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Part I.
Studied characters ofOcepeia daouiensis

The characters analyzed here are those of thexwadt@heerbrant [1] and Gheerbrant et al. [12]
that was modified and revised. Modifications ofitimeatrix include :
- 24 characters emended : 8, 12, 15, 20, 51, 5&&5@®3, 66, 80, 81, 105, 109, 116, 118, 119,
128, 133, 135, 136, 139, 143, 168;
- 36 new characters observeddoepeia (especially petrosal characters) : 3, 5, 9, 20, 5D,
53, 54, 60, 67 , 94, 96, 97, 120, 122, 123, 128, 126, 130, 132, 134, 138, 141, 154, 155,
156, 163, 164, 165, 167, 169 170, 171, 174, 175;
- 3 characters deleted8, 86, and.12which are partly redundant or of poor significance.
Modified characters are commented, below the detson of the character states. New characters are
in bold.

Lower Dentition

Anterior lower dentition

1. Lower incisors shape and development. (0) Lowesars small, peg like or spatulate; (1) Lower
incisors higher or enlarged.

2. Lower incisors shape. (0) Lower incisors subveltic® Lower incisors procumbent.
3. 1/1: (0) present; (1) absent.

4. Development of I/1. (0) I/1 and 1/2 of similar sjZ&) I/1 slightly larger than 1/2; (2) I/1 very
enlarged; (3) I/1 hypsodont.
Non applicable when 1/1<I1/2.

5. 1/2: (0) present; (1) absent.

6. Enlargement of I/2: (0) I/1 and 1/2 of similar sjZ&) 1/2 larger than I/1

Non applicable when 1/1>1/2

7. 1/3: (0) 1/3 present well developed; (1) I/3 vemall and labial to C/1; (2) 1/3 lost.

8. C/1: (0) present and large ; (1) reduced (smdfan tmolars) ; (2) very small (smaller than P/2);
(3) absent.

9. C/1: (0) Canine biradicular; (1) Canine uniradicula
Chambius has a lower canine with a single roo} [2

10.P/1-P/2 diastema or C/1-P/2 diastema: (0) absevergrshort; (1) present; (2) very long (in
relation to the loss of C and P/1).



Lower premolars
11.P/1: (0) well developed; (1) small but more or Ipssmolarized; (2) small and simple (basically
conical); (3) absent.

Ptolemaia has lost P/1, but other species referred to ptaiielsy such a€leopatrodon ayeshae and
Qarunavus meyeri retain P/1. The number of premolars is variablptomelaiids; the type specimen
of P. lyonsi has only two premolars by contrast to most othecileed specimens of ptolemaiids.

12.P/1: (0) biradicular; (1) uniradicular.

This is character 10 of Gheerbrant [1], modifigthwdeletion of state 2 because it is redundart wit
11(3). State inapplicable when P/1 is lost.

13.P/2: (0) well developed; (1) small, but premolamifip (2) small and simple (basically conical); (3)
absent
P. lyons has lost P/2, buR. grangeri and other species referred to ptolemaiids ref@is

14.P/2: (0) biradicular; (1) uniradicular.

When P/2 is present iPtolemaia (species. grangeri), it is biradicular.
15.P/3: (0) biradicular and large; (1) uniradiculadamaller crown.
16.P/3: (0) metaconid absent or weak; (1) metacoradent.

17.P/3: (0) paraconid present; (1) paraconid absemeak.

18.P/3: (0) talonid reduced (small) and simple (mostliting or piercing); (1) talonid developed
(enlarged) and molariform with distinct basin andgs.

19.P/3-4: (0) paraconid low; (1) paraconid high.

Sirenians : only P/4 (homology of P/3 is uncerfaisirenians).
20.P/4: (0) biradicular and large; (1) one root anden crown.
21.P/4: (0) paraconid present; (1) paraconid absenteak.

22.P/4: (0) talonid reduced (small) and simple (mostliting); (1) talonid developed (enlarged) and
molariform with distinct basin and cusps.

23.P/4: (0) metaconid weak and distal with respegirtdoconid; (1) metaconid present and lingual.

24.Lower premolars (at least P/4): (0) labial cingul(eatocingulid) absent; (1) labial cingulum
present.



Lower molars
25.M/1-3: (0) Molar pattern tribosphenic with highgoinid and sharp.

26.M/1-3: (0) no lophs; (1) lophs oblique; (2) lopinartsverse.

27.M/1-3: (0) Crown uniformly brachyodont; (1) unilateral lingual or labial hypsodonty; (2)
crown uniformly hypsodont.
Derived embrithopods show unilateral labial hypsuaglpbut primitive taxa such as
Namatherium andPalaeoamasia show only incipient labial hypsodonty that is mdrstinct at
last (larger) molar locus. IRhosphatherium, the lingual hypsodonty is variable.
This character is not additive.

28.M/1-3: (0) Labial cusps (protoconid-hypoconid) larghan lingual cusps (metaconid-
entoconid); (1) lingual cusps larger than labiadpsi(or cusps subequal).
In Ocepeia, the hypoconid is much larger than the entocdmid the metaconid is slightly larger
than the protoconid.

29.M/1-3: (0) Trigonid more or less elongated with heifferentiated (functional) paracristid; (1)
trigonid short, strongly compressed mesio-distallgh paracristid weakened.

30.M/1-3: (0) Paraconid present; (1) paraconid weasbsent.
31.M/1-3: (0) Premetacristid weak or absent; (1) prexmestid developed.

32. M/1-3: (0) Posmetacristid reduced or absent; (tmpetacristid well developed; (2)
postmetacristid more or less inflated as a metdstyl
The postmetacristid is variable in desmostylians.
This character is not additive.

33.M/1-3: (0) Protocristid depressed by a deep medaoh; (1) protocristid lophid-like, with no
strong notch.

34.M/1-3: (0) Hypolophid absent; (1) hypolophid pretsen
Ocepela: Hypolophid (=entolophid) incipient.

35.M/1-3: (0) Hypolophid absent or incomplete; (1) bigphid depressed by a deep median notch;
(2) hypolophid lophid-like (true lophodonty).

36.M/1-3: (0) Entocristid present; (1) entocristid uedd to absent.
37.M/1-3: (0) Entoconulid absent; (1) entoconulid @r&s
38.M/1-3: (0) Mesoconid absent; (1) mesoconid present.

39.M/1-3: (0) Cristid obliqua strongly oblique, joirgrthe trigonid in its lingual part; (1) cristid
obliqua joining the trigonid at its mid-width; (2jistid obliqua joining the trigonid in its labial
part.

40.M/1-3: (0) Postcristid developed, linking hypoconigpoconulid and entoconid; (1)
hypoconulid and entoconid separated by a narroehn@tostentocristid reduced), but the labial
segment of the postcristid (posthypocristid) reraairll developed between hypoconulid and
hypoconid; (2) hypoconulid furthermore separatednfthe hypoconid: labial segment of the
postcristid (posthypocristid) reduced to absenthf@oconulid cingular-like, completely
separated from entoconid and hypoconid (postcristidiced).

41.M/1-2: (0) Hypoconulid median; (1) hypoconulid lume; (2) hypoconulid labial.
This character is not additive.



42.M/1-2: (0) Hypoconulid high and poorly distal witespect to hypoconid and entoconid; (1)
hypoconulid low and poorly distal with respect igpbconid and entoconid; (2) hypoconulid low
and distal; (3) hypoconulid low and cingular-like.

43.M/1-2: (0) Postentoconulid absent; (1) postentotidmresent, but weak; (2) postentoconulid
well developed.

44.M/3: (0) Postentoconulid absent; (1) postentocahpiesent, but weak; (2) postentoconulid
well developed.

45.M/1-3: (0) Ectocingulid and/or ectostylid weak dosant; (1) ectocingulid present.

46.M/1 trigonid/talonid relative width: (0) trigonidamrower than talonid; (1) trigonid subequal to
the talonid; (2) trigonid wider than the talonid.

47.M/2 trigonid/talonid relative width: (0) trigonidamrower than talonid; (1) trigonid subequal to
the talonid; (2) trigonid wider than the talonid.

48.M/3 trigonid/talonid relative width: (0) trigonidider than the talonid; (1) trigonid subequal to
the talonid; (2) trigonid narrower than the talanid

49.M/3: (0) M/3 of similar size to M/2, or slightlyttger; (1) M/3 smaller than M/2; (2) M/3
significantly larger than M/2, which is larger thisi1.
This character is not additive.

50.M/3: (0) two roots; (1) two roots, but roots fusedn higher part ; (2) one root.
Taxa that have M/3 with more than two roots areestanapplicable.

Dentary

51.Extension of mandibular symphysis: (0) short: egezhto P/2 or more anterior; (1) moderately
long: extended between P/2 and P/3 ; (2) longeraded to P/3 or more posterior.
Palaecoamasia : the mandibular symphysis extends up to P/4Qd¢peia: the mandibular
symphysis is short, but it extends up to P/3 bexafishe loss of P/1-2 and compression of the
anterior part of the tooth row. Macroscelidelar odotius [4]. Hyracoidea Microhyrax.

52.Mandibular symphysis fusion: (0) unfused (synchosd); (1) fused.
Embrithopods Arsinoitherium.

53.Anteriormost mental foramen : (0) below P/1 or moreanterior ; (1) below P/2; (2) below
P/3; (3) posterior toP/3.

Ocepeia: The anterior mental foramen varies between amtand below P/3, but seems under P/3 in
most specimens (P/2-1 logjumidotherium has only one mental foramen below P/3-4 of whingh t
homology is tentative here. The desmosBéhemotops has two mental foramina below P/3 and
other ones more anterior but of unkown exact locaftt]. Primitive sirenians such Bsorastomus

have numerous mental foramina of which the homolegyncertain.

Wible et al. [7]: character 129.

54.Posteriormost mental foramen: (0) below canine andnterior premolars; (1) below
penultimate premolar; (2) below ultimate premolar; (3) at ultimate premolar and first molar
junction or more posterior.

Taxa with only one mental foramen are scored inagble.
Wible et al. [7]: character 130.
55.Horizontal ramus (body): (0) low; (1) high



56.Position of the coronoid apophysis (adult): (Ongsat level of M/3, or more distally; (1) rising
anteriorly to M/3.
In the primitive macroscelidea®hambius, the coronoid apophysis rises distinctly postéyity
M/3.

57.0rientation of the coronoid apophysis: (0) anten@rgin vertical or posteriorly canted; (1)
anterior margin anteriorly canted.

58.Development of the coronoid apophysis: (0) cororamdphysis very high above tooth row (as
high or higher than M/3-P/4 length) ; (1) coronajbphysis moderately high above tooth row ; (2)
coronoid apophysis strongly reduced to absent.

This is character 51 of Gheerbrant [1], modifigdo be independent from the vertical location of
the articular condyle, and 2) with the additiortlo# state 2.

59.Mandibular condyle: (0) at level or low above tlenthl row; (1) moderately high above the
dental row (one molar length); (2) very high abtive dental row (more than one molar length),
and closer to coronoid process apex than to demital
Embrithopods Arsinoitherium.

60.Mandibular condyle shape: (0) ovoid (or plate-like) (1) transversely elongate and
cylindrical; (2) antero-posteriorly elongate.

Embrithopods: Arsinoitherium.
Wible et al. []: character 149; Seiffer8]: character 287.
61.Coronoid foramen: (0) absent; (1) present.

62.Angular process: (0) thin stick-like or hook-likesthlly protruding angular process; (1) broad and
rounded distally projecting angular process; (2hdilaular angle broad and round without angular
process.

Metoldobotes has a broad and rounded angular process [8inlmiher macroscideans it is thin.
Seggeurius is in the state 1, but more deriveddmyda have a broadly expanded angle that is not
protruding posteriorly. Arsinoitherium is in thet 2, but the state of more primitive embrithopods
such as palaeoamasiids damatherium is unknown.

63.Anterior coronoid fossa (retromolar fossa): (0)eaix® of fossa on the anterior margin of the
ascending ramus (coronoid process); (1) presenageaifomolar fossa on the ascending ramus
behind the M/3, which is delimited medially by tb@ronoid crest of the ascending ramus and
laterally by the sharp mesio-laterally salient neéessc crest; (2) fossa enlarged, as the resutieof
posteriorly recurved coronoid crest (at basis) ainithe sharper masseteric crest.



Upper Dentition Anterior dentition (upper incisors and C1/)
64.Number of upper incisors: (0) three; (1) two; (Bep(3) none.

65.Relative size of upper incisors: (0) small; (1pkar

66.Relative size of 11/: (0) not enlarged I@/); (1) 11/>12/; (2) 11/ greatly enlarged 11/>2/1(11/ tusk
like).

67.Relative size of 12/: (0) not enlarged I(L/); (1) 12/>>11/.
The relative size of 12/ in primitive hyracoids ageneraly in primitive paenungulates is unknown.
Embrithopods Arsinoitherium.

68.Relative size of 13/ : (0) 13/ similar in size t&/land 11/ ; (1) 13/ very small, much smaller thah
and 11/ ; (2) 13/ larger than 12/ and I1/.

This character is added with respect to Gheerl§gx@t9), especially in order to take into account
state (2) ofOcepeia.

This character is not additive.
69.Upper diastema: (0) small or absent; (1) develdpgdhort; (2) elongated (12/-P2/).

