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Abstract

PolarornisandVegavisfrom the Upper Cretaceous of Antarctica are antbegew

Mesozoic birds from the Southern Hemisphere. Inotiginal descriptions, they were
assigned to two widely disparate avian clades,ith&aviiformes and crown group
Anseriformes, respectively. In a recent publicatioowever, specimens referred to both taxa
were classified into a new higher-level taxon, \eigiae, to which various other late
Mesozoic and early Cenozoic avian taxa were alsigiasd. Here, we detail that classification
into Vegaviidae is poorly supported for most ofshdatter fossils, which is particularly true
for Australornis loveiand an unnamed phaethontiform fossil from the \Afaigsreensand in
New Zealand. Plesiomorphic traits of the pterygamid the mandible clearly show that
Vegavisis not a representative of crown group Anserifanand we furthermore point out
that even anseriform or galloanserine affinitie¥efjaviidae have not been firmly

established.
Keywords Aves; fossil birds; Mesozoic; phylogeny; taxonomy

Highlights
* The recently proposed taxon Vegaviidae includesdiwbe best-represented
neornithine taxa from the Upper Cretaceous of thaltgrn Hemispher&/egavisand

Polarornis

*Corresponding author, Email-address: Gerald.Mayr@senckenberg.de
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* Australornisand an unnamed phaethontiform from the lower Rale® of New
Zealand, as well as other fossils from the Uppe&t&eous and lower Cenozoic of the
Southern Hemisphere were incorrectly referred tgawadae

* The repeated use ¥egavisfor the calibration of molecular data notwithstag
neither anseriform nor galloanserine affinitied/efgaviidae have been firmly
established

1. Introduction

Little is known about the earliest evolution of n&thine (crown clade) birds, and most
Mesozoic fossils are very fragmentary (Mayr, 2017 he past decades, however, Upper
Cretaceous marine strata of Seymour and Vega IsteAdtarctica yielded several partial
avian skeletons that were assigned to extant rtearaihigher-level taxa.

The report of a putative representative of Gauifes (loons) from the Upper Cretaceous
Lépez de Bertodano Formation of Seymour Island kephing through the literature for
several years (Chatterjee, 1989; Olson, 1992) tmslfossil, a partial and poorly preserved
skeleton, was formally describedRgslarornis gregoriiby Chatterjee (2002). Further
material from the Lépez de Bertodano Formation assgned téolarornisby Acosta
Hospitaleche and Gelfo (2015), who also reportadrfrentary limb bones of putative
Gaviiformes from Vega Island.

The first description of an avian fossil from Vdgkand, however, was given by Noriega
and Tambussi (1995), who assigned a partial skeletthe extinct anseriform taxon
Presbyornithidae. The specimen was subsequenttyided as/egavis iaaby Clarke et al.
(2005), and more recently a second, well presepeetial skeleton of this species from Vega
Island was reported by Clarke et al. (2016). A pbghetic analysis performed by Clarke et al.
(2005) recovered a clade includi¥ggavis Presbyornisand Anatidae (ducks, geese, and
relatives). This analysis therefore supported glyasested position dfegaviswithin crown
group Anseriformes, which are composed of threarextigher-level taxa: the Neotropic
Anhimidae (screamers), the Australian Anseranat{t¥sgpie Goose), and the globally
distributed Anatidae. Presbyornithids are now, hawerecovered in a more basal
phylogenetic position within Anseriformes (De Fietral., 2016; Worthy et al., 2017), and
althoughVegaviswas regarded as a “phylogenetically vetted” fossiibration by Ksepka
and Clarke (2015), close affinities to Anatidae hlrtdady been questioned (Mayr, 2013;
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Feduccia, 2014) and the fossil was deliberatelytteshias a calibration point from some
studies (Ericson et al., 2006; Prum et al., 2015).

Within extant Anseriformes, the distinctive Anhiraglare the sister taxon of Anatoidea,
that is, the clade including the goose- or duck-Bnseranatidae and Anatidae. Externally,
Anhimidae exhibit an overall resemblance to Galiifes (landfowl), which are the extant
sister group of Anseriformes, with which they fotime taxon Galloanseres. Galloanseres, in
turn, are one of the two major clades of neognathoals, the other being Neoaves, which
includes most extant avian taxa.

