Hipparionine Character States (Bernor et al., 2017) Updated and Revised
1) Relationship of lacrimal to the preorbital fossa: A = lacrimal large, rectangularly shaped, invades medial wall and posterior aspect of preorbital fossa; B = lacrimal reduced in size, slightly invades or touches posterior border of preorbital fossa; C = preorbital bar (POB) long with the anterior edge of the lacrimal placed more than half the distance from the anterior orbital rim to the posterior rim of the fossa; D = POB reduced slightly in length but with the anterior edge of the lacrimal placed still more than 1/2 the distance from the anterior orbital rim to the posterior rim of the fossa; E = POB vestigial, but lacrimal as in D; F = POB absent; G = POB very long with anterior edge of lacrimal placed less than 1/2 the distance from the anterior orbital rim to the posterior rim of the fossa; H = POB absent. 

2) Nasolacrimal fossa: A = POF large, ovoid shape and separated by a distinct medially placed, dorsoventrally oriented ridge, dividing POF into equal anterior (nasomaxillary) and posterior (nasolacrimal) fossae; B = nasomaxillary fossa sharply reduced compared to nasolacrimal fossa; C = nasomaxillary fossa absent (lost), leaving only nasolacrimal portion (when a POF is present). 

3) Orbital surface of lacrimal bone: A = with foramen; B = reduced foramen. 

4) Preorbital fossa morphology: A = large, ovoid shape, anteroposteriorly oriented; B = POF truncated anteriorly; C = POF further truncated, dorsoventrally restricted at anterior limit; (note CSk A-C are pre-Old World hipparionine characters); D = subtriangular shaped and anteroventrally oriented; E = subtriangularly shaped and anteroposteriorly oriented; F = egg-shaped and anteroposteriorly oriented; G = C-shaped and anteroposteriorly oriented; H = vestigial but with a C-shaped or egg-shaped outline; I = vestigial without C-shape outline, or absent; J = elongate, anteroposteriorly oriented; K = small, rounded structure; L = posterior rim straight, with non-oriented medial depression. 

5) Fossa posterior pocketing: A = deeply pocketed, greater than 15 mm in deepest place; B = pocketing reduced, moderate to slight depth, less than 15 mm; C = not pocketed but with a posterior rim; D = absent, no rim but a remnant depression; E = absent. 
6) Fossa medial depth; A = deep, greater than 15 mm. in deepest place; B = moderate depth, 10-15 mm in deepest place; C = shallow depth, less than 10 mm in deepest place; D = absent. 

7) Preorbital fossa medial wall morphology: A = without internal pits; B = with internal pits. 

8) Fossa peripheral border outline: A = strong, strongly delineated around entire periphery; B = moderately delineated around periphery; C = weakly defined around periphery; D = absent with a remnant depression; E = absent, no remnant depression. 

9) Anterior rim morphology: A = present; B = absent. 

10) Placement of infraorbital foramen: A = placed distinctly ventral to approximately 1/2 the distance between the preorbital fossa’s anteriormost and posteriormost extent (pre- Old World hipparionine condition); B = inferior to, or encroaching upon anteroventral border of the preorbital fossa. 

11) Confluence of buccinator and canine fossae: A = present (pre- Old World hipparionine condition); B = absent, buccinator fossa is distinctly delimited. 

12) Buccinator fossa: A = not pocketed posteriorly; B = pocketed posteriorly. 

13) Caninus (= intermediate) fossa: A = absent; B = present. 

14) Malar fossa: A = absent; B = present. 

15) Nasal notch position: A = at posterior border of canine or slightly posterior to canine border; B = approximately half the distance between canine and P2; C = at or near the anterior border of P2; D = above P2; E = above P3; F = above P4; G = above Ml; H = posterior to Ml. 

16) Presence of dP1 (16U) or dP1, (16L): A = persistent and functional; B = reduced and non-functional; C = absent. 

17) Curvature of maxillary cheek teeth: A = very curved; B = moderately curved; C = straight. 

18) Maximum cheek tooth crown height: A = < 30 mm; B = 30 - 40 mm; C = 40 - 60 mm; D = 60 - 75 mm; E = 75+ maximum crown height. 

