Appendix: A strange new chelonioid turtle from the latest Cretaceous Phosphates of Morocco
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Phylogenetical Analysis
Detailed Material and Methods
A cladistic analysis has been performed, based fundamentally on that of Hirayama (1995, 1998). The matrix including Alienochelys selloumi nov. gen. nov. sp. was erected for the other new Moroccan Maastrichtian chelonioid (Bardet et al., 2013), which was itself reviewed from Kear and Lee (2006) after modification from Hirayama (1995, 1998) and Hirayama and Chitoku (1996). It is newly slightly modified here, thanks to the study of Alienochelys nov. gen. Though insufficient (because various characters and taxa need a revision – especially the large American protostegid species), this matrix is currently the most – and only – accurate, as it includes the largest sample of both Cheloniidae and Dermochelyoidae. In comparison, that of Parham and Pyenson (2010) includes only Cheloniidae (most of them), whereas that of Joyce (2007) is not informative because it is too general and not exclusively dedicated to marine turtles.
As a recommendation, another analysis, including the new characters shared by the two new Moroccan forms and, eventually shared partly by some other Dermochelyoidae (see main text), has to be proposed but only after a global revision of taxa and characters will be completed (see characters). Some few cheloniid taxa could be added, taken from Parham and Pyenson, 2010’s analysis, and others, as well as the Tertiary Dermochelyidae. Some possible new outgroups from the Jurassic of Europe and Asia could also be added, taken from Sukhanov (2000) and Sukhanov and Narmandakh (2006) for example. Some other taxa such as eurysternids and plesiochelyids could be added (see Lapparent de Broin et al., 2001), to complete those utilised by Joyce (2007) for the separation of the “protostegids” (represented by  Santanachelys, the only protostegid in his analysis) from the Chelonioidea, and analysing the skeleton more completely. All that is beyond the scope of the present work, which is a first step realized to name the new Maastrichtian Chelonioid from Morocco, and presenting the possible phylogenetical relationships with the other members of the Superfamily Chelonioidea (as this taxon is currently understood).
Taxonomy: Outgroups in Hirayama (1995, 1998), Hirayama and Chitoku (1996), Kear and Lee (2007), Bardet et al. (2013). The taxon Chelomacryptodira Gaffney, 1984, includes extant: Trionychia (Trionychidae and Carettochelyidae), Dermatemydoidea (Dermatemydidae and Kinosternidae) and Testudinoidea (Emydidae, Testudinidae and Platysternidae) (Dubois and Bour, 2010; Hirayama, 1985).

Method: The phylogenetic analysis has been performed with Winclada (Nixon, 1999-2002) using NONA (Goloboff, 1999) interface, by Heuristics research (1000 trees to keep, 100 replications). All characters are unordered and non additive; first character is 1 (illogical); unambiguous changes are only considered in the presented cladograms. There are 22 taxa and 103 characters. Character numbers are the same than those of Kear and Lee (2006) matrix (named KL) up to character 26. Two asterisks indicate the new number after character 26, number 27 having being deleted (see below). As a result, 103 characters remain on the 104 used in KL matrix. We mention also the corresponding characters of Hirayama (1998) (named H).
A hypothetical taxon is included, with all the characters coded at state 0. Such a taxon is currently used in recent analyses (Brinkman et al., 2009; Joyce, 2007; Parham and Pyenson, 2010) and allows a better rooting of the ingroup and a better polarisation of the characters.

The changes in polarities with respect to Kear and Lee (2006) are those introduced in Bardet et al. (2013): partly because of the presence of a hypothetical taxon and by consideration with the older turtles, some new polarities are established for the characters according to their evolutionary state, state 0 being always considered as the primitive condition. In particular, a new polarity of characters 1, 4, 90 (here 89**), 92 (here 91**), 93 (here 92**) affects all the taxa where the character is preserved.

With this method, the results indicate clearly where the reversions are and if they are congruent or not with the current knowledge of the turtle evolutionary history. The changes in polarities are made according to older forms than the outgroups of Hirayama (1998), when they present an opposite polarization. For example, in the oldest Mesozoic taxon enough known (i.e. Proganochelys Baur, 1887; in Gaffney, 1990), and taxa such as Kayentachelys Gaffney et al., 1987 (Gaffney and Jenkyns, 2010; Joyce and Sterli, 2010, Sterli and Joyce, 2007), new Asian taxa (Annemys Sukhanov, 2000; Sukhanov and Narmandakh, 2006; Heckerochelys Sukhanov, 2006), Eileanchelys Anquetin et al., 2009 (Anquetin, 2010), as well as some baenids and pleurosternids (Gaffney, 1990 and others). Additionally we also compared the included taxa with Pleurodira (references in Gaffney et al; 2006, 2011;  Lapparent de Broin, 2000; Lapparent de Broin et al., 2007).
 Some other modifications concern polymorphism, which is avoided as much as possible by the retention of the most primitive state of the character (when it is known) in the clearly monophyletic taxa.

