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ARTICLE

FIRST RECORD OF BOREALOSUCHUS STERNBERGII FROM THE LOWER PALEOCENE 
DENVER FORMATION (LOWER DANIAN), COLORADO (DENVER BASIN)

EMILY J. LESSNER, 1,2* HOLGER PETERMANN,1 and TYLER R. LYSON1

1Denver Museum of Nature & Science, Department of Earth Sciences, Denver, Colorado 80205, U.S.A.; 
2Bureau of Land Management, Moab, Utah 84532, U.S.A.

ABSTRACT—The Late Cretaceous through Paleogene fossil record for North American eusuchians is remarkable in that it 
indicates high levels of survivorship across the Cretaceous–Paleogene (K–Pg) boundary, as well as an increase in diversity 
through the early Eocene. Despite the clade’s continued existence, gaps remain in its fossil record, particularly near the 
K–Pg boundary and in Colorado. A eusuchian from the lower Paleocene Denver Formation of Corral Bluffs is 
represented by specimens identified as Borealosuchus sternbergii. Here, we provide anatomical descriptions and 
comparisons supported by micro-CT scan data of three partial crania. We conduct a phylogenetic analysis, the results of 
which are influenced by the potential sub-adult ontogenetic stage of the specimens and species-level assignment is 
preliminary. The specimens fill both geographic and temporal gaps in the record of the Borealosuchus species complex as 
the first specimens from the earliest Paleocene of Colorado. These additions highlight the uncertainty in phylogenetic 
relationships among the Borealosuchus species complex, the importance of taking ontogenetic stage into account when 
assessing such relationships, and help constrain biogeographic dispersal patterns and ecological niche occupation of the clade.
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INTRODUCTION

Eusuchia is a clade of neosuchian crocodylomorphs that first 
appeared in the Middle–Late Jurassic (De Celis et al., 2020). 
Whereas the pre-Campanian record is largely represented by 
European and Asian specimens, the Late Cretaceous saw an 
increase in North American paleodiversity with the appearance 
of the Borealosuchus species complex and groups such as alliga
toroids, gavialoids, and crocodyloids (De Celis et al., 2020). 
North American eusuchian paleodiversity was not impacted by 
the Cretaceous–Paleogene (K–Pg) extinction event and species 
of Borealosuchus and alligatoroids were widespread during this 
time interval (Brochu, 1999; Buffetaut, 1990; Markwick, 1998; 
MacLeod et al., 1997; Sullivan, 1987). The semi-aquatic beha
viors of eusuchians and the members of their food chain likely 
facilitated survival through the impact event resulting in no 
impact to their net diversification rate as a result of the K–Pg 
extinction (Buffetaut, 1990; Markwick, 1998; Robertson et al., 
2004). There are, however, a few notable gaps in the eusuchian 
record during that time. For example, Colorado to date rep
resents a geographic gap between a seeming northern and 
southern Paleocene radiation of Eusuchia (Brochu, 2000) and a 
temporal gap between the Late Cretaceous representatives and 
Paleocene and Eocene taxa. Despite widespread exposure of 

Late Cretaceous through Eocene sedimentary units in Colorado 
(Fig. 1), exposure of the K–Pg and the earliest Paleocene is 
limited.

The sequence of rocks at the Corral Bluffs study area in Color
ado Springs spans the K–Pg Boundary and represents the last 
∼300 thousand years of the Cretaceous and first one-million 
years of the Paleocene (Lyson et al., 2019). It is unique in its 
density of localities with remarkably complete vertebrates and 
flora (Lyson et al., 2019). One such group of vertebrates 
present are eusuchians, notably specimens morphologically 
similar to species of Borealosuchus, a taxon that is otherwise 
minimally documented in Colorado (Hester, 2018; McCormack, 
2019). Borealosuchus is a clade of eusuchians with ambiguous 
phylogenetic placement, often recovered just inside (e.g., 
Brochu, 1997, 2004; Brochu et al., 2012; Buscalioni et al., 2011; 
Delfino et al., 2008; Farke et al., 2014; Martin et al., 2014; 
Nárvaez et al., 2015; Puértolas et al., 2011; Wu & Brinkman, 
2015) or outside (e.g., Figueiredo et al., 2011; McCormack, 
2019; Pol et al., 2009; Rio & Mannion, 2021) of Crocodylia. 
Because of this discrepancy, the clade is important in reconstruct
ing the evolution and distribution of the early members of crown 
Crocodylia.

The Borealosuchus species complex is widespread both geo
graphically and stratigraphically. Species of Borealosuchus are 
known from southern Alberta and Saskatchewan, Canada (Lind
blad et al., 2022; Sternberg, 1932; Wu et al., 2001) to Big Bend, 
Texas (Brochu, 2000) in western North America to New Jersey 
(Brochu et al., 2012) and Alabama (McCormack, 2019) in 
eastern North America, and from the Late Cretaceous through 
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FIGURE 1. Locality placement of Borealosuchus specimens. A, location of the Corral Bluffs study area, West Bijou, and the Alexander Site within the 
Denver Basin; B, location of Borealosuchus localities in the Corral Bluffs study area on a high-resolution photogrammetry model: (1) DMNH 
EPV.143022/DMNH loc. 6994; (2) DMNH EPV.60862/DMNH loc. 3887; (3) DMNH EPV.144434/DMNH loc. 18840; (4) DMNH EPV.136252/ 
DMNH loc. 7071; (5) UCM 123254/UCM loc. 83196; C, magnetostratigraphic, lithostratigraphic, chronostratigraphic and biostratigraphic placement 
of Borealosuchus localities. Modified from Lyson et al. (2021a). Abbreviations: km, kilometer; m, meters; Ma, million years ago; K/Pg, Cretaceous– 
Paleogene boundary.

Lessner et al.––Borealosuchus sternbergii from the Denver Basin (e2434214-2)



the Eocene. Currently, seven species are recognized for Borealo
suchus (one without phylogenetic support, B. griffithi; Lindblad 
et al., 2022; Wu et al., 2001), with two species recognized from 
before the K–Pg boundary (Alabama Borealosuchus [McCor
mack, 2019] and B. sternbergii [Gilmore, 1910]), one around 
the boundary (B. threeensis [Brochu et al., 2012]), and four 
after (B. formidabilis [Erickson, 1976], B. acutidentatus [Stern
berg, 1932], B. wilsoni [Mook, 1959], and B. griffithi [Lindblad 
et al., 2022; Wu et al., 2001]).

Here we present three incomplete Borealosuchus skulls 
(DMNH EPV.60862, DMNH EPV.136252, and DMNH 
EPV.144434), together representing ∼70–80% of the cranium 
and some tentatively referred material. The specimens rep
resented by crania are relatively small and other features indicate 
a sub-adult ontogenetic stage. Information on growth in 
members of Borealosuchus is limited (Erickson, 1976) so these 
specimens provide a unique window into ontogeny in the clade. 
The material represents the first record of Borealosuchus from 
the Denver Basin and is temporally interesting because of the 
proximity to the K–Pg boundary. We explore phylogenetic 
context of the Corral Bluffs material and the wider implications 
for improving the ambiguous phylogenetic placement of the 
genus Borealosuchus within Eusuchia and the evolutionary 
history of early members of crown-Crocodylia.

GEOLOGICAL SETTING

The material herein described comes from two distinct study 
areas (Corral Bluffs and West Bijou) in the Denver Basin 
where the D1 sequence of the Denver Formation is exposed, 
spanning the uppermost Cretaceous (ca. 67 Ma) through the 
lower Paleocene (ca. 65 Ma [Lyson et al., 2019]; Fig. 1). The 
D1 sequence is composed of reworked Mesozoic and Paleozoic 
sediments as well as Precambrian basement rock shed during 
the Laramide uplift of the Front Range (Hagadorn et al., 2023; 
Raynolds, 2002; Raynolds & Johnson, 2003). The Corral Bluffs 
study area is located east of Colorado Springs, El Paso County, 
Colorado, U.S.A. in the southwestern portion of the Denver 
Basin. The area is located ∼39N, is distal to the Western Interior 
Seaway, and is proximal (∼2–20 km) to the Rocky Mountain 
Front Range. The south-facing arc, or “corral,” of exposure 
that makes up the Corral Bluffs Study area is the most extensive 
outcropping of the D1 sequence in the Denver Basin (Raynolds, 
2002). The Denver Formation in this area is characterized by 
alternating fine to coarse arkosic sandstones, drab silty mud
stones, and laminated siltstones, which are all characteristic of 
a higher-energy fluvial depositional environment where peren
nially high-water tables resulted in pond and hydromorphic soil 
formation (Fuentes et al., 2019; Lyson et al., 2019). The West 
Bijou study area, situated ∼75 km to the north and east of the 
Corral Bluffs study area, is located in Arapahoe and Elbert coun
ties in the eastern portion of the Denver Basin (Fig. 1). This area 
is dominated by lignites interspersed with fine-grained sand
stones and drab mudstones, which reflect a low-energy fluvial 
depositional environment where perennially high-water tables 
led to formation of swamps, lakes, and hydromorphic soils 
(Barclay et al., 2003; Raynolds, 2002).

