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A New Rhynchocephalian from the Late Triassic of Southern Brazil
Enhances Eusphenodontian Diversity

Paulo R. Romo de Vivar™ ), Agustin G. Martinelli® %), Annie Schmaltz Hsiou® and Marina Bento Soares™¢

“Programa de Pos-Graduagao em Geociencias, Instituto de Geociencias, Universidade Federal Do Rio Grande Do Sul, Avenida
Bento Gongalves, 9500 Agronomia, Porto Alegre, RS, Cep 91501-970), ﬁrazil; bCONICET-Seccion Paleontologia de Vertebrados,
Museo Argentino de Ciencias Naturales ‘Bernardino Rivadavia’, Av. Angel Gallardo 470, Buenos Aires, CI1405DJR, Argentina;
“Departamento de Biologia, Faculdade de Filosofia, Ciencias e Letras de Ribeirao Preto, Universidade de Sao Paulo, Ribeirao
Preto, Sao Paulo, Brazil; dDeparmmentO de Geologia e Paleontologia, Museu Nacional, Universidade Federal Do Rio De Janeiro,
Quinta da Boa Vista s/n, Sao Cristovao, Rio De Janeiro, RJ, Cep 20940-040, Brazil
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We describe a new eusphenodontian, Lanceirosphenodon ferigoloi gen. et sp. nov., from the Upper Triassic (Norian)
Riograndia Assemblage Zone (AZ) of the Candelaria Sequence (Santa Maria Supersequence) of Rio Grande do Sul,
Brazil. The new taxon consists of an almost complete left dentary with dentition, which exhibits a mosaic of features
considered ‘typical’ of non-eusphenodontian rhynchocephalians, along with others reported for eusphenodontian taxa. It
has the typical rhynchocephalian regionalized dentition with 19 teeth and also pleuroacrodont implantation; the
additional dentition presents alternation of size and shape, with the last additional teeth resembling a spear in labial
view. A well-developed chin is also present. Our phylogenetic analysis places Lanceirosphenodon as one of the most
basal eusphenodontians and reinforces the hypothesis that Rhynchocephalia underwent an early diversification, probably
in the Early Triassic, followed by an explosion in morphological disparity. Based on the ontogenetic sequence of
Sphenodon, Lanceirosphenodon fitted between stages T2 and T3, representing a probable early juvenile individual. In
spite of its ontogenetic stage, the set of characters present in Lanceirosphenodon, including two autapomorphies,
supports its recognition as a new taxon. This new taxon increases our knowledge of the faunal diversity in the Triassic

of Gondwana and more locally for the Riograndia Assemblage Zone of southern Brazil.
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Introduction

Rhynchocephalia was proposed by Giinther (1867) to
include the ‘peculiar’ Sphenodon punctatus (Gunther
1867; Evans & Jones 2010). Later on, other taxa, such
as proganosaurs, mesosaurs, rhynchosaurs and claraziids
(e.g. Osborn 1903; Evans & Jones 2010), were included
in this group which are now regarded as phylogenetic-
ally distant from Sphenodon (Evans & Jones 2010).
Almost a century after Glinther’s work, the cladistic
approach triggered by Gauthier et al. (1988) recognized
Rhynchocephalia as a monophyletic group that includes
Gephyrosaurus and Sphenodontia (sensu Benton 1985),
constituting with Squamata the clade Lepidosauria
(e.g. Gauthier ef al. 1988; Reynoso & Clark 1998;
Reynoso 2000; Evans 2003; Jones 2009; Apesteguia
et al. 2012; Rauhut er al. 2012; Jones et al. 2013;
Martinez et al. 2013). The taxonomic composition of
Rhynchocephalia is currently stable (e.g. Jones 2009;

Apesteguia et al. 2012), but relationships within the
clade remain unresolved (see Hsiou et al. 2015).

During the Late  Triassic-Middle  Jurassic,
Rhynchocephalia was a highly diverse, cosmopolitan
group, with around 50 extinct taxa described so far
(Evans & Jones 2010; PRR, pers. obs.). Consequently,
rhynchocephalians were the most abundant lepidosaurs
during the first half of the Mesozoic. Today, only
one species remains, Sphenodon punctatus, which is
restricted to New Zealand (Daugherty et al. 1990; Evans
et al. 2001; Jones et al. 2009; Evans & Jones 2010;
Hay et al. 2010; Jones & Cree 2012; Rauhut et al.
2012). The chronological range of Rhynchocephalia has
usually been considered to extend from the Late
Triassic to Recent (e.g. Evans et al. 2001; Apesteguia
et al. 2012; Rauhut et al. 2012). However, the ‘Vellberg

jaws’ (cf. Diphydontosaurus sp.) from the Erfurt
Formation of Germany, dated at 239-249 Ma, which
corresponds to the end of the Middle Triassic
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(Ladinian), now represent the oldest record of the group
(Jones ef al. 2013). Based on molecular data and the fos-
sil record, Jones et al. (2013) proposed that the diver-
gence between Squamata and Rhynchocephalia may have
occurred about 240.8 million years ago, corresponding to
the beginning of the Ladinian. However, new studies
based on molecular and morphological data have esti-
mated the origin of Squamata at around 257 Ma (near the
Permian/Triassic boundary; Simoes et al. 2018; Hsiou
et al. 2019), which would move the divergence between
the Squamata and Rhynchocephalia back to that time.

Constitution of Rhynchocephalia

Gauthier et al. (1988) defined Rhynchocephalia as a
monophyletic group including Gephyrosaurus and
Sphenodontia (sensu Benton 1985). The latter clade is
defined as Sphenodon and all rhynchocephalians that are
closer to Sphenodon than to Gephyrosaurus. Several
analyses have resulted in a well-supported, large clade
within Sphenodontia, which was informally called
‘crown-Sphenodontia’ (e.g. Fraser & Benton 1989;
Apesteguia et al. 2012; Apesteguia & Carballido 2014),
‘derived-Sphenodontia’ (e.g. Apesteguia et al. 2012,
2014; Jones et al. 2012) or ‘derived rhynchocephalians’
(e.g. Jones 2008, 2009). Recently, Herrera-Flores et al.
(2018) proposed the formal name Eusphenodontia for
this stable clade, which is defined as the least inclusive
clade containing Polysphenodon muelleri, Clevosaurus
hudsoni and Sphenodon punctatus.

