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A new crocodylian (Eusuchia) from the uppermost Cretaceous
of Alberta, Canada1

Xiao-Chun Wu and Donald B. Brinkman

Abstract: Albertosuchus knudsenii gen. et sp. nov. is described on the basis of an incomplete skeleton from the lower part
(uppermost Cretaceous) of the Scollard Formation, southern Alberta, Canada. It is probably a crocodyloid, the only Canadian
representative of the group and also the sole crocodylian known during the latest Cretaceous in Canada. Within the Crocody-
loidea, A. knudsenii is one of the most basal forms and shares a sister-group relationship with the European genus Arenysuchus.
However, it needs to be emphasized that because of its incompleteness, phylogenetic relationships proposed here for A. knudsenii
may change when better-preserved specimens are found. Albertosuchus knudsenii differs from other crocodyloids in having no
premaxilla-maxillary notch, a very short mandibular symphysis with the involvement of the splenial, and an extremely deep
hypapophysis on the last cervical and anterior dorsal vertebrae. The discovery of A. knudsenii may expand the geographical range
of the Crocodyloidea into Canada during the Cretaceous. Crocodylians in the lower part of the Scollard Formation are of low
diversity compared with that of the corresponding Hell Creek Formation of Montana and Lance Formation of Wyoming, both
farther to the south in the USA.

Résumé : Albertosuchus knudsenii gen. et sp. nov. est décrit sur la base d’un squelette incomplet provenant de la partie inférieure
(Crétacé sommital) de la Formation de Scollard, dans le sud de l’Alberta (Canada). Il s’agit probablement d’un crocodiloïde, le seul
représentant canadien du groupe et également le seul crocodilien connu du Crétacé terminal au Canada. Au sein des crocodiloï-
dés, A. knudsenii est une des formes les plus basales et partage un lien de groupe-frère avec le genre européen Arenysuchus.
Il importe toutefois de souligner que, en raison de son caractère incomplet, les relations phylogénétiques proposées ici pour
A. knudsenii pourraient changer avec la découverte de spécimens mieux préservés. Albertosuchus knudsenii se distingue d’autres
crocodiloïdes par l’absence d’encoche prémaxillaire-maxillaire, une symphyse mandibulaire très courte avec intervention du
splénial et une hypapophyse extrêmement profonde sur la dernière vertèbre cervicale et les vertèbres dorsales antérieures. La
découverte d’A. knudsenii pourrait élargir l’aire de répartition géographique des crocodiloïdés jusqu’au Canada durant le Crétacé.
Les crocodiliens dans la partie inférieure de la Formation de Scollard présentent une faible diversité par rapport à celle des
Formations correspondantes de Hell Creek au Montana et de Lance au Wyoming, toutes deux situées plus au sud, aux États-Unis.
[Traduit par la Rédaction]

Introduction
Crocodylians are an important part of most Late Cretaceous and

Palaeocene vertebrate assemblages in the Western Interior of
North America. In Canada, crocodylian remains are common in
the middle–upper Campanian Dinosaur Park Formation, where at
least three taxa are present: Leidyosuchus canadensis (Lambe 1907;
Brochu 1997; Wu et al. 2001a), Albertochampsa langstoni (Erickson
1972), and one or more Stangerochampsa-like forms (Wu 2005). Croco-
dylian remains are rare in the upper Campanian – lower Maas-
trichtian Horseshoe Canyon Formation, and only a single taxon,
Stangerochampsa mccabei, has been recognized in this unit (Wu
et al. 1996). The rarity of crocodylians in this unit is likely associ-
ated with latitudinal patterns of distribution and a southern shift
of a latitudinal diversity gradient resulting from cool mean an-
nual temperatures during that time (Brinkman and Eberth 2006).
Isolated crocodylian remains, such as fragments of osteoderms,
are abundant in the uppermost Maastrichtian and lower Palaeo-
cene Scollard Formation, but our understanding of the diversity
of crocodylians in this unit is incomplete because few articulated

specimens have been recovered. The only crocodylian that has
been named from the Scollard Formation is Borealosuchus griffithi
(Wu et al. 2001b), which was preserved a few meters above the base
of the Palaeocene part of the Scollard Formation. Our poor under-
standing of crocodilian remains from the upper Maastrichtian
portion of the Scollard Formation contrasts with temporally
equivalent formations father to the south in Montana and adja-
cent states, where a high diversity of crocodylians is present (Estes
1964; Bryant 1989; Brochu 1997, 1999).

In this paper, we describe a partial skeleton of a crocodilian that
was collected in 2002 from the basal part of the upper Maas-
trichtian part of the Scollard Formation, north of Dry Island
Buffalo Jump Provincial Park along the Red Deer River Valley,
southern Alberta, Canada (Fig. 1). This specimen consists of an
incomplete skull, with the mandible and associated postcranial
elements (Figs. 2–4). The combination of a relatively narrow and
elongate profile of the skull, the round rostrum, the lack of a
premaxilla-maxillary notch, and the exposure of the supraoc-
cipital on the skull roof suggest that the Scollard crocodylian
represents a previously unknown taxon. The discovery of this
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new crocodylian not only helps fill a gap in our understanding
of crocodylian diversity in Canada during the late Maastrichtian,
but also indicates that the crocodylian community was more di-
verse than previously thought in North America during this time.

As indicated by our phylogenetic analysis (see below), avail-
able evidence suggests that the new crocodylian is probably a
basal crocodyloid. For that reason, we mainly compared the new
taxon to closely related fossil and certain extant crocodyloids
(e.g., Asiatosuchus germanicus, Brachyuranochampsa, Prodiplocynodon,
Arenysuchus, and Crocodylus) and to other taxa from the Upper Cre-
taceous and lower Palaeocene of the North America Western Interior
(e.g., Borealosuchus, Leidyosuchus, Stangerochampsa, and Brachychampsa),
but also to other relevant fossil and extant noncrocodyloids (e.g.,
Diplocynodon, Alligator, and Caiman). Our comparisons relied on
published literature (e.g., Berg 1966; Brochu 1999; Delfino and
Smith 2012; Puértolas et al. 2011; Puértolas-Pascual et al. 2014;
Gilmore 1911; Mook 1941; Norell et al. 1994) and examination of
original and cast specimens (see Appendix A).

Institutional abbreviations
AMNH, America Museum of Natural History, New York, USA;

CMN, Canadian Museum of Nature, Ottawa, Ontario, Canada; TMP,
Royal Tyrrell Museum of Palaeontology, Drumheller, Alberta, Can-
ada; UCMP, University of California Museum of Paleontology,
Berkeley, California, USA; and USNM, United States National
Museum of Natural History, Smithsonian Institution, Washing-
ton, D.C., USA.

Geological setting
The Scollard Formation in the Red Deer River Valley of southern

Alberta is usually divided into two parts: a lower, noncoaly por-

tion that is late Maastrichtian in age and an upper, coaly portion
that is earliest Palaeocene in age (e.g., Eberth and O’Connell 1995).
The base of the upper coaly unit is at the Nevis (#13) Coal Seam
(25 cm thick). A 5 cm thick clay about 10 cm above the base of
the Nevis coal seam marks the K–Pg boundary (Lerbekmo and
St. Louis 1986; Langenberg et al. 2007). This is in general concordance
with the position of the boundary in Montana, USA, where the
K–Pg boundary is located at the base of the Z-coal seam (McCone
County) or IrZ-coal seam (Ir indicates an anomalously high con-
centration of the element iridium (Garfield County)) of the
Tullock Formation, and in southwest Saskatchewan where the
boundary is located at the base of the lowest coal seam (Ferris coal
seam) of the Ravenscrag Formation (Baadsgaard et al. 1988; Bryant
1989; Swisher et al. 1993). The new crocodylian specimen (TMP
2002.57.06) occurred about 5 m above the base of the noncoaly,
upper Maastrichtian portion of the Scollard Formation at Knudsen’s
Ranch. The fossil locality is situated in a coulee on the west side of
the Red Deer River valley, about 2 km west from the Red Deer
River (Fig. 1). In this area, the lower (noncoaly) portion of the
Scollard Formation is approximately 35 m thick. Thus the speci-
men was found approximately 30 m below the K–Pg boundary.

