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Abstract: Reported lizard material from the Wapiti Formation (central-western Alberta, Canada) is
limited to fragmentary remains of Kleskunsaurus grandeprairiensis and Socognathus unicuspis, a partial
dentary attributed to Chamops cf. C. segnis, and a vertebra reportedly comparable to those of the
much larger lizard Palaeosaniwa canadensis. P. canadensis is a Late Cretaceous North American member
of Monstersauria, a Mesozoic and Cenozoic anguimorph group represented today by five species
of Heloderma. Here, we document new squamate material from the DC Bonebed locality (Wapiti
Unit 3; Campanian), including a right frontal identified as cf. P. canadensis and a taxonomically
indeterminate squamate astragalocalcaneum. A partial skeleton from the Two Medicine Formation
of Montana provisionally attributed to P. canadensis has a frontal resembling the corresponding
element from the DC Bonebed in overall shape, in having narrowly separated facets for the prefrontal
and postorbitofrontal, and in bearing osteoderms similar to the DC specimen’s in ornamentation
and configuration. The Two Medicine and DC specimens differ from a roughly contemporaneous
frontal from southern Alberta referred to the monstersaur Labrodioctes montanensis. The DC specimen
confirms the presence of monstersaurian squamates in the Wapiti Formation, representing the
northernmost record of any definitive Late Cretaceous monstersaur to date.

Keywords: Squamata; Monstersauria; Palaeosaniwa; Wapiti Formation; Cretaceous; Campanian;
Canada; Alberta

1. Introduction

Monstersaurs constitute an anguimorph squamate clade that includes a variety of
Mesozoic and Cenozoic extinct taxa from North America, Europe, and Asia, together
with five extant species of Heloderma [1–3]. Within Anguimorpha, some phylogenetic
analyses have found Monstersauria to be closely related to Anguidae [4–8], and others
have suggested that monstersaurs form a paraphyletic assemblage [9,10]. However, most
analyses based on morphology have recovered monstersaurs as a monophyletic group
close to Varanidae [2,3,6,11,12]. Following Conrad et al. [6], Monstersauria is defined herein
as the set of taxa sharing a more recent common ancestor with Heloderma horridum than
Varanus varius, Anguis fragilis, or Xenosaurus grandis, and Varanoidea as the set of taxa
descended from the most recent common ancestor of H. horridum, V. varius and Lanthanotus
borneensis. For convenience in using the term “varanoid”, we accept the taxonomic content
of Varanoidea as limited to Varanus, Heloderma, Lanthanotus and their respective extinct
stem-taxa, while recognizing that this assemblage may be non-monophyletic.
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The name Monstersauria is highly appropriate given that the extant members of
Heloderma are sizeable predators (maximum body length exceeding 50 cm for the Gila
monster H. suspectum and 80 cm for the Rio Fuerte beaded lizard H. exasperatum [13,14])
armoured with distinctively thick, pitted osteoderms, and are recognized as the most
venomous non-ophidian squamates [15]. The osteoderms are widely distributed over the
dorsal and lateral surfaces of the body and the anterior surfaces of the limbs, as well as
in the precloacal region, and are fused to the skull roof bones in adults [14]. Osteoderms
likewise occur on the skull roof bones of nearly all known fossil monstersaurs [5,12,16–20],
but for these taxa, no direct evidence is available to show whether they were present in the
skin covering other parts of the body. Many fossil monstersaurs resemble extant Heloderma
in having grooves in their teeth, suggesting specialization for venom delivery [18,19,21,22].

Three monstersaur taxa have previously been recovered from the Campanian and
Maastrichtian of North America: Palaeosaniwa canadensis, Paraderma bogerti, and Labrodioctes
montanensis [3,5,6,19,23–25]. A fourth taxon, Parasaniwa wyomingensis, may represent either
a basal monstersaur [5,6] or a non-monstersaurian anguimorph [2,3,11,24]. Gilmore [[26]:
pp. 84–85] erected P. canadensis based on isolated dorsal vertebrae from the Campanian
Belly River Group of Alberta and “provisionally” referred a posterior dorsal vertebra from
the Maastrichtian Lance Formation to this species. He regarded the vertebrae as “typically
varanid” in most respects but distinguished from the Eocene varanid Saniwa by two
“peculiarities”, namely “relatively large zygapophyses” and median grooves on the ventral
surfaces of the dorsal centra. Similar median grooves occur in other squamates, including
extant species of Varanus and some mosasauroids (e.g., Pannoniasaurus, IP pers. obs.; cf.
Makádi et al. [27]), and grooves containing paired foramina occur on posterior dorsal
vertebrae of the Late Cretaceous Mongolian monstersaur Estesia mongoliensis [2,11,22,25].
A dorsal vertebra (UALVP 33350) assigned to Ps. wyomingensis appears to bear a ventral
groove [[19]: Figure 37G,H], but displays other differences from P. canadensis vertebrae,
including small size, less well-developed diapophyses, and a weaker constriction at the
base of the posterior condyle [19]. While the holotype specimen of P. canadensis lacks clear
autapomorphies, Gilmore’s [26] implicit assumption that the species is represented by a
dorsal vertebral morphotype that is unique in the Campanian-Maastrichtian of western
North America has never been falsified, and we provisionally accept P. canadensis as a valid
species on that basis.

Campanian specimens subsequently referred to P. canadensis include dentaries, tibiae,
an incomplete maxilla, and additional vertebrae from the Belly River Group [19], and two
vertebrae and a humerus from the Cerro del Pueblo Formation of Coahuila, Mexico [28].
Equally incomplete material from the Maastrichtian Lance and Hell Creek formations, and
even the Palaeocene, was repeatedly referred to P. canadensis or Palaeosaniwa cf. P. canadensis
in the second half of the last century [16,29,30]. However, among these fragmentary
referred specimens, only dorsal vertebrae can be directly compared with the holotype of
P. canadensis; other material has been attributed to the species based on the more general
criteria of geological age, body size, and varanoid-like anatomy, and there is no clear
evidence that the stratigraphic range of P. canadensis extends above the Campanian [19].

Palaeosaniwa canadensis may also be represented by a partial skeleton (MOR 792) from
the Campanian Two Medicine Formation of Montana, which has ventrally grooved dorsal
vertebrae and includes much of the skull [25]. This specimen has not yet been described in
the peer-reviewed literature but was extensively discussed and identified as P. canadensis
in an unpublished PhD thesis by Balsai [25] and was examined firsthand for the present
study. A second partial skeleton (UCMP 118497) attributed to P. canadensis [21,25], from the
Hell Creek Formation of Montana, lacks dorsal vertebrae and is much more fragmentary.

