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ABSTRACT

Five anurans have been previously reported from the Eocene Green River Formation, of which only two, a nearly complete skeleton and a tad-
pole, have been described. The skeleton has been identified as either Eopelobates Parker, 1929, or a pelobatid close to Eopelobates and Pelobates 
Wagler, 1830, but the tadpole is indeterminate. Another specimen has been figured but not described, another is a skin impression that is probably 
indeterminate, and the other is presumably lost. A sixth specimen is reported here. It represents a new genus and species, Aerugoamnis paulus, 
which is the first anuran to be reported from the Wasatchian (early Eocene) Fossil Butte Member of the Green River Formation. It consists of a 
single specimen that is dorsoventrally flattened and exposed primarily in dorsal view on one slab of rock, with a poor impression of the skull and 
a few bone fragments representing the counterpart. The specimen is nearly complete and the bones are preserved in articulation or in close asso-
ciation. The presence of a spiral groove of the iliac shaft suggests affinity with Anomocoela, a hypothesis that was tested through a phylogenetic 
analysis including representatives of the major clades of Costata, Xenoanura, Neobatrachia, and Anomocoela. The analyzed data set consists of 66 
osteological characters scored for six fossil and 20 extant taxa. Results of the analysis place Aerugoamnis as a member of the stem of Pelodytidae. 
This placement is based on possession of two synapomorphies: presence of a distinct otic ramus of the squamosal and the crista parotica is poorly 
developed. Unlike extant pelodytids, Aerugoamnis has nasals that are separated by a narrow gap, a ventral flange on the pterygoid, and unfused 
tibiale and fibulare. Prior to the discovery of Aerugoamnis, fragmentary remains from the middle Eocene of Europe, the earliest of which are 
Lutetian (MP 13),  have been questionably referred to the family. Aerugoamnis now is the earliest known occurrence of the anomocoelan lineage 
represented today by Pelodytidae. 
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The Green River Formation is famous for the abundant and 
exquisitely preserved fossils that it has produced, includ-
ing a variety of vertebrate fossils. The formation was de-
posited primarily in three lakes, Lake Gosiute, Lake Uinta, 
and Fossil Lake during the Eocene. Among vertebrate fos-
sils, fishes are the most common, followed by birds and 
turtles, with remains of crocodilians, amphibians, and 
mammals being somewhat rare (Grande 1984). To date, 
only five occurrences of fossil frogs have been reported 
from the Green River Formation. Cope (1884) mentioned 
the presence of a partial skull and vertebral column of a 
possibly immature anuran collected by Hayden. Grande 
(1984) has suggested that it most likely is from Hayden’s 
“Petrified Fish Cut,” which is in the lower 10 meters of 
the Laney Member of Lake Gosiute near Green River, 
Wyoming. The repository of this specimen is currently 
unknown. Grande (1984) reported on the presence of two 
additional, complete anurans, one from the G-4 locality in 
the Laney Member of Lake Gosiute and the other from the 
U-2 locality in the upper Parachute Creek Member of Lake 

Uinta, near Douglass Pass, Colorado. The G-4 specimen 
is a nearly complete anuran preserved as an impression of 
the dorsal surface of the skeleton, which Grande (1984) 
identified as a probable new species of the pelobatid genus 
Eopelobates Parker, 1929. Roček and Rage (2000) later 
corroborated its identity as a pelobatid (Eopelobates + 
Pelobates Wagler, 1830). The U-2 specimen consists of the 
skin impression of an anuran that Grande (1984) attributed 
to Eopelobates and Roček and Rage (2000) regarded as in-
determinate. Another specimen from the Parachute Creek 
Member of Lake Uinta is a metamorphosed frog from Rio 
Blanco County, Colorado, that was figured, but not de-
scribed, by Johnson and Stucky (1995; Gardner, 1999). An 
anuran tadpole, preserved as a skin impression, from the 
Evacuation Creek Member of Lake Uinta, near the ghost 
town of Watson, Uintah County, Utah, was described by 
Gardner (1999), but he was unable to identify it due to the 
lack of diagnostic characters. 
 This paper reports an additional anuran that was col-
lected from the Fossil Butte Member deposits of Fossil 
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Lake, near Kemmerer, Wyoming, which is identified here 
as a new genus and species of a stem pelodytid. The fossil 
was obtained from a whitish, laminated calcimicrite that 
was dated at about 52 Ma (Smith et al. 2010), which places 
it in the Wasatchian North American Land Mammal age. 
It represents the first anuran to be recovered from the Fos-
sil Butte Member of the Green River Formation and adds 
greatly to our knowledge of anuran evolution, diversity, 
and paleobiogeography.

ABBREVIATIONS

Anatomical.—as, angulosplenial; c, columella; d, den-
tary; eo-po, fused exoccipital-prootic; fp, frontoparietal; 
il, ilium; is, ischium; m, maxilla; mk, mentomeckelian; n, 
nasal; pm, premaxilla; p, parasphenoid; pp, posteromedial 
process of hyoid apparatus; pt, pterygoid; qj, quadratoju-
gal; sg, spiral groove; sp, sphenethmoid; sq, squamosal; 
sv, sacral vertebra; svl, snout-vent length; u, urostyle.

Institutional.—AMNH, American Museum of Natural 
History, New York; CM, Carnegie Museum of Natural 
History, Pittsburgh; DMNH, Denver Museum of Natural 
History; FCEN, Facultad de Ciencias Exactas y Naturales, 
Universidad de Buenos Aires, Buenos Aires; FMNH, The 
Field Museum, Chicago; KU, University of Kansas, Law-
rence; MACN, Museo Argentino de Ciencias Naturales, 
Buenos Aires; MCNS, Museo de Ciencias Naturales, Sal-
ta; MCZ, Museum of Comparative Zoology, Cambridge; 
MNCN, Museo Nacional Ciencias Naturales, Madrid; 
MSU, Michigan State University, East Lansing; USNM, 
United States National Museum, Washington, D.C.; UTA, 
University of Texas at Austin.

SYSTEMATIC PALEONTOLOGY
Amphibia Linnaeus, 1758

Anura Fischer von Waldheim, 1813
Anomocoela Nicholls, 1916

Aerugoamnis, new genus

Type Species.—Aerugoamnis paulus, new species

Diagnosis.—A member of Anomocoela based on the 
presence of a spiral groove on the iliac shaft. Within Ano-
mocoela two characters indicate pelodytid affinities: otic 
ramus of squamosal forms distinct process and the crista 
parotica reduced. Aerugoamnis differs from extant Pelo-
dytes Bonaparte, 1838, in that the nasals are separated me-
dially by a narrow gap and the pterygoid bears a ventral 
flange. It differs from Pelodytes and Miopelodytes Taylor, 
1941, in lack of fusion of the tibiale and fibulare to form a 
single element. 

Etymology.—A combination of aerugo, Latin, for green 
and amnis, Latin, for river, in reference to the Green River 
Formation.

