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Abstract

Several specimens preserving the cranial structure of Nyctiphruretus acudens, a parareptile from the Permian Mezen River locali-
ty, Russia, are described here for the first time. Previous studies have offered conflicting reconstructed images of Nyctiphruretus but
no illustrations of actual specimens. The new information was incorporated into two existing analyses of parareptilian relationships.
The results indicate that Nyctiphruretus is closely related to procolophonoids, pareiasaurs and other non-pareiasaurian Mezen River
parareptiles but the interrelationships within this group remain unresolved. Nyctiphruretus was recovered either as the sister taxon
of a clade formed of pareiasaurs and the other non-pareiasaurian Mezen River parareptiles, or as the sister taxon of procolophonoids.
This is the first time the Nyctiphruretus-Procolophonoidea clade received support in a phylogenetic analysis. The interrelationships
between several other groups within the Parareptilia also remain unresolved, or poorly supported, highlighting the need for more
detailed descriptions and analyses of this enigmatic group of extinct reptiles.
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Resumen

Se describen por primera vez varios ejemplares de Nyctiphruretus acudens que han conservado su estructura craneal, un parareptil
del Pérmico de la localidad de Mezen River en Rusia. En estudios previos se documentaron imagenes conflictivas de Nyctiphruretus
aunque nunca se publicaron ilustraciones del material fosil. La nueva informacion se ha incorporado a dos analisis ya publicados
de las relaciones de parentesco de parareptiles. Los resultados indican que de Nyctiphruretus esta proximamente emparentado con
procolofénidos, pareiasaurios y otros parareptiles no-pareiasaurios de Mezen River, aunque las interrelaciones dentro de este grupo
quedan sin resolver. Nyctiphruretus aparece como el grupo hermano de un clado formado por pareiasaurios y los demas parareptiles
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no-pareisaurios de Mezen River, o bien como el grupo hermano de procolofonidos. Es el primer resultado que el clado Nyctiphru-
retus-Procolophonoidea queda diagnosticado en un analisis filogenético. Las interrelaciones en otros varios grupos de Parareptilia
también permanecen sin resolver, o bien quedan pobremente soportadas, resaltindose la necesidad de realizar descripciones mas
detalladas y analisis de este grupo tan enigmatico de reptiles extintos.

Palabras clave: Parareptilia, Procolophonoidea, Nyctiphruretus acudens, filogenia, Pérmico, Rusia.

1. Introduction

The Procolophonoidea is an important group of small-
to medium-sized parareptiles that emerged in the Per-
mian and had a global distribution before disappearing
by the end of the Triassic period. In recent years, several
new, and old, genera and species have been described in
detail (Gow, 2000; Cisneros and Schultz, 2003; Modesto
and Damiani, 2003, 2007; Modesto et al., 2001; Novikov
and Sues, 2004; Pifieiro et al., 2004; Cisneros 2008a, b;
Saila 2008). Procolophonoids have also become the fo-
cus of broader interest because they been proposed to be
the sister group of turtles (Laurin and Reisz, 1995; Reisz
and Laurin, 1991) and it has also been estimated that up
to 80% of procolophonoid lineages survived the Permi-
an-Triassic (P/Tr) extinction event (Ketchum and Barrett,
2004; Modesto et al., 2001, 2003), which killed up to
95% of all species on Earth (Benton and Twitchett, 2003).
However, the survival rate for Procolophonoidea strongly
depends on the number and affinities of Permian procol-
ophonoids, both of which have remained poorly known
especially for the Laurasian members of the group.

European Russia is the only place outside southern
Africa where a succession of procolophonoids from
the Permian and the Triassic are found, but the Permian
Russian procolophonoids have been very poorly known,
and their procolophonoid affinities thus remained uncer-
tain (Spencer and Benton, 2000; Bulanov, 2002; Cisn-
eros, 2008c). Most phylogenetic studies agree that the
Procolophonoidea can be divided into two families,
Owenettidae and Procolophonidae (Cisneros, 2008b,
c; deBraga, 2003; Modesto and Damiani, 2007; Siila
2008) and a Permian origin for the Procolophonidae has
been based on Microphon exiguuus, Ivakhnenko, 1983
from the Upper Permian of Russia (Spencer and Ben-
ton, 2000; Modesto et al, 2001; Benton et al. 2004).
Bulanov (2002, 2003), however, subsequently excluded
Microphon from Procolophonoidea after reidentifying it
as a seymouriamorph, and this was confirmed by Siild
(2009) who was the first to illustrate the damaged holo-
type of M. exiguuus with photographs and pointed out its
supposed procolophoid features to be either damaged or
wrongly identified structures.

In addition to Microphon, other Permian fossils collect-
ed from Russia have been assigned to Procolophonidae.
Bulanov (2002) considered the taxa Nyctiphruretus, Su-
chonosaurus and Kinelia from the Upper Permian of Rus-
sia as ‘procolophons’ (sensu the terminology of Bulanov,
2002). Cisneros (2008c) went on to exclude Suchonosau-
rus from Procolophonoidea based on its ‘pleurodont den-
tition’, interpreted as such from the original descriptive
drawings of Tverdokhlebova and Ivakhnenko (1994), but
a review by Siild (2009) illustrates that the dentition is
instead protothecodont and Suchonosaurus can be as-
signed to the procolophonoid clade Procolophonidae. In
the same review of the putative Permian procolophonoid
taxa known from only fragmentary remains, Sdila (2009)
excludes Kinelia from Procolophonoidea, and reclassifies
it as a tetrapod incertae sedis.

In addition to these, a fourth taxon, Nyctiphruretus
acudens Efremov 1938, a parareptile found in the Mezen
River basin of Russia, Upper Permian (Guadalupian)
(Ivakhnenko 1990), has been considered a member of
the Order Procolophonomorpha, Family Nyctiphrureti-
dae and understood to be the most basal of the Russian
‘procolophons’ (Bulanov, 2002; Ivakhnenko, 1979, 1987,
1990; Tverdokhlebova and Ivakhnenko, 1994). The phy-
logenetic analyses of Lee (1995), Tsuji (2006) and Miiller
and Tsuji (2007), however, do not support the view of
Nyctiphruretus as a basal ‘procolophon’ and instead rec-
ognise Nyctiphruretus as a non-procolophonoid parar-
eptile, possibly more closely related to pareiasaurs than
procolophonoids (Tsuji, 2006). However, Tsuji (2006)
points out that the published reconstructions of Nycti-
phruretus (Chudinov, 1957; Efremov, 1940; Ivakhnenko,
1979; Lee, 1995, 1997) differ from each other markedly,
and an in-depth study of this taxon is needed to resolve its
phylogenetic position.

There are currently over one hundred specimen of Nycti-
phruretus acudens housed at PIN (Bulanov 2002), yet the
osteology and affinities of Nyctiphruretus remain poorly
known. Both Ivakhnenko (1979) and Lee (1995, 1997),
and more recently also Miiller and Tsuji (2007), present
only reconstructions of the skull but no illustrations of
the actual specimens. In order to resolve the phylogenetic
affinities of Nyctiphruretus, and its possible procolopho-
noid status, some of the best-preserved cranial specimens
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are illustrated and briefly described here and the result-
ing new information is incorporated into two published
data matrices (Tsuji, 2006; Miiller and Tsuji, 2007) for
a reanalysis of parareptilian relationships. The postcra-
nial anatomy of Nyctiphruretus is not described in this
paper but Bulanov (pers. comm.) is currently conducting
a more comprehensive study on the osteology and ontog-
eny of Nyctiphruretus.

Institutional abbreviations. BMNH, Natural History
Museum, London;

PIN, Paleontological Institute, Russian Academy of
Sciences, Moscow; SAM, Iziko: South African Museum,
Cape Town.

