
   

PROOF COVER SHEET

Author(s): RA Otero et al.
Article title: Reassessment of the upper Maastrichtian material from Chile referred to Mauisaurus Hector,

1874 (Plesiosauroidea: Elasmosauridae) and the taxonomical value of the hemispherical
propodial head among austral elasmosaurids

Article no: TNZG 1037775
Enclosures: 1) Query sheet

2) Article proofs

Dear Author,
1. Please check these proofs carefully. It is the responsibility of the corresponding author to check these and
approve or amend them. A second proof is not normally provided. Taylor & Francis cannot be held responsible
for uncorrected errors, even if introduced during the production process. Once your corrections have been
added to the article, it will be considered ready for publication.

Please limit changes at this stage to the correction of errors. You should not make trivial changes, improve
prose style, add new material, or delete existing material at this stage. You may be charged if your corrections
are excessive (we would not expect corrections to exceed 30 changes).

For detailed guidance on how to check your proofs, please paste this address into a new browser window:
http://journalauthors.tandf.co.uk/production/checkingproofs.asp

Your PDF proof file has been enabled so that you can comment on the proof directly using Adobe Acrobat. If
you wish to do this, please save the file to your hard disk first. For further information on marking corrections
using Acrobat, please paste this address into a new browser window: http://journalauthors.tandf.co.uk/
production/acrobat.asp

2. Please review the table of contributors below and confirm that the first and last names are structured
correctly and that the authors are listed in the correct order of contribution. This check is to ensure that
your name will appear correctly online and when the article is indexed.

Sequence Prefix Given name(s) Surname Suffix

1 RA Otero

2 JP O’Gorman

3 N Hiller



   

Queries are marked in the margins of the proofs, and you can also click the hyperlinks below.
Content changes made during copy-editing are shown as tracked changes. Inserted text is in red font and
revisions have a red indicator å. Changes can also be viewed using the list comments function. To correct the
proofs, you should insert or delete text following the instructions below, but do not add comments to the
existing tracked changes.

AUTHOR QUERIES

General points:

1. Permissions: You have warranted that you have secured the necessary written permission from the
appropriate copyright owner for the reproduction of any text, illustration, or other material in your article.
Please see http://journalauthors.tandf.co.uk/permissions/usingThirdPartyMaterial.asp.

2. Third-party content: If there is third-party content in your article, please check that the rightsholder
details for re-use are shown correctly.

3. Affiliation: The corresponding author is responsible for ensuring that address and email details are correct
for all the co-authors. Affiliations given in the article should be the affiliation at the time the research
was conducted. Please see http://journalauthors.tandf.co.uk/preparation/writing.asp.

4. Funding: Was your research for this article funded by a funding agency? If so, please insert ‘This work
was supported by <insert the name of the funding agency in full>’, followed by the grant number in
square brackets ‘[grant number xxxx]’.

5. Supplemental data and underlying research materials: Do you wish to include the location of the
underlying research materials (e.g. data, samples or models) for your article? If so, please insert this
sentence before the reference section: ‘The underlying research materials for this article can be accessed
at <full link>/ description of location [author to complete]’. If your article includes supplemental data, the
link will also be provided in this paragraph. See <http://journalauthors.tandf.co.uk/preparation/
multimedia.asp> for further explanation of supplemental data and underlying research materials.

6. The CrossRef database (www.crossref.org/) has been used to validate the references. Changes resulting
from mismatches are tracked in red font.

AQ1 Please check whether the article type has been set correctly.
AQ2 Please provide the missing city for the affiliation “c” and please check whether the author names and their

affiliations have been set correctly.
AQ3 The abstract is currently too long. Please edit the abstract down to no more than journal limit words 150.
AQ4 Please check that the heading levels have been correctly formatted throughout.
AQ5 The reference “Chatterjee & Small, 1989” is cited in the text but is not listed in the references list. Please either

delete the in-text citation or provide full reference details following journal style.
AQ6 The reference “Chatterjee & Creisler, 1994” is cited in the text but is not listed in the references list. Please

either delete the in-text citation or provide full reference details following journal style.
AQ7 Please provide specific section cross-ref to replace ‘below’
AQ8 The reference “Fordyce, 2013” is cited in the text but is not listed in the references list. Please either delete the

in-text citation or provide full reference details following journal style.
AQ9 The CrossRef database (www.crossref.org/) has been used to validate the references. Mismatches between the

original manuscript and CrossRef are tracked in red font. Please provide a revision if the change is incorrect.
Do not comment on correct changes.

AQ10 The reference “Cohen et al., 2013” is listed in the references list but is not cited in the text. Please either cite
the reference or remove it from the references list.

AQ11 Please provide missing publisher and location for the “Fostowicz-Frelik and Gaździcki, 2001” references list
entry.

AQ12 Please provide missing publisher and location for the “Martin et al., 2007” references list entry.
AQ13 Please clarify whether this is Otero et al., 2014a or Otero et al., 2014b.
AQ14 Please clarify whether this is Otero et al., 2014a or Otero et al., 2014b.

Usuario Toshiba
Nota adhesiva
Chatterjee S, Small BJ. 1989. New plesiosaurs from the Upper Cretaceous of Antarctica. In: Crame JM, ed. Origins and Evolution of the Antarctic Biota. Geological Society of London Special Publication 47:197–215. 

Usuario Toshiba
Nota adhesiva
Chatterjee S, Creisler BS. 1994. Alwalkeria (Theropoda) and Morturneria (Plesiosauria), new names for preoccupied Walkeria Chatterjee, 1987 and Turneria Chatterjee and Small, 1989, Journal of Vertebrate Paleontology 14: 142‒142.