Aerugoamnis paulus, new species

Holotype.—FMNH PR2384: (Fig. 1) a nearly complete, 
articulated skeleton preserved as part on a slab of lime-
stone. The unnumbered counterpart to this specimen, 
which consists of a poor skull impression and very little 
bone, is held in a private collection and thus is not a com-
ponent of the holotype.

Locality and horizon.—Thompson Ranch Locality #1 

Table 1. Skeletal measurements of Aerugoamnis paulus. 
Measurements are in millimeters.

Length Width

SVL (snout-vent-length) 19.3

Skull 6.6 7.8

Posteromedial process of hyoid apparatus, left 1.5

Posteromedial process anterior end 1.4

Posteromedial process posterior end 1.6

Vertebral column 6.7

Urostyle 4.5

Cleithrum, left 2.2

Scapula, left 1.9

Humerus, left 4.0

Radioulna, left 2.9

Metacarpal III, right 1.1

Femur, right 8.1

Tibiofibula, right 8.3

Tibiale, right 3.7

Fibulare, right 3.9

Metatarsal IV, right ~2.9

Forelimb 8.0

Hind limb 23.2



2013  HenriCi, Báez, And GrAnde—neW AnurAn from Green riVer formAtion                          297

(sensu Grande 2013) near Kemmerer, Wyoming, in the 
sandwich horizon of the Fossil Butte Member of the Green 
River Formation; lower Eocene, Wasatchian.

Diagnosis.—As for genus (currently monotypic).

Etymology.—paulus, Latin, for little.

Description

General.—The only known specimen is exposed as part, 
FMNH PR2384 (holotype: Fig. 1), and counterpart, which 
is unnumbered and held in a private collection but avail-
able to us for study. The majority of the skeleton is pre-
served on the part, whereas the counterpart contains only 
a few pieces of original bone and poor impression of the 
skull. Both the rock and some of the bone has been re-
stored in FMNH PR2384. Here, a broad crack extends 
across the slab, passing through the sacral vertebra and left 
manus. The left tibiofibula is crossed by two broad cracks, 
one just distal of its midlength and another at its distal end. 
The latter crack also passes through the proximal ends of 
the tibiale and fibulare. These cracks have been filled with 
a material that closely resembles the surrounding matrix. 
Where the broad cracks cross the fossil skeleton, the miss-
ing bone has been restored. The specimen is coated with a 
thick layer of glue that forms a yellowish halo around the 
specimen and obscures detail in parts of the skeleton.
 The specimen is nearly complete, and the bones are 
preserved in articulation or are closely associated. Strong 
dorsoventral compression has flattened the skeleton to a 
horizontal plane. The skull and vertebral column are pre-
served in dorsal aspect, with the limbs being fully extend-
ed and splayed from the trunk. Most of the elements of the 
skeleton are represented by bone, though the superficial 
bone is missing in some, and a minor number of bones or 
portions of bone are represented by impressions. 
 The specimen is small, with a snout-vent length (mea-
sured from tip of snout to end of pelvic girdle) of 19.3 mm 
(Table 1). The presence of an ossified columella indicates 
that the frog is a postmetamorphic individual. In most an-
urans in which the ossification sequence is known a colu-
mella, when present, always ossifies after metamorphosis 
is completed (e.g., Wiens 1989; Rodríguez Talavera 1990; 
Hall and Larsen 1998; Maglia 2003). Some carpal bones 
are ossified, but none of the tarsal bones are. Carpal and 
tarsal bones are usually the last to ossify in anurans (Wiens 
1989; Maglia 2003), and this may occur well after the end 
of metamorphosis. 

Skull.—(Figs. 1C, D). Sculpturing does not occur on any 
of the dermal skull bones. The premaxilla has a tooth- 
bearing pars dentalis and a long alary process that is later-
ally deflected at its distal end. Fifteen tooth positions are 
evenly distributed along the pars dentalis with 12 and ten 
teeth preserved in the left and right premaxillae, respec-

