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INTRODUCTION

Leidyosuchus was apparently the best
represented crocodile in the late Cretaceous
and early Tertiary of western North Amer-
ica as indicated by the number of species
that have been allocated to this taxon. The
striking morphological diversity that occurs
between species is not unlike the variabil-
ity seen in Crocodylus yet it may be that
further separations at the generic level will
be called for ultimately; however, the pres-
ent paper is not concerned with this prob-
lem. Its purpose is to present new evidence
germane to our understanding of early
eusuchian structures by way of the descrip-
tion of a new gpecies. Conformance hetween
this new form and the type species, Leidyo-
suchus canadensis, is not as good as it
might idealistically be; however, lacking
morphological evidence to the contrary, and
considering the variability found in other
genera, the prudent course would call for
allocation of this new fossil to the genus

Leidyosuchus. Previous knowledge of early
eusuchiang is limited to relatively few spec-
imens and, of the genus under consideration,
to cranial materials largely. It is therefore
especially significant that essentially the
entire osteological character of this new
form has been preserved and can be dis-
cussed in light of later eusuchians.

The material available for study is the re-
sult of the past five consecutive expeditions
of the Paleontology Department of The Sci-
ence Museum of Minnesota to western North
Dakota, and work in its Wannagan Creek
quarry. Specimens comprising this suite are
intact, and partial, adult skulls, several of
which have substantial portions of the post-
cranial skeleton. In addition, a fair amount
of material pertaining to young specimens
is available. Recent development of this
assemblage now permits the following de-
scription and discussion.
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DESCRIPTION

FAMILY CROCODYLIDAE
SUBFAMILY CROCODYLINAE
GENUS LEIDYOSUCHUS

Leidyosuchus formidabilis, new species

Type. — SMM P71.16.28 Complete skull
with lower jaw intact except for posterier
part of left half.

Horizon and Locality., — SMM Wannagan
Cr. quarry, lower level, Tongue River For-
mation, Paleocene, NW¥4 Sec. 18, T. 141 N,
R. 132W | Billings Co., North Dakota, U.S.
National Grasslands.

Referred Material. — Adult skulls: P70,
20.9, P72.34.87, P72.34.183, P74.24.6 with
lower jaw, and P74.24.103. Young skulls:
P70.20.407, P71.16.29, P72.34.202, P74.24.
105, P75.22.6 yearling maxilla. Mandibles:
P70.20.377, P70.20.388, P70.20.393, P70,
20.412, P72.34.184. Postcranial skeletons:
P74.24.6, P74.24.36. Postcranial elements:
femur P70.20.171, ilium P70.20.404, cora-

coid P70.20.409, radius P70.16.3, scapula
P71.16.10, ulna P71.16.17, ischium P70.16.
21, proatlas P71.16.106, pubis P71.16.2586,
tarsus P72.34.95, branchial horn P72.34,
126, humerus P72.34.203, juvenile vertebra
P73.25.70, interclavicle P74.24.37, hatchling
vertebra P74.24.185, voung neuroccentrum
P74.24.186, and ribs P71.16.7, P71.16.24,
P72.34.150, P72.34.185, P73.25.18.

Diagrnosis. — A large, long-snouted eu-
suchian erocodile, agreeing in general habi-
tus with other leidyosuchines, Distinguish-
able by its narrow, elongate premaxillary
region, moderately long premaxillary-max-
illary diastema, broad, short, rectangular
cranial table, strongly curved retroarticular,
unusually large supratemporal fenestrae,
and long jaw symphysis that makes up
nearly cone-third the length of the dentary,
and large, close-set third and fourth man-
dibular teeth of subequal size. Characteris-
tics of the posteranial skeleton are its long
forelimb and heavy coating of overlapping
scutes.
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Fig. 1. Leidyosuchus formidabilis, type specimen SMM P71.16.28. dorsal view of skull.
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Fig. 2. Leidyosuchus formidabilis, type specimen SMM P71.16.28. ventral view of skull.
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SKULL

Several skulls are selected as the type
series for the present description. These are
in various states of completeness, lacking
only minor portions in most cases. All were
somewhat crushed. Most of the individual
cranial elements however are undistorted
and an extraordinarily good skull habitus
hag resulted from the careful preparation
of this material. The type specimen (Figs.
1 and 2) is especially useful in this descrip-
tion as it is nearly complete and may be
regarded ag an average-size adult. The
skull meets the definition of Leidyosuchus
(Mook, 1925), except it is a longer-snouted
form than usual and is considerably larger
than other species, and longer, with a length
{supraoccipital to tip of rostrum} of 535 mm.
Only L. riggsi with a length of 510 mm.
(Schmidt, 1938) approaches it. The latter is
of much lighter build, and morphological
aspects setting the two apart are obvious.
Aside from its much longer snout, the new
fossil has good conformance to L. acutiden-
tatus.

Principal Cranial Openings

The external nares have a common sub-
circular opening that is situated far forward.
This positioning results in a low anterior
rim. The opening is also relatively small,
with its posterior edge at the level of the
fourth premaxillary alveoli. It is partially
divided at the rear by a bony bar created
by extensions of the paired premaxillae.
This is found in all of the present skulls,
although not prominent in some, and to-

10

tally missing in the type specimen. The
greatest length attained by this bar is 18
mm. and it is most frequently unequally
divided between right and left sides.

Large choanae lie near center on the
pteryvgoid plate, removed from the palatine
sutures a considerable distance in the char-
acteristic eusuchian fashion (Fig. 5). The
opening shows an incipient median division
from its anterior end; hence, it has a some-
what heart-shaped outline. It is usually
irregular and anteroposteriorly elongated.

The region of the cranial table resembles
L. acutidentatus most closely in shape and
proportions. Supratemporal fenestrae are
subecircular in both forms but oversized in
the new fossil, actually to the point of
nearly matching the size of the orbits in
some of the adult specimens. Due to this
unusual enlargement, the frontal has be-
come incorporated to a considerable degree
into formation of the anterior edge of the
opening and the parietal is severely con-
gtricted. Supratemporal fenestrae are, as a
rule, larger in long-snouted crocodiles. L.
riggst has a relatively longer, narrower
rostrum, yet smaller openings compared to
the present form, which has the greatest
expression of this feature within the group,
and, in this, most reminiscent of Gavialis.
The infratemporal fenestrae are smaller than
the superior temporal openings in spite of
the postorbital bar’s far-forward location at
the expanded corner of the cranial table.
A prominent spine gquadratojugalis projects
into the opening from the rear.
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The orbdits are slightly ovate but not much
elongated, nor are they elevated at any
part of their margins.

A well-developed recessus oticus externus
occupies its normal place beneath a highly-
expanded squamosal “overhang”. The fact
that this is so well developed indicates the
presence of good audition with the advan-
tage of a protective otic valve.

The posttemporal fenestrae are guite no-
ticeably elongate slits in this crocodile, oc-
cupying a position just off the posterior
rim of the cranial table, affecting parietals,
sguamosals, supraoccipital, and exoccipitals.
They are quite widely separated compared
to Crocodylus, for example (Fig. 6).

An incisive foramen exists as a conspic-
uous vacancy on the floor of the narial
chamber. Its border is uneven and, in most
of the specimens, its edge partially lost be-
cause of its thinness.

Palatine vacuities are large, extending
from the level of the posterior edge of the
orbits to the level of the twelfth maxillary
alveoli. KElongation of the snout renders
them narrow, yet the anterior border is not
extremely pointed.

Prieumatization of the bones of the ocecipi-
tal region has been established to a consid-
erable degree. A transverse canal connects
the middle ear spaces, and a siphonium
affording communication between the air
spaces of the mandible and skull existed
in life (Figs. 4, 6, 7 and 11). Ontogenetic
progressional changes in some of the above
cranial openings are illustrated in Figures
8 and 9.

Cranial Bones

The rostrum of the new fossil is long,
tapering from the outward edge of the jugal
to the premaxillary-maxillary notch with
modest irregularity. In lateral view, the
dorsal line of the snout is quite straight
with only slight upturning of the end. There

is no indication of preorhital crests, nor is
there any preorbital bump which charac-
terizes some later forms, e.g., Crocodylus
acutus. There is heavy osteodermal sculp-
turing however. The labial line has pro-
nounced undulation.

Lengthening of the premaxilloe, wherein
this portion of the snout has an overall
length greater than its greatest overall
breadth, accounts for its acutely rounded,
only mildly bulbous shape — not so bold
as in most species. In this respect it agrees
most closely again with L. riggsi, as far as
can be judged from the latter’s incomplete
nature. Dorsally, the premaxillary-maxil-
lary sutures intertongue and send posterior
prongs between the maxillae and nasals to
the level of the third and fourth interalveo-
lar area. Ventrally, there is a similar pat-
tern developed but the sutures do not reach
beyond the level of the first and second
maxillary interalveolar space.

Each premaxilla contains five alveoli
{Figs. 2 and 5. Only two complete, and
two broken, teeth are held in the type. The
fourth alveolus is largest, the third next in
size, the first and fifth much smaller, and
the second intermediate between the larg-
est and smallest. Two large pits, inboard of
interalveolar spaces between the first and
second teeth, and the third and fourth, are
present for the first and second mandibular
teeth. The third mandibular tooth lodges
just inside the wide premaxillary-maxillary
notch that is located within a rather long
diastema separating the fifth premaxillary
and first maxillary alveoli. The notch is
degigned to acecommodate the large fourth,
as well as the only slightly smaller, third,
caniniform mandibular teeth. The notch,
further, has overall length appreciably less
than L. riggsi, in which the same teeth
were evidently involved, but greatly exceeds
the span found in all remaining species as
far as known.
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The maxilice contribute only to the pos-
tertor portion of this notch. They are like
those of L. acutidentatus, except much long-
er. The type specimen possesses 19 alveoli
in each maxilla. From the first through
the fifth, they increase in diameter rapidly.
From here on, the characteristic pseudo-
heterodont pattern continues.

