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Foreword
In my position as Curator of Paleontology at the Calvert Marine Museum, I have discovered
how rewarding it can be to partner with avocational paleontologists. They continue to collect
and donate thousands of scientifically important fossils to the museum, prepare and help
curate our collection, contribute to public education and citizen science projects, and author
formal publications like this one. They extend our reach in amazing ways. This present
work by George F. Klein is just the latest example of how he continues to forward the field
of paleontology. To date, George has contributed a number of articles to our fossil club’s
newsletter, The Ecphora. I am truly grateful for, and encouraged by his passion for paleontology
and for his patience in working with us to format and finalize this work.
During the Miocene epoch (23 – 5 million years ago), at least two species of large crocodiles
(Thecachampsa sericodon and Thecachampsa antiquus [Weems, in prep]), lived in southern
Maryland. From time to time, their fossilized remains are found along Calvert Cliffs. But
where does the collector go for help in identifying the fossil crocodile bones they have found?
There are few detailed publications readily available, especially well-illustrated ones like the
present work. Here, George has compiled an annotated photographic atlas of the skeleton of
the living Alligator and comparative examples of the fossilized bony remains (where available)
of Thecachampsa. I expect that this work will inspire on several fronts and further our
understanding of extinct alligators and crocodiles by bringing new finds to light.
Although the closest living relative of Thecachampsa (i.e., Tomistoma schlegelii, the falsegharial of Southeast Asia) inhabits fresh-water, fossils of Thecachampsa are found in sufficient
quantities in shallow marine coastal deposits, like some of the beds along Calvert Cliffs, to
indicate that they inhabited coastal marine waters, as do the modern saltwater crocodile
(Crocodylus porosus) and American crocodile (C. acutus), (Weems, in prep). If Thecachampsa
were alive today, it would rank as an apex predator. But during the Miocene, Thecachampsa
would have been easy prey for the likes of Carcharocles megalodon, the mega-tooth shark with
whom it shared its habitat. Although crocodilians have not inhabited northeastern North
America in several million years, as global climates warm, perhaps they will someday reinhabit coastal Maryland.
Reference
Weems, R. E. (In Prep). Crocodilians of the Calvert Cliffs. In Geology and Vertebrate 		
Paleontology of Calvert Cliffs, Volume 1. Godfrey, S. J. (ed.), Smithsonian Contributions to
Paleobiology.
Dr. Stephen J. Godfrey
August, 2016
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1 - Introduction
The purpose of this book is to assist fossil collectors in identifying
crocodilian fossils. In certain areas of the eastern US, alligator and
crocodile fossils can be found together, so a secondary purpose of
this book is to compare and help collectors differentiate fossils of
these two crocodilians.
Most specimens studied for this volume were in the collection of
the Florida Museum of Natural History in Gainesville, Florida and
were photographed there. Other specimens are from my personal
collection. Please see the Appendix for a complete specimen list.
The estimated overall length of the specimen UF39618 is 12.4 feet or
3.78 m (Woodward, personal communication).
Scale bars shown in the Figures are in inches, unless otherwise
noted (1 inch = 2.54 cm). Due to space limitations, sometimes I did
not note the genus of the specimen. When not noted, the specimen
shown belongs to Alligator.
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3 - For the “Alligators”
Although not as spectacular as the extinct Thecachampsa, whose
length may have approached 30 feet (9.1 m), the American Alligator
is one of North America’s top living predators. Once threatened with
extinction, it has made a remarkable comeback. Even the American
Crocodile (Crocodylus acutus), once highly endangered, is on its way
back in the US.
However, the Chinese Alligator (Alligator sinensis) and four species
of crocodiles, the Philippine Crocodile (Crocodylus mindorensis),
the Cuban Crocodile (Crocodylus rhombifer), the Orinoco Crocodile
(Crocodylus intermedius) and the Siamese Crocodile (Crocodylus
siamensis) are critically endangered [5]. I encourage all who read
this book to use their time, money, and vote to support wildlife
conservation. Don’t travel or do business with countries that trade in
endangered species or do nothing to conserve these animals. A loss
of these crocodilians is a loss to the planet and to humanity.
George F. Klein
Chapel Hill, North Carolina USA
August 2016
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4 - One or Two Species?
Recent references [4, 6] indicate that in fact two species of crocodiles existed in the Neogene of the eastern US.
Although previously referred to as Gavialosuchus, Weems [6] and Brochu and Storrs [4] have shown that the
earlier name, Thecachampsa, has priority.
The two species are Thecachampsa antiquus (Leidy) and Thecachampsa sericodon Cope. T. antiquus is typically
more robust and the skull pictured in Figures 5.4 and 5.5 belongs to this species. A photograph of the cast of a
skull of Thecachampsa sericodon is shown in Figure 4.1.
Differentiating fossils of the two crocodiles can be difficult. Certainly size can be utilized. For instance, large
scutes (Figure 6.1) belong to T. antiquus, as well as teeth 1 inch (2.5 cm) and over in diameter.