The other two undoubted North American Campanian–Maastrichtian monstersaur
taxa are represented only by fragmentary material. Paraderma bogerti is known from iso-
lated cranial and postcranial elements from Maastrichtian strata, including the Scollard
Formation of Alberta, the Frenchman Formation of Saskatchewan, the Lance Formation
of Wyoming, and the Hell Creek Formation of Montana [16,19]. Paraderma-like specimens
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reported from the Campanian are less diagnostic [23]. The holotype of Labrodioctes monta-
nensis is an incomplete dentary from the Judith River Formation of Montana [19]. A partial
frontal from the Belly River Group of Alberta was tentatively referred to this species on
the basis that the frontal and the dentary are similar in geological age, come from the same
general part of North America, and both show clear resemblances to corresponding bones
in helodermatids [19].

Finally, the possible monstersaur Ps. wyomingensis was named by Gilmore [26], to-
gether with the putative congeneric species Ps. “obtusa”. Both were erected based on partial
dentaries from the Lance Formation. However, their minor dental differences are partly
artefactual and do not justify their taxonomic separation [16,19]. The former species is rep-
resented in the Frenchman and Lance formations by various isolated elements, and a single
partial maxilla is known from the Scollard Formation [16,19,26]. Reports of Parasaniwa from
the Eocene of the United States [31,32] remain unsubstantiated [19,33]. However, a second,
unnamed species of Parasaniwa occurs in the Belly River Group of Alberta [19].

Farther north, the Campanian–Maastrichtian Wapiti Formation of central-western Al-
berta has been known as a source of fossil lizard specimens since the mid-20th century, when
Sternberg [34] referred an isolated partial mandible from the Kleskun Hill locality to the
borioteiioid Chamops cf. C. segnis. More recently, material from Kleskun Hill was assigned
to another borioteiioid, namely Socognathus unicuspis, and to the enigmatic and potentially
endemic Kleskunsaurus grandeprairiensis [35]. Furthermore, Sternberg’s [34] identification
of the original Kleskun dentary was questioned [19,36]. Finally, Currie et al. [[37]: p. 11]
briefly reported “a varanid (cf. Paleosaniwa [sic]) vertebra” from the Pipestone Creek
Bonebed, another Wapiti Formation locality. Although the Pipestone vertebra may belong
to Palaeosaniwa, the presence of monstersaurs in the Wapiti Formation has never been firmly
established.

Among recently recovered material from the DC (Dinosaur–Chelonian) Bonebed
locality in Unit 3 of the Wapiti Formation (Figure 1) is an isolated lizard frontal (UALVP
59503) identifiable as that of a monstersaur cf. P. canadensis based on comparisons to
the intact frontals of the Two Medicine specimen (MOR 792). UALVP 59503 represents
the first definitive monstersaur specimen from the Upper Cretaceous of central-western
Alberta. This report aims to describe UALVP 59503 with reference to MOR 792, the frontal
referred to L. montanensis (TMP 1978.018.0001), and other North American Cretaceous
monstersaurian material. We consider the taxonomic status of both P. canadensis and
L. montanensis and briefly explore the palaeoecology of the monstersaur represented by
UALVP 59503. A taxonomically indeterminate lizard astragalocalcaneum (UALVP 59947)
from the DC Bonebed is also briefly described.

Institutional Abbreviations AMNH, American Museum of Natural History, New
York, NY, USA; ANSP, Academy of Natural Sciences, Philadelphia, PA, USA; IGM, Institute
of Geology, Mongolian Academy of Sciences, Ulaan Baatar, Mongolia; MOR, Museum
of the Rockies, Bozeman, MT, USA; PIN, Paleontological Institute, Russian Academy of
Sciences, Moscow, Russia; TMP, Royal Tyrrell Museum of Palaeontology, Drumheller, AB,
Canada; UALVP, University of Alberta Laboratory for Vertebrate Palaeontology, Edmonton,
AB, Canada; UAMZ, University of Alberta Museum of Zoology, Edmonton, AB, Canada;
USNM, Smithsonian Institution, National Museum of Natural History, Washington, DC,
USA; ZPAL, Institute of Paleobiology, Polish Academy of Sciences, Warsaw, Poland.
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Figure 1. Map showing the location of the DC Bonebed site within the Grande Prairie area (inset).
Modified from Fanti et al. [38].

2. Geological Setting

The specimens described herein (UALVP 59503 and 59947) were recovered from the
Dinosaur–Chelonian (DC) Bonebed [38], a series of stacked mudstone and siltstone point
bars preserved in a fluvial channel deposit within the Wapiti Formation of northern Alberta
(Figure 1). The DC Bonebed is located on the northern bank of the Wapiti River, approxi-
mately 10 km southeast of the city of Grande Prairie, and preserves a diverse assemblage
of isolated skeletal elements of predominantly small to medium-sized vertebrates, partic-
ularly fish, Champsosaurus, turtles, and dinosaurs. Composite sections along the Wapiti
River [[38]: Figure 3] indicate that the bonebed belongs to Wapiti Formation Unit 3 (sensu
Fanti and Catuneanu [39]), a stratigraphic interval approximately correlative with the
Bearpaw Formation of southern Alberta [[38]: Figure 2]. New U/Pb ages from bentonitic
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layers sampled near the DC Bonebed, together with palynological evidence, suggest an age
of about 73.5 Ma for the lizard material discussed here [38].

3. Materials and Methods

This study is based primarily on examination of UALVP 59503 and 59947. The former
specimen was compared, based on detailed firsthand observations, to the frontals of the
partial skeleton (MOR 792) attributed to Palaeosaniwa canadensis in an unpublished PhD
dissertation [25] and to the fragmentary right frontal (TMP 1978.018.0001) referred to
Labrodioctes montanensis by Gao and Fox [19]. A range of other fossil and extant lizard
specimens were more cursorily examined and compared with UALVP 59503 and the less
diagnostic UALVP 59947. A µCT-scan of UALVP 59503 was carried out using a 1076 ICT
scanner (Bruker–Skyscan, Kontich, Belgium) at the Pharmaceutical Orthopaedic Research
Lab of the University of Alberta, with a voltage of 100 kV, a current of 100 µA, and a voxel
edge length of 8.6 µm. The CT slices were examined in order to provide insights into the
internal morphology of the specimen.

