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Figure S2. Location of Dinosaur Cove, and outcrop of the Late JurassicEEarly

CretaceousOtway Group (dark shaded area) in southeastern Audralia.
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Figure S3. Left theopodulnae in proximal aspect. (a) Liliengernusliliengerni, MB
R. 2175} (b) Poekilopleuron buddandii, YPM 4839, cast of holotype destroyed
during World War 11; (c) Allosaurusfragilis, YPM 4944;(d) Suhommustenerenss,
MNN GAD 500; (e), cf. Megaraptor, NMV P186076; (f) Megaraptor namunhuaguii,
MCF-PVPH 79, rightulnareversed for comparison; (g) Megaraptor nanunhuaquii,
MUCPv 341, rightulnareversed for comparison. Anaomical abbreviations procol,

olecranonprocess, tub lat, lateral tubaogty. Specimensshown are notto scale.
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Figure $4. Righttheropodulnaein lateral aspect. (a) Suciommustenerends, MNN
GAD 500;(b) Allosaurusfragilis, YPM 4944 |eft uinareversed for comparison; (c)
Megaraptor nanmunhuaguii, MUCPv 341;(d), cf. Megaraptor, NMV P186076 |eft
ulnareversed for comparison; (€) Megaraptor nanmunhuaguii, MCF-PVPH 79; (f)
Megaraptor nanmunhuaguii, interpretive drawing of MCF-PVPH 79. Anaomical
abbreviations cr caud, caudd crest; cr lat, lateral crest; facart hu, humeral articular
facet; facart rad dist, distal radial articular surface; proc corn, coronoid process,

procol, olecranonprocess, tub lat, lateral tuberosty. Scale bars equd 50 mm.
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Figure S5. Left theopodulnae in distal aspect. (a) Liliengernusliliengerni, MB R.
2175;(b), Piatnitzkysaurusflores, PVL 4073;(c) Poekilopleuron buddandi, YPM
4839, cast of holotype destroyed during World War I1; (d) Sudommustenerenss,
MNN GAD 500, right ulnareversed for comparison; (e) Allosaurusfragilis, Y PM
4944;(f) cf. Megaraptor, NMV P186076;(g) Megaraptor nanunhuaguii, MUCPv
341; (h) Megaraptor namunhuaguii, MCF-PVPH 79, right ulnareversed for

compaison. Crania isto thetop of the page, media isto theleft. Anaomical

abbreviations med, medial expanson of distal ulna. Specimens shown are notto




S6. EMENDED SYSTEMATIC PALAEONTOLOGY
(a) Systematic Palaeontology

Dinosauria (Owen 1842)

Theropoda(Marsh 1881)
Tetanurae (Gauthier 1986)
Megaraptor (Novas 1998)

(b) Type Species and Holotype

Megaraptor nanmunhuadguii Novas 1998, MCF-PVPH 79, rightulna left
manud phdanx I-1, ungud phdanx of manud digit |, distal hdf of right metatarsal
111 (Novas 1998)
(c) Referred Material

Megaraptor nanmunhuaguiBMUCPv 341, afragmentary pogcranial skeleton
(Calvo et al. 2004) Megaraptor nanmunhuaguiEMUCPv 412,thedistal portion of a
rightulna(Porfiri et al. 2007). Megaraptor nanmunhuagquiBMUCPv 413,the
proximal portion of aright manud phdanx I-1 (Porfiri et al. 2007) Megaraptor sp.b
UNPSIB-PV 944, afragmentary podcrania skeleton (Lamanna2004). Megaraptor
sp.BUNPSIB-PV 958, afragmentary podcranial skeleton (Lamanna2004). Cf.
MegaraptorENMV P186076,an isolated left ulna(this pgper).
(d) Locality and Horizon

MCF-PVPH 79ESierradd Portezudo, Neuquz Province, Argentina,
Portezud o Formation (L ate TuronianEEarly Coniacian), of the Nequzh Group
(AlbianBCampanian). MUCPv 341,412,413 osBarreales lake, Neuquz Province,
Argentina, Portezud o Formation (fate TuronianBearly Coniacian), of the Nequzh
Group (AlbianBCampanian). UNPSIB-PV 944, 958BEEstanda Viento Fuerte, south

central ChubutProvince, Argenting Uppe section of theLower Member of the Bgjo



Barreal Formation (middle CenomanianBTuronian) (Lamanna2004) NMV P18607®
First Cross Tunné at the &lippey Rock(site (see Rich & Vickers-Rich 2000:figure
44), Dinosaur Cove, near Cape Otway, Victoria, Audralia (38¥46(53+10S, 1434240
14+10E, World Geoddic Standad 1984:figure 2), Eumeralla Formation (late
AptianBearly Albian; Waggaff & McEwen-Mason 1989) of the Otway Group of
Victoria (Rich & Vickers-Rich 2003)
(e) Diagnoss

Megaraptor nanmunhuaiquii Novas 1998can be diagnosd by thefollowing
autapomorphies: 1) the presence of amediolaterally compressed, proximocauddly
expandel, blade-like olecranon process on the proximal ulnatha extendsdistally asa
caudd olecranoncrest; 2) the presence of ahypetrophied lateral tubaogty tha
extendsdistally as ablade-like crest; 3) ametacarpal |1 with atransversely expandeal
and fan-shgped ventral surface at its proximal end; 4) amanud phdanx 1-1 whichis
sub-quandrangular in proximal aspect, with thedorsal border transversely wider than
ventral border; 5) ametatarsal [11 with adegp and wide extensor ligament pit; and 6) a
metatarsal |V with adistal extremity tha istransversely narrower than its shaft.
Characters 1 and 2 may have a broader distribution, depending uponthe exact

phylogenetic affinities of NMV P186076.



S6. List of characters, character-states, and codings used in phylogendic andysis.
Origind citationsand/or modificationsare provided in parantheses. The abbreviation
GwiGGs used to denote characters derived or modified from the TheropodWorking
GroupMatrix. Characters 348853 represent new additionsto the character list
utilized in Smith et al. (2007)

1. Orbit roundin lateral or dorsolateral view (0); or dorsoventrally elongde (1)
(TWIG).

2. Skull length relative to femur length: > 0.5 (0); < 0.5 (1) (Benton et a., 2000)

3. Tooth row: extendspoderiorly to approximately hdf thelength of the orbit (0);
endsat the anterior rim of the orbit (1); completely antorbital, tooth row endsanterior

to thevertical strut of thelacrimal (2) (Gauthier, 1986).

4. Infratemporal fenestra: smaller than or subegud in size to orbit (0); strongly
enlarged, more than 1.5 times thesize of theorbit (1) (Bongarte, 1991)

5. Heightlength ratio of premaxillabdow externd naris. 0.5-1.25(0), <0.5(1), or >
1.25(2) (modified from Carrano et a.,2002and Rauhut, 2003)

6. Premaxillary bodyin front of externd nares: shorter than bodybdow the nares and
angle between anterior margin and alveolar margin more than 75 degrees (0); longe
than body bdow the nares and angle less than 70 degrees (1) (Rauhut, 2003)

7. Ventra process at the poderior end of premaxillary body: absent (0); present (1)
(Rauhut, 2003.

8. Number of premaxillary teeth: three (0); four (1); five (2); more than five (3);
premaxillary teeth absent (4) (Rauhut 2003.

9. Premaxillary tooth row ends ventral (0); anterior (1) to naris (Sereno, 1999)

10. Subnaial process of the premaxilla: wide plate-like, broadly contacting the
nasals and excluding the maxilla from the externd nares (0); strongly reduced in
width, butstill contacting the nasals (1); strongly reduaed process does not contact the
nasals, and the maxillaforms part of the poderoventral border of the externd nares
(2) (modified from Gauthier, 1986;Rauhut, 2003.

11. Maxillary/pdata process of premaxilla: largeflange(0); blunttriangle (1)
(Sampsonet d., 1998.

12. Foramen onthe media side of the premaxillary body,bdow the naia margin:
absent (0); present (1) (modified from Serenoet a., 2004;Y ates, 2005)



13. Slot-shgped foramen onthelatera face of the premaxilla, located at the base of
thenasal process: absent (0); present (1) (Y ates, 2005).

14. Length of thenasal process of the premaxilla: pogerior tip level with the
pogerior tip of thepoderolateral premaxillary process (0); pogerior tip extends
pogerior to the pogerior tip of thepoderolatera premaxillary process (1) (Y ates,
2005.