The Corral Bluffs study area has produced hundreds of 
remarkably complete vertebrates, including turtles (Lyson 
et al., 2019, 2021a, 2021b), mammals (Bertrand et al., 2022; 
Krause et al., 2021; Weaver et al., 2024), and crocodilians 
(Lyson et al., 2019). The deposit is shallowly buried (Petermann 
et al., 2022) and many of the fossils are preserved in phosphatic 
concretions, a mode of preservation that is highly unusual for a 
terrestrial environment (Lyson et al., 2019). The material 
herein described was found as disassociated float on the East 
side of the arc of south-facing cliffs that is Corral Bluffs (Fig. 
1B). DMNH EPV.60862 is an unconcreted specimen that was 

found at the base of a ridge in a coarse-grained, mustard- 
colored sandstone unit interpreted to represent a fluvial 
channel deposit. The tentatively referred UCM 123254, DMNH 
EPV.143024, DMNH EPV. 67785, and DMNH EPV.67756 were 
found as float in a similar deposit. DMNH EPV.136252, 
DMNH EPV.144434, and DMNH EPV.143022 were preserved 
in fine-grained phosphatic concretions. The specimens were dis
covered in sediments that represent the Puercan (Pu) II North 
American Land Mammal Age (NALMA) biostratigraphic zone 
and pollen biostratigraphic zone 2 (Lyson et al., 2019; Nichols 
& Fleming, 2002; Fig. 1C). These localities are 52–89.7 m above 
the palynologically defined K–Pg boundary (Lyson et al., 2019). 
DMNH EPV.144434 was found in situ and whereas DMNH 
EPV.60862 and 136252 were found as float and their stratigraphic 
placement and age cannot be precisely determined, it is worth 
noting that they are relatively complete and likely were not trans
ported far (i.e., likely meters rather than tens of meters) down 
section (Beardmore et al., 2012; de Araújo & da Silva 
Marinho, 2013; Grange & Benton, 1996; Salisbury et al., 2003; 
Schwarz-Wings et al., 2011; Syme & Salisbury, 2014). Thus 
DMNH EPV.60862 has a stratigraphic placement of 78.9 
meters above the palynologically defined K–Pg boundary and 
estimated age of 65.56 Ma, DMNH EPV.136252 has a strati
graphic placement of 89.7 meters above the K–Pg boundary 
and an estimated age of 65.49 Ma, and DMNH EPV.144434 has 
a stratigraphic placement of 78.4 meters above the K–Pg bound
ary and an estimated age of 65.6 Ma (Lyson et al., 2019; Fig. 1C). 
Given the specimens moved down section, these ages represent 
maximum age estimates.

The tentatively referred Borealosuchus specimens from West 
Bijou were collected from microvertebrate localities. The speci
mens were discovered in sediments that represent the Pu I 
NALMA and pollen biostratigraphic zone 1 (Dahlberg et al., 
2016; Nichols & Fleming, 2002; Fig. 1C). These localities are 
within 5–15 m above the K–Pg boundary with primary indicators 
of the asteroid impact, including shocked minerals, iridium, and 
boundary clay (Barclay et al., 2003; Clyde et al., 2016).

METHODS

Preparation

Manual Preparation––Prior to photography, CT scanning, and 
digital preparation, overlying matrix covering the crania was 
manually removed using pin vises and air scribes. The fossils 
were consolidated with Paraloid B72 and cyanoacrylates. Prep
aration was completed by J. Englehorn, N. Toth, K. Carpenter, 
S. Bastien, and S. Rush at the Denver Museum of Nature & 
Science, Denver, CO, U.S.A., as well as contract preparatory 
S. Begin.

CT Scanning and Digital Preparation––Both DMNH 
EPV.60862 and DMNH EPV.136252 specimens were scanned 
at the University of Texas High-Resolution X-Ray CT Facility 
in March 2023 on an NSI micro-CT scanner. DMNH 
EPV.60862 was scanned at a voxel size of 49.6 μm at 150 kV, 
0.14 mA and DMNH EPV.136252 at a voxel size of 59.4 μm at 
170 kV, 0.16 mA. TIFF stacks were imported into ORS Dragon
fly version 2022.2 where manual segmentation of cranial 
elements was completed by E. Lessner using the ROI painter 
tool and a defined range of grayscale values. CT data and 
models are available for download from Morphosource 
(project ID: 000581588).

Body Size Estimation

Trans-quadratic skull width was used as a proxy for body size 
(as demonstrated by O’Brien et al., 2019). Skull width was 
measured by hand in DMNH EPV.60862 and DMNH 
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EPV.144434. It was estimated for DMNH EPV.136252 by scaling 
shared elements in the digital model of DMNH EPV.60862 up to 
the size of the shared elements in DMNH EPV.136252 and 
measuring the resulting skull width. Other specimens (see 
Table 1) were measured by hand or from photographs. Both 
total length and body mass were calculated for DMNH 
EPV.60862, DMNH EPV.136252, DMNH EPV.144434, USNM 
6533, UCMP 133903, and UCMP 173976 using the following 
equations: ln(total length) = 0.8024(ln(skull width)) + 3.05; ln 
(body mass) = 2.953(ln(skull width))−5.072.

Phylogenetic Analysis

We investigated the phylogenetic relationships of DMNH 
EPV.60862, DMNH EPV.136252, and DMNH EPV.144434 
using the matrix of McCormack (2019, unpublished MS thesis, 
see Supplementary Material), itself a modified version of 
Brochu (2012). The total matrix included 93 taxa and 189 charac
ters and was curated in Mesquite (Maddison & Maddison, 2023; 
see Supplementary NEXUS files for characters and states). We 
analyzed the specimens in the Windows version of TNT v.1.6 
(Goloboff & Morales, 2023). The updated matrix is included as 
Supplementary Material. The matrix as created does not 
include ordered characters, and we did not re-evaluate characters 
for treatment as ordered. The ‘Glen Rose Form’ is the outgroup 
taxon for the analyses. We analyzed the dataset with gentle 
implied weighting (k = 12) as proposed by Goloboff et al. 
(2018) using New Technology Search. We used 10 drifting 
cycles in Sectorial Search and set the CSS setting therein to 
run 10 rounds and set the number of iterations in Drifting to 
10. We otherwise used the default settings for Sectorial Search, 
Ratcheting, Drifting, and Tree Fusing. Using these settings, we 
required the Minimum Length to be recovered 100 times. 
Initial analysis of the dataset did not match phylogenetic pos
itions for the modern crocodilians as reported in recent molecu
lar analyses, so we constrained the topology of extant taxa using 
the molecular framework from Hekkala et al. (2021; see Sup
plementary TNT files for constraints). This provided a stable 
framework for the analysis of the fossil taxa. Fossil taxa were 
allowed to float freely, and we enforced the constraint during 
all analyses. To increase tree resolution, we then combined 
DMNH EPV. 60862, 136252, and 144434 into one taxon, 
‘Denver Basin Borealosuchus.’ We calculated Bremer supports 
for the combined analysis (using the Bremer run script with 
searching 100,000 suboptimal trees and setting the constraints 
step to search 3 times with constraints and performing10 iter
ations of 20 ratchet iterations and 20 drifting cycles and doing 
a monophyly search, but keeping the other settings as default), 
ran a Bootstrap analysis (nrep = 2000), and overlaid those 
numbers onto the strict consensus tree. We imported the tree 
file of the resulting MPTs into ASADO 2.0 (formerly WinClada; 

Nixon, 2021) to read consistency (CI) and retention (RI) indices 
and to map unambiguous character state changes onto the strict 
consensus tree.

Three changes were made to the matrix and are detailed in the 
Supplementary Material. The data matrices for the datasets in 
which the specimens are scored individually and scored com
bined are part of the Supplementary Material as NEXUS and 
as tnt files.

Institutional Abbreviations––DMNH, Denver Museum of 
Nature & Science, Denver, CO, U.S.A.; NMC, Canadian 
Museum of Nature, Ottawa, Ontario, Canada; SMM, Science 
Museum of Minnesota, St. Paul, MN, U.S.A.; UCM, University 
of Colorado Museum, Boulder, CO, U.S.A.; USNM, Smithsonian 
National Museum of Natural History, Washington D.C., U.S.A.

Anatomical Abbreviations––a, angular; bo, basioccipital; bs, 
basisphenoid; d, dentary; eam, external auditory meatus; ect, 
ectopterygoid; emf, external mandibular fenestra; ex, exoccipital; 
f, foramen; f.ae, foramen aerum; f.ca, foramen for the carotid 
artery; f.CNIX + X + vj, foramen for the glossopharyngeal 
nerve, vagus nerve, and jugular vein; f.CNXII, foramen for the 
hypoglossal nerve; f.mag, foramen magnum; fos, fossa; fr, 
frontal; itf, infratemporal fenestra; j, jugal; l, lacrimal; ls, latero
sphenoid; mx, maxilla; n, nasal; nvf, neurovascular foramen; op, 
occlusion pits; orb, orbit; p.cq, cranioquadrate passage; p, parie
tal; pa, palatine; pf, prefrontal; po, postorbital; pr, prootic; pt, 
pterygoid; q, quadrate; qj, quadratojugal; sa, surangular; soc, 
supraoccipital; sof, suborbital fenestra; sp, splenial; sq, squamo
sal; stf, supratemporal fenestra; v, vomer; Vf, trigeminal 
foramen. Anatomical abbreviations follow Lessner & Holliday 
(2022) where possible.

SYSTEMATIC PALEONTOLOGY

EUSUCHIA Huxley, 1875 (sensu Brochu, 1999)
CROCODYLIA Gmelin, 1789 (sensu Benton & Clark, 

1988)
BOREALOSUCHUS Brochu, 1997

Type Species—Borealosuchus sternbergii (Leidyosuchus stern
bergii, Gilmore, 1910), from the Lance Creek Formation (Late 
Cretaceous) of Wyoming.

Included Species—Borealosuchus acutidentatus (Sternberg, 
1932) from the terrestrial Ravenscrag Formation (early Paleo
cene; Puercan) of Saskatchewan, Canada. Borealosuchus 
wilsoni (Mook, 1959) from the terrestrial Green River, 
Bridger, and Washakie formations (Eocene) of Wyoming. Borea
losuchus formidabilis (Erickson, 1976) from the terrestrial 
Tongue River Formation (early Paleocene; Tiffanian 4) of 
North Dakota. Borealosuchus threeensis (Brochu et al., 2012) 
from the marginal marine Hornerstown Formation (Late Cretac
eous/early Paleocene) of New Jersey. Borealosuchus sp. nov. 
(McCormack, 2019) from the marginal marine Mooreville 
Chalk (Late Cretaceous) of Alabama. Potentially (no phyloge
netic support) Borealosuchus griffithi (Lindblad et al., 2022; 
Wu et al., 2001) from the terrestrial Scollard Formation (Late 
Cretaceous) of Alberta, Canada and the Ravenscrag Formation 
(early Paleocene; Puercan) of Saskatchewan, Canada.