70.C1/: (0) large (>> premolars) ; (1) medium to sngsimilar or smaller to premolars and incisors);
(2) absent.

71.C1/: (0) two roots; (1) one root.

Upper premolars

72.P1/: (0) present; (1) absent.

73.P1/: (0) two roots; (1) one root
Arsinoitherium has one root at P1/, but the character is unkrioyanimitive embrithopods.

74.P2/: (0) present; (1) absent.

75.P2/: (0) two roots; (1) three roots; (2) one root.
Arsinoitherium has two roots at P2/, but this state state mighba representative of the primitive
condition of the embrithopods.

This character is not additive.

76.P2/: (0) protocone absent, crown narrow transvgrgég) protocone present, crown slightly
developed transversely; (2) protocone large, cragvlong as wide.

77.P3/: (0) two roots; (1) three roots; (2) one root.
Desmostyles Ashoroa.

78.P3/: (0) protocone absent or reduced; (1) protoguasent; (2) protocone well developed, crown
as wide as long.

79.P3/: metacone: (0) absent; (1) present and sn2allage.
80.P3/: conules: (0) absent; (1) present.

81.P4/: conules: (0) absent; (1) present.

82.P4/: (0) two roots; (1) three roots; (2) four roots
83.P4/: metacone: (0) absent; (1) small; (2) large.



84.P4/. metacone: (0) absent; (1) connate to para¢@h&ell developed and separated from
paracone.

85.P4/: hypocone: (0) absent; (1) present.
86.P4/: (0) no loph; (1) at least one loph present.

87.P4/ (and P3/ when protocone is developed): (O)pposicrista distinct; (1) postprotocrista absent
or weak.

Upper molars

88.M1-3/ : (0) More or less puncturing morphology witigh and pointed cusps; (1) bunodont
morphology with low and inflated crown and cusps.

89.M1-3/ : (0) Strictly bunodont pattern (loph abselit) bunodont bilophodont pattern, with weak
metaloph and protoloph; (2) bunodont bilophodorttgua, with developed (crest-like) metaloph
and protoloph; (3) true lophodont pattern; (4) dopbodont pattern.
Homology of the upper molar pattern©fycteropus is unknown, but the bilobed occlusal outline
suggests vestigial bilophodonty and presence obtype. Embrithopods are coded inapplicable
because their bilophodonty is not homologous witieotaxa (although it is probably derived from
state 1).

This character is not additive.

90.M1-3/: (0) No loph; (1) lophs transverse; (2) lspiblique.

Embrithopods are coded inapplicable because tileghodonty is not homologous with other taxa.
This character is not additive.

91.M1-3/ : (0) Parastyle mostly labial to the paracdii¢ parastyle mesial.

92.M1-2/ : (0) Parastyle large on M1-2/; (1) parasisteall on M1-2/.

93. M1-2/: (0) Ectocingulum reduced, or thin and &etl; (1) ectocingulum inflated and continuous
with mesial and distal cingula.

94.M1-2/ Stylar shelf development: (0) Stylar shelf wde (> 50 % molar width) ; (1) Stylar shelf
moderately wide (50 to 25 % of molar width); (2) Sglar shelf reduced (< 25% molar width);
(3) Stylar shelf absent.

The hypertrophied stylar shelf (state 0 here) igrgyortant autapomorphy of the embrithopods,
corresponding to a reversed trait that returngitaipve state of pretribosphenic therians (e.g.,

peramurids). IiPhenacolophus the stylar shelf is typically wider posteriorlyatt anteriorly in the

molars, in relation with the paracone located mabél than the metacone.

Wible et al. [7]: character 65.
95. M1-3/: (0) Pericone absent; (1) present.

96.M1-3/ : (0) Cingulum lingual (pre- and postcingulum) absent; (1) cingulum lingual present
(pre- and postcingulum).

97.M1-3/: (0) No hypocone ; (1) hypocone small (<<ptocone); (2) large hypocone (close in
size or larger than protocone).

The hypocone in this character is derived frompbstcingulum. Homology is unknown in
Orycteropus, but the bilobed shape of upper molars suggesigiesbilophodonty and presence of



hypocone. In embrithopods the hypocone is vestigathe protocone (probably secondarily
reduced).

98.M1-3/ : (0) Mesostyle absent or weak; (1) presewt iaflated.
Behemotops has a small but inflated mesostyle.

99.M1-3/ : (0) Mesostyle absent or weak; (1) mesogtybsent and close to paracone and metacone;
(2) mesostyle present and shifted labially withpezs to paracone and metacone.

In Phenacolophus the pattern is singular : the mesostyle is shiliéahally with respect to metacone,
but not to paracone.The combination of the charaeted states 99-2 and 101-2 correspond to an
ectoloph selenodont with advanced dilambdodonepatit is specialized for an enhanced shearing
function from phase | of mastication and is knowathhbin follivorous and insectivorous taxa.

This character is not additive.
100. M1-3/: (0) Centrocrista present; (1) reduced tsesib.
The reduction of the centrocrista is not homologaugnrecids and paenungulates.

101. M1-3/: (0) Centrocrista rectodont and not linkedresostyle; (1) centrocrista linked to the
lingual flank of the mesostyle and more rectodbantdilambdodont; (2) centrocrista extensively
linked to the mesostyle and noticeably dilambdodeatoloph selenodont); (3) centrocrista
hyperdilambdodont with lingual migration of paraecand metacone.

State 3 is typical of the embrithopods [9].
Absence of centrocrista: character not applicable.

102. M1-3/: (0) Postmetacrista well developed and pneidantly transversal; (1) postmetacrista
weak and predominantly longitudinal.

In embrithopods the postmetacrista is reducedirbosverse.

103. MZ1-3/: (0) Preparacrista well developed and pneidantly transversal; (1) preparacrista
small and predominantly longitudinal; (Rjeparacrista absent or very weak

104. M1-3/: (0) Metacone smaller than paracone but delleloped on M3/; (1) metacone weak
or absent on M3/.

105. M1-3/: (0) Conules well developed; (1) conulesan{2) conules absent (with possible
occurrence of a slight paraconular swelling) ;q@)pules inflated and bulbous.

This character is not additive.
Wible et al. [7]: character 76.
106. M1-3/: (0) Postprotocrista developed; (1) postpcosta reduced or absent.

State 1 is related to lophodont pattern, althotigdhalso found in non lophodont taxa such as
Hyopsodus.

107. M1-3/: (0) Prehypocrista and metaloph absent duced; (1) prehypocrista absent or weak,
metaloph formed by transversal alignment and gws@aposition of hypocone, metaconule (if
present) and metacone (2) prehypocrista develagearig the metaloph and joining metaconule
or metacone base; (3) prehypocrista forming thalogh and joining the metacone apex (true
lophodonty).

Embrithopods are coded non applicable becauseeddbondary reduction of the hypocone, and
their non homologous bilophodonty (= hyperdilambalutg).

This character is not additive.
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108. M1-3/: (0) Interloph not differentiated; (1) inteph developed transversally (extended
lingually to a more or less developed entoflexus)

109. M1-2/: (0) Distocrista present between postcinguand hypocone; (1) Distocrista absent,
postcingulum independant from hypocone.

Polarity of this character is redefined with reggedGheerbrant et al. [2] and Gheerbrant [1]. The
distocrista is primitively linked to the hypocorieaxa without hypocone are coded not applicabtate 1
is the precursor of the development of a thirdté&idoph.

110. M1-3/: (0) Postentoconule (hypostyle) absent; @gtentoconule (hypostyle) present.

111. M1/ and M2/: (0) M1/ and M2/ of roughly similar siz(1) M1/ significantly smaller than M2/;
(2) M1/ significantly larger than M2/

This character is not additive.

112. M2/ and M3/ : (0) M2/ and M3/ of roughly similarzsi; (1) M3/ smaller than M2/; (2) M3/
strongly reduced; (3) M3/ significantly larger thish2/ (molar size increase posteriorly).

Primitive hyracoids such adicrohyrax have a small M3/, in the same proportion aBritherium.
This character is not additive.

113. M1-2/: (0) one simple lingual root; (1) lingual toenlarged and incipiently divided with a
median sulcus; (2) at least 2 lingual roots (hymecmot).

Chambius (Macroscelidea) has two lingual roots which ardlpdmnsed.Namatherium seems to have one
enlarged lingual root at M1/, bialaeoamasia has two lingual roots. According to McKenna e 0],
Radinskya has four roots at its M1Microhyrax is charaterized by a small M3/ which is probably
representative of the ancestral morphotype of thatbidea.

114. M3/ : protocone root (0) small and simple; (1) egésl
115. M3/: hypocone root: (0) absent; (1) distal rootgera; (2) mesial and distal roots present

In Namatherium the hypocone roots are fused in the higher paoibthe crown, but separated in their
lower part L1]. Palacoamasia has only two lingual roots, one below the hypocftsevestigial remnant),
and the other, enlarged, below the protocone. Rilds have a single root at M3/.

116. M1-3/: (0) Crown uniformly brachyodont; (1) unilaé lingual or labial hypsodonty; (2)
crown uniformly hypsodont

This is character 106 of Gheerbratl], [modified with addition of state 2.

Derived embrithopods such Assinoitherium show unilateral labial hypsodonty, but primitiexa such
asNamatherium andPalaeoamasia show only incipientabial hypsodonty that is more distinct at last
molar locus (larger teethn Phosphatherium, the lingual hypsodonty is variablBeilhardimys, as
Louisinina, is characterized by unilatedabial hypsodonty.

This character is not additive.

117. M1-3/: (0) Occlusal outline extended transversally; occlusal outline narrower, squared or
slightly elongated.
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Skull

118. (0) Reduced pneumatization of skull bones: (1)ifitant pneumatization (developed sinuses
and diploe); (2) extensive pneumatization

Ocepeia is remarkably specialized in the extensive pnéinaikon of several bones of posterior part
of the skull; this is especially true for the sagecipital, but also for the parietal, the basisyulie,
the basioccipital and the periotic.

This is character 108 of Gheerbratl, [modified with the addition of state @¢epeia condition).

119. Rostrum elongation: (0) Preorbital length relativeto the total skull length between 30%
and 50 %; (1) Preorbital length relative to the totl skull length > 50 %; (2) Preorbital length
relative to the total skull length < 30 %.

This is character 2 of Gheerbrant et 8], modified for better accuracy. The primitive leerian
condition of an elongated rostrum is seeAsioryctes (40%),Kennalestes (39%), andArctocyon
(34%).Ocepeia is surprisingly primitive in this character (prbdal length relative to the total skull
length = 37 %); in this regard, it is best charazéz by a wide rostrum (see character 120).
Arsinoitherium is primitive in this state, but possibly secorilgary comparison tdNamatherium.
State 1 is found in some specialized eutherianis as£alambdal estes.

This character is not additive.

120. Rostrum relative width to length - ratio of width of the snout at canine level to
preorbital length: (0) between 30% (included) and B%; (1) <30 % ; (2) between 50%
(included) and 70% ; (3) between 70% (included) an@0% ; (4) > 90%.

Arsinoitheriumis in the stat®, but this might not be representative of the i@ condition of the
order Embrithopoda in view damatherium which seems to have a shorter snout (althoughelorok
anteriorly in the only known specime@cepeia is very derived (82 %; autapomorphy) in this
character, being characterized by a primate-lkeist short and broad snout. State 1 in found in
some specialized eutherians sucasmbdal estes.

This character is not additive.

121. (0) Upper tooth row not extended more distally thad skull length; (1) upper tooth row
very extended distally, up to the two thirds of ghell length.

122. Palatine development: (0) Palatine anteriorly exteded to M1/ level; (1) Palatine short,
more posterior than M1/; (2) Palatines more anteriothan M1/.

In Ocepeia, the palatine is very short, and it is extendedvben rear of M3/ and M2/ levels.
This character is not additive.
Wible et al. [7]: character 189.

123. Major palatine foramen: (0) within palatine; (1) between palatine and maxilla; (2)
within maxilla; (3) multiple small foramina; (4) absent.

This character is not additive.
Wible et al. [7]: character 188.

124. Location of anterior margin of the choanae: (0) a3/ level, (1) posterior to M3/, (2)
anterior to M3/.

This character is not additive.

125. Postpalatine torus : (0) present, (1) absent.
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Seiffert [B]: character 304.
126. (0) Nasal cavity narrow and not high anteriorly; (1) Nasal cavity wide and high.
127. (0) Nasal long and located anterior to the orlif;nasal short and posteriorly shifted.

128. (0) Nasal fossa anterior; (1) nasal fossa modgreg&racted; (2) nasal fossa strongly
retracted

Character modified from Gheerbrant et al. [2], &beant [1]. According to Pickford et al. [11fet
nasal fossa is retracted Namatherium.

129. (0) Premaxillary-frontal contact absent (separdtgthe nasal); (1) premaxillary-frontal
contact present

130. (0) No contact between frontal and maxillary; (1) Frontal and maxillary contact present
Wible et al. [f]: character 173.

131. (0) Lacrimal present; (1) lacrimal absent

In the embrithopodamatherium the lacrimal is not distinct, but the lacrimaldaren is present.

132. (0) Lacrimal facial process present and large; (1 acrimal facial process reduced along
orbital rim or absent.

