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Metoposaurids are a clade of large-bodied temnospondyls commonly found in non-marine
Late Triassic deposits across northern Pangea. Three taxa are known from North America:
Anaschisma browni, Apachesaurus gregorii, and <Metoposaurus= bakeri. While the
osteology of most metoposaurids has been recently revised, that of a few taxa, including
<Metoposaurus= bakeri remains poorly characterized. This taxon was formally described in
1931 as <Buettneria bakeri,= and its taxonomy has remained in ûux ever since then.
<Metoposaurus= bakeri is the earliest appearing metoposaurid in North America (Carnian
of Texas), and Metoposaurus has frequently been utilized as an index taxon of the
Otischalkian estimated holochron (8land vertebrate faunachron9) and for biostratigraphic
correlations with other geographic regions. The taxonomy of this species is therefore
relevant for both taxonomic experts and biostratigraphers. Here we redescribe all material
from the type locality of <M.= bakeri, the Elkins Place bone bed, and perform a
phylogenetic analysis using a revised matrix assembled from several previous studies.
Anatomical comparisons and phylogenetic analyses do not support placement in either
Metoposaurus, a taxon otherwise only found in Europe, or Anaschisma, the only other
large-bodied taxon from North America. Therefore, we erect a new genus, Buettnererpeton
gen. nov., to accommodate this species. Metoposaurus is consequently absent from North
America, and this genus cannot be used in global biostratigraphy. Phylogenetic analyses
provide evidence that the phylogeny of the Metoposauridae remains extremely labile, with
drastic diûerences in topological resolution and structure being linked to just a handful of
characters and scores. Metoposaurids9 morphological conservatism and the increased
recognition of intraspeciûc variation thus continue to be major confounds to elucidating
the evolutionary history of this clade.
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 
 
 
 
 
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Figure 1
Map showing geographic and stratigraphic distribution of known occurrences of
Buettnererpeton bakeri.

(A) Map of the lower 48 states (U.S.A.) and the province of Nova Scotia (Canada) showing the
three published localities from which B. bakeri is known; (B) inset represents close-up view of
northwestern Texas showing localities on a county grid; (C) stratigraphic columns showing
the approximate position of the two Texas localities. The two columns are based on local
stratigraphy in the Dockum Group exposures of New Mexico and the Texas panhandle (on
left) and the Dockum Group exposures in Garza County in west Texas (on right); note that
the position of the Elkins Place bone bed within the Camp Springs Conglomerate is not well-
constrained. Figure adapted from Martz & Parker (2017:ûg. 14).

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Figure 2
Comparison of genus-level placement of Buettnererpeton bakeri relative to other
metoposaurids over time, with an emphasis on North American taxa.

Studies are ordered chronologically from top to bottom and are not an exhaustive list. Note
that highly fragmentary taxa (Eupelor durus, Metoposaurus fraasi, Metoposaurus jonesi) are
excluded due to space constraints. Metoposaurus diagnosticus is included as an 8outgroup,9
and Panthasaurus maleriensis is included because it has sometimes been synonymized with
Anaschisma browni. Arrows represent implicit or explicit continuity of genus-level
placements. Asterisks indicate that the placement was marked as questionable by those
authors based on the use of quotation marks.
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Figure 3
Comparison of previous phylogenetic hypotheses of the Metoposauridae.

(A) Non-computer-assisted topology of Hunt (1993); (B) pruned clade from the computer-
assisted analysis of McHugh (2012); (C) topology from the computer-assisted analysis of
Chakravorti & Sengupta (2018); (D) topology from the computer-assisted analysis of Gee,
Parker & Marsh (2019); (E) topology from the computer-assisted analysis of Buûa, Jalil &
Steyer (2019). Colors represent geographic regions. Names are updated to those employed
in the current framework.
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Figure 4
Referred specimen of Buettnerpeton bakeri from the Wolfville Formation of Nova Scotia,
YPM VPPU 021742.

(A) photograph (image credit: Hans-Dieter Sues); (B) interpretive line drawing. Note that the
specimen is a natural mold and is therefore a mirrored impression of the dorsal surface of the
skull. Abbreviations: f, frontal; j, jugal; l, lacrimal; m, maxilla; n, nasal; p, parietal; pm,
premaxilla; po, postorbital; pof, postfrontal; pp, postparietal; prf, prefrontal; qj,
quadratojugal; sq, squamosal; st, supratemporal; t, tabular. Scale bar equal to 5 cm.
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Figure 5
New composite reconstruction of the skull of Buettnerpeton bakeri.

(A) dorsal view; (B) ventral view; (C) occipital view. Fine dashed lines represent topographic
details like ridges. Abbreviations: eo, exoccipital; f, frontal; j, jugal; l, lacrimal; m, maxilla; n,
nasal; p, parietal; pm, premaxilla; po, postorbital; pof, postfrontal; pp, postparietal; prf,
prefrontal; qj, quadratojugal; sq, squamosal; st, supratemporal; t, tabular. Scale bars equal to
5 cm.
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Figure 6
Dorsal view of the holotype skull of Buettnererpeton bakeri, UMMP 13055.

(A) photograph; (B) interpretive line drawing. Hatching represents plaster reconstruction;
stippling represents residual matrix; dashed gray lines represent raised contours/ridges.
Abbreviations: f, frontal; ioc, infraorbital canal; j, jugal; l, lacrimal; m, maxilla; n, nasal; p,
parietal; pm, premaxilla; po, postorbital; poc, postorbital canal; pof, postfrontal; pp,
postparietal; prf, prefrontal; qj, quadratojugal; soc, supraorbital canal; sq, squamosal; st,
supratemporal; t, tabular. Scale bar equal to 5 cm.
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Figure 7
Ventral view of the holotype skull of Buettnererpeton bakeri, UMMP 13055.

