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Over the past two decades, a wealth of marine and terrestrialeptiles, including
protorosaurian archosauromorphs, has been described fromTriassic shales and
limestone layers in southern China. Recovered from the eastn margin of the Tethys
Ocean, these forms often show remarkable similarities to ta that were previously known
and described from Europe, i.e., the western Tethyan margirOne protorosaurian that is
known from the western and the eastern Tethyan province is #tngenus Macrocnemus,
with currently three recognized species: (1Macrocnemus bassanii from the Middle
Triassic Besano Formation and Meride Limestone (late Anési—early Ladinian), UNESCO
World Heritage Site Monte San Giorgio, Ticino, Switzerland2) Macrocnemus obristi
from the Prosanto Formation (early Ladinian) of the Ducanea, Grisons, Switzerland; and
(3) Macrocnemus fuyuanensisfrom the Falang Formation (Ladinian), Yunnan Province,
southern China. Recently a new specimen, PIMUZ T 1559, fromhe upper Besano
Formation at Meride, Ticino, Switzerland, was prepared, kealing a disarticulated
skeleton which includes most of the cranium and lower jaw, m-caudal vertebral
column and ribs, the forelimbs, and girdle elements. Unambuously assignable to the
genus Macrocnemus, it evinces particularly gracile elongated cervical ribgs well as a
humerus/radius ratio that is comparable only to that oM. fuyuanensisfrom southern
China. Based on this feature we tentatively recognize the me specimen as M. aff.
fuyuanensisfrom Europe. The position and exquisite preservation of thelavicle and
interclavicle in this specimen allows a revision of the shdder girdle of Macrocnemus
when articulated, which also has implications for closelyetated protorosaurian taxa,
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such as the long-necked Tanystropheus Furthermore, differences in the shape and
morphology of the interclavicle including pointed wingHe lateral processes and a short,
fusiform caudal process represent rare discrete characterthat allow separation of the
specimens of M. bassaniifrom the new specimen ofM. aff. fuyuanensis

Keywords: anatomy, Tethys, Mesozoic, China, interclavicle , reptile, Tanystropheidae

INTRODUCTION is important for character polarization at the base of this
early archosauromorph clade. Furthermore, the temporal and
Protorosaurs are a group of archosauromorph reptilegpatial occurrences of the di erent specimenshdicrocnemus
characterized by their elongated cervical vertebrae angrovide clues for understanding the biogeography in early
concomitantly elongated cervical ribs that frequentlyeext  Archosauromorpha. Here, we provide the rst anatomical
posteriorly across more than one intervertebral joint satti@y  description of a well-preserved, but mostly disarticulated
form bundles of rib shafts. Among protorosaufdacrocnemus  skeleton ofMacrocnemusgrom the upper Besano Formation
(Nopcsa, 1930 is a small lizard-like form restricted to the (PIMUZ T 1559), and compare it with existing species, to
Middle Triassic (Anisian-Ladinian), but possibly extendimja  determine its taxonomic status. In addition, the Tethystevi
the Late Triassic (earliest Carnialiang et al., 201p. 1230). The paleogeography of the dierent species Macrocnemusis
rst species ofMacrocnemuso be described walslacrocnemus  discussed and a revised, amended diagnosiémrocnemuand

bassanii(Nopcsa, 1930from the Besano Formation at the for the currently recognized species is summarized herein.
Anisian-Ladinian boundary and the Cassina beds of the Meride

Limestone (early Ladinian) of Monte San Giorgio, CamonMATERIALS AND METHODS

Ticino, southern Switzerland and Province Varese, nontHealy

(Nopcsa, 1931, Peyer, 1937; Rieppel, J.98fler an extensive pi\iyz T 1559 was found and excavated in 1956 during
description based on several _fossil nds was puinsHéely(ar_,_ a systematic excavation directed by E. Kuhn-Schnyder
1937, further details concerning the anatomy ®f. _bassanu (University of Zurich), in the upper Besano Formation (upper
were subs_equently a_lddetb(L(hn-Schnyder, 1962; Rieppel and “Grenzbitumenzone,Secedensone, late Anisian), at locality
Gronowski, 1981; Rieppel, 1989, Premru, 1991, Renesto agghigioliipoint 902, near Meride, Monte San Giorgio, Canton
Avanzini, 200}. In these previous studies, all specimens from theTicino, Switzerland. The reptile was discovered in a slabléab
Swiss-ltglian UNESCO Wgrld Heritagf: Site Monte San Giorgiq)my as ‘Saurichthyspecimen;” but was only prepared between
were attributed to the speciéé. bqssanu 2012 and 2014, at which time it was also X-rayed. The specimen
More recently two new species dacrocnemudiave been  .,nqists of an associated skeletbig(res 1A,B Supplementary
recognlzeo_l in China anql Switzerland, respectyvﬁl&crocnemus Figure 1), comprising a mostly disarticulated cranium, &lyg
fuyuanensiswas described based on fossil nds from thegticylated but separate lower mandibles, an articulatedipor
Ladinian of the Zhuganpo Member of the Falang Formationyg the cervical column consisting of four adjacent vertebeee,
Fuyuan County of Yunnan Province in southern Chinai (' el| as other associated but disarticulated axial and appetai
et al, 2007; Jiang et al.,, 2011t diers from M. bassanii glements. The specimen is preserved inside a laminated dglomi
in having a considerably longer €0%) humerus relative t0 ped and was underlain by a disarticulat8durichthyspecimen
the radius. Additional diagnostic characters were menrgidn (PIMUZ T 5753), which was partially prepared o the slab to
in the initial description of the species (‘“tibia shorter than yeyea the scatterddacrocnemubones. The respective positions
femur” and “17 or 18 dorsal vertebra€’t et al., 200/p. 1602;  of the scattered cranial, axial and appendicular elementsen t
in addition a more slender pes compared to the hand wagjap indicate that the animal was embedded with the head
noted based on measurements of metacarpals/-tarsals V). 4d neck strongly bent backwards over the trunk region and
re-examination of the holotype specimen IVPP V15001 and gerefore in a similar posture to PIMUZ T 2472, T 4822, and T
new, referred specimen GMPKU-P-3001, however, concludegzss
that the humerus/radius (H/R) ratio was the only unequivocal pjrect comparison with another, yet only partially described
feature characteristic oM. fuyuanensis(Jiang et al., 20)1 specimen previously referred tol. bassanii PIMUZ T 2472
The third speciedlacrocnemus obristwas described based on (Figure 10), is undertaken herein. PIMUZ T 2472 was originally
two fragmentary posterior postcranial remains from the lowergng by an excavation team led by B. Peyer in 1938, in
Ladinian of the Prosanto Formation in the Canton Graubiindenine middle Besano Formation (middle “Grenzbitumenzone;
in south-eastern Switzerland=(aser and Furrer, 20).3This  gecedensisne, late Anisian) at the “oil shale” mine Tre Fontane
species has slender limbs and di ers from the other two spegies bear Meride, Monte San Giorgio, Canton Ticino, Switzerland.
a considerably longer (i.e., 26%) tibia relative to the fefibia  The specimen was rst X-rayed and then subsequently prepared
to femur ratioD T/F ratio). shortly prior to 1962, but only the skull was describecliin-
Given the position ofMacrocnemusas sister taxon to all Schnyder, 1992together with a comment that the postcranium
remaining members of Tanystropheidae (sefStichard et al., of M. passaniiwas already completely elucidated in Peyer's
2015; Ezcurra, 20)6understanding its detailed morphology previously published monographic workPéyer, 1937 The
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10.0cm - 10.0 cm

FIGURE 1 | Overview of selected specimens oMacrocnemus from Monte San Giorgio in the PIMUZ collections(A) Main slab of PIMUZ T 1559(B) counter-slab
accompanying the main slab of PIMUZ T 1559(C) PIMUZ T 2472;(D) PIMUZ T 4822;(E) PIMUZ T 4355.

specimen comprises the skull slightly separated from theith a NIKON D3X camera and Nikon AF-S Nikkor 24—70 mm

vertebral column, the latter being largely in articulatiomtii  lens. Images were processed with Adobe Creative Suite CS6.

the sacral region; the distal part of the tail is not preservedMeasurements of PIMUZ T 1559 are compiled in a set of tables

As noted byKuhn-Schnyder (1962)the articulated left part (Tables 1-6).

of the skull is exposed in medial view and the skull roof in

ventral view. The specimen furthermore has a disarticuléeéd Institutional Abbreviations

forelimb but mostly articulated right forelimb, a mostlymplete  BP, Evolutionary Studies Institute (formerly Bernard Price

and articulated right hind limb and articulated stylopodiahd Institute for Palaeontological Research), University of the

zeugopodial elements of the left hind limb. The pectoral andVitswatersrand, Johannesburg, South Africa; GMPKU,

pelvic girdle elements are all present but disarticulatede ThGeological Museum of Peking University, Beijing, China; IVPP,

anterior part of the skeleton (up to dorsal vertebra 10) isblés  Institute for Vertebrate Paleontology and Paleoanthrogglo

in right lateral view, whereas the posterior part has separateBeijing, China; MSNM, Museo Civico di Storia Naturale di

and rotated to be embedded mostly in ventral view. OtheMilano, Italy; PIMUZ, Paleontological Institute and Museum,

material used for comparison in this study included the moreUniversity of Zurich, Switzerland.

complete and overall articulated specimens PIMUZ T 4355

(Figure 1D) from the same locality Tre Fontane and PIMUz Anatomical Abbreviations

T 4822 Figure 1B from the lower Ladinian Meride Limestone a, angular; ar, articular; arc, articular condyle; cav, dehu

(Cassina beds), as well as data from the literature (Beger, vertebra; cbl, ceratobranchial | (cornu branchiale); clyicle;

1937; Premru, 1991; Li et al., 2007; Jiang et al. )2Cbinparison  co, coracoid; cof, coracoid foramen; cp, coronoid process; cv

with the holotype PIMUZ A/Ill 1467 ofM. obristiwas limited, cervical vertebra; cr, cervical rib; d, dentary; dr, dorsaj dv,

because of little overlap of the skeletal remaifisager and dorsal vertebra; ec, ectopterygoid; ext. n., external rfafisntal;

Furrer, 2013. fe, femur; , bula; for, foramen; g, gastral rib; hu, humesu
The Macrocnemuspecimens were analyzed using a WILDI. ch, internal choana; icl, interclavicle; icl. e., emargimaton

Heerbrugg M8 microscope and measurements were taken usirigferclavicle; icl. f., facet for clavicle on interclavicle; igl,

a PAV electronic caliper gauge 6511. Photographs were tak@osterior process of interclavicle; il, ilium; is, ischiunjugal; mc,
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TABLE 1 | Measurements (in mm) of the skull bones of PIMUZ T 1559.

TABLE 4 | Measurements (in mm) of maximum lengths of the cervical rikgr), the
rst thoracic rib (dr), and the sacral ribs (sr) in PIMUZ T 1559.

Element Length Alveolar Median  Height/Width
margin margin Element Length
Premaxilla 14.78 8.66 3 cr3? 58.80
Maxilla 33.66 33.66 7.75 cr4? 63.79
Frontal 20.4 16.58 4.96 crb 54.98
Parietal 14.68 11.83 5.27 cr5? 56.29
Postfrontal 8.63 (orbital 5.19 (orbita to cré 44.52
margin) posterodorsal cre? 43.94
| process) cr7 40.75, 42.36
Postorbital 7.38 - o8 24.79, 23.23
Jugal 20.97 6.2 dri? 20.94
Squamosal 9.03 2.07 (clenter), 6.39 sl 7.20 (1), 7.78 (1)
(posterior processes) |
2 7.7 7.4
Vomer 233 - 31 S 307400
Palatine 18.8 resp. - 4 . .
7.46 TABLE 5 | Measurements (in mm) of the forelimb bones of PIMUZ T 1559.
Pterygoid 29.74 25.89 2 anterior; 4 ) Element Length Proximal width  Distal width Diaphyseal
center; 9.5 posterior diameter
Quadrate 7.93 -
Parasphenoid 19.62 2.35 (base) Humerus 48.55 (), 50.62 (r) 5.87 (I), 5.45 (r) 13.44 (I), BR(r) 4.13(I), 4.4 (r)
(anterior Radius —(),4161() 6.26(),572() —(),4.64() 2.562.28()
process) Ulna — (1), 40.68 (1) 7(), 6.6 (1) —(),435(@0) 249 (), 2.6 (1)
Basisphenoid 7.94 8.6 posterior; 7.55
basipterygoid I, left; r, right.
processes

TABLE 2 | Measurements (in mm) of the mandibular bones of PIMUZ T 1559.