Usuario Toshiba
Nota adhesiva
Most of them are ok. Few corrections in the Systematic Paleontology are highlighted in yellow

Usuario Toshiba
Nota adhesiva
abstract was reduced to 149 words

Usuario Toshiba
Nota adhesiva
Buenos Aires

Usuario Toshiba
Nota adhesiva
corrected

Usuario Toshiba
Nota adhesiva
Not a reference, but a date. It could be changed to May, 2013

Usuario Toshiba
Nota adhesiva
all ok

Usuario Toshiba
Nota adhesiva
Cohen KM, Finney SM, Gibbard PL, Fan JX. 2013. The ICS (International Commission on Stratigraphy) International Chronostratigraphic Chart. Episodes 36(3): 199‒204.

Usuario Toshiba
Nota adhesiva
ok

Usuario Toshiba
Nota adhesiva
Fostowicz-Frelik L, Gaździcki A 2001. Anatomy and histology of plesiosaur bones from the Late Cretaceous of Seymour Island, Antarctic Peninsula. In: Gaździcki A ed. Palaeontological Results of the Polish Antarctic Expeditions. Part III. Palaeontologia Polonica 60. Institute of Paleobiology of the Polish Academy of Sciences, Warsaw. Pp. 7–32.

Usuario Toshiba
Nota adhesiva
Martin J, Sawyer F, Reguero M, Case J 2007. Occurrence of a young elasmosaurid plesiosaur skeleton from the Late Cretaceous (Maastrichtian) of Antarctica. In: Cooper AK, Raymond CR et al. eds. Antarctica: A Keystone in a Changing World. Online Proceedings of the 10th ISAES, USGS Open-File Report 2007-1047, Short Research Paper 66. Santa Barbara, California, U.S.A., August 26 to September 1, 2007, US Geological Survey. Pp. 1–4.

Usuario Toshiba
Nota adhesiva
Journal of Vertebrate Paleontology: 2014b

Usuario Toshiba
Nota adhesiva
Gondwana Research: 2014a



   

How to make correc�ons to your proofs using Adobe Acrobat/Reader  

Taylor & Francis  offers  you a choice of op�ons to help you make correc�ons to your proofs.
Your PDF proof file has been enabled so that you can edit the proof directly using Adobe 
Acrobat/Reader. This is the simplest and best way for you to ensure that your correc�ons  
will be

 
incorporated. If you wish to do this, please follow these instruc�ons:  

 
1. Save the file to your hard disk.  
 
2. Check which version of Adobe Acrobat/Reader you have on your computer. You can do 
this by clicking on the “Help” tab, and then “About”. 
 
If Adobe Reader is not installed, you can get the latest version free from 
h�p://get.adobe.com/reader/.  

3. If you have Adobe Acrobat/Reader 10 or a later version, click on the “Comment” link at the 
right-hand side to view the Comments pane. 

4. You can then select any text and mark it up for dele�on or replacement, or insert new text as 
needed. Please note that these will clearly be displayed in the Comments pane and secondary 
annota�on is not needed to draw a�en�on to your correc�ons. If you need to include new 
sec�ons of text, it is also possible to add a comment to the proofs. To do this, use the S�cky 
Note tool in the task bar. Please also see our FAQs here: h�p://journalauthors.tandf.co.uk/
produc�on/index.asp.

5. Make sure that you save the file when you close the document before uploading it to CATS 
using the “Upload File” bu�on on the online correc�on form. If you have more than one file, 
please zip them together and then upload the zip file.

If you prefer, you can make your correc�ons using the CATS online correc�on form.

Troubleshoo�ng

Acrobat help: h�p://helpx.adobe.com/acrobat.html
Reader help: h�p://helpx.adobe.com/reader.html

Please note that full user guides for earlier versions of these programs are available from the 
Adobe Help pages by clicking on the link “Previous versions” under the “Help and tutorials” 
heading from the relevant link above. Commen�ng func�onality is available from Adobe 
Reader 8.0 onwards and from Adobe Acrobat 7.0 onwards. 

Firefox users: Firefox’s inbuilt PDF Viewer is set to the default; please see the following for 
instruc�ons on how to use this and download the PDF to your hard drive: 
h�p://support.mozilla.org/en-US/kb/view-pdf-files-firefox-without-downloading-
them#w_using-a-pdf-reader-plugin



   

RESEARCH ARTICLE

Reassessment of the upper Maastrichtian material from Chile referred to Mauisaurus Hector, 1874
(Plesiosauroidea: Elasmosauridae) and the taxonomical value of the hemispherical propodial head among
austral elasmosaurids

5 RA Oteroa*, JP O’Gormanb,c and N Hillerd,e
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Investigaciones Científicas y Técnicas, Argentina; dDepartment of Geological Sciences, University of Canterbury, Christchurch, New Zealand;
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A

AQ1

Q2 femurQ3 with a hemispherical articular head was regarded as autapomorphic of Mauisaurus haasti Hector, 1874 from the late
Campanian of New Zealand. The review of three Maastrichtian taxa, Aristonectes quiriquinensis from Chile, Aristonectes sp. from
Antarctica and Kaiwhekea katiki from New Zealand, reveals that a femur with a hemispherical head is a common character among

15 different aristonectines. The presence of such a feature can therefore be discarded as an autapomorphy of Mauisaurus haasti. The
propodials of A. quiriquinensis are shown to be the same as those in two coeval Chilean specimens previously referred to Mauisaurus
sp.; in consequence, these are now referred to A. quiriquinensis. Additionally, the specimens of A. quiriquinensis allow confirmation that
during ontogeny the humerus and the femur change from a flat capitulum in juveniles to hemispherical heads of both the humeri and
femora in the adult stage. The evidence shows that the presence of Mauisaurus along the southeastern Pacific margin cannot be verified

20 to date.

