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Introduction

Pliosaurids (Plesiosauria: Pliosauridae) are large-headed, 
short-necked plesiosaurians that first appeared in the 
Middle Jurassic and prospered worldwide through the 
Middle to Late Jurassic until their extinction in the Late 
Cretaceous (Smith & Dyke, 2008; Ketchum & Benson, 
2010). Pliosaurids had a cosmopolitan distribution, but 
most of the Middle to Upper Jurassic material is known 
from the Oxford and Kimmeridge Clay Formations of 
England. One of the most iconic pliosaurids is the epo-
nymous Pliosaurus (Owen, 1841a) Owen 1841b, which 
reportedly grew to an enormous size, ranging from 12 
to15 metres in length, although these estimates are con-
tentious (e.g. Buchy, 2003; McHenry, 2009; Knutsen et al. 
2012). Traditionally, any large, Late Jurassic pliosaurid 
with teeth that are trihedral in cross-section have been 
readily referred to this genus (e.g., Owen, 1841a, 1841b; 
Tarlo, 1960). In contrast, the species-level classification 
within Pliosaurus has been problematic, as taxonomically 
informative skeletons, and in particular cranial material, 
are relatively uncommon. Diagnoses of species have typi-
cally relied on a small number of contentious characters, 
making it difficult to assess the validity of existing taxa 
and confidently assign new material to a known genus 
or species. At present, seven taxa of Pliosaurus are rec-
ognised from the Kimmeridgian to Tithonian (Figure 1) 
and one taxon from the Callovian (P. andrewsi) (Tarlo, 
1960; Noé et al., 2004). However, the type material of two 
of the species (P. brachyspondylus and P. macromerus) 

each consists of only one cervical centrum (Tarlo, 1959a, 
1959b, 1960). More complete specimens are now avail-
able (e.g., BRSMG Cc332, CAMSM J. 35990, CAMSM J. 
35991), but these specimens have been referred to pre-
viously named species based on a very limited number 
of overlapping characters of questionable validity (Tarlo, 
1957, 1959a and b, 1960; Taylor & Cruickshank, 1993). 

Compounding the problem is the frequent absence of 
tightly constrained and up-to-date stratigraphic data for 
many of the specimens referred to Pliosaurus. Several 
important publications (e.g., Owen, 1841a, 1841b, 1869; 
Lydekker, 1889a; Tarlo, 1959a, 1959b, 1960) lack accurate 
stratigraphic provenance for described specimens, often 
only naming the formation (e.g., Kimmeridge Clay For-
mation) from which they were collected. However, the 
Kimmeridge Clay Formation records approximately 7.5 
million years of depositional history (155.7-148.3 Ma: 
Gradstein et al., 2004 Cope, 2006) spanning across parts 
of the Kimmeridgian and Tithonian. 

Presented below is a revision of Pliosaurus and all of its 
constituent species based primarily on a personal exam-
ination of holotype and more complete referred mate-
rial of Pliosaurus housed in several major public col-
lections (Table 1). This study re-evaluates diagnos-
tic characteristics and reassesses the validity of named 
species, with the intent to provide an up-to-date taxo-
nomic context for newly acquired material of Pliosau-
rus (sensu Owen, 1841a, 1841b) from the Upper Jurassic 
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Systematic paleontology
SAUROPTERYGIA Owen, 1860
PLESIOSAURIA de Blainville, 1835
PLIOSAUROIDEA Welles, 1943
PLIOSAURIDAE Seeley, 1874

Pliosaurus (Owen, 1841a) Owen 1841 b

1841a Pleiosaurus Owen: p. 282 (as a subgenus)

Type species: Pliosaurus brachydeirus (Owen, 1841a) Owen, 
1841b

Diagnosis (modified from Owen, 1841a): pliosaurid 
plesiosaurian with 6-9 pairs of teeth adjacent to the mandibular 
symphysis (counted to a transverse line drawn across the 
dentary where the posterodorsal fusion of the dentaries ends); 
anterior teeth with a flat, smooth labial surface, convex lingual 
surface with longitudinal enamelled ridges, and that are 
trihedral in cross-section.

Agardhfjellet Formation of Svalbard (Knutsen et al., 
2012). Important ly, this work integrates both morpho-
logic and stratigraphic data in order to provide a more 
holistic comparative analysis of the genus. 

Institutional Abbreviations:

BHN Musée de Boulogne-sur-Mer, Boulogne, 
France.

BRSMG Bristol City Museum and Art Gallery, Bristol, 
UK.

NHMUK Natural History Museum, London, UK.
CAMSM Sedgwick Museum, Cambridge, UK.
MNHN Muséum National d’Histoire Naturelle, Paris, 

France.
OUMNH Oxford University Museum of Natural History, 

UK.
PIN Paleontological Institute, Russian Academy of 

Sciences, Moscow, Russia.
PMO Natural History Museum, University of Oslo, 

Norway (Paleontological collections).
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Figure 1.  Stratigraphic occurrence of previously named taxa/specimens of Pliosaurus. Boxes group specimens previously referred to the same 
species. Colour shadings specify degree of completeness of the preserved remains. The dotted line around P. irgisensis indicates that it might 
be conspecific with P. rossicus. Black arrows indicate that the specimens occur within the same biostratigraphical zone. Ammonite zones in 
brackets are high boreal zones. Stratigraphy is based on Gradstein et al. (2004) and Gradstein et al. (in press). Skeletal sketches are redrawn 
from Newman & Tarlo (1967).
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a sub-trihedral cross-section (Figure 3). By example, 
Owen (1841a) described a specimen from Market Rasen, 
Lincolnshire, England, in the collections of Professor 
William Buckland (OUMNH J.9245 OUMNH J.9247-
J.9301). Owen (1841b) proposed the name Pliosaurus at 
full generic rank; however, he failed to explain why he 

Taxonomic history
Owen (1841a) erected the sub-genus, Pleiosaurus, to 
encompass what he referred to as plesiosaurs with 
shortened cervical vertebrae (Figure 2) and large, con-
ical teeth with longitudinal ridges on the inner (lin-
gual) surface, a flat smooth outer (labial) surface, and 
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stnemmoCecruos ataD.on nemicepSnoxaT

Pliosaurus andrewsi  Tarlo, 1960 BMNH R.3891 Pers. obs.; Tarlo, 1960; Ketchum & Benson, 
2011.

Holotype.

Pliosaurus brachydeirus  (Ow en, 1841a) 
Ow en, 1841b

OUMNH J.9245

Pers. obs., photographs provided by the 
Oxford University Natural History Museum; 
Philips, 1871; Ow en, 1841a and b, 1861, 
1863, 1869; Lydekker, 1889b; Tarlo, 1960.

Holotype and type 
species of genus.

Pliosaurus brachydeirus  (Ow en, 1841a) 
Ow en, 1841b

OUMNH J.9192-
9301

Pers. obs.; Philips, 1871; Ow en, 1841 a and 
b, 1861, 1863, 1869; Lydekker, 1889b; 
Tarlo, 1960.

Associated w ith the 
holotype.

Pliosaurus brachydeirus  (Ow en, 1841a) 
Ow en, 1841b OUMNH J.9285 

Pers. obs.; Philips, 1871; Ow en, 1841a and 
b, 1861, 1863, 1869; Lydekker, 1889b; 
Tarlo, 1960.

Associated w ith the 
holotype.

Pliosaurus brachyspondylus (Ow en, 1839) 
Echw ald, 1868

BHN2R.370 Bardet, 1993 Referred to species 
by Bardet, 1993.

Pliosaurus brachyspondylus (Ow en, 1839) 
Echw ald, 1868

MNHN cat.24.1 Bardet, 1993 Referred to species 
by Bardet, 1993.

Pliosaurus brachyspondylus (Ow en, 1839) 
Echw ald, 1868

CAMSM J.29564 Pers. obs.; Tarlo, 1959a, 1960. Neotype.

Pliosaurus .0691 ,b9591 ,olraT ;.sbo .sreP09953.J MSMAC.ps
Pliosaurus brachyspondylus (Ow en, 1839) 
Echw ald, 1868

CAMSM J.35991 Pers. obs.; Tarlo, 1959a, 1960. Referred to species 
by Tarlo, 1959a.

Pliosaurus brachyspondylus (Ow en, 1839) 
Echw ald, 1868 BRSMG Cc332 Pers. obs.; Taylor and Cruickshank, 1993.

Referred to species 
by Taylor and 
Cruickshank, 1993.

