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Resumo

Interpretagio dos caracteres anatdmicos em analises filogenéticas dos Pinnipedia, com énfase em
Otariidae (Mammalia, Carnivora). A partir da década de oitenta, a hipotese de que os pinipédios teriam uma
origem comum ganhou espago nos debates centrados na sistematica desse grupo. Todavia, o conhecimento
restrito acerca da anatomia de muitas espécies e as frequentes variagdes nos estados de diversos caracteres
dificultam a elucidagdo das rela¢des filogenéticas dos pinipédios. Objetivou-se revisar os caracteres anatdmicos
do sincranio e da denti¢do empregados nas analises filogenéticas, tendo por base os otarideos Otaria byronia
(n=25) e Arctocephalus australis (n=48). Algumas interpretagdes dos caracteres utilizados na literatura revelaram-
se questionaveis. Destacam-se: (1) forma e posi¢ao da tuberosidade pré-maxilar; (2) orientagdo da série de
alvéolos pos-caninos maxilares; (3) fossa naso-labialis; (4) forma da sutura do jugal com o processo zigomatico
do temporal; (5) relevo do timpanico; (6) relagdo da altura do processo condilar com a série alveolar dos pos-
caninos inferiores; (7) individualizag¢@o do canal do aqueduto coclear e janela redonda; (8) separagao de canais no
meato acustico interno para os nervos cranianos VII e VIII; (9) presenga de cingulo lingual no terceiro incisivo
superior; (10) desenvolvimento do metaconido do quinto pds-canino superior e (11) nimero de raizes do segundo
ao quarto pds-caninos superiores e do quinto pos-canino inferior. Estas observagoes denotam a relevancia e a
necessidade de descri¢des anatomicas detalhadas dos pinipédios para o entendimento de sua evolugdo.
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Abstract

The hypothesis that pinnipeds have a common origin gained support during the 1980s in discussions
focused on the systematics of the group. However, the limited knowledge of the anatomy of several species
and the frequent variation in several character states make it difficult to clarify the phylogenetic relationships
of pinnipeds. Our purpose was to review the anatomical characters of the syncranium and dentition used in
phylogenetic analyses by studying the otariids Otaria byronia (n=25) and Arctocephalus australis (n=48). Some
interpretations of characters presented in the literature were found to be questionable, notably: (1) shape and
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position of the premaxillary tuberosity; (2) orientation of the maxillary postcanine alveoli; (3) naso-labialis fossa;
(4) shape of the jugal contact with the zygomatic process of temporal; (5) relief and length of the tympanic bone;
(6) relationship between the height of the condylar process in relation to the lower postcanine teeth alveoli; (7)
individualization of the canal of the cochlear aqueduct and round window; (8) separation of the openings for
the cranial nerves VII and VIII in the internal auditory meatus; (9) lingual cingulum on the third upper incisor;
(10) development of the metaconid of the fifth upper postcanine tooth, and (11) number of roots in the second
to fourth upper postcanine teeth and fifth lower postcanine tooth. These observations indicate the relevance and
the need for detailed anatomical descriptions of pinnipeds for understanding their phylogenetic relationships

and, consequently, their evolutionary relationships.
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Introduction

Since the 19™ century, there has been controversy
concerning the origin, evolution and phylogenetic
relationships of pinnipeds. Until the last decades, a
diphyletic origin for the Pinnipedia was the prevailing
hypothesis (Otariidae and Odobenidae would share a
common ancestor with the Ursidae; whereas Phocidae
would share a common ancestor with the Mustelidae
(MITCHELL; TEDFORD, 1973; TEDFORD, 1976).

This scenario changed during the second half of the
1980s (WYSS, 1987; 1988a; 1988b; 1989), especially due
to the reinterpretation of diagnostic characters, studies of
the postcranial skeleton (WYSS, 1988b; WYSS, 1989)
and discovery of new fossil species (BERTA, 1991;
1994; DEMERE; BERTA, 2001; 2002; 2005; DAVIS
et al., 2004; UHEN, 2007), which supported the idea of
an arctoid common ancestor for the Pinnipedimorpha.
This hypothesis is also supported by studies based on
molecular data (FLYNN et al., 2005; HIGDON et al.,
2007, DASMAHPATRA et al.,2009). DREHMER (2000)
presented a historical review of the hypotheses favoring
a single origin for the Pinnipedia, corroborating previous
interpretations (e.g. WYSS, 1989).