Keywords: Aristonectinae; Late Cretaceous; palaeobiogeography; Plesiosauria; Weddellian Province

IntroductionAQ4

Late Cretaceous records of elasmosaurids (Sauropterygia, Ple-
siosauria) within the Weddellian Biogeographic Province (sensu

25 Zinsmeister 1979; WBP hereafter) includes records from Ant-
arctica, Argentina, Chile and New Zealand (Welles & Gregg
1971; Gasparini & Goñi 1985; Cruickshank & Fordyce 2002;
Hiller et al. 2005; Wilson et al. 2005; Consoli & Stilwell 2009;
O’Gorman 2012, 2013; Otero et al. 2012, 2014a,b; Hiller

30 et al. 2014; O’Gorman et al. 2014). In New Zealand, extensive
descriptions of several proposed taxa have been presented since
the late 19th century. New Zealand elasmosaurids include at least
ten different former species within two genera, most of them
currently considered invalid taxa due the lack of diagnostic

35 elements (see Welles & Gregg 1971).
Among these,Mauisaurus haastiHector, 1874 is a ‘historical

survivor’. It is a taxonomic concept originally based on eight
specimens from different localities in New Zealand (Hector 1874;
Hiller et al. 2005). The original description by Hector (1874)

40 includes a table indicating a single specimen with ‘coracoids,
scapula and paddles’ from the Jed River, Cheviot Hills and seven
other specimens from Amuri (now known as Haumuri Bluff) and
Waipara River. Hector based the description of Mauisaurus
haasti on the ‘coracoids’ (actually pubes), the ‘scapula’ (ilium)

45 and the ‘forelimb’ (actually the hind limb). On the last, a very

unusual feature noted by Hector was the presence of a propodial
‘greatly thickened at the proximal end to form a hemispherical
articular surface and an expanded trochanter-like process, which
are separated by a deep bicipital groove, giving it more the look

50of a cetacean than a reptilian limb-bone’ (Hector 1874, pp. 347–
348). The distinctive morphology of the propodial was later
noted by Welles (1962) who commented on the hypodigm of the
taxon and selected as the lectotype the same specimen (8a) of
Hector comprising the pubes, ilium and hind limb. Welles (1962)

55also indicated that the species Mauisaurus brachiolatus Hector,
1874, originally based on a large humerus, should be considered
as nomen dubium. In addition, Welles (1962) realised that the
specimen chosen as the lectotype of Mauisaurus haasti Hector,
1874 was indeed a pelvic girdle and a hind limb instead of a

60pectoral girdle and a forelimb as described originally. Subse-
quently, this author considered this specimen as unique, due to
the femur being ‘quite different from other plesiosaurs in having a
hemispherical capitulum with a large trochanter that dips steeply
posteriorly and is separated from the capitulum by a broad

65groove’ (Welles 1962, p. 75). A better formalisation of the lec‐
totype was included in Welles & Gregg (1971) who mentioned
for the first time the catalogue number of the Hector’s specimen
(DM R1529) and indicated a Haumurian (Campanian–Maas-
trichtian) age for the material. This was later emended by Hiller

70et al. (2005) through stratigraphic correlations that indicate a
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middle Campanian age for DM R1529. One of the specimens
included in the original hypodigm (8g) was also regarded by
Welles & Gregg (1971) as a paralectotype (CM Zfr 92), while
three other specimens (8b, c, f) were considered non-diagnostic

75 and left as indeterminate elasmosaurids. The remaining three
specimens (8d, e, h) of the original hypodigm have been lost.
Finally, Welles & Gregg (1971) referred to Mauisaurus haasti
11 additional specimens from the Campanian–Maastrichtian of
New Zealand (DM R878; CM Zfr 88; CM Zfr 89; CM Zfr 90;

80 CM Zfr 103; BM R830; CM Zfr 30; CM Zfr, 95; CM Zfr 102;
CM Zfr 104; and CM Zfr 109).

The proposal of Welles & Gregg (1971) regarding the
lectotype, paralectotype and additional specimens referred to M.
haasti was subsequently used as the basis for further identifica-

85 tions of Late Cretaceous plesiosaur specimens from the WBP.
Fostowicz-Frelik & Gaździcki (2001) described a probable
associated, postcranial skeleton from middle–upper Maastrich-
tian beds of Seymour Island (= Isla Marambio), Antarctica,
suggesting affinities to the genus Mauisaurus based on the

90 presence of the hemispherical head of the femur. Later, Gasparini
et al. (2003) referred two specimens from upper Maastrichtian
beds of northern Argentinean Patagonia to cf. Mauisaurus sp.,
based on morphological affinities of the humerus with those
humeri included in referred materials of Welles & Gregg (1971).

95 Hiller et al. (2005) described a new fairly complete skeleton of
probable late Campanian age from Ngaroma Station, New
Zealand, referring it to M. haasti based on the hemispherical
head of the femur.