(A) photograph; (B) interpretive line drawing. Hatching represents plaster reconstruction;
stippling represents residual matrix; dashed gray lines represent raised contours/ridges.
Abbreviations: cp, cultriform process; ect, ectopterygoid; eo, exoccipital; ipv, interpterygoid
vacuity; m, maxilla; pal, palatine; psp, parasphenoid; pt, pterygoid; q, quadrate; qj,
quadratojugal; stf, subtemporal fenestra; v, vomer. Scale bar equal to 5 cm.
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Figure 8
Occipital view of the holotype skull of Buettnererpeton bakeri, UMMP 13055.

(A) photograph; (B) interpretive line drawing. Hatching represents plaster reconstruction;
stippling represents residual matrix; dashed gray lines represent raised contours/ridges;
diagonal lines represent broken surfaces. Abbreviations: eo, exoccipital; û, ûange on the
parotic process of the tabular; oc, oblique crest of the pterygoid; op, occipital pillar; pop,
parotic process of the tabular; pp, postparietal; pqf, paraquadrate foramen; pt, pterygoid;
ptd, pterygoid depression; ptf, posttemporal foramen; q, quadrate; qj, quadratojugal; sq,
squamosal; sta?, stapes?; t, tabular. Scale bar equal to 5 cm.
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Figure 9
Dorsal view of a referred skull of Buettnererpeton bakeri, UMMP 13820.

(A) photograph; (B) interpretive line drawing. Stippling represents residual matrix; dashed
gray lines represent raised contours/ridges. Abbreviations: eo, exoccipital; f, frontal; ioc,
infraorbital canal; j, jugal; l, lacrimal; m, maxilla; n, nasal; p, parietal; pm, premaxilla; po,
postorbital; poc, postorbital canal; pof, postfrontal; pp, postparietal; prf, prefrontal; ptf,
posttemporal foramen; qj, quadratojugal; sm, septomaxilla; soc, supraorbital canal; sq,
squamosal; st, supratemporal; t, tabular; v, vomer;. Scale bar equal to 5 cm.
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Figure 10
Ventral view of a referred skull of Buettnererpeton bakeri, UMMP 13820.

(A) photograph; (B) interpretive line drawing. Stippling represents residual matrix; dashed
gray lines represent raised contours/ridges. Abbreviations: cp, cultriform process; ect,
ectopterygoid; eo, exoccipital; ipv, interpterygoid vacuity; j, jugal; m, maxilla; pal, palatine;
psp, parasphenoid; pt, pterygoid; ptf, posttemporal foramen; q, quadrate; qj, quadratojugal;
stf, subtemporal fenestra; v, vomer; XII?, foramen for cranial nerve XII?. Scale bar equal to 5
cm.
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Figure 11
Occipital view of a referred skull of Buettnererpeton bakeri, UMMP 13820.

(A) photograph in occipital view; (B) interpretive line drawing of the same. Stippling
represents residual matrix; dashed gray lines represent raised contours/ridges; diagonal lines
represent broken surfaces. Abbreviations: eo, exoccipital; û, ûange on the parotic process of
the tabular; fm, foramen magnum; oc, oblique crest of the pterygoid; op, occipital pillar; pop,
parotic process of the tabular; pp, postparietal; pqf, paraquadrate foramen; pt, pterygoid;
ptd, pterygoid depression; ptf, posttemporal foramen; q, quadrate; qj, quadratojugal; sq,
squamosal; sta, stapes; t, tabular. Scale bar equal to 5 cm.
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Figure 12
Dorsal view of a referred partial left skull of Buettnererpeton bakeri, UMMP 13822.

(A) photograph; (B) interpretive line drawing. Stippling represents residual matrix; dashed
gray lines represent raised contours/ridges; diagonal lines represent broken surfaces.
Abbreviations: eo, exoccipital; f, frontal; ioc, infraorbital canal; j, jugal; l, lacrimal; m, maxilla;
n, nasal; oc, oblique crest of the pterygoid; p, parietal; po, postorbital; poc, postorbital canal;
pof, postfrontal; pp, postparietal; prf, prefrontal; psp, parasphenoid; qj, quadratojugal; soc,
supraorbital canal; sq, squamosal; st, supratemporal; t, tabular. Scale bar equal to 5 cm.
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Figure 13
Ventral view of a referred partial left skull of Buettnererpeton bakeri, UMMP 13822.

(A) photograph; (B) interpretive line drawing. Stippling represents residual matrix; dashed
gray lines represent raised contours/ridges; diagonal lines represent broken surfaces.
Abbreviations: ect, ectopterygoid; eo, exoccipital; ipv, interpterygoid vacuity; j, jugal; otc,
orbitotemporal crest; psp, parasphenoid; pt, pterygoid; q, quadrate; qj, quadratojugal; stf,
subtemporal fenestra. Scale bar equal to 5 cm.
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Figure 14
Occipital view of a referred partial left skull of Buettnererpeton bakeri, UMMP 13822.

(A) photograph; (B) interpretive line drawing. Stippling represents residual matrix; dashed
gray lines represent raised contours/ridges. Abbreviations: eo, exoccipital; oc, oblique crest
of the pterygoid; op, occipital pillar; pop, parotic process of the tabular; pp, postparietal; pqf,
paraquadrate foramen; psp, parasphenoid; pt, pterygoid; ptd, pterygoid depression; ptf,
posttemporal foramen; q, quadrate; qj, quadratojugal; sq, squamosal; t, tabular. Scale bar
equal to 5 cm.
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Figure 15
Lateral and medial views of a referred partial left skull of Buettnererpeton bakeri, UMMP
13822.

