
Paleoenvironmental reconstruction of an Atlantic Ocean strandline zone during Chattian time in South Carolina. The occurrence of the large estuarine crocodile Gavialosuchus 
carolinensis portends later faunal associations in both North America and Europe. Also shown are a stranded squalodont and a large pseudodontorn. Illustration by A. Hage. 
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THE ESTUARINE CROCODILE 
GAVIALOSUCHUS CAROLINENSIS n.sp. 

(Crocodylia: Eusuchia) 
from the late Oligocene 

of 
South Carolina, North America 

by 

Bruce R. Erickson and Glen T. Sawyer 
Department of Paleontology 

The Science Museum of Minnesota USA 

ABSTRACT 

Skeletal remains from the late Oligocene deposits of the coastal plain of South Carolina rep
resent a heretofore unrecognized species of eusuchian crocodile. These remains are the earliest 
record known for the cosmopolitan genus Gauialosuchus. Two partly complete skeletons provide 
materials for a thorough description of its osteology which include plesiomorphic characters that 
establish its ancestral relationship to later members of the genus. Aspects of its paleoecology and 
paleopathology are also discussed with behavioral implications for this estuarine crocodile. 

KEY WORDS: Gauialosuchus, Tomistoma, Ashley/Chandler Bridge formations, Chattian, estu
arine crocodile, osteology, paleoecology and paleopathology. 
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INTRODUCTION 

The type species Gavialosuchus eggenbur
gensis (Taula and Kail, 1885) was founded on 
a skull and a few associated fragments from the 
"Laegendsande" early Miocene of Austria. In 
1915 Sellards described a similar crocodile from 
the Miocene of Florida, USA which he called 
Tomistoma americanus. The type specimen 
(USNM 8816) consists only of the anterior part 
of the rostrum. Additional materials were 
assigned to this form by Sellards (1915b, 1916). 
Mook (1921a) reassigned Sellards' material to 
the genus Gavialosuchus. Subsequent addi
tional material from North America (Mook, 
1924;Auffenberg, 1954) gives detailed accounts 
of the skull and a number of postcranials of G. 
americanus (Sellards). 

Recent discovery of another large longi
rostrine crocodile in the late Oligocene of coastal 
South Carolina was noted by Sanders (1980). 
Preparation and analysis of this discovery have 
now been completed and the results are here
in reported. The new material includes sever
al specimens in the collections of The Charleston 
Museum, one in the South Carolina State Muse
um and one in a private collection. These spec
imens are the basis for recognition of a new 

species and possess plesiomorphic characters 
which distinguish them from later taxa. In the 
process of examining the collections in The 
Charleston Museum a reevaluation of some 
specimens from the South Carolina "Phosphate 
Beds" was necessary. These fragmentary mate
rials: ChM 55.108.186; 55.108.187; 29.139.1; 
13895; 13942; and 137 45, a skull section, regard
ed as Miocene in age, were referred to G. amer
icanus by Auffenberg (1957). In as much as 
the "Phosphate Beds" of the Charleston area 
(Rogers, 1914; Malde, 1959) have been deter
mined as being late Oligocene by Sanders (1980) 
and Sanders et al. (1979, 1982) and the speci
mens obtained from these beds show greatest 
likeness to the new form, they are referred to 
the new taxon. No crocodilian remains in 
younger strata of the state have yet been iden
tified as G. americanus. This Miocene/Pliocene 
species may not have ranged into South Car
olina. Gauialosuchus carolinensis n.sp. appears 
to have occupied the northernmost limit of the 
genus at least in North America. As the earli
est known and most primitive stage of the 
genus it offers some interesting points of com
parison with later species and the closely relat
ed Tomistoma. 
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SYSTEMATIC PALEONTOLOGY 

Order CROCODYLIA Gmelin, 1788 
Family CROCODYLIDAE Cuvier, 1807 

Sub Family THORACOSAURINAE 
Nopcsa, 1928 

Genus GAVIALOSUCHUS 
Taula and Kail, 1885 

Gavialosuchus carolinensis n.sp. 

Holotype. - ChM PV 4279 skeleton and 
skull 

Horizon. - Chandler Bridge Formation late 
Oligocene ( Chattian) 

Locality. - 32° 51.9'N 800 02.0' W (USGS. 
Johns Island, 7.5 quad.) Charleston County, 
South Carolina 

Paratypes. - SCSM 90.93.l skeleton and 
skull collected 1990, Chandler Bridge Fm., 
Crowfield Plantation, Berkeley Co., So. Car.; 

ChM PV 4282 mandible collected 1978, Ash
ley Fm., Dorchester Co., So. Car.; ChM PV 4281 
femur collected from Chandler Bridge Fm., 
Ladson, Charleston Co., So. Car. 

Referred Specimens. - Two specimens in the 
collections of The Charleston Museum: ( 1) PV 
4280 cranial fragment from marl pit at Lambs, 
Charleston Co., So. Car.; (2) 13745 partial skull 
from phosphate beds at Lambs, Charleston 
Co., So. Car.; and a partly complete skeleton 
from the Chandler Bridge Fm., Summerville, 
So. Car., in the private collection of L. Eberle, 
Summerville, So. Car. 

Diagnosis. - Differs from other species of 
the genus in the following combination ofchar
acters: (1) more massive skull and mandible; 
(2) broader and shorter rostrum; (3) only 16 
teeth in dentary; (4) shorter mandibular sym
physis and splenial contact; and (5) greater 
size differentiation of teeth. 
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A 

Figure L Skull ofGavialosuchus carolinensis holotype specimen (Chl\f PV 4279) inA, dorsal and B, ventral view. Abbre
viations: ch, choanae; ec, ectopterygoid; f, frontal; fi, incisive foramen; fpl, palatal fenestra; j, jugal; 1, lacrimal; m, maxil
la; n, nasal; occ, occipital condyle; p, parietal; pal, palatine; pm, premaxilla; po, postorbital; prf, prefrontal; pt, pterygoid; 
q, quadrate; qj, quadratojugal; so, supraoccipital; sq, squamosal. Scale bar equals 10 cm. 
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I 

A B 

Figure 2. Skull of Gavialosuchus carolinensis holotype specimen (ChM PV 4279) in A, dorsal; B, ventral; and C, left 
lateral view. Scale bar equals 10 cm. 
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Figure 3. Skulls ofA, Gavialosuchus carolinensis n.sp. SCSM 90.93.1; B, G. eggenburgensis type species (from Toula 
and Kail, 1885); C, G. americanus (SMM P 86.8.1). All in posterior view. Abbreviations: bo, basioccipital; eo, exoccipital; 
£Eu, eustachian foramen; fm, foramen magnum; occ, occipital condyle; p, pa~ietal; q, quadrate; qj, quadratojugal; so, supraoc
cipital; sq, squamosal Scale bar equals approximately 10 cm. 
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DESCRIPTION 

Skull 

The new species is a long-snouted crocodile 
wherein the rostrum makes up about two
thirds of the total length of the skull. It nar
rows forward to a smoothly rounded anterior 
end. Lateral undulations have greatest expres
sion at the fifth maxillary alveoli and at the croc
odyloid notch where the premaxillae and max
illae are in contact laterally. Large cranial 
openings, mild pitting ofthe cranial table, a flat 
face, and large conical teeth with unimpressive 
carinae further characterize this form (Figs. IA, 
B; Figs. 2A,B,C; and Fig. 3A). 

Major Cranial Openings 

External nares: This single opening is large, 
subcircular and undivided with only a slight 
intrusion along midline on the posterior edge 
where the premaxillae join one another. The 
opening is situated behind a broadly rounded 
anterior rim of the snout. 

Choanae: Aspects of this important diag
nostic feature are preserved in both the type 
and paratype skulls (Figs. lB, 2B, 4B). The 
opening is located on midline along the pos
terior edge of the pterygoid plates. A derived 
character state that distinguishes the genus 
is this subtriangular choanal opening, which 
is broad and open posteriorly and narrowed to 
a blunt point anteriorly. Its lateral borders are 
slightly elevated. The shape ofthis opening was 
first described by Mook (1921a, 1924), later 
noted by Auffenberg (1954), and is again 

recognized in the present form as a unique 
character. 

Supratemporal fenestrae: Large and close 
set, the upper temporal openings occupy much 
of the surface of the cranial table behind the 
frontal. They are ovaloid and more laterally 
expanded in outline as viewed from above. 
Space between these openings is greater than 
in either of the other species of Gauialosuchus. 

Infratemporal fenestrae: A short, blunt spina 
quadratojugalis is situated posterolaterally in 
the opening as in the other species. 

Orbits: The orbits are ovate in dorsal out
line, slightly larger than the supratemporal 
fenestrae and spaced somewhat farther apart 
than in other species ofGavialosuchus. There
fore there is a wider interorbital bridge and bor
ders that are not everted as seen in the other 
species of the genus. 

Recessus oticus externus: The opening is 
prominent but unremarkable. 

Postemporal fenestrae: These openings are 
closed and poorly preserved in all material. 

