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A phylogenetic analysis of the Oligocene and some Neogene European arctoid
carnivorans of the order-group taxon Mustelida is performed, based on characters of
the skull and dentition. The following clasgification of the revised genera is proposed:
Simocyon (Ailurus, Amphictis, Bavarictis, Potamotherium (Pseudobassaris (Angustictis
gen. n., Broiliana)) (Mustelictis ((Franconictis gen. n., Stromeriella) (Bathygale gen.
n. (Plesictis (Paragale, Plesiogale})))))). Potamotherium is allied to phocids within the
monophyletic Pinnipedia. Pseudobassaris, Angustictis gen. n., and Broiliena are con-
sidered procyonids. Mustelictis, Franconictis gen. n., Stromeriella, Bathygale gen. n.,
Plesictis, and the mustelines Paragale and Plesiogale are placed in the Mustelidae.
Parailures is included in Ailurus, and Ichneugale (= Viretius, = Alopecocyon) is syno-
nymized with Amphictis. Phylogenetic definitions and diagnoses are provided for the
suprageneric taga: Carnivora, Caniformia, Arctoidea, Arctomorpha (new), Mustelida,
Pinnipedia, Procyonidae, Mustelidae, and Mustelinae.
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Introduection

Early mustelidan carniverans are apparently best documented from the Euro-
pean Tertiary. Especially the Oligocene and Early Miocene formations of France
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and southern Germany, constituting a favoured field of research for many of our
scientific predecessors, have yielded abundant material of primitive mustelidans.
Studies of the European Mustelida have been carried out for more than 150 years,
resulting in an impressive accumulation of bibliographic references. At present,
however, it is often difficult to avoid misunderstanding when employing vague
diagnoses of mustelidan taxa created during the epoch of the pioneers. Cladistics
is now generally accepted as the philosophy and methodology of choice in phylo-
genetic inference and taxonomy. It is thus no longer possible to follow phylogenetic
reconstructions and classifications proposed in the past as using overall similarity
instead of special similarity, paraphyletic as opposed to monophyletic taxa, and
taxonomic congruence rather than character congruence.

The first cladogram of the Carnivora, involving the major groups of mustelidans,
was proposed by Tedford (1976). Although his hypothesis had been put forward in
conflict with the premises of cladistic methodology (Wiig 1983), it was accepted at
that time and played an important part, stimulating many systematists to further
efforts to reconstruct the phylogeny of carnivorans, particularly pinnipeds.

Schmidt-Kittler (1981) presented a second attempt at distinguishing the major
clades of mustelidan carnivorans. Through an analysis of primitive and derived fea-
tures of the basicranium and dentition, he proposed a testable hypothesis of the
phylogenetic relationships for non-marine mustelidans. His comparative analysis of
the auditory region in many fossil and extant arctoids documented the phylogenetic
significance of morphological transformations in this part of the eranium. Schmidt-
-Kittler's phylogeny of the Mustelida, based primarily on his pioneering interpreta-
tion of the transformation of the suprameatal fossa, represents an important step in
the advancement of our understanding of the evolutionary history of this group. His
study revealed a lack of knowledge of interrelationships among early mustelidans
and the need for a taxonomic revision of these forms.

In the meantime, a number of alternative cladograms of the Mustelida have
been proposed {Ginsburg 1982, Cirot 1988, 1992, Fiynn et al. 1988, Baskin 1989,
Wozencraft 1989, Wyss and Flynn 1993). However, though much has recently been
written on phylogenetic relationships of mustelidan carnivorans, the critical Oli-
gocene and Early Miocene forms have remained largely ignored.

This paper presents the results of a phylogenetic analysis of eraniodental
characters of the early European mustelidans and their taxonomic revision at a
generic level, providing a new approach to mustelidan phylogeny and classification.
To avoid terminological ambiguity, I use names “mustelidan” and “ursidan” for
members of the Mustelida and the Ursida, respectively, employing “mustelid” and
“ursid”, as usually applied, to representatives of the families Mustelidae and
Ursidae.

Chronostratigraphic units as used in this paper correspond to the following Euro-
pean land mammal ages and Mammal Paleogene (MP) and Neogene (MN) zones
(Schmidt-Kittler ez al. 1987, Mein 1990): Early Oligocene, Rupelian, MP 21-24;
Late Oligocene, Chattian, MP 25-30; Early Miocene, Agenian plus Orleanian,
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MN 1-5; Middle Miocene, Astaracian, MN 6-8; Late Miocene, Vallesian plus
Turolian, MN 9-13; Early Pliocene, Ruscinian, MN 14-15; Late Pliocene, Villanyian,

MN 16-17. For correlations of the European and North American land mammal ages
see Lindsay and Tedford (1990).

Material

Abbreviations for collections

AMNH  American Museum of Natural History, New York, U.S.A.

BSP Bayerische Staatssammlung fir Paldontologie und Historische Geologie, Munich, Germany
FSL Département des Sciences de la Terre, Université Claude Bernard, Lyon, France

FSM Laboratoire de Géologie, Université de Provence, Marseille, France

IGM Institut fiir Geowissenschaften, Johannes Gutenberg-Universitit Mainz, Germany

ISE Laboratoire d'Evolution des Vertdbrés, Université des Sciences et Techniques du Languedoc,

Montpellier, France

ISEZ Instytut Systematyki i Ewolucji Zwierzat, Polska Akademia Nauk, Cracow, Poland

MGHN  Musée Guimet d’Histoire Naturelle, Lyon, France

MGL Musée Géologique Cantonal, Lausanne, Switzerland

MHNM  Musée d'Histoire Naturelle, Montauban, France

MHNT  Muséum d’Histoire Naturelle, Toulouse, France

MNHN  Institut de Paléontologie, Muséum National d'Histoire Naturelle, Paris, France

MNHU  Museum fiir Naturkunde, Humboldt-Universitdt, Berlin, Germany

NHM Natural History Museum, Londen, United Kingdom

NMB Naturhistorisches Museum Basel, Switzeriand

PDV Private collection of D, Vidalenc, Saint Gaudens, France

PVPH Laboratoire de Paléontologie des Vertébrés et Paléontologie Humaine, Université Pierre et
Marie Curie, Paris, France

SMF Forschungsinstitut und Naturmuseum Senckenberg, Frankfurt am Main, Germany
SMN Staatliches Museum fiir Naturkunde, Stuttgart, Germany

UK Geologicky a Paleontologicky Ustav, Universita Karlova, Prague, Czech Republic
YPM Yale Peabody Museum, Princeton University Collection, New Haven, U.S.A.

ZM Zoologisk Museum, Copenhagen, Denmark

Z5M Zoologische Staatssammlung, Munich, Germany

Specimens examined

Materials of the following genera of the Mustelida formed the focus of the study:

Simocyonn Wagner, 1858 (Late Miocene and Early Pliocene, Eurasia; Early Pliccene, North
America) — Skulls pius mandibles: BSP AS II 52, NHM M9032a—h. Facial-palatal portion of skull:
BSP AS 11 51. Mandibles: BSP AS IT 53, NHM M412 [cast].

Ailurus Cuvier, 1825 (Pliocene, Europe and North America; Pliocene to Recent, Asia} - Skulls plus
mandibles: NHM 75.2338;, NMB 10094; SMF 12743, 39290; ZSM 1953/98. Mandible: SMF Wa301.
Teeth: SMF W5142, Wold44, Wil48, Wo219, W6239/1-6, UK OF65371, OF65372.

Amphictis Pomel, 1853 (Late Oligocene to Middle Miocene, Europe) — Skull: ISEZ MF2130/93.
Cranium: BSP 1952 11 4769. Facial-palatal portion of skull: BSP 1952 II 21. Maxillae: BSP 1937 II
13357, 13371, 13392, 13393, 13399, 13402, 13545, FSL 97711, 212860 [cast], 213850 [cast]; MHNM
Qu2; NMB GA5729 [east]. Mandibles: BSP 1879 XV 74 lonly mandible, not M!']; BSP 1881 IX 15a, 571;
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BSP 1937 II 13124-13132, 13134-13139, 13141-13145, 13147-13149, 13213-13215, 13221, 13222,
13227, 13228, 13243, 13248, 13250, 13257, 13419, 13516, 13607, 13608, 13895, 14883; FSL 4294 Jold
no.], 213846, 213848, 213849, FSM PQ283; ISE UM1841-1843; MGIHN StG768, StG779-782, StG783
lcast]; MENM MTB13, Qul; MHNT GER259; MNHN Qu9238, Qu9240, Qu9242-9246, SG12307; NHEM
31057, 31058, M1651, M1656, M2381, M9632;, NMB GA5729 [cast], LM554, SG15495, SG19457. Teeth:
BSP 1881 1X 28 [only Ml, not M2], 572; BSP 1937 I1 13708, 13710, 13711, 13723, 13726, 14484, 14488,
14523, 14528, 14531, 14735-14738, 14866, 14867, 14876, 14878-14882, 14927, 14946-14948, 14950,
14953, 14954, 14982, 14983, 14987, BSP 1947 III 4; BSP 1976 XXII 3423-3426, 3463, 3667; FSL
213048; ISEZ MF2129/93; NMB Cod5-7, LCh242, Pa1061; PDV Dp245, Dp247, Dp256, Mb43.

Bauarictis Midden, 1991 (Late Oligocene, Europe} - Skull: BSP 1952 II 5. Facial-palatal portion
of skull plus mandible: BSP 1952 II 8. Facial-palatal portions of skull: BSP 1952 II 6, 7. Maxilla: BSP
1952 II 10. Mandibles: BSP 1952 II 3336 [only dentary with Py, P4, and M1; not P3l, NHM M9637.
Teeth: BSP 1952 II 11, 12, 47704772

Potamotherium Geoffroy Saint-Hilaire, 1833 (Late Oligocene to Late Miocene, Europe) — Skulls:
BSP 1885 I 13, NMB Ph3653. Cranium: NMB MA905. Auditory portions of cranium: NMB MA1203,
SG7539, 8G18512, 5G18513, 8G20935. Facial-palatal portion of skull: NMB 8G14041. Maxillae: NMB
5G6922, 5G11021. Mandibles: BSP 1885 I 501, 1964 I 225, 1967 I 224 [cast], 1972 [ 12 [cast]; NMB
MAT703, MA915, 5G227, SG3784, SG6941, SG10750, SG12302, SG12304, 3G17382, SG17900. Teeth:
NMB MA2972, MA2974-2976. Endocranial cast: BSP 1971 | 147.

Pseudobassaris Pohle, 1917 {Late Oligocene, Europe) — Skull plus mandible: ZM 144. Skull: YPM
11455 [cast]. Maxillae: MHNT PHQ340; MNHN Qu8978;, NHM M2361A, M2361C. Mandibles: BSP
1878 XV 713, 716, 718, MHNM Qu4-6; MNHN Qu9130, Qu9133, Qu9135, NMB QuB450, QuC66,

Angustictis gen. n. (Early Miocene, Europe) — Facial-palatal portion of skull plus mandible: BSP
1837 1I 13281. Maxillae: BSP 1937 II 13556, 13576. Mandibles: BSP 1937 II 13260-13263, 13265,
13266, 13268-13272, 13274, 13276, 13278-13280, 1350513511, 13513, 13626-13649, 13889, 13891-
13893, BSP 1976 XXII 3416, 3417. Teeth: BSP 1937 II 13699-13705, 1488414892, 14894-14903,
14905-14918, 14936, 14938; BSP 1976 XXII 3418, 3419, 3651-3653.