Pliosaurus sp. BRSMG Cd6172 Pers. obs.; Sasson, et al., 2012.
Pliosaurus irgisensis  (Novozhilov, 1964) 
Tarlo, 1960

PIN 426 Novozhilov, 1948, 1964; Storrs et al.,  2000. Holotype

Pliosaurus macromerus  (Philips, 1871) 
Lydekker, 1889b ONHM J.10441 

Photographs provided by the Oxford 
University Natural History Museum; Tarlo, 
1959b, 1960.

Lectotype.

Pliosaurus macromerus (Philips, 1871) 
Lydekker, 1889b

BMNH 39362 Pers. obs.; Ow en, 1869; Lydekker, 1889b; 
Tarlo, 1959b, 1960.

Referred to species 
by Tarlo, 1959b.

Pliosaurus ?macromerus  (Philips, 1871) 
Lydekker, 1889b

OUMNH J. 50376 Pers. obs. Associated w ith 
OUMNH J.50377.

Pliosaurus ?macromerus  (Philips, 1871) 
Lydekker, 1889b

OUMNH J.50377 Pers. obs.. Associated w ith 
OUMNH J.50376.

Pliosaurus macromerus (Philips, 1871) 
Lydekker, 1889b

OUMNH J.10454 Pers. obs.; Tarlo, 1959b, 1960; Noè et al., 
2001.

Referred to species 
by Tarlo, 1959b.

Pliosaurus portentificus Noè et al. , 2004 CAMSM J.46380 Pers. obs.; Noè et al., 2004. Holotype.

Pliosaurus rossicus  Novozhilov, 1948 PIN 304 Novozhilov, 1948, 1964; Halstead, 1971; 
Storrs et al.,  2000.

Holotype.

Pliosaurus rossicus  Novozhilov, 1948 PIN 2440/1 Rozhdestvenskii, 1947; Halstead, 1971; 
Storrs et al., 2000.

Referred to species 
by Halstead, 1971.

Pliosaurus rossicus  Novozhilov, 1948 No. 13-1958 Malakhov, 1999.
Located at the 
Institute of Zoology 
MS-AS RK.

Pliosaurus  funkei Knutsen et al., 2012 .epytoloH..sbo .sreP531.412 OMP  

Pliosaurus funkei Knutsen et al., 2012 .nemiceps derrefeR.sbo .sreP631.412 OMP

Table 1: List of skeletal material examined for this study.
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Discussion of traditional characters
It is now recognised that cervical vertebral centra that 
are approximately two times shorter than tall are plesio-
morphic with respect to all pliosaurids (also seen in 
Liopleurodon  Sauvage, 1873, Simolestes Andrews, 1909, 
Peloneustes Lydekker, 1889b and Kronosaurus Longman, 
1924), and that this character may also be independently 
derived within different clades of plesiosaurians, such as 
Cretaceous polycotylids (O’Keefe, 2001; Ketchum & Ben-
son, 2010). Therefore, short cervical centra are not diag-
nostic of Pliosaurus. Thus, the only remaining diagnostic 
character of the genus listed by Owen (1841a) is the dis-
tinctive tooth morphology.

Tarlo (1959a) modified the diagnosis of Pliosaurus by 
restricting the total number of teeth in each mandib-
ular ramus for Pliosaurus to 30-38 (60-76 in total), and 
the number of pairs of teeth adjacent to the mandibu-
lar symphysis (as seen in dorsal view) at 10-12. Lydekker 
(1889b) believed that there were approximately 12 pairs 
of teeth in the mandibular symphysis of the type spe-
cies P. brachydeirus (OUMNH J.9245), but elsewhere 
(1889a) suggested there were only seven, attributing the 
seemingly longer symphysis to lateral crushing. Thus, 
and as noted by Tarlo (1960), a mandibular symphysis 
bearing 7 pairs of teeth was long considered diagnostic 
for the genus Pliosaurus (Andrews, 1913; Delair, 1959). 
As recognised in the present study, the number of man-
dibular symphyseal teeth in P. brachydeirus (OUMNH 
J.9245, Table 2, Figure 4B) is impossible to determine 
with absolute certainty as most of its posterior part is 

simultaneously changed the spelling. Even though Owen 
(1841b) himself refers to his “Odontography” of 1841a 
(p. 282) as the source of the term Pliosaurus, it is not to 
be found in this publication. Owen first used the term 
in his “Report on British fossil reptiles Part 2” (1841b). 
Owen (1841a and b) did not refer to Plesiosaurus gigan-
teus Conybeare, 1824 or Plesiosaurus brachyspondylus 
Owen, 1839 (both of which exhibit short cervical ver-
tebral centra) to Pleiosaurus (Pliosaurus). Owen (1869) 
claimed P. grandis (Owen, 1839) Owen, 1841b as the type 
species of Pliosaurus, even though he previously referred 
to P. brachydeirus in W. Buckland’s collection (OUMNH 
J. 9245 etc.) when describing the genus (Owen, 1841 a 
and b). Plesiosaurus grandis (Owen, 1839), later renamed 
Pliosaurus grandis (Owen, 1841b), is based on propodi-
als, a scapula, and an ischium from the Kimmeridge Clay 
Formation that cannot be proven to belong to the same 
animal or species, and is considered a nomen dubium 
(Lydekker, 1889a; Tarlo, 1960). There is also no way of 
assigning the type material of this taxon to Pliosaurus 
sensu Owen (1841a), and therefore, P. grandis cannot be 
used as the type species for the genus (Lydekker, 1889a). 
As P. brachydeirus was the first taxon referred to Pliosau-
rus, it has been retained as the type species on the basis 
of priority (Philips, 1871; Lydekker, 1889a; Tarlo 1960). 
Moreover, Plesiosaurus (Pliosaurus) trochanterius (Owen, 
1839) Owen 1841b, the second named species of Pliosau-
rus, has since been referred to the genus Colymbosaurus 
(Brown, 1981). 

E. M. Knutsen NORWEGIAN JOURNAL OF GEOLOGY 

Figure 2. Representative cervical 
centra of Pliosaurus. BRSMG 
Cc332 (Pliosaurus sp.), CAMSM 
J.29564 (P. brachyspondylus ) 
and OUMNH J.9245 (P. 
brachydeirus) in articular (A1, 
B1, C1), lateral (A2, B2, C2) and 
ventral (A3, B3, C3) views. Note 
the lack of ornamentation on 
the ventral surface of OUMNH 
J.9245.
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Figure 3. Tooth associated with 
BRSMG Cd6172 (Pliosaurus 
sp.) in mesial (A) and distal (B) 
views, showing the diagnostic 
characters of Pliosaurus. Note 
the trihedral cross-sectional 
shape and the presence of a 
greater number of longitudinal 
enamel ridges on the distal face 
of the crown than on the mesial 
face.

Figure 4. Representative mandibles of Pliosaurus. CAMSM J.35991 (P. brachyspondylus; A), OUMNH J.9245 (P. brachydeirus; B), NHMUK 
39362 (P. macromerus; C), and BRSMG Cc332 (Pliosaurus sp.; D) in dorsal view. The reconstructed posterior part of NHMUK 39362 and the 
right mandible of BRSMG Cc332 are available, but are not figured here. 
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Tarlo (1959a) included the triradiate nature of the scap-
ula in the diagnosis of Pliosaurus, which according to 
Tarlo (1960), is the same for at least three other plio-
saurid genera, and thus taxonomically uninformative 
at genus and species level. Knutsen et al. (2012) found 
that there is variation in the relative length of propodi-
als compared to dimensions of the vertebral centra for 
a selection of specimens referrable to Pliosaurus, Bra-
chauchenius (Williston, 1903) and Kronosaurus (Long-
man, 1924), and that this feature can be used to distin-
guish between certain species of Pliosaurus. As this fea-
ture requires a relatively complete and articulated skele-
ton to compute the ratios it is difficult, or impossible, to 
implement on many specimens available for Plio saurus 
(see Knutsen et al., 2012 for comparison of specimens).

At the species level, a feature previously considered of 
taxonomic importance in Pliosaurus is the presence and 
nature of the ventral surface ornamentation, or rugos-
ity, in cervical centra (e.g., Tarlo, 1959a, 1960). This was 
shown to vary ontogenetically, being “smoother and 
neater” in juveniles, and “rough and wrinkled” in older 
individuals of Cryptoclidus (Brown, 1981: p. 270). In 
Muraenosaurus, cervical centra are “ornamented with 

missing (pers. obs.). Furthermore, the symphysis must 
have extended posterior to the seventh tooth, as the den-
taries are fused at least to this point. Because the number 
of teeth in the mandibular symphysis of the type species 
cannot be determined with certainty, the reversion back 
to 10-12 symphyseal tooth pairs as diagnostic for Plio-
saurus (Tarlo, 1959a, 1960) must be based entirely on the 
lower jaw of CAMSM J.35991 (Pliosaurus brachyspon-
dylus; Table 2, Figure 4A; Tarlo, 1959a, 1960) bearing 10 
symphyseal teeth, and the mandible of P. andrewsi, which 
possesses 12 pairs (Tarlo, 1960). 