Medial to the maxillae are contained the
long nasals. Their greatest breadth is at
the level of the eleventh alveoli. Anterior-
ly, they terminate at the level of the first
alveoli. Posteriorly, the frontal wedges be-
tween them and there is considerable over-
lap, laterally as well as vertically.

Prefrontals and lacrimals are of some-
what the same size. The latter is a little
broader and extends slightly more anterior-
ly. A wide lacrimal duct enters the orbital
opening at its anterior edge. Both contrib-
ute about equally in formation of the rim
of the orbit. “Prefrontal pillars” are present
in most of the skulls available. These are
considerably anteroposteriorly expanded,
but show little lateral enlargement as many
crocodilians do. The main superior passage-
way between the pair iz quite circular,
except for its flat roof. An inferior passage-
way 18 also formed by a medial congtriction
of the pair at one point. Ventrally, each
half is suturally joined to palatines; and,
as far as can be told, the ptervgoids are in-
volved as well. The prefrontal pillars are
shown in Figures 10 and 11.

The frontal is a very heavy, deeply orna-
mented, and thickened element that reaches
forward as far as the thirteenth or four-
teenth maxillary alveoli. Its contact with
the parietal is well into the level of the
supratemporal fenestrae, hence is incorpo-
rated into its structure. It meets the post-
orbitals about midway across the anterior
rim of the supratemporal opening. The cra-
nial table owes its rectangular shape, which
seems to be a characteristic of only some

of the species of Leidvosuchus, to the later-
ally spread, and squared-off, postorbitals.
Stout postorbital bars arige at the antero-
lateral corners and descend to join the jugal
portion of the bar. Due to this expanded
condition of the postorbitals, the postorbital
bars are brought into an advanced position.

Posterior to the postorbitals, the squa-
mosals are deeply incised by the supratem-
poral fenestrae. In filling out the cranial
table posterolaterally, their lateral margins
are projected outward to form the familiar
“overhang” and the recessus oticus externus.

In juxtaposition, the solitary, medial pa-
rietal is bordered laterally by the squa-
mosals. Their respective contacts are medial
to the midway point around the posterior
edge of the supratemporal openings. The
openings for the canal of the temporo-orbit-
al artery and the posttemporal passage can
be observed in several specimens.

Jugals, quadratojugals and quadrates to-
gether produce the massive posterolateral
portions of the skull. The ventral arch of
the jugal is slight and the region of man-
dibular suspension is quite flat and directed
more caudad than ventral. The jugal pos-
sesses a spacious cavity; and, just anterior
to the process which forms the lower por-
tion of the postorbital bar, it has a large
medial opening. The quadratojugal is long
and narrow, with some osteodermal sculp-
turing posteriorly, becoming very smooth
toward the other end. A prominent spina
quadratojugalis is found at this end also.
On the quadrate, the foramen aéreum is an
obvious feature, as is the rather deep fis-
sure of the cranio-quadrate passage. This
fissure is emphasized by a prominent over-
lying flange that arises from the paroccipi-
tal process.

Palatines are narrow and moderately ex-
panded forward at about mid-length. At
their anteriormost extremity, however, they
abruptly taper inward and meet at mid-line
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to become a wedge between the maxillae.
They do not have the squared shape indi-
cated in some other species. Dorsally, a
double trough is formed by the pair along
their mid-line union,

The pterygoids are much expanded, with
great lateral wings or flanges and enlarged
posterior processes behind the choanae,
whereby the blades are rather deeply in-
cised. The pterygold plate has sutural con-
nection with the palatines at the rear mar-
gin of the palatine vacuity. The center wall
of the palatine trough is carried into the
choanal opening, and its termination gives
the choanal opening its heart-shaped an-
terior half, as mentioned previously.

The ectopterygoids are very stout and
join with the pterygoids for most of the
length of the lateral wings.

Bones of the braincase are illustrated in
mid-line section in Figure 11. A limited
amount of pneumatization is present and a
small transverse commissure connects the
two middle ear cavities. Eustachian rami-
fications are well developed.

Most cranial nerves are in evidence in
the composite materialg at hand. A moder-
ately large opening for cranial nerve V is
situated laterally on the proatic-laterosphe-
noid suture. Associated with a prominent
tympanic bulla are cranial nerves VIII and
the fissure for numbers IX and X. Open-
ings of number XII are located laterally on
the exoccipital wall.

Mandible

Figures 3 and 7 illustrate the remark-
able form of the lower jaw, wherein the
splenial shares in the formation of the sym-
physis. Thig condition appears in all but
one species presently assigned to Leidy-
osuchus. The total symphysial span in the
new form is approximately one-third the
length of the dentary and this proportion
remainsg quite constant regardless of the

individual’s age. It greatly exceeds that of
other concerned species, with the possible
exception of L. riggsi, in which the lower
jaw is unknown. If L. multidentatus, with
its long, slender jaw containing 28 alveoli,
but an inordinately reduced symphysial
length, is indicative of the nature of the
longer leidyosuchine mandible, the new
fossil indeed represents a unigue form.
Furthermore, if the greater number of man-
dibular teeth, hence, a compatible number
of maxillary teeth, is really indicative of
the dental variation of the genus, then
identifications based on tooth count have
little value as well.

Of nine complete dentaries available, all
but two specimens possess 22 alveoli. The
two specimens contain only 21 discrete al-
veoli. Undulation or festooning of dentaries
is well developed for such a long jaw. The
dentary accounts for about two-thirds the
total length of the mandible. A resemblance
to L. multidentatus is the long gap that is
found between the first and second alveoli.
This gap is not as great in other known
individuals, and can be attributed to their
shorter jaw lengths. Another feature shared
with the group, but excluding L. multi-
dentatus, is the close proximity and simi-
larity of size of the third and fourth alveoli.
In these two traits the new jaw bears like-
ness to Diplocyrodon (Mook, 1960). If not
for the much greater symphysial length
of the former, which is only an adaptive
accommodation of a large and long jaw,
distinctions are not significant. The type
specimen further demonstrates, by its un-
distorted condition, a good overall habitus
of the mandible (Fig. 3 and frontispiece).
The articulars are long and have a strong,
dorsally curved retroarticular that stands
in contrast to more brachyrostrate members
of the genus, e.g. L. sternbergi and L. acuti-
dentatus, in which it is directed more cau-
dad in a plane near parallel to the slope
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of the dorsal line of the head and does not
follow the smooth curve of the angulars, as
in the case of the present form. In this, it
is like numerous other crocodiles. The dor-
sal direction of curvature, however, is not
as much as that of Crocodylus acutus, where
it may form a nearly right angle with the
jaw line.

Tordansky (1973) notes, in many species,
particularly in old specimens, the dorsal
curvature is strong. The difference between
young and old specimens in this respect
cannot be determined at present, due to
lack of complete mandibles of young ani-
mals.

By way of further description, there is a
great broadening of the articular, just be-
hind the concavities, for quadratic articula-
tion. This is created by an unusual amount
of medial projection, which, in turn, results
in this portion of the bone having twice the
breadth of the articulating surface immedi-
ately anterior to it. A most interesting as-
pect, however, is the presence of the foramen
aéreum. Among ten articulars, painstaking-
ly examined for this feature, only a single,
very large individual (P74.24.6) was found
to possess it. The opening is relatively small,
as compared to alligatorines, but more
typical of some other forms, such as Croco-
dylus, for example; yet it is unmistakably
developed in both right and left jaw halves.
It is located precisely as it is in several
specimens of Alligator mississippiensis ex-
amined, just off the posterior margin of the
smooth, dense articular surface, even to
the small, sharp elevation behind it, that,
by its nature, would afford protection to
the siphonium. This elevation is lacking in
specimens not having a detectable foramen.

Surangulars and angulars are about the
same length and reach nearly to the tip of
the retroarticular process. In this, the for-
mer differs from L. sternbergi and L. acuti-
dentatus as well. It is about the only fea-

ture in which the new form bears closest
resemblance to L. multidentatus. Their lat-
eral surfaces exhibit the greatest osteoder-
mal sculpturing. The surangular reaches
forward to the area of the last dentary alve-
olus and the angular extends well beyond,
to near the level of the eighteenth alveolus.
With the dentary, they form a very large
external mandibular fenestra.

The coronoids are small bones, having a
typical form, and are rather sharply notched
posteriorly. They contain several tiny fora-
mina distributed on both of the broad sides.

The splenials are wide, solid plates, pierced
by a main, single foramen, presumably the
intermandibularis oralis, in the symphysial
zone.

Hyoid. — All that remains of the hyoid
apparatus is the branchial horn. The cornu
branchiale I (Fig. 12), is very like that found
in Crocodylus porosus, yet quite different
from that found in C. acutus. As shown by
Schumacher (1973), this structure is vari-
able in shape depending on age. It is quite
consistent in shape in the present material,
although none regarded as yearling size or
less are known. It is stout and durable as
attested to by the large number found. It is
a shaft that is flattened and bent towards
its distal end. At this point it widens into
a characteristic flange. The distal portion
beyond is twisted out of the plane of the
proximal portion and its terminus is sculp-
tured for a cartilaginous epibranchial.