Broilianag Dehm, 1950 (Early Miocene, Europe) — Skulls: BSP 1937 I 13524, 13525. Crania; BSP
1937 1I 13526-13532, 13537. Auditory portions of cranjum: BSP 1937 II 13602-13604. Facial-palatal
portion of skull plus mandible: BSP 1937 II 13555. Facial-palatal portion of skull: BSP 1937 [1 13558,
Maxillae: BSP 1937 II 13360-13367, 13548, 13550-13553, 13593-13595;, BSP 1976 XXII 3475.
Mandibles: BSP 1937 II 13151-13155, 13157, 13158, 13160-13166, 13169, 13172, 13173, 13178,
13178, 13181, 13182, 1318413187, 13193, 13194, 13198-13200, 13202, 13203, 13205, 13207-13209,
13343, 13596, 13598, Teeth: BSP 1937 Il 13009 [only Mz, not dentary with P3-M;], 13159, 13157,
13168, 13177, 13179, 13180, 13183, 13188, 13185-13197, 13206, 13442, 13443, 13580, 13667-13678,
13681-13685, 14333-14371, 14373-14392, 14493, 14495, 14499, 14500, 14516-14522, 1452414528,
14530, 14532-14549, 14551-14616, 14618-14642, 14647, 14667-14670, 14672-14676, 14678, 14680,
14682--14689, 14691, 14693, 14893, BSP 1976 XXII 3433-3446, 34503462, 3464, 3466-3468, 3476,
3477. Endocranial cast: BSP 1971 I 149,

Mustelictis Lange, 1969 (Early Oligocene, Europe} — Skulls: NHM M7490, PVPH unnumbered
(holotype of Mustelictis piveteaui]. Mandibles: FSM PQ294; MHNM Qu3; MHNT PHQ189, PHQ348,
MNHN Qu9121; NHM M1372; NMB QuB299, QuC77, QuC378; ZM 96,

Frarnconictis gen. n. (Early Miocene, Europe) — Crania: BSP 1937 1T 13536, 13571, 13572. Auditory
portion of cranium: BSP 1937 II 13605. Maxillae: BSP 1937 II 13379-13388, 13390, 13391, 13401,
13549. Mandibles: BSP 1837 II 13140, 13210-13212, 13216-13220, 13224-13226, 13229-13242,
13244-13247, 13249, 13251-13256, 13894; BSP 1976 XXII 3420, 3421. Teeth: BSP 1937 II 13389,
13691-13695, 13712-13714, 14864, 14865, 14868-14875, 14919-14926, 14928-14935, 14937, 14939—
14944, 14979-14981, 14984-14986; BSP 1976 XXII 3427. Endocranial cast: BSP 1871 I 151.

Stromeriella Dehm, 1950 (Early Miocene, Europe) -~ Skulls: BSP 1937 II 13533, 13557. Crania:
BSP 1937 II 13534, 13535, 13561. Auditory portion of cranium: BSP 1937 II 19604, Facial-palatal
portion of skull: BSP 1937 II 13540. Maxillae: BSP 1937 II 13344-13355, 13358, 13359, 13541-13544,
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13680, 14207, 14208; BSP 1976 ¥XII 3514. Mandibles: BSP 1937 11 13009 [only dentary with Ps-M,,
not Ma], 10356, 13001-13008, 13010, 13011, 13013-13017, 13019-13035, 13037-13069, 13071-13074,
13133, 13156, 13609, 13612, 13613, 13616, 13621, 14237; FSM 750, 787, 788, LgM13, LgMl4,
LgM14a. Teeth: BSP 1937 1I 13305, 13679, 1368613688, 1410814138, 14175-14193, 14195--14206,
14225-14236, 14238-14297, 14701, 14877; BSP 1976 XXII 3479-3484, 3486-3496, 3507-3513.
Endocranial cast: BSP 1971 I 150.

Bathygale gen. n. (Early Miocene, Europe) — Skulls: MNHN 8(G3215-3218, NHM 31022. Crania:
MNHN SG3195, MNHU MBMa29336. Maadibles: FSL 97710, 213854; MGHN StG772; MHNT
GER260; MNHN SG3220, SG3222, 3G3223, SG3227, SG3229, 5(:3233, SG3240--3242, 8G3245; NHM
M7646; NMB MAS802, SG10732.

Plesictis Pomel, 1846 (Late Oligocene to Early Miocene, Europe) - Skulls plus mandibles: AMNH
11001, NMB Chr2573. Skulls: FSL 97448, MGL 42043, MNHN LIM343, NMB Chr1168. Crania: NMB
Bst3853, Cod2181. Maxillae: NMB Pal0O44, Pal045. Mandibles: FSL 7224 [old no.], 97708, 97709,
FSM LgM15, LgM16; MNHN JC9, Qu9124, SG3240, 3G12306; NMB Bst199, Pal057-1060, QuB325,
Saul774, 8G15496; PDV Dp244; PVPH Ph302, Ph304, Ph306-309, Ph311; ZM 93. Teeth: FSL
CBré067a—c; NMB Pal046-1049, Pal056, Pal062-1065, Pal068, Pa11878, Pal1884, Pal12120;, PVPH
Ph303.

Paragale Petter, 1967 (Early Miocene, Europe) — Skulls: NMB MA4641, Ph3638. Facial-palatal
portion of skull: MNHN 3214a. Mandibles: MGHN StG769, StG825; MNHN 3214b; NMB MA2824,
SG2098.

Plesiogale Pomel, 1847 (Early Miocene, Europe} — Skull: NMB 8G2894. Mandibles: MNHN
8G3191-3194, SG3203-3206, NMB MA4698, SG2895, SG2896, SG8094.

For purposes of the determination of character polarity, skulls and teeth of other fossil and Recent
carnivorans housed in BSP, FSL, FSM, IGM, ISEZ, MGHN, MHNM, MNHN, MNHU, NHM, NMB,
SMF, SMN, and ZSM were studied.

Character analysis

Although 66 characters of the skull and dentition were originally sampled
among the early mustelidans of Europe, the alternative states could be objectively
defined for only 28 of them (Figs 1 — 6). The distribution of these character states
across the genera analyzed is shown in Table 1.

The character polarity is established based on outgroup comparison (Watrous
and Wheeler 1981, Farris 1982, Maddison et al. 1984), the paleontological method
(Eldredge and Cracraft 1980), and the ontogenetic method (de Queiroz 1985). Bryant
{1991) has recently shown that they are appropriate and equally valid procedures for
determining polarity of character transformations in phylogenetic analyses.

There is general agreement on the bipartite division of the Carrnivora into
feliforms and caniforms, and the latter grouping into canoids (or cynoids) and
arctoids. There is further agreement that arctoids related to ursids constitute the
sister group to those related to mustelids (Tedford 1976, Flynn et al. 1988, Wyss
and Flynn 1993). Accordingly, the following series of cutgroups was used for
polarity determination: (1) Ursida, defined as the most recent common ancestral
species of ursids and Ailuropoda and all of its descendants, plus all arctomorphs
that share an ancestral species with this clade, being not also common te the Mus-
telida; (2) Amphicyonidae, defined as the most recent common ancestral species



Table 1. Distribution of the states of 28 craniodental characters in 15 genera of early European mustelidans. The character states are defined
in Figs 1-6, “a” designates the primitive state for each character; “b”, “c”, “d”, and “e” indicate derived states. In instances in which two different
states of the same character could be scored for a genus, both the states are listed in the matrix according to the assumed sequence in which
they appeared in the genus. Missing data are denoted by “?” (non-preservation) or “-” (non-applicable character).

Characters
Taxa
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Simocyon a a b a ? a a ¢ a a ? bca a a a a b a a b a ¢ a2 a a a a
Ailurus a a b a aba a ¢ a b a ¢ a b b a a b a b bt a a d a a a b
Amphictis a a b a a a a aba b ? aba a a a a b a ac b a a a a a a a
Bavarictis a a a a a a a b a b a b a b a b a b a ac b a a b a a b a
Potamotherium b a b b a b b ¢ b b a b a a a b d abb d b ababb b a b a
Pseudobassaris a a a a b a b a ¢ b a b a b a a a a a ac b a a b a a ab a
Angustictisgen.n. ? ? a ? 7?7 ? ? ? ? ? ? b a b a a a b a ¢ aba a ¢ a a a a
Broiliana a a a b b a b a ¢ b a a a aba a a b a a ab a a ¢ a a a a
Mustelictis a a a a a a a a d b a b a b a a a aba ac b a a ab a a b a
Franconictisgen.n. ? a ? b b a b b d b b ? a b a a a b a ¢ b a a a a a b a
Stromeriella a a a b b a ¢ b d b b b a a a a a b a a b a a a a a a a
Bathygale gen. n. a b b b b a beb d b a b a b a a a b a e b abb b aba b a
Plesictis a b b b baa b b d b a b a b a a b b a de b ab b b ab a b =g
Paragale a a b b b a ¢ ¢ e b ? b b b a b ¢ b - e btb ¢ b b a b a
Plesiogale a a b b b ? ? b e b b bbb b a b c¢c b - e ¢ b d b b b b a

oge
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of amphicyonines and daphoenines and all of its descendants; (3) Canoidea, defined
as the most recent common ancestral species of canids and all of its descendants,
plus all caniforms that share an ancestral species with this clade, being not also
common to the Arctoidea; (4) Feliformia, defined as the most recent common
ancestral species of felids, viverrids, Nandinia, hyaenids, and herpestids, and all
of its descendants, plus all carnivorans that share an ancestral species with this
clade, being not also common to the Caniformia.

The justification for the polarity assigned is provided below. The characters
are arranged according to anatomical region.

1. Form of postorbital region (Fig. 1) — Character state 1b characterizes most
adult pinnipeds and some adult lutrines. Other carnivorans exhibit condition 1a.
Hence state la is considered plesiomorphic for the Mustelida; 1b is derived.

2. Pattern of dorsal cranial crests (Fig. 1) — Configuration 2b is of rare occur-
rence among adult carnivorans. It applies to Bathygale gen. n., Plesictis, leptarctine

N

2a 2b 2b

N L

Fig. 1. Definitions of the states of characters 1 and 2 and the assigned polarity of their transformations
in the early European mustelidans: 1a — pestorbital region not elongated in adults, shorter than its
greatest width, 1b - postorbital region greatly elongated in adults, longer than its greatest width; 2a
— dorsal cranial crests Y-shaped in adults, sagittal crest present, 2b — dorsal cranial crests parallel to
X-shaped in adults, strong parasagittal crests present.
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Fig. 2. Definitions of the states of characters 3-8 and the assigned polarity of their transformations in the early European mustelidans: 3a — posterior
border of palate situated at level of posteriormost upper teeth, 3b — posterior border of palate situated behind posteriormost upper teeth; 4a — alis-
phencid canal present, 4b - alisphencid canal absent; 5a— posterior carotid foramen joined to fossa leading to posterior lacerate foramen, 5b — posterior
carotid foramen separated from fossa leading to posterior lacerate foramen; 6a - posterior lacerate foramen not enlarged, smaller than lateral opening
of external auditory meatus, 6b — posterior lacerate foramen greatly enlarged, greater than lateral opening of external auditory meatus; 7a—smallest
width of auditory bulla between stylomastoid foramen and fossa leading to posterior lacerate foramen smaller than greatest diameter of stylomastoid
foramen, 7b — smallest width of auditory bulla between stylomastoid foramen and fossa leading to posterior lacerate foramen greater than greatest
diameter of stylomastoid foramen, posterior border of caudal entotympanic situated in front of that of fossa leading to posterior lacerate foramen, 7c—
smallest width of auditory bulla between stylomastoid foramen and fossa leading to posterior lacerate foramen greater than greatest diameter of
stylomastoid foramen, posterior border of caudal entotympanic situated behind that of fossa leading to posterior lacerate foramen; 8a - meatal trough
of ossified ectotympanic not differentiated, 8b — meatal trough of ossified ectotympanic short, its smallest mediolateral dimension smaller than one-
-third of bullar width, 8¢ — meatal trough of ossified ectotympanic long, its smallest mediolateral dimension greater than one-third of bullar width.
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mustelids (Qiu and Schmidt-Kittler 1982), and Melogale (= Helictis), being a va-
riable feature in Pliotaxidea (Wagner 1976) and Tuxidea (Heran 1974: fig. 3).
Therefore state 2a is retained in the Mustelida ancestrally; condition 2b represents
the derived configuration. State 2a is hypothesized to be secondarily derived in
the Mustelinae.