Basal rhynchocephalians or non-eusphenodontians,
such as the Late Triassic Diphydontosaurus and the
Early Jurassic Gephyrosaurus, do not form a monophy-
letic group but do share several distinctive features: (1)
apicobasally tall and very narrow slender teeth; (2) an
oval and flat dental symphysis divided by a deep
groove; (3) a fairly straight ventral margin of the den-
tary; (4) an elongated anteroposterior joint of the man-
dible, suggesting a low degree of propalinal movement;
(5) simple, small, conical teeth with ovoid bases and
without flanges, whose mesiodistal and labiolingual
dimensions are similar; (6) adult individuals with at
least four or five successional teeth in the anterior por-
tion of the tooth row; (7) the absence of a broad, deep
Meckelian canal; (8) an absence of secondary bone
development (secondary dentine according to Fraser
[1986]) below the tooth row; (9) several rows of palat-
ine teeth; (10) a simple articulation between the premax-
illa and the maxilla, involving only a small overlap;
(11) relatively narrow nasals; (12) a low coronoid pro-
jection (Siila 2005; Jones 2008, 2009; Apesteguia et al.
2012; Apesteguia & Carballido 2014); and (13) the

presence of  pleurodont tooth implantation.

Gephyrosaurus has an almost totally pleurodont denti-

tion, with some peculiarities in the posterior-most teeth,

which have shallower roots (Jenkins et al. 2017).

Diphydontosaurus and some other Triassic and Jurassic

genera, such as Planocephalosaurus, have anterior teeth

with a pleurodont tooth implantation, whereas the
posterior teeth have acrodont implantation (Fraser &

Shelton 1988; Saila 2005; Jenkins et al. 2017).
Whiteside & Duffin (2017) and Whiteside et al.

(2017) recently described new Late Triassic rhynchoce-

phalians that were also considered basal forms:

Gephyrosaurus ~ evansae  and  Penegephyrosaurus

curtiscoppi  from the Holwell quarry complex

(Rhaetian), near Bristol (England), and Deltadectes

elvetica from the Upper Gruhaldle Member of the

Klettgau Formation (Norian/Rhaetian), Hallau (Switzerland;

Whiteside er al. 2017). However, these authors did not

perform any phylogenetic analyses.

Within Eusphenodontia, five groups are frequently
recovered and are relatively consistent in different
phylogenetic analyses:

1. Clevosaurs (e.g. Wu 1994; Reynoso 1996, 1997,
Jones 2006; Rauhut et al. 2012; Martinez et al.
2013; essentially Clevosauridae of Bonaparte &
Sues 2006; Hsiou et al. 2015, 2019; Herrera-Flores
et al. 2018). This is a quite unstable group in terms
of its composition and internal relationships, because
the inclusion of several Clevosaurus species in
cladistic analyses has resulted in the recovery of
unresolved clades (see Hsiou et al. 2015, 2019;
Herrera-Flores et al. 2018). Also, this clade includes
Polysphenodon, Brachyrhinodon and Clevosaurus
spp. (with the exception of CL latidens, which was
renamed Fraserosphendon latidens; Herrera-Flores
et al. 2018). Moreover, Herrera-Flores et al. (2018)
and Hsiou et al. (2019) considered Polysphenodon to
lie outside this clade.

2. Sphenodontinae (e.g. Reynoso 1996; Apesteguia &
Novas 2003; Rauhut et al 2012; Martinez et al.
2013; Hsiou et al. 2015), which is composed of
Sphenodon,  Oenosaurus,  Cynosphenodon  and
Zapatodon (e.g. Reynoso 1996; Apesteguia & Novas
2003; Rauhut et al. 2012; Martinez et al. 2013).
However, some phylogenetic analyses have
recovered Sphenodontinac as a paraphyletic group
(e.g. Apesteguia et al. 2012, 2014; Apesteguia &
Carballido 2014).

3. Opisthodontia, which includes Opisthias,
Priosphenodon, Toxolophosaurus, Eilenodon and
Sphenotitan. This is a more stable group and was
defined by Apesteguia & Novas (2003) as a clade
including all sphenodontians that are more closely



Table 1. Temporal and geographical distribution of Gondwanan rhynchocephalians during the Mesozoic. Abbreviations: Fm,
Formation; Gr, Group; Mb, Member; Seq, Sequence; Superseq, Supersequence.

AGE TAXON AUTHOR COUNTRY GEOLOGIC UNIT
CRETACEOUS
Campanian Kawasphenodon expectatus Apesteguia 2005 Argentina Los Alamitos Fm
Campanian Sphenodontinae indet. Apesteguia & Jones 2012 Argentina Allen Fm, Malargue Gr
Campanian Lamarquesaurus cabazai Apesteguia & Rougier 2007  Argentina Allen Fm, Malargue Gr
Turonian—Santonian Indeterminate Hsiou et al. 2016 Brazil Adamantina Fm, Bauru Gr
Cenomanian Priosphenodon avelasi Apesteguia & Novas 2003  Argentina Candeleros Fm, Neuquén Gr
Cenomanian Kaikaifilusaurus calvoi Simon & Kellner 2003 Argentina Candeleros Fm
Albian? Priosphenodon minimus Apesteguia & Argentina La Paloma Mb, Cerro Barcino
Carballido 2014 Fm, Chubut Gr
Barremian Tingitana anoualae Evans & Sigogneau- Morocco Ksar Metlili Fm
Russell 1997
JURASSIC
Callovian—Oxfordian? Sphenocondor gracilis Apesteguia et al. 2012 Argentina Lower Mb, Cafiadén
Asfalto Fm
Toarcian Rebbanasaurus jaini Evans et al. 2001 India Kota Fm
Toarcian Godavarisaurus lateefi Evans et al. 2001 India Kota Fm
Early Jurassic Clevosaurus sp. Sues & Reisz 1995 South Africa Elliot Fm or Clarens Fm
TRIASSIC
Norian Sphenotitan leyesi Martinez et al. 2013 Argentina Quebrada del Barro Fm
Norian Clevosaurus brasiliensis Bonaparte & Sues 2006 Brazil Top of Candelaria Seq, Santa
Maria Superseq
Norian Lanceirosphenodon ferigoloi  This study Brazil Top of Candelaria Seq, Santa
Maria Superseq
Carnian—Norian Clevosaurus hadroprodon Hsiou et al. 2019 Brazil Base of Candeldria Seq, Santa

Maria Superseq

related to Priosphenodon than to Sphenodon (see
also Rauhut et al. 2012; Martinez et al. 2013).

4. Eilenodontinae, which includes Priosphenodon,
Toxolophosaurus and Eilenodon, and represents
the sister group of Opisthias (e.g. Apesteguia &
Novas 2003; Apesteguia et al. 2012, 2014; Rauhut
et al. 2012).

5. Finally, a clade with propalinal taxa, which includes
sphenodontines, eilenodontines and their relatives
(sensu Apesteguia 2005; Apesteguia et al. 2012, 2014).
Recently, Herrera-Flores et al. (2018) proposed the
clade Neosphenodontia for the most inclusive clade
containing Sphenodon punctatus but not Clevosaurus
hudsoni. The latter definition includes the last four
aforementioned clades (clades 2-5).

