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THE NOTHOSAUR PACHYPLEUROSAURUS AND THE
ORIGIN OF PLESIOSAURS

By R. L. CARrROLL AND PaMELA GASKILL

Redpath Museum, McGill University, 859 Sherbrooke Street West, Montreal,
Quebec, Canada, H3A 2K6
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Description of Pachypleurosaurus edwardsi, from the middle Triassic of Italy and
Switzerland, provides a basis for establishing the pattern of aquatic locomotion within
the Nothosauria and for determining their relations with more primitive terrestrial
reptiles and fully aquatic plesiosaurs. ,

Judging by the proportions of the trunk, limbs and tail, nothosaurs, like modern
crocodiles and marine iguanids, relied mainly on lateral undulation of the trunk and
tail for aquatic propulsion. The rear limbs probably acted mainly as rudders.
Differences in the structure of the pectoral girdles and forelimbs among nothosaurs
and the elaboration of the coracoids suggest that the forelimbs were becoming
important in propulsion, with emphasis on the back stroke. Pachypleurosaurus has the
greatest degree of development of the anterior portion of the shoulder girdle,
suggesting that the recovery stroke was of considerable importance. In this feature
Pachypleurosaurus approaches the pattern seen in plesiosaurs.

It is concluded that the transition between primitive terrestrial diapsids and
plesiosaurs occurred via a succession of changes in patterns of aquatic locomotion.
Early sauropterygians would have used almost exclusively the axial skeleton and its
musculature in swimming. As in the majority of secondarily aquatic reptiles,
stereotyped behaviour patterns of terrestrial locomotion would have rendered use of
the forelimbs disadvantageous in the water, and they were progressively reduced to
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344 R.L. CARROLL AND PAMELA GASKILL

limit drag. The hind limbs were also reduced and initially functioned to control
changes in depth and direction.

The relations of the dermal and endochondral elements of the shoulder girdle in
nothosaurs and plesiosaurs differ from those of the majority of early reptiles in having
the scapulae superficial to the clavicles and the interclavicle superficial to the clavicles.
This may be attributed to a redevelopment of the endochondral and dermal elements
subsequent to a period of reduction associated with an early stage in aquatic
adaptation.

Nothosaurs and ples1osaurs are unique among secondarily aquatic diapsids in the
emphasis on the forelimbs for propulsion. In plesiosaurs, both the fore and hind limbs
are greatly enlarged and the significance of the tail for propulsion is much reduced.
Both limbs may have served in a mode of swimming similar to that practised by the
modern sea lions.

Although individual vertebrae and bones of the limbs and girdles appear to show
a transition from nothosaurs through primitive to advanced plesiosaurs, major
differences in the proportions of the trunk, girdles and limbs clearly distinguish
nothosaurs and plesiosaurs. This may be attributed to a marked reduction in the
amount of lateral undulation of the trunk region and elaboration of the rear limbs
as paddles in the immediate ancestors of plesiosaurs.

INTRODUCTION

During the Mesozoic, while the dinosaurs dominated the land, the seas were occupied by a
host of reptiles that had secondarily returned to the water. Among the most diverse and
widespread of Mesozoic marine reptiles were the plesiosaurs. They had large paddle-shaped
limbs, short tails and long necks. Their general appearance would have matched the popular
concept of the sea serpent. Most were large, with some genera reaching a length of more than
15 m (Saint-Seine 1955; Romer 1956; Brown 1982). In Kronosaurus, the skull alone exceeded
3 m in length (Romer & Lewis 1959).

Plesiosaurs became dominant in the early Jurassic and continued to the end of the Mesozoic.
It has long been assumed that their closest relatives and putative ancestors were a group of
less highly specialized aquatic reptiles from the middle Triassic, the nothosaurs. The nothosaurs
are generally smaller than plesiosaurs and the structure of their limbs shows clearly their descent
from terrestrial ancestors.

Nothosaurs and plesiosaurs share a number of derived characters which differentiate them
from more primitive diapsid reptiles, and support the assumption that they shared a unique
common ancestry. In contrast to most secondarily aquatic reptiles, the limbs are large,
suggesting that they played a major role in locomotion. The lower temporal bar is lost, but
the quadrate remains rigid. In contrast to the vast majority of tetrapods the scapulae lie
superficial to the clavicles.

Among more primitive diapsid reptiles, Claudiosaurus shares with the nothosaurs the loss of
the lower temporal bar, partial closure of the palate and elongation of the neck, and shows
reduced ossification of the limbs and changes in their proportions that are suggestive of an
incipient stage in the evolution of aquatic locomotion. In other features of the skeleton,
Claudiosaurus closely resembles primitive terrestrial diapsids including Youngina and Thadeosaurus
(Carroll 1981).

Claudiosaurus and nothosaurs appear to represent intermediate stages in the transition from
terrestrial ancestors to the fully aquatic plesiosaurs. This transition has the potential for serving
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as an important example of the patterns of evolution associated with major changes in habitat
and skeletal anatomy. Much yet remains to be known to elucidate this sequence, however. The
transition is by no means continuous; Claudiosaurus is far more primitive than any nothosaurs
and might have given rise to the plesiosaurs directly.

Although their general body shape and pattern of aquatic adaptation suggest that nothosaurs
may have given rise to plesiosaurs, some specific features of their anatomy indicate that the
known genera are too specialized for this role. In most nothosaurs the pterygoids meet ventrally
at the midline beneath the base of the braincase, completely occluding the interpterygoid
vacuities. These openings are small but still evident in plesiosaurs. Nothosaurs also exhibit a
highly specialized pattern of the shoulder girdle which appears very distinct from that of
plesiosaurs; this may imply that the two groups had divergent locomotor patterns. These
differences suggest that nothosaurs and plesiosaurs may share a common ancestry rather than
exhibiting an ancestor-descendant relationship.

No genera have been described as showing a transition in the structure of the postcranial
skeleton between the pattern typical of nothosaurs and that characteristic of plesiosaurs. The
genus Pistosaurus from the Middle Triassic appears to show a combination of an essentially
nothosaurian postcranial skeleton together with a skull pattern which is close to that of Jurassic
plesiosaurs. Unfortunately, it is not certain that the skull and postcranial skeleton are correctly
associated (Edinger 1935; von Huene 1948).

Even if the known nothosaurs are not specifically ancestral to plesiosaurs, knowledge of their
anatomy may yet provide information regarding the possible evolutionary pathway toward
the pattern of swimming employed by the plesiosaurs. This paper will concentrate on the
anatomy of a single nothosaur genus as a basis for comparison with plesiosaurs and for
evaluating the different patterns of swimming that characterize these two groups.

CLASSIFICATION OF NOTHOSAURS

Nothosaurs may be divided into two large groups, the pachypleurosaurids and the
nothosaurids. The nothosaurids are of larger size, typically exceeding 2 m in length, with a
proportionally larger skull in which the upper temporal openings are substantially larger than
the orbits. The pachypleurosaurids are all of smaller size, with the largest specimens little more
than 1 m in length. The skulls are relatively smaller, with the upper temporal opening much
smaller than the orbit. Further justification for the recognition of these groups is provided in
a recent review by Sanz (1984). '

Among the well-known genera, Nothosaurus, Paranothosaurus, Lariosaurus, Ceresiosaurus, Corosaurus
and Simosaurus may be assigned to the Nothosauridae. The pachypleurosaurids include
Pachypleurosaurus, Dactylosaurus, Anarosaurus and Neusticosaurus and perhaps the less completely
known genera Phygosaurus, Psilotrachelosaurus and Elmosaurus. The skull and general body form
of the Chinese genus Keichousaurus also accord with the pachypleurosaurid pattern.

