2
9

Shinisaurus

The Chinese Crocodilian Lizard

(Osteology)

by

Yuxia Zhang

China Forestry Publishing House

pp. 9-18

Translated By Will Downs

Bilby Research Center

Northern Arizona University

September, 1999

Osteology
The skull of Shinisaurus is tightly fused and inflexible.  Its length, breadth, and height proportions are 5:3:2.  The dorsal and lateral surfaces of the cranium are sculptured due to the fusion of dermal osteoderms, the orbit is large, and the supratemporal fenestra is large and undiminished.

The premaxilla constitutes a single element that is nearly equivalent in length and breadth and is located anteromedially on the skull.  Laterally, it contacts the maxilla and composes the anterior margin of the external nares.  The nasal process of the premaxilla extends posteriorly to form a portion of the medial margin of the external nares and its terminus is in contact with the nasal.  In palatal aspect there is a pair of processes that contact the vomer and septomaxilla, but a fenestra between the processes and the maxilla is absent.  An incisive process is composed of two small projections which attenuate to form an acute terminus.  Seven conical teeth are present on the premaxilla with the three medial teeth being relatively small.  Alveolae are conspicuously deep (Fig. 4).

The nasal is composed of a fused pair of rhomboid elements although two-thirds of the medial suture is still discernible.  It is approximately twice as long as its breadth and is located directly posterior to the premaxilla.  The element is thin, slightly convex, sits slightly higher than its surrounding cranial elements.  The nasal completely isolates the premaxilla from the frontal.  The anterolateral sides of the nasal composes the posteromedial margin of the external nares, the posteromedial side is in contact with the frontal, and the lateral side contacts the prefrontal (Fig. 4).

The frontal is a unified upside down T-shaped element located directly posterior to, and in contact medially with the nasals.  It is much longer than it is wide, the posterior half of its dorsal surface is ornamented.  Laterally, it is in contact with the prefrontal, its medial section is narrow, slightly inflated, and composes the dorsal margin of the orbit.  Its posterior margin is flat, straight, and is in contact with the post orbital.  Its ventral surface is smooth and glossy with lateral processes that form boney ridges, or descending frontal laminae which are not in mutual contact, and which create medial open channels that constitute the olfactory chambers, or the principle choanae (Fig. 4).

The prefrontal is located anterolateral to the frontal.  From dorsal perspective each is triangular and contacts the nasal anteromedially, while anterolaterally it contacts the maxilla, and medially it penetrates the external nares.  Posteromedially, it contacts the frontal, posterolaterally it contacts the supraorbital, its ventral surface curves toward the base of the orbit and composes the anterior wall of the orbit, being isolated from the choanae and lying in contact with the palatine, lacrimal, and the jugal (Fig. 5.).

The supraorbital consists of a pair of upside down V-shaped elements located lateral to, and in loose contact with, the prefrontal.  Its lateral process is relatively long and extends posteriorly to penetrate the orbit (Fig. 4).

The parietal is a single element that is in contact with the posterior frontal with a linear margin.  Anterolaterally it is in contact with the postorbital and both sides are arched, obliquely ventrally inclined, are in contact with the prootic, and compose the medial side of the supratemporal fenestra.  Ventrally, there is an inconspicuous ridge with a medial cavity.  The parietal is shorter than the frontal and a 1 mm diameter pineal eye penetrates the element completely posterior to the suture line with the frontal (Fig. 4). 
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Figure 4. Dorsal view of Shinisaurus skull. J. Fr. Frontal; Jugal; Mx. Maxilla; N. Nasal;

Ot. Otoccipital; P. Parietal; P.e. Pineal eye;

P.o. Post orbital; Prmx. Premaxilla;

Q. Quadrate; So. Supraorbital; Sq. Squamosal; St. Supratemporal.
Figure 5. Ventral view of Shinisaurus skull. Bs. Basisphenoid; Ect. Ectopterygoid;

Mx. Maxilla; P.p.t. Posterior process of pterygoid; P.t. Palatal teeth; Pal. Palatine;

Prmx. Premaxilla; Pt. Pterygoid; Pv. Prevomer Q. Quadrate;  S.f. Supratemporal fenestra.

