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ABSTRACT - Although the higher-level relationships of modern birds are still poorly resolved, some clades result from 
cladistic analyses of both morphological and molecular data, and are in further agreement with the mosaic character distribu-
tion in Paleogene fossil taxa. Examples are sister group relationships between Galliformes (landfowl) and Anseriformes (wa-
terfowl), Phoenicopteriformes (flamingos) and Podicipediformes (grebes), Aegothelidae (owlet-nightjars) and Apodiformes, 
and jacamars/puffbirds (Galbulae) and Pici (woodpeckers and allies). Recent molecular studies further support a position 
of Turnicidae (buttonquails) within Charadriiformes (shorebirds), which is in concordance with the mosaic distribution of 
turnicid and charadriiform characters in the early Oligocene taxon Turnipax. Most of the above clades have initially been 
suggested from studies of morphological data, and, despite recent progress in molecular analyses, phylogenies based on mor-
phological characters are still needed to set fossil taxa into a phylogenetic context.

La phylogénie des grands groupes d’oiseaux – lorsque morphologie, molécules et fossils coïnci-
dent – Bien que les relations phylogénétiques entre les groupes d’oiseaux modernes ne soient pas encore complètement 
élucidées, certains clades résultent d’analyses fondées à la fois sur les données morphologiques et les données moléculaires, 
et en outre sont en accord avec la distribution en mosaïque des caractères de taxons fossiles du Paléogène. On peut citer 
comme exemples les relations entre les Galliformes et les Anseriformes, les Phoenicopteriformes et les Podicipediformes, les 
Aegothelidae et les Apodiformes, les Galbulae et les Pici. Des études moléculaires récentes placent en outre les Turniciidae, 
ce qui est en accord avec la distribution en mosaïque de caractères de turnicidés et de Charadriiformes chez le taxon oligocène 
Turnipax. La plupart des clades ci-dessus ont été suggérés à l’origine par des études morphologiques, et en dépit des progrès 
récents des analyses moléculaires, les phylogénies fondées sur les caractères morphologiques sont toujours nécessaires pour 
placer les taxons fossiles dans leur contexte phyogénétique.

Introduction 

Most avian classifications in the 19th and 20th cen-
tury go back to the system of Fürbringer (1888), that was 
established long before modern phylogenetic methods were 
introduced (Hennig, 1950). Even some of the more recent 
studies proceed from poorly established “orders”, such as 
“Gruiformes” (e.g., Cracraft, 1988, 2001; Cracraft et al., 
2004), whose monophyly has not been well supported. Al-
though new impetus came from the introduction of molecular 
techniques into avian systematics, these often yield remark-
ably different results depending on the kind of data evalu-
ated and the way how it is analyzed (e.g., Espinosa de los 
Monteros, 2000; Mindell et al., 1997; Cracraft et al., 2004; 
Fain & Houde, 2004; Ericson et al., 2006). Nevertheless, a 
number of avian clades received strong support from analy-
ses of different kind of molecular data, and some of these 
have not been considered by morphologists before.

Contrary to even a few decades ago, there mean-

while is further an extensive Paleogene fossil record of 
birds, and many Paleogene fossils lack derived features that 
obscure the phylogenetic affinities of their extant relatives. 
Here, I give a brief overview over some neornithine clades 
that are supported by cladistic analyses of both morphologi-
cal and molecular data and that are in further agreement with 
the mosaic character distribution in fossil taxa. General sur-
veys on earlier and recently proposed phylogenies can be 
found in Sibley & Ahlquist (1990), Livezey & Zusi (2001), 
and Cracraft et al. (2004).

Galliformes + Anseriformes

Sister group relationship between Galliformes 
(landfowl) and Anseriformes (waterfowl), i.e. monophyly 
of Galloanseres, was first suggested from morphological 
studies (e.g., Simonetta, 1963), and is supported by virtu-
ally all molecular analyses of DNA-DNA hybridization data, 
mitochondrial, and nuclear genes (Sibley & Ahlquist, 1990; 
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Groth & Barrowclough, 1999; van Tuinen et al., 2000; So-
renson et al., 2003; Chubb, 2004; Simon et al., 2004; Crac-
raft et al., 2004; Fain & Houde, 2004; Ericson et al., 2006). 
Morphological apomorphies of this clade are largely restrict-
ed to skull features and include an inflated basiparasphenoid 
plate, a derived modification of the basipterygoid processes 
and the quadrate, as well as greatly elongated retroarticular 
processes on the mandible (Dzerzhinsky, 1992; Cracraft & 
Clarke, 2001; see also Ericson, 1996 concerning variation of 
some of these features within Galloanseres). 