4. Systematic Palaeontology

SQUAMATA [40]
ANGUIMORPHA [41]
MONSTERSAURIA [2]
Provisional diagnosis: Anguimorph lizards typically with thick, polygonal, non-

imbricating, non-compound osteoderms bearing ridge-and-pit ornamentation but not keels
or tubercles, fused to the frontal and other bones of the skull roof. Frontals remain paired
in adults. Cristae cranii are well-developed but typically do not meet ventrally to enclose
the olfactory canal.

Remarks: The diagnosis given here pertains to the frontal because the only specimen
referred to Monstersauria in this paper is an isolated right frontal element.

cf. Palaeosaniwa canadensis
Referred Material: UALVP 59503, a right frontal.
Locality and Horizon—DC Bonebed, ~10 km southeast of Grande Prairie, Alberta,

Canada (55◦4′53′′ N, 118◦43′59′′ W); middle part of Unit 3 of Wapiti Formation, upper
Campanian [38].

Description: UALVP 59503 (Figure 2) is a complete right frontal measuring 35.1 mm
in length and 14.1 mm in maximum width, with several osteoderms rising from the dorsal
surface of the bone. Most of the medial margin of UALVP 59503 is well-preserved, and the
anterior part of the margin bears a deep longitudinal groove to accommodate the medial
edge of the opposite frontal. More posteriorly, the medial margin is slightly damaged but
does not appear to have been grooved. The condition of the margin shows that UALVP
59503 was not fused to its counterpart.

UALVP 59503 is roughly rectangular in outline for most of its length, with medial and
lateral margins running parallel, but the posterior part of the lateral margin flares outward
(Figure 2A,B) so that the posterior end of the frontal is nearly double the width of the
narrower anterior portion (7.4 mm), as measured posterior to the nasal facet. The flaring
of the lateral margin in UALVP 59503 is rather abrupt, forming a distinct angle near the
anterior apex of a facet on the lateral surface of the frontal (Figure 2F; Pf.ft). The facet likely
contacted the postfrontal portion of a single postorbitofrontal comprising fused postorbital
and postfrontal ossifications, given that a fused postorbitofrontal is present in Varanus,
Heloderma, Estesia mongoliensis, and most other varanoids [3,5,22,42,43]. Alternatively, the
two bones may instead have remained separate, as described in Gobiderma pulchrum and the
Cretaceous lanthanotine Cherminotus longifrons [5,17,43], or the postorbital may have been
lost, as appears to be the case in Lanthanotus [43]. The presence of a fused postorbitofrontal
is assumed in the remainder of this description.
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Figure 2. Right frontal (UALVP 59503) in (A) ventral; (B) dorsal; (C) anterior; (D) posterior; (E) me-
dial; and (F) lateral views. Scale bar = 1 cm. Abbreviations: al.pr, anterolateral process; am.pr,
anteromedial process; c.c, crista cranii; N.ft, nasal facet; Ost, osteoderm: Pf.ft, facet for postfrontal
portion of postorbitofrontal; Prf.ft, prefrontal facet. Letters identify individual osteoderms.

The broad, flat, triangular facet for the nasal (Figure 2B,C; N.ft) is situated on the
anteromedial process (am.pr) of the frontal, which extends farther anteriorly than the more
pointed anterolateral process (al.pr). In other monstersaurs, the latter process usually
intrudes between the nasal and prefrontal [2,5,6,22,24]. The nasal facet occupies most of the
dorsal surface of the anteromedial process, but the posterior two-thirds of the medial edge
of the process is elevated a few millimetres above the nasal facet as a narrow triangular
ridge with a sharp anterior apex.

The prefrontal facet (Figure 2F; Prf.ft) is a complex articular surface that occupies
approximately 50% of the total length of the lateral margin of the frontal, from about 3 mm
posterior to the tip of the anterolateral process to a level slightly posterior to that of the apex
of the crista cranii. The anterodorsal portion of the facet is a shallow, dorsoventrally narrow
longitudinal groove that tapers anteriorly to a point. Posterior to the groove is the deeper
part of the facet, which is subtriangular with a posteriorly directed and dorsally situated
apex. The base of this triangular fossa is dorsoventrally broader than the anterior groove,
but the prominent ventral margin of the groove continues posteriorly a short distance into
the fossa. Ventral to the groove and anterior to the triangular fossa, the lateral surface of
the frontal forms a subdued non-articular area that bears a small, round foramen.

The facet on the frontal for the postorbitofrontal is deep and triangular (Figure 2F).
The facets for the prefrontal and postorbitofrontal mirror each other and are separated
by about 3 mm of smooth bone, likely indicating a small gap between the prefrontal and
postorbitofrontal bones and a small contribution of the frontal to the orbital margin.

The ventral surface of the frontal bears a large, thick, and well-preserved crista cranii
(Figure 2; cc; also called the subolfactory process), whose ventral margin curls slightly
medially. The ventral margin would nevertheless have been far from the midline of the
intact skull, so that the crista would not have contacted its left counterpart medially to
form an enclosed olfactory canal beneath the skull roof. The crista arises below the anterior
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end of the postorbitofrontal facet and recedes into the ventral surface of the frontal just
posterior to the notch between the anteromedial and anterolateral processes. The crista’s
apex is situated at the level of the anteroposterior midpoint of the deep triangular part of
the prefrontal facet, posterior to the midpoint of the crista’s length. The crista is thicker
posteriorly than anteriorly, and its posterior base bears a slight posteroventrally facing
depression. The depression is bordered medially by the posteriormost part of the crista, a
thin, subdued ridge, and bordered laterally by a low convexity that is elongated along a
posterolateral-anteromedial axis.

The medial portion of the sutural surface for contact with the parietal is dorsoventrally
narrow, whereas the lateral portion is ventrally expanded into a triangular hollow with a
laterally directed apex (Figure 2D). The posterior margin of the frontal is sinuous in dorsal
or ventral view (Figure 2A,B).