Original Diagnosis—Borealosuchus is diagnosed by Brochu 
(2000) by: limb bones very long and slender (character 36[1]); 
surangular extending to posterodorsal end of retroarticular 
process (character 72[0]); and lateral curvature of the maxillary 
toothrow posterior to the first six maxillary alveoli (character 
94[1]; autapomorphy).

Revised Generic Diagnosis—Borealosuchus is diagnosed by 
atlantal ribs with modest dorsal process on dorsal margin (char
acter 6[0]); the anterior half of axis neural spine slopes anteriorly 
(character 11[1]); limb bones very long and slender (character 36 
[1]; autapomorphy); alveoli for dentary teeth 3 and 4 nearly same 

TABLE 1. Body size (total length and body mass) of Borealosuchus 
sternbergii specimens calculated from trans-quadratic skull width 
(O’Brien et al., 2019).

Specimen
Skull Width 

(cm)
Total Length 

(cm)
Body 

Mass (kg) Formation

DMNH 
EPV.144434

80.0 112.01 3.88 Denver

DMNH 
EPV.60862

93.7 127.12 6.19 Denver

DMNH 
EPV.136252

120.9 155.98 13.13 Denver

USNM 6533 184.53 219.02 45.77 Lance
UCMP 133903 190.73 224.909 50.46 Tullock
UCMP 173976 195.76 229.57 54.5 Tullock

Lessner et al.––Borealosuchus sternbergii from the Denver Basin (e2434214-4)



size and confluent (character 47[0]); coronoid with rostrally 
sloping superior edge (character 56[0]); nasals excluded, at 
least externally from naris, nasals and premaxillae still in 
contact (character 82[2]); occlusion pits between 7th and 8th 
maxillary teeth with all other dentary teeth occluding lingually 
(character 92[1]); maxillary toothrow curves laterally broadly 
posterior to first six maxillary alveoli (character 94[1]); large 
medial jugal foramen (character 102[1]). 

BOREALOSUCHUS STERNBERGII Gilmore, 1910
(Figs. 2, 3, 4, 5, and 6)

Type Specimen—USNM 6533, a partial skull with a well-pre
served braincase and jaw, eight vertebrae, left and right 
humeri, right fibula, second left metatarsal, and other fragmen
tary material.

Type Horizon—Lance Creek Formation.
Synonymy—Leidyosuchus sternbergii Gilmore, 1910.
Original Diagnosis—Leidyosuchus sternbergii is diagnosed by 

Brochu (2000) as Borealosuchus sternbergii by an enlarged jugal 
siphonial foramen (character 102[1]).

Revised Specific Diagnosis—Member of Borealosuchus with 
lateral edges of palatines with a lateral process projecting from 
the palatines into the suborbital fenestra (character 117[1]) and 
surangular with a spur bordering the dentary tooth row (charac
ter 62[0]).

Newly Referred Material from the Denver Formation—The 
following material is united with B. sternbergii on the basis of a 
concavo-convex frontoparietal suture between the supratem
poral fenestrae (character 151[0]), a broad rostral palatine 
process (character 116[0]), the pterygoid ramus of the ectoptery
goid is not straight (character 119[1]), and a lacrimal longer than 
the prefrontal (character 130[0]).

From Corral Bluffs: DMNH EPV.60862, incomplete caudal 
skull and fragmentary rostrum consisting of partial quadrates, 
quadratojugal, maxillae, frontal, parietal, prefrontals, postorbitals, 
pterygoid, laterosphenoids, prootics, exoccipital, supraoccipital, 
jugal, basisphenoid, basioccipital, and squamosals (Figs. 2–5); 
DMNH EPV.136252, central region of skull consisting of prefron
tals, lacrimals, vomer, palatines, basisphenoid, basioccipital, proo
tics, and partial maxillae, nasals, parietal, jugals, ectopterygoids, 
frontal, postorbitals, squamosals, supraoccipital, pterygoids, later
osphenoids, exoccipitals, quadrates (Figs. 2–4); DMNH 
EPV.144434, fragmentary skull consisting of ectopterygoids, pter
ygoid, supraoccipital, exoccipitals, and partial maxillae, palatines, 
right jugal, right lacrimal, quadrates, squamosals, basioccipital, 
quadratojugals, and parietal, mandibles consisting of the right 
dentary, angular, splenial, and partial surangular and left dentary 
and partial splenial and angular, associated osteoderms, and frag
mentary elements including a left humerus and vertebra (Fig. 6).

The following are tentative referrals from Corral Bluffs 
and West Bijou: UCM 123254, isolated fragment of right maxilla 
(Fig. S1G–H); DMNH EPV.143022, poorly preserved fragmentary 
rostrum (Fig. S2); DMNH loc. 143024, isolated osteoderms and 
vertebra (Fig. S1B, C); DMNH EPV.67785, isolated osteoderms 
(Fig. S1E); DMNH EPV.67756, isolated osteoderms (Fig. S1F); 
UCM 110292, isolated osteoderms (Fig. S1A); UCM 63350, iso
lated osteoderms (Fig. S1D); DMNH EPV.143025, fragmentary 
cranial material and osteoderms (Fig. S3).

DESCRIPTION AND COMPARISONS

General Skull Features

Both DMNH EPV.136252, 60862, and 144434 are three-dimen
sionally preserved crania that were found as float and have 

portions of the skull missing due to erosion. The specimens 
have dorsal sculpturing, including rounded pitting on the jugals, 
parietals, caudal frontals, prefrontals, and squamosals (Fig. 2A, 
C, I, H), though not to the extent of depth present in Borealosu
chus wilsoni or Borealosuchus formidabilis, though poor preser
vation precludes further description. The preserved lateral 
margins of DMNH EPV.136252 are linear as are the isolated 
maxilla fragments of DMNH EPV.60862 (Figs. 2A, D–E, 7). 
The orbits are large, flush with the surface of the skull, possess 
a round ventral margin, and narrow rostrally (Figs. 2C, G, H, 
7). They are bounded by the lacrimal rostrally, prefrontal and 
frontal medially, postorbital caudally, and jugal laterally. They 
resemble those of B. sternbergii and B. griffithi (Gilmore, 1910; 
Lindblad et al., 2022; Wu et al., 2001) and are not as round as 
those of the type specimens of B. acutidentatus (NMC 8544) 
and B. formidabilis (SMM P71.16.28; Erickson, 1976; Sternberg, 
1932) and are not crescentic as in B. wilsoni (Hester, 2018; Fig. 7). 
The supratemporal fenestrae possess shallow fossae at their ros
tromedial corner (Fig. 2E) and are circular caudally, but incom
plete rostrolateral margins makes determination of the exact 
shape of the supratemporal fenestrae impossible (Fig. 2A, C, 
E, G–I). The supratemporal fenestrae are bounded by the parie
tal rostrally and medially, squamosal caudally and laterally, and 
postorbital rostrally and laterally, with rostral contribution by 
the frontal unknown. Where preserved, the bones of the skull 
roof do not overhang the rim of the supratemporal fenestrae. 
The infratemporal fenestrae are bounded rostrally by the jugal 
and postorbital but are otherwise not preserved (Fig. 2C, G, 
H). In dorsal view, the skull table is concave caudally but the 
lateral and much of the rostral margins are not preserved (Figs. 
2A, E, I, 7). Generally, the skull table appears rectangular 
though not as broad as that of the Alabama Borealosuchus, 
B. formidabilis, and B. acutidentatus (Erickson, 1976; McCor
mack, 2019; Sternberg, 1932; Fig. 7). It is planar dorsally and 
minimally elevated above the rest of the cranial surface, 
forming a continuous surface with the rostrum like in other 
species of Borealosuchus (e.g., Erickson, 1976; Gilmore, 1910; 
Fig. 4). The region rostral to the skull table is smoothly inclined 
rostrally. The suborbital fenestrae are rostrocaudally elongate as 
in other species of Borealosuchus (Brochu, 1997; Erickson, 1976; 
Gilmore, 1910; Lindblad et al., 2022; Wu et al., 2001), tapering to 
a rounded edge rostrally and with a concave caudolateral border 
(Figs. 3C, G, H, 7). They are bounded by the maxilla rostrally and 
laterally, palatine medially, pterygoid caudally, and ectopterygoid 
caudolaterally.

Dorsal Skull Roof

Premaxilla—The premaxilla is only preserved in DMNH 
EPV.60862 (Fig. 2B). Only the dorsal surface and margins of 
the external nares are preserved, the ventral surface including 
alveoli and incisive foramen are missing (and therefore not 
figured). The element is poorly preserved and crushed to a 
level that prevents description of its morphology.

Nasal—The nasals of DMNH EPV.136252 are minimally pre
served because of the missing rostral extent of the skull (Fig. 
2C, G, H). Caudally, they narrow mediolaterally and extend to 
the junction of the prefrontal and lacrimal though it is not appar
ent whether the nasal possesses a process between the elements 
as in B. griffithi (Lindblad et al., 2022; Wu et al., 2001). The 
contact with the frontal is U-shaped and occurs at the rostral 
extent of the prefrontals to which it extends a short process to 
the prefrontal rostral tip (2C, G, H).

