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Fig. 2. Campanian lithostratigraphy and stratigraphic nomenclature for the study area. Numbers in circles represent 1, DC Bonebed, 2, Kleskun Hill. Dinosaur 
Macrofossil Assemblage Zones are modified from Eberth et al. (2013); Palynostratigraphic Biozones are modified from Braman, 2018. Red lines indicate dated 
bentonites from the Wapiti Formation (see main text). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version 
of this article.) 

















represents the northernmost definitive record of Monstersauria in the 
Upper Cretaceous of western North America and provides an additional 
point of faunal similarity to the Oldman and Dinosaur Park formations, 
both of which have yielded multiple monstersaur taxa (Gao and Fox, 
1998; Nydam, 2013). Currie et al. (2008: p. 11) briefly reported “a 
varanid cf. Palaeosaniwa [sic] vertebra” from the Pipestone Creek 
Bonebed, which may be a second monstersaur from the Wapiti Forma-
tion given that the large lizard Palaeosaniwa canadensis from the Dino-
saur Park Formation and the Lance Formation of Wyoming (Estes, 1964; 
Gao and Fox, 1998; Nydam, 2013) is now considered a monstersaur (Yi 
and Norell, 2013). The astragalocalcaneum from the DC Bonebed is 
uninformative but could come from the same taxon as the frontal, 
judging by its large size. 

The relative abundance of hadrosaurid bones and teeth at the DC 
Bonebed is matched in the Kleskun Hill microsample, in which hadro-
saurid specimens also make up nearly half of all dinosaur elements 
identifiable below the level of Dinosauria, but is considerably exceeded 
in the DP and UO microsamples, in which hadrosaurids account for a 
large majority of identifiable dinosaur specimens. At two particularly 
dinosaur-rich UO sites, designated ‘PLS’ and ‘RDS’ by Cullen and Evans 
(2016), more than 70% of all dinosaur specimens recovered represent 
hadrosaurids, and the figure for the UO microsample as a whole is about 
80%. Hadrosaurids are less proportionally abundant in the MT micro-
sample than at the DC Bonebed, presumably at least to some extent 
because the dinosaur component of the former was collected in large 
part from an Albertosaurus bonebed (Larson et al., 2010). However, 
theropods are even more prevalent as a percentage of the total fauna at 
Kleskun Hill than in the MT microsample, despite the provenance of the 
latter. The rarity of ceratopsid elements from the DC Bonebed is unusual, 
given the abundance of ceratopsids in Wapiti Formation Unit 4 (Currie et 
al., 2008; Fanti et al., 2015). Ceratopsids are represented in the Kle-skun 
Hill microsample, but only by a few teeth, whereas ceratopsid el-ements 
constitute several percent of the identifiable dinosaur elements in the 
DP, UO and MT microsamples. Still more unusual is the DC 
Bonebed’s extremely high abundance of thescelosaurids. The ratio of 
thescelosaurid elements to hadrosaurid elements at the DC Bonebed is 
about 0.29, whereas the ratio of ‘hypsilophodont’ (presumably 
including thescelosaurid) elements to hadrosaurid elements does not 
exceed 0.06 at any of the individual Dinosaur Park or upper Oldman 
localities considered by Cullen and Evans (2016). Thescelosaurids are 
also poorly represented in the Kleskun Hill and MT microsamples, but 
Brown and Druckenmiller (2011) referred to Thescelosaurinae a total of 
eight teeth from two sites of early Maastrichtian age in the Prince Creek 
Formation of Alaska. The rarity of ankylosaurid elements at the DC 
Bonebed is shared with the Kleskun Hill, UO, and MT microsamples, but 
ankylosaurid remains are more abundant in the DP microsample, and 
more abundant at the PLS site than in the UO microsample as a whole. 
The absence of identifiable pachycephalosaurid specimens from the DC 
Bonebed is consistent with the rarity of this group in general, although 
one tooth from Kleskun Hill has been referred to Pachycephalosauridae 
(Fanti and Miyashita, 2009). 