New modifications in relation to Bardet et al. (2013) are as follows:
1) Character 27 has been deleted to keep only character 26 (see below);
2) Definition of character 9 is examined with two alternatives that give the same result (see below) and only one is retained;
3) Toxochelys is coded 14/0 instead of 14/1; Santanachelys is coded 12/0 instead of 12(1) (see below).
The matrix was runned experimenting various possibilities:
1) With only the hypothetic outgoup and the 16 taxa of the ingroup (strict consensus, Appendix Figure 1A-B).
2) With 6 outgroups (hypothetic - state 0 for all characters + five other ones), and the 16 taxa of the ingroup (strict consensus, Appendix Figure 2A-B);
3) With two outgroups (hypothetic + Chelomacryptodira) and the 16 taxa of the ingroup (strict consensus, Appendix Figure 3A-B; strict consensus, Main text Figure 4);
Results

The solution 1 (outgroup = hypothetic taxon only) is not conclusive (strict consensus Appendix Figure 1A). There are 3 trees; 4th tree = strict consensus: L=208, Ci=54, Ri=60.
The ingroup is not well rooted and there are too many unbelievable reversions. However, two main clades, the Cheloniidae and the Dermochelyoidae are well individualized and supported. The new other Moroccan Maastrichtian species is the sister-group of these two groups.  Protostegidae are grouped in a satisfying manner in chelonioids. Cheloniidae, with Bouliachelys as the sister-group of other taxa, are also independently grouped but with different possibilities for the respective taxa position, their relationships resulting as unresolved in the consensus. The position of Alienochelys within the Dermochelyidae is not convincing, resting on dubious reversions, optimizations of characters not preserved in this taxon, such as homoplasies of not preserved postcranial material; acceptable are the homoplasies for characters 1/1 (loss of cranial scutes) and 22/1 (Processus pterygoideus externus lacking vertical flange), that are also present in Protostega and the new other Moroccan Maastrichtian form (see discussion below).
Among Chelonioidea, the values of the bootstraps (Figure 1B) are rather correct, being superior to 50 for the Dermochelyidae s. s. (Mesodermochelys and Dermochelys - two always united taxa), and good for Cheloniidae (>75) where the taxa are correctly allocated in the family but in an unresolved position, with just the union of Puppigerus and Chelonia in a clade.

The solution 2 (outgroups = hypothetic taxon + 5 other outgroups) is no more convincing than the first solution as a whole (strict consensus Appendix Figure 2A). There are 9 trees; 10th tree = strict consensus: L=242, Ci=48, Ri=68.
The position of Chelonioids, Chelydridae and Chelomacryptodira is not resolved. Among them, the Cheloniidae are correctly but successively derived. The Dermochelyoidae appear as the sister-group of the last cheloniid clade uniting Puppigerus and Chelonia! First, from a stratigraphic point of view, this is very astonishing because the oldest Dermochelyoidae appeared ca. at the boundary Jurassic – Cretaceous while Puppigerus is Early Eocene and Chelonia is Miocene (the oldest cheloniid, Toxochelys, being Late Cretaceous in age) showing a reversed apparition. Secondly, in this result the reversions are too much numerous and their realization very difficult to understand. No irrefutable synapomorphy is present for the interrelationships of the natural groups evidenced in the other solutions, so that it is impossible to agree with this aberrant hypothesis.
However it is interesting to note that Alienochelys appears as the sister group of protostegids in all the trees, on the basis of synapomorphies that are characters 9/1 (quadratojugal excluded form the cheek emargination), 24/1 (pterygoid reaches the border of the quadrate articular condyle) and 7/1 (loss of parietal-squamosal contact, but by frequent homoplasy also in Corsochelys and loss in Protostega). The other new Moroccan Maastrichtian species and Bouliachelys are grouped with Alienochelys and Protostegidae, sharing character 20/1 (palatine meeting medially), a convincing character but that remains unknown in Mesochelys and Corsochelys and differently derived in Dermochelys (extraordinary anterior extension of the pterygoids, but coded 0 as a primitive character) (necessary emendation of the definition).
The boostraps of the consensus 10 of 9 trees (Figure 2B) show the separated unresolved relationships of the members of the Cheloniidae and Dermochelyoidae. Although the values at these “clades” are superior to 50, none is superior to 69 (good for Puppigerus-Chelonia).
The solution 3 (outgroup = hypothetic taxon + Chelomacryptodira) (strict consensus Appendix Figure 3A, Main Text Figure 4) is interesting. There are 8 trees; 9th tree = strict consensus: L=222, Ci=51, Ri=59. The ingroup is better rooted, allowing that some synapomorphies of the Chelonioidea appear as homoplastic in Chelomacryptodira and not autapomorphies of Chelonioidea. The strict consensus fully agrees with the chosen consensual cladogram given for the other new Moroccan Maastrichtian species (Bardet et al., 2013, Figs. 7 and S2.2). There are still a lot of questionable reversions, but the two main clades of Chelonioidea are well defined by their synapomophies. Especially, the Dermochelyoidae defined by characters 10/1, 11/1, 20/1 and 21/1. The strict consensus shows that the affinities of the two Moroccan Maastrichtian new taxa, of Corsochelys and Dermochelyidae s.s. remain unresolved (see paragraph below), whereas the Protostegidae are well defined by their synapomorphies. As always, the place of Bouliachelys, Alienochelys and the other Moroccan Maastrichtian new form is problematic, what is not enigmatic partly because of the lack of inner skull and/or postcranial characters:  in the eight trees, the variation runs with the place of Corsochelys, Alienochelys and the new other Maastrichtian Moroccan species around the Dermochelyidae s.s. (Dermochelys and Mesodermochelys, both united by synapomorphies) and the consensus logically places them in polytomy. The characters at the base of the polytomy are primitive or homoplastic in Protostegidae. The presence of primitive characters at the base of the Dermochelyoidae (3/0, 51/0, 53/0) and within Protostegidae (consensus Appendix Figure 3A) indicate that a satisfying hypothesis is not yet found. In the hypothesis of Bardet et al. (2013), basic Dermochelyoidae characters are proposed: 10/1, 11/1, 20/1, 21/1, 33/1 (ex 34/1) and 60/1 (ex 61/1).

