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ABSTRACT—New material of polyglyphanodontine lizards from the Late Cretaceous has been found in various localities in western
North America. Several transversely oriented teeth representing a new species of Dicothodon were recovered from the Turonian of
southern Utah. These specimens necessitate reassignment of Polyglyphanodon bajaensis to Dicothodon (Polyglyphanodon) bajaensis.
From the Campanian of Utah, additional teeth and jaw fragments referable to Manangysaurus saueri have been recovered and this
species is reassigned here to Peneteius (Manangysaurus) saueri. Also, an isolated tooth referable to Peneteius has been recovered from
the Campanian of southern Texas. The results of a phylogenetic analysis support a monophyletic grouping of the transversely-toothed
taxa with Bicuspidon as the sister taxon of Polyglyphanodontini new taxon, which is comprised of Polyglyphanodon, Dicothodon, and
Peneteius. The phylogenetic analysis also places ‘‘teiid’’ lizards from the Cretaceous of Asia and North America in a monophyletic
group, Borioteiioidea new taxon, which is the sister taxon to the Teiioidea (Teiidae ⫹ Gymnophthalmidae). This new hypothesis of the
interrelationships of these taxa requires the reevaluation of several characteristics that were previously considered diagnostic for a more
inclusive Teiidae. Another implication of our results is that Teiidae (sensu stricto) has no demonstrable pre-Tertiary occurrence. It
appears that Teiioidea and Borioteiioidea diverged from a common ancestor by the Early Cretaceous. The Teiioidea entered South
America and are currently represented by the Teiidae and Gymnophthalmidae, whereas Borioteiioidea radiated throughout North America
with subsequent dispersal to Asia and Europe.

INTRODUCTION

T

(sensu Estes, 1983a) are a collection of rather large-bodied scincomorphan lizards known
from the Late Cretaceous of both Asia and North America (Gilmore, 1940, 1942, 1943a, 1943b; Nydam, 1999; Sulimski, 1975).
Many of the taxa (e.g., Polyglyphanodon Gilmore, 1940, Macrocephalosaurus Gilmore, 1943, Cherminsaurus Sulimski, 1975,
Darchansaurus Sulimski, 1975, and Erdenetosaurus Sulimski,
1975) have either been described as herbivorous/omnivorous or
have dentitions suggestive of such a diet. Osteological evidence
has been provided to support common ancestry (but with competing interpretations of interrelatedness) of the Asian and North
American taxa (Alifanov, 1993a; Estes, 1983a; Sulimski, 1975).
Of the transversely-toothed lizard taxa recovered from North
America, Polyglyphanodon sternbergi Gilmore, 1940, Peneteius
aquilonius Estes, 1969, and Bicuspidon numerosus Nydam and
Cifelli, 2002a include complete, or nearly complete, jaws. These
specimens provide an indication of the variability along the tooth
rows of these taxa. Polyglyphanodon sternbergi has numerous
transversely expanded, finely serrated, chisel-like teeth in the posterior portion of its tooth row and more spatulate, unicuspid teeth
near the front of its tooth row (Gilmore, 1940, 1942; Nydam and
Cifelli, 2005). Variation along the tooth row of P. sternbergi is
minimal with most teeth very similar in construction to their nearest neighbors (except for the relatively sudden transition from
transversely expanded to unicuspid tooth forms). Some specimens
do show a reduced posteriormost tooth or the weak transverse
expansion of a tooth one position anterior of the posteriormost
unicuspid tooth (Gilmore, 1942; Nydam and Cifelli, 2005). Similar to P. sternbergi, Peneteius aquilonius has transversely expanded, albeit multicuspid, teeth in the posterior portion of the
tooth row and unicuspid, procumbent teeth anteriorly (Nydam et
al., 2000). The exact position along the tooth row of the transition
and degree of change in tooth shape from one position to the next
in this transition is unknown as the crowns from the only nearly
complete dentary are broken in this region (Nydam et al., 2000,
fig. 1a–c). Of all the known specimens of Peneteius aquilonius
there is very little demonstrable variation in the overall shape of
the multicuspid posterior teeth of the maxilla and dentary with
HE POLYGLYPHANODONTINAE

the exception that the multicuspid teeth of the posterior portion
of the maxillary tooth row become less massive and less transversely expanded in more anterior positions (Nydam et al., 2000;
Fig. 4.2). All of the multicuspid teeth have bases that are the
widest portion of the tooth and tall cusps (two cusps on dentary
teeth, six on maxillary teeth) that are uniformly directed toward
the opposing tooth row (Estes, 1969; Nydam et al., 2000). There
are several known jaws of Bicuspidon numerosus, all of which
have transversely oriented, bicuspid teeth posteriorly and unicuspid, non-procumbent teeth anteriorly (Nydam and Cifelli, 2002a).
The only variation in the tooth rows noted by Nydam and Cifelli
(2002a) was the degree of separation of the cusps in the bicuspid
teeth; the larger specimens have more widely separated cusps than
the smaller specimens. Due to the nearly continuous degree of
separation of the cusps among the specimens, this was interpreted
as ontogenetic variation (Nydam and Cifelli, 2002a). Aside from
this the general structure of the teeth of Bicuspidon numerosus is
consistent from specimen to specimen relative to position in the
jaw. Bicuspidon hatzegiensis Folie and Codrea, 2005 from the
Maastrichtian of Romania has a very similar posterior dentition
to that of its North American congener (Folie and Codrea, 2005).
Anterior teeth are unknown for B. hatzegiensis, but a conical tooth
is present on the type specimen, a posterior fragment of a dentary
with two teeth, but this tooth apparently occupies a posteriormost
position (Folie and Codrea, 2005). The structure and arrangement
of the dentitions of these and related taxa are sufficiently complicated and predictable (i.e., ‘‘mammal-like’’) within a taxon to
represent a situation unique among lizards: the teeth are themselves useful in systematic determinations.
Additional taxa of transversely-toothed scincomorphans include
Dicothodon moorensis Nydam, 1999 from the Albian-Cenomanian boundary of Utah (same horizon as for B. numerosus) and
Polyglyphanodon bajaensis Nydam, 1999 from the Campanian of
Baja California del Norte. Based on the shared presence of transverse tooth orientation and other dental characteristics, Nydam
(1999, 2002) and Nydam and Cifelli (2002a) recognized that the
North American taxa were referable to Polyglyphanodontinae and
also proposed that the North American and Asian taxa had been
isolated on their respective continents since approximately the
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Early Cretaceous. In a test of these relationships Nydam and Cifelli (2002a) excluded Dicothodon Nydam, 1999 as this taxon was
represented by only three isolated teeth. Continued investigations
into the Cretaceous of the Western Interior of North America now
permit a more complete analysis.
Isolated teeth and jaw fragments representing a new species of
Dicothodon and additional specimens of Manangysaurus saueri
McCord, 1998 (reassigned here to Peneteius Estes, 1969 with
revisions of both the generic and specific diagnoses) have been
recovered from Upper Cretaceous terrestrial deposits of the Kaiparowits Plateau in Utah. Examination of the new Dicothodon
taxon in comparison to previously described polyglyphanodontine
taxa necessitates the reassignment of Polyglyphanodon bajaensis
to Dicothodon (D. bajaensis new combination) with a revised
diagnosis of this taxon. An isolated tooth referable to Peneteius
has also been recovered from the Upper Cretaceous of Texas and
is described herein. These new specimens from Utah and Texas
extend both the temporal and geographical distribution of the
North American polyglyphanodontines.
The phylogenetic analysis of Nydam and Cifelli (2002a) was
rerun with the addition of these new taxa. The resulting cladogram
agrees with the earlier results of Nydam and Cifelli (2002a) in
the separation of the Teiioidea (Teiidae ⫹ Gymnophthalmidae)
and the clade containing ‘‘teiids’’ from the Cretaceous of Asia
and North America. Based on these results referral of fossil taxa
from the Cretaceous of Asia and North America to Teiidae (sensu
stricto) is no longer supported, and these taxa are herein referred
to a new taxon that represents an evolutionary radiation distinct
from, but closely related to, modern Teiioidea.
ABBREVIATIONS