A recent study by Worthy et al. (2017), who anatiyaecomprehensive sampling of fossil
and extant galloanserine birds under various aicalygettings supported a position of
Vegavisoutside crown group Anseriformes but did not caaislely resolve its position
within Galloanseres. In some analysegjaviswas recovered as the weakly supported sister
taxon of a clade including the large flightless @awic Gastornithidae and Dromornithidae, in
others it resulted as an equally weakly supporitgerstaxon of crown group Anseriformes.

The analysis of Worthy et al. (2017) temporallynmded with a study by Agnolin et al.
(2017), which likewise supported a position of \\@giae as the sister taxon of crown group
Anseriformes. Agnolin et al. (2017) classifiédgavisandPolarornisinto a new clade,
Vegaviidae, to which they also assigned variousrofissils from the Upper Cretaceous and
lower Cenozoic of the Southern Hemisphere. Her@ewet out that this convenient
placement of all described Southern Hemisphere k@smeognaths in a single clade is
neither justifiable nor useful. We furthermore asldy the phylogenetic affinities of
Vegaviidae, although it is not the aim of the prestudy to perform another formal analysis,
which— in addition to a large sampling of extant taxaould also require the inclusion of
numerous fossil taxa (see below).

The figured fossils are deposited in the Cantertdugeum, Christchurch, New Zealand
(CM) and in the Museo Argentino de Ciencias NaesédBernadino Rivadavia”, Buenos
Aires, Argentina (MACN).

2. Taxonomic composition of Vegaviidae

We concur with Agnolin et al. (2017) théegavisandPolarornis share characteristic

derived traits that may support a sister groupticeiahip between these two taxa. The

VegavisandPolarornis material comes from geographically and stratigiegdly close
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localities and those bones that are known from beth are so similar that we consider
classification ofVegavisandPolarornisin the same clade to be reasonably probable.

However, contra Agnolin et al. (2017), there isonerlap of these taxa in humeral features
as no humerus is known fBolarornis, so that all humeral features these authors lis$ed
diagnostic for Vegaviidae are unknown frétalarornis Characters that can be considered
synapomorphies ofegavisandPolarornis are restricted to the femur and tibiotarsus and
include a strongly craniocaudally curved shafthaf temur and proximally projected cnemial
crests of the tibiotarsus. Both, however, are festwidely distributed in foot-propelled
diving birds including Gaviiformes, Podicipediforsy@nd some diving Anatidae.

Clarke et al. (2016) detailed that the femuWefjavisdiffered from that oPolarornis by
having a deep “capital ligament scar”. This chagastic form of the impressiones
obturatoriae is an apparent autapomophyexjavisnot seen ifPolarornisor any other bird.
ForVegavis Clarke et al. (2016) furthermore noted the presesf “a prominent muscular
ridge” (= tuberculum musculus gastrocnemialis ktey that is absent iRolarornis This
tuberculum is elongate and prominent in all foasg@lled diving birds. We have not assessed
this feature irPolarornis gregorij but the poorly prepared holotype specimen makes i
difficult to assess whether the lack of a promireeredates to poor preparation or the form of
the actual insertion scar. In one specimen refdo@&wblarornis by Acosta Hospitaleche and
Gelfo (2015: fig 2b), an elongate and prominenetablum is clear and obvious. However,
while we therefore concur that a sister group retaship betweeWVegavisandPolarornisis a
reasonable assumption, we disagree concerningtbeal of other species and specimens to

Vegaviidae by Agnolin et al. (2017), and theseifessill be discussed below.

2.1.Australornisfrom the Paleoecene of New Zealand

One of the putative Paleocene species of Vegaviltiteplayed a central role in the study
of Agnolin et al. (2017) i#&wustralornis loveifrom the Waipara Greensand in New Zealand.
This species is represented by fragmentary wingoaatbral bird girdle bones of a single
individual. It was described bylayr and Scofield (2014), who considered its phglogtic
affinities to be uncertain.