Anatomical abbreviations. a, angular; art, articular; bo,
basioccipital; d, dentary; ect, ectopterygoid; f, frontal; j,
jugal; 1, lacrimal; meg, meckelian groove; mx, maxilla;
n, nasal; op, opisthotic; p, parietal; pal, palatine; pf, post-
frontal; pmx, premaxilla; po, postorbital; pp, postpari-
etal; pro, prootic; prf, prefrontal; pbs, parabasisphenoid;
pt, pterygoid; q, quadrate, qj, quadratojugal; so, supraoc-
cipital; sp, splenial; sq, squamosal; st, supratemporal; sa,
surangular; ta, tabular; v, vomer

2. Materials and methods

Nyctiphruretus is represented by two species, Nycti-
phruretus acudens and N. optabilis Bulanov (2002). Nyc-
tiphruretus optabilis is known from only one fragmented
dentary (Bulanov, 2002), whereas N. acudens is repre-
sented by numerous cranial and postcranial specimens.
The only difference between the species is a slightly dif-
ferent dentition (Bulanov, 2002), and for this reason, V.
acudens is the species of Nyctiphruretus discussed here
and is from now on referred to simply as Nyctiphruretus.

The Nyctiphruretus specimens illustrated and discussed
in this study are:

PIN 4659/1, the best-preserved skull, revealing many
details of dorsal skull and palate, no mandible attached
(Figs. 1, 2).

PIN 158/4, well-preserved skull (Figs 3A). This speci-
men also has a well-preserved, nearly complete postcra-
nial skeleton, which is not described here.

PIN 158/5, crania with good preservation of posterior
border of dorsal skull (Fig. 3B), right mandibular ramus
and some braincase elements (Fig. 6A).

PIN 4660/18, skull with well-preserved temporal re-
gion; both mandibular rami present (Fig. 4).

PIN 158/6, partial skull; fairly well-preserved left man-
dibular ramus (Fig. 5B).

PIN 162/1, skull with a well-preserved braincase and
palate in ventral view (Fig. 6B).

PIN 158/7, moderately preserved skull with good pres-
ervation of the temporal area (Fig. SA)

The cranial characters for the phylogenetic analysis
were checked against the illustrated specimens, the post-
cranial characters of the Miiller and Tsuji (2007) analysis
against the well-preserved postcrania of PIN 158/4 and
PIN 162, and the braincase characters against the descrip-
tions of Ivakhnenko (1979) for the elements that were not
preserved in the cranial material studied for this analysis.

3. Description
3.1. Dorsal skull

The skull is almost triangular in dorsal view, and has
very large orbital openings (Figs 1A, 2A). The dorsal sur-
face of the skull is covered with dermal tuberosities but
the jugal, the quadratojugal, the maxilla, the premaxilla
and the occipital parts of squamosal are free from sculp-
turing (Figs 1, 2). There is room for at least five teeth on
the premaxilla and the maxilla bears up to 30 conical teeth
(Fig. 2A). The mode of tooth attachment is uncertain,
as sediment obscures the tooth bases in all specimens.
The anterolateral portions of the maxilla, the premaxilla
and the nasal are extremely concave around the external
naris, separated by a bony ridge from a wide concavity on
the lacrimal that borders the orbit (Figs 1D, 2A, C). The
anterolateral maxillary foramen is also situated inside the
concavity of the maxilla (Figs 1D, 2A). The proportions
and extent of the depression around the naris are unique
to Nyctiphruretus within the Parareptilia. The sculptured
dorsal portions of the prefrontal and the lacrimal form
a ledge that overhangs the depression (Figs 1D, 2A, C).

The suture patterns between the different elements of
the skull in dorsal view are well preserved in PIN 4659/1,
illustrating the extent of each element, except the postpa-
rietal of which only a small sliver has been preserved (Fig.
2A). In the majority of Nyctiphruretus skulls, the posterior
border of the skull is extremely poorly preserved and the
postparietal is either missing or cannot be distinguished
from the parietal (Fig. 3A) but a complete postparietal,
which is a single medial element with a pointed tip, can
be seen in PIN 158/5 (Fig. 3B). It is clearly a part of the
dorsal portion of the skull, and not an occipital element
like it is in many other parareptiles. A small tabular bone
is also present, situated occipitally, ventral to the postpa-
rietal and next to the supraoccipital (Figs 2B, 3B). The
lateral temporal region is slightly damaged in PIN 4659/1
but there appears to be an emargination between the jugal
and the quadratojugal (Fig. 2A, C). The quadratojugal is
more complete in PIN 158/7 and PIN 4660/18 (Figs 4,
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Fig. 1.- Skull of Nyctiphruretus acudens, PIN 4659/1,from the Permian of Mezen River (Rusia) in, A, dorsal; B, palatal; C, right lateral;

D, anterior, and E, occipital views.

Fig. 1.- Craneo de Nyctiphruretus acudens, PIN 4659/1, del Pérmico de Mazen River (Rusia) en vistas A, dorsal; B, palatal; C, lateral

derecha; D, anterior, y E, occipital.

5A) — the emargination can be seen as being narrow and
the anterior tip of the quadratojugal curves close to the
posterior tip of the maxilla (Figs 4, SA). The tip does not
touch either the maxilla or the jugal, as can be seen in
PIN 4660/18 (Fig. 5A), which is not as badly crushed
transversely as in PIN 158/7 (Fig. 4). There is a narrow
shelf at the posterolateral corners of the skull on the su-

pratemporal, the squamosal and the quadratojugal above
the posterior temporal emargination, also called temporal
notch, (Fig. 2A), which in Nyctiphruretus is formed by
the squamosal and the quadratojugal (Fig. 2C-D). The
medial border of the emargination is attached to the dor-
sal expansion of the quadrate, which is contacted by a
large posterodorsal expansion of the pterygoid (Fig. 2D).
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Fig. 2.- Drawing of the skull of Nyctiphruretus acudens, PIN 4659/1, in A, dorsal; B, palatal; C, right lateral, and D, occipital views.
Fig. 2.- Dibujo del craneo de Nyctiphruretus acudens, PIN 4659/1, en vistas A, dorsal; B, palatal; C, lateral derecha y D, occipital.

3.2. Palate and braincase

The palate is extensively covered by denticles and rows
of teeth are present on the vomer, the palate and the ptery-
goid (Fig. 6). The vomer and palatine are wide bones,
and together they form the medial and posterior border
of the choana (Figs 2D, 6B). The palatine also contrib-
utes to the posterolateral margin of the choana (Fig. 2B).
The ectopterygoid is devoid of teeth and occupies a small
lateral corner between the palatine and pterygoid (Figs
2B, 6B). The interpterygoid vacuity is fairly long and the
anterior end of the pterygoids echoes its shape (Fig. 6B).
The transverse flange of the pterygoid is concave with
tooth rows running along its edges (Fig. 2B). It is sepa-
rated by a bony ridge from the quadrate process of the
pterygoid, which has two concave surfaces; one facing
posteriorly and the other above posterodorsally (Fig. 2D).
The quadrate process makes extensive contact with the

dorsal flange of the quadrate (Fig. 2D).

Ventrally, the parabasisphenoid becomes broader pos-
teriorly (Figs 2B, 6A-B). The cultriform process is fairly
long and tapers to a sharp point (Fig. 6A-B). An ele-
ment tentatively identified as the prootic has a concave
surface in occipital view (Fig. 2D). Only small slivers
of the opisthotic and the basioccipital can be seen in the
studied specimens (Fig. 6B) but Ivakhnenko (1979) il-
lustrated various (reconstructed) views of the braincase,
including details of the basisphenoid, the basioccipital
and the prootic, based on specimens that were not avail-
able for this study. However, the supraoccipital is nicely
preserved in PIN 4659/1 (Fig. 2B, D). The posterior end
of the supraoccipital has shifted ventrally in this speci-
men, exposing its dorsal surface, and has a low sagittal
crest (Fig. 2D). The supraoccipital is also dorsoventrally
compressed (Fig. 2B), and is nearly identical in shape to
the supraoccipital of Macroleter (Tsuji, 2006).
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Fig. 3.- Photographs and interpretative drawings of the skull of Nyctiphruretus acudens, A, PIN 158/4, and B, PIN 158/5 in postero-

dorsal view.

Fig. 3.- Fotografias y dibujos de interpretacion del craneo de Nyctiphruretus acudens, A, PIN 158/4, y B, PIN 158/5 en vista pos-

terodorsal.