The following abbreviations are used: IGM—Instituto de Geologı́a
de la Universidad Nacional Autónoma de México, Mexico City;
LACM—Los Angeles County Museum, Los Angeles; LSUMG—
Louisiana State University Museum of Geology, Baton Rouge;
MNA—Museum of Northern Arizona, Flagstaff; OMNH—Sam Noble Oklahoma Museum of Natural History, Norman; UCMP—University of California Museum of Paleontology, Berkeley; UMNH—
Utah Museum of Natural History, Salt Lake City.
GEOLOGICAL SETTINGS

Specimens of the new species of Dicothodon were recovered
from three localities (OMNH localities V4, V60; UMNH VP locality 97) within the Smoky Hollow Member of the Straight Cliffs
Formation (pertinent geology is discussed by Peterson, 1969),
Garfield and Kane Counties, Utah (Fig. 1). The Smoky Hollow
Member of the Straight Cliffs Formation was deposited on a
coastal flood plain during the late Turonian (Eaton, 1991; Eaton
et al., 1997). The productive horizon of OMNH locality V4
(⫽MNA locality 1003) is a green claystone deposited in either a
low energy fluvial or pond environment. The productive horizon
of OMNH locality V60 (⫽MNA 8903) is a brownish gray claystone. UMNH VP locality 97 (⫽MNA locality 1164) is an organic
rich siltstone that is somewhat sandy at its base. The depositional
environment of UMNH VP Locality 97 is considered to have been
a freshwater pond or small lake.
The specimens of Dicothodon bajaensis new combination were
→
FIGURE 1—Locality map for new specimens of polyglyphanodontine lizards. 1–3, Smokey Hollow Member, Straight Cliffs Formation, Utah;
1, OMNH locality V4; 2, OMNH locality V60; 3, UMNH VP locality
97. 4–7, Kaiparowits Formation, Utah: 4, OMNH locality V5; 5,
OMNH locality V6; 6, UMNH VP locality 51; 7, UMNH VP locality
59. 8, LSUMG locality 492, Aguja Formation, Texas.
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recovered from the ‘‘El Gallo Formation’’ of Baja California del
Norte. There remains no formal description of the ‘‘El Gallo Formation,’’ but the geology of the unit was studied by Kilmer (1963)
and several authors have described components of the vertebrate
fauna (Kilmer, 1963; Lillegraven, 1972; Morris, 1974; Clemens,
1980; Nydam, 1999; Helenes and Téllez-Duarte, 2002). All available evidence indicates that the terrestrial portion of the ‘‘El Gallo
Formation’’ is paracontemporaneous with known Campanianaged units in North America.
The new specimens for Peneteius (Manangysaurus) saueri new
combination were recovered from two localities within the Kaiparowits Formation (Campanian), Kane County, Utah (Fig. 1).
The productive horizon of UMNH VP locality 51 is a brown,
friable, silty sandstone with abundant snail shell fragments and is
interpreted to be a flood deposit. UMNH VP locality 59 refers to
a large outcropping of thick sandstone to the west of UMNH VP
locality 51 and is also fluvial in origin.
The specimen of Peneteius sp. from Texas was recovered from
the Aguja Formation near Talley Mountain, in Big Bend National
Park, Brewster County, Texas (Sankey, 2001; Sankey and Gose,
2001). Sankey (2001) and Sankey and Gose (2001) interpreted
the Talley Mountain microvertebrate locality to be penecontemporaneous to the Terlingua (late Campanian-early Maastrichtian)
microvertebrate localities (sensu Rowe et al., 1992), but possibly
representing a more inland depositional environment.
Detailed locality information is on file in the vertebrate laboratories of the OMNH and UMNH and available to qualified investigators.
SYSTEMATIC PALEONTOLOGY

SQUAMATA Oppel, 1811
SCINCOMORPHA Camp, 1923
BORIOTEIIOIDEA new taxon
Definition.—The most recent common ancestor of the clade
containing Chamops Marsh, 1892 and Prototeius Denton and
O’Neil, 1995 and the clade containing Polyglyphanodon, Dicothodon, and Penetieus, and all of its descendents.
Diagnosis.—As indicated by the phylogenetic analysis described below, this taxon differs from the Teiioidea by the following unique combination of character states: presence of narial buttress of maxilla (character 2-0); retention of the parietal foramen
(character 16-0); dorsal process of coronoid process of dentary
large, extends dorsally onto anterolateral surface of coronoid
(character 20-1); posterior extension of intramandibular septum
present as a ridge along roof of dentary, separating coronoid medial process from surangular (character 23-0).
Etymology.—From Greek boreas, north; in reference to the
northern hemisphere distribution of the included taxa and the
close relationship of this new taxon to Teiioidea.
POLYGLYPHANODONTINAE Estes, 1983
POLYGLYHANODONTINI new taxon
Included taxa.—Polyglyphanodon sternbergi Gilmore, 1940,
Paraglyphanodon utahensis Gilmore, 1940, Paraglyphanodon
gazini Gilmore, 1943, Peneteius aquilonius Estes, 1969, Peneteius
cifellii new taxon, Dicothodon moorensis Nydam, 1999, Dicothodon bajaensis new combination.
Diagnosis.—Differ from other borioteiioid lizards in having
transversely oriented teeth in posterior portion of tooth row, semicircular ridges connecting labial and lingual cusps along mesial
and distal margins of transversely oriented teeth, suppression of
tooth replacement in adults.
Etymology.—Named for Polyglyphanodon sternbergi, the first
member of the group to be discovered.
Occurrence.—Late Cretaceous (Albian-Cenomanian boundary

through Maastrichtian) of Utah; Late Cretaceous (Campanian) of
Texas and Baja California del Norte; Late Cretaceous (Maastrichtian) of Montana.
Discussion.—P. sternbergi and the two putative Paraglyphanodon species have been previously placed in either Polyglyphanodontidae (Sulimski, 1975; Alifanov, 1993a) or Polyglyphanodontinae (Estes, 1983a). Nydam’s (1999) referral of Dicothodon
and Nydam and Cifelli’s (2002a) discussion of the relationships
of Bicuspidon followed Estes’ use of Polyglyphanodontinae. The
results of our analysis support Estes’ (1983a) hypothesis by placing Cherminsaurus and Macrocephalosaurus in a clade that is the
sister taxon to the Polyglyphanodontini. The node linking these
two clades is equivalent to the Polyglyphanodontinae of Estes
(1983a), but it is no longer within Teiidae.
DICOTHODON Nydam, 1999
Type species.—Dicothodon moorensis Nydam, 1999.
Other species.—Dicothodon cifellii new species (see below),
Dicothodon (Polyglyphanodon) bajaensis Nydam, 1999 (new
combination; see below).
Revised diagnosis.—Polyglyphanodontine lizards that differ
from Polyglyphanodon sternbergi, Paraglyphanodon utahensis,
and P. gazini in having bulbous distal teeth with lingual side of
tooth equal to or greater than labial side in mesiodistal width;
well-developed, semicircular accessory blades or ridges extending
between labial and lingual cusps on both mesial and distal sides
of main central blade; main central blade labial and lingual cusps
V- or U-shaped, not forming a sharp horizontal blade.
Occurrence.—Albian-Cenomanian boundary, late Turonian of
Utah, USA; late Campanian, Baja California del Norte, Mexico.
DICOTHODON