Figure 4.1: Thecachampsa sericodon skull cast. Compare to Figure 5.4.
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The Axial Skeleton
5 - The Skull, Mandible and Teeth
The skull of a crocodilian, excluding the lower jaw, is composed of 18 bones, which include:
1. Premaxilla
2. Maxilla
3. Lachrymal (Lacrimal)
4. Prefrontal
5. Jugal
6. Postfrontal
7. Nasal
8. Frontal
9. Squamosal
10. Parietal
11. Quadrate
12. Palatine
13. Pterygoid
14. Ectopterygoid
15. Quadratojugal
16. Exoccipital (not visible in dorsal view, on rear of skull)
17. Basioccipital
18. Supraoccipital (not visible in dorsal view, on rear of skull)
The skull of specimen UF39618 is shown in Figures 5.1 and 5.2 with bones outlined and numbered per the above
list for identification purposes.
The lower jaw is composed of 10 bones (5/side), which are:
19. Dentary
20. Splenial
21. Surangular
22. Articular
23. Coronoid
The lower jaw of UF39618 is shown in Figure 5.3 with bones outlined and numbered per the above list for
identification purposes. Missing from the UF39618 specimen is the cartilaginous hyoid apparatus.

Although complete skulls are rarely found as fossils, broken or disarticulated skull and lower jaw
pieces are common river finds throughout Florida. Typically, sections of the maxilla, dentary,
frontal, postfrontal and parietal bones are found as fossils.
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Figure 5.1: The skull of
Alligator, dorsal view.
Length of the skull from
tip of premaxilla to back of
quadrate is 23 3/8” (53.3
cm). Numbers indicate
skull bone names, per
previous page.

Figure 5.2: Alligator skull,
ventral view. Numbers
indicate skull bone names,
per previous page.

Figure 5.3: Alligator, lower
jaws, dorsal view. Numbers
indicate jaw bone names,
per previous page.
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The skull of Alligator differs from Thecachampsa in that the latter has a narrower snout and, when complete, is
typically much larger. Figures 5.4 and 5.5 are photographs of a cast of a very large Thecachampsa skull found in
a central Florida Phosphate Mine by Rick Carter in 1990 that was excavated and prepared by Frank Garcia. The
skull length measures 45 3/4” (116.2 cm) from the tip of the premaxilla to the rear of the quadrate.

Figure 5.4: Thecachampsa antiquus skull cast, left side view.

Figure 5.5: Thecachampsa antiquus skull cast, dorsolateral view.
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Teeth
Teeth of Thecachampsa are often found with longitudinal striations or ribbing, visible in Figure 5.6. The ribbing is
not to be confused with the tooth’s cutting edges, one of which is visible in Figure 5.6 immediately to the right of the
lettering “CE”. No fossil Alligator teeth (Figures 5.8, 5.9) were found to have ribbing, although extremely faint ribbing
was observed on a few modern (unfossilized) teeth. Alligator teeth were also observed to have blunter, less pointy tips
than crocodile teeth.
Forty-nine crocodile teeth and 26 alligator teeth were examined. Of the crocodile teeth, 30 (61%) were found to
have ribbing. Thirty-four (69%) had a conically-shaped indentation within the base of the tooth, see Figure 5.7. The
indentation may be relatively deep in comparison to the tooth height, sometimes half its height. Six of the teeth
(12%) were solid with a relatively small nutrient pore and four (8%) were solid but with a larger diameter nutrient
pore.
A statistical evaluation of fossilized
Thecachampsa and A. mississippiensis
teeth was undertaken [8]. It was
determined that Thecachampsa
teeth have an enamel height to
tooth diameter ratio of about 2.0,
whereas Alligator teeth have an H/D
ratio of about 1.6. If the tooth was
asymmetrical, the smaller diameter was
used to calculate the ratio.
Therefore, Thecachampsa teeth can be
differentiated from Alligator teeth by
the typical presence of longitudinal
striations or ribbing on the teeth
(other than the tooth’s cutting edge),
the possible presence of a conical
indent in the tooth bottom and
different enamel height to tooth
diameter ratio. The latter means
that crocodile teeth will appear
“pointier” than Alligator teeth.
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Figure 5.8: Typical fossil Alligator
tooth, approx. diameter 0.7 in (1.8 cm).

