R Angielczyk 
  
Araújo 
  
Z Macungo 
  
; Zunguza 
  
; Nhamutole 
  
N ; Maharaj 
  
; Mugabe 
  
; Angielczyk 
  
Endothiodon (Therapsida, Anomodontia) specimens from the middle/late Permian of the Metangula Graben (Niassa Province, Mozambique) increase complexity to the taxonomy of the genus
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Introduction

Endothiodon is one of the most unusual of all Permian dicynodonts. Its deeply notched anterior palatal rim, anteroposteriorly short secondary palate, long and medially-located toothrow on the premaxilla and maxilla, rapid and wave-like tooth replacement throughout ontogeny [START_REF] Latimer | Dentition and feeding niche of the Endothiodon (Synapsida; Anomodontia)[END_REF], prominent suborbital boss, narrow temporal bar, and upturned, tapering, beak-like dentary symphysis are highly distinctive characters (see e.g., diagnoses of the genus in [START_REF] Boos | On the presence of the Late Permian Dicynodon Endothiodon in Brazil[END_REF][START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF], to the point that its status as a dicynodont has sometimes been questioned [START_REF] Van Hoepen | Oor die indeling van die Dicynodontidae na leiding van nuwe forme[END_REF]. Recent phylogenetic analyses generally recover Endothiodon in a relatively basal position among dicynodonts [START_REF] Castanhinha | Bringing dicynodonts back to life: Paleobiology and anatomy of a new emydopoid genus from the upper Permian of Mozambique[END_REF][START_REF] Cox | On the palate, dentition, and classification of the fossil reptile Endothiodon and related genera[END_REF]Angielczyk, 2015, Angielczyk et al., 2016), often as a close relative of Niassodon and Abajudon [START_REF] Boos | A new dicynodont (Therapsida: Anomodontia) from the Permian of Southern Brazil and its implications for bidentalian origins[END_REF][START_REF] Angielczyk | The cranial morphology, phylogenetic position and biogeography of the upper Permian dicynodont Compsodon helmoedi van hoepen (Therapsida, Anomodontia)[END_REF][START_REF] Kammerer | An early geikiid dicynodont from the Tropidostoma Assemblage Zone (late Permian) of South Africa[END_REF][START_REF] Olroyd | New materials of the enigmatic dicynodont Abajudon kaayai (Therapsida, Anomodontia) from the lower Madumabisa Mudstone Formation, middle Permian of Zambia[END_REF]. In turn, the less derived morphologies of these potential basal endothiodonts have provided new insights into the evolution of the unique Endothiodon cranial morphotype [START_REF] Olroyd | New materials of the enigmatic dicynodont Abajudon kaayai (Therapsida, Anomodontia) from the lower Madumabisa Mudstone Formation, middle Permian of Zambia[END_REF].

The occurrence of Endothiodon in various sedimentary basins in southern and eastern Africa is well known. The genus Endothiodon was first described by [START_REF] Owen | Descriptive and Illustrated Catalogue of the Fossil Reptilia of South Africa in the Collection of the British Museum[END_REF] based on specimens from the Karoo Basin of South Africa, and all Endothiodon species described in the 19 th and 20 th centuries except one (likely all junior synonyms of E. bathystoma; see [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF] are based on Karoo material (see taxonomic review in [START_REF] Cox | On the palate, dentition, and classification of the fossil reptile Endothiodon and related genera[END_REF]. The first reports of Endothiodon from outside of South Africa were [START_REF] Haughton | On Karroo vertebrates from Nyasaland[END_REF][START_REF] Haughton | On a collection of Karroo vertebrates from Tanganyika territory[END_REF] descriptions of fragmentary specimens included in collections made in the Chiweta Beds of Malawi and in the Ruhuhu Basin of Tanzania. Although additional material of Endothiodon from Malawi has not been forthcoming [START_REF] Jacobs | Therapsids from Permian Chiweta beds and the age of the Karoo Supergroup in Malawi[END_REF], ongoing research in the Ruhuhu Basin has better documented the stratigraphic range of Endothiodon in the Ruhuhu and Usili formations [START_REF] Attridge | The British Museum (Natural History)-University of London joint palaeontological expedition to Northern Rhodesia and Tanganyika[END_REF][START_REF] Gay | Biostratigraphy of the Permian tetrapod faunas from the Ruhuhu Valley, Tanzania[END_REF][START_REF] Sidor | Tetrapod fauna of the lowermost Usili Formation (Songea Group, Ruhuhu Basin) of southern Tanzania, with a new burnetiid record[END_REF]Angielczyk et al., 2014a;[START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF], and resulted in the erection of a new species E. tolani [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF]. Endothiodon was not included in the initial dicynodont material described from the Luangwa Basin of Zambia [START_REF] Boonstra | A report on some Karroo reptiles from the Luangwa Valley, Northern Rhodesia[END_REF], but it was discovered in the basin when fieldwork resumed in the 1960's [START_REF] Drysdall | A re-examination of the Karroo succession and fossil localities of part of the Upper Luangwa Valley (No. 1-2)[END_REF].

However, Endothiodon appears to have been a rare component of Luangwa Basin Permian ecosystems, with only a handful of fragmentary specimens having been collected, despite ongoing fieldwork in the basin (Angielczyk et al., 2014b). Outside of Africa, Endothiodon is known to occur in the Paraná Basin of southern Brazil [START_REF] Barberena | Late Permian and Triassic tetrapods of southern Brazil[END_REF][START_REF] Boos | On the presence of the Late Permian Dicynodon Endothiodon in Brazil[END_REF] and the Pranhita-Godavari Valley of India [START_REF] Kutty | Permian reptilian fauna from India[END_REF][START_REF] Ray | Endothiodont dicynodonts from the late Permian Kundaram formation, India[END_REF], making it one of the geographically most widespread Permian dicynodont genera.

Mozambique also hosts dicynodont remains from the Lopingian [START_REF] Fröbisch | Composition and similarity of global anomodont-bearing tetrapod faunas[END_REF][START_REF] Castanhinha | Bringing dicynodonts back to life: Paleobiology and anatomy of a new emydopoid genus from the upper Permian of Mozambique[END_REF], and Endothiodon numerically dominates this material. These fossils occur within the mudstones and sandstones of the Metangula Graben, located in Niassa Province in the northwest corner of the country. Mozambican dicynodonts were first discovered by M. Domingos Rocha in 1940 during a geological survey [START_REF] Araújo | Endothiodon cf. bathystoma (Synapsida: Dicynodontia) bony labyrinth anatomy, variation and body mass estimates[END_REF]. Later, some of the synapsid material from the Metangula Graben, mostly pertaining to Endothiodon, was sent to S. H. Haughton at the University of the Witwatersrand to be described, but he only briefly mentioned the specimens in one publication (Haughton, 1963;[START_REF] Araújo | Endothiodon cf. bathystoma (Synapsida: Dicynodontia) bony labyrinth anatomy, variation and body mass estimates[END_REF].

Subsequently, [START_REF] Antunes | Sur quelques reptiles du Karroo de Maniamba, Mocambique[END_REF] described Endothiodon remains and one gorgonopsian specimen, and [START_REF] Latimer | Dentition and feeding niche of the Endothiodon (Synapsida; Anomodontia)[END_REF] used the specimens sent to Haughton to study the pattern of tooth replacement in Endothiodon. Geological surveys conducted by "Brigadas de Cartografia Geológica Carbonífera de Metangula" [START_REF] Verniers | The Karroo Graben of Metangula, Northern Mozambique[END_REF]) also resulted in fossil collections (1977)(1978)(1979)(1980) that were subsequently amassed at the Universidade Eduardo Mondlane in Maputo, but that material has remained largely unstudied [START_REF] Araújo | Endothiodon cf. bathystoma (Synapsida: Dicynodontia) bony labyrinth anatomy, variation and body mass estimates[END_REF].

Paleontological fieldwork resumed in the Metangula Graben in 2009 with the beginning of the PalNiassa/PaleoMoz Project. Much new material was collected during field seasons, which is now being prepared and studied at the Laboratory of Paleontology in Maputo. Despite new discoveries arising from this work [START_REF] Castanhinha | Bringing dicynodonts back to life: Paleobiology and anatomy of a new emydopoid genus from the upper Permian of Mozambique[END_REF], tetrapod faunal diversity and turnover in the Metangula Graben remain poorly documented.

Here, we describe new cranial and postcranial specimens of Endothiodon from Mozambique. Some of this material was collected from the Metangula graben by E. Girotti, P. Grisolia, J. [START_REF] Verniers | The Karroo Graben of Metangula, Northern Mozambique[END_REF]P.P. Jourdan from 1977-1980, and is part of the collection of Eduardo Mondlane University; the remaining material was collected by our team during fieldwork in 2014. We have two goals in this work. First, we wish to better characterize the Mozambican specimens and formally compare them with Endothiodon specimens from other basins. We are particularly interested in the postcranial material because the postcrania of Endothiodon has not been described in detail in the literature (some information is available in [START_REF] Broom | On the use of the term Anomodontia[END_REF], and a mounted skeleton was figured by [START_REF] Broom | Catalogue of types and figured specimens of fossil vertebrates in the American Museum of Natural History: Permian, Triassic and Jurassic reptiles of South Africa[END_REF]), yet given the unusual gross morphology of the skull and feeding system (e.g., [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF], and the highly eccentric shape of is semicircular canals [START_REF] Araújo | Endothiodon cf. bathystoma (Synapsida: Dicynodontia) bony labyrinth anatomy, variation and body mass estimates[END_REF], it would not be surprising to find evidence of functional specialization elsewhere in the skeleton. Second, we hope to provide critical information to set the basis to resolve the persistent issues with the specieslevel taxonomy of Endothiodon. The resolution of the taxonomic issues of the genus Endothiodon will be subject of another future contribution.

Methods

Geological context

The geological units of the Metangula Graben have been divided into Lower, Middle and Upper Karoo [START_REF] Verniers | The Karroo Graben of Metangula, Northern Mozambique[END_REF], and the fossils described here were collected in the K5 Formation of the Middle Karoo units [START_REF] Verniers | The Karroo Graben of Metangula, Northern Mozambique[END_REF][START_REF] Araújo | A new anomodont taxon from the Mozambican Karoo (Niassa Province), Late Permian[END_REF][START_REF] Castanhinha | Bringing dicynodonts back to life: Paleobiology and anatomy of a new emydopoid genus from the upper Permian of Mozambique[END_REF]. The fossiliferous strata are located at Lago District, Niassa Province (Fig. 1).

The K5 Formation is about 260 m thick and can be subdivided into three members composed of reddish and grey siltstone and claystone. The youngest rocks (K5c) are reddish grey, finegrained, compacted siltstone and claystone. The majority of the middle member (K5b) rocks are dark or greenish, fine to medium or even coarse-grained siltstones, and sometimes occur as finely cross-bedded siltstones containing rare carbonaceous layers as well [START_REF] Verniers | The Karroo Graben of Metangula, Northern Mozambique[END_REF]. Towards the base (K5a), there are reddish and fine-grained siltstones. At the level of the base of the K5a unit, occasionally occur sandstone layers with dark siltstones. The K5b member (and as well as the base of the K5c member) hosts a vast number of tetrapod fossils including Endothiodon fossils [START_REF] Antunes | Sur quelques reptiles du Karroo de Maniamba, Mocambique[END_REF][START_REF] Verniers | The Karroo Graben of Metangula, Northern Mozambique[END_REF], occurring mostly in calcareous concretions. Given the low nature of the available outcrops, fossils typically are collected from the surface or in shallow (<2 m) excavations. Detailed locality information is not available for the UEM specimens, although it is known that they originated in the K5 Formation.

Fossil Preparation

The specimens were prepared using a combination of mechanical and chemical techniques.

The fossils preserved in calcareous nodules usually have a considerable amount of matrix surrounding them, which was removed using a grinding wheel and airscribes PaleoTools ® PaleoAro and Microjack (see further description of the techniques in [START_REF] Araújo | Preparation techniques applied to a stegosaurian dinosaur from Portugal[END_REF]. We used chemical preparation when most rock matrix was already removed. Typically, we used a ~5% solution of formic acid. The fossils were treated with acid for a maximum of five hours at a time, and were then rinsed in water for about 12 hours to neutralize the acid. We used Paraloid B72 diluted in acetone to consolidate the bones.

Statistical analyses

We used the statistical software XLSTAT 2018.3 to run the various statistical tests and correlation coefficients. For more information about the data (e.g., descriptive statistics) please refer to the supplementary material. The condylobasal length estimates were made based on reconstruction images of Endothiodon mahalanobisi mandible and skull [START_REF] Ray | Endothiodont dicynodonts from the late Permian Kundaram formation, India[END_REF], which was digitally overlaid with photos of our specimens. The South African Endothiodon specimens that we compared to the Mozambican specimens are figured in the Supplementary Data (Fig. S1 to S20).