Although nothosaurs are known from hundreds of specimens (mostly from the Middle
Triassic of Europe) assigned to about 20 genera, few species are known from well-preserved
specimens including both the skull and postcranial material, and none have been completely
described and restored so as to provide a solid basis for establishing their taxonomic position
or pattern of locomotion.

The largest and most diverse collection of nothosaurs is in the Institute for Palaeontology
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at the University of Ziirich. This collection, almost exclusively from the region of Monte San
Giorgio in the southern Alps, includes at least four genera. The most common nothosaur,
represented by hundreds of specimens, is attributed to the genus Pachypleurosaurus. Included in
this material are several larger skeletons that have been referred to informally as ‘Grosser
Pachypleurosaurus’. Examination of these specimens reveals several important differences from
the bulk of the Pachypleurosaurus material. These larger animals have not previously been
described and provide a very good basis for establishing anatomical comparisons with
plesiosaurs (figures 1-6, 12-20).

The general resemblance of these larger specimens to those attributed to Pachypleurosaurus by
Peyer (1932, 1933) and Zangerl (1935) is sufficiently close that it was necessary to make
comparisons with the type of Pachypleurosaurus (Pachypleura) edwardsi (Cornalia 18 54) to
establish which more closely approaches the pattern of the originally described material. The
type of this species (figure 1), described from the Italian Alps, proved to resemble much more
closely the animals termed ‘ Grosser Pachypleurosaurus’, rather than the very numerous smaller
specimens long attributed to Pachypleurosaurus.

The most striking feature is the structure of the manus and pes. The specimens of ¢Grosser
Pachypleurosaurus’ show a phalangeal count of 1, 2, 3, 4, 2 in the manus, and 1, 2,3,4,3
in the pes. Other specimens attributed to Pachypleurosaurus always have two phalanges in the
first digit and three phalanges in the second, and approach a typically reptilian count in the
lateral digits (figure 5). In both forms, the number of phalanges of digits 3, 4 and 5 is somewhat
variable, but the number in digits 1 and 2 is constant. Although neither the manus nor the
pes is completely articulated in the type specimen, the first digit of both definitely has only
a single phalanx and the second only two.

Numerous other differences, which are consistent in all specimens examined, are listed in -
table 1. These clearly demonstrate that there are two distinct taxa of pachypleurosaurid
nothosaurs in the fauna of the southern Alps. Only a relatively small number of specimens,
belonging to a species which reaches a body size of over 1 m, can be included in Pachypleurosaurus
edwardst.

The type specimen of Pachypleurosaurus edwardsi comes from near Besano in northern Italy,
approximately 5 km from the locality of Alla Cascina at Monte San Giorgio from which have
come most of the specimens of ‘Grosser Pachypleurosaurus’. The fossil-bearing beds can be
traced without break between the two localities. The-exact equivalence of the horizons has not
been established, however, and their lithology is different. Both are considered lower Ladinian
in age (Kuhn-Schnyder 1974).

Detailed comparison of the larger specimens from Alla Cascina (figures 2, 3 and 4) with the
type is complicated by its relative immaturity. It is approximately 30 cm in length to the tip
of the tail. The ends of the bones are ill-defined and most have the surface marked by many
fine pits and grooves that are the hallmark of immature tetrapods. The head is relatively much
larger than in more mature specimens. Fortunately, comparison can be extended to other, small
specimens from Alla Cascina from which have come a great range of sizes (table 2) including
individuals only slightly larger than the type. There is also one specimen from the Besano
locality which is considerably larger than the type. Specimen number 2466 in the Ziirich
collection (figure 6) consists of the sacral and proximal caudal region and much of the rear
limbs of a skeleton which is as large as the larger specimens from Alla Cascina; it agrees with
them in most anatomical and proportional features.
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Ficure 1. Pachypleurosaurids (@) Type of Pachypleurosaurus edwardsi (Cornalia) Museo Civico di Storia Naturale,
Milano (natural size). Primarily dorsal view; because of the great length of the neural spines the proximal caudal
vertebrae are displayed in lateral view. (b) Dorsal view of Neusticosaurus sp., specimen 3604 in the collection
of the Institute of Palaeontology, Ziirich. Neural spines are short throughout the column (natural size). (¢)
Ventral view of Neusticosaurus sp., specimen 1057, Museum of Comparative Zoology, Harvard (natural size).
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FiGUre 3. Pachypleurosaurus edwardsi. (a) Institute of Palaeontology, Ziirich, 3806. () Adult individual in ventral vie
Institute of Palacontology, Ziirich, 3460.
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(h) (1) ()

Ficure 5. Pachypleurosaurids. () Skull of the type of Pachypleurosaurus edwardsi (magn. x 2). (b) Skull of Neusticosaurus
sp., 3604 (magn. X 2). (¢ and d) Restorations of the skull of Neusticosaurus, showing different patterns of the
frontals, nasals and premaxillae. In (¢) the frontals meet the premaxillae and exclude the nasals from the midline.
In (d) the nasals meet at the midline and separate the frontals from the premaxillae. This is but one of many
variable features evident in this species (from Kuhn-Schnyder 1963). (¢) Left manus of the type of
Pachypleurosaurus edwardsi (magn. x 3). (f) Reconstruction of the manus of Pachypleurosaurus edwardsi, based on
the type. (g) Left forelimb of Neusticosaurus sp. in dorsal view (magn. x 2), Institute of Palaeontology, Ziirich,
3530. (k) Reconstruction of the manus of Neusticosaurus sp. (i) Lateral view of left ilium of Pachypleurosaurus
edwardsi, Institute of Palaeontology, Ziirich, 3758 (magn. X 2). (j) Lateral view of left ilium of Neusticosaurus
sp., Institute of Palaeontology, Ziirich, 3739 (magn. x 3). (k) Left rear limb of the type of Pachypleurosaurus
edwardsi (magn. X 2). (/) Rear limb of Neusticosaurus sp., Institute of Palaeontology, Ziirich, 3530 (magn. x 2).
(m) Reconstruction of the lower rear limb of Pachypleurosaurus edwardsi based on the type. Manus and pes of
adult specimen of Pachypleurosaurus edwardsi illustrated in figures 17 and 20. (z) Reconstruction of the lower rear
limb of Neusticosaurus sp. Abbreviations used in figures follow text.
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TABLE 1. FEATURES DISTINGUISHING PACHYPLEUROSAURUS EDWARDSI FROM NEUSTICOSAURUS