Element Length Height/Width

Total length 74.6 8.9 (with coronoid); 5.9 (at posterior alveolar margin)
Articular - 3.52 (height)

Dentary 39.7 3.58

Splenial 43.09 2.7

Angular 24.54 2.87

TABLE 3 | Measurements (in mm) of the anterior presacral vertebrae #iIMUZ T
1559.

Vertebra Body length Total length (pre-  Height  Height (posterior

(keel to keel) to post- (middle) margin)
zygapophysis)

Axis 11.3 14.77 12.2 12.8

3 - 23.71 - -

4 20.6 26.02 10.72 13.12

5 21.13 25.46 10.6 >12

6 21.18 25.98 11.11 14.8

7 19.55 24.5 11.72 15.32

8 16.39 22.08 - -

9 13.05 19.45 11.62 14.32

nasal; ps, parasphenoid; pt, pterygoid; pu, pubis; g, quadrate; ra,
radius; rap, retroarticular process; sa, surangular; stiradabial
foramen; sc, scapula; sp, splenial; sq, squamosal; sv, sacral
vertebra,; ti, tibia; ul, ulna.

RESULTS

PIMUZ T 1559 shares many osteological features (see below)
with the other describedlacrocnemuspecimens (e.g\opcsa,
1930; Peyer, 1937; Rieppel, 1989; Li et al.,)2€frs supporting

the general assignment of PIMUZ T 1559Ntacrocnemus

Systematic Paleontology

PROTOROSAURIA Huxley, 1871

TANYSTROPHEIDAE Gervais, 1859

MACROCNEMUS Nopcsa, 1930

Diagnosis

Small lizard-like tanystropheid protorosaur with slender peitt
snout, moderately elongated cervical vertebrae and nbskaind
long and slender extremities. The following diagnostic elcéers
(unambiguous apomorphies) are taken from the analysis of
Pritchard et al.(2015 p. 12), as modi ed byEzcurra(2016 p.
23): “[...] anteriorly curved, “U"-shaped suture betweeorial
and parietal in dorsal view; posterolateral processes of thetphrie
strongly posterolaterally oriented; marginal teeth re@dvwith
posteriorly concave distal margin [...]."

metacarpal; mx, maxilla; man, manus; o, orbit; p, parietal; parType species
prearticular; ph, phalanges; pof, postfrontal; pl, palatine; pmx\. bassanii(Nopcsa, 1930from the Besano Formation at
premaxilla; po, postorbital; proc. pmx, premaxillary process oBesano, Italy (Monte San Giorgidppcsa, 1930
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TABLE 6 | Measurements (in mm) of stylopodial and zeugopodial elemésin
various Macrocnemus specimens.

Specimen Humerus Radius H/R  Femur Tibia TIF

Data taken from Rieppel (1989, p. 382, table 2) [PIMUZ T 4822 D eld
no. A/lll 208]

PIMUZ T 2472 56.2 51.8 1.08 70.4 76.2 1.08
PIMUZ T 2477 34.0 32.2 1.06 45.0 47.9 1.06
PIMUZ T 4355 53.3 51.0 1.05 65.6 72.8 111
PIMUZ T 4822 - - - 46.8 47.3 1.01
Data taken from Premru (1991, p. 54, tables 2, 3)

MSNM BES SC111 26.0 24.4 1.07 34.3 37.9 1.10
PIMUZ T 2472 57.3 52.6 1.09 71.3 77.4 1.08
PIMUZ T 2474 475 45.4 1.05 - - -
PIMUZ T 2475 37.5 35.0 1.07 - - -
PIMUZ T 2476 - - - 72.0 72.0 1.00
PIMUZ T2477 - - - 45.2 48.0 1.06
PIMUZ T2815 - - - 75.6 79.9 1.06
PIMUZ T2816 - - - 34.7 38.2 1.10
PIMUZ T 4355 53.3 49.3 1.08 66.0 72.8 1.10
PIMUZ T 4822 - - - 47.3 45.2 0.96
Data taken from Renesto and Avanzini (2002, p. 38, table 1)

MSNM BES SC111 - - - 345() 38.0() 1.10

Data taken from Lietal. (2007, p. 1604, table 2) and Jiang etal. (2011,

p. 1233, Table 1)

GMPKU-P 3001 71.0 (1) 59.5() 119 87.5() 86.0 () 0.98
- - - 87.3(r) 86.4(r) 0.99
IVPP V15001 71.6 59.4 121 90.0() 87.5() 0.97
Data taken from Fraser and Furrer (2013, p. 203, table 1)
MSNM BES SC111 - - - 34.27 () 37.82(l) 1.10
PIMUZ T 2472 - - - 72.02 () 75.91() 1.05
- - - 70.00 () 75.83(r) 1.08
PIMUZ T 4355 - - - 65.95 () 72.75(r) 1.10
PIMUZ T 4822 - - - 46.91 (I) 45.01 () 0.96
PIMUZ A/lll 1467 - - - 62.75 () 78.92 () 1.26
- - - 57.94 () 73.28(r) 1.26

Data (this paper) (PIMUZ T 5918 D cast of MSNM BES SC111; T

2476 D cast of destroyed Milano original “Besano I1”)
50.62 (r)
58.42 (1)

PIMUZ T 1559
PIMUZ T 2472

PIMUZ T 2475
PIMUZ T 2476
PIMUZ T 4355
PIMUZ T 4822
PIMUZ T 5918

36.6

53.09 (1)

25.92 ()
26.69 (1)

41.61 () 1.22
5263 () 1.11

345

1.06

48.96 (I) 1.08

2427 () 1.07
24.46 () 1.09

72.20 ()
69.62 ()
7171
65.69 (1)
47.25 ()
34.11 ()

76.94 () 1.07
76.18 () 1.09
7239 1.01
72.90 () 1.11
48.34 (I) 1.02
3824 () 1.12

I, left; r, right; Ratios are given in bold.

Included species
Macrocnemus bassafiiiopcsa, 193()Macrocnemus fuyuanensis amphicoelous. Ca. 7 cervical-, ca. 17 thoracic-, 2 sacradt, an
(Li et al., 200y, Macrocnemus obrisfFraser and Furrer, 20).3 ca 40-50 caudal vertebrae. Cervical verteBratorosaurudike,

The di erent species oMacrocnemusave been erected mainly elongated, the longest ones being more than twice as long as

based on proportional di erences of limb bones, rather than on
discrete anatomical characters.

Age and paleogeography
Middle Triassic (Anisian-Ladinian) of Europe and China
(possibly also early Late Triassiang et al., 20)1

Note

Note that the generic name was misspelled while erecting tee ty
speciedlacrochemus bassahifNopcsa (193Q)ater recti ed by
B. Peyer (sedopcsa, 1931; Peyer, 1931, I9Apomorphies and
current phylogenetic framework for Tanystropheidae are ginen
Ezcurra (2016)

MACROCNEMUS BASSANII Nopcsa, 1930

Holotype

The holotype MSNM 14624 (cast of MSNM specimen Besano
I; seeEzcurra, 20160f M. bassaniiis a slab and counter slab
with articulated, but fragmentary and poorly preserved stetle
remains from the Besano Formation (“Grenzbitumenzone”) of
Cave di Besano, Porto Ceresio, Provincia di Varese, lt&lp¢sa,
1930. The original fossil was destroyed during WW Fraser
and Furrer, 2013

Referred specimens

Several specimens from the Besano Formation and one specimen
from the Meride Limestone, Monte San Giorgio, Switzerland and
Italy (PIMUZ and MSNM collections; listed iRRieppel, 198%s

well as inPremru, 199-andRenesto and Avanzini, 2002

Previous diagnosis
According toPeyer (1937RPIMUZ T 2475 specimen “Valporina,
1933" should serve as the “hypotype” [‘Hypotypoid,” p. 95] of the
re-described specids. bassaniibecause of the apparent lack of
diagnostic characters of the holotype MSNM 14624. According
to our knowledge, an o cial appeal to erect PIMUZ T 2475 as
neotype forM. bassanihas never been formulated.
Accompanying this “hypotype” specimen, the following
diagnosis was originally provided both in German and in Latin
(Peyer, 1937p. 95-97): “Lizard-like saurian, nds of ca. 35—
86 cm total length; probably also even larger specimens. Skull
de nitely with upper temporal opening framed by postorbital
and squamosal, otherwise likely no complete lower temporal
arcade. Snout moderately elongated, very low, formed by the
small premaxilla and the larger, triangular maxilla. The aiote
rim of the orbit is situated about mid-length of the skull.
Squamosal with four process&phenodotike. Nasals, frontals
and parietals separated by median suture. Frontal forms alrbit
rim dorsally for short distance. Teeth of marginal jaw elernse
pointy-conical and slightly recumbent. Premaxilla with dd.,
maxilla with ca. 25, dentary with ca. 30 teeth; vomers, padati
and pterygoids also tooth-bearing. Mandibles elongatethowit
extending (or prominent) coronoid process. Vomers paired
and elongated, pterygoids caudally likely separated by wide
gap, basisphenoid small with long tapering rostrum. Vertebrae
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the trunk vertebraelpRumpfwirbel]. Neural spines of moderate Macrocnemuspecies (e.g., MSNM BES SC11Mobassanihas
height, of similar length from the head to the beginning of25 presacrals, see discussioniang et al., 20),1(3) “humerus
the tail, thus forming an almost continuous ossi ed ridgedi <10% longer than radius’ characterizes oMy fuyuanensis
[Dverknocherte Firstlinie]. Sacrals and anterior caudateleiae and (4) “tibia and bula at least 20% longer than femur” is not
shorter than the more posterior caudals. Cervicals withstidct  diagnostic forM. bassaniibut is the one diagnostic character of
intercentra, in the anterior part of the tail region intertebral M. obristi(sensu-raser and Furrer, 20).3We therefore propose
situated hemapophyses whose legs are dorsally connected thgt the diagnosis foM. bassaniishould be emended to the
a bar [DQuerspange]. Cervical ribs elongated bony rodsfollowing: Species dflacrocnemusvith robust limb elements,
shorter than inTanystrophey$rotorosaurudike. Anterior-most  only slightly longer humerus than radius (up to 11%), and only
thoracic ribs dichocephalic, all other monocephalic. Bothrgpai slightly longer tibia and bula than femur (up to 12%).

of sacral ribs broadened in lizard-like fashidblfcertilierartig];

anterior caudal vertebrae with extending lateral procesdésh MACROCNEMUS OBRISTI Fraser and Furrer, 2013

should correspond to the fused caudal ribs of lacertilianstétal ~ Holotype

girdle with large interclavicle and curved clavicles. Stapu Specimen PIMUZ A/lll 1467, posterior postcranial remains
dorsally strongly expanded. Coracoids rhynchocephalia-lik comprising the pelvic region, the posterior extremities and the
with innervation foramen, but without fenestrae. Long bene completely articulated tail, from the lower Ladinian of the
of both extremities likely hollow. Humerus slend@raeoscelis Prosanto Formation, Ducanfurgga, Davos, Canton Graubiinde
like, but without the ect- or entepicondylar foramen. Radaursl  in south-eastern Switzerland.

ulna approximately of similar length to the humerus. Carpus .

in the present small specimens with fewer ossied elementReférred specimen _ _
compared toProtorosaurusnd AraeosceliPhalangeal formula PIMUZ A/lIl 722, the only referred specimen, consists of an
of the manus 2 3 4 5 3. Pelvic girdle very similaTenystropheys |soI§tgd right tarsus. It was also. recovered from the Iovyer
ilium with dorsal blade, pubis with obturator foramen, isghi ~ -adinian of the Prosanto Formation, west of the mountain
medially fan-shaped. Pronounced puboischiadic foramen.ufem Gletscher Ducan, southwest of the type locality.

straight, longer than humerus. Tibia and bula of same ldngt
slightly longer than femur, straight. Spatium interossiuariow.
Tarsus with ve ossi ed elements. Metatarsal IV distinctiyber,
the marginal metatarsals short, metatarsal V b&ggkrimmt].
Phalangeal formula of the pes 2 3 4 5 4. Gastral armor wel
developed, each of its strutQuerspangen] consisting of
an unpaired median element and one inner gnd one O_UteT\/IACROCNEMUS FUYUANENSIS Li, Zhao and Wang,
lateral element on each side. From the Grenzbitumen-harizo
[DBesano Formation] of the Anisian stage and the lower part o
the Ladinian stage of the Triassic.”

