopteriformes
belong to the Middle Eocene Juncitarsus that was originally
described from North American deposits (Olson & Feduccia,
1980 b), but subsequently also reported from Messel (Peters,
1987 b). The phylogenetic position of Juncitarsus is in need of
revision, as this taxon lacks most of the derived characters
that support sister-group relationship between ﬂamingos
and grebes and thus could at best be the sister-group of a
clade including the latter two taxa (Mayr, 2004b). Kashinia
(‘ Tenuicrus ’) magna, from the Upper Eocene of England
(Harrison & Walker, 1976 c), was assigned to the Juncitarsinae by Mlı́kovskỳ (2002), but the coracoid of this species
distinctly diﬀers in its proportions from the corresponding
bone of the Juncitarsinae as ﬁgured by Ericson (1999).
The Palaelodidae are an extinct taxon of phoenicopterid
birds that is fairly abundant in the Upper Oligocene of
France (Mourer-Chauviré, 1995 a) and was also reported
from the Lower Oligocene of Belgium (Mayr & Smith,
2002 b). These aquatic birds provide a morphological link
between Phoenicopteriformes and Podicipediformes, in
combining the deep mandibular rami of modern ﬂamingos
with leg bones that ‘ show many similarities with those of
a foot-propelled diving bird such as Podiceps ’ (Cheneval
& Escuillié, 1992, p. 218). Palaelodids trenchantly diﬀer,
however, from modern ﬂamingos in the plesiomorphic
presence of a short and straight beak (Cheneval & Escuillié,
1992).
The earliest fossil assigned to the Phoenicopteridae, i.e.
the most inclusive taxon to which modern ﬂamingos but
not the Palaelodidae belong, is Elornis Milne-Edwards
1867–71 from the Lowermost Oligocene of Ronzon in
France. Elornis is too incompletely known to assess its exact
phylogenetic position, but is likely to be outside crowngroup Phoenicopteridae, as even early Miocene ﬂamingos
still exhibit a less derived bill morphology than their extant
relatives (Feduccia, 1999, p. 202).
( j) ‘ Gruiformes ’ (cranes, rails, and allies)
Various fossil taxa have been assigned to the, almost
certainly paraphyletic (e.g. Mayr & Clarke, 2003),
‘ Gruiformes ’. An abundant group of these are the
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Messelornithidae, which are known from Paleocene to
Lower Oligocene deposits of Germany and France (Hesse,
1990 ; Mourer-Chauviré, 1995 c). These birds were considered to be most closely related to the South American
Eurypygidae by earlier authors (Hesse, 1990 ; Livezey,
1998). However, this hypothesis has not been well established and I consider messelornithids to be the sister taxon of
the clade (Heliornithidae+Rallidae), with which they share
derived characters such as absence of pneumatic foramina
on the proximal humerus and a derived morphology of the
coracoid and hypotarsus (Mayr, 2004 e). Messelornithidae
are also known from the Lower Eocene of North America
(Hesse, 1992).
Several putative true Rallidae (rails) were described
from the London Clay (Harrison & Walker, 1977; Harrison,
1984 b) but the identiﬁcation of these fragmentary remains
is questionable; specimens assigned to Pediorallus Harrison &
Walker 1977 were identiﬁed as remains of the palaeognathous Lithornithidae by Houde (1988). Ibidopsis Lydekker
1891 from the Upper Eocene of England and Quercyrallus
quercy Cracraft 1973 from the Quercy ﬁssure ﬁllings appear
to have been correctly identiﬁed but are also known from
few bones only (see Cracraft, 1973 ; Harrison & Walker,
1976 c; Olson, 1977 b). The earliest substantial records of
Rallidae are Rupelrallus Fischer 1997 and Belgirallus Mayr
& Smith 2001 from the Lower Oligocene of Germany
and Belgium, respectively (Fischer, 1997; Mayr & Smith,
2001).
Gruidae (cranes) were reported from the Middle Eocene
of Italy (Palaeogrus princeps Portis 1884) and the Upper
Eocene of England [Geranopsis hastingsiae Lydekker 1891 and
Palaeogrus hordwelliensis (Lydekker 1891)], but their identiﬁcations are based on fragmentary or poorly preserved remains and need to be conﬁrmed by additional specimens.
Judging from the illustrations, the coracoid of Geranopsis
hastingsiae resembles that of the putative anseranatid Anserpica
(see above).
A diverse group of ‘ gruiform ’ birds in the Paleogene of
Europe are the Idiornithidae. These medium-sized to large
cursorial birds are the sister taxon of a clade including
the extinct New World Phorusrhacidae and the modern
South American Cariamidae (seriemas) (Mourer-Chauviré,
1983 a; Mayr, 2002c). Idiornithid remains are especially
abundant in the Quercy ﬁssure ﬁllings (Mourer-Chauviré,
1983 a) but were also reported from Messel and the Geiseltal
(Peters, 1995; Mayr, 2000g, 2002 f ). As noted by Mayr
(2002 f ), the putative hornbill Geiseloceros Lambrecht 1935
from the Geiseltal also belongs into the Idiornithidae. Of the
idiornithid taxa currently recognized (Mourer-Chauviré,
1983 a), Elaphrocnemus lacks derived characters that are
shared by Idiornis and modern Cariamidae, such as the
fusion of the procoracoid and acrocoracoid process of
the coracoid and a block-like hypotarsus (Mayr, 2002c). The
relationship of Elaphrocnemus need to be restudied, especially
as Mourer-Chauviré (1983a) also noted similarities to the
South American Opisthocomidae (hoatzin).
Alvarenga & Höﬂing (2003) recently showed convincingly that the alleged European ‘Phorusrhacidae ’ (MourerChauviré, 1981; Peters, 1987 a) do not belong within
Phorusrhacidae. Both species, from Quercy and Messel,
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were recently assigned to the genus Strigogyps Gaillard 1908
(Mayr, 2005b).
The enigmatic Middle Eocene Salmilidae Mayr, 2002c
are known from excellently preserved skeletons from Messel
(Mayr, 2000d, 2002c) and share derived characters mainly
with the Cariamae (to which the extant Cariamidae belong)
and the Psophiidae (trumpeters). Their exact systematic
aﬃnities are however unknown, pending on a reliable
phylogenetic framework of crown-group ‘ Gruiformes ’.
(k ) ‘ Falconiformes’ (diurnal birds of prey)
As traditionally recognized (e.g. sensu Wetmore, 1960),
crown-group ‘Falconiformes ’ comprise Cathartidae (New
World vultures), Sagittariidae (secretary bird), Falconidae
(falcons), and Accipitridae (hawks and allies), but monophyly
of this taxon is weakly supported and has been doubted by
several recent authors (see discussions in Olson, 1985; Sibley
& Ahlquist, 1990 ; Mayr, Manegold & Johansson, 2003).
Cathartidae were reported from the Quercy ﬁssure
ﬁllings (Mourer-Chauviré, 2002) and include Diatropornis
Oberholser 1899 and Parasarcoramphus Mourer-Chauviré
2002. Oligocathartes Harrison & Walker 1979 from the Lower
Oligocene of England is based on such fragmentary remains
(a distal tarsometatarsus lacking two trochleae) that a reliable identiﬁcation is not possible, especially given the fairly
undiagnostic morphology of the distal tarsometatarsus of
the Cathartidae. Plesiocathartes Gaillard 1908 was removed
from the Cathartidae (Mourer-Chauviré, 2002 ; Mayr,
2002b) and probably is a stem-group Leptosomidae (cuckoorollers) (Mayr, 2002b). The earliest New World record of
the Cathartidae is from the late Oligocene of Brazil
(Alvarenga, 1985).
Sagittariidae were reported from the Oligocene of
France. The single known taxon, Pelargopappus Stejneger
1885, was considered to be ‘too evolved to be the ancestor
of recent Sagittariidae ’ (Mourer-Chauviré & Cheneval,
1983, p. 443). The more ‘accipitrid ’-like morphology of
Pelargopappus (e.g. tarsometatarsus with a more strongly developed trochlea for the second toe and a more pronounced
medial hypotarsal crest) may, however, turn out to represent
the primitive condition in Sagittariidae, as some recent
phylogenetic studies support a sister-group relationship
between Sagittariidae and Accipitridae (Sibley & Ahlquist,
1990; Griﬃths, 1994; Fain & Houde, 2004 ; contra, however,
Mayr & Clarke, 2003).
An extinct taxon of ‘falconiform ’ birds, the Horusornithidae Mourer-Chauviré 1991, occurs in the Upper Eocene
Quercy ﬁssure ﬁllings and is known from numerous isolated postcranial bones (Mourer-Chauviré, 1991). Among
other features (Mourer-Chauviré, 1991), horusornithids
share with modern Accipitridae and Falconidae a derived
morphology of the hypotarsus, which exhibits two marked
crests that are separated by a wide sulcus. Horusornithidae
and most Accipitridae further share a derived modiﬁcation
of the major metacarpal of the carpometacarpus (see
Mourer-Chauviré, 1991), but diﬀer from other ‘ falconiform ’ birds and agree with owls in the absence of an ossiﬁed
supratendinal bridge on the distal tibiotarsus. Their exact
relationships to other ‘falconiform ’ birds still are uncertain.

