Supplementary Text S1 - Morphological character scores

Morphological character scores for Sparassocynus derivatus and Hesperocynus dolgopolae are listed here, as are modifications to character definitions and also three revised scores for the extant didelphid Caluromysiops irrupta (characters 54). 

Characters from Voss and Jansa (2009)
Character 40: Premaxillae not produced anteriorly beyond alveolar margin of I1 (0); or forming a distinct, shelf-like rostral process anterior to I1 (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 42: Nasals extend posteriorly between lacrimals (0); or truncated anterior to lacrimals (1). 
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 43: Nasals conspicuously wider posteriorly than anteriorly (0); or nasals uniformly narrow, their lateral margins subparallel (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 44: Antorbital fenestra between nasal, frontal, and maxillary bones on each side of rostrum absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 46: Maxillary-jugal suture straight, crescentic, or irregular (0); or suture deeply bifid, dividing jugal into dorsal and ventral processes flanking antorbital fossa (1). 
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 47: Distinct frontal process of jugal absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 48: Lacrimal margin of orbit smoothly rounded (0); or forming a distinct crest (1); or with a distinct tubercle (2). 
Sparassocynus derivatus: 2
Hesperocynus dolgopolae: ?
Notes: We add an additional state to account for the presence of a distinct lacrimal tubercle, which is seen in Sparassocynus derivatus. Forasiepi, Goin and Martinelli (2009: 1255) reported that Hesperocynus dolgopolae lacks a lacrimal tubercle and that the lacrimal foramen is “apparently single and relatively large”, based on MHNSR–PV 1046. However, we note that the lacrimal seems to be damaged in some Sparassocynus specimens (e.g. the left side of MMP 5292, and possible the right side of MMP 172-S), with the bridge of bone that supports the lacrimal tubercle and that separates the two lacrimal foramina (which open on the facial exposure of the lacrimal) broken away; this creates the impression of a single, large lacrimal foramen. It is possible that something similar has occurred in MHNSR–PV 1046, although we cannot assess this because the region is not illustrated. For this reason, we score Hesperocynus dolgopolae as unknown for this character. 

Character 49: One lacrimal foramen usually present (0); or two lacrimal foramina usually present (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?
Notes: Reig and Simpson (1972) reported that the lacrimal foramen is single in Sparassocynus derivatus, based on the right side of MMP 172-S, and this was followed by Engelman and Croft (2014: 676), who also incorrectly stated that this foramen opens inside the orbit in this taxon. However, as noted above (see “Character 48”), we suspect that the right lacrimal is damaged in MMP 172-S. Two lacrimal foramina are clearly present on the right side of MMP 5292 (see Main Text), and a similar morphology is apparently present in other Sparassocynus specimens at Museo de la Plata (R. S. Voss, pers. comm.). Forasiepi et al. (2009) also reported the presence of two lacrimal foramina in Sparassocynus. For this reason, we score Sparassocynus as having two lacrimal foramina normally present. As noted above (see “Character 48”), we suspect that the lacrimal might be damaged in MHNSR–PV 1046, and so we score Hesperocynus dolgopolae as unknown for this character, despite Forasiepi et al.’s (2009: 1255) report that only a single lacrimal foramen is present. 

Character 50: Foramen rotundum laterally exposed behind sphenorbital fissure (0); or foramen rotundum concealed from lateral view, partly or wholly confluent with sphenorbital fissure in rear of orbit (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 51: Maxillary and alisphenoid separate (0); or in contact on orbital floor (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 52: Postorbital processes absent or indistinct (0); or present (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 53: Postorbital processes formed by frontals only (0); or by frontals and parietals (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 54: Left and right frontals separated by a complete, ontogenetically persistent median suture (0); or left and right frontals partially or completely co-ossified in subadults (1).
Caluromysiops irrupta: ?
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?
[bookmark: _GoBack]Notes: We have modified this character slightly from that of Voss and Jansa (2009) by referring to subadults, i.e. individuals in which P3/p3 and or M4/m4 are partially but not fully erupted. We have found that the median frontal suture can fuse in some very old adult individuals of marsupials in which the suture is normally unfused, and so we recommend scoring this character on subadults or (if subadults are unavailable) young adults (which can be identified based on their minimally worn dentitions). As a result of this modification, we have scored the extant didelphid Caluromysiops irrupta as unknown from this character; Voss and Jansa (2009: 95) reported that the median frontal suture is fused “in most adult specimens”, but these could be particularly old individuals, and subadults of this taxon were unavailable for scoring purposes. 