Diagnosis

The following diagnosis was provided in the original species
description Eraser and Furrer, 2013p. 200): “Species of
|\_/Iacrocnemusvith gracile limb elements and a tibia and bula
at least 20% longer than the femur.”

ﬁolotype
IVPP V15001, a nearly complete and mostly articulated skeleto
from the Ladinian Zhuganpo Member, Falang Formation, Huabi

Emended diagnosis of Fuyuan, Yunnan Province, south-western China.

Recently, the following emended diagnosis fér bassaniwas
provided Ezcurra, 2016p.23): “Small tanystropheid that di ers Referred specimen

from other archosauromorphs in the following combination of g\pKU-P-3001, an almost complete and overall articulated

featureg: anFeriorIy cu.rved, “U”-shaped suture betweemt&b skeleton missing most of the tail, also from the same strath an
and parietal in dorsal view; posterolateral processes of thetphr locality of the holotype specimen.

strongly posterolaterally oriented; marginal teeth ready

with posteriorly concave distal margin; 24 presacral vedebr Diagnosis

humerus< 10% longer than radius; and tibia and bula at leastSpecies ofMacrocnemuswith humerus considerably longer
20% longer than femur. This diagnosis is composed of thgaround 20%) than the radius.

synapomorphies of the genddacrocnemusound by Pritchard

et al. (2015pnd the di erences reported byi et al. (2007and MACROCNEMUS AFF. M. FUYUANENSIS Li, Zhao
Fraser and Furrer (201betweerM. bassaniandM. fuyuanensis and Wang, 2007

andM. obristi respectively.” Referred specimen
PIMUZ T 1559, a well-preserved, but mostly disarticulated
Comments skeleton from the upper Besano Formation (upper

This diagnosis, however, is awed on the species level becau$renzbitumenzone,” bed no. 139), late Anisian, from
(1) most of the listed morphological characters pertain to thehe Mirigioli/point 902 locality, near Meride, Monte San
generic level (which is already expressed in the last semtenGiorgio, Canton Ticino, Switzerland. Because of the lack of
of the diagnosis), in accordance to the generic diagnosis tfie observability of the interclavicles in the described @km
Macrocnemuby Pritchard et al(2015 p. 12, see above), (2) the specimens VPP V15001 and GMPKU-P-3001, we opt to
number of presacrals does not allow separation between akéthrtentatively refer PIMUZ T 1559 tM. a . M. fuyuanensiserein.
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PIMUZ T 1559 represents a smaller individual in comparisonPIMUZ T 1559. The reports of 13 premaxillary teeth in PIMUZ
to IVPP V15001 and GMPKU-P-3001, and the humerus of thel' 2472 Kuhn-Schnyder, 19§2and 11-12 in GMPKU-P-3001
European specimen is about 30% shorter than the humeri of theppear to be slightly too high because only nine teeth can be

Chinese specimens. unambiguously assigned to the right premaxilla in PIMUZ T
2472 and 9-10 to the right premaxilla in GMPKU-P-3001. In
Comments the latter specimen the posterior extend of the premaxilla is

The species dflacrocnemubias a humerus considerably longer considered here to have been misidenti edbgng et al. (2011)
(around 20%) than the radius and its a nity t&/. fuyuanensis which might be the cause for the slightly higher tooth counts
relies only on similar forelimb proportions. At the same time,

PIMUZ T 1559 ultimately might turn out to be a new species, butMaxilla

this can only be veri ed by a thorough revision of all EuropeanThe maxilla is essentially of a low, broad triangular shape in
and ChineseMacrocnemusspecimens in the future. It diers PIMUZ T 1559. The anterior point is blunt and receives the
from M. bassaniiin having an interclavicle with wide wing- maxillary process of the premaxilla dorsally. In continuation
like processes and laterally pointed tips, circular emargpnat the process of the premaxilla, the anterior maxillary bordegsis
on the posterior margins of the wing-like processes, smootklightly dorsally in a straight line up to a rounded ascergin
ventral bone surface, an anterior rod-like processes extgnd dorsal process, which lies at about mid-length of the maxilla
from a common base and enclosing a narrow V-shaped mediafiom anterior to posterior. The posterior outline then forms a
notch, a fusiform caudal process expanded in mid-shaft regiodeep concavity immediately below the dorsal process before it
and with rounded posterior tip, with the caudal process beingslopes back to the pointed posterior jugal process of the maxilla.
short, constituting about half of the total length of the on Just dorsal to the tooth row, an alveolar row of small circular
Unfortunately, the Chinese specimensihf fuyuanensisio not  maxillary foramina is present. A total of 24 teeth could be dedn
show clear interclavicles that could be facilitated for pamison.  in PIMUZ T1559, but there is room for additional empty alveoli
PIMUZ T 1559 also di ers fromM. obristiin having generally in the posterior parts of the maxillae. Although an exact mawglla

more robust limb and axial elements. alveolar count cannot be given in this specimen, around 3€htoo
positions seem plausible if the reduction in size of the posterio
Osteological Description teeth is taken into account (e.@Renesto and Avanzini, 20DAs

PIMUZ T 1559 shares many osteological features in the craniursuch the number of maxillary teeth in PIMUZ T 1559 is similar
and postcranium with previously described specimens, thuto previous tooth counts presented for specimendlobassanii
supporting the assignment of PIMUZ T 1559 kdacrocnemus [€.9., PIMUZ T 2475: 25Reyer, 1937 PIMUZ T 2472: 24-25
Much of the following cranial and postcranial anatomical (Kuhn-Schnyder, 1992MSNM BES Sc111.: ca. 35 tegthegmru,
description of PIMUZ T 1559 is thus very similar to previous 199), 34-35 according toRenesto and Avanzini, 20pand
descriptions given foM. bassanii(e.g.,Nopcsa, 1930; Peyer, M. fuyuanensifGMPKU-P-3001: 27 according tdiang et al.,
1937; Kuhn-Schnyder, 1962; Rieppel and Gronowski, 1982011 Fig. 2, p. 1231, 36 if all tooth positions are counted).
Premru, 1991; Renesto and Avanzini, 2002 M. fuyuanensis

(Li et al., 2007; Jiang et al., 201Nevertheless, it is important Nasal

to provide osteological details herein, in order to hightigh A bone with a broad plate-like expansion supported by two

di erences from previous descriptions or novelties. parallel extending thickened struts, as well as a slender non-
tapering process, with a marginal thickened ridge was idexti
Skull as the left nasal in ventral view in PIMUZ T 155Bidure 4).

The skull elements of PIMUZ T 155%igures 24) are mostly The thickened struts are interpreted to extend ventrallysth
scattered with the exception of the right premaxilla and maxil providing support for the posterior plate-like expansion (thus the

Measurements of skull bones are giverfable 1 element would be the left nasal seen in ventral view). The-non
tapering process represents an elongated premaxillary process,
Premaxilla constituting the dorsal margin of the external naris. The giaal

The right premaxilla is preserved in right lateral view, thé le thickened ridge of the process is interpreted to articulatelialy

one, being dislocated, in left lateral vielidure 3. The bones with the process of the adjacent nasal. Close by, another bone
show seven and eight monocuspid recurved teeth, respectivefyagment with a broad plate-like expansion displayed could be
This represents the minimum number of premaxillary alveoli,the posterior part of the right nasal in ventral view. The bone
as one or two alveoli could be present in the tip of the bonéhas only a short process exposed, which seems to continue
that is not visible in lateral view. The premaxilla is low ireple  into the sediment below the right pterygoid. In this case, the
and craniocaudally elongated. From the rounded snout tip th plate-like part of the fragment does not preserve the ventrally
dorsal margin extends almost in parallel with the alveoladeo.  expanded struts visible in the left nasélihn-Schnyder (1962)

A thin maxillary process extends the dorsal margin posteyiorl was unable to identify the nasals in PIMUZ T 2472, but in his
so that the premaxilla articulates with the maxilla in a stigh drawing of the skull Kuhn-Schnyder, 196Figure 1) at least one
bowed suture. In MSNM BES SC111, the three anterior-mosinidenti ed bone with a broad plate-like end and an elongated
teeth (nine to eleven in total) in the premaxilla were noted toprocess is indicated (between the frontals and the premakillae
be enlargedfremru, 199), a feature that could not be found in that resembles the bone identi ed as a nasal in PIMUZ T 1559.
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EUVNS

FIGURE 2 | Focus on the head region of PIMUZ T 1559(A) Photograph; (B) interpretative drawing.

In contrast,Jiang et al(201% p. 1231) stated thatin GMPKU- SC111 byPremru (1991) However, in the same specimen,
P-3001, the “nasals are broad, plate-like elements thatacbnt Renesto and Avanzini (200Zhentioned that the nasals were
the prefrontal posterolaterally, and the lacrimal and the itiax completely obscured by other bones. In PIMUZ T 4355, the
laterally. Anteriorly, the nasal is bifurcated; the lateppong respective area of the snout region of the skull is largely érdd
delimits the posterolateral margin of the nasal groove. Tielial by the autopodial elements of the forelimb, thus obscuring th
prong tapers to a pointed tip along the dorsal midline of the §kul dorsal portion of the right maxilla and nasal.
extending a little further anteriorly than the lateral profig

The nasals were said to be present in PIMUZ T 4822 but acrimal and Prefrontal
their shape was not identi ableéjeyer, 193/and nasal fragments - A |acrimal and prefrontal as described for example in MSNM
partially hidden by the maxilla were identi ed in MSNM BES BES SC 111 Renesto and Avanzini, 20p2and PIMUZ
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FIGURE 3 | Photographs of selected skull elements of PIMUZ T 1559A) Left premaxilla in lateral view(B) right premaxilla, maxilla, and dentary in lateral view;
(C) complete left lower mandible in lateral view{D) vomer in ventral viewj(E) basisphenoid in ventral view{F) palatine in ventral view(G,H) pterygoids in ventral view;
(1) right jugal in lateral view(J) left jugal in lateral view with white outline indicatedK) nasal and possible left ectopterygoid with white outline ulicated; (L) posterior
portion of right lower mandible in lateral view.
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FIGURE 4 | Focus on the nasals and the jugal of PIMUZ T 1559A) Photograph; (B) interpretative drawing. Note long premaxillary process afasal.

T 4822 and PIMUZ T 2472 Heyer, 1937; Kuhn-Schnyder, Frontal
1962 could not be identied with condence in PIMUZ In PIMUZ T 1559, the paired frontals separated when the skull
T 1559. fell apart. Both frontals are visible in dorsal view. The tidarsal
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is completely exposed, whereas the posterior-most portion &nd its dorsal process has partially broken o . In contrast, the
the left one is hidden by matrixRigure 2). The frontals have a posterior border of the jugal is only incompletely preserved or
at dorsal surface. The medial suture between the two boses broken o in PIMUZ T 2472 (Kuhn-Schnyder, 192 MSNM
straight in PIMUZ T 1559 and in PIMUZ T 2472. Anteriorly the BES SC111Pfemru, 1991; Renesto and Avanzini, 2p@ad
bones have a rounded shape that is delimited laterally byrwnar specimens PIMUZ T 4822 and PIMUZ T 4355. Similar to the
constriction where the bone is about three fourth of the vidt jugal shown and described in GMPKU-P-3001a(g et al., 20)L

of the anterior part. Behind the constriction the bone becameitis an elongate triangular bone with three processes. Tingdst,
gradually larger again and ends in a sharp posterolateralriip. the anterior maxillary process, is rather thin and contriesitto
PIMUZ T 4822, the frontal is of similar shape, but the contactthe ventral orbital margin. Posteriorly the bone expands into
between the nasal and the frontal is clearly visible as a broadiyo broader processes: a dorsal postorbital process which slopes

wavy suture. steeply upwards to meet the ventral process of the postorbital
) and a posterior process that extends the slightly ventral egnv
Parietal margin toward, but not reaching, the quadrate.