(A) photograph in left lateral view; (B) photograph in medial view. Abbreviation: epi,
epipterygoid. 8Clay9 indicates a small amount of putty that was used to position the skull for
photography. Scale bar equal to 5 cm.
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Figure 16
Ventral and occipital views of a referred partial left skull of Buettnererpeton bakeri,
UMMP 13823.

(A) photograph in ventral view; (B) inset showing close-up image of the palatal plates in the
interpterygoid vacuities; (C) interpretive line drawing in ventral view; (D) photograph in
occipital view. Abbreviations: cp, cultriform process; ect, ectopterygoid; eo, exoccipital; ipv,
interpterygoid vacuity; j, jugal; m, maxilla; pm, premaxilla; psp, parasphenoid; pt, pterygoid;
q, quadrate; qj, quadratojugal; stf, subtemporal fenestra; v, vomer. Scale bar equal to 5 cm.
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Figure 17
Photographs of a referred posterior skull of Buettnererpeton bakeri, UMMP 13956.

(A) dorsal view; (B) ventral view; (C) occipital view. Scale bar equal to 5 cm.
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Figure 18
Photographs of the skull roof of a referred partial posterior right skull of
Buettnererpeton bakeri, UMMP 14098.

(A) photograph in dorsal view; (B) photograph in ventral view. Abbreviations: op, occipital
pillar; p, parietal; poc, postorbital canal; pp, postparietal; sq, squamosal; st, supratemporal;
sta, stapes; t, tabular. Scale bar equal to 5 cm.

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Figure 19
Photographs of the palate and occiput of a referred partial posterior right skull of
Buettnererpeton bakeri, UMMP 14098

(A) palate and occiput in dorsal view; (B) palate and occiput in ventral view; (C) cultriform
process in dorsal view; (D) cultiform process in ventral view. Abbreviations: asl, ascending
lamina of the pterygoid; cp, cultriform process of the parasphenoid; eo, exoccipital; icf,
internal carotid foramen; psp parasphenoid; pt, pterygoid; q, quadrate; qj, quadratojugal; sc,
sphenethmoidal crest. Scale bar equal to 5 cm.
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Figure 20
Photographs of the skull roof, palate, and occiput of a referred partial posterior right
skull of Buettnererpeton bakeri, UMMP 14098.

(A) skull roof in occipital view; (B) exoccipital in lateral view; (C) the same in medial view; (D)
the same in oblique posterodorsal view; (E) palate with exoccipital removed in occipital view;
(F) partial palate in anterior view. Abbreviations: asl, ascending lamina of the pterygoid; cp,
cultriform process of the parasphenoid; fo, foramen; op, occipital pillar; pop, parotic process
of the tabular; pp, postparietal; psp parasphenoid; pt, pterygoid; ptd, pterygoid depression;
q, quadrate; qj, quadratojugal, ptf, posttemporal foramen; sq, squamosal; sta, stapes; t,
tabular; XII?, foramen for cranial nerve XII?. All elements to same scale. Scale bars under (A,
E3F) equal to 5 cm; scale bar under (B3D) equal to 1 cm.
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Figure 21
Dorsal view of a referred occiput and posterior skull roof of Buettnererpeton bakeri,
UMMP 14154.

(A) photograph; (B) interpretive line drawing. Abbreviations: cp, cultriform process; eo,
exoccipital; epi, epipterygoid; p, parietal; poc, postorbital canal; pp, postparietal; psp,
parasphenoid; pt, pterygoid; sq, squamosal; st, supratemporal; t, tabular. Scale bar equal to
5 cm.

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Figure 22
Ventral view of a referred occiput and posterior skull roof of Buettnererpeton bakeri,
UMMP 14154.

(A) photograph; (B) interpretive line. Abbreviations: cp, cultriform process; eo, exoccipital;
psp, parasphenoid; pt, pterygoid; t, tabular; XII?, foramen for cranial nerve XII?. Scale bar
equal to 5 cm.
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Figure 23
Occipital view of a referred occiput and posterior skull roof of Buettnererpeton bakeri,
UMMP 14154.

(A) photograph; (B) interpretive line drawing. Abbreviations: eo, exoccipital; fm, foramen
magnum; oc, oblique crest of the pterygoid; op, occipital pillar; pop, parotic process of the
tabular; pp, postparietal; pt, pterygoid; ptd, pterygoid depression; ptf, posttemporal foramen;
sq, squamosal; sta, stapes; t, tabular. Scale bar equal to 5 cm.
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Figure 24
The remaining material associated with UMMP 14262, purportedly the anterior half of a
skull of a referred specimen of Buettnererpeton bakeri.

(A) the largest remaining fragment in three views; (B) vial containing additional fragments.
Scale bar equal to 1 cm.
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Figure 25
Isolated antorbital elements referred to Buettnererpeton bakeri.

(A) UMMP 13802, two left prefrontals in dorsal (left) and ventral (right) views; (B) UMMP
13805, right prefrontal in dorsal (left) and ventral (right) views; (C) UMMP 13803 (in part),
partial left maxilla in dorsal (left) and ventral (right) views; (D) UMMP 13803 (in part), partial
right maxilla in dorsal (left) and ventral (right) views; (E) UMMP 13803 (in part), maxillary
fragment in dorsal (left) and ventral (right) views. Any association between the various parts
of UMMP 13803 is not apparent. Scale bar equal to 5 cm.
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Figure 26
Isolated median cranial elements referred to Buettnererpeton bakeri.

(A) UMMP 13809, three partial right nasals in ventral (left) and dorsal (right) views; (B) UMMP
13811, four partial left nasals in dorsal (left) and ventral (right) views; (C) UMMP 13814, three
right frontals in ventral (left) and dorsal (right) views; (D) UMMP 13815, two left frontals in
dorsal (left) and ventral (right) views; (E) UMMP 13812, three partial right parietals in ventral
(left) and dorsal (right) views; (F) UMMP 13813, two partial left parietals in dorsal (left) and
ventral (right) views; (G) UMMP 13826, partial right parietal in ventral (left) and dorsal (right)
views. All elements are oriented with the anterior face pointing up. Scale bars equal to 5 cm.