Character 55: Left and right parietals separated by complete, ontogenetically persistent median suture (0); or left and right parietals partially or completely co-ossified in subadults (1).
Caluromysiops irrupta: ?
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0
Notes: Similarly to Character 54 (see above), we have modified this character slightly from that of Voss and Jansa (2009) by referring to subadults, i.e. individuals in which P3/p3 and or M4/m4 are partially but not fully erupted. We have scored Caluromysiops irrupta as unknown for this character, based on the same reasoning discussed in Character 54. 

Character 56: Parietal and alisphenoid in contact on lateral aspect of braincase (0); or frontal and squamosal in contact (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 57: Scars of M. temporalis origin on braincase not joined middorsally to form sagittal crest (0); or sagittal crest small, not extending to frontals (1); or sagittal crest large and extending to frontals (2).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1 or 2

Character 58: Fenestra in squamosal-parietal suture absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 59: Interparietal absent (0); or present (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1

Character 60: Interparietal and supraoccipital separated by an open suture, at least in juvenile and subadult specimens (0); or interparietal-supraoccipital suture fused in juveniles and subadults (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?
Notes: we have modified this description from that of Voss and Jansa (2009) to refer to juveniles and subadults. 

Character 61: Parietal-mastoid contact present (0); or absent (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 62: ‘‘Accessory’’ fenestrae absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 63: Maxillopalatine fenestrae absent (0); or present (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1
Notes: Sparassocynus is often reported as entirely lacking maxillopalatine fenestrae sensu Voss and Jansa (2003; 2009) – see e.g. Reig and Simpson (1972), Simpson (1972), Engelman and Croft (2014). However, MMP 5292 clearly preserves bilateral, anteroposteriorly elongated openings within the maxillopalatine suture, which extend from a point level with the anterior margin of M2 to a point slightly posterior to a point approximately level with the protocone of M3. Similarly positioned, but proportionately slightly smaller, slotlike openings are also present in MMP 339-S and 678-S. Although these openings are small, this morphology clearly contrasts with that seen in, for example, sparassodonts, in which there appear to be no major openings of any kind within the maxillopalatine suture (see e.g. Engelman and Croft, 2014: fig. 4). We therefore score Sparassocynus derivatus as having (small) maxillopalatine fenestrae here. 

Character 64: Left and right maxillopalatine fenestrae separated by a median septum (0); or confluent, septum absent (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 65: Palatine fenestrae absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 66: Maxillary fenestrae absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 67: Posterolateral palatal foramina present, with complete bony margins (0); or absent, bony margins incomplete, represented by open notches in posterolateral palate (1).
Sparassocynus derivatus: ?
Hesperocynus dolgopolae: ?
Notes: the posterolateral palatal foramina are imperfectly preserved in MMP 5292. Other Sparassocynus specimens held at MMP appear to have incomplete foramina, but we are not completely confident that this morphology is not the result of damage; we therefore score Sparassocynus derivatus as unknown here. 

Character 68: Posterolateral palatal foramina posterior to fourth molars (0); or extending lingual to M4 protocones (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 69: Posterior palate without distinct lateral corners, the choanae unconstricted behind (0); or posterior palate with distinct lateral corners, choanae constricted (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 70: Presphenoid exposed in roof of nasopharyngeal orifice above posterior palatal margin (0); or presphenoid concealed by vomer above posterior palatal margin (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 71: Left and right pterygoids separate (0);  or in midline contact and forming a sagittal keel (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 72: Transverse canal foramen absent (0); or present (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1

Character 73: Extracranial course of mandibular nerve not enclosed by bone (0); or consistently enclosed by anteromedial strut of alisphenoid bulla (1); or usually enclosed by posteromedial bullar lamina (2); or passes within a bony canal in the ventromedial wall of the hypotympanic sinus (3). 
Sparassocynus derivatus: 3
Hesperocynus dolgopolae: 3
Notes: We have modified the original character description of Voss and Jansa (2009) by adding another state (state 3) to account for the unusual morphology seen in Sparassocynus derivatus and Hesperocynus dolgopolae. This morphology is perhaps more plausibly derived from an ancestral condition in which a posteromedial bullar lamina was present (state 2), but in the absence of taxa preserving intermediate morphologies, we have left this character unordered. 