133. (0) Lacrimal tubercle present; (1) lacrimal tuberabsent

The presence of a lacrimal tubercle is consideradifove in eutherians where it it known for
instance in leptictids [7]. This polarity is folled by contrast to Gheerbrant et al. [2] and Giveet

[1].

134. (0) Lacrimal foramen anterior to orbit (facial); (1) lacrimal foramen in the orbit rim; (2)
lacrimal foramen in the orbit; (3) lacrimal foramen absent

The lacrimal foramen is absentAnsinoitherium, but it is present irNamatherium and located in
the orbit [11]. The lacrimal foramen is presenPnorastomus. The absence of a lacrimal foramen is
specialized iPotamogal e with respect to other non-aquatic tenrecids.

This character is not additive.
Seiffert [8]: character 306.

135. (0) orbit very posterior, above M3/ or more cauda);orbit posterior, above the anterior
molars (M1-2/); (2) orbit shifted anteriorly witmeerior rim above P4/-M1/ level, and closer to
infraorbital foramen; (3) orbit above premolars) ¢4bit anterior to premolars

This character is modified following Seiffert [8].

The embrithopodNamatherium has an orbit located close to P4/-M1/level, arditifraorbital canal
is shortDimaitherium has an orbit located above P4/ anterior part.[12]

This character is not additive.

136. (0) Orbit bordered ventrally mostly or entirely the jugal that joins the lacrimal (reduced
zygomatic process of the maxillary); (1) orbit bereld ventrally partly by a short process of the
maxillary which extends between the lacrimal arghju(2) maxillary forms the antorbital rim
(zygomatic process of the maxillary), the jugalngeiestricted distally to the orbit.

This is character 11 of Gheerbrant et al. [2], b8 of Gheerbrant [1], modified following Cokd].

In hyracoids, there is ancipient anterior reduction of the jugal thatessdeveloped than in the
primitive eutherian condition. The state variesiira small contactSaghatherium) to absence of
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lacrimal-jugal sutureRrocavia, Antilohyrax andDimaitherium) [1]. Accordingly, the state is coded
polymorphic [01] in hyraxes. I@cepeia there is a short maxillary process developed énaitibit rim,
so the jugal is slightly withdrawed posteriorly amat in contact with lacrimal. The zygomatic
process of the maxilla is indeed more developedagpeia than inProcavia. In Namatherium, the
orbit anterior rim is made mostly from the maxylaihe jugal is lost ifPotamogale and other
tenrecids.

137. (0) Infraorbital foramen small; (1) infraorbitalreomen large

138. (0) Infraorbital foramen above last premolar; (1) Infraorbital foramen anterior to last
premolar; (2) Infraorbital foramen below M1/ or mor e posterior .

The primitive eutherian condition might be in fatthe state 1dontra [7]). This character is not
additive.

Wible et al. [7]: character 165.

139. (0) Infraorbital foramen anterior to the orbit (redhan one tooth length), long infraorbital
canal; (1) Infraorbital foramen close to the orbiiprt infraorbital canal; (2) Infraorbital foramen
below to the orbit, short infraorbital canal

140. (0) Submaxillary fossa absent; (1) submaxillarysopresent

141. (O) Frontal similar or a little shorter than parietal; (1) frontal very shortened: less than
half length of parietal; (2) frontal very elongated longer than parietal.

In Ocepeia, the frontal is very short with a length of abo(R that of the parietal. This character is
partly equivallent to character 43 of Asher e{B], and character 226 of Wible et al. [7].

142. (0) Tuber maxillae (maxillary tuberosity) reducétly tuber maxillae large (sometime
inflated)

143. (0) Tuber maxillae mostly ventral or anteriorthe orbit; (1) tuber maxillae noticeably
posterior to the orbit.

The primitive embrithopotlamatherium is characterized by a tuber maxillae posterigh&orbit,
by contrast t@Arsinoitherium.

144. (0) Ascending process of the palatine present lertviee maxillary and the frontal in the
orbito-temporal fossa; (1) ascending process op#iatine palatine reduced (small) in the orbito-
temporal fossa; (2) ascending process of the palatbsent in the orbito-temporal fossa (= contact
between frontal and maxilla in orbito-temporal fass

145. Morphology of the zygomatic arch: (0) Zygomaticlanarrow and slender without distinct
ventral process at maxillary suture; (1) Zygomatich high dorso-ventrally with ventral process at
maxillary suture.

The ancestral condition of this character in hyild@emeeds to be confirmed.

146. (0) Jugal restricted distally to the anterior ghe glenoid fossa; (1) jugal extended distally up
to the distal part the glenoid fossa

147. (0) Postorbital constriction strong; (1) postorbganstriction weak or absent

148. (0) Postorbital process of the frontal developetlaied; (1) postorbital process of the frontal
reduced or absent.

149. (0) Dorsal postorbital process of the jugal presetweak; (1) dorsal postorbital process of
the jugal absent; (2) dorsal postorbital procegb@fugal very developed (trend to orbit closing)

This character is not additive.
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150. (0) Zygomatic arch poorly divergent laterally; @y)gomatic arch divergent laterally
The embrithopodNamatherium has widely divergent zygomatic arches [11].

151. (0) Squamosal: Cerebral part not extended dorgdl)ysquamosal: Cerebral part extended
and inflated (=scale)

152. (0) Zygomatic process of the squamosal moderatheldped laterally; (1) Zygomatic
process of the squamosal noticeably expanded ligtaral robust.

153. (0) Parietal-alisphenoid contact; (1) frontal-sqoaal contact.

154. (0) Parietal not extended more anteriorly than alispenoid; (1) Parietal extended more
anteriorly than alisphenoid with an orbitosphenoidcontact

In Ocepia, the parietal-orbitosphenoid suture, together withlong parietal-alisphenoid, is related to
the autapomorphic anterior extension of the pdrieta

155. (0) Alisphenoid canal absent; (1) alisphenoid caharesent.

The alisphenoid canal is primitively absent in Euit [7]. Its presence was decribed as a basal
paenungulate trait [15, 16]. Its absence is sg#&nwithin paenungulates such as advanced
proboscideans. The alisphenoid canal is variab&dtocyonids (present Meoclaenodon).

Wible et al. [7]: character 248.

156. (0) Foramen rotundum and sphenorbital fissure coftuent; (1) foramen rotundum
separated from the sphenorbital fissure.

The foramen rotundum is separated fromgpieenorbital fissure iArctocyon according to Russell
[17]. In bothOcepeia andPhosphatherium, the foramen rotundum seems confluent with sphetadr
fissure, but these elements are poorly preserv&down material, which makes this character ungerta

Cox [13]: character 19; Froehlich [18]: characte.

157. (0) External auditory meatus poorly elevated alibeetooth row; (1) External auditory
meatus high above the tooth row (close to the delol).

The condition cannot be checkedNamatherium because the skull is broken in this area.

158. (0) Post-tympanic process reduced, external aydit@atus opened ventrally; (1) Post-
tympanic process developed, external auditory nsestili opened ventrally; (2) Post-tympanic
process developed joining the postglenoid proaedsynal auditory meatus ventrally enclosed

159. (0) Sagittal crest present; (1) sagittal crest cediabsent
160. (0) Nuchal crest present; (1) nuchal crest rediatesent

161. Periotic: (0) Periotic mastoidy: Mastoid exposwurgye between squamosal and exoccipital; (1)
Periotic amastoidy: Mastoid exposure absent.

According to Savage et al. [19], the structuransastoid in the primitive sireniaRrorastomus.
162. Periotic: (0) Pars mastoidea small; (1) Pars mdstolarger than pars cochlearis.

163. Periotic: (0) Fenestra vestibuli medium to large; 1) Fenestra vestibuli very small (<< f.
cochleae).

The fenestra vestibuli is small in early probosaitesuch aBhosphatherium and Numidotherium
[20].

164. Periotic: (0) Fenestra vestibuli round with low sapedial ratio (< 1.8} (1) Fenestra
vestibuli elliptical with high stapedial ratio (>1.8).
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A high stapedial ratio is a derived traits of thacpntals, but low stapedial ratio is known in sal/e
primitive eutherians lineages, suchMael estes, Asioryctes and leptictids Some placentals such as
Arsinoitherium and sirenians [21] also have a round fenestriabugis

Wible et al. [7]: character 275.

165. Periotic : (0) Fenestra cochleae postero-medial fenestra vestibuli; (1) Fenestra
cochleae posterior to fenestra vestibuli.

The fenestra cochleae is absenAiainoitherium, but the primitive condition of the embrithopods i
unknown.

Wible et al. [7]: character 302.

166. Periotic (pars cochlearis): (0) Fenestra rotundadéhleae rotunda) and cochlear canal
(cochleae canaliculus) present; (1) Fenestra dat@md cochlear canal absent, perilymphatic
foramen present.

In embrithopods, the presence of a perilymphatiarhen is based ddrsinoitherium, which might
not be representative of the primitive conditionfar sirenians and proboscideans. This charagter i
not preserved iNamatherium.

167. Periotic : (0) Subarcuata fossa present and deepbxcavated ; (1) Subarcuata fossa
present but poorly excavated; (2) Subarcuata fossabsent.

Embrithopods Arsinoitherium (derived from the ancestral morphotype of the itjle

168. (0) Postglenoid foramen medial; (1) Postglenoicrioen distal; (2) Postglenoid foramen
absent

The polarity of the states of this character issed here with respect to Gheerbrant et al. [&] an
Gheerbrant [1]. The medial location of the posigld foramen seen i@cepia is generally
considered derived as iRhosphatherium (Gheerbrant et al. 2005). However, this charamteurs in
several Cretaceous eutherians such &ainestes, Mael estes, Zalambdal estes, which suggests it is
instead primitive. The postglenoid foramen is abs@ tubulidentatesdrycteropus), hyracoids and
Arsinoitherium [9].

This character is not additive.

169. (0) Tegmen tympani small or absent; (1) Tegmen tymgmi inflated, forming large and
robust barrel-like bony structure.

An inflated or hyper-inflated tegmen tympani isexided character known in several placentals taxa
such as sirenians and cetartiodactyls (anthradatbehippopotamids, cetaceans) ; in cetartiodacty
it is usually related to underwater hearing [23, 24]. It is inflated in the modern sireniabst not

in Prorastomus [21]. In the macroscelidedhambius, the tegmen tympani appears moderately
inflated [25,26].

170. (0) Jugular foramen small (subequal to fenestra cdieae); (1) Jugular foramen large (>
> fenestra cochleae).

Embrithopods Arsinoitherium.
Wible et al. [7]: character 312.

171. (0) Absence of midline keel at ventral surface ofdsioccipital; (1) midline keel of
basioccipital weak but present developed; (2) mithe keel of basioccipital well developed.

Seiffert [8]: character 354.
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172. (0) Hypoglossal foramen present and isolated; §fgddlossal foramen coalescent with
lacerum posterius (= f. metoticum).

173. (0) Ethmoid foramen far anterior to optic foramktated median in the orbito-temporal
fossa; (1) Ethmoid foramen posteriorly shifted.

174. Inner ear — Cochlea : (0) Secondary bony spiral lama present on the basal turn; (1)
Secondary bony spiral lamina present on basal andigiher turns.

175. Inner ear — Cochlea: (0) Number of turns of the cddea< 1.5; (1) Number of turns of
the cochlea between 1.5 and 2 turns; (2) Number afrns of the cochlea> 2.

The number of turns of the cochlea in modern saemis exceptionally small among the placentals
[27].
Wible et al. [7]: character 276.
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Part Il.
Characters matrix for Ocepeia daouiensis,
characters summary list, taxa analyzed

Matrix

The characters matrix analyzed below correspontigetoevised matrix of Gheerbrant et al. [2],
Gheerbrant [1], with character corrections andtads (Part I), and with addition of new basalaax
The matrix include the 175 characters described@luf which 18 are uninformative (Table S2).

Characters are treated as additive, except whetioned.

Eutheria
00000000000000000000000000000000000000000000000[@WI9DO000[01]00[01]00000000000000[01]0000[01]000
000-0000100000000000000-0000000000000[01]00000EHL 0000000000000000000000000[01]00000000000
Zhelestidae

00111000[01]00100201000000[01]00000-
01100000???0??0???00?0?7?7?[02]?1100?00???0?? 77ZZ7Z00000?0??0700
Protungulatum

Arctocyonidae
000000001[01][01][01]0000[01]00000[01][01]1000000D@00[12]0100010[01][01]0000020000[12][01]0[01]000Q0
01[01]1000100001000001001[01]0201[01]0000[01]10@mX1[01][01]0000000000000001011100010010000000[01]0
0000[01]10000000100010?00007?

Ocepeia

00000010113-3-0010101000100[01]001201001110110@Q{0)D212300001101101?111011-1--
12000100000100001101012021001000-
0100000020301100100000072010100100?1?01000?7010200@M001120?712

Teilhardimys ???????01010000010101000121011100101101101@®)a0000300????070?7?????????0121210112[
Phenacodonta
000000001001000[01]0000011[01]10000002000[01][01112M010[12]01000020000210100000[02]001000001120112
20001[01]0101201211011100[01]1100011[01]00000202200[01]01[01]200[01][012]0010000000[01]00000100100
000000?10120007?