List of anatomical abbreviations

abl ex -antebrachial extensor muscle, abl fl -antebrachial flexor muscle, ac -acetabular region, ac p -acromium process, af -articular facet, ang -angular, art-part -articularprearticular complex, boc/bocc -basioccipital, boct -basioccipital tubera, br -brachialis, bsh -basisphenoid, ca -capitulum, cb -coracobrachialis, ch -choana, cn -cnemial crest, cor -coracoid, cos cor -costocoracoideus, cp -caniniform process, cv -caudal vertebra, d -dentary, db -dentary beak, dia -diaphysis, dlt c -deltopectoral crest, dpq -dorsal process of the quadrate, dt -dentary teeth, dvsf -dentary vascular foramina, ectectepicondyle, ectp -ectopterygoid, ent -entepicondyle, ent f -entepicondylar foramen, ept -epipterygoid, ex -excavation, exoc -exoccipital, fo (ifb) -fossa (iliofibularis), fofossa, fr -frontal, ft -temporal fenestra, fti b -femorotibialis, gr t -great trochanter, hhollowing out process of the ilium, he -femoral/humeral head, il -ilium, il he -ilium head, int f -intercondylar fossa, iptv -interpterygoid vacuity, it -incisura tibialis, jgf -jugular foramen, ju -jugal, l co -lateral condyle, l d -latissimus dorsi, la -lacrimal, la bt -lateral buttress, la ex/l ex-lateral excavation, la fo -fossa on the lateral surface of the ilium, lclateral condyle, lc -lateral crest (ischium), lcq -lateral condyle of the quadrate, ldsh -lateral dentary shelf, lspoca -left supraoccipital ala, m co -medial condyle, m pi -medial pit of the acetabular region, m sul -medial sulcus, max -maxilla, mc -median condyle, mcg -Meckelian groove (muscle attachment area), mcq -medial condyle of the quadrate, mexmedial excavation, mf -foramen magnum, mf -mandibular fenestra (mandible), mrartmedian ridge of the articular, na -nasal, nc -neural canal, nea -neural arch, ns -neural spine, ob f -obturator foramen, occ -occipital condyle, ol a -olecranon process, optopisthotic, ovf -oval fenestra, p -parietal, pal -palatine, pals -palatine sulci, partprearticular, pb-isc c -puboischiadic condyle, pbo -pineal boss, pch -posterodorsal corner of the humerus, pds -postdentary sulcus, pf -pineal foramen, pfr -prefrontal, pif epuboishiofemoralis externus, pif i -puboischiofemoralis internus, pmax -premaxilla, popostorbital, poz -postzygapophysis, psf -postspinal fossa, pr -prootic, pr fo -proximal fossa, prz -prezygapophysis, psh -parasphenoid, pt -pterygoid, ptf -posttemporal fenestra, pub f -pubic foramen, pub-isc-fe int -puboischiofemorotibialis internus, q/qdquadrate, qj -quadratojugal, qppt -quadrate process of the pterygoid, qps -quadrate process of the squamosal, q-qj -quadrate-quadratojugal complex, r -ridge, r fa -rib facet, rad -radius, rlang -reflected lamina of the angular, rspoca -right supraoccipital, s corscapulocoracoid, sang -surangular, sh b -scapulohumeralis, spl -splenial, spocsupraoccipital, sq -squamosal, stc -sternocoracoideus, sv -sacral vertebra, sw p -swelling process (pubic tubercle insertion), tap -transverse apophysis, th -tooth, tp -transverse process, tr lat -triceps lateral head, tr m -triceps medial head, tr mj -teres major muscle, troc -trochlea, tsk -tusk, ul -ulna, v -vomer, v ex -ventral Therefore, the presence of a tusked maxilla undoubtedly allows us to classify a given specimen as E. tolani, and vice-versa for E. bathystoma. Specimens with no maxilla are considered as Endothiodon sp., thus the taxonomic decisions are made based on direct comparison with other Endothiodon specimens.

Anatomical description

The following description is based on 19 specimens from the PalNiassa/PaleoMoz project, 34 specimens of the Eduardo Mondlane University collections, all referred to a field number.

Among this material, several cranial and post-cranial elements were recovered. We used the given numbers (codes) to identify or separate the specimens, but the PPN2014-70 consists of more than one specimen, because within the same area several occipital regions were recovered.

Skull Roof

Premaxilla

The premaxilla forms the anterior portion of the palatal region and is well-preserved in PPN10-07-C3-1ß, PPN2014-45, PPN2014-11, PPN2014-55, BPI/1/5505, BPI/1/5500 and BPI/1/5502. The premaxilla contacts the maxilla and the vomer posteriorly along a concave suture in the coronal plane in the specimens PPN10-07-C3-1ß and PPN2014-45 (Fig. 4A and10A), but the suture is unclear in PPN2014-67 due to damage (Fig. 9A). The lacrimal is located posterolaterally to the premaxilla in PPN10-07-C3-1ß along concave suture (Fig. 4A).

In ventral view, the premaxilla has a medial excavation anteriorly where the mandibular symphysis rested while the mouth was closed (Fig. 4A). This excavation is wider in PPN10-07-C3-1ß than in PPN2014-45 (34 mm wide in PPN10-07-C3-1ß versus 24 mm in PPN10-45). A short dorsoventral process projects from the premaxilla in PPN10-07-C3-1ß and PPN2014-45 (Fig. 4A and10A). [START_REF] Cox | On the palate, dentition, and classification of the fossil reptile Endothiodon and related genera[END_REF] referred to this as a caniniform process, although it is not strictly homologous with the caniniform process of other dicynodonts, which is located on the maxilla and houses the caniniform tusk (when present). The premaxilla of PPN2014-45 contacts the maxilla laterally, parallel to the sagittal plane, and it has two tooth alveoli along its posterior portion. In dorsal view, the premaxilla of PPN2014-45 is excavated near the contact with the vomer (Fig. 10B).

Maxilla

The maxilla forms the lateral portion of the palatal region and it is best preserved in PPN10-07-C3-1ß, PPN2014-55, PPN2014-45, PPN2014-56 and PPN2014-11, well-preserved right portions: BPI/1/5504, BPI/1/5503, BPI/1/5498, and partially preserved anterior portion: BPI/1/5500 and BPI/1/5502; in BP/1/1659 the entirety of both maxillae are preserved (Fig. S2). The maxilla contacts the premaxilla anteriorly along a convex suture in all specimens, but this region is best preserved in PPN10-07-C3-1ß where the contacts with the jugal and ectopterygoid also are visible (Fig. 4A). PPN10-07-C3-1ß does not possess a caniniform tusk, a bathystoma-like trait. The maxilla is trapezoidal in ventral view and exhibits a single tooth row. Most of the alveoli are empty, but a few tooth roots are preserved in PPN2014-67, which are circular in cross section (Fig. 9A/D). One of the preserved postcanine tooth roots in the specimen PPN2014-67 is ~12 mm long (apicobasally) and ~6 mm in diameter (Fig. 9A). Ten alveoli are present in the tooth rows of PPN10-07-C3-1ß, PPN2014-64-16 and PPN2014-67, whereas seven to eight are present in the maxillae of the other specimens. In PPN2014-45, there is also one large tooth alveolus lateral to the anteriormost teeth of the main row (Fig. 10A). This large alveolus is aligned with the first tooth position on the left side, but is parallel to the second tooth position on the right side, and it appears to have housed a caniniform tusk similar to that described for E. tolani [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF]. A groove is excavated in the maxilla lateral to the main tooth row. The groove is well preserved in PPN2014-67 (Fig. 9A/D), and is particularly prominent in PPN2014-64-13B, where it is bounded laterally by a raised crest.

Lacrimal

The lacrimal is recognizable in PPN10-07-C3-1ß despite the poor preservation, however, it is completely weathered in the rest of the specimens. The shape of the lacrimal is unidentifiable in dorsal view because of damage and most of the ventral anatomy is unexplored here because it is overlapped by the maxilla. The PPN10-07-C3-1ß left lacrimal contacts the nasal medially in dorsal view, but the right lacrimal is not clearly visible in this section. The left lacrimal is fused to the prefrontal posteriorly in PPN10-07-C3-1ß (Fig. 4A).

Nasal

The nasal forms the most anterior portion of the skull roof. In PPN10-07-C3-1ß the nasal is trapezoid-shaped in dorsal view, although its anterior margin is not preserved. (Fig. 4B).

Posteriorly, the nasal contacts the frontal along a relatively straight transverse suture, and it extends laterally to contact the prefrontal. The nasal cavity is not visible due to compression along the vertical axis. In dorsal view, the nasal of PPN10-07-C3-1ß bears four long, shallow, anteroposteriorly-oriented grooves (see the lines in Fig. 4B) separated by broad crests. The two median grooves continue posteriorly onto the frontal.

Frontal

The frontal forms the majority of the interorbital skull roof, and is located about the halfway along the anteroposterior length of the skull. The frontal is best preserved in PPN10-07-C3-1ß, and is also well-preserved in PPN2014-3 and PPN2014-14, for example. In dorsal view, the frontal is triangular, tapering posteriorly towards its contact with the preparietal (Fig. 4B), but the mid-frontal suture of PPN10-07-C3-1ß is not clearly preserved. The frontal contacts the nasal anteriorly along a transverse suture, and it contacts the prefrontal anterolaterally.

The prefrontal in PPN10-07-C3-1ß extends laterally, contributing to the anterior margin of the orbit. Despite the presence of fractures in this area, it seems that the frontal of PPN10-07-C3-1ß is medially excavated, with the contact with the postorbital located on a raised crest (Fig. 4B). In PPN10-07-C3-1ß, the suture between the frontal and preparietal is unclear but seems to be convex anteriorly as in Niassodon.

Parietal, Preparietal and Interparietal

The parietal and interparietal form the roof of the brain and are coossified. The parietal is best preserved in UEM-61 and is severely damaged in PPN10-07-C3-1ß (see Fig. 3B/C and4B).

The parietal of UEM-61 is obliquely oriented relative to the anteroposterior axis of the skull and it is trapezoidal in shape in lateral view. In dorsal view, the UEM-61 parietal contacts the interparietal posteriorly along a sigmoidal suture and forms the posterior border of the oval pineal foramen (Fig. 3B, anterior view). Some specimens such as UEM-107, UEM-36-61 and UEM-24-61 possess a distinct pineal boss, a bathystoma-like character. Additionally, the parietal is excavated medially producing narrow crests which extend anterolaterally to form the lateral border of the pineal foramen. The parietal contacts the prootic ventrally, although the suture between the elements is indistinct in both specimens, and it also contacts the interparietal ventrally along an oblique suture in the UEM-61 (Fig. 3C). The preparietal forms the anterior border of the pineal foramen. Damage in this region makes it difficult to distinguish whether the preparietal is sutured with the frontals or the postorbital (Fig. 4B).

However, in Endothiodon tolani [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF] the anterior portion of the preparietal contacts the frontals. The dorsal surface of the preparietal is somewhat excavated near the midline of the skull, whereas the postorbital and the parietal form a narrow crest along the lateral edge of the skull roof (Fig. 4B).

Palate

Vomer

The vomer is a thin and elongated bone which divides the palate into two symmetric halves.

The vomer is best preserved in PPN2014-45, PPN2014-55 and PPN10-07-C3-1ß, and it is present but weathered posteriorly in PPN2014-64-16, PPN2014-67, BPI-5500, BPI-5505 and PPN2014-56. In ventral view, the vomer contacts the premaxilla anteriorly along a transversal suture in PPN10-07-C3-1ß, but in PPN2014-45 the vomer extends far anteriorly and divides the premaxilla along its posterior margin (Fig. 10A). In ventral view, the vomer of PPN10-07-C3-1ß is expanded anteriorly and bears a midline trough bounded by ventrally-directed crests (Fig. 4A). The vomer ascends dorsally and meets the parasphenoid dorsally and the median plate of the pterygoid ventrally in PPN2014-11, PPN2014-55, PPN10-07-C3-1ß, PPN2014-56 and BP/1/5505 specimen, forming the anterior margins of the interpterygoid vacuity (Fig. 4A, 13B S1B, , S2B,). The vomer forms the ventromedial wall of the choana in PPN10-07-C3-1ß.

Pterygoid

Taken together, the available specimens show that the pterygoid has the X-shaped morphology typical of dicynodonts, with diverging anterior and posterior (or quadrate) rami that meet at the median pterygoid plate. UEM-61 in particular shows many of the details of the pterygoid (Fig. 3A andB). Its anterior rami diverge at angle of ~70 degrees in whereas the quadrate rami diverge at 130 degrees. The right quadrate ramus of UEM-61 is narrow (23 mm width) and contacts the quadrate-quadratojugal complex posteriorly (Fig. 3C). In PPN2014-37 the quadrate ramus is more expanded posteriorly than in UEM-61, being 33 mm wide, and it is co-ossified to the paraoccipital processes and the quadrate-quadratojugal complex (Fig. 6C). The quadrate ramus is severely damaged in PPN2014-55 (Fig. S2A/B). The median pterygoid plate of UEM-61 covers the anteroventral surface of the basisphenoid and has a relatively thick medial crest (or crista oesophagea) that projects ventrally and is flanked by depressions laterally (Fig. 3A). The dorsomedial surface of the median plate is fused to the parasphenoid. The anterior palatal ramus of the pterygoid is broken off anteriorly in UEM-61 and in BP/1/5504, but contacts the ectopterygoid anteriorly along an oblique suture in PPN2014-11 (Fig. 11A). The ramus is V-shaped in cross-section and anteriorly it contacts the ectopterygoid (Fig. 3A). The parasphenoid rostrum and the anterior pterygoid rami frame the interpterygoid vacuity dorsally and laterally. The interpterygoid vacuity is wider in PPN2014-55 than in PPN10-07-C3-1ß (Fig. 4.A) and PPN2014-45 (38 mm wide versus 34 mm and 24 mm). UEM-61 shows that the pterygoid is fused with the epipterygoid laterally, and the ventral width between the pterygoid and the basisphenoid is ~9 mm.

Ectopterygoid

The ectopterygoid is located about halfway along the anteroposterior length of the skull, and it is visible in ventral and lateral views in better-preserved specimens such as PPN2014-67, PPN2014-55, BP/1/5504 and PPN10-07-C3-1ß. The ectopterygoid is crescentic in ventral view and it contacts the pterygoid posteriorly and the palatine anteriorly (Fig. 4A,S2B).

Additionally, the ectopterygoid contacts the maxilla and the palatine anteriorly along a concave suture in all of the available specimens (Fig. 4A, 8A, 9A/D and S2A/B). A stout dorsal process projects from the posterolateral margin of the ectopterygoid in PPN2014-67 (Fig. 9D/E) but this process is not visible in PPN10-07-C3-1ß, PPN2014-45 and PPN2014-64-16, seemingly due to poor preservation. Anteriorly, the ectopterygoid forms the posterior border of the small lateral palatal foramen (Fig. 4A), which is bordered laterally by the palatine pad and the anteriorly by the maxilla.