Foramen magnum: This is of note because 
of its shape. In the type as well as in paratype 
SCSM 90.93.1 and the referred Eberle speci
men the opening has a straight dorsal side 
with lateral sides curving outward before con
verging ventrally to form a subtriangular open
ing. A similar condition is observed in G. amer
icanus but the height ofthe opening is greater. 
In G. eggenburgensis the foramen magnum has 
a circular outline (Fig. 3). 
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Palatine vacuities: These features are large 
and ovaloid in outline. From the level of the 10th 
maxillary alveoli they reach caudad beyond 
the anterior edge of the supratemporal fenes
trae above and the pterygoid-palatine suture 
below (Figs. lB, 2B). Posteriorly the opening 
is angular rather than rounded as in the other 
species of Gavialosuchus. 

Incisive foramen: Unlike that ofother species, 
the foramen is large and diamond-shaped. 

Bones of the Skull (Table I) 

Premaxillae: The premaxillary bones are 
long and elevated anteriorly, forming a mod
erately bulbous tip that encloses a large dor
sally-positioned external narial orifice. They 

are united behind the orifice and separate the 
nasals from the maxillaries at the level of the 
third maxillary alveoli forward. Ventrally the 
premaxillary-maxillary sutures cross a short 
distance between the fifth and sixth alveoli, 
angle caudad to the level of the sixth alveoli 
and turn medial to converge at midline. Five 
alveoli are present in each element. The first 
two are subequal in size and small. The third 
and fourth are much larger and also similar in 
size. The fifth alveoli are reduced to about the 
size of numbers one and two. Spacing between 
the alveoli is relatively greater in the smaller 
paratype skull. The diastema between the fifth 
premaxillary and first maxillary alveoli is wide 
but considerably less than in G. americanus 
which has a longer rostrum. 

Figure 4. Skull of Gauialosuchus carolinensis paratype (SCSM 90.93.1) in A, dorsal 
and B, ventral view. Scale bar equals 10 cm. 
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TABLE I. Measurements of the Skull of Gavialosuchus carolinensis n.sp. ChM PV 4279. 

Dorsal aspect measurements in cm 

Length of skull along midline, extremity of squamosals to tip of snout ........96.5 (Est.) 
Length along midline, occipital condyle to tip of snout .....................88.0 (Est.) 
Breadth of cranial table across posterior edge ............................27.0 
Breadth of cranial table across anterior edge ............................20.0 (Est.) 
Length of cranial table at midline .....................................11.0 
Breadth across extremities of squamosals .............................. .48.5 
Breadth of rostrum across premaxillary-maxillary notch ....................9.6 
Breadth across narial opening ........................................ 5.5 (Est.) 
Length of nasal ................................................... .43.0 
Length of premaxillary ..............................................28.0 (Est.) 
Distance between orbits ............................................. .4.5 
Distance between supratemporal openings .................. , ............1.1 
Width oforbit ......................................................7.0 
Length oforbit .....................................................8.2 
Width of supratemporal opening .......................................9.3 
Length of supratemporal opening ......................................6.3 

Lateral aspect measurements in cm 

Length of jugal ....................................................36.0 
Length of maxillary .................................................54.5 
Height of skull, cranial table to ventral tip of pterygoid ....................20.0 
Height of rostrum, level of 8th premaxillary alveoli ....................... 5.0 
Height of rostrum, level of 5th maxillary alveoli .......................... 8.0 

Ventral aspect measurements in cm 

Length of skull along midline, ant. tip of choanae to tip of snout .............82.0 
Breadth across pterygoids between post. tips ............................36.0 
Breadth across jugals, level of post. edge of palatine vacuities .............. .40.0 (Est.) 
Length of maxilla, dentulous section .................................. .44.5 
Breadth of rostrum, level of 3rd premaxillary alveoli ......................12.5 
Breadth of rostrum level of 5th maxillary alveoli .........................17.6 
Breadth of rostrum level of 14th maxillary alveoli ........................32.3 (Est.) 
Diameter of 4th maxillary alveoli ......................................2.5 
Diameter of 5th maxillary alveoli ......................................3.6 
Diameter of 6th maxillary alveoli ......................................3.0 
Length of premaxilla along midline ....................................24.5 (Est.) 
Breadth of palatines .................................................8.6 
Length of palatine vacuity .........................................215.0 
Width of palatine vacuity ............................................ 8.3 
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Maxillae: In both type and paratype skulls 
damage has occurred near the base of the ros
trum (Figs. 1, 2, 4). In the type skull there is 
evidence of only 13 alveoli; however, from the 
length of the dentulous portion of the skull, it 
is likely that 14 alveoli were present. Fourteen 
alveoli are also found in the paratype skull. A 
single tooth resides in the twelfth alveolus of 
the left maxilla in the type. A number of teeth 
are present in the paratype (Fig. 4B). Alveoli 
one to four are of similar size. Number five is 
considerably larger. Number six is smaller 
than the fifth but larger than other anterior 
teeth. From here on posteriorly the alveoli 
decrease in diameter except for the tenth which 
are larger than the rest approaching number 
five in size. 

Nasals: Paired nasals are long and taper 
gradually forward. Their lateral margins are 
relatively straight, lacking undulations seen in 
the other species of the genus. They wedge 
between the posterior ends of the premaxillae 
from the level of the sixth to the eighth alve
oli. Posteriorly the nasals reach beyond the 
anterior rim ofthe orbit to the eighteenth alve
oli in the paratype skull. 

Prefrontals: They are small and diamond
shaped. Compared to the lacrimals they form 
a minor part of the anteromedial orbital edge. 
Their surface areas are about one-fourth that 
of the lacrimals. They contact the frontal for 
one-half of their medial length, the lacrimals 
for their entire lateral length and posterolat
eral margins of the nasals. 

Lacrimals: Larger than prefrontals, the 
lacrimals make up the anterior margin of the 
orbits. Their common border angles medially 
from the rim ofthe orbits to the posterior angle 
of the nasals. The lateral edges are irregular 
and reach anteriorly to the fourteenth alveoli 
before angling caudad to meet nasals. 

Frontal: Unlike G. eggenburgensis and G. 
americanus, the frontal is rather smooth and 
shows little pitting. This element has a short 

forward process which reaches as far as the pre
frontals where it divides the nasals along mid
line. Ventrally it extends somewhat beyond the 
anterior end of the lacrimals. The frontal also 
forms the posteromedial wall of the orbits and 
a medial trough is shallow and wide. 

Cranial table: The table is large and rec
tangular with nearly parallel lateral edges. 
Expanded postorbitals with squared antero
lateral shoulders overhang heavy postorbital 
bars. The postorbital meets the squamosal on 
the dorsal surface in a narrow bridge at about 
mid-point of the supratemporal opening. Con
tact between squamosals and parietals is also 
short behind the supratemporal opening. 

Pitting of the surface is minimal on the type 
and somewhat more pronounced on the 
paratype skull. This is consistent with the con
dition described for the vertebral column where
in neural arches and centra are co-ossified to 
a greater degree in the smaller, presumably 
more mature, paratype skeleton (SCSM 90.93.1) 
than in the larger, presumably less mature, 
holotype specimen (ChM PV 4279). Iordansky 
(1976) has noted that sculpturing of the skull 
tends to be less in younger animals and devel
ops progressively with age. This suggests that 
the smaller paratype is older as well as more 
mature than the holotype specimen. 

In posterior view the plain ofthe table is flat 
in contrast to G. eggenburgensis and shows no 
sign of the dorsal crests at the posterolateral 
angles of the table that distinguish the later 
species (Fig. 3B). 

Jugal, quadratojugal and quadrate: This 
complex is unremarkable and is characterized 
by a slightly elevated edge of the jugal along 
the lateral border ofthe orbit, whereas G. eggen
burgensis and G. americanus display a con
spicuous elevation of this edge. A modest spina 
quadratojugalis, slight pitting of the surface of 
the jugal and a long caudad extension of the 
quadratojugal and quadrate further describe 
this complex. 
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Palatines: Palatines are broad and widened 
anteriorly. A large foramen is located in each 
element near the maxillary suture on the mar
gin of the palatine vacuity. Anteriorly they 
reach to the level ofthe seventh maxillary alve
oli, whereas in the other species they end near 
the eighth alveoli. They have a long oblique con
tact with the maxillae, join at midline and have 
a simple transverse junction with the ptery
goids. 

Pterygoids: These are wide, laterally expand
ed, flat bones and remarkable in being deeply 
incised along both front and rear edges. Pos
terior incising is deepest toward midline and 
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reaches the level of the choanal aperture as a 
continuation ofthe low elevation along the lat
eral sides of the aperture. 

Ectopterygoids: Anteriorly the bones lie along 
the maxillae medial to the last two alveoli. 
They overlap the outer edge of the pterygoids 
to the level of the anterior edge of the choanal 
aperture. 

Occipital group: The occipital group is indis
tinctive. The posterior face of the basioccipital 
beneath the occipital condyle containing the 
eustachian canal varies appreciably in breadth 
and texture (Fig. 3A). 

