Appendix 3: Coding of characters

Cranial, mandibular and dental characters (unordered unless stated otherwise):
	1. Tooth rows (modified from Berta & Wyss 1994): 0) parallel; 1) diverging posteriorly. Illustration: Fig. 15A-C, for state ‘1’.

	2. Constriction of palate at level of P1 and P2: 0) absent; 1) present. The character state of Acrophoca was coded as inapplicable because of the extreme lengthening of the rostrum characterizing this taxon and precluding a possible constriction to be observable, and hence precludes a satisfactory primary homology statement (sensu Pinna 1991). Illustration: Fig. 15A-C, for state ‘1’.

	3. Number of upper incisors (Muizon 1982): 0) six; 1) four. 

	4. Transverse groove on at least the mesial incisor (modified from Berta & Wyss 1994): 0) present; 1) absent. 

	5. P2, P3, P4 and M1 (modified from Berta & Wyss 1994): 0) at least one is single-rooted; 1) all are double-rooted. 

	6. M2 (Berta & Wyss 1994): 0) present; 1) absent. 

	7. Elevation of the labial cingulum below the main cusp of jugal teeth: 0) absent; 1) present. This elevation generally extends as a fine crest toward the apex of the cusp. Due to the reduction of the teeth in Mirounga, this character was coded as inapplicable for this taxon.

	8. Accessory cusps of jugal teeth (modified from Muizon 1982): 0) very small or weakly developed (longer than high); 1) well developed (higher than long). 

	9. Distolingual projection of cingulum of upper premolars (modified from Muizon 1982): 0) absent; 1) present. 

	10.  Anterior alveolar border of the upper incisors facing anteroventrally: 0) absent; 1) present. In most pinnipeds the upper incisors are located on the anterior extremity of the ventral side of the skull. But we recognized that in a few taxa there is a distinct space on the premaxilla separating the labial margin of the alveolus of the incisors from the anterior-most part of the skull.

	11. Contact between premaxilla and nasal: 0) present; 1) absent. The character state of Mirounga was coded as inapplicable because of the presence of the specialized proboscis which modifies the nasal cavity of this taxon and which precludes a satisfactory primary homology statement.

	12. Premaxilla-maxilla suture (modified from Muizon 1982): 0) lateral to nasal cavity; 1) at least partially included in nasal cavity. Illustration: Fig. 16A-C, for state ‘1’.

	13. Opening of nasal cavity: 0) short and opening more anteriorly than dorsally; 1) long (length clearly superior to fifth of length of skull) and opening more dorsally than anteriorly. Illustration: Fig. 16A-C, for state ‘1’

	14. Lateral border of opening of nasal cavity in lateral view: 0) rectilinear or weakly concave; 1) strongly concave. Illustration: Fig. 16A-C, for state ‘1’.

	15. Fused nasals even in subadult specimens: 0) absent; 1) present. 

	16. Position of posterior end of nasals (modified from Berta & Wyss 1994): 0) anterior to maxilla-frontal suture; 1) posterior to maxilla-frontal suture but greatly anterior to the level of the jugal-squamosal suture; 2) almost reaches the level of the jugal-squamosal suture. The condition of Ommatophoca was coded as inapplicable, the great enlargement of the orbit precluding a satisfactory primary homology statement (ordered). 

	17. Anterior end of frontals (Berta & Wyss 1994): 0) not inserted between nasals; 1) inserted medially between nasals. 

	18. Alveolar process of maxilla: 0) facing ventrally; 1) facing anteroventrally posterior to P1. Illustration: Fig. 16A, for state ‘0’, Fig. 16B, C for state ‘0’.

	19. Preorbital process: 0) angular and connected to the anterior margin of the orbit by an uninterrupted crest; 1) separated from the ventral border of the orbit. 

	20. Maxillary process of jugal (at the level of the anteroventral border of the orbit) in lateral view: 0) thin and low and increasing progressively posteriorly; 1) thick and high and increasing abruptly posteriorly. 

	21. Position of anterior opening of infraorbital foramen in ventral view: 0) anterior to M1; 1) level or posterior to M1. 

	22. Nasolabialis fossa: 0) absent 1) present. This fossa is located between the zygomatic and the alveolar processes of the maxilla. Berta & Wyss (1994) seem to designate another structure by this name.

	23. Anterior end of jugal in dorsal view: 0) lateral to infraorbital foramen; 1) above or medial to the lateral margin of the infraorbital foramen. 

	24. Ventral edge of the zygomatic arch, in anterior view: 0) higher than alveolar plane; 1) level with the alveolar plane (or very close to). 

	25. Mortised jugal-squamosal suture (Berta & Wyss 1994): 0) absent; 1) present. 

	26. Supraorbital process of frontal (modified from Berta & Wyss 1994): 0) absent; 1) present. 

	27. Least interorbital width (Berta & Wyss 1994): 0) occurs in posterior-most portion of interorbital bridge 1) occurs in anterior half of interorbital bridge. 

	28. Least interorbital width/bizygomatic width ratio: 0) low (much lower than 0.3); 1) high (at least equal to 0.3). A broad interorbital bridge characterizes a few taxa, since a conspicuous constriction anterior to the braincase affects the interorbital bridge of most pinnipeds.