Perisssodactyla
00000000100[01]000101000111210001020111101202021Z0010[12]0000210[12]00000[02]00100000122[01]112
20001221012012000011001211011110000100[02]1[02]2@@002[01]0000001100000000010110001000100?101000

02

Radinskya — ?2?27??2?2?2?2?222?222?222?2?22?2?22?2?220?22?222?22?2222222222222?2?77???7??????0000012??1121000122111
201200001103121101121?000??02?2000000000?7000?0000CQ00??100001000700?1??00007?

Hyopsodus

000-
0101102110000000011010001[01][01][02]00010001100J0{12]00000[01]2000011010011000110100010000100000
100110201200001100[01]0000110000000200000?0001000201000[01]0100011001000100010000101200?7?

Todralestes ???????0111100000010001000000000000000100000@0220000000007????7?????700?07?00100000

Potamogale
[01]00-0101103-0000100000101000000000000000--000@2W01]3000001000012000101-000120001000000-
0001000000100012000-0110000000102311000001-13120026-11--1-0010000107?1000101110??
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Orycteropus

--1-1-23-23-3-101--0 2 00101P20?0002200103-----2-1-1--2----0??2?0?1?2?2???2?2?2?2 222277222711 ---
21011104101000000101002000000001000110[01]0000100@201010?7

Macroscelidea

010[02]0-
011[01]1[01]000[01]011001101010000100001011110@RQL010[01]2?700[01]2[01]0[01]0012000[01]00000011111
2[12][01]001111112012000011110210012[12]00110000R[D00000001210[01]00000000010101000[01]00?0007??1?0
0117?[12]00??

Hyracoidea

010-
0[01]010000000100100010220111020111011002001[000210000211[12]1012?001[01]0001212100121000112[0
1][01]1101212021002121001[13]2110100000101000070F[01]010000[01]0010020000[01]110101100100020120
00?

Anthracobunia

Desmostylia
110000001[01][12]1000000?000112201110[01]011100R(]21[01][01]22001?110001112001000?010?00011001100
001112111[23]012[01]01-1200111011011?010??00212100P[23]010[12]0001000000701??101200100??0??722007?
Sirenia

012001-1200111011011101000021[01]11121101123011M@M001010010110110001021[01]1000?0
Phenacolophus

Embrithopoda
11010-011000000101100111311101011121000313001(F02]P21000211210170001101000120001[01][01]0[01]11-
-00-0012120300021-10013[12]1[12][01]10000010111107P[12]1010001110000101001012?01000?12201111?7
Eritherium

11010-
121021110010101010220111[01]1011101232322[01]020020?????11[12]?????0??0100012000100001111111[12]0

Phosphatherium
11020-22?03-

10112021310113111[01]1022021011000101123111010002919110170100110010000010007?
Numidotherium
11020-23-23-10001[01]101110320111101120001323000¢2P213-101021112010102111-
011121001110111311103012001-
12021310113212011201?111110010112321111001211000111200111?10?00021002
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Characters summary list(in bold new characters)

1. Lower incisors shape
and development
Lower incisors shape.
I/1 presence
Enlargement of I/1.
I/2 presence
Enlargement of 1/2.
Development of 1/3.
Development of C/1.
. C/1 root(s).

10. Anterior lower
diastema.
11.Development of P/1.
12.P/1 root(s).
13.Development of P/2.
14.P/2 root(s).

15.P/3 root(s) and
development.

16.P/3 metaconid
development.

17.P/3 paraconid
development.

18.P/3 talonid
development.

19.P/3-4 paraconid
position.

20.P/4 root(s) and
development.

21.P/4 paraconid
development.

22.P/4 talonid
development.

23.P/4 metaconid.
24.Lower premolars
cingulum.

25.Lower molar pattern.
26.M/1-3 lophs.
27.M/1-3 crown height
28.M/1-3 cusps.
29.M/1-3 trigonid.
30.M/1-3 paraconid.
31.M/1- 3 premetacristid.

CoNooR~WN

42.M/1-2 hypoconulid
development.

81.P4/ conules.
82.P4/ root(s).

43.M/1-2 postentoconulid83. P4/ metacone

44.M/3 postentoconulid.
45.M/1-3 ectocingulid.
46.M/1 trigonid/talonid
relative width.

47.M/2 trigonid/talonid
relative width.

48.M/3 trigonid/talonid
relative width.

49.M/3 development.
50.M/3 root(s)
51.Extension of
mandibular symphysis.
52.Fusion of mandibular
symphysis.

53. Anteriormost mental
foramen

54. Posteriormost mental
foramen

55.Horizontal ramus
(body).

56. Position of the
coronoid apophysis.
57.Orientation of the
coronoid apophysis.
58.Development of the
coronoid apophysis.

59. Articular condyle.
60. Mandibular condyle
shape

61.Coronoid foramen.
62.Angular process.

63. Anterior coronoid
fossa.

64.Number of upper
incisors.

65. Relative size of upper
incisors.
66.Development of 11/.
67.Development of 12/.
68. Developmenbdf 13/.

32.M/1- 3 postmetacristid 69- Upper anterior

33.M/1- 3 protocristid.
34.M/1- 3 hypolophid
development.

35.M/1- 3 hypolophid
shape.

36.M/1- 3 entocristid.
37.M/1- 3 entoconulid.
38.M/1- 3 mesoconid.
39.M/1- 3 cristid obliqua.
40.M/1- 3 postcristid.
41.M/1-2 hypoconulid
position.

diastema.
70.Development of C1/.
71.C1/ root(s).
72.P1/ presence.
73.P1/ root(s).
74.P2/ presence.
75.P2/ root(s).
76.P2/ protocone.
77.P3/ root(s).
78.P3/ protocone.
79.P3/ metacone.
80.P3/ conules.

development.

120Rostrum relative
width to length - ratio of
width of the snout at
canine level to preorbital

84.P4/ metacone relationsgength.

85.P4/ hypocone.
86.P4/ loph.

87.P4/ (and P3/ when
protocone is developed)
postprotocrista.
88.Upper molar
bunodonty.

89.Upper molar
lophodonty.

90.M1-3/ lophs.
91.M1-3/ parastyle
position.

92.M1-2/ parastyle
development.

93.M1-3/ ectocingulum.
94.M1-2/ Stylar shelf
development

95.M1-3/ pericone.
96.M1-3/ Pre- and
postcingulum.

97.M1-3/ Hypocone
98.M1-3/ mesostyle
development.

99.M1-3/ mesostyle
position.

100M1-3/ centrocrista
development.

101 M1-3/ centrocrista
shape.

102 M1-3/ postmetacrista.
103M1-3/ preparacrista.
104 M3/ metacone.
105M1-3/ conules.

106 M1-3/ postprotocrista.
107 M1-3/ prehypocrista.
108 M1-3/ interloph.
109M1-2/ distocrista.

121 Extension of upper
tooth row.

122 Palatine
development.

123 Major palatine
foramen.

124. Location of the
choanae.

125. Postpalatine torus.
126. Nasal cavity.

127 Nasal development.
128 Nasal fossa.

129 Frontal and
maxillary contact

130 Premaxillary-frontal
contact.

131Lacrimal presence
132Lacrimal facial
process

133Lacrimal tubercle.
134 Lacrimal foramen.
1350rbit location.

136 Maxillary/jugal
relative orbital
development.

137 Infraorbital foramen
size.

138Infraorbital foramen
position vs teeth
139.Infraorbital foramen
positionvs orbit (= orbit
position)

140 Submaxillary fossa.
141 Frontal and parietal
relative size

142 Tuber maxillae
development.

110M1-3/ postentoconule143Tuber maxillae

111 M1/ and M2/ relative
size.

112M2/ and M3/ relative
size.

113M1-2/ lingual root(s).
114 M3/ protocone root.
115M3/ hypocone root.
116 M1-3/ crown height.
117M1-3/ occlusal
outline.

118 Pneumatisation of
skull bones.

119 Rostrum elongation.

position.

144 Ascending process of
the palatine.
145Morphology of the
zygomatic arch.

146Jugal distal extension.
147 Postorbital
constriction.

148 Postorbital process of
the frontal.

149 Postorbital process of
the jugal.

150Zygomatic arch shape.
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151 Cerebral part of 156. Foramen rotundum 163 Periotic: Fenestra 169.Tegmen tympani

squamosal. and sphenorbital fissure vestibuli size 170Jugular foramen
152 Zygomatic process of confluence 164 Periotic: Fenestra 171 basioccipital midline
the squamosal. 157 External auditory vestibuli shape ventral keel
153 Parietal-alisphenoid meatus. 165Periotic : Fenestra ~ 172Hypoglossal foramen.
contact. 158 Post-tympanic procesxochleae 173 Ethmoidal foramen
154 Parietal anterior 159 Sagittal crest. 166 Periotic pars 1741nner ear — Cochlea
extent 160Nuchal crests. cochlearis. secondary bony spiral
155Alisphenoid canal 161 Periotic mastoidy. 167 Periotic : lamina
162 Periotic pars Subarcuata fossa 175Inner ear — Cochlea
mastoidea. 168 Postglenoid foramen. number of turns
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Taxa analyzed

We comparedcepeia daouiensis with paenungulates, other afrotherians, condysarth

perissodactyles,

and insectivorous-like primitieetherians to assess its ordinal and supra-

ordinal relationships. Comparison included prinatrepresentatives.€., representatives of
primitive ancestral morphotypes) of paenungulatd ‘aftungulate” orders (=lophodont
ungulates). We included the primitive embrithofpdaimatherium in our comparisons [11].
The outgroup corresponds to the generalized eathenorphotype, represented by leptictids
and cimolestids, as well as to other basalmostesiatins such aSomaia. With respect to
Eritherium study [1], the outgroup comparison is extendethéoZhelestidae (petrosal: [28]),
Protungulatum (petrosal : [23])Hyopsodus, Todralestes variabilis, Potamogale (Tenrecidae),
Ptolemaia lyonsi andPtolemaia grangeri (Ptolemaiida)Orycteropus afer (Tubulidentata) in
order to test the basal relationshipgOoépeia and paenungulates among other placentals,
and the hypotheses of Afrotheriersus Laurasiatheria.

List of taxacompared*added to Matrix of Gheerbrant [1])

1. Eutheria [Euth in
matrix]: Mael estes,
Cimolestes, Asioryctes,
leptictids,
Acristatherium

2. *Zhelestidae
(Eutheria, ?Placentali
a): Parazhel estes,
Eozhelestes, Zhelestes,
Aspanlestes

3. *Protungulatum [Prot]

4. Arctocyonidae [Arc] :
Loxolophus, Tricentes,
Lambertocyon, Artocyon

5. Ocepeia daouiensis
[Oce]

6. Louisinidae Teil]:
Teilhardimys
(=Microhyus)

7. Phenacodont®hena]:
Ectocion, Phenacodus

8. PerissodactylaHeris}
primitive genera
Hyracotherium,
Sfrhippus,

Cymbal ophus,
Pachynol ophus

9. Radinskya [Rad]

10.*Hyopsodus [Hyop]

11.*Todralestes variabilis
[Todr]
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12. * PtolemaiidgPtol]:
Ptolemaia grangeri, P.
lyonsi

13.*Tenrecoidea [Pto]:
Potamogale

14. *Tubulidentatd Tub]:
Orycteropus

15. MacroscelidegVacro]:
primitive taxa
(Chambius,

Herodotius, ?Metoldobo
tes) and extant taxa
(Petrodromus,
Rhynchocyon)
16.HyracoidedHyral]:
primitive genera
Seggeurius, Microhyrax,
andPliohyracidae

17. AnthracobunidaeAnth]:
A. pinfoldi, Indobune

18. Desmostylia Desm}
Behemotops and others

19.Sirenia [Sir]: primitive
generaProrastomus,
Pezosiren, Protosiren,
Eosiren, Eotheroides,
Prototherium

20.Phenacolophids [P he]:

Phenacol ophus
21.Minchenella [Min]:
22.Embrithopoda [Emb]:

Namatherium,

Palaecoamasiia,
Crivadiatherium,
Arsinoitherium
23.Eritherium [Erit]
24. Phosphatherium [Phos]
25. Numidotherium [Num]



Part IIl.
TNT analysis, method, cladograms, diagnose of nodes

The parsimony analysis was developed by meansdf T program [29]. We used the
“traditional search” command for all analyses. Beeimdices were calculated for 10000 trees
with additional 10 steps longer than in the shomdésained tree. The 18 uninformative characters
(3, 5, 15, 20, 56, 57, 58, 64, 68, 85, 95, 129, 132, 154, 166, 173, 174, 175) were made
inactive before the analysis.

The interface WINCLADA associated with the heudstigorithm NONA was used in
complement of our study, especially for the revisod the matrix, for the preliminary explorative
analysis of tree topology and for examination ddrelater distribution in trees.

1. Analysis with all characters unordered
1.1Unweighted analysis
1 tree found

Cladogram 1

Bremer supports (from 10000 trees, cut 0)

Eutheria
Todralestes
Zhelestidae
Protungulatum

Arctocyonldae
Hyopsodus
—— Potamogale
(__ Ptolemaia

—SJ: Orycteropus
I—1-| — Ocepeia

— Phenacodonta

l Tellhardlmys

5 Macroscelldea
Perlsssodactyla
Radlnskya
Hyrac01dea
Anthracobunia

[ Minchenella
Phenacolophus
3J: Embrithopoda

Desmostylla
Sirenia

Eritherium
+ Phosphatherium

Numidotherium

Tree length: 596. Retention index: 53.6. Consistelmdex: 40.8
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1.2 Implied weighting (standard) analysis

Cladogram 2

1 tree found.