Figure 5.6: Typical Thecachampsa tooth.
CE = cutting edge, H = enamel height
D = tooth diameter, approx 0.6 inches
(1.5 cm)

Figure 5.7: Split Thecachampsa
tooth showing conically
shaped indent (bottom).

Figure 5.9: Alligator teeth, top row.
Thecachampsa teeth bottom row.

6 - Osteoderms
Osteoderms or scutes are bony plates located under the skin on the back of a crocodilian. Part of their function
is armor; however, their complete function is more complex. They also serve to support the animal as well as
help regulate its temperature [3].

Figure 6.1: An exceptionally large Thecachampsa scute.

Figure 6.2: Various Thecachampsa scutes.

Note the pits in the scute shown in Figure 6.1 above. In life, these pits contain blood vessels. The
pits capture sunlight, warming the blood, which in turn warms the animal through blood flow.

Figure 6.3: Very large A. mississippiensis scute.

Figure 6.4: Figure 6.3 scute, side view. Note vertical keel.

Thecachampsa and Alligator scutes can be differentiated by the rounded
vertical keel present on the scute of the latter, see Figure 6.4.
11

Figure 6.5: Various Alligator scutes. Oval and nearly round scutes are sometimes found.
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The Axial Skeleton: Vertebrae
The vertebral column is divided into 5 sections: Cervical, Thoracic, Lumbar, Sacral, and Caudal (see drawing
of an articulated Alligator skeleton under the Table of Contents). Crocodilians have approximately 55 to 70
vertebrae; the range is due to the varying number of caudal vertebrae even among individuals of the same
species. Alligators have an atlas and an axis vertebra, 6 other cervical vertebrae, 11 thoracic vertebrae, 5 lumbar
vertebrae, and 2 sacral vertebrae. Caudal vertebrae usually number 30 to 40.
Vertebrae are composed of two major parts: the centrum (the cylindrical lower section of the bone) beneath the
spinal nerve and the neural arch (Figure 9.1) above it. The neural arch is composed of the dorsal process, which
projects vertically above the centrum and the transverse processes, which project horizontally from the sides
of the centrum. In crocodilians, the centrum is diagnostic. One end (pointing caudally) is convex, whereas the
other end is concave. (The one exception is the first caudal vertebra, see Chapter 11). This permits the vertebrae
to interlock, ball-and-socket-like, strengthening the vertebral column. Procoelous is the term that describes this
convex/concave vertebral morphology. It is a characteristic of the Eusuchia or “modern” crocodiles, including
Alligator and Thecachampsa. Eusuchians evolved during the Cretaceous Period.
Nopsca (sensu Klein [8]) noted that the concave articular surface of a reptilian vertebra tends to face towards
the more immobile part of the body. Therefore, having the concave end point cranially makes sense, since
crocodilians swim with their tails.

13

7 - Cervical Vertebrae and Cervical Ribs
These make up the neck of the animal. In Alligator, there are 8 including the atlas and the axis vertebrae. The 6
others are typically numbered C3 through C8 and are characterized by the presence of paired cervical ribs, basically
smaller versions of abdominal ribs. The cervical ribs articulate with their respective vertebrae in a manner similar to
abdominal ribs. Below are two views of the atlas vertebra of Alligator. The pro-atlas lies above and slightly in front of
the atlas; it may be the neural arch cap of the atlas or a highly modified osteoderm.

Figure 7.1: Atlas, Right Lateral view.

Figure 7.2: Atlas, anterior view.

Figure 7.3: Alligator, Pro-Atlas.

Cervical ribs associated with the
atlas vertebra were not available
for this specimen. The cervical ribs
associated with the atlas and axis
vertebrae are long and gracile.

Views of a Thecachampsa atlas intercentrum.
Figure 7.4: Dorsal view without neural arch in place.