	29. Major axes of glenoid fossae: 0) sub-parallel; 1) slightly convergent posteriorly.

	30. Orientation of medial margins of tympanic bullae: 0) diverging posteriorly; 1) parasagittal. Illustration: Fig. 17A, B for state ‘0’, and 16C for state ‘1’.

	31. Lateral end of tympanic bulla: 0) medial to level of mid-width of glenoid fossa; 1) lateral to level of mid-width of glenoid fossa. 

	32. Inflation of tympanic bulla (Wyss 1987): 0) weak; 1) strong. Illustration: Fig. 17A-C for state ‘1’.

	33. Posterior opening of carotid canal (modified from Berta & Wyss 1994): 0) visible in ventral view; 1) not visible in ventral view because of the strong inflation of the posterior part of the ectotympanic. Illustration: Fig. 17B, C for state ‘0’, and 17A for state ‘1’.

	34. Posterior opening of carotid canal and posterior lacerate foramen (modified from Bininda-Emonds & Russell 1996): 0) clearly separated; 1) coalescent. Illustration: Fig. 17A-C for state ‘1’.

	35. Posterior lacerate foramen (King 1966): 0) small; 1) large and medial to tympanic bulla. Illustration: Fig. 17B, C for state ‘0’, and 17A for state ‘1’

	36. Orientation of pit for stylohyal (modified from Berta & Wyss 1994): 0, ventral and/or posterior; 1) ventral and anterior. 

	37. Posteromedial angle of the tympanic: 0) contacts the exoccipital posteriorly and is fused to it as well as to the mastoid; 1) anterior withdrawal of the tympanic which loses contact with the exoccipital; 2) posterior extension of the tympanic, which almost contacts the exoccipital but which still maintains a loose and smooth articulation with the petromastoid (ordered). As a consequence of the state ‘1’, the tympanic is not fused anymore to the petromastoid but has a loose and smooth articulation with it. Another consequence is the opening of a slit between the tympanic and the petromastoid (a slit, which, in some taxa, is as opened as a true foramen – the external cochlear foramen), which permits a direct communication of the cochlear window with the exterior of the skull); Illustration: Fig. 17A, B for state ‘1’, and 17C for state ‘2’.
38. Development of a lip of the anteromedial region of the pars mastoidea, which abuts the posteromedial edge of the tympanic: 0) absent; 1) present. This lip provides an interlocking system of the tympanic and petromastoid, a condition that reinforces the cohesion of the two bones, which have a loose and smooth contact (i.e. not fused). Illustration: Fig. 17A, B for state ‘0’, and 17C for state ‘1’.
39. Dome-like elevation of the uncovered part of the petrosal posterior to the posterior edge of the tympanic: 0) absent; 1) present. Illustration: Fig. 17A, C for state ‘0’, and 17B for state ‘1’.

	40. Heavily pachyosteosclerotic mastoid (Berta & Wyss 1994): 0) absent; 1) present. Illustration: Fig. 17A-C for state ‘1’.

	41. Mastoid visible in dorsal view (Berta & Wyss 1994): 0) no; 1) yes. 

	42. Petrosal apex (modified from Wyss 1988): 0) 'V-shaped'; 1) rounded. 

	43. Relationship between facial nerve canal, fossa for vestibulocochlear nerve and roof of internal auditory meatus (modified from Berta & Wyss 1994): 0) roof of internal auditory meatus present; 1) facial nerve canal and fossa for vestibulocochlear nerve separated. 

	44. Shape of head of malleus: 0) broad and circular; 1) slender and elliptic. 

	45. Relation of paroccipital process to mastoid (Berta & Wyss 1994): 0) paroccipital process connected to mastoid by a high and continuous ridge; 1) paroccipital process well separated from mastoid. 

	46. Direction of occipital condyles in occipital view: 0) vertical; 1) diverging dorsally. 
47. Occiput proportions: 0) ratio occiput height/mastoid width superior to 0,5; 1) ratio less than 0,5

	48. Orientation of pterygoids: 0) vertical; 1) laterally tilted and flaring posteriorly. 

	49. Alisphenoid canal (Berta & Wyss 1994): 0) absent; 1) present. 

	50. Ventral extension of bony tentorium (modified from Nojima 1990): 0) weak (processus tentoricus absent); 1) approaches or reaches floor of braincase (processus tentoricus present). 

	51. Relative position of lower incisors: 0) mesial incisor posterior to lateral incisor; 1) mesial incisor level or slightly anterior to lateral incisor. 

	52. Shape of alveolus of lower canine: 0) circular to subcircular; 1) very elliptic. 

	53. Angular process of dentary: 0) large process protruding medially and posteriorly; 1) more a knob than a process and weakly protruding or not protruding medially. 

	54. Shape of body of mandible in posterior view: 0) sigmoid; 1) sub-rectilinear.
 Postcranial characters:

	55. Atlas, transverse foramen (modified from Wyss 1988): 0) visible in posterior view; 1) at least partially visible in dorsal view. 