Figure 5. Reconstructed mandible of Gavialosuchus carolinensis holotype (ChM PV 4279). A, left lateral view and B, 
occlusal view. Abbreviations: an, angular; ar, articular; d, dentary; fme, external mandibular fenestra; s, splenial; san, 
surangular. Scale bar equals 10 cm. 
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Mandible 

The mandible of the type specimen includ
ing most of the symphysis is incomplete ante
riorly (Fig. 5). Paratype ChM PV 4282, which 
has the anterior half of the mandible intact 
with nearly all of the teeth in place, is the basis 
for. the reconstruction of the type mandible 
(Fig. 6A). A second paratype, SCSM 90.93.1, is 
a nearly complete mandible lacking teeth and 

C 

Figure 6. Mandible ofGavialosuchus carolinensis para
type (ChM PV 4282) in A, dorsal view of anterior half; 
B, right articular, retroarticular and surangular in later
al view; C, joined splenials in dorsal view. Scale bar equals 
5 cm. 

is distorted by dorsoventral compression. A 
rather complete mandible may be described 
from this·material. The mandible has an esti
mated length of 111.0 cm with the dentulous 
portion estimated at 64.0 cm and the sym
physial contact at 43.0 cm. 

Openings: Two major openings occur in each 
dentary. A large lateral, ovaloid mandibular 
fenestra and a small eliptical internal mandibu
lar fenestra are present. 

Dentary: In articulation the dentaries togeth
er with the splenials form a medial symphysis 
for the distance between the anterior end of the 
jaw and the first ten teeth. By comparison G. 
americanus has a longer tooth row and a larg
er symphysis spanning the first 11 teeth. G. car
olinensis n.sp. has 16 alveoli and G. ameri
canus has 17 alveoli in the dentary. 

Surangulars: The surangulars reach from the 
sixteenth alveoli to about mid-length of the 
retroarticular process. They contribute the pos
terodorsal portion of the external mandibular 
fenestrae. Their surfaces are smooth. 

Angulars: These elements are longer than 
the surangulars covering most of the distance 
between the sixteenth alveoli and the back end 
of the retroarticular processes. They form the 
posteroventral edges of the external mandibu
lar fenestrae. 

Splenials: None of the splenials in the type 
series are complete; however, their structure 
is readily determined. Right and left elements 
unite at midline to form that part of the sym
physis between the seventh and tenth alveoli 
(Fig. 6C). Posteriorly the splenials extend to 
the level of the internal mandibular fenestrae. 
Their height is low, reflecting the shallow sil
houette of the whole mandible (Fig. 5A). 

Articulars: As preserved only in the type 
specimen, the articulars are like those of G. 
americanus except for a deeper concavity imme
diately posterior to the quadrate surface on 
the medial side of the base of the retroarticu-
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lar process. A complete retroarticular is lack
ing. The best preserved fragment (Fig. 6B) 
illustrates its stout upswept form. 

Hyoid: The hyoid is unknown. 

m 14 
Dentition: PM 5 ---

d 16 

The generalized form ofthe individual tooth 
is heavy and conical. There is a poorly devel
oped carina for the largest teeth as well as the 
posterior teeth. Smaller teeth in the anterior 
region of the mandible and premaxillae are 
longer and recurved. All of the known species 
of Gavialosuchus have five premaxillary teeth 
in each element. Fourteen are present in the 
maxilla of G. americanus and the new species 
and 15 are found in the type species. The teeth 
are variable in size. For example, the new skull 
indicates that the largest teeth by far are num
bers one, four, ten and eleven. In G. ameri
canus one and eleven are only slightly greater 
in size than the rest. 

The holotype skull ChM PV 4279 is damaged 
in the area of the eighth to the tenth alveoli 
and all but one tooth has been separated from 
its alveolus. Clusters ofassociated teeth, some 
within the unprepared skull itself, assisted in 
relocating most of the teeth in their proper 
places. The paratype skull SCSM 90.93.1 
retains few of its teeth as well. However, its alve
olar rows are intact and it can be shown that 
each tooth occupied a discrete alveolus adja
cent to a wide interalveolar space with the 
exception of two groups of three teeth each. 
These are numbers ten, eleven and twelve and 
numbers fourteen, fifteen and sixteen. A sim-

ilar condition is found in G. americanus except 
for the seventeenth tooth that is included in the 
last group. 

Teeth in the dentary number sixteen and 
seventeen respectively for G. carolinensis n.sp. 
and G. americanus and the former show greater 
variability in size. The large conical teeth near
ly always have characteristic encircling color 
bands of buff, tan and sienna. These bands 
provide an unmistakable code for field recog
nition in the Ashley and Chandler Bridge 
deposits. 

Postcranial Skeleton 
(Tables II and III) 

In 1954Auffenberg described the postcranial 
skeleton of Gavialosuchus americanus from a 
large sample of bones collected at the village 
ofHaile in Florida. Much of the material avail
able to him consisted of disassociated bones of 
individuals of various sizes derived from sev
eral localities. A partly complete specimen UF 
6225, provided the only articulated evidence and 
the basis for his comparative measurements. 
A number of postcranials were described, but 
for the most part they were unillustrated. 

Recent discovery of two more-or-less intact 
skeletons of the new taxon Gavialosuchus car
olinensis n.sp. now affords the opportunity for 
a more thorough description ofGavialosuchus 
which further characterizes the genus. This 
description is augmented by an illustrated oste
ology and comparisons with the other species 
of Gavialosuchus as well as the Crocodylia in 
general (Mook, 1921b). 
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TABLE II. Measurements (in mm) of the Vertebrae of Gavialosuchus carolinensis n.sp. 
ChM PV 4279: Cervicals (CJ; Dorsals (D); Sacrals (S). 

Maximum Transverse Vertical Maximum Maximum Maximum 
Vertebra Height, Tip of Diameter of Diameter of Centrum Centrum Height Centrum 

Neural Spine to Neural Canal, Neural Canal, Length, Excluding Breadth at 
Ventral Face of at Midpoint at Midpoint -Ventral Face Hypophysis, Midpoint, 
Centrum, Anteriorly Anteriorly Anteriorly 

C3 152. 7 (Est.) 20.3 23.6 72.5 50.0 50.5 

C4 165.4 21.6 26.3 74.4 51.4 53.8 

C5 
C6 

C7 
cs 183.3 (Est.) 23.3 27.6 74.5 52.6 (Est.) 55.4 

C9 192.4 24.1 28.1 71.2 51.9 57.2 

Dl 193.6 22.2 27.2 77.1 54.5 58.8 

D2 191.8 (Est.) 18.9 26.5 81.3 57.9 66.3 

D3 188.6 (Est.) 18.9 28.8 82.8 (Est.) 60.7 63.4 

D4 173.3 (Est.) 20.4 27.7 86.2 (Est.) 58.1 55.8 (Est.) 

D5 172.2 17.6 28.3 87.9 62.4 60.8 (Est.) 

D6 171.4 (Est.) 20.6 27.6 (Est.) 84.3 65.0 55.5 

D7 165.7 21.3 27.2 81.0 60.9 51.9 

D8 161.5 20.3 (Est.) 22.5 84.2 62.3 56.6 (Est.) 

D9 162.2 (Est.) 18.9 24.7 85.0 61.0 (Est.) 57.7 (Est.) 

DlO 155.6 18.7 22.0 86.2 60.5 57.0 (Est.) 

Dll 155.8 (Est.) 20.8 (Est.) 20.1 (Est.) 84.5 (Est.) 60.3 (Est.) 57.7 (Est.) 

D12 152.0 (Est.) 17.4 20.8 86.9 57.7 (Est.) 58. 7 (Est.) 

D13 
D14 152.0 18.6 18.3 79.7 55.5 62.3 

D15 147.6 17.7 21.0 77.3 52.4 55.2 

D16 147.2 19.2 21.2 72.9 51.5 57.8 

S1 148.0 19.3 21.0 64.0 (Est.) 51.0 (Est.) 74.0 (Est.) 

S2 143.0 (Est.) 19.2 22.0 62.0 (Est.) 
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TABLE III. Measurements (in mm) of Postcranial Elements Excluding Vertebrae 

G. carolinensis n.sp. G. carolinensis n.sp. 
Element ChM PV 4279 SCSM 90.93.1 

Seapula Length 236.0 (Est.) 147.0 (Est.) 
Breadth of blade 
Breadth of base 67.0 (Est.) 
Max. diameter shaft 35.3 25.3 

Coracoid Length 204.0 (Est.) 153.5 
Breadth, distal end 88.0 (Est.) 66.0 (Est.) 
Breadth, proximal end 98.0 (Est.) 
Max. diameter shaft at narrowest point 32.5 25.0 (Est.) 