tively. The long, slender, distally tapering maxilla extends 
posteriorly beyond the midlength of the orbit, but it does 
not reach the level of the posterior end of the orbit. The 
preorbital portion of the pars facialis of the maxilla is rela-
tively high and of constant height up to the level of the an-
terior margin of the orbit, where it forms a distinct, acute, 
medially directed process. Because the skull is flattened, it 
cannot be determined if this is a preorbital process, which 
in an articulated specimen would be directed towards and/
or articulate with the maxillary process of the nasal, or a 
palatine process. In the orbital region, the maxillary pars 
facialis is shallow, lacking a zygomatic process for articu-
lation with the squamosal posteriorly. About 48 tooth po-
sitions are present along the pars dentalis of the maxilla. 
The small size of the teeth, coupled with poor exposure of 
some of them, make an accurate count difficult. As in the 
premaxilla, the teeth are pedicellate and, presumably, bi-
cuspid. The anteriormost end of the maxilla is edentulous 
and in an articulated specimen would have overlapped a 
small portion of the lateral end of the premaxilla dorsal 
of the tooth row, where the premaxilla is beveled for re-
ception of the maxilla. Posteriorly, the maxilla ends in an 
acuminate, edentulous posterior process that most likely 
articulated with the quadratojugal. The right quadratojugal 
is present in the counterpart, and a sliver of the left quadra-
tojugal is present in FMNH PR2384.
 As preserved, the bone comprising the nasals is very 
thin and somewhat translucent, especially the distal pe-
riphery of the bone, resulting in the underlying paired 
vomers being partially visible through the nasals. The 
nasals are sickle-shaped with a concave anterior margin 
that embraces posteriorly the fenestra exonarina. They are 
separated medially by a narrow gap and diverge from one 
another at their posterior ends. The distally tapering maxil-
lary process extends laterally to form the anterior margin 
of the orbit and may have contacted the maxilla in an ar-
ticulated specimen. Posteriorly, the nasals contact the an-
terior margin of the sphenethmoid.
 Dorsoventral compression has caused the medial edges 
of the frontoparietals to be ventrally declined. As a result 
the medial edges of the frontoparietals, just posterior of the 
midlength of this element, contact the dorsal surface of the 
cultriform process of the parasphenoid, which is partially 
exposed between the frontoparietals. The anteriormost 
ends of the frontoparietals are not in contact, allowing the 
underlying sphenethmoid to be visible. From here to about 
the midlength, the medial edges of the frontoparietals are 
difficult to discern due to a covering of glue and matrix. 
Some bone in this region may be missing, which could 
have occurred when the specimen was collected. The fron-
toparietals are not in contact posteriorly. Because of uncer-
tainty about the completeness of the medial edges of the 
frontoparietal, it cannot be determined if the right and left 
halves of the frontoparietal were medially separate from 
one another throughout their length. The lateral edges 
of the frontoparietals are straight and roughly parallel to 
one another, with no development of supraorbital flanges. 
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Fig. 1.— Aerugoamnis paulus, new genus and new species, FMNH PR2384. A, photograph of specimen in dorsal view; B, outline drawing of skeleton 
that excludes inaccurate skeletal recontruction of left manus and digit V of left pes; C, photograph of skull, posteromedial process of hyoid apparatus, and 
shoulder girdle in dorsal view; D, outline drawing of skull and posteromedial process of hyoid apparatus in dorsal view. Areas shaded gray represent recon-
structed matrix. See abbreviations in text.
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It cannot be determined if posterolateral processes were 
present due to damage in this region. The posterior mar-
gins of both frontoparietals appear to be incomplete. 
 The anterior end of the roof of the sphenethmoid is ex-
posed between the nasals and frontoparietal. The sphen-
ethmoidal ossification does not extend much anterolateral-
ly, so it is assumed that the antorbital planes were entirely 
cartilaginous.
 The squamosal bears distinct and nearly equally devel-
oped zygomatic and otic rami, as well as a longer ventral 
ramus. The otic ramus is very thin and dorsally convex, 
more so in the left than in the right. A well-developed otic 
plate for articulation with the crista parotica is absent. The 
gracile zygomatic ramus tapers distally and has a convex 
dorsal border and a concave ventral border. The relatively 
short length of the zygomatic ramus, together with the lack 
of a zygomatic process on the maxilla, indicates that the 
squamosal and maxilla were not in articulation. The ven-
tral ramus is the longest of the three rami.
 Most of both pterygoids are visible in dorsal aspect and 
are triradiate. The anterior ramus is straight, lacking a dis-
tal curvature, and is preserved in articulation with the max-
illa. This articulation occurs at the anterior one-third of the 
orbital length, resulting in a wide separation between the 
anterior ramus of the pterygoid and the planum antorbitale. 
The right posterior ramus is better preserved than the left 
and is considerably shorter than the anterior ramus, termi-
nating distally in a rounded margin. The medial ramus of 
the left pterygoid is exposed, and it is less than twice the 
length of the anterior ramus. It cannot be determined if 
the medial ramus articulated with the corresponding para-
sphenoid ala because of overlying bones on both sides of 
the skull. An arcuate ventral flange is present on the lat-
eral edge of the pterygoid, and it extends from the medial 
portion of the anterior ramus to the medial portion of the 
posterior ramus.
 The exoccipitals and prootics are fused to form the otic 
capsules, which are incompletely and poorly preserved. 
This region has been strongly dorsoventrally compressed 
and a considerable amount of bone from the dorsal surface 
is missing. The ventrolateral edges of the foramen mag-
num from the level of the occipital condyles converge to-
wards one another and meet at the skull midline, giving the 
foramen magnum a triangular outline. The occipital con-
dyles are narrowly separated and are not stalked. The cris-
tae paroticae do not extend greatly laterally. Both right and 
left columellae are preserved adjacent to their respective 
otic capsules. The medial end of the columella is expanded 
to form the footplate, and the slender lateral end forms the 
stylus.
 The mandibles are visible in openings of the skull or 
through thin overlying skull bones. The nearly complete 
left mandible is exposed in medial aspect. It is missing 
only the distal end of the angulosplenial, and the left men-
tomeckelian and left premaxilla covers the anterior end of 
the dentary. The right angulosplenial is dorsomedially ex-
posed, and its distal end is represented by an impression. A 

mentomeckelian bone is present at the anterior end of the 
left dentary, which is exposed in medial aspect. The lower 
jaw articulation is located slightly anterior to the level of 
the occiput. 

Hyoid apparatus.—The only preserved bone of the hyoid 
apparatus is the left posteromedial process, which is ex-
posed between the left otic capsule and left clavicle (Figs. 
1C, D). A long, broad shaft separates the transversely 
expanded proximal and distal ends. The distal end has a 
greater width than the proximal end (Table 1).

Vertebral column.—The vertebral column (Fig. 2) con-
sists of eight presacral and one sacral vertebrae and the 
urostyle. Most of the neural arches have cracks or ma-
trix‑filled gaps that extend from the anterior to posterior 
edges of the arches. Because most of these cracks do not 
occur along the vertebral midline, they are thought to be 
the result of dorsoventral compression rather than reflect-
ing incomplete ossification. Presacrals one, two, seven, 
and eight are incomplete, and all of their transverse pro-
cesses, with the exception of those on presacral four, are 
represented by a combination of bone and impressions. 
The atlantal neural arch is mainly represented by an im-
pression of its ventral surface, with a portion of its lateral 
edges and posterior end preserved as bone. The dorsal 

Fig. 2.— Aerugoamnis paulus, new genus and new species, FMNH 
PR2384. A, photograph of vertebral column and pelvis; B, outline draw-
ing of same. Roman numerals indicate selected presacacral vertebrae. 
Gray shading represents reconstructed matrix.
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edge of the atlantal cotyles is preserved as bone, how-
ever, and the cotyles are narrowly separated by a shallow 
intercotylar notch that conforms in shape to type II of 
Lynch (1971). The neural arches of presacrals two through 
seven (that of the eighth is too incomplete to determine its 
complete form) are wider than long, lack a neural spine, 
have a relatively straight posterior margin, and are nonim-
bricate. Anteroposterior length of the neural arches varies 
along the vertebral column. The atlantal neural arch is too 
poorly preserved to interpret its shape. The second pre-
sacral is also damaged and difficult to interpret, but the 
posterior portion of the right half of the neural arch is pre-
served and indicates that it is short and nonimbricate. The 
third presacral has the shortest neural arch of the presacral 
column, the fourth is slightly longer, and presacrals five 
through seven are of subequal length and slightly longer 
than the fourth. In presacral eight the left half of the neural 
arch is incomplete posteriorly, but enough of the right half 
is preserved to determine that it is slightly longer than the 
neural arch of presacral seven. Transverse processes of dif-
fering lengths occur on presacrals two through eight and 
free ribs are absent. In the second presacral the transverse 
processes are not fully exposed or preserved, but they ap-
pear to be thin and anteriorly directed. Transverse process-
es of the third and fourth broaden distally and are slightly 
arched posteriorly, with those of the third being longer 
and broader. Those of presacrals five through eight are of 
subequal length and thickness, being considerably shorter 
than the preceding ones. In presacral five the transverse 
processes are inclined slightly anteriorly, and they become 
successively more anteriorly inclined in presacrals six and 
seven, with those of presacral eight resembling those of 
presacral seven. 