The only theropod element from the DC Bonebed that is identifiable 
at a low taxonomic level is the small fused pair of dentaries referred to 
Caenagnathidae cf. Chirostenotes. This bone is similar in some important 
respects to specimens of Chirostenotes pergracilis from the Dinosaur Park 
Formation of southern Alberta (Longrich et al., 2013; Funston and 
Currie, 2020), but is unusual enough in size and morphology that 
referral to Chirostenotes pergracilis seems unwarranted (see Supplemen-
tary Material). The caenagnathid ilium and pubis from the DC Bonebed 
are less diagnostic but could potentially belong to the same skeleton as 
the fused dentaries given their small size. Finding evidence of even a 
single individual caenagnathid among the 122 dinosaur bones and teeth 
available from the DC Bonebed is remarkable, given that not one cae-
nagnathid bone was reported to occur in the DP, Kleskun Hill, MT, and 
UO microsamples. While the rarity of caenagnathids in the Alberta 
Cretaceous record may be due in part to the edentulous condition of this 

microsamples, whereas lissamphibians make up a much lower per-
centage (Fig. 8A). The relative abundance of lissamphibians is particu-
larly high in the UO microsample, with lissamphibians accounting for 
about 71% of aquatic vertebrates at a UO site designed ‘BMC’ by Cullen 
and Evans (2016). The strong numerical dominance of Champsosaurus 
elements over crocodyliform elements at the DC Bonebed is opposite to 
the condition observed in the DP and UO microsamples, despite croc-
odyliform specimens being relatively sparse in general. The MT micro-
sample contains some Champsosaurus elements but no crocodyliforms, 
although crocodyliforms are known from other parts of the HC Forma-
tion (Wu et al., 1996; Quinney, 2011; Wu and Brinkman, 2015). The DC 
Bonebed turtle assemblage resembles the UO and DP microsamples in 
that baenid elements account for approximately one third of all identi-
fiable turtle specimens, a similarity reinforced by the presence of the 
baenid Plesiobaena antiqua at the DC Bonebed and in the Dinosaur Park 
and Oldman formations (Brinkman, 2003). Trionychids are substantially 
more abundant than baenids at the DC Bonebed in the UO microsample, 
and especially in the DP microsample. Like Plesiobaena antiqua, the tri-
onychid Aspideretoides foveatus is shared among the DC Bonebed and the 
Dinosaur Park and Oldman formations (Brinkman, 2003). However, 
material referred to Aspideretoides sp., and potentially representing A. 
foveatus, is known from the lower part of the HC Formation, as part of a 
relatively diverse turtle assemblage that includes chelydrids but lacks 
baenids (Brinkman and Eberth, 2006). A trionychid cf. Axestemys from 
the DC Bonebed is even less informative, given the wide stratigraphic 
distribution of Axestemys itself (Vitek, 2012). However, it should be 
noted that the DC turtle specimens include the northernmost examples of 
P. baena, A. foveatus, and any Axestemys-like form. The few turtle 
elements in the MT microsample are all referable to Chelydridae. Che-
lydrids are relatively uncommon at the DC Bonebed and in the DP 
microsample, but more abundant in the UO microsample. The DC 
Bonebed is missing some additional turtle taxa known from southern 
Alberta, including the nanhsiungchelyid Basilemys, the baenid Boremys, 
and the large aquatic form Adocus (Brinkman, 2003; Brinkman and 
Eberth, 2006), but these are comparatively rare taxa whose absence 
from the DC Bonebed might be an artifact of small sample size. The 
upper Maastrichtian Scollard Formation notably contains a high di-
versity of turtles, including but not limited to baenids, trionychids and 
chelydrids (Brinkman and Eberth, 2006). At the PK site, turtles and 
Champsosaurus make up about the same respective proportions of the 
aquatic vertebrate sample as at the DC Bonebed, but at PK crocodyli-
forms are even more abundant than Champsosaurus, and the most 
abundant turtle taxon is the helochelydrid Naomichelys.

Combining information from the DC Bonebed and Kleskun Hill 
provides some valuable insights into the terrestrial component of the 
WU3 fauna. The most diagnostic mammal specimen so far reported from 
WU3 is the Eodelphis cf. E. browni tooth from the DC Bonebed. Eodelphis 
browni proper has previously been documented in the Oldman and 
Dinosaur Park formations (Fox and Naylor, 2006; Scott and Fox, 2015; 
Brannick and Wilson, 2020), but not in the HC Formation. Two mammal 
teeth, representing a multituberculate and a pediomyid marsupial, were 
reported from Kleskun Hill (Fanti and Miyashita, 2009; Fox and Scott, 
2010), but these are less useful in establishing faunal correlations. 