There are three other minor eusphenodontian groups that
are consistently recovered in various phylogenetic analyses:
(1) pleurosaurs, which include the aquatic Pleurosaurus
goldfussi, Pl. ginsburgi, Palaeopleurosaurus posidoniae and
Vadasaurus herzogi (e.g. Rauhut er al. 2012; Apesteguia
et al. 2014; Pleurosauridae of Bever & Norell [2017]); (2)
‘sapheosaurs’, which include Kallimodon and Sapheosaurus
(e.g. Apesteguia et al. 2012, 2014; Rauhut et al. 2012); and
(3) a clade formed by Theretairus and Sphenovipera (e.g.
Apesteguia & Novas 2003; Apesteguia et al. 2012, 2014;
Martinez et al. 2013; Bever & Norell 2017).

In the Southern Hemisphere, few rhynchocephalian
fossils are known from the Triassic and Jurassic periods.

In contrast, the Cretaceous fossil record of Gondwana is
more taxonomically diverse with great morphological
disparity, especially in Argentina (see Table 1). The old-
est Gondwanan records of rhynchocephalians are: (1)
Clevosaurus hadroprodon Hsiou et al., 2019 discovered
in the Late Triassic Hyperodapedon Assemblage Zone
(AZ; late Carnian) from the base of the Candélaria
Sequence (Santa Maria Supersequence), southern Brazil
(Hsiou et al. 2019); (2) Clevosaurus brasiliensis
Bonaparte & Sues, 2006, from the Riograndia AZ, at
the top of the Candélaria Sequence (Bonaparte & Sues
2006; Soares et al. 2011; Horn et al. 2014); and (3)
Sphenotitan leyesi Martinez et al., 2013, from the
Quebrada del Barro Formation, Marayes-El Carrizal
Basin, western Argentina (Martinez et al. 2013). The
two latter taxa are Norian in age, and each represents
the most abundant component within its respective
faunal association (Bonaparte et al. 2010; Martinez
et al. 2013; Bolze et al. 2015; see Discussion, below).
Here, we describe a new rhynchocephalian taxon that
represents the second genus from the Riograndia AZ of
the Candeldria Sequence (Figs 1, 2), increasing the fos-
sil diversity of small-sized forms in the Late Triassic of
western Gondwana. The material consists of a well-pre-
served lower jaw with a dentition that is noticeably dis-
tinct from that of Clevosaurus brasiliensis. This new
taxon is compared with other rhynchocephalians and its
relationships are explored through phylogenetic analysis.
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Figure 1. Map showing the geographical location of the outcrop Linha de Sao Luiz where the holotype of Lanceirosphenodon

ferigoloi gen. et sp. nov. was found.

Material and methods

Institutional abbreviations

CAPPA/UFSM: Centro de Apoio a Pesquisa
Paleontolégica, Universidade Federal de Santa Maria,
Sao Joao do Polésine, Brazil; IGM: Instituto de Geologia,
Universidad Nacional Auténoma de México, Ciudad
Universitaria, México; UFRGS-PV-T: Laboratorio de
Paleontologia de Vertebrados, Universidade Federal do Rio
Grande do Sul, Triassic Collection, Porto Alegre, Brazil.

Material

The specimen studied here, CAPPA/UFSM 0226,
consists of a well-preserved left dentary, lacking only
the posterior process (Fig. 2). CAPPA/UFSM 0226 was
prepared at the UFRGS. Photographs were taken using
an EOS Rebel T3i digital camera with a SIGMA EX DG
macro lens. The images were processed with the software
Inkscape v. 0.91 and GIMP v. 2.8. In addition, the speci-
men was scanned using the SkyScan 1173 micro-com-
puted tomography (LCT) scanner at the Laboratdrio de
Sedimentologia e Petrologia (LASEPE) of the Pontificia
Universidade Catdlica do Rio Grande do Sul (PUCRS),
Porto Alegre, Rio Grande do Sul, Brazil. The scan
included 774 slices (pixel size =9.87947 um), obtained
using a voltage of 65kV and a current of 65 pA. The
images were processed with AVIZO v. 7.1.

Phylogenetic analysis
CAPPA/UFSM 0226 was included in the data matrix of
Herrera-Flores et al. (2018) with the addition of

Youngina, as coded by Apesteguia et al. (2014). Some
modifications were made to the data set of Herrera-
Flores et al. (2018) (see Supplementary Material).

The new data matrix includes 73 characters and 49
terminal units (see Supplementary Material). The data
matrix was analysed using TNT v. 1.5 (Goloboff &
Catalano 2016). We performed a heuristic search, using
maximum parsimony as the optimality criterion and
under equal weights. All characters were non-additive
(=unordered). The tree search consisted of 10,000
replicates of Wagner trees with random addition of taxa
followed by tree bisection and reconnection (TBR)
branch swapping, holding 10 trees per replication. The
resulting most parsimonious trees (MPTs) were subjected
to a final round of TBR branch swapping. In addition,
decay indices (Bremer support values) were calculated
and a bootstrap resampling analysis, with 10,000 pseu-
doreplicates, was performed. Subsequently, the Iterative
Positional Congruence Reduce (IterPCR) protocol
(Pol & Escapa 2006) was employed to identify unstable
taxa and their possible phylogenetic positions.

Systematic palaeontology

Lepidosauria Haeckel, 1866
Rhynchocephalia Giinther, 1867 (sensu Gauthier, Estes,
& de Queiroz 1988)

Sphenodontia Williston, 1925 (sensu Benton 1985)
Eusphenodontia Herrera-Flores, Stubbs, Elsler, &
Benton 2018
Lanceirosphenodon gen. nov.
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Figure 2. Chrono- and biostratigraphy of Triassic units with vertebrate assemblage zones (AZ) from southern Brazil, with the skull
and jaws of the holotype of Clevosaurus brasiliensis (UFRGS-PV-0748-T) and the holotype dentary of Lanceirosphenodon ferigoloi
(CAPPA/UFSM 0226) in lateral view and at the same scale. The ages (Ma) of the column follow Gradstein et al. (2012). Chrono- and
biostratigraphy were modified from Zerfass et al. (2003) and Horn et al. (2014). The radiometric dates of 236, 231.4 and 225.9Ma
correspond to the first half of the Chanares Formation (Marsicano et al. 2016; Ezcurra et al. 2017), the base of the Ischigualasto
Formation, and the base of Los Colorados Formation (Martinez et al. 2013), respectively. The radiometric date of 225.6Ma
corresponds to the top of the Candelaria Sequence that was obtained from rocks of the Linha Sao Luiz outcrop (Langer et al. 2018).

Type and only species. Lanceirosphenodon ferigoloi
Sp. nov.