3. Posterior extension of palate (Fig. 2) — Character state 3a is assumed to
be ancestral for the Mustelida because it is characteristic of most canoids and
Paleogene ursidans (Amphicynodon, Cirot 1992: pl. VIffig. 3, Parictis, Clark et al.
1967: fig. 10/2; Cephalogale, de Beaumont 1965: fig. 14a), some early pinnipeds
{Kolponomos, Stirton 1960: fig. 3), the earliest known procyonids (Pseudobassaris,
Angustictis gen. n., Broiliana), and primitive mustelids (Mustelictis, Bassariscus,
Stromeriella). Consequently, condition 3b is regarded as the derivative state.

4. Occurrence of alisphenoid canal (Fig. 2) — All canoids, amphicyonids, and
ursidans except Ailuropoda display character state 4a. Thus state 4a occurs in
the Mustelida ancestrally; 4b is derived.

5. Position of posterior carotid foramen (Fig. 2) — Outgroup comparisons with
the Ursida and Amphicyonidae provide evidence that configuration 5a is primitive
within the Mustelida, whereas condition 5b is derived. The appearance of con-
figuration ba in Early Miocene representatives of Plesictis (NMB Chrll68 and
Chr2573) is clearly a secondary development, as evidenced by the presence of state
5b in the Late Oligocene members of this genus.

6. Size of posterior lacerate foramen (Fig. 2) - Among carnivorans, condition
6b is restricted in occurrence to pinnipeds and many lutrines. Hence state 6a is
interpreted as primitive for the Mustelida, and 6b as derived.

7. Posterior extension of caudal entotympanic (Fig. 2) — Both outgroup compari-
sons with the ursidans and amphicyonids and evidence from the ontogeny of many
extant mustelidans (Hunt 1974} demonstrate that a caudal entotympanic that is
unexpanded posteriorad is primitive, whereas an expanded one is derived. Accord-
ingly, configuration 7a is considered the ancestral condition for the Mustelida; 7b
and 7c are derivative states, with 7b being unquestionably intermediate between
7a and Te.

8. Lateral extension of ectotympanic (¥ig. 2) — The ontogeny of the auditory
bulla as observed in living carniverans provides evidence that little or no lateral
prolongation of the ossified ectotympanic component of the external auditory tube
is primitive, and that a long tubular bony meatus is derived (Hunt 1974). Character
state 8a is therefore ancestral for the mustelidans; conditions 8b and 8c, repre-
senting successive stages of the lateral expansion of ectotympanic, constitute
apomorphic arrangements. State 8b plainly represents the intermediate config-
uration between conditions 8a and 8e.

9. Configuration of suprameatal fossa (Fig. 3) — In all arctomorphs excepting
post-Paleogene pinnipeds and advanced mephitines, the laterodorsal wall of the
middle ear cavity is hollowed in the area adjoining the suture between squamosal
and mastoid bones. This hollow was named the suprameatal fossa by Segall (1943:
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Fig. 3. Definitions of the states of characters 9 and 10 and the assigned polarity of their transforma-
tions in the early European mustelidans: $a — anterior and lateral walls of suprameatal fossa neither
excavated into squamosal nor perpendicular to meatal roof, 9b — suprameatal fossa absent, 9¢c — at
least anterior or lateral wall of suprameatal fossa excavated into squamosal or perpendicular to
meatal roof, ventral extension of medial wall of suprameatal fossa subequal to that of lateral wall,
94 — at least anterior or lateral wall of suprameatal fossa excavated into squamosal or perpendicular
to meatal roof, medial wall of suprameatal fossa absent or its ventral extension considerably smaller
than that of lateral wall, suprameatal fossa not closed anteriorly by posterior wall of meatal tube,
9e — lateral part of suprameatal fossa partially closed by posterior wall of meatal tube anteriorly;
10a - epitympanic recess anterior to fossa for incudal processus brevis not floored by squamosal,
10b — lateral part of epitympanic recess anterior to fossa for incudal processus brevis floored by
squamosal.
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39). The presence of the suprameatal fossa is diagnostic of the Arctomorpha.
Qutgroup comparison with the Ursida provides evidence that character state 9a
is retained by the mustelidans ancestrally. Condition 9b, shared by the post-
-Paleogene pinnipeds, is hypothesized to have originated by fusion of the develop-
ing external auditory tube to the roof of the 9a suprameatal fossa. The procyonid
configuration (9c¢) evidently evolved as a result of a deep dorsal expansion of the
roof of an initially shallow 9a suprameatal fossa. The early mustelid arrangement
{9d) developed in consequence of great ventral extension of the lateral wall of the
9a suprameatal fossa, This statement is clearly supported by the transitional
pattern of the suprameatal fossa as seen in Mustelictis. State 9e, exemplified by
Leptarctus (Qiu and Schmidt-Kittler 1982: fig. 3) and early mustelines (Paragale
and Plesiogale, Schmidt-Kittler 1981: figs 10, 11), constitutes the intermediary
stage in evolution of the mustelid suprameatal fossa, in which the fossa is initially
not floored (Mustelictis) or only partially floored laterally by the developing audito-
ry tube (Bassariscus, Schmidt-Kittler 1981: fig. 7; Franconictis gen. n., Strome-
riella, Bathygale gen. n., Plesictis) to be finally closed both ventrally and anteriorly
by the posterior wall of this tube (Melogale and most mustelines, Schmidt-Kittler
1981: figs 12 — 15). Concluding, character state 9a is primitive; 9b, 9¢, and 9d are
independently derived from 9a; 9e is derived from 9d.

10. Lateral extension of epitympanic recess (Fig. 3) — Numerous examples from
both ontogeny and phylogeny of extant and fossil carnivorans document that a
middle ear cavity of small volume, unexpanded into the surrounding basicranium,
is primitive, and that increase in relative volume-of the middle ear cavity, either
by bulla inflation and/or expansion into surrounding basicranial bones, is derived
(Hunt 1974, 1987). Accordingly, condition 10a is assumed to be ancestral for the
Mustelida, whereas state 10b is regarded as derived.

11. Occurrence of postlateral sulcus of brain (Fig. 4) — Examples from both
phylogeny and ontogeny of carnivorans demonstrate that an unexpanded neocortex
exposing a simple fissure pattern is primitive, and that the neocortical expansion
in temporal and occipital areas accompanied by development of additional sulci is
derived (Radinsky 1977). Therefore state 11a is retained in the Mustelida ances-
trally; condition 11b is an evolutionary novelty.

12. Occurrence and form of P! (Fig. 4) - The general trend observed in dental
evolution within the Carnivora is enlargement of the carnassials and simultaneous
reduction of the remaining cheek teeth, including loss of the peripheral ones. Some
of the lineages show a secondary hypertrophy of postcarnassial molars (e.g., post-
-Paleogene ursidans);, however, no carnivoran is known to decument an increased
development of the anteriormost premolars. Accordingly, character state 12a is
considered primitive; 12b and 12¢ are regarded as derivative conditions. State 12b
is unquestionably intermediate between 12a and 12c.

13. Occurrence of P* carnassial notch (Fig. 4) — Character state 13a is charac-
teristic of all carnivorans except for most mustelids that display condition 13b.
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Fig. 4. Definitions of the states of characters 11-13 and the assigned polarity of their transformations
in the early European mustel:dans 11a - postlateral sulcus of brain absent, 11b - postlatera[ suleus
of brain present; 12a — P! two-rooted, 12b — P! single-rooted, 12¢ — P! absent; 13a — P* carnassial
notch present, 13b - P* carnassial notch absent.

Thus state 13a is present in the Mustelida ancestrally; 13b is an evolutionary
innovation.

14. Occurrence and form of P* protocone (Fig. 5) — Outgroup comparisons with
the ursidans and amphicyonids demonstrate that condition 14a is retained by the
mustelidans ancestrally, and also confirms the derivative nature of state 14b.

15. Occurrence and form of P* hypocone (Fig. 5) — Among mustelidans, Ailurus
is umque in having configuration 15b. Procyon approaches this condition, but its
pt hypocone is always smaller than the protocone. In Ailuropoda the hypocone on
P* is even larger than the protocone, but the Paleogene ursidans (Amphicynodon,
Cirot and de Bonis 1992; Parictis, Clark and Guensburg 1972; Nothocyon, Wang
and Tedford 1992; Cephalogale, de Beaumont 1965), amphicyonids, and canoids,
like most mustelidans, possess character state 15a. Thus state 15a occurs in the
mustelidans ancestrally, 15b represents the apomorphous arrangement.

16. Size relation of M® to P* (Fig. 5) — Condition 16a is typical of canoids,
amphicyonids, ursidans, and many early mustelidans (Table 1), which documents
the primitive nature of this configuration and indicates that its alternative (16b)
is an evolutionary novelty among mustelidans.

17. Pattern of M! (Fig. 5) — Many canoids, amphicyonids (Springhorn 1977),
and Paleogene ursidans (Amphicynodon, Cirot and de Bonis 1992; Parictis, Clark
and Guensburg 1972; Cephalogale, de Beaumont 1965), as well as the Oligocene
mustelidans except Plesictis exhibit condition 17a. Within the Mustelida, Plesictis
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Fig. 5. Definitions of the states of characters 1420 and the assigned polarity of their transformations in the early European mustelidans:
14a — P*? protocone not differentiated or crescentic, formed by cingulum entirely, 14b — P* protocone conical, not formed by cingulum entirely;
15a — P* hypocone notably smaller than protocone or not differentiated, 15b — P* hypocone and protocone prominent and subequal in size;
16a — M! larger than or equal in size to P4, 16b — M* smaller than P% 17a — lingual half of M! crown shorter than buceal half, anterior and
posterior borders of lingual half not parallel to each other, 17b — lingual half of M! crown shorter than buecal half, anterior and posterior
borders of lingual half parallel to each other, 17¢ — lingual half of M! crown about equal in length to or longer than buccal half, both halves
separated from each other by anteroposterior constriction, 17d - lingual half of M?! erown subequal in length to buccal half, no anteroposterior
constriction between both halves; 18a — anterior and posterior cingula of M! not continuous around lingual base of protocone, 18b — anterior
and posterior cingula of M! continuous around lingual base of protocone; 19a — buccal border of M? crown situated behind buceal half of M?,
19b — buccal border of M? crown situated behind lingual half of M'; 20a — M? three-rocted and distinctly smaller than P*, 20b — M? three-rooted
and subequal in size to P*, 20c — M? two-rooted, 20d — M? single-rooted, 20e — M? absent.
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is unique in possessmg state 17b that arose from 17a by reduction of the posterior
part of the M! talon and simultaneous enlargement of its antenor part. This trans-
formation is well supported by the transitional pattern of M as observed in the
earliest known representatives of Plesictis (MGL 42043 and MNHN LIM343).
Configuration 17¢ is diagnostic of the Mustelinae. It evidently evo]ved from state
17b as a result of the symmetric expansion of the talon of M accompanied by
reduction of the metacone wing of this tooth. The pattern of M!in Plesiogale, with
the lingual half of the crown being still shorter than the buccal one, is a good
example for a transitional stage between configuration 17b and those shown by
Paragale and other mustelines, in which the lingual half of the M! crown is always
longer than the buccal one. Condition 17d (Potamotherium), though theoretically
derivable from an arrangement equivalent to that of Plesictis, is interpreted here
as having originated from state 17a in consequence of great reduction of the M!

metacone wing. This inference is supported by the lingual position of M2 (19b) in
Potamotherium, suggesting quite another pattern of upper molar reduction in this
genus as compared to that of the non-pinniped mustelidans. Accordingly, state
17a is primitive; 17b and 17d independently arose from 17a; 17b gave rise to 17c.

18. Occurrence of M! lingual cingulum (Fig. 5) — Character state 18a is typ-
ical of the Feliformia, being variably present among canoids and amphicyonids
(Springhorn 1977). It is unknown in ursidans, but oceurs in some mustelidans,
for instance in the earliest known procyonid Pseudobassaris and the earliest known
mustelid Mustelictis. Hence condition 18a is considered plesiomorphie for the
Mustelida; its alternatlve (18b) is derived.

19. Position of M2 {Fig. 5) — Among carnivorans possessing M? , the earliest
pinnipeds are unique in having state 19b {for discussion see Clasmﬁcatmn) Thus
condition 19a is primitive; 19b is derived.