Two species of the Accipitridae were further described by
Milne-Edwards (1892) and Gaillard (1939) from unknown
localities and horizons of the Quercy ﬁssure ﬁllings (‘ Aquila ’
hypogaea Milne-Edwards 1892 and ‘Aquila ’ corroyi Gaillard
1939), and Mayr & Smith (2002 b) tentatively assigned a
distal tarsometatarsus from the Lower Oligocene of Belgium
to the Accipitridae.
From deposits in England, the Lower Eocene
Parvulivenator Harrison 1982 a and Stintonornis Harrison 1984
were assigned to the Falconidae (Harrison, 1982 a, 1984b),
the Upper Eocene Milvoides Harrison and Walker 1979
was considered to be a member of the Accipitridae. These
three taxa are based on distal, partly fragmentary tarsometatarsi, and at least the tiny Parvulivenator is almost
certainly not a ‘ falconiform’ bird. I identiﬁed a second
specimen of Parvulivenator watteli Harrison 1984, also from
the London Clay, in the collection of the Natural History
Museum in London (specimen BMNH A 6161) and ﬁnd this
species to be more similar to Coliiformes (mousebirds).
Stintonornis and Milvoides appear to have been correctly referred to the ‘ Falconiformes ’, but the fragmentary remains
do not allow a reliable assignment to any subgroup within
this taxon.
( l ) Strigiformes (owls)
The fossil record of Strigiformes goes back into the
Paleocene and is quite extensive in Eocene and Oligocene
deposits of Europe, although the relationships between
the fossil and the modern taxa (i.e. Tytonidae, barn owls,
and Strigidae, true owls) are only insuﬃciently resolved.
The Sophiornithidae were originally erected for Sophiornis
Mourer-Chauviré 1987, from an unknown locality and
horizon of the Quercy ﬁssure ﬁllings. Subsequently,
Berruornis Mourer-Chauviré 1994 from the Paleocene of
Germany and France was also assigned to this taxon
(Mourer-Chauviré, 1994 ; Mayr, 2002 e), as well as Palaeotyto
Mourer-Chauviré 1987 and Palaeobyas Mourer-Chauviré
1987 from the Quercy (Mlı́kovskỳ, 2002). Sophiornithidae
were considered stem-group representatives of the
Strigiformes by Mourer-Chauviré (1987, her Fig. 8).
The Protostrigidae, ﬁrst reported from the Paleogene
of North America (e.g. Wetmore, 1933; Martin & Black,
1972; Mourer-Chauviré, 1983 b), are represented in Europe
by Oligostrix Fischer 1983 and Eostrix Harrison 1980
(Harrison, 1980; Fischer, 1983). The Protostrigidae are wellcharacterized by the derived presence of a greatly widened
medial condyle of the tibiotarsus and, apparently functionally correlated therewith, a strongly developed ﬁrst and
second toe. The Protostrigidae were also considered to be
outside crown-group Strigiformes by Mourer-Chauviré
(1987, her Fig. 8) and derived characters shared by crowngroup Strigiformes but absent in the Protostrigidae are the
medially situated tubercle for the tibialis anticus muscle on
the proximal tarsometatarsus (Mourer-Chauviré, 1983 b,
her Fig. 2) and the unusually slender humerus (Howard,
1965).
An articulated postcranial skeleton of an owl from Messel
was assigned to Palaeoglaux Mourer-Chauviré 1987 by Peters
(1992), who considered the possibility that it ‘represents the
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Fig. 2. Pulchrapollia gracilis Dyke & Cooper 2000 (Psittaciformes, Pseudasturidae). Selected bones of a single individual
from the Lower Eocene London Clay at Walton-on-the-Naze
(private collection of M. Daniels, from Mayr & Daniels, 1998).
Scale bar in millimeters.

ﬁrst evidence of Eocene strigids ’ (p. 168). The Messel owl is,
however, clearly distinguished from crown-group Strigiformes by the absence of an osseous arch on the radius, a
derived feature of modern owls (Bock & McEvey, 1969;
Fig. 4 in Peters, 1992).
All other Paleogene owls, which come mainly from Upper
Eocene to Oligocene deposits of the Quercy ﬁssure ﬁllings,
were assigned to the Tytonidae (Mourer-Chauviré, 1987;
Mlı́kovskỳ, 1998). However, this assignment is based on
the plesiomorphic absence of an ossiﬁed arcus extensorius
on the proximal tarsometatarsus and a deep supracondylar
fossa on the distal tibiotarsus. Thus some, if not all,
Paleogene taxa that are currently assigned to the Tytonidae
may well be stem-group representatives of either Strigiformes or Strigidae.
Tynskya eocaena was described by Mayr (2000c) from the
Lower Eocene North American Green River Formation,
and bones of a closely related species were also found in the
London Clay. The tarsometatarsus of T. eocaena exhibits a
derived morphology similar to that of strigiform birds in that
the medial crest of the hypotarsus is markedly longer than
the lateral crest, and the trochlea for the fourth toe much
shorter than that for the second, bearing a plantarly projecting wing-like ﬂange which is typical of semi-zygodactyl
feet in which the fourth toe can be spread laterally. Contrary
to owls however, T. eocaena lacks a derived enlarged trochlea
for the second toe and the humerus is not as slender and
elongated. T. eocaena was recently shown to be the sister
taxon of Messelastur gratulator Peters 1994 (Mayr, in press),
which was tentatively assigned to the Accipitridae by Peters
(1994). An as yet undescribed, almost complete skeleton of
M. gratulator shows that this species diﬀers from all modern
birds of prey and agrees with owls in the absence of a supratendinal bridge on the distal tibiotarsus (Mayr, in press).
Cladistic analysis of 110 characters supports a sister-group
relationship between Messelastur and Tynskya, and shows

Fig. 3. Psittacopes lepidus Mayr & Daniels 1998 (holotype), a
small psittaciform bird from the Middle Eocene of Messel in
Germany. Scale bar in millimeters.

both taxa to be the sister-group of strigiform birds (Mayr,
in press).
( m) Psittaciformes ( parrots)
In recent years, several stem-group Psittaciformes were
described from Eocene deposits in England, Germany, and
France that are successive sister taxa of crown-group
Psittaciformes.
The most basal taxon of these are the Pseudasturidae
(Fig. 2) that were reported from the London Clay, Messel,
the Geiseltal, and the North American Green River
Formation (Dyke & Cooper, 2000 ; Dyke, 2001 b ; Mayr,
2002 f, g;). These birds distinctly diﬀer from crown-group
Psittaciformes and were originally considered to be of
uncertain aﬃnities (Mayr, 1998a), but especially the threedimensionally-preserved London Clay specimens have
allowed establishment of their psittaciform aﬃnities (Mayr,
2002 g).
Another taxon of stem-group Psittaciformes, Psittacopes
Mayr & Daniels 1998 (Fig. 3), occurs in the London Clay
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Fig. 4. Phylogenetic relationships between Paleogene and extant taxa of the Coliiformes (after Mayr & Peters, 1998 ; Mayr &
Mourer-Chauviré, 2004), with a ﬁgure of Masillacolius brevidactylus Mayr & Peters 1998 (Coliidae, holotype specimen) from the
Middle Eocene of Messel in Germany. Extinct taxa are indicated by a dagger, the arrow indicates the crown-group. The nodes are
supported by the following diagnostic synapomorphies : 1 – ulna, cotyla ventralis very large ; femur, distal end thickened with large
tuberculum musculi gastrocnemialis lateralis ; tibiotarsus, both cristae cnemiales and crista patellaris forming a continuous ridge that
circumscribes a groove on the cranial side of the bone, crista cnemialis cranialis continuous with a ridge opposite to crista ﬁbularis ;
tarsometatarsus, fossa metatarsi I situated on medial side of shaft ; proximal phalanges of fourth toe strongly abbreviated. 2 – Discus
pygostyli very large ; hypotarsus with large canal for tendon of musculus ﬂexor digitorum longus. 3 – Tarsometatarsus, trochleae
metatarsorum small, not widely splayed from trochlea metatarsi III. 4 – Humerus with marked, crescent-shaped depression above
condylus dorsalis ; carpometacarpus with well-developed processus intermetacarpalis.

