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Abstract

Anatomical studies of Shinisaurus clearly indicate this genus to be a primitive reptile
that is quite distinct from the genus Xenosaurus.  A discussion of the family’s phylogenetic
position is undertaken, culminating in the proposal that the family Shinisauridae be
resurrected.

Introduction*

The rare and endangered Chinese reptile Shinisaurus represents a single family due
to its plesiomorphic characters.  Initially, McDowell and Bogert (1954) assigned it to a
subfamily of the Xenosauridae based upon cranial and dermal characters.  Subsequently,
Liu (1962) asserted that more research was required regarding biogeographical data of
Xenosaurus and Shinisaurus.  Rieppel (1980) questioned whether the family Xenosauridae
was in actuality polyphyletic based upon the trigeminal musculature of the cranium.
Consequently, more in depth research is required regarding the taxonomic status, origin,
and evolution of Shinisaurus.

Shinisaurus as a primitive reptile based upon osteological studies

Analysis of the Shinisaurus skeleton documents the following primitive characters:
The presence of a lacrimal, supratemporal, tabular, pineal eye, and palatal teeth.  Mandible
is composed of six distinct elements, ribs are present on cervical 3, intercentra are present
in the cervical and caudal region, clavicle bears a long medial shaft, and the dorsal cranium
maintains osteoderms.

Furthermore, Shinisaurus still possesses a complete supratemporal fenestra,
supratemporal arch, and complete post orbital bar.  The premaxilla maintains a pair of
palatine and incisive processes, the palate represents a palaeognathous condition, the
Meckelian groove is completely enclosed, there are 26 presacral vertebrae, chevrons are not
fused to centra, the interclavicle is cruciform, among the carpals the intermedium is rather
distinctly isolated, and the caudal centra are self-detaching.  All of these characters are
plesiomorphic and indicate that Shinisaurus is a relatively archaic lacertid.  These skeletal
characters also indicate that the genus was probably derived from an archaic primitive
lacertid and represents an independent lineage that was unable to develop prolifically.
Therefore, its plesiomorphic condition justifies its recognition as an independent family.

Comparison of Shinisaurus and Xenosaurus skeletons.

The genus Xenosaurus is restricted to Central America and contains three species.
Barrows and Smith (1947) described the skeleton and compared it to the Anguidae and
Helodermatidae prior to erecting it as an independent family.  With regard to the assignment
of Shinisaurus to a subfamily of the Xenosauridae by McDowell and Bogert (1954), the
authors of this text conducted detailed dissections, compared their observations to those of
Barrows and Smith (1947) and other workers who have published Xenosaurus
descriptions, and have concluded that the two genera share the following characters:
Presence of a supratemporal fenestra, supratemporal arch, and postorbital bar; palatal
process and incisive process on the premaxilla are in opposition; premaxillary foramina are
absent; presence of a lacrimal and pair of supraorbitals; temporals are fused and maintain a
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confluent ventral groove; postfrontal and postorbital are fused; the supratemporal process
of the supratemporal and occipital contacts the paroccipital process; quadrate is large and
expansive; maxilla does not penetrate the orbit; interpterygoid vacuity extends to the
prevomer and is divided at its posterior half; the prootic expands dorsally to contact the
parietal and epipterygoid; upon maturity the sphenoid and otoccipital become fused;
sclerotic and auditory ossicles are present; the hyoid apparatus maintains a pair of
ceratobranchials; pleurodont dentition replacement is present; vertebral centra are
procoelous; cervicals have ventral processes on the centra; there is a single sacral centrum;
chevrons are present on caudals; pectoral girdle has a coracoid and scapula-coracoid
fenestrae; clavicle is gracile and long; pelvic girdle and limbs are typical; and among the
carpals, the intermedium is relatively large.  Table 1 compares the characters of the two
genera.

Discussion of the phylogenetic status of Shinisaurus

Erection of higher ranks of the Reptilia are predominantly based upon skeletal
characters.  Therefore, from the comparisons conducted above it may be noted that a vast
majority of the characters shared between the two genera are ancestral-descendant and are
frequently documented in even higher taxonomic ranks such as in the superfamily
Anguidea to the order Anguinomorpha.   Thus to classify Shinisaurus in the Xenosauridae
based upon these symplesiomorphies is obviously lacking in persuasive force.

Romer (1956, pp. 558-559) recognized the superfamily Varanoidea to be within the
suborder Anguinomorpha based upon the construction of the mandible and by its
posteriorly elongated external nares which extend along the frontal and prefrontal.
Subsequently, he assigned the genus Heloderma, which shares numerous characters with
the Anguidea, to the Varanidae.  The external nares of Shinisaurus contact the prefrontal,
which is a character that differs from Xenosaurus in addition to other taxa within the
Anguidea.  Shinisaurus also differs distinctly from Xenosaurus in its dentary and articular
which combined constitute the entire length of the mandible.

The pectoral girdle and vertebral column of Shinisaurus are also quite distinct from
Xenosaurus.  Hecht and Costelli (1969, p. 17) conducted a comparison of the vertebral
columns between Shinisaurus and other families and genera in the Anguinomorpha and
concluded that the subfamily Gerrhonotinae is the most similar to Shinisaurus with a degree
of similarity attaining 73%, while the degree of similarity between Shinisaurus and
Xenosaurus is 61%.

Rieppel (1980, pp. 24-60) conducted cranial musculature and skeletal comparisons
among the principle taxa of the Anguinomorpha.  He concluded that the most primitive
member of the Anguidea was probably the Gerrhonotinae.  He recognized Shinisaurus to
be distinct from Xenosaurus based on the trigeminal musculature on the cranium and
specifically by the presence or absence of the Pseudotemporalis profundus in relation to the
epipterygoid.  He further deduced that the genesis of Shinisaurus and Xenosaurus occurred
differentially within the Gerrhonotinae, whereupon they radiated into independent lineages.
He thereupon hypothesized whether the family Xenosauridae was polyphyletic and further
illustrated that the cranial elements of Shinisaurus differed from those on Xenosaurus and
enumerated their distinctions.

In the current study a unilateral comparison of skeletal characters was conducted.
Table 1 illustrates the distinct discrepant character states between the two genera
Shinisaurus and Xenosaurus.  Among these, several major discrepancies are reiterated in
Table 2.  It is hereby proposed that the subfamily Shinisauridae be resurrected as an
independent rank and disassociated from the family Xenosauridae.
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Based upon the current conventions of taxonomy and the principle characters of the
Shinisaurus skeleton, it is recognized that this genus is quite distinct from other members
of the Lacertidae, including the Iguania, Nyctisauria, and Leptoglossa, and that it should be
assigned to the suborder Anguinomorpha.  Shinisaurus characters including the external
nares invading the premaxilla and its palaeognathous condition excludes it from any other
member of the Anguidea and more closely resembles the condition of the Varanoidea.
However, it also maintains many lacertid characters including a relatively short nasal
process of the prefrontal, boney ridges on the ventral frontal are not in mutual contact, the
maxilla penetrates the posterior palatal foramen, the mandible is constructed typically,
cervical vertebral count is not increased, and the second intercentrum is fused with the axis.
Consequently, although Shinisaurus shares transition characters between the varanids and
lacertids it lies closer to the Lacertidae.