Pachypleurosaurus edwardsi

skull:

width of the upper temporal openings
approximately one-sixth the longitudinal
diameter of the orbit

antorbital distance approximately twice
the postorbital distance

skull table extends beyond the lower jaws,
emargination of cheek not visible dorsally

appendicular skeleton:

width of clavicular blade more than half the
length of the median fenestra of the
pectoral girdle

length of humerus ranges from 128 to 1859,
of the femur

third metacarpal longer than fourth
metacarpal

one phalanx on digit 1, and two phalanges
on digit 2 of both manus and pes. Phalangeal
count of digits 3, 4 and 5 typically 3, 4
and 3 in manus and pes

first phalanx of digits 2, 3 and 4 of manus
and pes nearly as long as corresponding
metacarpals and metatarsals

ilium lacks clearly defined acetabulum and
supra-acetabular buttress

astragalus slightly wider than calcaneum

size:
total length to end of tail ranges from 30
to 120 cm. Length of humerus ranges from
17 to 85 mm

Neusticosaurus sp.

width of the upper temporal openings
approximately one-tenth the longitudinal
diameter of the orbit

antorbital distance less than 50 %, greater
than the postorbital distance

skull table relatively narrow, emargination
of cheek visible dorsally

width of clavicular blade approximately
one quarter the length of the median
fenestra of the pectoral girdle

length of humerus ranges from 67 to 1299,
of the femur

third metacarpal shorter than fourth
metacarpal

two phalanges on digit 1, and three phalanges
on digit 2 of both manus and pes. Phalangeal
count of digits 3, 4 and 5 typically 4, 5, 3

first phalanx of digits 1 and 2 of manus,
and all of tarsal digits much shorter than
corresponding metacarpals and metatarsals

acetabulum and supra-acetabular buttress
clearly defined

astragalus considerably wider than calcaneum

total length ranges from 9 to 58 cm. Length
of humerus ranges from 4.3 to 30 mm
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Mostindividuals of Pachypleurosaurus are further differentiated from Neusticosaurus by proportional changes associated
with larger size. These include the greater length of the neural spines and the relatively smaller size of the skull.
The greater length of the neural spines, even in relatively small individuals of Pachypleurosaurus results in the proximal
caudal vertebrae being exposed in primarily lateral view, whereas they are nearly always exposed in dorsoventral
view in Neusticosaurus. Among specimens of similar size, those of Pachypleurosaurus are consistently less fully ossified
than those of Neusticosaurus.

The differences between Pachypleurosaurus edwardsi,and the majority of smaller nothosaur
specimens from the Alpine region are sufficiently great to support generic distinction between
the two forms. Unfortunately, it is difficult to establish the proper name and type for the smaller
form. Despite the suspicion expressed by both Zangerl‘ (1935) and Kuhn-Schnyder (1959) that
more than a single species is represented among the pachypleurosaurid material from Monte
San Giorgio, no other species within this family has been named from this locality. A second
pachypleurosaurid species was named by Kuhn-Schnyder (1959) from a locality in eastern
Switzerland, however. Pachypleurosaurus staubi was based on a single specimen from near Bergriin
in the canton of Graubiinden (Number A/III 254 in the Ziirich collection). This specimen
(figure 7) consists of the trunk region, girdles and limbs. What is preserved resembles closely
the multitude of small pachypleurosaurid specimens from Monte San Giorgio and it would
certainly be placed in the same species if it had been found at that locality. The proportions
of the humerus and femur and the number and proportions of the phalanges of the manus
differentiate it clearly from the type of Pachypleurosaurus edwardsi. Further information on the
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smaller pachypleurosaurids has been provided by Mateer (1976) in a carefully illustrated
description of specimens from northern Italy that he referred to as Pachypleurosaurus cf. staubi.
This work reinforces the distinction between this species and P. edwards:.

Among other species that have been assigned to the Pachypleurosauridae, most can be
distinguished from the taxa in question by one or more anatomical differences. Psilotrachelosaurus
toplitschi Nopcsa (1928) — the type and only specimen of which also lacks the skull — apparently
differs from all other nothosaurs in having a long, narrow coracoid and in having all the
metacarpals and metatarsals of approximately the same length. In the specimen described by
Kuhn-Schnyder, and in other pachypleurosaurids, the extremities of the coracoid are widely
expanded and the first metacarpal is much shorter than the second. Anarosaurus is clearly
distinguished from other pachypleurosaurids by the significantly greater length of the femur
relative to the humerus. In the specimen described by Nopcsa (1928), the length of the femur
exceeds that of the humerus by almost 30 %,. In P. staubi, the femur is between 4 and 5 9%, longer
than the humerus. Dactylosaurus gracilis Gurich (1884) is known from only the anterior end of
the skeleton, but the forelimb, especially the ulna and radius, are much slimmer than those
of P. staubi. To judge by the high degree of ossification of the carpals in this specimen, D. gracilis
reached an adult degree of ossification at a much smaller size than did any of the
pachypleurosaurids in the Ziirich collection. Dactylosaurus schroeder: Nopcsa (1928), also
achieved a high degree of ossification at a relatively small size, and the radius and ulna are
very slender compared with those of P. staubi. According to Nopcsa’s description, D. schroeder:
has four carpals, including a pisiform. This bone is not present in other pachypleurosaurids.

Phygosaurus perledicus Arthaber (1924) is known only from a headless trunk together with the
pectoral girdle, incomplete forelimb and anterior portion of the pelvis. The glenoid—acetabular
distance is approximately 20 cm, which is greater than that of most specimens of the smaller
pachypleurosaurid species in the Ziirich collection, yet the distal end of the humerus and
proximal end of the ulna and radius appear relatively incompletely ossified. The ribs and
vertebrae, especially well seen in X-ray (Peyer 1933), do not exhibit pachyostosis, which is
particularly well pronounced in the larger specimens in the Ziirich collection.

Numerous nothosaurs have been described from China in the last three decades. In his recent
review, Sanz (1984) suggests that most genera are closely related to Nothosaurus. He is uncertain
about the position of Keichousaurus (Young 1958). In most features it appears typical of
pachypleurosaurids, but the ulna is a massive element, quite unlike that of any of the European
genera.

One remaining European nothosaur, Neusticosaurus pusillus (Fraas) does show many similarities
with the smaller pachypleurosaurid from the alpine region (figure 8). This animal, from the
Lettenkohle (Lower Keuper) near Ludwigsburg, 14 km north of Stuttgart, was first described
by Oscar Fraas (1881) as a new species of Simosaurus. Seeley (1882) recognized that the skull
was very distinct from the type of that genus and placed it in a new taxon, Neusticosaurus.
Eberhard Fraas (1896) later described a host of smaller specimens from Ludwigsburg as
members of a second species, N. pygmaeus, on the basis of their smaller size. These are almost
certainly juvenile specimens of N. pusillus.

The description and illustration of Neusticosaurus by Seeley and Eberhard Fraas are adequate
in most respects to demonstrate the similarity of this material with the smaller Alpine species.
None of the specimens from Ludwigsburg are as well preserved, but what can be seen of the
skeleton shows no clearly distinguishing features. All proportions fall within the limits of the
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ast.

(d)

Ficure 6. Elements of the rear limb of Pachypleurosaurus edwardsi, Institute of Palaeontology, Ziirich, 2466. (a) Base
of ilium and head of femur. () Femur in ventral view. (¢) Fibula. (d) Astragalus, calcaneum and terminal
phalanx (magn. x1.45).

