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ABSTRACT
KEY WORDS  Albanerpetontids are an extinct clade of superficially salamander-like lissamphibians that range from
Albanzﬁ;;{;ﬁ;;, the Middle Jurassic (Bathonian)-Early Pleistocene and have a primarily Laurasian distribution. The best
Italyz Cenozoic record for the clade is in Europe, where two species in the type genus Albanerpeton Estes &
MO%@;CO Torénqse, Hoffstetter, 1976 occur in over 40 localities of early Oligocene-Early Pleistocene age in Austria, Czech
' mol\t}[tiocaesrllréz Republic, France, Germany, Hungary, Italy, and Serbia. From the post-evaporitic Messinian (5.41-5.33 Ma
Messinian. or latest Miocene) succession at Moncucco Torinese, in the Piedmont Basin, northwestern Italy, here
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MOTS CLES
Albanerpetontidae,
Albanerpeton,

talie,

Moncucco Torinese,
bassin du Piémont,
Miocéne,

we describe isolated albanerpetontid jaws and vertebrae referable to A. pannonicum Venczel & Gardner,
2005. This Italian occurrence extends the temporal record for A. pannonicum from the Early Pleistocene
and Pliocene back into the latest Miocene and it narrows the temporal gap between that species and its
European congener, A. inexpectatum Estes & Hoflstetter, 1976 (early Oligocene-late Miocene).

RESUME

Occurrence messinienne (Miocéne supérieur) d’Albanerpeton Estes ¢ Hoffstetter, 1976 (Lissamphibia:
Albanerpetontidae) & Moncucco Torinese, Bassin du Piémont, Italie du nord-ouest, et révision du registre
cénozoique des albanerpetontidés d’Europe.

Les albanerpetontidés représentent un clade éteint de lissamphibiens ressemblant superficiellement
a des salamandres, dont 'aire de répartition s’étend du Jurassique moyen (Bathonien) au Pléistocene
inférieur, et dont la distribution est principalement laurasiatique. Le meilleur registre cénozoique
pour ce clade se trouve en Europe, ol deux espéces du genre-type Albanerpeton Estes & Hoffstetter,
1976 sont présentes dans plus de 40 localités de 'Oligocéne inférieur-Pléistocéne inférieur d’Autriche,
Tchéquie, France, Allemagne, Hongrie, Italie et Serbie. Nous décrivons ici des machoires et des ver-
tebres isolées d’albanerpetontidés pouvant étre attribuées & A. pannonicum Venczel & Gardner, 2005,
provenant de la succession post-évaporitique du Messinien (5,41-5,33 Ma ou Miocéne terminal) &
Moncucco Torinese, dans le bassin du Piémont, au nord-ouest de I'Italie. Cette occurrence italienne
étend 'enregistrement stratigraphique d’A. pannonicum du Pléistocéne inférieur et du Pliocéne
jusquau Miocene supérieur, et réduit I'écart temporel entre cette espéce et son congénére européen,

Messinien.