CIFELLII new species
Figure 2
Diagnosis.—Differs from Dicothodon moorensis in accessory
blades descending from labial and lingual cusps nearly vertically,
not diagonally, before becoming horizontal; accessory blades enclose narrow basins or sulci, not wide basins. Differs from Dicothodon (Polyglyphanodon) bajaensis in teeth having a labial
cusp consistently taller than lingual cusp.
Description.—The teeth of Dicothodon cifellii n. sp., (Fig. 2)
are bulbous, labiolingually expanded and mesodistally compressed (giving an oval shape in occlusal view), transversely oriented, with a single, well-defined cusp each on the labial and
lingual sides of the crown. The oval shape of the teeth (in occlusal
view) ranges from oblong in the larger teeth (e.g., UMNH VP
7371–7374, OMNH 24416; Fig. 2.1–2.9) to subcircular in the
smaller teeth (e.g., OMNH 25906, 25386; Fig. 2.12–2.14), presumably in relationship to a more distal or more mesial position,
respectively, within the tooth row. The bases of the teeth are constricted giving the teeth a bulbous appearance in side view. Except
where heavily worn, the labial cusp is the tallest, the lingual cusp
is the shortest and, on the largest teeth (e.g., UMNH VP 7371
and 7373, weakly developed on UMNH VP 7372), a small median cusp is present which appears to be approximately the same
height as the lingual cusp. The exact relative size of the median
cusp is difficult to ascertain precisely due to the heavy apical wear
on UMNH VP 7371 (Fig. 2.1, 2.2) and UMNH VP 7373 (Fig.
2.3, 2.4). A transverse ridge extends between the labial and lingual cusps on all of the teeth. The shape of this ridge varies based
on tooth size and amount of apical wear. On UMNH VP 7372,
UMNH VP 7374, and OMNH 24416 (Fig. 2.5, 2.6; 2.7, 2.8; 2.9,
respectively) the transverse ridge is V-shaped with the vertex closer to the medial cusp, resulting in a ‘‘V’’ with a lateral arm longer
than the medial arm. On these teeth the median cusp is present
as a small swelling on the central ridge (e.g., UMNH VP 7372;
Fig. 2.5, 2.6). The presence of the median cusp is made more
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FIGURE 2—Specimens of Dicothodon cifellii new sp. 1, 2, occlusal and distal views, respectively, of UMNH VP 7371; 3, 4, occlusal and distal view,
respectively, of UMNH VP 7373; 5, 6, occlusal and distal views, respectively, of UMNH VP 7372; 7, 8, occlusal and mesial views, respectively,
of UMNH VP 7374; 9, occlusal view of OMNH 24416; 10, 11, occlusal and distal (?) views, respectively of OMNH 25907; 12, 13, occlusal and
distal views, respectively of OMNH 25906; 14, occlusal view (after Nydam, 1999) of OMNH 25386.

obvious by the apical wear in which it forms an expanded occlusal
surface (particularly UMNH VP 7373, Fig. 2.3; and also UMNH
VP 7371, Fig. 2.1). Along the mesial and distal sides of each
tooth are low, semicircular accessory blades (in some cases worn
to ridges; OMNH 25906 and OMNH 24416) that extend between
the labial and lingual cusps. These accessory blades descend nearly vertically from the cusps and then turn horizontally and form
the outer borders of narrow sulci on either side of the central
blade. On each tooth, the sulci enclosed by the accessory blades
are unequal in size from one side to the other. Assuming homology with similar structures on the transversely expanded teeth of
Polyglyphanodon sternbergi, the smaller sulcus (with its correspondingly shorter accessory blade) indicates the mesial side of
the tooth (contra Nydam, 1999). One specimen, OMNH 25907,
has a weakly developed sulcus between the end of the accessory
blade and the main cusp that is preserved. There are similar sulci
present on the lingual surfaces of UMNH VP 7372 and on the
preserved surface of OMNH 25386 (previously figured by Nydam, 1999, fig. 6d). Although these sulci separate the ends of the

accessory blades from the main body of the tooth, they are inconsistent, very shallow, and do not contribute to the formation
of accessory cusps as is seen in the teeth of Peneteius.
Most of the known teeth of Dicothodon cifellii n. sp. exhibit
some amount of wear. In UMNH VP 7371, UMNH VP 7373,
OMNH 25906, and OMNH 25386 the apices of the cusps (and
in some cases the transverse ridge) have been worn into flattened,
grinding surfaces, likely through tooth-food abrasion. In addition,
all of the UMNH specimens have what appear to be occlusal
(tooth-tooth) wear facets on the central portion of the mesial accessory blades. OMNH 25906, in addition to the apical wear of
the labial and lingual cusps, has accessory blades that have been
worn dull, also likely from tooth-food abrasion. OMNH 24416
(Fig. 2.9) is uniformly dulled and eroded in a manner consistent
with passage of the tooth through a digestive tract as opposed to
occlusal or abrasive wear. None of the wear facets have the polished wear-surfaces indicative of mammal-like tooth-tooth occlusion.
Etymology.—In recognition of the substantial contributions of
Richard L. Cifelli to the body of knowledge of the evolution and
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FIGURE 3—Specimens of Dicothodon (Polyglyphanodon) bajaensis new combination. 1, 2, 3, occlusal, distal, and mesial views, respectively, of IGM
6964; 4, 5, 6, occlusal, distal, and mesial views, respectively, of IGM 6965; 7, 8, occlusal and lingual views, respectively, of IGM 6963; 9, 10,
11, 12, 13, occlusal, labial, lingual, mesial, and distal views, respectively, of IGM 6966. Scale bar is 1 mm.

paleobiogeography of the vertebrate fauna from the Cretaceous
of the Western Interior of North America.
Types.—Holotype, UMNH VP 7371, posterior tooth. Paratypes,
UMNH VP 7372, 7373, 7374, OMNH 24416, 25906, posterior teeth.
Other material examined.—OMNH 25386, 25907 (broken posterior teeth).
Occurrence.—UMNH VP locality 97, type locality (specimens
UMNH VP 7371–7374); OMNH locality V4 (specimen OMNH
23586); OMNH locality V60 (specimens OMNH 24416, 25906,
25907); Smoky Hollow Member, Straight Cliffs Formation, late
Turonian.
DICOTHODON
POLYGLYPHANODON

BAJAENSIS new combination
Figure 3.1–3.13

BAJAENSIS

Nydam, 1999, p. 307, fig. 4.

Revised diagnosis.—Differs from Dicothodon moorensis and D.
cifellii, n. sp., in having labial and lingual cusps nearly equal in
height, in having mesial and distal accessory ridges weakly developed, not blade-like, and enclosing very shallow sulci or basins, sulci not present on all teeth.