Ficure 7. Type of ‘Pachypleurosaurus’ staubi, no. A/I11 254, Institute of Palaeontology, Ziirich (natural size),
from Kuhn-Schnyder (1959, figure 1).
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Ficure 8. Type specimens of Neusticosaurus pusillus. (a) Holotype in primarily ventral view (natural size). (b) Skull
of holotype, approximately 2.5 times natural size. (¢, d and ¢) Fore and hind limbs of paratype, approximately

1.2 times natural size. British Museum (Natural History) specimen numbers 53 and 54.
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Alpine species. There are two phalanges evident in the first digit of the pes, and the astragalus
is far larger than the calcaneum. In contrast with all specimens of Pachypleurosaurus the femur
is longer than the humerus.

There is, however, one very conspicuous difference from both pachypleurosaurids and all
other nothosaurs which appears in the earlier descriptions of Neusticosaurus: the structure of the
palate. Seeley described very large suborbital vacuities, in contrast to the condition in all other
nothosaurs in which the palate forms an almost unbroken sheet of bone. In fact, as might be
guessed from the illustrations, and was confirmed by examination of the specimen, the palate
is largely missing and the large openings are the orbits seen in ventral view.

As described by Seeley, traces of the front and back of the lower jaws are preserved, as well
as the back of the palate. Most of what can be seen is the under-surface of the skull roof.
Unfortunately, the bone surface is not well preserved and few sutures are clearly evident. In
general, the pattern resembles that of the Alpine species. The right upper temporal opening
appears quite small. The left is broken on the lateral margin, but appears nearly as large as
that of Pachypleurosaurus edwardsi. In contrast with that species, but in common with the smaller
form from Switzerland, the skull table is narrow and the lower temporal embayment would
be visible in dorsal view.

A further feature that appears distinctive in Seeley’s illustration is the relative length of the
metatarsals. The first appears almost as long as the second. Preparation shows that he had
included the first phalanx with the metatarsal. As now distinguished, the first metatarsal, like
that of both Alpine species, is less than half the length of the second.

To the degree that comparisons are possible, the material from Ludwigsburg closely
resembles the smaller alpine species, but can be distinguished from Pachypleurosaurus. The name
Neusticosaurus may thus be used in reference to the numerous pachypleurosaurid specimens that
do not belong to Pachypleurosaurus. ‘Pachypleurosaurus’ staubi may be included in the genus
Neusticosaurus, but in the absence of a skull, it is uncertain whether or not it belongs to the same
species. In view of this uncertainty, and the relatively poor preservation of the material from
Ludwigsburg, the smaller Alpine form will be referred to as Neusticosaurus sp.

The two genera may be distinguished as follows:

Class Reptilia
Order Sauropterygia
Suborder Nothosauria
Family Pachypleurosauridae

Neusticosaurus Seeley 1882

Type species. Neusticosaurus pusillus.

Diagnosis. Pachypleurosaurid nothosaur distinguished from Pachypleurosaurus in the lesser
width of the skull table, in having two phalanges in the first digit and three in the second,
the lesser width of the clavicles and the shorter antorbital length. Differentiated from
Dactylosaurus by the greater thickness of the ulna and radius, from Anarosaurus in the greater
length of the humerus relative to the femur, from Phygosaurus by the greater degree of
pachyostosis and lesser size at maturity, and from Psilotrachelosaurus by the greater width of the
extremities of the coracoids. Ulna less massive than that of Keichousaurus. Known distribution:
Middle and Upper Triassic (Ladinian and Lower Carnian) of Central Europe.


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsth.royalsocietypublishing.org

THE NOTHOSAUR PACHYPLEUROSAURUS 355

Pachypleurosaurus (Pachypleura) (Cornalia) 1854

Type species. Pachypleurosaurus edwardst.

Diagnosis. Nothosaur reaching a total length of at least 120 cm. Distinguished from all other
described species by reduction of phalangeal count of manus and pes to 1, 2, 3, 4, 2 and 1,
2, 3, 4, 3. Humerus from 130 to 1809, the length of the femur. Ilium lacks supra-acetabular
buttress and well-defined acetabulum. Relatively small dorsal temporal openings identify this
genus as a member of the Pachypleurosauridae and distinguish it clearly from the assemblage
including Lariosaurus, Ceresiosaurus, Nothosaurus, Paranothosaurus and Simosaurus in which the upper
temporal openings are much larger than the orbits. Neural spines of trunk and tail tall and
rectangular. Three pairs of sacral ribs. Carpus consists of elongate ulnare and intermedium and
tiny distal carpal. Only the astragalus and calcaneum of the tarsus are ossified.

Holotype. Complete skeleton in the Museo Civico di Storia Naturale in Milano. It was
collected from Ca’del Frate, near Besano, Italy.

The following specimens in the collection of the Institute of Palacontology, Zirich may be
assigned to the genus Pachypleurosaurus: the majority come from Alla Cascina at Monte San
Giorgio, these include 2811, 3407, 3425, 3427, 3428, 3430, 3435, 3436, 3437, 3439, 3440, 3447,
3452, 3453, 3454, 3456, 3458, 3459, 3460, 3702, 3708, 3758, 3759, 3769, 3775, 3776, 3797,
3806, 3935. Zangerl listed two specimens as being from an uncertain horizon below that of
Alla Cascina ; 3450 is now indicated as coming from Crocefisso-Serpiano and 3438 as from Val
Serrata-Cava Inferiore. Four specimens found since Zangerl’s study are recorded as coming
from localities other than Alla Cascina, but within the area of Monte San Giorgio; 3711 from
Valle Serrata, 3719 from Acqua de Ghiffo, and 3749 and 3778 from Val Porina, Cava Inferiore.
Number 2466 comes from the same locality as the type; number 2810 also comes from northern
Italy, from a locality referred to as Pra dei Spirit.

The geological horizon of the localities for which there is adequate stratigraphic data are
indicated in figure 10.

The stratigraphic ranges of Pachypleurosaurus and Neusticosaurus overlap in the area of Monte
San Giorgio, but they are common in different localities, suggesting that they normally
inhabited different environments. No material of Neusticosaurus has been described from Alla
Cascina, from which came most of the specimens of Pachypleurosaurus. On the other hand, only
a single specimen of Pachypleurosaurus has come from Acqua del Ghiffo which has yielded
hundreds of specimens of Neusticosaurus. The locality of Aqua Ferruginosa has produced no
specimens of Pachypleurosaurus, but the localities of Val Porina and Valle Serrata, from which
a few specimens of that genus have been found, may include beds of equivalent age.

GROWTH AND BODY PROPORTIONS

Measurements of the material of Pachypleurosaurus are shown in table 2; various ratios are
indicated in table 3. The animals are listed in sequence of overall body size or the size of large,
readily measured units. Body length, to the end of the tail, in Pachypleurosaurus shows a four-fold
increase, from approximately 30 to 120 cm. Proportions of most skeletal elements, measured
relative to the distance between the glenoid and acetabulum, remain relatively constant,
regardless of body size. Exceptions include the proportionately greater size of the rear limb in
the type, and the large forelimb of 3407.
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FiGure 9. Map of the area in southern Switzerland and northern Italy from which have come the specimens
described in this paper (from Kuhn-Schnyder 1974).