The post orbital bears five processes and is located lateral to the frontal-parietal suture.  The anterolateral process is short, bluntly conical, and extends into the orbit.  The medial side maintains two processes, the anterior of which is fused to the lateral surface of the frontal to compose the posterodorsal margin of the orbit, while the posteromedial process is fused to the lateral surface of the parietal to compose the anterior margin of the supratemporal fenestra.  The ventral process is fused to the anterior margin of the jugal to compose a portion of the posterior orbit, and the posterior process is a relatively elongated prismatic element that is in contact with the squamosal and composes a portion of the supratemporal fenestra (Fig. 6).

The maxilla is a triangular element located at the anterolateral sides of the skull.  Lateroventrally, six small nutrient foramina are aligned longitudinally.  The anterior contact is with the premaxilla where it composes the lateral margin of the external nares.  The frontal process of the maxilla is in contact with the prefrontal and lacrimal, the zygomatic process is in contact with the jugal, and its posteromedial region is in contact with the ectopterygoid to compose the medial margin of the internal nares.  The maxilla bears 24-26 teeth (Fig. 5).

The septomaxilla is located at the basal anterior choanae and dorsal to the prevomer which contacts the maxilla and premaxilla.  Together with the prevomer and nasal cartilage it forms the medial nasal septum.

The lacrimal composes the anteroventral margin of the orbit and is in contact with the maxilla, jugal, and prefrontal.  Together with the prefrontal, its medial side composes a deep tri-channel conduit for the ophthalmic nerve (Fig. 6).

A sclerotic ring is composed of 28 square superimposed ossicles that form an approximately 2 mm ring.  Sclerotic plates 1, 6, and 8 are completely laterally exposed while plates 4, 7, and 10 are nearly completely obscured by their adjacent ossicles.  The ossicles become very slightly convex toward the pupil.
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Figure 6. Lateral view of Shinisaurus skull.

Ep. Epipterygoid; J. Jugal; L. Lacrimal; Mx. Maxilla; Po. Postorbital; Pro. Prootic;

Prmx. Premaxilla; Pt. Pterygoid; Q. Quadrate; S.o. Supraorbital; Sq. Squamosal;.

The jugal is a L-shaped element located posterior to the orbit and maxilla.  Anteriorly it is in contact with the prefrontal, lacrimal, maxilla, and ectopterygoid to compose a portion of the ventral margin of the orbit.  At the intersection of its dorsal and anteroposterior branches there is a triangular process that extends posteriorly, while the dorsal branch extends to contact the post orbital and compose the majority of the posterior orbit (Fig. 6).

The squamosal is a thin and curved element located posterior to the post orbital and constitutes a major component of the supratemporal arc.  Posteriorly it is in contact with the supratemporal and condyle of the quadrate.

The supratemporal is located posterior to the squamosal with an anterior end that penetrates the supratemporal fenestra and posterior end that is in contact with the paroccipital process of the exoccipital.

The quadrate is located posteroventral to the squamosal, is expansively enlarged, and nearly square.  Its posterior side maintains a tympanic crest that composes the anterior margin of the auricular fenestra and facilitates the attachment of the tympanic membrane.  The ventral quadrate is in contact with the pterygoid (Fig. 5).

The prevomer is a pair of elements that are in mutual contact at their anterior two-thirds and is located posteroventral to the premaxillae.  Laterally, it is in contact with the maxilla and posteriorly is in contact with the palatine.  Its posterolateral side composes a portion of the choanae’s medial margin.  Its ventral surface has a crescentic shaped process that composes a depression between it and the maxilla, which is recognized as the vomeronasal organ and which is isolated from the internal nares (Fig. 5).

The palatine lies posterior to the prevomer.  Its anterior end consists of a gracile, long, and acute process that contacts the prevomer.  Laterally it has a process that contacts the maxilla, the anterolateral sides of the palatine allow communication with the internal nares and extend anteriorly to penetrate the posterior wall of the choanae and contact the premaxilla.  Its posterior end is a prismatic process that is fused to the lateral pterygoid and constructs a portion of margin of the palatal fenestra.

The pterygoid is a pair of divided elements which maintains an extremely elongated anteromedial process that contacts the palatine and a relatively short anterolateral process that is in contact with the ectopterygoid.  A posterior process longer than the lateral process is in contact with the basipterygoid process of the basisphenoid and continues to extend until its contact with the quadrate.  The midsection of the pterygoid is in contact with the epipterygoid and upon it lie eight thin, posteriorly oblique, and acutely conical 1 mm palatal teeth (Fig. 5).