Agnolin et al. (2017) noted that Mayr and Scofig@@14) compared the humerus of
Australorniswith that ofVegavis but they did not mention that these authorsdisteme
distinct differences between both taxa. As detdigdlayr and Scofield (2014), the crista

bicipitalis of Australornisis shorter and meets the humerus shaft at a stappke, the
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tuberculum dorsale dustralornisis proportionally larger (Fig. 1A, B), and the heims

shaft ofAustralornisis craniocaudally much more flattened than thategavis(Fig. 1C, D).
The humerus oAustralornisfurthermore differs from that dfegavisin lacking a distinct
fossa between the crus fossa dorsalis and the.d&pdiscussed by Mayr and Scofield
(2014), the humerus traits sharedMBgavisandAustralornisare not restricted to these taxa
but are also found in, e.g., PhoenicopteriformeasRaodicipediformes.

In addition to the above differences in humerusphology,Australornisis distinguished
from Vegavisin the shape of the omal extremity of the coracwith the facies articularis
clavicularis being distinctly projected and overpiaug the sulcus supracoracoideus in
Australornisbut being essentially coplanar with the sulcusatgracoideus iWegavis(Fig.
1E-G). The os carpi radiale Alstralornislikewise differs from that o¥egavisin that it
forms a more distinct distoventral projection (Figf, 1).

Agnolin et al. (2017) stated that the laterallyifigdacies articularis humeralis of the
coracoid is a feature shared AystralornisandVegavis However, a similarly-oriented facies
also occurs in other taxa, such as penguins (Sgtitarmes), and Mayr and Scofield (2014)
actually speculated about the possibility tAastralornisrepresents a very archaic stem
group representative of the Sphenisciformes. Incasg AustralornisandVegavisappear to
have been birds with different locomotory charastes of the forelimbs, and a classification
of Australornisinto Vegaviidae is not well supported.

2.2. Unnamed phaethontiform from the Paleoecemeaf Zealand

Agnolin et al.’s (2017) assignment to Vegaviidaawfunnamed phaethontiform from the
Paleocene Waipara Greensand in New Zealand icplarlly unexpected to us. The fossil in
guestion consists of the fragmentary proximal porof a humerus and the proximal end of a
carpometacarpus. It was described by Mayr and &8daf2015), who explicitly differentiated
this bird fromAustralornis noting that the humerus of the phaethontifornsitas
distinguished from that dkustralornisin the rounded shatft (flattenedAustralornig, the
better-developed crus dorsale fossae, the propaitiomuch shorter crista deltopectoralis
(Fig. 2A, B), and the fact, that — unlike Australornis— the bone walls of the humerus shaft
are not thickened. The much shorter crista deltmpalts also distinguishes the
phaethontiform fossil fronvegavis(indeed, Agnolin et al., 2017 considered a longtar
deltopectoralis diagnostic for Vegaviidae). Theeesbr process of the carpometacarpus of

the New Zealand phaethontiform is much more prontitiean that o/egavis(Fig. 2C-E).
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Furthermore, it is also relatively shorter tharvegavis where it is 2.5 times as long as its
craniocaudal width and extends distally to ovettepspatium intermetacarpale.

Agnolin et al. (2017: 5) did not discuss the evimepresented by Mayr and Scofield (2015)
for an assignment of the New Zealand fossil to Biagiformes. Instead, the authors stated
that the phaethontiform fossil shares withgavis‘a notably wide and deep dorsal
pneumotricipital fossa that is subcircular in mgliMayr and Scofield, 2015), a distally thin
shaft, and well-developed ventral and dorsal tubsrtAll of these features occur, however,
in a wide range of avian taxa (e.g., some Ansarié®, Podicipediformes, and
Phoenicopteriformes) and are of little phylogensignificance. Although the fossil from
New Zealand differs from extant Phaethontiformethanlarge pneumotricipital fossa, such a
fossa is present in the early Cenozoic stem groaethontifornmLithoptila and is therefore

likely to be plesiomorphic for tropicbirds.