Figure 7.5: Anterior view with one neural arch. Scale
= 10 cm (3.9”).
Even in a large animal, during fossilization it is likely that
the neural arches of the atlas would be broken off. For the
Alligator atlas shown in Figures 7.1 and 7.2, the neural
arches were glued to the intercentrum.
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Three views of Alligator axis vertebra are shown in Figures 7.6 - 7.8.
In the FLMNH specimen, all cervical vertebrae except C3 had cervical ribs attached to their respective
vertebrae. Figure 7.3 illustrates the pro-atlas that fits over the atlas vertebra. Because it is relatively small
and thin, it is unlikely to become fossilized.

Figure 7.6: Axis, posterior view.

Figure 7.8: Axis, right lateral view.

Figure 7.7: Axis, left lateral view.

Figure 7.9: C3 right lateral view.
15

Figure 7.10: C3 cervical ribs,
exterior and medial views.
Scale = cm.
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Figure 7.11: C4 posterior view.

Figure 7.12: C5 posterior view.

Figure 7.13: C5 left lateral view.

Figure 7.14: C6 posterior view.

Figure 7.15: C7 posterior view.

Figure 7.16: C7 Left ventrolateral view.

Figure 7.17: C8 posterior view.

Figure 7.18: C8 anterior view.

Cervical and thoracic vertebrae can be differentiated from other Alligator vertebrae by the presence
of a process located on the ventral side of the centrum, visible in the above photographs.
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8 - Thoracic Vertebrae and Ribs
These vertebrae are characterized by the presence of a pair of well-developed transverse proceses, with ribs
articulating to each transverse process and centrum. As there are a pair of ribs per each thoracic vertebra in
Alligator, the total number of ribs is 22 (excluding cervical ribs and gastralia - i.e., the abdominal ribs). Each rib
has two articulating points with the vertebrae, giving its head a characteristic “Y”-shape.

Figure 8.1: Alligator, T1 posterior view.

Figure 8.2: Alligator, T2 anterior view.

Figure 8.3: Alligator, T3 anterior view.

Figure 8.4: Alligator, T3 dorsal view.

Note the presence of a ventral process on the centrum on
these vertebrae, as discussed in the previous chapter.
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The large size of the skull of UF39618 is indicative
of it being a male individual. Typical of large male
alligators, several pathologies were found within
the skeleton, including a fused 4th and 5th thoracic
vertebra. The pathology is shown below.

Figure 8.5: Alligator, pathological (fused)
T4 and T5, ventral view.

Figure 8.6: Alligator, fused T4 and T5, posterior view.

Figure 8.7: Alligator, articulated T6 - T11
T1 - T5 would be similar in appearance to T6 - T11. Anterior is to the left.
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Below are four views of an incomplete Thecachampsa thoracic vertebra.

Figure 8.8: Thecachampsa, 3/4 left lateral view.

Figure 8.10: Thecachampsa, right lateral view.

Figure 8.9: Thecachampsa, left lateral view.

Figure 8.11: Thecachampsa, posterior view.

Although this vertebra is identified as a thoracic, it lacks the ventral process found in both Alligator
and in modern crocodiles [7]. This process is also believed to be present in Thecachampsa thoracic
vertebrae. Therefore, this vertebra is likely a lumbar.
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Thoracic Ribs
Associated with the thoracic vertebrae are the ribs. Crocodilians have two-headed ribs, each of which articulates
with a separate facet on the vertebra. This gives most ribs a characteristic “Y”-shape, differentiating them from
seal or dolphin ribs that may be found in the same marine formations. The upper (dorsal) head is called the
tuberculum and the lower, the capitulum.

Figure 8.12: Alligator, right ribs 1 - 5, approximately posterior view.

Figure 8.13: Alligator, right ribs 1-5, approximately anterior view.
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Figure 8.14: Alligator, left ribs 1 - 5, approximately posterior view.

Figure 8.15: Alligator, left ribs 1 - 5, approximately anterior view.
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Figure 8.16: Alligator, right ribs 6 - 11, approximately posterior view.

Figure 8.17: Alligator, right ribs 6 - 11, approximately anterior view.
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Figure 8.18: Alligator, left ribs 6 - 11, approximately posterior view.
Rib 11, far right, has a chord length of approximaely 6.5 inches.

Figure 8.19: Alligator, left ribs 6 - 11, approximately anterior view.
The following two figures show two Thecachampsa ribs. Typically, ribs will break during
fossilization and thus are rarely found complete unless as part of an articulated skeleton.
24
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9 - Lumbar Vertebrae
The lumbar region includes postthoracic ribless vertebrae anterior to
the sacral/pelvic region. Alligator has
5 lumbar vertebrae.