15. Premaxillary poderodorsal process contributes to a blade-like nasal crest: no (0);
yes(1).

16. Premaxilla-nasal suture oninternarial bar: V-shaped (0); W-shgped (1) (Sereno et
al., 2009.

17. Serrationson premaxillary teeth: present (0); absent (1) (Rauhut, 2003)

18. Premaxillary teeth cross-sections élliptical (0); subdrcular (1); D-shgped in
cross-section (modified from Carranoet al., 2002; TWiG; Tykosi & Rowe, 2004;
Y ates, 2005)

19. Labiolingud symmetery of premaxillary teeth: symmetrical (0); asymmetrical
(1); (Bakker et al., 1988)

20. Rogroventral narial fossa: absent or shdlow (0); expanded, well-developed fossa
onthepremaxillain therodroventral corne of thenaris (1) (modified from Sereno,
1999;Lange & Benton, 2006)

21. Condgriction between articulated premaxillae and maxillae: absent (0); present
(). (Rauhut 2003)

22. Premaxillaand maxillain contact at aveolar magins(0), or dveolar marginsdo
not contact (1) (Tykoski, 200b).

23. Orientation of the maxillae towards each other in dorsal view: acutely angled (0);
subpaalel (1) (Harris, 1998)

24. Ascending process of the maxilla: confluent with anterior rim of maxillary body
and gently doping poderodorsally (0); offset from anterior rim of maxillary body,
with anterior projection of maxillary bodyshorter than high (1); offset from anterior
rim of maxillary body,with anterior projection of maxillary bodyaslongas high or
longe (2) (Serenoet al., 1996)

25. Maxillary antorbital fossa: degp, and with shap margins(0); shdlow, margins
formed by low ridges, a sharp rim may be present only in front of the promaxillary
foramen (1) (Sues, 1997)

26. Maxillary antorbital fossain front of theinternal antorbital fenestra: 25 percent or
less of thelength of theexternd antorbital fenestra (0); more than 40 percent of the
length of theexternd antorbital fenestra (1) (Sereno et al., 1999.
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27. Depth of theventral antorbital fossa: less than or subegud to thedepth of the
maxillabdow theventral margin of the antorbital fossa (0); or much greater than the
depth of themaxillabdow the ventral margin of the antorbital fossa (1) (Y ates,
2005)

28. Horizonta ridgeonthe maxilla: absent (0); present (1) (Rowe & Gauthier, 1990)
29. Maxillary fenestra: absent (0); present (1) (Gauthier, 1986.

30. Maxillary fenestra situated at rodral barder of antorbital fossa (0); or situated
poderior to rodra border of fossa (1) (TWiG).

31. Pneumatic excavation/antrum in maxillary anterior ramus: absent (0); present (1)
(Serenoet a., 1994)

32. Promaxillary fenestra: absent (0); present (1) (Carpenter, 1992)

33. Palatal process of maxilla: ridged flange(0); reduced, simple process (1); long,
and plate-shaped (2) (modified from Serenoet al., 1998;Carrano et a., 2002)

34. Seconday pdate formed by premaxillaonly (0); or by premaxilla, maxilla, and
vomer (1) (TWIG).

35. Maxillary tooth count 12-18 (0); > 20 (1); < 12 (2) (modified from Carrano et
al., 2002 Tykoski, 20095.

36. Maxillary and dentary teeth: serrated (0); some or all withoutserrations(1)
(modified from Chiappeet d., 1996 Rauhut 2003 TWiG).

37. Medial surface of paradental plates: smooth (0); striated (1) (Sampson et al.,
1998)

38. Pneumatic foramen in the nasals. absent (0); present (1) (Rauhut 2003.

39. Dorsa extent of antorbital fossa: dorsal rim of antorbital fossa bdow nasa
suture, or formed by this suture (0); antorbital fossa extending onto thelateroventral
sideof thenasals (1) (Serenoet al., 1994)

40. Nasals: unfused (0); patidly or fully fused (1) in adults (Sereno, 1999)

41. Latera surface of anterior end of nasal alongthe poderior margin of the externd
nais: flat (0); concave fossa (1); laterall convex hood covering pogerior part of
externd naris (2) (modified from Tykoski, 1998,2005; Carrano et a., 2002)

42. Nasals: flat or gently convex, lacking crest (0); expanded into sagittal or
parasagittal crests (1).

43. Nasa crest (when present): midline sagittal crest (0); parasagittal crests (1).
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44, Condruction of nasal crest: formed from the nasals only (0); lacrimal contributes
to poderior margin of crest (1).

45. Caudolateral process onthenasal tha envdops pat of therodral ramusof the
lacrimal: no (0); yes (1) (modified from Y ates, 2008b; Lange & Benton, 2006)

46. Sublacrimal pat of thejugd: tapering (0); triradiate anterior end (1); strongly
expandel anteriorly, overlapping mog of the ventral portion of thelacrimal (2)
(Rauhut, 2003)

47. Pneumatization of thejugd: absent (0); jugd pnaumatized by aforamen in the
pogerior rim of thejugd antorbital fossa (1) (Sereno et a., 1996.

48. Medial jugd foramen present on medial surface ventral to pogorbital bar: absent
(0) or present (1) (TWIiG).

49. Latera ridgelongtudindly traversing therodral and caudd processes of the
jugd: present (0), absent (1) (modified from Sereno & Novas 1993;Tykoski 1999.

50. Anterior end of jugd paticipaesin internd antorbital fenestra: yes (0); no (1)
(modified from Holtz, 1994;Rauhut 2003)

51. Lacrimal fenestra: absent (0); present (1) (Molnar et a., 1990)
52. Lacrimal Mom® absent (0); dorsal crest aboveorbit (1) (Russell & Dong,1993)

53. Pogerior dorsal process of lacrimal: absent (0); present, lacrimal (0’ Gshaped in
lateral view (1) (Currie, 1995)

54. Configuration of lacrimal andfrontal: lacrimal separated fromfronta by
prefrontal (0); lacrimal contacts frontal (1) (Rauhut 2003)

55. Contact between lacrimal and pogorbital: absent (0); present (1) (Sampsonet al.,
1998)

56. Lacrimal anterior ramuslength: > 65%ventral ramuslength (0), < 65% ventral
ramuslength (1); lacrimal anterior ramusstongly reduced and almos non-existent
(2); (Serenoet dl., 1998.

57. Subobital process of lacrimal: absent (0); present (1) (Sampson et a., 1998)

58. Latera blade (sensu Britt, 1991)of lacrimal overhangsantorbital fenestra: yes
(0); no (1) (modified from Britt, 1991;Allain, 20().

59. Ventral ramusof lacrimal: broadly triangular, articular end nearly twice aswide
anteropogeriorly aslacrimal bodyat jundure between anterior and ventral ramus (0);
bar- or strut-like, roughly same width anteropogeriorly throughou ventral ramus(1).
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60. Orientation of the longaxis of thelacrimal ventral process. strongly sloping
anterodorsally (0); erect or nearly vertical (1); strongly soping poderodorsally (2)
(Yates, 2006)

61. Prefrontal: exposed dorsally ontheanterior rim of the orbit in lateral view and
with adlendea ventral process alongthe mediopogerior rim of thelacrimal (0);
excluded from theanterior rim of the orbit in laterd view, beng displaced poderiorly
and/or medidly; ventral process absent, but dorsal exposure similar to that of lacrimal
(1); excluded fromthe anterior rim of theorbit in latera view, beng displaced
pogeriorly and/or medially; ventral process absent, and greatly reduced in size (2);
absent (3) (modfied from Rauhut 2003; TWIG).

62. Anterior edgeof assodated frontals. rectangular anteriorly (0); triangular wedge
shgped anteriorly (1) (Holtz, 19949.

63. Relative length of assodated frontals: longe than wide (0); aswideaslong or
wider (1) (Allain, 2002.

64. Frontal contributionto midlinenasal crest: no (0); yes (1).
65. Frontals and paietals. separate (0); fused (1) in adults (Forster, 1999.

66. Median fossain saddleN shaped depression overlapping frontal-parietal contact:
absent (0); present (1) (Samponet a., 1998)

67. Supratemporal fossa: extendsonto pogerodorsal surface of frontal (0); restricted
by overhanging frontopaietal shdf (1) (Coria& Currie, 2002)

68. Supratemporal fenestrae: face dorsally (0); face anterodorsally (1) (Coria &
Currie, 2002.

69. Distinct anterior spurindicating the lower ddimitation of the eyebdl present on
jugd process of the podorbital: no (0); yes (1) (Rauhut 2003)

70. Podorbital in lateral view with straight anterior (frontal) process (0); or frontal
process curves anterodorsally and dorsal border of temporal bar isdorsally concave
(1) (TWIG).

71. Cross-section of theventral process of thepogorbita: triangular (0); U-shgped
(1) (Serenoet a., 1994 1996)

72. Ventra extent of podorbital subgantially above ventra margin of orbit: yes (0);
no (1); no and podorbital process of jugd reduced or absent (2) (Allain, 2002.