and Messel and, of the known Paleogene Psittaciformes,
appears to be most closely related to modern parrots with
which it shares a derived accessory trochlea for the retroverted fourth toe (Mayr & Daniels, 1998). Both Pseudasturidae and Psittacopes are, however, clearly shown to be
outside crown-group Psittaciformes by the plesiomorphic
absence of a parrot-like beak.
The third Paleogene psittaciform taxon, the Quercypsittidae, is known from the Upper Eocene of the Quercy ﬁssure
ﬁllings (Mourer-Chauviré, 1992 c). The beak of these birds
is unknown, but their coracoid exhibits a plesiomorphic,
cup-like scapular articulation facet (Mourer-Chauviré,
1992c), which supports their placement outside crowngroup Psittaciformes (Mayr, 2002 g).
After discovery of more completely preserved remains,
the Lower Eocene Palaeopsittacus, described as a parrot by
Harrison (1982c), turned out to be an anisodactyl bird not
related to parrots (Mayr & Daniels, 1998). An articulated
postcranial skeleton of this bird was recently described from
Messel (Mayr, 2003 b) and shows similarities to Podargidae
(frogmouths) (see below).
(n ) Coliiformes (mousebirds)
Coliiformes today only occur with six very similar species
in Africa south of the Sahara, but are fairly abundant
and diversiﬁed in early Eocene localities. A distinctive

taxon are the Sandcoleidae which were originally described
from the Paleocene and early Eocene of North America
(Houde & Olson, 1992), but are also known from the
Middle Eocene of Germany and France (Mayr & Peters,
1998; Mayr, 2001e, 2002f ; Mayr & Mourer-Chauviré,
2004). The single named European sandcoleid species is
Eoglaucidium pallas Fischer 1987, which was originally described as an owl (Fischer, 1987, see Mayr & Peters, 1998)
and is very similar to the North American Sandcoleus Houde
& Olson 1992 and Anneavis Houde & Olson 1992 (Mayr &
Peters, 1998).
Eocolius walkeri Dyke & Waterhouse 2001 from the
London Clay is most similar to Selmes absurdipes Peters 1999
from Messel, and may even be a junior synonym of this
species. Dyke & Waterhouse (2001) could make their comparisons only with the badly ﬂattened holotype of S. absurdipes, but a new specimen of the latter species from Messel
(Mayr, 2001 e) shows that E. walkeri cannot be distinguished
from S. absurdipes by the characters given by Dyke &
Waterhouse (2001, p. 10). An isolated tarsometatarsus of
Selmes was also reported from the Quercy ﬁssure ﬁllings
(Mayr & Mourer-Chauviré, 2004) and provides evidence
that Selmes is a stem-lineage representative of the Coliidae,
not a sandcoleid bird as assumed in the original description
(Peters, 1999).
Another record of the Coliidae is Masillacolius brevidactylus
Mayr & Peters 1998, which is known from two articulated
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postcranial skeletons from Messel (Fig. 4), and which
apparently had pamprodactyl feet, i.e. the hallux permanently directed forwards as in some modern swifts. The
Upper Eocene Primocolius Mourer-Chauviré 1988, the Lower
Oligocene Oligocolius Mayr 2000, and extant mousebirds
form a monophyletic taxon that is characterized by the derived presence of a well-developed intermetacarpal process
on the carpometacarpus (Mourer-Chauviré, 1988a ; Mayr,
2000 b, 2001e ; Fig. 4). A very fragmentary tarsometatarsus
of a mousebird was also reported from the Lowermost
Oligocene of Belgium (Mayr & Smith, 2001).
( o ) Musophagidae (turacos) and Cuculidae (cuckoos)
The only European record of Musophagidae is from
the late Oligocene of Bavaria in Germany (Ballmann, 1970),
as the alleged London Clay musophagid Promusophaga
Harrison & Walker 1977 was shown to be a member of
the Lithornithidae by Houde (1988).
Cuculidae (cuckoos) do not have an unambiguous
Paleogene European fossil record. Whether Dynamopterus
Milne-Edwards 1892, known from two humeri of two
species from an unknown horizon of the Quercy ﬁssure
ﬁllings, is a member of the Cuculidae (Mourer-Chauviré
in Olson, 1985, p. 110), needs to be conﬁrmed by additional
skeletal elements. The earliest record of the Cuculidae is
from the Lower Oligocene of North America (Weigel, 1963 ;
Chandler, 1999).
( p ) Leptosomidae (cuckoo-rollers) and Podargidae ( frogmouths)
Plesiocathartes Gaillard 1908, a taxon known from the Quercy
(Mourer-Chauviré, 2002), Messel (Mayr, 2002 b), and the
Geiseltal (Mayr, 2002 f ) was removed from the Cathartidae
by Mourer-Chauviré (2002), and the complete skeletons
from Messel suggest a sister-group relationship to the
Madagascan Leptosomidae (Mayr, 2002b). There is no
other known fossil member of Leptosomidae.
Podargidae were reported from the Quercy (MourerChauviré, 1989 b) and from Messel (Mayr, 1999 b, 2001d ).
The French taxon, Quercypodargus Mourer-Chauviré 1989,
diﬀers from modern Podargidae in the morphology of
the distal tibiotarsus (Mayr, 1999 b) but is very similar to
Palaeopsittacus Harrison 1982 from the London Clay (compare Fig. 2 in Mourer-Chauviré, 1989b and Fig. 1 in Mayr,
2003 b). Derived features shared by both taxa include a wide
intercondylar incision on the distal tibiotarsus (not present
in modern Podargidae) and the presence of two hypotarsal
foramina, one of which is however not completely closed
in Quercypodargus. Contrary to modern Podargidae, the
coracoid of Palaeopsittacus exhibits a foramen for the supracoracoideus nerve (Fig. 1 in Mayr, 2003 b ; the coracoid of
Quercypodargus is unknown). Nevertheless, in other features
Quercypodargus and Palaeopsittacus closely resemble modern
Podargidae (Mourer-Chauviré, 1989 b ; Mayr, 2003 b) and
may be on the stem-lineage of this taxon. The species from
Messel, Masillapodargus Mayr 1999, is known from articulated skeletons that preserve the highly derived beak
morphology of frogmouths.