The length of the tail varies widely among the few animals in which it appears complete,
despite the similarity in vertebral count. The length of the neck and trunk are also somewhat
variable, at least partly because the margin of the shoulder girdle may be displaced a
considerable distance during burial. The anterior cervical vertebrae may also be telescoped
under the skull.

Romer & Price (1940) and Currie (1978, 19814) have used vertebral dimensions as a basis
for comparison between species, and in growth studies of single species among pelycosaurs
and eosuchians. The diameter of the centra may be.a particularly significant measure of the
bulk in terrestrial animals. In nothosaurs, which V'yere presumably supported largely by the
water, it might not be expected to have the same significance, but it would still be a useful
basis for comparison if it could be readily measured in most specimens. Unfortunately, vertebral
diameter is difficult to measure accurately, particularly in the smaller animals. Currie (1981 )
has demonstrated that vertebral length also provides an effective basis for comparison, but even
this dimension can only be accurately measured in specimens that are exposed in ventral view.

If either the dimensions of individual vertebrae or the entire glenoid—acetabular distance
is used as a standard, there is no evidence of allometric change in any of the limb measurements
over the four-fold increase in body size shown by these specimens. In marked contrast, the skull
and jaws show a continuous decrease from approximately 459, of the glenoid—acetabulum
length in the smallest specimens, to a little over 209, in the largest.

The change in the relative size of the skull and the constancy of other major body proportions
can be seen by comparison of one of the smallest specimens (3447) and the largest (3935). The
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FicurE 10. Stratigraphic section showing levels within the Middle Triassic from which Pachypleurosaurus edwardsi and
Neusticosaurus have been collected (from’ Rieber & Sorbini 1983).

length of the trunk, the glenoid—acetabular distance, and all of the major limb elements in 3447
range from 22 to 26 %, of their length in 3935. In contrast, the skull in 3447 is 419, as long
as that of 3935 (as estimated from the length of the lower jaws). The width of the arches of
the cervical vertebrae shows a corresponding decrease in larger individuals. In contrast, the
length of the neural spines of the trunk and tail show positive allometry relative to other
vertebral measures.

Only a small number of specimens are preserved in their entirety, permitting measure of total
body length. Evaluation of size can also be made on the basis of acetabular—glenoid distance,
and an even larger number of specimens can be considered if only a single bone, such as the
femur or humerus, is measured. Size distribution of humeri is shown graphically in figure 11.
Compared with that of Neusticosaurus the size range is very great. Rather than showing a normal


http://rstb.royalsocietypublishing.org/

Downloaded from rsth.royalsocietypublishing.org

R.L. CARROLL AND PAMELA GASKILL

358

% a¥
% a¥
29
%82
%601

%S8

%Gg
% 0¢
%S

%¥%e

613

%981
T'L

%9L

% ¢g
adA T,

%2ee

%8¢

% LE

% ¥

%99

% 6%

% €3
103

%18

% LOE

Y% €11

% 69

607¢

‘wnnuad yuny souasod jo ySuay “o3d

%eh %98 — %88 %Lb — %8F — %6F %8P %08 %8F %6y — %6F — %Gh %6F %9% %9y %y %lg
%98 %28 — %E€S  %L9 %89 %€ — %99 %99 %aL %L9 %19 %99 %39 %S9 %6S %Il %69 %29 %99 %69
%Ly %6% %8% %Ly %09 %LS %V — %68 %9S %19 %8S %9S %68 %98 %98 %9 %19 — %09 %L %6S
gy — 9% — — — 68 — — TE 8% — 0¢ gTE& TE — — 6% 98 0€ TE 8%
%LE %€3 %S %G8 %9% %61 %81 — %Iz %Ll — %L1 %8T %1% %81 %8I %08 %Ll %9T %S8T %8I %Ll
%68 %911 %¥IT %80T %S0T %8ET %991 — %291 %01 %SHT %EST %ovT %O0bT %91 %LPT %821 %¥ST —  %IST %EST %L9T

%L %G0T %001 %16  %SEIT %SPT % 09T %6LT %381 % L¥T % 19T %89T %9ST %8ST %0ST %6¥%1 % %3l %691 %G8T %a8T %E9T % L9T
— %08 %%% %¥% %83 %88 — %61 %8T %1% %3% %08 %€ — %08 %€E %¥E %6l %8I — %03 %13
%09 %% %SG %9S  %9G %PS %SS %S %3G %¥S %SG %E€S %IS %ES %¥S %GS %LS %9S %E€S %08 %¥S %8S

%2E %Sh %8F %8F  %Ib %Th %Ib %Sh %eh %Ly %S8h %eh %ib %ih %lhb %ly-%6F %¥b %¥b %Eer %¥b %Ly

0 — 9% — - — L9y — — €S€%¥ ¢€¥ — 9% 1¢ 8% — — 0S¢ 8% ¢¢ IS LV
%61 %¥%Z %S %€ %68 %8% %88 — %8S %% — %88 %83 %I %983 %L %V %68 %65 %3E %63 %68
6LT L91 11 10% ¥€% — @1 — 1.8 — — &I — — — 8% — Lg% — — O0Ig —
%€ — %€ %% %0 — %% — %1 — — — — — — %% — — — — %9z %S¢
96T — 981 — — — 9T — — L8 — — ¥9T 6% &8I — — TLT ¥9I TLL LLT %91
%308 %881 %SHT % 13T %E€ST % 19T %O0ET %S0T %6 %9ET %¥IT — %E€01 %L6 %031 %€6 %9% — — %3L %IL %9L
6 — 99 — - — 09 — — 19 ¢ — 8% — 8¢ — — — @ — ¥ 9¢ 9¢
%6 %O0L %<8 %08 %08 %¥8 %99 — — — — —  —  — %€ %09 %9 — — — %0g —
%8¢ %I1e %Se %ee %I %St %98 — %3 %ee — — %08 %eE %eE %S% %€ — — %€% %08 %oz

68LE $09¢ 996e 6398 °dAL 6€P¢ L¥PE OFPE LOPE 8OLE PSPE 99PE €SPE GGFE 8GLE OISE TISE 8SPE 908 LEFE 09¥E GE6E

SANDS0IUSNIN 18pADMPI SnnpSomaghyvg

SAANVSOIDLLSAAN ANV ISAIVMAT SAANVSOANATdAHOV J SENVSOHLON FHL 40 SNOLLIOdOdd ‘¢ T4V ],

Inuray

¥ [esIeeldu

mnudy

®[Mqy

Inudy

'IqD

o3d

Inuay
wnnqe;ade—plous[d

Imnuray
eqn

snipex
Inuray

snrowny
sniowny
¢ Tedreserow
snawny
snipel
snrawmy
eU
2+d
sniowny
wnynqelade—proud|d
sndwny
wnnqelade—prouad
el