In the course of this study, no more than 9 symphyseal 
tooth pairs were observed in CAMSM J.35991, which is 
identical to the number found in two French Kimmerid-
gian mandibles (BHN2R.370 and MNHN cat.24.1, Table 
2) described as P. brachyspondylus (Bardet et al., 1993), 
and to BRSMG Cd6172 referred to Pliosaurus sp. (Sas-
son et al., 2012). Also, recent phylogenetic analyses imply 
that P. andrewsi does not belong to the genus Pliosaurus 
(see Ketchum & Benson, 2010 and discussion below). In 
sum, there remains no evidence for any member of Plio-
saurus having more than 9 teeth on each side in the man-
dibular symphysis.

E. M. Knutsen NORWEGIAN JOURNAL OF GEOLOGY 

Figure 5. Representative skulls of Pliosaurus. OUMNH J.9245 (P. brachydeirus; A, B), NHMUK 39362 (P. macromerus; C, D) and BRSMG 
Cc332 (Pliosaurus sp.; E, F) in dorsal (A, C, E) and ventral (B, D, F) view. The posterior-most part of BRSMG Cc332 is available but is not 
figured here.
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of single individual in some long-necked plesiosauri-
ans (pers. obs.), and the validity of this charac ter should 
be re-examined if more material becomes available.The 
character is here tentatively retained as part of the unique 
combination of characters defining P. brachydeirus.

New characters
Data acquired for this study reveal that the total number 
of mandibular teeth (Table 2) divides Pliosaurus speci-
mens into three distinct categories: 50 in P. macromerus 
(NHMUK 39362, Figure 4C), 60 in P. brachyspondylus 
(CAMSM J.35991, Figure 4A), and 70 in P. brachydeirus 
(OUMNH J.9245, Figure 4B). The number of premaxil-
lary teeth (Table 2) has earlier been used in phylogenetic 
analyses of Plesiosauria (O’Keefe, 2001; Druckenmiller 
& Russell, 2008; Ketchum & Benson, 2010). Premaxil-
lary tooth counts separate the specimens into a least two 
categories: 5 pairs in P. macromerus (NHMUK 39362, 
Figure 5C and D), and six tooth pairs in Pliosaurus sp. 
(BRSMG Cc332, Figure 5E and F; BRSMG Cd6172). A 
combination of these two, quantitative, dental characters 
with the previously used mandibular symphyseal tooth 
counts (Table 2) gives an objective division of Pliosaurus 
specimens that is easy to implement onto other available 
material. 

Examination of material for this study also reveals that 
there are at least four distinct morphotypes of retroartic-
ular processes found in Pliosaurus (Figure 6) recognised 
on the basis of relative height and width, and shape of the 
distal end; ranging from wide to narrow in dorsal view, 
tapering to evenly tall in lateral view, and terminating 
in a pointed tip to abruptly squared off posteriorly. This 
probably had functional consequences which may be dis-
covered through further cranial examination of individ-
ual specimens. However, this is beyond the scope of this 
study and will not be discussed here. 

The observed large variability in retroarticular shape is 
unlikely to be a result of preservational differences, as 
the examined specimens show little, or no, distortion in 
other parts of the skeleton. This new character divides 

small closely-spaced longitudinal ridges” in juveniles and 
small adults, that “become further ossified into bands 
of irregular rugosities” in larger and old adults (Brown, 
1981: p. 289). A similar type of variation is observed in 
various specimens referred to Pliosaurus. The neotype of 
P. brachyspondylus (CAMSM J. 29565, Figure 2B) exhib-
its a rugose anterior and posterior margin on the ventral 
side of the centrum, and is completely smooth in the area 
between. The cervical centra of BRSMG Cc332 (a larger 
specimen previously referred to P. brachyspondylus, Fig-
ure 2A) are rugose on the entire ventral surface, but are 
coarser towards the anterior and posterior margins. This 
pattern could be solely  a result of ontogenetic variation. 
Alternatively, it might be related to the relative position 
along the neck. The position of the rib facets on CAMSM 
J.29564 indicate that it is a posterior cervical or anterior 
pectoral vertebra, whereas those available from BRSMG 
Cc332 are all anterior cervicals. Similarly, in P. funkei 
(PMO 214.136) the anterior cervical centra exhibit 
rugosities over the entire ventral surface (as in BRSMG 
Cc332), while the posterior cervical centra show a sim-
ilar pattern in rugosity to P. brachyspondylus (CAMSM 
J.29564). Ventral ornamentation on the cervical verte-
brae is also present in P. rossicus (PIN 304/1) and P. mac-
romerus (OUMNH J.10441). Thus, it is interpreted that 
ontogenetic difference accounts for most of the observed 
variation in the pattern of ventral rugosity in Pliosau-
rus. However, despite general variability in the pat-
tern of ventral rugosities in many species of Pliosaurus, 
P. brachydeirus (Figure 2C) is the only one of the exam-
ined specimens which does not exhibit any signs of ven-
tral rugosities on any of its preserved cervical centra, and 
which are similar in size to those of P. brachyspondylus 
(CAMSM J.35991). Therefore, until it can be shown that 
other specimens, unequivocally, referrable P. brachydei-
rus exhibit cervical centrum rugosities, and the presence 
or absence of such a feature is tentatively retained as a 
diagnostic character, but only in combination with other 
taxonomically informative characters. P. brachydeirus is 
also the only one of the examined specimens to possess a 
ventral keel or rounded ridge on its cervical centra. How-
ever, this is a character which may vary within the neck 
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Table 2: Selected tooth counts for selected specimens referred to Pliosaurus. The anterior mandible 
and premaxillae of BRSMG Cc332 and OUMNH J.9245 are incomplete. The mandibular 
symphyseal tooth counts are as seen in dorsal view.

Specimen Dentary Symphyseal Premaxillary Maxillary

BHN2R.370 29 9 ? ?

NHMUK 39362 25 6 5 >23

BRSMG Cc332 >21 9? >5 ~25

BRSMG Cc6172 27 8-9 6 >27

CAMSM J. 35991 30 9 ? ?

MNHN cat.24.1 ? 9 ? ?

OUMNH J.9245 ~35 >7 >4 >22
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elements in Pliosaurus. In the relatively small skulls such 
as P. brachydeirus (OUMNH J.9245) and P. brachyspon-
dylus (CAMSM J.35991), the coronoid is not fused to 
the medial face of the dentary, in contrast to the larger 
skull P. macromerus (NHMUK 39692), in which they 
are firmly fused. However, in BRSMG Cc332 (Pliosaurus 
sp.), which is similar in size to P. macromerus (NHMUK 
39692), fusion is similar to that found in P. brachydeirus 
and P. brachyspondylus. Whilst this variability in fusion 
may be indicative of ontogenetic stage, it is also possible 
it has taxonomic significance or varies interspecifically. 
A larger sample of specimens would be needed to deter-
mine this.

the examined specimens in groups, to a degree, con-
sistent with those achieved using tooth counts (above); 
the Type II retroarticular process possesses a lower jaw 
with 60 mandibular teeth and a mandibular symphy-
sis exhibit ing 9 tooth pairs (CAMSM J.35991), while the 
Type III retroarticular process is seen in OUMNH J.9245 
(P. brachydeirus) whose lower jaw contains 70 teeth. 
There is no direct overlap observed between the short 
symphysis form (6 tooth pairs) with 50 mandibular teeth 
and any retroarticular process morphotype (but see sec-
tion on P. macromerus for discussion on this). 

In the course of this study it was also noticed that there 
is an apparent variation in the fusion of mandibular 

E. M. Knutsen NORWEGIAN JOURNAL OF GEOLOGY 

Figure 6. Four types of retroarticular process morphologies found in Pliosaurus in lateral (column A) and dorsal (column B) view. Note the dif-
ferences in relative width, height and posterior tapering.
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Pliosaurus brachyspondylus (Owen, 1839) Eichwald, 1868

Neotype: CAMSM J.29564. The holotype is lost.

Proposed new neotype (see discussion below): CAMSM 
J.35991.