0 Eutheria
10 Todralestes
1 Zhelestidae
11 Ptolemaia
3 9J:13 Orycteropus
3 Arctocyonidae

2 Protungulatum
29 F__9 Hyopsodus

L 28] —4 Ocepeia

L——33 31L—12 Potamog
6 Phenacod
32
36

,_34J:

o

Tree lengths: 596.

ale
onta

5 Teilhardimys
14 Macroscelidea
7 Perisssodactyla
8 Radinskya

20 Minchenella
15 Hyracoidea

16 Anthracobunia

37I::

L.

L.

L.

L

17 Desmost

46[45[

ylia

19 Phenacolophus
21 Embrithopoda
22 Eritherium

18 Sirenia

o

48

23 Phosphatherium
24 Numidotherium



2. Analysis with characters ordered
152 are characters ordered.

2.1Unweighted analysis

Cladogram 3

Traditional search, 2 trees found, score 665.ctStonsensus of 2 trees.

O Eutheria
10 Todralestes
1 Zhelestidae
2 Protungulatum
3 Arctocyonidae
L—2H —4 Ocepeia
291 —12 Potamogale
2 30+ 11 Ptolemaia
37J:1 3 Orycteropus

9 Hyopsodus
6 Phenacodonta
14 Macroscelidea

5 Teilhardimys
7 Perisssodactyla
351::8 Radinskya
15 Hyracoidea
16 Anthracobunia
22 Eritherium
23 Phosphatherium

46 24 Numidotherium

17 Desmostylia
40+ 18 Sirenia

42+ 20 Minchenella
44+ 19 Phenacolophus

431::21 Embrithopoda

Tree lengths: 665. Retention index: 54.6. Consgsteimdex: 37

Bremer supports (from 10000 trees, cut 0)

Eutheria
Todralestes
Zhelestidae
(__ Protungulatum

Arctocyonidae
L—24 — Ocepeia
31— potamogale
~|: Ptolemaia
Orycteropus
Hyopsodus
Phenacodonta
2 Macroscelldea
Teilhardimys
Perlsssodactyla
Radinskya
Hyra001dea
Anthracobunia
Erltherlum
Phosphatherium
Numidotherium
Desmostylla
Sirenia
Minchenella
{:: Phenacolophus

Embrithopoda
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Synapomorphies common to 2 trees
(Node numbers refer to nodes 1n consensus)

Important note: For correspondence with character descriptiont (Pand character summary list (Part II),
numbem of charactersshould beread as n+1 because TNT starts numbering characters from O.

Eutheria : Char. 167:1-->0 All trees: Char. 158: 0 --> 1
All trees: Char.9:0-->1
No autapomorphies: Teilhardimys : Char.18:0-->1 Macroscelidea :
All trees: Char.52: 01 -->2 All trees:
Zhelestidae : Char.16:0-->1 Char.96:0-->1 Char.7:0-->1
All trees: Char. 20:0-->1 Char.104:0-->1 Char.17:0-->1
Char.47:0-->1 Char.22:1-->0 Char. 31: 02 ->1
Char.50: 0-->1 Char.30:0->1 Ptolemaia : Char.50: 0->1
Char.68:0-->1 Char.53:2-->3 All trees: Char. 65: 0 -->2
Char.82:0-->1 Char.74:0-->1 Char.58:1-->0 Char.70:1-->0
Char.83:0-->1 Char. 75:0-->2 Char.61:1-->0 Char.79:0-->1
Char. 136:0-->1 Char.112:1-->0 Char. 110:1-->2 Char.123:0-->1
Some trees: Some trees: Char. 111:1-->2 Char.134:1-->0
Char.21:0-->1 Char.31:2-->0 Char. 136:0-->1 Char. 146:0-->1
Some trees: Char. 148:0-->1
Protungulatum : Phenacodonta : Char.45:0-->1 Char. 150: 0 -->1
All trees: All trees: Char. 168: 0 --> 1
Char.27:0-->1 Char.10:1-->0 Potamogale : Some trees:
Char.61:1-->2 Char.37:0->1 All trees: Char.35:1-->0
Char. 143: 0 -->2 Char. 78:1-->2 Char.5:0-->1 Char.132:0-->1
Some trees: Char.83:1-->2 Char.7:0-->1
Char.35:0-->1 Char.97:0-->1 Char.38:1-->0 Hyracoidea :
Char.92:0-->1 Char.98:0-->1 Char. 45: 01 -->2 All trees:
Char. 100: 0 ->1 Char.58:1-->0 Char.8:1-->0
Arctocyonidae : Char. 110:1-->0 Char.61:1-->0 Char.37:0-->1
All trees: Char. 131: 0-->1 Char.69:0-->1 Char.39:12-->0
Char.30: 0-->1 Char.70:1-->0 Char.53:2-->1
Some trees: Perisssodactyla : Char.87:1-->0 Char.62: 0-->1
Char.131:0-->1 All trees: Char.93:1-->0 Char. 65:0-->2
Char. 155:0-->1 Char.83:1-->2 Char.99:0-->1 Char.74:0-->1
Char.91:1-->0 Char.101:1-->0 Char. 75:0-->2
Ocepeia : Char. 104: 12 -->0 Char. 103:0-->1 Char.93:2-->1
All trees: Char. 124: 0 -->1 Char.97:0-->1
Char.20: 0-->1 Radinskya : Char. 134:1-->0 Char.98:0--> 2
Char.22:1-->0 All trees: Char. 135:1 -->2 Char. 100: 01 --> 2
Char.30: 0-->1 Char. 104: 12 --> 3 Char. 136: 0 --> 1 Char. 102:1-->0
Char.31:0-->2 Char. 112:1-->2 Char. 138: 0 -->2 Char.112:1-->2
Char.33:0-->1 Char.124:1-->0 Char. 146:0-->1 Char. 148: 0 -->2
Char.36:0-->1 Char. 154:0-->1
Char.37:0-->1 Hyopsodus : Char. 159:0-->1 Anthracobunia :
Char.47:0-->1 All trees: All trees:
Char.51: 0-->1 Char.5:0-->1 Orycteropus : Char.38:1-->0
Char. 52: 01 -->2 Char.7:0-->1 All trees: Char. 47: 0 --> 12
Char.62: 0-->1 Char.10:1-->2 Char.7:0-->3 Char.79:0->1
Char. 66:0-->1 Char.12:0-->1 Char.9:0-->2 Char. 104: 2 -->3
Char.68:0-->1 Char.28:0-->1 Char.58:1-->2 Char. 134:2-->0
Char.73:0-->1 Char.65:0-->1 Char. 69:0-->2
Char.97:0-->1 Char.69:0-->1 Char.73:0-->1 Desmostylia :
Char.98:0-->2 Char. 136: 0-->1 Char. 76:1-->2 All trees:
Char. 100: 0 --> 2 Char. 146: 0 -->1 Char.81:1-->0 Char. 47:0-->2
Char. 111:1-->0 Char. 150: 0 -->1 Char. 116: 0 --> 1 Char.53:2-->1
Char. 117: 0 -->2 Char.151: 0-->1 Char. 118: 0 -->1 Char.58:2-->1
Char.119:1-->3 Char. 158:0-->1 Char. 120: 0 -->1 Char. 122:1-->2
Char. 125:0-->1 Char. 162: 0 -->1 Char. 125:0-->1 Char.123:0-->1
Char. 160: 0 -->1 Some trees: Char. 133:1-->0
Char. 168: 0 -->1 Char. 129:0-->1 Char.134:1-->0 Sirenia :
Char. 170:1-->2 Char. 137:1-->2 All trees:
Some trees: Todralestes : Char. 146: 0 --> 1 Char.8:1-->0
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Char.12: 0-->2
Char.13:0-->1
Char.44:1-->0
Char.70:1-->0
Char.76:1-->0
Char.81:1-->0
Char. 121: 0 -->2
Char. 127:1-->2
Char. 134: 2 --> 3
Char. 138:1-->2
Char.139:0-->1
Char. 159: 0 -->1
Char.170:1-->0

Phenacolophus :

All trees:
Char.1:1-->0
Char.18:1-->0
Char.29:1-->0
Char.35:1-->0
Char. 47:0--> 12
Char. 110: 1 -->0
Char. 134: 2 -->1

Minchenella :

All trees:
Char.16:0-->1
Char.45:0-->2
Char. 46:1-->2
Char. 106: 1 -->2
Char. 114:1-->0

Embrithopoda :

All trees:
Char.3:0->1
Char. 26:0-->1
Char.31:2-->1
Char.34:1-->2
Char.62: 0-->1
Char. 77: 01 --> 2
Char.93:12-->0
Char. 100: 2 --> 3
Char.102:1-->0
Char. 104: 0 -->2

Eritherium :

All trees:
Char.31:0-->1
Char. 42: 01 --> 2
Char. 46:1-->2
Char.48:2-->1

Phosphatherium :
All trees:
Char.58:2-->1
Char. 119: 0 -->2
Char. 170: 2 --> 1

Numidotherium :

All trees:
Char.7:2-->3
Char.9:0-->2
Char.43:1-->0
Char. 52: 01 --> 3
Char.54:0-->1
Char.68:0-->2
Char.71: 0-->1

27

Char.74:0-->1

Char. 75:0-->1

Char.99:0-->1

Char. 112:1-->2
Char. 114:1-->2
Char. 117: 0-->1
Char. 120: 0 -->1
Char. 123:0-->1
Char. 126: 0-->1
Char. 135:1-->2
Char. 138:0-->1
Char. 148:0-->1
Char. 150: 0 -->1
Char. 162: 0-->1
Char.171: 0-->1

Node 26 :

All trees:
Char.40:0-->1
Char.90:0-->1
Char. 110: 0 -->1
Char. 111: 0-->1

Node 27 :
All trees:

No synapomorphies

Node 28 :
All trees:
Char. 76:0-->1
Char.101: 0-->1
Char. 174: 0 -->2

Node 29 :

All trees:
Char.50:0-->2
Char.53:2-->3
Char.64:0-->1
Char.90:1-->0
Char.92:0->1
Char.93:2->1
Char.135:0-->1
Char. 147:0-->1
Char. 170: 0 ->1

Some trees:
Char.102:1-->0

Node 30 :

All trees:
Char.10:1-->3
Char.65:0-->1
Char. 71:0-->1
Char. 77:0--> 2
Char. 104: 0 --> 12
Char.119:0-->1
Char. 144:0-->1

Node 31 :
All trees:
Char. 25:0-->12
Char.29:0-->1
Char.33:0-->1
Char.40:1-->0
Char. 77:1-->2
Char. 105: 0-->1

Node 32 :

All trees:
Char.18:0-->1
Char.89:0-->1
Char.104:0-->1
Char. 116:0-->1
Char. 140: 1 -->0

Some trees:

Char. 163: 0 --> 1

Node 33 :

All trees:
Char.48:0-->1
Char. 77:0-->1
Char.78:0-->1
Char.80:0-->1
Char.82: 0-->2
Char.83:0-->1
Char. 107: 0 -->1
Char.112:0-->1
Char. 121:0-->2
Char.124:0-->1

Some trees:
Char.58:1-->2
Char.92:0-->1

Node 34 :

All trees:
Char.39:0-->1
Char. 96:0-->2

Some trees:
Char.21: 0-->1
Char.31:1-->2
Char. 133:1-->2
Char. 154: 0 --> 1
Char. 170: 0 -->2

Node 35 :

All trees:
Char.88:1-->2
Char. 108: 0 --> 1
Char. 116:1-->0
Char. 170: 2 -->0

Node 36 :

All trees:
Char.10:1-->0
Char.15:0-->1
Char.24:1-->2
Char.34:0-->1
Char.41:1-->2
Char. 48:1-->2
Char.51:0-->1
Char.89:1-->2
Char.113:0-->1

Node 37 :

All trees:
Char. 26: 0-->2
Char.48:0-->1
Char.49:0-->2
Char. 115:0-->2

Some trees:
Char. 140:1-->0

Node 38: Benungulata

All trees:
Char.27:0-->1

Char.36:1-->0
Char.60:0-->1
Char. 114:0-->1
Char.121:2-->0
Char. 134:1-->2
Char. 160: 0 --> 1
Some trees:
Char. 129: 0 -->1

Node 39 :
All trees:
Char. 39:12-->3
Char.41:2-->3
Char. 43: 0-->12
Char.72: 0-->1
Char.86:0-->1
Char. 106: 2 --> 1
Char.109:0-->1

Node 40 :

All trees:
Char.54:0-->1
Char.61:1-->2
Char. 77:2-->1
Char. 104: 2 -->0
Char. 138: 0 --> 1

Node 41 :

All trees:
Char.0:0-->1
Char.10: 0-->1
Char.31:2-->0
Char. 82: 2 --> 01
Char. 102: 1 -->2

Node 42 :

All trees:
Char. 126:0-->1
Char. 127: 0-->1
Char. 170: 2 -->1

Node 43 :

All trees:
Char.24:2-->3
Char.32:0-->1
Char. 43:12-->0
Char.97:0-->1
Char.98:0-->2
Char. 100: 01 --> 2

Node 44 :

All trees:
Char.25:2-->1
Char.28:1-->0
Char.31: 0-->2
Char.38:1-->0
Char.40: 0-->1
Char.91:1-->0
Char.101:1-->0
Char.102: 2 -->1
Char.109:1-->0

Node 45 :

All trees:
Char.3:0->1
Char.6:0->1
Char. 7: 01 -->2
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Char.
Char.
Char.
Char
Char.
Char.
Char.