The postcranial anatomy of modern land- and wa-
terfowl, however, is quite different. This morphological gap 
is bridged by the morphology of Paleogene stem group Galli-
formes, most notably the early Eocene Gallinuloididae which 
are the earliest known galliform birds (Mayr, 2000a; Mayr & 
Weidig, 2004). In particular, gallinuloidids exhibit a strik-
ingly “anseriform” morphology of the coracoid that exhibits 
a cup-like articulation facet for the scapula (Fig. 1). Also the 

very long scapula and the long and slender carpometacarpus 
are more similar to the corresponding bones of anseriform 
birds than to those of crown group Galliformes (Fig.1; Mayr, 
2000a; Mayr & Weidig, 2004). A cup-like scapular articula-
tion facet on the coracoid and an elongated carpometacarpus 
are also present in other Paleogene stem group Galliformes, 
such as the Quercymegapodiidae (Mourer-Chauviré, 1992), 
and both characters occur in Mesozoic non-neornithine birds. 
Their modification in extant Galliformes, which exhibit a 
shallow articulation facet for the scapula and a shorter and 
wider carpometacarpus, is thus derived within Neornithes. 

Podicipediformes + Phoenicopteriformes

The phylogenetic affinities of the Phoenicopteri-
formes (flamingos) were among the long standing problems 
in ornithology, and earlier authors assumed that their clos-
est modern relatives are either Anseriformes, Ciconiidae 

Figure 1 - Cladogram depicting the relationship between fos-
sil (dagger) and extant Galliformes. The black point indicates the 
crown group. Plesiomorphic (stem group Galliformes) and apo-
morphic (crown group Galliformes) carpometacarpus and coracoid 
morphologies are mapped on the tree, see text for details (after 
Mayr & Weidig, 2004). Note the cup-like facies articularis scapula-
ris in stem group Galliformes.

Figure 2 - Skulls in comparison. A: Lesser flamingo (Phoenico-
naias minor, Phoenicopteridae); B: Palaelodus sp. (Palaelodidae; 
uncatalogued specimen from Alliers in France in the collection of 
the Forschungsinstitut Senckenberg); C: Great crested grebe (Podi-
ceps cristatus, Podicipedidae). Note that the upper beak and part of 
the cranium in B are reconstructed; an actual specimen is figured 
by Cheneval & Escuillié (1992) and slightly differs in proportions. 
Scale bars equal 10 mm.
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(storks), or the charadriiform Recurvirostridae (stilts and 
avocets) (see Sibley & Ahlquist, 1990). None of these hy-
potheses is, however, supported by molecular studies, which 
instead recovered sister group relationship between Phoen-
icopteridae and Podicipediformes (grebes). The flamingo/
grebe clade has not been suggested by any earlier author 
and was first found by van Tuinen et al. (2001), who ana-
lyzed mitochondrial and nuclear DNA sequences as well as 
DNA-DNA hybridization data. Meanwhile it also resulted 
from analyses of the nuclear ZENK gene (Chubb 2004), the 
RAG-2 exon (Cracraft et al., 2004), as well as the RAG-1 
exon (Ericson et al., 2006: fig. ESM-2) and myoglobin intron 
2 (Ericson et al., 2006: fig. ESM-3).

Apomorphies of the clade (Phoenicopteriformes + 
Podicipediformes) include the presence of a notarium (fused 
thoracic vertebrae), an unusually high number of cervical 
vertebrae, 11 primaries (except for storks, all other birds have 
9 or 10 primaries), a layer of calcium phosphate that covers 
the eggshell and that is found otherwise only in the galliform 
Megapodiidae, and nail-like ungual phalanges (Mayr, 2004a, 
Manegold, 2006). 