INTRODUCTION

Albanerpetontidae Fox & Naylor, 1982 are a clade of small
sized (total body length less than 15 cm), salamander-like
amphibians with a temporal range extending from the Mid-
dle Jurassic (Bathonian) to Early Pleistocene and a geographic
distribution encompassing Europe, Asia, North Africa, and
North America (e.g., see reviews by Gardner & Béhme 2008;
Gardner & Rage 2016; Evans & Matsumoto 2018). Currently
14 named species in six genera are recognized (Estes & Hoff-
stetter 1976; Estes 1981; Fox & Naylor 1982; McGowan &
Evans 1995; Gardner 1999a, b, ¢, 2000a, b; McGowan 2002;
Gardner et al. 2003; Venczel & Gardner 2005; Sweetman &
Gardner 2013; Matsumoto & Evans 2018; Daza ez 2/ 2020).
Although over a half dozen articulated and associated skeletons
have been recovered from the Cretaceous of Europe and eastern
Asia (Costa 1864; McGowan & Evans 1995; McGowan 2002;
Matsumoto & Evans 2018; Daza ez al. 2020), the albanerpe-
tontid fossil record overwhelmingly consists of isolated and
occasional articulated bones, especially the distinctive jaws,
skull roofing bones, and vertebrae (e.g., Estes & Hoffstet-
ter 1976; Estes 1981; Fox & Naylor 1982; Evans & Milner
1994; McGowan 1996; McGowan & Ensom 1997; Gardner
1999a, b, ¢, 2000a, b, 2002; Wiechmann 2003; Venczel &
Gardner 2005; Skutschas 2007; Gardner & Bshme 2008;
Sweetman & Gardner 2013; Szentesi ez al. 2013). Judging
from the number of bones recovered at some localities and
rock units (e.g., Campanian of southern Alberta, Canada:
Brinkman er 2/ 2004; Miocene of La Grive-Saint- Alban,
France: Estes & Hoffstetter 1976; Pliocene of Csarnéta 2,
Hungary: Venczel & Gardner 2005), albanerpetontids were
abundant in certain paleoecological settings.
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A. inexpectatum Estes & Hoffstetter, 1976 (Oligocene inférieur-Miocene supérieur).

The Italian record for albanerpetontids is limited to just
three occurrences (Fig. 1). The holotype skeleton of Celredens
megacephalus (Costa, 1864) from the Lower Cretaceous (lower
Albian) Pietraroja locality, near Naples in southwestern Italy,
is the earliest published report of a fossil eventually recog-
nized as being an albanerpetontid (see historical summaries
by Estes 1981; McGowan 2002; Gardner & Béhme 2008).
The geologically youngest global record (Early Pleistocene)
for Albanerpetontidae is founded on isolated skull bones
and vertebrae referred to Albanerpeton pannonicum Venczel
& Gardner, 2005 from Rivoli Veronese, in northeastern
[taly (Delfino & Sala 2007). The third Italian occurrence for
albanerpetontids consists of isolated jaws and rare vertebrae
from the uppermost Miocene locality of Moncucco Torinese
in the northwestern part of the country. The presence of
albanerpetontids at Moncucco Torinese was first mentioned
by Colombero et al. (2014a) in a conference abstract. Subse-
quently, the material was reported in a preliminary manner
by Colombero ez al. (2017) within their larger review of the
Moncucco Torinese fauna. Here we describe the Moncucco
Torinese albanerpetontid material and assign it to A. pan-
nonicum, an identification that extends the temporal range
for this geologically youngest albanerpetontid species back
into the latest Miocene.

THE MONCUCCO TORINESE LOCALITY

Considering that the regional setting, geology, and paleontol-
ogy of the Moncucco Torinese locality have been exhaustively
detailed in earlier publications (e.g., Angelone ez al. 2011;
Colombero ez al. 2014¢; Harzhauser ez al. 2015; Lozar ez al.

GEODIVERSITAS ¢ 2021 © 43 (14)
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Fic. 1. — Location and setting of the uppermost Miocene Moncucco Torinese fossil locality: detail map (A) of northwestern Italy showing geographic setting
and regional geology of the Tertiary age Piedmont Basin and regional map (B) showing locations of the three known albanerpetontid localities within Italy. Maps

modified from Lozar et al. (2015: fig. 4) and Colombero et al. (2015: fig. 1).