Neotype locality and horizon (CAMSM J.29564 and CAMSM 
J.35991):  Roswell (Roslyn) pit near Ely, Cambridgeshire, 
England. Lower Kimmeridge Clay Formation, Aulacostephanus 
mutabilis or Aulacostephanus eudoxus ammonite zone (Lower 
Kimmeridgian).

Revised Diagnosis: Pliosaurus with approximately 60 teeth 
in the lower jaw, 8-9 pairs of symphyseal teeth in dorsal 
view; Type II retroarticular process; cervical centra with 
ventral surface ornamentation, but lacking a ventral keel; 
proportionally shorter humeri than P. funkei (less than 4.5 
times the average width of cervical centra).

Owen (1839) erected the species Plesiosaurus brachy-
spondylus to include a selection of unassociated cervical 
vertebrae from the Kimmeridge Clay of the Headington 
Pits near Oxford, Oxfordshire, England. Pocock (1908) 
notes that these pits expose the contact between the 
Kimmeridge Clay Formation and the underlying Coral-
lian beds, suggesting the pliosaurid material was found 
in the lower part of the Kimmeridge Clay Formation. 
Owen (1839) also referred several other cervical centra 
to the species from the same strata at Weymouth, Dorset-
shire, England, previously figured by Conybeare (1822, 
pl. 22, fig. 4-7) and provisionally named them Plesio-
saurus giganteus (Conybeare, 1824). Eichwald (1868) 
subsequently recognised the material as pliosaurian, and 
renamed the species Pliosaurus brachyspondylus. None of 
these authors specifically noted what distinguished these 
vertebrae from those of P. brachydeirus (OUMNH J.9245 
etc.), and thus the name P. brachyspondylus has tradition-
ally been given priority over P. giganteus. Adding to the 
confusion, Lydekker (1889a) synonymised Plesio saurus 
giganteus Conybeare (1824) with Pliosaurus brachy-
deirus.

All the original vertebral material described by Cony-
beare (1822, 1824) and Owen (1839) has unfortunately 
been lost or destroyed since their initial description  
(Tarlo, 1959a). Tarlo (1959a) therefore selected as the 
neotype of the species a single posterior cervical centrum  
(CAMSM J.29564, Figure 2 B) from a series of thirty 
associated centra (one cervical, the rest dorsals) from 
the Roswell (Roslyn) pit near Ely, Cambridgeshire, 
listed by Seeley (1869) as belonging to the same type as 
those described by Owen (1839). Marine reptile remains 
from these pits are found between the Aulacostephanus 
mutabilis or Aulacostephanus eudoxus ammonite zones 
(Fisher, 1886; Gallois, 1988; Taylor & Cruickshank, 1993; 
Noè et al., 2004). Tarlo (1959a) argued for his taxonomic 
decision by claiming consensus between Owen’s and See-
ley’s descriptions of the centra. However, Seeley (1869) 

Pliosaurus brachydeirus (Owen, 1841a) Owen, 1841b

1841a Pleiosaurus brachydeirus Owen: p. 283
1889a Pliosaurus brachydirus Lydekker: p. 123
1889b Pliosaurus brachydirus Lydekker: p. 50

Holotype: OUMNH J.9245 and associated material OUMNH 
J.9247-J.9301.

Type locality and horizon: Market Rasen, Lincolnshire, 
England. Lower Kimmeridge Clay Formation, Rasenia 
cymodoce ammonite zone (Lower Kimmeridgian).

Revised Diagnosis: Pliosaurus with approximately 70 teeth in 
the lower jaw, 8-9 or more pairs of symphyseal teeth in dorsal 
view; 5 or more premaxillary teeth; Type III retroarticular 
process; cervical vertebrae with a smooth ventral surface and 
a ventral keel.

Owen (1841a) described and named the first species 
of Pliosaurus (Pleiosaurus), P. brachydeirus (the spe-
cific name has on occasion erroneously been spelled 
brachydirus, e.g., Lydekker, 1889a, 1889b) based on 
the specimen OUMNH J.9245 and its associated mate-
rial OUMNH J.9247-J.9301 (Figure 2 C; Figure 4 B; 
Figure 5 A, B) from Market Rasen, Lincolnshire, Eng-
land. The ammonite fauna at Market Rasen has been 
described as belonging to the Rasenia cymodoce zone of 
the Lower Kimmeridge Clay Formation (Birkelund et al., 
1978). Owen (1841b) later renamed the taxon Plio saurus 
brachydeirus. The specimen consists of a partial skull 
and lower jaw, several axial elements, and limb material. 
Owen (1869) differentiated this species from NHMUK 
39362 (referred by him to P. grandis; see P. macromerus 
below) based on the placement of the diastema in the 
upper tooth row, which is located between the fourth and 
the fifth tooth in P. brachydeirus and between the fifth 
and the sixth tooth in P. grandis. However, the skull of 
OUMNH J.9245 is missing the anterior-most part of the 
premaxillae, which possibly contained as many as two 
pairs of teeth. The retroarticular process of P. brachydei-
rus is most similar to a Type III (Figure 6) in being less 
than half the width of the glenoid and tapers caudad to 
a sharp point in dorsal view. The species was described 
by Tarlo (1960) as differing from other members of the 
genus by having cervical vertebrae with a smooth ven-
tral surface bearing a median keel (Figure 2C). Personal 
examination of OUMNH J.9247-J.9301 indicates that 
the ventral surface of the cervical centra is concave just 
ventral to the rib facets before the left and right surfaces 
meet ventromedially producing a ridge. This is distin-
guishable from the rounded to flat ventral surface seen 
in other species. The animal’s ontogenetic stage has never 
been discussed, but the rounded edge on the distal end 
of the femur and lack of separation between the femoral 
capitulum and trochanter suggests that it is from a rela-
tively young individual (Brown, 1981).
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of the Kimmeridge Clay Formation in the Roswell (Ros-
lyn) Pit near Ely, Cambridgeshire, England (Taylor and 
Cruickshank, 1993). The skeleton consists of a complete 
mandible, a large portion of the axial skeleton, and parts 
of the appendicular skeleton. The lower jaw of CAMSM 
J.35991 contains thirty functional alveoli in each dent-
ary, of which nine pairs are in the mandibular symphysis 
(Table 2). CAMSM J.35991 thus exhibits a lower mandi-
bular tooth count than the type species P. brachydeirus  
(OUMNH J.9245) and higher than P. macromerus  
(NHMUK 39362). CAMSM J.35991 exhibits a Type 
II retroarticular process, which is evenly tall in lateral 
view, wider and slightly tapering in width posterior ly 
in dorsal view, and abruptly squared off at its posterior 
end. Tarlo (1959a) describes the cervical vertebrae of 
CAMSM J.35991 as exhibiting the characteristic ventral 
rugose “strips” of P. brachyspondylus (sensu Tarlo, 1959a), 
and the majority of the vertebrae as having no indication 
of a ventral keel (centrum number three exhibits a faint 
keel relating to an anterior ventral lip; Tarlo, 1959a). The 
postcranial remains of this specimen were not person-
ally examined in this study, but it should be noted that 
one unassociated cervical centrum (CAMSM J.47225) 
assigned to this species by Tarlo (1959a) only vaguely 
displays the characteristic rugosity described by him, 
further supporting the claim that the pattern of ventral 
rugosities is not a diagnostic characteristic in Pliosaurus  
(discussed above). Based on Tarlo’s (1959a) measure-
ments and illustrations, the cervical centra are of simi-
lar size as the neotype. Furthermore, CAMSM J.35991 
comes from the same locality and stratigraphic level as 
the current neotype (CAMSM J. 29564) making it likely, 
but not definite, that they belong to the same taxon.

Because the neotype CAMSM J.29564 is non-diagnos-
tic at the species level (see above), P. brachyspondylus 
becomes a nomen dubium according to Article 75.5 of 
the ICZN (International Code for Zoological Nomencla-
ture). It is recommended that CAMSM J.35991 should 
instead serve as type material for P. brachyspondylus, 
which is from the same locality and horizon as the cur-
rent neotype (and possibly the lost holotype) but is much 
more complete, and displays features distinguishing it 
from other species of Pliosaurus (a request to the Inter-
national Commission on Zoological Nomenclature is in 
preparation). This will retain the long-used species name 
P. brachyspondylus, as well as recognising the presence 
of a distinct species of Pliosaurus from the Kimmeridge 
Clay Formation.