527
( q ) Cypselomorphae (aerial insectivores and hummingbirds)
Most modern non-passeriform aerial insectivores belong
to the Cypselomorphae, i.e. a monophyletic (Mayr, 2002h ;
Mayr et al., 2003) taxon including Caprimulgidae (nightjars),
Nyctibiidae (potoos), and apodiform birds (swifts and hummingbirds). Today only the Caprimulgidae and the apodiform Apodidae (true swifts) are found in Europe, but
aerial insectivores were very diversiﬁed in the European
Paleogene.
Nyctibiidae, which today only occur in South and Central
America, were reported from the Quercy ﬁssure ﬁllings
(Mourer-Chauviré, 1989 b) and from Messel (Mayr, 1999 b,
2001 d; Mayr & Manegold, 2002). The taxon from Messel,
Parapreﬁca Mayr 1999, shows the highly derived skull and
tarsometatarsus morphology of modern Nyctibiidae, but is
clearly identiﬁed as a stem-lineage representative by its
otherwise less derived osteology (Mayr, 1999 b, 2001d ;
Fig. 5). The French taxon, Euronyctibius Mourer-Chauviré
1989, is known from an incomplete but very distinctive
humerus. The only Paleogene European record of the
Caprimulgidae are two coracoids from the Quercy (MourerChauviré, 1988a) ; identiﬁcation of these bones needs
further conﬁrmation by additional skeletal elements. Lower
Eocene Caprimulgidae were reported by Olson (1999 a, p. 7)
from North America.
Two cranial parts of sterna from the Quercy deposits
were further tentatively identiﬁed as belonging to an oilbird
(Steatornithidae) and an owlet nightjar (Aegothelidae)
(Mourer-Chauviré, 1982). Certainly, these identiﬁcations
need to be corroborated by additional skeletal elements, as
the sternum of many Paleogene birds still is unknown.
An extinct group of aerial insectivores, the Archaeotrogonidae, are among the most abundant small birds in the
Lower Oligocene Quercy ﬁssure ﬁllings (Mourer-Chauviré,
1980), and have also been reported from Messel (Mayr,
1998 c). Originally considered to be trogons, archaeotrogons
were recently recognized as being related to the Cypselomorphae (Mourer-Chauviré, 1995 b). The alleged swift
Laputavis robusta (Dyke, 2001 a, c; Mayr, 2001g) from the
London Clay may also be a representative of the Archaeotrogonidae, most similar to the Messel species Hassiavis
laticauda Mayr 1998.
The Eocypselidae, which were ﬁrst described by Harrison
(1984 a) from the London Clay, are outside crown-group
Apodiformes (Mayr, 2003c ; see also Dyke, Waterhouse &
Kristoﬀersen, 2004). The same is true for the Aegialornithidae (Mourer-Chauviré, 1988 b ; Mayr, 2003c), which
are among the most abundant small birds in the Upper
Eocene deposits of the Quercy ﬁssure ﬁllings but disappear
towards the Lower Oligocene (Mourer-Chauviré, 1980).
The earliest record of the Aegialornithidae is from the
Middle Eocene of the Geiseltal (Peters, 1998).
Stem-group Apodidae ﬁrst occur in the Middle Eocene of
Denmark (Harrison, 1984 a) and in Messel (Mayr & Peters,
1999 ; Fig. 5), crown-group Apodidae were reported from
the late Oligocene of France (Mourer-Chauviré et al., 2004).
The putative crown-group swift Cypseloides mourerchauvireae
(Cypseloides is a modern genus), which was described by
Mlı́kovskỳ (1989) on the basis of an isolated tibiotarsus
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Fig. 5. Phylogenetic relationships between Paleogene and extant taxa of the Cypselomorphae (after Mayr, 2001d, 2002g, 2003c,
2004d ), with ﬁgures of Scaniacypselus szarskii (Peters 1985) (Apodidae, left, specimen SMF-ME 3576a in Forschungsinstitut
Senckenberg) and Parapreﬁca kelleri Mayr 1999 (Nyctibiidae, right, specimen SMF-ME 3727a in Forschungsinstitut Senckenberg)
from the Middle Eocene of Messel in Germany. Extinct taxa are indicated by a dagger, the arrows indicate the crown-groups. The
nodes are supported by the following diagnostic synapomorphies : 1 – skull, palatine bone with strongly protruding angulus
caudolateralis ; processus basipterygoidei reduced ; quadratum with pneumatic foramina on caudal surface of processus oticus ;
coracoid, extremitas omalis hooked and processus lateralis greatly reduced ; sternum, incisions in caudal margin closed or completely
reduced ; musculus splenius capitis with cruciform origin. 2 – Proximo-dorsal part of narial openings covered by an osseous sheet ;
humerus and ulna strongly abbreviated and hand greatly elongated. 3 – Sternum, facies articularis coracoideus weakly saddleshaped or convex ; humerus, ratio length of bone : width of shaft in midsection less than 7.0. 4 – Humerus, tuberculum supracondylare ventrale elongated and narrow ; humerus, processus musculi extensor metacarpi radialis shifted proximally, situated
in proximal two-thirds of the bone ; humerus, ratio length of bone : width of shaft in midsection less than 5.0 ; radius, distal end with
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from the Quercy ﬁssure ﬁllings, is, however, a junior synonym of Aegialornis gallicus from the same locality (Mayr,
2003 a).
Recently, stem-group representatives of hummingbirds
(Trochilidae) have also been identiﬁed in the Paleogene of
Europe, which greatly improves our knowledge on the early
evolution of this fascinating group of birds (Mayr, 2003 c, d,
2004 d). The ﬁrst specimens were described as an extinct
taxon, the Jungornithidae, from the Lower Oligocene of
the Caucasus (Karhu, 1988). In addition to the Lower
Oligocene Jungornis Karhu 1988, Karhu (1999) subsequently
reported a second ‘jungornithid ’, Argornis, from the Upper
Eocene of the Caucasus. Karhu (1988, 1999) noted derived
similarities between ‘ jungornithids ’ and modern hummingbirds which he attributed to convergence, assigning the
‘ Jungornithidae ’ to swifts. However, analysis of the phylogenetic relationships between modern and fossil apodiform
birds showed the ‘Jungornithidae ’ sensu Karhu (1999) to
be paraphyletic, with Argornis and Jungornis to be successive
sister taxa of modern hummingbirds (Mayr, 2003 c ; Fig. 5).
Argornis and Jungornis are known from wings only, but an
Argornis-like bird was described from Messel, and in this
specimen for the ﬁrst time the complete skeleton and
the feathering of these birds are preserved (Mayr, 2003 a).
The Messel taxon, Parargornis Mayr 2003, still had a swiftlike beak and an owlet-nightjar-like feathering, broad wings
and a long tail (Mayr & Manegold, 2002 ; Mayr, 2003 a).
In the Lower Oligocene, however, even nectarivorous,
modern-type hummingbirds occurred in Europe, although
these are outside the crown-group of Trochilidae, too
(Mayr, 2004d ). Eurotrochilus Mayr 2004 is nevertheless
strikingly similar to modern hummingbirds and leaves
no doubt that early hummingbird evolution was not restricted to the New World, with all its implications for the
evolution of the ornithophilous Old World ﬂora (see Mayr,
2004 d ).
Cypselavus gallicus Gaillard 1908 from the Upper Eocene
and Lower Oligocene of the Quercy is generally assigned
to the Hemiprocnidae (tree swifts, e.g. Harrison, 1984 a;
Peters, 1985; Mourer-Chauviré, 1988 b). However, the
coracoid that was assigned to C. gallicus by Mourer-Chauviré
(1978) was described as a new taxon of the ‘ Jungornithidae ’,
by Karhu (1988), and its humerus also resembles the
corresponding bone of the contemporaneous Argornis with
which it has not yet been compared (Mayr, 2003 a).
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( r ) Trogoniformes (trogons)
Trogoniformes are well characterized by the unique heterodactyl foot in which the second toe permanently directs
backwards. Their earliest fossil records, not only from
Europe but in general, are an isolated cranium from the Fur
Formation (Kristoﬀersen, 2002a) and a tarsometatarsus
from the London Clay (Mayr, 1999a). The latter specimen
clearly shows the tarsometatarsal morphology that is
characteristic for the heterodactyl foot. A complete skeleton
of an as yet undescribed trogon has also been identiﬁed
in Messel (Mayr, 2005 a). Articulated skeletons of Lower
Oligocene trogons were described from Matt in Switzerland
(Olson, 1976) and Céreste in France (Mayr, 1999a, 2001c).
The Céreste trogon, Primotrogon wintersteini Mayr 1999
(Fig. 6), is shown to be outside crown-group Trogoniformes
by its plesiomorphic skull morphology and the absence of
derived characters of the coracoid (see Mayr, 1999 a).
( s) Coraciiformes, Upupiformes, Alcediniformes (rollers, hoopoes,
kingﬁshers, and allies)
The Coraciiformes include the Old World Coraciidae
(rollers) and the Madagascan Brachypteraciidae (ground
rollers) (Mayr, 1998b). The most basal representatives of
this taxon are the Primobucconidae, which were originally
described from the Lower Eocene of North America but
are meanwhile also known from early Eocene deposits of
France, Germany, and England (Mayr, Mourer-Chauviré &
Weidig, 2004 ; M. Daniels, personal communication). Stemgroup rollers closely resembling the modern taxa were reported from Messel (Eocoraciidae) and the Upper Eocene
Quercy ﬁssure ﬁllings (Geranopteridae) (Mayr & MourerChauviré, 2000). Primobucconidae, Eocoraciidae, and
Geranopteridae are successive sister taxa of modern rollers
(Mayr & Mourer-Chauviré, 2000 ; Mayr et al., 2004 ; Fig. 7).
As evidenced by stomach content in some Messel specimens,
Paleogene stem-group rollers apparently had a more frugivorous diet than their modern relatives (Mayr et al., 2004).
Cryptornis antiquus (Gervais, 1848–52) from the Upper Eocene
of France was assigned to the Bucerotidae (hornbills) by
Milne-Edwards (1867–71), but later transferred to the
Coraciidae by Harrison (1979b). It seems to be closely
related to, or even conspeciﬁc with, Geranopterus alatus MilneEdwards 1892, although the single known specimen is