3.3. Mandible

The mandible of Nyctiphruretus is shallow throughout
its length (Figs 4, 5, 6). The dentary bears a meckelian
groove on its medial side (Fig. 6B), although most of it
is covered by the splenial, which does not reach the sym-
physis (Fig. 6A). Posteriorly, the dentary contributes to
the low coronoid eminence with the surangular (Fig. 5B).
The coronoid bone cannot be seen in any specimen but is
most likely confined to the medial side of the mandible,
and does not contribute to the laterally visible coronoid
eminence. The surangular bears a shelf on the lateral side
above its margin with the angular (Fig. 4B) and contrib-
utes to the lateral border of the retroarticular process (Fig.
4A). The angular curves around the ventral edge of the
mandible and continues to the medial side (Fig. 6B). The
prearticular cannot be seen in any specimen. The articu-
lar is transversely broadened and concave dorsally (Fig.
4A-B), forming the dorsal part of the retroarticular proc-
ess and making contact with the quadrate.

4. Phylogenetic affinities of Nyctiphruretus

Two recent papers (Tsuji 2006; Miiller and Tsuji 2007)
have included Nyctiphruretus in a phylogenetic study of

parareptilian relationships. However, Nyctiphruretus was
not the focus of either study and acted merely as a com-
parative taxon to help resolve the phylogenetic position
of the closely related parareptile Macroleter (Tsuji 2006)
and to address the evolution of the hearing apparatus in
other parareptiles from the Mezen River basin (Miiller
and Tsuji 2007). The position of Nyctiphruretus remained
unresolved within Parareptilia in the strict consensus tree
of Miiller and Tsuji (2007) but Tsuji (2006) recovered
Nyctiphruretus as the sister group of a clade consisting
of Macroleter and Pareiasauria in the single MPT (most
parsimonious tree) of her analysis. Both analyses are res-
cored here for Nyctiphruretus and the members of Pro-
colophonoidea, with comments concerning the re-scoring
where appropriate.

4.1. Tsuji (2006) analysis rescored

The analysis of parareptilian relationships by Tsuji
(2006) used 89 characters, of which two were new and
the others taken and/or modified from previous analyses
by Laurin and Reisz (1995), deBraga and Reisz (1996),
deBraga and Rieppel (1997), Lee (1993, 1997), and
Modesto (1999). All characters were cranial, and, apart
from Macroleter that was the focus of the Tsuji (2006)
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study, all taxa were scored based on published descrip-
tions or previous analyses. Because only a small number
of well-known taxa were included in the Tsuji (2006)
analysis, scorings of all characters for all the taxa (except
Eudibamus) could be checked and modified when need-
ed. The ingroup taxa (with references used in this revised
analysis) were: Macroleter (Tsuji, 20006), Eunotosaurus
(Cox, 1969; Gow, 1997), Millerettidae (Gow, 1972; Car-
roll and Lindsay, 1985 fig. 2b), Acleistorhinus (deBraga
and Reisz, 1996), Lanthanosuchus (deBraga and Reisz,
1996; Lee, 1997), Belebey (Reisz et al., 2007), Procolo-
phon (Carroll and Lindsay, 1985; Cisneros, 2008c¢; pers.
obs. on BMNH R514 and SAM-PK-K7890), Owenetta
(Reisz and Scott, 2002), Barasaurus (Cisneros, 2008c;
pers. obs. on SAM-PK-8282), Bradysaurus (Lee, 1997),
Scutosaurus (Lee, 1997, 2000), and Nyctiphruretus (this
study; Ivakhnenko,1979 for some braincase characters).
Scorings for Eudibamus could not be checked because
the details of the skull are not illustrated or discussed in
detail in any publication, and were left unaltered. As in
the Tsuji (2006) analysis, Synapsida, Captorhinidae and
Mesosauridae were assigned as outgoups when running
the parsimony analysis in PAUP. However, this arrange-

ment was not enforced by constraining these taxa outside
a monophyletic ingroup, and with the scoring changes |
made for Mesosauridae, it assumed a position within the
ingroup (see ‘Results and discussion’ for more details).
To score Synapsida, Tsuji (2006) followed the example
of Laurin and Reisz (1995) by using the condition of four
basal composite taxa (eothyrids, caseids, varanopids and
ophiacodontids). Here, the scorings for these composite
taxa were checked against Berman et al. (1995), Brink-
man (1988), Dilkes and Reisz (1996), Langston (1965),
Laurin and Reisz (1995), Reisz (2005), Reisz and Laurin
(2004) and Romer and Price (1940). However, as many
authors (e.g. Griswold et al. 1998; Kron and Judd 1997,
Prendini 2001; Wiens 1998; Yeates 1995) believe using
actual species/genera as terminals in an analysis, even if
only a few species are included from each higher taxon,
is a superior method to using supraspecific or compos-
ite terminals in many respects, a compromise decision
was taken here to allow for multistate scoring for each
supraspecific terminal if the taxa used to score for that
terminal differed in their condition in respect to that char-
acter state. For Captorhinidae, scorings were checked
against the basal taxa Romeria (Clark and Carroll, 1973)

Fig. 4.- Photographs and interpretative drawings of the skull of Nyctiphruretus acudens, PIN 4660/18, in A, right lateral and B, left lateral view.
Fig. 4.- Fotografias y dibujos interpretativos del craneo de Nyctiphruretus acudens, PIN 4660/18, en vistas A, lateral derecha y B, lateral izquierda.
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Fig. 5.- Photographs and interpretative drawings of Nyctiphruretus
acudens. A, left temporal region of the skull PIN 158/7 in lateral
view; B, partial left mandible PIN 158/6 in lateral view.

Fig. 5.- Fotografias y dibujos interpretativos de Nyctiphruretus acu-
dens. A, region temporal izquierda del craneo PIN 158/7 en vista
lateral; B, fragmento de mandibula izquierda PIN 158/6 en vista
lateral.

and Concordia (Miiller and Reisz, 2005), and for Meso-
sauridae against Mesosaurus (Modesto, 2006) and Ster-
eosternum (Modesto, 1999). Only the characters that
needed clarification and/or were rescored for Nyctiphru-
retus or other taxa are discussed here (the number of each
character is in parentheses); a full list of characters can be
found in Tsuji (2006).

Narial shelf present or absent (1)

The presence of a narial shelf has long been considered
a synapomorphy of the Procolophonoidea (Laurin and
Reisz, 1995; Tsuji, 2006). In analyses of procolophonoid
interrelationships, the same condition has been called the
‘presence or absence of a maxillary depression behind
the external naris’ (Modesto and Damiani, 2007; Saila,
2008). All procolophonoids do possess a narial shelf of
some description, but there are considerable differences
in the extent of this shelf. In Owenettidae (represented
by Owenetta and Barasaurus in Tsuji, 2006) the shelf is
very narrow, and only visible on the nasal, but not on
the maxilla, in lateral view. In Procolophonidae, on the
other hand, the narial shelf is broad and visible on the
maxilla (and nasal) in lateral view. Although never before
acknowledged in a phylogenetic context, Nyctiphruretus

also has a narial shelf. The dimensions of this shelf far
exceed the dimensions of the shelf in Procolophonidae,
as it continues all around the external naris, and extends
to the premaxilla also (Figs 1 and 2). Nevertheless, a nar-
ial shelf'is clearly present in Nyctiphruretus and the scor-
ing of this character was changed accordingly.

Postparietal integrated into skull table or occipital (6)

The postparietal of Nyctiphruretus has previously been
interpreted as being in an occipital position (Ivakhnenko,
1979; Lee, 1995; Tsuji, 2006). This is incorrect, as the
single, medial postparietal is clearly a part of the skull
table (Figs 2A, 3B). Scoring was changed accordingly.