Fossil support for this novel hypothesis comes 
from the fossil phoenicopteriform taxon Palaelodidae that 
provides a morphological link between the highly derived 
morphology of modern grebes and flamingos (Mayr, 2004a). 
Palaelodids are known since a long time from the Paleogene 
and Neogene of Europe and have an abundant fossil record 
(e.g., Cheneval, 1983). Their assignment to the Phoenicop-
teriformes has never been doubted and, among other features, 
is supported by the very deep lower jaw (Fig. 2). However, 
contrary to their modern relatives, palaelodids have very 
short hindlimbs and especially the tarsometatarsus strikingly 
resembles the corresponding bone of modern grebes (Che-
neval & Escuillié, 1992). Palaelodids have been considered 
to be specialized swimming or diving flamingos by earlier 
authors (e.g., Cheneval, 1983), but in the light of the new 
hypothesis it is more likely that the swimming adaptations of 
these birds are plesiomorphic traits of Phoenicopteriformes 
(Mayr, 2004a, 2007).

Turnicidae and Charadriiformes

Turnicidae (buttonquails) are also among those 
groups that have puzzled avian systematists for decades. Al-
though relationships to palaeognathous birds, Galliformes, 
and Gruiformes (cranes and allies) were assumed, they were 
most often classified in their own “order” by earlier authors, 
together with the Australian Pedionomidae (plains wanderer) 
(Sibley & Ahlquist, 1990; Rotthowe & Starck, 1998). 

Olson & Steadman (1981) presented convinc-
ing evidence that the Pedionomidae are in fact part of the 
Charadriiformes (sandpipers, gulls, auks, and allies) but con-
sidered the position of the Turnicidae to be uncertain. Re-
cent analyses of both nuclear and mitochondrial sequences, 
however, provide strong evidence that buttonquails also are 
aberrant members of the Charadriiformes (Paton et al., 2003; 
Cracraft et al., 2004; Fain & Houde, 2004; Paton & Baker, 
2006; Ericson et al., 2006).

These findings put into a new light a fossil taxon 
from the early Oligocene of France and Germany which ex-
hibits a striking mosaic of charadriiform and turnicid charac-
ters (Mayr, 2000b; Mayr & Knopf, in press). Turnipax shares 
a derived morphology of the coracoid (Fig. 3) with crown 
group Turnicidae, and the new molecular hypothesis on the 
phylogenetic affinities of buttonquails suggest that the fos-
sil taxon is a stem group representatives of the Turnicidae, 
which exhibits plesiomorphic charadriiform characteristics 
(see also Mayr & Knopf, 2007).

Aegothelidae + Apodiformes

Sister group relationship between Apodidae and 
Hemiprocnidae (true swifts and tree swifts) and Trochi-
lidae (hummingbirds), i.e. monophyly of the traditional 
Apodiformes, has been assumed by most earlier authors, 
and results from all cladistic analyses of morphological and 
molecular data (Sibley & Ahlquist, 1990; Johansson et al., 
2001; Livezey & Zusi, 2001; Mayr, 2002; Mayr et al., 2003; 
Cracraft et al., 2004; Ericson et al., 2006). 

Figure 3 - Coracoids in comparison. A: Turnipax dissipata Mayr 
2000 (holotype, specimen SMF Av 427 in the collection of For-
schungsinstitut Senckenberg, Frankfurt, Germany); B: Turnix 
tanki (Charadriiformes, Turnicidae); C: Haematopus ostralegus 
(Charadriiformes, Haematopodidae). Not to scale.
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However, although most authors considered a close 
relationship to the “Caprimulgiformes” (nightjars and al-
lies), the sister taxon of apodiform birds remained uncertain 
(see Sibley & Ahlquist, 1990). In 2002, I detailed that the 
traditional “Caprimulgiformes” (e.g., sensu Wetmore, 1960) 
are not monophyletic and that the Aegothelidae (owlet-
nightjars) are the sister group of Apodiformes (Mayr, 2002). 
Morphological apomorphies of the clade (Aegothelidae + 
Apodiformes) include a derived morphology of the quadrate, 
a foramen for the supracoracoideus nerve on the coracoid, as 
well as a derived morphology of the splenius capitis mus-
cle (Mayr 2002). Owlet-nightjars, swifts, and hummingbirds 
further share an indel in the c-myc gene (Mayr et al., 2003) 
and a “15 base synapomorphy” in the RAG-1 gene (Barrow-
clough et al. 2006: 240), and a clade including these taxa is 
supported by all recent molecular analyses (Cracraft et al., 
2004; Barrowclough et al, 2006; Ericson et al., 2006).