Humerus Length 298.0 (Est.) 
Breadth, distal end 78.5 56.3 
Breadth, proximal end 
Max. diameter shaft at midlength 36.1 27.4 

Ulna Length 117.8 
Breadth, distal end 24.0 (Est.) 
Breadth, proximal end 35.0 (Est.) 
Max. diameter shaft at midlength 14.0 

Ilium Height 116.0 (Est.) 86.4 
Length of blade 189.2 136.6 

Ischium Length 208.0 (Est.) 146.0 (Est.) 
Breadth, distal end 84.0 (Est.) 
Breadth, proximal end 
Max. diameter shaft at narrowest point 42.4 30.4 

Pubis Length 172.0 (Est.) 130.7 
Breadth, distal end 111.0 (Est.) 84.0 (Est.) 
Breadth, proximal end 47.3 30.8 
Max. diameter shaft at narrowest point 23.5 20.4 

Femur Length 334.2 
Breadth, distal end 77.7 41.5 
Breadth, proximal end 78.2 
Max. diameter shaft at midlength 44.9 31.2 

Tibia Length 219.5 154.3 (Pathologic) 
Breadth, distal end 52.0 (Est.) 47.0 (Est.-Pathologic) 
Breadth, proximal end 68.0 (Est.) 49.0 (Est.-Pathologic) 
Max. diameter shaft at midlength 26.5 29.2 (Pathologic) 

Fibula Length 221.0 (Est.) 162. 7 (Pathologic) 
Breadth, distal end 30.5 (Pathologic) 
Breadth, proximal end 43.4 33.4 (Pathologic) 
Max. diameter shaft at midlength 18.5 18.5 (Pathologic) 
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Vertebral Column 

Based on the holotype and paratype skele
tons ofG. carolinensis n.sp. the presacral series 
lacks two cervicals and one dorsal vertebra. 
Both sacrals are present in each specimen and 
about 19 total caudal vertebrae are present. 
Although co-ossification is advanced in each 
skeleton anterior to the sacrum, suturing 
between the neural arch and the centrum is 
more complete and therefore less visible in the 
paratype, which is a smaller individual but 
evidently somewhat more mature. 

Cervical vertebrae: The proatlas is unknown. 
The atlas/axis complex is otherwise complete 
in the type and missing only the neurocentra 
in the paratype. Viewed anteriorly (Fig. 7 A) with 
the neurocentra in place above the atlas inter
centrum, a large depression for the occipital 

condyle makes up most of the anterior surface 
of these elements. The articular surface of each 
neurocentrum is about one-third as large as that 
ofthe intercentrum. The upper opening between 
the neurocentra is fully twice as large as the 
axis neural canal behind it. 

Through the lower opening between the neu
rocentra the axis intercentrum (odontoid) is vis
ible. Lateral to the atlas intercentrum, diapophy
ses protrude on either side. Above the level of 
the neurocentral arch the wing-like postzy
gapophyses and the low, narrow neural spine of 
the axis are visible. 

In lateral view (Fig. 7B) the size of the neu
rocentrum is about equal to that of the atlas 
intercentrum which it overlaps slightly dor
sally. The posteriorly projecting wing of the 
neurocentrum is short, anteriorly blunt and 

Figure 7. Atlas/axis complex of Gavialosuchus carolinensis holotype (ChM PV 4279) in A, anterior; B, left lateral; 
and C, ventral view. D, axis and intercentrum of paratype (SCSM 90.93.1) in left lateral view. Scale bars equal 5 cm. 
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tapered posteriorly. An incipient process is 
located at either end. The atlas centrum is 
fused to the axis and the suture is distinct. 
The condyle of the axis centrum is small and 
deflected ventrally. Overall, the vertebra is 
somewhat shorter than the length ofthe assem
bled atlas/axis complex. As shown by paratype 
SCSM 90.93.1 (Fig. 7D), the neural spine has 
a straight superior border, is squared-off pos
teriorly and overhangs anteriorly. A small 
prezygapophysial structure opposes the noted 
process on the posterior wing of the neurocen
trum and the postzygapophysis of the axis is 

large and ovaloid in outline. 

In ventral view (Fig. 7C) the atlas inter
centrum is nearly as wide as the axis centrum. 
A low, rounded centrally-located hypapophysis 
runs from mid-length of the axis forward and 
is expressed in lower relief on the atlas inter
centrum. The axis centrum is constricted medi
ally. Posteriorly postzygapophyses and the tip 
of the neural spine are visible. 

Other cervical vertebrae (Fig. 8) exhibit the 
following characters: procoelous centra with 

Figure 8. Cervical vertebrae of Gavialosuchus carolinensis holotype (ChM PV 4279) in anterior (upper) and right lat
eral (lower) views. A, third; B, eighth; and C, ninth cervical vertebrae. Scale bar equals 5 cm. 
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deep cotyles; ventral hypapophyses; large para
pophyses; a high neural arch with a large neur
al canal and dorsal spines that increase in 
height posteriorly, taper distally and angle pos
teriorly; numbers eight and nine are smaller at 
their tips, and all of the neurocentral sutures 
are still visible. 

Dorsal vertebrae: Of the probable 16 dorsal 
vertebrae, 15 are available. Number thirteen 
is missing. Three elements are shown in Fig
ure 9. The preserved elements exhibit the fol
lowing characters: procoelous centra with large 

condyles which are geometrically greater than 
hemispheres; correspondingly deep cotyles; 
ventral hypapophyses on the first three ele
ments; parapophyses on the first two dorsals; 
centra decrease in height from the first through 
the sixteenth vertebra; neural spines increase 
in anteroposterior width to the tenth, and 
thereafter remain more or less uniform in 
width; all spines are slightly expanded dis
tally; spines are uniform in height except for 
the first and second which are somewhat longer; 
there are prominent tubercular rib facets on 

Figure 9. Dorsal vertebrae of Gavialosuchus carolinensis holotype (ChM PV 4279) in anterior (upper) and right later
al (lower) views. A, first; B, fourth; and C, fourteenth dorsal vertebrae. Scale bar equals 5 cm. 
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the third through the tenth vertebrae, and rib 
facets on the eleventh to the sixteenth are 
diminished or absent. 

Sacral vertebrae: Both sacrals are repre
sented by centra that are dorsoventrally 
depressed being appreciably broader than high 
(Fig. lOA and Table II). Only in the paratype 

I 

is the first sacral rib complete. It is broadly 
expanded distally. The second rib is also expand
ed distally as evidenced by the contact surface 
on the medial side of the iliac blade. The neur
al spines are broad anteroposteriorly and the 
squared-off tips are of the same length as those 
of the posterior dorsals and anterior caudals. 

Figure 10. Gauialosuchus carolinensis holotype (ChM PV 4279). A, sacrum in anterior view; B, four caudal vertebrae 
including the first (right) in right lateral view. Scale bars equal 5 cm. 
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Figure 11. Mounted skeleton (cast) of Gavialosuchus carolinensis n.sp. in A, left posterolateral and B, right antero
lateral views. Skeleton in resting posture with limbs outstretched. Total length of skeleton 537 cm (17.3 ft.). 

Caudal vertebrae: Twenty-two of an esti
mated 43 caudal vertebrae are present. Of 
these the first through the tenth were articu
lated. All neurocentral sutures are obliterated 
in both type and paratype. Near the base of the 
tail, the first spines are long. The longest were 
probably on numbers six and seven. Lateral 

spines occur on the first dozen or so vertebrae. 
Four elements are shown in Figure lOB. 

Chevrons: Only fragments of about a dozen 
elements remain. As reconstructed (Fig. 11), 23 
chevrons are present. 
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Figure 12. Left cervical rib series of Gavialosuchus carolinensis n.sp. Scale bar equals 5 cm. 

Ribs 

Cervical ribs: All cervical ribs are account
ed for with the exception of number two. Only 
those of the left side are shown in Figure 12. 
Of the most anterior ribs only number one 
remains. The proximal two-thirds of this ele
ment shows a straight, flat and holocephalous 
form with a prominent uncinate elevation at 
mid-length. The third element is larger but 
similar in form to numbers four through seven. 
The eighth and ninth each lack distal ends. 
They are similar to one another, the last being 
about twice the size of the anterior rib. 

Dorsal ribs: Only the third right rib is intact, 
however many partly complete elements reveal 
the form of the ribs. The dorsal ribs may be char
acterized as being stout, having moderately 
curved shafts with circular to slighty oval cross 
sections. The first four or five ribs have well 
defined capitular and tubercular features. 

Gastralia: A few scraps of gastralia were asso
ciated with the type specimens. These are slen
der rod-like structures with both circular and 
flattened cross sections. No rib associations can 
be determined. 

Pectoral Girdle 

Scapula: The right scapula and both scapu
lae are accounted for in the type and paratype 
skeletons respectively. Their general form 
agrees with that of G. americanus, and the 
scapular length is greater than that of the cora
coid (Figs. 13A, B). 