Palatine

The palatine forms the medial portion of the palate region and it is oriented along the anteroposterior axis of the skull. The palatine is nearly pristinely preserved in PPN10-07-C3-1ß, PPN2014-55 and PPN2014-56, but it is crushed anteriorly on the right side of PPN2014-67. The palatine is poorly preserved in BP/1/5504, BP/1/5498 and BP/1/5503. The palatines have a subtriangular shape in ventral view, becoming tapered anteriorly. In ventral view, the palatines consist of the palatine pads and the choanal portion that meets the vomer and forms part of the roof of the choana, and possess rounded depressions along the posterior portion of the palatine pad in PPN2014-45, PPN10-07-C3-1ß, PPN2014-64-16 and PPN2014-67 palatine pad, as in Niassodon [START_REF] Castanhinha | Bringing dicynodonts back to life: Paleobiology and anatomy of a new emydopoid genus from the upper Permian of Mozambique[END_REF] and Abajudon [START_REF] Olroyd | New materials of the enigmatic dicynodont Abajudon kaayai (Therapsida, Anomodontia) from the lower Madumabisa Mudstone Formation, middle Permian of Zambia[END_REF], see Figs. 4A, 8A and 9A/D, 13F. The palatines are separated medially by the vomer and the posterior end of the vomer separates the choanae from the interpterygoid vacuity in PPN10-07-C3-1ß (Fig. 4A,13B) as in most dicynodonts, such as Niassodon. More posteriorly, the palatine contacts the ectopterygoid and meets the maxillary tooth row along its anterolateral margin. The oval-shaped choana is visible in PPN10-07-C3-1ß, BP/1/5505 and BP/1/5500 with the long axis parallel to the maxillary tooth row and it forms the anterior border of the palatine pad (Fig. 4A,13B,H). A robust dorsal process projects from the medial margin of the palatine in PPN2014-67 (Fig. 9A/D).

Zygomatic Arch

Jugal

The jugal is a narrow bone that contributes to the zygomatic arch and forms the anterior floor of the orbit. The general appearance of the jugal is recognizable in PPN10-07-C3-1ß (Fig. 4), but most of the sutures with nearby bones are unclear due to poor preservation. The jugal is oriented obliquely relative to the anteroposterior axis of the skull, and it is fused with the maxilla and lacrimal ventrally and medially. The jugal overlaps the ectopterygoid forming part of the anterior floor of the orbit. Extending posteriorly, the jugal contacts the zygomatic process of the squamosal in ventral view and it is overlapped by the postorbital bar in dorsal view (Fig. 4). Damage in the zygomatic region prevents the interpretation of the suture between the jugal and postorbital from being traced precisely (Fig. 4A). Posterior to the maxilla, a small suborbital process projects posterolaterally, which is formed by the portions of the ectopterygoid medially, maxilla laterally and by part of the jugal dorsally (Fig. 4A).

Postorbital

The postorbital is a bar-like bone situated posterior to the orbit and extending posteriorly along the lateral surface of the intertemporal bar. The postorbital is best preserved in PPN10-07-C3-1ß, with the right side being more complete than the left, and it is somewhat L-shaped in dorsal view (Fig. 4B). The postorbital contacts the frontal and the parietal medially on the skull roof, and it reaches the jugal and zygomatic process of the squamosal at the base of the postorbital bar. The suture between the postorbital and jugal is a posteriorly-oriented concavity, whereas the contact between the postorbital and the zygomatic process of the squamosal is sigmoidal (Fig. 4B). The thickness and orientation of the postorbital varies along its length: (1) the temporal portion (the lateral edge) is 8 cm long anteroposteriorly, and has a dorsoventral height of ~1 cm. (2) The transverse thickness of the main postorbital bar is ~7 cm long and 2 cm wide anteroposteriorly. (3) The medial bar (the bar which sutures with the frontal) is ~8 cm long anteroposteriorly and has ~3 cm of height along the vertical axis (Fig. 4B).

Squamosal

The occipital portion of the squamosal is plate-like and positioned lateral to the opisthotic and supraoccipital, and it has a long anterior projection that contributes to the zygomatic arch. The squamosal is well-preserved in PPN2014-37 but poorly preserved in PPN10-07-C3-1ß and PPN2014-64-16. In PPN2014-37, the right posterior plate of the squamosal consists of two major anatomical units: the dorsal process bordering the posttemporal fenestra laterally and contacting the supraoccipital and opisthotic, and the quadrate process, which descends ventrally to contact the quadrate-quadratojugal complex (Fig. 6). The quadrate process of the squamosal in PPN2014-37 is D-shaped posteriorly and forms a sinusoidal suture with the opisthotic (Fig. 6B), such that the opisthotic rests in a medial fossa of the squamosal (Fig. 6A). Laterally, the quadrate process forms a vertical suture with the quadratojugal, and the dorsal process of the quadrate rests in a medial fossa on the anterior face of the squamosal, forming a sinusoidal contact between the elements (Fig. 6A). In posterior view, the squamosal bears a long vertical depression that attenuates dorsally (Fig. 6B). A vertical ridge near the contact with the opisthotic separates this depression from another obliquely-oriented depression surrounding the posttemporal fenestra (Fig. 6B). In PPN10-07-C3-1ß, the zygomatic process represents the majority of the preserved squamosal, and it extends anteriorly to contact the jugal and the postorbital, forming the lateral border of the temporal fenestra (Fig. 6).

Occipital Region

Here we describe a total of eleven occiputs: UEM-61, PPN2014-70-4B, PPN2014-70-25A, PPN2014-70-16A, PPN2014-70-16B, PPN2014-70-13C, PPN2010-07-C3-1ß, PPN2014-64-08, PPN2014-37, PPN2014-55 and PPN2014-56. PPN2014-64-08 is more damaged than PPN2014-70-25A and UEM-61, but some of their sutures are clearly visible (Fig. 5B andC). PPN2010-10-C3-1ß is dorsoventrally deformed, thus hampering meaningful comparisons. In PPN2014-64-08 and PPN2014-70-25A, there are four conspicuous foramina: the foramen magnum, the posttemporal fenestra, the oval fenestra and the prootic foramina. As in most dicynodonts, the foramen magnum is bounded dorsally by the supraoccipital. Its lateral margins are formed by the exoccipitals, and anteriorly it is bordered by the prootic and basisphenoid. The foramen magnum is oval (vertically elongated) in PPN2014-64-08, UEM-61and PPN2014-70-4B, but is more rounded in PPN2014-70-25A due to erosion of the posterior surface. In PPN2014-70-16A, the foramen magnum is somewhat circular posteriorly and becomes much expanded mediolaterally compared to others (see Fig. 7A), probably due to overpreparation in the ventral edge of the foramen. The foramen magnum is triangular in PPN2014-37 posterior view and slightly circular anteriorly (Fig. 6B). However, in most specimens the foramen magnum is triangular-shaped anteriorly, and oval-shaped posteriorly.

Supraoccipital

The supraoccipital forms most of the dorsal portion of the occipital plate. The supraoccipital contacts the opisthotic and exoccipital posteroventrally, the prootic anteriorly, the parietal and interparietal dorsally and it forms the dorsal border of the foramen magnum. Laterally, the posttemporal fenestra pierces between the supraoccipital and opisthotic (and squamosal in PPN2014-37 Fig. 6B and PPN2014-56 Fig. S1C). The fenestra is oriented obliquely relative to the foramen magnum, and is oval to subcircular in shape in UEM-61, PPN2014-64-08 and PPN2014-37. The dorsal surface of the supraoccipital was very weathered in PPN2014-56, PPN2014-37, PPN2014-70-4B and PPN2014-70-25A, but it is best preserved in UEM-61.

Due to the preservation conditions, the UEM-61 and PPN2014-64-8 supraoccipital show three major anatomical units: two lateral alae and one median lobe aligned with the foramen magnum (Fig. 3D, 5B/C). The median lobe contacts the interparietal dorsally in UEM-61, but this area is eroded in PPN2014-64-8. In UEM-61, the dorsal portion of the left ala of the supraoccipital is broken together with the left opisthotic, whereas in the rest of the specimens, only the ventral surface of the supraoccipital is visible. The transverse section of the broken portion of the left supraoccipital ala in UEM-61 is subtriangular with the acute angle towards the median lobe. In PPN2014-70-16A, the right supraoccipital ala is eroded with the opisthotic and prootic, which does not allow the identification of the contacts between the elements. In PPN2014-70-4B most of the supraoccipital is weathered dorsally. The two lateral alae in PPN2014-64-8 and UEM-61 are expanded from the post-temporal fenestra (formed by the contact of the opisthotic, squamosal and the supraoccipital alae) to the median dorsal lobe.

In UEM-61 and PPN2014-64-08 lateral alae are rectangular-shaped (Fig. 3C/ D, 5B/C). The posterior surface of the median lobe of UEM-61 are characterized by a thin and vertically elongated ridge. Thin ridges run along the lateral alae of PPN2014-64-08 and UEM-61, and dorsal to these ridges there is a shallow excavation. The right ala of PPN2014-37 contacts the squamosal along a sigmoidal suture (Fig. 6A/B). Anteriorly, the supraoccipital alae contact the prootic along a simple coronal plane (Fig. 6A). The dorsal median lobe contacts the interparietal anteriorly in UEM-61 along an oblique plane (Fig. 6B). The dorsal margin of the ala in UEM-61 is higher than the top of the median lobe. This also seems to be the case in PPN2014-64-08, although the dorsal surfaces are somewhat eroded.

Basioccipital and Exoccipital

The occipital condyle is formed by fusion of the exoccipital and basioccipital, which become progressively more co-ossified through ontogeny. Therefore, the occipital condyle sutures are visible in smaller specimens such as PPN2014-70-25A, UEM-61 and PPN2014-37 (Fig. 2B, 3D and 6B). The exoccipitals contact each other along a simple sagittal suture and they contact the basioccipital along an obliquely-oriented plane relative to the foramen magnum.

Posteriorly, the ascending ramus of the exoccipital bounds the foramen magnum laterally and it forms a concave contact with the opisthotic in PPN2014-70-25A (Fig. 2B), UEM-61 (Fig. 3D) and PPN2014-37 (Fig. 6B). There is a dorsally-convex sutural contact with the supraoccipital in posterior view in all specimens described here.

The basioccipital forms the ventral surface of the occipital region. As in most dicynodonts (e.g., Niassodon mfumukasi) the articular surface of the occipital condyle is subtriangular, convex ventrally and excavated medially by an occipital pit in PPN2014-70-25A (Fig. 2B), UEM-61 (Fig. 3D), PPN2014-37 (Fig. 6B), PPN2014-55 (Fig. S2D) and in PPN2014-56 (Fig. S1C). The presence of a pit is in PPN2014-70-16A because of the damage in the area. In PPN2014-70-4B and PPN2014-64-08, the occipital condyle does not present the pit in posterior view, probably due to the more advanced ontogenetic stage of these specimens. The basioccipital contacts the basisphenoid along the coronal plane (e.g., PPN2014-64-08, UEM-61, PPN2014-70-25A, PPN2014-37) but this contact is not clear in PPN2014-70-13C, PPN2014-55 and PPN2014-70-4B due to preservation. A well pronounced structure develops anteriorly to the occipital condyle, the basioccipital tubera (Fig. 3D and6B). The basioccipital tubera has a contribution of three elements: the basioccipital, parabasisphenoid and opisthotic, but by using direct observation methods it was not possible to separate these elements. The posterior edges of the tubera envelop half of the oval fenestra in the ventral contact with basisphenoid and opisthotic (Fig. 3A and6B). Additionally, the basioccipital tubera of UEM-61 and PPN2014-37 are subtriangular, with the enveloping half of the oval fenestra forming the base of the triangle. The jugular foramen is bounded by the exoccipital, basioccipital and opisthotic. The jugular foramen is subcircular in ventromedial view and tubular, eventually opening into the foramen magnum.

Opisthotic

The opisthotic forms the laterally projecting paraoccipital process, which is located lateral to the foramen magnum and forms the ventrolateral portion of the occiput. The paraoccipital process contacts the exoccipital medially, the prootic anteriorly and the basioccipital and basisphenoid ventromedially. The transverse section of the broken paraoccipital process in UEM-61 is subcircular in lateral view. Along with the supraoccipital, the opisthotic contributes to the margins of the posttemporal fenestra. The opisthotic also forms part of the circular jugular foramen with the exoccipital and basioccipital (Fig. 2B, 3D, 5B, 6B), and contributes to fenestra ovalis ventrally with basisphenoid and basioccipital. The oval fenestra is subvertically-oriented and it is circular in posterior view in all specimens, but it is slightly oval-shaped along the coronal plane in PPN2014-70-25A, probably due to anteroposterior compression in the area of the fenestra (Fig. 2C andD). The fenestra ovalis varies in size between 17 to 24 mm for the right fenestra and 14 to 20 mm for the left fenestra (Table S1).

The contact between the opisthotic and the prootic is not visible in PPN2014-70-4B, PPN2014-56 and PPN2014-70-13C, but this contact seems to develop along a simple coronal plane in PPN2014-25A and PPN2014-70-16A. The opisthotic is severely damaged in PPN2014-55. In PPN2014-37, the right opisthotic extends laterally along a convex contact with the squamosal and it is anteriorly covered by the quadrate. Ventrally, the opisthotic contacts the quadrate ramus of the pterygoid along the transversal plane. The right paraoccipital process of UEM-61 contacts the quadrate-quadratojugal complex laterally along the coronal plane (Fig. 3C).

Interparietal

The interparietal is only preserved in UEM-61, and it covers the dorsal region of the occipital plate. The interparietal is obliquely-oriented relative to the foramen magnum, and it is trapezoidal in lateral view. The wider base of the trapezoid contacts the supraoccipital, whereas the narrower portion bounds the posterodorsal part of the brain cavity. The interparietal contacts the supraoccipital ventrally and the parietal dorsally along an oblique plane (Fig. 3B).