Following the revision of the genus Mauisaurus by Hiller
100 et al. (2005), Gasparini et al. (2007) reassessed the two speci-

mens previously assigned to cf. Mauisaurus sp. as Elasmosaur-
idae indet. Martin et al. (2007) described a juvenile specimen
from Maastrichtian levels of Vega Island, Antarctica, referring it
to Mauisaurus sp. based on the presence of a rounded end of the

105 femur, conical ventral process of the coracoids and fork-like
gastralia. The latter was present in one of the specimens
described by Hector (1874), which was not referred to Maui-
saurus haasti but to ‘Plesiosaurus australis’ Owen, 1861. Later,
Otero et al. (2010) referred to Mauisaurus sp. two putative

110 femora from upper Maastrichtian beds of central Chile that bear
distinctive hemispherical heads; finally, Novas et al. (2011)
tentatively referred to Mauisaurus a new, relatively complete
skeleton from the Maastrichtian of Argentinean Patagonia.

These records appeared to be biogeographically consistent
115 due the common age and distribution of all the specimens,

indicating that the genus Mauisaurus was present in New
Zealand, Antarctica and southern South America over a time
span of 5 Ma (late Campanian–late Maastrichtian). Further-
more, such a palaeobiogeographic distribution of Mauisaurus

120 was commented on by several authors as being consistent with
the WBP model (Consoli & Stilwell 2009; Roberts et al. 2014).

A recently prepared aristonectine from the upper Maas-
trichtian beds of the López de Bertodano Formation exposed on
Seymour (= Marambio) Island, Antarctica proves for the first

125 time the presence of a femur with a hemispherical head in the

genus Aristonectes (O’Gorman 2013). A re-examination of the
holotype of Kaiwhekea katiki Cruickshank & Fordyce, 2002
from the early Maastrichtian of New Zealand also revealed the
same morphology of the femoral head. Additionally, the recent

130description of two fairly complete skeletons from central Chile,
the holotype (SGO.PV.957, young adult) and referred specimen
(SGO.PV.260, juvenile) of Aristonectes quiriquinensis Otero
et al. (2014b), and comparison with other Chilean specimens
(SGO.PV.135 and SGO.PV.169), provide further evidence that a

135hemispherical femoral head and a prominent trochanter, as well
as a deep fossa between them, are also present in the femur of
this species. The Chilean specimens also provide information
about humeral morphological changes during ontogeny.

Based on this information, the aims of this paper are: (1) to
140show that the hemispherical femoral head, previously regarded as

an autapomorphy and diagnostic feature of M. haasti, should be
rejected since this feature is present in at least two other genera
(Aristonectes and Kaiwhekea); (2) to show that the hemispherical
head is present not only in femora but also in humeri, and its

145development depends on the ontogenetic stage of the examined
individuals; (3) to re-examine the Chilean specimens previously
referred to Mauisaurus sp. and show that they belong to a femur
and a humerus of the species Aristonectes quiriquinensis; and (4)
to use the new evidence to positively identify the actual laterality

150of the femora of K. katiki.
Institutional Abbreviations: SGO.PV.: Área de Paleontolo-

gía, Museo Nacional de Historia Natural, Santiago, Chile; MLP:
Museo de La Plata, La Plata, Argentina; CM: Canterbury
Museum, Christchurch, New Zealand; DM: Museum of Te

155papa Tongarewa (former Dominion Museum), Wellington, New
Zealand; OU: Department of Geology Museum, University of
Otago, Dunedin, New Zealand.

Anatomical Abbreviations: f: fossa; fh: femoral head; g:
gastralia; hh: humeral head; t: tuberosity of the humerus; tr:

160trochanter; vt: ventral tuberosity.

Locality and geological setting

The three Chilean specimens discussed here (SGO.PV.135, SGO.
PV.169 and SGO.PV.260) were recovered from Las Tablas Bay in
the northern part of the Quiriquina Island, Biobío Region, central

165Chile. A fourth specimen (SGO.PV.957) was recovered from
Cocholgüe, a small hamlet located on the mainland opposite
Quiriquina Island. Las Tablas Bay and Cocholgüe have been
considered the type and paratype localities of the Quiriquina
Formation, respectively (Biró-Bagóczky 1982). The age of the

170unit is currently considered as late Maastrichtian based on
biostratigraphic correlations (Salazar et al. 2010). Another spec‐
imen discussed here (MLP 89-III-3-1) was recovered from
Seymour Island (= Marambio Island), Antarctica. The fossil-
bearing level is the uppermost part of the López de Bertodano

175Formation (Rinaldi et al. 1978), currently assigned to the upper
Maastrichtian based on biostratigraphic correlations (Crame et al.
2004). One specimen reviewed from New Zealand (OU 12649)
was recovered from lower levels of the Katiki Formation exposed

2 RA Otero et al.
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at Shag Point, north of Dunedin (Cruickshank & Fordyce 2002),
180 early Maastrichtian in age. The localities of the reviewed

specimens are summarised in Fig. 1.

Systematic palaeontology

Plesiosauria de Blainville 1835
Plesiosauroidea Welles 1943

185 Xenopsaria Benson & Druckenmiller 2014
Elasmosauridae Cope 1869
Mauisaurus Hector, 1874

Type species

Mauisaurus haastiHector 1874. Amuri Bluff, Waipara district (as
190 originally mentioned by Hector 1874), New Zealand. Cretaceous.

Lectotype

DM R1529, designated by Welles (1962) and better formalised in
Welles & Gregg (1971). It comprises a right hind limb, incomplete
illium and a fragmentary pubis. Specimen 8a of Hector (1874). Jed

195 River, GoreBay, North Canterbury, NewZealand. Probablemiddle
Campanian age based on dinoflagellates (Wilson et al. 2005).
Aristonectinae O’Keefe & Street 2009 (sensu Otero et al. 2012)
Aristonectes Cabrera 1941

Type species
200 MLP 40-XI-14-6 (holotype) Aristonectes parvidens Cabrera

1941 (p. 114), part of a skull attached to the mandible, atlas-
axis and 21 other cervical vertebrae of which the anterior

16 are articulated, eight caudal vertebrae and an incomplete
limb. Cañadón del Loro, northwestern Chubut Province, Argen-

205tina. Paso del Sapo Formation, Lefipan Member, Maastrichtian
(Gasparini et al. 2003).