2015; Colombero ez al. 2017), here we present only an over-
view of the locality. Moncucco Torinese is located about 25
km east-southeast of Torino, within a commercial gypsum
quarry along the southern slope of the Torino Hills, in the
northern part of the Tertiary age Piedmont Basin (Fig. 1).
The quarry exposes a complex succession of pre-evaporitic
Messinian through to lower Pliocene sediments; fossils occur
near the top of the sequence, within the post-evaporitic
Cassano Spinola Conglomerates (Fig. 2). This unit consists
of clay, silt, sand, and gravel and is reliably dated as lat-
est Messinian or late Turolian (MN 13) on the basis of its
ostracod, mollusc, and mammal assemblages, the presence
of the Miocene-Pliocene boundary at the top of the unit,
and regional stratigraphic correlations (e.g., Angelone ez .
2011; Colombero et al. 2014b, ¢; Harzhauser ez al. 2015;
Colombero ez al. 2017). Within the quarry, a 3.5 m interval
in the middle part of the Cassano Spinola Conglomerates
contains abundant shells of ostracods, snails, and clams, rare
otoliths of bony fish, and numerous bones, teeth, and scutes
of small and medium sized tetrapods that collectively pertain
to over 150 species (Colombero ez a/. 2017 and references

GEODIVERSITAS ¢ 2021 43 (14)

therein). Nine layers are recognized, numbered from bottom-
to-top as M1 through M9, with vertebrate fossils — including
the albanerpetontid bones reported here — restricted to four
layers: M3-5 and M7 (Angelone ez al. 2011; Colombero
etal. 2017). The absolute age of the vertebrate fossil-bearing
interval can be constrained further to 5.41-5.33 Ma based on
a rich brackish water ostracod assemblage in the underlying
layer M1 that correlates with the Loxocorniculina djafarovi
assemblage, which is dated at 5.40 Ma (Grossi ez al. 2011),
and the 5.33 Ma age assigned to the Miocene-Pliocene
(Messinian-Zanclean) boundary (e.g., Ogg ¢# 4l. 2016), which
is demarcated by the black arenitic layer at the top of the
Cassano Spinola Conglomerates (Fig. 2). Sedimentological
and faunal evidence indicate that the vertebrate fossil-bearing
interval at Moncucco Torinese samples a mosaic of terrestrial
and largely ephemeral freshwater environments that flour-
ished under subtropical and moderately humid conditions
in the latest Miocene (Colombero et 2/ 2017).

As recently summarized by Colombero ¢z al. (2017), the
Moncucco Torinese lissamphibian assemblage consists of
eight or, perhaps, nine taxa. In addition to the Albanerpeton
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Fic. 2. — Stratigraphic section for the Miocene through Pliocene succession at Moncucco Torinese, Piedmont Basin, northwestern Italy. Arrows indicate the
main biostratigraphic events and the Messinian-Zanclean (Miocene-Pliocene) boundary, all of which help constrain the age of the fossil-bearing interval within the
Cassano Spinola Conglomerates. Numbered layers yielding isolated Albanerpeton Estes & Hoffstetter, 1976 bones are indicated by Albanerpeton silhouettes to
the right of the stratigraphic log. Modified from Colombero et al. (2017: fig. 2); for details see Dela Pierre et al. (2007, 2011). Abbreviations for rock units exposed
within the section (left side of stratigraphic logs) (from top-to-bottom): AAF, Argille Azzurre Formation; CSC, Cassano Spinola Conglomerates; VVC, Valle Versa

chaotic complex; PLG, Primary Lower Gypsum; SAF, Sant’Agata Fossili Marls.

pannonicum jaws and vertebrae described here, the locality
also has yielded lesser numbers of the following lissamphibian
fossils (see Colombero ez al. 2017): vertebrae belonging to the
salamandrid newts Chelotriton Pomel, 1853 and Lissotriton
Bell, 1839; ilia belonging to a bufonid (Bufo viridis species
group) and one or two ranids (Pelophylax sp. and an inde-
terminate taxon); ilia, scapulae, and vertebrae belonging to a
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hylid (Hyla arborea species group); angulosplenials belonging
to an alytid (Latonia sp.); and a frontoparietal, vertebra, and
ilia belonging to a pelobatid (Pelobates sp.). This is one of the
most taxonomically diverse lissamphibian assemblages at the
Miocene-Pliocene transition in Europe and the only one from
that interval known to contain albanerpetontids (see Georgalis
et al. 2019: table 1 and references therein).