Taylor & Cruickshank (1993) described an incomplete 
skeleton from the eudoxus ammonite zone of the Lower 
Kimmeridge Clay Formation at the Westbury clay pit, 
Wiltshire, England, nicknamed “the Westbury plio-
saur 1” (BRSMG Cc332; Figure 2 A; Figure 4 D; Figure 
5 A,B,C). It consists of a nearly complete skull and a frag-
mentary postcranial material, including four cervical ver-
tebrae. Taylor & Cruickshank (1993) assigned the speci-
men to Pliosaurus brachyspondylus based on the absence 

claimed that the only qualitative character of importance 
mentioned in Owen’s (1839) description was that the 
“articular surface is very slightly concave, with a small 
round depression at the centre”, a feature frequently seen 
in other pliosaurids (pers. obs). Both authors (Owen, 
1839; Seeley, 1869) do agree that the size of the cervical 
centra referrable to the species is approximately 3 inches 
(7.6 cm) in diameter. The cervical centrum assigned as 
the neotype by Tarlo (1959a) agrees with these measure-
ments. However, these dimensions are also almost identi-
cal to the cervical centra (OUMNH J.9291-9301) associ-
ated with the type specimen of P. brachydeirus (OUMNH 
J.9245). Based on a cast (NHMUK R.1243; note that a 
mid-cervical centrum referred to P. evansi by Lydekker 
(1889a, p.129) possesses the same specimen number) of 
Tarlo’s appointed neotype (CAMSM J.29564), Lydekker 
(1889a, p.140) described the material listed by Seeley 
(1869) as a juvenile individual, due to the smoothness 
and flatness of the articular surfaces, and the posterior 
expansion of the neural canal of the centra. Tarlo (1959a) 
added as a diagnostic character of the species that the 
ventral surface of the cervical centrum is smooth, with 
two rugose strips along the anterior and posterior mar-
gins (a feature which is shown above to vary ontogenet-
ically and along the neck). Whether this character was 
present in the other centra described by Owen (1839) is 
unknown, but Owen (1839, p79) described the ventral 
surface of the cervical centra of Plesiosaurus (Pliosaurus) 
brachyspondylus as being “tolerably smooth”. Further-
more, the vertebrae figured by Conybeare (1822, pl. 22, 
fig. 4-7), which was referred to Pliosaurus brachyspondy-
lus by Owen (1839), does not show this rugose pattern 
on the ventral surface. Thus, Tarlo’s choice of CAMSM 
J.29564 as the neotype of P. brachyspondylus relies solely 
on the similarity in size to the original material described 
by Owen (1839), which is also similar to P. brachydei-
rus. Furthermore, Conybeare (1824) mentioned that W. 
Buckland had found similar cervical vertebrae at Market 
Rasen, the type locality of P. brachydeirus.

Regardless of the relationship between the cervical ver-
tebrae described by Owen (1839), the neotype of P. 
brachyspondylus and the cervicals of P. brachydeirus, it 
is apparent that there are at least two types of cervical 
vertebrae within this size range known from the Kim-
meridge Clay Formation; those with no ventral surface 
ornamentation and a ventral keel, and those with ven-
tral surface ornamentation and no ventral keel (see dis-
cussion of Pliosaurus). However, there are other larger 
specimens not referrable to P. brachyspondylus that also 
exhibit ventral surface ornamentation of their cervi-
cal vertebrae. Thus, the neotype for P. brachyspondylus 
(CAMSM J.29564) is non-diagnostic from other species 
of Pliosaurus , with the exception of P. brachydeirus.
 
In the same paper in which he appointed the neotype of 
P. brachyspondylus, Tarlo (1959a) described an associated 
pliosaur skeleton (CAMSM J.35991, Figure 4 A) found 
in 1889 in the Aulacostephanus eudoxus ammonite zone 
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Neotype locality and horizon: Kimmeridge Bay, Dorset-
shire, England. Upper Kimmeridge Clay Formation, 
Aulacostephanus autissidorensis to Pectinatites elegans 
ammonite zones (Upper Kimmeridgian).

Revised Diagnosis: Pliosaurus with approximately 50 teeth in 
the lower jaw, 6 pairs of symphyseal teeth in dorsal view; Type 
III retroarticular process. 

Philips (1871) described and named the species Pleio-
saurus macromerus based on a large femur (OUMNH 
J.12498) and several unassociated vertebrae found dur-
ing the excavation of the Great Western Railway near 
Swindon, Wiltshire, England. According to Gallois & 
Cox (1994) and Cox (2001) the strata exposed during 
the project were part of  the Upper Kimmeridge Clay 
Formation (Swindon Clay and Cemetery Beds), repre-
senting the Pectinatites hudlestoni and Pavlovia pallasi-
oides ammonite zones. The species was later referred to 
Pliosaurus macromerus by Lydekker (1889a). Histori-
cally, material referred to P. macromerus has generally 
been based on large size alone (Philips, 1871; Lydekker, 
1889a, Tarlo, 1959b and 1960). From the collection of 
unassoci ated remains, Tarlo (1959b) erected, as the lec-
totype, one of the cervical vertebrae (OUMNH J. 10441) 
listed by Philips (1871). The cervical centrum of the lec-
totype of Pliosaurus macromerus (OUMNH J.10441) is 
similar in size to those of BRSMG Cc332 (Pliosaurus sp.) 
and P. funkei (Knutsen et al., 2012). In his description of 
OUMNH J.10441, Tarlo (1959b) noted that the posterior 
and anterior ventral margins of the centrum were “some-
what roughened”, while Lydekker (1889a) described the 
outer surface of cervical centra of P. macromerus as being 
“very coarse and rough”. Illustrations of the lectotype 
(Tarlo, 1959b; photographs taken by the OUMNH) show 
that the ventral rugosity is similar to that described by 
Tarlo (1959a, 1960) for P. brachyspondylus.  

Owen (1869) described a skull and mandible (NHMUK 
39362, Figure 4 C; Figure 5 C, D) from the Kimmeridge 
Clay Formation at Kimmeridge Bay, Dorsetshire, Eng-
land. According to Morgans-Bell et al. (2001) and Gal-
lois (2000), this area exposes the Aulacostephanus autissi-
dorensis and Pectinatites elegans ammonite zones of the 
formation. The specimen contains 6 teeth in its mandib-
ular symphysis and was referred to Pliosaurus grandis 
(Owen, 1839) Owen, 1841b. The material was later reas-
signed by Lydekker (1889a) to Pliosaurus macromerus 
(Philips, 1871) Lydekker, 1889a, based on its similarity in 
relative size with other material assigned to the species, 
and the lack of an adequate species description for Plio-
saurus grandis (Lydekker, 1889a; Tarlo, 1960). It is worth 
noting that there exists no overlapping material between 
NHMUK 39362 and the lectotype of P. macromerus 
(OUMNH J. 10441) or any of the other material origi-
nally referred to the species by Philips (1871). The refer-
ral of NHMUH 39362 and OUMNH J.10454 to P. macro-
merus is therefore inappropriate, as it is based solely on 
large size alone.

of a ventral keel on the cervical vertebral centra. Personal 
examination of the material shows that the ventral surface 
of all preserved cervical centra of BRSMG Cc332 exhibit 
rugosities on the entire ventral surface, being slightly 
coarser towards the articular surfaces, and in that respect 
indistinguishable from all other species of Pliosaurus but 
P. brachydeirus (see discussion of Pliosaurus above). 

The lower jaw of BRSMG Cc332 preserves twenty-one 
alveoli in each dentary. The mandibular symphysis is 
missing, but Taylor & Cruickshank (1993) estimated 
its length to 10-11 teeth based on comparison with the 
upper jaw and number of preserved associated teeth. 
The complete mandibular tooth count of BRSMG Cc332 
is unknown, but to make it correspond to the upper jaw 
and the total number of teeth found in association with 
the specimen (99; Taylor & Cruickshank, 1993; Table 2) 
the mandibular symphysis must have contained approxi-
mately nine pairs of teeth. This will also produce a similar 
mandibular tooth count as in CAMSM J.35991, assigned 
to Pliosaurus brachyspondylus by Tarlo (1959). This is also 
the same as in BRSMG Cd6172, which is considered con-
specific with BRSMG Cc332 (Sasson et al., 2012). The 
mandible of BRSMG Cc332 is approximately 50 cm lon-
ger than CAMSM J.35991, but is somewhat shorter than 
the two French specimens (BHN2R.370, MNHN cat.24.1) 
referred to P. brachyspondylus (Bardet et al.,1993). This 
could be explained by the larger and smaller specimens 
being of different ontogenetic stages. It should, how-
ever, be noted that the only described similarity between 
BHN2R.370, MNHN cat.24.1, CAMSM J.35991 and pos-
sibly BRSMG Cc332 is the number of dentary and sym-
physeal teeth. BRSMG Cc332 possesses a Type IV retro-
articular process, being evenly wide mediolaterally, and 
tapering in dorsoventral thickness to a pointed end pos-
teriorly. This differs greatly from that of CAMSM J.35991. 
There is also a much lower degree of fusion between 
the anterior mandibular bones (dentary, splenial, coro-
noid) in BRSMG Cc332 than in CAMSM J. 35991, which 
may be related to preservational or ontogenetic vari-
ance. Given these differences, referral of the specimen 
to P. brachyspondylus is equivocal. BRSMG Cc332 is here 
referred to Pliosaurus sp. pending a more comprehensive 
review of the cranial morphology the genus.