Revised description.—Although previously described by Nydam (1999), the following is an updated description based on a
reexamination of the specimens following the recovery of material now assigned to the new species Dicothodon cifellii n. sp.
from southern Utah. IGM 6964 (Fig. 3.1–3.3) and IGM 6965 (Fig.
3.4–3.6) are the largest, most transversely expanded of the known
teeth of Dicothodon bajaensis n. comb. The central blades of both
of these teeth are worn nearly horizontal, but IGM 6965 retains
some of the V-shape of the blade. Also, the central blade of IGM
6965 has a cuspule/swelling, similar to, but more weakly developed than, similar cuspules on teeth of Dicothodon cifellii n. sp.
(e.g., UMNH VP 7371, 7373). IGM 6963 (Fig. 3.7, 3.8) is a jaw
fragment with two teeth. The small size and more circular outline
(in occlusal view) of the teeth indicate that this is a portion from
a more mesial region of the jaw. The mesialmost tooth is approximately 20% smaller and more circular in outline than the
adjoining tooth. Both of the teeth are bicuspid with the labial and
lingual cusps joined by a shallow V- to U-shaped central blade
as well as weakly developed mesial and distal accessory ridges.
IGM 6966 (Fig. 3.9–3.13) has a circular outline in occlusal view,
→

FIGURE 4—Specimens of Peneteius Estes, 1969. Peneteius aquilonius Estes, 1969: 1, 2, lingual and occlusal views, respectively, fragmentary left
maxilla (after Nydam et al., 2000), of UCMP 123325. Peneteius (Manangysaurus) saueri new combination: 3, 4, Occlusal and lingual views,
respectively, of OMNH 20904, holotype right maxilla; 5, 6, 7, occlusal, lingual, and labial views, respectively, of UMNH VP 11651 (large tooth)
and UMNH VP 11654 (small tooth), recombined fragmentary right maxilla; 8, 9, 10, labial, occlusal, and distal views, respectively, of UMNH
VP 11652, fragmentary right maxilla; 11, SEM occlusal view of UMNH VP 11658, isolated maxillary tooth; 12, 13, 14, SEM mesial, occlusal,
and oblique lingual views of OMNH 23862, isolated maxillary tooth; 15, SEM oblique lingual view of UMNH VP 11658, isolated maxillary tooth;
16, 17, SEM oblique lingual and mesial views, respectively, of UMNH VP 11655, isolated maxillary tooth; 18, 19, SEM occlusal, distal (with
detail of vertex of main blade showing small crenulations) views, respectively, of UMNH VP 11653, isolated maxillary tooth. Peneteius: 20, 21,
occlusal and mesial views of LSUMG 492:6253, isolated maxillary tooth. All scale bars 0.5 mm.
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well-developed sulci between the labial and lingual cusps and
corresponding accessory ridges, and the labial and lingual cusps
are more closely spaced than in the other specimens.
Etymology.—For Baja California, where the type and only
known specimens of this species have been recovered.
Types.—Holotype, IGM 6965 (formerly LACM 58008), isolated posterior tooth. Paratypes, IGM 6963 (formerly LACM
57869), jaw fragment with two teeth; IGM 6964 (formerly LACM
57877), isolated posterior tooth; IGM 6966 (formerly LACM
58011), isolated posterior tooth.
Occurrence.—Previously reported by Lillegraven (1972) and
initially described by Nydam (1999). Localities: LACM LAV7170 and LAV-7172, ‘‘El Gallo Formation,’’ Baja California del
Norte, Mexico, Campanian.
Genus PENETEIUS Estes, 1969
Figure 4.1–4.21
Type species.—Peneteius aquilonius Estes, 1969 (Fig. 4.1–4.2).
Other species.—Peneteius (Manangyasaurus) saueri McCord,
1998 (revised below); Peneteius sp. indet., new record (see below).
Revised diagnosis.—Differs from all other Polyglyphanodontini
in having maxillary teeth with six cusps (two primary, four accessory) aligned in three transversely oriented pairs with lingual
cusps not as tall as labial counterparts. Each pair of cusps joined
by a blade, V-shaped between taller primary cusps, U-shaped between smaller mesial and distal accessory cusp pairs. Dentary
teeth with labial and lingual, peg-like cusps separated by
U-shaped ridge, mesial and distal accessory structures forming
shoulders or weak ridges and cusps. Lingual accessory structures
of dentary teeth taller than labial accessory structures.
Occurrence.—Late Campanian (Judithian), Utah and Texas; late
Maastrichtian (Lancian), Montana.
Discussion.—Based on a shared transverse orientation of the
posterior teeth with Recent Teius, Estes (1969, 1983a) originally
referred Peneteius to the tribe Teiini within Teiidae. Additional
specimens of P. aquilonius demonstrated mammal-like complexities of the teeth (Nydam et al., 2000) unlike any known lizard
taxa. The results of a phylogenetic analysis of relevant taxa placed
Peneteius as a sister taxon to Polyglyphanodon (Nydam and Cifelli, 2002a).
PENETEIUS SAUERI new combination
Figure 4.3–4.19
MANANGYASAURUS
fig. 2.

SAUERI

n. gen. and sp. McCord, 1998, p. 286,

Revised diagnosis.—Peneteius saueri n. comb. differs from Peneteius aquilonius in having maxillary teeth with more bulbous
(barrel-like) shafts, constricted bases, labial and lingual primary
cusps less than half of tooth height, V-shaped transverse blade
more widely open (obtuse), labial and lingual accessory cusps
flare away from primary cusps.
Revised description.—Although originally reported as a partial
dentary by McCord (1998), OMNH 20904 (Fig. 4.3, 4.4) is actually
a fragment from the distal portion of the right maxilla (see revised
description of Peneteius by Nydam et al., 2000). The mesialmost
tooth on OMNH 20904 is strongly mesodistally compressed such
that it has a narrow oval outline in occlusal view. The middle and
distalmost teeth are successively less mesodistally compressed and
have successively more circular occlusal outlines. McCord (1998, p.
286) described basins between the main blade and the accessory
blades of the teeth of OMNH 20904. Our examination of the specimen indicates that it would be more appropriate to refer to these
depressions as narrow sulci that are developed as a result of the offset
of the accessory blade from the body of the tooth. McCord (1998,