In effect, several systematic arrangements have
been proposed (TEDFORD, 1976, for the biphyletic
hypothesis; and BERTA, 1994; DEMERE et al., 2003,
for the monophyletic one), but to date, there is no
consensus on the phylogenetic relationships between
Pinnipedia and of these concerning the other carnivores.
Arnason et al. (2006), using molecular characters,
showed Pinnipedia as a monophyletic clade, considering
the Otariidae+Odobenidae as a basal divergence inside
the group, followed by the Phocidae.

Revista Biotemas, 26 (2), junho de 2013

Recently, Berta and Churchill (2012) stated that
Pinnipeds are a charismatic but hard-to-study group, and
that the taxonomy is unclear, particularly the relevance
of an accurate taxonomic framework for biogeography,
ecology and conservation.

In addition, there is limited knowledge about
the anatomy of several species (examples of skull
descriptions in HOWELL, 1929; SIVERTSEN, 1954;
REPENNING etal., 1971; KING, 1983; ANDREESCU;
MURARIU, 1985; KASTELEIN; GERRITS, 1990;
DREHMER; FERIGOLO, 1996a; 1997; MIZUNO;
OHTAISHI, 2002; SANFELICE; FERIGOLO, 2008),
and the frequent variability in the cranial (NOJIMA,
1990), postcranial (ROBINETTE; STAINS, 1970;
ENGLISH, 1977) and dental (DREHMER; FERIGOLO,
1996b; DREHMER et al., 2004; CRUWYS; FRIDAY,
2006; LOCH et al., 2010) character states, which makes
it even more difficult to clarify the relationships of this

group.

The purpose of the present study was to review the
anatomical characters of the syncranium and dentition
used in phylogenetic systematics of Pinnipedia, through
the study of the representative Otariidae species
Arctocephalus australis (ZIMMERMAN, 1783) and
Otaria byronia (DE BLAINVILLE, 1820). This is
important considering that phylogenetic relationships
between otarids are still controversial (BERTA;
CHURCHILL, 2012).

Concerning the taxon Otaria byronia, Wozencraft
(2005), following Rodriguez and Bastida (1993),
suggested that the specific name “flavescens” had priority
over “byronia,” but we support the use of the specific
name “byronia,” as recommended by the International
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Commission on Zoological Nomenclature (GARDNER;
ROBBINS, 1999; ICZN, 2000). In addition, although both
type specimens are lost, an illustration of the skull of the
type specimen of “byronia” in palatal view still exists,
which provides unequivocal evidence for the identification
of this species (BERTA; CHURCHILL, 2012).

Material and Methods

Comparative analysis was based on morphological
characters following Berta and Deméré (1986), Berta
(1991) and Berta and Wyss (1994).

Material represented adult or subadult individuals,
with a minimum suture age of 17 (see SIVERTSEN,
1954) and total skull length greater than 300 and 200 mm
for males, and 240 and 195 mm for females of Otaria
byronia and Arctocephalus australis, respectively (see
DREHMER; FERIGOLO, 1997; DREHMER et al.,
2004).

Juvenile and subadult individuals were used for the
analysis of some of the sutures. The dental study required
the analysis of teeth from all age ranges, due to wearing
during development, since tooth replacement occurs
at an early age, more precisely at 4-5 months in the
Otariidae (MIYAZAKI, 2002). Comparisons between
the species were performed with specimens of the same
gender. The skull and tympanic cavities were studied in
specimens MCN 2459 (O. byronia) and MCN 2501 (A4.
australis), after parasagittal sectioning and removal of
the tympanic bones.

The term “postcanine”” was kept instead of
using “premolar” and “molar,” as accepted for recent
Otariidae species, due to the morphological similarity of
postcanines (BARNES, 1989; DREHMER et al., 2004).

The terminology was adapted from Howell (1929),
Klaauw (1931), Miller et al. (1964), Mitchell (1968),
Mitchell and Tedford (1973), Tedford (1976), Barnes
(1972; 1979; 1987; 1989; 1990; 1992), Repenning and
Tedford (1977), Berta (1994), Berta and Wyss (1994)
and Drehmer and Ribeiro (1998). Dental nomenclature
followed Hershkowitz (1971) and Barnes (1989).