GEODIVERSITAS ¢ 2021 © 43 (14)



MATERIAL AND METHODS

The 55 albanerpetontid bones reported here are isolated, three-
dimensionally preserved jaws and vertebrae collected during
excavations from 2007 to 2014 at Moncucco Torinese. All speci-
mens are housed in the Museo di Geologia e Paleontologia at the
Universita degli Studi di Torino, Italy (MGPT-PU). As noted
above, fossiliferous layers at Moncucco Torinese are numbered
from bottom-to-top. During excavations, collections from the
basal parts of layers M4 and M5 were labelled as, respectively,
M3/4 and M4/5. Positions of fossils within the thick layer M7
are denoted by recording the distance in centimeters upwards
from the base of the layer (e.g., M7+25). Most specimens were
recovered by screen washing matrix from known stratigraphic
layers; however, some specimens cannot reliably be assigned to a
particular stratigraphic layer, because they either were collected
in situ from an unrecorded interval or were surface collected.
Our osteological terms and measurements for albanerpeton-
tid elements follow Venczel & Gardner (2005, and references
therein) for jaws and Estes (1981) and McGowan (1996) for
vertebrae. We follow Marjanovic & Laurin (2008) for spellings
of Albanerpeton species names. We compared albanerpetontid
specimens from Moncucco Torinese to the suite of albanerpe-
tontid taxa and material listed by Venczel & Gardner (2005).

SYSTEMATIC PALAEONTOLOGY

Subclass LISSAMPHIBIA Haeckel, 1866
Order ALLOCAUDATA Fox & Naylor, 1982
Family ALBANERPETONTIDAE Fox & Naylor, 1982
Genus Albanerperon Estes & Hoflstetter, 1976

Albanerpeton pannonicum Venczel & Gardner, 2005
(Figs 3; 4)

MATERIAL. — Fifty-five isolated bones: Italy. Moncucco Torinese, Layer
M3 (n = 3): Premaxilla (n = 1): MGPT-PU 132112. Dentaries (n = 2):
MGPT-PU 132630, 132631. — Layer M3/4 (n = 10): Maxilla (n = 1):
MGPT-PU 132274. Dentaries (n = 9): MGPT-PU 132640-132647,
132652. — Layer M4 (n = 1): Sacral vertebra (n = 1): MGPT-PU
132017.— Layer M4/5 (n = 20): Premaxillae (n = 3): MGPT-PU 132001,
132002, 132232. Maxillae (n = 4): MGPT-PU 132011, 132012, 132632,
132633. Dentaries (n = 11): MGPT-PU 132005-132009, 132634-132639.
Trunk vertebrae (n = 2): MGPT-PU 132015, 132016. — Layer M5 (n =
2): Dentaries (n = 2): MGPT-PU 132003, 132004. — Layer M7+25
(n = 6): Premaxillae (n = 4): MGPT-PU 132648-132651. Dentaries (n =
2): MGPT-PU 132653, 132654.

Collected in situ, from unrecorded layer(s) (n = 4): Premaxilla (n =
1): MGPT-PU 132165. Maxilla (n = 1): MGPT-PU 132307. Den-
taries (n = 2): MGPT-PU 132318, 132319.

Surface collected, from unknown layer(s) (n = 9): Maxillae (n =
2): MGPT-PU 132013, 132014. Dentaries (n = 7): MGPT-PU
132010, 132655-132660.

DESCRIPTION OF MONCUCCO TORINESE
ALBANERPETONTID SPECIMENS

Premaxillae (Fig. 3A-L)