p. 285) was correct in identifying the more oblique orientation of
the V-shaped blade of the mesialmost tooth of OMNH 20904 as an
artifact of breakage and repair of the specimen. UMNH VP 11654
(Fig. 4.5–4.7) is a maxillary fragment with two teeth. This specimen
is from a smaller individual than OMNH 20904 and possibly represents a more mesial portion of the maxilla (based on the more
mesiodistal compression of the mesial tooth). The bases of both of
the teeth on UMNH VP 11654 are perpendicular to the long axis of
the jaw, but the labial and lingual primary cusps are slightly recurved
distally. The distal tooth is nearly half again as large as and more
bulbous in shape than is the mesial tooth, and both teeth have welldeveloped distal accessory structures (blades and cusps) but weakly
developed mesial structures. Also, the mesial accessory structure of
both teeth is positioned such that it is apical to the distal accessory
structure, which contributes to the recurved appearance of the teeth.
The tips of the primary cusps of both teeth are slightly abraded, as
are both the mesial and distal accessory blades of the mesial tooth.
UMNH VP 11652 (Fig. 4.8–4.10) is a broken right maxilla that
preserves a single tooth and three empty tooth spaces. The preserved
tooth is approximately one-half the size of the teeth in UMNH VP
11654, indicating that UMNH VP 11652 is from a smaller individual, possibly a juvenile. The tooth on UMNH VP 11652 also has
well-developed labial and lingual primary cusps, but the labial cusp,
unlike that seen in the other teeth for the taxon, points inferolaterally
away from the tooth. A wide, V-shaped central ridge connects the
labial and lingual primary cusps. The distal accessory structure on
the tooth of UMNH VP 11652 is wide and shelf-like with only weak
development of labial and lingual cusps at the ends of the accessory
blade. The mesial accessory structure is very weakly developed
forming little more than a mesial swelling with a small bladelike
ridge. The cusps and blades of this tooth show significant abrasive
wear. The empty tooth spaces mesial to the preserved tooth have
progressively smaller cross-sectional areas and the empty space posterior to the preserved tooth has a larger cross-sectional area. The
base of the preserved tooth of UMNH VP 11652, the adjacent broken tooth base, and other preserved empty tooth spaces all show
evidence of tooth replacement in the form of resorption pits (sediment filled) and excavation of the subdental shelf. No such evidence
of tooth replacement is present on OMNH 20904 and UMNH VP
11654. UMNH VP 11658 (Fig. 4.11, 4.15) and UMNH VP 11655
(Fig. 4.16, 4.17) have large primary cusps connected by a sharp
V-shaped blade. These primary cusps are not as widely separated as
on other teeth (e.g., UMNH VP 11653, 11654). The accessory structures on UMNH VP 11658 and UMNH VP 11655 are relatively
large, well-developed, with sharp blades and large labial and lingual
cusps. UMNH VP 11653 (Fig. 4.19) is a bulbous tooth with welldeveloped primary cusps connected by a V-shaped blade. The
V-shaped blade on this tooth has two small cuspules at the vertex
(see detail on Fig. 4.19), but these are not as fully developed as the
medial cusps described above for D. cifellii n. sp. and D. bajaensis
n. comb.
Types.—Holotype, OMNH 20904, partial maxilla with three
teeth. Paratypes, OMNH 21832, isolated tooth; OMNH 23524,
isolated tooth; OMNH 23862, isolated tooth; UMNH VP 11651,
isolated tooth; UMNH VP 11652, right maxilla fragment preserving one tooth; UMNH VP 11653, isolated tooth; UMNH VP
11654, right maxilla fragment preserving two teeth (distal tooth
is UMNH VP 11651); UMNH VP 11655, isolated tooth; UMNH
VP11658, isolated tooth.
Occurrence.—OMNH V6, type locality (OMNH 20904,
23524); OMNH V5 (OMNH 21832, 23826); UMNH VP locality
51 (UMNH VP 11651–11655); UMNH VP locality 59 (UMNH
VP 11658), Kaiparowits Formation, late Campanian (Judithian).
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PENETEIUS sp.
Figure 4.20, 4.21
Description.—LSUMG 492:6253 is an isolated tooth from the
left maxilla of Peneteius. The tooth is somewhat bulbous and has
a constricted base. In occlusal view the tooth is subcircular in
outline. The primary labial and lingual cusps are abraded and
separated by a shallow V-shaped ridge. The accessory structures
are also abraded, but retain remnants of small cusps and welldefined blades. The posterior accessory structure is more proximal
than the mesial accessory structure and the lingual ends of the
accessory structures are slightly more basal than the labial ends.
Material examined.—LSUMG 492:6253, isolated posterior
tooth from left maxilla.
Occurrence.—Talley Mountain Locality (Sankey, 2001; Sankey
and Gose, 2001), Brewster County, Texas, Aguja Formation, late
Campanian (Judithian).
Discussion.—The Aguja and Kaiparowits Formations are believed to be paracontemporaneous, having both been correlated
with the Judithian Land Mammal ‘‘age’’ (Eaton, 1991; Rowe et
al., 1992). The teeth of Peneteius saueri n. comb. and the tooth
of Peneteius sp. share the characteristics of labial accessory cusps
not as fully developed as in P. aquilonius. However, LSUMG
492:6253 is worn and the accessory cusps are not well enough
preserved to determine whether they flared away from the crown.
Currently it is not possible to determine with certainty whether
the Texas specimen represents one of the two known species or
a new species of Peneteius.
DISCUSSION