Whenever possible, the anatomical description
followed the international nomenclature standards of the
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International Committee on Veterinary Gross Anatomical
Nomenclature (1994) and Mead and Fordyce (2009). The
acronym GEMARS stands for “Grupo de Estudos de
Mamiferos Aquaticos do Rio Grande do Sul,” MCN for
“Museu de Ciéncias Naturais (Fundagdo Zoobotanica
do Rio Grande do Sul),” UNISINOS for “Universidade
do Vale do Rio dos Sinos” and UFSC for “Universidade
Federal de Santa Catarina.” The abbreviation “I” refers
to incisive teeth, while “PC” refers to postcanine teeth.
A slash after the tooth number (e.g. 11/) indicates that
the same belongs to the upper row, while a slash before
the tooth number (e.g. I/1) indicates that it belongs to
the lower row.

Material examined

Arctocephalus australis. BRASIL, Santa
Catarina: Praia da Armacio, Florianopolis, 13,
19.VIII. 1988, S. Althoff (UFSC 1063); Cacira da
Bara do Sul, Florianopolis, 19, 12.VII.1994, M.
Becker (UFSC 1133); Barra Velha, 1J, 19.08.1996,
IBAMA (UFSC1228); Rio Grande do Sul: Litoral
riograndense, 19, 04.1X.1990, V. Petry col. (UNISINOS
106); Litoral norte, entre Tramandai e Mostardas, 1,
08.X.1991, GEMARS (UFSC 1135); Litoral Norte,
3 &, 03. 1X. 1993, GEMARS (UFSC 1142, 1143,
1149); 57, 16.X.1993, GEMARS (UFSC 1154, 1156,
1157, 1158, 1159); 14, 17.10.1993, GEMARS (UFSC
1160); 18, 06.X1.1993, GEMARS (UFSC 1163); 3 &,
19.VII1.1996, GEMARS (UFSC 1166, 1169, 1170)
Pinhal, 14, 13.X.1997, V. Petry (UNISINOS 170);
Santa Vitoria do Palmar, 13, E. Martino col. (MCN
1021); 28, 12 1X.1990, J. Ferigolo col. (MCN 2461,
2522, 2523); 12, 17.1X.1994, C. Drehmer col. (MCN
2614); 19, 18.1X.1995, C. Drehmer (MCN 2699)
Cidreira, 2, 22.VII1.1992, C. Drehmer (MCN 2495,
2508); 19, 23.VIIL.1992, C. Drehmer, (MCN 2509);
Mostardas, 33, 22.VIII.1992, C. Drehmer (MCN 2497,
2498, 2501); 1419.1X.1994, C. Drehmer (MCN 2645),
19, 09.V1.1989, M. Strieder col. (UNISINOS 96),
01.X1.1990, M. Sander col. (UNISINOS 101); 14,29,
13.X.1997, V. Petry col. (UNISINOS 157, 163, 164);
Cassino, 19, V.1998, E. Borsato (MCN 2833); Rio
Grande, 14, 16.1X.1994, C. Drehmer (MCN 2600);
14, 1988, Clodio col. (MCN 2706); Sdo José do Norte,

Revista Biotemas, 26 (2), junho de 2013



188

23, 18.1X.1994, C. Drehmer (MCN 2627, 2630); 2,
17.1X.1995, C. Drehmer (MCN 2688, 2689); Palmares
do Sul, 24, 19.1X.1994, C. Drehmer (MCN 2649, 2650);
Tavares, 13, 16.1X.1995, C. Drehmer (MCN 2685);
UNISINOS, 157, 163, 164, 170); URUGUAI, Depto.
Rocha: Cabo Polonio, 1 4, X1.1985, P.C. Simdes-Lopes
(UESC 1057).