Coracoid: Both coracoids and the right cora
coid are preserved in the type and paratype 
skeletons respectively (Figs. 13C, D). This ele
ment is strikingly different than in G. americanus 
(Fig. 14). In lateral view both anterior and pos
terior margins of the blade have distinct cur
vatures. In G. carolinensis n.sp. the anterior 
edge is deeply incised and there is an abrupt for
ward angulation at the base of the blade. In G. 
americanus the anterior margin is a smooth, 
continuous curve that is shallower than in the 
former taxon. Auffenberg (1954) contrasts this 
feature with Crocodylus americanus and shows 
it to be distinctive. Posteriorly the new taxon 
shows a nearly straight margin beyond the gle
noid region to the tip of the blade. The 
Miocene/Pliocene species lacks its posterior edge 
and its exact shape is unknown (Auffenberg, 
1954). Although the blade is missing its poste
rior extremity, expansion of the shaft below sug-
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Figure 13. Gavialosuchus carolinensis holotype (ChM PV 4279). Right scapula in A, lateral and B, posterior view. 
Right coracoid in C, ventral and D, anterior view. Scale bar equals 10 cm. 

gests that the tip of the blade was anteroposte
riorly broad. The superior border was appar
ently more acutely arched in the new species and 
the base through the coracoid foramen is rela
tively shorter anteroposteriorly. 

Sternum: The interclavicle is absent in the 
holotype. This element preserved in the paratype 
skeleton is, as far as known, the only record for 
the genus. Its extremities are weathered but the 
bone can be characterized as being uniformly 
narrow and diminished posteriorly with a slight 
constriction near mid-shaft. Just anterior to 
this the ventral lateral borders are incised for 
a short distance, presumably for the cartilagi
nous sternum. On the visceral face there is a 
central ridge the length of the shaft and at the 
level of the constriction there is also a minor 
midline prominence (Fig. 16D). 

Figure 14. Left coracoids of A, Gavialosuchus carolinensis 
paratype (SCSM 90.93.1) and G. americanus (from Auf
fenberg, 1954) in medial view. 

B 
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Forelimb 

Humerus: All of the humeri belonging to the 
two skeletons are incomplete. The right 
humerus of the type specimen (Fig. 15) has 
been reconstructed at its proximal end based 
on information from the other humeri. By com
parison with G. americanus the most notable 
difference is the location of the deltoid crest 
which in the new taxon is heavier and situat
ed lower on the shaft. The distal end is appre
ciably expanded and the shaft has a conspicu
ous sigmoid curve. 

Figure 15. Right humerus of Gauialosuchus caroli
nensis holotype (ChM PV 4279) in A, posterior and B, ven
tral view. Scale bar equals 10 cm. 

Radius and ulna: The radius is missing; 
however, the ulna is present in the paratype. 

Figure 16. Left ulnae ofA, G. americanus and B, Gauialo
suchus carolinensis paratype (SCSM 90.93.1); C, radiale 
ofG. carolinensis n.sp. (SCSM 90.93.1); D, interclavicle of 
G. carolinensis n.sp. (SCSM 90.93.1). Scale bar equals 2 
cm. 

When compared with the ulna of G. ameri
canus they are strikingly similar (Figs. 16A, B). 
The ulna is short in both species, approximat
ing the length of the longest metatarsals. By 
comparison with the other crocodilians such as 
Crocodylus sinensis, Leidyosuchus formida
bilis and even Alligator this indicates a rela
tively shorter forelimb for the new taxon. At 
its proximal end it is greatly enlarged with 
broad articular areas. Distally it is moderate
ly enlarged. 

Carpus: Unfortunately the bones of the 
forefeet are mostly absent. The radiale is avail
able for comparison with G. americanus (Fig. 16C). 
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Compared to the younger species its length is 
greater and its breadth nearly the same but its 
articular surfaces are somewhat less devel
oped especially along the proximal medial side. 

Manus 

Only metacarpal V remains. It has a patho
logic condition showing what is evidently a 
healed fracture. 

Pelvic Girdle 

Bones of the pelvic girdle are shown in Figure 
17. 

Ilium: The superior border of the iliac blade 
is shorter than that of G. americanus. It is a 
robust bone with a large posteriorly projecting 
blade that has a constriction towards its pos
terior end as found in later crocodilians. The 
acetabulum occupies about half of the lateral 
area of this bone. There also remains a sug
gestion of an anterodorsal tubercle near the base 
of the blade. 

Pubis: This bone matches the approximate 
size of the other pubic bones and is like that 
of the younger species. 

Ischium: This bone also closely resembles 
that of the other species. 

C 

Figure 17. Pelvic bones of Gauialosuchus carolinensis holotype (ChM PV 4279). A, left ilium, lateral view; B, right 
pubis, visceral view; C, left ischium, anteroventral view. Scale bars equals 5 cm. 
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Hind Limb ed to articular surface. The noted large right 
element from ChM PV 4281 (Fig. 19D) repre
sents what we judge to be near the upper size 
limit for this taxon. The mounted skeleton, a 
cast ofholotype ChM PV 4279) (Fig. 11), has a 
hind limb length of 86 cm ( combined maximum 
lengths of propodial, epipodials and pes) and 
a total skeleton length of 537 cm (17.3 ft.). By 
comparison the femur from ChM PV 4281 
belonged to an individual with a possible over
all length of about 639 cm (21 ft.) 

Femur: Several femora are available for the 
type series, both from the holotype: the right 
element from SCSM 90.93.1; and a large right 
element from ChM PV 4281 (Figs. 18, 19). The 
femur is approximately ten percent longer than 
the humerus. It is a heavy bone with a large 
bulbous fourth trochanter and expanded 
extremities. The proximal end shows greatest 
development and most of its surface is devot-

Tibia I fibula: Tibiae and the right fibula are 
present in the type specimen (Fig. 20). Right 
elements are present in the paratype SCSM 
90.93.1. The later epipodials show a patholog
ic condition that suggests behavior. These ele
ments are discussed in the paleopathology sec
tion of this paper. The tibia of the type has lost 
much of its surface detail at the extremities; 
however, its form is clearly straight-sided except 
for a medial curve to join the widened proxi
mal end of the shaft. The shaft of the fibula is 
circular at mid-length and flattened proximally. 
Distally it is not preserved in any of the avail
able material.Although incomplete, the epipo
dials are judged to have been about two-thirds 
the length of the femur. This is consistent with 
the observed proportions in the forelimb. 

Tarsus: Only the calcaneum survives. Its 
fragmentary nature provides little that is note
worthy for description. 

Pes: All metatarsals are accounted for with 
the exception of the fifth. Only two phalanges 
including one ungual remain. 

Figure 18. Right femur of Gavialosuchus carolinensis 
holotype (ChM PV 4279) in A, posterior and B, ventral view. 
Scale bar equals 10 cm. 
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A B 

Figure 19. Right femora of A, Gavialosuchus americanus; B, C, and D, G. carolinensis n.sp. SCSM 90.93.1, ChM PV 
4279, and ChM PV 4281 respectively. All in posterior view. Scale bar equals 10 cm. 

A 

Figure 20. Right tibia/fibula of Gavialosuchus carolinensis holotype 
(ChM PV 4279) in A, dorsal and B, lateral view. Scale bar equals 10 cm. 
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Scalation 

Scalation in living crocodilians incorporates 
ossified and unossified scales which may vary 
interspecifically as well as among individuals 
of the same species. Intraspecific variation is 
common and may be reflected by the shape 
and number of scales and the number of scale 
rows as demonstrated by Ross and Roberts 
(1979). They further note that no differences 
in scalation between sexes ofthe American alli
gator were found. 

Osteoderms: Approximately 80 scales that 
were directly associated with present speci
mens are ossified (osteoscutes). They range in 
size from 2.5 cm to 9 cm across and from <1 cm 
to >1.5 cm in thickness and they are relative
ly thinner than those of G. americanus (Auf
fenberg, 1954). None possess a dorsal keel and 
the dorsal surface has large, well-spaced, cir
cular and subcircular pits. Some of the more rec
tangular, dorsal elements are beveled along 
their longest edges. The osteoscutes separate 
into four general groups: 1) the largest with 
more-or-less parallel margins (Fig. 21A); 2) siz
able elements having a near-circular outline 
(Fig. 21B); 3) elements having a subtriangular
to-square outline; and 4) those that are small
er, rounded to irregular in outline and bear 
incipient or prominent spikes on one edge (Fig. 
21C). Precise location of any ofthese osteoscutes 
in life is conjectural. 

Figure 21. Osteoscutes of Gavialosuchus carolinensis 
n.sp. in dorsal view. A, large dorsal element; B, subcircu
lar back element; C, spiked flank or back element. Scale 
bar equals 2 cm. 

Those in groups one, two and three, howev
er, are regarded as major dorsal, flank and 
nuchal elements which provide the dermal 
armor ofthe animal. Those in category four are 
more random in their occurrence. Osteoscutes 
of the kind which would have been positioned 
at the junction of the head and neck (postoc
cipitals) do not appear to be represented. It is 
possible that postoccipital osteoscutes were 
absent as they often are in estuarine croco
diles (Wermuth, 1953; Neill, 1971). 