Systematic palaeontology
Eusuchia Huxley, 1875
Crocodylia Gmelin, 1789 (sensu Clark in Benton & Clark 1988)
Crocodyloidea Fitzinger, 1826 (sensu Brochu 2003)

Albertosuchus gen. nov.
ZOOBANK LSID: DEA83599-5F2A-425A-AD68-6E96773CFE4F.

ETYMOLOGY: Generic name is derived from the Province of Alberta.

DIAGNOSIS: As for the type and only species.

Fig. 1. Geographic and stratigraphic occurrence for Albertosuchus knudsenii gen. et sp. nov. in the latest Cretaceous of Alberta, Canada. (a) Map
of the Red Deer River Valley area, north of Tolman Bridge, southern Alberta, showing the holotype locality (●) for A. knudsenii gen. et sp. nov.
on Knudsen’s Ranch. Area depicted in this map corresponds to blackened square in map of Alberta in upper left. (b) Generalized stratigraphic
correlation chart showing crocodylian-bearing rock units of latest Cretaceous and Palaeocene age in the Red River Valley of Alberta, in the
Frenchman River Valley of southwestern Saskatchewan, Canada, and in Montana, USA (modified from Wu et al. 2001b, fig. 1). The closed circle
indicates stratigraphic occurrence of A. knudsenii gen. et sp. nov. in the lower part (late Maastrichtian) of the Scollard Formation, Alberta; the
open circles indicate the stratigraphic occurrences of Borealosuchus spp. in the upper part (early Palaeocene) of the Scollard Formation, Alberta,
and in the latest Cretaceous and early Paleocene of Saskatchewan and Montana. Thickness of units is not to scale. Abbreviations: Fm, Formation;
Mbr, Member; U, upper part.
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Albertosuchus knudsenii sp. nov.
(Figs. 2–9)

ZOOBANK LSID: C26C23D7-B069-44B7-A1FE-74B95755A8F2.

ETYMOLOGY: Named in honour of the Knudsen family, the owners
of the land from which the holotype specimen was collected.

HOLOTYPE AND ONLY KNOWN SPECIMEN: TMP 2002.57.06, skeleton con-
sisting of an incomplete, crushed skull and mandible, and disar-
ticulated, but associated postcranial elements.

LOCALITY, HORIZON, AND AGE: South of the ranch buildings, Knudsen’s
Ranch, about 2 km west of the Red Deer River, north of Dry Island
Buffalo Jump Provincial Park, southern Alberta, Canada; a few
meters above the bottom of the lower part of the Scollard Forma-
tion; late Maastrichtian (Fig. 1).
DIAGNOSIS: Differing from other crocodyloids in the following unique
combination of characters: (i) pre-orbital region elongate, with a
round rostrum; (ii) width across mid-portion of paired nasals nearly
equal to that of the maxilla in dorsal view; (iii) single external naris

Fig. 2. Skull and mandible from the holotype (TMP 2002.57.06) of Albertosuchus knudsenii gen. et sp. nov. (a) Photograph and (b) interpretive
drawing in dorsal view. (c) Photograph in right lateral view. Anatomical abbreviations: dt, dentary tooth; f, frontal; j, jugal; ls, laterosphenoid;
m, maxilla; n, nasal; p, parietal; pm, premaxilla; po, postorbital; prf, prefrontal; q, quadrate; qj, quadratojugal; sq, squamosal.
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large, rectangular in outline, longer than wide, and broader than
the region lateral to the opening in dorsal view; (iv) lacks a
premaxilla-maxillary notch; (v) interfenestral region of the skull
roof narrower than the interorbital region (about 73%); (vi) dorsal
exposure of the supraoccipital on the skull roof; (vii) fourth max-
illary tooth the largest; and (viii) hypapophysis of the posterior-
most cervical and anteriormost dorsal vertebrae extremely deep
(i.e., deeper than the height of their centra).

Description and comparison

Skull and mandible
The skull and mandible are closely occluded and cracked in

many places. Most skull elements are incomplete owing to poor
preservation (Figs. 2, 3). The external surface of the skull dermal
elements is heavily ornamented by pits or ridges as in other croco-
dylians. Among various fenestrae and openings, the single and large
external naris is nearly complete. It is a sub-rectangular opening that
is longer than wide (Figs. 5a, 5b), which differs from that of other

basal crocodyloids such as Prodiplocynodon (Mook 1941, fig. 2) and
Asiatosuchus (Berg 1966, figs. 19, 22 in plate 4) or somewhat derived
genera, such as Crocodylus depressifrons (Delfino and Smith 2009)
and Crocodylus affinis (Mook 1921a), which have an opening that is
wider than long. The naris is also wider than long in other Late
Cretaceous crocodylians, such as species of Borealosuchus (Brochu
1997) and a number of early alligatoroids, including Stangerochampsa
(Wu et al. 1996), Leidyosuchus, Albertochampsa, and Brachychampsa.
By comparison, the naris is relatively small and oval in outline in
most species of Diplocynodon (Berg 1966, fig. 1 in plate 1, figs. 6, 9–11 in
plate 2; Brochu 1999, fig. 11). It is hard to restore the orbit, but the
outline of the supratemporal fenestra can be roughly determined.
This appears to be oval and slightly diagonal to the dorsal midline
(DML) in a slightly anterolateral-posteromedial direction, which is
different from that (parallel to the DML) of all the aforementioned
taxa except for some species of Diplocynodon (see Brochu 1999, fig. 11)
and the European crocodyloid Arenysuchus gascabadiolorum (Puértolas
et al. 2011; Puértolas-Pascual et al. 2014). However, this fenestra

Fig. 3. Skull and mandible from the holotype (TMP 2002.57.06) of Albertosuchus knudsenii gen. et sp. nov. (a) Photograph and (b) interpretive
drawing in ventral view. Anatomical abbreviations: an, angular; ca, crest A; cb, crest B; d, dentary; ec, ectopterygoid; mif, margins of incisive
foramen; os, osteoderm; pl, palatine; ppm, palatal portion of maxilla; sp, splenial; tppt, transverse flange of pterygoid; 4mt, the fourth
maxillary tooth. Other abbreviations as in Fig. 2.
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changes ontogenetically in orientation in many crocodylians, such
as Alligator mississippiensis in which the fenestra is strongly diagonal in
juveniles (see CMN 44040, with a skull length about 8 cm) and be-
comes nearly parallel to the dorsal midline in adults (see Brochu
1999, fig. 4A, a skull about 25 cm in length). The infratemporal fenes-
tra is large and triangular in outline, as in most of the aforemen-
tioned taxa. In ventral view, the incisive foramen is incomplete, but
it would have been large as indicated by the preserved parts of its
margins (Figs. 6a, 6b). A similarly large incisive foramen is also pres-
ent in some alligatoroids (such as Stangerochampsa) and crocodyloids
(such as Prodiplocynodon) as well as the species of Borealosuchus (such as
Borealosuchus griffithi). Conversely, the incisive foramen is small in
Asiatosuchus (Berg 1966, fig. 4b) and in slightly derived crocodyloids,
such as Crocodylus acer (Mook 1921b, plate 19) and Crocodylus affinis
(Mook 1921a, plate 17) as well as in Leidyosuchus (Wu et al. 2001a,
fig. 2.2) and the species of Diplocynodon, such as Diplocynodon hantoni-
ensis (Brochu 1999, fig. 11B). The suborbital fenestra is difficult to
restore owing to poor preservation. According to the preserved mar-
gins, the fenestra is not especially elongate relative to skull length
when compared to many species of Borealosuchus (Brochu 1997,

fig. 3) and the species of Diplocynodon (Berg 1966, fig. 4 in plate 1;
Brochu 1999, fig. 11B), but appears proportionally similar to that of
some basal crocodyloids such as Prodiplocynodon (Mook 1941, fig. 1),
Crocodylus affinis (Mook 1921a, plate 16), and Brachyuranochampsa
zangerli (Mook 1962, fig. 2). The internal choana is also incomplete;
the preserved part of its margins indicates that the choana is rela-
tively small, not separate, and located anteriorly within the ptery-
goid (Figs. 7d, 7e).

