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APPENDICES

Appendix 1 Comparative material used in the construction of the data matrix.

Apteryx australis (AMNH11315, AMNH3739, LACM102334, USNM500629); Crypturellus noctivagus (AMNH2896,
AMNH5871, AMNH10444, AMNH10445, YPM2120, YPM2121), Crypturellus parvirostris (AMNH2715,
AMNH4095, USNM321587 USNM560073, USNM612015), Crypturellus tataupa (AMNH604, AMNH1260,
AMNH2838, LACM18645, LACM35338, USNM319428, USNM345742, USNM345743), Crypturellus undulatus
(AMNH2751, AMNH6479, AMNH6482, AMNH6484, USNM345740, USNM345741, USNM431553,
USNM553127, YPM11564); Dinornis sp. (PVL5700); Eudromia elegans (AMNH8565, AMNH11395,
AMNH11435, AMNH11436, AMNH17605, COL8, LACM88832, LACM90192, LACM91826, LACM101628,
LACM107113, MACN1689a, MLP4, MLP12, MLP247, USNM227489, USNM344966, USNM344991,
USNM345014, USNM345015, USNM345016, USNM345018, USNM345019, USNM345052, USNM345063,
USNM345064, USNM345093, USNM345094, USNM346848, USNM347009, USNM345095, USNM345096,
USNM345097, USNM345472, USNM553666, YPM6706), Eudromia formosa (COL9, COL39, COL57); Lithornis
hookeri (BMNHA3679, BMNHA5202), Lithornis nasi (BMNHA5200, BMNHA5201, BMNHA5279); Lithornis
plebius BMNH5303), Lithornis vulturinus (BMNHA5204, BMNH33138, BMNH38934, BMNH38935); Megapo-
dius freycinet (AMNH1389, USNM560650); Nothocercus bonapartei (UMMZ155485, USNM428790), Nothocer-
cus julius (LSUMNS120893), Nothocercus nigrocapillus (LSUMNS99310); Nothoprocta cinerascens (AMNH6505,
AMNH6507, AMNH6508, AMNH6509, COL6, COL7, COL9, COL10, COL11, COL13, COL15, USNM227806),
Nothoprocta ornata (AMNH6498, AMNH6500, AMNH12375, UMMZ156780, UMMZ156781, UMMZ209964,
UMMZ209965, USNM609491, USNM620750, USNM6207510, Nothoprocta pentlandi (AMNH6493,
AMNH6494, AMNH6495, AMNH6496, LACM110083, LSUMNS79742, LSUMNS86442, MACN1027a,
UMMZ156779, UMMZ156777, UMMZ158778, USNM555676), Nothoprocta perdicaria (LSUMNS164593,
USNM227767, USNM321770, USNM491384, YPM2040, YPM6696); Nothura boraquira (AMNH5803,
USNM490025), Nothura darwinii (KU77981, KU78003, LSUMNS95354, UCMVZ125142, UCMVZ125143,
UCMVZ125144, UCMVZ126349, UCMVZ127166, UCMVZ142291, YPM6697), Nothura maculosa
(AMNH2325, AMNH2408, AMNH2864, AMNH3540, AMNH8341, AMNH24049, LACM93089, LACM93090,
LACM93091, LACM93092, LACM93093, LACM93141, LACM93162, LACM93284, LACM93285, LACM93286,
LACM93287, LACM93318, LACM101692, LACM104662, MACN1035a, MACN34760, MLP11, MLP48,
MLP289, MLP290, MLP295, USNM227342, USNM343627, USNM343628, USNM343629, USNM343630,
USNM343631, USNM343632, USNM345020, USNM345021, USNM345022, USNM347605, USNM347606,
USNM347608, USNM347613, USNM347614, USNM347615, USNM347616, USNM347617, USNM347618,
USNM560069, USNM612016, USNM6122021, USNM614499, USNM614500, USNM614501, USNM614502,
USNM614503, USNM614504, USNM614505, USNM614506, USNM614507, USNM6620763, YPM2086); Pteroc-
nemia pennata (AMNH4624, AMNH4367, AMNH12890, AMNH12891, AMNH12892); Rhynchotus rufescens
(AMNH3533, FMNH105631, FMNH105649, LACM93346, LACM93347, LACM101691, MLP9, MLP10,
MLP26, MLP30, USNM560065, USNM612017, USNM612018, USNM612019, USNM612020); Taoniscus nanus
(MCZ341637, USNM310543); Tinamotis ingoufi (MACN52296, MLP332, MLP333), Tinamotis pentlandi
(FMNH105919, MLP28, UCMVZ125148, UCMVZ125150, UCMVZ125151, UCMVZ125152, UCMVZ125153,
UCMVZ127167, UCMVZ127168, UCMVZ127169, UCMVZ127170, UCMVZ142292, UCMVZ162355,
UCMVZ162356, UCMVZ175958, YPM3673); Tinamus guttatus (LSUMNS13101, LSUMNS114567,
LSUMNS121484, LSUMNS131402, USNM559457), Tinamus major (AMNH3675, AMNH5283, KU34972,
KU84122, KU720506, LSUMNS13508, LSUMNS27851, LSUMNS64920, LSUMNS86441, UCMCZ342774,
USNM15985, USNM288663, USNM347794, USNM347796, USNM498648, USNM562520, YPM374), Tinamus
solitarius (AMNH21983, LACM101689, YPM2085), Tinamus tao (FMNH315145, FMNH330220,
LSUMNS118167, USNM345738, USNM345739, USNM431551).
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Appendix 2 List of characters and character-states used in the cladistic analysis. Note that Apteryx australis, Pteroc-
nemia pennata, and Dinornis sp. are not comparable for characters 19–26, in which the scapula and coracoid are fused.
Dinoris sp. was scored as not comparable for characters 30–43 because of the complete reduction of the humerus and
the carpometacarpus in this taxon. Because the states of several multistate characters (i.e., 3, 7, 10, 11, 18, 28, 31, 32,
36, 38, 40–42, 44, 53, 58, and 61) can be arranged as a morphological series, these characters were treated as ordered.