Fossil support for sister group relationship between 
Aegothelidae and Apodiformes comes from the earliest 
known, Middle Eocene, stem group hummingbird Parar-
gornis (Mayr, 2003a). Among other features, this taxon shares 
with modern Trochilidae a derived modification of the elbow 
joint (Mayr, 2003a, b), but still exhibits an owlet-nightjar- 
or swift-like beak. Most notably, however, the feathering of 
Parargornis trenchantly differs from that of modern hum-
mingbirds and swifts in that the wings are short and rounded 
and the tail very long (Fig. 4). A similar feathering occurs in 
modern Aegothelidae and most likely is plesiomorphic for 
the Trochilidae (Mayr & Manegold, 2002; Mayr, 2005).

Galbulae + Pici

Several authors questioned sister group relation-
ship between Galbulae (jacamars and puffbirds) and Pici 

Figure 4 - Holotype of the stem 
group hummingbird Parargornis 
messelensis from the Middle 
Eocene of Messel (specimen 
HLMD Be 163 in the collection 
of the Hessisches Landesmuseum 
in Darmstadt). The feathering of 
this species strongly departs from 
modern Trochilidae and is here 
considered to be plesiomorphic 
for hummingbirds.
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(woodpeckers and allies), i.e. monophyly of the traditional 
Piciformes, and assumed that the Galbulae are more closely 
related to coraciiform birds (rollers and allies) (e.g., Olson, 
1983; Burton, 1984; Höfling & Alvarenga, 1997). 

All morphological apomorphies of the traditional 
Piciformes recognized by earlier ornithologists concern 
the hindlimbs (Simpson & Cracraft, 1981; Swierczewski & 
Raikow, 1981) Recently, however, additional apomorphies 
were identified which are not related to the foot morphology, 
including a proximally protruding process on the proximal 
phalanx of the major digit of the wing, the secondary loss of 
an intrapterygoid joint, and a shield-like disc on the pygo-
style (Mayr et al., 2003; Manegold, 2005). Monophyly of the 
traditional Piciformes is also strongly supported by analyses 
of nuclear sequence data (Johansson & Ericson, 2003; Mayr 
et al., 2003; Cracraft et al., 2004; Ericson et al. 2006; contra 
Sibley & Ahlquist, 1990). 

The Paleogene piciform (Mayr, 2004b) Sylphorni-
thidae, which are known from the Upper Eocene of France 
and the early Oligocene of Belgium (Mourer-Chauviré, 1988; 
Mayr & Smith, 2002), combine a derived, Pici-like morphol-
ogy of the carpometacarpus (shorter and stouter than in Gal-
bulae, with a larger intermetacarpal process) with a plesio-
morphic, Galbulae-like morphology of the tarsometatarsus 
(hypotarsus with open sulcus for tendon of flexor digitorum 
longus muscle, distal end with small accessory trochlea) 
(Fig. 5; Mayr, 2004b). 

Conclusion

Although the higher-level relationships of birds are 
often regarded as poorly resolved, there are some clades that 
are supported by morphological, molecular, and fossil data. 
The increasing number of molecular studies and the discov-
ery of new Paleogene fossils in particular led to a renais-
sance of avian systematics and stimulated new phylogenetic 

hypotheses, although it has to be noted that most clades dis-
cussed above were initially suggested from morphological 
studies of the extant taxa. Only Galloanseres were recovered 
in the often cited DNA-DNA hybridization studies of Sibley 
& Ahlquist (1990) which are a comparison of overall simi-
larity, and have also been criticized for other methodologi-
cal reasons (Houde, 1987; Lanyon, 1992; Fain & Houde, 
2004). Morphological data thus has the potential to resolve 
the higher-level phylogeny of birds and phylogenies based 
on morphological characters are especially needed if fossil 
taxa have to be set into a phylogenetic context (see also, e.g., 
Wiens, 2004).

As more and more Paleogene fossil taxa are de-
scribed and molecular techniques are continuously im-
proved, there is good reason to believe that the next years 
will see further well-supported hypotheses on the relation-
ships of additional taxa. An important requirement for suc-
cess in this direction is, however, that systematists continue 
to critically evaluate monophyly of the traditional higher-
level taxa, either by comparison of mutually independent 
molecular evidence (e.g., gene loci on different chromo-
somes or mitochondrial and nuclear sequence data) or by 
discussion of morphological apomorphies, and, if necessary, 
break with long-established traditional views (e.g., Fain & 
Houde, 2004; Ericson et al., 2006).

Acknowledgements

I thank S. Tränkner for taking the photographs and 
M. van Tuinen for comments on the manuscript.