Dentition

From the twenty skulls and mandibles
examined during the course of the present
study, the following dental formula for adult
L. formidabilis is derived:

m 18-20

mS 179199
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Fig. 3. Right mandible of Leidyosuchus formidabilis, type specimen SMM P71.16.28. A, internal view with splenial in place;
B, external view.
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Tooth count among the crocodilians is re-
garded as having some importance in de-
tailed systematics. In extant taxa, a tally
can be made which takes into account the
inconsistencies in number of teeth occur-
ring in the mouth. The situation is not as
easily demonstrated with regard to fossil
gpecies for the obvious reason of inadequa-
cy of materials. Among the species of Leidy-
osuchus, for example, the number of maxil-
lary teeth is reported at 19 for some, 20
for others. These numbers seem hardly ade-
quate for taxonomic use as they are based,
in most cases, on solitary, poorly preserved
specimens. However, with a suite of speci-
mens such as represents the present new
form, a reasonable basis of the standard
dental complex is possible. Its potential
taxonomic application as regards leidyosu-
chines is yet uncertain.

The type specimen contains 19 maxillary
alveoli; two other adult skulls, P72.34.87
and P74.24.6, each contain the same num-
ber. Still another adult skull, P74.24.103,
contains only 18 discrete maxillary alveoli.
A fifth very large specimen, P72.34.183,
displays 20 alveolar cavities in its maxil-
lary. Disparity between right and left ele-
mentg is not unusual either, as demonstrated
by the adult skull, P70.20.9. Nineteen are
present in one side, and 20 in the other.
In a small, young skull, P70.20.407 (Fig.
33), determination of the exact number is
hampered by lack of differentiation of indi-
vidual alveoli. Teeth, for most of the jaw’s
length, are contained in a common alveolar
groove. Fortunately, 17 teeth are preserved;
some remain only as broken bases, but
situated much as they grew. Allowing for
subsequent increase of jaw length and full
development of alveoli, the final comple-
ment of maxillary teeth in this specimen
would be 18 to 20.

The greatest number of alveoli oceurring
in the largest skull does not necessarily in-

dicate addition of an indefinite number of
teeth as the skull length continues to in-
crease with age. The “maximum” number
of teeth, as noted, turns up in more average-
size skulls also. However, the smallest spec-
imen, believed to represent the first year
of growth or less (Fig. 34), contains space
for, at most, 16 teeth. In Figure 9, this
stage would be represented by E. The pos-
terior few alveoll are incipient as slight ex-
pansions within a shallow alveclar groove.
It iz also not determined at what stage of
growth the precise number of alveoll for
any particular, normally developing bone
is achieved, but it is evidently a concomi-
tance of the establishment of the posterior
alveoli.

Tooth replacement in Crocodylus pro-
ceeds irregularly after adulthood, and re-
placement does continue throughout life
{(Edmund, 1969). An anomaly such as that
found in P70.20.9, where there is disagree-
ment between paired maxillae, is not un-
usual. Irregular positions of teeth are often
found (lordansky, 1973). It merely indicates
a lag of one side in the production of addi-
tional teeth. It is seen in the present evi-
dence that the standard number of maxil-
lary teeth characterizing this form might
vary from 18 to 20 in a normal individual
depending somewhat on its relative age.
Tooth replacement would appear to have
proceeded irregularly during adulthood and
throughout life as judged by germ teeth
in the largest specimens. This follows the
regime found in living crocodilians.

lordansky (1973) has tabulated dental
formulae for living crocodilians and shown
the modest variability in tooth number of
closely related taxa. The above formula
shows, by standards of extant species, the
present, rather long-snouted skull possessed
a large number of teeth. As far as can be
ascertained from the current study, the
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formula may have certain potential appli-  and others of the genus are similar, for
cation for generic significance if not for the example, to those existing between Croco-
inclusion of L. multidentatus, with its re-  dylus and Tomistoma. It may be that fur-
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ported 28 mandibular teeth and an assumed ther knowledge of L. multidentatus will

compatible number of maxillary teeth. The bring about its reassignment,

inferred differences between this species

TABLE 1.
Measurements of holotype skull SMM P71.16.28 in millimeters

Length of skull, posterior border of cranial table te tipofsnout ........... .. .. ... ... ... ...
Greatest length of skull aleng quadrate to tip of smout .. ... ... .
Length, posterior border of cranial table to level of anterior edge of orbit ......... ... ... ... ...

Length of cranial table, posterior border of squamosal to anterior border of

postorbital along lateral rim of supratemporal fenestra ........ ... ... ... .. .. ... . ...
Length, posterior border of cranial table to level of maxillary-premaxillary notch .................
Length of orhits ...
Length of supratemporal fenestrae ... ... ... . . . e
Length of palatine vacuity ... ... ... e e
Greatest breadth of skull at quadratojugals . ... ... .
Breadth at level of snout base (156th maxillary alveoli) ... ... ...
Breadth at maxillary-premaxillary notch . ... ... o
Breadth at level of 5th premaxillary alveoll ... ... ... . .
Greatest breadth of cranial table across squamosals ... .
Breadth of orbits ... oo e s
Breadth of supratemporal fenestras . ... .. e e
Narrowest breadth of interorbital plate . ... .. . . . . . ..
Narrowest width between supratemporal fenestrae ....... ... ... i i
Narrowest breadth of palatines . ... ... i i

Measurements of holetype mandible SMM P71.16.28

Greatest length of mandible, retrearticular to tip of jaw

Length of symphysis

Greatest breadth of articulated mandibles at posterior end of splenials (est.)

Greatest length of dentary .. ...
Breadth of articulated mandibles at level of 6th and Tth interalveolar space .....................
Greatest breadth of articulated mandibles at level of 4th mandibular alveoli ....................

697
485
158
63
81.5
246
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Fig. 4. Dorsal view of skull of Leidyosuchus formidabilis. f, frontal; faé, foramen aéreum; j, jugal; 1, lacri-
mal; m, maxilla; n, nasal; oce, occipital condyle; p, parietal; pm, premaxilla; po, postorbital; prf, prefrontai;
g, quadrate; qj, quadratojugal; so, supraocccipital; sq, squamosal.
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Fig. 5. Ventral view of skull of Leidyosuchus formidabilis. ch, choanae; ec, ectopterygoid; f.Eu, Eustachian
foramen; fi, incisive foramen; fpl, palatal fenestra; j, jugal; m, maxiila; oce, occipital condyle; pal, palatine; pm,
premaxiila; pmd 1, pit for first dentary tooth; pt, ptervgoid; q, quadrate; qj, quadratojugal,
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ONTOGENETIC NOTES (SKULL)

From an ontogenetic approach, the small-
est, essentially complete skull of the series,
P70.20.407. (Fig. 33}, which is probably a
voung adult stage, and several, somewhat
larger, young adults, P71,16.29, P72.34.202,
and P74.24.105, all represented in Figures
8 and 9, contribute rather extensively to
our knowledge of the entire skull through-
out its subadult-adult development.

The smallest skull lacks premaxillae,
having lost them at the maxillary contacts,
as well as the regions of the quadrates. Its
estimated length (supraoccipital to tip of
rostrum) is 270 mm., about half the length
of an average adult skull. The skull of the
very young individual ig known from only
a few minor fragments but these offer a
glimpse of even the earliest pre-adult stages
of development. A left maxilla, P75.22.6
(Fig. 34), belongs to a very small skull
with an estimated total length of about 8
or 9 cm., hence, a total skeletal length of
between 50 and 60 cm., as based on rela-
tive lengths of some extant forms. T would
judge its age to have been not more than
one year. Teeth are incipient and sculptur-
ing of the exposed bone is delicate. Most of
the thin palatal portion is lacking. At the
level of the twelfth and thirteenth alveoli,

the border of the palatine vacuity is stiil
detectable. Anteriorly, a slight swelling of
the labial margin shows the area of the
largest fourth and fifth teeth. Fifteen or
sixteen teeth would have been the total
complement in this young specimen when
alive.

Ontogenetic changes and the rate of
change pretty well follow established post-
embryonal development of extant crocodil-
ians (lordansky, 1973). Theae are illustrated
in Figures 8, 9 and 34. Regarding the gen-
eral rostral form, it gradually increases its
width and undulations once the juvenile
stage is passed. The cranial table grows
relatively slower than the rostrum. Orbits
become more ovate, and become relatively
less in dimension with age. Supratemporal
fenestrae also become circular but increase
their size appreciably. Choanae tend to
migrate toward the back of the pterygoid
plate. Osteodermal sculpturing intensifies
greatly with age and individual teeth be-
come modified, from long, thin, sharply-
pointed cones to heavier structures with
more bluntly terminated apices. Attain-
ment of separate alveolar identity for each
tooth is mentioned in the previous section.

POSTCRANIAL SKELETON

Description of the posteranial skeleton
rests with several partial skeletons, includ-
ing several young skeletons. In addition,
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many associated elements, representing the
range of postembryonal stages, are used as
supplemental material.
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Fig. 6. Leidyosuchus formidabiliz, SMM P71.16.29. posterior view of skull. cq, cranio-quadrate passage;
eo, exoccipital; fag, foramen aéreum; fep, carctid foramen; {.Eu, Eustachian foramen; fpt, posttemporal fenestra;
v, foramen vagi; p, parietal; p.po, paroccipital process; pt, pterygoid; g, quadrate; qj, quadratojugal; so, supra-

occipital; sq, squamosal; X1, corresponding cranial nerve canal.