There are currently three families within the super family Lacertilia.  The
Xenosauridae, the Anniellidae which is an extremely derived group (Rieppel, 1980), and
the primary lineage, the Anguidae, which is a large complex assemblage that has been
reorganized on several occasions.  There is currently controversy regarding the number of
primitive extant species in the family.  A comparison of the Shinisaurus skeleton to the
Anguidae indicates an extremely close relationship, although the former possesses
relatively numerous plesiomorphic characters, indicating that it is probably more primitive
than a vast majority of anguid genera.  Worthy of note is the fossil anguid family
Glyptosauridae, within which is the genus Xestops Cope from the Eocene of North
America which shares numerous characters with Shinisaurus, including the presence of a
supratemporal arch, a postorbital bar, a single supraorbital, palatal teeth, a pineal foramen,
supratemporal penetrates the supratemporal fenestra, dentary constitutes approximately
one-half the length of the mandible, the articular is distinctly defined, vertebral morphology
is similar, and chevrons are not fused to the centra, suggesting a relatively close
relationship.

Figure 1 illustrates the relationship between the Shinisauridae and Xenosauridae.
The former may be regarded more primitive than the latter due to the presence of the
following characters: (1) pineal foramen penetrates the parietal, (2) supratemporal is
relatively large and penetrates the supratemporal fenestra, (3) the palaeognathous condition,
(4) teeth are present on the pterygoid, (5) an articular is present on the mandible, (6)
cervical vertebra 3 possesses ribs, (7) caudal spines are high and vertebrae are capable of
self-detachment, (8) interclavicle is cruciform with an elongated medial shaft, (9) large
dermal armor is present.

Shinisauridae Xenosauridae
Anguidae (part)
and Anniellidae

Primitive anguids

Figure 1. Taxonomic relationship between the Shinisauridae, Xenosauridae,
and other member of the Anguidae.
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Table 1. A comparison of the principle characters of Shinisaurus and
Xenosaurus.

Element Shinisaurus Xenosaurus

Premaxilla
Nasal process short and does

not contact the frontal
Nasal process elongated and in

contact with the frontal

Nasals Fused and do not contact the
maxilla

Minimal contact between each
other and in contact with the

maxilla

Premaxilla Penetrates external nares
Does not penetrate external

nares
Frontal Longer than parietal Shorter than parietal

Parietal
Dorsal surface not planer and

not in contact with the
squamosal

Planar dorsal surface and in
contact with parietal

Pineal foramen Penetrates the parietal Does not penetrate parietal

Jugal
Posterior half narrow and does

not contact the squamosal
Posterior half broad and in
contact with the squamosal

Squamosal
Thin, long, and does not contact

the jugal or parietal
Broad, large, and in contact
with the jugal and parietal

Supratemporal
Penetrates the supratemporal

fenestra
Does not penetrate the
supratemporal fenestra

Palatine Palaeognathous Neognathous

Pterygoid
Teeth present and in contact

with prevomer
Teeth absent and distant from

prevomer
Ectopterygoid In contact with palatine Does not contact palatine
Epipterygoid Curved Not curved

Dentary

As long as posterior half of
mandible and posterior end not
in contact with anterior foramen

of surangular

1.5 times the length of posterior
half of mandible with posterior

end in contact with anterior
foramen of surangular

Articular Present Fused with surangular
Dentition Acute Blunt
Presacral vertebrae 26 29
Cervical 3 Ribs present Ribs absent

Caudal vertebrae
Spines high, chevrons do not
contact condyle, and are self-

detaching

Spines low and planar,
chevrons in contact with
condyle, and are not self-

detaching

Interclavicle
Cruciform with elongated

medial shaft
Anchor-shaped with short

medial shaft
Supratemporal arch Thin, long, and not kinetic Broad, large, and kinetic

Supratemporal fenestra
Broad, large, and as long as the

orbit
Reduced and shorter than the

orbit
Lateral temporal fenestra Long axis shorter than the orbit Long axis longer than the orbit
Lateral fenestra of occipital Reduced Well developed
Osteoderms Present Reduced
Self-detaching tail Capable Incapable
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Table 2. Principle character distinctions between Shinisaurus and
Xenosaurus.

Element Shinisaurus Xenosaurus
Prefrontal Penetrates external nares Does not penetrate external nares
Squamosal Does not contact jugal and parietal In contact with jugal and parietal
Supratemporal arch Slender, long, and not kinetic Broad, wide, and kinetic
Palatine Palaeognathic Neognathic

Pterygoid
Teeth present and in contact with

prevomer
Teeth absent and lies distant from

prevomer
Articular Present Fused to surangular
Dentition Acute Blunt
Cervical 3 Ribs present Ribs absent
Caudal vertebrae Spines high and self detaching Spines low and not self-detaching

Interclavicle
Cruciform with elongated medial

shaft
Anchor-shaped with short medial

shaft
Osteoderms Present Reduced
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SHINISAURIDAE Ahl

Shinisauridae E. Ahl., “1929’ (1930), Sitzungsber, Gesellsch. Naturforsch. Freunde,
Berlin, 1929: 329

Family diagnosis: Moderate body size, robust torso, four limbs all well developed,
phalanges with acute and curved claws, tail long.  Cranial osteoderms are of varying morphology,
are both keeled or smooth, and in symmetrical alignment.  Two large osteoderms are present on the
frontal in a “)(“ configuration.  Dorsal cervical region has large keeled osteoderms between which
are scattered finer granular scales.  Tail is extremely long with two rows of large dorsal osteoderms
(mane scales) resembling the configuration on the Crocodilia and composing conspicuous keeled
ridges.  Pineal foramen penetrates parietal, teeth are present on the pterygoid, ribs are present on
cervical 3, intercalvical is nearly cruciform with an elongated medial shaft, an osteoderm is present
ventral to the squamosal, eyelid is well developed, pupil is oval, anterior tongue is forked, there is
a long scale-shaped process on the end of the tongue, dentition is small, conical and pleurodont.

23.  Shinisaurus Ahl, 1930

Shinisaurus E. Ahl, “1929” (1930), Sitzungsher, Gessellsch, Naturforsch, Freunde,
Berlin, 1929:329. Type species: Shinisaurus crocodilurus E. Ahl., 1930, by monotypy.