Maxilla—Dorsally, the maxillae of DMNH EPV.136252 
contact the nasals, lacrimals, and jugals (Fig. 2C, G, H). The 
contact with the nasals is largely missing, though linear at its 
caudal extent. The caudomedial border of the maxilla is 
concave where it contacts the rostrolateral edge of the lacrimal 
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FIGURE 2. Dorsal views of Borealosuchus sternbergii fossil material including A–D, F, photographs, E,G, line drawings, and H–I, CT reconstructions 
of A, B, D–F, IDMNH EPV.60862, and C, G, H, DMNH EPV.136252. A, fragmentary skull; B, premaxillary fragment; C, fragmentary skull; D, right 
maxilla fragment; E, line drawing of A; F, left maxilla fragment; G, line drawing of C; H, CT reconstruction of C; I, CT reconstruction of A. Dotted lines 
represent broken surfaces. Abbreviations: bo, basioccipital; ect, ectopterygoid; ex, exoccipital; fos, fossa; fr, frontal; itf, infratemporal fenestra; j, jugal; 
l, lacrimal; ls, laterosphenoid; mx, maxilla; n, nasal; orb, orbit; p, parietal; pf, prefrontal; po, postorbital; pr, prootic; pt, pterygoid; q, quadrate; qj, quad
ratojugal; soc, supraoccipital; sq, squamosal; stf, supratemporal fenestra.
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FIGURE 3. Ventral views of Borealosuchus sternbergii fossil material including A–D, F, photographs, E, G, line drawings, and H–I, CT reconstructions 
of A, B, D–F, I, DMNH EPV.60862 and C, G, H, DMNH EPV.136252. A, fragmentary skull; B, right jugal fragment; C, fragmentary skull; D, right 
maxilla fragment; E, line drawing of A; F, left maxilla fragment; G, line drawing of C; H, CT reconstruction of C; I, CT reconstruction of A. 
Dotted lines represent broken surfaces. Abbreviations: bo, basioccipital; bs, basisphenoid; ect, ectopterygoid; ex, exoccipital; f, foramen; fr, frontal; 
j, jugal; ls, laterosphenoid; mx, maxilla; nvf, neurovascular foramen; op, occlusion pits; pa, palatine; po, postorbital; pr, prootic; pt, pterygoid; q, quad
rate; qj, quadratojugal; sof, suborbital fenestra.
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(Fig. 2C, G, H). In lateral view, the maxillae extend just caudal to 
the rostral border of the orbits in a caudoventrally oriented 
contact with the jugal (Fig. 4A, see Morphosource 3D models). 
The dorsal surface of the maxilla is unfeatured and linear in 
lateral view (Fig. 4A). Specimen DMNH EPV 60862 preserves 
two sections of maxilla with few notable features besides a 
linear lateral margin (Fig. 2F, D), and poor preservation of 
DMNH EPV.144434 precludes any description of the dorsal 
surface of the maxilla besides its linear medial margin (Fig. 6A, 
B). UCM 123254 preserves several rostral alveoli (likely the 
third through the sixth), exhibits some lateral expansion, and is 
upturned rostrally in lateral view (Fig. S1).

Lacrimal—The lacrimal forms the rounded rostromedial and 
lateral borders of the orbit in DMNH EPV.136252 (Fig. 2C, G, 
H) and is partially visible in DMNH EPV.144434 (Fig. 6A, B). 
It is elongate, extending to the 9th alveolus (counted from 
caudal), and contacts the jugal and maxilla laterally and the 
nasal and prefrontal medially with a linear margin. The contact 
with the nasal is not interrupted by a posterior process of the 
maxilla (Fig. 2C, G, H). The lacrimal tapers rostrally and a 
slender process extends caudally along the jugal. Overall, it is 
ovate rostrally in dorsal view similar to B. griffithi, 
B. sternbergii, B. wilsoni, and B. acutidentatus (Gilmore, 1910; 
Hester, 2018; Sternberg, 1932; Wu et al., 2001; Fig. 7) rather 
than sub-rectangular as in the Alabama Borealosuchus though 
the incomplete preservation of the lacrimal in the Alabama Bor
ealosuchus precludes anything but a tentative comparison 
(McCormack, 2019). The lacrimal foramen is present in the 
rostral orbit wall, in the medial portion of the lacrimal.

Prefrontal—The caudal portion of the prefrontals is preserved 
in DMNH EPV.60862 (Fig. 2A, E, I) in addition to the intact pre
frontals of DMNH EPV.136252 (Fig. 2C, G, H). The dorsal 
surface is smooth. The prefrontal forms half of the medial 
border of the orbit, extends rostrally to between the 5th and 
4th alveolus (counted from caudal), and is significantly shorter 
than the lacrimal. The prefrontal–lacrimal morphology most 
resembles that of B. sternbergii with a lacrimal longer than the 
prefrontal, whereas the other species of Borealosuchus have 
more elongate prefrontals and lacrimals of the same length 
(Fig. 7). The prefrontal contacts the nasal rostrally in DMNH 
EPV.136252 and is nearly linear in its lateral contact with the 
lacrimal and medial contact with the frontal (Fig. 2C, G, H). 
The contact with the lacrimal is oriented rostromedially rather 
than rostrocaudally, similar to the condition noted for the 
Alabama Borealosuchus (McCormack, 2019; Fig. 7). In DMNH 
EPV.136252, the prefrontal pillar is solid, rostrocaudally broad 
dorsally, and narrow ventrally. The medial process is ovate, 
expanded both dorsoventrally and rostrocaudally, with a long 
rostrocaudal axis.

Frontal—In DMNH EPV.136252, the long, untextured rostral 
process of the single, co-ossified frontal is broad and U-shaped in 
its visible contact with the nasals (Fig. 2C, G, H) rather than 
forming an acute point as in the Alabama Borealosuchus and 
B. acutidentatus (McCormack, 2019; Sternberg, 1932) or a 
narrow, forked process as in B. griffithi (Wu et al., 2001; Fig. 7), 
though it extends a rostral process ventral to the nasals. The 
frontal is expanded rostrally, and caudally it constricts mediolat
erally between the prefrontals (Fig. 2C, G, H). It forms the caudal 
half of the medial border of the orbits, becoming increasingly tex
tured and expanding caudally to contact the parietal with a 
convex border. This condition (concavo-convex frontoparietal 
suture) is, also present in B. sternbergii (Gilmore, 1910) distinct 
from the linear suture present in all other species of Borealosu
chus (Hester, 2018; McCormack, 2019; Fig. 7). The frontal 
approaches the supratemporal fenestra, but incomplete preser
vation in both DMNH EPV.136252 and DMNH EPV.60862 
obscures whether the frontal enters the fossa (Fig. 2A, C, E, H, 
I). The difference in shape between the frontals of DMNH 

EPV.136252 and DMNH EPV.60862 (bowed further dorsally in 
the latter) likely reflects a younger ontogenetic stage of 
DMNH EPV.60862; large orbit and brain volumes relative to 
skull size result in a broad, rounded frontal in younger crocody
lians (Harris, 2015; Mook, 1921; Watanabe et al., 2019). The 
ventral surface of the frontal exhibits a fossa, the shape of 
which follows the borders of the frontal and is representative 
of the dorsal impression of the olfactory tract (Fig. 3A, E, I).

Jugal—Only the portion of the jugal rostral to the ascending 
process is preserved in DMNH EPV.136252 (Fig. 2C, G, H) 
and the portion of the jugal just ventral to the ascending 
process in DMNH EPV.60862 (Fig. 3B). The right jugal is 
almost complete in DMNH EPV.144434 except for the rostral 
and caudal most ends (Fig. 6A, B). In lateral view, the jugal is 
dorsoventrally tall, at its tallest at the caudal most extent of the 
maxilla. The dorsolateral surface is textured with large round 
pits (Fig. 2C) and there is a rounded ridge forming the ventrolat
eral border of the orbit on the dorsolateral surface of the 
element. There does not appear to be a recess on the rostroven
tral surface of the jugal, lateral to the maxillary tooth row as 
described by Wu et al. (2001) and Lindblad et al. (2022) for 
B. griffithi (Fig. 3B). The ascending process is short and the 
same width its entire extent (Figs. 2C, G, H, 3B, C, G, H). On 
the medial surface of the jugal, just rostral to the base of the 
ascending process of the postorbital bar, there is an enlarged 
fossa, in which the large siphonial foramen (also known as the 
medial jugal foramen) sits. This has been noted as unique to 
B. sternbergii specimens previously (Brochu, 1997; Gilmore, 
1910; Wu et al., 2001) but in fact is present more broadly in 
B. formidabilis as well (mentioned by Erickson, 1976; Wu 
et al., 2001; personal observation, 2023) and thus recoded for 
B. formidabilis for phylogenetic analysis, see below.

Postorbital—The postorbital is incompletely preserved in both 
DMNH EPV.136252 and DMNH EPV.60862 (Fig. 2A, C, E, H, 
I). The descending process forms the dorsal two-thirds of the 
slender postorbital bar, contacting the ascending process of the 
jugal caudomedially (Fig. 2C, G, H). The postorbital bar does 
not bear any prominent processes. The postorbital bar is inset 
medially from both the jugal and dorsal skull table and angled 
dorsocaudally (Figs. 2C, G, H, 4A). The postorbital contacts 
the parietal, squamosal, and quadrate, but the exact nature of 
these sutures cannot be discerned.

Parietal—The parietal is a singular, solid, co-ossified element, 
present in DMNH EPV.136252, 60862, and 144434, though 
damaged caudally in DMNH EPV.136252 (Fig. 2A, C, E, G–I) 
and obscured rostrally in DMNH EPV.144434 (Fig. 6A, B). In 
dorsal view, it is rounded and concave in its rostral contact 
with the frontal and V-shaped in its caudal contact with the 
supraoccipital (Fig. 2A, C, E, G–I). The deep concavity on the 
caudal surface resembles the supraoccipital-parietal contact in 
B. griffithi (Wu et al., 2001). The parietal enters the supratem
poral fossa, but because of incomplete preservation the extent 
of the rostrolateral process is unknown (Fig. 2A, E, I). The par
ietal forms the dorsomedial surface of the temporoorbital canal. 
Its contact with the laterosphenoid is visible in dorsal view in the 
rostromedial supratemporal fossa, and the parietal contacts the 
quadrate in a rostrocaudal suture within the fossa (Fig. 2A, E, 
I). In DMNH EPV.60862, the parietal contacts the prootic in 
the caudomedial supratemporal fossa. The parietal is not in 
contact with the squamosal on the posterior wall of the supratem
poral fenestra, being separated by the temporoorbital canal and 
is only in contact with the squamosal on the caudal skull table in a 
rostrocaudal, sinuous suture.