Vertebral Column

The column has no unusual characteris-
tics that depart from the typical vertebral
homogeneity of the group. Taken collec-
tively, the vertebral column does possess
aspects distinctive of the new taxon. The
subregional vertebral complement comprises
9 cervicals, 15 dorsals, 2 sacrals, and about
35-40 caudals. The following descriptions
and referred figures are based largely on
skeletong P74.24.6 and P74.24.386.

Cervical vertebrae — The atlas has a free
crescentric intercentrum, paired winglike
neurocentra, and a large centrum (odontoid)
fused to a very short, stout axis centrum,
which all together form a rather standard
crocodilian assemblage (Fig. 13). Location
of the rib facets on the first intercentrum
show the usual association of a flattened
holocephalus rib. The atlantal centrum, as

well, exhibits a ventrolateral articular facet
for a flat rib. This facet is well separated
from the odontoid-axis suture, lying more
centrally on the odontoid. The axis centrum
is short, anteroposteriorly, by eomparison
with L. multidentatus. It is also different
from this species in showing less develop-
ment of the posterior condyle. The centrum
has a prominent hypapophysis antero-
ventrally.

The axis neural arch is quite short an-
teroposteriorly, and the neural spine is un-
like that found in the Crocodylinae. On the
contrary, it has great height with a rather
short caudad projection that thickens pos-
teriorly and poses the likeness of an alliga-
torine spine. 1t differs from L. multidentatus
in the same ways, as well as lacking the
lateral lamina noted by Mook (1930} as
being peculiar to his species.
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Fig. 7. Right lower mandible of Leidyosuchus formidabilis in occlusal view. an, angular; ar, articular; d,
dentary; fag, foramen agreum; fme, external mandibular fenestra; pr.r, retroarticular process; san, surangular;
s, splenial.
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An interesting structure is the proatlas.
Its two halves are fused dorsally to form
one piece, which, when viewed from above,
has a boomerang shape. Of the four avail-
able specimens, one is complete (Fig. 14).
Dorsally, it has a sharp ridge along mid-
line and it has a small, acutely pointed
projection arising from an anterodorsal lo-
cation. In lateral aspect, a deep emargina-
tion of the anterior edge and the inflation
of the caudal extremities that overlie the
intercentra characterize this element. It
spanned an otherwise unprotected segment
of the spinal cord between the skull and
the vertebral column.

Cervicals three through nine — These
vertebrae are strongly procoelous (Fig. 13).
By way of comparison with Crocodylus,
cervicals three, four, and five have some-
what broader neurocentra, with lower and
wider neural spines in lateral view. The
anteroventral hypapophyses on these are not
salient features. Young specimens usually
have no trace of this feature. Development
of the hypapophysis is prominent on num-
ber six and grows progressively stronger
through the ninth cervical vertebra. This
structure is noted as taking a straight ven-
tral orientation, with only slight anterior
inclination showing in an occasional speci-
men. In fact, in numerous specimens exam-
ined, the inclination is caudad. From num-
ber six on, the neural spines narrow and
increase steadily in height. The seventh,
eighth, and ninth are swollen by heavy
Iateral ridges that run vertically. The last
two are most expanded, much taller, and
rugose at their summits. From the first
through the last, the rib facets are normal
in their respective locations. The parapoph-
yses move from their inferior positions on
number three to the neurocentral suture on
number nine. In numbers eight and nine,
the parapophyses are reduced and oriented

more vertically rather than horizontally,
as in preceding elements. Their tubercular
facets are enlarged as the diapophyses in-
crease in length. As far as can be demon-
strated with the incompleteness of the cer-
vical series of L. multidentatus, vertebrae
of the present form have more abbreviated
length and less exaggeration of the cup-
and-ball articulations.

Dorsal vertebrae — Assessment of the
numerous dorsal vertebrae indicates that
15 elements completed the series. Here,
again, the procoelous condition prevails.
Dorsals are readily separated from cervicals
in location of rib facets and elongation of
diapophyses. Only the first two in the series
have parapophysial facets situated on the
centra, These are at the superior border,
as in the last cervical; but here the like-
ness ends, as these increase appreciably in
length and the lateral processes angle rear-
ward. Anteroposterior width of the neural
spines is also about twice that of the cer-
vicals,

The third dorsal centrum is especially
distinctive by want of a capitular facet,
which has moved up onto the base of the
fransverse process, and the acuteness and
cephalad inclination of its hypapophysis
(Fig. 15).

The fourth dorsal is apparently without
a hypapophysis, at least as is discernible
from the materials available. All diapophy-
ses angle posteriorly and upward. The dor-
sad angulation begins with the second ele-
ment in the series and continues through
the remaining free rib-bearing vertebrae.
The neural spines are similar to those of
Crocodylus acutus, only a bit stouter and
shorter. Zygapophysial surfaces are very
large and, as characteristic of dorsal verte-
brae, extend below the level of the neural
canal. A median dorsal vertebra is shown
in Figure 16.




Fig. 8. Ontogenetic development of the skull of Leidyosuchus formidabilis, in dorsal aspect. A and B, large adults; C, small
adult; D, sub adult.
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Fig. 9. Ontogenetic development of the skull of Leidyosuchus formidabilis, in ventral aspect. A and B, large adults; C, small

adult; D, sub adult; E, less than one year of age.
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The last dorsals, or lumbars, are at least
three in number. Their form is consistent
with the existing plan. Neural spines are
low and the transverse processes stout, and
directed essentially straight out (Fig. 17).

Fig. 10. Partial section of the skull of Leidyo-
suchus formidabilis, showing prefrontal pillars in an-

terior view; f, frontal; prf, prefrontal.

occH.

Sacrum — Two vertebrae make up the
sacral series (Fig. 18). They are like those
found in C. acutus, except in certain minor
details. The centra are depressed and the
anterior articular surface of the first cen-
trum has unusual breadth. It is concave,
as is the posterior surface of the second
element. At their union, both centra are
reduced in diameter and have flat contact
faces. Each centrum supports massive trans-
verse processes arising, on the first, from
the front half of the centrum and extend-
ing beyond to overlap the first presacral
centrum. On the second element, they be-
gin along the posterior four-fifths of the
length of the centrum and reach beyond to
a point where they overlap the first caudal
vertebra. These processes protrude boldly
to join the ilia. Corresponding surfaces are
irregular, vet a fairly well defined border
can be observed. The distal ends of the
second element’s processes are not pre-
gserved, but contact areas on the ilia indi-

Fig. 11. Cranial bones and canals in sagital view.
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Fig. 12. Right branchial horn of hyoid apparatus
(P72.34.126.) of Leidyosuchus formidebilis. A, internal
view; B, ventral view.

cate that they were spread well up onto
the posterior tip of the iliac blade, consider-
ably more than those of the first set of
processes.

Along the posterior edge of the first
transverse process is a rather sharp keel
Its anterior edge is squared off. Prezyga-
pophyses on the first element are large,
those of the second only slightly smaller,
and to some degree stronger, than those of
C. acutus. Along with the position of the
base of the transverse process, which helps
cradle the first caudal centrum, this pro-
vides a strong connection between the sa-
erum and tail. This is not unlike the form
of the second sacral of Leidyvosuchus cana-
densis (Lambe, 1908). Zygapophysial devel-
opment between the two sacrals is inter-
mediate, as the incomplete remains would
show. Neural spines are present for the
most part and indicate a low form that was
broad anteroposteriorly.

Mook’s description of L. multidentatus
(1930) was based on a number of postera-
nials, including the two sacrals, the second
of which exhibits a peculiar feature. On
the posterior surface of the centrum is a
small ball superposed on the concave sur-
face. This condition is in decided contrast
with that of modern crocodiles as noted by
Mook. It is also unlike anything found in
the present suite of gpecimens. The present
sacrum is further different from Mook’s
specimen in the nature of the transverse
processes, wherein those of the present
gpecimen are appreciably longer, and the
base of the second extends posteriorly be-
yond the centrum.

Caudals — The complete number of cau-
dal vertebrae is undetermined in spite of
the goodly number on hand. All general
sections of the tail are well represented and
a reasonable estimate of the number of ele-
ments comprising a complete series would
be somewhere from 35 to 40. The exact
number, of course, could vary from one in-
dividual to another. The first in the series
is typically biconvex, with greatest swelling
on the posterior face (Fig. 19). All of the
anterior centra, to at least midway along
the series, have a pair of longitudinal ven-
tral ridges. Anterior elements occasionally
show lateral ridging as well. Transverse
processes are present for most of this dis-
tance. These decrease, from rather elongate
structures in the first few vertebrae, to a
mere vestige at some point before the neu-
ral spines reach their maximum develop-
ment and the tail has its greatest lateral
compression. At this point, the new croco-
dile apparently had a slightly higher tail
than Crocodylus acutus, as suggested by
the length of neural spine, and the indi-
cated presence of strong chevrons in this
area, A median distal vertebra of the new
crocodile, in the vicinity of the eighteenth,
which is the vertebra that has the longest
neural spine in C. acutus, (Mook, 1921),
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has a proportionately longer spine as pre-
served; and yet it is estimated to be miss-
ing three to five mm. from its tip. A strong,
powerful tail is indicated, undoubtedly most
functional as a very effective propulsive
organ in the water.