The snout (preorbital region) is much longer than the rest of the
skull, although the length of the post-snout region is exaggerated
because of disarticulation. The snout is characterized by the ab-
sence of a premaxillary-maxillary notch (Fig. 2), which is a com-
mon structure and usually deep. This notch functions to embrace
the large fourth caniniform tooth of the dentary in early crocody-
loids (such as Prodiplocynodon, Arenysuchus, and Asiatosuchus) and
alligatoroids (such as the Late Cretaceous Leidyosuchus and many
species of the Palaeocene–Eocene Diplocynodon (Berg 1966; Brochu
1999). This notch is also present in two successive sister-groups
of the Alligatoroidea-Crocodyloidea clade (Brevirostres sensu von
Zittel 1887–1890), such as species of Borealosuchus from the Late

Fig. 4. (a) Photograph and (b) interpretive drawing showing slab containing disarticulated, but associated postcranial elements from the
holotype (TMP 2002.57.06) of Albertosuchus knudsenii gen. et sp. nov. Anatomical abbreviations: chv, chevron; co, coracoid; cos, cervical
osteoderm; dos, dorsal osteoderm; fe, femur; fi, fibula; h, humerus; is, ischium; ri, rib, sc, scapula; ti, tibia; ul, ulna; vc, vertebral centrum;
vos, ventral osteoderm. Other abbreviations as in Fig. 3.
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Cretaceous (Borealosuchus sternbergii Gilmore, 1910) through the
Palaeocene (Borealosuchus griffithi Wu et al., 2001b; Borealosuchus
formidabilis Erickson, 1976; and Borealosuchus acutidentatus Sternberg,
1932) to the Eocene (Borealosuchus wilsoni Mook, 1959), and in the
Palaeocene–Eocene planocraniids (= pristichampsines) such as
Planocrania hengdongensis Li, 1984 and Boverisuchus magnifrons

(= Pristichampsus rollinatii Gray, 1831) (see Rossmann 1998; Brochu
2012). This notch is absent in a few Late Cretaceous alligatoroids,
such as Albertochampsa and Brachychampsa, but in these taxa the
snout is relatively short and broad. Stangerochampsa also lacks the
notch, but it has a shorter snout with a relatively narrower end
(Wu et al. 1996, fig. 1A).

Fig. 5. Closeup views of the skull from the holotype (TMP 2002.57.06) of Albertosuchus knudsenii gen. et sp. nov. Dorsolateral views of the
left side of the anterior portion of the snout in (a) photo and (b) interpretive drawing, showing the premaxillary sutures with the
maxillary and nasal. (c) Interpretive drawing of the mid-portion of the skull in dorsal view, showing sutural patterns among elements in
this region; anterior to left. (d) Interpretive drawing of the posterior portion of the parietal in dorsal view, showing the parietal-
supraoccipital suture; anterior to top. Dorsal views of the anterior portion of the parietal in (e) photograph and (f) interpretive drawing,
showing the parietal-frontal sutures; directional arrow points to anterior. Zigzag lines in interpretive drawings denote broken surfaces.
Anatomical abbreviations: cprf, crest on the prefrontal; l, lacrimal; obm, orbital margin; pob, postorbital bar; so, supraoccipital. Other
abbreviations as in Figs. 2–4.
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The premaxillae are paired and embrace most of the external
naris, except for the middle portion of the posterior margin where
they are separated by the nasals (Figs. 2a, 2b, 5a, 5b). This dif-
fers from many of the aforementioned taxa, such as species of
Borealosuchus, Leidyosuchus, and Diplocynodon. The anterior margin
of the naris is narrow and low, similar to the situation seen in

most of the aforementioned taxa. The nasal (posterodorsal) pro-
cess is short (i.e., shorter than the length of the naris), and tapers
posteriorly to a point between the nasal and maxilla. No signifi-
cant features on the ventral surface of the premaxillae can be seen
due to the occlusion of the mandible and the fragmented nature
of the specimen.

Fig. 6. Closeup views of the skull and mandibles from the holotype (TMP 2002.57.06) of Albertosuchus knudsenii gen. et sp. nov. Ventral views of
the anterior portion of the skull and mandible in (a) photograph and (b) interpretive drawing, showing the relatively short mandibular
symphysis of the mandible. Dorsolateral views of the region posterior to the infratemporal fenestra, right side of skull, in (c) photograph and
(d) interpretive drawing showing the quadratojugal-quadrate suture and the broken quadratojugal spine; directional arrow points to anterior.
Occipital views of the preserved median and right portions of the occiput in (e) photograph and (f) interpretive drawing. Zigzag lines in
interpretive drawings denote broken surfaces. Anatomical abbreviations: eo, exoccipital; fqj, facet for quadratojugal; itf, infratemporal
fenestra; pop, paroccipital process; rso, roof portion of supraoccipital; sqj, spine of quadratojugal; stf, supratemporal fenestra; th, tooth. Other
abbreviations as in Figs. 2, 3, and 5.
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The nasals are paired and, although fractured, their general
appearance can be determined. They are strap-like in dorsal view
and are slightly narrowed at both ends (Fig. 2). Anteriorly, a process
projects into the external naris (Figs. 5a, 5b), as in Prodiplocynodon,
Stangerochampsa, and Boverisuchus. In Asiatosuchus, Crocodylus acer,
Crocodylus affinis, and Brachyuranochampsa, the nasals also enter the
external naris, but by a much smaller process. Posteriorly, the two
bones form a W-shaped profile meeting the prefrontal laterally
and frontal posteriorly (Fig. 5c). Together the mid-portions of the
two nasals are nearly as broad as one of the maxillae in dorsal
view; this resembles the condition in Brachyuranochampsa zangerli
(Mook 1962, fig. 1) and Crocodylus acer (Mook 1921b, plate 18). That
region is relatively much narrower than in most basal alliga-
toroids (such as Leidyosuchus, Stangerochampsa, Albertochampsa, and
Brachychampsa) and some basal crocodyloids (such as Arenysuchus,
Asiatosuchus, and Crocodylus affinis).

The maxillae are poorly preserved, being badly fractured on both
their dorsal and palatal surfaces (Figs. 2, 3). Maxillary sutures
with the premaxilla, nasal, and lacrimal are largely recognizable, but
those with the prefrontal and jugal are not. In lateral view, the
tooth margin of the maxilla is weakly concave-convex in lateral
view (Figs. 2c, 7f), in contrast to the strong sinuous condition in
most of the aforementioned taxa such as Leidyosuchus, Diplocynodon,
and Asiatosuchus. In ventral view, the maxilla might have entered
into the incisive foramen, but that cannot be confirmed owing to
poor preservation (Figs. 6a, 6b). The incisive foramen is placed
entirely within the premaxillae in the aforementioned three taxa
(see Berg 1966, figs. 23, 24 in plate 5; Brochu 1999, fig. 11B; Wu et al.
2001a, fig. 2.2) and in many derived crocodyloids, such as Crocodylus
acer, Crocodylus affinis, and Brachyuranochampsa. Maxillary sutures
with the palatine and ectopterygoid are obscured by cracks.