Braincase

Parabasisphenoid

The basisphenoid is well preserved in UEM-61, PPN2014-70-25A, PPN2014-70-4B, PPN2014-37 and PPN2014-64-8, but it is damaged in the others. It is subcylindrical and extends from the level of the median pterygoid plate to the level of the posterior edge of the basitubera, enveloping the majority of the ventral portion of the fenestra ovalis. As typically in dicynodonts, the anterior portion of the UEM-61 basisphenoid is fused with the parasphenoid, and, the suture between these elements is not clear in this specimen. The basisphenoid sutures with the prootic and the opisthotic dorsally and it contacts the basioccipital medially along an anteriorly convex plan. In UEM-61 the basisphenoid contacts the pterygoid anteroventrally along a sigmoidal suture, and it contacts the prootic along a transverse plane (Fig. 3C). As in Niassodon mfumukasi, there is a small, dorsomediallyoriented prootic foramen that traverses the basisphenoid, the prootic and the opisthotic and adjoin the brain cavity medially. (Fig. 5C).

Prootic

The prootic contacts the anterodorsal portion of the occipital region and surrounds the anterolateral portion of the foramen magnum. The prootic contacts the basisphenoid ventrally along a horizontal plane, and it reaches the opisthotic and the supraoccipital ala posteriorly along the coronal plane. The prootic is pierced by a small prootic foramen that extends anteroposteriorly through basisphenoid and opisthotic. UEM-61 and PPN2014-37 can reveal two details of the prootic internal structure: the main body and an anterior process (the base of the pila antotica) that extends anteroventrally from the main body (Fig. 3B/C and6A). The main prootic body is oval and obliquely-oriented relative to the foramen magnum. The anteriormost portion of the main prootic body is symmetrically-excavated dorsally in UEM-61 (Fig. 3B/C). The UEM-61 and PPN2014-37 anterior processes form a pair of thin, rod-like bones ascending obliquely to the foramen magnum in parallel to the epipterygoid rami, contacting ventrally the median plate of the parasphenoid and laterally the pterygoid (Fig. 3C and 6A). In PPN2014-64-8 the prootic is D-shaped anteriorly and it is dorsoventrally oriented (Fig. 5C). Although the prootic is damaged in PPN2014-64-8, the left prootic ramus seems to have the same dorsal excavation observed in UEM-61. Poor preservation in PPN2014-70-16A, PPN2014-70-4B and PPN2014-70-25A has obscured the suture between the prootic and supraoccipital.

Epipterygoid

The epipterygoid rests medially on the pterygoid (Fig. 3C). UEM-61 demonstrates that the epipterygoid is formed by two anatomical units, as in other dicynodonts: the footplate and the ascending ramus (Fig. 3B/C). The footplate is sub-rectangular and is posteriorly expanded (~14 mm in vertical width) whereas it is thinner anteriorly (~5 mm), although the left posterior portion of the pterygoid and epipterygoid was eroded. Additionally, there is no evidence of a short dorsal process on the anterior end of the footplate in UEM-61. The UEM-61 ascending ramus is a thin bar that extends dorsally parallel to the ascending ramus of the prootic. The left ascending ramus which is well-preserved, is only ~13 mm tall and broken transversally toward the top (Fig. 3C).

Quadrate

A nearly complete quadrate is preserved in PPN2014-37, although it is broken between the dorsal process and the articular condyles (Fig. 6). The quadrate displays the typical morphology of most dicynodonts (e.g., N. mfumukasi, other Endothiodon), which consists of two main articular condyles and a dorsal process, (Fig. 6A/C). In ventral view, the medial condyle is narrow, horizontally-oriented, and displays a reniform shape along the anteroposterior axis (Fig. 6C). Dorsal to the medial condyle, there is a groove that faces the pterygoid and the dorsal process of the quadrate (Fig. 6C). The dorsal process of the quadrate is thin, flat and its base incurves anteriorly. This process contacts the squamosal along its convex posterior surface, and it contacts the opisthotic and the pterygoid ventrally (Fig. 6A).

In contrast to the condition in Niassodon, the quadrate of PPN2014-37 possesses a small medial process situated between the medial and the lateral condyles (Fig. 6C). Although damaged, the process appears to have paralleled the quadrate ramus of the pterygoid. The PPN2014-37 lateral quadrate articular condyle is well-rounded posteriorly and tapers anteriorly (Fig. 6C). The lateral condyle contacts the quadratojugal dorsally and it is flanked by a well-expanded groove laterally which displays the anteroposterior orientation (Fig. 6A/C). The dorsal portion of the dorsal process of the quadrate (Fig. 6C top, near the medial condyle) seems to possess a medioventral groove.

Quadratojugal

The majority of the quadratojugal is preserved in PPN2014-37, although parts of the lateral and ventral portions are missing. The quadratojugal is flat and plate-like. It sits in a slight recess in the descending flange of the squamosal such that the elements from a single, flush anteroventral surface (Fig. 6A). The PPN2014-37 quadratojugal is firmly sutured with the squamosal along a rugged suture dorsally and along a concave suture medially (Fig. 6C). The contact between the quadratojugal and the dorsal process of the quadrate is not solid. This contact is marked by an opening which probably represents the quadrate foramen (Fig. 6C).

The quadratojugal has two shallow depressions in its lateral edge, and forms a wide, obliquely-oriented ridge (Fig. 6A).

Mandible

Dentary

The dentary is the single largest element in the mandible, extending from the symphysis to the anterior and dorsal margins of the mandibular fenestra. The dentary is well-preserved in UEM-01, PPN2014-40, PPN2014-15, PPN2014-70-3, PPN2014-70-6C, PPN2014-11 and PPN2014-7. UEM-01 possesses a prominent, well preserved dorsal projection of the symphysis that is ~4 cm long dorsally (Fig. 12B). Ventrally, the symphyseal portion of the dentary contacts the splenial along a posteriorly concave suture (Fig. 12E). There is a small, anteroposteriorly-oriented ventral boss about halfway along the anteroposterior length of the dentary ramus in PPN2014-40, UEM-01, PPN2014-70-6C, PPN2014-7, PPN2014-11 and PPN2014-15. On the ventral surface of the ramus, the anterior end of the boss marks the anterior suture of the angular in all specimens. The external surface of the dentary is pierced by small vascular foramina in UEM-01, similar to that observed in Niassodon, and the bone surface texture is rugose (Fig. 12B, C andD). Rugosity is also present on the anterior dentary of E. bathystoma SAM-PK-K011271 from the Karoo of South Africa [START_REF] Maharaj | Comprehensive description of a skeleton of Endothiodon bathystoma (Anomodontia, Therapsida), a dicynodont from the late Permian of the Karoo Basin of South Africa[END_REF]. The tooth rows are situated on the medial edge of the dentary in all specimens that preserved teeth or alveoli (e.g., Fig. 12,S3 and S4). Nearly all the small mandibles possess a single tooth row (e.g.: PPN2014-40, PPN2014-15, PPN2014-7, PPN2014-11, BPI-5506, PPN2014-64-17A; thus more of a tolani-like trait) which progressively increase to several rows in larger mandibles such as UEM-01, PPN2014-70-3 and PPN2014-70-6C, perhaps representing an ontogenetic trend or a bathystoma-like character. In PPN2014-70-2 the teeth are arranged in several obliquely-oriented lines or Zahnreihen (Fig. S3A). This arrangement was described by [START_REF] Latimer | Dentition and feeding niche of the Endothiodon (Synapsida; Anomodontia)[END_REF], who reported it as being typical for Endothiodon bathystoma. PPN2014-70-2 preserves five Zahnreihen in the left dentary ramus and three in the right dentary ramus (Fig. S2, S3A, and Table 2). In Table S2 we summarize the number of teeth preserved in each specimen, as well as the anteroposterior extension of the dentary and the postdentary sulcus. The postdentary sulcus is present in all specimens as a single excavation extending along the lateral edge of the tooth rows on the dorsal surface of the dentary.

Splenial

The splenial is a single, fused U-shaped element that forms the anteroventral portion of the mandible (e.g. Fig. 12E, S3B, J and S4A). The splenial is most visible in UEM-01, however, it is at least partially preserved in all of the mandibles described here. The splenial is sutured to the dentary anteriorly, and it contacts the angular laterally along a planar suture (Fig. 12E).

It is expanded anteriorly, where it contributes to the symphysis, but tapers posteriorly to a flattened process that extends along the medial surface of the mandibular ramus and contributes to the Meckelian groove (e.g. Fig. 12B andS4C). In UEM-01, the most anterior part of the ventral surface of the splenial is perforated by small vascular foramina suggesting the presence of the keratinous beak along all the external surface of the mandible (Fig. 12E).

It forms part of the anterior border of the mandibular fenestra.

Angular

The angular is preserved in UEM-01, PPN2014-70-3, PPN2014-64-6C, and PPN2014-64-1, but is severely damaged in PPN2010-07-C3-1ß and PPN2014-11. The angular is a single element present in both mandibular rami, which extends between the dentary and splenial.

Anteriorly, the angular tapers and wedges between the dentary and the splenial, but is semicircular in cross-section posteriorly, where it forms the ventral and posterior margins of the mandibular fenestra (Fig. 12D). In PPN2014-64-1 the angular has a medial fossa anteriorly, which arises at the level of the anterior half of the mandibular fenestra, to accommodate the posterior process of the splenial (Fig. 12D). A similar fossa is present on the lateral surface to accommodate the dentary (Fig. 12F). The lateral edge of either side of that fossa forms a long anteroposteriorly-oriented ridge. The angular is fused to the prearticulararticular complex posteriorly in PPN2014-64-1, and contacts the surangular dorsally. The reflected lamina of the angular is very well preserved in PPN2014-64-1. It is thin and semi-circular in medial and lateral views and it arises at the level of the posterior end of the mandibular fenestra as in Niassodon, see Fig. 12D/F.

Surangular

The surangular is a rod-like bone extending between the dentary and the articular on the dorsal surface of the mandibular ramus, and it contributes to the dorsal margin of the mandibular fenestra. The surangular is present in PPN2014-64-1, UEM-01, PPN2014-11 and PPN2014-18, although most of the posterior end of the bone was eroded of these specimens (Fig. 12, S3 and S4). The surangular contacts the dentary anteriorly along an oblique suture dorsally (Fig. 12A,S4B), the angular ventrolaterally, and the prearticular-articular complex posteroventrally (Fig. 12D). In medial view, the surangular of UEM-01 tapers anteriorly into a conical process that fits firmly a ventral excavation of the dentary, as in Niassodon (Fig. 12B).

Prearticular-articular complex

The prearticular-articular complex is well-preserved in PPN2014-64-1 (Fig. 12F/G). It is also preserved in PPN2014-18, but is badly damaged in PPN2014-15 (Fig. S3E). The prearticular is thin and plate-like anteriorly, and becomes more robust posteriorly where it is indistinguishably fused with the articular (Fig. 12F). The prearticular also contributes to the ventral margin of the mandibular fenestra on the medial surface of the mandible. Posteriorly, the articular bears a vertically-rounded median ridge (Fig. 12F/G), which has a concavity where the surangular contacts it. The median ridge of the articular is flanked laterally and medially by excavations that articulate with the condyles of the quadrate. The articular contacts the surangular anteriorly, and angular anteriorly and ventrally. Between the angular and the surangular-articular posteriorly, there is a sub-vertical excavation which likely served as an insertion point for jaw musculature.

Axial Skeleton

Vertebrae

Several fragmented vertebrae from different specimens were collected in Metangula Graben.

As they belong to different individuals, it is not possible to determine the exact position of each vertebra, except in PPN2014-70-3, which preserves an articulated series of three sacrals and the anteriormost three caudals (Fig. 14A,B). A portion of the head of the ilium is preserved in articulation with the sacral ribs on each side of PPN2014-70-3. This ilium portion seems to link the vertebral column on the last sacral vertebra (Fig. 14A). The sacral vertebrae are expanded dorsoventrally and curve anteriorly, differing from the transverse processes of the presacral vertebrae (UEM-61A, PPN2014-70-3), which are oriented transversely to slightly obliquely relative to the long axis of the vertebral column. The first caudal vertebra of PPN2014-70-3 is more expanded dorsoventrally than the other preserved caudals, and the caudal vertebrae decrease in size posteriorly (Fig. 14A,B).

The transverse process is short in PPN2014-33 and slightly longer in UEM-61A, despite being damaged in the latter (Fig. 14G,K). In anterior view, the transverse process projects dorsolaterally in UEM-61A (Fig. 14K), and is more horizontal in PPN2014-33 (Fig. 14G).

The transverse process of PPN2014-33 extends farther laterally than the process of UEM-61A (Fig. 14J andL) in dorsal view, and, in posterior and anterior views, the base of the transverse process and the neural spine is pierced by small vascular foramina in PPN2014-33 (Fig. 14H).

The transverse process also bears ridges on its anterior, posterior, and lateral edges in PPN2014-33 which extends toward the base of the pedicle. Ventral to the transverse process, the neural arch pedicle is well developed anteriorly but bears a lateral excavation that grades into the lateral and ventral waist of the centrum (Fig. 14D,G,I). The excavation on the pedicle likely represents a muscle attachment area (Fig. 14I). As in most dicynodonts, the centrum is amphicoelous, and circular in anterior and posterior view. The neural canal is roughly circular in all specimens in which it is preserved (UEM-61A, PPN2014-33, PPN2014-64-10B, PPN2014-23).

The neural spine is partially preserved in PPN2014-33 and UEM-61A, and it overlaps the base of the transverse process dorsally. In these specimens, the neural spine is subvertical, forming an angle of ~80 degrees with the transverse process and slightly incurves posteriorly in PPN2014-33 specimen (Fig. 14I). The base PPN2014-33 neural spine arises dorsal to the posterior zygapophyses along a coronal plane and extends dorsally as flat-like element, although it is eroded dorsally exposing an oval cross-section (Fig. 14J).