2.3.Neogaeornigrom the Upper Cretaceous of Chile

Neogaeornis wetzels based on a tarsometatarsus from the Upperdaaia Quiriquina
Formation in Chile. The specimen was first desaribg Lambrecht (1929), who compared
Neogaeornisvith the non-neornithine hesperornithiform tax@maliornis Olson (1992)
restudied the holotype and assigiNgbgaeornigo the Gaviiformes, but Mayr et al. (2013)
detailed that the tarsometatarsudNebgaeorniss very different from that of unambiguously
identified Gaviiformes from the Paleogene of Eurtope

A possible synonymy dPolarornisandNeogaeornisvas indicated by Mayr (2004a). At
that time, however, no tarsometatarsuBolfarornishad been reported, as the holotype lacks
this element, although tarsometatarsi referredavii@@rmes by Acosta Hospitaleche and
Gelfo (2015) probably pertain Bolarornisand differ fromNeogaeornisn that the shaft
widens markedly towards its proximal end. The hgletofVegavisincludes fragmentary
portions of the distal and proximal end of the damstatarsus (Noriega and Tambussi, 1995;
Clarke et al., 2005). These bone fragments shot\Nbagaeornigliffers fromVegavisin that
the hypotarsus, while very poorly preserved, hdg two obvious crests, whereasas
described by Noriega and Tambussi (1995) and atwptd the reconstruction of the bone by
Clarke et al. (2005) there are four hypotarsal crests/egavis delimiting three sulci.
Vegavismay share wittNeogaeornisa “posteroproximal thrust of the trochlea for digji

(Noriega and Tambussi, 1995: 60), described asdiig “distally to approximately the base
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of metatarsal IV” by Clarke et al. (2005: 306), Buth a feature characterizes many diving
taxa in Anseriformes, Procellariiformes, Gaviifosnand Podicipediformes.

Agnolin et al. (2017: 4) referrédeogaeornigo the Vegaviidae but identified no shared
traits between these taxa that would support #fexral. Instead, they reported two putatively
anseriform traits oNeogaeornisthat is, the “presence of a deep concavity alblogeenter of
the middle trochlea and dorsomedial to the disagkbular foramen [...] and a distally located
distal vascular foramen”. However, these featueeglbeen misinterpreted and do not
constitute anseriform apomorphies (we cannot firatmention as anseriform characteristics
in Cenizo, 2012, the supporting reference citedgwolin et al., 2017). Both traits also occur
in distantly related clades, e.g., in some galffsy anhingids, and phalacrocoracids. That the
trochlea metatarsi IV extends distad of the trozmestatarsi 11l ifNeogaeorniss a trait not
seen in any anseriform taxon and, similarly, thieeawely proximally located and plantarly
retracted trochlea metatarsi Il is unlike in angexiform bird; both, however, are

podicipediform and gaviiform traits.

2.4. Tarsometatarsus of an unnamed bird from theetdPaleocene of New Zealand

Agnolin et al. (2017) also referred to Vegaviidadaraometatarsus of an unnamed bird
from lower Paleocene strata near the K/Pg bounebgppsed at Waimakariri River in New
Zealand, which was described by Ksepka and Cra@aft8). According to Agnolin et al.
(2017: 6), the fossil shares “withegavis and speciallfNeogaeornis transversely
compressed shaft with sharp lateral and medialsdgymmetrical distal trochleae, and a
deep concavity above the center of the middle teachHowever, neither details of the shaft
nor the presence of deep concavity above the cehtbe middle trochlea has been described
in the holotype oVVegavis wherein the shaft of the tarsometatarsus is reggoved, and a
similarity to Neogaeornigioes not corroborate referral of the Paleocenslflsem New
Zealand to the Vegaviidae. Regardless, one ofltbeeapoints is moot d$eogaeornidacks
any depression at the base of trochlea metataf€Idon, 1992: fig. 1).

In its overall proportions, the tarsometatarsusrea by Ksepka and Cracraft (2008)
indeed resembles the tarsometatarsi assigned tidfddaes by Acosta Hospitaleche and
Gelfo (2015), which we consider likely to stem frétolarornis Clearly, however, the
Paleocene tarsometatarsus from the Waimakariririsvwaarkedly different from that of

Neogaeornisn its proportions, and whereas the tarsometagassthe latter has an equal
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width over most of its length, it becomes markealigler towards the proximal end in the
Waimakariri bird (compare Ksepka and Cracraft, 20@8 1 with Olson, 1992: fig. 1).