Zygapophyses and neural spines are de-
veloped from the first to the most distal
caudals. The first few spines are fairly
broad anteroposteriorly and gradually thin
as they increase in length toward mid-length
of the tail. From this point on, they grad-
ually diminish, as do the zygapophyses, to
the end. In Figure 19 is represented one
of the last elements showing evidence of a
neural spine and zygapophyses. The neural
arch ig still complete and a faint trace of
the procoelous condition of the centrum per-
gists. There were, perhaps, only four to six
small bones beyond this point.

Chevrons

Again, as with the caudal vertebrae, the
total number is unknown. A selection of
various examples (Fig. 20} has been made
from the present material to give a general
idea of their nature which is like that of
Crocodylus. Their most noticeable form is
their substantial length.

Ribs

Cervical ribs — Ample material is pre-
served to show that on all cervical vertebrae
were Tibs of the characteristic crocodilian
type. The first two, borne by the first inter-
centrum, and centrum, respectively, are flat
and elongate. Number one is longer and
holocephalous. Number two possesses a
poorly formed tuberculum, which termi-
nates in an irregular edge to support con-
nective tissue. The next rib, articulating
with the third vertebra, iz similar to those
carried by the fourth through the seventh
vertebrae. They are stout and short with a

prominent capitulum and a very long tu-
bercular section, arising at nearly right
angles to a horizontally-oriented shaft. The
anterior projection of this increases in length
from the third to the sixth or seventh,
wherein it about equals the posterior pro-
jection. The form of the eighth is an elon-
gated shaft continuous with the capitular
projection, forming a smooth curve directed
posteroventrally. Both capitular and tuber-
cular surfaces are considerably reduced in
size. The latter is somewhat more massive.
The anterior prong remains as a prominent
crest on the shaft at the level of the tuber-
culum.

The ninth rib is much heavier and some-
what longer than the preceding rib. Artic-
ulating areas are about the same size in
each and the crest on the shaft is very
strong. Figure 21 affords a composite suite
of the cervical rib series.

Dorsal ribs — Matching dorsal ribs with
vertebrae is a bit unreliable, even from the
large quantity of specimens found. This is
not necessary, at any rate, to derive an
appropriate reconstruction of the thoracic
and lumbar subregions of the skeleton. As
stated, there were very likely 15 dorsal
vertebrae. Ribs borne by these may, in
turn, be divided into: two (R10 and R11)
anterior thoracic ribs, having capitular
contact with parapophysial facets that are
situated below the neurocentral suture on
their respective vertebrae, and six or seven,
possibly more, beginning with (R12), long-
er, mid-thoracic types, in which the tuber-
culum becomes the principal contact with
the vertebra, and the capitular surface is
diminished in accord with movement of the
parapophysis to a more dorsad location
above the neurocentral suture near the
base of the transverse process. Finally,
there are at least three (R22, R23, and
R24) which are not free and are best re-
garded as lumbar processes. The three, or
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Fig, 13.
posterior view.

Cervical vertebrae of Leidvosuchus formidabilis, with neurocentra splayed; A, anterior view; B, lateral view; C,
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so, intervening ribs between the last of the
series (R12 to R18) and (R22) are somewhat
conjectural, but probably were simple free
structures not greatly unlike thoze found
in Crocodylus.

It cannot be illustrated, with satisfaction,
at what level the rib facets on the trans-
verse processes finally merge to create a
synapophysis; nor is it clear how many
lumbars actually may be designated. The
number and form of the anterior dorsal ribs
suggests that the vertebrocostal canal was
appreciably reduced at the level of the third
{R12) dorsal rib, and the supposed arrange-
ment of ribs seems most acceptable at pres-
ent. Representatives of the ribs of various
dorsal sections are illustrated in Figure 22.

Many pieces of wide, as well as narrow,
rod-like elements, belonging to ventral ribs,
are included in the material. Their associ-
ations with the major ribs are not obvious,
but there is every indication of a belly re-
gion well fortified with ventral thoracic
and abdominal ribs.

Fig. 14. Proatlas of Leidyosuchus formidabilis.
SMM P71.16.106. A, dorsal view; B, anterior view.

Caudal ribs — Transverse processes (pleu-
ropophyses) are found on the largest caudal
vertebrae. Evidence of these structures is
loat near mid-length, as judged from both
adult and subadult remains.

Sternum

The interclavicle is a well ossified struc-
ture (Fig. 23). From six specimens available
for comparison, several of which are nearly
complete, its shape is that of an elongate
double-edged blade with a somewhat varia-
ble outline. Constrictions, mostly along the
anterior portion of the margin, offer solid
attachments for the cartilaginous sternum.
Greatest constriction occurs about one-third
of the length back from the anterior tip.
Posterior to this, the edge of the blade is a
smooth, cartilaginous surface.

Pectoral Girdle

Some 25 pectoral elements preserve an
accurate knowledge of the primary girdle.
The most remarkable aspect of the involved
bones is their relative shortness as com-
pared to limb bone length, and as a girdle
unit to the Iengths of the limbs themselves.

The scapula has more length than the
coracoid. The blade of the former is broader
and the shaft more anteroposteriorly com-
pressed. Tts superior border has a cartilag-
inous margin, swung in a wide are, whereas
the blade of the latter is abruptly truncated
and rounded only at its posterior corner.
Its distal edge has a strong area for attach-
ment of sternal cartilage. The shaft is also
rounded and thicker than that of the scap-
ula. At the extremities of contact with each
other, both bones are much thickened and
their adjoining surfaces rugose. Both are
drawn out and narrowed anteriorly along
this surface. The glenoid is contributed to
more or less equally by these elements.

.
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Fig. 15. First four dorsal vertebrae of Leidyosuchus formidubilis. A, anterior view, B, lateral view; C, pos-

terior view,

In normal contact alignment, each ex-
tends obliquely backward, and an internal
arc of about 89 degrees is inscribed between
the two blades when viewed from directly
in front or behind (Fig. 24). This is due
chiefly to the bold, inward inclination of
the pair. The acuteness of angulation is
somewhat more than that seen in many
other crocodilians. It precisely resembles
some alligatorine specimens in this respect.
Examination of scapulae and coracoids re-
veals a marked consistency of this rela-
tionship with one another. The result of

the relative shortness of the girdle elements
themselves, and the more medial inclination
of their respective blades, iz a depressed
shoulder region with a low silhouette.

Notable features of these bones are areas
of roughness for muscle attachment above
the glenoid cavity, and a heavy crest along
the posterolateral portion of the same side
of the scapula. On the coraceid, the glenoid
is sharply set apart from the base of the
bone, and a large foramen penetrates the
widest portion of the base near its center.
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Fig. 16. Median dorsal vertebra of Leidyosuchus Fig. 17. Lumbar vertebra of Leidyosuchus formi-
formidabilis (about number eight); A, anterior view; dabilis. A, anterior view, B, lateral view; C, posterior

B, lateral view; C, posterior view, view.
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Fig. 18. Pelvic girdle of Leidyosuchus formidabilis. A, anterior aspect of fully articulated pelvis; B, lateral
aspect of two sacral vertebrae with ribs; C, ventral aspect of sacrum with ribs.
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Fig. 19. Caudal vertebrae of Leidyosuehus formidabilis, representing (left to right) the first, approximately
eighteenth, distal, and extreme distal sections of the tail. A, anterior view; B, lateral view; C, posterior view.
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Fig. 20.
view.

Fig. 21. Cervical rib series of Leidvosuchus formidabilis,




Fig. 22. Ribs representing various regions of the skeleton of Leidyosuchus formidabilis. A, first cervical
rib SMM P73.25.18. B, anterior dorsal rib SMM P71.16.7. C, large median trunk rib SMM P72.34.185. D, third
cervical rib SMM P71.16.24. in medial and lateral views. E, posterior dorsal rib SMM P72.34.150.
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Fig. 23. Interclavicle of Leidyosuchus formidabilis, SMM P74.24.37. A, ventral view; B, dorsal view.

Forelimb

Humerus — For a crocodile, the humerus
is unusually long, having a length only
slightly less than that of the femur (Table
ID). Otherwise, the humerus is characteris-
tically crocodyloid. The shaft curvature is
gentle. Extremities of the bone have mod-
erate expansion, to more or less the same
extent. The head is strongly turned medial-
ly, and the proximal articular surface is
well defined over the entire end. The pos-
terior part is most expanded. The distal

end of the bone is curved laterally, and its
articular areas separated on a large capi-
tellum and a smaller ulnar condyle by a
deep trochlear groove. Within the proximal
one-quarter length of the bone is located a
small internal tuberosity, and opposite, on
the anterior surface, a prominent deltopec-
toral crest. This feature is conspicuous, and
situated relatively high upon the shaft by
comparison witk Crocodylus, due to the
marked proportional differences in bone
lengths between the two — the fossil being
unusually long. The prominence of the crest
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Fig. 24, Endochondral elements of pectoral girdle of Leidyosuchus formidabilis. A, SMM P71.16.10. right
scapula; B, SMM P70.20.409. right coraccid; both in full lateral view; C, same, nearly articulated in posterior
view.
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is connected to the base of the head of the
humerus by a very sharp, thin-walled ridge
which in the best preserved specimens has
no curvature. Distally it thickens and grad-
ually coalesces with the shaft (Fig. 25).