The zygapophyses are damaged in all specimens, with parts remaining in UEM-61A, PPN2014-23, and PPN2014-33. The postzygapophyses of PPN2014-33 are very flat and are set close to one to another, although they are separated by a dorsoventrally-trended groove that extends to the top of the neural canal (Fig. 14H). However, the distance between the postzygapophysis is greater in UEM-61A and PPN2014-23 (10 mm in UEM-61A versus 4 mm in PPN2014-33). The postzygapophyses are oriented parallel to the anteroposterior axis of the vertebral column in PPN2014-33. Based on comparisons with PPN2014-33, the postzygapophyses of UEM-61A and PPN2014-23 may be more obliquely oriented, although damage makes this somewhat uncertain (Fig. 14L). The prezygapophyses of PPN2014-33 curve dorsolaterally in anterior view and they most closely approach each other ventrally (2 mm). They are separated by a medial excavation that extends to the neural canal. The angulation of the prezygapophyses relative to the long axis of the vertebra cannot be determined because they are broken anteriorly in all of the available specimens. In dorsal view, PPN2014-33, PPN2014-23 and UEM-61A bear a shallow excavation (Fig. 14C,J,K), which was identified as a postspinal fossa in Stahleckeria potens by [START_REF] Kammerer | The first skeletal evidence of a dicynodont from the lower Elliot Formation of South Africa[END_REF].

Ribs

The ribs in the collection are poorly preserved. They consist of three long and overlapping ribs in PPN2014-64-5, and three short parallel ribs in PPN2014-70-4 (Fig. 14M,N). The proximal and distal ends of the ribs are not preserved, but in PPN2014-64-5 seems to have a preserved the rib head. This rib head is more robust than the entire body of the rib, progressively thinning distally. The ribs of PPN2014-70-4 are rectangular in cross-section, whereas those of PPN2014-64-5 are more circular. The ribs of PPN2014-70-4 have grooves (costal grooves) on the lateral side which have a raised edges.

Shoulder Girdle

Metacoracoid

Only a single proximal left coracoid fragment (UEM-104) was collected thus far. The metacoracoid is a flat bone but its dorsal edge is expanded and tapers distally (Fig. S5). It is rectangular in lateral and medial views. In medial view, the coracoid is flattened ventrally but it possesses an excavation where the sternocoracoideus muscle was likely attached, as in Diictodon, Wadiasaurus, Oudenodon and Lystrosaurus [START_REF] Defauw | The appendicular skeleton of African Dicynodonts[END_REF][START_REF] Ray | Functional aspects of the postcranial anatomy of the Permian Dicynodont Diictodon and their ecological implications[END_REF][START_REF] Ray | Functional and evolutionary aspects of the postcranial anatomy of dicynodonts (Synapsida, Therapsida)[END_REF]. Additionally, towards the dorsal edge in medial view, the coracoid bears another excavation that may represent the costocoracoideus attachment area, but unlike that of Diictodon and Oudenodon, this excavation is near the mid-width of the dorsoventral axis of the coracoid (Fig. S5B). A slight excavation on the lateral surface represents that attachments of the coracobrachialis and the biceps (Fig. S5A). The anterior end of the metacoracoid is upturned at about ~10 degrees and possesses a shallow sulcus which served as the cranioventral ligament attachment. The posterior end UEM-104 was crushed along the suture with the procoracoid and the glenoid has been eroded. Toward the posterior end, there are several oval foramina that may represent a muscle scar (Fig. S5A).

Scapula

Five scapulae exist in the collection (UEM-31-61, PPN2014-67B, PPN2014-70-24C, UEM-26-61, UEM-54-61), but these are poorly preserved, consisting only of mid-sections without proximal and distal ends (Fig. S6). As preserved, the specimens are broader dorsally and narrower ventrally. The scapula of PPN2014-67B tapers along the proximal end at a range of ~3 mm in width. In medial view, the scapular blade of PPN2014-70-24C and UEM-31-61 is convex ventrally with an ovoid depression along the main axis (in PPN2014-70-24C, Fig. S6C), where the subcoracoscapularis muscle was originated, as in Lystrosaurus and Robertia [START_REF] Defauw | The appendicular skeleton of African Dicynodonts[END_REF][START_REF] Ray | Functional aspects of the postcranial anatomy of the Permian Dicynodont Diictodon and their ecological implications[END_REF][START_REF] Ray | Functional and evolutionary aspects of the postcranial anatomy of dicynodonts (Synapsida, Therapsida)[END_REF]. Along the most proximal edge, the PPN2014-67B scapular is overlapped by a severely fragmented piece of bone, probably is part of one vertebra, but it is not in articulation (Fig. S6A). The scapula of PPN2014-70-24C possesses a poorly developed and incomplete ventral process, the acromion process (Fig. S6C,D). It is concave medially and flanks a shallow ventrolateral fossa, similar to that of Robertia (King, 1981a). A fragmentary piece of bone overlaps part of the scapula in PPN2014-67B, likely representing the remains of a disarticulated vertebra (Fig. S6A).

Forelimb

Humerus

Two complete humeri and several well-preserved partial specimens exist in the Mozambique Endothiodon collection. PPN2014-66 and PPN2014-28 are complete humeri. UEM-7-1 specimen is a nearly completely preserved proximal left humerus, UEM-31, PPN2014-67A and PPN2014-70-10A also are missing the distal end, and UEM-68 only preserves the midsection of the proximal humerus (Fig. 15). The proximal end (from the dorsal edge of the deltopectoral crest to the posterodorsal corner of the humerus) is more expanded than the distal end in all humeri described here. The proximal portion of the humeri offset from the distal end at an angle of about 80 to 90 degrees in PPN2014-28 and PPN2014-66. The proximal end of the humerus is rounded and possesses a shallow fossa ventral to the humerus head, where the coracobrachialis muscle inserted (Fig. 15B,C,E,I,J). The posterodorsal corner of the humerus was reconstructed as the insertion area for the subcoracoscapularis muscle (Fig. 15H). Similarly to some Dicynodontoides [START_REF] Angielczyk | Taxonomic revision and new observations on the postcranial skeleton, biogeography, and biostratigraphy of the dicynodont genus Dicynodontoides, the senior subjective synonym of Kingoria (Therapsida, Anomodontia)[END_REF], this fossa is subtriangular anteriorly. On the dorsal surface, a rounded ridge extends from the proximal end to the mid-shaft, forming the triceps lateral head insertion bordering laterally the teres major muscle excavation (Fig. 15A,F,H), although the presence of the teres major in dicynodonts has been disputed in the literature (e.g., King 1981aKing , 1981b;;[START_REF] Walter | The limb posture of kannemeyeriid dicynodonts: functional and ecological considerations[END_REF][START_REF] Ray | Functional aspects of the postcranial anatomy of the Permian Dicynodont Diictodon and their ecological implications[END_REF][START_REF] Ray | Functional and evolutionary aspects of the postcranial anatomy of dicynodonts (Synapsida, Therapsida)[END_REF]. In UEM-7-1 and PPN2014-28 there is a long, thin posterior process, which flanks the medial teres major muscle excavation and forms the insertion for the latissimus dorsi (Fig. 15A,C,E). The latissimus dorsi process arises near the posterior corner of the proximal humerus and extends to near the mid-shaft, although it appears that the process was damaged in UEM-4-61, PPN2014-70-10A, PPN2014-70-18A and UEM-29 humerus, and severely eroded in PPN2014-70-18B, PPN2014-67A and PPN2014-66. The UEM-68 humerus is pierced by several small and elongated foramina in the area of insertion for the latissimus dorsi (Fig. 16J andK). In PPN2014-28 the latissimus dorsi process extends distally to the level of the entepicondylar foramen, close to attachment area for the medial head of the triceps (Fig. 15E andF). The insertion area of the medial head of the triceps is flattened ventrally but more rounded dorsally and forms a continuous surface with attachment area for the lateral head. Opposite to the latissimus dorsi process, there is well-developed deltopectoral crest that comprises about ~30 percent of the entire proximal end of the humerus (Fig 15 and 16). The deltopectoral crest becomes progressively thinner distally. A flattened ridge extends from the distal edge of the deltopectoral crest to the entepicondylar foramen.

(Fig. 15E andG). In specimens UEM-7-1 and UEM-29, the deltopectoral crest is subvertically oriented to the humerus shaft, being 75 and 70° displaced from the proximal and distal ends, respectively. In PPN2014-66 and UEM-68, the deltopectoral crest is squared off, with the ventral edge forming a right angle with the haft, whereas in UEM-7-1 and PPN2014-28 the ventral edge merges more smoothly with the humeral shaft (Fig. 15). The deltopectoral crest is poorly-preserved in PPN2014-70-10A. In dorsal view, the deltopectoral crest possesses an excavation for the insertion of the brachialis muscle (Fig 15F andH). The articular facet of PPN2014-70-18B possesses a proximal neck in dorsal view (see the dashed lines in Fig. 16D) and, the head of the humerus is attached to the coracoid dorsally. The PPN2014-70-18B humerus head body extends distally forming a shaft buttress-like in ventral view (Fig. 16E), and flanks medially the coracobrachialis muscle attachment area.

UEM-14, PPN2014-70-12A, PPN2014-23A, UEM-35, PPN2014-70-8B, PPN2014-70-23B are distal humeri. The UEM-14 humerus is broken off posteriorly, and, as in PPN2014-70-12A, the distal end of the humerus is sigmoidal in ventral and dorsal views. The broken end of PPN2014-70-12A exposes the circular cross-section of the mid-shaft of the diaphysis. In PPN2014-70-12A, the capitulum is preserved in articulation with the proximal radius. The trochlea is subcircular in all specimens. The humerus is flat and thin towards the middle of the trochlear fossa. The posterior expression of the entepicondylar foramen is located more proximally than its anterior expression (Fig. 15G, J and17E). The ectepicondylar foramen is absent in the here described specimens, as well as in the right humerus of SAM-PK-K011271 [START_REF] Maharaj | Comprehensive description of a skeleton of Endothiodon bathystoma (Anomodontia, Therapsida), a dicynodont from the late Permian of the Karoo Basin of South Africa[END_REF]. Between the entepicondyle and the entepicondylar foramen there is a long, shallow excavation for the antebrachial flexor muscle insertion, which sometimes extends proximally to meet the attachment area for the medial head of the triceps (Fig. 17F). Opposite to the entepicondyle, the proximal region of the ectepicondyle forms the attachment area for the antebrachial extensor muscle (Fig. 17F). The attachment area for the medial head of the triceps forms an inverted D-shape in dorsal view in PPN2014-70-12A. The PPN2014-21 capitulum bears a dorsal ridge on its dorsal edge in the contact with the trochlea. In PPN2014-21, the trochlea occupies more of the distal portion of the humerus than the capitulum, so that the trochlea overlaps the distal portion of the capitulum (Fig. 17M).

Ulna

Only fragmentary ulnae have been collected from Mozambique (PPN2014-64-10C, PPN2014-70-24B, PPN2014-70-5C and UEM-64) (Fig. S7). Much of the periosteum has been eroded in the preserved ulnae. UEM-64 specimen is a small distal right ulna, likely representing a juvenile individual. It is thin along its preserved extent and poor preservation of the periosteum has rendered the distal articular surface indistinct (Fig. S7F,G). PPN2014-70-12B is a poorly preserved mid-section of the ulna diaphysis, and is slightly expanded proximally. PPN2014-70-24B is a proximal right ulna. The ulnar base of the coracoid process and the radial notch are not preserved in these specimens, but though strongly worn, their proximal tips possess two semicircular articular facets, one lateral for the olecranon process and the medial one for articulation with the radius (Fig. S7A,C). The anterior surface of PPN2014-70-24B is excavated into an extensive proximal fossa (Fig. S7A) aligned with the long axis of the element, similar to that observed in Robertia broomiana (King, 1981a[START_REF] Ray | Functional aspects of the postcranial anatomy of the Permian Dicynodont Diictodon and their ecological implications[END_REF][START_REF] Ray | Functional and evolutionary aspects of the postcranial anatomy of dicynodonts (Synapsida, Therapsida)[END_REF]). This fossa is presumably for the triceps insertion and, is flanked medially by a long ridge which probably extended for about the half-length of the ulna. According to King (1981a), the medial ridge was probably for the biceps process attachment. Opposite of the proximal fossa, there is another extensive excavation where the ulnar flexor muscle was attached (Fig. S7B). The diaphysis of the ulna has an oval shape in cross-section.

Radius

There are three preserved radii in the Mozambique collections, UEM-67, UEM-59 and UEM-53 (Fig. S8). The diaphysis is missing in each of these specimens but the broken ends of the bones demonstrate that the mid-shaft region was oval in cross-section. The proximal end of UEM-67 is circular and possesses a shallow excavation laterally for muscle insertions (see the dashed line in Fig. S8,B). This excavation runs obliquely to the long axis of the bone, and it is immediately adjacent to the articular facet. This area represents the biceps brachii attachment, as mentioned in [START_REF] Defauw | The appendicular skeleton of African Dicynodonts[END_REF] for Cynognathus and kannemeyeriiform dicynodonts. This fossa continues extending from the proximolateral to the distomedial part of the UEM-67 radius (despite being broken in half), and along the surface of the anterior view, similar to Robertia (King 1981a), it may represent the attachment area of the brachialis muscle [START_REF] Defauw | The appendicular skeleton of African Dicynodonts[END_REF]. In this case, the brachialis attaches in continuity to the biceps brachii fossa. The UEM-53 and UEM-59 distal ends are oval-shaped. The UEM-53 and UEM-59 are expanded distally, reducing the expansion width from 5 and 6 cm to 4 cm at mid-shaft length.