The ectopterygoid is located between the pterygoid and the maxilla and is constrained by the dorsal and ventral surfaces of the anterolateral pterygoid process (Fig. 5).

The epipterygoid is a gracile columnar element with a smooth and glossy surface that is located between the pterygoid and parietal.  Its dorsal end is in contact with the lateral margin of the parietal and the anterior prootic (Fig. 6).

The otoccipital is a single element composed of the fused prootic, exoccipital, basioccipital, and supraoccipital.  On juvenile specimens, in which the otoccipital has yet to be fused, six elements are recognized: two prootics, one basioccipital, one supraoccipital, and two exoccipitals.  The prootic is in contact with the parietal and epipterygoid and a paroccipital process is well developed.

The auricular column is represented by a pair of elements within the middle ear cavity: the extracolumella and stapes, the former of which is a cartilaginous structure and is attached to the tympanic membrane by connective tissue.  The proximal stapes is trumpet-shaped and contacts the fenestra ovalis of the inner ear, while its distal end is in contact with he extracolumella.
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Figure 7. (A) Lateral perspective and (B) medial perspective of Shinisaurus mandible. Ang. Angular; Art. Articular; C. Coronoid process; D. Dentary;           S. Splenial Sa. Surangular;.
The mandibles have a smooth and glossy surface, are joined at the symphisis by connective tissue, and are composed of six elements which are clearly defined by suture lines.  Mental foramina are present anteriorly and lateromedially.    The dentary represents the anterior portion and constitutes one-half the length of the mandible.  The posterior mandible is constructed from the united coronoid process, surangular, and angular.  Medially there exists a deep Meckelian groove containing remnant Meckelian cartilage.  Posteriorly, the majority of this groove is overlain by the splenial.  The medial dentary bears 15 (14) teeth.  The coronoid is located on the posterior dentary with two small upside down V-shaped processes that are fused to the anteromedial and anterolabial sides.  The posterior coronoid is in contact with the surangular.

The angular is located posteroventral to the dentary as a lancelet element that is in contact with the dentary, splenial, surangular, and articular.  The surangular is a plate-shaped element located dorsal to the angular, posterior to the dentary, and is in contact with all the elements of the mandible.  Anterolaterally it does not surpass the anterior boundary of the coronoid and its posterior end has a dorsal process that composes the anterior portion of the glenoid fossa.  The ventral half of the medial side unites with the articular to construct a large and deep fossa (the mandibular fenestra).

The articular is located posteroventrally with an acute and slender anterior end, a greatly inflated posterior end, and is in contact with the surangular, angular, and splenial.  Two large depressions are present posterodorsally: one represents the anterior glenoid fossa and the other the relatively large posterior glenoid fossa, within which is a small tympanic foramen.  The splenial is represented as a triangular element within the Meckelian groove and is in contact with the dentary and coronoid process.  Its anterior margin lies at the sixth tooth while its posterior margin lies ventral to the longitudinal axis of the coronoid process (Fig. 7).

Dentition of Shinisaurus is present on the premaxilla, maxilla, dentary, and pterygoid.  Teeth are pleurodont, conical, 1-3.5 mm in length, and replacement teeth erupt posterior to the functional dentition but can also be present simultaneously.  33 (31) maxillary teeth are present, while 30 (28) mandibular teeth are present.
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Figure 8. Hyoid of Shinisaurus.              C. Copula; L.p. Lingual process; M.c. Medial ceratobranchial;        P.c. Posterior ceratobranchial.
The hyoid apparatus is constructed from the main body of the hyoid and branchial arches. Branchial arches are paired and represent the ceratobranchial and epihyoid.  The main body of the hyoid includes the corpus hyoideum (copula), the lingual process, a medial ceratobranchial, and a posterior ceratobranchial.  The basihyoid is relatively small (Fig. 8).

The vertebral column is composed of 62 elements, among which are eight cervicals, five anterior dorsals, 13 medial and posterior dorsals, two sacrals, and an excess of 34 caudals.  The centra are procoelous and transverse breadth of the centrum condyle and centrum body are nearly equivalent.