Otaria byronia. BRASIL, Rio Grande do Sul:
Litoral norte, entre Tramandai e Mostardas, 1 &, 04.
X. 1991, GEMARS (UFSC 1134),1 &, 16. VIIL 1991,
GEMARS (UFSC 1140); 1 &, 36. IX. 1993 (UFSC
1152); 1 &, 17.X.1993, GEMARS (UFSC 1162); 2
&, 19. XII. 1993, 2 & GEMARS (UFSC 1168, 1171);
12.X.1997 Santa Vitéria do Palmar, 37, IX. 1990,
J. Ferigolo col. (MCN 2459, 2460, 2462), 14, 1 O,
17.1X.1994, C. Drehmer col. (MCN 2612, 2618), 24,
29, 18.IX.1995, C. Drehmer (MCN 2697, 2700, 2701,
2703); Mostardas, 1, 22.VII1.1992, C. Drehmer (MCN
2505); Rio Grande, 33, 19, 16.1X.1994, C. Drehmer
(MCN 2601-2604); 13, 16.1X.1994, C. Drehmer
(MCN 2624); 14, VII.1997, E. Borsato col. (MCN
2807); Sdo José de Norte, 1, 18.1X.1994, C. Drehmer
(MCN 2629); 13,19, 17.1X.1995, C. Drehmer (MCN
2691, 2696); 13, VII.1998, E. Borsato (MCN 2832);
04.1X.1990, V. Petry (UNISINOS 107).

Results

The comparative study revealed that the
interpretation of many characters presented in the
literature is questionable.

Berta and Wyss (1994) postulated that the nasal
process of the premaxilla is prominent, dorsal and
anterior to the alveolar margin (state of character 1)
in the genus Arctocephalus and in all sea lion species.
However, we observed that in O. byronia, it is not
prominent (state of character 0, following Berta and
Wyss, 1994) (Figure 1).

Berta and Deméré (1986) suggested that the
orientation of the postcanine alveolar series is clearly
distinct between the “Arctocephalinae” and the sea
lions. While in Arctocephalinae the series diverges
posteriorly, it is more rectilinear in sea lions. However,

the orientation of the postcanine alveolar series observed
here differs from that described in Berta and Deméré
(1986), since the postcanine series could show a medial
curvature of variable degree (Figure 2) or even a discrete
posterior divergence. Still, this character varies in skull
ontogeny.

FIGURE 1: Nasal process of the premaxillary (arrow) not
prominent in O. byronia (MCN 2629; scale, 2 cm).

FIGURE 2: Orientation of the postcanine alveolar series showing
medial concavity in Otaria byronia (MACN 4-3-12;
scale, 2 cm).
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According to Berta and Wyss (1994), the absence of
the nasolabialis fossa is characteristic in all Pinnipedia
and it could have undergone a reversal in Pinnarctidion.
However, this fossa was observed in some specimens
(e.g. MCN 2629, MCN 1021) (Figure 3) of both species
analyzed here.

Berta and Wyss (1994) described the contact
between the jugal and zygomatic processes of the
squamosal as “splintlike” in Arctocephalus spp.
However, in Otaria byronia, this suture is “mortised”
(Figure 4). The relief of the tympanics was also used
by Berta and Deméré (1986) (character 40) in otariid
phylogeny. These authors affirm that a prolonged
ventral-posterior projection in the wall of the tympanic
bulla is a synapomorphy of “Otariinae.” However,
such projections were also present in the A. australis
specimens examined here (Figure 5).

A condylar process on the dentary above the level of
postcanines was considered by Berta and Wyss (1994) as
a synapomorphy of the fossil pinnipeds Desmatophoca,
Piscophoca and Acrophoca (character 53). However, the
specimens of O. byronia studied (Figure 6) showed the
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same characteristic (see specimens of Desmatophoca
figured in Barnes (1987)).

According to Berta (1991), the canal of the cochlear
aqueduct (character 24) is joined to the round window
in Otariidae, but in the O. byronia specimens examined
here these openings are clearly separate (Figure 7).

Berta and Wyss (1994: 48), when considering the
condition of the internal auditory meatus (character 26),
attributed to Arctocephalus and to the sea lion species the
same character state (0): [...] “internal auditory meatus
present and canals will be to vestibulocochlear and facial
nerves closely adjacent”). However, A. australis actually
possesses state (1): [...] “internal auditory meatus present
and canals will be to vestibulocochlear and facial nerves
incipiently separated “(BERTA; WYSS, 1994: 48)
(Figure 8).