The UEM-59 radial bone possesses a distal neck, which separates the distal epiphysis to the articulation surface with the carpus (see dashed lines in Fig. S8E). That neck is not visible in others specimens due to damage. have a straight shaft, though there are not have enough diaphyseal portions preserved. The proximal end of the femur is expanded, though the thickness depends on the relative ontogenetic stage, ranging from 10 to 11 cm wide in UEM-57, UEM-249/61, UEM-72 and PPN2014-64-11B and 5 to 7 cm in other specimens relatively younger ontogenetically. In all specimens, the femoral head weakly differentiated from the shaft (~30 degrees twisted from the long main axis). It forms a sub-hemispherical condyle in UEM-249/61 and UEM-72, but it is not offset from the rest of the proximal end of the femur as in stahleckeriids [START_REF] Kammerer | The first skeletal evidence of a dicynodont from the lower Elliot Formation of South Africa[END_REF]. Moreover, the greater trochanter in UEM-249/61 is not twisted relative to the overall shaft as it is in Diictodon, Wadiasaurus, Oudenodon, Rhachiocephalus and Lystrosaurus [START_REF] Defauw | The appendicular skeleton of African Dicynodonts[END_REF][START_REF] Ray | Functional aspects of the postcranial anatomy of the Permian Dicynodont Diictodon and their ecological implications[END_REF][START_REF] Ray | Functional and evolutionary aspects of the postcranial anatomy of dicynodonts (Synapsida, Therapsida)[END_REF]). PPN2014-70-6B is more damaged, but it is concave in lateral view and the greater trochanter is not as developed as in UEM-72, UEM-249/61 and PPN2014-64-14A, likely reflecting subadult status. Between the femoral head and the greater trochanter in UEM-72, UEM-249/61, PPN2014-70-25A and PPN2014-64-14A, there is a shallow ovoid fossa on the dorsal surface which gradually attenuates distally. It presumably represents the origin of the femorotibialis muscle (Fig. 18A,D,F,H,L). On the ventral surface of UEM-72, there is another fossa that is slightly deeper, although it does not extend as far distally (Fig. 18C), which may represent where the puboischiofemoralis extensor muscle originated. A similar fossa is present in UEM-34, PPN2014-70-25A and UEM-249/61 as well. On the medial edge of the proximal end of UEM-249/61 and UEM-72, there is a fossa just distal to the head of the femur. That fossa is oval and aligned with the long axis of the femur. As described in [START_REF] Defauw | The appendicular skeleton of African Dicynodonts[END_REF], this represents the origin of the puboischiofemoralis internus muscle. Similarly to Robertia [START_REF] Defauw | The appendicular skeleton of African Dicynodonts[END_REF]), the UEM-249/61 and UEM-72 femorotibialis attachment area seems to be restricted to the proximal end of the femur (Fig. 18A/D).

The distal portion of the femur is characterized by hemispherical lateral and medial condyles (although this area is damaged in UEM-78 and PPN2014-70-25A). The lateral condyle is slightly more expanded laterally than the medial condyle in UEM-84-35, PPN2014-70-4A, UEM-9-61, UEM-250/64 and PPN2014-64-11C, and they are separated by a v-shaped intercondylar fossa (Fig. 19K,G,M,A). The intercondylar fossa of PPN2014-64-11C continues posterodorsally along about half-the estimated femur length.

Tibia

Only three fragmentary proximal tibiae are preserved (UEM-71, UEM-81, UEM-82), (Fig. 20), all of which lack the majority of the diaphysis. The proximal articular surface is characterized by medial and lateral condyles separated by the incisura tibialis fossa (Fig. 20C). This fossa is posterior to the cnemial crest, and it is long and deeply excavated in UEM-81 (Fig. 20G). The lateral condyle is expanded and projects more prominently in UEM-82 than in UEM-71 and UEM-81, and it continues distally to form the cnemial crest (Fig. 20A,C). The dorsal surface of the lateral condyle in UEM-82 forms an angle of 30 degrees with the anterior articular facet (the medial sulcus of Kammerer 2018), and is 1.5 cm higher than the dorsal surface of the medial condyle. Unlike the case in some kannemeyeriiforms (e.g. Placerias; [START_REF] Kammerer | The first skeletal evidence of a dicynodont from the lower Elliot Formation of South Africa[END_REF], the proximal articular surface of the tibia is not subdivided into lateral and medial facets.

Fibula

Several fragmented fibulae were collected in Mozambique, including proximal (UEM-63, PPN2014-70-9B) and distal (PPN2014-64-10F, UEM-48, UEM-52, PPN2014-64-7B, UEM-30-61) ends, but none are well-preserved and the diaphysis is missing in all specimens (Fig. S9). The fibula is a straight, slender bone and the proximal articulation is not strongly expanded. The proximal articulation surface of UEM-63 is poorly preserved but is oval in shape. Although damaged, PPN2014-70-9B seems to have an excavation (Fig. S9D) extending along the shaft where the iliofibularis muscle likely attached as in Robertia, Lystrosaurus, and kannemeyeriiforms [START_REF] Defauw | The appendicular skeleton of African Dicynodonts[END_REF]King, 1981a[START_REF] Ray | Functional aspects of the postcranial anatomy of the Permian Dicynodont Diictodon and their ecological implications[END_REF][START_REF] Ray | Functional and evolutionary aspects of the postcranial anatomy of dicynodonts (Synapsida, Therapsida)[END_REF]. Two of the distal fibulae (UEM-48 and PPN2014-64-7B) possess a medial excavation similar to that observed in Robertia broomiana (King, 1981a), but it is absent in the rest of the specimens, likely due to damage (Fig. S9E,G). In both specimens the fossa does not extend along the diaphysis, in contrast to R. broomiana (King, 1981a). The distal end is flat in UEM-48 and expands along the dorsoventral axis more than in other specimens (Fig. S9E,F). The articular facet of PPN2014-64-7B forms a buttress anteriorly that grades into a facet posteriorly. The distal ends of UEM-52, UEM-48 and PPN2014-64-7B are more strongly expanded than those of UEM-30-61 and PPN2014-64-10F, which tend to be slender along the entire (preserved) length of the fibula, likely because they are juvenile specimens (Fig. S9K,M). UEM-30-61, UEM-63, PPN2014-64-10C and UEM-52 are too damaged to show clear muscle attachment areas. The distal process of the fibula described in some Dicynodontoides [START_REF] King | The postcranial skeleton of Kingoria nowacki (von Huene) (Therapsida: Dicynodontia)[END_REF][START_REF] Angielczyk | Taxonomic revision and new observations on the postcranial skeleton, biogeography, and biostratigraphy of the dicynodont genus Dicynodontoides, the senior subjective synonym of Kingoria (Therapsida, Anomodontia)[END_REF]) is absent in the available specimens, even considering the conservation state of these material.

Pelvic Girdle

Pubis

Two reasonably well-preserved pubis fragments are described here: PPN2014-64-10D, and UEM-87 and three poorly preserved fragments seeming to be pubis as well: PPN2014-70-9C, PPN2014-70-16B, and PPN2014-70-11A. PPN2014-64-10D is L-shaped in medial view, with the short limb of the L marking the posterior portion of acetabulum and long limb including the more anterior edge and the border of the obturator foramen, although this area is damaged anteriorly (Fig. 21E,F). PPN2014-64-10D is the anterior portion of the pubic shaft. It has a dorsal buttress that grades ventrally into a thin ridge that borders the obturator foramen anteriorly (Fig. 21F). The dorsal buttress extends posteriorly forming ridges along the medial extremity of the acetabulum. These ridges descend laterally forming excavations. The acetabulum of PPN2014-64-10D seems to be divided into two regions, a lateral ring surrounding a medial depression (Fig. 21G). This differs from the morphology in UEM-87, where the acetabulum seems to be divided into laterally-expanded ring surrounding a medial condyle; the condyle may represent part of the ilium preserved in articulation (Fig. 21C,D).

Alternatively, UEM-87 may represent parts of the pubis-ischium preserved in articulation. In this case, the lateral element would be the ischium and the medial one the pubis. UEM-87 bears a shallow excavation dorsolateral to the obturator foramen in medial view, and another posteroventral to the obturator foramen in lateral view (Fig. 21B). Additionally, in the dorsal surface of the pubis, there is a suture-like line seeming to separate the two bones (pubis and ischium), which is partly visible in ventral side (Fig. 21C). However, only a very small portion of the obturator foramen is preserved, which does not allow to state that there are the two bones. There excavations on both sides of the obturator foramen (Fig. 21B,F,K). Similar features were described as striated areas in R. broomiana by King (1981a), and they represent the origin of the puboischiofemoralis internus muscle (King, 1981a). PPN2014-70-9C and PPN2014-70-16B represent the posterior portions of pubis, and they possess an oval pubic foramen in medial view (Fig. 21J,N). On the broken surface of PPN2014-70-16B it is possible to discern the suture between pubis and ischium, but the suture is not visible on the anterior or posterior sides of the specimen due to damage (Fig. 21L). PPN2014-70-11A preserves a mid-section of the pubis, but the anterior and posterior ends are missing.

Ischium

Several incomplete ischia are present in the collection (UEM-102, PPN2014-70-7A, PPN2014-70-11D), two of which include a well-preserved acetabulum (UEM-90, UEM-69).

The morphology of UEM-90 and UEM-69 is similar to that of Robertia, with the anterior margin extending anteroventrally to form a stout protuberance (swelling process of King, 1981a, b) where the pubic tubercle was attached (Fig. S10A,D). The acetabulum is oval in posterior view (Fig. S10B), and bears a lateral crest that attenuates to forms a medial pit in UEM-69 and UEM-90 (Fig. S10B,C). The ventral edge is sinusoidal due to the presence of the obturator foramen, and, as in pubis, the anterior border of the obturator foramen is occupied by the posterior ridge of the anterior ischiadic blade. UEM-102 represents the anterior portion of the ischiadic blade and is reniform in medial view (Fig. S10G). The anterodorsal portion of the ischiadic blade is broader dorsally and thins ventrally towards the border the obturator foramen. In UEM-90, UEM-102 and UEM-69 the dorsal surface is broad and attenuates ventrally, flanking an excavation near the anterior portion of the obturator foramen. PPN2014-70-11D, PPN2014-70-9D and PPN2014-70-7A are mid-sections of the ischium and are poorly preserved. PPN2014-70-7A bears shallower excavation along its ventral surface (Fig. S10K), similar to that observed in UEM-90 and UEM-69.

Ilium

The ilia recovered in Mozambique consist of a well-preserved acetabular region (UEM-98) and well-preserved posterior blades (PPN2014-70-23A, PPN2014-70-5B), as well as more damaged specimens (a severely damaged acetabular region, PPN2014-70-8A; a posterior blade, PPN2014-70-16A, a mid-section, PPN2014-70-9A) (Fig. S11). A small piece of rib is preserved on top of the iliac blade of PPN2014-70-23A (Fig. S11A-B). The acetabulum of UEM-98 has three radiating buttresses that combine to forming the articular surfaces for the femur and the puboischiadic complex (Fig. S11E). The lateral buttress forms the articular surface for the femur (Fig. S11E), and the remaining two forms the surfaces for the pubis and ischium (Fig. S11G). The acetabulum of UEM-98 occupies about 60% of the overall acetabular region; the remainder is occupied by the pubo-ischiadic process. The lateral and medial rims of the buttresses attenuate proximally building excavations which probably served for muscle attachment (Fig. S11F). The broken neck of UEM-98 is oval in crosssection (Fig. S11H). PPN2014-70-23A, PPN2014-70-5B and PPN2014-70-16A are broader dorsally and taper ventrally, forming a neck-like contact with the acetabular region anteriorly.

The PPN2014-70-23A and PPN2014-70-5B ilia decrease smoothly from the anterodorsal edge to the medial shaft. The ilium is laterally concave (Fig. S11A,D). This concavity is similar to that observed in Robertia broomiana described as "fossa on the lateral surface of the ilium" (King, 1981a). A small dorsal process develops from that fossa called "a hollowing out of the ilium" in R. broomiana (King, 1981a), see Fig. S11C. In PPN2014-70-23A, the small dorsal process gives the dorsal edge a neck-aspect in lateral view (see the dashed lines in Fig. S11A). Although damaged, the ventral edge of the iliac blade of PPN2014-70-23A is weakly twisted dorsally relative to the neck of the ilium (Fig. S11A). The medial surface of the iliac blade is excavated dorsally in PPN2014-70-23A and PPN2014-70-5B, and, these excavations likely represent facets for the sacral ribs. In PPN2014-70-5B prominent buttress separates the preserved rib facet from a more dorsal fossa on the iliac blade (Fig. S11C).

PPN2014-70-8A is a severely damaged acetabular portion of the ilium (Fig. S11L). This specimen has several unidentifiable bones surrounding the acetabular region; probably there are fragmented portions of the ischium, pubis and some ribs as well.

Discussion

Taxonomy of the Mozambican Endothiodon specimens

Endothiodontia was originally created by [START_REF] Owen | Descriptive and Illustrated Catalogue of the Fossil Reptilia of South Africa in the Collection of the British Museum[END_REF] to encompass Endothiodon bathystoma, which was unique among dicynodonts known at the time, on account of its extensive dentition of coarsely serrated teeth. [START_REF] Seeley | Researches on the structure, organization, and classification of the fossil Reptilia. Part IX., Section 5. On the skeleton in new Cynodontia from the Karroo rocks[END_REF][START_REF] Van Hoepen | Oor die indeling van die Dicynodontidae na leiding van nuwe forme[END_REF] considered the morphological disparity of Endothiodon great enough to question whether Endothiodontia was truly part of Dicynodontia, but for the first half of the 20 th century Endothiodontia mostly served as a wastebasket for dicynodonts with 'postcanine' teeth (e.g., [START_REF] Toerien | The evolution of the palate in South African Anomodontia and its classificatory significance[END_REF]. Beginning with the taxonomic revisions of [START_REF] Cox | On the palate, dentition, and classification of the fossil reptile Endothiodon and related genera[END_REF] and [START_REF] Cluver | A reassessment of the relationships of Permian Dicynodontia (Reptilia, Therapsida) and a new classification of dicynodonts[END_REF], the content of Endothiodontia has become more restricted, and [START_REF] Kammerer | A proposed higher taxonomy of anomodont therapsids[END_REF] defined the clade phylogenetically as all taxa more closely related to Endothiodon bathystoma than Diictodon feliceps and Dicynodon lacerticeps.