20. Occurrence, size, and form of M2 (Fig. 5) — Within the Mustelida, configura-
tion 20b is exclusive of Ailurus and some procyonids. In most post-Paleogene repre-
sentatives of the Ursida and Amphicyonidae, M? is larger than p* However, the
Paleogene ursidans (Amphicynodon, Cirot and de Bonis 1992; Parictis, Clark and
Guensburg 1972; Nothocyon, Wang and Tedford 1992; Cephalogale, de Beaumont
1965) and amphicyonids (Springhorn 1977), like the canoids, are characterized by
arrangement 20a. This supports the view that configuration 20a is plesiomorphic
for the Mustelida, and that condition 20b arcse from 20a and is therefore apo-
morphic within this taxon. The remalmng states of this character represent suc-
ceeding steps in reduction of M? and, according to this tendency, can be ordered
in linear sequence as follows: 20a — 20c¢ —» 20d —» 20e.

21. Occurrence and form of P1 (Fig. 6) — Character state 21a is primitive; states
21b and 21c are derived; 21b is intermediary between 21a and 21¢. For argumenta-
tion justifying these statements see discussion of character 12.

22. Relation of M1 trigonid to talonid {Fig. 6) — Qutgroup comparisons with the
Ursida, Amphicyonidae, and Canoidea indicate that character state 22a is present
in the Mustelida ancestrally, whereas its alternative (22b) is derived.
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Fig. 6. Definitions of the states of characters 21-28 and the assigned polarity of their transformations in the early European mustelidans:
21a - P31 two-rooted, 21b — Pi single-rooted, 21c — P absent; 22a ~ M; trigonid less than three times as long as talonid, 22b — M1 trigonid
more than three times as long as talonid; 23a — M1 metaconid distinctly higher than paraconid, 23b — M1 metaconid subequal in height to
paraconid, 23c — M; metaconid distinetly lower than paraconid, 23d — M1 metaconid not differentiated; 24a — M1 entoconid and entoconulid
poorly differentiated (ridge-like or cuspule-like), anterior and posterior halves of lingual wall of M1 talonid subequal in height to each other,
24b — M) entoconid and entoconulid poorly differentiated (ridge-like or cuspule-like) or not differentiated, anterior half of lingual wall of M)
talonid distinetly lower than posterior half, 24c — M1 entoconid prominent (cusp-like), M1 entoconulid poorly differentiated (ridge-like or
cuspule-like) or not differentiated, 24d — M| entoconid and entoconulid prominent, cusp-like; 25a — Mz two-rooted, 25b — Mz single-rooted;
26a — M2 metaconid present, 26b — Mz metaconid not differentiated; 27a — talonid basin of Mz distinctly longer than trigonid basin, 27b -
talonid and trigonid basins of Mz subequal in length; 28a — M2 entoconid and entoconulid peoorly differentiated (ridge-like or cuspule-like) or
not differentiated, 28b — M2 entoconid and entoconulid prominent, cusp-like.
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23. Occurrence and size of M1 metaconid (Fig. 6) — The presence of state 23a
in Paleogene amphicyonids (Springhorn 1977) and ursidans (Amphicynodon and
Pachycynodon, Cirot 1992; Parictis, Clark and Guensburg 1972; Cephalogale, de
Beaumont 1965) as well as its widespread distribution among Oligocene musteli-
dans (Table 1) support the conclusion that this state is plesiomorphie for the
Mustelida. Character states 23b, 23¢, and 23d represent consecutive stages in
reduction of the M1 metaconid and are regarded as derivative conditions. State
23¢ is unquestionably intermediate between 23b and 23d.

24. Pattern of M) talonid (Fig. 6) — Most amphicyonids (Springhorn 1977) and
the Paleogene ursidans (Amphicynodon and Pachycynodon, Cirot 1992; Parictis,
Clark and Guensburg 1972; Cephalogale, de Beaumont 1965) display character
state 24a. It is thus hypothesized to constitute the ancestral arrangement for the
Mustelida. Condition 24b is assumed to be derived from 24a by gradual decrease
in height of the anterior part of the lingual wall of M1 talonid. This transformation
seems to be associated with the anteroposterior contraction of the talonid, affecting
all involved forms. State 24c¢ is interpreted to have originated from 24a as a result
of the enlargement of the entoconid. Configuration 24d is derivable both from 24a
by simultaneous increase in size of the entoconid and entoconulid and from 24c¢
by enlargement of the entoconulid. Concluding, state 24a is primitive; 24b and
24c represent independently derived conditions; 24d arose from 24a or 24c.

25. Number of Mz roots (Fig. 6) — Qutgroup comparisons with the Ursida,
Amphicyonidae, and Canoidea provide evidence that state 25a is retained by the
mustelidans ancestrally, whereas 25b is derived.

26. Occurrence of M2 metaconid (Fig. 6) — All ursidans and Oligocene musteli-
dans (Table 1} possess character state 26a. It is therefore considered primitive for
the Mustelida; its alternative (26b) is derived.

27. Relation of Mz trigonid to talonid (Fig. 6) — Character state 27a occurs in
many canoids and amphicyonids as well as in all ursidans. Hence it is assumed
to be present in the Mustelida ancestrally; 27b is thus an apomorphic condition.

28. Occurrence and form of Mg entoconid and entoconulid (Fig. 6) — Configuration
28b is characteristic of Aflurus. Most other mustelidans, the Paleogene ursidans
(Amphicynodon and Pachycynodon, Cirot 1992; Perictis, Clark and Guensburg
1972; Nothocyon, Wang and Tedford 1992; Cephalogale, de Beaumont 1965), the
amphicyonids, and the canoids show character state 28a. Thus state 28a is con-
sidered ancestral for the Mustelida; 28b represents the derived condition.

Phylogenetic reconstruction

Although the use of parsimony as an operational principle in scientific inference
is justified, it is unclear which of various methods based on parsimony is the most
appropriate for producing cladograms. It is often believed that minimum-step
algorithms represent the only parsimonious procedures in cladistic analysis. In
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fact, however, Farris' (1983) definition of parsimony also provides the rationale
for other methods, including character weighting and character compatibility
analysis (Bryant 1989).

In contrast to numerical cladists, I believe that the monophyly of a group
defined by the unanimous possession, among its members, of a single derived
feature that does not also occur within two or more successive outgroups is better
supported than one in which the members are united by a number of features
that also occur in taxa outside of the group. Classifications of numerical cladists,
resulting from minimum-step cladograms in which nodes are diagnosed by numer-
ous unweighted features, are often subject to dramatic changes when a set of
characters analyzed is altered; with regard to this, the most-recent classifications
of the Carnivora (Wozencraft 1989 versus Wyss and Flynn 1993) may serve as a
good example. On the contrary, a classification in which taxa are distinguished
on the basis of single but “strong” derived features seems to be more stable.

For the above reasons, a character weighting procedure has been applied in
the present appreach to phylogeny of the Mustelida. Fig. 7 presents the outcome
of an iterative process of generating, testing, and corroboration of subsequent
hypotheses of the interrelationships among the early European mustelidans in
order to find the topology that best accounts for the distribution of the analyzed
character states among the 15 genera under study and in other known members
of the Mustelida. In cases of conflicts among the 28 characters analyzed, the
subjectively established 38 characters of the skull and dentition were also taken
into account. Although the cladogram of Fig. 7 does not constitute the most parsi-
monious solution based exclusively on the character state matrix of Table 1, it is
believed to approach more reliably the real relationships within the Mustelida.

Classification

The principal objective of this study was to identify monophyletic taxa in the
sense of Hennig (1966); paraphyletic and polyphyletic groups have been rejected.
Apart from diagnoses based on apomorphies, phylogenetic definitions of taxa (de
Queiroz and Gauthier 1990) are also provided. Although I am well aware that the
corresponding supraspecific categories of the Linnaean system of hierarchy are
not equivalent as commonly applied to groups of organisms (e.g., the family of
mustelids versus the family of amphicyonids), I use their names in this classi-
fication because of their widely accepted usage; however, I do not introduce new
names for “missing” categories. I have retained previously named taxa, and have
left most previously unrecognized suprageneric taxa unnamed; the latter are
informally referred to as Clades A, B, C, D, E, and F.

The proposed classification of 15 genera of early European mustelidans, reflect-
ing the topology of the cladogram of Fig. 7 and the pattern of interrelationships
among the outgroups, is presented below.
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Fig. 7. Hypothesis of the phylogenetic relationships among the early European mustelidans based on
an analysis of craniodental characters. Ailurus, Amphictis, Bavarictis, Pinnipedia, Procyonidae, and
Mustelidae are interpreted as originated independently from a common ancestral group within Clade
A because no unique synapomoerphy could be identified to give secure grounds for a hypothesis
concerning interrelationships among these taxa.

The derived character states for the taxa are summarized below. Their definitions are provided in
Figs 1-6. The character states inferred to be uniquely derived within the Arctoiden, and thus believed
to constitute strong support for the suggested relationship, are denoted by exclamation marks. In each
instance of variable occurrence of the alternative states in a terminal taxon, that of them which is
regarded as derived within the taxon is given in parentheses. Asterisks indicate derived states that
are present in the analyzed European genera included in a suprageneric taxon, but that are not
considered synapomorphies for that suprageneric taxon, for example the genus Potamotherium versus
the suprageneric taxon Pinnipedia. Reversals are designated by a negative sign preceding the
character number.

Mustelida: M3 absent!
Simocyon: 3b, 8¢, 12b{c), 18b, 21b, 23c
Clade A: 10b
Ailurus: 3b, 5(b), 8¢, 12¢, 14b, 15b, 18b, 20b, 21b(c), 24d, 28b
Amphictis: 3b, 8(b), 12(b), 18h, 20(c), 21b
Bavarictis: 8b, 12b, 14b, 16b, 18b, 20{c), 21b, 24hb, 27b
Pinnipedia — Potamotherium: 1b*, 3b*, 4b*, 6b, Th, 8c*, 9b*, 12b, 16b*, 17d*, 18(b), 19b!, 20d*,
21b, 22(b), 23(b), 24b*, 25h*, 27b
Procyonidae: 5b, Th, 9c!
Pseudobassaris: 12b, 14b, 20(c), 21b, 24b, 27(b)
Clade B: 4b, 18b*, 24c
Angustictis gen. n.; 12b, 14b, 20¢, 21{b)
Broiliana: 14(b), 21(h)
Mustelidae: 9d!, 12b, 21b
Mustelictis: 14b, 18(b}, 20(c}, 24(b}, 27b
Clade C: 4b, 5b*, Tb, 8b, 18b*
Clade D: 11b
Franconictis gen. n.: 14b, 20c, 27b
Stromerielln: Tc
Clade E: 2b!, 3b, 14b*, 20d, 23b, 24b, 27b
Bathygale gen. n.: 7(c), 20e, 22(b}, 25(b)
Clade F: 17b!
Plesictis: —5{(a), 20(e), 22(b), 25(b)
Mustelinae: —2a, 7c, 9e, 11b, 13b, 16b, 17c¢!, 20e, 22b, 23¢, 25b
Paragale: 8c, 21(c)
Plesiogale: 12(c}, 21c, 23d, 26b
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Order Carnivora Bowdich 1821: 33

Definition — The most recent common ancestral species of feliforms and
caniforms and all of its descendants, plus all carnivorans that share an ancestral
species with this clade, being not also common to the Creodonta.

Diagnosis— Eutherian mammals differing from all other Eutheria in the
following derived features: P* and M modified as the only carnassial teeth in the
permanent dentition; p* protocone situated anterolingual to the paracone.

Suborder Caniformia Kretzoi 1945; 62

Definition - The most recent common ancestral species of canoids and
arctoids and all of its descendants, plus all caniforms that share an ancestral
species with this clade, being not also common to the Feliformia.

Diagnosis- Carnivorans differing from all other Carnivora in the derived
enlargement and ramification of maxilloturbinals excluding nasoturbinals from
the narial cavity.

Infraorder Arctoidea Flower 1869: 15

Definition - The most recent common ancestral species of amphicyonids
and arctomorphs and all of its descendants, plus all arctoids that share an ances-
tral species with this clade, being not also common to the Canoidea.