73. Longaxis of podorbital: dorsal-ventral (0); anteroventral-poderodorsal (1)
(Novas, 1989)

74. Stepped-down ventrolateral fossa on pogorbital: absent (0); present (1) (Sampson
et a., 1998)
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75. Supratemporal fenestrae: separated by a horizontal plate formed by the parietals
(0); contact each other poderiorly, but separated anteriorly by an anteriorly widening
triangular plate formed by the parietals (1); confluent over the parietals; parietals form
asagittal crest (2) (Molna et a., 1990.

76. Nuchd wedgeand parietal alae: small (0); hypertrophied and elevated (1)
(Forster, 1999)

77. Toungelike process of parietals overlapping the supraoccipital knob: absent (0);
present (1) (Coria& Currie, 2002)

78. Squamosal contributionto broad, arching nudd crest: absent (0); present (1)
(modified from Novas, 1989;Sampsonet al., 1998.

79. Supratemporal fenestraboundel laterally and poderiorly by the squanosa (0); or
supratemporal fenestra extended as afossa onto the dorsal surface of the squamosal
(1) (TWIG).

80. Pogerolatera shdf onsguanosa overhanging quadrate head: absent (0); present
(1) (TWIG).

81. Quadratojugd process of the squamosal: tapering (0); broad, and somewha
expande (1) (Rauhut, 2003)

82. Squamosal-quadratojugd contact: at tips(0); absent (1); broad (2) (modified
from Carranoet a., 2002,2005;Rauhut 2003)

83. Anteropogerior breadth of quadratojugd dorsal process. narrow (0); broad (1).
84. Quadratojugd: hookshgped, withoutpoderior process (0); with broad, short
pogerior process tha wrapsaroundthelateroventral edgeof the quadrate (1) (Rauhut
2003)

85. Quadratojugd fused to quadrate in adults: no (0); yes (1) (Holtz, 1994 2000.

86. Quadratojugd-Quadrate suture, exposed laterally and with a sharp lateral flange
running anterodorsally on the quadratojugd: no (0); yes (1).

87. Pneumatization of the quadrate: absent (0); present (1) (Rauhut, 2003)

88. Latera border of quadrate shaft straight (0); or with latera tab that toudhes
squanosal and quadratojugd abovean enlarged quadrate foramen (1) (TWiG).

89. Quadrate foramen: developeal as adistina opening beween the quadrate and
quadratojugd (0); amog entirely endosed in thequadrate (1); absent (2) (modified
from Carranoet al., 2002;Rauhut 2003; Tykoski, 2005)

90. Paroccipital processes: directed laterally, or dightly ventrolaterally (0); directed
strongly ventrolaterally, with distal end entirely bdow thelevel of theforamen
magnum(1); (modified from Rauhut 1997;Rauhut 2003;TWIiG).
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91. Ventral rim of thebasis of the paroccipital processes: aboveor level with the
dorsal border of theoccipital condyle (0); situated at mid-haghtof occipital condyle
or lower (1) (Rauhut 2003)

92. Paroccipital process elongae and dende, with dorsal and ventral edges nearly
paale (0); or process short, degp with convex digal end (1) (TWIG).

93. Paroccipital process with straight dorsal edge(0); or with dorsal edgetwisted
rodrolaterally at distal end (1) (Currie 1995.

94. Caudd (poderior) tympanic recess. absent (0); present as opening on anterior
surface of paroccipital process (1); or extendsinto opisthotic poderodorsal to fenestra
ovdis, confluent with thisfenestra (2) (TWiG).

95. Depth of median supraoccipital ridge < (0); > (1) depth of occipital condyle
(Carranoet a., 2002)

96. Participation of the supraoccipital in thedorsal margin of theforamen magnum
large (0); reduced or absent (1) (Allain, 2002).

97. Width of dorsal expangon of supraoccipital: less than twice thewidth (0); or
more than twice thewidth (1) of the foramen magnum (Coria& Currie, 2002.

98. Neck of occipital condyle invaded by ventrolateral par of pneumatic cavities tha
join medialy: no (0); yes (1) (Coria& Currie, 20@R).

99. Angle between occipital condyle and basal tubera: perpendicular or amogt
perpendicular (0); acute (1) (Coria& Currie, 2002)

100. Basdl tubera: equdly formed by basioccipital and basisphenoid and not
subdiided (0); subdivided by alateral longitudind grooveinto a medial part entirely
formed by thebasioccipital, and alateral part, entirely formed by the basisphenoid (1)
(Rauhut 2003)

101. Basioccipita paticipatesin basal tubea yes(0); no (1) (modified from Currie
& Carpenter, 2000;Allain, 2002.

102. Basal tubaawidth: > (0); < (1) occipital condyle width (Holtz, 2000.

103. Basisphenoid between basal tubera and basipterygoid processes. approximately
aswideaslong,or wider (0); significantly elongded, at least 1.5 timeslonge than
wide (1) (Rauhut 2003.

104. Basisphenoid recess. absent or pooiy developad (0); present between
basi spenoid and basioccipital (1); present entirely within basisphenoid (2) (modified
from Rauhut, 2003; TWIiG).

105. Pogerior opening of basisphenoid recess single (0); or divided into two small,
circular foraminaby athin bar of bone(1) (TWiG).
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106. Pneumatic openingsassodated with internd carotid artery: no (0); yes (1)
(modified from Allain, 2002;Coria& Currie, 2006.

107. Anterior tympanic recess in thebraincase: absent (0); present (1) (Makovicky &
Sues, 1998)

108. Crania nerveV exit foramen: single (0); fully split (1) (Currie & Zhao, 1993.

109. Exit of trigemind nerve (CN V): infront or below thelevel of nuchd crest (0);
behindthelevel of nudd crest (1) (Coria& Currie, 2002)

110. Foramen on prootic for exit of facia nerve (CN VII): roundor dightly
anteropogeriorly elongde (0); dorsoventraly elongate (1).

111. Interorbital region: unosified (0); ossified (1) (modified from Russell & Dong
1993;Novas, 1997)

112. Middle ear regionexposed in occipital view: no (0); yes (1) (Coria& Currie,
2002.

113. Median ridgeseparating exit of sixth crania nerves: present (0); absent (1)
(Coria & Currie, 2002)

114. Shgpeof pdatinein ventral view: plate-like trapezoidd or subrectangular (0);
tetraradiate (1); jugd process strongly reduced or absent (2) (Harris, 1998)

115. Jugd process of pdatine tapered (0); expanded (1) (Serenoet a., 1999.

116. Palatine and ectopterygoid separated by pterygoid (0); or contact (1) (Currie
1995)

117. Dorsal recess on ectopterygoid absent (0); or present (1) (TWIG).

118. Ectopteygoid: dende, withoutventral fossa (0); expanded, with a degp ventral
depresson medidly (1); as above butwith adeep grooveexcavated into thebody of
the ectopterygoid from themedia side(2); excavated by a foramen leading fromthe
medial sidelaterally into thebody of the ectopterygoid (3) (Gauthier, 19869.

119. Contact between pterygoid and pdatine continuous(0); discontnuousin the
mid-region, resultingin asubsdiary pdatal fenestra (1) (Ostrom, 1969)

120. Palatal teeth: present (0); absent (1) (Rauhut 2003)

121. Surangular articulation for dentary: small notch (0); large socket (1) (Carrano et
al., 2002.

122. Poderior end of dentary: strongly forked (0); straight or only slighty concave
(1) (Barshold et ., 1990.
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123. Pogeroventral dentary process. far poderior (0), ventral (1) to pogerodorsa
process (Sereno, 1999)

124. Anterior end of externd mandibular fenestra: pogerior (0); ventral (1) to last
dentary tooth (Sereno, 1999)

125. Dentary rodra end: unexpanded (0), dorsally raised over thedistance of the
first threeto four alveoli (1); squae-shaped (2) (modified from Sereno 1999,Novas et
al., 2005.

126. Jaws occludefor thar full length (0); or divergerodraly dueto kink and
downward defelction in dentary buacal margin (1) (modified from Perez-Moreno et
a., 1994 TWIiG).

127. Dentary teeth: large, less than 25 (0); modeaate number of small teeth (25-30)
(2); teeth relatively small and numerous(>30) (2) (modified from Russell & Dong
1993;Carrano et a., 2002; TWIiG).

128. Enlarged, fang-like teeth in theanterior part of the dentary: absent (0); present
(1) (Gauthier, 1986)

129. Splenid: exposed as a broad triangle between dentary and angular on lateral
surface of mandible (0); or notwiddy exposed onlateral surface of mandible (1)
(TWIG).

130. Foramen intheventra pat of the splenial: absent (0); present (1) (Rauhut,
2003)

131. Poderior end of splenia: straightor dightly curved (0); distinctly forked (1)
(Serenoet a., 1996)

132. Anterior portion of the surangular: less than hdf the haght of the mandible
abovethe manibular fenestra (0); more than hdf the height of the mandible at the
level of themandibular fenestra (1) (Gauthier, 1985).