Recent discoveries of new putative endothiodonts and variable results from phylogenetic analyses have caused renewed uncertainty about the membership of Endothiodontia and its position within the larger phylogeny of dicynodonts. [START_REF] Kammerer | A proposed higher taxonomy of anomodont therapsids[END_REF] noted that different sets of synapomorphies diagnosed Endothiodontia in two contemporary phylogenetic analyses, and two synapomorphies diagnosed the clade in the analysis of Olroyd et al. (2017): medially placed premaxillary teeth and paired fossae on the palatal surface of the palatines. Olroyd et al. (2017) recognized three valid genera in Endothiodontia: Abajudon, Endothiodon and Niassodon. Niassodon possesses a mosaic of endothiodont and emydopoid characters, and has sometimes been recovered as a member of Emydopoidea [START_REF] Castanhinha | Bringing dicynodonts back to life: Paleobiology and anatomy of a new emydopoid genus from the upper Permian of Mozambique[END_REF][START_REF] Angielczyk | A reevaluation of Brachyprosopus broomi and Chelydontops altidentalis, dicynodonts (Therapsida, Anomodontia) from the middle Permian Tapinocephalus Assemblage Zone of the Karoo Basin, South Africa[END_REF], although more recent analyses have tended to unite it with Endothiodon [START_REF] Boos | A new dicynodont (Therapsida: Anomodontia) from the Permian of Southern Brazil and its implications for bidentalian origins[END_REF][START_REF] Angielczyk | The cranial morphology, phylogenetic position and biogeography of the upper Permian dicynodont Compsodon helmoedi van hoepen (Therapsida, Anomodontia)[END_REF]Olroyd et al., 2017).

Abajudon presents a fascinating mixture of primitive character states (e.g., broad intertemporal bar; large, ventrally directed transverse flanges of the palatine), characters that are very similar to those of Endothiodon (e.g., long, medially placed 'postcanine' tooth rows, sharp pointed dorsal projection on the dentary symphysis; bosses on the ventral margins of the dentary rami), and seeming autapomorphies (e.g., its unique, triangular upper teeth). Both Abajudon and Niassodon can be clearly differentiated from the Mozambican Endothiodon specimens, and they will not be considered further here.

Within the genus Endothiodon, there are currently five valid species: E. bathystoma, E.

uniseries, E. whaitsi, E. mahalanobisi, and E. tolani [START_REF] Cox | On the palate, dentition, and classification of the fossil reptile Endothiodon and related genera[END_REF][START_REF] Ray | Endothiodont dicynodonts from the late Permian Kundaram formation, India[END_REF][START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF]; see a summary in Table 1). The first three species were named based on specimens collected in the Karoo Basin of South Africa, and [START_REF] Cox | On the palate, dentition, and classification of the fossil reptile Endothiodon and related genera[END_REF] noted that the main character differentiating them was size. [START_REF] Cox | On the palate, dentition, and classification of the fossil reptile Endothiodon and related genera[END_REF] taxonomy has been followed by most subsequent workers (e.g., [START_REF] Cluver | A reassessment of the relationships of Permian Dicynodontia (Reptilia, Therapsida) and a new classification of dicynodonts[END_REF]King, 1988;[START_REF] Ray | Endothiodont dicynodonts from the late Permian Kundaram formation, India[END_REF], but the validity of E. uniseries and E. whaitsi have been questioned at times [START_REF] Brink | Endothiodon bathystoma Owen, 1876. Illustrated bibliographic catalogue of the Synapsida[END_REF][START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF], although no work has yet presented a detailed taxonomic revision. Regardless of whether there is one South African species or three, the widespread concept of Endothiodon as a relatively large dicynodont characterized by features such as longitudinal ridges on the snout, short secondary palate, medially-placed premaxillary teeth, long maxillary tooth rows, a prominent domed pineal boss, and a narrow intertemporal bar is based primarily on Karoo specimens (Table 1). [START_REF] Ray | Endothiodont dicynodonts from the late Permian Kundaram formation, India[END_REF] named E. mahalanobisi from a series of smaller, more gracile specimens collected in the Pranhita-Godavari Valley of India. She also noted that the specimens displayed different ornamentation than the South African species (e.g., a single ridge on the snout, lower pineal boss), but contended that they were not simply sub-adult specimens because of their highly interdigitated sutures and well-developed dentition (Table 1). Most recently, [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF] erected the species E. tolani for specimens from the Ruhuhu Basin of Tanzania. They identified two autapomorphies that differentiate E. tolani from other Endothiodon species: the presence of caniniform tusks and a pineal foramen surrounded by a thin collar of bone instead of a thickened boss.

The Mozambican specimens clearly can be referred to the genus Endothiodon, but they add additional complexity to patterns of variation within the genus. For example, many of the Mozambican specimens possess caniniform tusks (PPN2014-45, PPN2014-11, PPN2014-15, PPN2014-55, PPN2014-56, PPN2014-7), but there is a nearly equal number of specimens that are tuskless (BP/1/1659, BP/1/5498, BP/1/5500, BP/1/5503, BP/1/5504, BP/1/5505, PPN2010-07-C3-1ß;). South African specimens of Endothiodon are uniformly tuskless; [START_REF] Broom | On the use of the term Anomodontia[END_REF] report of a potential tusked specimen is based on a displaced tooth fragment (see [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF]. [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF] noted the two smallest specimens of E. tolani in their sample were tuskless, and hypothesized that tusk eruption happened over the course of ontogeny in that species. However, there is a wide range of size overlap between the tusked and tuskless specimens from Mozambique (Table 3), and two of the largest specimens (BP/1/1659, PPN2010-07-C3-1ß) lack tusks, so it seems unlikely that the specimens represent an ontogenetic series in which tusks erupted later in ontogeny. Angielczyk et al. (2014b) described a stratigraphic pattern of variation in the presence of tusks in Endothiodon specimens in the Ruhuhu Basin, with tusked specimens of E. tolani being limited to the middle Ruhuhu Formation and tuskless, more E. bathystoma-like specimens found in the upper Ruhuhu and Usili Formations. Unfortunately, the majority of tuskless individuals from Mozambique are historical specimens in the Evolutionary Studies Institute collection that lack precise geographic and stratigraphic occurrence data. Therefore, while a stratigraphic pattern of tusklessness comparable to that in Tanzania may exist, additional collecting will be required to rigorously document it.

Diagnostic characters and variation

The presence of a pineal boss has played a role in Endothiodon taxonomy recently, with [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF] using the absence of a pineal boss to diagnose E. tolani. They also noted that the boss morphology in E. mahalanobisi differs from that typical of South African specimens, taking the form of a thickening of the skull roof in the area of the preparietal instead of a raised, domed boss surrounding the pineal foramen. The area surrounding the pineal boss is damaged in most of the Mozambican specimens, making it difficult to assess whether a boss was originally present, but a small number of better-preserved specimens suggest that variation existed in this character. For example, ACL 10-10 and the specimen from Fig. 6S of [START_REF] Antunes | Sur quelques reptiles du Karroo de Maniamba, Mocambique[END_REF] have a low, raised rim surrounding the pineal foramen that resembles the condition in E. tolani. ACL 16-01 is an intertemporal bar that preserves the posterior portion of a dome-like pineal boss and UEM-107, UEM-24-61 and UEM-36-61, as well as specimen from Fig. 7S of [START_REF] Antunes | Sur quelques reptiles du Karroo de Maniamba, Mocambique[END_REF] are isolated large, domed pineal boss that strongly resembles those found in large South African specimens. [START_REF] Boos | On the presence of the Late Permian Dicynodon Endothiodon in Brazil[END_REF] also reported a pineal boss broken anteriorly in the region of the preparietal suture in the Brazilian Endothiodon. BP/1/1659 also preserves a pineal boss, although it is somewhat smaller than that of the specimen from Fig. 7S from [START_REF] Antunes | Sur quelques reptiles du Karroo de Maniamba, Mocambique[END_REF]. It is tempting to attribute this variation to ontogeny, with larger individuals gaining a boss, particularly since the Fig. 7S specimen [START_REF] Antunes | Sur quelques reptiles du Karroo de Maniamba, Mocambique[END_REF] and BP/1/1659 are large specimens. However, UEM-107, UEM-24-61, UEM-36-61, ACL 10-10, ACL 16-01, and Fig. 7S specimen [START_REF] Antunes | Sur quelques reptiles du Karroo de Maniamba, Mocambique[END_REF] are smaller specimens that are roughly comparable in size, but differ in the presence or absence of a pineal boss. Angielczyk et al. (2014b) noted stratigraphic variation in the presence of the pineal boss in Tanzanian Endothiodon specimens that mirrored variation in the presence of tusks (i.e., specimens with an E. bathystoma-like domed pineal boss are known only from the upper Ruhuhu and Usili formations). There is the potential for a similar pattern in the Metangula Graben, but as noted above, the stratigraphic occurrence data for some of the specimens (UEM-107, UEM-24-61, UEM-36-61, ACL 16-01, BP/1/1659) is insufficient to fully test this hypothesis. The situation is further complicated because the pineal boss can be lost during the course of preservation. This area of the skull roof in the type specimen of E. bathystoma described by [START_REF] Owen | Descriptive and Illustrated Catalogue of the Fossil Reptilia of South Africa in the Collection of the British Museum[END_REF] was not preserved, nor was any mention of a pineal boss or foramen given in his initial description. Furthermore, [START_REF] Cox | On the palate, dentition, and classification of the fossil reptile Endothiodon and related genera[END_REF] noted that the lack of a pineal boss in the type of E. crassus described by [START_REF] Broom | The Mammal-like Reptiles of South Africa and the Origin of Mammals[END_REF] was the result of damage to the temporal bar, and SAM-PK-K11271 is another example of this phenomenon. The latter specimen is a large, articulated skeleton of E. bathystoma from the Karoo Basin that was missing the pineal boss when discovered, although it was subsequently located as an isolated fragment in the course of further work on the specimen. Likewise, isolated pineal bosses have been found in Tanzania (NHMUK R36708, NMT RB165; see Angielczyk et al., 2014b) and Mozambique (e.g., UEM-107, UEM-24-61, UEM-36-61 although the last two specimens have a small portion of the parietal attached), suggesting that this preservation style was not uncommon. The damage to the region of the pineal foramen in many of the Mozambican specimens raises the possibility that pineal bosses were more common in the original population than would be suggested by a literal reading of the specimens.

The number of tooth rows, particularly in the mandible, has been used as a taxonomic character to differentiate Endothiodon species (Table 2, e.g., [START_REF] Owen | On the Endothiodont Reptilia: With Evidence of the Species Endothiodon uniseries[END_REF][START_REF] Seeley | Researches on the structure, organization, and classification of the fossil Reptilia. Part IX., Section 5. On the skeleton in new Cynodontia from the Karroo rocks[END_REF], see review in Cox, 1964). More recent research has indicated that the appearance of multiple tooth rows in the mandible of Endothiodon is a reflection of the presence of waves of replacement teeth in the mandible that are oriented in lingual-to labial trending Zahnreihen [START_REF] Latimer | Dentition and feeding niche of the Endothiodon (Synapsida; Anomodontia)[END_REF]. This pattern of replacement is reminiscent of that described for other toothed dicynodonts [START_REF] Hopson | Tooth replacement in cynodont, dicynodont and therocephalian reptiles[END_REF], although it seems to be taken to an extreme in Endothiodon. Even with our improved understanding of mandibular tooth replacement in Endothiodon, there is still a sense that there is an increase in the number of tooth rows increased over ontogeny [START_REF] Ray | Endothiodont dicynodonts from the late Permian Kundaram formation, India[END_REF]. Because size is also an important part of the current taxonomy of Endothiodon, the relationship between size and the number of mandibular tooth rows is of interest, and the Mozambican material increases the amount of data available to characterize this relationship.

We compiled data on a sample of 38 Endothiodon mandibles (Table 2) and compared the number of tooth rows present in each specimen to estimated condylobasal length. Our data show that specimens with single or multiple tooth rows span the full range of sizes. For example, one of the largest specimens (BP/1/5496; estimated condylobasal length 46cm) has a single tooth row, whereas relatively small specimens have more than one observable tooth row (e.g., PPN2014-70-2; estimated condylobasal length 29cm). Statistical tests on the 38 specimens bear out this lack of correlation: polychoric, Kendall, and Spearman correlation test return non-significant results (R 2 for the tests ranged from 0.013 to 0.024, p-values ranged from 0.0001 to 0.0005).

In compiling these data, we also observed a potential taphonomic effect on the apparent number of mandibular tooth rows present. Specifically, all of the specimens in which the medial wall of the dentary in the vicinity of the tooth row is well preserved only have one apparent tooth row. The medial wall of the dentary is almost always damaged in the specimens in which more than one tooth row is visible, likely artificially exposing the replacement waves. The only specimens with a single tooth row and poorly preserved medial dentary wall (e.g., BPI/1/4844, SAM-PK-K5605, PPN2014-23-3) are damaged to the point that the medial replacement teeth are not preserved. This taphonomical artefact creates an illusion that several functional tooth rows are preserved in certain specimens (e.g., PPN2014-70D, BPI/1/5443), when in fact there is only one functional tooth row in well-preserved specimens (e.g., SAM-PK-K7252, SAM-PK-K11134-S24, NHMUK R1969). A similar effect is apparent in Tanzanian specimens of E. tolani. NHMUK R12443 is very well preserved and clearly possesses a single functional tooth row, with erupting replacement teeth medial to the functional row visible at a few positions [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF]. In contrast, teeth are not preserved in NMT RB163 and damage to the bony septa separating the alveoli lends the impression that multiple functional tooth rows were present, particularly towards the rear of the right mandibular ramus.