Diagnosis— Caniforms differing from all other Caniformia in the derived
enlargement of the inferior petrosal sinus and creation of the postscapular fossa.

Arctomorpha, new order-group taxon

{(ranked between infracrder and category of taxon Mustelida)

Definition— The most recent common ancestral species of ursidans and
mustelidans and all of its descendants, plus all arctomorphs that share an ances-
tral species with this clade, being not also common to the Amphicyonidae.

Diagnosis—Arctoids differing from all other Arcfoidea in the derived creation
of the suprameatal fossa. The absence of M? is a supplementary synapomorphy of
the Arctomorpha, evolved in some non-arctomorph arctoids independently.

Discussion-Flynnetal (1988: fig. 4.7) have recently presented three alterna-
tive hypotheses for the relationships of the amphicyonids within the Arcfoidea: A,
(Amphicyonidae, Ursida, Mustelida), B, ((Amphicyonidae, Ursida) Mustelida); and
C, (Amphicyonidae (Ursida, Mustelida)). No synapomorphy supports hypothesis B;
it must be therefore rejected. However, there are two synapomorphies supporting
hypothesis C: presence of the suprameatal fossa and absence of M°. Although the
suprameatal fossa occurs in some feliforms (Herpestides, Hunt 1991), it is absent
in the canoids and amphicyonids (Springhorn 1976, Hunt 1977), which confirms
its derivative nature for the taxon encompassing ursidans and mustelidans. The
amphicyonids retained M? that was subsequently lost in some later genera (Flynn et
al. 1988). On the other hand, no ursidan or mustelidan is known to have M. Thus the
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absence of this tooth may be considered a supplementary synapomorphy of the taxon
Ursida plus Mustelida.

Though I am aware of the inconvenience of introducing a new order-group
name, [ also feel the advantage of taking this action for facility of reference to the
group including the ursidans and mustelidans, especially since its monophyly
seems to be well supported.

Order-group taxon Mustelida Tedford 1976: 372

(ranked between categories of taxon Arctomorpha and Clade A)

Definition—The most recent common ancestral species of Ailurus, pinni-
peds, procyonids, and mustelids and all of its descendants, plus all mustelidans
that share an ancestral species with this clade, being not also common to the Ursida.

Diagnosis— Arctomorphs differing from all other Arctomorpha in the
derived loss of Ms.

Discussion ~ Although it seems to be hardly probable that loss of Ms
has occurred only once during arctomorph eveolution, I follow here the diagnosis
of Musteloidea as proposed by Schmidt-Kittler (1981) because of the absence of
evidence to the contrary. I prefer the order-group name Mustelida to the family-
-group name Musteloidea to preserve the widely used name Pinnipedia, avoiding
an infringement of the generally accepted convention that taxa of the higher
categorical rank are not to be contained within taxa of the lower category.

Genus Simocyon Wagner, 1858

Pseudocyon Wagner 1857; 128 [not Pseudocyon Lartet 1851: 16].

Simocyon Wagner 1858: 366. Renaming of Pseudocyon Wagner, 1857,

Metarctos Gaudry 1860: 927. Type species — Gulo diaphorus Kaup 1832: 150, by monotypy.
Synonymized with Simocyon Wagner, 1858 by Lydekker (1885 145),

Amphalopex Kaup 1861: 15. Type species — Gulo diaphorus Kaup 1832: 150, by monotypy.

Pliocyon Thorpe 1921: 477 [not Pliceyon Matthew 1918: 190]. Type species — Pliocyon marshi Thorpe
1921: 477, by monotypy.

Arwocyon Thorpe 1922: 97. Renaming of Pliocyon Thorpe, 1921. Synonymized with Simocyon Wagner,
1858 by Zdansky (1924: 9).

Protursus Crusafont Paird and Kurtén in Crusafont Paird 1971: 155. Nomen nudum.

Protursus Crusafont Pairé and Kurtén in Crusafont Pairé 1973: 59. Nomen nudum.

Protursus Crusafont Pairé and Kurtén 1976: 22, Type species — Protursus simpsoni Crusafont Pairé
and Kurtén 1976: 22, by original designation. Synonymized with Simocyon Wagner, 1858 by
Thenius (1977: 40).

Type species— Simocyon primigenius (Roth and Wagner, 1854) [Canis

{upus primigenius Roth and Wagner in Wagner 1854: 338], by monotypy.
Diagnosis(Fig. 7)— Mustelidans of a paraphyletic group that differs from

all other Mustelida in the retention of the epitympanic recess that is not floored

by the squamosal anterior to the fossa for the incudal processus brevis (Fig, 3:

10a); distinguished from other taxa of this paraphyletic group by the following

autapomorphies: posterior border of the palate situated behind the posteriormost
upper teeth (Fig. 2: 3b); meatal trough of ossified ectotympanic long, with its
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smallest mediolateral dimension greater than one-third of the bulla width (Fig. 2:
8c); P! single-rooted or absent (Fig. 4: 12b, c¢); anterior and posterior cingula of
M? continuous around the lingual base of the protocone (Fig. 5: 18b); P1 single-
-rooted (Fig. 6: 21b); M1 metaconid distinetly lower than the paraconid (Fig. 6: 23¢).

Discussion— During most of its taxonomic history, Simocyon has
subjectively been placed among either canoids or amphicyonids. De Beaumont
{1964) was the first who suggested mustelidan affinities of this genus, including
it within the Mustelidae, and later (1968) in the Procyonidae. Although none of
the features mentioned by him can be regarded as mustelid synapomorphies, and
those supporting the affiliation with the procyonids were erroneously assumed, I
leave this genus within the Mustelida because of the absence of Ma.

Clade A
(taxon unnamed, ranked between categories of taxa Mustelida and Pinnipedia)

Diagnosis (Fig. 7) — Mustelidans differing from all other Mustelida in
the derived configuration of the epitympanic recess the lateral part of which is
floored by the squamosal anterior to the fossa for the incudal processus brevis
(Fig. 3: 10b).

Genus Ailurus F. Cuvier in Geoffroy Saint-Hilaire and Cuvier 1825: 3

Arctaelurus Gloger 1841: 55. Renaming of Ailurus Cuvier, 1825.

Aelurus Agassiz 1846: 9 [not Aelurus Klug 1842: 42]). Emendation of Ailurus Cuvier, 1825.

Parailurus Schlosser 1899: 73. Type species — Ailurus anglicus Dawkins 1888: 229, by monotypy.
Atlurus Cuvier, 1825 and Parailurus Schlosser, 1899 are monotypic genera (Roberts and Gittleman
1984, Kurtén and Anderson 1980). Schloaser (1899) and Tedford and Gustafson (1977) provided
evidence that Ailurus fulgens Cuvier, 1825 and Ailurus anglicus Dawkins, 1888 are sister species.
Thus | synonymize Parailurus Schiosser, 1899 with Ailurus Cuvier, 1825, i order to maintain the
monophyly of the latter taxon and make the taxenomy more informative by reducing the number of
monotypic genera.

Type species— Ailurus fulgens Cuvier, 1825 [Ailurus Fulgens F. Cuvier
in Geoffroy Saint-Hilaire and Cuvier 1825: 3], by monotypy.

Diagnosis(Fig. 7) — Mustelidans of Clade A, distinguished from all other
taxa included in this clade by the derived enlargement of the P* hypocone that is
prominent and subequal in size to the protocone (Fig. 5: 15b). Supplementary
autapomorphies of Ailurus, presumed to be developed in some other taxa of Clade
A independently, include the following features: posterior border of the palate
situated behind the posteriormost upper teeth (Fig. 2: 3b); meatal trough of ossified
ectotympanic long, with its smallest mediolateral dimension greater than one-third
of the bulla width (Fig. 2: 8¢); P! absent (Fig. 4: 12c); pt protocone conical: not
formed by the cingulum entirely (Fig. 5. 14b); anterior and posterior cingula of
M! continuous around the lingual base of the protocone (Fig. 5: 18b), M? three-
-rooted and subequal in size to P* (Fig. 5: 20b); P1 single-rooted or absent (Fig. 6:
21b, ¢); entoconid and entoconulid on M and Mg prominent, cusp-like (Fig. 6: 244,
28b).
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Discussion— The question of the affinities of Ailurus has been controversial
since the discovery of the red panda. This genus has previously been considered
an ursid or procyonid, grouped with Ailuropoda in their own family, or relegated
to a monotypic family. Its phylogenetic relationships to other arctoids have recently
been analyzed by Schmidt-Kittler (1981), Ginsburg (1982}, Wozencraft (1989),
Cirot (1992), and Wyss and Flynn (1993).

Schmidt-Kittler (1981: fig, 27) nested Ailurus within Musteloidea based on the
absence of M3, regarding this genus as a living descendant of a paraphyletic group
of stem musteloids. Cirot (1992: fig. 126) followed this assignment.

Ginsburg (1982: fig. 12) recognized Ailurus as a member of Ailuridae, being a
sister group to the taxon encompassing ursids, Ailuropoda, and otariids (including
Odobenus). However, his evidence for this relationship included no synapomorphies
{(Flynn et al. 1988).

Wozencraft (1989: fig. 18.2) placed Ailurus together with Ailuropoda and living
ursids in Ursidae and interpreted them as the sister family to Otariidae (including
Odobenus). For the so-constituted Ursoidea he proposed 10 features as synapo-
morphies. As shown in appendix 18.1 to Wozencraft’s paper, five of them also occur
within his Canoidea, a sister taxon to the Ursoidea. Below I make comments on
the remaining five features, coded by him as 4(1), 23(1), 29(1), 39(1), and 40(1+2).
Feature 4(1), or “posterior width of palate nearly equal to width at canines”, is,
in fact, of widespread occurrence among Wozencraft's Canoidea. Feature 23(1), or
“petrosal widely separated from basioccipital”, though present in otariids, is also
seen in phocids and Potamotherium, being rare in ursidans and absent in Ailurus.
Feature 29(1), or “ectotympanic not inflated”, is plausibly primitive for the cani-
forms; besides, this bone in the mephitine and lutrine mustelids iz not more
inflated than that of Ailurus. Feature 39(1), or “hypomastoid fossa present”, applies
to many of Wozencraft's Canoidea but not to Ailurus. Feature 40(1+2), or “inferior
petrosal sinus large” to “very large”: this sinus is also relatively large in some
fossil mustelidans (e.g., Stromeriella) and in Nasua and Potos.

Wozencraft (1989) recorded nine features to support his hypothesis of the
monophyly of Ailurus, Ailuropoda, and extant ursids. However, only four of them,
coded 8(1), 11(1), 20(1), and 78(1), were interpreted by Wozencraft as exclusive of
the so-constituted Ursidae. Feature 8(1), or “lacrimal vestigial, restricted to area
around lacrimal foramen”: indeed, within Wozencraft's Ursidae the lacrimal is
variable not only in size and occurrence but also in shape, enclosing the lacrimal
foramen or constituting only a part of its border, when present; in mustelidans,
this bone may be relatively large, surrounding the lacrimal foramen (e.g., Nasua),
as in canids, or it is vestigial or lacking (e.g. otariids, Wyss 1987: 16). Feature 11,
or “inferior oblique muscle fossa widely separated from lacrimal foramen” (0) or
“closely adjacent to lacrimal foramen” (1), is variable in both Ailurus and ursids.
Feature 20(1), or “suprameatal fossa present, dorsal to external meatus”; in many
arctoids, including the disputed Ursidee, the suprameatal fossa is placed both
dorsal and posterodorsal to the external meatus, which corresponds exactly to
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Wozencraft’s definition of feature 20(2), supposed by him to be exclusive of the
procyonids. Feature 78(1), or “p2 hypocone present”, is seen also in Broiliana,
being of variable occurrence in Nasua and Procyon.