Synonymy

Gasparini et al. (2003) considered the genus and species
Morturneria seymourensis (Chatterjee & Small 1989 AQ5; emend.

210Chatterjee & Creisler 1994 AQ6), based on a juvenile skull and
cervicals from upper Maastrichtian levels of Seymour Island
(Antarctica), as a junior synonym of A. parvidens.
Aristonectes sp.

Material
215MLP 89-III-3-1 (referred, O’Gorman 2013), very large adult,

postcranial specimen including 19 cervical, 1 pectoral and 10
caudal vertebrae, left scapula, incomplete left forelimb, incom-
plete left hind limb preserving the complete femur, ribs and
gastroliths. Seymour (=Marambio) Island, Antarctica. López de

220Bertodano Formation, upper Maastrichtian.
Aristonectes quiriquinensis Otero et al. 2014b
Mauisaurus sp.: Otero et al. 2010 (Fig. 2)

Holotype

SGO.PV.957. A fairly complete skeleton preserving the partial
225skull, most of the neck, pectoral girdle, anterior portion of the

trunk, both front limbs, and a partial right hind limb with the
femur lacking its proximal part. Cocholgüe, Biobío Region,
central Chile. Upper levels of the Quiriquina Formation, upper

Figure 1 A, Map showing the present distribution of the different localities along the Weddellian Biogeographic Province which have provided the
specimens studied. B, Central Chile, indicating the provenance of the specimens SGO.PV.135, SGO.PV.169, SGO.PV.260 and SGO.PV.957. C,
Southern Island of New Zealand indicating the locality of Shag Point where the specimen OU 12649 was recovered. D, Seymour Island, Antarctic
Peninsula, where the specimen MLP-89-III-3-1 was recovered.
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   Figure 2 Comparison of different propodials among aristonectines. A, MLP-89-III-3-1, Aristonectes sp., right femur in dorsal view, mirrored for
better comparison. B, SGO.PV.957, holotype of Aristonectes quiriquinensis Otero et al., 2014. Right femur in dorsal view, mirrored for better
comparison. C, SGO.PV.135, Aristonectes quiriquinensis (referred), left femur in dorsal view. D, DM R1529, lectotype of Mauisaurus haasti Hector,

4 RA Otero et al.
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Maastrichtian. SGO.PV.260. Referred specimen. A fairly com-
230 plete postcranial skeleton. Las Tablas Bay, Quiriquina Island,

Biobío Region, central Chile. Quiriquina Formation, upper
Maastrichtian.

New referred specimens

SGO.PV.135. Complete left femur; SGO.PV.169. Proximal
235 portion of a left humerus. Las Tablas Bay, north of Quiriquina

Island, Biobío Region, central Chile. Quiriquina Formation,
upper Maastrichtian.

Remarks

SGO.PV.135 is here confirmed as a left femur, as previously
240 identified by Otero et al. (2010). On the other hand, the SGO.

PV.169 is anatomically emended, being the proximal portion of
a left humerus. Both specimens are a perfect match in size and
morphology with the respective femur and humerus of the
holotype of A. quiriquinensis and are therefore referred to that

245 species. Prior to this research, the most diagnostic features
of Mauisaurus were the presence of a prominent hemispheric
articular head of the femur, a large trochanter separated from the
articular head by a deep fossa and the presence of a large
tuberosity in the ventral surface of the diaphysis (Hector 1874;

250 Welles 1962; Welles & Gregg 1971; Hiller et al. 2005). Based
on this, Otero et al (2010) referred to Mauisaurus two specimens
(SGO.PV.135 and SGO.PV.169) from the upper Maastrichtian of
Chile.
Kaiwhekea katiki Cruickshank & Fordyce 2002

255 Type species

OU 12649 (holotype), a fairly complete adult skeleton including
casts of both femora. Shag Point, north of Dunedin, New
Zealand. Katiki Formation, lower Maastrichtian.

Remarks
260 The original description of OU 12649 included detailed

description and figures of one femur (Cruickshank & Fordyce
2002; Fig. 2B, C). Due to its taphonomic placement in the
fossil, a right laterality was assigned for this element. The
presence of a large trochanter diagonally oriented over the

265 diaphysis is a feature observed in other elasmosaurids such as
the lectotype of M. haasti and the femur SGO.PV.135 referred
to A. quiriquinensis. A similar structure is also present in MLP

89-III-3-1 from Antarctica and referred to Aristonectes sp. All
these specimens confirm that the diagonal extension of the

270trochanter is only visible in dorsal view and that it extends from
the anteroproximal part of the femur to the posteromedial part
of the diaphysis. Such anatomical landmarks are useful for
recognising the anatomical identification of the femur, as well
as the orientation of the latter. Based on this, the femur of K.

275katiki (Cruickshank & Fordyce 2002; Fig. 2B, C) can be
identified as a left rather than a right femur, while the whole left
hind limb is mostly visible in ventral view on the holotype.