Derivation of name. ‘Lanceiros’ in Portuguese means
‘spear’, in reference to the shape of the last additional
teeth that are reminiscent of a spearhead and in recogni-
tion of the ‘Lanceiros Negros’ (Black Lancers), a group
formed by slaves armed with long spears, who fought
for freedom during the Farroupilha Revolution in Rio
Grande do Sul State, Brazil (1835-1845), and whose
massacre brought about the end of the war. ‘Sphenodon’
refers to the extant genus Sphenodon.

Diagnosis. As for the type and only known species.

Lanceirosphenodon ferigoloi sp. nov.
(Figs 3-6)

Derivation of name. In honour of Dr Jorge Ferigolo, a
renowned Brazilian palacontologist based at the Museu
de Ciéncias Naturais of the Fundagao Zoobotanica do
Rio Grande do Sul (MCN/FZBRS, Porto Alegre, Brazil),
who headed the Brazilian Pro-Guaiba Project, in which
several localities and new fossils from the Triassic of the

Rio Grande do Sul State were discovered, including the
first rhynchocephalian materials.

Holotype. CAPPA/UFSM 0226, left dentary missing the
posterior part, with an almost complete dentition.

Locality and horizon. Linha Sao Luiz outcrop
(29°33'45'S, 53°26'48'W), located north of Faxinal
do Soturno city, Rio Grande do Sul State, Southern
Brazil (Fig. 1). This outcrop belongs to the top of the
Candelaria Sequence, Santa Maria Supersequence,
which is interpreted as a fluvial/deltaic depositional
environment (Horn et al. 2014), and its fossil content
is assigned to the Riograndia AZ (Soares et al. 2011,
Fig. 2). The maximum depositional age of the out-
crop, based on zircon U-Pb analyses, is
225.42+0.37 Ma (Norian; Langer et al. 2018).

Diagnosis. Small sphenodontian rhynchocephalian
differing from all other rhynchocephalians in having the
following combination of features (*asterisks indicate
autapomorphies): dentary with a low and slightly
triangular coronoid process; alternation of size and
shape of the additional teeth of the dentary (similar to
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C 3mm

Tmm

Figure 3. Dentary of Lanceirosphenodon ferigoloi gen. et sp. nov., CAPPA/UFSM 0226. A, photograph of the specimen in lateral
view. B, drawing of the specimen in lateral view. C, detail of the symphyseal region (in a slightly more ventral position than in B).
D, detail of the two last additional teeth. Abbreviations: A(n), additional tooth (number); adt, additional teeth; cpr, coronoid process;
f, mentonian foramina; fl, flange; ht, hatchling teeth; mdf, mandibular foramen; ppr, dentary posterior process; sb, secondary bone;

st, successional teeth; wf, wear facet.

that observed in the anterior additional teeth of the max-
illa of Sphenodon), where the apicobasally tall teeth are
‘D’-shaped and the apicobasally short ones are almost
cylindrical; the last additional teeth (although ‘D’-
shaped) slightly resemble a spear in labial view; teeth
without ornamentation; anterolateral flanges in the add-
itional teeth; marginal dental implantation with a certain
degree of posterior acrodonty and the successional teeth
with pleurodonty®; anteriorly developed subdental shelf;
symphyseal region with a conspicuous groove (similar
to Cynosphenodon and Sphenovipera) that is continuous
with the Meckelian groove; well-developed and pointed
chin (mentonian process)*.

Anatomical description and comparisons

CAPPA/UFSM 0226 consists of a well-preserved,
incomplete left dentary with its dentition exposed only
in lateral view. The lingual surface of the dentary is
obscured by matrix. Features of the lingual surface and
internal structures were accessed using the pCT images.
Measurements and ratios are given in Tables 2 and 3,
respectively. Post-dentary bones are not preserved.

Dentary
The dentary is dorsoventrally shallow and anteroposter-
iorly long and slender. It is very small in overall size in
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Figure 4. Three-dimensional rendering of the dentary of Lanceirosphenodon ferigoloi gen. et sp. nov., CAPPA/UFSM 0226
in A, dorsal, B, lateral, C, medial, D, ventral and E, anteromedial views. F, transparency showing empty spaces (in dark grey).

comparison to the early ontogenetic stages of other
fossil thynchocephalians, where available (see Robinson
1976; Reynoso 1997, 2003; Reynoso & Clark 1998;
Apesteguia et al. 2012). Its preserved portion is 9.1 mm
in length. The height of the dentary decreases anteriorly,
being Imm in depth in the pre-coronoid region.
The length (I) from the tip of the symphysis to the
anterior edge of the coronoid process is 7.1 mm, and the
maximum height (h) of the jaw pre-coronoid process is
1.2 mm, resulting in an h/l ratio of 0.17. As commonly

observed in juvenile individuals, the dentary shows little
development of secondary bone, which is completely
absent from its anterior-most region. Secondary bone
is a feature commonly observed in rhynchocephalians,
but is absent in basal taxa, such as Gephyrosaurus and
Diphydontosaurus (Fraser 1988; Apesteguia et al. 2012).
The limited growth of secondary bone (Fig. 3A—C) in
this juvenile specimen is mainly restricted to the anterior
region of the dentary, similar to the pattern observed
in specimens of Cynosphenodon (IGM 6659: probably
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Figure 5. nCt images of dentary of Lanceirosphenodon ferigoloi gen. et. sp. nov., CAPPA/UFSM 0226. A, axial section in dorsal
view of dentary. B, axial section of anterior region of dentary in occlusal view. C, coronal section of the third successional tooth. D,
coronal section of the fifth additional tooth. E, coronal section of the sixth additional tooth. F, axial section of the posterior region of
the dentary in occlusal view. G, detail of the symphyseal region in anterior view. H, dentary in lateral view. I, detail of the anterior
region in dorsal view. J, detail of the posterior region in dorsal view. K, dentary in dorsal view. Abbreviations: A(n), additional
tooth (number); adt, additional teeth; ale, alveolar canal; cap, pulp cavity; cpr, coronoid process; f, mentonian foramina; fl, flange;
ht, hatchling teeth; Ips, post-symphyseal lamina; me, Meckelian canal; mdf, mandibular foramen; ppr, dentary posterior process; sds,
subdental shelf; st, successional teeth; st3, third successional tooth; sy, symphysis.

‘ontogenetic stage S’ of Harrison [1901a, b]; see
Reynoso 2003, fig. 1A) and especially IGM 6658
(‘ontogenetic stage T3-T4’ of Robinson [1976]; see
Reynoso 2003, fig. 1B) (Figs 3C, 4C, 50).