Character 74: Alisphenoid tympanic process and rostral tympanic process of petrosal separated by a distinct gap (0); or in contact (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 75: Epitympanic recess small, snugly enclosing the mallear-incudal joint (0); or inflated, arching high above mallear-incudal joint (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 76: Rostral and caudal tympanic processes of petrosal separated by a distinct gap (0); or in contact and separated by a suture (1); or indistinguishably fused (2).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 77: Squamosal epitympanic sinus absent (0); or present (1).
Caluromysiops irrupta: 1
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?
Notes: Voss and Jansa (2009) scored Caluromysiops as lacking a squamosal epitympanic sinus, but a distinct, well-excavated epitympanic sinus is present within the squamosal of this taxon, posterolateral to the epitympanic recess (see Reig, Kirsch & Marshall, 1987: fig. 44C). The presence of an epitympanic sinus in Caluromyisops was also noted by Wible (1990: 200), who referred to it as a “suprameatal fossa”.

Character 79: Ectotympanic laterally exposed (0); or concealed from lateral view inside bulla (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 82: Lambdoid sesamoids absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 83: Dorsal margin of foramen magnum formed by exoccipitals and supraoccipital (0); or by exoccipitals only (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?
Notes: We have modified the original character description of Voss and Jansa (2009) by removing reference to the presence or absence of an incisura occipitalis. We scored this character only where specimens preserving the sutures between the exocciptals and supraoccipital were available. 

Character 84: Paroccipital process absent (0); small and broadly adnate to the petrosal (1); or large, erect and usually directed ventrally (2).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1

Character 85: Mandible usually with one mental foramen (0); or with two or more mental foramina (1). 
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1
Notes: We have modified the original character description of Voss and Jansa (2009) to distinguish purely between the presence of one mental foramen and the presence of two or more mental foramina. 

Character 86: Angular process acute and strongly inflected (0); or obtuse and weakly inflected (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 87: Retromolar fossa imperforate (0); or pierced by retrodental canal (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 88: Masseteric foramen absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 91: Fifth upper incisor present (0); or I5 absent (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 92: Fifth upper incisor similar to I4 (0); or I5 caniniform and double-rooted (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 93: Upper canine alveolus occupies premaxillary- maxillary suture (0); or C1 alveolus contained entirely in maxillary bone (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?
Notes: scoring for this character is based on information provided by R. S. Voss (pers. comm.) regarding specimens held at MLP. 

Character 94: Upper canine simple, without distinct accessory cusps (0); or with distinct posterior accessory cusp (1); or with distinct anterior and posterior accessory cusps (2); or with distinct anterior accessory cusp (3).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 95: First upper premolar (P1) large, at least one-half the height or width of P2 (0); or vestigial, less than one-third the height or width of P2, or absent (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 96: P2 distinctly taller than P3 (0); or P2 and P3 subequal in height (1); or P3 distinctly taller than P2 (2).
Sparassocynus derivatus: 2
Hesperocynus dolgopolae: ?

Character 97: Third upper premolar (P3) with well-developed anterior and posterior cutting edges (0); or only posterior cutting edge well developed (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 98: Deciduous third premolar (dP3) large and molariform, occluding with dp3 and m1 (0); or smaller, lacking a distinct protocone, and occluding only with m1 (1); or very small, nonoccluding, and structurally simplified (2).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 99: Stylar shelf present (0); or absent (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 100: Neomorphic labial cingulum absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 101: Upper molars without a distinct ectoflexus on any tooth (0); or distinct ectoflexus present on one or more teeth (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1