1 Cranium, interorbital septum, interorbital fossae of Baumel et al. (1993): absent (0); present (1).
2 Cranium, dorsal contact of interorbital septum with orbital roof: ossified (0); not ossified (1).
3 Cranium, basal tubercles, development on caudolateral regions of basitemporal plate (Lee et al., 1997: character 56

modified): absent (0); slightly developed (1); well developed (2). (Ordered).
4 Cranium, olfactory chamber/tubercle, degree of chamber ossification (Lee et al., 1997: character 58): poorly ossified

(0); well ossified (1).
5 Cranium, ectethmoid: does not contact lacrimal (0); contacts lacrimal (1); fused extensively with lacrimal (2).
6 Cranium, ectethmoid, relative size lateral to the orbitonasal foramen: narrow plate (wide foramen), occupying the

ventromedial part of the antorbital wall only (0); (Ordered). Similar development (1); wide plate (narrow foramen),
occupying almost the entire surface of the antorbital wall (2). A not-comparable state was assigned to Megapodius
freycinet and ratites, in which the lateral orbitonasal foramen delimited by the lacrimal–ectethmoid complex is absent.

7 Cranium, superorbital ossicles of Parker (1866): absent (0); incomplete row of superorbital ossicles (1); complete row
of superorbital ossicles (2). (Ordered).

8 Cranium, squamosal, projection of zygomatic process over quadrate articulation (Lee et al., 1997: character 53):
projects only slightly (0); projects for at least two thirds of the body of the quadrate (1).

9 Quadratum, intercondylar fossa (Lee et al., 1997: character 55): shallow (0); deep, rounded pit (1).
10 Mandible, dorsal view, medial mandibular process and development of caudal cotyla: broad process of triangular

outline and a well-developed caudal cotyla that connects to lateral cotyla (0); triangular process and a caudal cotyla
separated from lateral cotyla (1); elongated process and poorly developed caudal cotyla (2); narrow and very elongated
process and reduced or absent caudal cotyla (3). (Ordered).

11 Notarium, degree of fused thoracic vertebrae: all unfused (0); three vertebrae fused (1); four vertebrae fused (2); five
vertebrae fused (3). (Ordered).

12 Costae, uncinated process, shape: wide, broader than body of rib (0); elongated, narrower than body of rib (1).
13 Sternum, lateral view, sternal plate (Lee et al., 1997: character 5): moderately to highly curved (0); flattened (1).
14 Sternum carina (Cracraft, 1974: 503, 506): present (0); absent (1).
15 Sternum, rostrum (manubrium) (Lee et al., 1997: character 7): present (0); absent (1).
16 Scapula, caudal half of blade: expanding distally and with a blunt end (0); broadest at the midline and tapering

distally (1).
17 Scapula and coracoid (Cracraft 1974: 503, 506): not fused (0); fused (1).
18 Coracoid, proximal end, large foramen located on dorsal surface, just distal to the articular surface for the scapula,

development (Ericson, 1997: character 39 modified): not excavated (0); poorly developed, small opening (10; well
developed, large opening (2). (Ordered).