Supraoccipital—The supraoccipital is damaged in DMNH 
EPV.136252 and complete in DMNH EPV.60862 and DMNH 
EPV.144434, in which it occupies a small portion of the caudal 
skull table (Figs. 2A, C, E, G–I, 5, 6A, B). The supraoccipital 
occupies an equal portion of the caudal margin of the skull 
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FIGURE 4. Borealosuchus sternbergii. A, fossil material and B, CT slice of DMNH EPV.136252 and CT reconstruction of C, DMNH EPV.60862. A, 
right lateral view; B, midline sagittal slice showing location of the vomer; C, left lateral view (reflected). Abbreviations: bo, basioccipital; bs, basisphe
noid; eam, external auditory meatus; ex, exoccipital; fr, frontal; ls, laterosphenoid; n, nasal; p, parietal; pf, prefrontal; po, postorbital; pr, prootic; pt, 
pterygoid; q, quadrate; qj, quadratojugal; soc, supraoccipital; sq, squamosal; v, vomer; Vf, trigeminal foramen.
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table as the parietal is similar to the condition in B. griffithi (Wu 
et al., 2001) and unlike other species of Borealosuchus in which 
the supraoccipital occupies a much smaller amount of space 
(Fig. 7). The supraoccipital contributes a triangular portion of 
the skull table though in dorsal view, the ventrally deflecting 
lateral extent is also visible ventral to the caudolateral border 
of the parietal (Fig. 2A, E, I). In occipital view, the supraoccipital 
is triangular, tapering ventrally in its contact with the exoccipital 
and never contacting the squamosal (Fig. 5). Instead, it forms the 
medial border of the temporoorbital canal. The caudal border of 
the supraoccipital overhangs the occipital surface, and two 
shallow fossae are present lateral to a midline ridge.

Squamosal—The single preserved squamosal of DMNH 
EPV.136252 is quite damaged and those of DMNH EPV.60862 
and 144434 are incomplete (Figs. 2A, C, E, G–I, 4C, 5). The squa
mosal contacts the postorbital rostrally and a rostrolateral 
process extends to the postorbital bar as in B. griffithi (Wu 

et al., 2001; Fig. 4C). The caudolateral process of the squamosal 
extends caudal to the edge of the skull table nearly to the caudal 
most extent of the exoccipital paroccipital process, bearing no 
features and possessing horizontal sides (Fig. 5). In dorsal view, 
the squamosal is convex where it overhangs the external auditory 
meatus rather than concave as seen in the Alabama Borealosu
chus (McCormack, 2019) or linear as in the other species of Bor
ealosuchus (Fig. 2A, E, I, right side is complete). The squamosal 
comprises the dorsal border and dorsal half of the smooth caudal 
border of the external auditory meatus where it is in contact with 
the quadrate. In lateral view, the squamosal is convex dorsally 
and meets the quadrate in a linear, caudoventrally oriented 
suture (Fig. 4C). The rims of the squamosal groove are not pre
served. The caudal border of the squamosal overhangs the occi
pital surface creating a concave lateral occipital surface with the 
exoccipitals (Fig. 5). The squamosal forms the dorsolateral 
border of the temporoorbital canal.

FIGURE 5. Occipital view of Borealosuchus sternbergii fossil material (DMNH EPV.60862). A, fragmentary cranium; B, line drawing; C, CT recon
struction. Abbreviations: bo, basioccipital; bs, basisphenoid; ex, exoccipital; f.ae, foramen aerum; f.ca, foramen for the carotid artery; f.CNIX + X + vj, 
foramen for the glossopharyngeal nerve, vagus nerve, and jugular vein; f.CNXII, foramen for the hypoglossal nerve; f.mag, foramen magnum; p.cq, 
cranioquadrate passage; p, parietal; pt, pterygoid; q, quadrate; qj, quadratojugal; soc, supraoccipital; sq, squamosal.
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FIGURE 6. Concreted Borealosuchus sternbergii fossil material (DMNH EPV.144434). A, dorsal view of rostral skull region, medial view of dentaries, 
and caudal view of occipital region; B, line drawing of area indicated in (A); C, ventral view of palate, lateral view of left mandible, and ventral view of 
right mandible; D, line drawing of area indicated in (C); E, caudal view of incomplete humerus; F, rostral view of incomplete humerus; G, vertebra, 
enlarged from area indicated in (A); H, osteoderms. Abbreviations: a, angular; bo, basioccipital; d, dentary; ect, ectopterygoid; emf, external mandib
ular fenestra; ex, exoccipital; f.mag, foramen magnum; j, jugal; l, lacrimal; mx, maxilla; p, parietal; pa, palatine; pt, pterygoid; q, quadrate; sa, suran
gular; sp, splenial; sq, squamosal.
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Palatoquadrate

Maxilla—The maxilla of DMNH EPV.136252 (Fig. 3C, G, H) is 
only complete to the alveolus 11 (counted from caudal) on the 
left side and alveolus 9.5 (counted from caudal) on the right 
side and is likely missing alveoli 8 and 9.5, respectively 
(Gilmore 1910). Of the 20.5 alveoli present in DMNH 
EPV.136252, 13 preserve teeth. The alveoli are generally 
similar in size with a slight decrease in diameter in the final 3–4 
alveoli as the maxilla tapers mediolaterally. The two portions 
of maxillae preserved in DMNH EPV.60862 and that preserved 
of DMNH EPV.144434 also possess linear, similarly sized 
alveoli (Figs. 3D, F, 6C, D). The teeth are smooth, similarly 
sized, and circular in cross section and none of the tips of the 
crowns are preserved. The preserved portion of the tooth row 
of DMNH EPV.136252 is nearly linear with a slight lateral curva
ture (Fig. 3C, G, H). Triangular lingual occlusion pits for dentary 
teeth are present between the maxillary alveoli beginning rostro
medial to the 7th alveolus (counted from caudal). The five pre
served occlusion pits on the left side increase in size rostrally. 
There is a small neurovascular foramen present medial to the 
9th maxillary alveolus (counted from caudal) on the left side 
that may be for the palatine ramus of the trigeminal nerve (Fig. 
3C, G, H).

Caudally, the maxilla terminates rostral to the lower temporal 
bar and tapers mediolaterally between the laterally placed jugal 

and the medially placed ectopterygoid (Fig. 3C, G, H). The 
maxilla comprises much of the linear lateral border of the subor
bital fenestra, visible in DMNH EPV.136252, 60862, and 144434 
(Figs. 3C, D, G, H, 6C, D). The contact with the palatines is broad 
and occurs on the rostromedial border of the suborbital fenestra 
(Fig. 3C, G, H).

Ectopterygoid—There is a single ectopterygoid associated 
with the DMNH EPV.60862 material, however it is not articu
lated and non-Borealosuchus suchians have been identified 
from the same locality, so its assignment remains uncertain. 
The ectopterygoid is preserved in DMNH EPV.136252 and 
144434 (Figs. 3C, G, H, 6C, D) and is a rostrocaudally broad, 
mediolaterally thin element, potentially distinguishing it from 
B. threeensis (Brochu et al., 2012). A small, tapering rostral 
process passes medial to the caudal two alveoli, and the ectopter
ygoid is close to the maxillary tooth row (Fig. 3C, G, H). The 
ectopterygoid forms about one third of the caudolateral border 
of the suborbital fenestra terminating medial to the maxilla. The 
pterygoid ramus of the ectopterygoid extends a small flange into 
the fenestra, creating a convex caudolateral border of the suborbi
tal fenestra, also present in B. sternbergii. This flange is present on 
the right side of DMNH EPV.136252 (Fig. 3C, G, H) and incom
plete preservation of the left ectopterygoid and those of DMNH 
EPV.144434 makes it difficult to determine whether it is present 
on the left side. The caudolateral contact with the jugal is linear 

FIGURE 7. General shape and sutural relationships in dorsal view of: A, DMNH EPV.60862; B, DMNH EPV.136252; C, B. sternbergii; D, B. griffithi; 
E, B. formidabilis; and F, B. acutidentatus. Ventral view of G, DMNH EPV.136252; H, B. sternbergii; I, B. griffithi; J, B. formidabilis; and K, 
B. acutidentatus. Line drawings adapted from Brochu (1997), Sternberg (1932), and Wu et al. (2001).
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until the ascending process (Fig. 3C, G, H). There, the ectoptery
goid possesses a small tapered dorsal process along the medial 
postorbital bar up to the ventral extent of the postorbital. The 
ectopterygoid extends caudoventrally along the rostrolateral 
edge of the pterygoid, and tapers to a point, terminating before 
the caudal most extent of the pterygoid (Fig. 6C, D).

Palatine—The rostral process of the palatines is broad and U- 
shaped as in B. griffithi and B. sternbergii rather than tapering 
rostrally as in other Borealosuchus species (Erickson, 1976; 
Gilmore, 1910; Lindblad et al., 2022; Wu et al., 2001; Figs. 3C, 
G, H, 7). The process extends just past the rostral margin of 
the suborbital fenestra. The medial margin of the suborbital 
fenestra is slightly concave with some convexity rostrally, 
where the palatine extends laterally into the fenestra (Fig. 3C, 
G, H). Caudally, the lateral edges of the palatines are parallel. 
The palatines terminate caudally in a V-shaped contact with 
the pterygoids near the caudomedial border of the suborbital 
fenestrae (Fig. 3C, G, H).

Pterygoid—The pterygoid is incomplete in both DMNH 
EPV.136252 and DMNH EPV.60862 and its preservation 
makes distinguishing features difficult to describe in DMNH 
EPV.144434 (Figs. 3A, C, E, G–I, 4C, 6C, D). It forms the caudo
medial border of the suborbital fenestra and completely sur
rounds the internal choanae (Fig. 3C, G, H). The choanae are 
oriented slightly rostroventrally as the surface of the caudal 
portion of the pterygoid is oriented rostroventrally, though dis
tortion of the pterygoids may play a role in this orientation. 
The pterygoid surface is flush with the choanal margin, the 
choanal rim smooth, and there is a recessed septum separating 
the choanae. The lateral contact with the ectopterygoid is sub
linear (Fig. 6C, D). Caudally, the tall, caudal pterygoid processes 
form the rostral border of the median Eustachian foramen and 
contact the basisphenoid laterally (Fig. 5).