Figure 9.1: Labeled L1 in
posterior view.

Figure 9.2: L2 posterior view.

Figure 9.3: L2 anterior view.

26

Figure 9.4: L3 posterior view.

Figure 9.5: L3 anterior view.

Figure 9.6: L4 posterior view.
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Figure 9.7: L4 anterior view.

Figure 9.8: L5 posterior view.

Figure 9.9: L5 anterior view.
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10 - Sacral Vertebrae
Alligator has two sacral vertebrae, recognized by their massive horizontal sacral ribs, which have fused to their
respective vertebrae. These two vertebrae abutt the pelvis dorso-medially.

Figure 10.1: Articulated S1 and S2, left anterolateral view.

Figure 10.2: Articulated S1 and S2, left posterolateral view.
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Figure 10.3: Alligator S1, posterior view. Note massive sacral ribs.

Figure 10.4: Alligator S1, anterior view.
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Figure 10.5: Alligator S2, posterior view.

Figure 10.6: Alligator S2, anterior view.

Figure 10.7: Thecachampsa S2 vertebra, anterior view.

Figure 10.8: Thecachampsa S2 vertebra, posterior view.
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Figure 10.9: Thecachampsa, S2 vertebra, ventral view.

32

Figure 10.10: Articulated Alligator L5, S1, S2, and Ta1, in life position, dorsal
view. Ta1 = first caudal vertebra.

11 - Caudal Vertebrae
As noted in Chapter 7, the number of caudal vertebrae in crocodilians is variable and usually ranges between 30
and 40. Unfortunately, only three caudal vertebrae from the UF39618 specimen were present in the UF collection.
The tail vertebrae of another, somewhat smaller specimen, UF147700, were photographed for completeness.
Unless noted otherwise, photographs are of the UF39618 Alligator. Missing from this specimen were its haemal
arches (commonly referred to as chevrons). A haemal arch from a smaller fossil Alligator is shown in Figure 11.14.

Figure 11.1: Articulated Alligator caudal
vertebrae Ta1, Ta2, and Ta3. Anterior is to the
left. Note that the transverse processes are swept
back posteriorly and taper distally. Ta1 is unique
in that its centrum is convex on both ends.

Figure 11.2: Ta1, ventrolateral
view, showing convex ends of the
centrum. Scale is in cm.
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Figure 11.3: Ta2, anterior view.

Figure 11.4: Ta2, posterior view.
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Figure 11.5: Ta3, anterior view.

Figure 11.6: Ta3,
posterior view.

Figure 11.7: Mid-sized caudal
vertebra of UF147700, right lateral
view. Anterior is to the right.
Figure 11.8: Dorsal view of Figure 11.7.
Anterior is to the right.

Figure 11.9: Thecachampsa, caudal vertebra.
Compare to Figure 11.7. Slightly eroded
processes broken. Anterior is to the right.

Figure 11.10: Partially eroded Thecachampsa,
caudal vertebra. Anterior is to the left.
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Figure 11.11: Thecachampsa, caudal
vertebra. Anterior is to the right.

Figure 11.13: Smallest available caudal vertebra from UF147700.

Figure 11.12: Small caudal vertebra
from UF147700. Anterior is to the
left.

Figure 11.14: Alligator, haemal arch from a fossil specimen.

Compare Figures 11.10, 11.11, 11.12, and 11.13, all of which are caudal vertebrae that are posteriorly located.
The vertebrae of Alligator and Thecachampsa are quite similar in appearance. The Thecachampsa vertebrae
examined tended to loose their procoelous character posteriorly, but the Alligator vertebrae tended to remain
procoelous except in the very posterior-most caudals.
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12 - Abdominal Ribs (Gastralia)
Like their relatives, the saurischian dinosaurs, crocodilians have abdominal ribs or gastralia. Gastralia do
not articulate directly with vertebrae but some do articulate with the sternum. In Alligator, the sternum is
composed of the cartilaginous sternum proper, the bony interclavicle (or episternum), and the xiphisternal
horns. The coracoid articulates with the sternum.
Due to their size and fragility, it is unlikely that the interclavicle or gastralia would be found as fossils. They
are included here for the sake of completeness.

Figure 12.1: Dorsal view of
the interclavicle & clavicles
of Alligator. Scale in cm.