Genus diagnosis: As for family.

Inhabits riparion habitats, frequently crawls among branches bordering mountain streams,
ingests earthworms, small fish, insects and is ovoviviparous.

The genus contains only the single species crocodilurus which inhabits the Guangxi
Autonomous Region (province).

(93) Shinisaurus crocodilurus Ahl, 1930 (Plate VII, Figure 1)

Shinisaurus crocodilurus E. Ahl, “1929’ (1930), Sitzungsber, Gesellsch. Naturforsch.
Freunde, Berlin, 1929;329. Type locality: Yao Shan, Kwangsi (=Guangxi Zhuang Autonomous
Region), China; 1,500 meters.

Local appellation: Large sleeping serpent (Jinxiu Co.), Large sleeping fish (Zhaoping
Co.), Falling water dog (Hexian Co.).

Species diagnosis: Females with lengths of 222-397 mm, males with lengths between
156-360 mm, torso is tubular, tail is laterally flattened resembling the crocodilian condition with its
dorsal surface bearing two distinct rows of large osteoderms.

Morphology: Torso is tubular, tail is laterally flattened resembling the crocodilian
condition, males generally have a length of 156-360 mm and females 222-397 mm.  The
Shinisaurus body can be divided into five sections: cranial, cervical, torso, caudal and limbs.  The
rostrum is low and blunt, skull is slightly rectangular in outline with two distinct lateral angular
protrusions.  Occipital region has a transverse groove that extends to the posterior maxillary angle.
Maxillae and mandibles bear conical pleurodont dentition.  External nares perforate the midportion
of the nasal scales.  Cheek region is high, cranial dorsal surface may be adorned with either keeled
or smooth osteoderms with the majority being in symmetrical alignment, although size and
morphology are inconsistent.  Orbits are oval, eyelids are well developed, pupils are circular, three
dorsal orbital osteoderms are surrounded by two or three smaller scales laterally to which are 11-12
eyelash scales.  On the medial margin of the orbit there is only one relatively large osteoderm
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which together with its counterpart form a “)(“ configuration on the frontal and at the midpoint of
which is a small scale.  Posterior to the orbit are six large angularly keeled osteoderms that extend
to the occipital region.  A small white pineal eye is present between the parietal scales.  Scales on
the lateral temporal region are small but associated with a vertical alignment of four to five large
keeled osteoderms.  There are 19 scales on the upper lip and gular osteoderms are conical.  The
cervical region is short but flexible with large keeled osteoderms dorsally between which are
scattered finer granular scales.  The dorsal caudal region has rather large keeled medial osteoderms
that are aligned in two distinct parallel rows.  At the base of the tail they are relatively widely
spaced but this distance gradually atenuates toward the end of the tail.  Anteroventral osteoderms
are smooth, glossy, rectangular, and are aligned in 29 rows with 10-14 scales in each row.  Caudal
ventral osteoderms are narrow, long, aligned in 83 transverse rows in longitudinal alignment, and
at the termination of the tail they maintain keels.  Lateral osteoderms on the torso are small, aligned
in 83 rows, and present in three morphologies: circular, elliptical, and multifaceted.  The cloaca is
situated at the junction of the tail and posterior torso where it is surrounded by quadrate scales.
The male cloaca contains two intersecting chambers.  Both sexes bear a single pair of sexual glands
that open at the lateral boundary of the cloaca for the secretion of pheromonal fluids.  The tail is
flattened and long as an apparatus of balance.  The four limbs are short and small.  The forelimb
digits are long with a formula of 4-3-2-5-1.  Hindlimb digits are also long with a formula of 4-3-5-
2-1.  When the limbs are appressed to the torso in opposition to each other, the distal phalanges
overlap slightly.  Ungual phalanges are sharp and recurved.

On living specimens, the dorsal coloration is dark brown, dorsal cranial scales are dark, but
the lateral cranium and torso is terra-cotta tan ornamented with black stripes.  Eighteen stripes also
radiate around the eyes, with one posterior stripe being relatively long and three dorsal stripes
being relatively wide.  Posterolaterally on the torso, banded ornamentation is irregular.  Ventrally,
the coloration is light yellow with short black streaks, while on the caudal region there are 11-12
black and yellow transverse bands.  On juveniles, ventral transverse banding is conspicuous.  On
the cranium of hatchlings there is a transverse triangular shaped stripe.  Banding patterns vary with
biogeographical distribution, as in Zhaohu Co. the specimens have a conspicuous large black
elliptical band on the upper forearm.  On the Yaoshan specimens the ventral scales are dull yellow
with almost no dark coloration and an albino specimen was collected at this locality.  On the
Hexian specimens the dorsal caudal osteoderms are distinctly  reddish-orange.

Cellular construction (Not translated.)

Observed specimens: Guangxi Province, Jinxiu Co: from the town of Dayaoshan: three
females and one male (GNU-G0081-84).  From the town of Zhaohu: four females and six males
(GNU-Z0095-104).  From Hexian Co.: two females and three males (GNU0081-85).

Biological conditions: Shinisaurus frequently inhabits small impounded mountain
streams.  During the night, individuals lie quietly concealed, some with head held high and some
with head low on rocks or branches approximately one meter from the water.  When on branches
the four limbs are tightly clutched, eyes are shut, and the individual may remain completely
immobile the entire night.  Daytime activity is frequently the same.  Due to this inactivity, some of
the local populace refer to the animal as “Large sleeping serpent.”  If suddenly startled, it
immediately jumps into the water to conceal itself under rocks or in cavities.  This is also the
reason for the local appellation “Falling water-dog.”  Shinisaurus is not prone to intense activity.
Each day at dawn or dusk it appears to initiate active search for food.  Mating season is between
June and August when there is more frequent activity.  If its head or mouth is touched, it then feels
threatened and its defensive response is an attack position with an opened mouth.  Occasionally, it
engages in mutual biting and wrestling which is abnormal.  Occasionally a manus, pes, phalanx, or
tail is dislocated.  The tail is capable of regeneration but the replacement tail differs from the
original, being more blunt and black in coloration and lacking dorsal keels, although small scales
are present.



9

Shinisaurus subsists on lower forms including worms, cockroaches, the yellow rice borer,
small fish, tadpoles, and frogs.  Upon spying prey, it may lie in wait or stealthily creep forward to
suddenly attack with its mouth and then slowly swallow the prey item.  Regardless of the size of
the Shinisaurus individual, after the ingestion of a meal all return to a mode of quiet inactivity in
concealment.  In general, male behavior is more lively and ferocious as opposed to the female’s
which is subdued and docile.