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Figure 27
Isolated postorbital cranial elements referred to Buettnererpeton bakeri.

(A) UMMP 13816, three partial left squamosals in dorsal (left) and ventral (right) views; (B)
UMMP 13817, two partial right squamosals in ventral (left) and dorsal (right) views; (C) UMMP
13829, partial right squamosal in ventral (left), dorsal (right), and posterior (bottom) views;
(D) UMMP 13830, partial left squamosal in dorsal (left) and ventral (right) views; (E) UMMP
13968, partial left squamosal in dorsal (left) and ventral (right) views; (F) UMMP 14099 (in
part), partial right squamosal in ventral (right) and dorsal (left) views; (G) UMMP 13808, left
postfrontal in ventral (left) and dorsal (right) views; (H) UMMP 13807, partial right postorbital
in dorsal (left) and ventral (right) views; (I) UMMP 13970, articulated postorbital fragment in
ventral view; (J) UMMP 13966, partial right postfrontal in dorsal (left) and ventral (dorsal)
views; UMMP 13793, four partial supratemporals in ventral (left) and dorsal (right) views. All
elements are oriented with the anterior face pointing up. Scale bars equal to 5 cm.
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Figure 28
Isolated posterior cranial elements referred to Buettnererpeton bakeri.

(A) UMMP 13797, fragment with mostly complete postparietals and articulated fragments of
the parietal in dorsal (left) and ventral (right) views; (B) UMMP 13798, two partial left
postparietals in dorsal (left), ventral (middle), and posterior (right) views; (C) UMMP 13799,
one partial right postparietal and one partial right tabular (association unclear) in dorsal (left)
and ventral (right) views; (D) UMMP 13800, right postparietal and tabular in dorsal (left),
ventral (right), and posterior (bottom) views; (E) UMMP 13801, two partial right postparietals
in dorsal (left), ventral (middle), and posterior (right) views; (F) UMMP 13967, left
postparietal and tabular in dorsal (left), ventral (middle), and posterior (right) views; (G)
UMMP 13969, two partial left quadratojugals in dorsal (left), ventral (right), and posterior
(bottom) views; (H) UMMP 13806, two partial right quadratojugals in dorsal (left), ventral
(right), and posterior (bottom) views; (I) UMMP 13818, three partial right quadratojugals in
dorsal (left), ventral (right), and posterior (bottom) views; (J) UMMP 13804, ventral process of
a left quadratojugal in dorsal (left) and ventral (right) views. All elements are oriented with
the anterior face pointing up. Scale bars equal to 5 cm.
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Figure 29
Isolated right pterygoids and left epipterygoid referred to Buettnerpeton bakeri.

(A) UMMP 13771 in ventral (left) and dorsal (right) view; (B) UMMP 13794 in ventral (left) and
dorsal (right) view; (C) UMMP 13795 in ventral (left) and dorsal (right) view; (D) UMMP 13796
in ventral (left) and dorsal (right) view; (E) UMMP 14099 in ventral (left) and dorsal (right)
view; (F) UMMP 13787 in dorsal, anteromedial, posterolateral, anterolateral, and
posteromedial view from left to right. Scale bars equal to 5 cm.
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Figure 30
Isolated posterior cranial elements (exoccipitals and partial pterygoids) referred to
Buettnererpeton bakeri, UMMP 12969.

(A) partial exoccipitals in posterior view; (B) the same in dorsal view; (C); the same in ventral
view; (D) the same in lateral view; (E) the same in medial view; (F) partial pterygoids and
exoccipitals in posterior view; (G) the same in dorsal view; (H) the same in ventral view; (I)
the same in lateral view; (J) the same in medial view. For parts A-E, the left exoccipital is on
the top row, and the right exoccipital (not necessarily of the same individual) is on the
bottom row. The same siding applies to parts F-J. The same element is imaged in diûerent
views horizontally. Scale bars equal to 1 cm.
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Figure 31
Isolated stapedes referred to Buettnererpeton bakeri, UMMP 13777.

(A) photograph in view 1; (B) photograph in view 2 (rotated 180 degrees relative to A); (C)
photograph in view 3 (rotated 90 degrees relative to B); (D) photograph in view 4 (rotated
180 degrees relative to C); (E) photograph in proximal view. Scale bar equals 1 to cm.
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Figure 32
Isolated exoccipitals referred to Buettnererpeton bakeri, UMMP 13819.

(A) posterior view; (B) dorsal view; (C); ventral view; (D) lateral view; (E) medial view. The
same element is imaged in diûerent views horizontally. Scale bars equal to 1 cm.
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Figure 33
Right hemimandible referred to Buettnererpeton bakeri, UMMP 13944.

(A) photograph in dorsal view; (B) interpretive drawing of the same; (C) photograph in
ventral view; (D) interpretive drawing of the same; (E) photograph in labial view; (F)
interpretive drawing of the same; (G) photograph in lingual view; (H) interpretive drawing of
the same. Abbreviations: a, articular; ac, adductor chamber; amf, anterior Meckelian
foramen; an, angular; c1, ûrst coronoid (<precoronoid=); c2, second coronoid
(<intercoronoid=); c3, third coronoid (<coronoid=); cpr, coronoid process; d, dentary; hp,
hamate process; mf, Meckelian foramen; pa, prearticular; ps, postsplenial; sa, surangular; sp,
splenial. Scale bars equal to 5 cm.
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Figure 34
Right hemimandible referred to Buettnererpeton bakeri, UMMP 13823.