Dicothodon.—The teeth of D. cifellii n. sp. add significantly to
the previously poor record of this genus from the Turonian (a
single, broken tooth; Nydam, 1999, figs. 5c, 5d, 6d). The dentition
of D. cifellii n. sp. is more complex than that known for the older
taxon D. moorensis (Albian-Cenomanian boundary, Nydam,
1999, figs. 5a, 5b, 6a–6c) with swellings near the center of the
main blade of the larger teeth. As the teeth wore, these central
swellings and the labial and lingual cusps formed flattened occlusal surfaces (e.g., UMNH VP 7373 and to a lesser extent UMNH
VP 7371). The smaller teeth (e.g., UMNH VP 7372, 7374,
OMNH 24416, 25386, 25389) are assumed to have been from a
more rostral position in the tooth row. This interpretation is based
on the changes in tooth shape in the tooth rows of Polyglyphanodon sternbergi and Peneteius aquilonius in which the more rostral of the transversely expanded teeth are smaller (both taxa) and
have a decreased labiolingual width. In D. cifellii n. sp., these
smaller teeth also lack the central swelling of the V-shaped blade
but have varying amounts of abrasive wear (e.g., OMNH 25386
and OMNH 25906). This difference in shape between the large
and small teeth of D. cifellii n. sp. may represent a morphological
difference between more rostral and more caudal tooth positions.
Such positional differences in tooth size are also found in Dicothodon bajaensis (Fig. 3.7–3.8), Peneteius (Fig. 4.1–4.7), and
P. sternbergi (Gilmore, 1942, figs. 19, 21). It is also possible that
the smaller teeth from D. cifellii n. sp. come from juvenile lizards.
There may be more than one taxon present, but pending the recovery of more complete jaw material, the specimens in hand are
referred only to D. cifellii n. sp. Since we have only isolated teeth
from D. cifellii, it impossible to determine the exact mode of tooth
replacement. However, Dicothodon bajaensis lacks resorbtion pits
at the bases of teeth in the known jaw specimen (IGM 6963; Fig.
3.8), and the closely related taxa Peneteius aquilonius and Polyglyphanodon sternbergi have arrested tooth replacement in adults
(Nydam et al., 2000; Nydam and Cifelli, 2002a).
Based on the improved record of Dicothodon from the Turonian
of Utah and the recognition of Dicothodon cifellii n. sp., it is clear
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that specimens of Polyglyphanodon bajaensis (Nydam, 1999) are
more appropriately referred to Dicothodon based on shared dental
features. These features include the well-developed mesial and
distal accessory blades and V- to U-shaped main, transverse
blades. IGM 6966 (formerly LACM 58011; Fig. 3.9–3.13) from
this taxon is an interesting and problematic specimen. This tooth
is nearly circular and not transversely expanded in occlusal outline. In Polyglyphanodon sternbergi the transversely oriented
teeth in more rostral positions have decreased transverse expansion of their crowns (see descriptions in Gilmore, 1942; Nydam
and Cifelli, 2005), but IGM 6966 is substantially larger than the
increasingly rostral, oval-shaped teeth in the only known jaw fragment of D. bajaensis (IGM 6963; Fig. 3.7–3.8). Also, in IGM
6966 there are 4-four distinct sulci (two labially, two lingually)
formed where the accessory blades join the labial and lingual
cusps. The shape of this tooth and the presence of 4-four sulci
are more similar to the known teeth of Peneteius than of Dicothodon. However, IGM 6966 exhibits apical wear and it is not possible to determine if the accessory structures formed the cusps
and blades diagnostic of Peneteius. IGM 6966 is tentatively retained within D. bajaensis, but further investigation into the microvertebrate fauna of the ‘‘El Gallo Formation’’ is necessary to
better understand D. bajaensis and possible associated taxa.
Peneteius.—The new specimens of Peneteius saueri provide us
with a substantially improved understanding of this taxon and a
possible evolutionary scenario for Peneteius. The suite of dental
features found in Peneteius saueri occupies an intermediate position in a morphological grade between the teeth of Dicothodon
and that of P. aquilonius. The presence of accessory cusps on the
accessory blades and the more basal position of the lingual accessory cusps on the tooth crown support the referral of P. saueri
to Peneteius. However, P. saueri also shares with Dicothodon and
Polyglyphanodon sternbergi constricted tooth bases and widely
separated primary cusps. The most parsimonious interpretation of
the distribution of constricted tooth bases and widely separated
primary cusps is that these features are plesiomorphic within Polyglyphanodontini and the loss of constricted tooth bases in Peneteius aquilonius is a derived condition.
The presence of replacement pits at the base of the tooth and
the adjacent tooth positions in UMNH VP 11652 appear to contradict the earlier conclusion of Nydam et al. (2000) that Peneteius had arrested tooth replacement in the multicuspid teeth of
the caudal portion of the tooth row. However, UMNH VP 11652
is a diminutive specimen with respect to the other specimens of
P. saueri and is likely a juvenile. As a juvenile, it may have had
active tooth replacement to permit insertion of increasingly larger
teeth into the growing jaw. It has been previously noted that lizards decrease the rate of tooth replacement with increasing age
(Cooper, 1966; Dalrymple, 1979). It is likely that P. saueri was
similar and, as has been hypothesized for P. aquilonius, had arrested tooth replacement as an adult in order to preserve the intricate tooth-tooth relationships of the upper and lower dentitions.
The alternative possibility that P. saueri represents a species of
Peneteius that retained active tooth replacement of the multicuspid teeth is unlikely, as none of the other known specimens of P.
saueri show evidence of active replacement of the posterior teeth
(anterior teeth are unknown).
The isolated tooth referred to Peneteius sp. cf. P. saueri from
the Aguja Formation extends the Campanian geographic range of
Peneteius to southern Texas. Based on the known records of Peneteius, it would appear that the taxon occupied the southern latitudes (southern Utah, southern Texas) of North America during
the Campanian and dispersed as far north as Montana (as noted
by the aptly named P. aquilonius) by the Maastrichtian. However,
specimens of Peneteius continue to be rare components of all the
faunas within which they occur and continued investigation of the
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FIGURE 5—Strict consensus cladogram of three equally parsimonious
trees resulting from phylogenetic analysis of interrelationships of North
American polyglyphanodontine taxa. 1, Teiioidea; 2, Borioteiioidea
new taxon; 3, Polyglyphanodontini new taxon; see text for discussion.

microvertebrate faunas of the Campanian in the northern latitudes
(e.g., Two Medicine and Judith River Formations) is encouraged.
Phylogenetic relationships.—In their discussion of the relationships of Bicuspidon numerosus, Nydam and Cifelli (2002a) presented the results of a phylogenetic analysis that grouped the
transversely toothed taxa from the Cretaceous of North America
to the exclusion of all other teiids, modern or extinct. Due to the
lack of specimens, Dicothodon was excluded from the analysis
and the overall results were not robust (i.e., large basal polytomy
of strict consensus, p. 279, fig. 4). Based on the discovery of
specimens of Dicothodon cifellii n. sp. and the revision of the
taxonomic assignment of Dicothodon (Polyglyphanodon) bajaensis, we have included Dicothodon in the phylogenetic analysis in
order to more completely understand the hypothetical relationships of the North American fossil taxa. Gekkonidae was chosen
as the designated outgroup as it lies outside of the Scincomorpha
and could be scored for all characters. Gymnophthalmidae was
retained as an ingroup taxon. Scoring of character states for all
taxa included in the analysis are given in Appendix 1. Character
state descriptions are given in Appendix 2. A branch and bound
analysis was performed in which all characters were assumed to
be unordered and multistate characters were treated as polymorphisms. The results were three equally parsimonious trees (tree
length ⫽ 67, CI ⫽ 0.63, RI ⫽ 0.81). A strict consensus of the
resulting trees (Fig. 5) is more robust than that of Nydam and
Cifelli (2002a), but shows a similar topology. Of particular importance, the results of this analysis support the composition of
Teiioidea Estes et al., 1988 as Teiidae ⫹ Gymnophthalmidae, but
to the exclusion of the fossil ‘‘teiids’’ from the Cretaceous of Asia
and North America. These fossil taxa compose a monophyletic
sister taxon to Teiioidea, the Borioteiioidea new taxon, which we
diagnose above. Within the Borioteiioidea, the taxa comprising
Polyglyphanodontini form an unresolved polytomy. Although Bicuspidon Nydam and Cifelli, 2002a shares the transverse tooth
orientation of these three taxa, its position as the sister taxon to
this polytomy reflects the retention of active tooth replacement
into adulthood (also in B. hatzegiensis Folie and Codrea, 2005).
Although limited to two representative taxa (one each of a macrocephalosaurid and polyglyphanodontid, sensu Sulimski, 1975),