133. Horizontal shdf onthelatera surface of thesurangular rosroventral to the
mandibular condyle: absent or only afaint ridge(0), prominent and extending
laterally (1) (Holtz 1998)

134. Laterdlly indined flangealongdorsal edgeof surangular for articulation with
lateral process of lateral quadrate condyle absent (0); or present (1) (TWiG).

135. Lateral grooveaongpoderior end of surangular, jug dorsal to articulation with
caudd splint of angular: no (0); yes (1).

136. Well-developed anterior wall to lateral glenoid on surangular, resultingin a
lateral glenoid fossatha is at least weakly U-shaped in lateral aspect: no (0); yes (1).
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137. Angular exposed amog to end of mandible in lateral view, reaches or amog
reaches articular (0); or excluded from pogerior end of articular, suture turns
ventrally and meets ventral border of mandible rodral to glenoid (1) (TWiG).

138. Pendant media process onthearticular: no (0); yes (1) (Serenoet a., 1994)
139. Retroarticular process of the mandible: narrow and rod-like, anteropogerior
length much greater than mediolateral breadth (0); broadened, as wide mediolaterally
as longanteropogeriorly or wider, often with groove poderiorly for the attachment of
them. depressor mandibulae (1) (modified from Sereno et a., 1996;Harris, 1998)

140. Attachment for them. depressor mandibulae on retroarticular process of
mandible: facing dorsally (0); facing pogerodasaly (1) (Serenoet al., 1996)

141. Erect, tab-like dorsal processes onthearticular, oneimmediately pogerior to the
opening of thechordatympanic foramen and the other on theanterolateral margin of
the pogerodorsal fossa of theretroarticular process: no (0); yes (1) (Y ates, 2005)
142. Pleurocod in axis: absent (0); present (1) (Rowe & Gauthier, 1990)

143. Axia paapophy®s. modeaate/prominent (0); reduced/absent (1) (Rowe, 1989.
144. Axia diapophy®s. modeate (0); reduced/absent (1) (Rowe, 1989)

145. Axia neural spine sheet-like (0); anteropogeriorly reduced and rod-like (1)
(Molna et al., 1990)

146. Large grooveexcavated into pogerior base of axis: present (0); absent (1)
(Makovicky, 1995)

147. Pleurocodsin cervical vertebrae: absent (0); present (1) (Holtz, 1994)
148. Number of pleurocodsin cervicas. two (0); one(1) (Gauthier, 1986)

149. Cervical pleurocods developdal as. degp depressions(0); foramina (1) (Rauhut
2003)

150. Cervical pleurocods arranged in an anteroventral-pogerodorsal postion: no (0);
yes(1).

151. Cervical vertebra centra: amphi- to platycodous(0); strondy opisthocdous
(1) (Gauthier, 1986)

152. Interior pnaumatic spacesin cervicals: absent (0), present, structure camerate
(1), present, structure camellate (2) (Britt, 1993)

153. Cervica centrumlength: < (0); > (1) three times heght (Russell & Dong,1993)

154. Anterior articular facet of anterior cervical vertebrae: approximately as high as
wideor highe (0); significantly wider than high (1) (Gauthier, 1989.
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155. Anterior cervical centralevel with or shorter than poderior extent of neural arch
(0); or centra extending beyond pogerior limit of neural arch (1) (TWiG).

156. Prezyggpophy®sin anterior cervicals: transverse distance between
prezygapophy®s less than width of neural cand (0); prezyggpoophy®s situated lateral
to theneural cand (1) (Makovicky, 1995)

157. Prezyggpophy®sin anterior podaxial cervicals: straight (0); anteropogeriorly
convex, flexed ventraly anteriorly (1) (Gauthier, 1986).

158. Cervical prezyggoophy=al -epipophy®al lamina absent/weak (0); marked (1)
(Coria& Sagado, 2000.

159. Epipophy®sin anterior cervical vertebrae: absent or poorly developed (0); well-
developdl, rod-like structures extending poderiorly beyondthe pogzygapophy®s
(1); pronouned, strongly overhanging the pogzygapophy®s and expanded dorsally
(2) (Gauthier, 1986)

160. Anterior prongson cervica epipophy®s. absent (0); present (1) (Novas, 1992)
161. Cervical prespind fossa: narow (0); broad (1) (Coria& Salgado, 2000.

162. Pogzygadiapophyal laminae: presentin al cervicals (0); presentin
anteriormog cervicals but absent in cervicals 4-8 (1) (Y ates, 2003h).

163. Cervica neural spinelocation: poderior (0); anterior (1) hdf of centrum
(Carranoet a., 2002)

164. Cervical neural spines: anteropogeriorly long (0); anteropogeriorly short and
centered on neural arch, giving arch an OXOshgpein dorsal view (1); extremely short
anteropogeriorly, lessthan 1/3 length of neural arch (2). (Novas, 1992)

165. Pneumatic excavationsin cervical rib heads absent (0); present (1) (Harris,
1998)

166. Poderior process of anterior cervical ribs narow (0); wideandflat (1) (Coria&
Salgado, 2000)

167. Shaft of cervical ribsdende andlonge than vertebrato which they articulate
(0); or broad and shorter than vertebrae (1) (TWIG).

168. Pleurocodsin dorsal vertebrae: absent (0); present in anterior dorsals
(@ectorasO (1); present in al dorsals (2) (Holtz, 1994).

169. Poderior dorsal vertebrae centrum length/height 1.0-2.5 (0); <1 (1); > 2.5(2)
(Carranoet d., 2005)

170. Ventral keel in anterior dorsals: absent or very pooily developed (0);
pronouned (1) (Rauhut 2003)
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171. Number of hypgpophy®sin anterior dorsals. lessthan 2 (0); two (1) (Allain,
2001)

172. Large anterior fossa at base of prezyggoophy®s (not pedunder fossa), located
medial and anterior to infraprezyggpophy®a fossain anterior dorsals: absent (0); or
present (1).

173. Hypophene-hypantrum articulationin dorsal vertebrae: absent (0); hypophene
developal as asingle sheet of boneor lamina(1); hypogphenewide, formed by the
ventrally bowed media parts of the pogzyggoophyss, and only connected by athin
horizontal laminaof bone pogzyggoophyes placed latera to neural cand and
sepaated by groovefor interspinuousligaments, hypogphenes separated (2) (modified
from Rauhut, 2003;and TWIiG).

174. Distinct step-like ridgelateral to hypoghene running poderodasaly from the
dorsal border of theneural cand to the poderior edge of the pogzygapophy®sin the
dorsal vertebrae: absent (0); present (1) (Rauhut 20053.

175. Height of neural spine of pogerior dorsals: broadly rectangular and
approximately as high aslong (0); highrectanguar, significantly highe than long(1)
(Rauhut, 2003)

176. Neural spinein poderior dorsals. of subequd length throughoutits height or
tapering dorsally (0); significantly expanded anteropogeriorly at their dorsal endsand
fan-shgped (1) (Chen et d., 1998)

177. Transverse width of distal endsof neural spines of dorsal vertebrae: distal ends
not expanded transversely (0); or distal endsexpanded transversely to form Gpine
tableQ(1) (TWiG).

178. Scarsfor interspinousligaments terminae at apex of neural spinein dorsal
vertebrae (0); or terminae bdow apex of neural spine (1) (TWIiG).

179. Parapophy®sin pogeriormos dorsas: onthe same level as transverse process
(0); distinctly bdow transverse process (1) (Makovicky, 1995)

180. Parapophyss of pogerior trunk vertebrae flush with neural arch (0); or
distinctly projected on pedicles (1) (modified from Carrano et a., 2002,2005;and
TWIG).

181. Paradiapophysal laminae in dorsal vertebrae: absent, or weakly developed (0),
pronownced, developead as Aveb(1) (Carranoet al., 2002)

182. Number of sacral vertebrae: two (0) three (1); more than three (2); more than
five (3) (Gauthier, 1989.

183. Mid-sacra centradimensons nomal (0); strongly condricted (1) (Sereno,
1999)
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184. Low, robug ridgerunning across the base of thetransverse process, fromthe
pogerolateral corne of the prezyggpophyss to theanterolateral corne of the
poszygapophyss on sacral vertebra 1: absent (0); present (1) (Rauhut 20053.

185. Caudaosacral 1 (= 5™ sacral vertebra), transverse process extendspogeriorly past
thelevel of thepogerior articular facet in lateral agpect: yes (0); no (1).