Radius-ulna — The radius and ulna are
also relatively long - the latter having
greatest length (Fig. 26). Their lengths
more closely approach that of the humerus
than they do in the other crocodilians com-
pared herein. Unlike Crocodylus, the ulnar
length exceeds that of the scapula and cora-
coid, measured across the greatest length
of both. Unfortunately, the ulna of C. clavis
is unknown; however, its radius would in-
dicate the relative proportions of the ante-
brachium were more or less like those of
C. acutus. The radius and scapula of the
new form are of subequal length. The radi-
us is, further, a simple bone, swollen and
flattened across its proximal end, and an-
teroposteriorly widened at the distal end.
Well developed articular facets are present
at both extremities. As in Crocodylus, this
is the shortest of all the limb bones.

The ulnar shaft is somewhat flattened
and it has pronounced curvature. The head
is enlarged, the distal end considerably less
80, and is otherwige of typical form.

Carpus — In being consistent with the
propodial and epipodial regions of the limb,
the carpals are quite elongate. The radial
is much developed for association with the
radius; and, laterally, a large area is pro-
vided for contact with the ulna. Narrowing
of its shaft is amplified by its elongated
shape. The same is true of the much small-
er ulnare. Distally, these elements are ex-
panded mildly, and a bit concave, centrally,
The pisiform 18 an inconspicuous, irregular
part. It is uncertain what the nature of any
particular distal carpal might have been.
Of these, all are of a generalized subround-
ed form,

Manus — The forefoot is of typical con-
struction, having all five digits represented.
The phalangeal formula is not apparent,
but various proportional aspects of the rest
of the foot, and the number and variety of
individual phalangeal forms represented,
suggest that something akin to the typical
crocodilian count, with a large ungual on
each digit, was the case. No evidence of
what the nature of any modifications to
claws of IV and V might have been was
found. Various elements of the feet are
shown in Figure 32.

Fig. 25. Left humerus of Leidyosuchus formidabilis,
SMM P72.34.203. A, ventral view; B, lateral view.
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Fig. 26. Leidyosuchus formidabilis, A, right radius SMM P71.16.3. anterior view; B, left ulna SMM P71.16.17.

medial view.

Pelvic Girdle

Three elements making up the pelvic gir-
dle show little that might be considered
peculiar to the present taxon. Among the
number of ilia looked at for structure and
the variations that might exist, are con-
venient examples of individuals that give
a good ontogenetic view of their form. The
ilium is a heavy bone with a characteristic
posterior extension of its blade, proportions
of which are relatively constant, in spite
of relative age. Superiorly, the border is
highly rugose, and, anterodorsally, there is
situated a prominent projection. An aobvi-

ous feature is the sharp definition of the
very large acetabulum.

The pubis has the normal eusuchian form
and relationship to other girdle parts, being
appreciably smaller and of lighter construc-
tion. Other than its articulation with the
anterior process of the ischium, its connec-
tions were by fibrous tissues only.

The ischium is stout and its iliac articu-
lar processes are strong. When connected
with the ilium, a fairly large perforation is
created within the acetabulum somewhat
below its center. The articulated pelvic gir-
dle is illustrated in Figure 18, and its vari-
ous component elements in Figure 27.
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Fig, 27, Leidyosuchus formidabilis, A, left ilium SMM P70.20.404. acetabular view; B, left pubis SMM
P71.16.256. medial view; C, right ischium SMM P71.16.21. medial view.
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Hind Limb

Femur — This bone is long, but only
slightly more so (< 10 percent) than the
humerus, whereas, in other crocodiles, ac-

Fig. 28. Left femur of Leidyosuchus formidabilis,
SMM P70.20.171. in dorsal view; B, left crus and
tarsus of SMM P74.24.6. and SMM P72.34.95. in an-
terior view.

cording to Romer (1956), it is usually on
the order of 20-25 percent greater. Humero-
femoral ratios (Table II) of three eusuchians
— two fossils, one extant — are here com-
pared for illustrative purposes. Two speci-
mens of the new form are included, one
juvenile and one adult.

Proximal and distal expansions of the
femur are modest. The upper end is a bit
more enlarged and in a different plane be-
cause of mild twisting of the shaft. Condyles
for epipodials are very strong and would
allow a considerable degree of travel. A
heavy, rugose fourth trochanter is located
about one-third of the bone’s length down
from the proximal end. Deep striae charac-
terize both ends above the articular areas.

Tibia-fibula — Of the available associ-
ated epipodial materials, only one set, rep-
resenting the right tibia and fibula of
SMM P74.24.6, is suitable to yield accurate
measurements of the complete crus. These
are shown in Figure 29, B.

The tibia is much more robust than the
fibula. Proximally, it is much expanded,
with a broad articular surface that is con-
cave at its center. Striations on the shaft
are mild and largely restricted to its ends.
The remainder is rather smooth, with no
salient muscle scars. Some slight, longitu-
dinal ridges interrupt the smooth surface
of the shaft, and these vary in pattern from
one specimen to the next. Expansion is also
pronounced distally and a well developed
surface for intimate union with the astrag-
alus is indicated, in which there would be
no appreciable movement.

The fibula conforms well to characteristic
crocodilian design. Most striking is its con-
siderable length. The upper end is flattened,
resulting in a narrow, lateral strip of artic-
ular surface. Distally, a good astragalar
facet is found, lateral to the distal surface,
for the calcaneum association. A fair amount
of heavy striae occurs toward the extremi-
ties of the shaft.


https://P72.34.95

ERICKSON: OSTEOLOGY OF LEIDYOSUCHUS 43

Tarsus — The astragalus and calcaneum
are of similar size and operate together in
precisely the same manner as in later croc-
odiles, by sharing a ball-and-socket joint
that provides the major movement between
crus and foot. These elements are sturdy,
and most numerous of the preserved meso-
podials. They are both characterized by
numerous, conspicuous, small foramina on
all non-articulating surfaces. Both also
have well developed facets for distal tarsal
contacts, and, in the case of the astragalus,
with metatarsal number I. The calcaneum
bears a heavy, prominent, posterior tuber.
Elements of the hind limb are shown in
Figures 28 and 29.

10.cm

A number of small bones that are re-
garded as distal tarsals are preserved. Most
are fairly regular in form and do not differ
in any uniform way from one another.
Thus, their exact relationships within the
foot are not certain; nor is it clear how
many may have been contained in any
single foot.

Pes — Except for digit V, the rest are
extremely long and apparently bore claws.
An attempted reconstruction, based on the
many available metapodials, infers that
number I is stoutest, number III, the long-
est, and number IV, thinnest of the lot.
Number V is a mere nub. Little else can be
stated definitely about its form and digital
formula.

Fig. 29. A, left femur of Leidyosuchus formidabilis, SMM P70.20.171. in dorsal view; B, left crus and tarsus

of SMM P74.24.6. and SMM P72.34.95. in anterior view.
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Length of humerus
Length of femur
Length of radius
Length of tibia

Humerofemoral ratic

TABLE IL

Comparison of three eusuchians — two fossil, one extant.
Figures for Crocodylus clavis and C. acutus, from Gilmore (1946).
Measurements in millimeters.

Leidvosuchus
Crocodylus clavis C. acutus formidabilis
(Focene) (Recent) (Paleocene)
USNM 12719 AMNH 7139 SMM P74.24.36 (juv.)
180 268 152
223 325 161
107 149 —
159 227
.81 83 94
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L. formidabilis
(Paleocene}
SMM P74.24.6
276

298 (est.)

225
93
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Fig. 30. Osteoderms of Leidyosuchus formidabilis in dorsal views. A, median nuchal; B, and C, anterior
median dorsal scute, and posterior dorsal scute, respectively, with two sutural borders; D, lateral dorsal scute
with cne sutural border; E, distal lateral scute; F, marginal osteoderm with no contact surfaces; G, transverse

aspect of lateral dorsal scute; H, palpebral (supraorbital) in dorsal and lateral (below) views; s, sutural horder;
do, area of dorsal overlap; vo, area of ventral overlap,




OSTEODERMS

Posteranial dermal ossification is highly
developed (Figs. 30 and 31). The nature of
normal scutes of this crocodile is especially
interesting, and probably as diagnostically
significant for taxonomic purposes as scutel-
lation is among extant taxa (Brazaitis, 1973).
Scutellation appears primitive in two ways:
{1) the absence of a distinct dorsal keel on
individual scutes anywhere on the body, and
(2) the overlapping arrangement of the ma-
jor scutes. Unfortunately, a complete mosaic
of their natural dispersal is not preserved;
yet, fair amounts of the dermal armor have
been found associated with individual skel-
etons in relatively undisturbed positions. In
addition, a wealth of associated groups of a
half-dozen, or so, and individual elements,
are on hand to give us a good idea about
these ossifications. Assuming the possession
of a diserete group immediately behind the
head, we may define the postoccipitals, nu-
chals, for those of the cervical region, and
for those comprising the vast majority on
the trunk — the dorsals. The postoccipitals
are evidently irregular in shape and more
or less flat. On the other hand, nuchals are
quite distinctive in their triangular shapes.
They are most often strongly arched for
body contour. The principal nuchals are
large and possess thin outer margins which
possibly had minor overlap in some cases
with associated scutes. A single nuchal has
only one sutural contact, by which it joined
its fellow at mid-line, and a slight median
dorsal ridge. All together, there appear to
have been at least four principal nuchals,
grouped in a quadrate, and flanked on the
sides by smaller, unridged ossifications. The
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nuchal group seems to have been separated
from the first dorsals, i.e., the neck had ade-
quate protective covering, yet was indepen-
dent in movement from the anterior trunk
covering.