Fig. 7. Closeup views of the skull and mandibles from the holotype skeleton (TMP 2002.57.06) of Albertosuchus knudsenii gen. et sp. nov.
(a) Photograph in lateral view of the left squamosal. Medial view of the right articular in (b) photograph and (c) interpretive drawing; zigzag
lines denote broken surfaces. Ventral view of the posterior portion of the left pterygoid in (d) photograph and (e) interpretive drawing.
(f) Photograph of the anterior portion of the tightly occluded upper and lower jaws in left lateral view, showing the entire series of five
premaxillary teeth and the first five maxillary teeth. (g) Photograph in left lateral and slightly ventral view along the mid-portion of the
tightly occluded upper and lower jaws, showing the fifth through twelfth maxillary teeth. Anatomical abbreviations: ich, internal choana;
fae, foramen aërum; mt, maxillary tooth; pmt, premaxillary tooth. Other abbreviations as in Figs. 2, 3, 5, and 6.
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The prefrontals are characterized by a strong and curved ridge on
their anterodorsal surface. Although neither of them is complete
(Figs. 2a, 2b, 5c), they are probably broad anteriorly and narrow pos-
teriorly along the anterodorsal edge of the orbit (Fig. 5c). No further
features of the bone can be observed due to poor preservation.

The lacrimal is represented by its central portion between the
maxilla and prefrontal on both sides (Fig. 5c). Its relationship to
the nasal is unclear due to poor preservation.

The right jugal is the better preserved of these bones. It is of
typical crocodylian morphology with a broad anterior portion, a
narrow posterior ramus, and an ascending process (Fig. 2). The
sutures of the jugal with the maxilla anteriorly and the quadrato-
jugal posteriorly are uncertain owing to poor preservation. The
ascending process is a rod-like and inset bar, as in other croco-
dylians. Its dorsal tip appears to be preserved adjacent to the broken
tip of the descending process of the postorbital.

Fig. 8. Closeup photographs of some postcranial elements from the holotype (TMP 2002.57.06) of Albertosuchus knudsenii gen. et sp. nov.
(a) Posteroventral view of a dorsal vertebra. (b) Selection of osteoderms from different regions of the body in external (3, 4, 6, 7, 9, 12, 13) and internal
(1, 2, 5, 8, 10, 11) views. (c) A caudal vertebra in ventral view. (d) Posterolateral view of tenth rib (1), posterior view of ninth or tenth vertebra (2), and
internal view of three osteoderms (3–5); triangular area outlined with thin white line in the vertebra (2) denotes outline of neural canal. (e) Lateral
view of right scapula (1), external view of right coracoid (2), and external view of a dorsal osteoderm (3); in the scapula (1), small area near top
outlined with thin white line denotes tuberosity for the caput scapulae of musculus triceps brachii, whereas thin white lines along bottom portion
of bone denote the anterior edge of the bone. (f) Anterior view of right humerus (1) and internal view of a cervical osteoderm (2). Anatomical
abbreviations: ac, acromion; af, articular facet; caos, caudal osteoderm; dcr, dorsal crest of rib; dip, diapophysis; hp, hypapophysis; gl, glenoid; laos,
osteoderm from the lateral side of the body; los, leg osteoderm; pap, parapophysis; tcs, tuberosity for the caput scapulae of musculus triceps brachii;
tp, tuberculum; trp, transverse process. Other abbreviations as in Fig. 4.
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The single, azygous frontal is broken into several pieces (Fig. 2).
It is posteriorly broad and anteriorly narrow, with a constricted
middle or interorbital portion. The middle portion is narrower
than half the width of the posterior portion. A ridge along the
dorsal midline is evident, although it is weak. The orbital margin
of the bone does not form a raised rim. As shown in Figs. 5c–5f, the
sutures of the frontal with the prefrontal and nasal are clear. The
strongly zigzag-shaped frontal-parietal suture is also evident, as
is a modest entry of the frontal into the supratemporal fossa
(Figs. 5e, 5f). No features are evident on the ventral surface of the
frontal.

The right postorbital is preserved, but broken into three pieces
(Fig. 1). It appears to be a triradiate bone as in other crocodylians.
Dorsomedially, the preserved portion of the postorbital-frontal
suture is close to the edge of the supratemporal fenestra (Figs. 5e, 5f).
Posterodorsally, the postorbital-squamosal suture is obscured
owing to poor preservation. Anteroventrally, the preserved por-
tion of the descending process of the postorbital articulates with
the ascending process of the jugal, but it is uncertain if, in life, this
process reached to the base of the postorbital bar and met the
ectopterygoid.

The parietal is strongly fractured (Fig. 2). The complete parietal
was superficially constricted at the mid-portion between the su-

Fig. 9. Closeup photographs of some postcranial elements from the holotype (TMP 2002.57.06) of Albertosuchus knudsenii gen. et sp. nov.
(a) Internal views of left coracoid (1) and a ventral osteoderm (2), and posteroventral view of right femur (3). (b) External view of a dorsal
osteoderm (1), and medial view of left ischium (2). (c) Ventral view of a dorsal osteoderm (1), lateral view of left ischium (2), and radial view of
proximal portion of right ulna (3). (d) Lateral view of left tibia (1), posterior view of a chevron (2), internal view of a dorsal osteoderm (3), and
external view of a ventral osteoderm (4); directional arrow alongside chevron (2) points dorsally. (e) Anterolateral view of right femur.
(f) Anterolateral view of right fibula (1) and internal view of two dorsal osteoderms (2, 3). (g) Lateral view of ninth rib. (h) Medial view of
proximal portion of ninth rib. Anatomical abbreviations: cp, capitulum; mg, median segment of gastralia; pil, iliac process; pup, pubic
process; 4tr, fourth trochanter. Other abbreviations as in Figs. 4 and 8.
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pratemporal fenestrae (interfenestral region). The narrowest part
of the interfenestral region is slightly narrower than the interor-
bital region. This is comparable to that of Stangerochampsa, but
differs from Leidyosuchus, Prodiplocynodon, Arenysuchus, Asiatosuchus,
Crocodylus affinis, and Boverisuchus in which the interorbital region
is much broader than the interfenestral region. A broad interor-
bital region is also present in most species of Diplocynodon, except
for Diplocynodon deponiae (= Baryphracta deponiae of Brochu 1999) in
which the interfenestral region is much broader than the interor-
bital region (see Brochu 1999, fig. 11D; Delfino and Smith 2012,
fig. 2). The parietal borders the supratemporal fenestra laterally,
but does not form a raised rim around the medial margin of this
fenestra. Anterolaterally, the parietal broadens and meets the pos-
torbital within the supratemporal fossa, although the two bones
are disarticulated (Figs. 5e, 5f), which nearly excludes the frontal
from the supratemporal fenestra as in Diplocynodon spp., such as
Diplocynodon ratelii and Diplocynodon deponiae (Brochu 1999, fig. 40A;
Delfino and Smith 2012, fig. 2), Prodiplocynodon, and Asiatosuchus.
This is in sharp contrast with Arenysuchus where the frontal broadly
enters the supratemporal fenestra (Puértolas et al. 2011, figs. 3A, 3B)
and in Crocodylus acer and Crocodylus affinis where the frontal is
entirely excluded from the fenestra. As in most of the aforemen-
tioned taxa, the parietal floors the medial portion of the supratem-
poral fossa. Anteroventrally, the parietal meets the laterosphenoid
(Fig. 2). Posteriorly, the parietal-supraoccipital suture is exposed
on the skull roof (Fig. 5d). Posterolaterally, the parietal-squamosal
suture is not preserved owing to disarticulation of the two bones.
A median ridge along the dorsal midline is present, but fades out
anteriorly before it reaches the parietal-frontal suture (Figs. 5d–5f).

The right squamosal is better preserved than the left one; the
former includes most of the skull roof portion and a large part of
the occipital portion (Figs. 2, 6c–6f). The skull roof portion is dis-
articulated medially from the parietal. Laterally the squamosal is
complete and bears a moderately developed posterolateral pro-
cess that turns laterally and posteriorly, and it is fully ornamented
dorsally by pits. Anteriorly, the skull roof portion of the squamo-
sal is broken into many pieces around the supratemporal fenes-
tra. The occipital portion is concave posteriorly and meets the
paroccipital process of the exoccipital ventrally. The isolated, in-
complete left squamosal is indented by a shallow groove along its
thickened lateral side (Fig. 7a), which likely served for the attach-
ment of the ear flap. Within the supratemporal fossa, neither the
relationships of the squamosal and parietal nor the relationships
of these bones with the opening for the orbito-temporal artery are
clear.