In the winter Shinisaurus initiates hibernation when the temperature lowers to
approximately 9°C which lasts for approximately 4 months and ends when the ambient temperature
within the creeks again raise to 18°C, not long after which mating season initiates.  Copulation
occurs for six to eight months in aquatic environments.  Upon pregnancy the female terminates
mating behavior and her activity gradually decreases.  Shinisaurus is ovoviviparous and the
embryo generally takes four months to develop completely, surviving through the winter within the
mother until April fourth or fifth when the ambient temperature reaches 20°-24°C, the female
awakens from hibernation, and begins farrowing.  The latest period of farrowing for this species is
the first ten days of June.  Each litter may produce from two to eight individuals.  Prior to
depositing the eggs most pregnant females will lie inactive on the bank of a stream and will not
ingest food.  At this time, reaction and movement to external stimulation is extremely retarded.
One or two days is generally required to lay the eggs depending upon ambient conditions.  If there
occurs a radical fluctuation in temperature the egg-laying process will cease for up to three to four
days, or until the process is gradually completed.  This may also result in infant mutation
(frequently with a weakened individual exhibiting a curved torso and tail) that will commonly die
within three to five days.

Upon birth, the infant is wrapped in amnion which is immediately shredded by the
forelimbs.  The infant is capable of extremely rapid mobility and immediate swimming.  After the
female gives birth, she requires one to two days recuperation prior to resuming her normal feeding
activity.  The length of a newborn is 121-131 mm and its morphology is nearly identical to an
adult, however, it is distinct in its slightly darker coloration, particularly on the dorsal cranium
where there is an extremely conspicuous triangular yellow marking which gradually disappears
after the passage of approximately 9 months.  Additionally, the acoustic membrane is more
noticeable than on adults, the groove between the head a neck is more prominent, and the two rows
of keeled caudal osteoderms are more pronounced (Huang, 1983; Zhang, 1983; and Tang et al.,
1986).

An adolescent will not conceal itself in water more than five minutes while an adult can
maintain 10-20 minute submersion.  An adolescent is also more sensitive to external stimuli,
particularly temperature fluctuation.  Thus an adolescent will enter or awaken from hibernation
earlier than an adult.  Statistical data from specimens GNU83001-83008 (Zhang et al., 1985)
indicate that adolescents enter hibernation at 10°-11°C, while adult specimens GNU80001-800011
did not enter hibernation until 8°-9°C.  In adolescents the four limbs and torso are immobile during
hibernation, the stomach opposes the ground, and the head is suspended with eyes closed.
Awakening from hibernation to resume normal activity occurs between temperatures of 12°-17°C.
Adults require an elevated temperature of between 15°-18°C to awaken from hibernation.

Shinisaurus habitat conditions: Shinisaurus inhabits a narrow biozone in eastern
Guangxi Province between north latitude 23°25’-24°45’ and east longitude 110°48’-110°00’.
Annual ambient temperature averages 19.56°C with annual minimal temperature reaching 2° to -4°C
and maximum temperature reaching 28.5°-38.8°.  It does not inhabit streams exceeding 760 m in
elevation.  The localities it is documented from include Luoxiangshan and Longjunshan in the
Jinxiuyao Autonomous Region (Jinxiu Co.) at 760 m elevation; Guanniuding, Zhaoping Co, at
753 m; the village of Zhuhaojie, Xiayixiang, Mengshan Co. at 700 m; the village of Jianghuashui,
Guposhan, Hexian Co. at 600 m; the region around Lisongxiang between 200-500 m; and the
mountainous region around Guiping Co. and Pingnan Co. between 60-300 m.  These regions have
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copious annual average rainfall of 1,360-2,570 mm with a humid to semi-humid climate.  The
majority of the plant cover is mixed conifer and broad leafed forest or semi-tropical, dry to moist
seasonal forest.

Biogeography: Ahl (1930) stated that Shinisaurus was restricted solely to
Luoxiangxiang, Jinxiu Co., Guangxi Province.  In recent years, local research has not only
documented its presence in the several mountain chains around Luoxiangxiang, Jinxiuya
Autonomous Region, but also in the following mountainous locations: Lisongxian and Guposhan,
Hexian Co; Jiulongxiang and Beituoxiang, Zhaoping Co.; Datengxia in the boundary region
between Wuxuan and Guiping counties; the villages of Luoyicun and Sanliancun, Tongxin,
Guiping Co.; the village of Huawangshui, Dapengxiang, Pingnan Co; and Zhuhaojie in Xiayiyao
autonomous municipality of Mengshan Co. (Shen et al, 1982; Liu et al., 1989; and Zhang et al.,
1983, 1996).

Taxonomy: Ahl (1930) diagnosed Shinisaurus as a single family, single genus, and
single species.  Subsequently McDowell and Bogert (1954) reassigned the genus to a subfamily
within the Xenosauridae based upon cranial and dermal characters.  Later, Hu et al. (1984)
proposed resurrecting the family Shinisauridae on the basis of vivisection observations which
illustrated the distinct primitive nature of the genus and clearly set it apart from the family
Xenosauridae.  They also conducted a preliminary discussion of the family’s phylogenetic
position.  Zhang et al. (1996) conducted a comprehensive discussion of the genus’s taxonomic
status based upon its geographic distribution, morphology, ecology, and microbiological aspects
and confirmed that the genus is indeed a primitive lacertid representing an autapomorphic taxon of
South China, or a post- Quaternary remnant which was derived from a primitive anguid and
represented an independent lineage that was not able to sufficiently evolve.  Its morphological
conservatism justifies it as an independent family within the Lacertilia.

Conservation:  Shinisaurus is a rare and endangered family specific to China.  In 1989,
the members of the Convention on International Trade in Endangered Species listed it in the
appendix of the Second International Endangered Species Pact as a taxon that that requires
protection.  Being a primitive lacertilian, it has extremely significant scientific value toward
research into all families within the order Lacertilia.  Within the past several years the habitats of
Shinisaurus have degenerated with some localities being drained or defoliated causing local
extinctions.  Furthermore, the species has suffered capture and death by human predation.  Its
habitat distribution is extremely restricted and its population is very small, existing within
endangered habitats.  Current population is estimated at merely 3,000 members.  In 1988 the State
Council of China dispatched a edict to the Ministry of Forestry designating highest priority for
endangered species entitled “National Wild Animal Register Designating Highest Protection”
(National Correspondence 144).  Not only did this communique designate the Shinisaurus habitat
of Dayaoshan under State protection but other habitats as well.  The edict protecting Shinisaurus
habitats strictly prohibits arbitrary collection and promotes the maintenance of the population.
Furthermore, as the reproduction and survival rates are low, a great effort should be expended to
promote artificial breeding programs.
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Table 64. Measurements of Shinisaurus crocodilurus Ahl (mm).

