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First record of Sivameryx (Cetartiodactyla, Anthracotheriidae) from the lower Miocene of Israel highlights the importance of the Levantine Corridor as a dispersal route between Eurasia and Africa

des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Multiple mammalian orders and families appear to have migrated from Africa to Eurasia 41 during the Early and Middle Miocene in a series of relatively rapid migration events (e.g. Cote et 42 al., 2018;Leakey et al., 2011). An uncertain but substantial number of African taxa such as 43 proboscideans migrated out of Africa roughly simultaneously (e.g. Sanders et al., 2010;Sanders 44 and [START_REF] Sanders | New proboscideans from the early Miocene of Wadi Moghara, 366 Egypt[END_REF]. Direct fossil evidence for these migrations from sites that lie between Africa 45 and Eurasia are rare but crucial for reconstructing biogeographic patterns of dispersal. The 46 Levantine Corridor, located between Africa and Eurasia, provides the best case for studying 47 such patterns [START_REF] Tchernov | Miocene mammals of the Negev (Israel)[END_REF]. Preliminary descriptions recognized 19 fossil Early Comparative Description-the tooth is a nearly complete crown with a slightly broken 130 anterior (=mesial) cingulum and the anterior part of the roots also sheared. The molar is bucco-131 lingually (21.8mm) wider than it is mesio-distally long (19.8mm). The crown is brachyodont and 132 the cusps are selenodont and high, giving the crown a tall appearance. There are four main 133 cusps (paracone, protocone, metacone, metaconule), and a fifth very small paraconule, a 134 distinctive character of Sivameryx referred to as quasi-pentacuspidate by some authors 135 [START_REF] Holroyd | Anthracotheriidae. 319 Cenozoic Mammals of Africa[END_REF][START_REF] Pickford | Revision of the Neogene Anthracotheriidae of Africa[END_REF]. The tips of the metacone and the paracone of HUJI KJ 31 136 pinch-in so that the tips of the cusps are close together. This pinching exaggerates the sloping 137 of the buccal sides of each buccal cusp contrasting with the less sloped lingual sides of the 138 lingual cusps. This is especially visible in the metacone. A looping mesostyle are connects the 139 two buccal cusps. The parastyle is partially broken but was clearly also looping and prominent. larger than M2 (Fig. 3). HUJI KJ 31 falls within the cluster that includes M2 of S. africanus, S.

191 moneyi, and S. palaeindicus (Fig. 3), and thus we recognize it as an M2. unknown. Jaggermeryx naida is a monospecific genus identified only from dentaries and lower 199 dentition found at Wadi Moghra in Egypt [START_REF] Miller | Anthracotheres from Wadi Moghra, early Miocene, Egypt[END_REF]. As such, direct comparisons with 200 HUJI KJ 31 are impossible. However, J. naida differs from known lower dentition of Sivameryx 201 by its bunodont rather than selenodont dentition and overall greater size [START_REF] Miller | Anthracotheres from Wadi Moghra, early Miocene, Egypt[END_REF]. J.

202

naida is an African genus. [START_REF] Miller | Anthracotheres from Wadi Moghra, early Miocene, Egypt[END_REF] suggested that this genus is derived from older 203 African anthracotheres found in Oligocene deposits of the Fayum in Egypt.

204

Brachyodus is considered a descendant of Bothriogenys from the Oligocene of the 205 Fayum in Egypt and thus of African origin [START_REF] Holroyd | Anthracotheriidae. 319 Cenozoic Mammals of Africa[END_REF]. Brachyodus currently includes 206 three species in Africa; B. depreteti from Wadi Moghara and Siwa in Egypt [START_REF] Miller | Anthracotheres from Wadi Moghra, early Miocene, Egypt[END_REF] 207 [START_REF] Pickford | Revision of the Neogene Anthracotheriidae of Africa[END_REF], and from Sperrgebiet in Namibia [START_REF] Pickford | Anthracotheriidae from the Early Miocene deposits of the northern Sperrgebiet, 355 Namibia. Geology and palaeobiology of the Northern Sperrgebiet, Namibia[END_REF]; B. mogharensis found only at 208 Wadi Moghra [START_REF] Miller | Anthracotheres from Wadi Moghra, early Miocene, Egypt[END_REF][START_REF] Pickford | Revision of the Neogene Anthracotheriidae of Africa[END_REF] 

  [START_REF] Pickford | Revision of the Neogene Anthracotheriidae of Africa[END_REF];[START_REF] Lihoreau | Systématique et paléoécologie des Anthracotheriidae [Artiodactyla; Suiformes] du 327 mio-pliocène de l'ancien monde: implications paléobiogéographiques[END_REF],[START_REF] Holroyd | Anthracotheriidae. 319 Cenozoic Mammals of Africa[END_REF], Lihoreau 119 et al. (2016). Medium to small in size; canines sexually dimorphic; p1 double rooted; lower 120 molars selenodont with anterior crests of labial cusps reaching lingual surface of crown, often 121 ending in a small cuspule; four crests from the metaconid; lingual cusps of lower molars 122 mediolaterally compressed; talonid of m3 loop-like and strongly obliquely oriented; upper 123 molars with four main cusps and a paraconule almost fused with protocone and of similar 124 height (=quasi-pentacuspidate); looplike parastyles and mesostyles; two distal crests from 125 protocone; symphysis reaches back to level of p1; no genial spine; postcanine diastema long, 126 with a flange-like protuberance leaning laterally; enamel microstructure is a mono-zonal radial 127 Schmelzmuster (not equivalent to the cetartiodactyl plesiomorph condition). Page 7 of 28 Society of Vertebrate Paleontology Journal of Vertebrate Paleontology: For Review Only New Material-HUJI KJ 31: Right second molar (M2) (Fig. 2) 129