The right quadratojugal is mostly preserved. It extends an-
terodorsally along the entire posterior margin of the infratem-
poral fenestra and probably contacted the postorbital at the
base of the postorbital bar, although the relevant part is poorly
preserved (Figs. 2a, 2b, 6c, 6d). This suggests that the quadratojugal
excluded the quadrate from the infratemporal fenestra as in some
Late Cretaceous forms, such as Leidyosuchus (Wu et al. 2001a),
Stangerochampsa (Wu et al. 1996), and Arenysuchus (Puértolas et al.
2011). Although broken, a spine-like process is present at the pos-
teroventral edge of the fenestra, as in most crocodyloids such as
Crocodylus moreletii (Brochu 1999, fig. 42C). Anteroventrally the ju-
gal process is broken, whereas posteroventrally the quadratojugal
extends along the quadrate nearly to the end of the quadrate
condyle.

The right quadrate is preserved, but fragmentary, which obscures
features of the bone and its relationships with other elements
(Fig. 3). The preserved portion shows no pneumatic openings on
the surface of the bone. The quadrate-squamosal contact is of
typical crocodylian morphology, with the posterolateral process
of the squamosal sitting on the dorsal process of the quadrate
body (Figs. 6c, 6d). This contact encloses the cranio-quadrate canal
in extant crocodylians. The quadrate-squamosal suture is rela-
tively long when compared with that of extant alligatoroids, such

as Caiman crocodilus (CMN 44036), and it extends dorsally along the
posterior margin of the external auditory meatus as in most spe-
cies of Diplocynodon (Brochu 2012), Asiatosuchus, and Crocodylus
depressifrons. In ventral view, crests A and B (sensu Iordansky 1973)
are clearly present (Fig. 3).

The pterygoid is better preserved than other palatal bones,
although it is represented largely by the pterygoid flanges (Fig. 3).
The preserved portion is badly fractured, which obscures the
anterior margin of the internal choana (Figs. 7d, 7e). The pterygoid-
ectopterygoid suture is mostly clear. This shows that the ectop-
terygoid overlaps the anterodorsal two-thirds of the thickened
lateral edge of the pterygoid flange. The preserved pterygoid pro-
cess of the ectopterygoid is anteriorly concave along the posterolat-
eral margin of the suborbital fenestra. Owing to poor preservation,
no other features of the ectopterygoid can be observed. The pala-
tine is present, but fragmentary. The preserved portion indicates
that the palatines formed a narrow septum between the subor-
bital fenestrae, which is comparable to that of Crocodylus acer
and Brachyuranochampsa zangerli, but it is relatively much nar-
rower than that of many basal alligatoroids, such as Leidyosuchus,
Stangerochampsa, and Brachychampsa and some basal crocodyloids,
such Prodiplocynodon and Asiatosuchus.

The braincase is largely damaged, with the incomplete supraoc-
cipital and fragmentary exoccipital being the only identifiable
components. The supraoccipital is exposed on the skull roof and
has a median ridge on the occipital surface (Figs. 5d, 6e, 6f). As
suggested by the preserved portion, the exoccipital is large. Its
paroccipital process does not extend laterally beyond the postero-
lateral process of the squamosal. No other features of the two bones
can be observed.

The right ramus of the mandible is better preserved than the
left, although it is broken into associated pieces (Fig. 3). It has a
slightly sinuous outline in ventral view. All mandibular elements
except for the coronoid are exposed, but they are all incomplete
(Fig. 2c). The symphysis is short and extends posteriorly to a level
just anterior to the enlarged fourth tooth on the dentary. This is in
sharp contrast to Asiatosuchus (Berg 1966, figs. 25, 26 in plate 5),
Leidyosuchus (Wu et al. 2001a, fig. 4; Farke et al. 2014, fig. 1),
Boverisuchus (= Pristichampsus of Berg 1966, fig. 27 in plate 6), and
Borealosuchus (such as Borealosuchus griffithi of Wu et al. 2001b, fig. 6)
in which the symphysis extends posteriorly past the level of the
seventh dentary tooth. Among the Cretaceous and Palaeocene–
Eocene taxa considered here, the short symphysis is most compa-
rable to that in some species of Diplocynodon, such as Diplocynodon
deponiae (Delfino and Smith 2012, fig. 3) and Diplocynodon hantoniensis
(Berg 1966, figs. 2, 7, 9 in plates 1, 2, respectively), although the
splenial does not enter the symphysis in these taxa. It is difficult to
determine the outline of the external mandibular fenestra or even
if it was present owing to the fragmentary nature of this area in
both mandibular rami.

The dentary forms the majority of the symphysis, with only
the posterior one-eighth formed by the splenial (Figs. 6a, 6b). The
dentary-splenial suture is clear, which suggests that there is no
significant difference in relationships between the two bones
when compared with that of Stangerochampsa, Leidyosuchus, and
Borealosuchus. That is, the splenial may have joined in the forma-
tion of the medial walls for the last few alveoli (see Wu et al. 1996,
figs. 2B, 2C; Wu et al. 2001a, figs. 4.1, 4.2; Wu et al. 2001b, fig. 6). As
shown by the lateral view (Fig. 2c), the dental festoons are clear,
but not as strong as in the aforementioned taxa. Among the post-
dentary elements, the right articular is the only bone that is dis-
articulated and can be described in detail. The preserved portion
of the articular is similar to that of most other crocodylians, but
its retroarticular process is incomplete (Figs. 7b, 7c). The antero-
ventral process is dorsally concave and, in life, may have been
similar in size to the retroarticular process as in other taxa. Owing
to breakage in the relevant area, it is unclear if the foramen aërum
was located at the extreme lingual margin, just posterior to the
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articular fossa. The lingual surface of the articular is deeply con-
cave and the labial surface of the bone is flat. It is uncertain if
the retroarticular process curves posterodorsally. The angular and
surangular are too fragmentary to show any structural features
and their relationships with the dentary and splenial are also
obscured.

There are five premaxillary teeth. Of these, the fifth is the small-
est. The first and fourth are similar in size and are smaller than
the similarly sized second and third (Figs. 5a, 5b). The premaxillary
teeth are conical, and their crowns are divided by anterior and
posterior ridges into a small, concave lingual surface and a large,
convex labial surface. Both surfaces bear striations. The exact num-
ber of maxillary teeth is uncertain owing to occlusion of the jaws,
although it appears that there were approximately 14 maxillary
teeth. The fourth tooth is the largest and the first three succes-
sively increase in size toward the fourth (Fig. 7f). That differs from
the condition in Asiatosuchus and Diplocynodon in which the fourth
and fifth maxillary teeth are nearly the same size (Berg 1966,
figs. 1b, 4b) as well as in Prodiplocynodon, Arenysuchus (Puértolas
et al. 2011, figs. 4A, 4B), Crocodylus affinis, Brachyuranochampsa zangerli,
and Leidyosuchus in which the fifth tooth is the largest. Posterior to
the fourth tooth, the maxillary teeth reduce considerably in size
to the sixth tooth, which judging by the diameters of their crown
bases, is similar in size to the first tooth. The first and the sixth
teeth are the smallest of the 12 exposed teeth in the left maxilla.
Posteriorly from the seventh tooth, the maxillary teeth increase
again in size; their crowns are constricted near their bases and
become more so in the more posterior teeth. Maxillary teeth 10 to
12 become shorter and stouter and molar-like in outline, which
differs from Prodiplocynodon and Asiatosuchus, but is similar to
some early alligatoroids such as Stangerochampsa and Diplocynodon
deponiae (Delfino and Smith 2012). As in the premaxillary series,
the maxillary teeth also bear fine striations on their lingual and
labial surfaces. It is not possible to determine if the maxillary
tooth row curved medially posterior to the first six maxillary
teeth.