In lateral view (Figs 3, 4B, 5H, I), seven mental fora-
mina are irregularly spaced along the dentary. The
anterior-most foramen is the largest and the posterior-
most is the second largest. The ventral margin of the

dentary is nearly straight and its symphyseal region
projects mediodorsally. A straight ventral margin is a
feature seen in basal forms, but it is also present in
Sphenocondor and in some eusphenodontians, such as
Cynosphenodon (Reynoso 1996, 2003; Apesteguia et al.
2012). The dorsal margin of the dentary is slightly
bowed in occlusal view, with a concave lingual outline
(Figs 4A, 5K). The mentonian process of the symphysis
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Figure 6. nCT images of dentary of Lanceirosphenodon ferigoloi gen. et sp. nov., CAPPA/UFSM 0226. A, B, coronal sections in
different levels of the dentary. C, D, E, sagittal sections in different levels of the dentary. Abbreviations: alc, alveolar canal; cap,
pulp cavity; f, mentonian foramina; fl, flange; me, Meckelian canal.

Table 2. Measurement values of CAPPA/UFSM 0226.

Measurement Value (mm)
Maximum length of dentary 9.16
Length of dentary at coronoid process (anteriorly) 7.12
Minimum height of jaw (anteriorly) 1.00
Minimum height of jaw (anteriorly, with tooth) 1.08
Maximum height of jaw at pre-coronoid region 1.22
Height of jaw at coronoid process 1.81
Length of coronoid process at base 1.69
Length of coronoid process at top 0.48
Height of coronoid process 0.52
Height of last successional tooth (labial) 0.24
Length of last successional tooth (labial) 0.31
Height of last successional tooth (lingual) 0.27
Length of last successional tooth (lingual) 0.30
Maximum transverse width of last successional tooth 0.19
Maximum mesiodistal length of last successional tooth 0.26
Height of A6 tooth (labial) 0.85

is well-developed and its tip is slightly rounded in CAPPA/UFSM 0226 is very similar to juvenile speci-
lateroventral view (Figs 3B, C, 4B, E, 5I). Regarding mens of Cynosphenodon ([IGM 668 [T3-T4] and IGM
the shape of the ventral margin and the symphysis, 6659 [S1]), Theretairus and Planocephalosaurus,
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Table 3. Proportion values. Abbreviations: A, additional
tooth; d, distal; h, height; 1, length; LST, last successional
tooth; m, mesial; w, maximum transverse width.

Ratio Value
Maximum pre-coronoid/pre-coronoid length 0.170
LST lingual h/l 0.900
LST labial h/l 0.770
LST occlusal m-d/w 1.060
LST lingual h/labial h 1.125
A6 lingual h/l 1.490
A6 labial h/l 1.440
A6 occlusal m-d/w 1.060
A6 lingual h/labial h 1.030
A5 lingual h/l 1.190
A5 labial b/l 1.330
A5 occlusal m-d/w 1.580
A5 lingual h/labial h 0.820

although the ventral margin is more rounded in the latter
two taxa (Reynoso 2003).

Based on the pCT images, the dentary of CAPPA/
UFSM 0226 has a subdental shelf that is anteriorly con-
spicuous in medial view, but becomes narrower under the
anterior hatchling teeth, until it disappears below the level
of the last hatchling tooth (Fig. 5A, K). In the anterior
region, dorsal to the subdental shelf, the dentary has a
pronounced post-symphyseal lamina. The Meckelian
canal is apparently open and its anterior end is angled
downwards, curving medially both in the symphyseal and
posterior regions. Anteriorly, the Meckelian canal reaches
the symphysis and is continuous with a small groove
over the symphyseal facet (Figs 4C, D, F, 5A, C-E, G,
K, 6 A—C). This combination of features is particularly
similar to the conditions seen in Cynosphenodon and
Sphenovipera (Reynoso 2003, 2005), and also to those in
Gephyrosaurus and Diphydontosaurus (Evans 1980;
Whiteside 1986; Whiteside & Duffin 2017).

In anterior view, the symphysis has a narrow, oval
shape and its ventral tip has a stake-like process (Figs
4C-E, 5G). There is a poorly developed spur on the
anterodorsal portion of the dentary, similar to that of
Sphenodon (Jones et al. 2012, fig. 5) and very similar to
that of juvenile specimens of Cynosphenodon (Reynoso
2003), but not to adult specimens of the latter taxon, in
which a more developed spur is clearly seen.

The coronoid process is not complete, but its broken
portion seems to be small and, consequently, this
process remains low and slightly triangular in shape.
The mandibular foramen is dorsoventrally tall. In medial
view, the adductor fossa is wide and starts almost at the
same level as the top of the coronoid process (Fig. 4C,
F). However, this portion of the jaw is partially
covered, probably by calcite, which is denser than the
bone, and hampers observation of some features in
the uCT images.

Dentition

The regionalized dentition is well preserved, with 19
teeth. Several dental generations are represented and
arranged in an anteroposterior sequence, including four
successional teeth, nine hatchling teeth and six add-
itional teeth. The teeth in the anterior portion of the den-
tary are positioned in a more ventral plane than those of
the posterior region (Figs 4A, 5A, K).

The successional teeth are the most columnar ones.
The anterior-most tooth is the smallest of the succes-
sional series and the posterior-most one is the least col-
umnar, with an almost triangular shape (Fig. 3). No
‘caniniform’ tooth is present. The cross section of the
successional teeth is circular and wear facets are not
present; secondary bone is also absent (Figs 3, 5B). All
successional teeth show weakly pleurodont implantation
(Fig. 5C): the labial region near the base of the teeth
slightly overlies the lateral surface of dentary (Fig. 5A,
C, K). In addition, the lingual part of the base of each
tooth is fused to the subdental shelf; consequently, they
were not acrodont in implantation (sensu Augé 1997).
To be considered acrodont, the tooth base should not be
fused to the subdental shelf or the subdental shelf
should be absent (Jenkins et al. 2017). The overall
arrangement of the successional teeth of CAPPA/UFSM
0226 is similar to that observed in juvenile specimens
of Cynosphenodon (IGM 668 [T3-T4] and IGM 6659
[S1]; see Reynoso 2003, fig. 1A, B).

The hatchling series begins after the fourth succes-
sional tooth. Nine hatchling teeth of acrodont implant-
ation are preserved in alternating size, as seen in most
rhynchocephalians (e.g. Robinson 1976; Reynoso 2003).
The shape varies from triangular to cylindrical. The four
posterior hatchling teeth display on their labial face a
slightly ventrally projecting curvature (Fig. 5K). The
first anterior hatchling tooth is fully worn, and in gen-
eral the anterior teeth have the highest degree of wear,
with conspicuous labial wear facets. The degree of wear
decreases posteriorly (Fig. 3). The change in crown
shape, from triangular to cylindrical, may also be an
artefact of wear. The cross section of the hatchling teeth
is ovoid and labiolingually compressed, which may be
also an effect of lateral wear. Based on the pCT images,
the pulp cavity appears to have the same shape.