10:1-->2
12:0->1
16:0->1

.20:0->1

40:0-->2
62:0-->12
135:0-->1

Node 46 :

All trees:
Char.3:1-->2
Char.6:1-->2
Char.10: 2 -->3
Char.24:2-->3

Char.
Char.
Char.
Char.
Char.
Char.
Char.

32:
34:
35:
46:
50:
85:
88:

0-->1
1->2
1-->0
1-->0
0->2
0-->1
1->3

Char
Char
Char
Char
Char

.92:1-->0
.93:2->3
.106:1-->3
.134:2-->3
.139:0-->1



2.2Implied weighting (standard) analysis

Cladogram 4

1 trees retained.

Tree 0:

0 Eutheria
10 Todralestes
1 Zhelestidae
2 Protungulatum
26 F__3 Arctocyonidae
—4 Ocepeia

28 291__ 311 —12 Potamogale
32<|: 11 Ptolemaia
391::13 Orycteropus
9 Hyopsodus
6 Phenacodonta
14 Macroscelidea
5 Teilhardimys
7 Perisssodactyla
8 Radinskya
15 Hyracoidea
16 Anthracobunia
22 Eritherium
23 Phosphatherium
48 24 Numidotherium
17 Desmostylia
42~|: 18 Sirenia
44{:: 20 Minchenella
46<|: J:l9 Phenacolophus
45 21 Embrithopoda

Tree length: 666. Retention index: 54.6; Consistehraex: 37
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2.3Unweighted and partioned analysis : dental characts

Cladogram 5

1 trees retained.

Tree O:
—— Eut heri a
—— Todr al est es
F— — Zhel esti dae
— Ptol emni a

— CQcepei a
L1 Pot anpgal e
— Ar ct ocyoni dae
— Protungul at um
— Hyopsodus
— Phenacodont a
— Macroscel i dea
— Tei | hardi mys
Peri sssodactyl a
[ Radi nskya
— Hyracoi dea
— Ant hr acobuni a
— M nchenel | a
|: Phenacol ophus
Enbrit hopoda
— Desnostylia
— Sirenia
— Eritherium
— Phosphat heri um

|: Orycteropus
Num dot heri um

Tree length: 422. Retention index: 59.8; Consistehwex: 36.5
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2.4Implied weighting and partioned analysis : dental baracters

Cladogram 6

2 trees retained.

Strict consensus of 2 trees

—— Eut heri a
—— Todr al est es
i — Zhel esti dae
— Ptol emni a

— Ar ct ocyoni dae

— Protungul at um

— Hyopsodus

— Phenacodont a

— Macroscel i dea
— Tei | hardi nys
— Hyracoi dea

|: Peri sssodactyl a
Radi nskya

—— Ant hracobuni a

— M nchenel | a

|: Phenacol ophus

Enbrit hopoda

— Desnostylia

— Sirenia

— Eritherium

— Phosphat heri um

|: Orycteropus
Num dot heri um
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2.5Unweighted and partioned analysis : Skull charactes
Cladogram 7 - All taxa

10 trees retained. Strict consensus of 10 trees (0 taxa excl uded)
— Eut heria

— Protungul at um

— Arct ocyoni dae

—— Ccepei a

F— |— Perisssodactyla

—— Radi nskya

— Zhel esti dae

— Ptol emai a

— Orycteropus

— Macroscel i dea
— M nchenel | a

|: Pot anmogal e
Ant hr acobuni a
— Hyopsodus

— Phenacol ophus

— Phenacodont a

— Hyracoi dea

—— Eritherium
—— Num dot heri um

Tei | har di nmys
—|: Phosphat heri um
Todr al estes
—|: Desmostylia

Sirenia
—|: Enbrit hopoda

Tree length: 168. Retention index: 51.8; Consistehwlex: 44.6

Cladogram 8 - Only taxa with well known skull characters

10 trees retained. Strict consensus of 10 trees (7 taxa excluded: Protungul atum
Protungul atum Teil hardi mys, Todral estes, Ptol emaia, Anthracobunia,
Phenacol ophus, M nchenel | a)

— Eut heri a

— Ar ct ocyoni dae

—— Ccepei a

—— Phenacodont a

F— |— Perisssodactyla

—— Radi nskya

—— Hyopsodus

— Pot anpgal e
Orycteropus

L— Macroscel i dea

— Hyracoi dea

— Zhel esti dae

— Desnostylia
— Sirenia
Enbrit hopoda
— Eritherium

|: Phosphat heri um
Numi dot heri um
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3. Analysis with character ordered + step matrix

Character tranformations that are considered uwlikee coded with an additional cost of 10 steps.
This concerns for instance reversal of the logeeth. Cost between 1 and 10 corresponds to
ordered characters.

Important note: For correspondence with character descriptiont (Pand character summary list (Part I1),
numbem of charactersshould beread as n+1 because TNT starts numbering characters from O.

Character step matrix with costs for each stateelisw.

Char. 2: 2/0 1 2/1 1 2/3 1
0>1 1 3/0 2 3/1 2 3/2 1
1>0 10
Char. 4: Char. 89:
0>1 1 0>1 1 0>2 1
1>0 10 1>0 10 1/2 1
Char. 6: 2>0 10 2/1 1
o/1 1 0>2 1 Char. 98:
1/0 1 1>2 1 0>1 1 0>2 1
2>0 10 2>1 10 1>0 10 1/2 1
Char. 10: 2>0 10 2/1 1
o/1 1 o/2 1 0>3 1 Char. 104:
1/0 1 1/2 1 1>3 1 o/1 1 o/2 2 0/3 1
2/0 1 2/1 1 2>3 1 1/0 1 1/2 1 1/3 2
3>0 10 3>1 10 3>2 10 2/0 2 2/1 1 2/3 3
Char. 12: 3/0 1 3/1 2 3/2 3
o/1 1 o/2 1 0>3 1 Char. 106:
1/0 1 1/2 1 1>3 1 o/1 1 o/2 1 0/3 2
2/0 1 2/1 1 2>3 1 1/0 1 1/2 1 1/3 2
3>0 10 3>1 10 3>2 10 2/0 1 2/1 1 2/3 1
Char. 26: 3/0 2 3/1 2 3/2 1
0>1 1 0>2 1 Char. 110:
1>0 10 1/2 1 o/1 1 o/2 1
2>0 10 2/1 1 1/0 1 1/2 2
Char. 51: 2/0 1 2/1 2
0>1 1 Char. 111:
1>0 10 o/1 1 o/2 2 0/3 1
Char. 63: 1/0 1 1/2 1 1/3 2
0>1 1 0>2 2 0>3 3 2/0 2 2/1 1 2/3 3
1>0 10 1>2 1 1>3 2 3/0 1 3/1 2 3/2 3
2>0 10 2>1 10 2>3 1 Char. 115:
3>0 10 3>1 10 3>2 10 0>1 1 0>2 1
Char. 67: 1>0 10 1/2 1
o/1 1 o/2 1 2>0 10 2/1 1
1/0 1 1/2 2 Char. 118:
2/0 1 2/1 2 o/1 1 o/2 1
Char. 69: 1/0 1 1/2 2
o/1 1 0>2 1 2/0 1 2/1 2
1/0 1 1>2 1 Char. 119:
2>0 10 2>1 10 o/1 1 o/2 1 0/3 2
Char. 71: 1/0 1 1/2 2 1/3 3
0>1 1 2/0 1 2/1 2 2/3 1
1>0 10 3/0 2 3/1 3 3/2 1
Char. 73: Char. 121:
0>1 1 o/1 1 o/2 1
1>0 10 1/0 1 1/2 2
Char. 88: 2/0 1 2/1 2
o/1 1 o/2 1 0/3 2 Char. 123:
1/0 1 1/2 1 1/3 2 o/1 1 o/2 1
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Char.

Char.

Char .

Char.

1/0
2/0
130:
0>1
1>0
133:
0/1
1/0
2/ 0
3/0
134:
0/1
1/0
2/ 0
3/0
137:

1 172 2

1 211 2

1

10

1 0/2 2 0/3
1 /2 1 1/3
2 2/1 1 2/ 3
1 3/1 2 3/2
1 0/2 1 0/3
1 /2 2 1/3
1 2/1 2 2/ 3
2 3/1 3 3/2

WWN -

PP WN

o/1 1

1/0 1

2/0 1
Char. 148:

o/1 1

1/0 1

2/0 1
Char. 167:

o/1 1

1/0 1

2/0 1
Char. 174:

0>1 1

1>0 10

2>0 10

0/ 2
1/2
2/1

0/ 2
1/ 2
2/1

0/ 2
1/ 2
2/1

0>2
1>2
2>1

NN B NN B NN B

(=Y

3.1 Unweighted analysis

Cladogram 9

8 trees retained. Strict consensus of 8 treesByiémer support (ital.) above node number

Eutheria
Todralestes

F——25 —— Zhelestidae

10 — Protungulatum

27 — Arctocyonidae

3 Ocepeia
2 2 —28J: Potamogale

2 61+—2 91 3 Ptolemaia

—33J: Orycteropus
—— Hyopsodus
—— Teilhardimys

4 —— Phenacodonta

L—314 — Macroscelidea

2 I:: Perisssodactyla
—304+—32 Radinskya
Hyracoidea
5 — Eritherium
38+ 10 Phosphatherium
L—39 Numidotherium
Anthracobunia

Desmostylia
Sirenia

—34

354+—
Minchenella
—37~|:3 J: Phenacolophus
36 Embrithopoda

Tree length: 666. Retention index: 54.4. Consistelndex: 36.8.
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Synapomorphies of Cladogram 9, consensus of 8 trees
(Node numbers refer to nodes in consensus)

Important note: For correspondence with character descriptiont (Pand character summary list (Part II),
numbem of charactersshould beread as n+1 because TNT starts numbering characters from O.

Eutheria : Char. 119: 01 -->3 Char. 104:0-->3 Char. 103:0-->1
All trees: Char. 121: 0-->1 Char. 112:1-->2 Char. 121: 0 -->2
No autapomorphies: Char. 125:0-->1 Char. 124:1-->0 Char. 124:0-->1
Char. 133:1-->2 Char. 133:1-->3

Zhelestidae : Char. 160: 0 -->1 Hyopsodus : Char. 134:0-->1

All trees: Char. 168:0-->1 All trees: Char. 135:1-->2
Char.47:0-->1 Char. 170:1-->2 Char.5:0->1 Char. 136:0-->1
Char.50:0-->1 Some trees: Char.7:0->1 Char. 138:0 -->2
Char.68:0-->1 Char. 150: 1 -->0 Char. 10: 01 -->2 Char. 154:0-->1

Some trees: Char.12: 0->1 Char.159: 0-->1
Char.11:1-->0 Teilhardimys : Char.28:0-->1 Some trees:
Char.21: 0-->1 All trees: Char.69:0->1 Char.58:1-->0
Char.45:0-->1 Char.16:0->1 Char. 158: 0 --> 1 Char.61:1-->0
Char.76:1-->0 Char. 20:0-->1 Char. 162: 0 -->1 Char.101:1-->0
Char.82:0-->1 Char.22:1-->0 Some trees: Char. 146:0-->1
Char.83:0-->1 Char.30:0-->1 Char.38:1-->0 Char. 167:0-->1
Char. 136:0-->1 Char.53:2-->3 Char.64:0-->1

Char.74:0-->1 Char.65:0-->1 Orycteropus :
Protungulatum : Char. 75:0--> 2 Char. 119: 0 --> 2 All trees:

All trees: Some trees: Char. 129: 0 -->1 Char.7:0-->3
Char. 27:0-->1 Char.21:1-->0 Char.132:1-->0 Char.9:0-->2
Char.61:1-->2 Char. 25:01 -->2 Char. 136:0-->1 Char. 58: 01 -->2
Char. 143: 0 -->2 Char. 26:0-->1 Char. 146:0-->1 Char. 69:0-->2

Some trees: Char.28:0-->1 Char. 150: 0 ->1 Char. 73:0-->1
Char.10: 0-->1 Char.29:0-->1 Char.151: 0-->1 Char. 76:1-->2
Char.35:0-->1 Char.31:2-->0 Char. 163:1-->0 Char.81:1-->0
Char.92:0-->1 Char.33:0->1 Char. 116: 0 -->1

Char. 40:1-->0 Todralestes : Char. 118: 0 -->1
Arctocyonidae : Char. 77:1-->2 All trees: Char. 120:0-->1

All trees: Char.112:1-->0 Char.9:0->1 Char. 125:0-->1
Char.30:0-->1 Char. 115:0-->1 Char.52: 01 -->2 Char. 133:1-->0

Some trees: Char.96:0-->1 Char. 134:0-->1
Char.131:0-->1 Phenacodonta : Some trees: Char. 137:1-->2
Char. 155:0-->1 All trees: Char.10: 0-->1 Char. 158:0-->1

Char.83:1-->2 Char.18:0->1 Some trees:
Ocepeia : Char.98:0-->1 Char.45:0-->1 Char.52:1-->0

