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This paper discusses morphological and molecular data bearing on the earliest evolution of the
Neornithes. Phylogenetic analyses of basal neornithine groups frequently result in poorly re-
solved trees, most likely caused by rapid branching events in the Cretaceous and early Tertiary.
Although data that efficiently resolve the earliest history of modern birds are few, a consensus
opinion about their basal phylogeny has emerged in recent years. Two major splits within Ne-
ornithes are postulated. The first occurs when the palaeognathous birds branch off from the
rest (the Neognathae), and the second when the Anseriformes and Galliformes split from all
other neognaths. Morphological data presented by Livezey (1997) supporting this second di-
chotomy are combined with additional data from Ericson (1997) and re-analyzed. In addition,
a new data set consisting of nucleotide sequences from the nuclear, single-copy gene c-myc is
analyzed separately and in combination with the morphological data. Neither analyses support
the suggested anseriform—galliform relationship. Instead, the Anseriformes group with the Ci-
coniiformes, Phoenicopteriformes and Charadriiformes, that is, a clade of wading birds.
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Appendix: Data matrix

Data matrix for the analysis of the pooled morphological data sets of Ericson (1997) and Livezey (1997).
Below the character numbers are indicated the numbers in the original data sets. Character descriptions,
codings and polarities are as in the original publications.

5 10 15 20 25

E2 E4 E5 E6 E8 E9EIOEI1EI3E14 EI6GEI7EIQE20E21 E22E23E24E25E26 E27E28E29E30E32

Tinamiformes 00100 0OO0ODO0OOOTWOOOOOTU OOOOOOOTILIO0OTU0O
Charadriiformes 10011 10000 100O01 10110 01000
Ciconiiformes 010 0012 1 000101 2 0 0 0 1 0O0O0OO0DL0L 0O O0O0O0O
Phoenicopteriformes 1 1 0 1 2 1 0 0 0 0 1 0 1 01 00 0 OO OOOOO
Galliformes 100011 0000 0O 100001 0O0OO0OO0ODO0O OOTI1ITO0DMO
Anhima 10012 00O0O0OO0OT1T1101 01001 000WO0TO
Chauna 10012 000O0OO0DT1T1101 01001 0000°T0
Anseranas 1 0012 00100 11111 00001 10000
Anatidae 10112 00100 11111 00HO0O0O0T1000°T0
30 35 40 45 50

E33E34E35E36 E37 E3BE39EA0EALE4A2 EA3E4AEASEA6EA7 EABEA9ES0ES1ES2 ES3ES4ES6ES7 ES8

Tinamiformes 000O0O0OOOOOOOOOOOTUOOOOO OOOODO
Charadriiformes 01001 01210111100 00010 01000
Ciconiiformes 01000 01121 0 0011/20/20L 0 0 0 00O 010O0TUDO0
Phoenicopteriformes 0 1 0 0 1 0 1 2 1 0 01 1 00 1 00 O0O0 O10O0TU0O0
Galliformes 00010 O1O00O0O0OCO0ODDO0ODC1LO O0OOOODOT11O0H©O0O0OTP O
Anhima 00001 0121001100 00O00O0O0OI1O0O00O0
Chauna 00001 01210 01100 00O00O0O0I11O0O00
Anseranas 00001 1121001100 00O00O0O0DI11O0O00O0
Anatidae 000O0O0OBT11210 0110010000 01000
55 60 65 70 75

ES9E60E61 E62 E63 E64 E65E67EGBEGY E70E71L1L2L3 L4 L5 L6 L7 L8 L9LIOLI1LI2L13

Tinamiformes 000O0O0OOOOOOOOOOOTUOOOOO ODOOOODO
Charadriiformes 01110 100000 O0O0OO0OO0OO0KMTOGOO0O230 0100 O00O0
Ciconiiformes 01110 10100 0O0O0DO0OO0KMO0OOO0Z30 0000O00O0
Phoenicopteriformes 0 1 1 1 0 1 0 0 0 0 0 0 0 1 1 00O 30 O0O0OO0OO0ODO
Galliformes 000O0OOOOOOOLOI10O0T1O0O0I1I1 0O0O0O0DO0KO
Anhima 01110 20001 0010011112 00101
Chauna 01110 2000100100 11112 010071
Anseranas 01110 1000100111 02013 10010
Anatidae 01110 1000100111 02013 10000
80 85 90 95 100