	56. Atlas, direction of transverse process in lateral view: 0) oblique; 1) sub-vertical. 

	57. Atlas, deep fossa for m. rectus capitis dorsalis minor: 0) absent; 1) present. 

	58. Cervical vertebrae 3-6, tubercle and lamina of transverse process: 0) fused or poorly isolated from each other; 1) clearly isolated from each other. 

	59. Scapula, major orientation of posterior border in lateral view: 0) proximodistal (dorsal component greater than posterior component); 1) anteroposterior (posterior component greater than dorsal component). 

	60. Scapula, acromion process (Wyss 1988): 0) knoblike; 1) reduced. 

	61. Scapula, scapular spine I (modified from King 1966): 0) unreduced (i.e. the spine almost reaches the dorsal edge of the scapula); 1) reduced (i.e. the spine almost totally disappears and is reduced to its most proximal portion and the acromion). 

	62. Scapula, scapular spine II: 0) vertical or slightly tilted anteriorly; 1) tilted posteriorly. 

	63. Humerus, deltopectoral crest (modified from Wyss 1988): 0) long (continuous and almost reaches the distal epiphysis); 1) short (stops abruptly approximately at mid-length of diaphysis). 

	64. Humerus, lesser tuberosity: 0) small (its distal end is distal to the level of the greater tuberosity); 1) well developed (its distal end is proximal to the level of the greater tuberosity). 

	65. Humerus, supinator ridge (Berta & Wyss 1994): 0) well developed; 1) absent or poorly developed. 

	66. Humerus, entepicondylar (=supracondylar) foramen (King 1966): 0) present; 1) absent. 

	67. Radius, location of radial tuberosity: 0) on medial side; 1) on posteromedial side. 

	68. Radius, deep groove for extensor digitorum communis tendon: 0) absent; 1) present. 

	69. Ulna, distal end of styloid process: 0) distally pointed; 1) flattened. 

	70. Trapezium: styloid process (forming medially the scapholunar facet and laterally the facet for the carpale II): 0) long; 1) short. 

	71. Cuneiform, distally projecting ledge (palmar process) (King 1966): 0) absent; 1) present. 

	72. Metapodials, head (modified from Berta & Wyss 1994): 0) keeled with trochleated phalangeal articulations; 1) smooth, with phalanges flat, articulations hingelike. 

	73. Metacarpal I, length (modified from King 1966): 0) short; 1) long (much longer than half of the length of the radius). 

	74. Manus, digit V, intermediate phalanx (King 1966): 0) unreduced; 1) strongly reduced. 
75. Manus claws (modified from King 1966): 0) large; 1) small.

	76. Innominate, ilium: 0) shallow gluteal fossa and weakly everted wing; 1) deep gluteal fossa and strongly everted wing. 

	77. Innominate, location of anterodorsal iliac spine: 0) dorsal to the anteroventral iliac spine; 1) posterodorsal to the anteroventral iliac spine. 
78. Innominate, posteroventral iliac spine (= iliac tuberosity, Miller et al. 1964): 0) large and strongly protruding; 1) small or absent

	79. Innominate, proportions of postacetabular region (width/length) (King 1966): 0) long and narrow (ratio less than or equal to 0.5); 1) short and wide (ratio greater than 0.6). 
80. Femur, collo-diaphyseal angle: 0) high, head oriented more medially than proximally; 1) low, head oriented more proximally than medially.

	81. Femur, epicondyle crest: 0) inconspicuous or short; 1) long (reaching at least the mid-length of the diaphysis). 

	82. Femur, orientation of fossa for m. peroneus longus: 0) lateral; 1) anterolateral. 

	83. Femur, proportions (length/width): 0) long and narrow (ratio greater than 2,6); 1) short and wide (ratio less than 2,6). Their short and wide femur distinguishes phocids from all other carnivorans. Furthermore the ratio length/width of some monachines is substantially smaller that in phocines and hence seems to be a ‘step further’ in this specialisation.

	84. Tibia, post-tibial fossa (Berta & Wyss 1994): 0) weak; 1) strong. 

	85. Astragalus, calcaneal process (modified from Berta & Wyss 1994): 0) absent; 1) poorly developed; 2) well developed (ordered). 
86. Sustentacular facet of the astragalus: 0) oval-shaped and narrowed at contact with cuboid facet; 1) long (at least twice longer than wide), slender and strongly bent medially; 2) short and tongue-like with no narrowing at contact with cuboid facet.

	87. Calcaneum, articular surface for fibula: 0) absent or very reduced; 1) well developed. 

	88. Metatarsal I, articular surface for metatarsal II: 0) oriented laterally; 1) oriented dorsolaterally; 2) inconspicuous. 

	89. Metatarsal III, length (modified from King 1966): 0) less than 50% shorter than metatarsal I; 1) approximately 50% shorter (or more) than metatarsal I. 

	90. Pes claws (modified from King 1966), 0) large; 1) small. 

	91. Sexual dimorphism (Muizon 1982), 0) inconspicuous; 1) well marked. The coding of this character is based on the data of Weckerly (1998).
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