Individual scutes of the trunk {(dorsals)
are large, broad, and flat, without a central
ridge. They are relatively thin for their size.
Most are sculptured or pitted prefusely on
the upper side and smooth beneath. Some,
among the largest, however, show broad
areas devoid of any pitting. They were ar-
ranged in several rows covering the entire
length of the body as well as a considerable
portion of the tail. Most are somewhat arched
and the outer ones are much extended lat-
erally. On both upper and lower faces they
are relieved along the anterior and pos-
terior margins to accommodate the corre-
sponding, overlapping margins of adjoining
transverse rows of scutes, thus achieving a
continuous, yet flexible, plating.

The area of overlap on the largest scutes
may be as much as 10 mm. On smaller
elements it is less, or totally absent in
those of smallest size, and of more irregular
shape. Those forming the central row down
the back were laterally paired. This row
and the associated first outboard row on
either side were probably all overlapping
types. Scutes comprising these principal
median rows were sutured laterally with
the exception of the cutermost edges of the
lateral ones, which were rounded (Figs. 30
and 31). The nature of additional rows is
uncertain,

Many irregular, individual ossifications
exist. The majority are flat — a number




Fig. 31. Diagramatic interpretation of major osteodermal associations in Leidyosuchus formidabilis. A, pair
of median dorsal scutes in juxtaposition showing transverse sutural contact along mid-line. Note sutural surface
as well on lateral border (s); B, tandem arrangement of overlapping median and lateral scutes from same zide of
animal.

are as high as they are broad and long, but
without keels. It is usually these irregular
ossifications that show the greatest “cross
hatching” texture of the ventral surface.

Paratype material of .. canadensis (Lambe,
1908) includes numerous scutes which are
not especially remarkable and have simi-
larity with some belonging to L. formida-
bilis. Those having curvature also have a
definite low, longitudinal keel on a central
raised area developed on the upper side.
Lambe, {ibid.), suggests that the scutes
without such dorsal elevations are from the
ventral surface. In comparing some several
hundred scutes belonging to the new form,
it becomes apparent that ridging of any
sort is very minor and can hardly be re-
ferred to as “keeling.” Relatively few of
only the smaller scutes have such minor
elevation. It is indicative, however, that
they are of the shapes (mostly subangular)
which would likely occur as nuchals or cau-
dals (Fig. 36). The "keeling” of these scutes,
in both taxa, may define the presence of
crest whorls in the skin like those of later
crocodilians. A marginal tract on the front
edge of some scutes is also mentioned
{(Lambe, ibid.) as a possible overlap area.
This is consistent with the present inter-
pretation.
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It is difficult to assess the number of
scute rows, much less, the number of indi-
vidual scutes that may have been present,
not knowing the amount of gap between
those of the cervical and trunk regions ner
the extent of coverage. A conservative esti-
mate, however, based on composite configu-
rationsg would attribute something upwards
of 150 individual and paired major scutes,
and perhaps as many secondary ossifica-
tions, to a large adult animal. At least four
longitudinal rows, incorporating one medial
paired row, and one lateral to it on either
side, covered the back and at least a por-
tion of the tail. Shorter, additional rows
were likely present as well. In any case,
scutellation of L. formidabilis is extraordi-
nary by modern design, wherein thick non-
overlapping elements with prominent dor-
sal keels, characterize the dermal armor.
In life, the Paleoecene eusuchian would read-
ily contrast with extant taxa.

Osteoderms, because of their occurrence
on the back, along the flanks, and on parts
of the legs and tail, afford physical protee-
tion. By functioning in this manner, of
course, they invariably suffer damage which
is often permanently imprinted as punc-
tures or lesions of one kind or another. A
large number of pathomorphic osteoderms

=
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are included in the materials. These are
largely principal dorsals. By their numbers
and their much lower susceptibility to in-
jury in comparison with those of the caudal
region, the actual amount of damaged ma-
terial must have been very substantial.
According to Cott (1961), the tail can be
expected to receive some seventy percent,
and the body a mere four or five percent,
of the total injury to a given individual.
Aside from those scutes exhibiting condi-
tions arising from traumatic experiences,
are those resulting from disease. Both types
frequently show unusual amounts of bone
accretion and not uncommonly these ele-
ments are several times their normal thick-
ness.

The presence of palpebrae is suspected;
however, none were detected in direct con-
tact with any of the skulls under discussion.
Among the associated materials several
curiously-shaped elements which might qual-
ify are noted. Figure 30, H, illustrates one
example. Its form is such that it seems
unlikely that it would occur at any other
place on the body or legs. The three speci-
mens in hand are coarse on the convex
(outer) surface and very smooth on the
concave (inner) surface. Since bony eyelids
are as likely to occur as not, these struc-
tures should be noted, and re-evaluated as
such, in the light of future evidence. No
indication of any structures which might
be interpreted as sclerotic plates has been
encountered.
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Fig. 32. Metapodials and mesopodials of Leidyosuchus formidabilis, from various sized individuals, from
left to right. A, metatarsals I, I, III, and IV; B, metatarsal V, ulnar and radiale; C, metacarpal I, 3 intermedi-

®

ates and V. .
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YOUNG POSTCRANIALS

The juvenile skull has been mentioned
under a separate heading. The young post-
cranial skeleton is known from miscellane-
ous elements. Larger, subadult, forms are
represented by many elements, including
some articulated material. Agreement with
general adult morphology is good in all
and, as far as can be shown, proportional
relationships are within what would be
expected as the limits of variability. Young
bones, especially those regarded as “year-
ling” size or less (estimated total body length
of 600 mm. or less) are keener in detail and
appreciably less swollen at the extremities.

Several postembryonal bones have been
recovered by refined methods of treating
the microscopic segment of the present ma-
terial employing a wet-sieve technique. To
illustrate a bit of early postembryonal de-
velopment, two anterior cervical vertebral
centra, P73.25.70 and P74.24.185, from two
different individuals are available. The first
(Fig. 35, A and B) belongs to an animal
not more than several months of age. Strong
parapophyses are present on a rather well
formed procoelous centrum. The neural arch
pedicels are established but are still quite
smooth, although the usual “notch” is in
evidence. Constriction of the neural canal
had not yet begun and the paired foramina
still are relatively large and ovoid in shape.

The second centrum (Fig. 35, a and b)
belongs to a hatchling-size individual in
which the procoelous condition is apparent.
Because of its early age, this element lacks
good ossification and is highly porous on its
surfaces. No neural arch pedicels are yet
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Fig. 33. Young adult skull of Leidyosuchus for-
midabilis, P70.20.407. in palatal view.
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formed — hence, no evidence of a neural
canal as such. Parapophyses are indicated
and a prominent hypapophysis is located
between them on the ventral surface. Paired
dorsal foramina are exceedingly large and
more circular than in the older specimen.

Another cervical element, P74.24.186 (Fig.
35, C), preserves in nearly complete detail
the right atlas neurocentrum. Its relative
size, compared to the centra of the two
young animals described above, indicates

that it belonged to one similar in size to
the larger of the two.

Most of the materials retrieved by the
wet-sieve method are incomplete but never-
theless warrant notice here, not only from
an ontogenetic standpoint, but, equally im-
portant, for the support they offer to my
contention that the site of discovery was
a nesting area for the new crocodile. This
will be commented upon briefly below, and
again in much greater length in subsequent
reports on the site.
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Fig. 34. Stereoscopic pairs of left maxilla of
young animal, P75.22.6. exhibiting little festooning or
osteodermal sculpturing.
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Fig. 35. Stereoscopic pairs of immature specimens of Leidyosuchus formidabilis. A, cervical centra of few
month old individual and a, hatchling in dorsal view; B, b, same in lateral view; C, neurocentra of few month
old individual in lateral view. P73.25.70. P74.24.185. and P74.24.186. respectively.
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NOTES ON FUNCTIONAL MORPHOLOGY

General habitus of the new form is typi-
cal of later crocodilians, even though modi-
fications have been incurred along the way
as adaptive specializations. It is especially
interesting that the new fossil, by its splen-
did representation of skulls, and essentially
the entire posteranial skeleton, can offer
the opportunity to discuss points of func-
tional morphology.

Cranial openings related to sensory func-
tions indicate the advancements of later
eusuchians were present. The structures of
respiratory functions such as openings and
passages, suggest the likelihood of narial
valves and a gular flap. Large, dorsally
situated, orbital openings, with possibly
associated bony eyelids, indicate familiar
functions of the employment of aerial vi-
gion. Also the absence of a sclerotic ring
would suggest that nocturnal behavior had
been established at this stage of eusuchian
evolution. Pneumatization of bones of the
occipital region, and a canal system, in
addition to squamosal “overhang” and a
deep recessus oticus externus, also implies
good audition, probably with the protection
of an otic valve.

Appreciable jaw length, large supratem-
poral openings, and a wide cranial table
further characterize the skull. The elonga-
tion of the snout and the development of
supratemporal fenestrae, which not only
suggest a rather primitive condition, but
also a high degree of development of the
M. adductor mandibulae, bespeak a special-
ization for ichthyophagy. It furthermore
exhibits considerable pseudoheterodonty in
accord with corresponding festooning of the
jaws, thus permitting greater capabilities
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of holding large prey of a variety of body
shapes. According to lordansky (1973), the
osteonal systems of the skull resist “masti-
catory pressure” and the preorbital crests
of osteodermic relief strengthen the skull
in omnivorous predators; and further, the
absence of these features is an indication
of ichthvophagoeus habits. The new form
possesses neither preorbital bump nor other
osteodermic relief, however, enough other
morphological evidence, as indicated, would
argue in favor of a more varied diet of ver-
tebrates. It is reasonable to assume that it
took prey regularly, at the shore line —
lying in wait with its eyes and nose pro-
truding above the water’s surface, much as
is the practice today of forms with compa-
rable cranial design.