2.5. Eocene fossils referred to Vegaviidae by Aigretial. (2017)

A coracoid of a putative gaviiform bird from thedgme of Seymour Island, which was
reported by Acosta Hospitaleche and Gelfo (20185 also compared with Vegaviidae by
Agnolin et al. (2017: 6). As noted by Mayr and Gen¢@2017), the specimen is more likely to
be from a procellariiform bird (compare Acosta Htespche and Gelfo, 2015: fig. 3A with
Mayr and Smith, 2012: fig. 1J, K). The broad sludfthe Antarctic coracoid, which is aligned
at a wide angle to the sternal facet, and the sbhfie facies articularis humeralis, which is
aligned at a distinct angle to the shaft axis,adifharkedly from the coracoid ¥fegavis In
the latter, the shaft is at right angles to thenstifacet, the transverse shaft-width is relagivel
narrow, and the planar surface of the facies daiihumeralis is roughly parallel to the
shaft axis. We consider it probable that the cathbelongs to one of the procellariiform
species from the Eocene of Seymour Island deschipettosta Hospitaleche and Gelfo
(2016). The same is possibly true for tibiotarenfrthe Eocene of Seymour Island that were
described by Acosta Hospitaleche and Gelfo (20h8)that were also likened with
Vegaviidae by Agnolin et al. (2017: 6).

3. Phylogenetic affinities of Vegaviidae

So far, either gaviiform or galloanserine affinstieave been proposed for members of
Vegaviidae, that ifRolarornisandVegavis Gaviiform affinities were suggested for
Polarornisand are essentially based on derived featurdsediindlimbs (Chatterjee, 2002;
Acosta Hospitaleche and Gelfo, 2015). That greati@a has to be exercised in the
interpretation of similarities in the hind limb bemof foot-propelled diving birds is
exemplified by the fact that Gaviiformes and Pqukciiformes formed a clade in the analysis
of Acosta Hospitaleche and Gelfo (2015 result sharply contrasting with all analysesbas
on molecular data, which strongly support a clambtuiding Podicipediformes and
Phoenicopteriformes (e.g., Ericson et al., 200G6nPet al., 2015; see also Mayr, 2004b).
Acosta Hospitaleche and Gelfo (2015) only companetetail the fossils they described with
Gaviiformes. The differences they later raisedisbimguish loons from other taxa are not

assessable in most of the fragmentary fossils destrsuch as key features of the hypotarsus
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and the trochleae, and so are irrelevant to thenafof the fossil specimens to gaviiforms.
Moreover, detailed comparisons still have to bégoered betweeolarornisand early
Cenozoic stem group representatives of the Gawmiés; such a€olymbiculusor
Colymboideswhich markedly differ from extant loons in skalethorphology (Mayr, 2017).

Analyses that resulted in galloanserine affinibé¥egaviidae found these birds to be
either within crown group Anseriformes (Clarke ket 2005), or as the sister taxon of
Anseriformes (Agnolin et al., 2017; Worthy et 2017 [in some of the analyses, with weak
support]). The initial referral ofegavisto the extinct anseriform taxon Presbyornithidge b
Noriega and Tambussi (1995) was based on rath@euiiie characters that occur in a
number of only distantly related avian taxa. Themsgnapomorphy o¥Vegavisand Anatidae
identified by Clarke et al. (2005) is a derived ptwlogy of the hypotarsus, whichWegavis
and Anatidae exhibits three sulci for the pedatitars. This hypotarsus morphology,
especially the presence of a separate sulcusddetidon of musculus flexor perforans digiti
2, distinguishes Anatidae and Anseranatidae fromirAidae (Mayr, 2016), but a similar
hypotarsus morphology to that of the Anatidae ce@uwarious only distantly avian taxa,
including stem group Gaviiformes (Mayr et al., 20fi§. 1E, 1), stem group
Phoenicopteriformes (Mayr, 2014: fig. 5H), and m&hmaradriiformes (Mayr, 2011a: fig. 6).
Moreover, stem group representatives of Anatidae laamore plesiomorphic, Anhimidae-
like hypotarsus shape, which lacks a sulcus fotehdon of sulcus flexor perforans digiti 2
(Mayr and Smith, 2017).