Squamates from Kleskun Hill include the only known specimen of the 
scincoid Kleskunsaurus grandeprairiensis, and multiple specimens of the 
chamopsiid Socognathus unicuspis. (Nydam et al., 2010). While Kle-
skunsaurus grandeprairiensis is currently known only from WU3, Socog-
nathus unicuspis occurs in the Dinosaur Park and Oldman Formations, 
and possibly also in the upper Maastrichtian Hell Creek Formation of 
Montana (Gao and Fox, 1998; Nydam, 2013). A dentary from Kleskun 
Hill referred to Chamops cf. C. segnis by Sternberg (1951) has the his-
torical distinction of being the first vertebrate fossil from the Wapiti 
Formation to be formally described, but displays some clear differences 
from the Lancian taxon C. segnis (Gao and Fox, 1998; Nydam, 2013), and 
its identification must be considered uncertain pending a re-evaluation 
of the specimen. The large monstersaur frontal from the DC Bonebed 



of the Morrin and Tolman members of the HC Formation. 
One major implication of these findings is that the WU3 vertebrate 

fauna has a partially Belly River character, containing a number of taxa 
that existed in southern Alberta prior to the Bearpaw gap but are not 
represented in the HC Formation. These distinctive survivors, including 
Plesiobaena antiqua, Socognathus unicuspis, and possibly Chirostenotes 
pergracilis and Eodelphis browni, presumably existed throughout Bearpaw 
times in continental ecosystems that are poorly documented in the 
Alberta fossil record. At least in most cases, their absence from the HC 
Formation may reflect evolutionary turnover around the end of the 
Campanian. 

Nevertheless, the WU3 assemblage cannot simply be regarded as a 
northerly, late-surviving Belly River fauna, given the presence of a 
number of peculiarities. Only one potentially endemic species, the 
scincoid Kleskunsaurus grandeprairiensis, has so far been documented in 
WU3 (Nydam et al., 2010), but the WU3 assemblage nevertheless has 
some unusual features pertaining to the abundance of certain groups and 
the rarity of others. Many of these patterns lack any obvious explana-
tion, but the abundance of Myledaphus and the predominance of tri-
onychids over chelydrids may reflect the coastal rather than inland 
character of the fauna given that they are shared with the Dinosaur Park 
microsample but not with the upper Oldman microsample. The single 
hesperornithiform element from the DC Bonebed is another likely in-
dicator of coastal proximity, especially given the presence of hesper-
ornithiforms at Saskatchewan Landing (Gilbert et al., 2018). 

By contrast, the fact that Champsosaurus elements predominate over 
crocodyliform ones at the DC Bonebed—unlike in both the DP and UO 
microsamples—may be due to latitude. Champsosaurus is consistently 
present in the Campanian of southern Alberta and Montana, but absent 
from contemporaneous faunas in Utah, Texas, and Mexico (Larson et al., 
2010). A neochoristodere possibly referable to Champsosaurus is even 
known from Turonian–Coniacian deposits on Axel Heiberg Island in the 
Canadian Arctic, occurring with turtles, amiids, lepisosteids, and tele-
osts (Tarduno et al., 1998; Friedman et al., 2003; Vandermark et al., 
2007). Crocodylians have previously been documented in Campanian 
strata from Mexico to southern Alberta (Markwick, 1998; Gates et al., 
2010; Lucas et al., 2016; Rivera-Sylva et al., 2019), but Amiot et al. 
(2004) suggested the southern Alberta occurrence was near the northern 
limit of their range, defined by their inability to tolerate climates in 
which the mean temperature of the coldest month averaged below 
5–10 ◦C. The presence of a small number of crocodyliform elements at 
the DC Bonebed alongside a much larger quantity of Champsosaurus 
material is consistent with the seemingly greater ability of Champ-
sosaurus to thrive in high-latitude environments. However, Champ-
sosaurus is also notably abundant in the vertebrate assemblage from 
Saskatchewan Landing, in which crocodyliforms do not occur (Gilbert et 
al., 2018). Acipenserids resemble champsosaurids in having a pre-
dominantly high-latitude record, with reported Campanian and Maas-
trichtian occurrences extending from the Northwest Territories to 
northern New Mexico (Hilton and Grande, 2006; Vavrek et al., 2014). 
Furthermore, they may have spread into the southern part of this range 
only as temperatures decreased toward the end of the Cretaceous 
(Vavrek et al., 2014). Accordingly, the numerous acipenserid elements 
recovered from the DC Bonebed may be another indication of the high- 
latitude character of the WU3 fauna. 

The high abundance and moderately high diversity of turtles in WU3 
suggests that they, like Champsosaurus, may have been resilient to high- 
latitude conditions despite being ectotherms. Brinkman and Eberth 
(2006) argued based on the Upper Cretaceous Alberta record for a link 
between turtle diversity and palaeotemperature, warmer conditions 
being conducive to greater species richness. Consistent with this hy-
pothesis is the fact that the MT microsample, which is from the part of 
the HC Formation thought to have been deposited under cool conditions 
(Larson et al., 2010), contains only one turtle taxon. Cool temperatures 
may also explain why crocodyliform material is absent from the MT 
microsample while Champsosaurus is present, albeit in small numbers. 

group, given the large contribution of shed tooth crowns to theropod 
representation at microsites, their unmistakable presence in the DC 
Bonebed sample is nevertheless striking. 