pecimen
GNU-

Guangxi
Locality Sex

Head-body
length

Tail
length

Head
length

Head
breadth

Head
height

Forlimb
length

Hindlimb
length

G00081 Jinxiu F 397 200 36.2 18.1 18.0 38.0 55
G00082 Jinxiu F 367 195 36.0 18.0 17.0 37.P 54
G00083 Jinxiu F 360 187 35.5 18.0 17.0 37.0 54
G00084 Jinxiu M 360 180 35.5 18.0 16.0 37.0 54
Z00095 Zhaoping M 308 154 35.0 17.0 16.0 37.0 54
Z00096 Zhaoping F 285 153 32.0 18.0 16.0 36.0 51
Z00097 Zhaoping F 272 153 32.0 17.0 17.0 42.0 51
Z00098 Zhaoping F 265 165 32.0 17.0 17.0 35.1 41
Z00099 Zhaoping M 207 87* 28.0 17.0 17.0 39.0 42
Z00100 Zhaoping M 189 100 21.0 14.0 12.0 26.0 40
Z00101 Zhaoping F 292.2 166 31.5 21.0 22.0 41.0 51
Z00102 Zhaoping M 274 152 31.5 22.0 22.0 40.0 47
Z00103 Zhaoping M 252 121* 32.0 20.0 20.0 40.0 49
Z00104 Zhaoping M 293 172 34.0 20.0 21.6 40.0 49
00081 Hexian M 174 105 22.0 10.0 17.0 22.0 31
00082 Hexian M 156 85 22.0 10.0 16.0 20.0 29
00083 Hexian F 222 110 22.0 10.0 17.0 30.0 45
00084 Hexian F 240 142 22.0 10.0 17.0 30.0 42
00085 Hexian M 249 143 23.0 10.0 17.0 32.0 44

*Regenerated tail.
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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
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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.

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).

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;.
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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.

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.

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).

Figure 8. Hyoid of
Shinisaurus.

C. Copula; L.p.
Lingual process; M.c.
Medial ceratobranchial;

P.c. Posterior
ceratobranchial.
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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.

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.

Figure 11. Pectoral girdle of
Shinisaurus. Epi. Epicoracoid;

Cl. Clavicle; Co. Coracoid;
In. Interclavicle; Pro. Procoracoid;

Sc. Scapula; St. Sternum;
Sup. Suprascapula.

Figure 12. Pelvic girdle of
Shinisaurus. A. Acetabulum; Il. Ilium;

Is. Ischium; P. Pubis.
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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,
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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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Introduction

Shinisaurus crocodilurus, a Chinese squamate which is currently endangered, was initially
described by Ahl (1930) who recognized it as the new family Shinisauridae in addition to erecting
it as a new genus and species.  Later, in 1931 T.H. Fan conducted a more thorough morphological
description, followed by McDowell and Bogert (1954) who conducted cranial comparisons
between Lanthanotus, Shinisaurus crocodilurus and Xenosaurus grandis, concluded that the latter
two lay within a different clade of the Anguinomorpha, and placed them within the family
Xenosauridae.  Later, Q.X. Hu et al. (1984) made a skeletal study of Shinisaurus, addressed its
taxonomic status, and resurrected the family Shinisauridae.

This study conducts a morphological and osteological comparison of Shinisaurus and
Xenosaurus.  The morphological study was based upon 10 preserved specimens of the two
genera.  Osteological comparisons were based upon four sets of skeletons representing the two
genera, and as such measurements reflect average values.  In order to further facilitate the study,
comparisons to outgroup families were conducted.

Morphology

Comparison of adult specimens indicates that Shinisaurus is distinctly larger than
Xenosaurus (Table 1).  Further distinctions in proportional measurements are provided in Table 2.
Shinisaurus body length spans 247-360 mm in contrast to the Xenosaurus body length of 160-229
mm (Pl. I, Fig. 1).

Table 1. Man values of Shinisaurus and Xenosaurus (mm).

Shinisaurus Xenosaurus
Body length 308.8 199.6
Skull length 33.03 29.38
Neck length 19.0 10.55
Tail length 167.15 93.2
Skull height 19.6 13.9
Rostrum length 10.96 9.38
Rostrum breadth 2.91 2.04
Forelimb length 44.4 37.0
Hindlimb length 53.0 46.4
Body height 22.0 13.9
Basal tail height 13.1 8.0
Basal tail breadth 14.2 10.2
Terminal tail height 3.97 1.87
Terminal tail breadth 1.84 1.85

Table 2 documents the tail length of Shinisaurus to exceed the torso length in contrast to
Xenosaurus in which the tail is shorter than the torso.  The skull of Xenosaurus is also shorter and
lower than Shinisaurus, its rostrum is more acute, and its cervical column is shorter.  The basal
caudal region of Shinisaurus is broader than high and the tail terminus is twice the height of its
breadth, illustrating lateral compression.  The basal caudal region of Xenosaurus is generally
similar to Shinisaurus, however the tail becomes more circular posteriorly such that its terminus is
cylindrical.
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Table 2. Body proportions of Shinisaurus and Xenosaurus.

Shinisaurus Xenosaurus
Tail length/body length 1.17 0.79
Skull length/skull height 1.60 2.10
Rostral length/rostral breadth 3.76 4.59
Body length/neck length 16.2 18.9
Basal tail breadth/basal tail height 1.08 1.20
Terminal tail height/terminal tail breadth 2.10 1.00
Hindlimb length/forelimb length 1.19 1.25

Morphology and coloration of these two taxa are quite distinct as the torso of Shinisaurus is
compact, high, and lacks lateral pleating.  The dorsal torso is dark brown with seven black
transverse stripes, while the caudal region is tinged with approximately 10 consecutive tan and
yellow bands.  The cranium is ornamented with divergent black stripes.  The torso of Xenosaurus
is dorsoventrally compressed with distinct lateral pleating.  Dorsally, it is light brown with five
terra cotta-yellow transverse stripes and caudally there are seven consecutive rings.

The skulls of these two taxa are quite distinct (Table 3, Figs. 1 & 2, and Pl. I, Figs, 2,3,6,
and 7), although both share characters including the presence of a pineal eye and irregular scale
configuration on the mid parietal.

Table 3. Cranial comparison of Shinisaurus and Xenosaurus.