As in most other monstersaurs, UALVP 59503 has osteoderms that are non-overlapping,
approximately polygonal, and without keels (Figures 2A and 3). They are fused to the
dorsal surface of the frontal, as a µCT scan (Figure 3C) reveals no plane of separation
between the osteoderms and the underlying bone. The osteoderms show differing numbers
of sides and relative side lengths and are also variable in size and thickness, though they
account for only a small part of the total dorsoventral depth of the frontal (Figure 3C). They
bear ornamentation comprising an irregular pattern of pits separated by narrow ridges.
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Figure 3. Right frontal (UALVP 59503). (A) Dorsal view. Scale bar = 1 cm. (B) Line drawing
of (A) with osteoderms shaded in grey. Scale bar = 1 cm. (C) Transverse CT slice through UALVP
59503 at location indicated in (A,B), oriented as if in posterior view (i.e., medial is to the left). Scale
bar = 1 mm. Abbreviations: al.pr, anterolateral process; am.pr, anteromedial process; N.ft, nasal
facet; ost, osteoderm. Letters identify individual osteoderms.

Five individual osteoderms appear to be present (Figures 2A and 3). The posteriormost
two are separated from the others by small patches of subdued but rugose bone. These
subdued areas represent the dorsal surface of the frontal, which is sculptured as in some
extant lizards (Figure 4A,B). The three more anteriorly positioned osteoderms are integrated
into a continuous osteodermal pavement that extends over most of the frontal, with the
bases of adjacent osteoderms appearing to coalesce. Nevertheless, the three anterior,
confluent osteoderms are demarcated by shallow grooves. For convenience, the five
osteoderms are assigned the letters A–E. Ost (osteoderm) A is the largest and anteriormost
osteoderm on the frontal. The base of this subtriangular osteoderm occupies the full width
of the frontal at a level slightly anterior to the posterior end of the prefrontal facet, and the
osteoderm tapers anteriorly and terminates about 5 mm posterior to the notch between
the anteromedial and anterolateral processes. Ost B is largely broken away but occupies
a subrectangular area on the medial part of the frontal, posterior to Ost A. As the medial
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surface of Ost B is missing, it is possible that this osteoderm originally extended across the
skull midline. Ost C is intact, lateral to Ost B, and subrectangular, being mediolaterally
wider than anteroposteriorly long. The posteromedial corner of Ost C gives rise to a
subdued, convex posterior extension that contacts the anterior tip of Ost D. The latter
osteoderm is teardrop-shaped and elongated, with a long axis that trends anteriorly and
slightly laterally. The anterior end of Ost D tapers to a point, whereas the posterior end
is rounded. Ost D is situated posterior to the lateral part of Ost B and the medial part of
Ost C and approaches but does not reach the posterior and medial margins of the frontal.
Ost E is subtriangular, situated posterior to Ost C on the lateral part of the frontal, and
separated from Osts C and D by deep furrows. Anterior to Ost A and posterior to Osts D
and E, the dorsal surface of the frontal is free of osteoderms, and the posterolateral corner
of the dorsal surface is smooth rather than rugose.
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Figure 4. Dorsal views of extant lizard frontals. (A) Varanus rudicollis (UAMZ 145710) displays a slight
hummocky ornamentation on the otherwise smooth surface of the paired frontals. Scale bar = 1.5 cm.
(B) Cyclura cornuta (AMNH 93182) displays sculpturing on the single frontal. Scale bar = 1.5 cm.
(C) Heloderma suspectum (TMP 1990.007.0357) displays fully formed, skin-covered osteoderms on the
dorsal surface of the skull, obscuring the paired frontals. Scale bar = 1 cm.

Comparisons: The frontals of P. canadensis MOR 792 (Figure 5A–C) are nearly complete
and slightly larger than those of UALVP 59503, with a preserved length of about 40 mm.
The frontals are tightly articulated with one another, but a midline suture is apparent in
ventral view, implying at least a partial lack of fusion (Figure 5C; F.su).

As in UALVP 59503 and the basal monstersaur Gobiderma pulchrum [5], the posterior
end of the frontal is much wider than the anterior portion of the bone, whereas in Heloderma,
the frontal has a more consistent width throughout its length [18]. The posterior part of the
frontal widens gradually so that the lateral margin forms a gentle curve as in G. pulchrum
and Estesia mongoliensis [5,22], rather than an abrupt angle as in UALVP 59503.

The nasal facet and associated medial ridge are similar in form to their counterparts in
UALVP 59503, but the anteromedial processes of both frontals are incomplete, and the an-
terolateral processes are almost entirely broken away. The prefrontal and postorbitofrontal
facets closely approach one another, being separated by a gap (Figure 5A: F.gap) compara-
ble in magnitude to that seen in UALVP 59503 and the Cenozoic helodermatid Lowesaurus
matthewi [18]. By comparison, the prefrontal and postorbitofrontal have extensive sutural
contact in Heloderma and a slight contact in E. mongoliensis, whereas the prefrontal and
postfrontal are widely separated in G. pulchrum [5,17,18,22,44]. The posterior margin of the
frontal is sinuous, as in UALVP 59503.
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Figure 5. Portions of a partial monstersaur skeleton from the Two Medicine Formation of Montana
(MOR 792), attributed to Palaeosaniwa canadensis in an unpublished PhD dissertation [25]. Skull in
(A) dorsal; (B) ventral and (C) close-up ventral views, with overlay showing outline and individual
osteoderms at left in (A). Five articulated dorsal vertebrae in (D) ventral and (E) dorsal views. Abbre-
viations: F.gap, gap between articular facets for prefrontal and postorbitofrontal; F.su, interfrontal
suture; ost, osteoderm; v.gr, ventral groove on dorsal vertebra. Letters identify individual osteoderms.

The frontal bears four well-developed osteoderms (Figure 5A), which resemble those
of UALVP 59503 in being approximately polygonal and having irregular ridge-and-pit
ornamentation. Three of the osteoderms are clustered together in the central part of
the frontal, forming a pavement, and the anteriormost osteoderm in the central cluster
corresponds closely to Ost A of UALVP 59503 (Figure 3A,B) in shape and position. A
small osteoderm, possibly equivalent to Ost B, is present on the midline and is transversely
wider than anteroposteriorly long. Directly posterior to “Ost A” of MOR 792 is what
may be the equivalent of Ost C, an osteoderm that would be quadrangular except that its
posteromedial corner is recessed to accommodate “Ost B”. Unlike in UALVP 59503, “Ost
C” contacts its counterpart across the midline in MOR 792. However, it should be noted
that what we interpret as an anterior fragment of Ost B in UALVP 59503 may instead be a
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medial extension of Ost C, which would make the osteoderm arrangement more similar
to that observed in MOR 792. In the latter specimen, the grooves on “Ost C” are long
and transversely oriented, a pattern not seen in UALVP 59503. The frontal of MOR 792
also bears an osteoderm well anterior to “Ost A”, at the base of the medial ridge on the
anteromedial process and lacks equivalents to Osts D and E.