References

Barrowclough, G.F., Groth, J.G. & Mert, L.A. 2006. The 
RAG-1 exon in the avian order Caprimulgiformes: 
Phylogeny, heterozygosity, and base composition. 

Figure 5 - Hypotarsus (A-C) and carpometacarpus (D-F) of pici-
form birds in comparison. A: Eubucco bourcierii (Pici, Ramphasti-
dae); D: Trachyphonus margaritatus (Pici, Ramphastidae); B, E: 
Sylphornis bretouensis (Sylphornithidae); E: Chelidoptera teneb-
rosa (Galbulae, Bucconidae); F: Galbula ruficauda (Galbulae, Gal-
bulidae). Not to scale, after Mayr (2004).



ORYCTOS vol. 7, 2008 72

Molecular Phylogenetics and Evolution, 41: 238-248.
Burton, P.J.K. 1984. Anatomy and evolution of the feeding 

apparatus in the avian orders Coraciiformes and 
Piciformes. Bulletin of the British Museum (Natural 
History), Zoology series, 47: 331-443.

Cheneval, J. 1983. Révision du genre Palaelodus Milne-
Edwards, 1863 (Aves, Phoenicopteriformes) du 
gisement aquitanien de Saint-Gérand-le-Puy (Allier, 
France). Géobios, 16: 179-191.

Cheneval, J. & Escuillié, F. 1992. New Data Concerning 
Palaelodus ambiguus (Aves: Phoenicopteriformes: 
Palaelodidae): Ecological and Evolutionary 
Interpretations; pp. 208-224. In Campbell, K.E. 
(ed.) Papers in Avian Paleontology honoring Pierce 
Brodkorb. Natural History Museum of Los Angeles 
County, Science Series, 36.

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.

Cracraft, J. 1988. The major clades of birds; pp. 339-361. In 
Benton, M.J. (ed.) The Phylogeny and Classification of 
the Tetrapods, Volume 1: Amphibians, Reptiles, Birds. 
Clarendon Press, Oxford.

Cracraft, J. 2001. Avian evolution, Gondwana biogeography 
and the Cretaceous-Tertiary mass extinction event. 
Proceedings of the Royal Society of London B, 268: 
459-469.

Cracraft, J., Barker, F.K., Braun, M., Harshman, J., Dyke, 
G.J., Feinstein, J., Stanley, S., Cibois, A., Schikler, P., 
Beresford, P., García-Moreno, J., Sorenson, M.D., Yuri, 
T. & Mindell, D.P. 2004. Phylogenetic relationships 
among modern birds (Neornithes): toward an avian tree 
of life; pp. 468-489. In Cracraft, J. & Donoghue, M. 
(eds.) Assembling the Tree of Life. Oxford University 
Press, New York.

Cracraft, J. & Clarke, J.A. 2001. The basal clades of modern 
birds; pp. 143-156. In Gauthier, J. & Gall, L.F. (eds.) 
New Perspectives on the Origin and Early Evolution 
of Birds. Peabody Museum of Natural History, New 
Haven.

Dzerzhinsky, F.Y. 1992. Evidence for common ancestry 
of the Galliformes and Anseriformes. Courier 
Forschungsinstitut Senckenberg, 181: 325-336.

Ericson, P.G.P. 1996. The skeletal evidence for a sister-group 
relationship of anseriform and galliform birds - a critical 
evaluation. Journal of Avian Biology, 27: 195-202.

Ericson, P.G.P., Anderson, C.L., Britton, T., Elzanowski, A., 
Johansson, U.S., Källersjö, M., Ohlson, J.I., Parsons, 
T.J., Zuccon, D. & Mayr, G. 2006. Diversification of 
Neoaves: integration of molecular sequence data and 
fossils. Biology Letters, 2: 543-547. 

Espinosa de los Monteros, A. 2000. Higher-level phylogeny 
of Trogoniformes. Molecular Phylogenetics and 
Evolution, 14: 20-34.

Fain, M.G. & Houde, P. 2004. Parallel radiations in the 

primary clades of birds. Evolution, 58: 2558-2573.
Fürbringer, M. 1888. Untersuchungen zur Morphologie 

und Systematik der Vögel, zugleich ein Beitrag zur 
Anatomie der Stütz- und Bewegungsorgane. Vol. 2. Van 
Holkema, Amsterdam.

Groth, J.G. & Barrowclough, G.F. 1999. Basal Divergences 
in Birds and the Phylogenetic Utility of the Nuclear 
RAG-1 Gene. Molecular Phylogenetics and Evolution, 
12: 115-123.