 A broad, infilled crack extends transversely across the 
sacral vertebra, and the only remaining bony portions 
are the left posterolateral and the right anterolateral and 
posterolateral corners of the diapophyses and the posterior 
margin of the dorsal surface of the sacrum. The degree of 
expansion of the sacral diapophyses thus cannot be deter-
mined, because the reconstructed gap between the anterior 
and posterior portions of the sacral vertebra may not be 
accurate. Enough of the sacral diapophyses are preserved, 
however, to indicate that the lateral edges are convex and 
that the diapophyses are dorsoventrally flat, rather than 
rounded. The sacral condyle is not visible, but the urostyle 
bears a single cotyle at its anterior end, which indicates 
that the sacrum articulated to the urostyle via a single con-
dyle. The urostyle bears laterally projecting transverse 
processes at the anterior end that are unequally developed. 
The left process is triangular and large, whereas the right 
process is smaller and rounded. This is possibly the result 
of inaccurate reconstruction of the left process, which ap-
pears to have some paint on it. Posterior of the transverse 
processes, the urostyle gradually tapers in width. A mid-
line dorsal crest extends from the level of the posterior end 
of the left transverse process to approximately the mid-
length of the element, at which point the dorsal surface of 
the bone is missing.

Shoulder girdle and forelimb.—Bones of the shoulder 
girdle (Figs. 1C, 3) are preserved in articulation or are 
loosely articulated, but most of them are not completely 
exposed. Both cleithra overlie most of the scapulae and 
portions of the clavicles and coracoids. The anterior and 
lateral edges of the cleithra are well ossified, but the bone 
becomes considerably thinner, and in the better preserved 
left cleithrum, it appears as either a thin lamina overly-
ing other bones of the shoulder girdle or as an impression 
with distinct edges and of a different color than the sur-
rounding matrix. The outline shape of the right cleithrum 
is not as obvious, due to some black staining on portions 
of it and surrounding bones, and thus, description of this 
bone is based on the left element. The translucent nature 
of the cleithrum allows the shapes of underlying bones to 
be determined. The mediolateral length of the cleithrum 
is greater than that of the scapula. It has a narrow proxi-
mal end and broadens distally, lending the bone an overall 
fan shape. The distal end is bifurcate, and the anterior and 
posterior processes diverge from one another. The scapu-
lae are short, in that their length is less than that of the 
preserved length of the clavicles, and bicapitate with well-
developed pars acromialis and glendoidalis that are sepa-
rated by a broad, U-shaped notch. An anterior tubercle is 
absent. Distal to the proximal head, the scapula abruptly 
narrows to form a short shaft that lacks an anterior lamina. 
Medial ends of the clavicles and coracoids are covered by 
the vertebral column, but enough of the clavicles are ex-
posed to show that they are strongly arched, indicating an 
arciferal shoulder girdle. The shape of the proximal ends 
of the clavicle and pars acromialis of the scapula indicates 

Fig. 3.— Aerugoamnis paulus, new genus and new species, FMNH 
PR2384. Drawing of left shoulder girdle. The center drawing depicts the 
shoulder girdle as preserved, and it is surrounded by drawings of the in-
dividual elements. Note that the translucency of the shoulder girdle bones 
allow those preserved underneath others to be seen. 
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that the clavicle could not have overlapped the scapula 
anteriorly, but rather articulated with the proximal end of 
the pars acromialis of the scapula. The lateral ends of the 
coracoids are expanded, and the exposed portions of their 
shafts are slender.
 Right and left humeri are exposed in lateral aspect; 
the proximal ends of both bones are partially covered by 
the corresponding scapula and cleithrum, and in both the 
lateral surface bone of the distal end is missing. The hu-
meral shaft is curved so that the apex projects ventrally. 
The crista ventralis is deepest at the proximal end of the 
humerus and gradually diminishes in height distally, ex-
tending beyond the midpoint of the shaft. Projecting at a 
right angle from the shaft is the round humeral ball. The 
left radioulna is well preserved, whereas the right is dam-
aged and incomplete, so the description is based on the 
left. Only the distal end of the radioulna is not completely 
fused together. It is shorter than the humerus and bears a 
well-developed olecranon process. 
 The left manus has been entirely and incorrectly re-
constructed. It lies mainly on a broad, infilled crack and 
was inaccurately reconstructed as bearing five digits and 
will not be considered herein. Four digits are preserved as 
bone or impressions in the right manus (Fig. 4A), in which 
bones of each digit are preserved in articulation, but the 
digits are not preserved in articulation with the carpus. At 
least three carpal bones are present, but because they are 
not in articulation with each other or the metacarpals, their 
identities cannot be determined. In the first digit part of 
the proximal half of the first metacarpal is missing, but the 
rest of the digit is represented by bone. The second digit is 
nearly complete, with only the distal end of the metacarpal 
and the proximal end of the first phalanx missing. In digit 
three portions of the metacarpal and the first phalanx are 
represented by impressions and the remainder is bone. Ex-
cept for its proximalmost end, the metacarpal of the fourth 
digit is preserved as an impression. The proximal end of 
the first phalanx is preserved as an impression, and the dis-
tal end of the terminal phalanx is missing. Relative lengths 
of the digits are as follows: I<II<IV<III. The phalangeal 
formula is: 2-2-3-3.

Pelvic girdle and hind limb.—The ilia (Fig. 2) are pre-
served near their natural position, though flattening of the 
specimen has caused them to be splayed and exposed in 
medial aspect. The shaft is arched, lacks an obvious dor-
sal crest, and a strongly developed spiral groove is pres-
ent where the shaft joins the acetabular region. The dorsal 
acetabular expansion is preserved in the left ilium and is 
missing in the right. It is not greatly expanded, and a dorsal 
prominence is not present on its dorsal margin. All that can 
be said about the ventral acetabular expansion is that it is 
moderately developed and joins the shaft at an obtuse angle. 
 A small left ischium (Fig. 2) is exposed in lateral aspect 
and is missing its portion of the acetabulum. It is anteropos-
teriorly long, and the distal end is not convex. An ossified 
pubis is not preserved and was most likely absent.

 The right femur, tibiofibula, and tibiale and fibulare are 
better preserved than the left, so the description will be 
based on them, whereas the hind foot description is based 
on both the right and left. The elongate hind limb bones are 
2.9 times longer than the forelimbs (Table 1). The femur and 
tibiofibula are of subequal length (Table 1), and the femur 
has a slight sigmoidal curve. Crests on the shaft of the femur 
are not visible. Proximal and distal ends of the tibiofibula 
are not greatly expanded, and the shaft is slender. The tibiale 
and fibulare are separate bones throughout their length and 
longer than the fourth metatarsal, the longest metatarsal of 
the series. Like the tibiofibula, the proximal and distal ends 
of the tibiale and fibulare are not greatly expanded and their 
shafts are slender. Bones of the distal tarsal series are not 
preserved and may not yet have been ossified. 
 There are five digits in the hind foot. The left hind foot 
has been incorrectly restored, giving the illusion that the 
fifth digit consists of four phalanges and is longer than the 
fourth, which is atypical for anurans. Figures 4B, C show 
our interpretation of the actual preserved bones and bone 
impressions of both hind feet. The relative lengths of the 
metatarsals are as follows: MI < MII < MV < MIII ≤ MIV. 
Digits I–IV increase in length serially, but the length of Dig-
it V cannot be determined because it is incomplete in both 
feet. The phalangeal formula is 2-2-3-4-?.