Tabular size/absence (17)

The tabular bone of Nyctiphruretus is small and situ-
ated occipitally (Figs 2B, 3A), whereas all procolopho-
noids lack the tabular bone. Macroleter also has a small,
occipitally-situated tabular (Tsuji, 2006). The description
and discussion of Tsuji (2006) recognises this but this
character has been scored incorrectly for Procolophon
(small tabular present), and Nyctiphruretus and Macro-
leter (no tabular present). The scorings for all three taxa
were changed to reflect their true condition.

Maxilla and quadratojugal separated or in contact (22)

Tsuji (2006) scored the maxilla and the quadratojugal as
being in contact in Nyctiphruretus based on illustrations
of Ivakhnenko (1979) and Lee (1995, 1997), when in fact
they are not due to a temporal emargination between the
quadratojugal and the jugal (Fig. 5SA). However, as tem-
poral emargination is addressed in character 35 (see dis-
cussion below), this character is considered inapplicable
for taxa with lateral temporal emargination. Thus, Nycti-
phruretus, Procolophon, Owenetta, and Barasaurus are
scored as ‘?’°. In addition, the scoring of Mesosauridae,
Millerettidae and Captorhinidae is corrected to ‘0’ as the
maxilla and quadratojugal are clearly separated by the ju-
gal in these taxa (Gow, 1972; Modesto, 2006; Clark and
Carroll, 1973) and to ‘0&1’ for synapsids as these bones
are connected in caseids, eothyrids and some varanopids
but separated in other varanopids and ophiacodontids
(Berman et al., 1995; Brinkman, 1988; Langston, 1965;
Laurin and Reisz, 1995; Romer and Price, 1940).

Quadratojugal lateral temporal fenestra contribution (32)

Tsuji (2006) took this character from the analysis of
deBraga and Reisz (1996), where only lanthanosuchids
were scored as having a quadratojugal that contributed
to the lateral temporal fenestra. Tsuji (2006) rescored this
so that all parareptiles except Millerettidae have quadra-
tojugal contribution to the lateral temporal fenestra but it
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Fig. 6.- Photographs and interpretative drawings of the palatal view of the skull and mandible of Nyctiphruretus acudens. A, PIN 158/5, and

B, PIN 162/1.

Fig. 6.- Fotografias y dibujos interpretativos de la vista palatal del craneo y mandibula de Nyctiphruretus acudens. A, PIN 158/5, and B, PIN

162/1.

appears that millerettids are polymorphic in this feature
(Gow, 1972). Furthermore, the character is also polymor-
phic in synapsids, because caseids and varanopids have
a quadratojugal contribution to the lateral temporal fe-
nestra but eothyrids and ophiacodontids do not (Berman
et al., 1995; Brinkman, 1988; Langston, 1965; Laurin
and Reisz, 1995; Romer and Price, 1940). This leads to a
situation where no taxon is unambiguously scored ‘0’ be-
cause in all other other taxa this feature is either present

(1) or unknown/inapplicable (?).Thus, this character does
not offer any parsimonious information for the taxa in-
cluded in this analysis. However, as deleting this char-
acter would change the numbering sequence of the fol-
lowing characters, which in turn would make comparison
with the original Tsuji (2006) analysis difficult, it was left
in the analysis. Furthermore, this character has potential
to be parsimony informative if more taxa were added into
the analysis in the future.
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Ventral margin of the postorbital skull region (35)

The ventral margin of the lateral temporal region was
scored as rectilinear in Nyctiphruretus by Tsuji (2006).
This is how the reconstructions of Ivakhnenko (1979)
and Lee (1995, 1997) depicted the skull, but in fact there
is a narrow emargination between the jugal and quadra-
tojugal (Figs. 2A, 4, 5A). The emargination of the lat-
eral temporal margin is also present in procolophonoids
(narrow in owenettids and wide in procolophonids). An
emargination was also scored as present in Eunotosaurus
by Tsuji (2006), but as the skull of Eunotosaurus is only
known from two fragmentary specimens (Cox, 1969;
Gow, 1997) and the elements of the lateral temporal re-
gion of the better preserved skull have become separated
(Gow, 1997 fig. 2), it is uncertain whether FEunotosaurus
had a true temporal emargination. Thus, the scoring for
Eunotosaurus was changed to ?”.

Posterior margin of the skull roof (41)

The plesiomorphic state for this character is bilaterally
embayed. This is found in synapsids and basal captorhi-
nids where the posterior margin of the skull is formed by
the margins of the tabulars, the supratemporals and the pa-
rietals (Miiller and Reisz, 2005; Reisz and Laurin, 2004).
The skull of Nyctiphruretus was scored as having a single
medial embayment by Tsuji (2006), but all other taxa that
are scored as having this state, including Macroleter, have
a posterior margin with a deep inverted v-shape. The pos-
terior margin of the skull of Nyctiphruretus is somewhat
concave (Fig 1A, 2A), but this concavity is separated into
two portions by the protruding postparietal that is part of
the skull table (Fig. 3B). The same structure can be seen
in Owenetta kitchingorum (Reisz and Scott, 2002), and
Barasaurus (Cisneros, 2008c, pers. obs. on SAM-PK-
K8282). As this bilaterally embayed state is formed dif-
ferently from the structure seen in synapsids and captorhi-
nids, a new character state is created to accommodate it;
posterior margin of the skull slightly concave, with a pro-
jecting medial postparietal(s) (3). In Procolophon, how-
ever, there are no separate postparietals as they have either
fused into the parietals or been lost, and the margin of the
parietals is variable between straight (Carroll and Lindsay,
1985) and bilaterally embayed (Cisneros 2008c). Thus,
Nyctiphruretus, Owenetta and Barasaurus were scored as
3” and Procolophon as ‘0&2°.

Palatine contribution to the palate (46)

The palatine of Nyctiphruretus is scored as narrow (less
than 50% of the width of the pterygoid) by Tsuji (20006).
It is understood that this refers to the maximum width of
the palatine, and in fact the palatine of Nyctiphruretus is

quite broad (Figs 2B, 6B). The scoring was changed ac-
cordingly.

Transverse flange of pterygoid orientation (51)

The transverse flange orientation of Nyctiphruretus is
scored as being posterolateral by Tsuji (2006). However,
the orientation (Figs 2B and 6B) of the flange is clearly
similar to that of Owenetta (Reisz and Scott, 2002), Pro-
colophon (Carroll and Lindsay, 1985) and Macroleter
(Tsuji, 2006) and was thus rescored as ‘directed anterola-
terally’ for Nyctiphruretus.

Ectopterygoid dimensions (54) and dentition (55)

Tsuji (2006) scored Nyctiphruretus as having a long
ectopterygoid with dentition on it. This is clearly based
on the reconstructions of Lee (1995, 1997) but the ectop-
terygoid is actually a small bone constrained to a corner
between the tooth rows of the palatine and the pterygoid
(Figs 2B, 6B) and is devoid of dentition. Scoring was
changed accordingly.

Parasphenoid wings present or absent (61)

This character is problematic as the definition of ‘par-
asphenoid wings’ is not clear. Many authors (e.g. Olson,
1947) use ‘parasphenoid wings’ when referring to the
basitubera but it has been understood that Laurin and
Reisz (1995), who originally created this character, used
it strictly as a dimensional character (Modesto, 1998,
2006). However, this is not the case and in fact Laurin
and Reitz (1995) used ‘parasphenoid wings’ to describe
a condition where the wing is a raised, posterior exten-
sion of the parasphenoid that extends beyond its central
depressed portion posteriorly. Nevertheless, Tsuji (2006)
amended the diagnosis for ‘wings present’ to equal ‘par-
asphenoid is broader than long’. This state was correctly
scored for Synapsida and Eunotosaurus but Mesosauri-
dae were scored incorrectly, as the parasphenoid of Mes-
osaurus is slightly longer that it is broad (Modesto, 2006
fig. 1¢). The scoring was changed accordingly.

