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ABSTRACT 
Elasmosaur cervical vertebrae are common fossils, but their taxonomic utility is limited due to a lack of understanding 

concerning their shape within and among taxa. In this paper, we analyze data from complete elasmosaur necks in an attempt to 
quantify and understand the variation in centrum dimensions. In accord with previous studies, variation in cervical centrum 
shape is found to stem from at least three sources: ontogeny, intracolumn variation, and intercolumn or taxonomic variation. 
Ontogenetic variability seems reminiscent of that seen in Cryptoclidus, with an overall positive allometry in the length of all 
centra that is accentuated in the mid-cervical region. In adult elasmosaurs, the longest centra occur in the middle of the neck, 
and centra in this region are longer than those at either end. This pattern yields a distinctively bowed shape curve when a shape 
metric such as VLI or PC2 score is graphed against vertebral position. Centrum length shows minor variation from centrum to 
centrum in all elasmosaurs, but a small group of extreme, 'elongate' animals have a much higher degree of variability. Animals 
in this group show significant changes in centrum dimensions late in ontogeny. The taxonomic utility of centrum measures is 
limited because there is no single pattern of centrum shape common to all taxa; variability is the rule, and therefore caution is 
necessary when using dimensions to diagnose taxa. There do seem to be two morphotypes of elasmosaurs, however. The first is 
a relatively conservative group with centrum dimensions similar to those of Brancasaurus, and that achieves a long neck by 
adding vertebrae. A second, elongate group has centra that are very long, and there is great variability from one centrum to 
another in the same column. Surprisingly, the number of cervical centra is not a highly variable trait in most elasmosaurs. The 
elongate taxa appear to be restricted to the Western Interior Seaway in the Late Cretaceous, although there is some indication 
that Tuarangisaurus might be elongate as well. In general, elasmosaur vertebrae have some taxonomic utility, but only at the 
extremes of their shape range, if the specimens are adults, and only if their position in the column is known with some certainty. 

 
 
 
 

 
INTRODUCTION 

 
Elasmosaurs have always been puzzling animals, 

beginning with E. D. Cope's infamous placement of the 
head of Elasmosaurus platyurus at the tip of the tail in 
his first recontruction (1869). Cope might be excused 
for his mistake given that an animal with 71 cervical 
vertebrae was unprecedented at the time of its 
discovery. While elasmosaurs have now been found on 
every continent including Antarctica (Persson 1963, 
Chatterjee and Small 1989), our understanding of these 
enigmatic animals is still under constant revision, with 
new interpretations of their morphology and 
paleoecology appearing recently (O'Keefe 2001a, 
O'Keefe and Carrano 2005). The membership and 
relationships of the family Elasmosauridae have also 
been the focus of recent research attention; the new 
taxa Eromangasaurus carinognathus (Upper Albian of 
Australia, Kear 2005) and Terminonatator ponteixensis 
(Upper Campanian of Canada, Sato 2003) have been 
described, while the New Zealand taxon Mauisaurus 

haasti has been redescribed (Hiller et al. 2005). These 
works have markedly improved our knowledge of 
elasmosaur anatomy. 
 However, this welcome flurry of activity on 
elasmosaurs contains a conspicuous absence of 
consensus concerning the relationships within the 
group. Few doubt that the Elasmosauridae is a member 
of clade Plesiosauroidea (Welles 1943, defined 
cladistically by O'Keefe 2001b), comprising the most 
extreme examples of long neck length within the clade 
of long-necked plesiosaurs. But the recent phylogeny 
of Gasparini et al. (2003) places the aberrant 
Cretaceous taxon Aristonectes within the 
Elasmosauridae, a finding at odds with the results of 
O'Keefe (2001b, 2004), as well as Kear (2005). 
Gasparini et al. also support the traditional placement 
of Muraenosaurus within the Elasmosauridae, while 
O'Keefe (2001b, 2004) and Kear (2005) both find this 
taxon related more closely to the cryptoclidids. The 
analyses of Kear and O'Keefe utilized much larger 
character sets than that of Gasparini et al., but the 