Fig. 4.— Aerugoamnis paulus, new genus and new species, FMNH 
PR2384. A, outline drawing of right hand; B, outline drawing of left foot 
that excludes inaccurate reconstruction of digit V; C, outline drawing of 
right foot. Dashed lines indicate outlines of bone impressions.
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RELATIONSHIPS

Of the five other frogs previously reported from the Green 
River Formation (Cope 1884; Grande 1984; Gardner 
1999), only one can be compared to Aerugoamnis. This 
specimen from the Laney Member is three million years 
younger than Aerugoamnis and consists of an impression 
of a nearly complete skeleton. It was initially identified 
as a probable new species of Eopelobates (Grande 1984), 
but Roček and Rage (2000), who provided a preliminary 
description of it, identified it as a paedomorphic adult 
close to Eopelobates and Pelobates. The other specimens 

cannot be compared for different reasons. The specimen 
reported by Cope (1884) cannot be located and is presum-
ably lost. Another specimen consists of a skin impression 
that Grande (1984) referred to Eopelobates and Roček and 
Rage (2000) considered as indeterminate. The fourth spec-
imen has not been described and is on exhibit at DMNH 
(Johnson and Stucky 1995; Gardner 1999), and the fifth is 
a skin impression of a tadpole (Gardner 1999). The speci-
men described herein clearly represents a taxon differ-
ent from the Laney Member frog because, among other 
characters, its frontoparietal is paired rather than being 
comprised of three or more ossifications. 

Fig. 5.—Single most parsimonius tree of 231 steps showing hypothesis of phylogenetic relationship of Aerugoamnis paulus as a basal member of Pelo-
dytomorpha. Bremer support values are included in the tree.   
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 A phylogenetic analysis was undertaken in order to in-
vestigate the relationships of Aerugoamnis. This analysis 
incorporated extant representatives of the major lineages 
of costatans, xenoanurans, anomocoelans, and neobatra-
chians, with emphasis placed on extinct and extant anomo-
coelan taxa, because the presence of a spiral groove of the 
ilium in Aerugoamnis suggests an affinity with this group. 
A spiral groove (“oblique groove” of some authors) of the 
ilium occurs primarily in anomocoelans (Evans and Mil-
ner 1993), although it has been documented in some inde-
terminate isolated ilia from the Late Cretaceous of Utah 
(Roček et al. 2010, 2012) and the costatan Bombina Oken, 
1816. Roček has theorized that it also occurs in Prosalirus 
bitis Shubin and Jenkins, 1995, the earliest known anuran, 
although this was inferred from the occurrence of a deep 
depression on the dorsal margin of the shaft just anterior 
of the acetabular area. Extinct anomocoelans included in 
the analysis are Eopelobates bayeri Špinar, 1952, from 
the early Oligocene–middle Miocene of central Europe, 
Macropelobates osborni Noble, 1924, from the Oligocene 
of Mongolia, Elkobatrachus brocki Henrici and Haynes, 
2006, from the middle Eocene of Nevada, Tephrodytes 
brassicarvalis Henrici, 1994, from the late Oligocene of 
Montana, and Miopelodytes gilmorei Taylor, 1941, from 
the middle Eocene of Nevada. The analyzed data set con-
sists of 66 osteological characters (Appendix 1) scored 
for six fossil and 20 extant taxa. Characters included in 
this phylogenetic analysis have been taken from previous 
phylogenetic analyses (Henrici 1994, 2009; Henrici and 
Haynes 2006; Báez et al. 2009, 2012; Báez 2012; and liter-
ature cited therein), although some of them were modified 
to better describe morphological variation in the included 
taxa. The matrix was constructed using Mesquite (Mad-
dison and Maddison 2011) and is presented in Appendix 2. 
A list of specimens examined is presented in Appendix 3. 
The characters were equally weighted and multistate char-
acters were treated non-additively (unordered). Parsimony 
analysis of the data was conducted using TNT version 1.1 
(Goloboff et al. 2008), in which a heuristic search was per-
formed building 500 replicates of Wagner trees followed 
by tree bisection reconnection (TBR) branch swapping, 
with a hold of ten trees by replicate. This analysis result-
ed in one most parsimonious tree of 231 steps (CI=.394, 
RI=.632) found in 459 out of 500 replicates in which the 
major monophyletic clades (terminology of Frost et al. 
2006) of Xenoanura, Acosmanura, Anomocoela, and Neo-
batrachia were retrieved (Fig. 5). Aerugoamnis is placed 
as a member of Anomocoela, whose monophyly is sup-
ported by five characters, of which only one is preserved 
in Aerugoamnis. This character is the presence of a spiral 
groove of the ilium (character 60, state 1), which outside 
of Anomocoela occurs only in Bombina. Other characters 
supporting Anomocoela are as follows: presence of an in-
complete hyale (character 35, state1), which is the only 
character supporting this clade that does not exhibit homo-
plasy; palatine process of pars facialis present (character 
10, state 1); parasphenoid posteromedial process distally 

rounded (character 20, state 1); and sternum ossified (char-
acter 56, state 1).  Aerugoamnis is placed as the sister taxon 
of a clade that includes Miopelodytes gilmorei, Pelodytes 
ibericus Sánchez-Herráiz, Barbadillo, Marchordom and 
Sanchiz, 2000, and Pelodytes caucasicus Boulenger, 1896, 
based on two characters: the presence of a distinct otic ra-
mus of the squamosal (character 23, state 1), which also 
occurs in the neobatrachian clade of Platyplectrum Günter, 
1863 (Lithobates Fitzinger, 1843 (Pristimantis Jiménez de 
la Espada + Arthroleptis Smith, 1849)) and the Anomo-
coelan clade of Scaphiopus Holbrook, 1836 (Eopelobates  
(Pelobates + Macropelobates Noble, 1924)), as well as 
the costatan Discoglossus Otth, 1837; and crista parotica 
poorly developed (character 25, state 0); which also oc-
curs in Bombina, Hadromophryne Van Dijk, 2008, and 
Arthroleptis. Miopelodytes shares with the clade formed 
by P. caucasicus and P. ibericus the presence of tibiale and 
fibulare fused throughout their length (character 65, state 
1), which occurs convergently in Tephrodytes Henrici, 
1994. In turn, the two species of Pelodytes are united by 
three characters that exhibit a high degree of homoplasy 
and are: sacral diapophyses are widely expanded (char-
acter 46, state 0); sacral diapophyses have straight lateral 
margins (character 47, state 0), and tibiofibula is longer 
than the femur (character 64, state 2). It should be noted 
that we restrict the term Pelodytidae to the crown group, 
whereas we apply the stem-based term Pelodytomorpha to 
the clade consisting of crown pelodytids and all taxa shar-
ing a more recent common ancestor with them than with 
other living anomocoelan taxa (Fig. 5). Aerugoamnis dif-
fers from Pelodytes in the nasals being medially separated 
by only a slight gap (character 2, state 1) and possession 
of a ventral flange of the pterygoid (character 29, state 0). 
Neither character can be scored in Miopelodytes. 
 Although the results of the phylogenetic analysis place 
Aerugoamnis as a basal member of the stem of the pelo-
dytid clade, this position seemingly is not strongly sup-
ported because it has a Bremer support of only one (Fig. 
5). In four of the six suboptimal trees one step longer than 
the most parsimonious tree,  Aerugoamnis is the sister 
taxon of the clade formed by Miopelodytes and the extant 
Pelodytes, thus holding the same position as in the most 
parsimonious tree. In the fifth tree Aerugoamnis forms a 
clade with Miopelodytes that is, in turn, sister to the clade 
of Pelodytes ibericus and P. caucasicus, whereas in the 
remaining sixth tree Aerugoamnis is placed as the sister 
taxon to Acosmanura. 