These authors also affirmed that the lingual
cingulum in the 13/ is absent in the modern otariids
(character 59), contradicting the results of Drehmer and
Ferigolo (1996a) and differing from that observed in the
material of 4. australis examined here (Figure 9), despite
its occasional reduction (but not absence).

FIGURE 3: Nasolabialis fossa in Otaria byronia (MCN 2697; scale, 5 cm).

Revista Biotemas, 26 (2), junho de 2013



190

FIGURE 4: Articulation of the squamosal portion of the temporal of the “mortised” type (arrow) in Otaria byronia (MCN 2629).

FIGURE 5: Presence of a prolonged posterior-ventral projection in the wall of the tympanic bulla in Arctocephalus australis (MCN 1021;
scale, 5 cm).

™3
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FIGURE 6: Condylar process above the level of the postcanine alveolar series in Otaria byronia (MCN 2629; scale, 5 cm).

FIGURE 7: Canal of the cochlear aqueduct (white arrow) separate from the round window (black arrow) in Otaria byronia (MCN 2459;
scale, 5 cm).
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FIGURE 8: Internal auditory meatus showing incipient separation for the canals for the facial and vestibulocochlear nerves in Arctocephalus

australis (MCN 2501; scale, 5 cm).

FIGURE 9: Presence of the lingual cingulum in the third upper incisor
of Arctocephalus australis (MCN 2509; scale, 5 cm).
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Berta and Deméré (1986) believed that the PC2/
is single-rooted in Otariidae (character 6), which was
not observed in Arctocephalus australis. In this species,
the tooth can be single-or double-rooted. In juvenile
specimens, the lingual side shows a conspicuous sulcus
that extends from the crown to the end of the root. The
observed vertical sulcus in the root of these teeth, as well
as the presence of an apical constriction, shows that the
root is not single (Figure 10).

Berta and Wyss (1994) proposed two states of the
character for the PC3/roots — double or single — (character
62). The authors affirmed that in Arctocephalus and in
“Otariinae” this tooth is single-rooted, which was not
corroborated in the present work, where the root is
double in general, with the distal portion much thicker.
The sulcus on the lingual and/or vestibular sides is very
clear (e.g. MCN 2602). With regard to the PC4/ roots,
this is a multi-state character (4 states) according to the
interpretation of the above-mentioned authors, which
suggests problems in the understanding of tooth root
anatomy. Repenning and Tedford (1977) considered
that the PC3-4/ with a single root is a synapomorphy
of all recent otariids. In the species studied here, teeth
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FIGURE 10: Apical constriction and vertical sulcus on the root of the second upper postcanine of Arctocephalus australis (MCN 2456: a,

lingual view; b, apical view; scale, 5 cm).

showed evidence of more than a single root. In O.
byronia, the root can be bifid in both teeth (e.g. MCN
2624) and the sulcus of the lingual side is generally well
defined, despite the fact that the sulcus on the vestibular
side could be absent. In opposition, in some specimens
we observed up to two sulci on the lingual side (e.g.
MCN 2619). In A4. australis, there are two complete
roots, sometimes only partially separated. The sulcus
on the lingual and vestibular sides of roots can be easily
observed. Additionally, the root possesses a distal side,
with a sulcus present or not (e.g. MCN 2501, 2509,
2456) (Figure 11a-b).

Berta and Wyss (1994) stated that the PC5/ would
also be single-rooted, both in Arctocephalus and sea lion
species. However, it was observed that this root is often

bifid in O. byronia (the vertical sulcus is well defined,
even in adult specimens (Figure 12a). Additionally in
the specimen MCN 2624, two sulci on the vestibular
side and one on the lingual side could be observed.
In A. australis, the root can be double (MCN 2699)
(Figure 12b) or even triple, with considerable individual
variation. The mesial root was inclined anteriorly and
the distal root was very shallow and narrow, with one
or two sulci.

Berta and Wyss (1994) also considered that the
metaconid of the PC/5 is reduced or absent in sea lion
species, which contradicts our results in O. byronia. In
this species, the degree of development of the metaconid
is variable, but it can be very conspicuous in some
specimens (e.g. MCN 2624, 2701) (Figure 13a-b).
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FIGURE 11: Multiple roots in the fourth upper postcanine of Arctocephalus australis (MCN 2456: a, vestibular view; b, apical view; scale,
5 cm).