Nine isolated premaxillae are available. The best-preserved
specimen is MGPT-PU 132112 (Fig. 3A-C), an intact left
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premaxilla. Most other specimens (e.g., Fig. 3D-L) preserve
an intact dorsally directed pars dorsalis, at least some portion
of the lingually directed pars palatinum, and much of the ven-
trally directed pars dentalis and its tooth row. All premaxillae
are relatively small (total intact heights range from 1.5-1.7
mm), yet are comparatively robust in build when compared
to similar sized premaxillae of other albanerpetontids (e.g.,
Gardner 1999b: text-fig. 2A-E). The medial edge is straight
and bears prominent, vertical grooves and flanges for strong
sutural contact or, perhaps, weak fusion (although no examples
of fused premaxillae are present in our sample) in life between
the paired premaxillae. In the eight specimens preserving an
intact pars dorsalis, the process is moderately tall and broad,
with the ratio of maximum height vs width across the supra-
palatal pit ranging from 1.30-1.55 (i.e., relative height is “low”
sensu Gardner 2002; Venczel & Gardner 2005). The dorsal
edge of the pars dorsalis is slightly swollen labiolingually and
is roughened for abutting or weak sutural contact with the
nasal. As seen in the five figured premaxillae, considerable
variation is evident in the outline of the dorsal end of the
pars dorsalis, the relative depth and width of the lateral dorsal
notch along the upper portion of the pars dorsalis, and the
outline of the laterally directed swelling immediately below
the lateral dorsal notch (Fig. 3A, D, G, 1, K). The uppermost
portion of the pars dorsalis labially bears a low bony boss that
is weakly ornamented with irregular-shaped, small pits and
low ridges. The remainder of the premaxillary labial surface
is relatively smooth, aside from small and scattered nutritive
foramina. Midway across its lower half, the lingual surface of
the pars dorsalis bears a suprapalatal pit that faces lingually,
is moderately large and undivided, has an asymmetrically
ovoid to subtriangular outline, and is bounded laterally by an
obliquely oriented bony strut (Fig. 3C, E H, J, L). Preserved
intact on just one specimen, MGPT-PU 132112 (Fig. 3B, C),
the pars palatinum is a shallow, bony shelf that medially bears
a lingually projecting, triangular vomerine process and later-
ally is expanded into a maxillary process for contact with the
maxilla. The central portion of the pars palatinum is pierced
by a prominent palatal foramen that opens into the floor of
the suprapalatal pit. The palatal foramen is subcircular and
varies in size, with its diameter ranging from approximately
the same as the diameter of shafts of medial teeth on the
same specimen to twice the diameter of those shafts. The pars
dentalis is relatively deep. Five premaxillae preserve an intact
tooth row, consisting of either seven or eight tooth positions
(two and three specimens, respectively). Teeth are typical for
albanerpetontids in being highly pleurodont, non-pedicellate,
and closely spaced in a comb-like arrangement, in having
shafts that are deep, straight, cylindrical, and slightly mesio-
distally compressed, and in bearing chisel-shaped crowns that
are labiolingually compressed and mesiodistally tricuspid,
with the median cusp most prominent. Some premaxillae
have fully functional teeth occupying all loci (e.g., Fig. 3C,
]), whereas others have one or several empty tooth slots (e.g.,
Fig. 3F). One of the figured examples (Fig. 3L) exhibits a
nearly functional replacement tooth in its fifth locus from
the mesial (= medial) end.
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FiG. 3. — Isolated premaxillae (A-L) and maxillae (M-S) of Albanerpeton pannonicum Venczel & Gardner, 2005 from the uppermost Miocene (Messinian) local-
ity of Moncucco Torinese, Piedmont Basin, northwestern Italy: A-C, MGPT-PU 132112, complete left premaxilla, in labial (A), ventral (B), and lingual (C) views,
from layer M3; D-F, MGPT-PU 132001, nearly complete left premaxilla, in labial (D), ventral (E), and lingual (F) views, from layer M4/5; G, H, MGPT-PU 132165,
nearly complete left premaxilla, in labial (G) and lingual (H) views, from unrecorded layer; I, J, MGPT-PU 132232, nearly complete left premaxilla, in labial (I) and
lingual (J) views, from layer M4/5; K, L, MGPT-PU 132648, nearly complete right premaxilla, in labial (K) and lingual (L) views, from layer M7+25; M-O, MGPT-
PU 132307, nearly complete right maxilla, in labial (M), lingual, (N), and dorsal (O) views, from unrecorded layer; P, Q, MGPT-PU 132012, left maxilla missing
anterior and posterior ends, in labial (P) and lingual (Q) views, from layer M4/5; R, S, MGPT-PU 132014, left maxilla preserving about anterior one-half of bone,
in labial (R) and lingual (S) views, surface collected. Abbreviations: b, boss; fjl, flattened area for contact with jugal and lacrimal; inm, internal narial margin; Idn,
lateral dorsal notch; mp, maxillary process; mt, misshaped functional tooth; mrt, misshaped replacement tooth; np, nasal process; pden, pars dentalis; pdor,
pars dorsalis; pdp, premaxillary dorsal process; pfo, palatal foramen; plp, premaxillary lateral process; ppal, pars palatinum; rt, replacement tooth; spp, su-
prapalatal pit; t, functional teeth; ts, tooth slot; vp, vomerine process. All images are photographs of undusted specimens. All specimens are depicted at same
magnification. Scale bar: 1 mm.