Among Chelonioidea, the values of the bootstraps (Figure 3B) are not better than in the solution 2: unresolved cheloniid and Dermochelyoidae clades (the latter including Bouliachelys, Alienochelys and the other Moroccan Maastrichtian species), with value ca. 50, slightly superior (but less than 75) for the clade Puppigerus-Chelonia and for the clade Mesodermochelys – Dermochelys.

All the analyses support the monophyly of: 1) Chelonioidea, 2) Cheloniidae, 3) Dermochelyidae s.s. (Dermochelys and Mesodermochelys). The possible relative position of Corsochelys, poorly preserved and remaining dubious ( Bardet et al., 2013; Zangerl, 1960) and its relationships with both Moroccan Maastrichtian species is discussed (see paragraph below).

 Alienochelys is always included in the Dermochelyoidae either:
a) in polytomy at their base (solution 3),

b) at the base of the Protostegidae (solution 2),

b) in Dermochelyidae (solutions 1 and 3), a view not supported here.
In the absence of postcranial material and waiting for a global revision of taxa and characters, we suggest here to: 1) retain Alienochelys, Bouliachelys and the new other Moroccan Maastrichtian species as basal members of the epifamily Dermochelyoidae, together with the family Dermochelyidae and the family Protostegidae, but with unresolved interrelationships (main text, Figure 4) and disregarding Corsochelys; 2) ask if, adding their new shared characters in a fully renovated matrix, Alienochelys could be a possible sister-taxon of the other Moroccan Maastrichtian new chelonioid, ant if they could be derived from a rather basal protostegid (See also main text for other analysis comments and results).
Characters list

1. Cranial scute sulci on dermal roofing elements. 0: present; 1: absent (H1).
2. Nasal. 0: present; 1: absent (H2).
3. Prefrontals. 0: not meeting medially; 1: meeting medially (H3).
4. Prefrontal-Postorbital contact. 0: present; 1: absent (H4).
5. Orbit orientation. 0: faces laterally; 1: faces dorsolaterally (H5).
6. Processus inferior parietalis. 0: narrow anteroposteriorly; 1: wide anteroposteriorly (H6). 7. Parietal-Squamosal contact. 0: present; 1: absent (H7).
8. Posterior temporal emargination. 0: weak, foramen stapedio-temporale concealed in dorsal view; 1: moderate, foramen stapedio-temporale but not entire processus trochlearis exposed in dorsal view; 2: strong, entire processus trochlearis oticus exposed in dorsal view (H8).

9. Quadratojugal and lateral emargination: Two alternatives could be possible.

   a) Including a new third character state. Quadratojugal and lateral emargination. 0: quadratojugal present and not excluded; 1: present, but excluded by jugal-quadrate contact; 2: present, but excluded by maxillary-quadrate contact. This character needs a verification in large advanced protostegids to see if the state 2 by maxillary-quadrate contact is an autapomorphy of Alienochelys. b) Without the second character state, and uniting states 1 and 2 (as figured in the matrix below and as used here). Quadratojugal excluded from lateral emargination. 0: no; 1: yes by jugal-quadrate contact or by maxillary-quadrate contact.
Hirayama, 1995, character 8: “Jugal-quadrate contact; exclusion of quadratojugal from lower cheek margin: yes, not.”  H9, KL9: “jugal-quadrate contact: 0. absent; 1. present”. The quadratojugal is sometimes absent in Testudinoidea (part of the Chelomacryptodira) with a broken quadratojugal arch: another definition would be necessary for a more appropriate analysis of this outgroup.
10. Medial process of Jugal beneath orbit. 0: strongly developed; 1: weakly developed or absent (H10 mod. KL). Hirayama (1998) just mentioned: 0, present and 1, absent. Beneath the orbit means it is seen in ventral view in the inferior temporal fossa (the process is wider in dorsal view, when observed through the orbit) (see character 11).
11. Jugal-Pterygoid contact. 0: present; 1: absent (H11), i.e. not any ventral medial process of the Jugal connecting with the Pterygoid: same result as character 10.