During the course of this investigation a 
number of osteoscutes collected from Miocene 
(Hawthorne Group) burrow pits in coastal Geor
gia by private collectors were examined. This 
material is ofinterest because these osteoscutes 
are of comparable shape and size to those of 

Figure 22. Map of known occurrences of the North 
American species ofGavialosuchus. G. carolinensis n.sp., 
late Oligocene (stippled); G. americanus Miocene/Pliocene 
(diagonal lines); G. sp. undet., early Miocene (cross hatched). 
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the new taxon but are appreciably thicker. 
They have flat unkeeled surfaces and are oth
erwise similarly ornamented. Auffenberg (1954) 
states that flat, unkeeled osteoscutes such as 
these occurring in the southeastern U.S. belong 
to the genus Gavialosuchus. Considering the 
known fossil crocodilian materials from the 
southeastern coastal plain, we tend to agree 
with this notion. Furthermore the age of the 
Georgia material and its noticeable morpho
logical distinction suggests that the Miocene 
fossils may represent another species ofGavialo
suchus that is intermediate, at least in time in 
North America, between the new form and G. 

americanus. Additional materials from South 
Carolina currently under study by the authors 
are considered to represent the same unde
termined gavialosuchid. The possible presence 
ofa form different from the new species as well 
as from G. americanus, whichAuffenberg (1957) 
regards as late Miocene and, with reservations, 
as Pliocene, is suggested. The recognized ages 
are based on studies of the Hawthorne Group 
by Pirkle (1956, 1957). The occurrence of this 
undetermined gavialosuchid is indicated in 
Figure 22. The evidence strongly indicates that 
Gavialosuchus was present in North America 
from the late Oligocene throughout the Miocene. 

TAXONOMIC RELATIONSHIPS 

Hecht and Malone (1972) discuss the mor
phological convergence of the rostrum in lon
girostrine crocodiles once they have invaded the 
gavialoid adaptive zone wherein the rostrum 
becomes streamlined. In the true gavials, dif
ferentiation is extreme. Longirostrine croco
diles lacking extreme differentiation such as 
Gavialosuchus americanus are considered to be 
at or near the tomistomine stage of organiza
tion. G. carolinensis n.sp. presents an even less 
extreme stage of organization with its broad
er skull (Fig. 23). 

The genus Gavialosuchus is retained as valid 
and distinct from Tomistoma to which it has 
been most often allied. Characters that show 
it to be distinct are: 1) its subtriangular choanal 
opening noted by Mook (1924) andAuffenberg 
(1954); 2) pterygoids deeply incised anteriorly 
by palatine vacuities; and 3) absence of keeled 
osteoscutes as noted by Auffenberg (1954). 

The shorter, broader rostrum which borders 

on the tomistomine stage of organization has: 
1) shorter premaxillae; 2) longer nasals that are 
nearly half the length of the skull; 3) small 
prefrontals and large broad lacrimals; 4) long 
anterior projections of paired palatines; 5) V
shaped premaxillary-maxillary suture on the 
palate as discussed by Mook (1921a); 6) only 
14 to 15 maxillary alveoli rather than 20 to 21 
as in Tomistoma; and 7) five rather than the 
normal four premaxillary alveoli indicated by 
Steel (1973) for Tomistoma. 

Three species of Gavialosuchus are recog
nized (Fig. 23). The type species, G. eggenbur
gensis (Toula and Kail, 1885), consists of a well
preserved skull. Originally a few postcranial 
elements were also included in the type descrip
tion; however, these elements could not be locat
ed, either in Vienna at the Institut for Palaon
tologie or in the Krahuletz Museum in 
Eggenburg, during the course of this study. The 
type specimen was collected from early Miocene 
strata, Eggenburgian stage, "Laegendsande" 
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Figure 23. Skulls of Gavialosuchus and Tomistoma in dorsal (left) and ventral (right) aspects. A, Gavialosuchus car
olinensis n.sp; B, G. americanus; C, G. eggenburgensis (from Toula and Kail, 1885); and D, 1bmistoma (from Iordansky). 
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lithostratigraphic unit. The type locality is at 
Eggenburg near Horn, Austria on the right-of
way of the Franz Joseph Bahn. Associated nanno
plankton at the base ofthe Burdigalian are NH2 
(Steininger, pers. comm., 1988). 

A second species, G. americanus (Sellards, 
1915a), is known from numerous remains 
including a partly complete skeleton (UF 6225) 
from the Bone Valley Gravel Formation, 
HemphillianAge in Polk and Alachua counties, 
Florida, USA. 

Finally, the new taxon G. carolinensis n.sp. 
is known from two relatively complete skele
tons (ChM PV 4279 and SCSM 90.93.1), a less 
complete skeleton in a private collection, and 
various isolated elements from the Ashley and 
Chandler Bridge formations, Chattian Age, 
Charleston and Dorchester counties, South 
Carolina, USA. Greatest variability of these 
three species is in the morphological organi
zation of the rostrum. 

Characters that distinguish G. carolinensis 
n.sp. from its fellow species are: a broader more 
robust skull with a shorter rostrum; pronounced 
size differences of alveoli; shorter interalveo
lar distances; and fewer teeth in the dentary. 
Notable postcranial differences from G. amer
icanus are found in the form of the coracoid 
blade, morphological and proportional features 
of the forelimb, and osteoscute pitting. As the 
postcranials of the type species are not avail
able, comparisons cannot be made. 

Other materials referred to the genus 
Gavialosuchus include the following specimens 
which are herein reevaluated. The first ofthese 
is a partial maxilla in The Charleston Muse
um bearing number 13745. This specimen was 
collected in 1920 during the phosphate mining 
period from the Ashley beds which at that time 
were thought to be Miocene in age. Auffenberg 
(1957) referred it to G. americanus primarily 
because of its presumed age and its close sim
ilarity to the species from Florida. Sanders et. 
al. (1982) redefined and assigned the Ashley 

beds to the latest Oligocene (Chattian). In light 
of this and the rather extensive amount of 
materials belonging to the new taxon from 
these deposits, it is appropriate to reassign 
13745 to G. carolinensis n.sp. 

Two further specimens in the collections of 
The Charleston Museum (PV 2495 and PV 
2504) from Pleistocene deposits of Edisto Island, 
South Carolina, were identified by Roth and 
Laerm (1980) as right humeri of cf. Gavialo
suchus. Neither of these specimens is a humerus 
nor do either agree with Gavialosuchus mor
phologically. They are both left femora and 
referable to Alligator. 

A taxon originally allocated to G. ameri
canus var. lusitanica n.v. (Vianna and Moraes, 
1941) and subsequently assigned to Tomistoma 
lusitanica by Telles Amtunes (1961) is 
reassessed and assigned to the type species G. 
eggenburgensis on the basis that both are 
Miocene and possess the following combina
tion of shared characters which also separates 
it from Tomistoma: 1) a triangular outline of 
choanal opening; 2) concave cranial table with 
dorsal elevations on its lateral margins above 
the otic opening; 3) a deeply pitted cranial roof; 
4) pronounced lateral crocodyloid notch at pre
maxilla-maxillary contact; 5) palatine/maxillary 
suture extending forward to the level of the 
ninth alveoli; 6) number of teeth; and 7) 
supratemporal fenestrae separated only by a 
thin web of bone. 

Gavialosuchus also includes Mega/ode/phis 
magnidens, a so-called giant dolphin. Morgan 
( 1986) demonstrates that the holotype of M. 
magnidens, which Kellogg described in 1944 as 
a whale, is actually a partial mandible of 
Gauialosuchus americanus and is therefore a 
junior synonym of this taxon. As with G. car
olinensis n.sp. from the late Oligocene, the 
Miocene/Pliocene species occurs in direct asso
ciation with a variety of cetacean remains 
(Webb and Tessman, 1968). 



34 SCIENCE MUSEUM OF MINNESOTA MONOGRAPH VOL.3: PALEONTOLOGY 

Scrcd.e of KilOineiers 
0 50 WO 

Figure 24. Erosional limits of the Ashley (heavy line) and Chandler Bridge (stippled) formations on the South Caroli
na coastal plain. The known geographic ranges of Gavialosuchus carolinensis n. sp. during Ashley and Chandler Bridge 
times are also defined by these limits. 
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GEOGRAPHIC AND GEOLOGIC OCCURRENCE 

The coastal plain of South Carolina has 
remained basically unaltered since the early 
Paleogene with a peidmont escarpment bisect
ing the state in a general northeast-south
westerly direction about 100 miles inland (Ward, 
et al., 1979). The coastal plain has experienced 
a long history oferosional episodes during this 
time that has resulted in continuously shifting 
shorelines (Cooke, 1936; Colquhoun, 1965). 
Shoreline sediments in Berkeley, Colleton, 
Charleston and Dorchester counties reflect 
transgressive stages of the sea during late 
Oligocene times. The Ashley and Chandler 
Bridge formations make up a series of distinct 
lithographic units that occupy what previous
ly may have been a shallow embayment some 
100 miles or more across (Fig. 24). Erosional 
limits of the Ashley and Chandler Bridge are 
based on the known distribution of various ver
tebrate taxa and descriptions ofthe geology by 
Weems and Sanders (1986). The abundant ver
tebrate fossils contained in these sediments 
comprise a variety of fishes, marine turtles and 
mammals. Less well represented forms are 
birds and the crocodile which is the subject of 
this paper. The known geographic ranges of 
this new crocodile are also defined by the known 
limits of the Ashley and Chandler Bridge for
mations (Fig. 24). 