Hennig, W. 1950. Grundzüge einer Theorie der 
Phylogenetischen Systematik. Deutscher Zentralverlag, 
Berlin.

Höfling, E. & Alvarenga, H.M.F. 2001. Osteology of the 
shoulder girdle in the Piciformes, Passeriformes and 
related groups of birds. Zoologischer Anzeiger, 240: 
196-208.

Houde, P. 1987. Critical evaluation of DNA hybridization 
studies in avian systematics. Auk, 104: 17-32.

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.

Johansson, U.S., Parsons, T.J., Irestedt, M. & Ericson, P.G.P. 
2001. Clades within the ‘higher land birds’, evaluated 
by nuclear DNA sequences. Journal of Zoological 
Systematics and Evolutionary Research, 39: 37-51.

Lanyon, S.M. 1992. Review of Sibley and Ahlquist 1990. 
Condor, 94: 304-307.

Livezey, B.C. & Zusi, R.L. 2001. Higher-order phylogenetics 
of modern Aves based on comparative anatomy. 
Netherlands Journal of Zoology, 51: 179-205.

Manegold, A. 2005. Zur Phylogenie und Evolution 
der „Racken”-, Specht- und Sperlingsvögel 
(„Coraciiformes”, Piciformes und Passeriformes: 
Aves). dissertation.de, Berlin.

Manegold, A., 2006. Two additional synapomorphies of 
grebes Podicipedidae and flamingos Phoenicopteridae. 
Acta Ornithologica, 41: 79-82.

Mayr, G. 2000a. A new basal galliform bird from the Middle 
Eocene of Messel (Hessen, Germany). Senckenbergiana 
lethaea, 80: 45-57.

Mayr, G. 2000b. Charadriiform birds from the early 
Oligocene of Céreste (France) and the Middle Eocene 
of Messel (Hessen, Germany). Géobios, 33: 625-636.

Mayr, G. 2002. Osteological evidence for paraphyly of the 
avian order Caprimulgiformes (nightjars and allies). 
Journal für Ornithologie, 143: 82-97.

Mayr, G. 2003a. A new Eocene swift-like bird with a peculiar 
feathering. Ibis, 145: 382-391.

Mayr, G. 2003b. Phylogeny of early Tertiary swifts and 
hummingbirds (Aves: Apodiformes). Auk, 120: 
145-151.

Mayr, G. 2004a. Morphological evidence for sister group 
relationship between flamingos (Aves: Phoenicopteridae) 
and grebes (Podicipedidae). Zoological Journal of the 
Linnean Society, 140: 157-169.



ORYCTOS vol. 7, 2008 73

Mayr, G. 2004b. The phylogenetic relationships of the early 
Tertiary Primoscenidae and Sylphornithidae and the 
sister taxon of crown group piciform birds. Journal of 
Ornithology, 145: 188-198.

Mayr, G. 2005. Fossil Hummingbirds in the Old World. 
Biologist, 52: 12-16.

Mayr, G. 2007. The contribution of fossils to the 
reconstruction of the higher-level phylogeny of birds. 
Species, Phylogeny and Evolution, 1: 59-64.

Mayr, G. & Clarke, J. 2003. The deep divergences 
of neornithine birds: a phylogenetic analysis of 
morphological characters. Cladistics, 19: 527-553.

Mayr, G. & Knopf, C. 2007. A stem lineage representative 
of buttonquails from the Lower Oligocene of Germany 
- fossil evidence for a charadriiform origin of the 
Turnicidae. Ibis 1489: 774-782.

Mayr, G. & Manegold, A. 2002. Eozäne Stammlinienvertreter 
von Schwalmvögeln und Seglern aus der Grube Messel 
bei Darmstadt. Sitzungsberichte der Gesellschaft 
Naturforschender Freunde zu Berlin (Neue Folge), 41: 
21-35.

Mayr, G., Manegold, A. & Johansson, U. 2003. Monophyletic 
groups within “higher land birds” - comparison 
of morphological and molecular data. Journal of 
Zoological Systematics and Evolutionary Research, 
41: 233-248.

Mayr, G. & Smith, R. 2002. Avian remains from the 
lowermost Oligocene of Hoogbutsel (Belgium). 
Bulletin de l’Institut Royal des Sciences Naturelles de 
Belgique, 72: 139-150.