The parietals are both preserved in PIMUZ T 1559, with the left

and right one each lying in close proximity but not in artictien ~ Squamosal

with the left and right frontal, respectively. The parietale ar Only one of the squamosals could be identied in PIMUZ
twice as long as wide and with at rhomboid outlines. If re- T 1559, based on the peculiar shape of the bone which is
assembled, the anterior margin of the paired parietals wouldlightly elongated axially and possesses four distinct presess
form an obtuse-angled point that would insert between thele.g.,, PIMUZ T 2475Peyer, 1937PIMUZ T 2472:Kuhn-
posterolateral processes of the two frontals, as has beemsho#chnyder, 196ZGMPKU-P-3001Jiang et al., 20)1The longest

for example in PIMUZ T 2472Kuhn-Schnyder, 196ote that and broadest process faces anteriorly and probably joined the
these bones are preserved in ventral view in that specimerjosterior process of the postorbital to form the ventral margin
The preservation of GMPKU-P-3001 does not allow for anof the upper temporal fenestra. Ventral to the rst, a second,
unambiguous reconstruction of the skull roof in this respddie  shorter process extends anteroventrally. Posteriorly twio th
posterior part of the median border, as well as the whole pasteri processes extend dorsally and posteroventrally respectively.
margin of the parietal, is reinforced by a ventral projection i PIMUZ T 2472 the medial side of the squamosal reveals a
PIMUZ T 2472. This projection extends laterally beyond theconcave articulation socket, probably for the articulatiaith the
width of the bone plate. quadrate.

Postfrontal Vomer

A pair of elements are interpreted as postfrontals in PIMUZ TA long and thin bone with at least one distinct tooth row with
1559 based on comparison with MSNM BES SCIHrkrfiru, about 18 teeth and a side-row (and possibly a third more lditera
199) and GMPKU-P-3001 Jiang et al., 20)11t is a small situated row) isinterpreted as a vomerin PIMUZ T 1559. Because
triangular element, with the longest edge being concave aritlis not entirely prepared out of the sediment, its exact shape
forming the posterior dorsal margin of the orbit. The anteramd  cannot be determined and most of the teeth remain obscured,
ventral processes are slightly blunt. The dorsal margirr&@gitit  but the round cross-sections of some broken-o teeth aréolés

and ends in a small pointed process. There is a distinct ridgk the specimens PIMUZ T 2476 and PIMUZ T 2477 studied

projecting from the ventral process upwards. by Peyer (1937; see algohn-Schnyder, 1962a row of small
] teeth extends the full length of the bone, anked by a morerat
Postorbital parallel row in the posterior part of the vomer.

Two bones, each bearing three processes are identied as

postorbitals in PIMUZ T 1559. A straight process ending in a longPalatine

point is likely the ventral/jugal process. The posterior/sgeagal In PIMUZ T 1559, one of the palatines is well-preserved, whereas
process is almost at a right angle to the jugal process andeshortthe otheris attened and incomplete. The palatine is an eldada
curves slightly ventrally and ends in a blunt tip. The antestghl  element, over four times longer than wide. A lateral row of
process is short. In PIMUZ T 2472 the bone is visible from theve teeth could be counted. The medial border is straight th
inner, medial side and reveals a slightly blunt dorsal preces posterior border gently convex and has few teeth along the
that element, the straight upper end forms the base of a tinposterior part. The lateral border is shorter, extending imto
triangular area with a point ending in a medially facing smalék broad, short maxillary process with a thickened ridge extegd
along the process; this area certainly overlapped the postironta parallel to the long axis of the main tooth-bearing ramus.
laterally. The anterior border is concave, forming the posterior and

posteromedial rim of the internal choana.
Jugal

Both jugals are identi able in PIMUZ T 1559. One is largely Pterygoid

preserved on a separate small counter-slab that was remov@tiout one and a half times longer than the palatine, the pteigygo
during preparation, but the posterior-most tip of the posterior consists of a very long bone plate, both in PIMUZ T 1559 and
process is still present with the impression of the bone on thé other specimens dflacrocnemusge.g.,Peyer, 1937; Li et al.,
main slab. The other jugal is partially hidden by the left ilium2007. In PIMUZ T 1559, the left pterygoid is situated close to
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the ilia of the pelvic girdle, the right one close to the rstcsal in turn demonstrates a metakinetic skull iivlacrocnemus

vertebra Figure 2). The pterygoid shape appears to be triangulabut contra Kuhn-Schnyder (1962)and Wild (1973) not

with a very long, straight medial margin. The anterior tipvisry ~ streptostylic.

thin, while progressing posteriorly the bone expands latgrklis

unclear whether it expands continuously (i.e., if the latpedatal ~ Stapes

ramus is straight) or if it expands in two to three marked steps. Although, some rod-like elements are present in the skulimeg

row of 16 teeth projects along the median margin. Laterally, twin PIMUZ T 1559, a stapes could not be unequivocally identi ed.

close parallel rows of 11 teeth form a staggered line. Lad@chl A rather straight rod-like bone with a slightly broadened

parallel to the median row, a row of 12 teeth extends from thdoot-plate was described as the epipterygoid based on the X-

anterior margin of the pterygoid to end halfway back along theray image in the posterior part of the skull of PIMUZ T

element. Near the anterior tip of the pterygoid another thtee 2472 Kuhn-Schnyder, 1962 but the identi cation was very

four teeth form a smaller intercalated row. tentative. Given that its morphology is very similar to the
Toward the posterior medial corner of the pterygoid a smallrod-like bone identied as a stapes iflanystropheugWild,

round process may have formed part of the articulation betwee973 Figure 1) it might also represent the stapes in PIMUZ T

an epipterygoid (not unequivocally identi ed in PIMUZ T 1559) 2472.

and the basipterygoid process. Lateral to this, the quadeateis

extends backwards as a small slender process. Only a caud&Manial openings

oriented thin rod is visible on the surface, but since thedpaé¢e The disarticulated skull bones in PIMUZ T 1559 render

ramus is a vertical rather than horizontal structure it préya it impossible to make any de nitive statements regarding

extends into the sediment. Lateral to this, on the posteatedal the nature of the cranial openings in this specimen. A

margin, the bone expands in a wing-like pterygoid ange. small ventral notch might be present bounded anteriorly and
dorsally by the premaxilla and posteriorly by the maxilla. A
Ectopterygoid foramen in a similar position was also previously indicated

In PIMUZ T 1559, a broad elongated bone with a taperingin MSNM BES SC111 but misidentied as the “naris?”
anterior end and a forked posterior margin is tentatively(Premru, 199); whereas no foramen was indicated Bygnesto
identi ed as the left ectopterygoid in dorsal viewigure 4. As and Avanzini (2002) PIMUZ T 4822, which has a well-
such the longer, slightly convex margin constitutes therat articulated left premaxilla and maxilla, exhibits only a very
margin for articulation with the maxilla and the jugal, whears  tiny ventral notch between the alveolar margins of the
the shorter part of the fork serves as the articulation witle th bones.

pterygoid. All skulls of the European specimens are more or less
displayed in lateral view. These specimens do not show
Quadrate undisturbed skull roofs, so that the clear identi cation okaial

In PIMUZ T 1559 a blocky bone close to the dorsal side of th@penings is hampered. In PIMUZ T 2472 and PIMUZ T 4822
left maxilla was identi ed as the right quadrate displayed inthe round orbits (16.9 and 11.6 mm in diameter) are the only
anterior view. It bears a stout ventral condylar expansiaciffg  skull openings completely encircled by bones. Based on the
the left maxilla; the ventral condylar facet itself is gdiitiden by  morphology of the posterior skull roof bonekuhn-Schnyder
matrix), a concave medial margin with a strong anteromekigadl  (1962) inferred that the upper temporal fenestra was framed
and a distally straight lateral margin expanding dorsolallgr by the parietal, postfrontal, postorbital, and the squamosal.
into a plate-like extension. The plate and the main body ofThis was corroborated by other specimens as welkjpel

the quadrate are preserved at an obtuse angle to each othend Gronowski, 1981; Jiang et al., 2p1lhdeed, GMPKU-P-
The dorsal margin of the quadrate is at to slightly concave3001 is the specimen whose skull is exposed in dorsolateral
where it likely articulated with the squamosal. It is thugwe view, displaying most of the skull roof still in articulationh&
similar to the quadrate of PIMUZ T 2472, which has a largdower temporal fenestra, on the other hand, remained open in
condylar area for the articulation with the mandible, an @re MacrocnemusBased on the X-ray and the prepared specimen
described as “saddle-formed” bByuhn-Schnyder (1962and  PIMUZ T 2472, Kuhn-Schnyder (1962:116) was unsure about the

Premru (1991) presence of a posterior lower process of the jugal. Neverteles
even if a short process had been present, it would not have
Para-basisphenoid reached the quadrate (or possibly a quadratojugal not ideahti

The parasphenoid seems to be fused with the basisphenaid PIMUZ T 1559), which was con rmed later also in PIMUZ
in PIMUZ T 1559 (element seen in ventral view), and itT 4822 Rieppel and Gronowski, 19RIThe posterior process of
conforms to the description of the element in PIMUZ T 2472the jugal is visible in PIMUZ T 1559, longer than described in
given previously Kuhn-Schnyder, 1962 In both specimens, PIMUZ T 4822, but similar in size to that of GMPKU-P-3001
the triangular-shaped para-basisphenoid has a long taperin@n which it is partially hidden by the right mandible), ventha
cultriform process and well-developed basipterygoid prosesséraming the anterior part of the lower temporal emargination.
for articulation with the pterygoid. According t&ieppel and There is no evidence of any additional pre- or postorbital
Gronowski (1981)the well-developed basipterygoid processespenings in PIMUZ T 1559 or any of the other specimens
are indicative of a movable palatobasal articulation. Thistudied.
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Mandible Surangular
In PIMUZ T 1559 the mandibular rami are still in contact in In both mandibles the surangular is still in contact with
the symphyseal area and both are preserved in lateral viete articular and the coronoid. The left surangular is broke
(Figure 3. The left ramus is mostly articulated, whereasanteriorly where it would have articulated as a wedge with th
in the right one the posterior portion of the mandible posterior tip of the dentary dorsally and the splenial veriyral
(surangular, articular and coronoid) has been separate@he right surangular is well-preserved and completely visible.
from the anterior portion (comprising the dentary, spleniahda It is of general elongated shape, articulating ventralljhw@nd
angular, as well as a sliver of the prearticular). Measuresnenbeing partially overlain by) the angular, posteroventrally vifta
of mandibular bones are given ifable2 Together with prearticular and posteriorly with the articular. Approximayedt
IVPP V15001, the mandibular rami of PIMUZ T 1559 the midst of the surangular, the coronoid process is visible in
are among the most complete and best preserved remaitateral view in PIMUZ T1559, as the straight dorsal border @f th
known for Macrocnemus The exposed right adductor surangular overlies most of the coronoid. The surangular is no
fossa in PIMUZ T 2472 is 16.4mm long and4mm  well-preservedin PIMUZ T 2472.
high.