All trees: Char. 110: 1 -->0 Char. 104: 0 -->1 Char.59:1-->0
Char.6:0->1 Some trees: Char. 146: 0 --> 1
Char.9:0->1 Char.37:0-->1 Ptolemaia :

Char.12: 0-->3 Char.38:1-->0 All trees: Macroscelidea :
Char.20:0-->1 Char. 78:1-->2 Char. 110:1-->2 All trees:
Char.22:1-->0 Char.91:1-->0 Char. 111:1-->2 Char.17:0-->1
Char.30: 0-->1 Char.97: 0->1 Char. 136: 0 --> 1 Char.50:0-->1
Char.31: 0-->2 Char. 100: 0 -->1 Some trees: Char.79:0->1
Char.33:0-->1 Char. 106: 2 --> 1 Char.45:0-->1 Some trees:
Char.36:0-->1 Char. 119: 0-->2 Char.58:1-->0 Char.7:0-->1
Char.37:0-->1 Char. 131:0-->1 Char.61:1-->0 Char. 25: 012 -->0
Char.47:0-->1 Char. 163:1-->0 Char. 26:0-->1
Char.51: 0-->1 Potamogale : Char. 29: 01 -->0
Char.52: 01 -->2 Perisssodactyla : All trees: Char. 31: 02 -->1
Char.62: 0-->1 All trees: Char.5:0->1 Char.33:01-->0
Char.66:0-->1 Char.83:1->2 Char.7:0->1 Char.35:1-->0
Char.68:0-->1 Some trees: Char.38:1-->0 Char. 40: 01 -->1
Char.73:0-->1 Char.91:1-->0 Char. 45: 01 --> 2 Char.65:0-->2
Char.97:0-->1 Char. 142:0-->1 Char.69:0-->1 Char.70:1-->0
Char.98:0-->2 Char. 155:0-->1 Char.70:1-->0 Char. 77: 12 ->1
Char. 100: 0 --> 2 Char.87:1-->0 Char. 105:1-->0
Char. 111:1-->0 Radinskya : Char.93:1-->0 Char. 115:0-->1
Char. 117: 0 -->2 All trees: Char.99:0->1 Char. 123:0-->1
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Char. 134: 0 -->1
Char. 146:0-->1
Char. 148:0-->1
Char. 150: 0 > 1
Char. 168: 0 -->1

Hyracoidea :
All trees:
Char.8:1-->0

Char. 39: 123 --> 0

Char.51:0-->1
Char.53:2-->1
Char.74:0-->1
Char. 75: 0-->2
Char.93:2-->1
Char.98:0-->2

Char. 100: 01 --> 2

Char.102:1-->0
Char.112:1-->2
Char. 148: 0 -->2
Char. 167: 0 --> 2
Some trees:
Char.11:1-->0
Char.15:0-->1
Char.65:0-->2
Char.132:1-->0
Char. 136:1-->0
Char. 159:0-->1

Anthracobunia :
All trees:
Char.30: 0-->1
Char.79:0-->1
Char. 104: 0 --> 3

Char. 134: 02 -->1

Some trees:
Char.0:1-->0
Char.38:1-->0
Char. 47: 0--> 12
Char.54:1-->0
Char.61:2-->1
Char.69:1-->0
Char.82:1-->2
Char. 111: 0-->3

Desmostylia :

All trees:
Char. 47:0-->2
Char.53:2-->1
Char.58:2-->1
Char. 122:1-->2
Char.123:0-->1

Some trees:
Char.11: 0-->1
Char.15:1-->0
Char.21:1-->0
Char.69:1-->0
Char.82:1-->0
Char.83:1-->0

Sirenia :

All trees:
Char.8:1-->0
Char.12: 0-->2
Char.13:0-->1
Char.44:1-->0
Char.70:1-->0
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Char.76:1-->0
Char.81:1-->0
Char. 121:0-->2
Char. 127:1-->2

Char. 134: 02 --> 3

Char. 138:1-->2
Char.139: 0-->1
Char.159: 0-->1
Char. 170: 1 -->0
Some trees:
Char.50:0-->2
Char. 74:0-->2
Char. 77: 12 -->0
Char.89:2->1
Char. 137: 0-->1
Char. 167: 0-->1

Phenacolophus :

All trees:
Char.1:1-->0
Char.11: 0-->1
Char.15:1-->0
Char.18:1-->0
Char.29:1-->0
Char.35:1-->0
Char. 47:0-->12
Char. 110:1-->0

Some trees:

Char. 74:0-->2
Char. 77: 12 -->0
Char. 134:2-->0

Minchenella :

All trees:
Char.16:0-->1
Char. 45:0-->2
Char. 46:1-->2
Char. 106: 1 -->2
Char. 114:1-->0

Embrithopoda :

All trees:
Char.3:0-->1
Char. 26:0-->1
Char.31:2-->1
Char.34:1-->2
Char.62:0-->1
Char.93:12-->0
Char. 100: 2 --> 3
Char. 102:1-->0
Char. 104: 0 -->2

Some trees:
Char.50:0-->2

Char. 77: 012 --> 2

Eritherium :

All trees:
Char. 42: 01 -->2
Char. 43: 01 -->2
Char. 46:1-->2
Char. 48:2-->1
Char.82:1-->0
Char.83:1-->0
Char.98:0->1

Some trees:
Char.31:0->1
Char.78:1-->0

Phosphatherium :
All trees:
Char.58:2-->1
Char.98:0-->1
Char. 119: 0 --> 2
Char. 170: 2 --> 1

Numidotherium :

All trees:
Char.7:2-->3
Char.9:0-->2
Char.21:0-->1
Char.51: 0-->1
Char. 52: 01 --> 3
Char.54:0-->1
Char.68:0-->2
Char.71: 0-->1
Char.74:0-->1
Char.75:0-->1
Char.99:0-->1
Char. 112:1-->2
Char. 114:1-->2
Char. 117: 0-->1
Char. 120: 0 --> 1
Char. 123: 0-->1
Char. 126:0-->1
Char. 135:1-->2
Char. 138:0-->1
Char. 148:0-->1
Char. 150: 0 --> 1
Char. 162: 0 --> 1
Char.171: 0-->1

Some trees:
Char.37:1-->0
Char.43:1-->0
Char.97:1-->0
Char. 156: 0 ->1
Char. 157:1-->2

Node 26 :

All trees:
Char. 110: 0 -->1
Char.111: 0-->1

Some trees:
Char.24:0-->1
Char.40: 0-->1
Char.87:0-->1
Char.90:0-->1

Node 27 :
All trees:

No synapomorphies

Node 28 :

All trees:
Char.50: 0-->2
Char.53:2-->3
Char.92:0-->1
Char.93:2->1
Char. 135:0-->1
Char. 147:0-->1

Some trees:
Char.64:0-->1
Char.90:1-->0
Char.102:1-->0
Char. 170: 0 --> 1

Node 29 :

All trees:
Char. 10: 01 -->3
Char. 71:0-->1
Char. 77: 01 --> 2
Some trees:
Char.65:0-->1
Char. 104: 0 -->12

Node 30 :

All trees:
Char.48:0-->1
Char. 78: 0-->12
Char.80:0-->1
Char. 82: 01 -->2
Char. 107: 0-->1
Char. 121:0-->2
Char.124:0-->1

Some trees:
Char.41:0-->1
Char.58:1-->2
Char. 77: 0 --> 12
Char.83:0->1
Char.88:0-->1
Char.92:0->1
Char. 106: 0 --> 2
Char. 112:0-->1

Node 31 :

All trees:
Char.39:0->1
Char. 96:0-->2

Some trees:
Char.21:0-->1
Char.31:1-->2
Char.35:0-->1
Char.59:0-->1
Char. 133:1-->2
Char.154: 0-->1
Char. 170: 01 --> 2

Node 32 :

All trees:
Char. 108:0-->1
Char. 170: 2 -->0

Some trees:
Char.88:1-->2
Char.104:1-->0
Char. 116:1-->0
Char.132:1-->0
Char. 136:1-->0
Char. 159: 0 -->1

Node 33 :

All trees:
Char. 26:0-->2
Char.48:0-->1
Char. 49:0-->2
Char. 115:0-->2

Node 34 :
Paenungulata

All trees:
Char.27:0-->1
Char.60:0-->1
Char. 114:0-->1



Char
Char
Some
Char

Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.

.121:2-->0
.160:0-->1
trees:
.1:0->1
18:0->1
21:1->0
25:1-->2
28:0->1
36:1-->0
69:0-->1
116: 01 -->1
129:0-->1
131:0-->1
134:0 -->2
167:1-->0

Node 35 :
All trees:

Char
Char
Some
Char
Char
Char
Char
Char

.51:0->1
.106:2-->1
trees:
.23:0->1
.54:0->1
.61:1->2
.104:12-->0
.138:0-->1

Node 36 :
All trees:

Char
Char
Char
Char
Char
Char

.24:2-->3
.32:0->1
.43:12-->0
.97:0->1
.98:0-->2
.100: 01 -->2

Node 37 :
All trees:

Char
Char
Char
Char
Char
Char
Some
Char
Char

.25:2->1
.28:1->0
.40:0->1
.91:1->0
.101:1-->0
.109:1-->0
trees:
.38:1->0
.111:0-->3

Node 38 :
All trees:

Char
Char
Char
Char
Char
Char
Some
Char
Char
Char
Char
Char
Char
Char

.7:01-->2
.12:0->1
.16:0->1
.20:0->1
.40:0-->2
.89:2->1
trees:
.0:0->1
.3:0->1
.15:01-->0
.82:2->1
.102:1-->2
.135:0-->1
.144:0-->1

Node 39 :
All trees:
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Char.3:1-->2
Char. 6:01 -->2

Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.

10:
24.
32:
34.
35:
46:
50:
85:
88:
92:
93:

012 -->3
2->3
0->1
1->2
1->0
1->0
0->2
0->1
1-->3
1-->0
2->3

106: 2 --> 3
111:01-->3
134:2 -->3
139:0-->1



3.2 Implied weighting (standard) analysis

Cladogram 10
1 trees retained.
—— Eutheria
— Todralestes
F— — Zhelestidae
|: Protungulatum
Arctocyonidae
—— Hyopsodus
—— Potamogale
|: Ptolemaia
Orycteropus
—— Ocepeia
—— Phenacodonta
I_ Teilhardimys
Macroscelidea
I_ Perisssodactyla
Radinskya
—— Hyracoidea
—— Anthracobunia
—— Eritherium
|: Phosphatherium
Numidotherium
—— Desmostylia
— Sirenia
—— Minchenella

|: Phenacolophus
Embrithopoda

Tree length: 671. Retention index: 53.8; Consistelmmex: 36.5
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3.3 Unweighted and partitioned analysis: Dental anagnandibular characters

Cladogram 11

1 trees retained.
—— Eutheria
—— Todralestes
F—— — Ptolemaia

E Ocepeia

Potamogale

—— Zhelestidae
—— Arctocyonidae
—— Protungulatum
—— Hyopsodus
—— Phenacodonta

|: Teilhardimys
Macroscelidea
[:: Perisssodactyla
Radinskya
—— Hyracoidea

— Eritherium
—— Orycteropus

[:: Phosphatherium
Numidotherium
—— Anthracobunia

r—— Desmostylia
Sirenia
—— Minchenella

I: Phenacolophus
Embrithopoda

Tree length: 474. Retention index: 58.1; Consistelmdex: 36.1
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640 trees retained.
—— Eutheria

40

Cladogram 12

Zhelestidae
Protungulatum
Arctocyonidae
Ocepeia
Teilhardimys
Phenacodonta

Perisssodactyla

Radinskya
Hyopsodus
Todralestes
Ptolemaia
Potamogale
Orycteropus
Macroscelidea
Hyracoidea
Anthracobunia
Desmostylia
Sirenia
Phenacolophus
Minchenella
Embrithopoda
Eritherium
Phosphatherium
Numidotherium

Strict consensus of 640 trees

3.4 Unweighted and partitioned analysis: Skull chaacters

(Tree length
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4. Constrained analysis on matrix with ordered characérs
Characters related to the selenodont pattern aéruplars (ectoloph dilambdodont,

characters 98, 99, 101) are overweighted (weid@)tir order to test relationships of
Ocepeia with Paenungulata, and resulting topology andattars transformations.