Mayr, G. & Weidig, I. 2004. The Early Eocene bird 
Gallinuloides wyomingensis - a stem group 
representative of Galliformes. Acta Palaeontologica 
Polonica, 49: 211-217.

Mindell, D.P., Sorenson, M.D., Huddleston, C.J., Miranda, 
H.C. Jr., Knight, A., Sawchuk, S.J. & Yuri, T. 1997. 
Phylogenetic Relationships among and within Select 
Avian Orders Based on Mitochondrial DNA; pp. 
213-247. In Mindell, D.P. (ed.) Avian Molecular 
Evolution and Systematics. Academic Press, Ann 
Arbor.

Mourer-Chauviré, C. 1988. Le gisement du Bretou 
(Phosphorites du Quercy, Tarn-et-Garonne, France) et 
sa faune de vertébrés de l’Eocène supérieur. II Oiseaux. 
Palaeontographica (A), 205: 29-50.

Mourer-Chauviré, C. 1992. The Galliformes (Aves) from 
the Phosphorites du Quercy (France): Systematics 
and Biostratigraphy; pp. 67-95. In Campbell, K.E. 
(ed.) Papers in Avian Paleontology honoring Pierce 
Brodkorb. Natural History Museum of Los Angeles 
County, Science Series, 36.

Olson, S.L. 1983. Evidence for a polyphyletic origin of the 
Piciformes. Auk, 100: 126-133.

Olson, S.L. & Steadman D.W. 1981. The relationships of the 
Pedionomidae (Aves: Charadriiformes). Smithsonian 
Contributions to Zoology, 337: 1-25.

Paton, T.A., Baker, A.J., Groth, J.G. & Barrowclough, 
G.F. 2003. RAG-21 sequences resolve phylogenetic 
relationships within Charadriiform birds. Molecular 
Phylogenetics and Evolution, 29: 268-278.

Paton, T.A. & Baker, A.J. 2006. Sequences from 14 
mitochondrial genes provide a well-supported 
phylogeny of the charadriiform birds congruent with 
the nuclear RAG-1 tree. Molecular Phylogenetics and 
Evolution, 39: 657-667.

Rotthowe, K. & Starck, M. 1998. Evidence for a phylogenetic 
position of button quails (Turnicidae: Aves) among the 
Gruiformes. Journal of Zoological Systematics and 
Evolutionary Research, 36: 39-51.

Sibley, C.G. & Ahlquist, J.E. 1990. Phylogeny and 
classification of birds: A study in molecular evolution. 
Yale University Press, New Haven.

Simon, J., Laurent, S., Grolleau, G., Thoraval, P., Soubieux, 
D. & Rasschaert, D. 2004. Evolution of prepoinsulin 
gene in birds. Molecular Phylogenetics and Evolution, 
30: 755-766.

Simonetta, A.M. 1963. Cinesi e morfologia del cranio negli 
uccelli non passeriformi. Studio su varie tendenze 
evolutive. Part 1. Archivio Zoologico Italiano (Torino), 
48: 53-135.

Simpson, S.F. & Cracraft, J. 1981. The phylogenetic 
relationships of the Piciformes (Class Aves). Auk, 98: 
481-494.

Sorenson, M.D., Oneal, E., García-Moreno, J., & Mindell, 
D.P. 2003. More taxa, more characters: the hoatzin 
problem is still unresolved. Molecular Biology and 
Evolution, 20: 1484-1499.

Swierczewski, E.V. & Raikow, R.J. 1981. Hindlimb 
morphology, phylogeny and classification of the 
Piciformes. Auk, 98: 466-480.

van Tuinen, M., Sibley, C.G. & Hedges, S.B. 2000. The early 
History of Modern Birds Inferred from DNA Sequences 
of Nuclear and Mitochondrial Ribosomal Genes. 
Molecular Biology and Evolution, 17: 451-457.

van Tuinen, M., Butvill, D.B., Kirsch, J.A.W. & Hedges, S.B. 
2001. Convergence and divergence in the evolution 
of aquatic birds. Proceedings of the Royal Society of 
London B, 268: 1345-1350.

Wetmore, A. 1960. A classification for the birds of the world. 
Smithsonian Miscellaneous Collections, 139: 1-37.

Wiens, J.J. 2004. The Role of Morphological Data in 
Phylogeny Reconstructions. Systematic Biology, 53: 
653-661.

This study has been submitted in 2004 and updated 
concerning some references in 2006.