L14L15L161L171L18 L191L20L21122123 2412512728129 L30L31L32L33L34 L35L36L37L38L39

Tinamiformes 000O0O0O OOOOOOOOOOTUOOOOO OOOOTOODO
Charadriiformes 0000DLO0O 0O0OOOO O0OOLOO 010000 O0KKMmOUO OO0
Ciconiiformes 0000DLO 03 00O0O0OO0ODO0DI1IO0 O0OO0OO0DO0DMOOKLOoOLO0 2 0
Phoenicopteriformes 2 0 0 0 0 0 2 0 0 0 0 1 0 0 O 01 00O O1O0OTZ2P0O
Galliformes 0o0mooo 11000 11010 000O0O0O0MTL1LIO0OO0ODO
Anhima 0100012000 11010 0000011011
Chauna 01 0001200011010 00O000 11011
Anseranas 00111 1201111110 11011 11121
Anatidae 10111 12111 1111011111 11121
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Appendix, continued.
105 110 115 120 125
LA0L411421431L44 4514647148149 L50L51L521531L54 L55L56L571L581L59 L60L61L62L63L64
Tinamiformes 0o00O0OOOOOOOT OOOOOUOOOOO OO0OO0OO0ODO
Charadriiformes 01111 01200 0O0O0O0O0DUO0O11IO0O0O0 10000
Ciconiiformes 01111 01200 O0O0O0O00DO0O0KMO0OO0 O0O0O0MO1
Phoenicopteriformes 0 1 1 1 1 0 1 2 0 0 0 0 0 0O O OO0OOO 10001
Galliformes 01011 0020M1 010O000O0O0O0OO0OO0T1T1101
Anhima 01011 10102 01110 01110 00H©O0T11
Chauna 010111 10102 0111001110 00011
Anseranas 11111 20111 1111111101 00©0O071
Anatidae 11111 20111 11110 11102 010000
130 135 140 145 150
L65L66L67L68L69 L70L71L72L73L74 L75L76L77L78L79 L80L81L82L83L84 L85L86L87L83L89
Tinamiformes 000O0OO0OOOOOOUOOOOOTOOOOOOOOT1IOQO
Charadriiformes 001 1000010000C/KRXOO11I0 0O0OT1IO00O0O01L000120
Ciconiiformes 01011 11 00100O0O0M]OO0 101010100 O0O0O0UV2O0
Phoenicopteriformes 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 00 1 0O 1 0020
Galliformes 011 1010100000O0O012 00O0O0O0UO0OO0OO0O0MT1
Anhima 11010 11110 11112 10101 01110
Chauna 110100111110 11112 10101 01110
Anseranas 10110 11000 10011 10100 11110
Anatidae 001001 001000 10010 11110111010
155 160 165 170
L90L91L92 193194 L95L96L97L98L99 L100L101L102L103L104  L105L106L107L108L109
Tinamiformes 0 0 00O 0 0 00O 0 0 0 0 O 0 0 0 0 O
Charadriiformes 0 00 00 001100 0 0 01 0 O 0 0 0 0 O
Ciconiiformes 01 0 0 O 01 1 0 0 0 0 01 0 O 0O 0 0O 0 o
Phoenicopteriformes 0 0 0 01 001 00 0 0 1 o0 O 0 0 0 0 O
Galliformes 11000 0 10000 0 0 01 0 O 0 0 0 0 O
Anhima 1 1 0 00 11011 1 0 1 1 0 1 1 0 0 O
Chauna 11 0 0 O 110 11 1 1 1 1 1 0o 1 1 0 1
Anseranas 110 10 110 01 0o 0 1 2 0 0 0 0 1 o0
Anatidae 0 01 0 1 1 01 01 o 0 0 2 O 0O 0 0O 0 o
175 180 184
L110L111 11121113 L114 1115 1116 L117 1118 L119 L120 11211122 L123
Tinamiformes 0 0 1 23 2 0 0 0 0 O 0 0 01 O
Charadriiformes 0o 0 0 2 1 0 0 1 1 o0 01 0 12 0
Ciconiiformes o 0 o0 2 2 0/1/20 1 1 0 0 0 2 O
Phoenicopteriformes 1 0 0 2 2 3 0 1 1 0O 0 0 1 o0
Galliformes 0 01 0 02 O o4 0 0 0 O 0 0 2 0
Anhima 0 0 0 0 O 1 1 0 0 O 0 0 0 O
Chauna 0 0 0 02 O 1 1 0 0 O 0 0 0 O
Anseranas 0 01 0 02 O 2 0 0 0 1 0 0 0 O
Anatidae 01 0 0 O 30 0 0 1 1 1 0 1