The atlas is circular, lacks diapophyses, and maintains an anterior facet for articulation with the occipital condyle.  The axis maintains an odontoid process for facilitating intense cranial mobility (Fig. 9).  The third cervical maintains posteriorly extended ribs with termini that are far removed.  Initiating with the axis, there are four cervical centra that maintain a single ventral process and between the first and second cervical there is a triangular element that may represent a vestigial intercentrum.
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Figure 9. Shinisaurus cervical vertebrae.

Left. Atlas; Right. Axis.
Figure 10. Shinisaurus  caudal vertebra.

Five anterior dorsals maintain diapophyses that articulate with ribs that are composed of both compact bone and cartilage.  Ventrally, the ribs are also in articulation with the sternum which is a pair of thin, cartilaginous, rhomboid plates that fuses with additional cartilaginous ribs at their midpoint.  On Xenosaurus these ribs are not fused.  There are a total of 13 medial and posterior dorsals that all show rib articulation (composed of both compact bone and cartilage).  Ribs gradually shorten posteriorly along the column with distal ends that are far removed.  Two sacral vertebrae maintain relatively thick diapophyses that contact the pelvic girdle.  There are in excess of 34 caudal vertebrae, the anterior of which are morphologically similar to the sacral vertebrae, although the centra and neural spines are more elongated and diapophyses are more slender.  Centra on the posterior caudals are more gracile and long, and diapophyses are more gracile and short.  The most terminal caudals have lost their neural spines which have been transformed into minute columnar elements.  Caudal vertebrae maintain a self-detaching capability and haemal spines are present which may represent vestigial intercentra (Fig. 10).
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Figure 11. Pectoral girdle of Shinisaurus. Epi. Epicoracoid;                 Cl. Clavicle; Co. Coracoid;                      In. Interclavicle; Pro. Procoracoid; Sc. Scapula; St. Sternum;                      Sup. Suprascapula.

The pectoral girdle is composed of a single interclavicle, a pair of procoracoids, coracoids, scapulae, supracapulae, and clavicles (Fig. 11).  The clavicles contact the anterior process of the cruciform interclavicle.  Two pair of fenestra are present on the scapula lateral to the elongated ventral process of the intercalvicle.  This process penetrates the medial portion of the rhomboid-shaped sternum.

The suprascapulae are located on the dorsal scapulae and the dorsolateral aspect of the axial skeleton as broad, thin, and flattened elements.  Anteriorly, they compose the spinal process of the scapula.  The scapula composes an arc with the suprascapula and is in ventral contact with the coracoid to form the glenoid fossa.  The coracoid is relatively large and thick.  Anteriorly, it composes the posteroventral margin of the coracoid fenestra, dorsally it is in contact with the epicoracoid, and anteriorly it is in contact with the procoracoid.  A scapulacoracoid fenestra is present.  An epicoracoid is present as cartilage dorsal to the coracoid, its anterior portion composes the ventral margin of the coracoid fenestra, and dorsal surface is in contact with the procoracoid.
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Figure 12. Pelvic girdle of Shinisaurus. A. Acetabulum; Il. Ilium; Is. Ischium; P. Pubis.
The ilium is relatively long and located dorsal to the sacral diapophyses.  The pubi are fused ventrally and the epipubic cartilage composes the anterior margin of the ischium.  The anterior margin of the epi-isciac cartilage is curved to compose the lateral and posterior margins of the ischio-pubic fenestra.  The posterior epi-ischiac cartilage maintains a calcified infra-ischium which supports the abdominal musculature through connective tissue.  A tuberosity is present on the posterior margin of the ischium.  On Xenosaurus an infra-ischium is absent.

The humerus is the longest and most powerful element of the forelimb, with inflated proximal and distal ends, a columnar midshaft, a very slightly convex dorsal surface, and a concave ventral surface.  A lateral condylar foramen is present and a process projects from the trochlea (Fig. 13).  The radius is a rather slender but powerful element with concave termini and is in juxtaposition with, and is slightly shorter than, the ulna.  The ulna is slightly longer than the radius and proximal end is larger than its distal end, which is in articulation with the pisiform, ulnare, and intermedium.  Carpal elements are irregular in morphology.  The proximal elements consist of the radiale, ulnare, and pisiform, while five distal carpals constitute the remaining elements.  Among the five metacarpals McI and McV are nearly equivalent in length as are McIII and McIV.  McII is slightly longer than McV and shorter than McIV.  Manus formula is 2-5-4-5-3.
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Figure 13. Forelimb of Shinisaurus.
H. Humerus; Pi. Pisiform; R. Radius; Ra. Radiale; U. Ulna; Ul. Ulnare.
Figure 14. Hindlimb of Shinisaurus.