Presence of a hemispherical femoral head among
elasmosaurids from the WBP

280Aristonectes sp. (MLP 89-III-3-1)

This very large specimen has short cervical vertebrae that are
more similar to those of Aristonectes than Kaiwhekea; it is
therefore kept as Aristonectes sp. for the moment, awaiting
more detailed studies (in progress by JPO’G). The femur of this

285specimen (Fig. 2A) exhibits a clear hemispherical head, and the
presence of this feature in the genus Aristonectes is therefore
verified.

Aristonectes quiriquinensis (SGO.PV.957 and SGO.PV.260)

The holotype of A. quiriquinensis does not preserve the prox‐
290imal portion of its only known femur (Fig. 2B). On the other

hand, the referred juvenile specimen SGO.PV.260 has incom-
plete humeri lacking part of the diaphysis while the femur,
although fractured, is almost complete but preserved in two
separate blocks. The articular heads of the humeri and the femur

295are convex, with the tuberosity/trochanter clearly differentiated
from the articular head as well as from the diaphysis.

SGO.PV.135 and SGO.PV.169 (previously referred to
Mauisaurus sp.)

Direct comparison of SGO.PV.135 with the femur of the holo‐
300type SGO.PV.957 of A. quiriquinensis shows a perfect match of

the distal portion, both in morphology and size (Fig. 2C). The
distinctive articular facets and posterodistal projection are present
in both specimens. Also, the breadth of the shaft (at least the
portion preserved in SGO.PV.957) is identical. Based on this, we

305identify SGO.PV.135 as a femur of an adult A. quiriquinensis.
These two femora differ from the specimen DM R1529, the
lectotype of M. haasti (Fig. 2D), only sharing the presence of the
hemispherical femoral head.

1874 designated by Welles (1962). Right femur in dorsal view, mirrored for better comparison. E, OU 12649, holotype of Kaiwhekea katiki
Cruickshank & Fordyce, 2002. Left femur in dorsal view. F, SGO.PV.957, holotype of Aristonectes quiriquinensis. Left humerus in dorsal view.
G, SGO.PV.169, Aristonectes quiriquinensis (referred). Proximal end of a left humerus in dorsal view. H, Same in posterior view. I, Proximal view.
J, Left humerus of the SGO.PV.957 in proximal view. K, OU 12649, holotype of Kaiwhekea katiki. Cast of the left humerus. L, SGO.PV.957,
holotype of Aristonectes quiriquinensis. Detail of the articular head of the humerus. M, Outline of the previous, showing the position of the
tuberosity. N, SGO.PV.135, Aristonectes quiriquinensis (referred). Detail of the articular head of the femur. O, Outline of the previous, showing the
position of the trochanter. Dashed lines indicate absent portions. Scale bars equal 100 mm.

Figure 2 Continued
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Kaiwhekea katiki (OU 12649)
310 A direct review of the holotype of this species (OU 12649)

shows the presence of femora with hemispherical heads (Fig. 2E).
This feature is clearly observed in the mould of the proximal
portion on the better-preserved femur. As illustrated by Cruick-
shank & Fordyce (2002; Fig. 2C), the femur of K. katiki has

315 a trochanter clearly aligned diagonally to the shaft axis. The
distal end of the femur is comparatively narrower than those of
A. quiriquinensis specimens.

Comparisons

SGO.PV.169 was directly compared with the left humerus of the
320 holotype (SGO.PV.957) of A. quiriquinensis. Both match in size,

as well as in the hemispherical outline of the articular head
(Fig. 2F–J). Further, the putative ‘tuberosity’ is displaced from
the midline into the posterior half but does not extend diagonally
over the shaft, which is one of the features here considered

325 useful for distinguishing the humerus from the femur of A.
quiriquinensis (see below)AQ7 . In consequence, due to the morpho-
logical affinities, similar ontogenetic stages and because of the
precise match in size, SGO.PV.169 is now identified as a
humerus of the latter species. Interestingly, the humerus of A.

330 quiriquinensis has a distal portion which is very similar to that of
the humerus of K. katiki (Fig. 2K). Both taxa have concave
facets for the epipodials and rounded distal margins surround the
epipodial articulations. They also share the presence of radius
and ulna axially longer than broad, with a lunate shape.

335 Morphological disparities between the adult humeri and
femora of Aristonectes quiriquinensis with comments
regarding other aristonectines

Among elasmosaurid specimens recovered from the WBP,
isolated propodials are common. This could be a consequence of

340 the compactness of the bone, which gives it good resistance to the
burial conditions; also, paddles are often found displaying bite
marks and could reflect the loss of the extremities resulting from
the action of predators. Independent of the causes for isolated
propodials, it is relevant to recognise distinctivemorphologies that

345 could allow identification of their anatomical position. Further,
knowing the ontogenetic stage is relevant for understanding how
the general propodial shape changes during growth. Finally,
recognition of morphological features with taxonomic value could
lead to identification of propodials, even in isolated occurrences.

350 Based on the complete left humerus and the partially preserved
femur of the holotype SGO.PV.957 of A. quiriquinensis, we can
recognise some features useful in differentiating humerus from
femur even when comparing fragmentary specimens.

Shaft features
355 In dorsal view, the humerus has a straight shaft, which is

comparatively thicker than that of the femur SGO.PV.135. This
confers to the humerus a more robust aspect.