2101

wn[nqe}ade—pious[d
27 m

wn[nqe}ade—pous|s

snroumy

s

07" m

nys

sunn

}o9U + [[nys

wmnynge1ade—pioudyd
s

s1qunu uaurads

q [ ALIDOS ooty qJ | ALIIDOS é

VYAOY dH.L 1vDIHdOSO1IHd

VAOY iHLL

SNOILDVSNVYL
TVOIHdOSO1IHd


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

THE NOTHOSAUR PACHYPLEUROSAURUS

(a)

number of individuals

en

0 20 40 60 80 100
length of humeri/mm

THE ROYAL
SOCIETY

number of individuals

PHILOSOPHICAL
TRANSACTIONS
OF

60 80 100 120 140 160 180

humerus: femur ratio (%)

359

Ficure 11. Distribution of humeral size in Pachypleurosaurus edwardsi and Neusticosaurus sp. (a) Distribution of humeral
length. Solid bars, Neusticosaurus sp., open bars Pachypleurosaurus edwardsi. (b) Distribution of humerus/femur
ratios in Pachypleurosaurus edwardsi (solid bars) and Neusticosaurus sp. (open bars). Data of Neusticosaurus sp.

primarily from Zangerl (1935).

distribution, it appears weakly bimodal, with a gap in the middle of the series. This is in very
strong contrast with the size distribution of Neusticosaurus which is sharply unimodal. The
pattern exhibited by Pachypleurosaurus is that expected in large, relatively long-lived animals,

in which several age classes are represented.

ANATOMY OF PACHYPLEUROSAURUS

Axial skeleton

(figures 12—-14).
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Description of the skull is based on the following specimens: the type and 3454, showing
mainly the dorsal surface: 3407 and 3437, exposed primarily in lateral view; 3460, 2810 and
3439, showing the palate; elements of the braincase are seen in the largest specimen, 3935

All the specimens are considerably flattened, revealing most of their structures in essentially

a single plane. The reconstructions (figure 14) are of necessity composites and only the dorsal

24
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view is based primarily on a single specimen, 3454. There are apparently no significant changes
Vol. 309. B
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FicuRE 12. Pachypleurosaurus edwardsi, Institute of Palaeontology, Ziirich, 3454. (a) Skeleton (natural size).
(b) Skull (magn. x2).
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in proportions within the skull over the size range represented here (the length of the lower
jaw ranges from 31 to 73 mm).

One of the most striking features of the skull is its small size in the adult (figure 4). This
may be associated with aquatic feeding, in which the small head can be readily moved through
the water. Such negative allometry may also have made it more practical to feed on a particular
food source over a wide range of body size.

In general, the skull structure and proportions are similar to those of the small pachypleu-
rosaurid genera Neusticosaurus, Anarosaurus and Dactylosaurus. As in all nothosaurs, there is no
lower temporal bar. The braincase is covered ventrally by the confluence of the pterygoids and
the interpterygoid and suborbital vacuities are both closed. As in other pachypleurosaurids,
the upper temporal opening is much smaller than the orbit, in contrast with its large size in
Nothosaurus, Paranothosaurus, Simosaurus, Ceresiosaurus and Lariosaurus, and the postorbital portion
of the skull is relatively narrow and short. In these features the smaller nothosaurs much more
closely resemble primitive eosuchians such as Youngina. This is plausibly the primitive condition
for nothosaurs in general. The most striking difference from previous descriptions of small
nothosaurs that is revealed by this study is the posterior embayment of the quadrate in the
form of an otic notch. The surface of the dermal bones is marked with longitudinal striations.
The orbital margin of the postfrontal is more conspicuously grooved. The maxillae and
premaxillae are irregularly pitted.

In dorsal view, the skull of Pachypleurosaurus resembles that of Neusticosaurus (figure 5) in most
respects except for the relatively larger size of the upper temporal opening and the greater length
of the antorbital region relative to the postorbital. In these proportions, Pachypleurosaurus is closer
to the pattern of Youngina and Claudiosaurus. The skull table is broad, arching out beyond the
lower jaw. In contrast to Anarosaurus, Dactylosaurus and Neusticosaurus, the cheek emargination
is not evident dorsally. The orbits are large, making up nearly 309, of the skull’s length, and
located substantially posterior to the middle. The jugal forms an extremely narrow ventral
margin of the orbit. The pineal opening appears large, its diameter at least half that of the
upper temporal opening. The external nares are elongate, extending for about one third of the
antorbital distance. As in most other aquatic reptiles they are set well back from the anterior
margin of the skull.

No specimen shows any evidence of retention of the postparietals, supratemporals or tabular
bones which are present in more primitive diapsid;reptilés. Both the squamosal and parietal
extend lappets onto the occipital surface. The squamosal also forms the lateral and posterior
margin of the upper temporal opening and the dorsal'margin of the lower temporal embayment.
Anteriorly, the squamosal is covered by the postorbital, a triangular bone whose posterior apex
extends toward the occipital margin nearly separating the lateral exposure of the squamosal
into dorsal and ventral portions. As in Neusticosaurus but in contrast with_Anarosaurus, the post-
orbital does not contribute to the margin of the upper temporal opening, but is separated from
it by contact between the squamosal and postfrontal. The jugal has a slightly broadened area
of contact beneath the postorbital, and extends forward nearly to the front of the orbit.

The parietal does not show a ventral extension medial to the temporal opening such as is
evident in Youngina and Claudiosaurus where it would have served to increase the area of origin
for the adductor jaw musculature. The bone is deeply notched behind the temporal opening
for the attachment of the squamosal, and is thickened medially to form a transverse ridge which
divides the skull table from the occipital surface.

24-2
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(b)

Ficure 13. Skulls of Pachypleurosaurus edwardsi. (a) 3407 (magn. X 2), (b) 3437 (magn. x1.45), (¢) 3460 (magn.
x 1.45), (d) 2810 (magn. x 1.45), (¢) 3439 (magn. X 2); all from the Institute of Palaeontology, Ziirich.
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FiGure 14. (a, b, ¢) Restorations of the skull of Pachypleurosaurus edwardsi in lateral, dorsal and palatal views.
Proportions based primarily on 3454 (magn. x 2) with details from skulls illustrated in figure 13. (d) Anterior
cervical vertebrae and elements of braincase of Pachypleurosaurus edwardsi, 3935 (magn. x 1.45). (¢) Detail of
quadrate and adjacent bones of Neusticosaurus sp. Institute of Palaeontology, Ziirich, 3678 (magn. x2). (f)
Detail of quadrate region in Neusticosaurus sp., 3747, Institute of Palaeontology, Ziirich (magn. X 3). (g) Detail
of quadrate and stapes of Neusticosaurus sp., Institute of Palacontology, Ziirich, 3740 (magn. x 2).
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The pre- and postfrontals are relatively massive bones forming arching elements anterior and
posterior to the orbit, suggesting the presence of a large, bulging eyeball. A large number of
sclerotic plates are evident in both orbits of 3454. The prefrontal curves down towards the
palate. In none of the specimens is the lower anterior margin of the orbit well preserved, and
it is difficult to establish whether there was a separate lacrimal bone or whether this area is
formed entirely by the maxilla and prefrontal.