About 10 and 11: In cheloniids, when the medial process of the jugal is weak and thin, it is difficult to observe it as well as its contact with the pterygoid in ventrally viewed figures, because of the secondary palate occurrence, so that a personal observation of the skull is often necessary. The medial process of the jugal and the contact jugal-pterygoid are always present in the analyzed Cheloniidae. While in all the Dermochelyoidae, the jugal process and its pterygoid contact are always absent, as much evident. So that, the couple of characters is here a useful character of distinction among Chelonioidea. However, in the cheloniid Allopleuron from the Maastrichtian of Maastricht, analyzed in Hirayama and Chitoku (1996), the jugal process and its pterygoid contact are both coded as absent like in the clade Dermochelyoidae, doing the couple of characters homoplastic with that genus instead of autapomorphic in this clade. Nevertheless, the ventral process of the jugal is figured as well present in Mulder (2003, Figs. 11 and 12), doing the character 10/0 instead of 10/1 and only the character 11/1 homoplastic with Dermochelyoidae. Anyway, Allopleuron is easily distinguished from all the Dermochelyoidae by the presence of numerous cheloniid characters: in particular by the presence of a cheloniid true and long secondary palate – characters 14 to 18 – , but with preservation of the primitive states of the characters 21,  20 and 22, and by the derived states of the characters 23, 30 and 31. Alienochelys also presents the derived states of the characters 14 to 18. However the surimposed external nare to the choanae with the absence of air conduct canals, separated by a developed vomer pillar (a narrow and elongated vertical structure below the ventral surface of the vomer, very long in Allopleuron and very short in Alienochelys), does Alienochelys has no true secondary palate.
12. Ventral cheek emargination. 0: absent or indistinct (a shallow concavity); 1: deep or at least well distinct (H12). The observation of the figures of Santanachelys Hirayama, 1998 by comparison with the other taxa leaded us to consider that the lateral cheek emargination was rather weak and thus to recode it 12/0. However, a new definition allowing a strict better estimation in all the taxa is necessary, needing a new observation of the fossils.

13. Premaxilla. 0: not hooked; 1: hooked (H13).
14. Foramen praepalatinum. 0: present; 1: absent (H14). The new observation of the structure of the anterior part of the palate in various turtles, when the foramina praepalatina are present (in absence of a secondary palate) and when they are absent, leaded us to consider that they were present in Toxochelys as shown in the drawing of Zangerl (1953), and not absent as previously supposed with doubts. We recode it 14/0.

15. Upper triturating surface. 0: not involving palatine; 1: involving palatine (H15).
16. Upper triturating surface. 0: without contribution from vomer; 1: with contribution from vomer (H16).
17. Vomers. 0: not developed into narrow sagittal pillar; 1: developed into narrow sagittal pillar (H17). It will be necessary to precise the length of the horizontal pillar, i.e. the length of the air conduct, if present.

18. Vomer-Palatine contact anterior to internal naris (apertura narium interna). 0: absent; 1: present (H18).
19. Lingual ridge of maxilla. 0: absent or weakly developed; 1: strongly developed (H19).
20. Palatines and Vomer-Pterygoid contact. 0: palatines not meeting medially, vomer contacting pterygoid; 1: palatines meeting medially, vomer not contacting pterygoid (H20).