Shinisaurus Xenosaurus
Skull morphology Laterally compressed and high Flat, thin, nearly triangular
Scales Keeled Granular
Cranial dorsolateral
margin

Conspicuous ridge from rostrum
to temporal arch Ridge absent

Posterior cranium Post-temporal groove present Post-temporal groove absent
Sclerotic ring Approximately 8 Count inconsistent

Superciliary scales
Approximately 10, large and

systematically arranged
Count inconsistent, thin and

small
Supraocular scales 3 3-5
Temporal fenestra region Great variation in scale size Scales generally consistant
Tympanic membrane Relatively shallow Relatively deep
Shoulder fold Absent Present

Scales are morphologically distinct between the two genera.  Shinisaurus dermal scales
constitute a single osteoderm (Pl. II, Fig. 3), but Xenosaurus dermal osteoderms are much more
reduced than the former, and on other anguinid genera osteoderms are well developed in a
superimposed arrangement.  McDowell et al. (1954) recognized the morphology of osteoderms as
a taxonomic and phylogenetic character.

Keeled armor is present only on Shinisaurus and is distributed throughout the body and
limbs.  On the dorsal cervical region the scutes are present in a V-shaped alignment while on the
dorsal caudal region they are present as two parallel rows (Pl. I, Fig. 4).  On other regions of the
body, keeled scutes are in irregular alignment.  Rounded tuberosities or pustules lie at the midpoint
of the scute’s medial ridge, that are composed of the derma and epidermis, and increase in count in
accordance with the increase in size of the scute.  These tuberosities increase in length to erupt
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through the epidermis as a denticle.  The cutinous sheath that composes the surface of the keeled
scute is not easily abraded and there are one to six osteoderms within it.

Granular scutes represent the principle dermal armor on Xenosaurus which are present in a
spherical or elliptical morphology on the torso and caudal regions.  Small tuberosities are also
present on these scutes in the same manner as on Shinisaurus although they do not form denticles
(Pl. II, Figs. 2,4).  The cutinous sheath is extremely thin, are readily abraded, and only one or two
osteoderms are present within the scute.

Ventrally, cloacal scale configuration differs between the two genera.  On Shinisaurus
rhomboid scales are aligned in an arc, the cloaca is surrounded by large scales, there are
approximately seven scales anterior to the cloaca and 10-11 scales posterior to it.  On the
ventrocaudal surface these large scales are in transverse orientation.  On the laterocaudal aspect the
scales are small and in irregular configuration.  On Xenosaurus the ventral surface is covered with
parallel elliptical scales, the cloaca is surrounded by small fragmentary scales, and the caudal
region is composed of spherical granular scales (Pl. I, Fig. 5; Pl. II, Figs. 5,6).

Hindlimb-forelimb proportions are nearly equivalent on the two genera.  Manus formula is
2-3-4-5-3 and pes formula is 2-3-4-5-4.*

Osteological comparison

The skulls of the two genera are strong and robust with a well developed temporal arch
(Pl. II, Fig. 1).  Osteoderms shaped as single polygons are are fused to the cranium to compose a
component of the skull and are distributed on the medial skull bones including the jugal,
squamosal, and maxilla.  From a microscopic perspective, Shinisaurus osteoderms on the parietal
region are absent but on Xenosaurus they project to compose cranial sculpturing.

The external nares on both genera are nearly circular.  The premaxillae are fused and
compose the anteromedial margin of the nares.  On Shinisaurus the nasal process of the premaxilla
is located at the posterior margin of the nares, but on Xenosaurus this process extends
longitudinally to compose a “nasal ridge” that lies between the two nasals and extends posteriorly
beyond the posterior margin of the nares to contact the frontals.  On Shinisaurus the nasals are in
mutual contact, resembling the primitive condition of the Reptilia while on Xenosaurus the nasals
are separated (Pl. II, Fig. 1).  The septomaxilla represents the anterior nasal septum and forms the
superior portion of the vomer (on more archaic Paleozoic reptiles the septomaxilla is positioned on
the dorsal skull and does not penetrate the choanae).  The Shinisaurus septomaxilla is an irregularly
shaped element that is located anteroventrally while on Xenosaurus it is a crescentic element that
projects deeply into the base of the choanae.  The maxilla composes the lateral margin of the nares
and is in contact with the premaxilla.  The Shinisaurus premaxilla is a baton-shaped ridge with a
dorsal surface that is not in contact with the nasal but does contact the prefrontal.  On Xenosaurus
the baton morphology is absent, the dorsal surface contacts the nasal, and the prefrontal is far
removed from the nares.

The orbits are elliptical and a palprebral is in kinetic contact with the prefrontal and maxilla.
On Xenosaurus the palprebral is triangular but on Shinisaurus it is conical.

                                                
* Translator’s note: Phalangeal formulas in this text are inconsistant and are thus quoted from a more detailed
description of Shinisaurus by Yuxia Zhang, 1991; The Chinese Crocodilian Lizard. China Forestry Publishing
House, 98pp.
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Figure 1. Skulls of Shinisaurus and Xenosaurus. A. Dorsal view of Shinisaurus skull;
B. Ventral view of Shinisaurus skull; C. Dorsal view of Xenosaurus; D. Ventral view of

Xenosaurus.

Table 4. Shinisaurus and Xenosaurus cranial measurements (mm).

Shinisaurus Xenosaurus
Cranial length 30.8 25.7
Cranial height 16.56 10.86
Cranial breadth (between jugals) 45.26 39.66
Premaxilla-nasal length 5.20 6.25
Interorbital breadth 3.23 2.73
Distance between supratemporal fenestrae 5.23 6.63
Supratemporal fenestra length 9.7 4.9
Supratemporal fenestra width 5.1 3.6
Post-temporal fenestra breadth 11.2 8.9
Post-temporal fenestra depth 3.4 2.5
Length of inter-pterygoid vacuity 15.7 11.9
Length of parasphenoid 13.7 7.1
Mandible length 30.5 26.8
Coronoid process height 3.4 1.96
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Frontals on both genera are fused, represent the most narrow portion of the interorbital
region, and are more narrow on Xenosaurus than Shinisaurus.  A broad frontal morphology
appears to be a plesiomorphic character (Fig. 1 and Table 4) and on Shinisaurus exceeds the
breadth of Malanosaurus maximus.

The jugal extends to contact the lacrimal and composes the ventral boundary of the orbit
with the exclusion of the maxilla.  The post temporal and post orbital are fused with a deeply
forked medial margin and a lateral margin that contacts the jugal.  On Shinisaurus the lateral side of
these two fused elements runs along the ventral jugal isolating it from the squamosal.  There is an
extended process at the posterior margin of the orbit that is recognised as a legitimate post orbital.
On Xenosaurus the posterior margin of the orbit is smooth and glossy, lacks a posterior process,
and the lateral sides of the fused elements do not extend, allowing a contact between the jugal and
squamosal.  Consequently, the fusion of the post orbital and post temporal is recognized as an
apomorphic character as these elements are not fused on other primitive anguinids such as
Gerrhonotus.  The configuration of the circum orbital elements of Shinisaurus and Xenosaurus
conforms with Romer’s (1956) determination that these are primitive characters.