The fused frontals form a narrow girder between the orbits. The degree of fusion between
the paired precursors differs from specimen to specimen. In the type there is a short sutural
separation remaining posteriorly. In 3454 the division is still evident along the anterior half
of the bone. Little, if any, trace of sutural division is evident in 3407. A similar variation in
the degree of fusion of the frontal is evident in Neusticosaurus. Long processes of the frontal extend
posteriorly between the parietals and postfrontals and similar extensions reach anteriorly
between the nasals and prefrontals. The nasal bones, which are lost in plesiosaurs, are large
elements in nothosaurs. In Pachypleurosaurus they are consistently separated at the midline by
the contact between the frontals and premaxillae. They each extend a long curving process
anterior to the prefrontal to reach the maxilla. An anterior process runs along the medial margin
of the narial opening.

The long posterior processes of the premaxillae form a deep subdivision between the external
nares. Anteriorly, the bones expand to form a broad snout. Ventrally, the premaxilla extends
a wide shelf toward the vomer. In 3407, where the dentition is especially well exposed, there
are six teeth and five intervening gaps for replacement teeth in the left premaxilla. Only four
teeth are present on the right side. In 3437, where the teeth have broken from their sockets,
they can be seen to have long roots. This genus clearly shares the thecodont implantation
common to plesiosaurs. The teeth also show a similar pattern of ridges and grooves. The left
maxilla of 3407 shows 14 teeth in place, with space for five more. Like those of the premaxilla,
the anterior teeth are long and somewhat procumbent. They become shorter and more vertical
in orientation posteriorly. The maxilla has only a short and very narrow extension beneath
the orbit, where it is overlapped by the jugal. '

The lower cheek region is distorted in all specimens, but its general proportions can be seen
in 3449, 3407 and 3437. All show the quadrate as having a relatively narrow, vertically oriented
lateral exposure, which is covered above the area of the condyle by a narrow quadratojugal.
The quadrate s recessed posteriorly and forms (together with the quadratojugal) a conch-shaped
structure resembling in shape and proportions the quadrate of primitive lizards. This area is
much more clearly exposed in some specimens of Neusticosaurus (figure 14¢-g). If the lateral
margin of the quadrate-quadratojugal supported a tympanum in the manner of lizards, it
would have been large enough to provide a comparable impedance-matching function. It might
be considered surprising that a basically aquatic group such as the nothosaurs should have a
middle ear well developed to detect airborne vibrations. This may represent a primitive
condition retained from a more terrestrial ancestor, or nothosaurs may have continued to make
use of airborne sounds as is common among modern aquatic anurans. The implied presence
of a middle ear cavity might militate against deep diving abilities, although a quadrate of
essentially similar proportions is retained in the modern marine iguana. Brown (1981, p. 339)
cites the probable absence of a stapes as a diagnostic feature of plesiosaurs.

Dorsally, the quadrate extends underneath the squamosal which is notched at its margin
to provide a specific area of attachment. The dorsal surface of the quadrate is not well exposed
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in any specimen, but it is unlikely that any significant degree of mobility was possible to judge
from the nature of the ventral contact between the quadrate and the pterygoid. In palatal view
it can be seen that these bones have an extensive, somewhat interdigitating contact, precluding
any but the most limited movement.

As in all nothosaurs, the pterygoids extend medially and posteriorly to cover ventrally all
but the very back of the braincase. Posteriorly these bones meet one another along a wavy suture
line and dorsally they are solidly attached to the basioccipital, precluding any movement
relative to the braincase. Ventrally, the pterygoids appear almost completely flat, without the
distinction in orientation that differentiates the transverse flange and the quadrate ramus in
more primitive reptiles. As in other nothosaurs, there are distinct ridges, running parasagittally
just medial to the subtemporal fenestrae, marking off the base of the short quadrate processes.
These ridges probably mark the medial limit of the pterygoideus muscle. Anteriorly the
pterygoids extend as narrowing processes to the vomers.

In all specimens showing the palate, the ectopterygoid appears as a small triangular element
forming a short portion of the margin of the subtemporal fenestra. In contrast with most
primitive diapsids, it forms no part in securing the palate to the cheek. In plesiosaurs and the
nothosaurs Simosaurus and Nothosaurus, the ectopterygoid extends laterally to the jugal or
maxilla, or both, but it is apparently separated from the margin of the skull by a broad stretch
of the palatine in Pachypleurosaurus.

Although the posterior margin of the palatine is covered by the lower jaws in all of the skulls
that are exposed ventrally, it is clearly a very large, essentially flat bone. It appears very thin
and is not always complete laterally, but it is doubtful that a well-defined suborbital opening
was retained. This opening is not substantiated in any nothosaurs, but it has been illustrated
in the plesiosaur Pliosaurus. The palatine forms a long suture with the pterygoid, and a shorter
contact with the vomer. The internal nares are nearly circular openings. The vomers are narrow
paired bones which expand somewhat anterior to the internal nares. They are not strongly
attached to one another and are typically separated by the posterior processes of the premaxillae
in crushed specimens. »

Elements of the braincase are for the most part covered by the very extensive palate and
the occipital surface is usually covered by the cervical vertebrae. As in other early diapsids,
the supraoccipital is an arched plate of bone which extends beneath the margin of the parietals,
but is not suturally connected. Lateral to it there persisted posttemporal fenestrae. In the type,
the otic capsule can be seen to form a stout lateral rod that extends to the top of the cheek
region. Laterally it was strongly supported by the ‘extensive occipital portion of the squamosal.
A disarticulated element that is apparently the opisthotic is visible in 3945, but it is not possible
to reconstruct its normal orientation. The anterior portion of the otic capsule is partly visible
through the temporal emargination in 3437, but it is so badly crushed that no significant details
are visible. The stapes has not been identified in Pachypleurosaurus, but in the other genus from
Monte San Giorgio it is in the form of a short cylindrical rod (figure 14g).

Elements that can be recognized as the exoccipitals are visible in several specimens, but they
are either badly damaged or partly covered by other bones. They appear very small and to
contribute little to the occipital condyle. They are recessed anteriorly for the jugular foramen
and pierced by a single opening for the XIIth nerve. The basioccipital is exposed dorsally in
3935, showing the area for attachment to the exoccipitals and opisthotics and a deep median
recess. Crushed fragments of the basisphenoid are visible in 3460 between the disarticulated
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pterygoids, revealing the retention of the articulating surfaces of the basipterygoid processes.
More anteriorly in the same specimen, thin plates of bone are evident between the palate and
skull roof which are probably remains of the sphenethmoid.

In 3437 and 3439 the epipterygoid can be seen as a narrow rod of bone extending from the
back of the pterygoid toward the skull roof. It is somewhat expanded at its base, but is much
narrower than the epipterygoid of Nothosaurus (Schroeder 1914).

The hyoid apparatus is represented in several of the skulls by two rod-shaped first
ceratobranchials, resembling those of Claudiosaurus and other primitive diapsid reptiles.

The lower jaws are slender and only weakly attached at the symphysis in contrast with the
stoutly built jaws of Nothosaurus and Ceresiosaurus. Their occlusal surface is typically closely
appressed to the skull, although in 3407 the dorsal surface is exposed, revealing space for 28
socketed teeth, all but two of which are in place.