The frontal osteoderms of Gobiderma resemble those of MOR 792 and UALVP 59503
in forming a continuous pavement and being larger anteriorly than posteriorly [5,17].
However, the osteoderms of Gobiderma are more uniform in size, and the osteoderm
pavement covers the entire frontal. Osteoderms that may be individually equivalent to
those seen in MOR 792 and UALVP 59503 are difficult, at best, to recognize.

In TMP 1978.018.0001, the frontal fragment (Figure 6) referred to Labrodioctes montanen-
sis by Gao and Fox [19], a posterior portion of the medial margin is present (Figure 6E). The
preserved section of the medial margin is much dorsoventrally thicker than its equivalent in
UALVP 59503, with well-developed, irregular grooves and ridges that would have formed
an interdigitating contact with the opposite frontal.
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Figure 6. Partial right frontal (TMP 1978.018.0001) in (A) ventral; (B) dorsal; (C) anterior; (D) posterior;
(E) medial; and (F) lateral views. Scale bar = 1 cm. Abbreviations: c.c, crista cranii; ost, osteoderm:
Pf.ft, facet for the postfrontal portion of the postorbitofrontal; Prf.ft, prefrontal facet.

Only a small portion of the lateral margin of the frontal is preserved in TMP 1978.018.0001
(Figure 6F), including the anterior part of the postorbitofrontal facet and the contribution of
the frontal to the orbital margin. A distinct angle formed by the posterolateral flaring of the
frontal is also evident (Figure 6A,B), as in UALVP 59503. Gao and Fox [19] regarded TMP
1978.018.0001 as a left frontal, but it must be a right frontal given the position and alignment
of the crista cranii relative to the angled part of the lateral margin and the articular facets for
the prefrontal and postorbitofrontal. The preserved portion of the postorbitofrontal facet is
similar in form to its counterpart in UALVP 59503, but deeper, excavating anteromedially
into the frontal. The prefrontal and postorbitofrontal facets closely approach one another,
as in UALVP 59503.
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The crista cranii is too incompletely preserved to determine whether this structure
would have contacted its counterpart on the left side of the skull or remained well lateral
to the midline as in UALVP 59503. Among anguimorphs, contact between the cristae cranii
occurs in Varanus and Heloderma but not in anguids, Shinisaurus, Xenosaurus, Lanthanotus, G.
pulchrum, or E. mongoliensis [[5,18]: Figures 2, 22, and 44]. The posterior base of the crista
lacks the posteroventrally directed depression seen in UALVP 59503, and the convexity
situated lateral to the base of the crista is less well-developed than in that specimen
(Figure 6A). Heloderma lacks a swelling in this area, and the crista cranii instead arises from
the posterolateral corner of the ventral surface of the frontal as a distinct crest [[18]: Figure 2].

Some areas on the osteoderms attached to the frontal have only scattered pitting,
as in the few cephalic osteoderms preserved in the only known specimen of the Late
Cretaceous Chinese monstersaur Chianghsia nankangensis [45], whereas others show ridge-
and-pit ornamentation (Figure 6B) as in UALVP 59503, Heloderma (Figure 4C), and large
frontal osteoderms of Lo. matthewi [20]. Adjacent osteoderms are separated by distinct
grooves, as in the helodermatids Heloderma and Lo. matthewi [18,20,44,46], but in contrast
to the condition in UALVP 59503. The osteoderms broadly resemble those of UALVP
59503, and differ from those of Heloderma [20,44], in being variably polygonal rather than
uniformly hexagonal.

Although TMP 1978.018.0001 is highly incomplete, eight osteoderms are at least
partially preserved, occupying the entire dorsal surface of the preserved part of the bone.
An elongate hexagonal osteoderm is similar in orientation and position to Ost D of UALVP
59503, but the arrangement of the osteoderms is otherwise dissimilar between the two
specimens. The osteoderms of TMP 1978.018.0001 have a better-defined polygonal character
than those of UALVP 59503, with straighter edges and sharper corners.

Squamata indet.
Referred Material: UALVP 59947, a right astragalocalcaneum.
Locality and Horizon: DC Bonebed, ~10 km southeast of Grande Prairie, Alberta,

Canada (55◦4′53′′ N, 118◦43′59′′ W); middle part of Unit 3 of Wapiti Formation, upper
Campanian [38].

Description: The squamate right astragalocalcaneum (UALVP 59947) from the DC
Bonebed (Figure 7) was not collected in close association with the frontal UALVP 59503,
but belongs to either the same individual or another large lizard. The astragalus and
calcalcaneum appear to have fully fused, an event that takes place after sexual maturity in
most modern lizard taxa [47]. The articular facet for the tibia is interrupted by a saddle-
shaped ridge, as is typical in non-iguanian lizards [9], and is separated from the facet
for the fibula only by a narrow, proximally prominent strip of intervening bone. The
lateral calcaneal process of UALVP 59947 is short and distinctly proximal to the articular
surface for the fourth distal tarsal, which is damaged (Figure 7A). UALVP 59947 tapers
medially to a narrow point (Figure 7A,B), lacking the type of proximodistally broad medial
surface present in both Gobiderma pulchrum [[5]: Figure 51A]] and Heloderma suspectum
(TMP 1990.007.0357).
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Figure 7. Right astragalocalcaneum (UALVP 59947) in (A) dorsal, (B) ventral, (C) proximal, and
(D) distal views. Scale bar = 1 cm. Abbreviations: Ast, Astragalus; Ca, calcaneum; Fib.ft, fibular
facet; Tib.ft, tibial facet.

5. Discussion
5.1. Taxonomic Identification and Ontogenetic Assessment of UALVP 59503

Monstersaur skull material is rare in the Upper Cretaceous of North America, and
most known specimens are fragmentary [12,16,18,19,46]. However, UALVP 59503 resem-
bles the frontals of the Mongolian Late Cretaceous monstersaurs Gobiderma pulchrum and
Estesia mongoliensis in showing no indication of fusion with the opposite element, being
oblong with a transversely flared posterior end, and having a crista cranii that is large but
would not have contacted its counterpart at the midline [2,5,17,22]. UALVP 59503 further
resembles most previously known monstersaur frontals in that the dorsal surface bears
non-keeled, non-imbricating osteoderms that are fused to the underlying bone, are not stud-
ded with tubercles, and each constitute a single subpolygonal ossification [5,17,18,44,46].
E. mongoliensis may be exceptional among monstersaurs in lacking osteoderms entirely,
although a scar on the right supratemporal process of the holotype specimen (IGM 3/14)
suggests that unfused osteoderms were possibly present [2,22].