Table 5. Comparison of Shinisaurus and Xenosaurus.

Shinisaurus Xenosaurus
Skull length/skull height 1.86 2.37
Skull length/temporal fenestra length 3.17 5.24
Skull width/temporal fenestra width 8.87 11.01
Temporal fenestra length/width 1.9 1.36
Interpterygoid vacuity length/pterygoid length 1.14 1.67
Mandible length/skull length 0.99 1.04
Posterior margin of parietal angled circular
Premaxilla one pair of foramina foramena absent
Maxilla 4 pair of foramina 8 pair of fossa

The ventral margin of the supratemporal fenestra has become lost (Figs. 2a,e) but
morphologies of this fenestra and supratemporal arch are quite distinct between the two genera.
The supratemporal arch on Shinisaurus is linear, the squamosal lies far removed from the jugal, the
supratemporal fenestra is spacious, and there is a relatively small ratio of cranial length and breadth
versus supratemporal fenestra length and breadth, indicating its rather primitive nature.  On
Xenosaurus the supratemporal arch is flat and broad, the squamosal is in contact with the jugal, the
supratemporal fenestra is small, and cranial versus supratemporal fenestra measurements are
comparatively large, indicating a more derived tendency.  The supratemporal is located between the
squamosal and parietal and on Shinisaurus invades the margin of the supratemporal fenestra
prohibiting the contact of the parietal and squamosal.  On Xenosaurus the supratemporal is present
on the posterior cranium and does not invade the margin of the supratemporal fenestra, allowing a
contact between the squamosal and parietal.  Romer (1956) states that the small element between
the squamosal and parietal on squamates represents a supratemporal and not a tabular as the later is
located at the posterior surface or on the medial portion of the parietal wing.  He further describes
the primitive morphology of the parietal as being plate shaped with a transverse suture line between
it and the temporal, and that a parietal fenestra is present.  The parietals on Shinisaurus and
Xenosaurus conform to this morphology.

Post-temporal fenestrae lie on the occiput of both genera to facilitate the temporalis and
epaxial musculature.  Between these two fenestrae and in contact with the parietal is an ascending
cartilaginous supraoccipital process that is sheathed in connective tissue.  This condition is shared
with the Rhyncocephalia.  The post-temporal fenestra on Shinisaurus is more well developed than
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on Xenosaurus (Figs. 2b,f), and the prootic contacts the supraoccipital but does not contact the
parietal.

In ventral aspect, the Shinisaurus skull shares two symplesiomorphies with the
Rhyncocephalia: the epipterygoid and parietal are linked by fibers of connective tissue and are not
in direct contact, and the anterior pterygoids are extremely close together and are nearly in contact
with the vomer.  On Xenosaurus the dorsal pterygoid lacks connective tissue and is instead in
direct contact with the parietal, the anterior pterygoids are relatively far removed from each other,
are in direct contact with the palatine, and basically do not contact the vomer.  Furthermore, the
internal nares of Shinisaurus are placed anteriorly and palatal teeth are present on the pterygoid,
while on Xenosaurus the internal nares are placed more posteriorly and the pterygoid lacks
dentition.  On both genera the interpterygoid vacuity is large or nearly one-half the length of the
skull, but on Shinisaurus the margins of the interpterygoid vacuity are flat and straight while on
Xenosaurus they are arced.

Figure 2. Shinisaurus and Xenosaurus skull and mandible. A. Lateral view of
Shinisaurus skull; B. Posterior view of Shinisaurus skull; C. Lateral view of

Shinisaurus mandible; D. Medial view of Shinisaurus mandible; E. Lateral view
of Xenosaurus skull; F. Posterior view of Xenosaurus skull; G. Lateral view of

Xenosaurus mandible; H. Medial view of Xenosaurus mandible.

Additional cranial characters include an interorbital septum which consists of a cartilaginous
membrane at the anterior portion of the cranium; in the posterior portion of the cranium the
tympanic bulla is ossified to protect the cerebellum; and the prootic is in contact with the
supraoccipital but not with the parietal.
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On both genera Meckelian cartilage is not overlain by the splenial but is exposed on the
anteromedial mandible, which represents a plesiomorphic condition.  Six mandibular elements are
recognized on Shinisaurus and are difined by distinct suture lines.  On Xenosaurus the surangular
and articular are fused and a suture that defines their borders is absent.

The maxillae and mandibles bear single cusped and hollow pleurodont dentition.  At the
medial side of the large labial dentition are extremely small replacement teeth that supplement the
functional dentition.  On Shinisaurus the dentition is in spaceous alignment and all teeth are
caniniform or trenchant with acute apices that are slightly posteriorly curved.  Palatal teeth on the
pterygoid are extremely small, conical, and in single longitudinal alignment.  On Xenosaurus the
dentition is compact, straight, and uniform, and palatal teeth are absent (Table 6).

Table 6. Dentition ofShinisaurus and Xenosaurus.

Shinisaurus Xenosaurus
Premaxillary teeth 6-7 9
Maxillary teeth 20 31
Mandibular teeth 28 36
Palatal teeth 10-12 0

The hyoid apparatus is derived from the hyoid arch and composed of a pair of branchial
arches and a lingual process.  The hyoid process is extremely long and penetrates the tongue; the
hyoid arch is constructed from the epihyoid cartilage and the ceratohyoid cartilage which has a
semi-ossified base.  The ceratobranchial is ossified with its terminus preserving an epibranchial
that is located posterior to the tympanic membrane.  The hyoid apparatus on both genera resembles
that of Heloderma, the only difference lying in the latter having a more deeply forked apex of the
tongue.

Vertebrae are fundamentally morphologically similar.  Centra are procoelous and
zygopophyses are linked by connective tissue.  Vertebrae of adult individuals are constructed from
pleurocentra while hypophyses on cervical vertebrae and haemal arches on caudal vertebrae are
constructed from intercentra.  Romer (1956) states that a great number of reptile taxa reduced their
intercentra in the Paleozoic and only a small proportion representing plesiomorphic taxa retained
intercentra as small keel-shaped or triangular-shaped elements that are appended to the centra.
Consequently the haemal arches and ventral processes on the centra are further indications the two
genera are primitive squamates.

Throughout the course of dissection, it was revealed that neural spines and rib emplacement
differed regionally within the vertebral column.  Vertebral series were recognized as the cervical,
anterior dorsal (ribs articulated with the sternum), medial dorsal (ribs only at the ventral aspect),
posterior dorsal (ribs present only dorsally), sacral, and caudal series.  A comparison of series
lengths is conducted in Table 7.  On Shinisaurus the posterior dorsal constitutes the longest series,
but on Xenosaurus the medial dorsal series is the longest.  Other vertebral columns on Shinisaurus
exceed the lengths of their counterparts on Xenosaurus, including the cervical count and length
(conforming to gross morphological observations).