Concerning the mandible and its design,
its unusually long symphysial region cer-
tainly characterizes this new species, but
not the genus. On the contrary, it is the
only member wherein the jaw symphysis
has such expression. The symphysis incor-
porates the splenial to a considerable de-
gree, which is not unexpected in such a
long-snouted form; yet, in the longest snout,
L. multidentatus, it is stated to comprise
no essential part of the symphysis (Mook,
1930). Langston (1973) notes that inclusion
of the splenial strengthens the jaw as an
adaptive feature of feeding specialization.
It is herein considered just that — a reflec-
tion of the feeding behavior of this large
crocodile, which, in turn, would have pre-
sumably departed somewhat from that of
its shorter-snouted kin.

In some respects, a noticeable resemblance
to alligatorines is unavoidable, viz.: in the
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detailed form of the cervical vertebrae, es-
pecially the neurocentra, rib and shoulder
conformations, and in the humerofemoral
length ratio. Such similarity is likely only
one of similar adaptation rather than of
any other relationship. The elongate fore-
limb, in particular the propodial portion,
must have had a special functional signifi-
cance, perhaps in some combined amphib-
ious-ambulatory behavior, or simply an

adaptation for increasing the animal’s stride
on land. Furthermore, it is of note that a
rather substantial amount of osteodermal
aceretion exists — a condition that is ex-
pected in more terrestrial forms. These fea-
tures suggest -that well established terres-
trial habits were combined with the more
obvious amphibious behavior that is in evi-
dence.

:
5




ECOLOGICAL NOTES

The combination of natural environmen-
tal conditions that preserved the herein
described specimens existed in a floodplain-
backswamp, having meandering streams
with levees and crevasse splays of load
sand. Remarkable preservation of body fos-
sils, as well as features of the environment,
afford an unusual paleoecological view of
this area. As this general topic is beyond
the intent of the present paper, only minor
commentary on this subject will be made
wherever necessary to enhance the descrip-
tion of the new crocodile,

Fig. 36. Typical nuchal scute of Leidvosuchus
formidabilis showing maximum development of a low
central ridge.

Preservation of the specimens involved
little replacement of the original bony struc-
tures, but did contribute some amount of
post-mortem reorientation of the remains
due to such factors as paleocurrents. Be-
cauge of water movements, which were
prevalent but not severe at all, skeletons
have been, in all cases, somewhat disturbed.

Some of the best articulations occur in the
sand (beach) facies of this backswamp;
however, the bone itself is often eroded and
shows “beach wear.” It is not then always
possible to associate postcranials with one
another, nor with appropriate skulls. This
fortunately accounts for only a small part
of the complete assemblage of specimens.
The heavy concentration of many individu-
als, often numerous bones on top of one
another, especially in other areas of this
deposit, did, however, yield ample material
in association to allow reconstruction of the
entire skeleton. Individual skulls show
greatest damage to the anterior palatal re-
gion, mid-line sections of the premaxillae,
and the pterygoids, wherever found in the
site. Teeth are, as often as not, undisturbed,
indicating litfle to no post-mortem trans-
port. Skulls, being the heaviest parts, have
been disturbed least by currents and wave
action. In many instances, skulls with ar-
ticulated mandibles have been completely
undisturbed after initial deposition. Skulls
are usually intact but always partially flat-
tened, with occasional oblique distortions
along the main longitudinal axis, due to
compaction and settling into what was a
very dense, mobile, muddy bottom layer of
considerable thickness. This condition was
the result of moderately rapid sedimenta-
tion that incorporated a quantity of plant
debriz. Large parts of tree “logs” are oc-
casionally encountered at the bottom most
often associated with skeletal remains. Skulls
are nearly always oriented ventral side up,
because of their “top-heavy” weight distri-
bution; only in the few instances where
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they have been found in immediate associ-
ation with *“logs,” have they been other-
wise situated. This is attributed to the flow
of mud and water and the restrictions im-
posed by these “obstacles.” Also, an occa-
sional skull on the "heach” is right side up.

There is a certain degree of stratification
throughout the one meter or less thickness
of lignite, mud, silt, and sand containing
the bones. Numerous elements were recov-
ered from the sand facies which iz beach
remnant, as noted. Horizontal stratification
within the shallow-water silt facies, and
the deeper shale and mud facies is sharp.
Here, materials occur in two levels (upper
and lower, respectively) with the greatest
accumulation of skulls and other large ele-
ments, as well as logs and great plant de-
bris accumulation, within the lower level.

Preservation is fine here as the intimate
contact with a thick carbonaceocus layer
provided a non-oxidizing situation. Imme-
diately above, (upper level), the density of
bones lessens upwards where, at about 70-
80 cm. above the lignite layer, bones be-
come quite scarce. It has not been deter-
mined as yet just what amount of time was
required for these deposits to build.

The large sample of individuals herein
referred to as “hatchling to adult stages”
occur intermixed throughout most of the
deposit and comprise the most conspicuous
autochthonous segment of the fauna. This
agsemblage of individuals puts one in mind
of the concentration of alligators sometimes
found in “gator-holes,” to elude the vicissi-
tudes incurred by a falling water table.
However, the presence of large fishes, and
a well-developed wave cusp pattern on the
beach line, plus the thick carbonaceous
“bottom” layer, show that a condition much
more stable than a temporary retreat ex-
isted. In fact, ag with certain living croco-
dilians, the conditions governing the loca-
tion of their nesting sites {Cott, 1961) are
determined by several circumstances: (1)

a place with sufficient depth of seil to pro-
vide a suitable pit for deposition of eggs,
{2) nearby shade for the mother to retire
during the heat of the day, and (3) access
to permanent water not too far away. All
were present. The available evidence offers
nothing that would detract from the site
being a suitable nesting area. Moreover,
the presence of numerous young, some of
hatchling size, affirm this idea. The popu-
lation was stable in the sense that it in-
habited the area for a fair period of time,
and was gregarious in makeup. The oc-
currence of sub-adults of two-to-four-foot
lengths, with estimated ages between one
and four years, might be interpreted as an
expression of a behavior whereby individuals
within this age range were not by choice
isolated from the general population. The
conversge of this has been documented (Cott,
ibid.) for Crocodylus niloticus, as a possible
defensive behavior against cannibalism.

A variety of forms, which would readily
qualify as potential predators of young
crocodiles, are also in abundance. These
include several species of chelonids, ganoid
fishes, and possible large individuals of
Leidyosuchus. Champsosaurus is also a
conspicuous member of the fauna, although
not especially numerous. With its mouth
equipped with small, sharp, delicate teeth,
it was proficient, no doubt, at capturing
small fast-moving fishes — filling a gavial
or garfish role. It too was perhaps prone
to take other small forms such as young
crocodiles as it is almost a certainty that
the smaller champsosaur would occasionally
fall prey, itself, to the crocodile — perhaps
in greater numbers than we can guess.
Their remains are not in abundance.

Several associated avian elements, name-
ly, those of wading forms, provide alloch-
thonous predators as well. Feeding as they
do today on crocodile eggs, and the newly
hatched, a considerable toll might have
been taken.
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It has been pointed out that very young
individuals comprise a small segment of
the material. Of this, posteranials of such
a range in size document the presence of
hatchlings to subadults. If not because of

losges sustained as prey, their remains would
surely be found in even greater quantity.
Possibly the palececological work currently
in progress will have more to offer on all
of the above topics.




SUMMARY

The new, long-snouted crocodile is dem-
onstrated to be distinct from other taxa.
At present, in view of current taxonomy
regarding the genus Leidyosuchus, it does
not warrant separation beyond the specific
level. Of the presently recognized species
making up this diverse genus, affinities ap-
pear to be close to L. riggsi and L. acuti-
dentatus, as with the type species L. cana-
densis, 1f the longer rostrum is considered
an adaptation accompanying increased size
and modification of feeding habits.

The general osteological character of the
new form is typically that of later eusu-
chians. Bony structures and cranial openings
also indicate that sensory functions were
advanced and resembled those found in
later forms.

Posteranials, as completely as they are
known for the new form, lack adequate
comparable materials among other leidyo-
suchines; therefore, it would seem that the
postcranial skeleton herein described will
serve as an early eusuchian model. Char-
acteristics of the new skeleton are its large
size, elongate foreleg, and heavy scutella-
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tion. Potential terrestrial traits as these
contrast to other morphological features,
as well as the ecological evidence which
favors a more aguatic behavior.

Ample accumulation and intermixing of
bones and skeletons clearly show the gre-
gariousness of this animal; and the con-
siderable wealth of very voung material,
including hatchling-size individuals, con-
firms the notion that they shared the im-
mediate habitat of the adult. As yet, no
“nesting” evidence, as such, has been lo-
cated, nor is it azssumed what form a “nest”
would have. The evidence is clear, however,
that the site inhabited was probably a nest-
ing area.

The circumstances of occurrence with
many associated vertebrates, and the rather
unique osteological character of this form,
lead to the conclusion that the new croco-
dile was admirably suited as the principal
predator of the backswamp, having good
capabilities on land as well as in the wa-
ter. In carrying out its daily functions, its
role must have been not unlike that of
larger species of Crocodylus today.
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