Figure 12.2: Gastralia
of Alligator, probably
incomplete. The longest
piece, second from top
on the right hand side,
has a chord length of
approximately 6.87”
(17.5 cm).
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The Appendicular Skeleton
13 - Forelimbs
A drawing of the forelimb of Alligator is shown in Figure 13.1. The proximal end of the coracoid articulates with the
interclavicle and the distal end articulates with the scapula and humerus. The scapula, along its internal border, lies
near and parallel to the vertebral column whereas its proximal end contributes, with the coracoid, to the formation
of the glenoid cavity, i.e., the joint into which the humerus articulates.

Figure 13. 1: Outline drawing of the forelimb of Alligator. Two distal carpals cap the metacarpals. Examination of
other Alligator specimens indicates there may be variations in phalanx count and presence of unguals on digits of
the manus and pes.
Abbreviations: c = coracoid, ca = distal carpals, h = humerus, mc = metacarpals, p = phalanges,
pf = pisiform, r = radius, r’ = radiale, s = scapula, u = ulna, u’ = ulnare.
In Figures 13.4 and 13.5, note the prominent nutrient pore in the distal end of the Thecachampsa coracoid. This
can be used to distinguish it from Alligator. The nutrient pores in Figures 13.2 and 13.3 are just barely visible as a
sub-circular area in the distal end. The nutrient pores in the Alligator coracoid were obscured by connective tissue
as a result of skeletal preparation.
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Scale in Figures 13.4 and 13.5 is in centimeters.

Figure 13.2: Alligator, right coracoid,
medial view. Length is 6” (15.2 cm).

Figure 13.4: Thecachampsa, right coracoid,
medial view.

Figure 13.3: Alligator, right coracoid,
exterior view.

Figure 13.5: Thecachampsa, right coracoid,
exterior view.
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Figure 13.6: Alligator, left coracoid,
medial view.

Figure 13.7: Alligator, left coracoid,
exterior view.

Figure 13.8: Alligator, right scapula,
exterior view. Length is 6.75” (17.1 cm).

Figure 13.9: Alligator, left scapula, medial
view. See Fig. 13.10 for a close-up of the
pathology along the center-right of the bone.

Figure 13.10: Close-up of a
pathology on Alligator left
scapula. Likely caused by
repeated muscular stress on
this area of the bone.

Figure 13.11: Thecachampsa
left scapula, exterior view.

Figure 13.12: Thecachampsa
right scapula, medial view.
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Figure 13.13: Alligator, right humerus, posterior view. Length = 9.62” (24.4 cm).

Figure 13.14: Alligator, left humerus, exterior view.
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Figure 13.15: Thecachampsa, left humerus, posterior view.

Figure 13.16: Thecachampsa, left humerus, anterior view.

Figure 13.17: Close-up view of proximal end of Thecachampsa humerus.

Figure 13.18: Alligator, right ulna. Scale is 10 cm (3.9”).
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Figure 13.19: Thecachampsa, left ulna.

Figure 13.20: Thecachampsa, left ulna, opposite side view.
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Figure 13.21: Alligator, right radius. Length is 5.87” (14.9 cm).

Figure 13.22: Alligtor, left radius. Enlarged area in center of bone may be a callus resulting
from a healed fracture or break in the bone. Compare to Figure 13.21.

Figure 13.23: Thecachampsa, right radii.
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Figure 13.24: Thecachampsa, left radii.

Figure 13.25: Alligator, right radiale.
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Figure 13.26: Alligator, right radiale,
opposite side view.

Figure 13.27: Alligator, right ulnare.

Figure 13.28: Alligator, right ulnare,
opposite side view.

Figure 13.29: Available distal carpals from Alligator forelimb.
One carpal bone was missing from the specimen.

Figure 13.30: Thecachampsa, right radiale.
Compare to Figure 13.25.

Figure 13.31: Thecachampsa, right radiale, opposite
side view. Compare to Figure 13.26.
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Figure 13.32: Incomplete right manus of Alligator. Digit 1 is at the top of the photo. On the fore limb, unguals
are present only on Digits 1-4. Missing above are one phalanx and the ungual on Digit 3, two phalanges and
the ungual on Digit 4, and one phalanx on Digit 5. Examination of other Alligator specimens indicates there
may be variations in phalanx count and presence of unguals on digits of the manus and pes.

Figure 13.33: Alligator, metacarpal, Digit #1, right manus.
Proximal end to right.
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Figure 13.34: Alligator, metacarpal, Digit #2, right manus. Proximal end to left.