The DC Bonebed is fairly similar to the DP and UO microsamples in 
containing small numbers of dromaeosaurid and tyrannosaurid ele-ments, 
although tyrannosaurid teeth are more abundant in the Kleskun Hill and, 
especially, in the MT microsamples. Curiously, dromaeosaurids are about 
twice as abundant, as a percentage of all dinosaurian speci-mens 
recovered, at the PLS and RDS sites as they are in the total UO 
microsample, showing that representation of this group can be highly 
variable across localities. The large number of tyrannosaurid teeth in the 
MT microsample again reflects, at least in large part, the fact that much 
of this sample comes from an Albertosaurus bonebed (Larson et al., 2010). 
The Kleskun and MT microsamples also contain rare ornithomi-mid 
elements, tallying with the occurrence of only two ornithomimid 
elements at the DC Bonebed. Similarly, the presence of only a single 
troodontid phalanx in the DC Bonebed is consistent with the rarity of 
troodontids in the southern Alberta microsamples, although teeth 
attributed to Troodon by Fanti and Miyashita (2009) account for about 
14% of the dinosaur elements in the microsample from Kleskun Hill. The 
absence from the DC Bonebed of the widespread but typically rare 
theropod tooth morphotypes designated Paronychodon and Richardoes-
tesia (both of which have been reported from Kleskun Hill) may be a 
result of small sample size. Following the reidentification of Dinosaur 
Park Formation specimens of another tooth-based taxon, Zapsalis, as 
premaxillary teeth of the velociraptorine Saurornitholestes (Currie and 
Evans, 2020), the single tooth reported from Kleskun Hill of the Zapsalis- 
like taxon Paronychodon (Fanti and Miyashita, 2009) probably repre-sents 
a premaxillary tooth of a Saurornitholestes-like velociraptorine. The 
hesperornithiform element from the DC Bonebed is an unusual record in 
that hesperornithiforms are not documented in the southern Alberta 
microsamples considered in this study, and have not been found at 
Kleskun Hill. However, a small number of hesperornithiform bones have 
been collected from the uppermost Dinosaur Park Formation of Sas-
katchewan, at the marine-influenced Saskatchewan Landing site (Gilbert 
et al., 2018). 

At least at face value, the WU3 vertebrate fauna more closely re-
sembles that of the Dinosaur Park Formation, and to a large extent also 
that of the Oldman Formation, than that of the MT Formation. The WU3 
fauna also displays some unusual features that may reflect high northern 
palaeolatitude, smaller-scale palaeoenvironmental factors, or perhaps in 
some cases limited sampling. The strongest faunal links to the Dinosaur 
Park and Oldman formations are provided by the presence at the DC 
Bonebed of the turtle Plesiobaena antiqua, and the presence at Kleskun 
Hill of the lizard Socognathus unicuspis. Corroborating evidence includes 
the occurrence at the DC Bonebed of an indeterminate monstersaur and 
specimens comparable to the theropod Chirostenotes pergracilis and the 
marsupial Eodelphis browni, although these faunal correlations are less 
individually persuasive because they are less certain, taxonomically 
precise, and/or distinctive. Unusual features of the WU3 assemblage, 
relative to Late Cretaceous faunas from southern Alberta, include the 
presence of the seemingly endemic squamate Kleskunsaurus grand-
eprairiensis, the surprisingly high relative abundance of acipenserids, 
turtles, Champsosaurus, thescelosaurids, Troodon, and perhaps lep-
isosteids and caenagnathids, and the unusual rarity of ‘Holostean A’ and 
lissamphibians. The WU3 fauna appears slightly closer to that of the 
Dinosaur Park Formation than that of the upper Oldman Formation in the 
relatively high abundance of Myledaphus and in containing many more 
trionychids than chelydrids, but closer to that of the upper Oldman 
Formation in the low abundance of ankylosaurids. Only two general 
characteristics of the WU3 fauna, namely the rarity of crocodyliforms and 
the high abundance of theropods, represent even arguable points of 
distinctive similarity to the vertebrate assemblage of the HC Formation. 
Moreover, the richness of theropods in the MT microsample of Larson et 
al. (2010) is clearly due in part to the origin of much of that sample in an 
Albertosaurus bonebed, and is unlikely to be truly representative even 