19 Coracoid, shape of clavicular facet in medial view and development of brachial tubercle: circular to ovate facet lacking
tubercle, (0); crescent facet with overhanging, well-developed tubercle (1).

20 Coracoid, groove for the origin of ligamentum acrocoracohumerale, confluence with clavicular facet: separated, con-
tacts dorsal margin of the supracoracoidal groove (0); confluent (1).

21 Coracoid, acrocoracoid process, projecting proximally more than humeral articular facet (Fig. 5): absent (0); present
(1).

22 Coracoid, distinctive scar on ventral surface of acrocoracoid process (impression for insertion of Musculus biceps
brachii) (Fig. 5): absent (0); present (1).

23 Coracoid, acrocoracoid process, development (see Fig. 5): slender (0); broad (1).
24 Coracoid fossa on upper (proximal) margin of scapular facet, perforation: imperforated, foramen absent (0); perfo-

rated, with a foramen (1).
25 Coracoid, acrocoracoid process medial expansion: absent (0); present (1).
26 Coracoid, base of procoracoid process, medial edge, distal projection: not projected (0); projected as a short and stout

crest (1); projected as a long and slender crest (2). (Ordered).
27 Coracoid, coracoidal fenestra (Howard, 1929), position (Fig. 5): level with lateral process (0); proximal to the position

of lateral process (1).
28 Coracoid, lateral process, development (Fig. 5): not developed (0); poorly developed (1); well developed, but shorter

than the sternal facet (2); prominent, equal or longer than the sternal facet (3). (Ordered).
29 Coracoid, pneumatic foramina on dorsal surface of distal end (impression for musculus sternocoracoidei): absent (0);

present (1).
30 Humerus, capital groove, distal end obstructed by a prominent tubercle projecting from the distal border of humeral

head (Fig. 6): present (0); absent (1).
31 Humerus, bicipital crest, aspect in caudal view (Fig. 6): rounded, continuously curving (0); intermediate between

squared off and rounded (1); squared off (2); with a hook-shaped extension (3). (Ordered). (Because state assignment
requires the presence of a bicipital crest, ratites were scored as not comparable.)

32 Humerus, ventral pneumatic fossa, development of pneumatic opening (Fig. 6): not excavated (0); poorly developed,
small foramen (1); well-developed, moderate opening (2); conspicuously developed (3). (Ordered).
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Appendix 2 Continued.

33 Humerus, ventral pneumatic fossa, pneumatic foramen, osseous ring: absent (0); present (1). (A not-comparable state
was scored for the ratites Apteryx australis and Pterocnmeia pennata, which lack a pneumatic foramen in the ventral
pneumatic fossa.)

34 Humerus, transversal groove, position on the proximal end: ventral (0); cranial (1).
35 Humerus, ventral condyle, weakly defined proximally as opposed to a more sharply defined edge: present (0); absent

(1).
36 Humerus, ventral condyle, length of main axis relative to that of dorsal condyle, cranial aspect (Clarke and Chiappe,

2001: character 17 modified): shorter (0); subequal (1); longer (2). (Ordered).
37 Humerus, impression for insertion of musculus brachialis, shape: circular to ovate (0); crescentlike (1); narrow (2).
38 Humerus, ventral supracondylar process (attachment of musculus pronator brevis sensu Howard, 1929), position: on

ventral surface (0); on cranioventral margin (1); more cranially located (2). (Ordered).
39 Humerus, flexor process, distal prolongation viewed cranially: well projected, flexor process projects beyond the

ventral condyle (0); moderate, as far as the ventral condyle (1).
40 Humerus, dorsal supracondylar process, development: poorly developed, blunt (0); rounded and compact tubercle on

dorsal border (1); tubercle with a poorly developed second tubercle on the proximal margin (2); well-projected
proximal and distal tubercles (3). (Ordered).

41 Humerus, fossae on distalmost end viewed dorsally, number: one (0); two (1); three (2). (Ordered).
42 Humerus, area of attachment for ligamentum articulare craniale (i.e., anterior articular ligament of Howard [1929]),

depth of excavation: very shallow to not apparent (0); moderate, forming a circular and distinctive depression (1);
deep and well-developed impression (2). (Ordered).