Character weights (Nunbering N 1)

+0 +1 +2 +3 +4 +5 +6 +7 +8 +9
0 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1
20 1 1 1 1 1 1 1 1 1 1
30 1 1 1 1 1 1 1 1 1 1
40 1 1 1 1 1 1 1 1 1 1
50 1 1 1 1 1 1 1 1 1 1
60 1 1 1 1 1 1 1 1 1 1
70 1 1 1 1 1 1 1 1 1 1
80 1 1 1 1 1 1 1 1 1 1
90 1 1 1 1 1 1 1 8 8 1
100 8 1 1 1 1 1 1 1 1 1
110 1 1 1 1 1 1 1 1 1 1
120 1 1 1 1 1 1 1 1 1 1
130 1 1 1 1 1 1 1 1 1 1
140 1 1 1 1 1 1 1 1 1 1
150 1 1 1 1 1 1 1 1 1 1
160 1 1 1 1 1 1 1 1 1 1
170 1 1 1 1 1

41



Cladogram 13

2 trees retained. Strict consensus of 2 treesx@ excluded)

—— Eutheria

F__

—

— Todralestes
Ptolemaia
Potamogale
Zhelestidae
Protungulatum
Arctocyonidae
—— Hyopsodus

—— Phenacodont
—— Macrosce
—— Teilh

L

-33

a
lidea
ardimys

Perisssodactyla

Radinskya

Minchenella
_|: Phenacolophus
Embrithopoda

—— Hyracoidea

30——— Ocepeia
P

Orycteropus
Anthracobunia
Desmostylia
—— Sirenia
Numidotherium

Eritherium
gl

Phosphatherium

T
42

-4 6

Tree length: 762. Retention index: 53.2; Consistelmmex: 37,5

Bremer supports (from 100 trees, cut 0)

Eutheria
Todralestes
Ptolemaia
Potamogale
Zhelestidae
Protungulatum
Arctocyonidae
Hyopsodus
Phenacodonta
Macroscelidea
Teilhardimys
Perlsssodactyla
Radinskya
—— Minchenella
Phenacolophus
11:: Embrithopoda
—5«|: —— Hyracoidea
54 Ocepeia
—5J: Orycteropus
—— Anthracobunia
Desmostylia
—5~|: —— Sirenia
4 Numidotherium

42

Eritherium
Phosphatherium

—10?~|:10J:



Diagnose of nodes of cladogram 13 : Synapomorphies

I mportant note: For correspondence with character descriptiont (Baand character
summary list (Part 11l), number n of charactgnsuld beread as n+1 because TNT starts
numbering characters from 0.

Eutheria :
All trees:

No autapomorphies:

Zhelestidae :

All trees:
Char.10:1-->0
Char.47:0-->1
Char.50:0-->1
Char.68:0-->1

Some trees:
Char.11:1-->0
Char.21: 0-->1
Char.76:1-->0
Char.82:0-->1
Char.83:0-->1
Char. 163:1-->0

Protungulatum :

All trees:
Char.27:0-->1
Char.61:1-->2
Char. 143: 0 --> 2

Some trees:
Char.35:0-->1
Char.92:0-->1

Arctocyonidae :
All trees:
Char.30: 0-->1
Some trees:
Char. 131: 0-->1
Char. 136:1-->0
Char. 155:0-->1

Ocepeia :

All trees:
Char.7:1-->0
Char.47:0-->1
Char.48:1-->0
Char.50:0-->2
Char.52:0-->2
Char.58:2-->1
Char.69:1-->0
Char. 116:1-->0
Char. 117: 0 -->2
Char. 121: 0-->1
Char. 140: 0 --> 1
Char. 147: 0 -->1
Char. 161:0-->1
Char. 162: 0 -->1
Char. 167:2-->0
Char. 168: 0 -->1

Teilhardimys :

All trees:
Char.16:0-->1
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Char. 20:0-->1
Char.21:1-->0
Char.22:1-->0
Char. 25:1-->2
Char.28:0-->1
Char.30:0->1
Char.53:2-->3
Char.74:0-->1
Char. 75:0-->2
Char. 112:1-->0
Some trees:
Char.31:2-->0

Phenacodonta :

All trees:
Char.10:1-->0
Char.37:0-->1
Char. 78:1-->2
Char.83:1-->2
Char.97:0-->1
Char.98:0-->1
Char. 100: 0 --> 1
Char. 110: 1 -->0
Char.131: 0-->1

Perisssodactyla :

All trees:
Char.83:1-->2
Char.91:1-->0
Char.104:1-->0
Char. 155:0-->1

Radinskya :
All trees:
Char. 104:1-->3
Char. 112:1-->2
Char. 124:1-->0

Hyopsodus :

All trees:
Char.5:0-->1
Char.7:0-->1
Char.10:1-->2
Char.12:0-->1
Char.28:0-->1
Char.65:0-->1
Char.69:0-->1
Char. 132:1-->0
Char. 146: 0 -->1
Char. 150: 0 ->1
Char. 151:0-->1
Char. 158:0-->1
Char. 162: 0 -->1

Todralestes :
All trees:
Char.9:0->1

Char.
Char.
Char.

18:
52:
96:

Ptolemaia :
All trees:

Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.

18:
26:
38:
48:
49:
80:
82:
83:
91:
93:
101
110
111
115

0->1
1-->2
0->1

0->1
0->2
1->2
0->1
0->2
0->1
0->1
0->1
0->1
2-->3
0->1
1-->2
1-->2
0-->2

Potamogale :
All trees:
Char.7:0-->1

Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.

16:
38:
45:
46:
50:
53:
64:
65:
69:
92:
93:
99:

103:
133:
134:
135:
138:
146:
147:
159:

0-->1
1->0
1-->2
1-->2
0-->2
2-->3
0->1
1->2
0-->1
0-->1
2-->0
0-->1
0->1
1-->3
1-->0
0->2
0-->2
0-->1
0-->1
0-->1

Orycteropus :
All trees:
Char.6:1-->2
Char.7:1-->3
Char.9:01-->2

Char.
Char.
Char.
Char.
Char.
Char.
Char.

26:
49:
51:
59:
69:
76:
81:

0-->2
0-->2
1->0
1-->0
1->2
1->2
1-->0

Char. 115:0-->2
Char. 118:0-->1
Char. 120: 0 ->1
Char. 122:1-->4
Char.123:0-->1
Char. 133:2-->0
Char. 134:1-->0
Char. 137:1-->2
Char. 146:0-->1
Char. 150: 0 ->1
Char. 158:0-->1
Char. 160:1-->0
Char. 166: 0 --> 2
Char. 170: 12 -->0
Char. 171: 0-->1

Macroscelidea :

All trees:
Char.7:0-->1
Char.17:0-->1
Char. 31: 02 -->1
Char.50:0-->1
Char.65:0-->2
Char.70:1-->0
Char.79:0-->1
Char.134:1-->0
Char. 146:0-->1
Char. 148:0-->1
Char. 150: 0 -->1
Char. 168: 0-->1

Some trees:
Char.35:1-->0

Hyracoidea :

All trees:
Char.8:1-->0
Char. 25:1-->2
Char.28:0-->1
Char. 40:1-->0
Char.53:2->1
Char. 104:1-->2
Char. 112:1-->2
Char. 125:1-->0
Char.132:1-->0
Char.134:1-->2
Char. 145:0-->1
Char. 148: 0 --> 2
Char. 151:1-->0
Char. 155:0-->1
Char. 159:0-->1

Anthracobunia :

All trees:
Char.30:0-->1
Char.43:1-->2
Char.79:0->1
Char. 104:1-->3



Char.31:0->1 Char. 71: 0->1 All trees:
Desmostylia : Char.42:1-->2 Char.73:0-->1 Char.18:0-->1
All trees: Char. 43:1-->2 Char.124:1-->0 Char.89:0-->1
Char. 47:01 -->2 Char. 46: 01 -->2 Char.129:1-->0 Char. 104:0-->1
Char.53:2->1 Char. 48:2-->1 Char. 154:1-->0 Char. 116:0-->1
Char.58:2-->1 Char.50: 2 -->0 Char. 157:1-->0 Char. 137:1-->0
Char.78:1-->0 Char.78:1-->0 Char. 140: 1 -->0
Char.82:1-->0 Char.82:1-->0 Node 30 :
Char.83:1-->0 Char.83:1-->0 All trees: Node 37 :
Char. 122:1-->2 Char. 111:3-->1 Char.21:1-->0 All trees:
Char. 157:1-->2 Char. 134:3 -->2 Char.23:1-->0 Char.48:0-->1
Char.139:1-->0 Char.37:0-->1 Char. 77:0-->1
Sirenia : Char.39:3-->0 Char.78:0-->1
All trees: Phosphatherium : Char. 41:3-->2 Char.80:0-->1
Char.8:1-->0 All trees: Char. 136:1-->0 Char. 82: 01 -->2
Char.12:1-->2 No autapomorphies: Char. 137:0-->1 Char. 107:0-->1
Char. 43:1-->2 Char. 112: 0 -->1
Char. 65:0-->2 Numidotherium : Node 31 : Char. 121:0-->2
Char.70:1-->0 All trees: All trees: Char.124:0-->1
Char.74:0-->2 Char.7:2-->3 Char.93:2->1 Some trees:
Char.76:1-->0 Char.9:0-->2 Char.97:0-->1 Char.58:1-->2
Char. 77: 12 -->0 Char.43:1-->0 Char.98: 0 --> 2 Char.83:0->1
Char.81:1-->0 Char.52: 0-->3 Char. 100: 0 --> 2 Char.92:0->1
Char. 127: 0 --> 2 Char.68:0-->2
Char. 138:1 -->2 Char.71:0-->1 Node 32 : Node 38 :
Char. 159: 0 --> 1 Char.74:0-->1 All trees: All trees:
Char. 166: 0 --> 2 Char. 75:0-->1 Char.7:0->1 Char.39:0-->1
Char. 170:12-->0 Char. 112:1-->2 Char.40:0-->1 Char.59:0-->1
Char.174:2-->0 Char.114:1-->2 Char.90:1-->0 Char. 96:0-->2
Char. 117:0-->1 Char.91:1-->0 Some trees:
Phenacolophus : Char. 120:0-->1 Char.21:0-->1
All trees: Char. 135:1-->2 Node 33 : Char.31:1->2
Char.11:0-->1 Char. 148:0-->1 Paenungulata Char.101:0-->1
Char.15:1-->0 Char. 150: 0 -->1 All trees:
Char.18:1-->0 Char. 157:1-->2 Char. 27:0-->1 Node 39 :
Char.29:1-->0 Char. 162: 0 -->1 Char.36:1-->0 All trees:
Char.35:1-->0 Char. 171: 0 -->1 Char.39:2-->3 Char.88:1-->2
Char. 47:0--> 12 Char. 41:2-->3 Char. 108:0-->1
Char. 74: 0-->2 Node 26 : Char.60: 0->1 Char. 116:1-->0
Char. 77:2-->0 All trees: Char. 125: 0 -->1 Char. 132:1-->0
Char.90:0-->1 Char.40:0->1 Char. 151: 0 -->1 Char. 136:1-->0
Char. 104:1-->0 Char.52:1-->0 Char. 160: 0 --> 1 Char.159: 0-->1
Char. 110:1-->0 Char.58:0-->1 Char. 170: 12 -->0
Char.61:0-->1 Node 34 :
Minchenella : Some trees: All trees: Node 40 :
All trees: Char.44:0-->1 Char.10:1-->0 All trees:
Char.16: 0-->1 Char.15:0->1 Char.10:1-->3
Char.17:0-->1 Node 27 : Char.23:0->1 Char.59:0->1
Char. 43: 01 --> 2 All trees: Char.24:1-->2 Char.65:0->1
Char. 45:0-->2 Char.24:0->1 Char.34:0->1 Char.71: 0->1
Char.104:1-->0 Char. 110: 0 -->1 Char.39:1-->2 Char. 77:0--> 2
Char. 111: 0-->1 Char.41:1-->2 Char. 104: 01 --> 2
Embrithopoda : Char. 48:1-->2 Char. 123:0-->1
All trees: Node 28 : Char.51:0-->1
Char.3:0->1 All trees: Char.89:1-->2 Node 41 :
Char.17:0-->1 No synapomorphies Char. 113:0-->1 All trees:
Char.26:0-->1 Char. 25:1->2
Char.31:2-->1 Node 29 : Node 35 : Char.28:0->1
Char.34:1-->2 All trees: All trees: Char. 106: 2 --=>1
Char.50:0-->2 Char.6:0-->1 Char.25:0-->1 Char.109:0-->1
Char.93:1-->0 Char.10: 0-->3 Char.29:0-->1
Char. 100: 2 -->3 Char.12:0-->3 Char.33:0->1 Node 42 :
Char. 104: 1 -->2 Char.15:1-->0 Char.40:1-->0 All trees:
Char. 134:1-->2 Char.16:0-->1 Char. 77: 1 -->2 Char.0:0-->1
Char.44:1-->0 Char. 105: 0 -->1 Char.10:0-->1
Eritherium : Char.48:2->1 Char.15:1->0
All trees: Char.60:1-->0 Node 36 : Char.31:2-->0
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Char.99:0-->1 Node 44 : Char.97: 0->1 Char.30:0->1

Char.102:1-->2 All trees: Char.98:0-->1 Char. 40:0-->2
Char.0:0-->1 Char.99:1-->0 Char. 62:0-->2
Node 43 : Char.24:2-->3 Char. 138:1-->0 Char. 104: 01 -->2
All trees: Char.32:0-->1 Char. 118:0-->2
Char.12: 0-->1 Node 46 : Char. 135:0-->1
Char.44:1-->0 Node 45 : All trees: Char. 143: 0 --> 2
Char.50: 0-->2 All trees: Char.3:0-->12 Char. 152: 0 -->1
Char.69:0-->1 Char.37:0->1 Char. 6: 0 -->12 Char. 161: 0 -->1
Char.89:2-->1 Char. 38:1-->2 Char.7:01-->2 Char. 167:1-->0
Char. 137:0-->1 Char.42:0-->1 Char. 10: 1 -->23 Char. 169:1-->0
Char.139:0-->1 Char.51:1-->0 Char.20:0-->1
Char.54:1-->0 Char.23:1-->0
Part IV.
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