DISCUSSION

Today Pelodytidae is restricted to Eurasia, but putative 
fossil relatives occur in the Eocene of North America. Ae-
rugoamnis is currently the oldest member of the pelodytid 
lineage; another stem pelodytid from North America, Mio-
pelodytes gilmorei, is based on a single specimen from the 
Elko Formation, near Elko, Nevada (Taylor 1941). This 
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formation was once regarded as Miocene in age (Taylor 
1941) but is now considered to be middle Eocene (Haynes 
2003; Henrici and Haynes 2006). The locality informa-
tion for Miopelodytes is not precise, so refinement of its 
geologic age cannot be made. Based on the results of the 
phylogenetic analysis presented herein, Tephrodytes bras-
sicarvalis, from the late Oligocene Cabbage Patch Forma-
tion of Montana, can no longer be regarded as a member 
of the pelodytid lineage. This is not totally unexpected, be-
cause in the original description of Tephrodytes, it was ob-
served that it possessed several derived characters that also 
occur in pelobatids (including Scaphiopodidae) (Henrici 
1994). Isolated bones identified as cf. Pelodytes have 
been reported from middle to late Eocene (MP 16–MP 19) 
French localities (Crochet et al. 1981; Rage 1988, 2006). 
A fragmentary ilium from the middle Eocene (Lutetian, 
MP 13), however, may represent the oldest occurrence of 
the family in Europe (Rage and Roček 2003). An extinct 
species of Pelodytes, P. arevacus Sanchiz, 1978, is known 
from the middle Miocene (Serravallian, MN 7–8) of Spain 
(Sanchiz 1978, 1998). Sanchiz (1998) considered P. areva-
cus to resemble P. ibericus and P. punctatus Daudin, 1802, 
more closely than it does P. caucasicus.
 Aerugoamnis, unlike all other described members of the 
pelodytid lineage, lacks a completely fused tibiale and fib-
ulare, which was considered to be diagnostic of the pelody-
tid lineage (Taylor 1941; Duellman and Trueb 1986; Ford 
and Cannatella 1993; Henrici 1994). A fused tibiale and 
fibulare occurs in the extant species of the Eurasian Pelo-
dytes, P. caucasicus, P. ibericus and P. punctatus, as well 
as the extinct P. arevacus. This character, however, has yet 
to be reported among the fragmentary remains described 
from middle to late Eocene western European localities 
and referred to as cf. Pelodytes  (Crochet et al. 1981; Rage 
1988; Böhme and Ilg 2003) and as a questionable pelo-
dytid (Duffaud and Rage 1997). The presence of a fused 
tibiale and fibulare in the extinct Miopelodytes gilmorei, 
which is placed outside the node uniting the extant pelo-
dytids in our analysis, corroborates that this feature char-
acterizes a more inclusive clade than crown Pelodytidae. A 
completely fused tibiale and fibulare is known elsewhere 
only in Centrolenidae (Taylor 1951), in which the degree 
of fusion has been shown to be variable, and the character 
is now considered to be diagnostic at only the generic level 
(Sanchiz and de la Riva 1993).
 The occurrences of North American pelodytomorphs 
(early–middle Eocene) and the earliest records of Europe-
an pelodytids (middle Eocene) coincide with a time when 
the climate was considerably warmer and more equable 
than today (Zachos et al. 2001; Scotese 2003). Indeed, Ae-
rugoamnis was present during the Early Eocene Climatic 
Optimum, which was the warmest period of the Cenozoic 
(Zachos et al. 2001). At this time, the Fossil Lake basin 
was a lowland with a warm, wet, subtropical environment 
that was surrounded by highlands and mountains contain-
ing pine and other more temperate highland flora (Grande 
2013). The first records of pelodytids in the middle Eocene 

of Europe occurred when that region was isolated from 
other continents (Rage and Roček 2003). Pelodytids have 
been reported from numerous localities throughout the re-
mainder of the Cenozoic of Europe (Sanchiz 1998; Böhme 
and Ilg 2003; Roček and Rage 2000; Rage and Roček 
2003; Rage 2012), when the climate underwent a long term 
cooling trend that culminated in the Pleistocene (Zachos et 
al. 2001; Scotese 2003). Additional fossils, however, are 
needed to provide a more comprehensive understanding of 
the origin, evolution, and paleogeographic history of this 
poorly known group of anurans.
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APPendix 1. 
Description of characters used in the phylogenetic analysis. The characters were primarily taken from Henrici (1994, 2009), Henrici 
and Haynes (2006), Báez et al. (2009, 2012), and Báez (2012). Some of the characters were modified for this study to better describe 

variation in the included taxa. 

1. Dermal sculpture: (0) absent; (1) present.
2. Nasals, medial contact: (0) well separated; (1) in contact or very narrowly separated.
3. Frontoparietal, relationship with nasal: (0) not in contact; (1) in contact.
4. Frontoparietals, relationship to one another: (0) separate throughout length; (1) in partial contact; (2) sutured together throughout length 

and/or partially fused; (3) fused with no trace of suture.
5. Frontoparietal, supraorbital flange: (0) absent; (1) present.
6. Planum antorbitale, ossification: (0) completely cartilaginous or ossified/mineralized less than one‑half; (1) ossified/mineralized more 

than one-half.
7. Perilymphatic foramina, position: (0) superior perilymphatic foramen anterior to jugular foramen, inferior perilymphatic foramen pos-

terior to jugular foramen; (1) both superior and inferior perilymphatic foramina posterior to jugular foramen.
8. Maxilla-premaxilla relationship: (0) slight or no overlap; (1) pointed process of pars facialis of maxilla that reaches alary process of 

premaxilla.
9. Maxilla, preorbital process: (0) absent or weakly developed; (1) present and well developed.
10. Maxilla, palatine process of pars facialis: (0) absent; (1) present. 
11. Maxilla, length: (0) does not extend beyond midlength of orbit; (1) extends beyond midlength of orbit.
12. Quadratojugal: (0) present; (1) absent.
13. Vomer: (0) present; (1) absent.
14. Vomer, contact with inner surface of pars facialis of maxilla: (0) absent; (1) present.
15. Vomer, postchoanal process: (0) short; (1) elongate and articulates with pars facialis of pars palatina of maxilla; (2) absent.
16. Palatine: (0) absent; (1) present.
17. Parasphenoid, anterior extent of cultriform process: (0) does not reach antorbital plane; (1) reaches antorbital plane but not maxillary 