Vomer—The vomer is preserved in DMNH EPV.136252, 
though it is only visible in CT scan data and not in palatal view 
(Fig. 4B). It is a small, mediolaterally thin, oval element on the 
midline. It is present dorsal to the palatine, extending rostral 
from its contact with the pterygoid at the rostral extent of the 
descending process of the prefrontal at about the 3rd tooth 
(counted from caudal). It extends rostrally to between the 6th 
and 7th teeth (counted from caudal).

Quadrate—The quadrate is incomplete in both DMNH 
EPV.136252, 60862, and 144434 (Figs. 2–6). It is visible in 
contact with the parietal, squamosal, and prootic within the cau
domedial supratemporal fenestra (Fig. 2A, E, I). The quadrate 
surrounds most of the external auditory meatus, contacting 
the squamosal halfway up the dorsocaudal border (Fig. 4C), 
rather than at the caudoventral corner as in the Alabama Bor
ealosuchus (McCormack, 2019), and at the rostrodorsal meatus. 
In ventral view, the quadrate-exoccipital suture extends rostro
medially (Fig. 3A, C, E, G–I). The cranioquadrate passage is 
present at the caudolateral extent of the suture in ventral 
view. It opens caudolaterally, bounded by a dorsally extending, 
rostrocaudally oriented ridge on the quadrate ventrolaterally 
and the exoccipital dorsomedially (Fig. 5). The ventral surface 
of the quadrate exhibits a curved ridge following the caudal 
border, an attachment for the adductor musculature of the 
jaw apparatus (Fig. 3A, E, I). On the smooth dorsomedial 
angle of the quadrate ramus, the foramen aerum is present 
and small, positioned rostrally at the caudal extent of the paroc
cipital process of the exoccipital (Fig. 5). The medial hemicon
dyle is small, with an articular surface angled ventromedially. 
The condyles are distinct, with a sulcus between, and the 
rounded lateral hemicondyle does not extend as far caudally 
as the medial (Fig. 5). Though interpretation is difficult in the 
specimens, the quadrate likely also forms the caudal border of 
the trigeminal fossa, contributing to the lateral braincase wall 
(Fig. 4C).

Quadratojugal—The quadratojugal is only preserved as a 
small piece of bone dorsolateral to the left quadrate of DMNH 
EPV.60862 and too poorly preserved in DMNH EPV.144434 
for further description (Figs. 2–5). The sigmoidal sutural 
surface is apparent further rostrally but incomplete preservation 
precludes a more-detailed description.

Braincase

Laterosphenoid—The laterosphenoids of DMNH EPV.60862 
and 136252 are minimally preserved and difficult to interpret 
(Figs. 2, 3, 4C). They form some of the rostral border of the tri
geminal fossa, the entire laterosphenoid bridge (visible in CT 
data), and the rostrolateral braincase wall. Dorsally, the latero
sphenoid is in contact with the frontal and parietal and poten
tially the postorbital, caudally with the prootic (medially) and 
quadrate (laterally), and ventrally with the basisphenoid (Fig. 
2A, C, E, G–I). The laterosphenoid is visible in dorsal view, 
forming the rostromedial floor of the supratemporal fossa. The 
capitate process is oriented rostrocaudally.

Prootic—The prootics of DMNH EPV.60862 and 136252 are 
visible in lateral view ventral to the quadrate and dorsal to the 
basisphenoid at the caudal border of the trigeminal fossa (Fig. 
4C). The prootic contributes to the lateral braincase wall and 
forms the caudomedial border of the trigeminal fossa. Rostrally 
it contacts the laterosphenoid (Fig. 4C), dorsally the parietal and 
potentially the supraoccipital, caudally the exoccipital, laterally 
the quadrate (Fig. 2A, E, I), and ventrally the basisphenoid. 
The prootic is three-dimensionally complex; only visible in the 
CT data are foramina for the facial and vestibulocochlear 
nerves (cranial nerves VII and VIII, respectively) on its medial 
surface and the rostral half of the semicircular canals. The 
prootic is visible in dorsal view, forming a portion of the caudo
medial floor of the supratemporal fossa and temporoorbital canal 
(Fig. 2A, E, I).

Exoccipital—The exoccipital (here including the fused 
opisthotics) is preserved in DMNH EPV.60862, 136252, and 
144434 and makes up much of the caudal surface of the skull 
and caudolateral surface of the braincase (Fig. 5). Rostrally it 
contacts the basisphenoid and prootic, ventrally the basioccipital, 
dorsally the supraoccipital and squamosal, and laterally the 
quadrate (Figs. 2A, E, I, 3A, E, I, 4C). The dorsal articulation 
with the supraoccipital is concave and the exoccipital forms the 
ventral border of the temporoorbital canal (Fig. 5). At its 
midline, the exoccipitals remain unfused dorsal to the foramen 
magnum. The exoccipital surrounds the foramen magnum, dor
sally and laterally, extending processes ventromedially, terminat
ing dorsolateral to the basioccipital tubera (Fig. 5). The smooth 
paroccipital process extends laterally, remaining dorsoventrally 
broad to its lateral extent. The ventral edge of the process is a 
ridge that overhangs and forms the dorsomedial border of the 
cranioquadrate passage, as described in B. formidabilis (Erick
son, 1976; Fig. 5). Ventral to this ridge and dorsal to the ridge- 
like contact with the quadrate in a mediolaterally oriented 
depression are the foramina for the glossopharyngeal (cranial 
nerve [CN] IX), vagus (CN X), and hypoglossal nerves (CN 
XII; Fig. 4). These nerves exit through numerous foramina 
located just ventrolateral to the foramen magnum, with the for
amina for the hypoglossal nerve located medial to the fossa 
housing the foramina for the glossopharyngeal and vagus 
nerves and the jugular vein (Fig. 5). Ventral to these foramina, 
there is a larger foramen for the passage of the carotid artery. 
The exoccipital extends a slender process ventral to the 
foramen for the carotid artery to the broadest portion of the 
basioccipital.

The exoccipital houses the caudal half of the semicircular 
canals. On its medial surface, the foramina for the 
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glossopharyngeal and vagus nerves (CN IX and X, respectively) 
are present rostrodorsal to the foramina for the hypoglossal 
nerve (CN XII).

Basisphenoid—Like the laterosphenoid, the basisphenoid of 
DMNH EPV.60862 and 136252 is incomplete and difficult to 
interpret (Figs. 3A, C, E, G–I, 4C). The basisphenoid forms the 
rostral floor of the braincase, contacting the laterosphenoid, 
quadrate, and prootic dorsally forming a smooth rostral brain
case wall, pterygoid and palatine ventrally, and the exoccipital 
and basioccipital caudally. It appears to form some of the 
ventral portion of the trigeminal fossa though it is not exposed 
extensively on the braincase wall rostral to the trigeminal 
foramen (Fig. 4C). Only visible in the CT data, foramina for 
the palatine ramus of the facial nerve are present in DMNH 
EPV.60862 ventrolateral to where the basisphenoid rostrum 
would extend and the lateral carotid foramen opens lateral to 
the basisphenoid. The basisphenoid is exposed caudolaterally, 
as a thin dorsoventrally oriented strip present between the quad
rate and the basioccipital (Fig. 5). In occipital view, the basisphe
noid is exposed as a broad sheet between the basioccipital 
dorsally and the pterygoids ventrally. It forms the rostral 
border of the median and more dorsally located lateral Eusta
chian openings.

Basioccipital—The basioccipital is preserved in DMNH 
EPV.60862, 136252, and 144434 (Figs. 3A, C, E, G–I, 5). The 
basioccipital forms the caudal floor of the braincase, contacting 
the basisphenoid and palatine rostrally and the exoccipital dor
sally (Fig. 5). It forms the ventral border of the foramen 
magnum and caudal border of the median and lateral Eustachian 
openings. The ovate occipital condyle extends caudally with a 
concave ventral margin. Ventral to the occipital condyle, the 
basioccipital extends ventrally, flaring laterally and then narrow
ing and presenting a dorsoventrally trending ridge along its 
midline (Fig. 5). This ventral surface faces posteriorly, though 
the angle is more similar to B. sternbergii (Gilmore, 1910) than 
the posteriorly facing surface in the Alabama Borealosuchus 
(McCormack, 2019).

Mandible

Lower jaws are only preserved in DMNH EPV.144434 and 
these are fragmentary, with preparation and preservation reveal
ing only left and right dentaries and partial splenials and angu
lars, and a left partial surangular (largely obscured in medial 
view; Fig. 6C, D). The mandible has linear margins and possesses 
an ovate external mandibular fenestra with a rostroventrally 
oriented axis that tapers rostrally and is rounded caudally.

Dentary—Only visible in dorsal and lateral views, the dentary 
is elongate and linear in both (Fig. 6A–D). It is dorsoventrally 
short, only tapering slightly from the caudal most alveolus to 
its rostral extent. The left dentary preserves at least 12 similarly 
sized alveoli but likely contained at least 19, the exact number is 
unknown because of poor preservation. Most teeth are missing 
the tips of their crowns and are circular in cross section, with 
one complete, smooth conical tooth that tapers to a point. In 
lateral view, the posterior portion of the dentary expands dorso
ventrally to form much of the rostral border of the external man
dibular fenestra (Fig. 6C, D). The dorsal posterior process forms 
two-thirds of the dorsal border, articulating with the surangular 
rostral to the caudodorsal corner of the external mandibular 
fenestra. The ventral process forms one-third of the ventral 
border, articulating with the angular (Fig. 6C, D).