Maxillae (Fig. 3M-S)

The most nearly complete and informative of the eight
maxillary specimens is MGPT-PU 132307 (Fig. 3M-O),
a right maxilla missing only a small piece from the anter-
oventral portion of its premaxillary lateral process and the
distal ends of five teeth. Considering the minor amount
of breakage at its anterior end, the specimen’s preserved
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maximum length of 2.7 mm likely reflects the true size of
that maxilla. Although the other two figured specimens are
less nearly complete, when intact those maxillae would have
been slightly smaller (MGPT-PU 132012: Fig. 3P, Q) and
larger (MGPT-PU 132014: Fig. 3R, S) in their maximum
lengths compared to MGPT-PU 132307. As best shown by
MGPT-PU 132307 and, to a lesser extent by MGPT-PU
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132012, in overall form the maxilla is moderately elongate,
low, and triangular in labial or lingual outline. The pars
dorsalis increases in height anteriorly, culminating in the
dorsally projecting, triangular nasal process having a lead-
ing edge that is either nearly vertical or shallowly concave
in labial or lingual outline (cf., Fig. 3M vs Fig. 3D, R). The
pars dorsalis extends forward below and past the level of
the nasal process as a moderately elongate premaxillary
lateral process that, in life, labially (= laterally) overlapped
with a corresponding facet on the premaxilla (see Venczel
& Gardner 2005: text-fig. 1A). The intact premaxillary
lateral process preserved on MGPT-PU 132014 (Fig. 3R,
S) is bluntly pointed in labial or lingual outline. From the
posterior base of the nasal process backwards to the poste-
rior end of the bone, the dorsal surface of the pars facialis is
slightly flattened where, in life, it was overlain by the jugal
and lacrimal (see Venczel & Gardner 2005: text-fig. 4). The
labial surface of the maxilla is smooth, aside from a few
small external nutritive foramina arranged in a loose row
along about the anterior one-half of the bone. The lingual
surface of the maxilla bears a lingually directed, shelf-like
pars palatinum that is broadest anteriorly and narrows pos-
teriorly (Fig. 30). The anterior end of the pars palatinum
is expanded into the premaxillary dorsal process that, in
life, dorsally overlapped onto the similarly expanded lateral
portion (= maxillary process) of the pars palatinum on the
premaxilla. More posteriorly, the medial edge of the pars
palatinum is indented by a shallow concavity forming the
lateral margin of the internal narial opening and the dorsal
surface of the shelf bears short ridges and a trough for con-
tact, in life, with palatal bones. The pars dentalis is deepest
anteriorly, becomes shallower posteriorly, and its ventral
margin is essentially straight in labial or lingual outline. Start-
ing at a point approximately below the leading edge of the
nasal process (Fig. 3N, S), the maxillary tooth row extends
backwards to the posterior end of the bone (Fig. 3N). The
only maxilla with an intact tooth row, MGPT-PU 132307
(Fig. 3N), has 19 tooth positions comprised of 13 intact
teeth, five broken tooth shafts, and one empty tooth slot.
Teeth are similar in form, attachment, and arrangement to
the premaxillary teeth. Maxillary teeth are weakly heterodont
in size, being longest about one-third of the distance along
the tooth row. MGPT-PU 132012 (Fig. 3QQ) preserves a
misshaped, slightly procurved replacement tooth in the fifth
preserved locus from the mesial (= anterior) end, whereas
MGPT-PU 132014 (Fig. 3S) preserves a similarly misshaped
functional tooth in the second locus from the mesial end.