FIGURE 12: Multiple roots in the fifth upper postcanines (a, MCN 2624 Otaria byronia, vestibular view; b, MCN 2699 Arctocephalus
australis, vestibular view; scale, 5 cm).

Revista Biotemas, 26 (2), junho de 2013
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FIGURE 13: Conspicuous metaconid in the fifth lower postcanine of Otaria byronia (MCN 2701 a, vestibular view; b, lingual view; scale,

5 cm).

Discussion

Unlike Pinnipedia, the monophyly of Otariidae is
not controversial. Nonetheless, many characters that
have been attributed to the whole family in previous
phylogenetic analyses vary between species. This
confirms the necessity for more extensive and detailed
studies of South American species, including large
sample sizes, as recommended by Berta and Churchill
(2012). Sanfelice and Ferigolo (2008) emphasized the
high variability of skull characters in O. byronia and A.
australis, refuting many character states previously used
in the phylogenetic analysis of pinnipeds. In this context,
these authors concluded that a comparative osteological
study of all other otariids will certainly be very useful
to the solution this problem and to the revision of the
characters.

In relation to the jugal-squamosal contact, O.
byronia resembles more closely Neophoca cinerea,
as illustrated by King (1960). Otherwise, the shape of
this suture is related to the lesser development of the
post-orbital process in both species. Also considering

that there is a positive allometric growth in the orbit
of Arctocephalus (DREHMER; FERIGOLO, 1997), it
is possible that the same also occurs for other otariids,
which could be related to the type of jugal-squamosal
contact.

Regarding the tympanic anatomy, its great
variability was already previously mentioned in King
(1960), so the relief of these bones does not seem to
have a relevant taxonomic value, unless this variability
is considered (e.g. DREHMER; OLIVEIRA, 2000 for
Arctocephalus).

Despite a small elevation in the internal auditory
meatus floor observed in some specimens of O. byronia
(which could perhaps be interpreted as an incipient/
reduced transverse crest), it would not separate canals
for the facial and auditory nerves. In fact, the absence
of separate canals for nerves VII and VIII is usual in
Otariidae (REPENNING; TEDFORD, 1977).

The presence of a lingual cingulum in the 13/
of Otariidae has not been previously described in the
literature. With regard to the tooth roots in otariids,
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the gradual deposition of cement throughout ontogeny
makes it difficult to determine the number of roots in
each tooth. Mitchell (1968) noted that a fossil specimen
of Eumetopias sp. cf E. jubata. would be an excellent
example of a very old sea lion, given its large size and
the degree of fusion between the roots. However, such
“fusion” also occurs in the fur seals 4. australis and A.
tropicalis (DREHMER; FERIGOLO, 1997), in the most
anterior postcanines. Also, according to Mitchell (1975),
the development of single roots in the postcanines is a
derived condition among the “Otarioidea.” The majority
of studies (e.g. BERTA; WYSS, 1994) refer to the root
anatomy in a confusing way (especially in fossils), using
few informative terms such as “bilobed roots,” which
in reality indicates more than a single root. Thus, we
suggest that a histological study would be necessary to
determine with precision the number of tooth roots in
each species.

The presence of a nasolabialis fossa in some
specimens of both species could be regarded as atavistic.
Its occurrence in adult specimens and its morphological
identity to the same structure described for the fossil
genera Enaliarctos and Pteronarctos supports this claim.
Some evidence of atavism in the dentition of Otaria
byronia is well documented (DREHMER et al., 2004,
DREHMER et al., 2009), so the nasolabialis fossa could
also be subject to reversal (= taxic atavism) as observed
in Pinnarctidion (BERTA; WYSS, 1994).

Finally, it is important to note that some studies
have shown that dental characters of mammals (usually
treated independently in phylogenetic analyses), are
strongly correlated ontogenetically (KANGAS et al.,
2004) or subject to atavisms (e.g. DREHMER et al.,
2004). Thus, we recommend caution in the use of dental
characters with regard to cusp morphology, number of
teeth or number of roots.
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