Character 102: Anterolabial cingulum present (0); or absent (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 103: Preparacrista of M1 passes anterolabially or labially to stylar shelf (0); or M1
preparacrista passes posterolabially to stylar shelf (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 104: Centrocrista of M1–M3 linear, its apex almost level with floor of trigon basin (0); or weakly V-shaped, its apex distinctly elevated above floor of trigon basin (1); or strongly V-shaped, its apex high above floor of trigon basin (2); or discontinuous (3).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1

Character 105: Preprotocrista and anterolabial cingulum joined to form a continuous shelf along anterior margin of M3 (0); or crista and cingulum separate, not forming a continuous shelf (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1

Character 106: Postprotocrista unnotched (0); or with a distinct carnassial notch (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 107: Upper molar posterolingual cusp absent (0); or present (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 108: Third premolar is last upper tooth to erupt (0); or M4 and P3 erupt simultaneously (1); or M4 is last upper tooth to erupt (2).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 109: Lower incisors with distinct lingual cusp (0); or lower incisors without distinct lingual cusps (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 110: Anteriormost lower incisor small and short-crowned (0); or large, long-crowned, and conspicuously procumbent (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 111: Second lower incisor (i2) with staggered alveolus (0); or I2 alveolus not staggered (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 112: Cutting edge of unworn i3 not bilobed (0); or distinctly bilobed (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 113: Fourth lower incisor (i4) present (0); or absent (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 114: Second lower premolar distinctly taller than p3 (0); or p2 and p3 subequal in height (1); or p3 distinctly taller than p2 (2).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 115: Deciduous lower third premolar (dp3) large and occlusally functional, with tricuspid (complete) trigonid (0); or dp3 smaller but still occlusally functional, with unicuspid or bicuspid (incomplete) trigonid (1); or dp3 vestigial, usually lacking distinct occlusal features (2).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: ?

Character 116: Hypoconulid notch in anterior cingulum of m2–m4 present (0); or absent (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 117: Paracristid of m1 deeply notched (0); or unnotched (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 118: Paracristid of m2 extends from protoconid to paraconid without deflection (0); or m2 paracristid abruptly deflected posterolingually by hypoconulid of m1 (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 119: Trigonid of m4 complete (0); or only metaconid distinct on m4 trigonid (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: ?

Character 120: Lower third molar hypoconid labially salient (0); or m3 hypoconid lingual to salient protoconid (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1

Character 121: Entoconid large and well developed on m1–m3 (0); or very small or indistinct (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1

Character 122: Entocristid absent or indistinct (0); or present (1).
Sparassocynus derivatus: ? 
Hesperocynus dolgopolae: 1

Character 123: Entocristid a short crest parallel to lingual margin of tooth (0); or entocristid long and labially deflected into talonid basin (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0
Notes: although the entocristid is only very faint in Sparassocynus, it clearly runs parallel to the lingual margin of the tooth. 

Character 124: Hypoconulid at or near posterolingual margin of talonid, ‘‘twinned’’ with entoconid on m1–m3 (0); or at midline of tooth, approximately equidistant to hypoconid and entoconid, not ‘‘twinned’’ with the latter cusp (1).
Sparassocynus derivatus: 0
Hesperocynus dolgopolae: 0

Character 125: Lower molars with a posterior cingulid (0); or posterior cingulid absent (1).
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1
Notes: the character states are reversed from Voss and Jansa (2009) to match the codings in their matix.

Additional characters
The following characters were added to take account of the unusual features present in the auditory region of Sparassocynus and Hesperocynus:

Character 130: Transverse canal foramen well separated from the foramen ovale (0); or shares a common vestibule with the foramen ovale (1). 
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1
Caluromys lanatus, Caluromys philander and Caluromysiops irrupta: - (the transverse canal foramen is absent in these taxa, and so this character is inapplicable)
All other taxa in the matrix: 0

Character 131: Hypotympanic sinus not greatly inflated dorsally (0); or massively inflated dorsally, lateral to the endocranial cavity (1). 
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1
All other taxa in the matrix: 0

Character 132: Ectotympanic not greatly expanded laterally (0); or greatly expanded laterally, forming a half-cylinder shape
Sparassocynus derivatus: 1
Hesperocynus dolgopolae: 1
All other taxa in the matrix: 0
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