21. Foramen palatinum posterius. 0: fully enclosed within palatal bones; 1: open posterolaterally, but anteriorly forms embayment in palate; 2. Absent (H21).
22. Processus pterygoideus externus. 0: with vertical flange or small projection; 1: totally lacking vertical flange (H22).
23. Pterygoids. 0: without median ventral ridge; 1: with median ventral ridge (H23).
24. Pterygoid. 0: does not form part of mandibular condyle; 1: forms part of mandibular condyle. Hirayama’s (1998) definition is “0: not reaching the mandibular articular facet of the quadrate; 1: reaching the mandibular articular facet of quadrate” i.e. it participates to the quadrate process up to the condyle level but not much to the condyle itself (H24). In Alienochelys, the pterygoid extends inferiorly nearly up to the condyle facet that it contacts by one point (Figure 3B), being not as widely extended as in advanced protostegids but a little more than in the other new Moroccan Maastrichtian chelonioid, possibly like in Santanachelys that is coded 1 by Hirayama (1998); but the figure is not clear in the latter and a possible less extension is questioned. When it is coded 1 in Alienochelys (matrix below) like in Santanachelys, it results as an homoplasy between Alienochelys and the Protostegidae; when it is coded 0, as in the other Moroccan Maastrichtian chelonioid (where the pterygoid is less extended on the quadrate articular process and not reaching the articular condyle facet), the result is identical for the relative position of the taxa in the consensus tree, the character appearing as a synapomorphy of the Protostegidae alone. A new observation of Santanachelys and other protostegids is necessary.
25. Pterygoids. 0: at least moderately wide; 1: extremely narrow bar (H25).
26. Processus trochlearis oticus. 0: with large contribution from quadrate; 1: with small contribution from quadrate.
The comparison of the definition of characters 26 and 27 leaded to delete the character 27.  The definitions in Hirayama (1998) are:  “(26):  large processus trochlearis oticum of quadrate: 0. absent, 1. present.” and  “(27): processus trochlearis oticum formed by prootic: 0. prominent, 1. reduced.” The definitions appeared unclear to Kear and Lee (2006) that reversed it as follows: “(26): Processus trochlearis oticum. 0: with large contribution from quadrate; 1: with small contribution from quadrate” and “(27). Processus trochlearis oticum. 0: with prominent contribution from prootic; 1: with small contribution from prootic”. This is contradictory and unclear. Taking into account that the matrix concern cryptodiran turtles that all possess a processus trochlearis oticus, we consider that a unique character is enough.
**27.  Crista supraoccipitalis. 0: small, not greatly extending beyond occipital condyle; 1: large, greatly extending beyond occipital condyle (H28).
**28. Foramina anteriora canalium carotici interni. 0: widely separated: close together (H29).
**29. Internal carotid artery (posterior to junction with palatine artery). 0: not embedded in braincase elements; 1: partially embedded; 2: fully embedded (H30).
**30. Ventral surface of basisphenoid. 0: without V-shaped crest; 1: with V-shaped crest (H31).

**31. Basipterygoid processes of basisphenoid. 0: no basipterygoid projection; 1: basipterygoid posterolateral projections inducing a V shaped basisphenoid (H32).
**32. Dorsum sellae. 0: low; 1: high (H33).
**33. Rostrum basisphenoidale. 0: wide, trabeculae separate; 1: trabeculae approximated or fused in a rod-like structure (H34). See below.

 **34. Rostrum basisphenoidale. 0: prominent; 1: reduced (H35).
About characters 33 and 34: a rod-like structure is often mentioned when prominent; it means either that the trabeculae are fused in a long rounded rod-like rostrum or that they are only approximated in a long rod-like rostrum, flatter all along and at its extremity. Corsochelys and Dermochelys are coded 0 similarly, but it seems that in Corsochelys with short and separate trabeculae, the elements are broken at their base and frayed in front (Zangerl, 1960). In Sinemydidae, the trabeculae are primitively short and separate. In Dermochelys, they are wide and short because of the unossification of the anterior extremity of the trabeculae, with a vertical clear-cut section observable in living forms, where the extremity is cartilagineous (see below). The character definition has to be verified and emended.

 **35. Junction of palatine artery and internal carotid artery. 0: not enclosed in bone; 1: enclosed in bone (H36).
**36. Foramen caroticum laterale. 0: not larger than the foramen anterius canalis carotici interni; 1: larger (H37).
**37. Foramen caroticum laterale. 0: not confluent with the canalis cavernosus; 1: confluent (H38).
**38. Mandible. 0: with narrow triturating surface, symphysis less than 1/3 of jaw length; 1: with broad triturating surface, symphysis >1/3 jaw length.
**39. Dentary. 0: not hooked; 1: hooked (H40).
**40. Symphyseal ridge of dentary. 0: absent; 1: present, but not exposed laterally; 2: present and greatly developed, being exposed laterally.
**41. Lingual ridge of dentary. 0: prominent; 1: weak or absent (H43).
**42. Dentary expanded posteriorly, almost reaching articular surface. 0: no. 1: yes.
**43. Splenial. 0: present; 1: absent (H45).
**44. Transverse process of cervicals. 0: double; 1: single (H46).
**45. Shape of central articulation of posterior cervicals. 0: as high as wide; 1: much wider than high (H47).
**46. Ventral keel on posterior cervical centra. 0: absent; 1: present. (H48).

**47. Cervical central articulations. 0: amphicoelous; 1: convex-concave (H49).
**48. Biconvex anterior cervical centrum 0: absent; 1: present (H50 part).
**49. Biconvex anterior cervical centrum. 0: on 2nd or 3rd cervical; 1: on 4th cervical (H50 part).
**50. 8th cervical. 0: amphicoelous; 1: procoelous; 2: biconvex; 3: opistocoelous (H51).