19) Maxillary cheek tooth fossette ornamentation: A = complex, with several deeply amplified plications; B = moderately complex with fewer, more shortly amplified, thinly banded plications; C = simple complexity with few, shortly amplified plications; D = generally no plis; E = very complex. 

19A) Confluence (linkage) of pre- and postfosstte opposing borders: A = linked; B = separate.

20) Posterior wall of postfossette: A = may not be distinct; B = always distinct. 

21) Pli caballin morphology: A = double; B = single or occasionally poorly defined double; C = complex; D = plis not well formed. 

22) Hypoglyph: A = hypocone frequently encircled by hypo- glyph; B = deeply incised, infrequently encircled hypocone; C = moderately deeply incised; D = shallowly incised. 

23) Protocone shape: A = round q-shape; B = oval q-shape; C = oval; D = elongate-oval; E = lingually flattened-labially rounded; F = compressed or ovate; G = rounded; H = triangular; I = triangular-elongate; J = lenticular; K = triangular with rounded corners. 
23A) Protocone flattened: A = yes; B = no

24) Isolation of protocone: A = connected to protoloph; B = isolated from protoloph. 

25) Protoconal spur: A = elongate, strongly present; B = reduced; C = absent.

26) Premolar protocone/hypocone alignment (pre- Old World hipparionine condition): A = anteroposteriorly aligned; B = protocone more lingually placed. 

27) Molar protocone/hypocone alignment (pre- Old World hipparionine condition):: A = anteroposteriorly aligned; B = protocone more lingually placed. 

28) P2 anterostylid (28L): A = elongate; B = short and rounded. 

29) Mandibular incisor morphology: A = not grooved; B = grooved. 

30) Mandibular incisor curvature: A = curved; B = straight. 

31) I3 lateral aspect: A = elongate, not labiolingually constricted; B = very elongate, labiolingually constricted distally; C = atrophied. 

32) Premolar metaconid: A = rounded; B = elongated; C = angular on distal surface; D = irregular shaped; E = square shaped; F = pointed. 

33) Molar metaconid: A = rounded; B = elongated; C = angular on distal surface; D = irregular shaped; E = square shaped; F = pointed. 

34) Premolar metastylid: A = rounded; B = elongate; C = angular on proximal surface; D = irregular shaped; E = square shaped; F = pointed. 

35) Premolar metastylid spur: A = present; B = absent 

36) Molar metastylid: A = rounded; B = elongate; C = angular on proximal surface; D = irregular shaped; E = square shaped; F = pointed. 

37) Molar metastylid spur: A = present; B = absent 

38) Premolar ectoflexid: A = does not separate metaconid and metastylid; B = separates metaconid and metastylid. 

39) Molar ectoflexid: A = does not separate metaconid and metastylid; B = separates metaconid and metastylid; C = converges with preflexid and postflexid to abutt against metaconid and metastylid. 

40) Pli caballinid: A = complex; B = rudimentary or single; C = absent. 

41) Protostylid: A = present on occlusal surface often as an enclosed enamel ring; B = absent on occlusal surface, but may be on side of crown buried in cement; C = strong, columnar; D = a loop; E = a small, poorly developed loop; F = a small, pointed projection continuous with the buccal cingulum. 

42) Protostylid orientation: A = courses obliquely to anterior surface of tooth; B = less oblique coursing, placed on anterior surface of tooth; C = vertically placed, lies flush with protoconid enamel band; D = vertically placed, lying lateral to protoconid band; E = open loop extending posterolabially. 

43) Ectostylids: A = present; B = absent. 

44) Premolar linguaflexid: A = shallow; B = deeper, V-shaped; C = shallow U-shaped; D = deep, broad U-shape; E = very broad and deep. 

45) Molar linguaflexid: A = shallow; B = V-shaped; C = shallow U-shaped; D = deep, broad U-shape; E = very broad and deep. 

46) Preflexid morphology: A = simple margins; B = complex margins; C = very complex. 

47) Postflexid morphology: A = simple margins; B = complex margins; C = very complex. 

48) Postflexid invades metaconid/metastylid junction by anteriormost portion bending sharply lingually: A = no; B = yes. 

49) Protoconid enamel band morphology: A = rounded; B = flattened.