Tuberosity/trochanter shape and position

In the humerus, the tuberosity is slightly displaced from the
360midline into the post-axial half and is subrectangular to square,

whereas in the femur of K. katiki and specimen MLP 89-III-3-1
referred toAristonectes sp., the trochanter is more elongated,
extending into the mid portion and is diagonally oriented. The
tuberosity of SGO.PV.957 has the same relative position on the

365humerus as in the juvenile SGO.PV.260, indicating that this is
the actual position and not a taphonomic artefact. On the other
hand, the femur SGO.PV.135 has a trochanter extending
diagonally from the proximal portion to the postaxial, distal
margin. Similarly, the trochanter of K. katiki and that of MLP

37089-III-3-1 both extend diagonally in the same direction, but the
trochanter of the SGO.PV.957 is comparatively shorter and
constrained to the proximal third, while in K. katiki this extends
closer to the middle of the shaft. As a result, the femur can be
distinguished by the presence of a larger tuberosity placed

375diagonally and fading into the postaxial margin of the mid part
of the diaphysis (Fig. 2L–O).

Distal end of the propodials

Another relevant difference is observed on the distal articular
facets of the propodials of A. quiriquinensis. The humerus has a

380facet for the ulna with a small projection that covers the postero-
proximal margin of the ulna, while in the femur only a posterior
projection occurs, leaving the posterodistal margin of the femur
open over the fibula.

Size
385Finally, the comparative size of the articular heads is different,

being larger in the humerus. This is consistent with the typical
larger size of this element with respect to the femur among
elasmosaurids (O’Keefe 2001).

Propodial ontogeny in Aristonectes quiriquinensis
390Humerus

Since the right humerus of SGO.PV.957 has good tridimen-
sional preservation, we chose it for comparison, in different
views, with the right humerus of the juvenile SGO.PV.260. In
dorsal view (Fig. 3A), the latter bears an incipient tuberosity

395which is low but separated from the articular humeral head. In
the adult, SGO.PV.957, the tuberosity becomes large and
elevated, although no proper fossa between this and the humeral
head is present. In ventral view (Fig. 3B), it can be noted than
even in juvenile stages the humerus already has a marked limit

400between the diaphysis and the articular surface, which is slightly
more prominent than the diaphysis. In comparison, the adult bears
a strongly convex hemispherical head that is markedly wider than
the diameter of the diaphysis. In anterior view, both specimens
(juvenile and adult) have a humeral head with rounded articular

405outline (Fig. 3C). The proximal view (Fig. 3D) shows that the
articular head of the juvenile has a rounded contour with the

6 RA Otero et al.
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dorsal tuberosity slightly displaced from the midline towards the
posterior half. In the adult specimen SGO.PV.957, the distal
portion of the right humerus is slightly crushed; the left humerus

410 is more deformed, hence it was not considered for comparison
here. Despite this, the right adult humerus shows a slight posterior
displacement of the tuberosity, but the rounded outline is hard to
evaluate due to the crushing.

Femur
415 The femur and humerus of the juvenile SGO.PV.260 (Fig. 4A)

are very similar. In ventral view, the juvenile femoral head is
comparatively more prominent than the respective humeral
head, a condition that is reversed in the adult stage as is
revealed by the new referred specimens SGO.PV.135 and SGO.

420 PV.169, where the humerus acquires an articular head that is
comparatively more prominent than that of the adult femur
(SGO.PV.135). The distal portion of the juvenile bears a
posterior extension for the articular facet of the fibula, which
is also present in the adult. In cross-section, the bone shows a

425distinctive outline with the dorsal surface convex and the
ventral surface even more convex, and having its pre-axial
margin narrower than the rest of the diaphysis section (Fig. 4B).
The distal enlargement of the fibular facet, as well as the
singular cross-section outline, is present in the available portion

430of the femur of the adult holotype of A. quiriquinensis
(Fig. 4C, D). Due to the remarkable match in morphology and
size, the femur of SGO.PV.957 and the femur of SGO.PV.135
are here considered to belong to the same species. The adult
femur of A. quiriquinensis therefore has a hemispherical head, a

435high trochanter not extending far diagonally over the shaft, a
deep fossa between the latter and the femoral head and a strong
and high tuberosity placed in the mid ventral portion of the
diaphysis.

Since SGO.PV.135 has excellent tridimensional preservation,
440we can add to the description of the femur of A. quiriquinensis

the following features: presence of a hemispherical articular head
with rounded contour in proximal view and a trochanter shorter
than that of K. katiki, with an axial length shorter than one-third

Figure 3 Ontogenetic comparison of the articular head in the right humerus of Aristonectes quiriquinensis. Juvenile specimen SGO.PV.260 is above,
and the adult holotype SGO.PV.957 below. A, Dorsal view. B, Ventral view. C, Anterior view. D, Proximal view. Scale bar equals 100 mm.

Review of the Mauisaurus specimens from Chile 7
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of the entire bone (Fig. 4H). Also, the distal view of the femur
445 (Fig. 4I) shows that this has a biconvex outline, with the dorsal

surface comparatively flatter than the ventral surface. Based on
specimens SGO.PV.260 and SGO.PV.957, the presence of
hemispherical heads in the humeri and femora is a feature that
depends on the ontogenetic stage of the specimen, being more

450 evident in adult representatives and probably more prominent in
even older individuals. In addition, the degree of prominence of
the articular head with respect to the shaft when comparing
humeri and femora can be variable during ontogeny. During the
juvenile stage, SGO.PV.260 has a femoral head comparatively

455 more prominent than its respective humerus; in the adult SGO.
PV.957, the humerus becomes comparatively more prominent
than the femur. This condition is unusual since the MLP 89-III-
3-1 (Aristonectes sp.) possesses a hemispherical femoral head
more prominent than that of the humerus.