(A) photograph in dorsal view; (B) interpretive drawing of the same; (C) photograph in
ventral view; (D) interpretive drawing of the same; (E) photograph in labial view; (F)
interpretive drawing of the same; (G) photograph in lingual view; (H) interpretive drawing of
the same. Abbreviations: a, articular; ac, adductor chamber; an, angular; c1, ûrst coronoid
(<precoronoid=); c2, second coronoid (<intercoronoid=); c3, third coronoid (<coronoid=); cpr,
coronoid process; d, dentary; hp, hamate process; mf, Meckelian foramen; pa, prearticular;
ps, postsplenial; sa, surangular; sp, splenial. Note that this hemimandible is associated with
the skull in Fig. 1 2 . Scale bars equal to 5 cm.
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Figure 35
Left hemimandible referred to Buettnererpeton bakeri, UMMP 13947.

(A) photograph in dorsal view; (B) interpretive drawing of the same; (C) photograph in
ventral view; (D) interpretive drawing of the same; (E) photograph in labial view; (F)
interpretive drawing of the same; (G) photograph in lingual view; (H) interpretive drawing of
the same. Abbreviations: a, articular; ac, adductor chamber; an, angular; c1, ûrst coronoid
(<precoronoid=); c2, second coronoid (<intercoronoid=); c3, third coronoid (<coronoid=); cpr,
coronoid process; d, dentary; hp, hamate process; mf, Meckelian foramen; pa, prearticular;
ps, postsplenial; sa, surangular; sp, splenial. Scale bars equal to 5 cm.

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Figure 36
Partial hemimandibles in dorsal, ventral, lingual, and labial views (top to bottom)
referred to Buettnererpeton bakeri.

(A) UMMP 13975, nearly complete left hemimandible; (B) UMMP 13827, partial right
surangular; (C) UMMP 13828, partial left surangular; (D) UMMP 13949, partial posterior left
hemimandible; (E) UMMP 13948, partial posterior right hemimandible; (F) UMMP 12970,
partial anterior left hemimandible; (G) UMMP 13945, partial anterior left hemimandible. Scale
bars equal to 5 cm.
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Figure 37
Isolated atlas referred to Buettnererpeton bakeri, UMMP 13792.

(A) anterior view; (B) posterior view. Scale bar equal to 1 cm.
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Figure 38
Isolated possible axis (A) and postcervical (B3F) intercentra in anterior, posterior, dorsal,
ventral, and left lateral views (left to right) referred to Buettnererpeton bakeri.

(A, C, F) UMMP 118525 (in part); (B) UMMP 12945 (in part); (D) UMMP 118527 (in part); (E)
UMMP 118526 (in part). For dorsal and ventral views, anterior is facing up. Scale bars equal
to 1 cm.
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Figure 39
Isolated anterior dorsal (A3E) and mid-dorsal (F3H) intercentra in anterior, posterior,
dorsal, ventral, and left lateral views (left to right) referred to Buettnererpeton bakeri.

(A3F, H) UMMP 118525 (in part); (G) UMMP 118526 (in part). For dorsal and ventral views,
anterior is facing up. Scale bars equal to 1 cm.
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Figure 40
Isolated presacral intercentra in anterior, posterior, dorsal, ventral, and left lateral views
(left to right) referred to Buettnererpeton bakeri.

(A, C, E) UMMP 12945 (in part); (B, D) UMMP 118527 (in part); (F-H) UMMP 118525 (in part).
For dorsal and ventral views, anterior is facing up. Scale bars equal to 1 cm.
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Figure 41
Isolated perisacral intercentra in anterior, posterior, dorsal, ventral, and left lateral
views (left to right) referred to Buettnererpeton bakeri.

(A, C) UMMP 12945 (in part); (B, D) UMMP 118526 (in part); (E) UMMP 118525 (in part). For
dorsal and ventral views, anterior is facing up. Scale bars equal to 1 cm.
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Figure 42
Isolated anterior caudal (postsacral) (A3D), caudal (E), and small indeterminate position
(F3G) intercentra in anterior, posterior, dorsal, ventral, and left lateral views (left to
right) referred to Buettnererpeton bakeri.

(A-B, D, F) UMMP 12945 (in part); (C) UMMP 118525 (in part); (E, G) UMMP 118527 (in part).
For dorsal and ventral views, anterior is facing up. Scale bars equal to 1 cm.
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Figure 43
Indeterminate intercentra in anterior, posterior, dorsal, ventral, and left lateral views
(left to right) referred to Buettnererpeton bakeri.

(A-B, E) UMMP 12945 (in part); (C) UMMP 118525 (in part); (D) UMMP 118526 (in part); (F)
UMMP 118527 (in part). For dorsal and ventral views, anterior is facing up. Scale bars equal
to 1 cm.
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Figure 44
Isolated cervical (type A) and anterior dorsal (type C) ribs in anterior, dorsal, posterior,
and ventral views (left to right) and on the far right, in proximal and distal views (top to
bottom) referred to Buettnererpeton bakeri, UMMP 13788 (in part

(A) left rib; (B-C) right ribs. (A) type A rib; (B) type C rib; (C) partial, proximal type C rib.
Scale bars equal to 1 cm.
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Figure 45
Isolated neural arches (A-C) and haemal arches (D-E) in (A) dorsal, ventral, anterior,
posterior, and left lateral views (left to right) and (B-E) in dorsal, ventral, lateral, and
medial views (left to right) referred to Buettnererpeton bakeri.