Dentaries (Fig. 4A-M)

None of the 35 dentaries is complete, but collectively they
document much of the structure of this element. The most
nearly complete specimen is MGPT-PU 132003 (Fig. 4A-C),
a right dentary preserving about the anterior four-fifths of
the bone, including the entire tooth-bearing region and the
anterior part of the area for atctachment of the post-dentary
bones. As best shown by MGPT-PU 132003, the dentary
is elongate and moderately deep along its length in labial
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or lingual view, and is broadly curved in dorsal or ventral
view. In labial view (Fig. 4A, D, G, ], L), the dorsal edge of
the tooth-bearing region is essentially horizontal. Behind
the tooth row, the dorsal edge bears a low, almost indis-
tinct, dorsally directed swelling and, more posteriorly, the
dorsal edge descends shallowly above the area for attach-
ment of the post-dentary bones. The labial surface of the
bone is unornamented, although it is slightly roughened
and, along the tooth-bearing portion, is perforated by a half
dozen or more, moderate sized external nutritive foramina
loosely arranged in either one or two horizontal rows (cf.,
Fig. 4G vs Fig. 4A, D). As seen in lingual and dorsal views
(Fig. 4B, E, H and C, E I, respectively), the symphyseal
end of the dentary consists of an anteriorly swollen, flat,
vertical face and, more posteriorly, bears either one or two
short, medioposteriorly directed prongs that, in life, formed
a mortise-in-tenon style inter-symphyseal joint. The tooth-
bearing portion consists of a relatively tall dental parapet
that becomes shallower posteriorly and a well-developed
subdental shelf with a gutter-like dorsal surface. The sub-
dental shelf becomes narrower and deeper posteriorly. Near
the end of the tooth row, the subdental shelf is perforated
by the large posterior opening for the Meckelian canal and,
more posteriorly, in the area lingually (= medially) overlain
in life by the post-dentary bones (see Venczel & Gardner
2005: text-fig. 5A, D), the lingual surface of the dentary
is shallowly concave and bears thin, posteriorly extending
bony ridges. The few specimens preserving a complete
or nearly complete tooth row (e.g., MGPT-PU 132003:
Fig. 4A-C) indicate that 20-25 tooth positions were present.
Teeth are similar in form, attachment, and arrangement to
those on the upper jaws and, like on the maxilla, dentary
teeth are weakly heterodont in size, with the longest teeth
occurring about one-third of the distance along the tooth
row. The anterior portion of a right dentary, MGPT-PU
132010 (Fig. 4G, H), is notable for having an anomalous,
plate-like patch of bone developed on the underside of its
symphyseal region.

Vertebrae (Fig. 4N-U)

Although incomplete and less distinctive than the above-
described jaws, albanerpetontid post-atlantal vertebrae can be
recognized by a suite of features (Estes & Hoffstetter 1976;
Estes 1981; McGowan 1996; Wiechmann 2003; Venczel
& Gardner 2005; Sweetman & Gardner 2013; Matsumoto
& Evans 2018), including: small size; centra amphicoelous,
notochordal, external surfaces relatively smooth, and bear-
ing donut-like ring of calcification around cotylar rims; no
spinal foramina; and unicipital rib-bearers. Two trunk ver-
tebrae and one sacral vertebra are available from Moncucco
Torinese; here we figure the better preserved trunk vertebra
(MGPT-PU 132015: Fig. 4N-P) and the sole sacral vertebra
(MGPT-PU 132017: Fig. 4Q-U). All three specimens are tiny
(maximum centra lengths = 1.2-1.4 mm). Each consists of an
intact centrum, the broken bases of the neural arch walls, and
varying amounts of the transverse processes. Judging from the
broken bases of the neural arch walls, the neural arches and
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rcc