F. Femur; Fib. Fibula; Fibl. Fibulare; T. Tibia; S. Sesamoid; Ti. Tibiale.

The femur is the longest hindlimb element, maintains an elliptical head, its shaft is nearly columnar, the lateral distal condyle is relatively large, the medial condyle is relatively small and articulates with the tibia, and between the two condyles there lies a shallow trochlea.  The tibia is relatively large anteriorly and proximally maintains a well developed surface for articulation with the femur.  The dorsal articular surface is relatively flat and ventral articular surface is triangular.  The posterior surface of the tibial head is rather flattened for contact with the fibula and its distal end is relatively broad with a relatively small concave surface.  The fibula is in juxtaposition with the tibia and articulates with the lateral femoral condyle as a rather slender and long element.  Its anterodorsal surface articulates with the lateral condyle of the femur while its midsection is in contact with the tibia.  Distolaterally it maintains a convex surface for articulation with the fibulare.

Four sesamoids including a small patella are present at the knee joint.  A single irregularly shaped element is fused to the fibula.  The anterior surface of the fibulare is rectangular and its ventral surface is concave for articulation with the fibula.  The tibiale is a large and spherical element with a small notch dorsally, and a rounded and glossy distal surface for contact with MtI and MtII in addition to distal tarsals III and IV.  Distal tarsal III is relatively small, distal tarsal IV articulates with MtIII, IV, and V, and distal tarsals I and II are fused with their neighboring metatarsals (Fig. 14).  All five metatarsals differ in length, are slender and long, MtIII and MtIV are the longest in the series while the remaining are relatively short.  The ventral head of MtV is inflated for articulation with MtIV.  All distal ends are spherical, smooth, and glossy depressions.  Pes phalangeal formula is 2-3-4-5-4 with the third and fourth digits the longest and equivalent in length, while and the first, second, and fifth digits are relatively short.

In summary, diagnostic characters of the skeleton of Shinisaurus include a high and narrow skull; premaxilla has paired palatal processes and incisive notch; nasals are fused medially and are not in contact with the maxilla; prefrontal extends to penetrate the external nares; orbit is large, maintains a lacrimal and a pair of supraorbitals; frontal is longer than parietal, both are fused, and the frontal penetrates the orbit; parietal is not flat and thin, and bears a pineal eye; supratemporal is large and extends to penetrate the supratemporal fenestra; postorbital arch is undiminished; posterior jugal is narrow and does not contact the squamosal; squamosal is narrow and long and does not contact the parietal; supratemporal fenestra is large and undiminished; supratemporal arch is narrow and long; thick dermal osteoderms are fused upon the dorsal surface of the skull; quadrate is large and broad; crest of the tympanic cavity is well developed; cavity for the vomeronasal organ is completely separated from the internal nares reflecting a paleognathus condition; palatal teeth are present; sphenoid and otoccipital are fused; dentary is one-half the length of the mandible; anterior Meckelian groove is open; posterior coronoid process is oblique; posterior splenial is in contact with the surangular; dentition is pleurodont with conical teeth; hyoid apparatus has a pair of ceratobranchials; vertebrae are procoelous with up to a total of 62 elements in the column composed of eight cervicals, five anterior dorsals; 13 medial and posterior dorsals; two sacrals, and over 32 caudals; caudals are self-detaching; pectoral girdle is composed of scapula, suprascapula, coracoid, procoracoid, epicoracoid, and clavicle; coracoid fenestrae and scapula-coracoid fenestrae are present; clavicle is long, thin, and in contact with the interclavicle; interclavicle is cruciform with a long, baton-shaped medial process; sternal fenestrae are absent; humerus bears only a lateral condylar foramen; ilium, ischium, and pubis are fused; and torso bears dermal osteoderms.
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