Morphology of marginal dentition (77)

There are two states for this character, single cusp (0)
or two or more cusps (1), in Tsuji (2006), and only pa-
reiasaurs (Bradysaurus and Scutosaurus) are coded as
having state one. However, the teeth of pareiasaurs are
leaf-shaped with small denticles running along the apex
(Ivakhnenko, 1987; Lee, 2000), and it is debatable wheth-
er these should be called cusps. Furthermore, the teeth of
Procolophon are transversely broadened with two cusps
(pers. obs. on Procolophon trigoniceps, BMNH R514
and SAM-PK-K7890), a character shared with many
other procolophonids. As this tooth structure cannot be
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treated as identical to the condition seen in pareiasaurs, a
third character state (teeth leaf-shaped with several denti-
cles) was erected for the pareiasaurian condition and state
two was changed to ‘with two cusps’. Thus, Procolophon
alone (as other derived procolophonids are not included
into this analysis) was scored as having teeth with two
cusps (1), and Scutosaurus and Bradysaurus with leaf-
shaped teeth with denticles (2).

Fossa meckelii long or short (80)

This character is originally from Reisz and Laurin
(1995) where, based on the description of Procolophon
by Carroll and Lindsay (1985), a short (less than 20%
of the total length of the lower jaw) fossa meckelii (also
called adductor fossa) was scored for procolophonians.
However, the illustration of the lower jaw of Procolo-
phon in Carroll and Lindsay (1985, fig. 13), which Reisz
and Laurin (1995) used as their source, has a fossa meck-
elii that is 21% of the whole length of the jaw. Thus, if
the fossa meckelii in Procolophon is understood as short,
new definitions are needed. In this study, a short fossa
meckelii is understood as ‘less than 25% of the length’
and a long one as ‘more than 25% of the length’ of the
lower jaw. The fossa meckelii cannot be seen in Nycti-
phruretus but mesosaurs (estimated from Modesto 2006
fig. 12) appear to possess a short fossa, as does Procolo-
phon, which was scored as ‘?° for this character in Tsuji
(2006), and the scorings were changed to ‘1’ for both.

Surangular length (81)

The surangular of Nyctiphruretus does not extend be-
yond the coronoid eminence (Fig. 5B), and scoring was
changed to ‘1’ for this character.

Accessory lateral shelf of surangular (82)

Anterior to the articular region, there is a accessory lat-
eral shelf present on the surangular, so scoring for Nycti-
phruretus (Fig. 4B) was changed to ‘1 for this character.

Retroarticular process presence/shape (85)

The retroarticular process of Nyctriphruretus is trans-
versely broad and dorsally concave (Fig. 4A-B), scoring
was changed to ‘1’ for this character.

Retroarticular process composition (86)

The retroarticular process of Nyctiphruretus is com-
posed of at least the articular, the surangular and the
angular (Fig. 4), so scoring was changed to ‘1’ for this
character.

Splenial symphysis contribution (89)

The splenial of Nyctiphruretus is excluded from the
symphysis (Fig. 6A), and thus scoring was changed to ‘1’

for this character.

Additionally, previously unknown characters for Nyc-
tiphruretus were scored as follows: quadrate ramus of
pterygoid with deep excavation on the posterolateral sur-
face (53: 1) and sagittal crest of supraoccipital present
(64:1). Also, contact between paraoccipital process and
the dermatocranium, which was previously scored as un-
known, was scored as absent (67:4) for Mesosauridae,
Eunotosaurus, and Belebey, and changed from ‘1’ (to
squamosal and supratemporal) to ‘4’ (absent) for Miller-
ettidae. Because such a high number of characters were
rescored for Nyctiphruretus, and other taxa, the modified
matrix is included in Appendix 1 (a NEXUS formatted
matrix is also available as an electronic supplement).

The modified data set was analysed using the branch-
and-bound algorithm with DELTRAN optimization in
PAUP* 4.0b10 (Swofford, 2002). Characters were left
unweighted and unordered. Bootstrap analysis (1000
replicates) and decay analysis were also performed using
PAUP* 4.0b10 and TreeRot 2.0 (Sorenson, 1999). These
are the same settings used in the analysis of Tsuji (20006).
MacClade 4.06 (Maddison and Maddison, 2003) was
used in modifying the original data set and for identify-
ing synapomorphies.

Results and discussion

A single MPT was found, with a tree length of 197 with-
out uninformative characters (202 with uninformative
characters). The consistency index was 0.558 (0.569),
the retention index was 0.691, the homoplasy index was
0.442 (0.431), and the rescaled consistency index was
0.386 (0.394). Bootstrap and decay analysis, as well as
the Templeton test, were performed on the data matrix
that had uninformative characters excluded. The MPT,
along with the results of the bootstrap and decay analy-
ses, are shown in Figure 7.

The resulting MPT differs from the single MPT of the
original Tsuji (2006) analysis and other previous analy-
ses to a considerable degree. Firstly, Mesosauridae,
which was one of the three outgroups of Tsuji (2006),
is recovered within the ingroup Parareptilia because it is
positioned nesting deeper in the topology than the Miller-
ettidae-Eunotosaurus clade (B), which is called Millero-
sauria sensu Modesto and Reisz (2008). In Tsuji (2006)
‘Parareptilia’ includes millerettids, lanthanosuchids, bo-
losaurs, procolophonoids, pareiasaurs, and ‘nyctipthru-
retians’ (Macroleter and Nyctiphruretus) and Mesosauria
is the sister-group of ‘Parareptilia’. However, Modesto
(2006), who obtained a similar topology to Tsuji (2006),
pointed out that the more inclusive clade (‘Parareptilia’
sensu Tsuji 2006 and Mesosauridae) could be applied
the name ‘Anapsida’ sensu Gauthier (1994), ‘Pararep-
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Fig. 7.- The single most parsimonious trees from an analysis of para-
reptilian interrelationships, Tsuji (2006) data matrix rescored. Boot-
strap frequencies are indicated below and decay values above each

node. See text for tree statistics and discussion.

Fig. 7.- El tnico arbol mas parsimonioso de las interrelaciones de
parentesco de parareptiles, basada en Tsuji (2006) con la matriz de
datos recodificada. Las frecuencias de Bootstrap se indican debajo

y los valores de decaimiento encima de cada nodo. Véase el texto
para los estadisticos del arbol y su discusion.

tilia’ sensu Laurin and Reisz (1995) or ‘Proganosauria’
sensu Modesto (1999). Nevertheless, Mesosauridae has
not previously been recovered nested within the Pararep-
tilia in the way it is found here (Fig. 7). The support for
this position is not strong, with a decay value of 2 and
bootstrap support of only 25%, but it does lend further
support to the possibility that Mesosauridae is a member
of the Parareptilia, a position most recently suggested by
Modesto (20006).

The clades consisting of Eudibamus and Belebey (E,
Bolosauridae) and of Acleistorhinus and Lanthanosuchus
(G, Lanthanosuchoidea) also swapped positions in com-
parison to the Tsuji (2006) analysis, but the most interest-
ing result was the new position of the ‘nyctiphruretians’
Nyctiphruretus and Macroleter. Nyctiphruretus was
recovered as the sister group of Procolophonoidea and
Macroleter as the sister group of the Nyctiphruretus-Pro-
colophonoidea clade (Fig. 7). The Nyctiphruretus-Pro-
colophonoidea (K) clade has bootstrap support of 61%
and a decay value of 2, and is diagnosed by the follow-
ing synapomorphies: narial shelf present (1:1); ventral
margin of postorbital skull emarginated (35:2); posterior
margin of skull roof slightly concave with protruding me-
dial postparietal(s) (38:3); pterygoid anterior extent pos-
terior to choana (39:1, ambiguous). This is the first time

this position for Nyctiphruretus has been hypothesised in
a phylogenetic analysis, although it has been previously
suggested based on subjective classification studies (Bu-
lanov, 2002; Ivakhnenko, 1979, 1987, 1990; Tverdokhle-
bova and Ivakhnenko 1994). Clade J (K and Macroleter)
also has a decay value of 2 but only 30% bootstrap sup-
port. In fact, bootstrap support was much better (56 %)
for a clade consisting of Macroleter and the pareiasaurs
(Scutosaurus and Bradysaurus) that was not recovered in
the MPT of this analysis but was present in the MPT of
Tsuji (2006).