The exact number of dentary teeth is unknown owing to occlu-
sion. Some teeth of the right dentary are exposed. In the first
tooth wave, the peak tooth is the fourth which is the largest,
conical, and bears a few striations on its lingual and labial sur-
faces. The tooth at the peak of the second tooth wave was likely
the eleventh or twelfth. It is large and bears a stout, round crown
that is constricted near the base, distally pointed, and covered by
fine striations. Due to occlusion between the upper and lower
jaws, it is uncertain how many teeth are present and what they
look like between the peaks of those two tooth waves. As dis-
played by the third tooth within the second peak, tooth crowns
become shorter and molar-like behind the peak tooth of the sec-
ond wave, which mirrors the situation seen in the posterior teeth
in the maxilla.

Postcranial skeleton
The postcranial skeleton is incomplete. The preserved postcra-

nial elements are disarticulated, but associated (Fig. 4).
All preserved vertebrae preserving a complete centrum are pro-

coelous. Among the preserved vertebrae, a few are nearly com-
plete and their approximate position along the vertebral column
can be determined. One of the vertebrae, seen in posteroventral
view (Fig. 8a), is tentatively identified as a mid-posterior dorsal on
the basis of the short distance between two rib facets on the broad
transverse process and the absence of a hypapophysis on the ven-
tral surface of the centrum. The centrum of this vertebra is ven-
trally convex, without a ridge or trough on its ventral surface, and
more dorsally its two postzygapophyses are nearly horizontal in
orientation. An incomplete caudal vertebra is seen in ventral view
(Fig. 8c). An incomplete transverse process is present, which based
on comparisons with the extant Alligator sinensis (Cong et al. 1998)
indicates that this vertebra comes from the anterior half of the

tail. This caudal vertebra has a ventral trough extending along its
length and is constricted at the mid-portion. A vertebra visible in
posterior view (Fig. 8d.2) is identified as a posteriormost cervical
(the ninth) or anteriormost dorsal on the basis of the size and
position of the parapophysis, the orientation (lateral and slightly
ventral) of the diapophysis, and the presence of a hypapophysis.
Except for the presence of a greatly elongated hypapophysis, this
vertebra is morphologically comparable to the ninth cervical or
the first dorsal vertebra of Alligator sinensis (Cong et al. 1998). The
spine of this vertebra is moderately tall and broadened into a table
distally; its postzygapophyses are nearly horizontal in orienta-
tion, as in the dorsal vertebra described above. It differs from the
corresponding vertebra in all known fossil or extant members of
the Brevirostres, such as Stangerochampsa (Wu et al. 1996, figs. 1–5
in plate 1), Alligator mississippiensis (TMP 1984.183.02), Caiman crocodilus
(CMN 25542), and Crocodylus acutus (CMN 10018) in that the hypa-
pophysis is extremely deep, having a depth greater than the
height of the centrum. The hypapophysis of the vertebrae close
to the cervical-dorsal boundary are typically well developed but,
where known, its depth is never greater than the height of the
corresponding centrum.

Preserved ribs are mostly fragmentary except for two close to
the last cervical or the first dorsal vertebra. These two ribs are
from the left side and nearly complete. One of the ribs (Figs. 9g, 9h)
is probably the left rib that articulated with the last cervical ver-
tebra (the ninth). It is elongate, but not obviously thickened dis-
tally for receiving a cartilaginous segment. The other rib (Fig. 8d.1)
is probably the first dorsal rib (the tenth). Its distal end is slightly
broadened and thickened for the connection of a cartilaginous
segment. In other respects, the two ribs are similar, showing a
pronounced ridge along the anterodorsal margin of the arched
shaft and a thickening of their tuberculum and capitulum. The rib
shaft bends slightly ventrally and has a convex lateral surface and
a concave medial surface.

Gastral ribs are represented by incomplete and rod-like elements.
An arch-shaped segment with the ninth rib could be a median
segment of a set of gastralia (Fig. 9g). A nearly complete chevron is
preserved in anterior or posterior view (Fig. 9d.2). It is generally
similar to that in extant forms, such as Alligator sinensis (Cong et al.
1998, fig. 78), Caiman crocodilus (CMN 25542), and Crocodylus acutus
(CMN 10018), but differs in that the proximal portion is much
shorter relative to the distal portion.

There are many osteoderms from different parts of the body
(Figs. 8b, 8d–8f). A series of osteoderms in ventral view (Figs. 8b.1,
8b.2, 8f.2) may come from the neck region, on the basis of their
irregular shape and the articular facet restricted to one side. A
series of osteoderms that bear sutures along the lateral sides and
a low ridge along the midline of the dorsal surface (Figs. 8b.3–8b.5,
8d.3, 8d.4, 8e.3, 9b.1, 9c.1, 9d.3, 9f.2, 9f.3) are from the dorsal rows.
A narrow and smooth sliding facet present along the anterodorsal
margin of these dorsals (Figs. 8b.3, 9b.1) indicates that, in life, the
anterior osteoderm overlapped the one just posterior to it, as in
Stangerochampsa (see Wu et al. 1996, figs. 3A–3D). The osteoderms
from the dorsal rows of the tail bear a strong dorsal crest and
sometimes a posteromedial process (Figs. 8b.6, 8b.7). The osteo-
derms from the sides of the body or, possibly, the proximal parts
of the legs are elliptical or oval in outline and usually bear a low
ridge on the dorsal surface (Figs. 8b.8–8b.11). Some ventral osteo-
derms are also preserved. These differ from the dorsal ones in that
they are flat, but not externally arched and internally concave,
and that the ornamentation pits are regular, small, and densely
placed on the external surface (Figs. 8b.12, 8b.13, 8d.5, 9a.2, 9d.4).

The interclavicle of the pectoral girdle is missing. The right
scapula is nearly complete (Fig. 8e.1). It is comparable to that of
many crocodyloids, such as Crocodylus depressifrons (Delfino and
Smith 2009) and Crocodylus affinis (USNM 18171) and some extant
forms such as Crocodylus acutus (CMN 10018), and also differs little
from that of those Late Cretaceous alligatoroids for which the bone is
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known, such as Leidyosuchus (CMN 338) and Stangerochampsa (Wu
et al. 1996, figs. 1, 2 in plate 2) in general lateral profile, with the tip
of the dorsal blade and articular margin for the coracoid being
similarly expanded. In detail, the scapula is slightly different from
that of Stangerochampsa in that the constricted portion of the blade
shaft is relatively low, the tuberosity for the attachment of the
caput scapulae of musculus triceps brachii is more pronounced, and
the acromion is sharper. In addition, the lateral expansion of the
glenoid facet in the new form is stronger than that of Stangerochampsa,
which suggests that the scapulocoracoid facet is narrow anterior
to the glenoid fossa.

The right coracoid is visible in external view and the left is seen
in internal view. Both are incomplete distally, owing to poor pres-
ervation or being overlapped by another bone (Figs. 8e.2, 9a.1). It
appears that the proximal portion is expanded to a greater degree
than the distal portion. No coracoid foramen is identifiable in
either coracoid due to the fractured nature of the elements. In
general, the bone is not significantly different from that of basal
crocodyloids for which the bone is known, such as Crocodylus
depressifrons (Delfino and Smith 2009), Asiatosuchus, Crocodylus affinis
(USNM 18171), and the extant Crocodylus acutus (CMN 10018) and
Alligator sinensis (Cong et al. 1998, fig. 83).

The right ischium is the only preserved element of the pelvic
girdle. It is nearly complete except for the proximal articular
facets in medial view (Fig. 9b.2) and is almost entirely exposed in
lateral view (Fig. 9c.2). In early crocodylians, the ischium is often
missing, which results in the absence of any characters for the
bone in most phylogenetic analyses (e.g., Brochu et al. 2012). As a
whole, the bone is comparable to that of extant crocodylians, such
as Crocodylus acutus (CMN 10018) and Alligator sinensis (Cong et al.
1998, fig. 87), in having an ischial shaft that is more plate-like and
less constricted in relation to both the proximal and distal expan-
sion when compared to that of certain other extant taxa, such as
Caiman crocodilus (CMN 25542), Crocodylus acutus (CMN 10018), and
Tomistoma schlegelii (CMN 43997). The ischium of Albertosuchus dif-
fers from that of Alligator sinensis in that the pubic process is much
more pronounced and that the oblique ridge on the lateral surface
is stronger.