Figure 13.35: Alligator, metacarpal, Digit #3, right manus. Proximal end to right.

Figure 13.36: Alligator, metacarpal, Digit #4, right manus. Proximal end to left.

Figure 13.37: Alligator, metacarpal, Digit #5, right manus. Proximal end to left.
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Figure 13.38: Thecachampsa, metacarpal,
Digit #1, left manus.

Figure 13.39: Thecachampsa, metacarpal,
Digit #3, left manus.

Figure 13.40: Thecachampsa, metacarpal,
Digit #3, left manus.

Figure 13.41: Thecachampsa, metacarpals,
Digit #2, right manus (above), left manus
(below).
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Figure 13.42: A second view, Thecachampsa,
metacarpals, Digit #2, right manus (left side),
left manus (right side).

Figure 13.43: Alligator, manus, unguals (clawbearing bones), Digit #1 (left), Digit #2 (right).

Figure 13.45: Alligator, right manus,
Digit #2, 1st phalanx.
Figure 13.44: Alligator, right manus,
Digit #1, 1st phalanx.

Figure 13.46: Alligator, right manus,
Digit #5, 1st phalanx. A phalanx can
be differentiated from a metacarpal
because the metacarpal has a rounded
proximal end. A phalanx has a
proximal end that is slightly indented.
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Figure 13.47: Typical Thecachampsa,
phalanges, dorsal view. Approximate
length is 1.5 to 2.0” (3.8 - 5.1 cm).
These may be from the manus or pes.

Figure 13.48: Thecachampsa,
phalanges, dorsal view. These may
be from the manus or pes.

Figure 13.49: Thecachampsa,
phalanges, lateral view. These may
be from the manus or pes.
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14 - Pelvis
The pelvis is composed of two sets (right and left) of three bones: the ilium, the ischium, and the pubis.
Figure 14.1 shows a drawing of the alligator pelvis in life position. The two sacral vertebrae lie betwen the ilia
(plural of ilium).

il
ac

pu

is

Figure 14.1: The Alligator pelvis, left lateral view.
Abbreviations: ac = acetabulum (articulating socket
for the head of the femur), il = ilium, is = ischium,
pu = pubis.

Figure 14.2: Alligator, right ilium, lateral view. Length = 6.12” (15.6 cm).
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Femur 14.3: Alligator, right
llium, medial view.

Femur 14.4: Thecachampsa,
right llium, lateral view.
Note the posterior margin
(left) is depressed or indented,
differentiating it from Alligator
[3], Figure 14.2.

Femur 14.5: Thecachampsa,
right llium, medial view.
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Figure 14.6: Alligator, left
illium, lateral view.

Figure 14.7: Alligator,
left illium, medial view.

Figure 14.8: Alligator,
right ischium,
proximal (dorsal)
view, illium
articulating surface.
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Figure 14.9: Right ischium, medial view.
The left ischium is similar in length.

Figure 14.11.

Figure 14.10: Right ischium, lateral view.

Figure 14.12.

Lateral and medial views of the right pubis. Left pubis would be similar.
This specimen was from a subadult and had a length of 2.37” (6.0 cm).
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15 - Hind Limbs
Figure 15.1 shows a sketch of an articulated hind limb of
Alligator. The femur articulates with the pelvic girdle. A
view of an Alligator right femur is shown below.

Figure 15.1: Outline drawing of the
hind limb of Alligator.
Abbreviations:
as = astragalus, ca = calcaneum, f =
femur, fb = fibula, mt = metatarsals,
p = phalanges, t = tibia,
ta = distal tarsals.

Figure 15.2: Alligator, right femur, lateral view.
Proximal end is to the right. Length = 10.25” (26.0 cm).
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Figure 15.3: Alligator, left femur, medial view.

Figure 15.4: Right femur, medial view.
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Figure 15.5: Left femur, lateral view.

Four views of two nearly complete Thecachampsa femora are shown in Figures 15.6 through 15.9.

Figure 15.6: Thecachampsa, left femur, medial view, UF206801. Approximate length 11”.

Figure 15.7: Thecachampsa, left femur, lateral view, UF206801.

Figure 15.8: Thecachampsa,
left femur, distal medial view,
UF6230. Approximate length
14.37” (36.5 cm).
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Figure 15.9: Thecachampsa, left femur, lateral view, UF6230.

The femur articulates with the tibia and fibula. Two views
each of the right and left of these leg bones are shown below.