Because this analysis used the data matrix of Tsuji
(2006), with amended or corrected scorings for Nycti-
phruretus and some other taxa, but the results are con-
siderably different, some additional testing was done fol-
lowing the methods explained in Templeton (1983). In
order to find out if the MPT recovered in this study was
a significantly better fit to its source data than the MPT
recovered by Tsuji (2006), a branch-and-bound analysis
was rerun with constraints (the topology of the Tsuji,
2006 MPT). The result was a tree two steps longer (199
steps) and the Templeton test result of p = 0.64 indicated
there was no significant difference between the fits of the
tree found in this study and the constraint tree for the data
matrix used in this analysis. The same test was done for
the original Tsuji (2006) data matrix, with the constraint
being the topology recovered in this analysis. The result-
ing tree was four steps longer than the original MPT of
Tsuji (2006), but again the results of the Templeton test
(p = 0.317) indicated there was no significant difference
between the fits of the constraint tree and the original to-
pology to the data. In other words, statistically, neither to-
pology is a better fit to either the original or the modified
data matrix than the other. Thus, neither the position of
Nyctiphruretus as the sister group of the Procolophonoi-
dea found in this analysis or as the sister group to Pareia-
sauria + Macroleter found in Tsuji (2006) has statistically
significantly better support than the other. However, as
the results of this analysis are based on more complete
knowledge of Nyctiphruretus, a sister-group relationship
between Nyctiphruretus and Procolophonoidea is certain-
ly possible and worth further investigation. Furthermore,
clade H, which includes Pareiasauria, Procolophonoidea,
Macroleter and Nyctiphruretus, is well supported in both
Tsuji (2006) and this analysis, indicating that these taxa
are closely related but there is no consensus on their in-
terrelationships.

4.2. Miiller and Tsuji (2007) rescored

The analysis of parareptilian relationships of Miiller
and Tsuji (2007) was a revised and expanded version of
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previous phylogenetic studies of Laurin and Reisz (1995),
Reisz et al. (2007) and Tsuji (2006). It included 137 par-
simony-informative characters (cranial and postcranial)
and 28 taxa. The Miiller and Tsuji (2007) analysis was the
first time all of the non-pareiasaurian parareptiles, except
for the poorly known Rhiapaeosaurus tricuspidens, from
the Mezen River basin of Russian were included in a phy-
logenetic analysis. Nyctiphruretus acudens is one of these
parareptiles, the others being ‘Bashkyroleter ’bashkyricus,
Bashkyroleter mesensis, Emeroleter levis, Macroleter po-
ezicus, Nycteroleter ineptus, and Tokosaurus perforatus.
In addition to these taxa, the analysis included Synapsida,
Mesosauridae, Eunotosaurus, Millerettidae, Eudibamus,
Belebey, Acleistorhinus, Lanthanosuchus, Bradysaurus,
Pareiasuchus, Scutosaurus, Procolophon, Owenetta,
Barasaurus, Captorhinidae, Paleothyris, Aracoscelidae,
and Youginaformes as the ingroup taxa, and Seymouria,
Limnoscelidae and Diadectidae as the outgroup taxa.
The published strict consensus of the 6 MPTs of the
Miiller and Tsuji (2007) analysis found the position of
Nyctiphruretus and the Bolosauridae (Eudibamus and Be-
lebey) unresolved within a grouping including the other
Mezen River non-pareiasaur parareptiles, pareiasaurs and
procolophonoids (Miiller and Tsuji 2007 fig. 1). Howev-
er, when studying the 6 MPTs, obtained by re-running the
unchanged data matrix of Miiller and Tsuji (2007) with
the specified settings, the position of Nyctiphruretus is
one of two: (1) it is the sister taxon of the clade includ-
ing the other non-pareiasaur Mezen River parareptiles,
procolophonoids and pareiasaurs, or (2) it is the sister
taxon of a clade including all the above mention taxa and
the bolosaurids. Furthermore, Modesto and Reisz (2008)
found that when the parareptile Colobomycter pholeter
was added to the Miiller and Tsuji (2007) analysis, 75%
of the 12 recovered MPTs contained a clade where Nyc-
tiphruretus was recovered as the sister group to the clade
containing the other non-pareiasaurian Mezen River
parareptiles, procolophonoids and pareiasaurs (Modes-
to and Reisz, 2008, fig. SA). As with the Tsuji (2006)
data matrix, checking and modifying scorings for all
taxa present in the analysis would be have been the best
practice. However, although most taxa included in the
Miiller and Tsuji (2007) analysis have moderately good
published descriptions, the non-pareiasaurian Mezen
River parareptiles, except for Nyctiphruretus (this study)
and Macroleter (Tsuji, 2006), have only been briefly
described, accompanied by mostly reconstructed cra-
nial images in limited views (Chudinov, 1957; Efremov,
1938; Ivakhnenko, 1983, 1987, 1997; Miiller and Tsuji,
2007). Furthermore, no postcranial material has been de-
scribed for any of these taxa, although information on the

postcranial anatomy of Macroleter (and Nyctiphruretus)
was included into the analysis based on personal obser-
vations by Miiller and Tsuji (2007). Thus, modifying the
scoring for the other included taxa, but not for the other
non-pareiasaurian Mezen River parareptiles, could lead
to serious inconsistencies within the resulting matrix. To
avoid this scenario, only the scoring for Nyctiphruretus
(this study and the postcranial material of PIN 158/4 and
PIN 162) and the procolophonoids Procolophon (Car-
roll and Lindsay 1985; Cisneros 2008c; deBraga, 2003;
pers. obs. on BMNH R514 and SAM-PK-K7890), Owen-
etta (Reisz and Scott, 2002) and Barasaurus (Cisneros,
2008¢; Ketchum and Barrett, 2004; pers. obs. on SAM-
PK-8282) were checked and modified when mistakes/
scoring problems were noticed. The modification of two
characters also had broader impact within the data matrix
and these characters were also rescored for Bradysaurus
and Eudibamus (see discussion below). Characters that
needed clarification and/or were rescored are discussed
here (the number of each character in parentheses); a full
list of characters can be found in Miiller and Tsuji (2007).

Narial shelf present or absent (1)

Narial shelf is present in Nyctiphruretus, scoring was
changed to ‘1°. See discussion for this scoring in section
4.1.

Postparietal integrated into skull table or occipital (6)

The postparietal of Nyctiphruretus is integrated into the
skull table, and scoring was changed to ‘0’. See discus-
sion for this scoring in section 4.1.

Maxilla and quadratojugal separated or in contact (21)

This character was rescored as ‘?” for Nyctiphruretus,
and the procolophonoids (Owenetta, Barasaurus, Procol-
ophon) as the lateral temporal emargination of these taxa
makes scoring of this character uncertain (see discussion
for this scoring in section 4.1).

Ventral temporal emargination (29)

Miiller and Tsuji (2007) have modified this character
from previous analyses (Laurin and Reisz, 1995; Tsuji,
2006) to include not just the presence or absence of the
lower temporal fenestra but have added a state where the
lower temporal emargination is considered a variation of
the lower temporal fenestra. The different states are: no
lower temporal opening (0), temporal opening bounded
(1) or open ventrally (2). Miiller and Tsuji (2007) have
correctly scored Nyctiphruretus and the procolophonoids
as having a ventrally open emargination. This affects the
scoring character 30 (see below).
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Postorbital contribution to the lateral temporal fenestra (30)

Because the lateral temporal emargination is consid-
ered a variation of the lateral temporal fenestra in char-
acter 29 (presence/absence of lateral temporal fenestra),
the contribution of the postorbital to the border of the
fenestra should be modified to include the border of the
emargination as well. Thus, the wording for this charac-
ter was changed to “postorbital contribution to the lateral
temporal opening (bounded or unbounded)’, and as there
is no postorbital contribution in the procolophonoids or
Nyctiphruretus, the scoring was changed to ‘1’ for the
procolophonoids. Nyctiphruretus was already scored as
1’ by Miiller and Tsuji (2007).

Quadratojugal lateral temporal fenestra contribution (31)

This character was modified in all taxa with lateral
temporal emargination for the reasons explained for char-
acter 30 (see above). Scoring for procolophonoids was
changed to ‘1’ (quadratojugal contribution present), Nyc-
tiphruretus was already scored as ‘1’ by Miiller and Tsuji
(2007).