(A) UMMP 14205; (B) left caudal neural arch, UMMP 13780 (in part); (C) partial right caudal
neural arch, UMMP 13780 (in part); (D) partial right haemal arch, UMMP 13779 (in part); (E)
partial right haemal arch, UMMP 13779 (in part). In dorsal and ventral views, anterior is
facing up. Scale bars equal to 1 cm.
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Figure 46
Isolated left, mid-dorsal (type E or F) ribs in anterior, dorsal, posterior, and ventral views
(left to right) and on the far right, in proximal and distal views (top to bottom) referred
to Buettnererpeton bakeri.

(A) UMMP 13778; (B-C) UMMP 13788 (in part). B is incomplete on the proximal end and D is
incomplete on the distal end. Scale bars equal to 1 cm.
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Figure 47
Isolated posterior dorsal (types G and H or H/I) ribs in anterior, dorsal, posterior, and
ventral views (left to right) and on the far right, in proximal and distal views (top to
bottom) referred to Buettnererpeton bakeri.

(A-D, F, H) left ribs; (E, G, I-K) right ribs. (A) type H/I rib; (B-C) type G/H ribs; (D-H) type H
ribs. (A) UMMP 13783; (B-C) UMMP 13788 (in part); (D-H) UMMP 13776 (in part). Scale bars
equal to 1 cm.
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Figure 48
Isolated perisacral (type I) or anterior caudal (type J) ribs in anterior, dorsal, posterior,
and ventral views (left to right) and on the far right, in proximal and distal views (top to
bottom) referred to Buettnererpeton bakeri.

(A, D-E) right ribs; (B-C) left ribs. (A) large type I/J rib; (B-C) type I ribs; (E-F) type J ribs. (A-

D) UMMP 13788 (in part); (E) UMMP 13776 (in part). A is incomplete on the distal end and D
is incomplete on the proximal and distal ends. Scale bars equal to 1 cm.
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Figure 49
Photographs of partial right scapula referred to Buettnererpeton bakeri, UMMP 13786.

(A) anterior view; (B) medial view; (C) posterior view; (D) lateral view; (E) dorsal view; (F)
ventral view. Scale bars equal to 1 cm.
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Figure 50
Photographs of isolated cleithra referred to Buettnererpeton bakeri.

(A) UMMP 14099 (in part), complete right cleithrum in anterior, medial, posterior, and lateral
views (left to right); (B) UMMP 13788 (in part), partial left cleithrum in anterior, medial,
posterior, and lateral views (left to right). Scale bar equal to 1 cm.
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Figure 51
Ventral view of isolated clavicles referred to Buettnerpeton bakeri.

(A) UMMP 13028; (B) UMMP 13824; (C) UMMP 13825; (D) UMMP 13896; (E) UMMP 13897; (F)
UMMP 13898; (G) UMMP 13899; (H) UMMP 13900; (I) UMMP 13901; (J) UMMP 13902; (K)
UMMP 13903; (L) UMMP 13904; (M) close-up of sensory groove in UMMP 138028; (N) close-
up of sensory groove in UMMP 13898; (O) close-up of sensory groove in UMMP 13902; (P)
close-up of equivalent region in UMMP 13901 (reûected for a consistent view) showing the
absence of a groove. All elements are oriented with the anterior face pointing up. Arrows in
parts M-O point to the sensory groove. Scale bar equal to 5 cm.
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Figure 52
Dorsal view of isolated clavicles referred to Buettnererpeton bakeri.

(A) UMMP 13028; (B) UMMP 13824; (C) UMMP 13896; (D) UMMP 13897; (E) UMMP 13898; (F)
UMMP 13900; (G) UMMP 13901; (H) UMMP 13902; (I) UMMP 13903; (J) UMMP 13904. All
elements are oriented with the anterior face pointing up. Scale bar equal to 5 cm.
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Figure 53
Lateral view of isolated clavicles referred to Buettnererpeton bakeri.

(A-F) left clavicles; (G-L) right clavicles. (A) UMMP 13028; (B) UMMP 13898; (C) UMMP
13900; (D) UMMP 13902; (E) UMMP 13903; (F) UMMP 13904; (G) UMMP 13824; (H) UMMP
13825; (I) UMMP 13896; (J) UMMP 13897; (K) UMMP 13899; (L) UMMP 13901. Scale bar equal
to 5 cm.
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Figure 54
Medial and posterior views of isolated clavicles referred to Buettnererpeton bakeri.

(A-E) left clavicles in medial view; (F-I) right clavicles in medial view; (J-M) left clavicles in
posterior view; (N-Q) right clavicles in posterior view. (A) UMMP 13028; (B) UMMP 13898; (C)
UMMP 13900; (D) UMMP 13902; (E) UMMP 13903; (F) UMMP 13824; (G) UMMP 13896; (H)
UMMP 13897; (I) UMMP 13901; (J) UMMP 13028; (K) UMMP 13898; (L) UMMP 13902; (M)
UMMP 13903; (N) UMMP 13824; (O) UMMP 13896; (P) UMMP 13897; (Q) UMMP 13 901 . Scale
bars equal to 5 cm.
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Figure 55
Ventral view of isolated interclavicles referred to Buettnererpeton bakeri.

(A) UMMP 13027; (B) UMMP 13029; (C) UMMP 13029; (D) UMMP 13906; (E) UMMP 13907; (F)
UMMP 13908; (G) UMMP 13910. All elements are oriented with the anterior face pointing up.
Scale bar equal to 5 cm.
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Figure 56
Ventral view of isolated interclavicles referred to Buettnererpeton bakeri.

(A) UMMP 13911; (B) UMMP 13912; (C) UMMP 13913; (D) UMMP 13914; (E) UMMP 13915. All
elements are oriented with the anterior face pointing up. Scale bar equal to 5 cm.
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Figure 57
Dorsal view of isolated interclavicles referred to Buettnererpeton bakeri.