186. Sacra neurd spines: sepaate (0); fused into adistinct lamina (1) in adults
(Rowe, 1989)

187. Sacral ribs denda and well separated (0); forming a more or less continuous
sheet in ventral or dorsal view (1); very massive and strongly expanded (2) (Rowe &
Gauthier, 1990)

188. Pleurocodsin caudd vertebrae: no (0); yes (1) (Serenoet al., 1996)

189. Number of caudd vertebrae: 41 or more (0); fewer than 36 caudds (1)
(modified from Chiappeet al., 1996 and Rauhut, 2003)

190. Shgpe of anterior caudd centra: ovd (0); subrectangular and box-like (1)
(Gauthier, 1986.

191. Number of caudd vertebrae bearing transverse processes: 16 or more (0); fewer
than 16 (1) (Gauthier, 1986)

192. Transverse processes of caudd vertebrae: unexpanded (0); expanded (1)
anteropogeriorly at ends(Coria& Salgado, 2000)

193. Number of caudal vertebrae with well-developad neural spines: 11 or more (0);
fewer than 11 (1) (Rauhut 2003)

194. Prezyggpophyss of distal caudd vertebrae extremely elongaed, (upto 10
vertebral segmentsin sometaxa): no (0); yes (1) (Gauthier, 1986)

195. Anterior margin of neura spines of anterior mid-caudd vertebrae: straight (0);
with distinct kink, dorsal pat of anterior margin more strongly indined pogeriorly
than ventra pat (1) (Rauhut 2003)

196. Anterior caudd neura spines: long(0); narrow (1) anteropogeriorly (Rauhut,
2000)

197. Neural spines of mid-caudds: rod-like and pogeriorly indined (0);
subrectangular and sheet-like (1); rod-like and vertical (2) (Rauhut 2003)

198. Anterior spurin frontof neural spinein mid-caudds: absent (0); present (1)
(Makovicky, 1995)

199. Anterior process of chevron base: absent/weak (0); large (1) (Molnar et d.,
1990)
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200. Proximal end of chevronsof anterior caudds short anteropogeriorly, shaft
cylindrical (0); or proximal end elongde anteropogeriorly, flattened and plate-like (1)
(TWIG).

201. Mid-caudd chevrons rod-like or only dightly expanded ventrally (0); L-shgped
(1) (Serenoet dl., 1996)

202. Digtal chevrons rod-ike or L-shgped (0); skid-like (1) (Rauhut 2003)
203. Ossified unanae processes absent (0); or present (1) (TWIG).
204. Ossified ventra rib segments absent (0); or present (1) (TWIiG).

205. Lateral gastral segment shorter than media onein each arch (0); or distal
segment longe than proximal segment (1) (TWiG).

206. Contour feathers: absent (0); present (1) (Rauhut, 2003)
207. Vand feathers on forelimb symmetric (0); or asymmetric (1) (TWiG).
208. Ossified sternd plates separate in adults (0); or fused (1) (TWIG).

209. Sternumwithoutdistinct lateral xiphad process pogerior to cogal margin (0);
or with lateral xiphoid process (1) (TWiG).

210. Articular facet of coracoid on sternum (conditionsmay be determined by the
articular facet on coracoid in taxawithoutossified sternum): anterolateral or more
lateral than anterior (0); amog anterior (1) (Xu et a. 1999)

211. Scapulalonge than humerus(0); or humeruslonge than scapula (1) (TWiG).

212. Scapula: short and broad (ratio length/minimal height of shaft <9) (0); dendea
and elongde (ratio >10) (1) (Perez-Morenoet al., 1993)

213. Digtal end of scapula: markedly expandead (0); not expanded (1), relative to
proximal portion of scapula (Gauthier, 1986)

214. Acromion process of scapula: significantly and abruptly expanded darsaly (0);
small dorsal rim of proximal scapula slopes gently downwards (1) (Molnar et al.,
1990)

215. Glenoid facet onscapula: facing ventrally (0); facing ventrolaterally (1) (Novas
and Puerta, 1997)

216. Scapula and coracoid form a continuousarc in pogerior and anterior views (0);
or coracoid inflected medially, scapulocoracoid Q. Cshgped in lateral view (1)
(TWIG).

217. Ventra part of coracoid anterior to the glenoid facet: approximately level with
therim of thefacet (0); with tapering pogeroventral process (1) (Gauthier, 1986)
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218. Coracoid, anteropogerior length: less than (0); greater than (1), dorsoventral
heght (Rauhut, 2003).

219. Shgpeof coracoid: semicircular (0); subrectangular (1); shdlow ventral blade
with elongde poderoventra process (2) (Gauthier, 1986)

220. Humerusin lateral view: sigmoidd (0); straight (1) (Holtz, 1994)

221. Outline of proximal articular facet of humerus: broadly ovad (more than twice as
broad transversely than anteropogeriorly) (0); distinctly roundel (less than twice as
broad transversely than anteropogeriorly) (1) (Rauhut 2003)

222. Shgpeof internd tubaogty onhumerus triangular, often roundel (0);
proximodistally expanded and rectangular in outline (1); extremely hypetrophied,
extending pogeromedialy as alargetriangular flange(2) (modified from Sereno et
al., 1998 Rauhut, 2003)

223. Deltopectora crest: extending over at least one-third of thelength of humerus
and well-developed (0); strongly reduced, only developed as a small, triangular
emimence (1) (Gauthier, 1986)

224. Anterior surface of ddtopectoral crest smooth (0); or with distinct grooveor
ridgenear lateral edgeaongdistal end of crest (1) (TWIG).

225. Digta humeral condyles: roundel (0); flattened (1) (Carrano et a., 2002.

226. Mediolateral width of distal humerusrelativeto total length: < 0.3 (0); > 0.3
(Lange & Benton, 2006)

227. Olecranon process of ulna well-developal (0); strongly reduced or absent (1)
(modified from Novas, 1998; Rauhut, 2003)

228. Proximal surface of ulnaa single continuousarticular facet (0); or divided into
two distinct fossae separated by a median ridge (1) (TWiG).

229. Radius more than hdf thelength of humerus(0); less than hdf thelength of
humerus (1) (Rauhut 2003).

230. Radial externd tuberodty and ulnar internd tuberodty: low and roundel (0),
hypeatrophied (1). (Serenoet a., 1998)

231. Lateral proximal carpd quadrangular (0); or triangular in proximal view (1)
(TWIG).

232. Two distal carpdsin contact with metacarpds, onecovering the base of
metacarpd | (and perhagps contacting metacarpd 1) the other covering the base of
metacarpd |1 (0); or asingle distal carpd capping metacarpds| and Il (1) (TWIG).
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233. Semilunae distal carpd well developed, covering all of proximal endsof
metacarpas| and Il (0); or small, covers abouthdf of base of metacarpds| and 1l (1)
(TWIG).

234. Metacarpd | length: > 50% metacarpd 11 length (0); < 50% of metacarpd |1
length (1) (Gauthier, 1989.

235. MC |: significantly longe than broad (0); very stout, approximately as broad as
long (1) (Rauhut 2003)

236. Contact between MC | and MC Il: metacarpds contact each other at thar bases
only (0); MC I closely appressed to proximal hdf of MC |1 (1) (Gauthier, 1989.

237. Digtal end of metacarpd |: condyles symmetrical, or only dighty asymmetrical
(0); condyles strongly asymmetrical, with lateral condyle extending further distally
than the medial condyle (1) (Langer & Benton, 2006)

238. Media sdeof MC II: expanded proximally (0); notexpanded (1) (Rauhut,
2003)

239. Shdt of MC I11: subegud in width to MC 11 (0); congderably more dende than
MC Il (Iessthan 70 percent of thewidth of MC 1) (1) (Rauhut, 2003.

240. Proximal articular end of MC I11: expanded and similar inwidthto MC | and |1
(0); notexpanded, very dende when compared to MC | and Il (1) (Gauthier, 1986)

241. Metacarpd 1V: present (0); absent (1) (Gauthier, 1989.

242. Third finge of themanus longe than secondfinge (0); shorter than second
finge (1) (Gauthier, 1986)

243. Extensor pits onthedorsa surface of thedistal end of metacarpds: degp, well-
developel (0); absent or poolly developed (1) (Serenoet al., 1993.

244, Proximal outlineof MC I11: subrectangular (0); triangular, apex dorsal (1)
(Rauhut 2003)

245, Shdt of MC 11 straight (0); bowed lateraly (1) (Gauthier, 1986)

246. Shdt diameter of phdanx I-1 less (0); or greater (1), than sh&ft diameter of
radius (TWiG).

247. Penultimate phdanx of thethird finge longe than both proximal phdanges
taken together: no (0); yes (1) (Gauthier, 1986.

248. Manud unguads strongly curved, with large flexor tubercles (0); or weakly
curved with weak flexor tubecles displaced distally from articular end (1) (TWiG).

249. Manud ungua |: less than hdf thelength of theradius(0); more than two-thirds
of thelength of theradius(1) (Serenoet a., 198).
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250. Dorsd lip at proximal articular end of manud unguds: absent (0); present (1)
(Currie and Russell, 1988.