the sister taxon relationship of the Asian taxa (Macrocephalosaurus, Cherminsaurus) and the transversely-toothed North American
taxa ((Polyglyphanodon, Dicothodon, Peneteius) Bicuspidon))
supports the hypothesized close relationship between the Asian
and North American polyglyphanodontine/macrocephalosaur taxa
(Sulimski, 1975; Estes, 1983a; Alifanov, 1993a; Nydam, 2002).
The recognition of Borioteiioidea also provides an alternative
to previous hypotheses concerning the evolutionary history and
interrelationships of teiid lizards. The referral of Chamops and
Peneteius to the teiid tribes Tupinambini and Teiini, respectively
(Estes, 1969), is problematic in that the characters used (e.g.,
height of maxilla, degree of heterodonty, orientation of teeth) are
either variable or primitive (see Nydam et al., 2000 and Nydam
and Cifelli, 2002a for discussions of tooth morphology and orientation and the taxonomic position of Peneteius). Recognizing
the potential problem of these referrals, Estes (1983a) was also
careful to point out that the mandible of Chamops lacks derived
features necessary for confident referral to Tupinambini. Based
on the resulting topology of the cladogram presented herein and
in Nydam and Cifelli (2002a), the structural similarities used to
place Peneteius and Chamops within Teiidae can be alternatively
explained as characteristics diagnostic of the most recent common
ancestor of Teiioidea and Borioteiioidea (heterodont dentition) or
convergent characteristics of taxa in distinct lineages (orientation
of teeth, shape of maxilla). Other osteological characteristics that
have been used to diagnose teiid lizards need to be reevaluated.
Three of the 14 diagnostic synapomorphies for Teiidae (sensu Estes et al., 1988) are the presence of heavy cementum at the bases of
the teeth, deep subcircular replacement pits at the bases of the teeth,
and a hypertrophied splenial that extends nearly to the mandibular
symphysis. These are also the most common osteological characteristics used to identify fossil teiid taxa (e.g., Estes, 1983a; Gao and
Fox, 1996; Nydam and Cifelli, 2002a) as all three characteristics can
be readily evaluated using the dentary, which is the most commonly
recovered osteological element of lizards from the Cretaceous of
North America. Based on the results of our analysis and the subsequent separation of the fossil taxa from the Teiidae (sensu stricto),
these three characteristics are diagnostic for the recent common ancestor of Teiioidea and Borioteiioidea and all of its descendents, with
reversals of all three traits in Gymnophthalmidae (except Presch,
1980 indicates that one gymnophthalmid genus, Heterodactylus, retains a hypertrophied splenial). As such, the presence of heavy cementum, subcircular replacement pits, and a hypertrophied splenial
cannot be considered diagnostic for either Teiidae or Borioteiioidea
to the exclusion of the other.
One of the other synapomorphic traits of Teiidae listed by Estes
et al. (1988), the contact or near contact of the jugal and squamosal
on the supratemporal arch, is similarly found in both Teiidae as well
as Polyglyphanodon and the Asian taxa Adamisaurus, Macrocephalosaurus (in juveniles only of M. chulsanensis), Cherminsaurus,
Erdenetosaurus, and Darchansaurus (see Estes, 1983a for detailed
discussion of these taxa). This distribution and the wide separation
of these bones in gymnophthalmids would seem to indicate that the
contact or near contact of the squamosal and jugal is diagnostic of
the most recent common ancestor of Teiioidea and Borioteiioidea
with a reversal in Gymnophthalmidae. However, the lack of articulated skulls for Chamops, Prototeius, Bicuspidon, Dicothodon, and
Peneteius prevents the evaluation of this characteristic in these taxa
and leaves open the possibility that the character state remains a
diagnostic synapomorphy of Teiidae with convergent acquisition in
some fossil taxa.
Paleobiogeography and evolutionary history.—Within North
America, Polyglyphanodontini is restricted to the southern latitudes
of the Western Interior until the Maastrichtian. Between the latest
Albian and Turonian it is possible that this southern distribution is
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an artifact of the lack of appropriately aged strata in the north. However, fossil-bearing rocks from the Campanian are common throughout the Western Interior of North America and polyglyphanodontinine taxa are restricted to only those strata in southern latitudes during
this time. By the Maastrichtian, one taxon, Peneteius aquilonius,
appears in the Hell Creek Formation of northern Montana. The presence of Bicuspidon hatzegiensis from the Maastrichtian of Romania
seems to be an aberrant record for the genus, but Kirkland (2003)
has proposed an Early Cretaceous contact between Europe and North
America to account for the distributional pattern of several Utah
dinosaur taxa with apparent European affinities.
Although the exact timing cannot be known with certainty, it
is possible to determine a minimum age of divergence of the
Teiioidea and Borioteiioidea. The oldest taxa included in this analysis are Bicuspidon and Dicothodon, both of which have their
earliest representative species known from the Albian-Cenomanian boundary of North America (Nydam, 1999; Nydam and Cifelli, 2002a). This would suggest that the minimum age of divergence is sometime during the Aptian-Albian. Although not
included in this analysis, the presence of purported teiids (sensu
latu) from the Aptian-Albian of Texas (Winkler et al., 1990) and/
or Oklahoma (Nydam and Cifelli, 2002b) indicate that the minimum age of divergence is more likely to be pre-Aptian. This
would predate the rapid increase of lizard diversity in North
America during the late Albian that has been correlated with the
formation of an Asian-North American connection during the early Cretaceous (Nydam, 2002).
It is possible that borioteiioids may have instead (or also?) been
present in the Early Cretaceous of Asia. The Mongolochamopidae
Alifanov, 1993a are a group of Asiatic lizards closely related to
Macrocephalosauridae Sulimski, 1975 and presumably are borioteiioids. Alifanov (1993a) proposed the Mongolochamopini as a
tribe within Macrocephalosauridae, later raising it to the family
Mongolochamopidae (Alifanov, 2000), and included within it several Asian taxa as well as Sphenosiagon Gao and Fox, 1991,
Gerontoseps Gao and Fox, 1991, and Socognathus Gao and Fox,
1991 from North America, although Gao and Fox (1996) retained
the three North American taxa within Teiidae (sensu latu). Alifanov (2000, table 18.2) indicates the presence of ‘‘?Mongolichamopidae’’ from the Höövör locality from the Aptian-Albian
of Mongolia. However, the references cited to support this record
either make no mention of mongolochamopid (or macrocephalosaurid) taxa from the Early Cretaceous (Alifanov, 1993b) or refer
to ‘‘Macrocephalosauridae’’ in another table (Alifanov, 1993c, table 1) without further reference to a specimen or supporting documentation. The next earliest records of mongolochamopids or
macrocephalosaurids from Asia include several named taxa from
the Santonian-Campanian of Mongolia and China (see review by
Alifanov, 2000 and references therein).
Although primarily South American in its current distribution,
there are only speculative reports of fossil Teiidae (sensu stricto)
from the Cretaceous of South America (Estes, 1983b; Albino, 1996)
and Sullivan and Estes (1997, p. 101) go as far as to state that ‘‘no
Cretaceous teiids have been found in South America.’’ The earliest
confident records of definitive Teiidae in South America are from
the early Miocene (see reviews by Estes, 1983a and Albino, 1996;
Sullivan and Estes, 1997) and these specimens are closely related,
or referable to, extant genera. Estes and Báez (1985, p. 167) indicate
a ‘‘strong presence’’ of teiids in South America dating back to the
Paleocene, though these taxa represent distinct genera (Albino,
1996).
The current distribution of fossil taxa indicates the most likely
evolutionary scenario is that Teiioidea and Borioteiioidea diverged from their most recent common ancestor prior to the Albian. The most likely center of origin for these groups is North
America (although the potential existence of relevant taxa in the
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Early Cretaceous of Mongolia prevents exclusion of Asia as possible center of origin). Borioteiids subsequently underwent a substantial radiation in North America with dispersal to Asia prior to
the Santonian. Nydam (2002) proposed that the relatively rapid
increase in lizard diversity during the end of the Early Cretaceous
was likely due to the presence of a land bridge connection with
Asia, and Nockleberg et al. (2000) review the evidence for EarlyLate Cretaceous island arcs and a land bridge connecting Asia
and North America in the Arctic.
Early teiiodeans must have dispersed to South America with a
subsequent radiation of true teiids and gymnophthalmids. Estes
and Báez (1985) reviewed the evidence supporting the hypothesis
that teiids entered South America from North America via a chain
of volcanic islands during the Late Cretaceous (the inference being Campanian-Maastrichtian). An obvious problem is the status
of Teiioidea between divergence with Borioteiioidea in the Early
Cretaceous and supposed dispersal to South America at the end
of the Cretaceous. Whereas Teiioidea is represented in the modern
fauna by Teiidae and Gymnophthalmidae, no borioteiioids appear
to have survived beyond the Late Cretaceous.
CONCLUSIONS