Although cephalic osteoderms occur in a range of non-monstersaurian squamates, and
are prevalent in Scincoidea and various anguimorph groups other than Monstersauria, mon-
stersaurian osteoderms are morphologically distinctive [44,48–50]. Non-monstersaurian
osteoderms tend to be flatter, thinner and more plate-like, and may be keeled, overlapping,
relatively small in area, unfused to the skull roof, and/or composed of multiple smaller
ossifications [17,20,49,51–57]. The cephalic osteoderms of Cenozoic glyptosaurine anguids
bear discrete tubercles rather than the ridge-and-pit ornamentation typical of monstersaurs,
and in some glyptosaurines, the cephalic osteoderms are proportionally very large [58–61].
The cephalic osteoderms seen in some varanids remain unfused to the underlying skull
bones throughout ontogeny, unlike in typical monstersaurs, and multiple osteoderm mor-
photypes may be present in a single individual [44,62]. Those varanid osteoderms that are
polygonal differ from monstersaur osteoderms in being thin and plate-like [63,64].
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In UALVP 59503, the osteoderms are thick, polygonal, non-imbricating, non-compound,
and fused to the frontal. These osteoderms bear ridge-and-pit ornamentation but not keels
or tubercles, all of which is consistent with a referral to Monstersauria but not with the
condition in other squamate clades. The lack of interfrontal fusion is also typical of mon-
stersaurs, but is less distinctive because this feature is widespread among anguimorphs,
although the frontals are fused in a few non-monstersaurian taxa such as Shinisaurus crocodil-
urus [44,65]. Fusion of the frontals is the typical adult condition in many lizard clades,
including iguanians, gekkotans, teiids, gymnophthalmids and xenosaurids [43], corrobo-
rating the hypothesis that UALVP 59503 does not belong to any of these groups. Similarly,
the deep but ventrally free crista cranii of UALVP 59503 distinguishes this specimen from
Varanus, in which the crista meets its opposite counterpart to ventrally enclose the olfactory
canal [43,44]. However, well-developed cristae that stop short of mutual contact also occur
in anguids, S. crocodilurus, Xenosaurus, and some non-anguimorphs [43]. The character
of the osteoderms thus represents the strongest evidence for referring UALVP 59503 to
Monstersauria, while the unfused condition of the frontals and the ventrally free crista
cranii are consistent with this referral and confirm that some alternative identifications
are untenable.

The only named suprageneric clade within Monstersauria, Helodermatidae, may be
defined as the most recent common ancestor of Heloderma horridum, Lowesaurus matthewi,
Eurheloderma gallicum, and all of its descendants [3]. This clade varies widely in taxonomic
content across phylogenetic studies [2,3,5,6,24], but UALVP 59503 differs from the frontals of
the unambiguous helodermatids Heloderma and Lowesaurus in being oblong and posteriorly
flared rather than subtriangular, and in that distinct grooves do not separate the osteoderms.
UALVP 59503 further differs from Heloderma in that the crista cranii would not have
contacted its counterpart across the midline, and the prefrontal and postorbitofrontal
would not have excluded the frontal from the orbital margin. Accordingly, the taxon
represented by UALVP 59503 is best regarded as a Campanian monstersaur lacking the
derived features of the frontal seen in Heloderma, some of which also occur in Lo. matthewi.

Among North American Cretaceous monstersaurs, UALVP 59503 particularly re-
sembles the frontals of MOR 792, the partial skeleton from the Two Medicine Formation
provisionally assigned to Palaeosaniwa canadensis in an unpublished doctoral disserta-
tion [25]. The key similarities include the slight separation between the prefrontal and
postorbitofrontal articular facets, and the general ornamentation and arrangement of the
osteoderms. Differences in morphological detail between the two specimens exist but are
minor enough that UALVP 59503 can be considered conspecific with MOR 792. Balsai [25]
assigned the latter specimen to P. canadensis based primarily on the presence of a median
ventral groove on the dorsal vertebrae, a feature that Gilmore [26] regarded as a morpho-
logical peculiarity distinguishing P. canadensis from the Eocene varanid Saniwa. The ventral
groove is indeed present in MOR 792 (Figure 5D,F), but is not unique to P. canadensis, as
noted above (see Introduction). We identify UALVP 59503 as a monstersaur cf. P. canadensis,
a designation that would also be justifiable for MOR 792 pending a description of the latter
specimen in the peer-reviewed literature and a thorough re-evaluation of the taxonomic
distinctness of the P. canadensis holotype vertebra. In sum, the use of “cf.” acknowledges
that, while we regard UALVP 59503 and MOR 792 as belonging to one species based on the
evidence available, and the dorsal vertebrae of MOR 792 as comparable to the P. canadensis
holotype, we are unsure whether the shared vertebral features are diagnostic enough to
justify actual referral of UALVP 59503 and MOR 792 to P. canadensis. We consider both
UALVP 59503 and MOR 792 to represent a single species of monstersaur cf. P. canadensis,
but not necessarily P. canadensis itself.

The fact that UALVP 59503 is slightly smaller than the frontals of MOR 792 could
reflect either an ontogenetic age difference or the body size variation among individuals
expected within any species. In helodermatids, fusion of the cranial osteoderms to the
underlying bone tends to occur late in ontogeny [20,62,64,66–68]. The fusion of the overly-
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ing osteoderms to the frontal in UALVP 59503, as indicated by the µCT scan (Figure 3C),
accordingly suggests skeletal maturity.

The frontal of UALVP 59503 is nearly three times longer than that of G. pulchrum
ZPAL MgR-III/66 (sagittal length = 12 mm) [17] and only slightly smaller than that of
the holotype of E. mongoliensis IGM 3/14 (sagittal length = 39 mm) [22]. Assuming the
sagittal length of the frontal and the total length of the skull to scale isometrically relative
to E. mongoliensis (maximum skull length = 150 mm) [24], UALVP 59503 is estimated to be
from an individual with a skull length of ~130 mm, and MOR 792 to have had an intact
skull length of ~150 mm. By comparison, Moreno et al. [[69]: p. 737] reported that a
“young adult male” Varanus komodoensis had a maximum skull length of 142 mm and a
total (“snout-tail”) body length of 1.6 m. Therefore, UALVP 59503 and MOR 792 are likely
from individuals on the scale of smaller adult specimens of the largest extant lizard, which
can reach about 3 m in total length [70].