251. Flexor tubecle on manud unguds: less than hdf thehaght of the articular facet
(0); more than hdf theheght of thearticular facet (1) (Rauhut 2003.

252. Pubis. propubt (0); vertical to opisthopubt (1) (modified from Rauhut 2003
TWIG).

253. Pronouned ventral ook (= Qrentral preacetabular hookGof Carrano &
Hutchinson, 2002)on anterior expandon of ilium: absent (0); present (1) (Gauthier,
1986)

254. Preacetabular pat of ilium: significantly shorter than pogacetabular part (0);
subaqud in length to pogacetabular pat (1); significantly longe than pogacetabular
process, 2/3 or more of iliumlength (2) (Currie & Russell, 1988)

255. Anterodorsal corne of ilium: convex or straight (0); distinctly concave dorsally
(1) (Rauhut, 2003.

256. Anterior end of ilium: gently roundel or straight (0); anterior end strongly
curved (1); pointed at anterodorsal corne (2) (TWIG).

257. Orientation of iliac blades to sacral neural spinesin dorsal view: dorsal edges of
iliac blades parallel to neural spines (0); dorsal edges of iliac blades bowed strongly
medialy, amog contacting each other or sacral neura spines at the midline (1);
dorsal edges of iliac blades parallel to neural spines anteriorly, but diverge strongly
lateraly at pogerior of sacrum (2) (Holtz, 1994 Rauhut, 2003)

258. Spacing between dorsal edgeof iliac blades and sacral neura spines: wide (0);
narrow (1).

259. Tubea adongdorsal edgeof ilium, dorsal or dightly pogerior to acetabulum:
absent (0); or present (1) (TWIG).

260. Pogerior end of ilium: rectangular (0); doping downwards (1) (Gauthier, 1989.
261. lliac pogacetabular length: < (0); > (1) acetabulum length (Forster, 1999)

262 Pogerior margin of ilium notched or indented in lateral aspect: no (0); yes (1)
(modified from Tykoski, 1998;Sereno, 1999; Tykoski, 2005)

263. M. iliofemoralisfossa on lateral surface of ilium: reaches poderior rim of bone
(0); stopsshort of poderior margin, resulting in distinct rim on lateral surface of
pogacetabular process (1) (Tykoski, 2005)

264. Cuppaicusfossa ((reacetabular fossalof Hutchinson, 20013: absent (0);
formed as antiliac shdf anterior to acetabulum, extendspoderiorly to aboveanterior



25

end of acetabulum (1); or poderior end of fossa on anterior end of pubic pedunde,
anterior to acetabulum (2) (modfied from Hutchinson, 20013 and TWIiG).

265. Pubic pedunde of ilium: transversely broad and roughly triangular in outline
(0); anteropogeriorly elongded and narrow (1) (Rauhut, 2003)

266. Pubic pedunde: subequd in length to ischial pedunde (0); significantly longe
than ischial pedunde, ischial pedunde tapering ventrally and withou clearly defined
articular facet (1) (Serenoet a., 19949.

267. Articulationfacet of pubic pedunde of ilium: flat distally, with uninterrupted
surface (0); with pronouned kink and separate anterior and ventral facets (1);
peg(ilium)-in-sodcket(pubis) articulation (2) (modified from Rauhut 2003;Carrano et
al., 2002.

268. lliac supraacetabular crest: shdf-like and short, extending primarily laterally
(0); hoodlike and extendve, extending laterally and also curving ventrally, to cover
thedorsal portion of the acetabulumiin latera view (1); absent (2) (Gauthier, 1986.

269. Antitrochanter pogerior to acetabulum: prominent (0); or absent or poaly
developdl (1) (TWIG).

270. Brevisfossa: absent (0); narow and with subpaalel margins(1); very strongly
expandel poderiorly (2) (Molna et a., 1990)

271. Latera wall of iliac brevisfossa: degpe (0); shdlower (1) ventraly than medial
wall (Carrano et a., 2002)

272. Brevisfossa: degply concave with lateral overhang (0); or shdf-like (1) (Norell
and Makovicky, 1997).

273. Latera shdf of brevis fossa continuouswith podeior portion of supraacetabular
shdf: no (0); yes (1).

274. lliac-ischia articulation formed by peg (iliac pedunde) and socket (ischium)
joint: no (0); yes (1) (TWiG).

275. Pubic tubercle: rugosty onanterolateral portion of cranial end of pubic shaft
(0); extenddd cranially as a crest or spine (=preacetabular tubecle of Aves) (1)
(Hutchinson, 20013.

276. Obturator foramen in pubis. completely endosed (0); open ventrally (1); absent
(2) (Holtz, 1994)

277. Pubic fenestrabdow obturator foramen: absent (0); present (1) (Gauthier,
1986)

278. Pubic apron abouthdf of pubic sh&t length (0); or less than 1/3 of shaft length
(1) (TWIG).
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279. Pubic apron: completely closed (0); with medial opening distally abovethe
pubic boot (1) (Rauhut 1995.

280. Strongly expandeal pubic boot absent (0); present (1) (Gauthier, 1989.

281. Pubic bootexpanded poderiorly and pogerior expangon more than hdf the
length of thepubic shafts: no (0); yes (1) (Gauthier, 1986)

282. Digtal expangon of pubis continuouswith or expanded laterally beyond margin
of shaft (0); or medially inset from lateral edgeof pubic sh&t (1) (Tykoski, 2005.

283. Ischium: straight (0); twisted at midshaft and with flexure of obturator process
toward midlineso that distal endis horizonta (1) (TWiG).

284. Ischium length: ischium at least three-quaters the length of pubis (0); ischium
two-thirdsor less thelength of pubis (1) (Gauthier, 1986)

285. Tubecle onanterior edgeof ischium absent (0); or present (1) (TWIG).

286. Poderior process on proximal part of ischium: absent or weakly developel (0);
semicircular scar on pogerior part of the proximal end of theischium (1); or well-
developeal as atriangular poderior process (2) (modified from TWiG; Rauhut 2003)

287. Obturator process onischium: confluent with pubic pedunde (0); offset from
pubic pedunde by adistinct notch (1) (Rauhut 2003).

288. Obturator process: proximally placed (0); located distally, near middle or end of
ischiadic sh&t (1) (Gauthier, 1986)

289. Ventra notch between obturator-process or Eflangeon ischium: absent (0);
present (1) (Serenoet al., 1999.

290. Distal end of ischium: sightly expanded (0); strondy expanded, anteropogerior
length more than twice anteropogerior length of ischial shafts, forming ischial ®@oaO
(1); tapering (2) (Smith and Galton, 1990)

291. Digtal endsof ischiaform symphyss (0); or approach oneanother butdo not
form symphysis (1); or widdy separated (2) (TWiG).

292. Femora head: confluent with greater trochanter (0); separated from greater
trochanter by adistinct cleft (1) (Holtz, 1994.

293. Femoral head orientationrelative to the distal femoral condyles. directed
anteromedially (0); directed strictly medialy (1) (Holtz, 1994)

294. Femoral head directed: ventrally (0); harizontally (1); dorsally (2) (Molnar et
a., 1990.
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295. Femoral head withoutfovea capitalis (="fovealig. capitis' of Baumel and
Witmer, 199364) (for attachment of capital ligament) (0); or circular fovea presentin
center of media surface of head (1) (TWIG).

296. Obligueligament grooveon pogerior surface of femoral head: absent or very
shdlow (0); degp, boundmedialy by awell-developed pogerior lip (1) (Rauhut
2003)

297. Lesser trochanter: absent or poaly developed as small knobrlike structure (0);
spike-like or developed as trochanteric shdf (1); broadened (ving-liked) (2);
sepaated from greater trochanter by small groove(3); completely fused (or absent) to
form crista trochanteris (4) (modified from Rauhut 2003; TWIiG).

298. Placement of lesser trochanter: at distal end of femoral head or bd ow greater
trochanter (0); as high or highe than greater trochanter (1) (Gauthier, 1986.

299. Pogerior M. iliofemoralisinsertion on proximal femur: shdf (0); mound (1)
lateral ridge(2) (Hutchinson, 20018.

300. Dorsolatera trochanter on proximal femur: well-devel opead as a proximodistally
elongde quandrangular raised ridge (0); reduced or absent (1).

301. Fourth trochanter onthefemur: forming a stout, well-developed, high ridge(0);
reduced to afeeble, low ridgeor absent (1) (Gauthier, 1989.

302. Broad grooveon cranial surface of distal femur: absent or pooily developed (0);
well developed and boundmedially by an expanded media lamella (1) (modified
from Forster, 1999,and Rauhut 2003)

303. Well-developad extensor groovepresent on anterior side of distal femur: no (0);
yes (1) (Molner et al., 1990)

304. Infrapoplitea ridgepresent between medial femoral distal condyle and crista
tibiofibularis: no (0); yes (1) (Tykoski, 1998,2005.