The fore limb is represented by the right humerus and ulna.
The nearly complete humerus is exposed in anterolateral view
(Fig. 8f.1). The shape of its undulated shaft differs little from that of
basal forms of the Brevirostres, such as Crocodylus depressifrons and
Stangerochampsa (Wu et al. 1996, figs. 4–7 in plate 2). In detail, the
deltopectoral process is somewhat more proximally positioned in
the new form than in Stangerochampsa, as suggested by the ratio
between the distance from the centre of the process to its proxi-
mal tip versus the total length of the humerus (22.6% in the new
taxon compared with 26% in Stangerochampsa). The ulna lacks the
distal portion. The preserved part is seen in medial (radial) view
(Fig. 9c.3). It also differs little from that of Crocodylus depressifrons
(Delfino and Smith 2009, fig. 15) and Stangerochampsa, both of which
have a concave anteromedial surface and convex posterolateral
surface (Wu et al. 1996, fig. 9 in plate 2).

The hind limb is represented by the right femur, fibula, and
tibia. The femur is fractured and the distal end is missing, but the
individual pieces of the remaining portion of the element are pre-
served in association (Figs. 9a.3, 9e). The preserved portion does not
show any significant difference from that of extant forms, such as
Caiman crocodilus (CMN 25542), Crocodylus acutus (CMN 10018), and
Tomistoma schlegelii (CMN 43997). It also differs little from that of
Stangerochampsa (Wu et al. 1996, figs. 4–6 in plate 3). The fibula is
also broken into pieces and its proximal half is missing (Fig. 9f.3).
Similarly, the preserved portion does not differ much from that of
the aforementioned living taxa. The tibia is nearly complete and is
exposed in lateral view (Fig. 9d.1). Its proximal head is massive and
turns anteromedially, as in the aforementioned extant taxa. Its
shaft is nearly straight, with a nearly round cross-section and its
distal surface is convex.

Phylogenetic relationships
To elucidate the phylogenetic position of Albertosuchus knudsenii

among the Eusuchia, we employed the existing data matrix of
Farke et al. (2014), with the addition of Albertosuchus knudsenii and
Arenysuchus gascabadiolorum and some changes to character scores
for the four species of the Planocraniidae (= Pristichampsinae of
Brochu et al. 2012 and Farke et al. 2014). The Farke et al. (2014)
matrix had 99 taxa and 179 characters, and was compiled to eval-
uate the phylogenetic position of a new species of Leidyosuchus.
That matrix, in turn, was derived from a matrix of 95 taxa and
179 characters compiled by Brochu et al (2012) to evaluate the
phylogenetic position of a new species of Borealosuchus. In total,
our expanded matrix contains 101 taxa and 179 characters. We
were able to score 63 characters for Albertosuchus knudsenii
(Appendix B), or about 35% of the 179 characters of the data matrix.
For Arenysuchus gascabadiolorum, we scored 64 characters on the basis
of the data matrix of Puértolas-Pascual et al. (2014). Following
Brochu (2012), we used Boverisuchus vorax and Boverisuchus magnifrons
to replace Pristichampsus vorax and Pristichampsus geiseltalensis; the
179 character scorings for them and their two Chinese relatives
(Planocrania hengdongensis and Planocrania datangensis) were also di-
rectly derived from characters 1 to 181 of Brochu (2012), but with
the deletion of characters 98 and 131. As in Farke et al. (2014), the
matrix was analyzed using a traditional search based on 100 random
addition sequence replicates in TNT 1.1 of Goloboff et al. (2008),
with 1000 replicates using Tree Bisection Reconnection (TBR), sav-
ing 1000 trees per replication, and Bernissartia fagesii as the out-
group. All characters were unordered.

A total of 5604 equally parsimonious trees were recovered, each
with a tree length of 696 steps, a consistency index (CI) of 0.326,
and a retention index (RI) of 0.798. The strict consensus (Fig. 10;
Appendix B) places Albertosuchus within the Brevirostres. This is
supported by five unequivocal synapomorphies, of which just two
are preserved in Albertosuchus: characters 27(1) — the proximal edge
of the deltopectoral crest emerges abruptly from the proximal
end of the humerus and is obviously concave and 118(1) — the
pterygoid ramus of the ectopterygoid is bowed. Within the Brevi-
rostres, Albertosuchus is further grouped into the Crocodyloidea.
This is supported by six unequivocal synapomorphies, i.e., char-
acters 12(0), 73(1), 102(1), 114(1), 148(1), and 179(3), of which only
character 148 (the frontal-parietal suture makes a modest entry
into the supratemporal fenestra at maturity and the postorbital
and parietal broadly contact each other within the supratemporal
fossa) is preserved in Albertosuchus. Characters 92 (the occlusion
pit is present between the seventh and eighth maxillary teeth
and all other dentary teeth are occluded lingually) and 171 (the
basisphenoid is not broadly exposed ventral to the basioccipital
at maturity and pterygoid is short ventral to the median Eustachian
opening) support placing Albertosuchus slightly crownward of
Prodiplocynodon and Asiatosuchus near the base of the Crocodyloidea,
whereas character 124 (the internal choana is not separate) places
Albertosuchus as the sister-group of Arenysuchus. As for Arenysuchus,
its crocodyloid status is supported again in this study and its phylo-
genetic position differs little from those recovered by Puértolas et al.
(2011, fig. 5) and Puértolas-Pascual et al. (2014, fig. 4), even
though a different data matrix was used in the latter two stud-
ies. The phylogenetic relationships of the other included taxa are
largely the same as the results obtained by Farke et al. (2014),
except that in our study Crocodylus affinis and Crocodylus depressifrons
form a clade and Borealosuchus is placed more crownward than
the Gavialoidea.

Discussion
It is evident that Albertosuchus is similar to certain basal forms of

the Alligatoroidea in several features, such as the lack of a maxillary-
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premaxillary notch, the enlargement of the fourth maxillary tooth/
alveolus, the fourth tooth/alveolus being the largest among the
first 10 dentary teeth, and a large incisive foramen. However,
Stangerochampsa is the only basal alligatoroid with the same com-
bination of those features and it differs from Albertosuchus in many
other features, including its short snout, very broad septum be-
tween the small suborbital fenestrae, and the divided internal

choana. Our phylogenetic analysis identified six unequivocal syna-
pomorphies that support the crocodyloid status of Albertosuchus.
Compared with other major groups, the Bremer support value (2)
for the Crocodyloidea with the inclusion of Albertosuchus and
Arenysuchus is as high as that for the Gavialoidea and Alligatoroidea,
and higher than that (1) for the Planocraniidae and Hylaeochamp-
sidae (Fig. 10). Although our phylogenetic analysis also suggests

Fig. 10. Simplified version of strict consensus of 5604 most parsimonious trees recovered in our phylogenetic analysis of Crocodylia (tree
length equals 696, consistency index equals 0.326, retention index equals 0.798) that places Albertosuchus knudsenii gen. et sp. nov. near the
base of Crocodyloidea. Numbers in brackets indicate Bremer support values for each clade. See Appendix B for complete version showing all
101 taxa.
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that Albertosuchus and Arenysuchus are more crownward than
Prodiplocynodon and Asiatosuchus, this relationship is weakly sup-
ported, because it relies on two characters (92 and 171) that cannot
be scored for Albertosuchus. It is obvious that Albertosuchus cannot
be referred to any of the aforementioned three taxa because of the
lack of a premaxillary-maxillary notch and the less triangular
profile of the skull in those taxa. Confirmation of its phylogenetic
relationships with these crocodyloids may have to wait for better
preserved specimens to be found. On the other hand, Albertosuchus
is poorly represented. Of the six synapomorphies that define it as
a crocodyloid in this study, only one is preserved in this taxon and
it is not unique to the Crocodyloidea. Therefore, it would not be
surprising if the phylogenetic position of Albertosuchus is altered
when those missing data become known.