arcade; (2) reaches maxillary arcade.
18. Parasphenoid, lateral alae: (0) present; (1) absent.
19. Parasphenoid, posteromedial process: (0) absent; (1) present.
20. Parasphenoid, posteromedial process shape: (0) posteriorly directed apex; (1) distally rounded; (2) distally rectangular; (3) distally 

concave.
21. Squamosal shape: (0) generally triradiate; (1) funnel shaped.
22. Squamosal, zygomatic ramus, contact with maxilla: (0) absent; (1) present.
23. Squamosal, otic ramus: (0) greatly reduced to absent; (1) present, forming distinct process.
24. Squamosal, otic plate: (0) reduced to absent; (1) well developed.
25. Crista parotica: (0) poorly developed; (1) well developed.
26. Occipital artery: (0) dorsal to skull roof; (1) in closed canal that exits laterally; (2) in closed canal that exits dorsally.
27. Pterygoid, anterior ramus length: (0) short, less than twice the length of medial ramus; (1) elongate, greater than twice the length of 

medial ramus.
28. Pterygoid, medial ramus contact with parasphenoid lateral ala: (0) contact; (1) no contact.
29. Pterygoid, ventral flange: (0) present; (1) absent.
30. Angulosplenial, coronoid process: (0) poorly developed; (1) present and blade-like; (2) present and knob-like (thumb-like).
31. Jaw articulation, position: (0) lateral to otic capsule; (1) posterior to otic capsule; (2) at anterior margin of otic capsule.
32. Hyoid apparatus, posteromedial process, anterior end width: (0) wider than posterior end; (1) narrower than or equal to posterior end.
33. Hyoid apparatus, parahyoid bone: (0) present; (1) absent.
34. Hyoid apparatus, parahyoid bone shape: (0) single; (1) paired.
35. Hyoid apparatus, hyale general configuration: (0) complete; (1) incomplete.
36. Atlas, cotyles configuration: (0) closely juxtaposed or forming single articular surface; (1) widely separated.
37. Vertebral centra, formation: (0) perichordal; (1) epichordal.
38. Vertebral centra, articular facet of last presacral vertebra: (0) opisthocoelous; (1) procoelous; (2) amphicoelous.
39. Presacral vertebrae VI and VII, posterior margin of the neural arch: (0) slightly concave to straight or with a minute spine; (1) projecting 

in a well-developed spine; (2) deeply notched.
40. Presacral vertebrae I and II, relationship of neural arches: (0) not fused, weak or no imbrication; (1) not fused, broad imbrication medi-

ally only; (2) not fused, imbrication involving all of neural lamina; (3) synostotically fused to form long, combined element.
41. Presacral vertebrae IV and V, transverse process relative length: (0) transverse process length of presacral IV less than that of presacral 

V; (1) transverse process length of presacral IV is greater than that of presacral V; (2) transverse process length of presacral IV is 
subequal to that of presacral V.
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42. Presacral vertebra VI, orientation of the posterior margin of the transverse processes relative to the axial axis: (0) nearly perpendicu-
lar; (1) moderately anteriorly; (2) strongly anteriorly; (3) moderately posteriorly.

43. Ribs: (0) free ribs present in adults; (1) free ribs absent in adults.
44. Sacrum and urostyle articulation: (0) monocondylar; (1) bicondylar; (2) fused; (3) strap-like.
45. Sacrum, diapophyses, distal cross section: (0) flattened; (1) subcircular.
46. Sacrum, diapophyses expansion: (0) broadly expanded, length greater than or equal to combined process width; (1) expanded, 

length greater than half process width but less than combined process width; (2) not expanded, length less than half process width.
47. Sacrum, diapophyses lateral margins: (0) straight; (1) convex.
48. Clavicle, lateral end relationship to scapula: (0) contacts medial edge of pars acromialis; (1) overlaps anterior edge of pars acromia-

lis; (2) fused to scapula.
49. Scapula, proportions: (0) dorsoventral length of glenoid area one-third or less dorsoventral length of scapula; (1) dorsoventral length 

of glenoid area greater than one-third dorsoventral length of scapula.
50. Scapula-clavicle, proportions: (0) scapula shorter than clavicle; (1) scapula longer than clavicle; scapula of subequal length to 

clavicle (2).
51. Scapula, anterior tubercle: (0) absent; (1) present.
52. Scapula, anterior lamina: (0) present; (1) absent.
53. Cleithrum, distal margin: (0) bifurcate; (1) not bifurcate. 
54. Coracoid, sternal expansion relative to coracoid length: (0) sternal expansion less than half the length of coracoid; (1) sternal expan-

sion greater than half the length of coracoid.
55. Omosternum, presence: (0) present; (1) absent.
56. Sternum, condition: (0) cartilaginous; (1) ossified.
57. Sternum, shape: (0) linear; (1) triradiate.
58. Postaxial carpals (ulnare and distals 3, 4, and 5), configuration: (0) all free; (1) ulnare and 3 free, 4 and 5 fused; (2) ulnare free, 3, 

4, and 5 fused; (3) ulnare fused to 5, 4 free
59. Carpal torsion: (0) absent; (1) present.
60. Iliac shaft, spiral groove: (0) absent; (1) present.
61. Iliac shaft, dorsal crest: (0) absent; (1) present as low ridge; (2) present as well‑developed flange.
62. Dorsal crest, position on iliac shaft: (0) restricted to distal half of shaft; (1) restricted to proximal portion of shaft; (2) extends along 

nearly entire length of shaft.
63. Ischium, shape in lateral aspect: (0) long with subrectangular outline; (1) short with convex distal margin and semi-circular outline.
64. Tibiofibula, length: (0) shorter than femur; (1) of subequal length with femur; (2) longer than femur.
65. Tibiale‑fibulare relationship: (0) not fused or fused only at proximal and distal ends; (1) fused throughout length to form single bone.
66. Prehallux, distal bone: (0) not modified into spade; (1) modified into spade.
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APPendix 2. 
Taxon-character matrix used for phylogenetic anaylsis presented in this paper. 0, 1, 2, and 3 refer to different character states.

Abbreviations: A, 1&2; B, 1&2&3; -, inapplicable character; ?, character state unknown.