305. Fibular condyle on proximal end of tibia: confluent with cnemial crest anteriorly
in proximal view, or only dightly offset (0); strondy offset from cnemial crest (1)
(Rauhut 2003)

306. End of cnemial process. roundeal (0); proximodistally expanded (1) (Forster,
1999)

307. Pogerior cleft between medial part of theproximal end of thetibia and fibular
condyle: absent (0); present (1) (Rauhut 2003)

308. Ridgeon latera sideof tibiafor connectionwith fibula: absent (0); present,
extending fromthe proximal articular surface distally (1); present, clearly separated
from proximal articular surface (2) (Gauthier, 198).

309. Tibial lateral malleolus lobular (0); tabular (1) (Sereno, 1999.
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310. Bracing for ascending process of astragauson anterior side of distal tibia:
distinct GtepQrunning obliqudy from mediodistal to lateroproximal: present (0);
absent (1) (Rauhut, 2003)

311. Digta articular surface of tibia: subrectangular in outineand only dighty wider
transversely than anteropogeriorly (0); subrectangular with small lateral process (1);
narrow triangular to elongde rectangular in outline and strongly mediolaterally
expandd (2); (Rauhut, 2003.

312. Anteropogerior breadth of medial margin of distal tibia: subequd to thelateral
margin (0); broader than thelateral margin (1) (Lange & Benton, 2006)

313. Deep caudonedia notch in distal tibiafor articulation with caudd ascending
process of astragdus no (0); yes (1).

314. Ridgeon medial side of proximal end of fibula, than runsanterodistally from
the pogerproximal end: absent (0); present (1) (Rowe & Gauthier, 1990)

315. Deep grooveon media side of proximal end of fibula: absent, media proximal
fibulaflat or only dightly concave (0); present, medial side of fibula bearing distinct
fossa (1) (Serenoet al., 1996)

316. Insertion of m. iliofibularis onfibuar shaft: not especialy marked (0); present
as awell-developed anterolateral tubecle (1) (modfied from Mader and Bradley,
1989;Holtz, 1994;Rauhut 2003)

317. Fibular shaft: gradudly narrowing from proximal end to mid-shaft (0); abruptly
narrowing bdow theinsertion of m. iliofibularis (1) (Rauhut 2003)

318. Fibulafused to astragdar ascending process in adults: absent (0); present (1)
(Carrranoet d., 2002)

319. Fibular facet onthe astragdus large and facing partialy proximally (0);
reduced and confined to anterior hdf of lateral side of astragdus(1); strongly
reduced, facing laterally or absent (2) (modfied from Hotlz, 1994;Carranoet d.,
2002;Rauhut, 2003.

320. Basa width of ascending process of astragdus arising out of thelateral part of
theastragdar body(0); arising our of the complete breadth of the astragdar body (1)
(Welles& Long 1974.

321. Height of ascending process of astragdus lower than astragdar body (0); highe
than the astragdar body; typically covering only lateral hdf of anterior surface of
distal tibia (1); more than twice the haghtof astragdar body (2) (Welles & Long
1974)

322. Anterior base of ascending process of astragdus confluent or only slightly
offset from astragdar body (0); offset from astragdar body by pronoune&d groove(1)
(Welles& Long 1974.
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323. Anteropogerior breadth of astragdar ascending process. wedge shaped/blocky
(0); plate-like/laminar (1) (Serenoet a., 1994)

324. Astragdar condyles: amog entirely bdow tibia and face distally (0);
significantly expanded proximally on anterior side of tibia and face anterodistally (1)
(Serenoet a., 1996)

325. Horizontal grooveacross astragdar condyles anteriorly: absent (0); present (1)
(Welles& Long 1974.

326. Pogerior process of astragdus extendsstraight pogeriorly, or curves only
dightly proximally, butnot strondy covering the pogerior side of thetibia (0);
extendspogerodorsally and capsthe pogerior sdeof thedistal tibia (1) (Allain,
2001)

327. Astragdusand calcaneum: separate (0); fused (1) in adults (Welles & Long,
1974)

328. Cacaneum: withoutfacet for tibia (0); with small tibial facet on pogeromedial
comer (1); or with well-developed tibial facet covering mos of pogerior surface (2)
(modified from Sereno et a., 1996; Tykoski, 20095.

329. Didta tarsals separate, notfused to metatarsa's (0); or form metatarsal cap with
intercondylar prominence that fuses to metatarsal early in pognaal ontogeny (1)
(TWIG).

330. Metatarsas not co-ossified (0); or metatarsals co-ossified proximally (1)
(TWIG).

331. Metatarsal | contacts theankle joint: yes (1); no (1) (Gauthier, 1989.
332. MT I length: > (0); < (1) 50%MT II length (Gauthier, 1986)

333. Metatarsal midshat widths 11 =1V and bath < [11 (0); 1l <both IV and 11 (1)
(Carranoet a., 2002)

334. Digtal end of metatarsal 11 smooth, not ginglymoid (0); or with developead
ginglymus (1) (TWiG).

335. Outline of proximal articular surface of metatarsal 111: rectangular (0);
houmglass-shgped (1) (Paul, 1984)

336. Proximal end of metatarsal |11 backing ventral sides of metatarsals 11 and 1V,
resulting in a O Gshaped proximal profile (GantarctometatarsusOof Carrano et a.,
2002) no(0); yes (1) (Carranoet a., 2002.

337. Proximal end of metatarsal 111: notventrally enlarged (0); with ventral bos
protruding beyond plane of metatarsal shafts (1) (Tykoski, 2005)
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338. Digtal end of metatarsal 111 smooth, notginglymoid (0); or with developeal
ginglymus (1) (TWiG).

339. Well-developead pogeromedial flangeon proximal end of metatarsal 1V for
articulation with metatarsal 111: absent (0); present (1).

340. Shat of MT IV roundor thicker dorsoventrally than widein cross section (0);
or shat of MT 1V mediolaterally widened and flat in cross section (1) (TWIiG).

341. Digtd articular surface of metatarsal 1V: as broad or broader mediolaterally than
tall dorsoplantarly (0); taller dorsoplantarlly than broad mediolaterally (1) (modified
from Sereno et a., 1999;Carranoet a., 2005;Langer & Benton, 2006)

342. Metatarsal V length: > (0) or < (1) 50%length of metatarsals I1-1V (Gauthier,
1986)

343. Metatarsal V: with roundel distal articular facet (0); strongly reduced and
lacking distal articular facet (1); short, withoutarticular surface, transversely flattened
and bowed anteriorly distally (2) (Gauthier, 1986)

344. Vascular grooves on pedd unguas. single (0); doubk (1) (Sampson et a., 2001;
Novas and Bandyopalhyay, 2001)

345. Pedd digit | phdanges 1 + 2 length: > (0); < (1) length of 111-1 (Serenoet al.,
1994)

346. Pedd digit Il ungud: symmetrical (0); asymmetrical (1) (Carranoet al., 2002)

347. Pedd digit I1: notspecialized if compared to other digits (0); highly specialized:
shortened, hypaextengble, phdanx 11-2 with pronounced ventral heel proximally,
ungud enlarged, transversely flattened and strongly curved (1) (Ostrom, 1969)

348. Mediolateral compression of olecranonprocess of ulna absent or weakly
compressed (0); pronouncd, olecranon compressed into Mlade-likeOmorphology (1).

349. Latera tubeogty of ulna absent or small mound(0); hypetrophed and robug
(2).

350. Bladelike longitudind ridgeextending distally from lateral tuberogty of ulna
absent (0); present (1).

351. Ventra surface of manud phdanx I-1: relatively flat or weakly concave (0);
strongly concave with deep ventral furrow (1).

352. Accessory vertebral laminaein theinfradiapophysea fossae of thedorsd
vertebrae: absent (0); present (1) (Serenoet a., 1998).

353. Orientation of olecranonprocess of theulna in same plane as coronoid (=
GinteriorOor GigmoidQ process (0); significantly everted medially, angle between
olecranonand coronoid processes close to 120%n proximal aspect (1).
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S7.PHYLOGENETIC ANALYSIS
(a) Methods

To assess therelationdhips of Megaraptor and NMV P186076we peaformed a
phylogenetic andysis usng a daaset modified from tha of Smith et al. (2007) Part
of thereasonfor utilizing this dataset is tha it indudes multiple representatives of
major clades of basal theropods(e.g., GCodophy®ideaQ Abdisauroides,
Spinosauroidea, Allosauroidea, Codurosauria), and thusprovides arigoroustest of
therelative relationdhips of Megaraptor and NMV P186076.In addition to
Megaraptor and NMV P186076 the carcharodonbsaurid Mapuswurus (Coria &
Currie 2006)was added to thedaaset. Several new characters were congructed, and
codingsfor some taxa were revised. In total, the dataset congsted of 58 taxa scored
for 353 chaacters. Megaraptor could be scored for 69 characters (= 19.55%), and
NMV P186076could be scored for 7 characters (= 1.98%). See (S for acomplete
character list and codingsfor al induded taxa. Two andyses were performed, one
containing all taxa, and oneexcludingNMV P186076.