(A) UMMP 13027; (B) UMMP 13029; (C) UMMP 13908; (D) UMMP 13913; (E) UMMP 13914; (F)
UMMP 13915. All elements are oriented with the anterior face pointing up. Scale bar equal to
5 cm.
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Figure 58
Isolated right humeri referred to Buettnererpeton bakeri, UMMP 13772 (right) and UMMP
13775 (left).

(A) anterior view; (B) medial view; (C) posterior view; (D) lateral view; (E) proximal view; (F)
distal view. Abbreviations: dpc, deltopectoral crest; ec, ectepicondyle; ent, entepicondyle;
md; insertion for the m. deltoideus; mi, insertion for the m. biceps brachii or the m. pectoralis

major; sup, supinator process. Scale bars equal to 1 cm.
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Figure 59
Isolated right ulna referred to Buettnererpeton bakeri, UMMP 13782.

(A) anterior view; (B) medial view; (C) posterior view; (D) lateral view; (E) proximal view; (F)
distal view. Scale bars equal to 1 cm.

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Figure 60
Isolated right radius referred to Buettnererpeton bakeri, UMMP 13773 (in part).

(A) anterior view; (B) medial view; (C) posterior view; (D) lateral view; (E) proximal view; (F)
distal view. Scale bars equal to 1 cm.
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Figure 61
Isolated autopodial elements referred to Buettnererpeton bakeri, UMMP 13784
(metapodials) and UMMP 13785 (phalanges).

(A) UMMP 13784 in view 1; (B) UMMP 13784 in view 2; (C) UMMP 13785 in view 1; (D) UMMP
13785 in view 2. The diûerent views are not speciûed by anatomical proûle because it is not
possible to determine dorsal and ventral based on the preserved anatomy. Scale bar equal to
1 cm.
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Figure 62
Isolated ilia referred to Buettnerpeton bakeri, UMMP 13789.

Four ilia are from the left side of the body, and two ilia are from the right side. (A) lateral
view; (B) medial view; (C), ventral view; (D) dorsal view. Scale bars equal to 1 cm.
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Figure 63
Large, isolated femora referred to Buettnererpeton bakeri, UMMP 12946 (right femur)
and UMMP 12947 (left femur).

(A) UMMP 12947 in anterior view; (B) UMMP 12946 in the same view; (C) UMMP 12947 in
dorsal (extensor) view; (D) UMMP 12946 in the same view; (E) UMMP 12947 in posterior view;
(F) UMMP 12946 in the same view; (G) UMMP 12947 in ventral (ûexor) view; (H) UMMP 12946
in the same view; (I) UMMP 12947 in proximal view; (J) UMMP 12946 in the same view; (K)
UMMP 12947 in distal view; (L) UMMP 12946 in the same view. Abbreviations: adc, adductor
crest; fc, ûbular condyle; if intercondylar fossa; int, intertrochanteric fossa; iis, insertion of m.

ischiotrochantericus; pf, popliteal fossa; tc, tibial condyle; tr, trochanter. For I-L, anterior is
facing up. Scale bars equal to 1 cm.
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Figure 64
Photographs of isolated small right femora referred to Buettnererpeton bakeri, UMMP
13773 (in part).

(A) anterior view; (B) dorsal (extensor) view; (C) posterior view; (D) ventral (ûexor) view; (E)
proximal view; (F) distal view. Abbreviations: adc, adductor crest; fc, ûbular condyle; if
intercondylar fossa; iis, insertion of the m. ischiotrochantericus; int, intertrochanteric fossa;
pf, popliteal fossa; tc, tibial condyle; tr, trochanter. For E-F, anterior is facing up. Scale bars
equal to 1 cm.
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Figure 65
Isolated ûbulae referred to Buettnererpeton bakeri, UMMP 13781.

(A) anterior view; (B) medial (ûexor) view; (C) posterior view; (D) lateral (extensor) view; (E)
proximal view; (F) distal view. Abbreviations: fs, 8ûbular sulcus9; imf, intermedial facet. For E-
F, anterior is facing up. Scale bars equal to 1 cm.
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Figure 66
Isolated tibiae referred to Buettnererpeton bakeri, UMMP 13774.

One tibia is from the left side and two are from the right side. (A) anterior view; (B) medial
(extensor view); (C) posterior view; (D) lateral (ûexor) view; (E) proximal view; (F) distal
view. Abbreviations: cn, cnemial crest; cnt, cnemial trough; cat, 8crista anterior tibiae9; imf,
intermedial facet. Scale bars equal to 1 cm.
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Figure 67
Comparison of topologies recovered with diûerent parsimony analyses of the matrix of
this study.

(A) strict consensus recovered from analysis in PAUP* with certain multistate characters
ordered; (B) strict consensus recovered from analysis in PAUP* with all multistate characters
unordered. Topologies are restricted to higher stereospondyls (post-Lydekkerina). Bremer
values are above the line, and bootstrap values are below. All values not considered to meet
standard thresholds for 8strong support9 (Bremer index g 3; bootstrap value g 50%) are in
gray text.
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Figure 68
Comparison of tree islands recovered with diûerent parsimony analyses of the matrix of
this study.

(A) strict consensus of tree island 1 from the analysis with certain multistate characters
ordered; (B) strict consensus of tree island 2 from the analysis with certain multistate
characters ordered; (C) strict consensus of tree island 1 from the analysis with all multistate
characters unordered; (D) strict consensus of tree island 2 from the analysis with all
multistate characters unordered. Topologies are restricted to higher stereospondyls (post-
Lydekkerina).
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Figure 69
Comparison of topologies recovered with diûerent Bayesian analyses of the matrix of
this study.