Splenial––The caudal portion of the splenial is visible in lateral 
view, having disarticulated and been displaced ventrally (Fig. 6C, 
D). It extends caudally to the rostral border of the external man
dibular fenestra, where it would have contacted the dentary and 
angular.

Angular––The angular forms the rounded caudoventral edge 
of the mandible in lateral view (Fig. 6C, D). The ventral rostral 
process forms the caudal border of the external mandibular 
fenestra and tapers to a point between the dentary and displaced 
splenial at the level of the caudal most alveolus. The dorsal 
rostral process also tapers rostrally, forming the caudoventral 
border of the external mandibular fenestra (Fig. 6C, D). The 
angular articulates with the surangular halfway up the caudal 
border of the external mandibular fenestra in a caudodorsally 
oriented, linear suture. The retroarticular process is not 
preserved.

Surangular––The surangular forms the caudodorsal portion of 
the mandible in lateral view (Fig. 6C, D). It possesses a tapering 
rostral process that articulates with the dorsal caudal process of 
the dentary and extends to the caudal most extent of the tooth 
row. Caudal to the external mandibular fenestra, the dorsal 
edge of the surangular swells laterally (Fig. 6C, D). No articula
tion with the articular is visible.

Postcrania and Other Material

Only DMNH EPV.144434 possesses an incomplete left 
humerus and vertebra and several osteoderms (Fig. 6E–H). 
The proximal end of the humerus deflects sharply toward 
where the articular surface would be, however it is broken proxi
mally and missing the articular surface and deltopectoral crest 
(Fig. 6E, F). The straight shaft narrows distally and then 
expands towards the distal condyles. The medial and lateral 
condyle extend distally to the same extent, expanding medially 
and laterally. They are separated by a shallow depression on 
the caudal and distal surface and are separated from the shaft 
on the rostral surface by a mediolaterally oriented ridge. In 
ventral view, the condyles are angled rostrolaterally. The verte
bra is procoelus and has a rostrocaudally oriented keel on the 
ventral surface of the centrum indicating it is a cervical vertebra 
(Fig. 6G). The osteoderms are dorsoventrally thin, possess no 
keel, and have broad, shallow ridges between randomly arranged 
pitting as seen in other species of Borealosuchus (e.g., Erickson, 
1976; Lindblad et al., 2022; McCormack, 2019; Wu et al., 2001; 
Fig. 6H). It is difficult to discern whether a smooth rostral 
margin is present. The osteoderms are subrectangular and 
there may be several with rostromedial processes similar to 
that of other species of Borealosuchus (Brochu et al., 2012; Lind
blad et al., 2022; McCormack, 2019).

There are also postcranial elements (largely osteoderms) from 
the Colorado Bluffs study area that likely belong to Borealosu
chus sternbergii (in DMNH and UCM collections, Figs. S1–S3). 
The osteoderms (Fig. S1B–F) are similar to those described 
above although larger. A maxilla fragment (Fig. S2G–H) has a 
flat dorsal surface in lateral view, a lateral swelling at what is 
likely the 4th and 5th maxillary alveoli, and a rostral upturn at 
what is likely the 2nd and 3rd maxillary alveoli, resembling 
that of other species of Borealosuchus (e.g., Gilmore, 1910; Lind
blad et al., 2022; Wu et al., 2001). A poorly preserved, partial 
cranium (Fig. S2) possesses a flat dorsal maxillary surface in 
lateral view as well, orbits that taper rostrally, elongate suborbital 
fenestrae, and a palatine with parallel margins as in the Borealo
suchus sternbergii material described above.

Material (largely osteoderms and fragmentary cranial 
material) is known from West Bijou, a locality spanning the K– 
Pg boundary about 45 miles to the northeast of the Corral 
Bluffs study area (in DMNH and UCM collections, Fig. S1). 
The osteoderms (Figs. S1A, S3B, D, E) and a maxillary fragment 
(Fig. S3A) are as described above and a frontal fragment with 
shallow pitting (Fig. S3C) is known from the same site as the 
maxilla fragment and some osteoderms. Fragmentary cranial 
material has been described from the Alexander Site in Littleton, 
Colorado (Middleton, 1983; Fig. 1). None of this isolated, 
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fragmentary material allows for identification beyond Borealosu
chus sp., but given the material was found in the same sediments 
as the crania referred to B. sternbergii, we herein tentatively refer 
this material to the same taxon.

PHYLOGENETIC RELATIONSHIPS

Phylogenetic Results

Analysis of the individual DMNH specimens recovered the 
identical topology, placing all three specimens into an unresolved 
trichotomy in a strict consensus tree from 511 most parsimonious 
trees (MPTs) with a tree score of 27.50606 (consistency index, CI  
= 0.30; retention index, RI = 0.77; see Supplementary Material). 
The combined analysis produced 473 most parsimonious trees 
(MPTs) with a tree score of 27.46195. We condensed those 
MPTs into a strict consensus tree (Fig. 8).

High Bremer supports (0.04, low with respect to other results 
yielded from the Brochu matrix) indicate that the placement of 
the Borealosuchus species complex is less robustly supported 
with respect to allodaposuchids and the clade comprising Brevir
ostres (last common ancestor of Alligator mississippiensis and 
Crocodylus niloticus and all its descendents; Brochu, 2003) and 
Planocraniidae than other relationships reflected in the phylo
geny. The DMNH specimens are found in a polytomy with 
B. sternbergii and a clade including the rest of the species of Bor
ealosuchus in the strict consensus tree (Fig. 8). In other studies, 
B. sternbergii is not always found in a monophyletic clade with 
other species of Borealosuchus (e.g., Cossette & Brochu, 2020; 
Delfino & Smith, 2012). Here, further Borealosuchus sp. place
ment reflects previous observations by some authors (e.g., 
Brochu et al., 2012; Delfino et al., 2005; Hastings et al., 2016; 
McCormack, 2019).

We find Borealosuchus defined by the following synapomor
phies: atlantal ribs with modest dorsal process on dorsal margin 
(character 6[0]), an anterior half of the axis neural spine that 
slopes anteriorly (character 11[1]), very long and slender limb 
bones (character 36[1]; autapomorphy), a fourth dentary alveo
lus that is larger than the third and with separated alveoli (char
acter 47[0]), coronoid with rostrally sloping superior edge 

(character 56[0]), nasals excluded externally from the naris 
with the nasals and premaxillae still in contact (character 82 
[2]), occlusion pits between 7th and 8th maxillary teeth with all 
other dentary teeth occluding lingually (character 92[1]), a maxil
lary toothrow that curves laterally broadly posterior to the first 
six maxillary alveoli (character 94[1]), and a large medial jugal 
foramen (character 102[1]). Whereas we are unable to assess 
characters 6, 11, 36, 47, 56, 82, or 94, DMNH EPV.60862 and 
DMNH EPV.136252 possess large medial jugal foramina and 
DMNH EPV.136252 does possess some occlusion pits.

Borealosuchus sternbergii exclusive of DMNH EPV.60862, 
DMNH EPV.136252, and DMNH EPV.144434 is supported by 
a surangular with a spur that borders the dentary toothrow (char
acter 62[0]) and lateral edges of palatines with a lateral process 
projecting from the palatines into the suborbital fenestra (char
acter 117[1]). We cannot assess characters 62 or 117 in DMNH 
EPV.60862 or 144434. However in DMNH EPV.136252, the pala
tines broaden near their rostral contact with the maxillae but 
preservation obscures whether a distinct ear-shaped process is 
present as in Leidyosuchus canadensis (Wu et al., 2001), 
B. griffithi (Lindblad et al., 2022). In B. sternbergii (USNM 
6533) this region is asymmetric with the left palatine displaying 
a shelf-like process not as distinct as L. canadensis or 
B. griffithi, and the feature is absent on the other side. Scoring 
this character with ambiguity indicates that no concrete charac
ters separate DMNH EPV.60862, DMNH EPV.136252, or 
DMNH EPV.144434 from B. sternbergii and therefore we refer 
these specimens to B. sternbergii.

Characters do differentiate B. sternbergii, DMNH EPV.60862, 
DMNH EPV.136252, and DMNH EPV.144434 from the remain
ing Borealosuchus species. Namely, both DMNH EPV.60862, 
DMNH EPV.136252, and B. sternbergii possess concavo-convex 
frontoparietal sutures between the supratemporal fenestrae 
(character 151[0]) whereas this suture is linear in 
B. formidabilis, the Alabama Borealosuchus, B. acutidentatus, 
B. wilsoni, and B. threeensis. Additionally, as evident in DMNH 
EPV.136252 and B. sternbergii, the palatine process is broad ros
trally (character 116[0]) rather than a thin wedge, the pterygoid 
ramus of the ectopterygoid is not straight (character 119[1]), 
and the lacrimal is longer than the prefrontal (character 130[0]) 
rather than both being elongate and of the same length.

DMNH EPV.60862 and 144434 are not defined by any apomor
phies but DMNH EPV.136252 is scored as distinct in the lack of 
rostral extent of its palatine process (character 115[1]). When 
examining the rostral extent of the palatine process in 
B. sternbergii (scored as having a palatine process extending signifi
cantly beyond the suborbital fenestra), there is asymmetry in 
B. sternbergii (USNM 6533, USNM 5898, Gilmore, 1910) in that 
the left rostral palatine process and right suborbital fenestra 
extend further rostrally than the right and left, respectively. The 
palatal morphology of the right halves of these skulls is comparable 
to that of DMNH EPV.136252 and therefore this character is not 
enough to distinguish DMNH EPV.136252 from B. sternbergii 
further supporting the referral. When combined, the Denver 
Basin taxa are distinguished by rostroventrally oriented choanae 
(character 122[1]). However, this scoring is tentative because of 
the juvenile state and incompleteness of the specimens.

Though B. griffithi has never been included in a matrix and was 
not scored for this study, we find a number of features that differ
entiate it from the DMNH specimens. Particularly, B. griffithi has 
a deep elongated recess of the jugal’s anteroventral surface, a 
maxillary process extending between the jugal and lacrimal, 
large pits on the parietal, and lateral margin of the palatine 
with an ear-like process, none of which are present in DMNH 
EPV. 60862 and 136252 (Lindblad et al., 2022; Wu et al., 2001).