marked tubercle on ventral side of shaft, opposite to tuberculum carpale of ulna ; phalanx proximalis digiti majoris, distal part of
caudal margin with sulcus for tendon of musculus interosseus ventralis ; tarsometatarsus, deep sulcus on dorsal surface, proximal to
foramen vasculare distale ; outermost primaries greatly elongated, measuring at least 2.5 times the length of the longest secondaries.
5 – Humerus, intumescentia humeri strongly raised with abrupt and steeply sloping dorsal margin ; carpometacarpus greatly elongated, about 1.5 times longer than coracoid. 6 – Ulna, cotyla ventralis with weakly pronounced ventro-proximal edge ; ulna,
olecranon elongated and narrow. 7 – Beak greatly elongated (unknown for Jungornis and Argornis) ; humerus, caput humeri bearing
a distinct distal protrusion. 8 – Ulna strongly abbreviated, with ratio humerus : ulna greater than 0.7. 9 – Skull, cone-like bony
protrusion at caudal margin of foramen nervi optici ; ossa palatina extremely widened ; processus paroccipitales strongly protruding
ventrally ; mandible with intraramal joint and caudal half of rami mandibulae greatly widened and dorso-ventrally ﬂattened ; caudal
end of mandible unusually small, with very short cotyla lateralis and stout processus medialis ; ossiﬁed cartilago tibialis at intertarsal
joint. 10 – Jugal bones markedly bowed ; tibiotarsus without ossiﬁed pons supratendineus ; tarsometatarsus extremely abbreviated.
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Apart from a very similar overall morphology, Palaeotodus
escampsiensis Mourer-Chauviré 1985 shares with modern
Todidae a derived, greatly elongated tarsometatarsus.
However, identiﬁcation of this species, as well as its assignment to Palaeotodus, also needs to be further supported with
more material.
Fairly abundant small arboreal birds in Messel are the
upupiform Messelirrisoridae, which are the sister taxon of
modern Upupidae (hoopoes) and Phoeniculidae (woodhoopoes) (Mayr, 1998 b, 2000 h ; Fig. 7). Messelirrisorids
were also reported from the London Clay and the Geiseltal
in Germany (Mayr, 1998 b). Another upupiform taxon
are the Laurillardiidae that are known from the Upper
Eocene of France (Mayr, 1998 b). Whether Laurillardiidae
and Messelirrisoridae are synonymous (Mlı́kovskỳ 2002,
p. 75, contra Mayr, 1998 b) or whether the Laurillardiidae,
which are about 14 million years younger than the
Messelirrisoridae, are more closely related to crown-group
Upupiformes needs to be evaluated by better preserved
specimens of the Laurillardiidae.
( t ) Piciformes ( jacamars, puﬀbirds, woodpeckers, and allies)

Fig. 6. Primotrogon wintersteini Mayr 1999 (Trogoniformes,
specimen SMF Av 432 in Forschungsinstitut Senckenberg)
from the Lower Oligocene of Céreste in France.

too poorly preserved for a deﬁnitive assignment (Mayr &
Mourer-Chauviré, 2000).
The earliest representative of the Alcediniformes
(motmots, todies, bee-eaters, and kingﬁshers) is Quasisyndactylus Mayr 1998 from Messel, which is the sister-group
of the four modern alcediniform taxa (Mayr, 1998 b, 2004 c;
Fig. 7). There is no published Paleogene record of Meropidae (bee-eaters) and Alcedinidae (kingﬁshers) but representatives of the New World Momotoidea, i.e. a clade
including Momotidae (motmots) and Todidae (todies), were
reported from the European Paleogene. Protornis Meyer
1844 from the Lower Oligocene of Matt in Switzerland was
assigned to the Momotidae by Olson (1976). Cracraft (1980,
p. 13) correctly noted, however, that an ‘ alternative
hypothesis to be considered is a sister-group relationship
between Protornis on the one hand and Todidae+Momotidae on the other ’ because ‘it has not been shown that
Protornis shares one or more derived characters with the
Momotidae ’. Todidae were described from the Upper
Eocene of the Quercy ﬁssure ﬁllings, in the taxon Palaeotodus
Olson 1976 (Mourer-Chauviré, 1985), originally described
from the Lower Oligocene of North America (Olson, 1976).