Pliosaurus macromerus (Philips, 1871) Lydekker, 1889a

1869 Pliosaurus grandis Owen: p. 3-5, pl. 1 and 2.
1959b Stretosaurus macromerus Tarlo: p. 51-52, pl. 9 fig. 4.

Current lectotype: OUMNH J. 10441.

Suggested neotype (see discussion below): NHMUK 39362.

Holotype and lectotype locality and horizon: Swindon, 
Wiltshire, England. Upper Kimmeridge Clay Formation, 
Pectinatites hudlestoni to Pavlovia pallasioides ammonite zones 
(Upper Kimmeridgian).
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of NHMUK 39362 (referred to this taxon) exhibits the 
diagnostic trihedral teeth of Pliosaurus. As no mandibu-
lar symphyseal tooth count or total dentary tooth count 
is available for CAMSM J.35990, and the cervical mor-
phology is consistent with both P. macromerus (OUMNH 
J.10441), P. brachyspondylus (CAMSM J.29564), and Plio-
saurus sp. (BRSMG Cc332), the specimen (CAMSM 
J.35990) is non-diagnostic at the species level and should 
be referred to Pliosaurus sp. until more reliable postcra-
nial characters are found.

Because the lectotype of P. macromerus (OUMNH 
J.10441) lacks diagnostic characteristics (indistinguish-
able from all species of Pliosaurus, apart from P. brachy-
deirus, which lacks vertebral ornamentation) no new 
material can be assigned to P. macromerus with cer-
tainty, and is considered a nomen dubium (Ride et 
al., 1999, section 75.5). New type material, showing 
autapomorphic  features should therefore be assigned 
to this species. The remaining syntypes consist of more 
non-diagnostic vertebrae and an indeterminate femur 
that will not serve to diagnos this taxon. Table 2 show 
that NHMUK 39362, presently referred to P. macro-
merus, can be distinguished from the P. brachydeirus 
and P. brachyspondylus on the basis of having 50 den-
tary teeth, 6 pairs of symphyseal teeth, and 5 premaxil-
lary teeth. Because NHMUK 39362 has been tradition-
ally assigned to P. macromerus (Lydekker, 1889a; Tarlo, 
1959b, 1960) and that it possesses important diagnostic 
features, NHMUK 39362 is here recommended to serve 
as the neotype of P. macro merus (a request to the Inter-
national Commission on Zoological Nomenclature is 
in preparation). This will retain the long-used species 
name P. macromerus, as well as recognising the presence 
of a third diagnostic taxon of Pliosaurus from the Kim-
meridge Clay Formation.

NHMUK 39362 has previously been assigned to P. gran-
dis (Owen, 1869), but Lydekker (1889a) indicated that 
there is no evidence that the syntypes of this taxon even 
belong to Pliosaurus. Further, there exists no overlapping 
material between these syntypes and NHMUK 39362 
(Tarlo, 1960). OUMNH J.10454 is also referred here to 
P. macromerus based on its similarities in mandibular 
symphyseal tooth count with NHMUK 39362. The two 
specimens also occur at approximately the same strati-
graphic level (Figure 1). However, OUMNH J.10454 has 
a mandibular tooth count of approximately 60, but large 
parts of the posterior mandible of this specimen have 
been reconstructed which might explain this discrep-
ancy (pers. obs.). Two associated lower jaw fragments, 
OUMNH J.50376 and OUMNH J.50377, (each constitut-
ing one ramus of a lower jaw from a single individual) 
that are from the same pit as OUMNH J.10454 and are of 
similar size, are also referred to this P. macromerus. The 
retroarticular process in all of these specimens is Type III 
(Figure 6). 

Tarlo (1959b) described an associated skeleton 
(CAMSM J.35900) from the Aulacostephanus mutabi-
lis ammonite zone (Taylor & Cruickshank, 1993; Gal-
lois, 2000) of the Lower Kimmeridge Clay Formation 
of Streatham, Cambridgeshire, England. Tarlo (1959b) 
erected a new genus for this new specimen, Stretosaurus, 
due to its unusual scapular morphology. Based solely on 
similarities in size and the morphology of cervical ver-
tebral centra between CAMSM J.35900 (Stretosaurus) 
and Pliosaurus macromerus (OUMNH J. 10441), Tarlo 
(1959b) referred the species to Stretosaurus macromerus. 
Tarlo did not describe the ventral surface of the cervi-
cal centra in CAMSM J.35990, but his reconstructions 
indicate rugose anterior and posterior margins in at 
least some of the centra (Tarlo, 1959b, fig. 2). Addition-
ally, two other very large, anterior cervical vertebral cen-
tra (CAMSM J.29562 and CAMSM J.30057) assigned to 
S. macromerus by Tarlo (1959b) exhibit a similar ventral 
surface texture to that seen in Pliosaurus brachyspondy-
lus (CAMSM J.29564) and the Westbury pliosaur 1, Plio-
saurus sp. (BRSMG Cc332). In addition to NHMUK 
39362, which was already referred to P. macromerus 
by Lydekker (1889a), Tarlo (1959b) also assigned to S. 
macromerus a partial mandible (OUMNH J.10454, the 
“Cumnor mandible”) from the Lower Kimmeridge Clay 
Formation of the Chawley brick pit, Oxfordshire, Eng-
land (specimen label), based on the similarity in num-
ber of mandibu lar symphyseal teeth to NHMUK 39362. 
OUMNH J.10454 is most likely from the upper part of 
the Lower Kimmeridge  Clay Formation (Aulacostepha-
nus eudoxus to Aulacoste phanus autissidorensis ammo-
nite zones) based on the age of the dinosaur Camp-
tosaurus prestwichii, which was recovered from the 
same locality (Galton & Powell, 1980; Prestwich, 1880). 
OUMNH J.10454 does not preserve any teeth, but the 
discovery of trihedral teeth at the same locality (pers. 
obs.) suggests that this specimen probably possessed the 
distinctive dentition of Plio saurus. It should be noted 
that there is no diagnostic overlap between the cranial 
portions of CAMSM J.35990 and NHMUK 39362 or 
OUMNH J.10454, as CAMSM J.35990 only preserves an 
anterior rostral fragment.

Subsequently, the ‘scapula’ of S. macromerus was cor-
rectly re-identified as an ilium, based on a more recently 
discovered, complete specimen (NHMUK R8928) that 
possesses both scapulae and ilia (Halstead, 1989; Note: 
Tarlo and Halstead are the same person). Halstead (1989) 
referred this new specimen to Pliosaurus brachyspondylus  
based on its long mandibular symphysis. Thus, it appears 
Halstead (1989) believed NHMUK R8928 to be dif-
ferent from CAMSM J.35990, in spite of their similar 
ilial morphology. Halstead (1989) reassigned S. macro-
merus, and all the material previously assigned to it, to 
Liopleurodon macromerus Halstead, 1989 on the basis of 
the number of teeth in the mandibular symphysis. Noè 
et al. (2004) noted that the material should more appro-
priately be referred to Pliosaurus macromerus given that 
the Stretosaurus is invalid, but also because the mandible 
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(2) the cross-sectional shape of the teeth, which are cir-
cular in P. andrewsi and trihedral in P. brachydeirus. 
Recent phylogenetic analyses (Ketchum & Benson, 2010; 
Druckenmiller & Knutsen, 2012) does not recover Plio-
saurus andrewsi nested within, or as a sister taxon to, 
Pliosaurus. P. andrewsi clearly does not belong in Pliosau-
rus as it lacks the diagnostic characters of the genus, and 
the taxon is in need of taxonomic revision.

Pliosaurus portentificus Noè et al. 2004

Holotype: CAMSM J.46380.