Most derived postcranial characteristics of theekiisrmes have a wider distribution
within neornithine birds and osteological apomoegshof the superordinate clade
Galloanseres likewise mainly pertain to the skeuj(, Livezey and Zusi, 2007). Extant
Galloanseres exhibit a derived morphology of th&giarygoid articulation, in which the
pterygoid exhibits a large and ovate articulatiacet for a sessile basipterygoid process (e.qg.,
Mayr and Clarke, 2003). In addition, galloansetirels are characterized by an apomorphic
structure of the articulation between the quadaatkthe mandible, with the quadrate having
only two mandibular condyles (Weber and Hesse, 1Bf6son, 1997), and the mandible of
galloanserine birds furthermore bears very longdétlike retroarticular processes.

The anatomical information available to Clarkele{2005) was limited to the poorly
preserved/egavis iaaholotype, which does not allow an assessmentuf fdatures. Clarke
et al. (2016) reported a new specimevefavisMACN-PV 19.748), in which the caudal
portion of the mandible and the pterygoid are presb(Fig. 3A, B, I). Clarke et al. (2016:
Supplementary Material) noted that the pterygomhsh“a large, projected basipterygoid

9
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articulation, a plesiomorphic condition not preseniieoaves. In Neoaves these processes are
absent or minute and vestigiaHowever, this statement is erroneous and a baggutiel

process similar to that of Vegaviidae occurséweral only distantly related neoavian taxa, such
as Charadriiformes (Fig. 3F), Strigiformes (Fig.)3&d Columbiformes (Fig. 3H). Overall,

the pterygoid oWegavisactually shows a closer resemblance to th&hibmachus pugnax
(Charadriiformes; Fig. 3F) than to the pterygoichnf§ galloanserine bird.

If compared with extant Galloanseres, the pterygbiegavisis most similar to the
pterygoid of the Anhimidae (Fig. 3C), in which theiculation facet of the basipterygoid
process is less rostrally situated and has a keste outline than in Anseranatidae (Fig. 3D)
and Anatidae (Fig. 3E). The basipterygoid articatafacet ofVegavisis located in the rostral
half of the bone, as in most Galloanseres, thed#gring from non galloanserine taxa,
where it is at mid-length or more caudal (Fig.)e facet, while robust, is however
proportionally shorter than in all extant Ansenfas, in which it measures more than one
third of the entire length of the pterygoid, whexd¢ae facet reaches only one fourth of the
pterygoid length in/egavis thereby supporting the position\éégavisoutside of
Anseriformes (Worthy et al., 2017; Agnolin et 2017).

Chatterjee (2002) reported a partial quadratearPtilarornis gregoriiholotype, but
identification of this bone was questioned by Céaek al. (2016). Whereas Chatterjee (2015:
156) stated that the mandible of the then stillasttibed newegavisspecimen (MACN-PV
19.748) exhibits cotylae “for the articulation withe three articular facets of the quadrate”,
Clarke et al. (2016: Supplementary Material) ndateat the articulation was bicondylar,
stating ‘[n]o distinct caudal cotyla is present. This confation is similar to that of
Anseriformes”.Taken alone, however, the presence of only twodibaihar condyles of the
guadrate and of two corresponding mandibular cetylkespectively, does not represent an
unambiguous apomorphy of Galloanseres, becausadalozondyle is also absent in the non-
neornithinelchthyornis(Clarke, 2004) and in a few neoavian taxa, thahes gruiform taxon
Aptornis(Weber and Hesse, 1995) and Columbidae. Clar&k €016: Supplementary
Material) further wrote that whiléthe articular/retroarticular region exhibits bregdédi.e.,
nearly the medial one-half of this region is miggjra retroarticular process appears to have been
absent or short (...). The morphologytbé articular and retroarticular region are bothilgir
to pelagornithids, the soaring pseudotoothed lidshave also been identified as basal
Anseriformes”. The narrow beak Bblarornis (Chatterjee, 2002) shows that, if this taxon is
the sister taxon dfegavis then Vegaviidae had a bill dissimilar to all galims and