Since the discovery of the type species of Leidyosuchus in 1907,
a number of crocodylians have been recognized in the Late
Cretaceous and early Paleogene of western Canada. In recent studies,
all these were classified as alligatoroids (such as Leidyosuchus,
Albertochampsa, and Stangerochampsa) or basal crocodylians (such
as species of Borealosuchus: Borealosuchus griffithi and Borealosuchus
acutidentatus) (Wu et al. 1996, 2001a, 2001b; Brochu 1997, 1999; Wu
2005). As our results suggest, Albertosuchus is probably the sole
crocodyloid known in Canada and the only representative of the
Crocodylia in the latest Cretaceous (late Maastrichtian) in Canada.
It is comparable to Prodiplocynodon from the Lance Formation of
Wyoming, western USA, in both its age (late Maastrichtian) and
phylogenetic position (basal crocodyloid). The occurrence of just
one skeleton of a single crocodylian taxon in the Maastrichtian por-
tion of the Scollard Formation contrasts sharply with the pattern
in stratigraphically equivalent formations farther south into the
USA, such as the Hell Creek Formation of Montana and the Lance
Formation of Wyoming, where at least three crocodylian taxa
(Borealosuchus sternbergii, Brachychampsa montana, and Prodiplocynodon
langi) have been recorded. As well, the number of crocodylian
specimens recovered from the Hell Creek and Lance Formations is
much higher. For instance, a huge number of crocodylian specimens
from the Hell Creek Formation are present in the UCMP collec-
tions, of which about 24 are referable to Borealosuchus sternbergii
(= ‘Leidyosuchus’ sternbergii; examples are UCMP 119660-62 and
UCMP 119838-43), and more than 25 are referable to Brachychampsa
montana (examples are UCMP 119663-65 and UCMP 119841-43; both
X.-C. Wu, pers. observ.). Also, a large number of crocodilian spec-
imens from the Lance Formation are present in the UCMP collec-
tions, of which more than five are referable to Borealosuchus
sternbergii (examples are UCMP 84985, UCMP 82132-3, and UCMP
85139) and about nine to Brachychampsa montana, (examples are
UCMP 84986, and UCMP 120919-22; both X.-C. Wu, pers. observ.).
Those numbers indicate a pattern of diversity for crocodylians in
the Western Interior of North America that is consistent with the
hypothesis that a latitudinal diversity gradient of ectothermic
reptiles existed during the Late Cretaceous, with diversity in more
northern localities being reduced (Brinkman and Eberth 2006).
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Appendix A

Appendix B. Details and results for our
phylogenetic analysis

General remarks: To analyze the phylogenetic relationships of
Albertosuchus knudsenii gen. et sp. nov., we modified the data matrix
of 179 characters and 99 taxa recently presented by Farke et al.
(2014) by adding two additional taxa (Albertosuchus knudsenii and
Arenysuchus gascabadiolorum) and by changing some character scores
for the four species of Pristichampsinae (see text for details). No
characters were added or deleted from our analysis. Our final
matrix thus consists of 179 characters and 101 taxa.

The complete version of the strict consensus of 5604 most parsi-
monious trees recovered in our phylogenetic analysis of Crocodylia
(tree length equals 696, consistency index equals 0.326, and reten-
tion index equals 0.798) on the basis of 101 taxa and 179 characters.
RAM_14527 is an incomplete skeleton from the upper Campanian
Kaiparowits Formation, Utah, USA, that was described by Farke
et al. (2014) as Leidyosuchus sp. RAM denotes the Raymond M. Alf
Museum of Paleontology, Claremont, California, USA. Compare
with simplified version presented in text as Fig. 10.

Table A1. Comparative specimens and publications used for our study.

Leidyosuchus L. canadensis, CMN 338, CMN 8543, CMN 8942,
ROM 1903, TMP 86.221.1, AMNH 5352, UALVP
40953, UALVP 40954

Diplocynodon D. hantoniensis, AMNH 27632 (cast, a copy of NHM
(BMNH) 30392/30396)

Prodiplocynodon P. langi, AMNH 108

Borealosuchus B. sternbergii, USNM 6533, AMNH 5898, and UCMP
107767, 119282, 126099, 129206, 130434, 130435,
130469, 133903, 133930, 134470, 137144;
B. formidabilis (data from Erickson 1976); B. wilsoni,
AMNH 763; B. acutidentatus, CMN 8544

Stangerochampsa S. mccabei, TMP 86.61.1

Alligator A. mississippiensis, TMP 84.183.2, TMP 84.183.18,
TMP 90.7.104; A. sinensis (data from Cong et al. 1998)

Crocodylus C. acutus, AMNH 7121; C. niloticus, AMNH 10081

Crocodyloidea Brachyuranochampsa eversolei, AMNH 4993;
“Crocodylus” affinis, YPM 1345; “Crocodylus” cf.
acer, USNM 18171

Note: Institutional abbreviations: AMNH, American Museum of Natural His-
tory, New York, New York, USA; CMN, Canadian Museum of Nature, Ottawa,
Ontario, Canada; NHM (BMNH), Natural History Museum (= British Museum of
Natural History), London, UK; ROM, Royal Ontario Museum, Toronto, Ontario,
Canada; TMP, Royal Tyrrell Museum of Palaeontology, Drumheller, Alberta,
Canada; UALVP, University of Alberta Laboratory for Vertebrate Palaeontology,
Edmonton, Alberta, Canada; UCMP, University of California Museum of Paleon-
tology, Berkeley, California, USA; USNM, United States National Museum of
Natural History, Smithsonian Institution, Washington, D.C., USA; and YPM,
Peabody Museum of Natural History, Yale University, New Haven, USA.
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Table A2. Abbreviated matrix of our character scores for Albertosuchus knudsenii and Arenysuchus gascabadiolorum and for the four species of the Planocraniidae as recognized by Brochu (2012).

1 2 3 4 5 6 7 8 9

1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890
Albertosuchus ?????????? ?????????? 1?00001?1? 0???0?1??? 1????1102? 0?0??????? ?????????? ????????00 110?000???
Arenysuchus ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? 110??0?011
Boverisuchus magnifrons ?????????? ???0?0???0 1?000?0??1 ??0100?1?? ?1????1110 2000?????? 0?2????0?? 1?1?????21 ?20?000000
Boverisuchus vorax ????0?0??? 01001001?0 1?00000111 ??0100?10? ??1???1110 ?000?????0 ??2000001? 1?0?????21 010?0000?0
Planocrania datangensis ?????????? ?????????? ?????????? ?????????? ??????11?? ???0?????? ?????????? ????????20 010?000??1
Planocrania hengdongenis ?????????? ?????????? 1????????? ?????????? ??????1110 ???1?????? ???????0?0 1?0?????20 010?0?????

10 11 12 13 14 15 16 17 18

1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 123456789
Albertosuchus 1?2000000? ????00???? ?????0?1?? ?000?1?0?? 1???0??000 ??0?00?100 10?10100?? ?????????? ?1????00?
Arenysuchus 0110000??? 0?0???110? 0001001101 0000011000 01011????? 1?000?1000 1001?1???? ???1?0?100 0??0?????
Boverisuchus magnifrons 0030001??? 000000???? 0000001001 010??10000 111110?0?0 ?00?0?0100 10?10100?? ???????1?? ?10000002
Boverisuchus vorax 003000100? 000000??0? 0000001001 0001010000 111110???0 100?010000 100101000? ??01??1100 110000002
Planocrania datangensis 003000000? ?0?000???? ???000??01 ???????0?? 1?1110???? ????0?0000 0010??0?? ?????????? ?10??0?0?
Planocrania hengdongenis 01300????? ?0?000???? 0????01001 ???????0?? 1?1100???? ????0?0?00 100?0100?? ???1???1?? ?10?10001
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