Type locality and horizon: Ely (Roswell/Roslyn pits?), 
Cambridgeshire, England. Lower Kimmeridge Clay 
Formation, Aulacostephanus mutabilis or Aulacostephanus 
eudoxus ammonite zones (Lower Kimmeridgian; Fisher, 1886; 
Gallois, 1988; Taylor & Cruickshank, 1993; Noè et al., 2004).

Diagnosis (Noè et al. 2004): Pliosaurian plesiosaur with 
elongate mandibular symphysis extending to the rear of the 
eight tooth pair; functional alveoli pair two to six are enlarged;  
splenials extend approximately half the length of the ventral 
surface of the mandibular symphysis. 

Noè et al. (2004) described a new species, Pliosaurus 
 portentificus, based on an anterior fragment of a pliosaur 
mandible from Ely, Cambridgeshire, England (CAMSM 
J.46380). The specimen was most likely recovered from 
between the mutabilis and eudoxus ammonite zones 
of the Lower Kimmeridge Clay Formation (Noè et al. 
2004). The species was characterised by having a man-
dibular symphysis extending to the eighth pair of sec-
ondary (functional) alveoli, enlarged alveoli pairs two 
to six, a down-turned anterior tip of the mandible, and 
an extension of the splenials that covers half of the ven-
tral length of the symphysis. At the time of its descrip-
tion, the authors assumed a symphyseal length of 10-12 
teeth for Pliosaurus sensu Tarlo (1959a, 1960). How-
ever, in the light of the new interpretation given above, 
the number of teeth in P. portentificus is very close to 
that of P. brachyspondylus and P. brachydeirus. Enlarged 
alveoli pairs in teeth two to six are also found in all other 
specimens referred to Pliosaurus (for which the ante-
rior mandible is preserved), and is therefore non-diag-
nostic at the species level. It was not possible to per-
sonally examine the ventral aspect of the mandible of P. 
brachyspondylus (CAMSM J.35991) (it is attached to a 
mould, covering its ventral side) and this part is miss-
ing in Pliosaurus sp. (BRSMG Cc332) and P. brachy deirus 
(OUMNH J.9245). The extent of splenial contribution to 
the symphysis in these is therefore unknown. This fea-
ture was not observed in BHN2R.370 or MNHN cat.24.1 
(P. brachyspondylus) for this study. However, the ven-
tral extent of the splenial is observable in P. macromerus 
(NHMUK 39362) and P. funkei (PMO 214.135) where 
it extends to between the fourth and fifth symphyse al 
tooth, approximately equal to that in P. portentificus 
(pers. obs.). In both P. macromerus and P. funkei the 

Pliosaurus funkei Knutsen et al., 2012 

Holotype: PMO 214.135.

Type locality and horizon: South of Sassenfjorden, southeast 
side of mount Knerten, Spitsbergen, Svalbard, Norway. 
Dorsoplanites maximus ammonite zone (Middle Volgian).

Diagnosis (Knutsen et al., 2012): large Pliosaurus with Type 
I retroarticular process; cervical centra with ventral surface 
ornamentation, but lacking a ventral keel; proportionally 
longer humeri than P. brachyspondylus and P. rossicus (more 
than 7 times the average width of cervical vertebrae, versus less 
than 4.5 times). 

Knutsen et al. (2012) described the recently discovered 
remains of two very large pliosaurids from the Arctic 
archipelago of Svalbard, Norway. The holotype (PMO 
214.135), consists of fragmentary cranial remains, one 
nearly complete fore limb, one complete coracoid, and 
several axial elements. The referred specimen PMO 
214.136 preserves posterior cranial remains and a few 
cervical vertebrae. The species was shown to have a 
simi lar mandibular symphyseal morphology to P. mac-
romerus and P. rossicus (although its symphyseal tooth 
count is unknown), but to differ in the morphology of 
the retroarticular to the former and in relative propodial 
length to size of vertebral centra compared to the latter.

Taxa of questionable validity 
Pliosaurus andrewsi Tarlo, 1960

1913 Peloneustes evansi Andrews: p. 73, fig. 28, p. 74, fig. 
29, p. 75-76.

Holotype: NHMUK R.3563.

Type locality and horizon: Peterborough, England. Oxford 
Clay Formation (Callovian).

Diagnosis (Tarlo 1960): Teeth circular in cross-section and 
smooth apart from a few, fine, longitudinal, enamelled ridges 
on the lingual side; approximately 64 teeth in the lower jaw, 
12 pairs of symphyseal teeth; cervical vertebrae generally lack 
a ventral keel and ventral surface ornamentation; epipodials 
longer than wide.

This species was erected by Tarlo (1960) based on mate-
rial (NHMUK R.3563) from the Oxford Clay Forma-
tion of Peterborough, England that was earlier described 
by Andrews (1913) as Peloneustes evansi (Seeley, 1869) 
Lydekker, 1890. Tarlo (1960) referred the material to 
Pliosaurus due to its apparent similarities with Pliosau-
rus brachydeirus (OUMNH J.9245). There are, however, 
at least two mandibular characters distinguishing the two 
specimens: (1) the number of dentary teeth, with 24 in 
P. andrewsi and approximately 35 in P. brachydeirus, and 
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Russia. Novozhilov (1964) later also described some 
pectoral remains associated with PIN 304/1. This spe-
cies has trihedral teeth like other members of Pliosau-
rus, and bears 6 tooth pairs in the mandibular symphysis 
(Novozhilov, 1948; Halstead, 1971), similar to NHMUK 
39362 and OUMNH J.10454. The symphyseal tooth 
count of PIN 304/1 was most likely based on an exami-
nation of the ventral surface (the upper and lower jaws 
appear to be cemented together in the published illus-
trations). Based on the symphyseal tooth count, P. rossi-
cus was referred to Liopleurodon by Halstead (1971), but 
as described above, it should be referred to Pliosaurus 
as it exhibits the diagnostic trihedral teeth of the genus. 
Each premaxilla in P. rossicus bears five teeth (Novozhi-
lov, 1948), which is identical to NHMUK 39362. The 
specimen has also been interpreted as a juvenile by both 
Halstead  (1971) and Storrs et al. (2000) based on its rela-
tively small size and poorly developed dorsal blade and 
anteroventral ramus of the scapula. Halstead (1971) 
described the ventral rugosity on the cervical vertebral 
centra in P. rossicus (PIN 304/1) as reminiscent to that 
of P. brachyspondylus, but only ventromedial rugosi-
ties are visible in his schematic drawings of the speci-
men. A second , larger specimen (PIN 2440/1) consist-
ing of a partial  rostrum and hind limb was described 
by Rozhdest venskii (1947), and later referred to P. rossi-
cus by Halstead (1971) based on the presence of a sim-
ilar number of mandibular symphyseal teeth with PIN 
304/1 (likely estimated from a ventral view as the pub-
lished illustrations show the upper and lower jaw as 
being cemented together) and their relative stratigraphic 
co-occurrence (Figure 1). Malakhov (1999) described 
the postcranial remains of a large pliosaur (No. 13-1958, 
Institute of Zoology MS-AS RK) from the lower Vol-
gian, Upper Jurassic, of Kazakhstan, and demonstrated 
its similarities to Pliosaurus rossicus, but could not con-
clusively assign it to the species due to lack of diagnos-
tic material. The similarity between P. rossicus and P. 
macromerus (NHMUK 39362) in the mandibular sym-
physeal and premaxillary tooth-count indicate that they 
may belong to the same taxon, although the stratigraphic 
ranges of the two taxa do not overlap (Figure 1). More 
detailed examinations and adequate descriptions of PIN 
304/1, PIN 2440/1, and NHMUK 39362 are needed to 
assess the possible synonymy of P. rossicus and P. macro-
merus. P. rossicus is provisionally retained here pending 
further examinations.

Pliosaurus irgisensis (Novozhilov, 1964) Tarlo, 1960

1948 Peloneustes irgisensis Novozhilov, 1948: Novozhilov, 
p. 118.

1964 Strongylokrotaphus irgisensis (Novozhilov, 1948) 
Novozhilov, 1964: Novozhilov, p. 129-130, fig. 327.

Holotype: PIN 426.