                                         1          2          3          4                   
                               123456789 0123456789 0123456789 0123456789 0123456789 
                                     
Aerugoamnis paulus             010?00?0? ?100?0???? ?00100?1?0 ?01???0??0 ?11100?101 
Alytes cisternasii             010100000 0100000100 -000010111 10?0100100 1200101111 
Arthroleptis adolfifriederici   000000?00 0100021101 1001?0?111 ?011-01010 0231112?00 
Bombina bombina                010000000 0100000001 0000000110 ?010000100 ?010000111 
Bombina variegata pachypus     010000000 0100000001 200000011? 1010000100 1010000111 
Discoglossus pictus            01A100000 1100000A00 ?011010100 1000100101 1000101111 
Elkobatrachus brocki           0??10???0 1???????01 3?????2??? ?????????0 111100111? 
Eopelobates bayeri             110211??0 110?????01 301111??00 ????????1? 1121200001 
Hadromophryne natalensis       000000?01 0100001100 -000000111 1001-00010 2201101101 
Hyla versicolor                00000010A 0100001001 0000010111 2011-01?10 0201102100 
Leptobrachium hasselti         000200000 1100000001 2000112001 0111-10012 1111001000 
Lithobates catesbeianus        011200101 0100001101 0001110011 11???00021 1231112A01 
Macropelobates osborni         1??21?0?? ?????????? ?011?11??? ??????0?11 112?000001 
Miopelodytes gilmorei          1??00???0 ?10??????? ??1100???? ?????????? ?121?011?? 
Pelobates cultripes            111311000 1100100101 1011111000 0001-10111 2121000001 
Pelodytes caucasicus           000200?00 1?00000?01 10011000?1 ????1?0?10 01110000?1 
Pelodytes ibericus             000000000 1100000101 1001000111 1010111110 0121B000A1 
Pipa carvalhoi                 001310-10 0011--021- 010001?0-0 1211-??102 3??120?010 
Platyplectrum ornatum          000000101 0100001101 0001012001 1011-00010 3211102100 
Pristimantis w-nigrum          010200101 ?100001101 000101001? ?0?1-01110 0231112?20 
Rhinophrynus dorsalis          011311000 000000011- -000010--1 02000?0?21 2131002111  
Scaphiopus holbrooki           111211000 1110110101 1011111000 0011-10111 1101201100 
Scutiger mammatus              000200000 1010000001 2000112001 01?1-10012 1111001101 
Spea bombifrons                000101000 1010110101 10001120A1 0011-10011 1111201101 
Silurana tropicalis            001300-10 0?11--021- -10001?0-0 1211-??100 3??120?021 
Tephrodytes brassicarvalis     11110???0 110?????0? ?0101121?? ??????0?1? 1121B001?1 

                               5          6
                               0123456789 0123456
Aerugoamnis paulus             0?10?????? 10-0100
Alytes cisternasii             0000010000 00-1100
Arthroleptis adolfifriederici   1?11000121 0221200
Bombina bombina                0000010000 10-1100
Bombina variegata pachypus     0000010000 10-1000
Discoglossus pictus            0000000000 0221200
Elkobatrachus brocki           ?01???11?? 10-1001
Eopelobates bayeri             100?1?11?? ????200
Hadromophryne natalensis       0?00000101 ?0-?200
Hyla versicolor                101000?121 0100000
Leptobrachium hasselti         10101011?1 10-0100
Lithobates catesbeianus        101110??21 0220100
Macropelobates osborni         100?1????? ?230001
Miopelodytes gilmorei          0????????? ??0?110
Pelobates cultripes            1000101101 10-1001
Pelodytes caucasicus           ??1?0?111? 10-0210
Pelodytes ibericus             0100001111 10-0210
Pipa carvalhoi                 000001013? 02??100
Platyplectrum ornatum          1?11000111 0130101
Pristimantis w-nigrum          2?10000121 0221200
Rhinophrynus dorsalis          001111--0? 00-1001
Scaphiopus holbrooki           1010000101 10-1001
Scutiger mammatus              1110001101 10-0100
Spea bombifrons                1010000101 10-1001
Silurana tropicalis            ???001010? 010?200
Tephrodytes brassicarvalis     011??????? 10-?21?
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APPendix 3. 
Specimens examined for comparison and phylogenetic analysis. Abbreviations other than institutional acronyms: cs, cleared 

and stained; ds, dried skeleton; fs, fossil skeleton; ld, data taken from literature with the citation following in parentheses.

Costata
Alytidae.—Alytes cisternasii Bosća, 1879: FCEN UN, ds; Discoglossus pictus Otth, 1837: CM 34977, 34977a, cs, CM 54753, ds, 

FCEN UN, ds.
Bombinatoridae.— Bombina bombina (Linnaeus, 1761): private, uncataloged collection, ds; Bombina variegata pachypus (Linnaeus, 

1758) FCEN 401, ds.

Xenoanura
Rhinophrynidae.—Rhinophrynus dorsalis Duméril and Bibron, 1841: MACN, 42616, cs, 42617, ds; MSU 2256, 2269, 2274–2276, 

2278, 2295, ds.
Pipidae: Pipa carvalhoi Miranda-Ribeiro, 1937: MACN 42606–42608, ds, 42609–42610, cs; Silurana tropicalis Gray, 1864: MACN 

42625, CS, 42633, ds.

Anomocoela
Megophryidae.—Leptobrachium hasselti Tschudi, 1838: FMNH 131998, ds; Scutiger mammatus (Gunter, 1896): FMNH 15157, 

22286, 22287, ds.
Elkobatrachus brocki Henrici and Haynes, 2006: CM 70370–70376, fs.
Pelobatidae (crown group).—Macropelobates osborni Noble, 1924: AMNH 6252, 6630, fs; Pelobates cultripes (Cuvier, 1829): CM 

54755, 55769, ds, MACN 42618, cs; Scaphiopus holbrooki (Harlan, 1835): CM 18719, 32299, 32300, 37440, 70609, 92261, 
118968, ds; Spea bombifrons (Cope, 1863): CM 48928–48932, ds; Tephrodytes brassicarvalis Henrici, 1994: ld (Henrici 1994).

Pelodytomorpha.— Miopelodytes gilmorei Taylor, 1941: USNM 12356, fs, ld (Taylor 1941).
Pelodytidae.—Pelodytes ibericus Sánchez-Herráiz, Barbadillo, Marchordom, and Sanchiz, 2000: CM 55771, ds; CM 54318d-I, cs. 

Pelodytes caucasicus Boulenger, 1896, ld (Sanchiz et al. 2002).

Neobatrachia
Arthroleptidae.—Arthroleptis adolfifriederici Nieden, 1911: MCN 822, cs.
Craugastoridae.—Pristimantis w-nigrum (Boettger, 1892): KU 170094, ds.
Heliophrynidae.—Hadromophryne natalensis (Hewitt, 1913): KU 195926, cs, ld (Lynch, 1971).
Hylidae.—Hyla versicolor LeConte, 1825: CM 144791, 33948a, 33948b, ds.
Limnodynastidae.—Platyplectrum ornatum (Gray, 1842): MACN 42620, ds, MCZ 73129, 73130, ds.
Ranidae.—Lithobates catesbeianus (Shaw, 1802): CM 4051, ds.