Wyss and Flynn (1993: fig. 4.3) paired Ailurus into a sister-group relationship
with Ursida (including pinnipeds) on the basis of five hypothesized synapomorphies,
coded by these authors 12(0), 16(2 to 1), 22(1), 29(0), and 47(1). There is nodoubt that
feature 12(0), or “alisphenoid canal present”, has independently been lost at least
several times within the Arctomorpha; however, no carnivoran lineage has hitherto
been demonstrated to evidence the regeneration of this primitive condition con-
vincingly. Feature 16, or “posterior entranece of earotid artery into auditory capsule:
1 = posterior entry, artery enclosed in tube; 2 = anterior entry, artery enclosed in
osseous tube”: both these conditions occur among mustelidans (Table 1, character
states 5a and 5b). Wyss and Flynn (1993) interpreted the occurrence of feature 29(0),
or “major a4 arterial shunt absent”, in their clades Ailurus plus Urside and the
mephitines plus lutrines as independent reversals; however, they provided no valid
argument to support this statement. For comments on features 22(1), or “excavation
in basioccipital accommodating inferior petrosal sinus large, excavation highly dis-
tinct”, and 47(1), or “M2 hypocone present”, see discussion of Wozencraft's features
40(1+2} and 78(1), above.

Concluding, Wezencraft (1989) and Wyss and Flynn {1993) presented no un-
equivocal synapomorphy to warrant the rejection of Schmidt-Kittler's (1981)
hypothesis that Ailurus is a mustelidan.

Genus Amphictis Pomel 1853: 99

Ichneugales Jourdan 1861; 1012, Nomen nudum.

Ichneugales Jourdan 1862: 132. Nomen nudum.

lchneugele Jourdan in Filhol 1883: 69. Type species — Viverra leptorhyncha Filhol 1883; 67, by
monotypy. Thenius (1942: 723) included “Cephalogale” gaillardi Wegner, 1913 in the synonymy of
“Viverra" leptorhyncha Filhol, 1883. If Ichneugale Jourdan, 1883 were recognized, Amphictis
Pomel, 1853 would be paraphyletic. Thus I synonymize the former with the latter name and
thereby avoid a paraphyletic taxon.

Alopecodon Viret 1933: 9 [not Alopecodon Broom 1908: 361). Type species — Cephalogale Gaillardi
Wegner 1913: 226, by original designation.

Viretius Kretzoi, 1947: 286. Renaming of Alopecodon Viret, 1933.

Alopecocyon Viret 1951: 23. Renaming of Alopecodon Viret, 1933,
Type species-— Amphictis antiqua Pomel, 1853 [Amphictis antiguus

Pomel 1853: 99], by subsequent designation of Dehm (1950: 60).
Diagnosis— Mustelidans of Clade A, characterized by a combination of

the following features: postorbital region shorter than broad (Fig. 1: 1a); sagittal

crest present in adults, so that the dorsal cranial crests are Y-shaped (Fig. 1: 2a);

posterior border of the palate situated behind the posteriormost upper teecth

(autapomorphy; Figs 7 and 2: 3b); alisphenoid canal present (Fig. 2: 4a); posterior

carotid foramen joined to the fossa leading to the posterior lacerate foramen (Fig.

2: 5a), posterior lacerate foramen smaller than the lateral opening of the external

auditory meatus (Fig. 2: 6a), smallest width of the auditory bulla between the
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stylomastoid foramen and fossa leading to the posterior lacerate foramen smaller
than the greatest diameter of the stylomastoid foramen (Fig. 2: 7a); meatal trough
of ossified ectotympanic not differentiated or short, with its smallest mediolateral
dimension smaller than one-third of the bulla width (Fig. 2: 8a, b); anterior and
lateral walls of the suprameatal fossa neither excavated into the squamosal nor
perpendicular to the roof of the external auditory meatus (Fig. 3: 9a); P! two-rooted
or single-rooted (Fig. 4: 12a, b); P* carnassial notch present (Fig. 4: 13a); p
protocone not differentiated or crescentic: completely formed by the cingulum (Fig,
5: 14a); p? hypocone notably smaller than the protocone or absent (Fig. 5: 15a};
M! not smaller than P* {Fig. b: 16a), M! crown with its lingual half shorter than
the buccal half, and the anterior and posterior borders of the lingual half being
not parallel to each other (Fig. 5: 17a); anterior and posterior cingula of M
continuous around the lingual base of the protocone (autapemorphy; Figs 7 and
5: 18b); buccal border of the M? crown positioned behind the buccal half of m!
(Fig. 5: 19a), M? three-rooted or double-rooted, and distinctly smaller than P4 (Fig.
5: 20a, c¢); P1 single-rooted (autapomorphy; Figs 7 and 6: 21b); M1 trigonid less
than three times as long as the talonid (Fig. 6: 22a); M) metaconid distinctly higher
than the paraconid {(Fig. 6: 23a); M1 entoconid and entoconulid poorly differen-
tiated (ridge-like or cuspule-like), and the anterior and posterior halves of the
lingual wall of the M) talonid subequal in height to each other (Fig. 6: 24a); M
double-rooted (Fig. 6: 25a); M2 metaconid present (Fig. 6: 26a); talonid basin of
Mz distinectly longer than the trigonid basin (Fig. 6: 27a); M2 entoconid and
entoconulid poorly developed (ridge-like or cuspule-like) or not differentiated (Fig.
6: 28a).

Discussion-—This genus has variously been referred to the viverrids (e.g.,
Pomel 1853), miacids (Pohle 1920), canids (e.g., Ginsburg 1961), amphicyonids
(Ginsburg 1966), mustelids (e.g., de Bonis 1973), and procyonids {e.g., Roth 1987),
Winge (1895) erected a new family with Amphictis as its type genus. De Bonis (1976)
suggested that this genus was a representative of the ancestral stock of both the
procyonids and mustelids. The phylogenetic arrangements of Schmidt-Kittler (1981:
fig. 27) and Cirot (1992: fig. 126) nested Amphictis within Musteloidea (loss of M3) as
one of the earliest offshoots from the main stem.

Genus Bavarictis Modden 1991: 128

Type species— Bavarictis gaimersheimensis Modden 1991: 129, by
original designation.

Diagnosis— Mustelidans of Clade A, distinguished by a combination of
the following features: postorbital region shorter than wide (Fig. 1: 1a); sagittal
crest present in adults: the dorsal cranial crests Y-shaped (Fig. 1: 2a); posterior
border of the palate situated at level of the posteriormost upper teeth (Fig. 2: 3a);
alisphenoid canal present (Fig. 2: 4a); posterior carotid foramen joined to the fossa
leading to the posterior lacerate foramen (Fig. 2: 5a); posterior lacerate foramen
smaller than the lateral opening of the external auditory meatus (Fig. 2: 8a);
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smallest width of the auditory bulla between the stylomastoid foramen and fossa
leading to the posterior lacerate foramen smaller than the greatest diameter of
the stylomastoid foramen (Fig. 2: 7a); meatal trough of ossified ectotympanic short,
with its smallest mediolateral dimension smaller than one-third of the bulla width
(autapomorphy; Figs 7 and 2: 8b); anterior and lateral walls of the suprameatal
fossa neither excavated into the squamosal nor perpendicular to the roof of the
external auditory meatus (Fig. 3: 9a); postlateral sulcus of the brain absent (Fig.
4: 11a); P! single-rooted {autapomorphy; Figs 7 and 4: 12b); P* carnassial notch
present (Fig. 4: 13a), p? protocone conical; not formed by the cingulum entirely
(autapomorphy; Figs 7 and 5: 14b); p? hypocone absent (Fig. 5: 15a); M! smaller
than P* {autapomorphy; Figs 7 and 5: 16b); M! crown with its lingual half shorter
than the buccal half, and the anterior and posterior borders of the lingual half
being not parallel to each other (Fig. 5: 17a); anterior and posterior cingula of M?
continuous around the lingual base of the protocone (autapomorphy; Figs 7 and
5: 18b); buccal border of the M? crown located behind the buccal half of M1 (Fig.
5: 19a); M2 having three or two roots and being distinctly smaller than P* (Fig.
5: 20a, c); P1 single-rooted (autapomorphy; Figs 7 and 6: 21b); M1 trigonid less
than three times as long as the talonid (Fig. 6: 22a); M1 metaconid distinctly higher
than the paraconid (Fig. 6. 23a); M1 entoconid and entoconulid poorly differen-
tiated (ridge-like or cuspule-like) or not differentiated, and the anterior half of the
lingual wall of the M talonid distinctly lower than the posterior half (autapo-
morphy; Figs 7 and 6: 24b), M2 double-rooted (Fig. 6: 25a); M2 metacenid present
{Fig. 6: 26a); talonid and trigenid basins of M2 subequal in length (autapomorphy;
Figs 7 and 6: 27b); M2 enteconid and entoconulid not differentiated (Fig. 6: 28a).

Discussion— Midden (1991} followed Schmidt-Kittler (1981}, who placed
this genus in a paraphyletic stem group of Musteloidea.

Order-group Taxon Pinnipedia llliger 1811: 138
(ranked between category of Clade A and superfamily)

Definition -~ The most recent common ancestral species of otariids,
odobenids, and phocids, plus all of its descendants.

Diagnosis (Fig. 7) — Mustelidans of Clade A, differing from all other taxa
included in this clade in the derived displacement of M?2 linguad (subsequently
lost), making the buceal border of its crown positioned behind the lingual half of
M! (Fig. 5: 19b). Supplementary synapomorphies of the Pinnipedia, assumed to
be developed in some other taxa of Clade A independently, include the following
features: posterior lacerate foramen greatly enlarged, so that it is greater than
the lateral opening of the external auditory meatus (Fig. 2: 6b); smallest width of
the auditory bulla between the stylomastoid foramen and fossa leading to the
posterior lacerate foramen greater than the greatest diameter of the stylomastoid
foramen, and the posterior border of the caudal entotympanic situated in front of
that of the fossa leading to the posterior lacerate foramen (Fig. 2: 7b); P! and P1
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single-rooted (Figs 4: 12b, 6: 21b); M2 talonid and trigonid basins subequal in
length (Fig. 6: 27h).

Discussion- The controversy over pinniped origin(s) and relationships has
extensively been discussed elsewhere (Wyss 1987, Flynn et al. 1988, Wozencraft
1989). The present paper provides a new support for the monophyly of this group,
including it within the M ustelada based on the absence of M3 shared by all pinnipeds.

Among carnivorans, M? with its buccal margin located behind the lingual half
of M! (Fig. 5: 19b) is exclusive of Kolponomaos (Stirton 1960: fig. 3), or an enigmatic
arctomorph of the earliest Miocene (Tedford e al. 1991); Amphicticeps (Matthew
and Granger 1924: fig. 4}, or a Late Oligocene arctomorph of elusive affinities
{Schmidt-Kittler 1981); the enaliarctine otariids Enaliarctos (Mitchell and Tedford
1973: fig. 5A) and Pteronarctos (Barnes 1989: ﬁg 5); and Potamotherium (Savage
1957: pl. 1/a). This lingual displacement of M? is evidently associated with a
different pattern of posterior reduction in the tooth row as compared to that of
other carnivorans. No pinniped is known to show the alternative state (Fig. 5:
19a). It seems therefore that the hypothesis considering the lingual position of M?
to be synapomorphic for the Pinnipedia has sufﬁmently strong basis to be put
forward in spite of the fact that most pinnipeds lack M.

Genus Potamotherium Geoffroy Saint-Hilaire, 1833

potamotherium Geoffroy Saint-Hilaire 1833: 80 [not Potamotherium Gloger 1841: 127].

Lutrictis Pomel 1847: 380. Type species — lutra valletoni Geoffroy Saint-Hilaire 1833: 80, by
monotypy.

Stephanodon von Meyer 1847: 183. Type species — Stephanodon Mombachensis von Meyer 1847: 183,
by monotypy. Synonymized with Potamotherium Geoffroy Saint-Hilaire, 1833 by Gervais (1852, p.
11 in explanations to pls XXVI-XXVIII).

Potamophilus Gervais 18562: 2nd unnumbered page in explanations to pl. XXII Inot Potamophilus
Germar 1811: 41; not Potamophilus Latreille in Desmarest 1826: 97; not Potamophilus Muller
1838: 140|. Type species — [utra valletoni Geoffroy Saint-Hilaire 1833: 80, by monotypy.

Type species— Potamotherium valletoni (Geoffroy Saint-Hilaire, 1833)
[lutra valletoni Geoffroy Saint-Hilaire 1833: 80], by monotypy.