The modern European Piciformes belong to the Pici
(woodpeckers and allies), which have a very scanty Paleogene record, the earliest – not only from Europe but in
general – being a very fragmentary but diagnostic tarsometatarsus from the Lowermost Oligocene of Belgium
(Mayr & Smith, 2001). A more completely preserved tarsometatarsus was further reported from the Upper Oligocene
of Germany (Mayr, 2001f ).
The tiny, facultatively zygodactyl Middle Eocene to
Lower Oligocene Sylphornithidae (Mourer-Chauviré,
1988a ; Mayr & Smith, 2002 b) were recently shown to be
stem-group piciform birds (Mayr, 2004 f ). Sylphornithids
provide a morphological link between the Pici and their
sister taxon ( Johansson & Ericson, 2003; Mayr et al., 2003),
the New World Galbulae ( jacamars and puﬀbirds), and
combine a derived, Pici-like carpometacarpus with a plesiomorphic Galbulae-like tarsometatarsus (Mourer-Chauviré,
1988a ; Mayr, 2004f ). As noted by Mayr (1998 b), Palaegithalus cuvieri (Gervais, 1848–52) from the Upper Eocene of
France may also be a member of the Sylphornithidae.
Identiﬁcation of the Sylphornithidae in Messel (Peters, 1991)
turned out to be incorrect, and the specimens belong to
the upupiform Messelirrisoridae.
The tiny, long-legged Gracilitarsidae are known from
three skeletons of Gracilitarsus Mayr 1998 from Messel
(Mayr, 1998b, 2001b, 2005 c; Fig. 7) and were recently also
tentatively identiﬁed as stem-group Piciformes (Mayr,
2005c ; Fig. 7). Gracilitarsids were also present in the
Paleocene of Brazil (Eutreptodacytlus Baird & Vickers-Rich
1997) and the Lower Eocene of North America (Neanis
schucherti Feduccia 1973) (Mayr, 2005 c) and, in concordance
with an intercontinental distribution in the Paleogene, their
swallow-like wing bone proportions indicate good ﬂight
capabilities. Gracilitarsidae and modern Piciformes exhibit
a distinct, derived notch on the medial side of the sternal
end of the coracoid that was shown to be a synapomorphy of
Piciformes (Mayr et al., 2003).
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( u ) Primoscenidae ( primoscenids) and Passeriformes ( passerines
or songbirds)
The zygodactyl Primoscenidae are fairly abundant in the
Lower Eocene of the Fur Formation, the London Clay,
Messel, and the North American Green River Formation
(Mayr, 1998b ; Kristoﬀersen, 2002 b). The phylogenetic
aﬃnities of these birds are uncertain, and they were considered to be most closely related to either Piciformes
(Mayr, 1998b) or Passeriformes (Harrison & Walker, 1977;
Harrison, 1982 b ; Mayr, 2004 f ). Primoscenids unquestionably are closely related to the Lower Miocene Zygodactylidae (Ballmann, 1969 ; Mayr, 1998 b), but whether
primoscenids and zygodactylids are sister taxa (Mayr,
2004 f ) or whether primoscenids are the sister-group of the
taxon (Zygodactylidae+Pici) (Mayr, 1998b) is uncertain
(Mayr, 2004 f ).
The earliest fossil record of a passeriform bird comes from
the Eocene of Australia (Boles, 1995, 1997), although the
described specimens are fragmentary (proximal carpometacarpus and distal tibiotarsus) and need to be substantiated by
further remains. There are no Paleogene passerines from
Africa and the New World. Passeriformes were not found
in Eocene European deposits that yielded numerous small
birds, and their earliest European fossil records are from the
Lower Oligocene of France (Roux, 2002) and Germany
(Mayr & Manegold, 2004). These fossils have not been
assigned to any modern passeriform group and at least the
specimen from Germany may be outside crown-group
Passeriformes (Mayr & Manegold, 2004). However, the
earliest European Passeriformes already closely resemble
their modern counterparts (Mayr & Manegold, 2004),
which supports the hypothesis that evolution of Passeriformes took place outside the Northern Hemisphere (e.g.
Olson, 1989; Ericson, Irestedt & Johansson, 2003).
Few remains of passeriform birds were further described
from the Upper Oligocene of France (Mourer-Chauviré,
Hugueney & Jonet, 1989) and Germany (G. Mayr, unpublished data). The French specimens were assigned to
Oscines, the subclade of Passeriformes to which all modern
European species belong (Mourer-Chauviré et al., 1989).
Most notably, however, even in Miocene deposits of
Germany and France there are still fossil passerines that
appear to be outside crown-group Eupasseres, i.e. the clade
including Suboscines and Oscines (Manegold, Mayr &
Mourer-Chauviré, 2004).
III. BIOGEOGRAPHIC AFFINITIES OF
PALEOGENE EUROPEAN BIRDS
As recognized by earlier authors (e.g. Houde & Olson,
1989 ; Peters, 1991; Blondel & Mourer-Chauviré, 1998), the
Lower Eocene avifaunas of Europe and North America
are very similar, owing to the intermittent presence of land
connections by that time (Smith, Smith & Funnell, 1994).
Unfortunately, it is not possible to draw generalizing conclusions on the biogeography of birds in the Paleogene,
as very little is yet known on Paleogene avifaunas of Asia
(e.g. Kurochkin, 1976 ; Nessov, 1992), and the Southern
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continents (e.g. Tonni, 1980 ; Rasmussen et al., 1987;
Vickers-Rich, 1991).
Some Eocene birds are stem-group representatives of
avian groups with a worldwide distribution, but the crowngroup members of several other taxa have a very diﬀerent
distribution than their stem-lineage representatives that
occur in the Paleogene of Europe (e.g. Mourer-Chauviré,
1982, 1999 ; Olson, 1989; Peters, 1991).
(1 ) Australia
Australia was widely separated from Asia until the early
Neogene (e.g. Smith et al., 1994), and Paleogene European
birds do not show close aﬃnities to the modern Australian
avifauna. Podargidae today only occur in the Australasian
region, and their presence in the Paleogene of Europe
shows that they reached Australia via Asia as assumed by
earlier authors (e.g. E. Mayr, 1972). If the occurrence of
Anseranatidae in the Paleogene of Europe (Olson, 1999b ;
Mourer-Chauviré et al., 2004) can be further supported,
magpie geese may be another group of birds that colonized
Australia from the North.
The earlier recognition of Megapodiidae in the Eocene
of France (Mourer-Chauviré, 1982) was based on
plesiomorphic overall resemblance and these birds, the
Quercymegapodiidae, are now considered stem-group representatives of Galliformes (Mourer-Chauviré, 1992 a and
above). The fossil record thus does not support the assumption that megapodes, the earliest fossil record of which
is from the late Oligocene of Australia (Boles & Ivison,
1999), reached Australia via Asia (contra Olson, 1980, 1989;
Mourer-Chauviré, 1982), although this may be true for
stem-group Galliformes. Because the Quercymegapodiidae
are outside crown-group Galliformes, they provide no
evidence that the distribution of extant Megapodiidae is
relictual (contra Mourer-Chauviré, 1992 a, p. 90).
As also noted above, the alleged record of Aegothelidae
in the Quercy deposits (Mourer-Chauviré, 1982) needs to
be conﬁrmed by more skeletal elements.
(2 ) Africa
The closest extant relatives of comparatively few Paleogene
European avian taxa are restricted in their distribution to
continental Africa, i.e. the six modern coliiform species,
Musophagidae, and the single extant species of the Sagittariidae. If correctly assigned to the Leptosomidae, the
closest modern relatives of Plesiocathartes live on Madagascar.
Musophagidae are also known from the Lower Oligocene
of Egypt (Rasmussen et al., 1987) and thus evidently had a
wider distribution in the past. Turacos are frugivorous
birds with a poor migration ability (Turner, 1997) and their
relictual present distribution may thus be due to climatic
cooling towards the Neogene.
(3 ) South and Central America
Most surprisingly given the isolation of South America
during most of the Tertiary (Smith et al., 1994), a fairly large
number of Paleogene European taxa have their closest
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Fig. 7. Phylogenetic relationships between Paleogene and extant taxa of coraciiform, alcediniform, upupiform, and piciform birds
(after Mayr, 2000 h, 2002 b, 2004 c, f, 2005 c ; Mayr & Mourer-Chauviré, 2000 ; Mayr et al., 2004), with ﬁgures of Messelirrisor halcyrostris
Mayr 1998 (Messelirrisoridae, left, holotype specimen) and Gracilitarsus mirabilis Mayr 1998 (Gracilitarsidae, right, specimen
SMNK.PAL.3837 in Staatliches Museum für Naturkunde, Karlsruhe) from Messel. Extinct taxa are indicated by a dagger, the
arrows indicate the crown-groups. The nodes are supported by the following diagnostic synapomorphies : 1 – mandible with rectangular or trapezoid cross section in proximal area of pars symphysialis and more or less well-developed processus retroarticulares ;
coracoid with very wide facies articularis sternalis ; extremitas omalis of furcula widened and with short processus acromialis ;
hypotarsus, tendon of musculus ﬂexor hallucis longus enclosed in bony canal. 2 – Ulna, shaft with projection distal to cotyla dorsalis ;
carpometacarpus, osseous ridge from ventral margin of os metacarpale minus to processus pisiformis and caudal margin of os
metacarpale minus undulated. 3 – Coracoid, processus lateralis very irregularly shaped and margo medialis with distinct medially
protruding projection ; phalanx proximalis digiti majoris hooked ; sternum, spina externa et interna fused to form a spina communis.
4 – Carpometacarpus, os metacarpale minus with ventrally protruding projection on ventral side of proximal end ; tarsometatarsus,
canalis interosseus distalis plantarly not ossiﬁed, forming a deep, narrow sulcus on the plantar surface of the bone, between the
trochleae metatarsorum III and IV. 5 – Skull, processus postorbitales greatly elongated. 6 – Skull, processus postorbitalis with
cranially directed projection, carpometacarpus. 7 – Carpometacarpus, os metacarpale minus with foramen on ventral side of
proximal end. 8 – Hallux, ﬁrst phalanx with proximal end greatly widened ; second and third toe coalescent for part of their length.
9 – Columella with large, hollow, bulbous basal and footplate area exhibiting a large fenestra on one side ; scapi claviculae of furcula
very narrow at extremitas sternalis ; carpometacarpus with os metacarpale minus distinctly exceeding os metacarpale majus in
length. 10 – Coracoid with distinct notch on medial side of extremitas sternalis ; humerus with far ventro-distally extending, large
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extant relatives in South or Central America (MourerChauviré, 1982, 1999). Examples therefore are the Idiornithidae, which is the sister taxon of the South American
Phorusrhacidae and Cariamidae (e.g. Mourer-Chauviré,
1983 a ; Mayr, 2002 c), stem-group Nyctibiidae, stem-group
Trochilidae (although crown-group hummingbirds today
occur in both Americas, they unquestionably originated
in South or Central America, e.g. Bleiweiss, 1998 b), and
Momotoidea.
Cathartidae today occur in the entire New World and
were reported from the Paleogene of South America
(Alvarenga, 1985) ; their extant distribution can thus be
considered relictual. Whether this is also true for the distributions of the other taxa, or whether these shifted in
the course of time, remains unknown although I consider a
relictual distribution to be more likely.
Restriction of the crown-group of the above taxa to South
America is unlikely to be due to climatic cooling in the
Tertiary alone, as these birds are also absent from the
tropical zones of Africa and Asia. Future research will thus
also have to focus on ecological characteristics that distinguish New World biotas, especially in South and Central
America, from those in the Old World. Large herbivores,
for example, occur in much lower biomass densities in the
Neotropics (Cristoﬀer & Peres, 2003), and in order to
explain absence of hummingbirds in the Old World,
Cristoﬀer & Peres (2003, p. 1369) hypothesized that the
nectar-rich and highly nutritient understorey ﬂowers that
are pollinated by hummingbirds in the Neotropics would
be eaten by mammalian herbivores in the Palaeotropics.
At present this assumption cannot be tested, as we do not
know when exactly hummingbirds disappeared from the
Old World and whether this date coincides with the
appearance of large herbivores. However, even if this
particular hypothesis may turn out to be wrong, it opens a
view on complex ecological interactions that may have to
be taken into account to explain the present distribution
of birds.