460 Anatomical comments on Kaiwhekea katiki

A final observation concerns the laterality of the best-preserved
hind limb of K. katiki. The quarry diagram with the original
description (Cruickshank & Fordyce 2002; Fig. 2A) shows a
well-preserved extremity settled in the right side of the skeleton,

465 which was naturally interpreted as the right hind limb, while a
putative fragment of the left femur lay over to the left side of the
skeleton. The diagram of the femur (Cruickshank & Fordyce

2002; Fig. 2C) shows a trochanter diagonally oriented over the
shaft and fading posteriorly. Such features are only visible in

470dorsal view while the trochanter fading occurs towards the
posterior margin of the shaft of all the specimens reviewed here.
Consequently, the drawing represents a left femur. Since the
putative right hind limb is partially preserved as a negative cast,
a positive mould obtained and kindly provided by RE Fordyce

475(2013 AQ8) was useful for evaluating the anatomy of this portion.
Indeed, this reflects the same laterality of the original drawing
(Cruickshank & Fordyce 2002; Fig. 2C) and positively belongs
to a left femur based on the shape of the hemispherical head and
the disposition of the trochanter, here shown to occur in posterior

480situation among aristonectines. The left hind limb must therefore
have been displaced prior to burial; soft tissues were still
preserved, allowing its transportation from the acetabulum but
without suffering disarticulation. In consequence, the fragment-
ary femur observed in the specimen belongs to the right hind

485limb.

Conclusions

The results of this contribution prove that the hemispherical head
is a feature that lacks enough diagnostic value for genus-level
determinations. The description by Otero et al. (2010) noted that

490the Chilean specimens were larger than the lectotype of
M. haasti (Welles 1962; Welles & Gregg 1971) and, in the case

Figure 4 Ontogenetic comparison of the right femur in Aristonectes quiriquinensis. A, Right femur of the juvenile specimen SGO.PV.260 in ventral
view. B, Cross-section of the diaphysis. C, Distal portion of the adult holotype SGO.PV.957. D, Cross-section view of the diaphysis. Aristonectes
quiriquinensis. SGO.PV.135, previously referred to Mauisaurus sp. by Otero et al. (2010). E, Left femur in ventral view. F, Same in dorsal view.
G, Anterior view. H, Proximal view. I, Distal view. Scale bar equals 100 mm.
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of SGO.PV.169, the articular head was even bigger and more
prominent, which led to a first explanation that this latter spec‐
imen could belong to an older individual or else to a different

495 species. As explained here, direct comparison of SGO.PV.135
and SGO.PV.169 with the propodials of A. quiriquinensis
(holotype, SGO.PV.957) revealed a precise match with their
femora and humeri, respectively. Based on these observations,
we propose a taxonomic emendation for the Chilean specimens

500 (SGO.PV.135 and SGO.PV.169) from the upper Maastrichtian
Quiriquina Formation, previously referred to Mauisaurus sp.,
now considered as referred specimens of A. quiriquinensis.

Since its first description, the historical taxon Mauisaurus
haasti Hector, 1874, from the late Campanian of New Zealand,

505 has been regarded as unique among plesiosaurs due to the
presence of a prominent hemispherical head in the femur, which
was implicitly considered as an autapomorphy of the species.
The very large adult specimen MLP 83-III-3-1 from the late
Maastrichtian of Antarctica and referred to Aristonectes sp.

510 (O’Gorman 2013), as well as the holotype SGO.PV.957 and
referred specimen SGO.PV.135 of A. quiriquinensis, both from
the late Maastrichtian of central Chile, demonstrate the presence
of this femoral feature in different specimens within the genus
Aristonectes. The hemispherical femoral head is here found to

515 be also present in the holotype of K. katiki from the early
Maastrichtian of New Zealand. The ontogenetic stage ofK. katiki,
A. quiriquinensis and DM R1529 allow the comparison of their
adult femoral morphologies, showing clear disparities in shape,
size and distribution of the relevant anatomical features. Further-

520 more, the respective chronostratigraphic occurrences of the three
specimens, as well as their morphologic differences (especially in
the known skulls) prove that all belong to different taxa, therefore
precluding disparities due to sexual dimorphism.

Although a hemispherical femoral head can be commonly
525 found among aristonectines, such a feature is here proved to be

non-diagnostic to genus or species level. Hence, this feature
must be rejected as an autapomophy of M. haasti. Furthermore,
the hemispherical head of the femur was described in another
specimen from New Zealand, CM Zfr 115 (Hiller et al. 2005),

530 which clearly belongs to a non-aristonectine elasmosaurid. This
implies that the hemispherical femoral head is present in
different taxa that are not part of a monophyletic lineage and,
in consequence, such a feature should be treated as a homoplasic
character.

535 The two propodials from the upper Maastrichtian of central
Chile previously referred to Mauisaurus sp. (SGO.PV.135 and
SGO.PV.169) are now identified as a proximal portion of a left
humerus and a complete left femur, respectively. Both are here
referred to Aristonectes quiriquinensis based on the precise

540 morphological match and adult size of the compared specimens.
This allows rejection of the presence of the genus Mauisaurus
in the southeastern Pacific, at least on the basis of isolated
propodials. Based on the Chilean specimens here studied, such
a feature is proved to depend on the ontogeny of the individual

545 and becomes more evident in adult and very mature specimens.

As an additional result of the propodial comparisons carried
out here, we can positively identify the left hind limb of K. katiki
(originally regarded as the right hind limb based on its placement)
which lies over the right side of the skeleton and is exposed in

550ventral view. The results of this research encourage reassessment
of the taxonomic affinities of the specimens from Antarctica,
Argentina and New Zealand which have been previously referred
to Mauisaurus.
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