Taken together with previous observations (e.g., [START_REF] Latimer | Dentition and feeding niche of the Endothiodon (Synapsida; Anomodontia)[END_REF], our data shows that Endothiodon had a single functional mandibular tooth row, with waves of replacement teeth erupting continuously throughout ontogeny. The number of functional tooth rows in the mandible are not taxonomically viable characters, as the thin sheet of dentary that covers the teeth medially can easily be abraded or lost. Nevertheless, additional studies of tooth replacement strategy, ontogeny and histology in Endothiodon, and why differences seem to exist between it and other toothed dicynodonts, are needed to fully understand the complex feeding system of this unique dicynodont.

Evolutionary hypotheses and taxonomic solutions

Based on the presence of tusks and the seemingly real absence of a pineal boss, we think that at least some of the Mozambican specimens of Endothiodon can be referred to E. tolani.

However, not all of the specimens in the sample conform to the expected phenotype for this species (e.g., large specimens that lack tusks, individuals that possessed a domed pineal boss).

There are five scenarios that offer potential explanations for the observed variation in Each of these scenarios has potential weaknesses, particularly related to uncertainties in the geographic and temporal co-occurrence of the different morphotypes. In the Karoo Basin, the typically-recognized stratigraphic range of the genus Endothiodon begins near the base of the 2014b; [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF]. Therefore, the first appearance of the E. tolani morphotype may predate the first appearance of the E. bathystoma morphotype, or the morphotypes could overlap temporally. It is unlikely that either of these options can be fully eliminated in the absence of radiometric dates for the Ruhuhu Formation.

A similar mixing of morphotypes is observed in the Metangula Graben, but as noted above, the poor locality information available for most of the historical specimens makes the degree of stratigraphic overlap among the morphotypes uncertain. The fact that a few specimens in our collections (PPN2010-07-C3-1ß, ACL 16-01) show E. bathystoma-like characters, despite the majority resembling E. tolani in the presence of tusks, is perhaps the best available evidence of co-occurrence of the morphotypes. In turn, this would provide support for the hypotheses that the observed variation stems from ontogeny, sexual dimorphism, or sympatry (hypotheses 1-3). Alternatively, if the E. tolani-like specimens from Mozambique do occur in a different (presumably lower) stratigraphic horizon than the E. bathystoma-like specimens, this would provide additional support for the hypothesis that the E. tolani and E. bathystoma morphotypes are endpoints on an anagenetic continuum. It would also raise the possibility that at least some of the fossiliferous strata in the Metangula Graben are older than their usual correlation with the Pristerognathus, Tropidostoma, or Cistecephalus assemblage zones of the Karoo Basin [START_REF] Fröbisch | Composition and similarity of global anomodont-bearing tetrapod faunas[END_REF][START_REF] Castanhinha | Bringing dicynodonts back to life: Paleobiology and anatomy of a new emydopoid genus from the upper Permian of Mozambique[END_REF]. A greater number of stratigraphically well-provenanced specimens of the E. bathystoma morphotype from Mozambique, ideally in combination with radiometric dates for the fossiliferous strata, are needed before any of these hypotheses can be fully refuted.

An additional possibility, if the two morphotypes are assumed to be contemporaneous, is that a pattern of clinal variation is present in Endothiodon. During the Capitanian and Wuchiapingian South Africa, Mozambique, and Tanzania fell along a roughly southwest to northeast trending transect in southern Gondwana [START_REF] Scotese | A continental drift flipbook[END_REF]. Given that both E. tolani and E. bathystoma morphotypes are present in Tanzania and Mozambique, but only the E. bathystoma morph is present in South Africa, one could argue that a continuum of variation originally existed across this area, with the Karoo Basin population representing one endpoint and the Tanzanian and Mozambican populations falling closer to the other endpoint (Endothiodon specimens are very rare in the Luangwa Basin of Zambia and E. tolani has not been reported from there; Angielczyk et al., 2014a). The data necessary to test this hypothesis would be sample of specimens from Tanzania and Mozambique that are large enough to rigorously estimate the relative abundances of the two morphotypes, with the expectation that E. tolani-like forms would be more common farther to the northeast. Besides the uncertainties in stratigraphic occurrences of the different morphotypes, and the ages of the E. tolani-bearing strata in Tanzania and Mozambique, this hypothesis has a weakness because it does not account well for the presence of E. bathystoma-like specimens in India and Brazil [START_REF] Ray | Endothiodont dicynodonts from the late Permian Kundaram formation, India[END_REF][START_REF] Boos | On the presence of the Late Permian Dicynodon Endothiodon in Brazil[END_REF] or the presence of an additional distinct species in India [START_REF] Ray | Endothiodont dicynodonts from the late Permian Kundaram formation, India[END_REF].

In sum, our increased sampling of Endothiodon specimens from Mozambique increases the level of taxonomic complexity of the genus. We document for the first time the presence of E. tolani from the Metangula Graben and, we expose the potential co-occurrence of two species of Endothiodon, pending a thorough reassessment of the South African species. Despite being one of the oldest dicynodont genera, a complete understanding of the systematics, paleobiology and biostratigraphic patterns within this cosmopolitan genus is still in its infancy. Table 1. A comparison between Endothiodon species. Legend: C-circular; E-elliptical; Rrobust; S-slender; A-anterior; P-posterior; Y-yes; N-no.
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  excavation, zpsq -zygomatic process of the squamosal 2.5. Institutional Acronyms ACL -Academia de Ciências de Lisboa (Lisbon, Portugal); BPI -Evolutionary Studies Institute (Johannesburg, South Africa); CGP -Council for Geosciences (Pretoria, South Africa); NHMUK -Natural History Museum (London, United Kingdom); NMT -National Museum of Tanzania (Dar es Salaam, Tanzania); PPN -Museu Nacional de Geologia (Maputo, Mozambique); SAM -Iziko South African Museum (Cape Town, South Africa); UEM -Universidade Eduardo Mondlane (Maputo, Mozambique). UEM-107, UEM-24-61, UEM-36-61, PPN2010-07-C3-1ß, PPN2014-67, PPN2014-64-16, BPI/1/5498, BPI/1/5500, BPI/1/5502, BPI/1/5503, BPI/1/5504, BP/1/1659, and BPI/1/5505. Endothiodon tolani Cox and Angielczyk 2015 Referred Specimens: PPN2014-45, PPN2014-11, PPN2014-15, PPN2014-55, PPN2014-56 and PPN2014-7. Endothiodon sp. Referred Specimens: UEM-61, PPN2014-37, PPN2014-70-4B, PPN2014-70-16A, PPN2014-70-25A, PPN2014-64-08, UEM-01, PPN2014-70-3, PPN2014-70-2, BPI/1/5506, PPN2014-64-1, PPN2014-23, PPN2014-70-13B, PPN2014-18, PPN2014-64-17A, PPN2014-40, UEM-7-1, UEM-31, PPN2014-28, PPN2014-66, UEM-4-61, PPN2014-70-5C, PPN2014-70-10A, PPN2014-70-18B, PPN2014-67A, UEM-68, UEM-29, UEM-13-61, PPN2014-70-12A, UEM-14, PPN2014-64-18A, PPN2014-70-1B, PPN2014-21, PPN2014-70-24B, PPN2014-64-10C, UEM-64, PPN2014-70-12B, UEM-104, UEM-67, UEM-53, UEM-59, PPN2014-67B, PPN2014-70-24C, UEM-26-61, UEM-31-61, UEM-54-61, UEM-250/61, UEM-72, UEM-34, PPN2014-70-25A, PPN2014-64-14A, PPN2014-64-11B, PPN2014-64-11C, UEM-9-61, UEM-78, PPN2014-70-4A, UEM-84-35, UEM-250/64, PPN2014-70-28A, UEM-82, UEM-71, UEM-81, PPN2014-70-9B, UEM-48, PPN2014-64-7B, UEM-52, PPN2014-64-10F, UEM-30-61, UEM-90, UEM-69, PPN2014-70-7A, UEM-102, PPN2014-70-11D, PPN2014-70-7A, UEM-87, PPN2014-64-10D, PPN2014-70-11A, PPN2014-70-9C, PPN2014-70-16B, PPN2014-70-23A, PPN2014-70-5B, UEM-98, PPN2014-70-9A, PPN2014-70-16A, PPN2014-70-8A, PPN2014-70-3, PPN2014-23, PPN2014-64-10B, PPN2014-33, UEM-61A, PPN2014-64-5 and PPN2014-70-4. Rationale: Our classification for E. tolani versus E. bathystoma specimens is based on the most important diagnostic feature distinguishing the two taxa: the presence of a caniniform tusk on E. tolani. Other features previously proposed are critically assessed on the discussion.

  described here consist of well-preserved proximal ends such as UEM--72, UEM-249/61, PPN2014-70-25A, PPN2014-64-14A and UEM-34, and distal ends PPN2014-64-11C, PPN2014-70-4A, UEM-84-35, UEM-9-61, UEM-250/64, PPN2014-70-28A, PPN2014-70-11A, and UEM-78. Other poorly preserved proximal femora include PPN2014-70-8C, PPN2014-70-6B, PPN2014-70-27B, UEM-12-61, PPN2014-70-6A, PPN2014-70-10B, PPN2014-64-11B, UEM-57 and UEM-19-8. The described femora seem to
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  Endothiodon: (1) E. tolani is a junior synonym of a South African species of Endothiodon (likely E. bathystoma), with tusks being lost and the pineal boss developing in larger, ontogenetically older specimens. (2) E. tolani is a junior synonym of a South African species of Endothiodon (likely E. bathystoma) because of sexual dimorphism, with smaller, tusked specimens being female. (3) E. tolani and E. bathystoma (and potentially other South African species) are valid taxa that occurred sympatrically in some areas. (4) E. tolani represents the plesiomorphic condition by retention of caniniform tusks and earlier temporal occurrence, with E. bathystoma-like specimens representing a later stage in an anagenetic transformation series. (5) A geographic cline existed in the morphology of Endothiodon, with individuals to the paleo-southwest (i.e., Karoo Basin) more frequently exhibiting an E. bathystoma-like morphology and individuals from the paleo-northeast exhibiting a more E. tolani-like morphology (i.e., Metangula Graben).
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 2 Tooth rows. See also additional statistics in Supplementary Data.
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Pristerognathus Assemblage Zone and continues into the lower Cistecephalus Assemblage Zone [START_REF] Rubidge | Biostratigraphy of the Beaufort Group. South African Commission for Stratigaphy[END_REF][START_REF] Smith | Therapsid biodiversity patterns and paleoenvironments of the Karoo Basin, South Africa[END_REF][START_REF] Day | Evolutionary rates of mid-Permian tetrapods from South Africa and the role of temporal resolution in turnover reconstruction[END_REF]; although the range chart in [START_REF] Rubidge | Advances in nonmarine Karoo biostratigraphy: significance for understanding basin development[END_REF] implies that its range was limited to the Pristerognathus and Tropidostoma zones, and did not extend into the Cistecephalus zone. Regardless of which option is correct, these data imply a temporal range beginning in the latest Capitanian and extending into the early or mid-Wuchiapingian [START_REF] Rubidge | Highprecision temporal calibration of Late Permian vertebrate biostratigraphy: U-Pb zircon constraints from the Karoo Supergroup, South Africa[END_REF][START_REF] Day | When and how did the terrestrial mid-Permian mass extinction occur? Evidence from the tetrapod record of the Karoo Basin, South Africa[END_REF].

Despite the persistent uncertainty about the species-level taxonomy of South African Endothiodon, all Karoo specimens appear to represent an E. bathystoma-like morphotype (i.e., tuskless, pineal boss present). This uniformity argues against the hypotheses of ontogenetic variation in these characters or sexual dimorphism. Specimens of both the E. tolani and E. bathystoma morphotypes have been reported from the Ruhuhu Basin of Tanzania. Although the overall sample size is small, there seems to be a stratigraphic distinction between the occurrences of these morphotypes in the basin, with E. tolani being limited to the middle fossiliferous horizon of the Ruhuhu Formation, and the E. bathystoma-like specimens originating in the upper fossiliferous horizon of the Ruhuhu Formation and the overlying Usili Formation (Angielczyk et al., 2014b). If correct, this pattern would also argue against the hypotheses of sexual dimorphism and ontogenetic variation (although [START_REF] Cox | A new Endothiodon dicynodont (Therapsida, Anomodontia) from the Permian Ruhuhu Formation (Songea Group) of Tanzania and its feeding system[END_REF] reported that tusks appear to have erupted over the course of ontogeny in E. tolani).

The retention of tusks, the primitive character state for Dicynodontia and likely Endothiodontia (at least one specimen of Abajudon is tusked and an unerupted tusk bud is present in Niassodon; [START_REF] Castanhinha | Bringing dicynodonts back to life: Paleobiology and anatomy of a new emydopoid genus from the upper Permian of Mozambique[END_REF]Olroyd et al., 2017) and the stratigraphic disjunction make it tempting to assume that E. tolani is somewhat older than the first occurrence of the E. bathystoma morphotype, supporting the hypothesis of anagenesis.

However, uncertainties regarding the age of the Ruhuhu Formation make the observed variation in Tanzania difficult to fully interpret. All age estimates for the Ruhuhu Formation are based on biostratigraphy, and at least part of the formation appears to be Guadalupian in age on the basis of the presence of dinocephalians in the lower fossiliferous horizon [START_REF] Simon | First record of a tapinocephalid (Therapsida: Dinocephalia) from the Ruhuhu Formation (Songea Group) of southern Tanzania[END_REF]Olroyd and Sidor, 2017). Endothiodon tolani is not found with the dinocephalians, though. Instead, its occurrences in the middle fossiliferous horizon are bracketed by the dinocephalian-bearing lower horizon and the more Cistecephalus zone-like fauna of the upper fossiliferous horizon of the Ruhuhu Formation and the Usili Formation (Angielczyk et al.,
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As supplementary data we provide: additional measurements of Mozambican specimens (Table S1-