IV. DIVERSIFICATION TIME OF MODERN
NEORNITHINE LINEAGES
Because few neornithine (crown-group) birds are known
from the Mesozoic period and virtually all of these come
from the late Cretaceous (Hope, 2002), the fossil record has
been considered indicative of an explosive radiation of
neornithine birds in the Paleogene (Feduccia, 1995, 2003 ;
Bleiweiss, 1998 a ; Benton, 1999). Molecular clock data,
on the other hand, consistently date the divergence time
of many modern avian clades far into the Cretaceous
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(e.g. Hedges et al., 1996; Cooper & Penny, 1997 ; Kumar &
Hedges, 1998 ; Waddell et al., 1999 ; van Tuinen & Hedges,
2001 ; Paton, Haddrath & Baker, 2002 ; van Tuinen & Dyke,
2004).
The phylogenetic position of Paleogene neornithine
birds only played a subordinate role in this debate. However, as detailed above, no crown-group members of
modern ‘ families ’ are known from Eocene or older deposits
of Europe or anywhere else. This indicates that diversiﬁcation of the crown-groups within modern avian ‘families ’
did not take place before the Oligocene, irrespective of the
relative position of these taxa within Neornithes.
The disagreement between paleontological and molecular data, which also exists for mammals (e.g. Archibald &
Deutschmann, 2001), is best exempliﬁed by the fossil record
of galliform birds, one of the most basal taxa of neognathous
birds (e.g. Sibley & Ahlquist, 1990 ; Livezey & Zusi, 2001;
Mayr & Clarke, 2003). Van Tuinen & Hedges (2001) and
van Tuinen & Dyke (2004), for example, found a Middle
Cretaceous [about 80 million years ago (mya)] divergence
time between Cracidae and Phasianidae, i.e. crown-group
Galliformes. However as noted above and also on a worldwide scale, there is no fossil record of crown-group
Galliformes before the Oligocene (about 35 mya), thus
leaving a gap in the fossil record of about 45 million years.
It has been hypothesized that crown-group divergences
occurred in the Cretaceous of Gondwana, i.e. on the
Southern Hemisphere from where there is a scanty fossil
record (e.g. Cooper & Penny, 1997), but this assumption
conﬂicts with the fact that the earliest known South
American galliform birds also are outside crown-group
Galliformes (Alvarenga, 1995 ; Mourer-Chauviré, 2000).
Assuming a Gondwanan origin of crown-group Galliformes,
it is further diﬃcult to imagine a biogeographic scenario
that explains their absence in pre-Oligocene deposits of
the Northern Hemisphere where galliform taxa outside the
crown-group do occur.
To explain the considerable disparity of molecular and
paleontological data, Benton (1999) considered it possible
that molecular clocks run faster during times of radiation,
but van Tuinen & Hedges (2001) noted that molecular
calibrations are tested for such deviations. However, Graur
& Martin (2004, p. 80) showed that there are also considerable problems with the alleged precision of the
molecular clock data in many studies, as the ‘ illusion of
precision was achieved mainly through the conversion
of statistical estimates […] into errorless numbers ’.
Several calibration points of avian molecular clocks
are further based on an incorrect interpretation of the fossil
record. Van Tuinen & Dyke (2004), for example, used nine
‘internal fossil-based anchorpoints’ for their calibration of
galliform molecular clocks (see Table 1 in van Tuinen &

fossa musculi brachialis which is situated on the far medial side of the bone and has a weakly developed ventral margin ; carpometacarpus with well-developed processus intermetacarpalis that is fused with the os metacarpale minus ; trochlea metatarsi IV with
plantarly projecting wing-like ﬂange ; tarsometatarsus, hypotarsus with tendon of musculus ﬂexor hallucis longus situated in a
marked sulcus which is medially bordered by a prominent crista lateralis hypotarsi. 11 – Phalanx proximalis digiti majoris, proximal
end with large, proximally directing process on ventral side ; tarsometatarsus, trochlea metatarsi IV with large trochlea accessoria.
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Dyke, 2004). At least six of these were based on incorrectly
identiﬁed taxa : The Eocene Gallinuloididae and Quercymegapodiidae (used to calibrate a Phasianinae-Numidinae
divergence and ‘Crown Megapodiidae ’, respectively) are
stem-group Galliformes, not Phasianidae or Megapodiidae,
respectively (see above). Palaeortyx (used to calibrate ‘ Crown
Odontophoridae ’) is not a member of the New World
Odontophorinae [Ballmann (1969) ; van Tuinen & Dyke
(2004) curiously referred to Milne-Edwards (1867–71) concerning the phylogenetic aﬃnities of this taxon]. Schaubortyx
(used to calibrate a Coturnix-Gallus divergence) is a junior
synonym of Palaeortyx (Schaub, 1945; Mlı́kovskỳ, 2002). The
poorly known Eocene North American taxon Amitabha
Gulas-Wroblewski & Wroblewski 2003 (‘AMNH 30331’,
see Gulas-Wroblewski & Wroblewski, 2003), used to calibrate ‘Crown Phasianidae ’, is probably not even a galliform
bird (Mayr & Weidig, 2004). ‘Gallus bravardi ’, used to calibrate ‘Crown Gallus ’, ﬁnally is a peafowl of the genus Pavo
(Pavo bravardi ; Mourer-Chauviré, 1989a).
Cooper & Penny (1997) incorrectly used the stem-group
galliform Gallinuloides (see above) as earliest record of
the Cracidae to calibrate their molecular clock. Telecrex, the
taxon used to calibrate an Eocene age of the Numidinae
(guineafowl), is known from a single fragmentary bone and
is of doubtful aﬃnities (Olson, 1985 ; van Tuinen & Dyke,
2004). Calibration of the ostrich lineage was based on
Palaeotis, the struthionid aﬃnities of which also are far from
being certain (see above).
Another line of evidence for a Cretaceous origin of
modern neornithine taxa was set up by Cracraft (2001),
who assumed that the basal divergences of many groups
(e.g. Palaeognathae, Galloanseres, ‘ Gruiformes ’, ‘Caprimulgiformes ’, Passeriformes) ‘ demonstrate pervasive transAntarctic distribution patterns’ and are of vicariant origin
owing to the break-up of Gondwana in the Cretaceous.
Cracraft’s hypothesis is, however, considerably ﬂawed by
the presence of stem-group representatives in the Paleogene
of the Northern Hemisphere of these modern taxa with a
Southern Hemisphere distribution. For example, the assumption that basal divergences within the paraphyletic
(Mayr, 2002h ; Mayr et al., 2003) ‘Caprimulgiformes ’ are
due to the break-up of Gondwana in the Cretaceous
conﬂicts with the presence of stem-group Podargidae,
Nyctibiidae and Trochilidae in the Paleogene of Europe.
Cracraft’s (2001, p. 466) explanation that ‘numerous neornithine lineages became more cosmopolitan in the late
Cretaceous or Early Tertiary ’ is quite speculative, and
‘phylogenetics and biogeography indicate [that] many of
these clades had southern origins ’ only, if considerations are
restricted to the modern distribution of these taxa, for which
there is no rationale.
The same argumentation was used by Ericson et al. (2003)
to support a Gondwanan origin of the basal divergences
within crown-group Passeriformes, i.e. the clade (Acanthisittidae+(Suboscines+Oscines)). However, although there
is convincing evidence that Oscines, to which all modern
European passerines belong, originated on the Australian
continental plate (e.g. Barker, Barrowclough & Groth,
2002; Ericson et al., 2003), evidence for a Gondwanan origin
of the total group is weak, as Suboscines include species

with a Northern Hemisphere distribution (the Asian Pittidae)
and Acanthisittidae (New Zealand Wrens) occur on New
Zealand only.
Moreover, even if it can be shown that certain avian
taxa originated in the Southern Hemisphere, this does not
automatically imply a Gondwanan origin in the Cretaceous,
especially if no Cretaceous fossils of the taxa in question
are known.
Dyke (2001d ) assumed that ‘ only some of the ‘more
basal ’ clades of birds were, most likely, present during the
Mesozoic era, and that the radiation of the ‘ more derived ’
landbird group occurred in the early Tertiary ’. However,
the higher-level phylogeny of neornithine birds still is only
poorly resolved (e.g. Mayr & Clarke, 2003), making it hardly
possible to distinguish ‘ basal ’ from ‘ more derived ’ clades,
and there is still no Cretaceous fossil record of the undisputedly most basal taxa, i.e. palaeognathous birds
(Feduccia, 2003; Dyke & van Tuinen, 2004).