The atlas is simple and circular.  On Shinisaurus the ventral margin of the atlas centrum is
extremely small, lacks diapophyses, and does not contact the ventral margin of the axis centrum.
On Xenosaurus the atlas and axis centra are equivalently high and maintain diapophyses.  Initiating
with the third cervical vertebra, all the cervicals maintain ribs, and with the exception of the most
anterior vertebrae in the series, the remaining all possess costal cartilage.  On Shinisaurus,
initiating with the axis, there are four centra that maintain simple ventral processes.  A simple
triangular element lies between the first and second cervical that may represent a vestigial
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intercentrum.  Xenosaurus preserves only three ventral centrum processes that initiate on the axis
and are not as well developed as on Shinisaurus.  Sacral vertebrae on both genera are fused, ribs
are well developed and display functional mobility with the rest of the skeleton, and neural spines
are erect and unfused.  Caudal haemal arches on both genera display functional mobility where
they articulate at the posterior centra, but are more well developed on Shinisaurus as they do not
disappear until the terminus of the caudal series.  Both genera can regenerate tails, but the
regenerated tail lacks vertebrae and is supported only by cartilaginous spars.

Table 7. Shinisaurus and Xenosaurus skeletal measurements (mm).

Shinisaurus Xenosaurus
Count 8-9 7-8

Cervicals Centrum length 3.2 2.0
Percentage* 26% 17%
Count 5 5

Anterior dorsals Centrum length 3.8 2.6
Percentage* 17% 15%
Count 4-5 10

Medial dorsals Centrum length 4.2 3.0
Percentage* 19% 36%
Count 8-9 6-7

Posterior dorsals Centrum length 3.9 2.9
Percentage* 31% 24%
Count 2 2

Sacrals Centrum length 3.2 2.1
Percentage* 5% 5%
Count 36-38 39-40

Caudals Centrum length 4.1 2.5
Humerus 18.1 14.4
Ulna 14.8 11.7

Average length Longest manus digit 18.0 15.7
of limb elements Femur 18.6 17.0

Tibia-fibula 12.4 12.3
Longest pes digit 23.6 20.3

* Percentage represents ratio of the regional length over total precaudal length

Dermal components of the pectoral girdle include the clavicle and interclavicle while
endochondral elements are represented by the procoracoid, coracoid, and scapula.  The
suprascapularis cartilage is ossified and the medial coracoid is cartilaginous.  The intercalvicle is
represented as a long rod that penetrates the midpoint of the flattened, rhomboid sternum.  On
Shinisaurus the interclavicle is a cross morphology with its anterior portion in contact with the
clavicle and both sides maintain small fenestrae.  On Xenosaurus, the interclavicle is lance-shaped,
fenestrae are absent, and instead cartilage fills the void between the clavicle and interclavicle, while
costal cartilage contacts the dorsal sternum.  On Shinisaurus a pair of medial costal cartilage is
fused but on Xenosaurus is unfused (Fig. 3).
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Figure 3. Pectoral girdle of (A) Shinisaurus and (B) Xenosaurus.

Ten carpal elements are present, the longest digit is nearly equivalent in length to the
humerus, and is longer than the radius/ulna.  The pelvic girdle maintains epipubic and epi-ischaic
cartilage that are connected to compose a pair of pubio-ischiac fenestrae.  On Shinisaurus the
posterior epi-ischiac cartilage maintains a calcified infra-ischium to support the ventral musculature
of the cloaca.  A tuberosity is present at the posterior margin of the ischium which is twice the
breadth of the pubis.  On Xenosaurus an infraischium is absent and the ischium and pubis are
equivalent in breadth.  Sacracostal ribs contact the skeleton with connective tissue.  Seven tarsal
elements are present and the longest digit exceeds the length of the femur in addition to the
tibia/fibula.

Conclusions

Comparison of the two genera Shinisaurus and Xenosaurus indicates that they are both
primitive squamates in that they maintain a pineal eye, the entire supratemporal arch composes the
supratemporal fenestra, and they possess a lacrimal, supratemporal, Meckelian groove, ventral
process on vertebral centra, and haemal arches.  They are also primitive compared to several extant
taxa of Anguinidae which display extremely reduced temporal fenestrae, a completely sealed
Meckelian groove, and an absence of haemal arches.  It may therefore be inappropriate to recognize
Shinisaurus and Xenosaurus at the apex of the Anguinomorpha evolutionary tree as proposed by
McDowell et al. (1954) and instead it appears more justifiable to recognize these two genera in a
more basal position as proposed by Hu et al. (1984).  Comparisons in this study indicate radical
morphological distinctions between the two genera both in the torso and cranial construction.  As a
vast majority of shared characters are symplesiomorphies it may be legitamate to endorse Hu et
al.’s 1984 resurrection of the family Shinisauridae.

Shinisaurus maintains more plesiomorphic characters than Xenosaurus, although the genus
Malanosaurus is also an extremely primitive anguinid, and thus Shinisaurus is considered more
closely related to the latter by possessing characters including the unexpanded squamosal that is not
in contact with either the parietal or jugal (McDowell, 1954), the expansive interorbital breadth, the
high cranium, and the large supratemporal fenestra.  Furthermore, Shinisaurus maintains additional
plesiomorphies including an exterior pineal eye, palatal teeth, pterygoid nearly in contact with the
vomer, and six distinct and unfused mandibular elements.
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Explanation of plates.

Plate I, Figure 1. Comparison of Shinisaurus (1) and Xenosaurus (2).

Plate I, Figure 2. Dorsal view of Shinisaurus cranial scales.

Plate I, Figure 3. Dorsal view of Xenosaurus cranial scales.

Plate I, Figure 4. Dorsal parallel keeled scales on the caudal region of Sinisaurus.

Plate I, Figure 5. Granular scales on the caudal region of Xenosaurus.

Plate I, Figure 6. Lateral view of Shinisaurus skull illustrating the tympanic membrane and
post-temporal groove.

Plate I, Figure 7. Lateral view of Xenosaurus skull illustrating the tympanic membrane and
cervical fold.

Plate II, Figure 1. Dorsal view of skulls of Xenosaurus (left) and Shinisaurus (right).

Plate II, Figure 2. Tuberosities on the keeled scales of Shinisaurus.

Plate II, Figure 3. Cross-section of keeled scale with osteoderm.

Plate II, Figure 4. Small tuberosities on granular scales of Xenosaurus.

Plate II, Figure 5. Cloacal scale configuration ofShinisaurus.

Plate II, Figure 6. Cloacal scale configuration of Xenosaurus.