It is highly probable that like some other 
large estuarine crocodiles such as the Creta
ceous form Teleorhinus with a range that includ
ed the interior of North America and Central 

Europe (Buffetaut and Wellnhoffer, 1980) and 
the living species Crocodylus porosus of the 
Inda-Australian region, Gauialosuchus caroli
nensis n.sp. likely had a range vastly greater 
than the Carolinian coastal plain. The genus 
in the northern hemisphere ranged between the 
southeastern coastal plain ofNorthAmerica and 
the Mediterranean Region. During the latest 
Oligocene a species closely allied to the new 
taxon invaded Europe by way of the Mediter
ranean Tethys seaway. G. eggenburgensis was 
established by the early Miocene Eggenbur
gian chronostratigraphic stage in Austria and 
a second possible location in the middle Miocene 
of Yugoslavia (Pejovic, 1951). Subsequent clo
sure of the western Mediterranean gateway 
during the late Miocene (Rog! and Steininger, 
1984) isolated this taxon and eventually caused 
its disappearance. 

Continuation of the genus in North America 
by the Miocene/Pliocene species G. americanus 
may be best explained by evidence of a yet unde
termined gavialoid crocodile from the Miocene 
strata of Georgia. This material, largely in pri
vate collections, includes several large unkeeled 
osteoscutes comparable in size and form to the 
new species. They are distinct, however, in their 
greater thickness. The same material includes 
several frontal bones which are highly sculp
tured with large deep pits. Except for being black 
rather than brown or tan, teeth associated with 
these elements are indistinguishable from those 
of the new species. 
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PALEOPATHOLOGY 

Among the most remarkable bioerosional 
traces found in fossil crocodilians are bite marks. 
Their makers are sometimes difficult, howev
er, to identify and related behavior is always 
conjectural because of inter-, and intraspecif
ic interactions. The occurrence of a number of 
puncture wounds in the right tibia and fibula 

of SCSM 90.93.1 (Fig. 25) is interpreted as 
injury inflicted by an individual of the same 
species and of similar size. Distress to these 
bones is present as four discrete punctures of 
the tibia and at least two gouges on the fibu
la. In addition, healed mid-shaft fractures of 
both epipodials are indicated. 

Figure 25. Bitten right epipodials of Gauialosuchus carolinensis n.sp. (SCSM 90.93.1) showing 
penetration and distortion of the tibia/fibula. A, distorted dorsal view; B, distorted more lateral 
view. Approximately 5/6 natural size. 
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Each of four in-line punctures of the tibia is 
a crater-like depression. The distal one cannot 
be measured accurately due to erosion of the 
end of the bone. Others vary in size from 0.5 
X 0.8 cm to the largest puncture measuring 1.5 
X 1.2 cm at the surface ofthe bone. The largest 
wound extends through the center of the shaft 
and communicates with a probable fistula that 
is associated with a healed mid-shaft fracture. 
The fistula suggests a compound fracture with 
post traumatic infection at the site. The frac
ture healed with angulation of the shaft and 
mild callus-formation. 

The fibula has two probable bite marks rep
resented by gouges on the dorsolateral surface 
near the distal end of the bone (Fig. 25). These 
are shallow features which correspond with 
two neighboring bite marks on the tibia. The 
fibula also has a well healed shaft fracture 
with angulation and mild callus formation but 
no fistula. 

Size, depth and location ofthese depressions 
provide a precise match with the premaxillary 
teeth of the skull of this specimen. Starting 
from the distal puncture the four depressions 
correspond, to the position and form ofthe first, 
second, third and fourth teeth respectively. The 
first, second and fourth depressions are shal
low and bowl-shaped as noted. Number three 
is much deeper and penetrates the entire thick
ness of the shaft. It has a recurved interior 
which agrees in detail with the shape and size 
of the third premaxillary tooth (Fig. 26). 

When the tibia and fibula are juxtaposed, as 
normally associated, and the four punctures 
aligned with their respective teeth in the skull, 
other markings on the fibula match tooth posi
tions in the lower jaw. Pressure exerted by the 
occluding jaws resulted in tooth penetration of 
the epipodials and caused fracturing of the 
lower limb. The character ofthese wounds indi
cates that flexing of the limb and rolling of the 
body occurred during the encounter which 
resulted in the injury. Evidence of healing 

proves that these were severe but not fatal 
wounds. It is therefore our interpretation that 
intraspecific fighting took place, probably in 
the water by young males. Such behavior is 
known to be common in living crocodiles (Cott, 
1961; Meyer, 1984; and observations by one of 
us [BRED. 

Other possible bite wounds were found on: 
the right distal humerus; right distal metatarsal 
I; two osteoscutes with penetrated margins; 
and a section of rib all belonging to this spec
imen. Apart from bite wounds, other affected 
elements in SCSM 90.93.1 include two dorsal 
vertebrae exhibiting healed fractures of right 
lateral spines and metatarsal V, also with a 
healed fracture at mid-shaft and callus 
formation. 

Figure 26. Alignment of skull teeth with punctures in 
tibia showing relationship to other bones of the right hind 
limb and lower jaw of Gauialosuchus carolinensis n.sp. 
(SCSM 90.93.11. 

https://90.93.11
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Prominent pathology noted in the type spec
imen ChM PV 4279 is a left coracoid fracture 
just above mid-shaft. As a result of healing, a 
callus has greatly thickened the bone in this 
area. Thickening is especially prominent lat
erally (Fig. 27). Probably because the fractured 
ends moved into a side to side position prior to 
callus formation, the overall length of the cora
coid was decreased by about ten percent. This 
did not noticeably twist the shaft and 
the bone shows no evidence of associated infec
tion. 

Cott (1961) states that post traumatic pathol
ogy is the most common pathology found in 
the Nile crocodile Crocodylus niloticus. All of 
the noted pathology in the present specimens 
was also post traumatic with the possible excep
tion of the noted condition of the coracoid. It is 
possible that this element was already dis
eased prior to fracturing and was indeed more 
susceptible to fracturing because of it. There 
is, however, no good evidence for disease other 
than the fracture itself and the bony response 
to the fracture. 

A B 

Figure 27. Pathologic left coracoid of Gavialosuchus 
carolinensis n.sp. (ChM PV 4279) in A, ventral and B, 
anterior view. Scale bar equals 10 cm. 

PALEOECOLOGY AND TAPHONOMY 

The depositional environment of Gavialo
suchus carolinensis n.sp. was a beach face of 
marine transgression during the late Oligocene. 
Sediments containing skeletal remains of 
Gavialosuchus are punctuated by evidence of 
strand lines strewn with bones. Fossils most 
frequently encountered are those of several dif
ferent cetacean taxa that were stranded or 
washed ashore. Skulls, mandibles and postcra
nials of squalodonts indicate the presence of 

modest-sized individuals of four to five meters 
in length. Langston (1973) notes that the preda
tor role may have been the most influential fac
tor favoring giant size in crocodilians and cites 
large crocodilians that are associated with large 
animals such as dinosaurs and some aquatic 
mammals. Dugongids, sharks, rays and a vari
ety of bony fishes are also numerous in these 
deposits. All of these recently collected materi
als are housed in The Charleston Museum. 
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Figure 28. A, Gavialosuchus femur (ChM PV 4281) overlying B, plastral element of sea turtle Carolinochelys; C, cau
dal vertebra of squalodont. All bones in situ, Chandler Bridge Formation of coastal South Carolina. Photo from files of 
ChM. 

Several sea turtles occur as associated forms. 
Carolinochelys, a common chelonian a meter 
or less in length, is plentiful as fragmentary 
evidence and a few partly complete shells are 
known. A typical occurrence is shown (Fig. 28) 
in association with a femur of Gavialosuchus. 
Specimens of larger dermochelyids such as 
Dermochelys and an unidentified taxon are 
found as somewhat intact carapaces (Fig. 29). 
Procolpochelys and Syllomus have also been 
identified (pers. comm., A. Sanders, 1994). In 
all, five taxa of sea turtles visited the shallow 
embayments of the Chattian coastline. The 
abundance of individuals suggests that the 
lagoonal beach fronts of the Chandler Bridge 
were especially suitable nesting grounds. This 
notion is consistent with the stratigraphic 
information about the Chandler Bridge deposits 

provided by Weems and Sanders (1986). Healed 
punctures of the carapace, such as that in the 
seventh costal of one specimen of Car
olinochelys, speak of possible encounters with 
the estuarine crocodile Gavialosuchus, who 
also may have utilized the available shores for 
nesting as well as a place to feed (frontispiece). 