43 Carpometacarpus, fossa located on the ventral surface of proximal end, caudal to pisciform process, depth of exca-
vation: virtually absent (0); deep and well defined (1). (The ratite Apteryx australis was scored as not comparable
because of the complete reduction of the carpometacarpus in this taxon.)

44 Ilium, dorsal surface, relative length of portions (cranial and caudal) separated by dorsal iliac crest: cranial portion
shorter than caudal portion (0); portions subequal (1); cranial portion longer than caudal portion but shorter than
twice the length of the later (2); cranial portion more than twice the length of the caudal portion (3). (Ordered).

45 Femur, caudal margin of the proximal antitrochanteric articular surface (Lee et al., 197: character 43): curved sharply
to form a lip that faces medially, surface highly concave (0); rounded edge, no lip present, surface flattened to slightly
convex (1).

46 Femur, medial condyle, shape of caudal facet (Lee et al., 1997: character 49): ovoid (0); triangular (1).
47 Tibiotarsus, ridge subdiving retropatellar fossa development: complete and distinctive ridge, delimiting two deep

depressions (0); incomplete, just prominent on caudal margin (1); not apparent (2). (Ordered). (Figs. 7A–C).
48 Tibiotarus, cranial cnemial crest, distal projection relative to lateral cnemial crest: longer (0); similar (1).
49 Tibiotarus, proximal extension of cranial cnemial crest (Bledsoe, 1988: character 53; Lee et al., 1997: character 34):

greatly extended beyond articular surface (0); slightly beyond articular surface (1).
50 Tibiotarsus, medial condyle, cranial protection relative to lateral condyle in distal view (Cracraft, 1974: 501, 507–

508): essentially leveled or slightly projected (0); strongly projected (1).
51 Tibiotarsus, medial and lateral condyles, relative width (Figs. 7D–G): lateral condyle broader (0); subequal (1). (Be-

cause state assignment requires the presence of condyles with well-defined outlines, ratites were scored as not com-
parable; see character 52 (3).)

52 Tibiotarsus, lateral condyle, shape in cranial view (Figs. 7D–G): elongated, subequal width proximally and distally
(0); proximal margin angular and narrower than distal margin (1); rounded (2); poorly defined medial margin,
smoothly grading into intercondylar surface (3).

53 Tibiotarsus, medial condyle, length relative to lateral condyle in cranial view (Figs. 7D–G): subequal (0); slightly
shorter (1); much shorter (2). (Ordered).

54 Tibiotarsus, medial epicondylar depression, shape: reduced to poorly developed (0); deep pit on cranial margin (1);
groove along caudal margin, bordered by a crest (2).

55 Tibiotarsus, lateral epicondylar depression (Bledsoe, 1988: character 63): shallow (00; deep (1).
56 Tibiotarsus, medial condyle, medial defection of proximal edge in cranial view: slightly deflected proximal edge

adjacent to distal opening of extensor canal (0); strongly deflected, proximal edge separated from distal opening of
extensor canal by a conspicuous depression (1).

57 Tibiotarsus, intercondylar area, round depression proximally: absent (0); present (1).
58 Tibiotarsus, ridge along the proximal borer of the intercondylar area, development: not developed (0); incomplete,

not continuous medially (1); complete and continuous across supratendinal bridge (2). (Ordered).
59 Tibiotarsus, groove for the tendon of musculus extensor digitorum longus, distinct medial location: absent (0); present

(1).
60 Tibiotarsus, supratendinal bridge (Cracraft, 1974: 501; Bledsoe, 1988: character 57): absent (0); present (1).
61 Tibiotarsus, relative position of distal margin of supratendinal bridge to proximal end of lateral condyle: distal (0);

level (1); proximal (2). (Ordered). (Because state assignment requires the presence of a supratendinal bridge, the ratites
Pterocnemia pennata and Apteryx australis were scored as not comparable.) (Figs. 7D–G).

62 Tarsometatarsus, intercotylar prominence, proximal extension relative to hypotarsus (Cracraft, 1974): extended be-
yond hypotarsus (0); level with hypotarsus (1).

63 Tarsometatarsus, hypotarsal ridges, shape and distal extension relative to proximal vascular foramina: truncated and
squared off, ending proximal to foramina (0); acuminate, ending distal to foramina (1).
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