140

  The metastyle of HUJI KJ 31 is relatively smaller than the mesostyle or parastyle. The 141 preparacristule is broad but slightly abraded. It wraps around the mesiolingual side of the 142 paracone to merge with the parastyle. Both the metacone and the paracone have distinct 143 bulbous ribs descending buccally; that of the paracone appears larger although this could be an 144 artefact of the degree of erosion of the metacone. A median transverse valley separates the 145 mesial and distal portions of the toot. The narrow base of the valley is approximately at the 146 level of the cervix of the tooth. The median transverse valley is enclosed buccally by the 147 mesostyle, and continues lingually to terminate at the lingual cingulum. The mesial cingulum 148 begins at the mesial end of the parastyle where the preparacristule merges with the paracone. 149 The mesial cingulum is continuous with a very prominent and arcuate cingulum that surrounds Page 8 of 28 Society of Vertebrate Paleontology Journal of Vertebrate Paleontology: For Review Only the protocone lingually. This protocone cingulum merges with a second arcuate cingulum that 151 surrounds the metaconule, and the two cingula meet at the termination of the median 152 transverse valley. The metaconule cingulum is continuous with a distal cingulum that extends to 153 the distal part of the metastyle. Thus, the cingula form a single, shelf-like cingulum covering all 154 but the buccal aspect of the tooth. 155 HUJI KJ 31 shares with other bothriodontine anthracotheres an upper molar mesostyle 156 invaded by the median transverse valley and selenodont crescenteric cusps. Anthracotheriinae 157 differ by their accessory protostyle on the mesial cingulum, and relatively bunodont upper 158 molar cusps. Micorbunodontinae differ because they lack the median transverse valley invading 159 the mesostyle, 160 Members of the tribe Merycopotamini (Afromeryx, Sivameryx, Hemimeryx, 161 Merycopotamus, Libycosaurus) are distinguished in their upper molars from other 162 bothriodontine anthracotheres by a preparacrista that connects labially with the parastyle, lack 163 of ectocristyle, and development of the molar entostyle (Lihoreau et al., 2016). All characters 164 observed in HUJI KJ 31. We thus restrict further comparisons primarily to Merycopotamini with 165 a few additions. 166 We place HUJI KJ 31 in Sivameryx because it is a five-cusped upper molar with a reduced 167 paraconule (i.e. quasi-pentascuspidate). It also shares with Sivameryx a loop-like mesostyle and 168 a strongly developed lingual cingulum of the protocone. 11 190

  genera of anthracotheres are known from Africa: Brachyodus, 195 Sivameryx, Afromeryx, and Jaggermeryx. The distribution of the species of these genera 196 suggests that African anthracotheres dispersed from Africa to Eurasia, while Eurasian 197 anthracotheres dispersed to Africa. However, the exact pathways enabling such dispersals are 198

397C.

  FIGURE 2. SEM and schematic drawing of HUJI KJ 31-M2 of Sivameryx palaeindicus in occlusal

FIGURE 1 .

 1 FIGURE 1. Location map of the Kamus Junction (KJ) locality in the Yamin Plain, northern Negev, Israel. A. Genreal location of northern Negev, Israel. B. Hazeva Formation outcrops in the northern Negev. Kamus Junction area is marked by a blue star. C. The Hazeva Formation fills the Yamin Plain with all of its members. In the Kamus Junction area the upper parts of Zefa Member are overlain by clastic units of the Rotem Member. Small unconformity separates the lower and upper parts of the Rotem Member. Green dot marks the location of the upper level of KJ site where HUJI KJ 31 was found. D. Topographic elevation of KJ site where HUJI KJ 31 was found (Green dot). E. Columnar stratigraphic section in the Kamus Junction locality. 103x58mm (300 x 300 DPI)

  

  

  

  ; and B. aequatorialis in various localities in 209 East Africa (Kalodirr, Rusinga, Loperot, and Locherangan, Kenya, and Moroto, Uganda) (Holroyd 210 et al., 2010). Records of Brachyodus in Eurasia include: B. onoideus from Early Miocene deposits Hazeva Formation outcrops in the northern Negev. Kamus Junction area is marked by a
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TABLE 1 .

 1 Measurements of Sivameryx spp. Upper molars

	Specimen No.	MD	BL	Tooth position Reference	Site
	KJ 31	19.8 21.8	M2	This paper	Kamus Junction
			Sivameryx moneyi	
	CUWM 64AB	19.92 18.27	M1	Miller et al. 2014	Wadi Moghara
	CUWM 64AB	23.08 21.18	M2	Miller et al. 2014	Wadi Moghara
	CUWM 64AB	23.44 22.46	M3	Miller et al. 2014	Wadi Moghara
	CUWM 70	17.5 17.5	M1	Miller et al. 2014	Wadi Moghara
	CUWM 70	22.11 21.55	M2	Miller et al. 2014	Wadi Moghara
	DPC 4066	21.47 22.34	M2	Miller et al. 2014	Wadi Moghara
	DPC 4066	24.04 24.86	M3	Miller et al. 2014	Wadi Moghara
	DPC 5979	20.71 20.89	M2	Miller et al. 2014	Wadi Moghara
	DPC 6243	15.5 16.35	M1	Miller et al. 2014	Wadi Moghara
	DPC 6243	23.12 20.81	M2	Miller et al. 2014	Wadi Moghara
	DPC 6289	21.1 21.32	M3	Miller et al. 2014	Wadi Moghara
	DPC 7659	25.35 22.89	M3	Miller et al. 2014	Wadi Moghara
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