Coronoid
Dentary The coronoid is a bone of uncertain extent in PIMUZ T 1559
In all specimens studied, the dentary is a large, elongatintoo bearing a small but distinct coronoid process. In medial viass
bearing e|ement' with a rounded anterior [|p and a Straightseen in PIMUZ T 2472, it has an anteroventra"y inclined suture
alveolar margin extends mostly parallel to the ventral edfje ovith the dentary anteriorly and with the surangular postetyor
the dentary. The dentary tapers posterodorsally. In PIMUZ T .
1559 the tapering part overlies the articular and surangulat;)re"j‘rt'cuI"’,lr . .
in lateral view and the splenial in ventral view. This is in The prearticular is also of uncertain shape but appears to be

accordance with the condition described in MSNM BES SClﬁIo_ngated and _inver-Iike in PIMUZ T 1559_' It lies beneath the
(Premru, 1991: Renesto and Avanzini, 20sut in contrast to articular posteriorly and ventrally, and possibly also behd¢hé
the description of a posteriorly bifurcated dentary in GMPKU- SUrangular and angular ventrally.

P-3001 fiang et al., 20)1The proposed bifurcation, however, Articular

results from the obscured and thus misinterpreted SUWI§, o7 T 1559 the articulars, both visible in lateral view,

between the dentary and the splenial as is clearly visible 'Qppear as small bones at the posterolateral side of the mandibles,

PIMUZ T 1559_and VPP _V15001' The posterior morphOIOgyposterior to the surangular and overlying the prearticulareTh
of the dentary is unclear in PIMUZ T 2472K(Jhn-.Schnyder, articular is slightly elongated axially, with straight, akel ventral
1962.VP‘] pers. _obs.). There are a few foramina along thgnd dorsal borders, a very short rounded posterior retroattc
anterior “Iateral ,,S'de of the dentary in .PIMUZ T 1559. Theprocess and a small anteroventral protrusion. Laterally gliea
;hallow groove” on t.he posterolateral side of th_e dentale;n;e small foramen just ventral to the condyle. In PIMUZ T 2472 both
in PIMUZ T 1.559 Is interpreted as a taphonomic compaction, e jars are exposed in dorsal view despite the rest of the ja
of the bone just below the ventral extent of the alVeOIarbeing exposed in lateral view. The articulation surface istigo
row. at. The dorsomedial margin of the articular forms a strong

. transverse ridge separating the articulation surface fréma t
Splenlal . . . . retroarticular process. Anteriorly the articular forms paftthe
With the exception of the anterior dentary tip the SplenlalIateral dorsal margin of the mandible above the adductosdos
underlies the dentary ventrally a]ong itsentire length inand is continued by the surangular anteriorly. The retraastar
PlMU.Z T 1559 (as is the case in IVPP V15001, but r10tprocess in PIMUZ T 2472 is somewhat longer and broader
described byli et al., 2_007and Jiang et al., 20:)1|_t fo_r”_”s @ than in PIMUZ T 15509. Posterodorsally a short process forms a
strong transversally reinforced bar. The ventral side liaight, rotuberance that, according tuhn-Schnyder (19625erves as
almost parallel to the alveolar border of the dentary. It ha n attachment point for the musculus depressor mandibulae. Th

a long posteroventral taper.mg process and the posterior pa osteromedial end of the retroarticular process is rounded and
is dorsolaterally concave, likely to accommodate the Mé&cke ugose

cartilage.

Mandibular openings

Angular _ S No openings or fenestrations can be seen in the mandible.
The angular is an elongate, at bone, which is slightly cuarve

dorsally in the mid part of the bone. The anterior part insertsDentition

in an acute angle between dentary and splenial, whereas rhostAll of the marginal dentition comprises monocuspid, conical,
the angular overlaps the surangular and/or the coronoidiaral  recurved teeth, which lack any indication of carinae, s@ra
view. Ventrolaterally, it articulates with the prearticulaThe or labiolingual compression. The last few teethl@) on the
posterior aspect of the angular is not well-preserved in theoth dentary in PIMUZ T 1559 appear shorter and broader than the
specimens studied (compare kahn-Schnyder, 1962; Premru, more anterior teeth. This might be a feature peculiar to PIMUZ
1991; Renesto and Avanzini, 2002; Jiang et al.,)2011 T 1559, however, as no such trend was visible in the other
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studied specimens. Because all bones with marginal demtite  Longitudinal muscle attachment ridges are preserved on
visible in lateral view only, the type of attachment of thetlhee the zygapophyses. In all cervicals, the neural arches with low
to the bone in PIMUZ T 1559 can only be classi ed as somaeural spines are expanded axially along the whole lengtheof th
form of “thecodonty.” It is likely, that it is sub-thecodoms was vertebrae and their straight upper rim creates a continuodgei
described for MSNM BES SC11Rgnesto and Avanzini, 2002 along the neck. The neural arches are prominent and are only
D pleurothecodont inPremru, 199). The teeth located on the slightly less high than the respective cervical centra. &leml
palatal elements (e.g., on the pterygoids and vomers) are musimall dorsolateral lamina extending between the zygapopghyse
smaller, but are also slightly recurved, similar to the oimes and also a longitudinal keel extending ventrolaterally ¢ t
the pterygoid of IVPP V15001L{ et al., 2007 Figure 2). The centra. The cervical ribs articulate anterolaterally witie
number of teeth varies both between two elements of a singleertebral centrum. The attachment sites on the centra are
specimen (e.g., PIMUZ T 1559) and between the specimens, bitughly triangular, but the shape of the attachment with the
as pointed out byrremru (1991jt is not directly correlated with  capitulum and tuberculum of the cervical ribs are not clearly
the size of the individuals. The numbers represented abowve faisible.

the respective tooth-bearing elements are thus a minimahtou In comparison, a break in the block of PIMUZ T 2472

that reports only the teeth actually present in the fossils. destroyed parts of the anterior cervical vertebral columhich

is visible in right lateral view. Half of the fourth vertebrm still
Laryngeal Apparatus present on one side of the break, the other side bearing mostly
Ceratobranchial fragments of the third vertebra and a small vertebral cemtru

Two long thin bony rods in PIMUZ T 1559 are interpreted asrepresents the axis. No part of the neural arch of the axis could
the ceratobranchial | (cornu branchiale) based on the dpon  be identi ed; the anterior ventral edge of the axis is begele

of the same bone identi ed in PIMUZ T 247X (hn-Schnyder,

196). They are located in close proximity to the lower jawDorsal vertebrae

elements and other bones from the cranium, are slightlykéic The dorsal vertebrae in PIMUZ T 1559 are much shorter than
but atter than the cervical ribs and bend at an angle af0 at the cervical vertebra€eT@ble 3. In most dorsals the centra are

mid-shaft Figure 2). continuous with the neural arches with no apparent suture
separating the two. Because the dorsals are shorter than the
Vertebral Column cervicals, the ventral sides of the former appear more stsong|

The vertebral column ofM. bassaniihas been described concave. The dorsals are amphicoelous and the articulatsface
previously in detail lopcsa, 1930; Peyer, 1937; Premru, )991are not oriented vertically but are slightly anterodorgall
For M. fuyuanensisLi et al. (2007)provided vertebral counts posteroventrally angled. The neural spines are higher thasetho
and a description for IVPP V15001, andlang et al. (2011) of the cervicals, of trapezoidal shape and with a concaveianter
reported on the complete presacral and sacral series of GMPKlddge. Similar to the cervical vertebrae, the spines also form a
P-3001. FoM. obristionly the posterior-most part of the dorsal straight, continuous dorsal ridge line over the thoracictebral
series, the sacral region, and the complete caudal vertebr@lumn. Toward the posterior part of the vertebral column, the
series are preserved in PIMUZ A/lll 1467, thus presenting onlyvhole neural spine of the vertebral arch shifts posteriorly om th
minimal overlap with PIMUZ T 1559. Generally, the centra of thevertebra, until in the posterior-most dorsals the posterior giar
presacral vertebrae in PIMUZ T 1559 have an overall cylindricadf the neural spine extends even slightly past the level of the
appearance, being constricted ventrally, as well as large ap@sterior tip of the postzygapophysis. The zygapophyses expand
amphicoelous articular surfacesigures 1 4, 5). Previously, the nearly equally laterally and anteroposteriorly. The transger
vertebral column of PIMUZ T 2472 was not described in detaiprocesses of the rst few dorsal vertebrae as seen in PIMUZ
asKuhn-Schnyder (1962egarded the vertebral morphology as T 1559 are long and broad and with at articulation facets for

described byeyer (1937as adequate. the tuberculum of the dichocephalic ribs. Progressing postiri
the transverse processes become shorter with a more circular
Cervical vertebrae articular surface for the monocephalic ribs and positionedadodv

InPIMUZ T 1559 the almost complete but partially disarticulatedthe more anterior part of the vertebrae at mid-height betwten
cervical series including the axis is preservedyre 5. Only the  centrum and prezygapophysis. The prezygapophysis of the last
atlas elements could not be identi ed as they are likely iddy  dorsal vertebra, as well as of the rst sacral are stronghaeged
other bones. Cervicals 2—6, visible in left lateral view,sdill in  distally and face directly upwards, slightly tilted mediall
articulation. Cervical 7 is visible in right lateral viewchoervical
8 in right ventrolateral view. The partially hidden axis apmear Sacral vertebrae
similar to the other cervical vertebrae in shape, but is niytab The two sacral vertebrae of PIMUZ T 1559 have a similar
shorter. The following cervical vertebral centra 3—8 arergjly  centrum shape to the dorsal vertebrae, except that they arerwid
elongated (se@able 3. Both the dorsal and ventral sides of the than high, especially in the second sactaig(re 2). The rst
cervicals are slightly concave. sacral is visible in anterior view with stout pedicles framing
The zygapophyses are also well-developed and elongateah, oval shaped neural canal but lacking the neural arch; the
articulating at the intervertebral joints just above thentem, second sacral is preserved in ventral view. The sacral ribs ar
and thus leaving no visible gap for segmental nervesutured to the vertebral centra and not fused (best visiblde
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FIGURE 5 | Focus on the neck region of PIMUZ T 1559(A) Photograph; (B) interpretative drawing. Cervical ribs that were measurediéble 4) are marked with an
asterisk (*).

second sacral: Supplementary Figure 2). The base of the ras the dorsal margin of the sacral rib remains almost stitaigh
sacral rib is robust and dorsoventrally expanded. In axielwi The distal articulation surface for the ilium is slightlyltéid
the rib rst becomes more slender before expanding distallyyentrally. The height of its articular surface with the iliuim
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4.11mm. In PIMUZ T 2472, the rst sacral vertebra is visible inother clearly dichocephalic thoracic ribs and is thought lijki
dorsal view, showing that the sacral rib starts as a narradv ro have reached the sternum (although it is about 7 mm shortanth
like structure which distally broadens anteroposteriofiyeppel, the de nitive thoracic ribs).

1989. The sacral rib of the second sacral in PIMUZ T 1559 is Directly distal to the head the thoracic ribs angle strongly
even more anteroposteriorly expanded (13.95 mm) than the rstventrally, but the rib shafts are more smoothly curved digtall
and it also bifurcates with a slender spur-like posterior precesand some show a proximodistally trending furrow along the
This posterior process is scythe-shaped with a strong posterishaft. The rst de nitive dichocephalic rib (interpreted toeb
bar, bent laterally and with a thinner bony connection to thethe rst or second of the thoracic series) measures 40.94 mm i
main part of the rib. It is unclear whether the posterior procesdength, and is thus about 1.6 times longer than the ribs ofltis¢
articulated with the ilium as well. The length of the artiaul cervical Table 4).

surface of the second sacral rib with the ilium is 8.11mm. The remaining 16 ribs are either holocephalic with only a
As seen in PIMUZ T 2472 (see alsbeppel, 1989Figure 1) single articulation or remain partially embedded in matrixtbat
the second sacral rib overlaps the posterior margin of the rsthe second articulation is not visible. Considering thedatit is
sacral rib laterally, thus enclosing a roughly oval shapgdiga thus possible that, as mentioned byang et al. (2011the rst

between. ve vertebrae carry dichochephalic ribs. In PIMUZ T 2472 the
ribs of the last few dorsal vertebrae are still in articulatidghe
Caudal vertebrae ribs associated with the 7th to last thoracic vertebra ang land

In PIMUZ T 1559 the tail is essentially lacking and onlyslightly curvedin PIMUZ T 2472. Successive ribs are increhgin
a single vertebra close to sacral vertebra 2 is presestraight and short until the penultimate thoracic vertebndyich
(Figure 2). Based on comparison with PIMUZ T 2472 and bears shorter “prong-like” ribs. The dichochephalic ribs tmes
IVPP V15001 it is tentatively identied as the anterior- restricted to the anterior thoracic region. Those of thetlas
most caudal in posteroventral view. It is generally similardorsal vertebra are only marginally longer, but expandechdlist
in shape and length to the posterior-most dorsals, with &therwise the dorsal ribs follow the morphology described
cylindrical centrum and expanded anterior and posteriorpreviously byPeyer (1937)

articulation facets. Dorsolaterally, the vertebra has aglo

blade-like transverse process, which is angled posterioriectoral Girdle

and tapers laterally into a point. The anterior margin of theAll bones of the shoulder girdle are preserved and lie isdlate
process is concavo-convex, whereas the posterior margand disarticulated in PIMUZ T 1559Fgures 6-8), including

is straight. No hemapophyses were identied in PIMUZ the interclavicle, which is also preserved more or less isolat

T 1559. PIMUZ T 2475 and PIMUZ T 4355Kigure 7).