Ventral margin of postorbital skull region expanded, rec-
tilinear or emarginated (33)

As the third state of this character is the ventral mar-
gin being emarginated, it effectively doubles the impact
of the ventral temporal emargination scored in character
29 for the procolophonoids and Nyctiphruretus (which
was not scored as having an emargination in this char-
acter in the Miiller and Tsuji, 2007 analysis). Moreover,
many procolophonoids, including Procolophon to some
degree but especially the leptopleuronine procolopho-
noids (which were not included in this analysis), have a
wide expansion of the quadratojugal below the level of
the margin of the maxilla, and should thus be scored as
having two states of this character in the same taxon. Be-
cause of this, character 33 was modified to have only two
character states: ventral margin of the postorbital skull
region expanded below the level of the ventral margin of
the maxilla (0), or rectilinear with the ventral margin of
the maxilla (1). Taxa that have the ventral emargination
are scored based on the ventral extent of the region of
the skull behind the emargination. Thus, the postorbital
region is scored as expanded in Procolophon and rectilin-
ear in Owenetta, Barasaurus and Nyctiphruretus. Scoring
for Eunotosaurus, which was scored as ‘2’ (emarginated)
by Miiller and Tsuji (2007) is changed to ‘?° because of
the poor preservation of this area in the known material.

Posterior margin of the skull roof (40)

As for the Tsuji (2006) analysis, a third character state
(posterior margin slightly concave with a medially pro-

truding postparietal/postparietals) was added to accom-
modate the condition seen in Nyctiphruretus, Owenetta
and Barasaurus. Procolophon was scored as ‘0&2’ (bi-
laterally embayed/straight margin). See discussion for
these scorings in section 4.1.

Pterygoid anterior extent (46)

Scoring for this character was changed to ‘1’ (posterior
to choana) for Nyctiphruretus based on PIN 162/1 (Fig.
6B).

Transverse flange of pterygoid orientation (48)

Scoring for this character was changed to ‘1’ (anterola-
teral orientation) for Nyctiphruretus based on PIN 4659/1
and PIN 162/1 (Figs 2B, 6B).

Pterygoid qadrate ramus and transverse flange connec-
tions (50)

Scoring for this character was changed to ‘1’ (deep
excavation on posterolateral surface) for Nyctiphruretus
based on PIN 4659/1 (Fig. 2D).

Ectopterygoid dentition present or absent (51)

Scoring for this character was changed to‘1’ (dentition
absent) for Nyctiphruretus based on PIN 4659/1 (Fig. 2B).

Supraoccipital presence/extent (60)

Scoring for Nyctiphruretus was changed to ‘2’ (body
constricted forming a sagittal crest) based on PIN 4659/1
(Fig. 2B, D).

Morphology of the marginal dentition (76)

As for the Tsuji (2006) analysis, this character is modi-
fied so that state one is ’two cusps’ and state two is “’leaf
shaped teeth with several denticles’. Scoring for the pa-
reiasaur Bradysaurus was changed to ‘2’ and Procolo-
phon was scored as ‘1’ (see discussion for this scoring in
section 4.1).

Fossa meckelii length (79)

As for the Tsuji (2006) analysis, this character is modi-
fied so that a long one is ‘more than 30%’ and a short fos-
sa meckelii is ‘less than 25%’of the length of the lower
jaw. Scoring for Procolophon was changed to ‘1’ (short)
(see discussion for this scoring in section 4.1).

Accessory lateral shelf on surangular (81)

Scoring for Nyctiphruretus was changed to ‘1’ (shelf
present) based on PIN 4660/18 (Fig. 4b).

Olecranon process (112)

Scoring for the olecranon process of the ulna is changed
to ‘1’ (small or absent) for Nyctiphruretus as it appears to
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Fig. 8.- The six MPTs from an analysis of parareptilian interrelationships, Miiller and Tsuji (2007) data matrix rescored.
Nyctiphruretus and its sister group are indicated with a black vertical bar in each tree, and a clade formed by lanthano-

suchoids and pareiasaurs is indicated with a gray vertical bar in 8F.

Fig. 8.- Los seis MPTs resultantes del analisis de las interrelaciones de parareptiles, basado en la matriz recodificada de.
Miiller y Tsuji (2007). Nyctiphruretus y su grupo hermano se indican con una barra vertical en negro en cada uno de los
arboles, un clado formado por lanthanosuchoides y pareiasurios se indican con una barra gris vertical en 8 F.
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Fig. 9.- A, 50% majority consensus tree, and B, 50% bootstrap consensus tree from an analysis of parareptilian interrelationships,
Miiller and Tsuji (2007) data matrix rescored. In A, values below the nodes indicate the proportion of MPTs where the clade is
present; in B, the values indicate bootstrap frequencies. Nyctiphruretus and its sister group are indicated with a black vertical bar

in both trees.

Fig. 9.- A, arbol consenso de la mayoria 50%, y B, consenso 50% bootstrap de las relaciones de parentesco de parareptiles, basado
en la matriz de datos de Miiller y Tsuji (2007) recodificada. En A, los valores debajo de los nodos indican la proporciones de MPTs
donde el clado esta presente; en B, los valores indican frecuencias de bootstrap. Nyctiphruretus y su grupo hermano se indican con

una barra negra vertical en ambos arboles.

protrude very little in PIN 158/4 and PIN 162 (pers. obs).
Oblique ventral ridge of femur (117)

Scoring for this character was changed to ‘0’ (present)
for Nyctiphruretus as it appears to be present on the fe-
mur of PIN 162 (pers. obs.).

Temporal notch present or absent (134)

A deep, laterally exposed posterior temporal emargina-
tion, or a temporal notch, formed by the quadratojugal
and the squamosal, is present in Macroleter, Bashkyro-
leter, Emeroleter, Nycteroleter ineptus, and Tokosaurus.
Miiller and Tsuji (2007) interpreted this structure as host-
ing the tympanum in these taxa. However, Nyctiphruretus
(Fig. 2C-D) and the procolophonoids also have a poste-
rior temporal emargination, formed by the quadratojugal
and the squamosal, with a small contribution from the
quadrate ventrally. In Procolophon, and many other pro-
colophonids, this emargination is only visible occipitally
because of the posterolateral expansion of the quadrato-
jugal but in owenettids and Nyctiphruretus it is laterally

exposed. Miiller and Tsuji (2007) correctly identified this
structure to be present in the procolophonoids but not in
Nyctiphruretus. Thus, scoring for Nyctiphruretus was
changed to ‘0’ (notch present).

The modified data set was analysed using the heuris-
tic search option (random stepwise addition, multistate
taxa interpreted as polymorphism, 1000 replicates) with
both ACCTRAN and DELTRAN optimization in PAUP*
4.0b10 (Swofford, 2002). Characters were left unweight-
ed and unordered. These are the same settings used in
the analysis of Miiller and Tsuji (2006). Bootstrap analy-
sis (1000 replicates) and decay analysis were performed
using PAUP* 4.0b10 and TreeRot 2.0 (Sorenson, 1999).
MacClade 4.06 (Maddison and Maddison, 2003) was
used for modifying the original data set and for identify-
ing synapomorphies.

Results and discussion

Six MPTs were found, with a tree length of 387. The
consistency index for these trees was 0.442, the retention
index 0.703, the homoplasy index 0.558, and the rescaled
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Fig. 10.- Strict consensus of the six MPTs recovered in an analysis of parareptilian interrelationships, Miiller and Tsuji (2007) data matrix
rescored. Bootstrap frequencies are indicated below and decay values above each node.