5.2. Identification of UALVP 59947

UALVP 59947 has the characteristic form of a fused lepidosaurian astragalocalcaneum,
showing the expected mediolaterally wide proportions, broad facets for the tibia and fibula,
and concave surface for articulation with distal tarsal IV [71,72], although the last of those
features is damaged. UALVP 59947 presumably belongs to a squamate, given that the
northern continents were evidently free of other lepidosaurs by the Late Cretaceous [73],
but cannot be confidently referred to any narrower clade due to the lack of clear diagnostic
features. However, the saddle-shaped ridge on the articular facet for the tibia indicates
the specimen is not of iguanian origin [9], while the contrast between the tapered shape of
the medial margin of UALVP 59947 and the broad margin seen in Gobiderma pulchrum and
Heloderma suspectum suggests that the astragalocalcaneum is not monstersaurian. Further
comparisons and more complete lizard specimens from the Wapiti Formation will be
necessary to establish a more precise taxonomic identification. At present, we cannot
conclusively rule out the possibility that UALVP 59947 is from a monstersaur, or even the
possibility that it represents the same individual as UALVP 59503.

5.3. Taxonomic Status of Labrodioctes montanensis and Palaeosaniwa canadensis

Labrodioctes montanensis was erected by Gao and Fox [19] based on a partial left dentary
(ANSP 18664) from the Campanian Judith River Formation of eastern Montana. In addition,
these authors tentatively referred the partial right frontal TMP 1978.018.0001 from the
Belly River Group of White Rock Coulee, southern Alberta, to L. montanensis, noting that
this specimen was similar in geological age to the holotype and appeared to be from a
“helodermatid-like” [[19]: p. 88] lizard of about the same size (Figure 6).

Balsai [25] suggested, based on dentary characters, that L. montanensis was a junior
synonym of Palaeosaniwa canadensis. However, TMP 1978.018.0001 merits independent
comparison to UALVP 59503, MOR 792 and other specimens that preserve potentially
diagnostic frontal features, particularly given the rather loose basis for referring TMP
1978.018.0001 to L. montanensis in the first place. TMP 1978.018.0001 is broadly proportionate
in size to UALVP 59503 and the frontals of MOR 792, but differs from both these specimens
in having sharply polygonal osteoderms that show patchy rather than consistent ridge-
and-pit ornamentation and are demarcated by distinct grooves. TMP 1978.018.0001 further
differs from UALVP 59503 in that the short segment of orbital rim formed by the frontal is
more laterally prominent in the former specimen, the posterior part of the medial margin
of the bone is thicker, the facet for the postorbitofrontal is more deeply excavated, and the
convexity posterolateral to the posterior end of the crista cranii is lower and not associated
with a small depression. These differences strongly indicate that TMP 1978.018.0001 is
not conspecific with UALVP 59503 and MOR 792 and that at least two species of large
monstersaurs were, therefore, present during the Campanian in western North America.
Whether TMP 1978.018.0001 should be assigned to L. montanensis or another species will
depend on the distinctness of ANSP 18664 relative to other Campanian monstersaur
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dentaries from western North America, and on whether future specimens that combine
intact frontals with dentaries resembling ANSP 18664 display the diagnostic features seen
in TMP 1978.018.0001.

The taxonomic status of P. canadensis is also questionable in that the species rests on a
highly incomplete holotype, namely the dorsal vertebra USNM 10864 [26]. This specimen
resembles the dorsal vertebrae of MOR 792 in general morphology and in having a ventral
median groove, but such a groove is not unique among varanoids and is even found in
some mosasaurids (e.g., Pannoniasaurus [27]) and some modern varanids. However, there is
no evidence that multiple taxa from the Cretaceous of North America possess the vertebral
morphology currently considered diagnostic of P. canadensis, which combines the ventral
groove with more typical varanoid features [26]. Dorsal vertebrae attributed to other taxa
have either lacked the ventral groove, as in Paraderma bogerti UALVP 29903, or borne an
apparent ventral groove but differed from the P. canadensis holotype in other respects, as in
Parasaniwa wyomingensis UALVP 33350 [19]. Nevertheless, P. canadensis is taxonomically
precarious in the sense that if a North American Cretaceous monstersaur diagnostically
separable from MOR 792 is ever discovered to have dorsal vertebrae closely resembling
USNM 10864, P. canadensis will either become a nomen dubium or need to be provided with
a neotype, as per article 75.5 of the International Code of Zoological Nomenclature [74].

5.4. Implications of the Presence of a Monstersaur cf. Palaeosaniwa canadensis in Unit 3 of the
Wapiti Formation

The discovery of UALVP 59503 confirms the presence of monstersaurs in the Wapiti
Formation, which was previously suggested by the presence in the Pipestone Creek
Bonebed of a vertebra comparable to Palaeosaniwa [37]. UALVP 59503 dates to about
73.5 Ma and is from Unit 3 of the Wapiti Formation, whereas the Pipestone Creek Bonebed
is likely situated in the lower part of Unit 4, deposited at least several hundred thousand
years later [38]. UALVP 50593 is slightly geologically younger than reported occurrences of
P. canadensis in the Belly River Group of southern Alberta [19,26], but older than reported
post-Campanian occurrences [16,29,30]. A critical reevaluation of the post-Campanian
occurrences is needed, but if they are valid, then UALVP 59503 represents a temporally
unremarkable occurrence of a monstersaur cf. P. canadensis. However, the specimen also
constitutes the northernmost definitive record in the Upper Cretaceous of North America
for the Monstersauria (Figure 8), extending their known distribution far north and west
of the southern Alberta monstersaur sites [19,26]. At 73.5 Ma, the palaeolatitude of the
DC Bonebed would have been 63.0◦ N, close to the palaeoarctic, according to the online
palaeolatitude calculator of van Hinsbergen et al. [75].