Cervical ribs Interclavicle
In PIMUZ T 1559 the cervical ribs are dichocephalic within PIMUZ T 1559 the interclavicle is visible in ventral view. It
posteriorly very thin elongated rod$igure 5. They articulate is 43.35mm long and forms a broad triangular plate anteriorly
with the vertebrae at the anterior basal edge of the centrurbearing two lateral pointed wing-like processes, a sligtthwex
with a distinctly separate tuberculum and capitulum. Antelyor anterior margin, and a prominent caudal process. Although the
the ribs form a small rod-like process and posteriorly a ventip of the right process is hidden and thus the maximum width
long and delicate process the latter spanning up to two or threeould not be measured precisely, it is estimated to be about
intervertebral joints in length, as far as preserved. In PIMUZ T35mm (measured by doubling the length from the midline
1559 the longest preserved cervical rib (no. 4?) is 63.8 mg lonto tip of left process). A small median outgrowth projects
Given that the combined length of the longest cervicals (4e€§)  forwards from the anterior margin. This protuberance enctose
63 mm (se€Table 4, the longest cervical rib would still span a narrow V-shaped median notch. Extending from the median
three intervertebral joints. The ribs of the posterior-maostvical protuberance and along the gently backwards sloping anterior
vertebrae are much shorter, though the rib shaft is stilhigfiht.  lateral borders are clearly delimited and mediolateralhastd
The capitulum and tuberculum of the shortest cervical rib .(no articular facets for the clavicles (icl. Figures 7A,B. Posterior
8) are still separated and extend mostly parallel in the ribs dfo the lateral points on the slightly concave posterolateral bosd

cervical 8. of the triangular plate, small but clearly delineated circula
emarginations are present on each side (iclFgures 7A,B,
Dorsal ribs which are so far unknown in the interclavicles of other

The dorsal ribs of PIMUZ T 1559 have scattered so that there islacrocnemusspecimens. The rest of the lateral margin of
no contact with the vertebrae anymorgigures 1, 6). According the triangular plate is thin and irregular, probably due to a
to the vertebral count and comparison with other specimeres,(i. cartilaginous covering in the living animal as proposedimyer
PIMUZ T 2472; GMPKU-P-3001), a total of 34 dorsal ribs should 1937)based on PIMUZ T 2475. The caudal process is fusiform
be present, but only 22 ribs could be identi ed. Six of the 22 ar with slightly convex margins (forming a thickened mid-shaf
clearly dichocephalic, with a short dorsal tuberculum andragl  region) and a blunt tip. The caudal process contributes to
ventral capitulum for articulation. The presumed rib follovgn approximately half of the total length of the bone. The ventral
cervical rib 8 has a longer shaft again, is slightly curvieelthe  bone surface of the interclavicle is smooth.
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FIGURE 6 | Focus on the pectoral region of PIMUZ T 1559(A) Photograph; (B) interpretative drawing.

The interclavicle of PIMUZ T 4355, already described invisible in the matrix Figures 7C,D. It shares the same overall
detail by Rieppel (1989])s visible in dorsal view, but because shape with the interclavicle of PIMUZ T 2475. Both display a
it is partially broken, the imprint of the ventral side is alsoreduction in lateral extent of the wing-like processes, béah
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FIGURE 7 | Comparison of the interclavicles of several specimens dflacrocnemus. Photographs (A-D) and X-ray images(E,F) of interclavicles with interpretative
drawings superimposed(B,D,F). (A,B) PIMUZ T 1559;(C,D) PIMUZ T 4355;(E,F) PIMUZ T 2475. The white arrows indicate transition from the aarior wing-like
processes to the posterior process. Note the presence of smbbut clearly delineated circular emarginations presentry at the posterior margins of the wing-like
lateral processes of PIMUZ T 1559.

cranial processes enclosing a wide U-shaped median notch, aadterior view is 28.03 mm long-{gures 8A,B. The clavicle is

a narrow long and tapering caudal process. This specimen showslong curved bone with a slight torsion along the long axis

a peculiar ornamentation of the ventral bone surfageeppel, ofthe bone. One end is slightly shorter, straight and terat@s in

1989 consisting of small tubercles and more centrally situated thickened blunt end. About mid-way along the lateral margf

longitudinal ridges, not visible in specimen PIMUZ T 1559 or inthe bone, near the lateral edge of the clavicle-interclavicltaoo,

the X-ray of PIMUZ T 2475. there is a weak protuberance. The other end expands to form a
The interclavicle of PIMUZ T 2475 (described Bgyer, 1937  broad curved blade ending in a point. The concave margin of the

is displayed in dorsal viewr{gures 7E,F. It has a straighter blade is smooth, whereas the convex side has an irregulaman

anterior border of the anterior triangular plate than PIMUZ T is very thin.

1559 and possesses rounded lateral tips. The lateral wing-like

processes are somewhat slenderer than those of PIMUZ T 1558¢capula

with a straight lateral border and no emarginations just @oitr ~ Both scapulae are preserved in PIMUZ T 1559. The left scapula

to the lateral tips. Elongated articular facets for the d@é are  (29.48 mm long) is visible in lateral view and the right one

only discernible in X-rays of the specimen. The cranial preess (29.74 mm long) in medial viewFigures 8C,D). The scapulae

are blunter, enclosing a wide U-shaped median notch in betweeaf PIMUZ T 1559 are large, relatively at plate-like elements.

whereas the caudal process is long, narrows distally wittigitt  The scapula has a broad base with a straight ventral artioulati

lateral borders, and ends in a pointed tip. with the coracoid and likely also extended somewhat medially.
The thin blade of each scapula is separated from the base
Clavicle posteriorly by a constriction, with a strong posterior margin

Both clavicles are preserved in PIMUZ T 1559, the left one imising posteriorly and slightly dorsally, whereas the comeca
anterior view is 24.52mm long and the right one in angledanterior margin frames a space with the concave anterolatera
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FIGURE 8 | Photographs of selected girdle elements of PIMUZ T 1559A) Left clavicle in anterior view(B) right clavicle in angled anterior view(C) left scapula in
lateral view;(D) right scapula in medial view|E) right coracoid in medial view;(F) ilia in lateral view(G) pubes in lateral view;(H) left ischium in lateral view.

margin of the coracoid. The scapula expands almost to a halifi articulation, the scapula, with its constricted base, and th
circle anteriorly where it ends at the scapulocoracoid atéiton.  coracoid, with its concave anterolateral margin, enclosmalls
Posteriorly on the base of the scapula in PIMUZ T 2472, jusanterior scapulocoracoid embayment. This contrasts with the
below the constriction, there is a concavity, where one rhighshape of the coracoid illustrated Bieppel (1989for PIMUZ
expect the supraglenoid foramen to be located. T 2472 and described with a distinct posterior glenoid process.
The data from PIMUZ T 2475 (plate 57 iReyer, 1937 TMS
pers. obs. on original X-ray stored at PIMUZ) and PIMUZ T 1559
n the other hand clearly show the oval outline of the coragcoid
indicating that the putative “posterior glenoid process” in PIMUZ
2472 is an artifact caused by an underlying bone.

Coracoid

The coracoid is a broad oval kidney-shaped plate in PIMU
T 1559, and both elements are visible in medial view so th
the glenoid portions are not expose#igures § 8E). The left
coracoid has a maximum length of 25.02mm, the right one

26.32mm. Anteriorly it has a relatively longer and slightlyForelimbs

concave edge and a shorter, also slightly concave, posteribne limbs ofMacrocnemuare generally long and slender, and in
margin. Close to the articulation with the scapula, at abow th all specimens studied the hind limbs are distinctly longer tttamn
mid-length of the bone, a distinct coracoid foramen is visib forelimbs. The forelimb bones ™. bassanihave been described

Frontiers in Earth Science | www.frontiersin.org 19 November 2017 | Volume 5 | Article 91



Jaquier et al. Osteology and Paleogeography oMacrocnemus

by Peyer (1937and Premru (1991)and those oM. fuyuanensis the lack of any identi able hind limb elements in the specimen
by Jiang et al. (201150 that only a brief summary is necessarythey can be con dently assigned to the manus.
here.
Pelvic Girdle

Humerus In PIMUZ T 1559, the pelvic elements have disarticulated in such
Both humeri are preserved in PIMUZ T 1559 exposed in ventra@ way, that the pubes and the ilia lie close to each other but the
view and positioned close to the elements of the pectoral girdiischia have become separated from each othgiufes 1 8). In
(Figures 1, 6). The right humerus has the same proximodistalPIMUZ T 2472 the pelvic elements are all preserved although
orientation as the right radius and ulna, and the left humethe only the posterior tip of the right ilium is preserved. The left
same proximodistal orientation as the left radius and ultaust  ilium (in medial view) is still in articulation with the two saal
corroborating the assignment of the respective stylopodial a vertebrae while the pubes and ischia have shifted somewhat
zeugopodial elements. farther away from the vertebral column. PIMUZ T 2470 exhibits

The humerus has a narrow straight diaphysis. In PIMUZthe left ilium and ischium preserved in articulation in medial
T 1559 the proximal portion is not expanded in ventral view,view. To date IVPP V15001 presents the only complete and
whereas the distal part is greatly expanded. The proximdargely articulatedMacrocnemugpelvic girdle. The right side is
expansion in the humerus, however, is strongly torqued inatat exposed in medial view, with the pubis and ischium just slightly
to the distal end, thus likely obscuring the nature and ektenseparated from each otherifet al., 200). In GMPKU-P-3001 the
of the proximal expansion. The granulated appearance of theelvic elements are also mostly present, but apart from one pubis
articular surfaces is preserved and is considered to beatide their outlines are di cult to discern. In IVPP V15001, PIMUZ
of articular cartilage once capping the bone. The deltopectordl 1559, PIMUZ T 2470, and PIMUZ T 2472, the ilium, pubis
crest is long and thin, and the pectoralis muscle attachmerand ischium display broad acetabular processes delimited from
is situated just below the proximal articulation surface tret the rest of the bone by a neck. Each of the elements contsbute
anterior ventral side. The distal head has two convex caslyl equally to the acetabulum. The general morphology of the pelvi
separated by a weak intercondylar fossa. The condyles ligsalm bones has been described®ieppel (1989)who also presented
at the same level, but the ulnar condyle expands slightiyhéart a revised composite reconstruction (based on PIMUZ T 2470
distally than the radial one. An ectepicondylar groove is pnés and PIMUZ T 2472) of the pelvic girdle in left lateral view.
anteriorly whereas an entepicondylar groove or foramen agpeaPur observations on PIMUZ T 1559 mostly con rm previous
to be absent. Very ne longitudinal lines can be seen on theselb ~ descriptions.
surface of the distal head.