Fig 10.- Consenso estricto de seis MPTs resultantes de las relaciones de parentesco de parareptiles, matriz de datos basada en Miiller y
Tsuji (2007) y recodificada. Las frecuencias de bootstrap se indican debajo y los valores de decaimiento encima de los nodos.

consistency index 0.311. The six MPTs are shown in Fig-
ure 8, a 50% majority rule consensus of those trees in
Figure 9A, and a 50% majority bootstrap tree in Figure
9B. In addition, a strict consensus of the six MPTs, along
with decay and bootstrap values, is shown in Figure 10.
The reason the 50% bootstrap tree is presented on its own
here (Fig. 9B) is because it shows support for clades not
present in the 50% majority rule consensus tree (Fig. 9A)
or the strict consensus tree (Fig. 10). It is also acknowl-
edged that while bootsrapping is a commonly used meth-
od of assessing confidence in phylogenetic analysis, it is
also is a controversial method. The results of a bootstrap
analysis can be interpreted to represent the probability
of a phylogenetic result representing the true phylogeny
or the repeatability of a given result (Felsenstein, 1985;
Hillis and Bull, 1993), although the former view is rather
over-optimistic and the latter is only true if the dataset is
entirely unbiased. The level of confidence in the accuracy
of bootstrap results also varies from the very strict view
of Felsenstein (1985), where only nodes with support of
over 95% are considered significant, to those who con-
sider levels between 50% and 70% well or at least mod-
erately supported (La Farge et al., 2002, Marvaldi et al.,

2002). It is also true that any grouping that is included in
a 50% majority consensus bootstrap tree (obtained from
adequate number of repetitions) can be considered to
have some level of support, as this is more than would be
expected from random source data (Sanderson and Wo-
jeiechowski, 2000; Zander, 2007).

As the scoring for only Nyctiphruretus and the procol-
ophonoids were modified, the overall topology of the re-
sulting trees is consistent with the results of Miiller and
Tsuji (2007), except for one tree where the Lanthanosu-
choidea (Lanthanosuchus and Acleistorhinus) were posi-
tioned as the sister group of the pareiasaurs (Fig. 8F). This
tree is also the only MPT where Nyctiphruretus has a sis-
ter-group relationship with the Procolophonoidea (Fig.
8F). In all other MPTs (Fig. 8A—D) and the 50% majority
consensus tree (Fig. 9A), Nyctiphruretus is recovered as
the sister taxon to the clade consisting of the other non-
pareiasaurian Mezen river parareptiles and pareiasaurs.
However, this grouping only received 19% bootstrap
support, whereas the Nyctiphruretus-Procolophonoidea
clade was recovered in the 50% majority bootstrap tree
with 56% support (Fig. 9B). Also, the position of Bele-
bey and Eudibamus (Bolosauridae) as the sister group of
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the clade consisting of procolophonoids, pareiasaurs and
the non-pareiasaurian Mezen River parareptiles (includ-
ing Nyctiphruretus), which was recovered in five of the
MPTs (Fig. 8A-D) and the 50% majority consensus tree
(Fig. 9A), only received 30% bootstrap support, whereas
the Lanthanosuchoidea took over this position in the 50%
majority bootstrap tree with 55% support (Fig. 9B). Be-
cause of the one MPT where the Lanthanosuchoidea-Pa-
reiasauria and Nyctiphruretus-Procolophonoidea clades
were recovered (Fig. 8F), the strict consensus of the six
MPTs resulted in polytomy consisting of the lanthanosu-
choids, the bolosaurids, the pareiasaurs, the procolopho-
noids, and the non-pareiasaurs Mezen River parareptiles
(Fig. 10). This clade has a decay value of 3 but values for
the nodes between these groups (found in the separate 6
MPTs) are 0 because of the polytomy.

Nevertheless, as the main focus here is the phyloge-
netic relationships of Nyctiphruretus, the sister-group
relationship of Nyctiphruretus with the clade consisting
of the other non-pareiasaurian Mezen river parareptiles
and pareiasaurs, found in five of the six MPTs, is diag-
nosed by the following four synapomorphies: median
postparietal (5:0, unambiguous), choana curved postero-
medially; palatine forms its posterior and part of lateral
edge (42:1), alar flange of the vomer present (43:1), and
transverse processes or ribs present on at least thirteen
caudals (98:1). However, also the Nyctiphruretus-pro-
colophonoid clade that was recovered in the one of the
six MPTs (and the 50% majority bootstrap tree), is diag-
nosed by four synapomorphies: narial shelf present (1:1);
ventral temporal emargination present and open ventrally
(29:2); posterior margin of skull roof slightly concave
with protruding medial postparietal(s) (40:3), and ven-
tral surface of the pleurocentra bearing an excavation on
either side of the midline (95:1). As with the original and
rescored Tsuji (2006) analysis, the results of the rescored
data matrix of Miiller and Tsuji (2007) indicate that the
clade including pareiasaurs, procolophonoids, and all the
Mezen River parareptiles, including Nyctiphruretus and
Macroleter, is moderately well supported (Figs 8, 9) but
the exact position of Nyctiphruretus within that clade re-
mains inconclusive.

5. Discussion and conclusions

New information on the cranial structure of Nyctiphru-
retus has confirmed that Nyctiphruretus is closely related
to procolophonoids, pareiasaurs and the other non-pareia-
saurian Mezen river parareptiles but the interrelationships
within this clade remain unresolved. The hypothesis that
Nyctiphruretus and procolophonoids form a clade called
Procolophonomorpha (Bulanov 2002; Ivakhnenko 1979,

1987, 1990; Tverdokhlebova and Ivakhnenko, 1994) was
supported by the results of a reanalysis of the Tsuji (2006)
data matrix, whereas the results of a reanalysis of the
Miiller and Tsuji (2007) data matrix were inconclusive,
supporting either the ‘Procolophonomorpha hypothesis’
or the results of the original Tsuji (2006) analysis, where
Nyctiphruretus formed a sister-group relationship with a
clade consisting of pareiasaurs and Macroleter (and other
non-pareiasaurian Mezen River parareptiles in Miiller
and Tsuji, 2007). Both scenarios are plausible because
Nyctiphruretus shares several synapomorphies with both
of'its proposed sister groups. One of these is the presence
of a maxillary depression, or a narial shelf, behind the
external naris. It is found in all procolophonoids (except
in some derived leptopleuronines) and has been used as
one of the characters defining Procolophonoidea (Cisn-
eros, 2008b,c; Lee, 1995; Modesto and Damiani, 2007
Saild, 2008). Now it is also recognized to be present in
Nyctiphruretus, although the depression is much deeper,
and continues on the anterodorsal side of the naris, which
is different from the condition seen in procolophonoids.
Until the phylogenetic position of Nyctiphruretus is fully
resolved, however, the conditions shared by Nyctiphrure-
tus and the other taxa are considered as possible synapo-
morphies of the hypothetical clades they represent.

In conclusion, Nyctiphruretus does not fall within the
Procolophonoidea, but it is possible it is a sister group of
the clade. However, because the sister-group relationship
is uncertain, Nyctiphruretus cannot be included among
the procolophonoid lineages originating, and in this case
disappearing, during the Permian and cannot be used to
estimate the P-Tr extinction survival rates of Procolopho-
noidea.

Furthermore, the phylogenetic position of Nyctiphru-
retus is only one of the problems that have arisen in
the recent efforts of resolving the interrelationships of
the ‘Parareptilia’ (Laurin and Reisz, 1995; Lee, 1995;
Modesto, 1999, 2006; Modesto and Reisz, 2008; Reisz et
al., 2007). The number of taxa included into the analyses
has increased with more detailed descriptions of several
taxa becoming available, and while this should increase
the accuracy of the character coding in the analyses, it
also increases the number of possible topologies expo-
nentially and can create problems with the computer pro-
grams used to find the most optimal solutions (Felsen-
stein 1978; Prendini 2001). Additionally, the problem of
limited information about the cranial anatomy of taxa
like Colobomycter (Modesto and Reisz, 2008) and the
postcranial anatomy of the majority of the taxa that affect
the resolution of the analyses, also remain until additional
specimens are discovered or descriptions of existing, but
undescribed, specimens are published.
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The rescored data matrix of Tsuji (2006) used for estimating the phylogenetic position of Nyctiphruretus.
Polymorphism is indicated with by letters, A= 0&1, B=1&2, C = 0&2, D = 0&1&2.
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