Figure 15.10: Alligator, right tibia, lateral view. Length = 7.75” (19.7 cm).
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Figure 15.11: Right tibia, medial view.

Figure 15.12: Left
tibia, lateral view.

Figure 15.13: Left
tibia, medial view.

Figure 15.14: Right
fibula, medial
view, proximal is
to the right in all
photographs of the
fibula. Length is
7.37” (18.7 cm).

Figure 15.15: Right
fibula, lateral view.
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Figure 15.16: Left fibula, medial view.

Figure 15.17: Left fibula, lateral view.

Figure 15.18: Thecachampsa, left fibula, medial view.
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Figure 15.19: Thecachampsa, left fibula, lateral view.

Figure 15.20: Assembled right pes (foot) of Alligator in dorsal view. Digits are numbered in the medial to
lateral direction. In this photo, Digit 1 is at the top. One phalanx is missing from Digit 4. Scale in cm. Note
length of metatarsals as compared to the phalanges.

Figure 15.21: Alligator; right astragalus &
calcaneum; left astragalus & calcaneum.
Scale in cm.
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Figure 15.22: Alligator, distal tarsals for both hind limbs.
This specimen was missing one distal tarsal from each
hind limb. There are three distal tarsals per hind limb.

Figure 15.23:
Alligator, right
metatarsal, Digit #1.

Figure 15.24:
Alligator, right
Metatarsal, Digit #2.

Figure 15.25:
Alligator, right
metatarsal, Digit #3.
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Figure 15.26: Alligator, right metatarsal, Digit #4.

Figure 15.27: 5th metatarsal. See text on page 66.
Figure 15.28: Close-up of the 2nd phalanx, Digit #2, right pes.

Figure 15.29: Alligator, claw Digit #1, right pes.
Figure 15.30: Thecachampsa, astragalus.
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Figure 15.31: Thecachampsa,
left and right calcanea.

Figure 15.32: Thecachampsa, left metatarsal,
Digit #2, dorsal view.

Figure 15.33: Thecachampsa, 5th metatarsal.
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Eusuchians have a total of 18 visible digits: five on each
of their front limbs and four on each of the hind limbs.
Eusuchians descended from reptiles with five digits on
each limb. The fifth metatarsal is a vestigial digit on the
hind limbs; not normally visible externally. Figures 15.27
and 15.33 show these for Alligator and Thecachampsa
respectively. See Figure 15.20 for its approximate
position in life in Alligator. Due to its size, in the 1 to 2
inch (2.5 - 5.1 cm) range, it is rarely found as a fossil.

Note nutrient grove on each side of the claw (see
Figure 15.35), which differentiates crocodilian claws
from those of turtles.

Figure 15.34: Large Thecachampsa claws.

Figure 15.35: Comparison
of Alligator (center two) and
Thecachampsa distal phalanges
(claws). Specimen on the far right
has a broken tip.
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Glossary
Anterior - the forward or front of the body or bone. Opposite of posterior.
Appendicular skeleton - limb bones.
Axial skeleton - the center or axis of the skeleton; skull and vertebral column.
Caudal - towards the back or tail-end of the animal.
Centrum - the lower cylindrical section of a vertebra.
Cranial - towards the front or skull-end of the animal.
Distal - the portion of a bone oriented away from the center of the body. Opposite of proximal.
Dorsal - the top-side of a bone or skeleton. Opposite of ventral.
Eusuchian - a group or clade of structurally modern crocodilians that includes living alligators,
crocodiles, and the gavial as well as some extinct crocodilians.
External - the portion of a bone facing away from the midline of the animal.
Lateral - the side of a bone or skeleton perpendicular to the dorsal-ventral orientation. Opposite of
medial.
Manus - forefoot.
Medial - that portion of a bone facing towards the center of the skeleton. Opposite of lateral.
Neural arch - a bony arch that rises from the dorsal side of the centrum and encloses the spinal cord.
Pes - hindfoot.
Posterior - the rear or back of the body or bone. Opposite of anterior.
Process - a structure branching out from the main core of the bone, typically for muscle attachment or
bone articulation.
Proximal - the portion of bone nearest to the center of the body. Opposite of distal.
Transverse process - a lateral process that projects (usually horizontally) from the side of a vertebra.
Ungual - distal-most bone in each Digit in the manus or pes; it usually bears a claw.
Ventral - the underside or belly-side of a bone or skeleton. Opposite of dorsal.
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