llium

Radius and ulna The iliain PIMUZ T 1559 are both preserved in lateral view (the
Both radii and ulnae are preserved in PIMUZ T 1559length of the blade in left side is 22.59 mm long and the right
(Figures 1, 2, 5). The zeugopodial elements are long, thin boneside 22.74 mm). Immediately after the neck, the ilium erdarg
with only slightly expanded articular surfacegables 5 6). The  into a wing-like bony plate, forming a preacetabular process with
proximal articular surfaces appear at in the fossil but wererounded anterior (i.e., semicircular) border and a postalcetar
likely slightly concave in the living animal to receive theneral ~ process in the form of a tapering posteriorly oriented blade.
condyles. The distal surfaces are slightly convex. The gisiph Laterally, the acetabular portion is reinforced by an antesiod
of the radius is straight and thinnest mid-shaft. In the ulna a posterior strut or crest. The two struts do not meet, but the
the diaphysis is weakly sigmoidal, the thinnest part is slight anterior strut extends through the neck to form a supraacelzib
more distal compared to the radius. The distal articular aoegf  buttress. The posterior blade appears to be reinforced by a
is smaller than the proximal one, especially in the ulna. Tmaul longitudinal central strut as well, though this might re eciedial

lacks an olecranon process. structures being impressed though from the opposite side. The
iliac blade displays dorsoventrally striated ornamentatiohsre
Autopodium the hind limb musculature likely attached. The articulardaof

Four elongated elements with proximally and distally brazett  the ilium for the pubis is about 6 mm long, the one for the ischium
epiphyseal regions and one shorter bone with a more cylintiricd8 mm long. In PIMUZ T 2470, PIMUZ T 2472, PIMUZ T 2475,
appearance lie close to the ventral margin of cervical veatdbr the anterior border of the preacetabular process forms a more
in PIMUZ T 1559 Figure 5). In comparison with VPP V15001, acute angle, whereas in IVPP V15001, the border is gentiyecur
the longer bones are identi ed as metacarpals, the shorterasn  The condition is inconclusive in PIMUZ T4822.

a proximal phalange. Due to overlap, only the length of the single

completely exposed element (12.45 mm) could be measured. Rubis

addition, a separate terminal claw and a penultimate phalanBoth pubes are visible in lateral view in PIMUZ T 1559
(Figure 5 could be identi ed a little above cervical vertebra (Figure 8G). The pubis is the smallest and least expanded of the
4, as well as two articulated phalanges lying close to thd juggelvic elements in this specimen with blade lengths of 17.6i7 an
(Figure 2). In general, the elements of the autopodium do not17.98 mm for the left and right pubes respectively. The anterio
di er in shape from other specimens dflacrocnemustudied. border is only slightly concave, whereas the posterior border
Given their position close to the neck and the skull elemeantsl, is more strongly concave. The obturator foramen, positioned
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ventral to the acetabulum, is horizontally elongated. Thge the mid-region between the tip of the snout and the anterior
with the ischium the pubis encloses a central thyroid fereestr orbital rim. Renesto and Avanzini (2002&)so favored a more
The articular facet of the pubis for the ischium is 5.7 mm long. posterior position in MSNM BES SC111. In the same specimen
Premru (1991)misidenti ed a larger gap between the premaxilla
Ischium and maxilla as the potential external naris. A more anteriorly
Both ischia are visible in lateral view (blade length of te# | situated external narial opening, together with the presesfee
side is 20.96 mm, and the right side 22.65mm) in PIMUZ Tnasal groove allegedly similar to thatTenystropheutspecimen
1559 Figures 1A 8H). The length of the articulation between the PIMUZ T 2819) andDinocephalosaurusere then proposed for
ischium and the pubis is slightly shorter than the contactieen  the rsttime in GMPKU-P-3001 {iang et al., 20)1Accordingly
the ischium and ilium. Both anterior and posterior margins of in that study, the nasals were reconstructed as rather blocky
the ischial constriction are concave, but anteriorly thedss is  anteriorly bifurcated elements, with a broad lateral cantaith
shorter and deeper, while posteriorly the plate extends faghd  the maxilla and a snout region that is mostly formed by the
has a more smoothly concave margin. The broad ischial bide premaxillae (reaching the level of the anterior edge of the
strongly convex and its margin is obtuse-angled posterontigdia lacrimals, which were reconstructed as large crescent shaped
bones lying mostly anterior to the prefrontals). Based on the

Hind Limbs new data of PIMUZ T 1559Figures 3 4) and re-examination of

The hind limbs are not preserved in PIMUZ T 1559. PIMUZ T 2472, PIMUZ T 4355, PIMUZ T 4822, and MSNM BES
. SC111, we found that the interpretations of the skull pattefn o

Gastralia the rostrum of GMPKU-P-3001, as shown biang et al. (201])

The gastralia of PIMUZ T1559 are elongate, very thinygihatof PIMUZ T 4822, as reconstructedmgyer (193 Avere
elements that range from straight to weakly curved or evegqiyocal (se€igures 9 10 for our interpretations of the skull
displaying a distinct bend with two “arms” of unequal length yone con guration in these specimens).

(_Figures 1A 2,5, 6). The ends of the bones are simple pointed The premaxillae in PIMUZ T 1559, PIMUZ T 2472, PIMUZ
tips. They are scattered across the block. As proposedeher 1 4822 and MSNM BES SC111 are small, low bones with a
(1937)and given the various morphologies, it is reasonable tQ5 g maxillary process that is maximally as long as therimte
assume that ve, rather than three individual elements ¢ta®  ,45in body (the tooth-bearing part) of the bone. These bones
one gastralium, with the angled ones being the medial elésien 46 thys not large enough to span further posteriorly than half
followed by the straighter ones and then the weakly curveeson ¢ the snout region. Furthermore, PIMUZ T 1559, PIMUZ T

laterally. 2475, PIMUZ T 4822, and MSNM BES SC111 demonstrate that
the maxilla has a rising, straight anterodorsal margin bot n
DISCUSSION anterodorsal process, which would accommodate the maxillary

process of the premaxilla as proposedligng et al. (2011and
The description of the newly described specimen PIMUZ Tonly a very short straight to slightly concave dorsal marigin
1559 is generally in accordance with previous descriptions dhe articulation with the posterolateral margin of the platieeli
Macrocnemuawith the exception of the orientation of the clavicle posterior portion of the nasal. In these specimens, there is also
in the pectoral girdle and the morphology of the interclaviated  no indication for the presence of a large crescent-shapeuactr
the morphology and articulation of the scapulae and coracoidsas proposed for GMPKU-P-3001. With the smaller rectangular
PIMUZ T 1559 has the same number of cervical (8) and dorsdacrimals, crescent-shaped prefrontals and frontals lackimg
(17) vertebrae as specimendwfbassaniie.g., PIMUZ T 2472; anterior processes and being restricted to the circumotbita
MSNM BES SC111) and. fuyuanensige.g., GMPKU-P-3001), region, together with a premaxilla that was restricted to the
so that vertebral counts are not useful for species desigmati anterior half of the snout region, the nasals must be enlhrge
The forelimb proportions (H/R ratio) of PIMUZ T 1559 on the to cover the posterior snout region dorsally and dorsoldtera
other hand clearly resemble thoseMf fuyuanensidrom China  This is achieved by a long premaxillary process extending
and not those of theVl. bassaniispecimens from Monte San anteromedially from the broader posterior region of the nasal.
Giorgio (see below). In addition, based on PIMUZ T 1559 andAccordingly, we reinterpret the skull of GMPKU-P-3001 to have
re-evaluation of the othevlacrocnemuspecimens from PIMUZ,  short premaxillae as in all other specimensv#crocnemusand
a new reconstruction of the pectoral girdle Bfacrocnemuss  much longer nasals than reconstructed previously, and withou
proposed. Finally, in addition to the ratio of the forelimb besy an anterior bifurcation. The bifurcation indicated kiyang et al.
we present a number of discrete osteological characters th&i011)is reinterpreted as the plate-like posterior part of the
can also be used to potentially separMe bassaniifrom M.  nasal and the anterior premaxillary process being separated

fuyuanensis from each other by the external naris. The external naris thus
_ would be elongated and tapering anteriorly, spanning from a
Nasal Region level of the main body of the premaxilla anteriorly to half-

Due to preservation and preparation biases, the nasals aveay between the tip of the snout and the orbits posteriorly,
generally dicult to identify in many of the skulls of contraPeyer (1937who proposed a more posterior position
MacrocnemusPeyer (1937¢ould not describe the exact shapeonly for the external naris and contrdiang et al. (2011who

of the nasal but expected the external narial opening to lie giroposed that the external naris sits more anteriorly. Thegnt
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FIGURE 9 | Skull of specimen GMPKU-P-3001 ofMacrocnemus fuyuanensis (A) Photograph; (B) interpretative drawing superimposed. Note that the elemen
indicated by an asterisk (*) could either be part of an exposkpalate or, similarly likely, it could represent the mediaprocess of the premaxilla, which is otherwise not
visible.

margin of the external naris is formed by the premaxilla; thewith extant reptiles, the external naris would be covered
ventral/lateral margin by the posterior process of the prertaxi largely by connective tissue forming a much smaller opening
and the dorsal margin of the maxilla; its dorsal/medial mafgy  externally. The condition irMacrocnemusli ers from that of
the premaxillary process of the nasal; and its posterior rimhgy t Dinocephalosaurus orientafls, 2003; Li et al., 2004in which a
plate-like expanded posterior part of the nasal. nasal groove was rst described. In the latter species, ttemxi

As the external naris is extended in the skulMdicrocnemus  naris is situated far more anteriorly extending as a posterasal
a nasal groove is not present (d8gures 9 10). In comparison  groove posteriorly on the maxilla, nasal and prefrontal.
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FIGURE 10 | Skull of specimen PIMUZ T 4822 oMacrocnemus bassanii (A) Photograph; (B) interpretative drawing superimposed.

Premaxillary-Maxillary Contact sensation in the nasopalatine regiodi¢uwenhuys et al., 1998
A putative small ventral notch was found at the suture betweesee als@ottmann-Quesada and Sander, 2@ddProtorosaurus

the anterior margin of the maxilla and the posterior tooth-

bearing part of the premaxilla in PIMUZ T 155%igure3 Limb Proportions

and MSNM BES SC111, and to a lesser degree also in PIMUze limb proportions of PIMUZ T 2472 are congruent with those
T 4822 Figure 10 and GMPKU-P-3001. Unfortunately, the of the other describe. bassanispecimens, including the well-
premaxillary-maxillary contact is obscured by other bonethe  preserved and mostly articulated specimens PIMUZ T 4355 from
skull of the holotype specimen bf. fuyuanensiglVPP V15001). the Besano Formation and PIMUZ T 4822 from the Cassina beds
This character is the result of an interrupted premaxillary-of the Meride Limestone at Monte San GiorgiBeyer, 1937
maxillary alveolar margin and has been scored in varioupIMUZ T 1559, on the other hand, shows a humerus/radius ratio
previous phylogenetic studies (e.g., character 24&=mturra, (humerus is 21.7% longer than the radius) which is considgrab
2016. As noted byEzcurra (2016) however, such a notched higher than in M. bassanii(between 5% in PIMUZ T 2474
margin appears to reect dierent conditions in dierent and 11% in PIMUZ T 2472), but comparable to that bF.
groups of animals. In theMacrocnemusspecimens analyzed fuyuanensis(19-21%; sedable 6. Although the process of
herein, the notched margin could either be a taphonomicerecting species based mainly on ratios is potentially probliemat
artifact (i.e., due to a shift of the premaxilla relative toeth itis the one criterion that links PIMUZ T 1559 thl. fuyuanensis
maxilla) or a true anatomical feature. In the latter case onenfortunately the hind limbs are not preserved in PIMUZ T
might speculate, whether the notch takes over the role of am559 and therefore cannot be compared wihobristi (PIMUZ
anterior maxillary foramen in accommodating the anterimoest ~ A/Ill 1467). On the other hand, PIMUZ A/lll 1467 has very
exit of the supralabial extensions of the maxillary branch oglender and gracile limbs, which are at odds with the more stbu
the trigeminal nerve (cranial nervey, responsible also for forelimb elements seenin PIMUZ T 1559. Sexual dimorphism in
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M. bassanihas previously been investigated Bgemru (1991) and partial overlap of these bones. The condition in PIMUZ
In a study of four specimens she noticed that in two, all limbT 4355 Ezcurra, 201pand PIMUZ T 2472, together with the
bones were about 10% shorter compared to the overall lengtiew data of PIMUZ T 1559, clearly corroborate the original
of the fossil, and deemed sexual dimorphism the most likelgcapulocoracoid reconstruction given Bygyer (1937)
explanation. It thus would seem unlikely that the increassdjth Furthermore, no specimen dflacrocnemushows the clavicle
of an individual bone (the humerus iM. fuyuanensighe tibiain  preserved in articulation with the scapula or interclavicle, so
M. obrist) is related to sexual dimorphism, although this aspecthe arrangement inferred byeyer (1937was not based on
needs to be tested with more specimens. anatomical evidence in the fossilBeyer (1937considered it