We find no characters distinguishing Borealosuchus formidabilis 
from the remaining species of Borealosuchus (Alabama Borealo
suchus, B. acutidentatus, B. threeensis, and B. wilsoni). Three 

FIGURE 8. Strict consensus tree showing the recovered phylogenetic 
placement of Borealosuchus sternbergii specimens relative to other 
known Borealosuchus. Numbers above node represent combined 
Bremer support values and numbers below node represent Bootstrap 
values from 2000 repetitions. We list Bootstrap for all Borealosuchus; 
outside the Borealosuchus species complex, the cutoff is 50%.
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characters not preserved or observable in DMNH EPV.60862 and 
135252 define the clade including the Alabama Borealosuchus, 
B. acutidentatus, B. threeensis, and B. wilsoni: sutured, paired 
ventral osteoderms (character 42[2]), a dentary symphysis that 
extends to the fourth or fifth alveolus (character 49[0]), and an 
external mandibular fenestra that is present as a narrow slit with 
no discrete fenestral concavity on the dorsal margin of the 
angular (character 63[1]). The DMNH specimens are distinct 
from the Alabama Borealosuchus in that it has a squamosal-quad
rate suture that extends only to the posteroventral corner of the 
external auditory meatus (character 148[1]), whereas this suture 
extends further dorsally in the DMNH specimens. An additional 
two characters not observed in the DMNH specimens define the 
Alabama Borealosuchus: Round dorsal margin of the iliac blade 
with a modest dorsal indentation (character 34[1]) and a truncated 
surangular that does not continue dorsally to the glenoid fossa 
(character 67[1]). The DMNH specimens are distinct from the 
clade containing B. threeensis, B. acutidentatus, and B. wilsoni in 
that the postorbital and parietal are in broad contact (character 
150[1]) and in a character not observed in the DMNH specimens; 
the splenial is excluded from the mandibular symphysis (character 
54[1]). Within this clade, we find no characters distinguishing 
B. acutidentatus. B. wilsoni is distinguished by a lingual foramen 
that perforates the surangular/angular suture (character 69[1]). 
B. threeensis is distinguished by a surangular-dentary suture inter
secting the posterodorsal corner of the external mandibular fenes
tra (character 64[1]) rather than intersecting rostral to the 
posterodorsal corner as observed in DMNH EPV.144434.

DISCUSSION

Ontogeny

DMNH EPV.60862 is estimated to have a total length of 127.12 
cm and DMNH EPV.136252 is estimated to have a total length of 
155.98 cm (Table 1). Total lengths from 3–5 meters have been 
hypothesized for species of Borealosuchus (Farlow et al., 2005; 
Iijima & Kubo, 2020), and Lindblad et al. (2022) identified a 
specimen of Borealosuchus with open neurocentral sutures 
(indicative of immaturity [Brochu, 1996]) of approximately 2 
m. Therefore, it is reasonable to assume immaturity for the 
DMNH specimens.

Additional features indicate a sub-adult state including the 
barely prominent ridge on the ventral surface of the quadrate 
of DMNH EPV.60862 (McCormack, 2019). This ridge is an 
attachment for the jaw adductor musculature and is prominent 
in more ontogenetically mature individuals such as the 
Alabama Borealosuchus (McCormack, 2019). The rectangular 
skull table has also been identified as a feature of small crocody
lian specimens (Cossette et al., 2022). Mook (1921) identified 
several characteristics in crocodylians that are ontogenetically 
variable, two of which are represented in their sub-adult states 
in the DMNH specimens. These include: the center of the supra
temporal fenestra located lateral to the medial border of the 
orbit (supratemporal fenestrae migrating medially through onto
geny), and relatively large orbits compared with other Borealo
suchus specimens (orbit relative size decreasing through 
ontogeny; Mook, 1921). The bowed frontal noted above in 
DMNH EPV.60862 is another likely ontogenetic feature reflect
ing the relatively large eye and brain in young individuals 
(Harris, 2015; Mook, 1921; Watanabe et al., 2019). Erickson 
(1976) also noted several ontogenetically variable features 
upon observation of numerous B. formidabilis specimens that 
are also present in their sub-adult states in the DMNH speci
mens. These include delicate sculpturing of cranial elements 
(De Buffrénil et al., 2015), alveoli present in a groove (not dis
tinct), and the placement of the choanae close to the suborbital 
fenestrae.

Immature ontogenetic status may play a role in ambiguous 
phylogenetic placement. A tendency of immature individuals to 
be recovered on the stem of their clade has been documented 
(Campione et al., 2013; Tsuihiji et al., 2011). For this reason, no 
new species is erected for the DMNH specimens as they likely 
represent a sub-adult of B. sternbergii. Alternatively, their basal 
placement by this study with respect to other species of Borealo
suchus may be an artificial representation of phylogenetic 
placement.

Biogeographic and Temporal Implications

These specimens expand the geographic range of the Borealo
suchus species complex into central Colorado, the next closest 
being B. wilsoni from southern Wyoming and northern Colorado 
(Hester, 2018) and B. sp. from Texas (Brochu, 2000; Fig. 10). 
There are purported B. acutidentatus and B. wilsoni from the 
late Paleocene and early Eocene of New Mexico (Cope, 1875; 
Lucas, 1988; Lucas & Sullivan, 1986) but these identifications 
are not analyzed (Brochu, 1997). Our new finds fill a spatial 
gap in southern North America during the Paleocene, where 
species of Borealosuchus are only known from Canada, North 
Dakota, and Texas (Fig. 10). Temporally, the holotype of 
B. sternbergii is from the latest Cretaceous (Maastrichtian), and 
other material from the lower Paleocene Tullock Formation of 
Montana and Ludlow Formation of North Dakota has tentatively 
been referred to B. sternbergii (Brochu, 1997). Our finds defini
tively expand this range for B. sternbergii across the K–Pg bound
ary into the early Paleocene. Importantly, B. sternbergii, along 
with the soft-shell turtle Axestemys infernalis (Joyce et al., 
2019), represent the two largest vertebrates from North 
America that survive the end-Cretaceous mass extinction.

The trans-quadratic skull proxy for body size (O’Brien et al., 
2019) suggest B. sternbergii specimens up to ∼230 cm and body 
mass of ∼55 kg (UCMP 173976; Table 1). Large body size is gen
erally selected against across the K–Pg boundary, exemplified by 
the extinction of all non-avian dinosaurs (MacLeod et al., 1997), 
as well as large birds (Field et al., 2018), mammals (Wilson, 2013), 
and anurans (Feijó, et al., 2023). B. sternbergii and A. infernalis 
both run counter to this trend and their inferred generalist 
diet, slow metabolism, and inhabitation of aquatic environments 
likely helped these taxa persist across the K–Pg boundary (Buf
fetaut, 1990; Robertson et al., 2004).

Of other Borealosuchus species, only the Alabama Borealosu
chus is known from the Late Cretaceous (Campanian). 
B. threeensis is found in a deposit hypothesized to represent 
the K–Pg boundary (Obasi et al., 2011; Voegele et al., 2021), 
whereas B. griffithi is known from the early Paleocene, 
B. acutidentatus and B. formidabilis from the middle Paleocene, 
and B. wilsoni from the early Eocene (Figs. 9, 10). The western 
Maastrichtian and early Paleocene occurrence of B. sternbergii, 
the most basal member of Borealosuchus, eastern K–Pg occur
rence of B. threeensis, and eastern Campanian appearance of 
the Alabama Borealosuchus mean that the pattern of dispersal 
of the clade remains mysterious as earliest records are from 
both sides of the Western interior Seaway (McCormack, 2019; 
Williams et al., 2018) and post- K–Pg occurrences of species of 
Borealosuchus are widespread.

Eusuchians co-occurring in the Denver Basin during the early 
Paleocene include a Navajosuchus-like, blunt-snouted, globe- 
toothed alligatorine (Lyson et al., 2019) indicating occupation 
of separate niches. The relatively longirostrine members of the 
Borealosuchus species complex are expected to have occupied 
a generalist niche, with a potential specialization for piscivory 
based on its elongate rostrum, dentition, and orbit placement 
(Erickson, 1976; Stout, 2012). The piscivorous niche has also 
been hypothesized for champsosaurs (Erickson, 1972) which 
have also been recorded from the region (Middleton, 1983), 
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FIGURE 9. Time-calibrated phylogeny including new Borealosuchus sternbergii specimens as a transparent box, extending the previous known range. 
Dotted line for B. griffithi represents tentative phylogenetic placement (Wu et al., 2001).
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although are rare compared with the two eusuchian taxa (Lyson 
et al., 2019). Limb proportions have been hypothesized to indi
cate terrestrial specialization in species of Borealosuchus (Erick
son, 1976). However, comparative data reveal limb proportions 
are more complicated and hypothesizing locomotor strategy is 
more complex; members of the Borealosuchus species complex 
have similar hindlimb ratios to crocodyloids, similar forelimb 
ratios to alligatoroids, and an average stylopodial length (Iijima 
et al., 2018), perhaps indicating the ancestral condition for 
Crocodylia.

CONCLUSIONS

These specimens extend the record of B. sternbergii across the 
K–Pg boundary, adding a record of eusuchian extinction survi
vorship. In addition to a temporal expansion, these specimens 
expand the geographic range of the Borealosuchus species 
complex into Colorado and contribute to a better understanding 
of the ontogeny of B. sternbergii, as the most immature speci
mens documented. Overall, they fill an important gap in the 
fossil record of the Borealosuchus species complex and help 

constrain biogeographic dispersal patterns for the clade. Analysis 
of B. griffithi and discovery and identification of more members 
of Borealosuchus from eastern deposits are the logical next 
steps in clarifying phylogenetic relationships and dispersal of 
species of Borealosuchus.
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