**51. 8th cervical centrum. 0: not shorter than 7th; 1: shorter than 7th (H52).
**52. Double cervical articulation between 7th and 8th cervicals. 0: absent. 1: present (H53).

**53. 1st thoracic vertebra, anterior articulation. 0: facing anteriorly; 1: facing ventrally or anteroventrally (H54).
**54. 1st thoracic rib. 0: long, distal end extending to lateral margin of 1st costal; 1: short, distal end does not extend beyond nuchal (H55).
**55. 10th thoracic rib. 0: contacting 8th pleural; 1: ends freely (H56).
**56. Chevrons. 0: present; 1: absent (H57).
**57. Anterior part of caudals. 0: amphicoelous (i.e. an anterior cotyle) ; 1: procoelous  (i.e. an anterior condyle) (H58).
**58. Posterior part of caudals. 0: amphicoelous; 1: opisthocoelous; 2: procoelous (H59).

**59. Coracoid. 0: shorter than humerus; 1: at least as long as humerus (H60).
**60. Scapular angle, between scapular prong and acromion. 0: around 90 degrees; 1: from ca. 100 degrees and more.
**61. Lateral process of pubis (pectineal process). 0: small, not extending anteriorly beyond level of medial portion of pubis; 1: large, extending anteriorly beyond level of medial portion of pubis (H62).
**62. Thyroid fenestra. 0: small to moderate, and subdivided by pubis-ischium contact; 1: large and single (H63). When large in fossils, it can be divided by a very thin bone strip (it is divided by a conjunctive septum in extants).
**63. Lateral process of ischium or metischial process. 0: prominent, extending laterally as wide as entire ischium; 1: small but distinct process; 2: rudimentary or lost (H64).
**64. Large pelvis approaching coracoid. 0: no; 1: yes (H65).
**65. Humerus. 0: shorter than femur; 1: longer than femur (H66).
**66. Lateral process of humerus. 0: abuts caput humeri; 1: slightly separated from caput humeri; 2: located distal to caput humeri but along proximal end of shaft; 3: located at middle of humeral shaft.
**67. Proximal articular surface of humerus. 0: with shoulder on preaxial side, upturned; 1: without shoulder, not upturned (H68).
**68. Scar for M. latissimus dorsi and M. teres major. 0: located anterior to humeral shaft; 1: located at middle of shaft (H69).
**69. Lateral process of humerus V-shaped. 0: no; 1: yes (H70).
**70. Expansion of lateral process of humerus limited to anterior surface of shaft. 0: no, expands onto ventral surface; 1: yes (H71).
**71. Medial concavity of lateral process of humerus. 0: absent; 1: present (H72).
**72. Prominent anterior projection of lateral process of humerus. 0: absent; 1: present (H73).

**73. Ulna radius contact through rugosity and ridge. 0: absent; 1: present (H74).
**74. Radius curves towards anterior. 0: no; 1: yes (H75).
**75. Carpal and tarsal elements. 0: not flattened; 1: flattened (H76).
**76. 3rd to 5th digits modified into paddle with rigid articulations. 0: no; 1: yes (H77).
**77. 1st and 2nd digits modified into paddle with rigid articulations. 0: no; 1: yes (H78).
**78. Femoral trochanters. 0: distinct, and separated from one another; 1: indistinct and connected by bony ridge (i.e. fused trochanters) (H79).
**79. Scute sulci on carapace. 0: prominent; 1: absent or poorly developed (H80).
**80. Posterior nuchal fontanelles. 0: absent; 1: present (H81).
**81. Cervical scute. 0: overlying less than half width of nuchal; 1: overlying more than half width of nuchal (H82).
**82. 1st vertebral. 0: not reaching 2nd marginal; 1: reaching 2nd marginal (H83).
**83. Thick neurals with median keel. 0: no; 1: yes (H84).
**84. Neural number. 0: eight or less; 1: nine; 2: ten or more (H85).
**85. Neural shape. 0: mostly hexagonal with short anterior or posterior sides; 1: mostly hexagonal, equally sided; 2: mostly rectangular (H86).
**86. Neural reduction. 0: all neurals present; 1: 7th and 8th neurals reduced or lost; 2: all neurals lost (H87).
**87. Suprapygals. 0: 1st suprapygal moderately large; 1: 1st suprapygal absent or much smaller than 2nd (H88).
**88. Pleural reduction. 0: all present; 1: more than half of pleurals retained; 2: pleurals greatly reduced; 3: pleurals absent (H89).
**89. 9th pleural plate. 0: present; 1: absent (H90).
**90. Plastral scute sulci. 0: present; 1: absent or rudimentary (H91).
**91. Axillary buttress. 0: only reaching peripheral; 1: reaching past peripheral, onto 1st pleural (H92).
**92. Inguinal buttress. 0: only reaching peripheral; 1: reaching past peripheral, onto 5th or 6th pleurals (H93).
**93. Femoroanal anal sulcus. 0: not reaching hypoplaston. 1: reaching hypoplastron (H94).