In general, although measurements vary slightly betweethe most probable solution that the thick blunt part of the
the left and right side in one individual, as well as betweertlavicle articulates with the interclavicle, directly lalleto the
studies on the same specimen, ratios are consistent overaliterior processes framing the U-shaped median notch, and
(Table 6. Previous negative or equal T/F values in PIMUZ Tthe aring blade-like part of the clavicle articulates with the
4822 and PIMUZ T 2476 presented Byemru (1991andFraser scapular blade. This con guration was then adopted in later
and Furrer (2013)however, could not be reproduced; insteaddescriptions of MacrocnemugRieppel, 1989; Premru, 1991
our tibia and femur measurements in PIMUZ T 4822 are inand, for that matter, ofTanystropheysdue to the resemblance
accordance witRieppel(1989i.e., in having a tibia that is longer of the morphology of this element in both taxaWd,

than the femur). 1973. However, the well-preserved clavicles and interclavicle
] of PIMUZ T 1559 allow for a rather di erent con guration.
Interclavicle Shape The long lateral wing-like processes of the interclavicle bear

The interclavicle of the newly referred specimenhdfa. M.  anterior articulation facets for the clavicle, the length dfigh
fuyuanensisPIMUZ T 1559, di ers from the two interclavicles correspond well with the length of the thin margin on the
known for M. bassanii(the interclavicles are very similar in expanded half of the clavicle. Extant phylogenetic bracketing
PIMUZ T 2475 and PIMUZ T 4355, despite the di erences inwas considered in order to infer the position of the clavicle,
size, and likely age, of these specimens) in having wide wingput crocodylians do not possess this element anymofedk,

like processes and laterally pointed tips, circular emarginat 1921; Romer, 19j@nd the furcula of birds is highly derived
on the posterior margins of the wing-like processes, antendr  from the basic archosaur plan and variableo(ton et al.,
like processes that extend from a common base and enclose2@07; Nesbitt et al., 2008nd references therein). However,
narrow V-shaped median notch, as well as a shorter fusifornthe clavicle ofMacrocnemuwsery closely resembles that of the
caudal process, which is expanded in its mid-shaft region ancthynchocephalianSphenodon punctatu@®IMUZ A/lll 1007)
with a rounded posterior tip Figure 7). It is possible these and the iguanidlguana iguana(PIMUZ A/Ill 971). In those
characters are potentially diagnostic M. fuyuanensis(see two taxa the at convex side of the clavicle also articulates
above), but they need to be tested against Chinese specimemith the interclavicle while the blunt, thickened end reashe
with a better known interclavicle. Neither IVPP V15001 northe scapula. As such, we take that as reasonable evidence to
GMPKU-P-3001 shows a well-exposed interclavicle. Whether thessume that the clavicle iMacrocnemuqand perhaps even
bone ornamentation seen in PIMUZ T 4355, absent in PIMUZin Tanystropheysarticulated in a similar way. Together with

T 1559, could potentially be diagnostic ff. bassaniicannot the scapulocoracoid articulation discussed above, we present
be unambiguously elucidated based on the present data. Tiwere a new pectoral girdle reconstruction féfacrocnemus
rounded wing-like processes and the U-shaped median notctFigures 11E,F.

seen in the interclavicles &fi. bassaniion the other hand, are

similar to that of the interclavicles of BP/1/2675 Bfolacerta Vertebrae

broomi(Ezcurra, 2018Figure 38 A). We note a slight disagreement between our aRdé:ppel's
_ _ (1989) identi cation of the cervical vertebrae of PIMUZ T
Reconstruction of the Pectoral Girdle 2472. Whereas, measurements of the individual vertebrae ar

In previous reconstructions of the scapulocoracoid incongruent, the rst complete and measurable vertebra seen by
Macrocnemus(Rieppel, 1989; Premru, 1991both bones Rieppel (1989js the fourth cervical, which we interpret as the
were shown with a straight closed contact. This is due todloe f fth herein. Based on the size of the gap and the average tengt
that for most specimens used previously for reconstructing thof the cervical vertebral centra, there is space for another,
pectoral girdle the preservation of the bones is not ideal. B t third, cervical vertebra next to the missing half of the fiur
other hand,Ezcurra(2016 p. 219) indicated the presence of acervical centrum. This leaves the smaller anterior fragmen
“large fenestra [or embayment] between scapula and coraco@hly interpretable as the axis. The relative size of the latter
immediately anterior to the glenoid region® in tanystroptlsi is comparable to its counterpart in PIMUZ T 1559, and the
(character 388 in that study). The shape and articulation ofmeasurements of the cervical vertebrae of this new specimen
the coracoid and scapula based on PIMUZ T 15BRy¢re 1)  further support this view.

clearly supports the presence of such a large embayment andIn assessing the lengths of the centra of the vertebrae of
indeed, PIMUZ T 2472 does also show a slit-like separatioRIMUZ T 1559, a distinct di erence in size can be discerned
or embayment (contraRieppel, 198P between the scapula between centra four to seven 20 mm), when compared with
and coracoid (se€igures 11A-D due to the distorted shape those of the tenth and more posterior vertebrae1Q mm).
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FIGURE 11 | Coracoid and scapula shape and pectoral girdle reconstruéon of Macrocnemus. (A,B) Close-up view and interpretative drawing of the left coracd
and adjacent axial bones in PIMUZ T 2472. Note that the elemernidicated by an asterisk (*) is not interpreted as part of theoracoid, but constitutes part of an
underlying bone. The area framed by the thin stippled line igconstructed. (C,D) Close-up view and interpretative drawing of the right artidated scapula and
coracoid, showing only a slit-like embayment due to partiabverlap and distortion of the bones.(E,F) Inferred pectoral girdle reconstruction based on the
well-preserved elements of PIMUZ T 1559 in dorsdE) and angled anterior view(F). Note that the small circular emarginations in the posteriomargins of the wing-like

lateral processes are present only in PIMUZ T 1559.

However, the eighth (16—17 mm) and ninth vertebra (13— column. The best evidence comes from the cervical ribs of
14 mm) are intermediate in size so that there is not an abrupPIMUZ T 1559. Only the ribs up to the eighth vertebra are

change in length. This therefore provides no direct indioati straight, and there is a considerable increase in size froe th
where to separate the cervical vertebrae from the dorsateat ribs of the eighth to those of the ninth vertebra. Conseqiyent
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it seems reasonable to de ne the cervical region to includénisian of Algeria (alil, 199Y, representing the southwestern
vertebrae one to eight and the dorsal region to include \@ge margin of the Tethyan province in the Early to Middle
9-25; with 26 and 27 being the two sacral vertebrae. If thigriassic.

rationale is applied also to PIMUZ T 2472, it implies that this  In accordance with previous paleogeographic scenarios (e.g.,
specimen oM. bassanialso possesses 17 dorsal vertebrae rathétritchard et al., 200)5we thus propose that during the late
than 16 as reported biRieppel (1989)The rib on the seventh Early Triassic, tanystropheid reptiles rst evolved from thieate
cervical of PIMUZ T 2472 is very short but broken o posteriorly; Permian and Early Triassic ancestors in central Pangaeand
an evaluation of the original length is thus impossible. Thadhe dispersed along the western margin of the Tethys Ocean, &efor
of the rib of the eighth vertebra appears to be similar to thahef  spreading to the eastern margins of the Tethys during the Middl|
rib of the ninth in PIMUZ T 1559, but is much shorter as would Triassic, whereas dispersal to what is now North Americaathar
be expected (see discussion above); the morphological stgnila only later, during the early Late Triassic.

may be due to some distortion of the rib head.

CONCLUSIONS
Paleogeography of Macrocnemus

The oldest representatives of “protorosaurs,’ currently aye record for the rst time the occurrence of the Ladinian
polyphyletic grouping, are known from the middle Late eastern Tethyan specibk a. M. fuyuanensigrom the western
Permian, namelyAenigmastropheus parringtofiom Tanzania Tethys, i.e., the upper Anisian part of the Besano Formation of
andProtorosaurus spendérom Germany and England=zcurra,  Europe. Therefore, this taxon is only the second tanystraphei
2019. On the other hand, Tanystropheidae, according topesidesTanystropheusct.) longobardicusaving a Tethys-wide
recent phylogenetic analyseslesbitt et al., 2015; Pritchard distribution. We furthermore propose that the interclavicle
et al., 2015; Ezcurra, 20l6include at leasM. bassaniiand  shows characteristic morphologies that allows for sepamatio
Tanystropheus longobardicfi®m the upper Anisian—lower of M. bassaniiand M. a. M. fuyuanensisnd present a new
Ladinian of Switzerland and ItalyM. fuyuanensisfrom the  reconstruction of the pectoral girdle for the genus. On the
Ladinian of Yunnan Province, southern China.i(et al., other hand, the reinterpretation of the skull bone con guit
2007; Jiang et al., 201 Langobardisaurus pandolfrom the  of M. fuyuanensisgiven herein is more consistent with that

Norian of Italy and Austria Renesto and Dalla Vecchia, 2007;0f M. bassanii than previously suggested bgiang et al.

Saller et al., 20)3 Tanytrachelos ahynifom the Norian of  (2011)

Virginia, USA (Qlsen, 1978 new Tanystropheidae remains  Finally, we show that:

from the middle Norian of New Mexico, USAP(itchard ) . ) .

et al, 201p and Amotosaurus rotfeldensisom the lower (&) High positive humerus/radius (H/R) ratios (19-21%) are

Anisian of Germany Fraser and Rieppel, 2006Although found only in specimens oM. fuyuanensw{(!VPP V15001,

not specied in those studies, material @fugustaburiania GMPKU-P-3001) and in PIMUZ T 1559 (22%). .

vatagini from the Olenekian of RussiaSennikov, 201 (P) Slightly positive H/R ratios (up to 11%) are presenthh

M. obristi from the lower Ladinian of SwitzerlandF(aser bassanispecimens. _ _

and Furrer, 2018 Tanystropheussp. from the Ladinian (c) A high pgs!nve tibia/femur (T/F) ratio (26%) is only preden

(Zhuganpo Member of the Falang Formation) and the Carnian N M. obristi(holotype PIMUZ A/l 1467).

to Norian of ltaly (Dalla Vecchia, 2000, 20p6as well as (d) Slightly positive T/F ratios (up to 12%) are found M.

Tanystropheusf. longobardicusrom the upper part of the bassanispecimens. _ _ _

Zhuganpo Member of Falang Formation of southern Chin&) EQual or slightly negative T/F ratios are found only in

(Rieppel et al., 20)Cand Protanystropheus antiquisom the specimens ofM. fuyuanensisfrom China, although the

Anisian of Poland &ennikov, 201 have been described as di érénce to some specimens bf. bassaniivith low positive

members of Tanystropheidae. Due to the fragmentary nature Valuesis negligible (sdable §.

of some of the material (i.e., North American Tanystropheida

indet., Augustaburiania and Protanystrophedsit is dicult ~AUTHOR CONTRIBUTIONS
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