There are six additional teeth. They are acrodont and
the largest teeth in the dentary. A peculiarity of
CAPPA/UFSM 0226 is the alternating sizes of the add-
itional teeth (Figs 3, 4), similar to the pattern seen in
the maxilla of Sphenodon (Robinson 1976, fig. 3; Jones
et al. 2012, fig. 4d). In this taxon, the first additional
teeth appear to alternate in size, and are observed during
stage T2 (see Ontogenetic considerations, below). In
subsequent stages (after T2), the new additional teeth do



not alternate in size (Robinson 1976, figs 2, 3). The
apex of the additional teeth of Lanceirosphenodon, as
well as the posterior hatchling teeth, display on their
labial face a slight ventrally projecting curvature (Fig.
5], K). The pulp cavity of the additional teeth tends to
be circular.

The additional teeth A1, A3 and A5 are ‘D’-shaped in
labial view, with an anterolateral flange, these character-
istics being more marked in A5 (Fig. 3). This difference
could be the result of more intense wear in Al and A3
than in AS. The teeth A3 and A4 are triangular and A6
is conical in labial view. All additional teeth have a
smooth crown. The base of the crown exhibits a thicken-
ing. We suggest that this thickening may be some kind
of ankylosis because the pnCT images do not show any
difference in density between this thickening and the
tooth itself (Figs 3A, B, 5D, E, K). In cross section,
the bases of Al, A3 and AS are nearly circular, and the
flanges have the appearance of a protuberance (Fig. 5A,
F). In A2 and A4 this protuberance is absent or almost
imperceptible and the cross section at the base is circular,
as also observed in A6 (Fig. 5F). The gap between A6
and the coronoid process is very short, and possibly
due to the more medial position of this tooth; it could rep-
resent a newly erupted tooth. In the last four hatchling teeth
and in the additional teeth we can observe the enamel,
which is thicker in the additional teeth (Fig. 3A, D).

The alveolar canal runs medially through the
dentary below the tooth row, and dorsolaterally to the
Meckelian canal. This alveolar canal bifurcates
dorsomedially in the posterior region (Fig. 6). It is
possible that the ‘cavity’ noted in immature specimens
of Rebbanasaurus jaini by Evans et al. (2001) repre-
sents bifurcation of the alveolar canal. This suggestion
is supported by the morphology of the cross section of
the dentary CAPPA/UFSM 0226, at the level of A6
(Fig. 5E), which exhibits two ‘canals’ or ‘cavities’,
as also shown by Evans et al. (2001), but at the level
of A5 these two ‘cavities’ merge (Fig. 5D). In the
transverse and sagittal sections, this bifurcation is more
evident (Fig. 6). As Evans et al. (2001) observed, this
‘cavity’ of the alveolar canal could be filled in mature
animals. Laterally, the alveolar canal has branches
that connect to each dentary foramen. Also, there is
a foramen with a connection to the Meckelian canal.
In addition, there are other very small ‘canals’ con-
nected with the pulp cavity of the hatchling teeth, and
between the pulp cavity of the remaining teeth (Fig. 6).

The combination of pleurodont implantation anteriorly
(successional teeth) and acrodont implantation poster-
iorly (hatchling and additional teeth) seen in CAPPA/
UFSM 0226 (Fig. 4A, C, D, K) (sensu Edmund 1969;
revised in Jenkins er al. 2017, fig. 1) is common in
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some Triassic rhynchocephalians (e.g. Diphydontosaurus,
the  ‘Vellberg  Jaws’ [cf.  Diphydontosaurus),
Whitakersaurus and possibly Planocephalosaurus; Fraser
& Shelton 1988; Heckert et al. 2008; Jenkins et al.
2017). This pattern also resembles the agamid mode of
pleurodonty (see discussions in Jenkins et al. [2017] and
Haridy [2018]).

Although CAPPA/UFSM 0226 shares some character-
istics with non-eusphenodontians (i.e. Gephyrosaurus
and Diphydontosaurus), such as a slender dentary with a
straight ventral margin, and the presence of the two
types of dental implantation, it differs from these taxa in
possessing a regionalized dentition (successional, hatch-
ling and additional teeth), the growth of secondary bone
(although poorly developed) and the presence of flanges
on teeth crowns.

CAPPA/UFSM 0226 differs from Planocephalosaurus in
the shape of the teeth in lateral view. The successional teeth
of Lanceirosphenodon are rather columnar and the other
teeth have an isosceles triangle shape, while they tend to
show an equilateral triangular (more pyramidal) shape in
Planocephalosaurus, but not as marked as in Clevosaurus.
With respect to the coronoid process, it is higher in
Planocephalosaurus than in CAPPA/UFSM 0226. The latter
also differs from juvenile specimens of Clevosaurus hudsoni
(see Fraser 1988), because its hatchling teeth do not have
anterior and posterior flanges that form a ‘sharp razor-like
structure’ (Fraser 1988, p. 114). We observed that the add-
itional teeth of CAPPA/UFSM 0226 tend to have an isos-
celes triangle shape in lateral view, whereas in juveniles of
Clevosaurus brasilensis (e.g. UFRGS-PV-0613-T; UFRGS-
PV-0972-T) they tend to have an equilateral triangle (more
pyramidal) shape. Otherwise, CAPPA/UFSM 0226 has con-
spicuous anterolateral flanges, which are poorly developed
and/or absent in CL. brasiliensis.

CAPPA/UFSM 0226 differs from Gondwanan
non-sphenodontians in lacking a diastema between
its successional and hatchling teeth and in lacking
ornamentation on the tooth crowns. With respect to the
Indian taxa Rebbanasaurus and Godavarisaurus,
CAPPA/UFSM 0226 is different because it lacks the
notch that divides the symphysis and the tooth series in
anterior view (Evans et al. 2001). It is important to note
that the absence of caniniform teeth in CAPPA/UFSM
0226 could be related to its ontogenetic state, as it is
in Cynosphenodon, in which juveniles do not have
caniniform teeth, but adults do (Reynoso 2003).

Phylogenetic analysis

The maximum parsimony analysis produced 136 MPTs
that are 273 steps in length (consistency index = 0.385;
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retention index = 0.695). The topology of the strict con-
sensus tree is partially congruent with that obtained by
Herrera-Flores et al. (2018) and differs mainly in that
the clade Neosphenodontia was not recovered; conse-
quently, a polytomy of eusphenodontians was formed.
However, other clades were resolved, as in Herrera-
Flores et al. (2018) and other contributions (e.g.
Apesteguia et al. 2014; Hsiou et al. 2015). Another dif-
ference is the position of Rebbanasaurus, which is
placed as the sister group of the ‘Gondwanan clade’
(sensu Apesteguia et al. 2012), which includes
Godavarisaurus and Sphenocondor, whereas Herrera-
Flores et al. (2018) recovered Rebbanasaurus in a poly-
tomy with Pelecymala, the ‘Gondwanan clade’ and
Eusphenodontia.