Today, females of large estuarine crocodiles 
such as Crocodylus porosus nest within or close 
to the region in which they spend most of the 
year (Webb, 1977). If the Chattian coastline 
was utilized for nesting during Chandler Bridge 
time by Gavialosuchus, such behavior would 
have taken place on the shore above high water 
levels and likely in protected locations ofheavy 
vegetation and shade such as in tidal sections 
of the rivers adjoining the bays. 
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Figure 29. Seven foot long carapace of a dermochelyid 
in situ. Excavation in the Chandler Bridge Formation of 
coastal South Carolina. 

A large pseudodontorn is also represented 
by several specimens in the collections of ChM 
and USNM. The most complete Charleston 
Museum specimen indicates that this large fly
ing bird possessed a wing span of about six 
meters. Its occurrence in the middle Chandler 
Bridge as well as the Ashley establishes it as 
a contemporary of Gavialosuchus despite lack 
of direct physical association. 

Nearly all of the Ashley/Chandler Bridge ver
tebrates consist of mostly disarticulated skele
tons, and separate, but complete, skeletal ele
ments. This is expected in shoreline and lagoonal 
deposits (Shipman, 1981). Exceptions are a few 
nearly complete cetacean skulls, the noted che
lonid materials and the two crocodile skeletons 

of the present type series. Most complete of 
these is the type specimen ChM PV 4279. Its 
relatively intact state can be attributed large
ly to its deposition in one of the many depres
sions or pits which characterize the upper sur
face of the Ashley Formation (Fig. 30). Weems 
and Sanders (1986) suspect that these depres
sions or pits represent tree stump holes where 
trees were rooted into the Ashley sediments. 
Another explanation might involve the disso
lution of large phosphate blocks that are so 
abundant in the Ashley (Leidy, 1877). Lime 
phosphate which is present in the Ashley (up 
to 15 percent) occurs as small phosphatic lumps 
(Cook, 1936) and is characterized as highly cal
careous marl or soft limestone (Cooke, 1943). 
These depressions range in size from less than 
ten centimeters to over two meters across as 
based on personal observations (1987-93) made 
during low tide along the Ashley River and 
other watercourses which dissect the Ashley 
Formation. Disposition of the skeleton in one 
of the larger depressions could have resulted 
from the cadaver awash in the tidal flow. As dis
cussed by Erickson (1990) confinement within 
a depression and subsequent fossilization result
ed in the specimen's relatively intact condition. 
There is no evidence of the specimen having been 
scavenged before fossilization except perhaps 
by invertebrates, because of the integrity of the 
semi-articulated skeleton. The absence of many 
foot bones, rib and gastralia sections, as well 
as other small elements may be explained by 
decomposition and biological erosion which also 
removed much of the thin articular surfaces of 
many bones. The apparent lack of gastroliths 
with such a large crocodile, which would pre
sumably have had large stomach "stones", is puz
zling. However, individual crocodilians and 
sometimes suites of associated crocodile skele
tons totally lack associated gastroliths or stom
ach "stones" (Erickson, 1982). 

Whether for ballast or food processing the 
occurrence of stomach "stones" has been wide
ly discussed (Krumbiegel, 1959; Cott, 1961; 
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Figure 30. Diagrammatic section of the Ashley/Chandler Bridge contact with the skeleton of ChM PV 4279 positioned 
in situ. 

Webb, 1977; Langston, 1978, and others). Sub
stitutes for stoney gastroliths, where stones are 
not immediately available in the environment, 
have been commented on as well by Cott (1961), 
Neill (1971) and Erickson (1982). With the pos
sible exception of one-to-two centimeter long, 
flat, discoidal quartz pebbles from local sedi
ments (Weems and Sanders, 1986), the stom
ach "stones" carried by Gavialosuchus may have 
consisted largely of non-stoney phosphate peb
bles. Bone fragments and small phosphatic 
lumps derived from local sediments may have 
been substituted in this case. These materials, 
having suitable weight but lacking durability, 
would have little potential for preservation once 
ingested and subjected to stomach acids of the 
crocodile. Even charred pine knots may have 
been incorporated as "gizzard stones" in some 
crocodilians (Holman and Case, 1988). 

Orientation of the type specimen ( ChM PV 
4279) was noted by Sanders (pers. comm., 1990) 
as being dorsal side up. The lower jaw halves 
which were only slightly displaced beneath the 
skull were: one flat and the other dorsal side 
up. Despite this close contact of skull and jaw 
halves all but one tooth had become dislodged 

from their respective alveoli. This condition 
argues for some movement of the specimen, 
perhaps by tidal flow, with minor disarticula
tion of the deteriorating cadaver. It is quite 
possible that the partly decomposed animal 
was awash for sometime before settling into the 
depression where it was ultimately covered by 
Chandler Bridge sediments. There was no evi
dence of postdepositional disturbance. 

Similarities and differences can be found 
between paleoenvironments of the three long
snouted species of this cosmopolitan genus. As 
revealed by associated vertebrates and host 
sediments each species inhabited or frequent
ed estuarine environments and shallow marine 
situations. The type species from the early 
Miocene of continental Europe is associated 
with various sharks, Rajidae, Testudo, Trionyx, 
Acrodelphis, Schizodelphis, Metaxytherium and 
Brachyodus (Steininger, pers. comm., 1988). 
G. americanus from the Miocene/Pliocene of 
Florida occurs as well with a variety of sharks, 
Rajidae, Testudinidae, Trionyx and sea turtles 
in addition to terrestrial mammals (Webb and 
Tessman, 1968). Each of these two crocodiles 
is more specialized in their narrower, longer ros-
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tra and greater uniformity of tooth size. Mook 
(1932) noted a direction of specialization for 
Gauialis that included lengthening the 
snout and reducing tooth size, while increas
ing their number, as an adaptation for a more 
picivorous habit. Langston (1973) also discusses 
the long snout with widely spaced teeth as 
being highly functional for striking and impal
ing prey. The new taxon, by contrast, with its 
shorter rostrum and appreciably larger teeth, 
was more suited for disemboweling large prey 
such as stranded cetaceans (Erickson, 1990). 
Its teeth are extremely robust yet relatively 
short for their basal circumferences. The fifth 
maxillary tooth is the largest in the skull, as 

it is in the other American species G. ameri
canus, whereas in G. eggenburgensis the fifth 
maxillary tooth is essentially the same size as 
those anterior and posterior to it. Other aspects 
of the skull shared by the North American 
species but not by their European counterpart 
are much closer tooth spacing in the maxillae 
and a low, flat cranial table. The type species 
possesses a cranial table situated well above 
the base of the rostrum. Its surface is also 
depressed medially and prominent elevations 
(spurs) occur at its posterolateral corners (Fig. 3). 
These configurations of skull and dentition 
indicate a more gavial-like adaptation than 
either of the American forms. 
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DISCUSSION 

With a general amelioration of the climate 
by Chattian times (Lillegraven, 1972) the 
coastal plain of Southeastern North America 
provided a new environmental setting to be 
exploited by large estuarine crocodiles. One of 
these forms was Gavialosuchus. The earliest 
record of this genus is the new taxon G. caro
linensis n.sp. from the late Oligocene ofcoastal 
South Carolina. The next earliest record ofthis 
genus is G. eggenburgensis from the early 
Miocene ofAustria. The most recent occurrence 
is G. americanus from the Miocene/Pliocene of 
Florida. The two American species are each 
represented by ample materials including part
ly complete skeletons which provide us with a 
rather complete osteology for the group. Dis
tribution of the American species is shown in 
Figure 22. 

Knowledge of the Austrian species derives 
from the skull of the type specimen. Its origi
nal preparation was completed shortly after 
its discovery by Krahuletz and inclusion in his 
private collection. The original description by 
Toula and Kail (1885) included what had been 
originally collected and prepared when the 
specimen was placed in the newly established 
Krahuletz Museum in Eggenburg. Examination 
of the skull by Erickson in 1987, however, 

revealed the loss of the pterygoids and other 
ventral portions of the skull. These were for
tunately figured in the original description. 
This was especially critical regarding the shape 
of choanal opening. Although incomplete the 
opening was narrowed to a point anteriorly 
and was evidently triangular when complete 
(Fig. 23). Seemingly a second preparation also 
had been attempted, either before or after the 
loss, which incorrectly replaced two teeth and 
misaligned the cranium. Most recently ( 1988) 
restoration of the type skull was completed in 
Vienna by the Institut for Palaontologie after 
Professor Steininger kindly permitted one of 
us (ERE) to make recommendations for its 
restoration. 

In all of the specimens a shared character 
state is a subtriangular opening ofthe choanae. 
The diagnostic value of this shape has been 
debated (Muller, 1927; Auffenberg, 1954; and 
others) and it may be a character that varies 
somewhat. Yet its persistence within the 
described suite of species is regarded as diag
nostic especially when grouped with another 
persistent character, the large, relatively thin, 
unkeeled osteoscutes with large pits. 
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