**94. Plastral index. 0: larger than 100; 1: between 100 and 60. 2: lower than 60 (H95).
**95. Plastron. 0: not star-shaped; 1: star-shaped (H96).
**96. Plastral fontanelles between hyo- and hypoplastra. 0: absent; 1: smaller than hyo- or hypoplastron; 2: at least as large as hyo- or hypoplastron (H97).
**97. Epiplastra. 0: wide; 1: narrow (H98).
**98. Entoplastron tightly sutured with hyoplastron. 0: yes; 1: no (H99).

**99. Epi- and entoplastron. 0: separate; 1: fused (H100).
**100. Entoplastron. 0: without elongate lateral wing; 1: with elongate lateral wing (H101).

**101. Xiphiplastra. 0: wide; 1: narrow (H102).
**102. Medial contact of xiphiplastra. 0: sutured along its entire edge; 1: reduced or lost (H103).
**103. Short xiphiplastra with lateral curvature. 0: absent; 1: present (H104).
Complete Matrix (103 characters, 22 taxa)
Hypothetic taxon        0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Plesiochelyidae

0011111101110000001110000000100100[01]0000100010000-000000?00000100?0000000 0000000000000000101100000000000

Xinjiangchelys

????01?2????????????????001?100???0??0000??10000-100000011000100000000000 0?000000[01]000000100011000000000

Sinemydidae       1[01][01]111120001000?0000000000101?00?1000000101000111[12]00001011000100[01]00000000000001[01][01]10[01][02]0[01][01]0[01]001[12]0[01]1[01]00100

Chelydridae       011011120001000000000000001020000010000010111111111110[01]01[12]000[01]000000000000000000000000001000[01][12]011100100

Chelomacryptodira [01]11[01][01]11[02]0[01][01][01]00[01][01]000[01][01]0000010[12]000001[01]0[01][01][012][01][01]111[01]11[01][123]111[01]1112[01]00[01]00[01][01]0[01]000000000[01][01]00[01][01]00[01][01]00[01][01][01]0[012]0[01][01]000[01][01]0

Toxochelys        ?11110010001001001000000001121010010000[01]1011111111101??1121001001100000010110001100100011?00?2011100100

Ctenochelys       ?11110000001011101000010001121111010000110111111110011011210010011000000101100011?1110011?00?2011100100

Euclastes         0111100000000111110020100011211110110100101???????????????000100?????00010???00???0???????00?2011100110

Puppigerus        01110000000001111100201000112111101101011011111111111101121101101210100010111100000100001000?1011100100

Chelonia          0111000000000111110020100011211110111002001111111111110112110110121110001011110011010001100010011100110

Bouliachelys      ?01000?001101110001110000011?10110?0000??????????1101?????????????????????????????????????????0???0????

Notochelone       001000101110010100111001001100011010000110110?????????????11???01210011001111?00?01020011100?001110?111

Santanachelys     000100101110011000011001001100011010000110110011010000?11?1110?01210010001110?00101020111000?0011101100

Desmatochelys     00010011?110010100111001111100011010000110110011010001????1110101210011001111100110020111100?0021101?1?

Chelosphargis     00000?10?11?0101001??001??110001101000011??1001???????????11???012110110??????00?01020111100?0111101111

Protostega        1110000011101101?011210111110001101000001011001101000101121110111211011001111110??1120120100?0111111111

Corsochelys

1??0?012011??????????00000112001-1110??????10000-??00?????1100?01210?000001 1?110010020011100?002110?110

Mesodermochelys   ???????????????????????0?00??????????002011100111100010112111010121000010?111110??0021111100?0021101110

Dermochelys

11100000011111111[01]00210000012001-111101011111011110000011211101013110001 0011111------2-3-1---002110-110

New Moroccan chelonioid(Bardet et al.,2013)

10011100011001000001210000?1200010????--??????????????????????????????????? ????????????????????????????

Alienochelys      10001?101111011111011101000?100??????200101????????????????????????????????????????????????????????????