In all MPTs, Lanceirosphenodon ferigoloi is nested
within Eusphenodontia, forming a trichotomy with the
genus Polysphenodon and the clade ‘Clevosauridae’ +
Neosphenodontia. Pelecymala is a rogue taxon, because
in some trees it is recovered as the sister taxon of
Eusphenodontia (a position also recovered in the ana-
lysis of Herrera-Flores et al. [2018]), whereas in others
it is nested in the pleurosaurid clade.

In the strict consensus tree, a polytomy was generated
among the main clades of Eusphenodontia (sensu
Herrera-Flores et al. 2018) and Lanceirosphenodon. The
internal relationships of the clevosaurid clade and
among the sphenodontines Derasmosaurus, Oenosaurus,
Zapatadon and Ankylosphenodon are not resolved (see
Supplementary Material Fig. S1).

The clade Eusphenodontia is supported by two synapo-
morphies: shape of the posterior end of the maxilla,
dorsoventrally broad (character 8: 0—1); and absence of
striations in successional dentary teeth (character 65:
0—1). Lanceirosphenodon bears two autapomorphies: a
well-developed, pointed mentonian process (character 33:
1—2); and a marginal dental implantation with a certain
degree of posterior acrodonty (character 42: 2—1).

The TIterPCR protocol identified Deramosaurus
and Pelecymala as unstable taxa. When pruning
Deramosaurus, one additional node is formed, and
when Pelecymala is pruned, seven additional nodes are
formed (Figs 7, Supplementary Material Fig. S3). After
pruning these taxa, the new analysis produced 34 MPTs
of 268 steps (consistency index = 0.396; retention index-
=0.708). The topology of the strict consensus tree is
congruent with that obtained by Herrera-Flores et al.
(2018), but differs slightly in a few details:
Rebbanasaurus is again placed as the sister taxon of the
‘Gondwanan clade’ (sensu Apesteguia et al. 2012), and
the relationships among Oenosaurus, Zapatadon and
Ankylosphenodon are resolved when Deramosaurus
is removed.

Eusphenodontia is now supported by five synapomor-
phies: shape of posterior end of maxilla, dorsoventrally
broad (character 8: 0—1); marginal teeth with lateral
and/or wear facet (character 46: 0—1); general organiza-
tion of premaxillary teeth in adults, merged into a
chisel-like structure (character 49: 0—1); a single row
plus one isolated tooth in palatine (character 52: 0—1);
and absence of striations in successional dentary teeth
(character 65: 0—1).

As already recovered in other phylogenetic
analyses, the strict consensus tree shows Gephyrosaurus,
Diphydontosaurus, Planocepalosaurus and
Rebbanasaurus, with Godavarisaurus and Sphenocondor,
the Gondwanan clade (sensu Apesteguia et al. 2012), as
successively closer sister groups to Eusphenodontia. Also,
several previously recognized groups of Rhynchocephalia
were consistently recovered, including Sphenodontia
(sensu Benton 1985), Eusphenodontia, clevosaurs (or
Clevosauridae), Neosphenodontia, homoeosaurids, pleuro-
saurids, sapheosaurids, Opisthodontia, Eliendontinaec and
Sphenodontinae (with the same composition obtained by
Herrera-Flores et al. 2018).

In general, the Bremer support values are low, between
1 and 2, with the exception of Sphenodontia (4).
However, similar Bremer support values have been
recovered in many different analyses of Rhynchocephalia
(e.g. Apesteguia et al. 2012, 2014; Bever & Norell 2017;
Herrera-Flores et al. 2018). Nevertheless, certain nodes
are maintained in the different analyses carried out so far.
The low support values may be related to the large
amount of missing data, as already observed by Ezcurra
et al. (2014, p. 2), who mentioned “that taxa with high
amounts of missing data may reduce node support values
not as a result of a real low robustness of the node, but
because of ambiguous optimizations generated by
unknown character states”.

The data set analysed here has 16 taxa (32.65%) with
0-25% missing data, eight taxa (16.33%) with 26-50%
missing data, 22 taxa (44.90%) with 51-75% missing
data, and three taxa (6.12%) with > 75% missing data,
from a total of 49 taxa. In relation to the 73 characters
used in the data set, 11 characters (15%) have 0-25%
missing data, 39 characters (53%) have 26-50% missing
data, 22 characters (30%) have 51-75% missing data,
and one character (1.37%) has > 75% missing data. In
addition to the amount of the missing data, the total
number of characters in the data set can also affect the
bootstrap value (Soltis & Soltis 2003). Indeed, the boot-
strap value decreases with the addition of characters that
are compatible with but not informative for that node,
characters that are autapomorphies, invariant characters,
and characters that do not contradict the characters that
support the clade (Soltis & Soltis 2003). Finally, it is
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Figure 7. Time-scaled strict consensus topology exhibiting rhynchocephalian relationships (derived after iterPCR protocol; see text).
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important to note that Lanceirosphenodon was recovered
in Eusphenodontia in both topologies, independently of
the low Bremer support values.

Discussion

Taxonomic and phylogenetic considerations

The new taxon presented here, Lanceirosphenodon
ferigoloi, exhibits a mosaic of features considered
‘typical’ of non-eusphenodontian rhynchocephalians,
along with others reported in Eusphenodontia. Common
features shared with non-eusphenodontian rhynchoce-
phalians include a slender dentary with a straight
ventral margin and the presence of two types of dental
implantation (pleurodont anteriorly and acrodont
posteriorly). Also, the presence of a pronounced post-
symphyseal lamina is shared with Gephyrosaurus and
Diphydontosaurus. Additionally, the anterior end of the
Meckelian canal angles downwards, running over the
anterior surface of the post-symphyseal lamina, and it
is continuous with a small groove over the symphyseal
facet. However, these latter features are also seen
in Cynosphenodon and Sphenovipera, members of
Neosphenodontia (Reynoso 2003, 2005).

Lanceirosphenodon shares the following features with
eusphenodontians: regionalization of the dentition with
successional, hatchling and additional teeth; flanges on
the teeth; growth of secondary bone; marginal teeth
with lateral wear facets. However, some of these
features are randomly distributed among a few non-
eusphenodontian sphenodontians. The autapomorphies
of Lanceirosphenodon are as follows: (1) Mentonian
process well-developed and pointed. A  similar
condition is present in Cynosphenodon, Theretairus
and Sphenovipera, which are distantly placed within
Neosphenodontia. Therefore, this is a homoplastic trait
that appeared at least twice in Sphenodontia. (2) The
presence of marginal dental implantation with a
certain degree of posterior acrodonty. A similar trait was
reported for the non-eusphenodontians Diphydontosaurus
and Planocephalosaurus, indicating a homoplastic
condition, but unique for Lanceirosphenodon considering
its phylogenetic placement.