Diagnosis- Pinnipeds distinguished from other members of the Pinnipedia
by a combination of the following features: postorbital region greatly elongated in
adults, longer than its greatest width (Fig. 1: 1b); posterior border of the palate
situated behind the posteriormost upper teeth (Fig. 2: 3b); alisphenoid canal absent
(Fig. 2: 4b); meatal trough of ossified ectotympanic long, with its smallest
mediolateral dimension greater than one -third of the bulla width (Flg 2: 8¢);
suprameatal fossa absent (Fig. 3: Sb); M! smaller than P* (Fig. 5: 16b); M! crown
broader buccolingually than long anteroposteriorly, with its lingual and buccal
halves subequal in length to each other (autapomorphy; Figs 7 and 5; 17d); M>
single-rooted (Fig. 5: 20d); M1 metaconid higher than or subequal to the paraconid
{Fig. 6: 23a, b); anterior half of the lingual wall of the M talonid distinctly lower
than the posterior half (Fig. 6: 24b);, M2 single-rooted (Fig. 6: 25b); M2 metaconid
present (Fig. 6: 26a).
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-

Discussion— Most earlier students of Potamotherium grouped the genus
with lutrines, although some of them (e.g., Savage 1957) paid attention to its
morphological similarities to phocids. These resemblances induced Tedford {1976)
to transfer this genus to the Phocidae. Schmidt-Kittler (1981) also excluded
Potamotherium from the lutrines, based on the absence of the suprameatal fossa
in the former; however, though he identified the corresponding arrangement in
the auditory region of Phoca, he recognized Potamotherium as a separate offshoot
of the musteloid stem group. The present paper supports the unique common
ancestry of Potamotherium and phocids, as distinguished from all other pinnipeds
by the derived loss of the alisphenoid canal.

Family Procyonidae Gray 1825: 339

Definition— The most recent common ancestral species of Bassaricyon,
Nasua, Nasuella, Potos, and Procyon, and all of its descendants.

Diagnosis(Fig 7)~- Mustelidans of Clade A, distinguished from all other
taxa included in this clade by the derived configuration of the suprameatal fossa
the ventral extension of the medial wall of which is subequal to that of the lateral
wall and at least its anterior or lateral wall is perpendicular to the roof of the
external auditory meatus or excavated into the squamosal (Fig. 3: 9¢). Supple-
mentary synapomorphies of the Procyonidae, presumed to be developed in some
other taxa of Clade A independently, include the following features: posterior
carotid foramen separated from the fossa leading to the posterior lacerate foramen
(Fig. 2: 5b); smallest width of the auditory bulla between the stylomastoid foramen
and fossa leading to the posterior lacerate foramen greater than the greatest
diameter of the stylomastoid foramen, and the posterior border of the caudal
entotympanic situated in front of that of the fossa leading to the posterior lacerate
foramen (Fig. 2: 7b).

Discussion — After the description of the suprameatal fossa in Procyon,
Potos, and Bassariscus by Segall (1943), this structure was often employed, es-
pecially recently, to diagnose the Procyonidae. At first, the presence of the fossa
was regarded as characteristic of this family (e.g., Hough 1948); later, its deepness
in procyonids was contrasted with the shallowness seen in many other arctomorphs
{e.g., Schmidt-Kittler 1981). The present paper provides ancther attempt to define
states of this character (Fig. 3: 9a—e), to use them at distinguishing the major
mustelidan clades. According to these definitions, the procyonids are the only
arctoids that possess state 9¢.

Numerous other features of the skull and dentition have recently been proposed
to support the monophyletic status of the procyonids (Baskin 1982, 1989, Ginsburg
1982, Cirot 1988, 1992, Flynn et al. 1988, Wozencraft 1989, Decker and Wozencraft
1991, Wyss and Flynn 1993). All of them, however, also occur within the non-
-procyonid Mustelide and seem to be, therefore, of less relevance to the question
of the relationship advocated here.
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Genus Pseudobassaris Pohle 1917: 408

Type species— Pseudobassaris riggsi Pohle 1917: 409, by original
designation.

Diagnosis(Fig. 7) — Procyonids differing from all other Procyonidae in
the retention of the alisphenoid canal (Fig. 2: 4a) and in the autapomorphically
developed M1, in which the entoconid and entoconulid are poorly differentiated
(ridge-like or cuspule-like) or not differentiated and the anterior half of the lingual
wall of the talonid is distinctly lower than the posterior half (Fig. 6: 24b). Supple-
mentary autapomorphies of Pseudobassaris, derived by some other procyonids
independently, include the following features: P! and P single-rooted (Figs 4: 12b,
6: 21Db); p? protocone conical: not formed by the cingulum entirely (Fig. 5: 14h).

Discussion — Pohle (1917) described this genus as a procyonid, mainly
because of its believed resemblance to Bassariscus. Subsequent systematists con-
sistently doubted this placement (e.g., Simpson 1945: 226). Hough (1248) included
Pseudobassaris in Plesictis while Schmidt-Kittler (1981) synonymized it with
Mustelictis. Miodden (1991) pointed out that the suprameatal fossa in Pseudo-
bassaris is deep, whereas that of Mustelictis is shallow, and treated both the genera
separately; however, he did not suggest their relationships. I follow the original
allocation of Pseudobassaris to the Procyonidae because this genus shares the
unique synapomorphy of the family.

Clade B

(taxon unnamed, ranked between family and genus)

Diagnosis (Fig. 7} - Procyonids differing from all other Procyonidae in
the following derived features: alisphenoid canal absent (Fig. 2: 4b); M1 entoconid
prominent (cusp-like) while M1 entoconulid poorly developed (ridge-like or cuspule-
-like) or not differentiated (Fig. 6: 24¢).

Angustictis, new genus

Type species— Angustictis mayri (Dehm, 1950) [Plesictis mayri Dehm
1950: 46].

Etymology— Latin angustus, narrow, and ictis (Greek (xti¢), weasel-like
carnivorous animal; in allusion to great transverse elongation of the upper molars;
feminine in gender.

Diagnosis— Procyonids of Clade B, distinguished by a combination of the
following features: posterior border of the palate situated at level of the posterior-
most upper teeth (Fig. 2: 3a); p! single-rooted (autapomorphy; Figs 7 and 4: 12b};
p! protocone conical: not formed by the cingulum entirely (autapomorphy; Figs 7
and 5: 14b); P* hypocone absent (Fig. 5: 15a); anterior and posterior cingula of M!?
continuous around the lingual base of the protocone (Fig. 5: 18b); M? two-rooted
(autapomorphy; Figs 7 and 5: 20c¢).
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Angustwtts gen. n. differs from Broiliana in the followmg features: P! single-
-rooted; P* protocone wing proportionally smaller M! shorter relative to its width;
M! parastyle wi ]g better developed whlle M! metacone wing less well deve]oped
metaconule on M vestigial or absent; M! hypocone not differentiated; M2 smaller
relative to M! and P4 double-rooted, with a less complicated occlusal pattern; Mz
smaller relative to Mi.

Genus Broiliana Dehm 1950: 80

Type species-Broiliana nobilis Dehm 1950: 81, by original designation.

Diagnosis— Procyonids of Clade B, characterized by a combination of the
following features: posterior border of the palate situated at level of the pos-
terior-most upper teeth (Flg 2: 3a); meatal trough of 0551ﬁed ectotympanic not
differentiated (Fig. 2: 8a); P! two-rooted (Fig. 4: 12a); P* hypocone considerably
smaller than the protocone or not differentiated (Fig. 5: 15a); anterior and posterior
cingula of M! continuous around the lingual base of the protocone (Fig. 5: 18b);
M? three-rooted and distinctly smaller than pt (Fig. 5: 20a); M1 metaconid dis-
tinctly higher than the paraconid (Fig. 6: 23a).

Brozlzana differs from Angustictis gen. n. in the followmg features: P! double-
-rooted p! protocone wing proportionally larger; M! longer relative to its width;
M! parastyle wing less well developed while M* metacone wing better developed
metaconule and hypocone on M! prominent; M2 larger relative to M! and P4
three-rooted, with a more complicated occlusal pattern; Mg larger relative to M.

Discussion - Broiliona was originally classified by Dehm (1950} as a
meline mustelid in its own tribe. De Beaumont (1964} rose this tribe to the sub-
family level within the Mustelidae, and later (1968) moved it to the Procyonidae
on the basis of morphological similarities in the auditory region. The incorporation
of Broilicna in the procyonids has been followed by most subsequent students of
this genus.

Family Mustelidae Fischer von Waldheim 1817: 372

Definition- The most recent common ancestral species of Bassariscus,
mephitines, lutrines, melines, and mustelines (including mellivorines), and all of
its descendants.

Diagnosis(Fig. 7) - Mustelidans of Clade A, differing from all other taxa
included in this clade in the derived configuration of the suprameatal fossa the
medial wall of which is absent or its ventral extension is considerably smaller
than that of the lateral wall and at least its anterior or lateral wall is perpendicular
to the roof of the external audltory meatus or excavated into the squamosal (Fig.
3: 9d). The single-rooted Pland Py (Figs 4: 12b, 6: 21b) are supplementary synapo-
morphies of the Mustelidae, presumed to be developed in some other taxa of Clade
A independently.

Discussion— Several features have been employed to support the mono-
phyly of the Mustelidae (Tedford 1976, Schmidt-Kittler 1981, Qiu and Schmidt-
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-Kittler 1982, de Muizon 1982, Cirot 1988, 1992, Flynn ef al. 1988, Wozencraft
1989, Wyss and Flynn 1993);, however, their synapomorphic status has been
questioned, directly or indirectly, by other investigators (Schmidt-Kittler 1981,
Wiig 1983, Wyss 1987, Wozencraft 1989, Wyss and Flynn 1993). I discuss below
two of these features, the notchless shearmg blade of P* (Wortman 1901) and the
ventrally closed suprameatal fossa (Schmidt-Kittler 1981), because they seem to
be best founded. The former feature has generally been accepted as the unques-
ticnable synapomorphy of the mustelids; no objective argument has hitherto been
presented contrary to the latter feature.

The carnassial notch on P* has independently been lost at least four times
during mustelid evolution: within the Mephitinae, as evidenced by its retention
in Miomephitis and Palaeomephitis (= Trochotherium) of the European Miocene
and in Mydaus (= Suillotaxus), within the Lutrinae, as indicated by its occurrence
in Enhydra; among leptarctines (Qiu and Schmidt-Kittler 1982); and in the
mustelines. Thus this feature cannot be regarded as a synapomorphy of the
Mustelidae.

The suprameatal fossa that is partially or completely closed anteriorly by the
posterior wall of auditory tube is exclusive of the mustelines, lutrines, melines,
and leptarctines (Schmidt-Kittler 1981, Qiu and Schmidt-Kittler 1982). Even if
the mustelines, lutrines, and melines indeed constitute the monophyletic grouping
as suggested by Schmidt-Kittler (1981, 1984) and Qiu and Schmidt-Kittler {1982),
the sister-group relationship of the so-constituted clade with the Leptarctinae
appears to be uncertain. On the other hand, the disputed feature excludes from
the Mustelidae a number of genera that are plausibly related to the ancestors of
both leptaretines and modern mustelids, leaving them within a paraphyletic
assemblage. It seems, therefore, to be sufficiently warranted to rediagnose this
family, with the 9d suprameatal fossa (Fig. 3) as the major synapomorphy, es-
pecially insofar as this feature is evidently uniquely derived within the Caniformia.

Genus Mustelictis Lange 1969: 2870

Type species— Mustelictis piveteaui Lange 1969: 2870, by monotypy.

Diagnosis (Fig. 7) - Mustelids of a paraphyletic group that differs from
all other Mustelidae in retaining the following plesiomorphies: the alisphenoid
canal present (Fig. 2: 4a), the smallest width of the auditory bulla between the
stylomastoid foramen and fossa leading to the posterior lacerate foramen smaller
than the greatest diameter of the stylomastoid foramen (Fig. 2: 7Ta), and the meatal
trough of ossified ectotympanic not differentiated (Fig. 2: 8a}; d:stmgmshed from
other taxa of this paraphyletic group by the following autapomorphies: pt proto-
cone conical, not formed by the cingulum entirely (Fig. 5: 14b); talonid and trigonid
basins of Mz subequal in length (Fig. 6: 27b).