The extant species of Heloderma occupy habitats that are hot and arid, at least season-
ally [1,13,20,76]. H. suspectum primarily inhabits dry scrublands and desert grasslands in
the southwestern United States and northwestern Mexico, whereas H. horridum and other
beaded lizards occur primarily in seasonally dry tropical forests in Mexico, or in Guatemala
in the case of H. charlesbogerti. However, H. suspectum avoids the harshest desert habitats
within its geographic range, and it is likely that extreme aridity and/or excessively cold
or prolonged winters render environments inhospitable to Heloderma [13]. Presumably,
sensitivity to winter conditions has prevented Heloderma from extending its range into the
northwestern United States. Beck [[13]: p. 29] further suggested that Heloderma is well
adapted to strongly seasonal environments in having a “conservative energy-use strategy”
conducive to survival during periods when food is scarce, conferring an advantage over
competitors that are less tolerant of seasonally harsh conditions.

The Mongolian Cretaceous monstersaurs Gobiderma pulchrum and Estesia mongoliensis
are known from the Djadokhta Formation, thought to have been deposited in a semiarid
to arid environment, albeit one wet enough for ponds and potentially small lakes to
have been ephemerally present [77]. The palaeolatitude was about 40◦ N, and summer
mean temperatures are estimated at ~26 ◦C, based on isotopic evidence from nodular
carbonates [78,79]. By comparison, St. George, UT, USA, a Mojave Desert city in the
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northern part of the modern range of H. suspectum [13], is at a latitude of 37.1◦ N and has a
summer mean temperature of 28.9 ◦C (and a mean annual temperature [MAT] of 17.1 ◦C).
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By contrast, Wapiti Unit 3 (WU3) was laid down in a waterlogged, near-coastal setting
with abundant lakes and marshes [38]. Cockx et al. [80] estimated that the temperature in
this environment was 26.6 ◦C based on isotopic analysis of amber samples from the Pipe-
stone Creek Bonebed, which was probably low in WU4 [38], suggesting at least seasonally
warm conditions [80]. Based on palaeosol composition, Quinney et al. [81] estimated that
MAT fluctuated between about 9 ◦C and 11 ◦C during the deposition of the Horseshoe
Canyon Formation of southern Alberta, which occurred during the late Campanian to mid-
Maastrichtian [81,82]. Amiot et al. [83] used isotopic analysis of vertebrate skeletal elements
to construct a latitudinal temperature gradient for Campanian-Maastrichtian time. Most of
the data they employed were from western North America, and their plotted gradient indi-
cates an MAT of about 9 ◦C at 63◦ N. Evidence of relatively low palaeotemperatures from
the Campanian–Maastrichtian of northwestern North America in general, and evidence
of waterlogged conditions from WU3 in particular, suggest that the DC Monster could
tolerate a wet environment consistently cooler than those inhabited by extant Heloderma.
The seasonally dry tropical forests inhabited by some Heloderma populations can also be
wet on a seasonal basis, as they may receive abundant rainfall for part of the year [13].
However, such forests are subject to seasonal drought, and whether this was true of the
WU3 palaeoenvironment is presently uncertain.



Geosciences 2023, 13, 337 17 of 21

Nevertheless, the high-latitude WU3 palaeoenvironment would have resembled the
habitats favoured by Heloderma in displaying some form of strong seasonality, based at least
in part on large differences in photoperiod between the summer and winter months. Under
such conditions, the DC Monster may have thrived by limiting energy expenditure during
the harsher portion of each year, like Heloderma. Much farther north, at a palaeolatitude
of 80–85◦ N, the early Maastrichtian portion of the Prince Creek Formation of northern
Alaska was deposited in an environment with an estimated MAT of 6–7 ◦C, and has
not yielded fossils of squamates or other ectothermic non-dinosaurian tetrapods [84,85].
Presumably, the Prince Creek palaeoenvironment was too cold and dark in winter for
monstersaurs and other lizards to survive. By contrast, the Two Medicine Formation of
Montana was deposited in a substantially warmer climate, with an estimated MAT of
14–19 ◦C and a palaeolatitude of ~55◦ N [86], and likely underwent seasonal droughts in
some years [87]. The monstersaur species cf. P. canadensis represented by UALVP 59503
and the Two Medicine specimen MOR 792 was accordingly capable of thriving under a
range of climatic conditions.

This monstersaur species is also the third, and by far the largest, lizard to have
been securely documented in WU3, alongside Socognathus unicuspis and Kleskunsaurus
grandeprairiensis [30]. The relatively high diversity and body size disparity of squamates in
this stratigraphic unit contrast with the paucity of crocodyliforms, which are represented
only by three small teeth from the DC Bonebed locality, whereas Champsosaurus and turtle
specimens are abundant in the Bonebed [38]. Amiot et al. [83] inferred that 60◦ N was the
palaeolatitudinal northward limit on the distribution of both turtles and crocodilians during
the Campanian–Maastrichtian. The crocodyliform teeth from the DC Bonebed are from the
slightly higher palaeolatitude of 63◦ N, but the rarity and small size of crocodyliforms in the
Wapiti Formation suggest they were only minor components of the WU3 fauna and indeed
at or near the northern extreme of their range. However, turtles were evidently thriving in
the WU3 ecosystem, as was Champsosaurus, which has a largely northern distribution and
may have been better adapted than crocodyliforms to high-latitude environments [38]. The
hypothesis that squamates were also less constrained than crocodyliforms in their North
American latitudinal distribution during the Late Cretaceous is supported by available
evidence from WU3 and consistent with the fact that extant squamates and turtles range
farther north than crocodilians, but remains to be tested further as data from the Wapiti
Formation continue to accumulate.

6. Conclusions

The frontal element UALVP 59503 adds to the diversity of lizards known from WU3
and is closely similar to the frontals of MOR 792, a partial monstersaur skeleton previously
referred to Palaeosaniwa canadensis on the basis of vertebral features whose diagnostic
value requires re-evaluation. Given their similarities in frontal morphology, we consider
UALVP 59503 and MOR 792 to represent a single monstersaur species cf. P. canadensis.
UALVP 59503 then corroborates the presence, already suggested by a vertebra from the
Pipestone Creek Bonebed [37], of a monstersaur similar to Palaeosaniwa canadensis in the
Wapiti Formation. Furthermore, UALVP 59503 represents the northernmost definitive
occurrence of Monstersauria in the Upper Cretaceous of North America. The frontal
TMP 1978.018.0001, referred to Labrodioctes montanensis, clearly differs from UALVP 59503,
implying that at least two monstersaur species coexisted in Alberta during the Campanian.
The presence of UALVP 59503 in WU3 implies that this monstersaur was tolerant of a
habitat that was at least seasonally wet, and considerably cooler than any environment
inhabited by extant Heloderma.
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