The mixture of plesiomorphic and apomorphic features
in Lanceroisphenodon, and the lack of information for
this taxon given that it is based solely on a lower jaw,
justifies its placement at the base of Eusphenodontia
(Fig. 7), within a trichotomy (Lanceirosphenodon,
Polysphenodon ~ +  [clevosaurs + Neosphenodontia]).
Consequently, finding additional specimens of this taxon
will be necessary to improve its phylogenetic placement.

The relationships of Lanceirosphenodon and
Polysphenodon are unresolved in our analysis, but the
combination of features present in the former taxon
is unique. In the data matrix the same 23 characters
are scored with 2 in  Polysphenodon and
Lanceirosphenodon, only four characters are scored the
same (characters 43, 44, 46, 47), and one character is
scored differently (character 42: marginal dental implant-
ation, type). The other 45 characters are missing data
for Lanceirosphenodon and scored for Polysphenodon.
Although its placement is unresolved (Fig. 7),
Lanceirosphenodon has marginal dental implantation with
a certain degree of posterior acrodonty, which is absent
in Polysphenodon. Also, the last additional teeth of
the jaw of Polysphenodon are more elongated antero-
posteriorly, with a posterolingual flange, whereas in
Lanceirosphenodon the teeth have an anterolateral flange.

Ontogenetic considerations

The majority of the rhynchocephalian fossil record con-
sists of complete or fragmentary lower jaws, with a few
preserved skulls (e.g. Reynoso 2003), mostly belonging
to adult individuals. Moreover, only some taxa are based
on both juvenile and sub-adult specimens: Clevosaurus
hudsoni  (Fraser 1988), Paminzisaurus tlayuaensis
(Reynoso 1997),  Cynosphenodon  huizachalensis
(Reynoso 2003), Zapatodon ejidoensis (Reynoso 2005)
and Cl brasiliensis (Bonaparte & Sues 2006; Arantes
et al. 2009; Romo de Vivar & Soares 2015). However,
besides some brief contributions (e.g. Fraser 1986, 1988;
Reynoso 1996; Jones 2008), only two papers focus on
ontogenetic development in fossil rhynchocephalians,
based especially on the dentary of Cy. huizachalensis
(Reynoso 2003) and CI. brasiliensis (Romo de Vivar &
Soares 2015). Conversely, ontogenetic development in
Sphenodon is well documented (e.g. Dendy 1899;
Harrison 1901a, b; Robinson 1976; Fraser 1986; Rieppel
1992; Jones 2008; Howes & Swinnerton 2010).

Changes have been observed in the type of dental
implantation present during ontogeny for some members
of Rhynchocephalia, for example Diphydontosaurus
(Whiteside 1986). In this taxon, the dentition changes
during ontogeny from pleuroacrodont implantation to a
predominantly acrodont implantation. This implantation
transition occurs in the first ontogenetic stages after
birth, and strongly suggests that acrodont teeth are
derived from a pleurodont emplacement. This suggests
that acrodonty was derived phylogenetically from a
pleurodont condition in rhynchocephalians (e.g.
Whiteside 1986; Whiteside et al. 2017). With the cur-
rently available data, this hypothesis seems correct
because only early diverging taxa have a dentition with
a pleurodont — or anteriorly pleurodont and posteriorly



acrodont — implantation, whereas later branching taxa
have only acrodont implantation. Based on these obser-
vations, it is currently unknown whether the dentition
in Lanceirosphenodon (CAPPA/UFSM 0226) is due to
its ontogenetic stage. Only the discovery of new
specimens can clarify this topic.

Dental implantation that is weakly pleurodont anteri-
orly and acrodont posteriorly is only observable using
pCT imaging. Without this method, the condition of
Lanceirosphenodon could not have been described. This
demonstrates that a revaluation of rhynchocephalian
implantation types is important and necessary, as sug-
gested by Jenkins (2017), because some taxa currently
considered acrodont may have another type of
dental implantation, such as pleurodont, or pleurodont
and acrodont, in the same jaw (Jenkins et al. 2017).
Also, as observed by other authors (e.g. Whiteside &
Duffin 2017; Whiteside et al. 2017), there are variations
in the types of dental implantation considered pleuro-
dont, acrodont or a mixture of the two iIn
Rhynchocephalia. For example, in some pleurodont
implantation types, pits can be absent or present; and in
some cases they are placed on the lingual surface of the
labial side of the dentary (or maxilla) while in others
this condition is weakly developed. The same occurs for
some acrodont conditions, in which there are different
degrees of ankylosis. Dentitions that resemble a dental
battery, as in Ankylosphenodon or Onorenosaurus, can-
not be comparable to the acrodont implantation present
in clevosaurs (e.g. Jenkins et al. 2017; Whiteside &
Duffin 2017). Considering that the evolution of dental
implantation types in Rhynchocephalia is an important
feature with direct implications for understanding their
diversity, new imaging techniques should furnish new
information about the implantation patterns of already
described taxa (and new ones). Such modifications
should produce substantial changes in the configurations
of data matrices, and consequently in the phylogenetic
hypotheses obtained.

It is not trivial to assign an ontogenetic stage to fossil
material of rhynchocephalians, and in general this is
done based on comparisons with the ontogeny of
Sphenodon (e.g. Harrison 1901a, b; Robinson 1976), in
which the initial embryonic stages are denominated with
the letters C—S, and advanced embryonic stages with the
letters Q, R and S. Neonates and juveniles are repre-
sented with the letter T, having four stages: T1 (a few
weeks), T2 and T3 (a few months) and T4 (juveniles).
After T come subadults, adults and mature adults
(Dendy 1899; Robinson 1976; Reynoso 2003; Howes &
Swinnerton 2010). The comparisons between ontogen-
etic stages of Sphenodon should be treated with caution,
however, as already pointed out by Apesteguia et al.

15

(2012). We consider that Lanceirosphenodon CAPPA/
UFSM 0226 could represent an individual between onto-
genetic stages T2 and T3 as proposed for Sphenodon
(Robinson 1976), because it possesses the following fea-
tures: (1) the relative sizes of the last two posterior suc-
cessional teeth seem more developed than those
observed in Sphenodon in stage T3-T4 (Robinson
1976), and in Cynosphenodon (IGM 669; stage S) and
mainly IGM 668 (stage T3-T4). (2) The large number
of hatchling teeth, with lateral wear and little occlusal
wear, is compatible with that shown for stages T2-T3
illustrated by Robinson (1976). (3) The presence
of a considerable number of additional teeth but no
greater than the number of hatchling teeth is a condition
similar to stage T3 of Robinson (1976), although
Lanceirosphenodon possesses more additional teeth than
Sphenocondor, which is considered to be between T3
and T4. The hatchling teeth of Sphenocondor have a
higher degree of wear than Lanceirosphenodon, and the
lower wear in the latter could suggest the presence of
more additional teeth than in Sphenocondor. If dental
development in the Lanceirosphenodon dentary occurred
i