About the Alienochelys position with respect to Dermochelys and Corsochelys
The phylogenetical analysis clearly demonstrates that our turtle is a Dermochelyoidae, an epifamily including Protostegidae, Dermochelyidae, and, in unresolved positions, Bouliachelys, Alienochelys and the other new Moroccan Maastrichtian species. However, there is no peculiar apomorphy shared by Alienochelys and Dermochelys only (and by Tertiary Dermochelyidae, not included in the analysis).
Dermochelys is a very specialized turtle, very particular among extant species; it has a feeding apparatus for suction of soft preys, and retention of the preys before ingestion occurs via numerous papillae situated around the mouth borders, on thin labio-lingual borders (smooth and thin “triturating surfaces”). Following deep streams and hunting jellyfish banks (and other soft preys) down to 1000 meters deep, it has a special physiology and, although possessing powerful paddles, all its skeleton is very lightened by neotenic unossification (skull and primitive shell:  protection realized by a secondary dorsal carapace constituted by a mosaic of thin bones not linked to the deep dermal skeleton, in a leather). This explains the reason why its rostrum basiphenoidale remains cartilaginous like other unossified skull elements:  including the few ossified processus inferior parietalis and cavum epiptericum, with a thin inclined prootic and quadrate surface in the area of a not marked trochlear process, it results in a very light bony structure of the skull. Alienochelys, with a strong structure for a powerful crushing feeding and a visibly ossified processus trochlearis oticus, transversal and prominent, cannot have the light cartilagenous inner skull of Dermochelys.
Moreover, the basicranial anatomy differs as far as the arteriae are concerned. In Dermochelys, the carotid enters the skull fully posteriorly, as in the other Moroccan Maastrichtian form and as in cheloniids, in a derived state that results frequently homoplastic: within these chelonioids like within many other turtle groups. The inner canals and bones are partly cartilagineous in Dermochelys; the inner upper wall of the carotid canal is not ossified and, in the bony skull, this canal appears as confluent with the cavernous canal (although the vessels are separated by the cartilagineous or conjunctival walls of the canals); identically, the anterior part of the braincase is not ossified: neither the anterior palatinopterygoid wall (inferiorly) nor the anterior rostrum basiphenoidale.
The other Moroccan Maastrichtian new species (that shares with Alienochelys very apomorphic skull characters such as backwards positioned naris, premaxillae fusion and horizontally stretched quadratojugal, but presents another pattern of feeding by suction) has a well ossified braincase, with a long well ossified rodlike and rounded rostrum basiphenoidale and a strongly ossified and prominent processus trochlearis oticus. In protostegids, the inner basicranium is known (Hooks, 1998) in Desmatochelys lowi Williston, 1898 (Hirayama, 1995), Calcarichelys gemma Zangerl, 1953, and Protostega gigas Cope, 1872 in which the carodid enters ventrally much anteriorly at the pterygoid-basisphenoid boundary (more anteriorly than in Alienochelys) instead of posteriorly in the pterygoid. But the inner rostrum basiphenoidale is well ossified and derived like in other chelonioids; it is made of the two closely united trabeculae (the rostrum is rodlike but not rounded and not very long) in front of a narrow sella turcica with close anterior orifices of the two inner carotids (a chelonioid character). In Desmatochelys lowi, the rostrum basisphenoidale seems rather shorter. While Alienochelys has a ventral carotid opening at the basioccipital-pterygoid boundary, slightly more posteriorly than in protostegids (as said in the main text), a similar inner structure is probable: its full external skull is strongly ossified, like its processus trochlearis oticus, resulting quite improbable an unossified rostrum basisphenoidale similar to that of Dermochelys.

Corsochelys has been attributed to Dermochelyidae on the pretended occurrence of an unossified rostrum basisphenoidale. However, the skull specimen is poorly preserved, incomplete and, rather than unossified, the rostrum seems broken (from the frayed anterior extremity, instead of a clearly defined vertical section prolonged by a cartilagineous extremity as in Dermochelys). Like in Alienochelys and the other new Moroccan Maastrichtian species, the processus trochearis oticus is well prominent on a well ossified prootic (Zangerl, 1960), unlike in Dermochelys. It appears thus that the association of Corsochelys,  Alienochelys or the new Moroccan Maastrichtian species with Dermochelys results from character definitions to be amended and after revision of Corsochelys.
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Captions, Appendix Figures
Fig. 1 Appendix. A. Strict consensus of 3 trees, with the hypothetic taxon as only outgroup.  L=208, Ci=54, Ri=60. B. Bootstrap of this consensus.
Fig. 1 Appendice. A. Strict consensus de 3 arbres, avec le taxon hypothétique comme seul outgroup. L=208, Ci=54, Ri=60. B. Bootstrap de ce consensus.
Fig. 2 Appendix. A. Strict consensus of 9 trees, with all the outgroups. L=242, Ci=48, Ri=68. B. One Bootstrap of this consensus.
Fig. 2 Appendice. A. Strict consensus de 9 arbres, avec tous les outgroups. L=242, Ci=48, Ri=68. B. Un Bootstrap de ce consensus.
Fig. 3 Appendix (Fig. 4 Main text). A. Strict consensus of 8 trees, with the hypothetic taxon and the Chelomacryptodira as outgroups. L=222, Ci=51, Ri=59. B. Bootstrap of this consensus.
Fig. 3 Appendice (Fig. 4 Texte principal). A. Strict consensus de 8 arbres, avec le taxon hypothétique et les Chelomacryptodira comme outgroups. L=222, Ci=51, Ri=59. B. Bootstrap de ce consensus.