anseriforms.
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Agnolin et al. (2017: 4) discussed several charat¢hat were identified as anseriform or
galloanserine apomorphies by previous authors. Mewaeas just detailed, the “well-
developed and transversely compressed retroantiptdaess” cannot be confirmed for
Vegavisand actually appears to be absent: at the vesy beraakage obliterates its form.
Further features of the caudal end of the mandil@alifficult to evaluate in the published
photographs and the X-ray computed tomographic hsiasvn by Clarke et al. (2017) (i.e.,
“an extended fossa for the attachment of M. adduntndibulae externus”, a “pronounced
coronoid inflection”, and “mandibular cotylae amposteriorly elongate, separated by a low
longitudinal crest”). Most other characters diseasky Agnolin et al. (2017: 4f.) are not
specific for Anseriformes or even Galloanserestaane a wider distribution among Neoaves,
which is true for a “lacrimal lacking contact wite jugal bar”, “a well-developed
craniofacial flexor zone”, and further charactésteld by the authors. Of the 14 characters
that were optimized as synapomorphies of Anseriéxrand Vegaviidae in the analysis of
Agnolin et al. (2017: ESM), at least three arealistervable in the fossils (chs. 40, 62, 185).
One character pertains to the quadrate (ch. 58)swfdentification irPolarornisis
guestionable (Clarke et al., 2016). Another charaethich concerns a fossa on the dorsal
surface of the pterygoid, has a state that is efihed in the character description (ch. 42-2).
Three of the remaining nine characters refer tdhtireerus and are found in a number of
unrelated neornithine higher-level taxa (chs. 128!, 138), and this is also true for six further
characters that refer to features of the axis,ipednd hindlimb bones (chs. 75, 179, 202, 204,
226, 257).

We conclude that the affinities of Vegaviidae remaoorly constrained. The plesiomorphic
morphology of the pterygoid &fegavisand the bill shape d?olarornissupport a position
outside the clade formed by Anseranatidae and 8a@tiand the absence of a greatly
elongated retroarticular process indicates a posdutside crown group Anseriformes. While
we therefore support a position féegavisoutside of Anseriformes, as found by Agnolin et
al. (2017) and Worthy et al. (2017), we reiterai@t tmorphological evidence for Galloanseres
is sparse as noted by Ericson (1997). The stroragekinost often quoted apomorphy, a
bicondylar quadrate-mandible articulation is foumdéhe neoavian taxon Columbiformes and
in the ornithuromorph non-neornithihehthyornis raising issues of its character polarity (i.e.,
whether it is plesiomorphic for Neornithes or apopmic for Galloanseres). Similarly, the
nature of the basipterygoid facet on the pterygaeds further investigation, as similar

structures occur among Charadriiformes and Coluwniiés (actually, Ericson, 1997: 441
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stated that the “basipterygoid articulation of &mhimidae is in fact almost identical with

that in, for example, the Scolopacidae”).

4. Conclusions

As we have detailed above, there exists no stremgece for an assignment of fossil taxa
other thariVegavisandPolarornisto Vegaviidae, and some Paleocene specimens
undoubtedly were erroneously assigned to the ddgd®gnolin et al. (2017). Contrary to the
conclusion of the latter authors, current datadfoee do not support a survival of Vegaviidae
across the K/Pg boundary and into the Cenozoiewige, Agnolin et al.’s (2017: 7)
assumption of a flightlessnessRiflarornisis essentially speculative, because wing elements
of this taxon are unknown. The well-developed wang pectoral girdle bones @&gavis
argues against a loss of flight capabilities of thixon even though it had similar diving
capabilities tdPolarornis, as shown by the morphology of its femora andtési.

We furthermore note that attempts to squeezetallNEesozoic and early Cenozoic birds
from the Southern Hemisphere into a single claaerasts with the fact that detailed
comparisons between members of Vegaviidae andQaaceous bird fossils from the
Northern Hemisphere still have to be carried outeur from the North American Lance
Formation that was referred to Phalacrocoracidalddpe (2002: fig. 15.9A), for example,
shows an overall resemblance to the femondegfavisandPolarornis and the distal
tarsometatarsus that formed the holotype of tlegatl gaviiformLonchodytes estesvhich
was described by Brodkorb (1963), likewise needsetcompared with the distal
tarsometatargpreserved in the holotype Wkgavis iaai