Phylogendic andyses were peformed usng PAUP* 4.0b10(Swofford 2002)
All characters were equdly weighted and treated as unordered. A heuristic search was
performed with 10,000randomaddition sequence replicates to find the mog
parssmonioustrees for the data matrix. Tree bisection and reconnection (TBR) was
utilized as the branch-swapping agorithm for the heuristic search. Following @ule 10
of Coddington & Scharff (1994) zero length branches were collapsed if they lacked
suppot unde any of themod parsmoniousrecongructions Bootstrap andyses
(Felsengein 1985)were performed on the dataset to quantify suppot. Heuristic
searches were performed on 2,000 pseudoreplicate daasets, with 10 randomaddition

sequence replicates for each search. The maximum number of trees saved for each
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randomaddition sequence replicate was set to 100to prevent the searches from
becoming stuck on alargeidand of MPTs during any particular randomaddition
sequence replicate. Thoughthis search strategy reduces the amountof tree space
explored for any given randomaddition sequence replicate, it does allow for amuch
larger number of bootstrap replicates to be performed. In addition to bootstrap
andyses, Bremer suppot values were also calculated for each nodein thestrict
conenaus of all MPTsusng TreeRot.v2c (Sorenson 1999)
(b) Results

Thephylogendic andysis excluding NMV P186076 resulted in therecovery
of 144MPTs, each of 853 steps with a congstency index of 0.484, and aretention
index of 0.771.Megaraptor isrecovered as a deived spinosauroid, in apolytomy
with Eudreptogpondylus Streptogpondyus Baryonyx, Suconimus and Irritator.
Torvosaurusis recovered as the sister taxon to this clade, and adyad of
Dubreuillosaurus and Afrovenator congitutes the sister taxon to this larger clade.
Other relationshipswithin the MPTs are similar to those recovered by Smith et al.
(2007) with the exception of resolution within Allosauroidea

Thephylogendic andysisinduding NMV P186076 resulted in therecovery
of 172MPTs, each of 853 steps with a congstency index of 0.484, and aretention
index of 0.772.Thestrict conenausof these 172MPTsis shown in figure S8 Similar
to thefirst andysis, Megaraptor and NMV P1860r6 are recovered as derived
spinosauroids in a polytomy with Eugreptogpondyus Steptogpondyus Baryonyx,
Suwchommus and Irritator. All other relationshipswithin the MPTs areidentical to
those recovered in thefirst andysis.

In text figure 2, we present a single representative of these 172MPTs. This

representative MPT was chosen based on: 1) the presence of a monophyktic
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Spinosauridae, which has been suppoted in numerousandyses (e.g., Serenoet al.
1998;Allain 2002;Smith et a. 2007); 2) the presence of amonophyetic
Eudreptogpondyus+ Streptogpondylus clade, which has been suppotted previoudy
(Allain 2001;Smith et a. 2007) andis not contradicted by any unambiguous
character evidence; 3) the presence of both a mongohyletic Spinosauridae (Baryonyx
+ Sudommus+ Irritator) and amonophyktic (Eustreptogpondyus +
Streptogpondyus) cladein more than 50% of the bootstrap trees; 4) thefact that
athoughsome MPTs (72 out of 172)recover a(Megaraptor + NMV P186076+
Spinosauridae) clade, no MPTs recover a (Eugreptogpondyus+ Streptogpondyus +
Spinosauridae) clade and 5) the presence of a monophyletic Megaraptor + NMV
P186076clade which we provide suppot for in the main text, andis also not
contradicted by any unambiguouscharacter evidence.
(c) Discussion
Therecovery of Megaraptor as a spinosauroid differs fromtheandysis of

Smith et a. (2007)where this taxon was recovered as a carchaodonbsaurid.
However, Smith et al. (2007)nated tha only 2 addtiond stepswere required to
obtain trees tha groupel Megaraptor within Spincsauroidea. The mgority of
character suppot for placing Megaraptor within Carcharodonbsauridae comes from
features (primarily assodated with pnaumaticity) in the vertebral column, while
suppot for its placement within Spinosauroidea deives mainly from characteristics
of theforelimb and manus In the present andysis, three additiond stepsare required
to recover Megaraptor and NMV P186076as members of Carchaodonbsauridae.

It isimportant to note that some of thelack of resolution represented by the strict
congenaus tree can be attributed to theinteraction of missing data in varioustaxa. For

example, though29 of the 144MPTs (in theandysis excluding NMV P186076)
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recovered possess a (Megaraptor + Eudreptogpondyus+ Streptogpondyus) clade,
there is no unambiguouscharacter evidence to support this grouping to the excluson
of other spinosauroids No character optimized as a syngpomorphy suppoting this
cladeis present in both Megaraptor and Eugreptogpondyus (or Streptogpondyus
which is known from less material; Allain, 2001) Thefact tha both
Eudreptogpondyusand Streptogpondyluslack preserved ulnae prevents the presence
of acompressed, blade-like olecranon process (present in Baryonyx, Sudommus
Megaraptor and NMV P186076)from being resolved as an unanbiguous
syngoonorphy abovethelevel of Torvosaurus which lacks this feature. Similarly, the
lack of forelimb material from Irritator makes it undear asto whethe the
hypetrophied medial process of thedistal ulna(see figure S9 is asyngponmorphy of
Sudommus+ Baryonyx, or amoreindudgve clade (e.g., Spinosauridae). Theabsence
of preserved forelimb materia for Irritator, Eusreptogpondyus and
Streptogpondyusaso rendasthedistribution of character 350 (blade-like
longitudind ridgeextending distally fromlateral tuberogty of ulng), here consdered
asyngponorphy of Megaraptor and NMV P186076 (this feature isabsentin
Baryonyx, Suhonimus Torvosaurus and al other theropodswhere ulnae are
known), as ambiguous Thus notall of the MPTs contain a Megaraptor + NMV
P1867076clade However, inthe MPTsthat recover taxa closer to Megaraptor and
NMV P186076than either isto each other, these clades are not suppoted by
unambiguoussyngpomorphies (i.e., thereis no postive evidence to suppot thenon

monophyl of a Megaraptor + NMV P1867076clade).



45

Figure S8. Smith et al. Strict conenausof these 172 MPTs from the phylogenetic
andysis (see S7) induding all taxa. MPTs are 853steps with a congstency index of
0.484,and aretentionindex of 0.772.Bold nunbe's abovenodes indicate boottrap

values > 50%, numbers bdow nodes indicate Bremer decay values> 1.
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Figure S9. Additiond, potentially phylogenetically informative characters of
Megaraptor nanmunhuaguii. Cervical vertebra of Megaraptor nanunhuaguii
(MUCPv 341)in (a) left lateral, (b) right caudolateral, and (c) caudd aspects. Note
the presence of: a prezygoepipophyal laming two pleurocodsin astaggeaed
postion; and a hypsophenehypantrum-like accessory articulation. Left manud
phdanx I-1 (d), andleft manud ungua I-2 (€), of Megaraptor namunhuaguii (MCF-
PVPH 79)in ventral (d), and media (€) aspects. Note the presence of adeep, well-
defined ventral grooveon -1, and the hypetrophied manud ungud. Rightradius(f,
h, j) of Megaraptor nanunhuadguii (MUCPv 341)in cranid (f), lateral (h), and
proximal (j) aspects. Left radius(g, i, K) of Baryonyx walkeri (BMNH R9951)in
crania (g), latera (i), and proximal (k) aspects. Photographsin (i) and (k) are by Rud
Sadleir (FMNH). Note the similarity in the development of alargetriangular cranial
process, with assodated lateral fossa, of the proximal radius Also note tha
Megaraptor lacks the hypetrophied externd tubeodty of thedistal radius presentin
Baryonyx, and a'so Sucvonimus (MNN GAD 500) Anatomical abbreviations cpl,
crania pleurocod; dp, diapophyss; ep, epipophyss; fac art prox, proximal articular
surface; fos fossa; fospogspin, podspind fossa; hyp, hypogphene mg, medial
bloodgroove pdpl, pogerodorsal pleurocod; poz, podzygapophyss; pp,
parapophyss; prel, prezygoepipophy®al laming proc cran, cranial process; proc
spin, neura spine prz, prezyggpophyss; rdg, ridge; sulc vent, ventral groove tub

ext, externd tubeodty; tub flex, flexor tubeacle.
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