Type locality and horizon: Savel-evsk Mine No. 1, eastern 
Saratov Province, Russia. Volgian (Storrs et al., 2000).

splenials are firmly fused to the dentaries, in contrast to 
that seen in P. portentificus where the splenials have been 
lost, leaving the splenial facets of the dentaries exposed. 
Non-fusion of the splenials to the dentaries could be an 
ontogenetic characteristic, indicative of younger individ-
uals. The actual length of the symphysis might vary to a 
certain extent intraspecifically, which could account for 
the slight deviation in symphyseal tooth counts of this 
species compared to Pliosaurus brachyspondylus. A sim-
ilar condition is described for Peloneustes philarchus, 
where the symphyseal tooth count varies from 13 to15 
pairs, and in various extant crocodilian species (Ket-
chum and Benson, 2011). Noè (2001) found the sym-
physeal tooth count to be invariable in short-snouted 
Callovian pliosaurids. However, a larger sample of con-
specific material is needed to confirm this for Pliosau-
rus. Noè et al. (2004) interpreted CAMSM J.46380 as an 
immature individual based on lack of fusion between 
the mandibular skelet al elements. The mandible of 
Pliosaurus portenti ficus is also smaller than the other 
four (BHN2R.370, MNHN cat.24.1, CAMSM J.35991, 
OUMNH J.9245), further supporting the suggestion that 
the species represents a juvenile. P. portentificus is there-
fore considered non-diagnostic and a nomen dubium. 
However, because it shows similarities to and originates 
from the same general stratigraphic level as other species 
of Pliosaurus it is likely a young individual of one of the 
existing species and should be referred to as Pliosaurus 
sp.

Pliosaurus rossicus Novozhilov, 1948

1947 Pliosaurus cf. grandis Owen, 1841b: Rozhdestvenskii, 
p. 197-199, fig. 1-2.

1971 Liopleurodon rossicus (Novozhilov, 1948) Halstead, 
1971: Halstead, p. 566-570. 

2000 Liopleurodon rossicus (Novozhilov, 1948) Halstead, 
1971: Storrs et al., p. 191-192, fig. 11.1.

Holotype: PIN 304/1

Type locality and horizon: Right bank of the Volga River, 
Autonomous Republic of Chuvashia, Russia. Buinsk Mine 
oil shales, Dorsoplanites panderi ammonite zone (Middle 
Volgian; Storrs et al., 2000).

Diagnosis modified from Novozhilov (1948) and Halstead 
(1971): Pliosaurus with 6 pairs of teeth in the mandibular 
symphysis (in ventral view?); 5 premaxillary tooth pairs; 
cervical vertebrae exhibiting ventral surface ornamentation, 
but lacking ventral keel; proportionally shorter humeri than P. 
funkei (less than 4.5 times the average width of cervical centra, 
versus more than 7 times).

Novozhilov (1948) described two specimens from the 
Volgian Stage of Russia. Pliosaurus rossicus was based on 
cranial and some postcranial remains of a relatively small 
pliosaur (PIN 304/1) from the right bank of the Volga 
River (Povolzh’e), Autonomous Republic of Chuvashia, 
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Four cranial characters have been shown to distinguish 
species of Pliosaurus; (i) the total number of mandibular 
teeth, which constitutes three categories (50, 60 and 70); 
(ii) the number of tooth pairs adjacent to the mandibular 
symphysis in dorsal view (6 or 8-9); (iii) the number of 
premaxillary tooth pairs (5 and 6 or more pairs); and (iv) 
the morphology of the retroarticular process (Types I-IV; 
Figure 6). The large skulled, short-symphyseal forms (6 
tooth pairs) have yet to be confidently associated with 
post-cranial remains, but it is likely that some mate-
rial already collected may belong to such a form (e.g., 
CAMSM J.35990, PMO 214.135, and PMO 214.136). 

Based on previously recognised valid characters and 
newly described characters, four specimens referrable 
to Pliosaurus can be distinguished (Figure 7, OUMNH 
J.9245 etc., CAMSM J.35991, NHMUK 39362, and 
PMO 214.135/136). Only two of these are recognised 
types of previously described species (OUMNH J.9245 
etc. for P. brachydeirus and PMO 214.135 for P. funkei), 
and the other two are referred specimens of exist-
ing species (CAMSM J.35991 to P. brachyspondylus and 
NHMUK 39362 to P. macromerus). The existing types of 
P. brachyspondylus (CAMSM J.29564) and P. macromerus 
(OUMNH J. 10441) are considered non-diagnostic. 
Instead of abandoning traditionally recognised named 
taxa, the two specimens (CAMSM J.35991 and NHMUK 
39362) are made the new types of their respective spe-
cies. This ensures recognition of the three unique spe-
cies of Pliosaurus from the Kimmeridge Clay Formation, 
as well as retaining the taxonomic position of the speci-
mens traditionally referred to these species. 

BRSMG Cc332, previously referred to P. brachyspon-
dylus, is considered specifically non-diagnostic and is 
referred to Pliosaurus sp. pending a further review of 
the specimen. Pliosaurus portentificus is considered a 
nomen dubium and likely represents the juvenile stage 
of an existing taxon (most likely either P. brachyspon-
dylus or P. brachydeirus), possessing a long mandibu-
lar symphysis. The inclusion of the Callovian taxon P. 
andrewsi in Pliosaurus is not tenable given that the teeth 
lack trihedral crowns diagnostic of the genus Pliosau-
rus. This taxon requires further study. The type material 
of the Russian taxon Pliosaurus rossicus also needs more 
detailed description but is tentatively retained. Pliosau-
rus irgisensis  cannot be identified beyond Pliosauridae 
indet. based on its short cervical vertebral centra that 
bear double  rib facets. 

There appears to be a reduction in the total number of 
mandibular teeth within Pliosaurus from the Kimmer-
idgian to the Tithonian (Figure 7), as well as absence of 
the long mandibular symphyseal forms (8-9 teeth) in the 
Tithonian, indicating a trend in the cranial evolution of 
Pliosaurus. The description and re-description of more 
specimens will likely elaborate on and clarify this appar-
ent trend.

Diagnosis (Novozhilov, 1964): Skull relatively short, its length 
not exceeding its width by more than three times; orbits small 
semicircular pits, separated by very narrow parietal bones; 
limbs narrow with very long fingers.

Peloneustes irgisensis (Novozhilov, 1948) was erected 
on the basis of a partial cranium and postcranium of a 
medium -sized pliosaur (PIN 426). The cranial remains 
of PIN 426 are currently suffering from the effects of 
pyrite decay, and its associated remains have been lost 
(Storrs et al., 2000). Some authors argue that the speci-
men was erroneously referred to Peloneustes, presum-
ably based on the misconception that this was the only 
long-snouted genus of pliosaurid (Tarlo, 1960; Halstead, 
1971; Storrs et al., 2000). However, as the specimen  pre-
serves only the very tip of the rostrum (Novozhilov, 
1964, p. 329), it is difficult to see how this would be the 
reason for the referral to Peloneustes. Tarlo (1960) also 
noted that there are several cranial differences between 
PIN 426 and Peloneustes, and therefore referred the 
taxon to Pliosaurus, a view that was supported by Storrs 
et al. (2000). Novozhilov (1964) reassigned the mate-
rial to a new genus, Strongylokrotaphus, whose diagnos-
tic characters are so general and non-specific that they 
are clearly invalid (Storrs et al., 2000). The dentition was 
not described from PIN 426 so it is not possible to refer 
it to Pliosaurus on the basis of tooth morphology; how-
ever, it is possible that this species is the same as Pliosau-
rus rossicus (PIN 304/1) based on their similar sizes and 
stratigraphic co-occurrence. One difference with P. ros-
sicus (PIN 304/1) is that the cervical neural arches of P. 
irgisensis (PIN 426) are fused to the centrum (Storrs et 
al., 2000, p. 193, fig. 11.2), suggesting osteological matu-
rity. Until more detailed descriptions are available than 
those provided by Novozhilov (1948, 1964), PIN 426 is 
considered generically non-diagnostic and is referred to 
Pliosauridae indet.

Discussion and conclusions
Of the characters previously used to diagnose Pliosau-
rus, only the characteristic trihedral teeth, displaying a 
smooth flat labial surface, and a convex lingual surface 
bearing longitudinal enamel ridges, are valid. Contrary 
to Tarlo (1959b, 1960) it is evident that the genus con-
tains species with at least two different mandibular sym-
physeal lengths; one short (6 tooth pairs) and one long 
(8-9 tooth pairs), and that Pliosaurus cannot be diag-
nosed on this basis alone. The presence or absence of 
ventral surface ornamentation on cervical centra is tenta-
tively considered valid as there appear to be interspecific 
variation in this respect. However, the variation in the 
pattern of such features is most likely a result of either 
ontogenetic or individual variation, and is not consid-
ered to be a valid character. The presence of a ventral 
keel in cervical vertebrae is considered taxonomically 
relevant and is only present in P. brachydeirus.
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