An important feature is a recess along the dorsolateral surface of the surangular which may
have provided a specialized area of insertion for the lateral portion of the adductor jaw
musculature. Laterally, the dentary forms most of the jaw surface. It bears a deep longitudinal
groove, occasionally interrupted anteriorly, extending from the back of the tooth row nearly
to the symphysis. The loss of the lower temporal bar and the arching of the skull table beyond
the level of the lower jaw would have enabled a portion of the adductor musculature to attach
to the lateral surface of the lower jaw, as in cynodont therapsids (Barghusen 1968). The main
force of the jaw muscles, primitively in a dorsomedial direction, could have had a partly
balancing lateral component in this genus.

While the lateral component of the jaw muscles may have been amplified in the nothosaurs
with the loss of the lower temporal bar (Rieppel & Gronowski 1981), the more medial muscles
seem to have been limited by the great extent of the posterior part of the palate. The transverse
flange of the pterygoid, which in modern crocodiles and lizards forms the main area for insertion
of the pterygoideus, is lost. Although this muscle may have continued to originate along the
margin of the subtemporal fossa, its mechanical advantage would not have been as great as
in primitive reptiles. ’

The posterior ventral margin of the jaw was made up of the long narrow angular, extending
nearly half the length of the mandible. The inner surface was formed by the prearticular
posteriorly and the splenial anteriorly; the outline of the former bone is nowhere clear, but
the splenial is displaced and fully exposed in 3454. The articulating surface of the articular is
in the form of a transverse groove, behind which the bone extends as a long retroarticular
process, supported by the angular and prearticular. ~

Detailed knowledge of the postcranial skeleton has come mainly from the large, presumably
adult specimens 3935, 3460 and 3806 (figures 2, 3 and 4). This is supplemented by information
from the type and other smaller animals. Even in the largest specimens, neurocentral sutures
are evident throughout the column and most specimens show some degree of separation of the
elements. This is a common feature of aquatic reptiles. The sutural connection is complex and
precise, assuring tight attachment in life, but once the soft tissue decays separation is precluded
only by the consolidation of the surrounding sediments. Only in the caudal region and possibly
anterior to the first cervical are intercentral elements present. The centra are shallowly
amphicoelous throughout the column.

In the most completely articulated skeleton, 3460, which shows the entire vertebral column,
there are 36 presacrals, three sacrals and 42 caudals. In the slightly larger specimen, 3935, in
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which the neck vertebrae are disarticulated and one or more elements may have been lost, there
are 37 presacrals. An accurate count of the entire column is difficult to establish in other
specimens. None can be demonstrated to have a count that departs significantly from these
figures. In contrast, the number of presacral vertebrae in well-articulated specimens of the
smaller form from Monte San Giorgio range from 35 or 36 (3464, 3431, 3412) to 43 (3604,
3629) or 44 (3556), with a full spectrum of intermediate counts (Zangerl (1935) and subsequent
observations).

There are approximately 17 cervical vertebrae and 19 or 20 in the trunk. The division
between the cervical and trunk vertebrae can be established by a shift in rib articulation, but
this area is frequently obscured by the shoulder girdle in specimens eprsed in ventral view,
making an exact count difficult. As preserved, there are 15 vertebrae exposed anterior to the
margin of the pectoral girdle in 3460. In 3835 the number is 16. The first 13 or 14 vertebrae
bear small ribs that extend almost directly posteriorly. Ribs 15, 16 and 17 are somewhat
intermediate in character while rib 18 in both specimens is similar to, but slightly shorter than,
the typical trunk ribs.

Specimen 3806 lacks the head and the anterior cervical vertebrae. The trunk vertebrae, in
contrast, are relatively well articulated and 20 can be accounted for. In this specimen a change
in the nature of the surface for rib articulation is clearly noted between the neck and the trunk.
All the typical trunk ribs are clearly single headed. In contrast, the posterior cervical ribs,
through the 16th, are clearlydouble headed. The 18th appearstobe essentially single headed. This
will be considered the first trunk vertebra. It lies dorsal to the anterior margin of the shoulder
girdle. A rib with a slight division of the head accompanies the vertebra in this position in 3935.

The neck tapers anteriorly and the length of the centra decreases progressively to about
one-half that of the anterior trunk vertebrae. The length of the neural spines also decreases
progressively anterior to the base of the neck. Compared with primitive terrestrial diapsids such
as Youngina and Thadeosaurus, the neck is long and appears quite flexible, but it is far shorter
in proportion to the trunk than that of even the most primitive plesiosaur. Plesiosaurus hawkinsii
from Street, at the base of the British Liassic, has approximately 19 cervical vertebrae and the
neck and head constitute 55 9, of the precaudal skeleton. In adult specimens of Pachypleurosaurus,
they account for only 33 to 39 %,.

The cervical centra do not show any specializations to facilitate sharp bending. The angles
of the zygapophyses are nowhere readily measured; but those of the neck appear to be tilted
at roughly 5-10°. In 3806, the arches of the posterior cervical vertebrae are particularly well
exposed and show that the anterior margin of the rieural spine extends well anteriorly between
the arches of the next vertebra. This would seem to limit twisting of the neck and dorsal flexion,
but might not greatly reduce lateral flexion.

The anterior cervical vertebrae are not well preserved and clearly exposed in any of the
specimens. The manner in which they are crushed makes it difficult to make consistent
reconstructions in dorsal, lateral and ventral views. The centra are preserved in articulation
in 2810, 3407, 3439 and 3460. Disarticulated elements of the atlas and axis can be identified
in 3935 where they show more anatomical detail. In most primitive diapsids, the axis is the
largest of the cervical vertebrae, and the atlas centrum is much smaller. In Pachypleurosaurus,
the length of the first three cervicals shortens progressively anteriorly, with that of the atlas
only slightly shorter than the axis or the third. The axis arch is not clearly distinguished from
those more posterior in position. The atlas arch is paired with the dorsal portion closely
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resembling the more posterior arches. The medial surface of this arch is exposed in 3935,
showing a large surface for articulation with the centrum. The lateral surface is broken or
obscured in all specimens. Several show a tiny rib in association with the atlas, but its mode
of attachment to the arch is not evident.

The atlas centrum is bevelled on its anterior ventral margin, possibly, as in Neusticosaurus
for a small intercentrum. A bone is present adjacent to this area in 2810, but the surface is
broken, precluding positive identification as a vertebral element. The atlas centrum bears a
longitudinal groove for the vertebral artery between the ventral parapophysis at the anterior
end of the bone and a more dorsal articulating facet which may have accommodated the
capitulum of the first cervical rib as well as the arch. Dorsally, the centrum is notched to form
long surfaces for attachment of the arch. The axis centrum has a similar longitudinal groove
for the artery, separating the two surfaces for attachment of the rib heads which are here midway
in the length of the centrum.

The atlas—axis complex shows no significant similarities to those of advanced plesiosaurs, to
Judge by Andrews’ description of Muraenosaurus and Cryptocleidus (1910).

The vertebrae just behind the atlas do not differ from it significantly. Toward the base of
the neck the parapophyses become more prominent. Ventrally, they can be seen to exte