(A) 50%-majority-rule consensus recovered from analysis in MrBayes with certain multistate
characters ordered; (B) 50%-majority-rule consensus recovered from analysis in MrBayes
with all multistate characters unordered. Topologies are restricted to higher stereospondyls
(post-Lydekkerina). Posterior probabilities are below the line and italicized. All values not
considered to meet standard thresholds for 8strong support9 (posterior probabilityg 70%) are
in gray text.
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Figure 70
Comparison of topologies recovered with diûerent analyses of the matrix of Buûa, Jalil &
Steyer (2019).

(A) original strict consensus with newly reported bootstrap and Bremer values; (B) strict
consensus recovered when seven characters were ordered (Appendix 3) but scores were
otherwise left unchanged; (C) strict consensus recovered with scoring modiûcations and no
ordering of any characters; (D) strict consensus recovered with scoring modiûcations and
seven ordered characters. Bremer values are above the line; bootstrap values are below. All
values not considered to meet standard thresholds for 8strong support9 (Bremer index g 3;
bootstrap value g 50%) are in gray text.
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Figure 71
Partial ontogenetic trajectory of Buettnererpeton bakeri.

(A) the smallest known partial to complete skull, YPM VPPU 021742; (B) composite
reconstruction based on the specimens from the Elkins Place Bonebed; (C) larger specimen
from the Boren Quarry, TTU-P 10530 (reproduced from Martz, 2008:ûg. 4.2b). Note that Martz
ûgured a slightly larger but slightly more incomplete skull from the Boren Quarry, but only
relatively low-resolution photographs that do not permit an interpretive line drawing to be
derived from them were provided. Scale bars equal to 5 cm.
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Figure 72
Comparison of topologies recovered with diûerent analyses of the matrix of this study
with all nodes that do not meet the standard thresholds for strong support collapsed.

These topologies reûect the only relationships that we feel can be regarded as robust and
thus used in broader narratives of metoposaurid evolution. (A) collapsed strict consensus
from the analysis in PAUP* with certain multistate characters ordered; (B) collapsed strict
consensus recovered from the analysis in PAUP* with all multistate characters unordered; (C)
collapsed 50%-majority-rule consensus from analysis in MrBayes with certain multistate
characters ordered; (D) collapsed 50%-majority-rule consensus from analysis in MrBayes with
all multistate characters unordered. Thresholds for 8strong support9 were as follows: Bremer
index g 3; bootstrap value g 50%; posterior probabilityg 70%. A node was collapsed if it did
not meet any of these.

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Figure 73
Size chart comparing midline skull lengths between metoposaurids.

Midline skull length is based on the length from the anterior margin of the premaxillae to the
posterior margin of the postparietals. Refer to Table S2 for list of measurements and data
annotations.

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Figure 74
Comparison of stratigraphic ranges of the North American metoposaurids.

Ranges are based on diagnostic voucher specimens from localities with established
stratigraphic position. The lowest occurrence of Buettnererpeton bakeri is the Elkins Place
bone bed (Case, 1931, 1932; Lehman & Chatterjee, 2005; this study), while the highest
occurrence is the Boren Quarry (Martz, 2008). The lowest occurrence of Anaschisma browni is
the Otis Chalk Quarries (Sawin, 1945), while the highest occurrence is probably Rotten Hill
(Lucas et al., 2016). Anaschisma browni9s range may be extended considerably to higher
stratigraphic units if specimens currently lacking published documentation or apomorphies
(e.g., large, isolated intercentra) are included. The lowest occurrence of Apachesaurus

gregorii, if all referred material (A) is considered (following Spielmann & Lucas, 2012;
Rinehart & Lucas, 2018), is the Otis Chalk quarries, whereas if only diagnostic cranial
material (C) is considered (Gee & Parker, 2020), this bound is the Post Quarry. Either range
may be extended lower by the cranial material from Collier9s Ranch (uncertain position in the
Tecovas Formation). The highest occurrence is Gregory9s Quarry.
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Table 1(on next page)

Complete listing of specimens of Buettnererpeton bakeri reposited at the University of
Michigan Museum of Paleontology (UMMP) that were examined as part of this study.
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

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Table 2(on next page)

Literature sources used for phylogenetic scoring of matrices. Taxa are listed in
alphabetical order.
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


 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 



PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Table 3(on next page)

Comparative measurements of partial to complete skulls of Buettnererpeton bakeri.

Asterisk (*) denotes an estimate; all estimates are made only for relatively complete
specimens. Abbreviations for measurements: EW, maximum width across exoccipital
condyles; PrO, preorbital length; PrP, prepineal length; PoO, postorbital length; PoP,
postpineal length; SL, midline skull length from premaxilla to postparietals; SW, maximum
skull width. All measurements are in centimeters.
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Table 4(on next page)

Comparative measurements of partial to complete interclavicles of Buettnererpeton
bakeri.

Abbreviations for measurements: IL, maximum interclavicle length; IW, maximum
interclavicle width; PW, maximum width of region of circular pitting. Note that for practically
all specimens, the maximum length represents an incomplete total length; any measurement
that is not considered to be a close approximation of the true length is marked with an
asterisk (*). Estimates derived from a half-measurement and an assumption of symmetry are
indicated by italics.
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    
    
    
    
    
    
    
    
    
    

    

    



PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



Table 5(on next page)

Summary table of sources of non-ontogenetic intraspeciûc variation (polymorphism) in
features that have been historically utilized in taxonomy and phylogenetic analyses.

This is not an exhaustive list of all previously reported polymorphisms; additional sources of
intraspeciûc variation not related to features typically employed for taxonomy or
phylogenetic characters are detailed by Dutuit (1976), Sulej (2007:appendix 2), and Lucas et
al. (2016).

PeerJ reviewing PDF | (2022:01:70490:1:2:NEW 8 Jul 2022)

Manuscript to be reviewed



 5�Sn����������	(
��S��

�����

 �t��th������
�	t��Su��S�S��������	S����
 
 
 

  


  

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