Discussion— Lange (1969, 1970) recognized Mustelictis as a musteline.
Schmidt-Kittler (1981) and Cirot (1992) considered it as an early musteloid offshoot
of the ancestral stoek of procyonids and mustelids.
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Clade C
{taxon unnamed, ranked between family and higher of categories

of Clades D and E)

Diagnosis (Fig. 7) - Mustelids distinguished from all other Mustelidae
by the following derived features: alisphenoid canal absent (Fig. 2: 4b); smallest
width of the auditory bulla between the stylomastoid foramen and fossa leading
to the posterior lacerate foramen greater than the greatest diameter of the stylo-
mastoid foramen, and the posterior border of the caudal entotympanic situated in
front of that of the fossa leading to the posterior lacerate foramen (Fig. 2: Th);
meatal trough of ossified ectotympanic short, with its smallest mediolateral dimen-
sion smaller than one-third of the bulla width (Fig. 2: 8b).

Clade D

(taxon unnamed, ranked between category of Clade C and genus)

Diagnosis (Fig. 7) — Mustelids of Clade C, belonging to a paraphyletic
group that differs from all other taxa included in Clade C in having the following
features: posterior border of the palate situated at level of the posteriormost upper
teeth (Fig. 2: 3a); M? with three to two roots (Fig. 5: 20a, ¢); M1 metaconid distinctly
higher than the paraconid (Fig. 6: 23a); anterior and posterior halves of the lingual
wall of the M1 talonid subequal in height to each other (Fig. 6: 24a). The derived
creation of the postlateral sulcus on the brain (Fig. 4: 11b) distinguishes members
of Clade D from all other taxa of this paraphyletic group,

Franconictis, new genus

Type species— Franconictis humilidens (Dehm, 1950) [Plesictis?
humilidens Dehm 1950: 54].

Etymuaology- After the medieval duchy Franconia, including the area from
where the type species of the genus was described; Latin ictis (Greek {xtic), weasel-
-like carnivorous animal; feminine in gender.

Diagnosis (Fig. 7) — Mustelids of Clade D, distinguished from other
representatives of this clade by the following autapomorphies: P* protocone conical,
not formed by the cingulum entirely (Fig. 5: 14b); M? two-rooted (Fig. 5: 20¢); M2
talonid and trigonid basins subequal in length (Fig. 6: 27b).

Franconictis gen. n. differs from Stromeriella in the following features: infraor-
bital foramina relatively smaller; braincase about as high as the occiput; auditory
bullae less well inflated and subtriangular in outline, with a better developed
meatal tube; caudal entotympanic expanded posteriorad less extensively (Fig. 2:
7b); medial wall of the suprameatal fossa less well developed; lateral extension of
the anterior part of the epitympanic recess into squamosal less extensive while
its dorsal excavation into petrosal wider; p* protocone wing proportionally smaller,
with a conical protocone (Fig. 5: 14b); Mi shorter relative to its width; M* parastyle
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wing better developed while M! metacone wing less well developed; M? smaller
relative to M! and P4 double-rooted, with a less complicated occlusal pattern; Mj
talonid smaller relative to the trigonid; talonid basin of M2 about equal in length
to the trigonid basin (Fig. 6: 27b).

Genus Stromeriella Dehm 1950: 99

Type species— Stromeriella franconice Dehm 1950: 100, by original
designation.

Diagnosis (Fig. 7) — Mustelids of Clade D, distinguished from other
members of this clade by the autapomorphically expanded caudal entotympanic
that terminates posteriorly behind the fossa leading to the posterior lacerate
foramen (Fig. 2: Tc).

Stromeriella differs from Franconictis gen. n. in the following features: infra-
orbital foramina relatively larger; braincase distinctly higher than the occiput;
auditory bullae better inflated and subellipsoidal in outline, with a less well
developed meatal tube; caudal entotympanic expanded posteriorad more exten-
sively (Fig. 2: 7c); medial wall of the suprameatal fossa better developed; lateral
excavation of the anterior part of the epitympanic recess into squamosal more
spacious while its dorsal extension into petrosal less extensive; p* pretocone wing
proportionally larger with a crescentic protocone (Fig. 5: 14a) M! longer relative
to its width; M} parastyle wing less well developed while M* metacone wing better
developed; M2 larger relative to M! and P* , three-rooted, with a more complicated
occlusal pattern; Mi talonid larger relatlve to the trigonid; talonid basin of M
distinctly longer than the trigonid basin (Fig. 6: 27a).

Discussion— Dehm (1950) allied Stromerielle with Broiliana and placed
them among melines. De Beaumont (1964) excluded these genera from the Meli-
neae, and later (1968) concluded that they are procyonids based on the comparison
of their auditory regions with that of Bassariscus. Most subsequent authors have
accepted the inclusion of Stromeriella in the Proeyonidae. The present paper,
however, unites this genus with the Mustelidae, principally because of the con-
dition of the suprameatal fossa.

Clade E

(taxon unnamed, ranked between categories of Clades C and F)

Diagnosis (Fig. 7) — Mustelids of Clade C, differing from all other taxa
included in this clade in the following derived features: strong parasagittal crests
present in adults, so that the dorsal cranial crests are parallel to X-shaped (Fig.
1: 2b); posterior border of the palate situated behind the posteriormost upper teeth
{(Fig. 2. 3b); M? single-rooted (Fig. 5. 20d); M1 metaconid subequal in height to
the paraconid (Fig. 6: 23b); anterior half of the lingual wall of the M) talonid
distinctly lower than the posterior half (Fig. 6: 24b); M2 talonid and trigonid basins
subequal in length (Fig. 6: 27b).
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Bathygale, new genus

Type species— Bathygale lemanensis (Pomel, 1853) [Plesictis lemanensis
Pomel 1853: 97].

Etymology - Greek Pafic, deep, and yohén or yoAf), small carnivorous
animal; in reference to great dorsal extension of the epitympanic recess; feminine
in gender.

Diagnosis— Mustelids of Clade E, distinguished by a combination of the
following features: posterior carotid foramen separated from the fossa leading to
the posterior lacerate foramen (Fig. 2: 5b); absence of the postlateral sulcus on
the brain surface (Fig. 4: 1la); P* carnassial notch present (Fig. 4 13a); p*
protocone conical: not formed by the cmgulum entirely (Fig. 5: 14b); p? hypocone
absent (Fig. 5: 15a); M! not smaller than P* (Fig. 5: 16a); lingual half of the M"
crown shorter than the buccal half, and the anterior and posterior borders of the
lingual half not parallel to each other (Fig. 5: 17a); M? absent (autapomorphy;
Figs 7 and 5; 20e); M2 metaconid present (Fig. 6: 26a),

Bathygale gen. n. differs from Plesictis m the following features: anterior and
posterior margins of the hngual half of M! not parallel to each other, and the
posterolingual portion of the M! cingulum better developed than the anterolingual
one (Fig. 5: 17a); auditory bullae better inflated (autapomorphy) and less com-
pressed mediolaterally; anterior part of the epitympanic recess expanded dorsad
into the petrosal more extensively {(autapomorphy).

Clade F

(taxon unnamed, ranked between category of Clade E and subfamily)

Diagnosis (Fig. 7) — Mustelids of Clade E, differing from all other taxa
included in this clade by the derived configuration of Ml, in which the lingual half
of the crown is shorter than the buccal half, and the anterior and posterior borders
of the lingual half are parallel to each other (Fig. 5: 17h).

Genus Plesictis Pomel 1846b: 366

Plesictis Pomel 1846a: 199. Nomen nudum.

Type species— Plesictis plesictis (de Laizer and de Parieu, 1839) [Martes
plesictis de Laizer and de Parieu in Anonymous 1839: 43], by monotypy.

Diagnosis— Mustelids of Clade F, distinguished by a cumbination of the
following features: postlateral sulcus of the brain absent (Fig. 4: 11a); P* carnassial
notch present (Fig. 4: 13a) P protocone conical: not formed by the cingulum
entirely (Fig. 5: 14b); P* hypocone absent {Fig. 5: 15a), M! not smaller than P*
(Fig. 5: 16a); M2 metaconid present (Fig. 6: 26a).

Plesictis differs from Bathygale gen. n. in the following features: anterior and pos-
tertor borders of the lingual half of m! parallel to each other, and the anterolingual
and posterolingual portions of the cingulum subequal to each other in development
{Fig. 5: 17b); auditory bullae more compressed mediclaterally (autapomorphy) and
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less well inflated; anterior part of the epitympanic recess excavated dorsad into the
petrosal less extensively.

Discussion- The earliest students of Plesictis (e.g., Pomel 1853) regarded
it as a viverrid, but most later authors associated this genus with mustelids. Hough
(1948) was the first to suggest placement of Plesictis in the Procyonidae because
of a deep suprameatal fossa. Although some subsequent workers, particularly in
recent years (e.g., Roth 1987), have followed this assignment, others did not accept
it (e.g., Lavocat 1952).

Subfamily Mustelinae Fischer von Waldheim 1817: 372

Definition- The most recent common ancestral species of Eira, Galictis,
Gulo, Ictonyx, Lyncodon, Martes, Mellivora, Mustela, Poecilictis, Poecilogale, and
Vormela and all of its descendants.

Diagnosis(Fig. 7) — Mustelids of Clade F, differing from all other taxa
included in this clade by the following derived features: sagittal crest present in
adults, so that the dorsal cranial crests are Y-shaped (reversal; Fig. 1: 2a); posterior
border of the caudal entotympanic situated behind that of the fossa leading to the
posterior lacerate foramen (Fig. 2: 7¢); lateral part of the suprameatal fossa
partially closed by the posterior wall of the meatal tube anteriorly (Fig. 3: Se);
postlateral sulcus of the brain present (Fig. 4: 11b); P* carnassial notch absent
{Fig. 4: 13b}; M! smaller than P* (Fig. 5: 16b); lingual half of the M! crown about
equal in length to or longer than the buccal one, and both the halves separated
from each other by an anteroposterior constriction (Fig. 5. 17¢); M1 metaconid
distinctly lower than the paraconid (Fig. 6: 23¢). Supplementary synapomorphies
of the Mustelinae, evolved in some other taxa of Clade F independently, include
the following features: M? absent (Fig. 5: 20e); M) trigonid more than three times
as iong as the talonid (Fig. 6; 22b); M2 single-rooted (Fig. 6: 25b).

Genus Paragale Petter 1967: 19

Type species— Paragale huerzeleri Petter, 1967 [Paragale hiirzeleri
Petter 1967: 19], by monotypy.

Diagnosis(Fig. 7)— Mustelines differing from all other Mustelinae except
Plesiogale in the retention of the suprameatal fossa that is only partially closed
by the posterior wall of the meatal tube anteriorly (Fig. 3: 9e); characterized by
the autapomorphically elongated meatal trough of ossified ectotympanic, making
its smallest mediolateral dimension greater than one-third of the bulla width (Fig.
2: 8¢), and the plesiomorphically retained metaconid on M2 (Fig. 6: 26a).

Discussion— Petter (1967) described Paragale as a mustelid, and de
Muizon (1982) affiliated it to the Mustelinae.

Genus Plesiogale Pomel 1847; 380
Type species— Plesiogale angustifrons Pomel 1847: 385, by monotypy.
Diagnosis (Fig. 7) — Mustelines differing from all other Mustelinae in M?!
the trigon of which is plesiomorphically lenger than the talon, and from all other
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mustelines but not Paragale in the retention of the suprameatal fossa that is only
partially closed by the posterior wall of the meatal tube anteriorly (Fig. 3: 9e);
distinguished by the autapomorphically lost P1 (Fig. 6: 21¢) and metaconid on both
Mj and Mg (Fig. 6: 23d, 26b).

Discussion—This genus, though confused with Palaeogale during almost
the half of its taxonomic history (Simpson 1946), has consistently been classified
in the Mustelidae, being usually assigned to the mustelines.
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