V. CONCLUSIONS
(1) In contrast to the modern European avifauna and
all other modern continental avifaunas, there was a fair
number of large ﬂightless birds in the early Paleogene of
Europe, probably owing to the absence of large carnivorous
mammals by that time (e.g. van Valkenburgh, 1999).
(2) The pre-Oligocene European avifauna is further
characterized by the complete absence of passeriform birds,
which today are the most diversiﬁed and abundant avian
taxon, constituting more than half of all extant avian species.
Representatives of small non-passeriform perching birds
thus probably had similar ecological niches before the
Oligocene to those ﬁlled by modern passerines, and it is
likely that occurrence of songbirds had a major impact on
these birds. This was ﬁrst discussed by Harrison (1979a),
who noted that ‘non-passerines originally occupied feeding
niches available for small birds, and were later excluded
from these by the adaptive radiation of the passerines ’.
However, at the time of Harrison’s considerations still very
little was known on the composition of the European
avifauna, and we now have a much better picture on
which taxa exactly may have been aﬀected by the radiation
of passerines.
(3) Most modern Passeriformes are insectivorous and/or
granivorous perching birds, and a similar way of living can
be assumed for their Paleogene representatives. It is thus to
be expected that occurrence of passeriform birds in Europe
had its greatest eﬀect on small insectivorous and granivorous
taxa. Indeed the crown-group representatives of some taxa,
the early Tertiary stem-group members of which included
insectivorous or omnivorous species, exhibit feeding specializations not found or rare in passeriform birds.
(4) Coliiformes, for example, exhibited a great diversity
in the Eocene and, judging from their bill shape, included
omnivorous or insectivorous species by that time (Houde &
Olson, 1992 ; Mayr & Peters, 1998; Mayr, 2001e), whereas
the six modern species of mousebirds are exclusively
herbivorous birds. Eocene stem-group Psittaciformes also
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appear to have been rather generalized, possibly granivorous feeders (Mayr & Daniels, 1998), whereas many modern
parrots are frugivorous birds that exhibit a highly derived
bill morphology. As evidenced by their foot structure, the
Messelirrisoridae, Eocene Upupiformes, were perching
birds (Mayr, 1998b), whereas their modern relatives mainly
forage on the ground (Upupidae, hoopoes) or are specialized
for trunk climbing (Phoeniculidae, wood-hoopoes). Other
arboreal taxa that were diversiﬁed in the Eocene are unknown from the Oligocene, for example, the Primoscenidae,
one of the most abundant groups of small arboreal birds in
the Lower and Middle Eocene with a very songbird-like
overall appearance.
(5) There further was a great diversity of aerial insectivores in the Eocene, all of which were members of the
Cypselomorphae. By contrast, today only two cypselomorph
taxa occur in Europe (Caprimulgidae and Apodidae), and
all other insectivores that catch their prey either on the wing
or by sallying ﬂights from perches belong to passerines, such
as Hirundinidae (swallows), Muscicapidae (ﬂycatchers), and
Laniidae (shrikes). Except for swifts that avoid competition
with the superﬁcially similar swallows by the use of diﬀerent
nesting sites (e.g. Turner, 1989), all extant insectivorous
Cypselomorphae are crepuscular or nocturnal and thereby
contrast with the mainly diurnal songbirds.
(6) By the late Oligocene, the European avifauna is
already of essentially modern aspect (see also MourerChauviré, 1995 a), although some non-passeriform groups
that occur in the modern European avifauna still appear
to be absent, most notably Podicipedidae, Pelecanidae,
Ciconiidae, Otididae (bustards), Falconidae, Strigidae,
Columbidae, and Cuculidae. Olson (1989) assumed that
Podicipedidae and Columbidae evolved on the Southern
Hemisphere and did not arrive in Europe before the
Neogene. Likewise, the basal divergences within crowngroup Falconidae are in South America where this taxon
probably had its origin (Griﬃths, 1999), and falcons also
may not have dispersed into Europe before the Neogene.
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ALVARENGA, H. M. F. & HÖFLING, E. (2003). Systematic revision
of the Phorusrhacidae (Aves : Ralliformes). Papéis Avulsos de
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Historische Geologie 10, 271–275.
BARKER, F. K., BARROWCLOUGH, G. F. & GROTH, J. G. (2002). A
phylogenetic hypothesis for passerine birds : taxonomic and
biogeographic implications of an analysis of nuclear DNA
sequence. Proceedings of the Royal Society of London, Series B 269,
295–308.
BENTON, M. J. (1999). Early origin of modern birds and mammals :
molecules vs. morphology. BioEssays 21, 1043–1051.
BESSONAT, G. & MICHAUT, A. (1973). Découverte d’un squelette
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CHENEVAL, J. & ESCUILLIÉ, F. (1992). New data concerning
Palaelodus ambiguus (Aves : Phoenicopteriformes : Palaelodidae) :
ecological and evolutionary interpretations. In Papers in Avian
Paleontology honoring Pierce Brodkorb (ed. K. E. Campbell). Natural
History Museum of Los Angeles County, Science Series 36, 208–224.
CHUBB, A. (2004). New nuclear evidence for the oldest divergence
among neognath birds : the phylogenetic utility of ZENK (i).
Molecular Phylogenetics and Evolution 30, 140–151.
COOPER, A. & PENNY, D. (1997). Mass survival of birds across the
Cretaceous-Tertiary boundary : molecular evidence. Science
275, 1109–1113.
CRACRAFT, J. (1973). Systematics and evolution of the Gruiformes
(Class Aves). 3. Phylogeny of the suborder Grues. Bulletin of the
American Museum of Natural History 151, 1–127. New York.
CRACRAFT, J. (1980). Phylogenetic theory and methodology in
avian paleontology : a critical appraisal. In Papers in avian
paleontology honoring Hildegarde Howard (ed. K. E. Campbell).
Natural History Museum of Los Angeles County, Contributions to Science
330, 9–16.
CRACRAFT, J. (2001). Avian evolution, Gondwana biogeography
and the Cretaceous-Tertiary mass extinction event. Proceedings of
the Royal Society of London, Series B 268, 459–469.
CRISTOFFER, C. & PERES, C. A. (2003). Elephants versus butterﬂies :
the ecological role of large herbivores in the evolutionary history
of two tropical worlds. Journal of Biogeography 30, 1357–1380.
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Billy-Créchy (Allier, France). Geobios 36, 719–731.
JOHANSSON, U. S. & ERICSON, P. G. P. (2003). Molecular support
for a sister group relationship between Pici and Galbulae
(Piciformes sensu Wetmore 1960). Journal of Avian Biology 34,
185–197.
KARHU, A. (1988). Novoye semeystvo strizheobraznykh iz paleogena Yevropy [A new family of swift-like birds from the
Paleogene of Europe]. Paleontological Journal 3, 78–88 [Russian
with English abstract].
KARHU, A. (1999). A new genus and species of the family
Jungornithidae (Apodiformes) from the Late Eocene of the
Northern Caucasus, with comments on the ancestry of hummingbirds. In Avian Paleontology at the Close of the 20th Century :
Proceedings of the 4th International Meeting of the Society of Avian
Paleontology and Evolution, Washington, D.C., 4–7 June 1996
(ed. S. L. Olson). Smithsonian Contributions to Paleobiology 89,
207–216.
KRISTOFFERSEN, A. V. (1999). Lithornithid birds (Aves,
Palaeognathae) from the Lower Palaeogene of Denmark. Geologie
en Mijnbouw 78, 375–381.
KRISTOFFERSEN, A. V. (2002 a). An early Paleogene trogon (Aves :
Trogoniformes) from the Fur Formation, Denmark. Journal of
Vertebrate Paleontology 22, 661–666.
KRISTOFFERSEN, A. V. (2002b). The avian diversity in the latest
Paleocene – earliest Eocene Fur Formation, Denmark. A synopsis.
Unpublished Ph.D. thesis, University of Copenhagen, Geological
Institute.

538
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Néboule (Lot) et sa faune de vertébrés du Ludien Supérieur.
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MOURER-CHAUVIRÉ, C. (1995 b). Les Garouillas et les sites contemporains (Oligocène, MP 25) des Phosphorites du Quercy
(Lot, Tarn-et-Garonne, France) et leurs faunes de Vertébrés. 3.
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MOURER-CHAUVIRÉ, C., BERTHET, D. & HUGUENEY, M. (2004). The
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