The new (second) specimen\édégavis(Clarke et al., 2016) provides conclusive evidence
that Vegaviidae are not closely related to the fsla&t or Anatoidea. However, the exact
affinities of these birds remain poorly resolved afl current analyses includinggavis
and/orPolarornis have their limitations. Only the study of Agnoéihal. (2017) included both
PolarornisandVegavis but although this study and the analyses of Woethal. (2017)
sampled a large number of extant and fossil gafleanes, Gaviiformes or any other foot-
propelled extant neornithine birds were not inctiidRepresentatives of both Galloanseres
and foot-propelled diving Neoaves were consideneahi analysis of Clarke et al. (2005), but
this was based on the data set of Mayr and Cl26@3), which has only extant taxa in the
ingroup sampling; the anatomical data from the Megavisfossil (MACN-PV 19.748) and

from Polarorniswere furthermore not available to Clarke et a00&).
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401 Indeed, several critical fossil taxa were not ideld in any of the previous studies. Such is,
402  for example, true for the early Eocefweatalavis oxfordiwhich is the earliest well-

403  represented modern-type anseriform bird (Olson918yr, 2017). Even more importantly,
404  none of the existing analyses included Pelagowhainin the ingroup sample. These marine
405  soaring birds exhibit the same key features tretiaed to support galloanserine affinities for
406  vegaviids (Bourdon, 2005, 2011; Mayr, 2011b), drerhandibular articulation &fegavis

407  was likened to that of Pelagornithidae and Anatiola€larke et al. (2016: Supplementary
408 information).

409 It is very difficult, if not altogether impossibleg support some of the novel phylogenetic
410 findings of sequence-based analyses with morphcdbgpomorphies. If such difficulties

411 already arise in the study of extant birds, it vddoé surprising if an assignment of the earliest
412  neornithine birds- for which the available anatomical data is mucherimnited— was

413  straightforward. Vegaviidae may be a stem lineapeasentative of Anseriformes, but

414  current data do not convincingly refuse alternapilseements within Galloanseres or even a
415  position outside the latter clade.
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Figure captions

Fig. 1. A-D, HumerusE-G, coracoid, andH, |, os carpi ulnare dfegavis iaafrom the

Upper Cretaceous of Vega Island, Antarctica (MACNI®.748) andAustralornis lovei

from the Paleocene Waipara Greensand in New Zeghaotype, CM 2010.108.24, B,
Right humerus in caudal vie, D, broken humerus shatft in distal view to show tloss
section of the bondz, Left coracoid in dorsal views, G, Extremitas omalis of right coracoid
in F, dorsomedial an®, dorsal viewH, |, Right os carpi radiale (note, that, faustralornis
the bone was erroneously considered to be frontethside by Mayr and Scofield, 2014);
Abbreviations: bcp, crista bicipitalis; cdp, cristaltopectoralis; fac, facies articularis
clavicularis; prj, distoventral projection; tbdperculum dorsale. Scale bars equal 10 mm.

Fig. 2. A B, Humerus an€-E, carpometacarpus degavis iaafrom the Upper Cretaceous
of Vega Island, Antarctica (MACN-PV 19.748) and tirmamed phaethontiform bird
from the Waipara Greensand (CM 2010.1088)B, Humerus in caudal view (specimen
in A mirrored to ease comparison§).D, Proximal end of left carpometacarpugin
ventral andD, dorsal viewE, Right carpometacarpus in dorsal view. The dditezs inA
andB indicate reconstructed bone portions; the arrosvete the distal terminus of the

crista deltopectoralis. Abbreviations: ext, procsssxtensorius. Scale bars equal 10 mm.

Fig. 3.A, B, Left pterygoid ofVegavis iaafrom the Upper Cretaceous of Vega Island,
Antarctica (MACN-PV 19.748; in the lower pictureeteurrounding matrix was digitally
removed)C-H, Left pterygoids ofZ, Chauna torquatgAnhimidae),D, Anseranas
semipalmatgdAnseranatidaek;, Bucephala clanguldAnatidae) F, Philomachus pugnax
(Charadriiformes)@, Tyto alba(Tytonidae), andH, Caloenas nicobarica
(Columbiformes)l, J, Caudal end of right mandible (medial view)l o¥. iaai (MACN-

PV 19.748; surrounding matrix digitally brighteneatydJ, C. torquata Abbreviations: fab,
basipterygoid articulation facet (facies articuddvasipterygoidea); ret, retroarticular
process. Scale bars equal 5 mm.
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