The new fossils and taxonomic revisions reported herein substantially improve our understanding of the diversity and distribution of the Polyglyphanodontini new taxon. Additionally the
results of our phylogenetic analysis yield a new hypothesis of the
interrelationships of the fossil taxa previously referred to Teiidae.
The taxa from the Cretaceous of North America and Asia form
the monophyletic Borioteiioidea, and the Polyglyphanodon-like
taxa with transversely expanded teeth form the monophyletic Polyglyphanodontini new taxon. Based on this hypothesis we have
been able to reevaluate the evolutionary history of these lizards
and propose that the Borioteiidae new taxon and Teiioidea diverged by the Early Cretaceous and that the Borioteiioidea dispersed throughout North America, Asia, and into Europe, but appear to have gone extinct by the end of the Cretaceous. We
recognize that many of these postulations are based on fragmentary remains, particularly with regard to the specimens of the
Polylglyphanodontini. However, we are also convinced that these
ideas are the current ‘‘best fit’’ for the distribution and hypothetical relationships of the fossil taxa. We encourage continued sampling of the microvertebrate-bearing rocks of the Cretaceous rocks
in the Western Interior as well as Mexico, South America, and
Asia in hopes that additional specimens will be recovered that
will shed more light on the paleobiogeography and interrelationships of the Teiioidea and Borioteiioidea.
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ESTES, R., AND A. BAÉZ. 1985. Herpetofaunas of North and South America during the Late Cretaceous and Cenozoic: Evidence for interchange?, p. 139–197. In F. G. Stehli and S. D. Webb (eds.), The Great
American Biotic Interchange. Plenum Press, New York.
ESTES, R., K. DE QUIEROZ, AND J. GAUTHIER. 1988. Phylogenetic relationships within Squamata, p. 119–281. In R. Estes and G. Pregill
(eds.), Phylogenetic Relationships of the Lizard Families: Essays Commemorating Charles L. Camp. Stanford University Press, Stanford.
FOLIE, A., AND V. CODREA. 2005. New lissamphibians and squamates
from the Maastrichtian of Hateg Basin, Romania. Acta Palaeontologica
Polonica, 50:57–71.
GAO, K., AND R. C. FOX. 1996. Taxonomy and evolution of Late Cretaceous lizards (Reptilia: Squamata) from western Canada. Bulletin of
the Carnegie Museum of Natural History, 33:1–107.
GILMORE, C. W. 1940. New fossil lizards from the Upper Cretaceous of
Utah. Smithsonian Miscellaneous Collections, 99:1–3.
GILMORE, C. W. 1942. Osteology of Polyglyphanodon, an Upper Cretaceous Lizard from Utah. Proceedings of the United States National
Museum, 92:229–265.
GILMORE, C. W. 1943a. Fossil lizards of Mongolia. Bulletin of the American Museum of Natural History, 81:361–384.
GILMORE, C. W. 1943b. Osteology of Upper Cretaceous lizards from
Utah, with a description of a new species. Proceedings of the United
States National Museum, 93:209–214.
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Gekkonidae
Gymnophthalmidae
Ameiva
Cnemidophorus
Kentropyx
Teius
Dicrodon
Callopistes
Tupinambis
Dracaena
Crocodilurus
Prototeius
Chamops
Polyglyphanodon
Macrocephalosaurus
Cherminsaurus
Dicothodon
Peneteius
Bicuspidon

0

0

0

1
5
4
3
2

1. Ontogenetic fusion of frontals: (0) paired; (1) fused.
2. Narial buttress/mesial process of maxillary narial border: (0) present;
(1) absent.
3. Retracted nares: (0) absent; (1) retracted on dorsal maxilla.
4. Vomer-premaxilla contact: (0) contact; (1) vomers isolated from premaxilla by mesiopalatal extensions of maxilla.
5. Ectopterygoid contribution to suborbital fenestra: (0) much; (1) little.
6. Anteromedial edge of supratemporal fenestra: (0) formed by postfrontal and/or postorbital; (1) formed by anterolateral extensions of
parietal.
7. Temporal bones: (0) robust, insert extensively on parietal; (1) much
reduced with limited along length of anterior parietal.
8. Postorbital contribution to posterior border of orbit: (0) forms about
one-half of posterior border, is primarily an orbital bone with strong
ventral process; (1) forms less than one-half of border, is primarily
a temporal bone with a weak ventral process.
9. Postfrontal fusion: (0) separate or absent; (1) fused to postorbital.
10. Adductor origin: (0) extends only along posterior ⅔ to ½ of parietal
dorsolateral surface; (1) extends along nearly the entire dorsolateral
surface.
11. Pterygoid lappet of quadrate: (0) absent; (1) pronounced projecting
mesioventral lappet forms extensive sliding contact with the posterior
pterygoid.
12. Medially expanded quadrate: (0) present; (1) absent.
13. Articular condyle of quadrate: (0) extends along entire ventral surface
of quadrate; (1) extends along lateral ⅔ of quadrate only.
14. Parietal length-to-width ration (exclusive of supratemporal processes): (0) parietal longer than wide; (1) parietal width equal to or wider
than long.
15. Parietal downgrowths: (0) absent; (1) pointed ventral downgrowths
extend to (or just medial to) ectopterygoid.
16. Parietal foramen: (0) present; (1) absent.
17. Parietal fossa: (0) near caudal edge of parietal, closed posteriorly with
processus ascendens of supraoccipital locked firmly into place; (1)
located caudally, open posterior margin; (2) anteriorly displaced an
end of groove incising ventral surface of parietal.
18. Heterodont dentition with differentiation along the tooth row: (0)
absent; (1) present.
19. Type of medially expanded posterior dentition: (0) absent; (1) transverse; (2) oblique.
20. Dorsal extension of coronoid process of dentary: (0) absent or with
only small dorsal extension; (1) large, extends dorsally onto anterolateral surface of coronoid.
21. Coronoid lateral process as lappet on dentary: (0) absent or covered
by posterior dentary; (1) present.
22. Meckelian fossa (⫽Meckel’s groove): (0) widely open to symphysis;
(1) restricted anteriorly so that ventral edge is visible medially.
23. Intramandibular septum posterior extension: (0) posterior extension
of intramandibular septum present a ridge along roof of dentary, separating coronoid medial process from surangular; (1) absent, surangular directly abutting coronoid medial process.
24. Retroarticular process dorsal surface: (0) sulcus or pit present; (1)
absent.
25. Retroarticular flange (prearticular crest): (0) crest present but little or
no development of medially directed flange; (1) well-developed
flange present.
26. Subpleurodont dentition: (0) tooth attachment to base and parapet,
shallow sulcus dentalis (⫽subdental gutter); (1) well developed sulcus dentalis, attachment predominantly basal with extensive deposits
of cementum; (2) cementum completely surrounding tooth bases and
filling sulcus dentalis producing ‘‘pseudothecodont’’ condition.
27. Posterior tooth replacement: (0) continuous throughout post-embryonic ontogeny and adulthood; (1) posterior dentition permanent in
adults.
28. Premaxillary teeth: (0) simple, unicuspate; (1) bicuspate, tricuspate.
29. Anterior maxillary teeth: (0) simple, unicuspate; (1) complex.
30. Longitudinally striate teeth: (0) absent; (1) present.
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APPENDIX

Characters and character states from Nydam and Cifelli (2002a) used
in phylogenetic analysis. See Denton and O’Neil (1995) for further discussion of characters.

APPENDIX 2—Character state coding of 30 characters from Nydam and Cifelli (2002a) with additional coding for Dicothodon Nydam 1999 and Gekkonidae; ‘‘p’’ ⫽ polymorphic for character state.
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