Fic. 4. — Isolated dentaries (A-M) and vertebrae (N-U) of Albanerpeton pannonicum Venczel & Gardner, 2005 from the uppermost Miocene (Messinian) locality
of Moncucco Torinese, Piedmont Basin, northwestern Italy: A-C, MGPT-PU 1320083, right dentary preserving about anterior four-fifths of bone, including entire
tooth-bearing region, in labial (A), lingual (B), and dorsal (C) views, from layer M5; D-F, MGPT-PU 132643, left dentary preserving about anterior one-half of bone,
in labial (D), lingual (E), and dorsal (F) views, from layer M3/4; G-I, MGPT-PU 132010, right dentary preserving about anterior one-third of bone and exhibiting
anomalous, plate-like bony growth (arrow) on ventral surface of symphyseal region, in labial (G), lingual (H), and dorsal (I) views, surface collected; J, K, MGPT-PU
132631, left dentary preserving posterior portion of tooth-bearing region and adjacent part of area for attachment of post-dentary bones, in labial (J) and lingual
(K) views, from layer M3; L, M, MGPT-PU 132638, left dentary preserving posterior portion of tooth-bearing region and adjacent part of area for attachment of
post-dentary bones, in labial (L) and lingual (M) views, from layer M4/5; N-P, MGPT-PU 132015, trunk vertebra missing much of neural arch, in right lateral (N)
view, in ventral (O) view with anterior end to right, and in anterior (P) view, from layer M4/5; Q-U, MGPT-PU 132017, sacral vertebra missing much of neural arch,
in right lateral (Q) view, in dorsal (R) and ventral (S) views, both with anterior end towards top of figure, and in anterior (T) and posterior (U) views, from layer M4.
Abbreviations: aapd, area for attachment of post-dentary bones; ab, anterior basapophysis; ac, anterior cotyle; ¢, centrum; dp, dental parapet; enfo, external
nutritive foramina; naw, broken base of neural arch wall; ncp, notochordal pit; oMc, opening for Meckelian canal; rcc, rim of calcified cartilage; sd, subdental
shelf; sp, symphyseal prongs; t, functional teeth; tp, transverse process; ts, tooth slot. All images are photographs of undusted specimens. Dentaries (upper
scale bar) are depicted at same magnification and vertebrae (lower scale bar) are depicted at same magnification. Scale bars: 1 mm.

canals were broad. In each specimen, the centrum is deeply
amphicoelous and perforated by a persistent or open noto-
chord, the anterior and posterior cotyles are rimmed with a
donut-like ring of calcified cartilage, and no spinal foramina
or ventromedian keel are present. In both trunk vertebrae, the
centrum is relatively elongate and somewhat hourglass-shaped
(i.e., moderately constricted midway along its length), the
anterior and posterior cotyles are subcircular in outline, and
a faint ridge extends posteriorly and slightly laterally along
either side of the ventral midline. On both trunk vertebrae,
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the broken bases of the transverse processes are positioned
low on the broken neural arch wall, slightly forward of the
anteroposterior midpoint of the centrum. Judging by their
broken bases, the transverse processes were rod-shaped.
Trunk vertebra MGPT-PU 132015 bears weakly-developed
anterior basapophyses in the form of low, anteroposteriorly
short knobs that barely extend forward beyond the anterior
cotylar rim (Fig. 4N-P); the other trunk vertebra (MGPT-
PU 132016: unfigured) lacks anterior basapophyses. We
identify MGPT-PU 132017 (Fig. 4Q-U) as a sacral vertebra
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because its centrum is relatively broad and anteroposteriorly
short, not constricted, and slightly flattened dorsoventrally,
it lacks basapophyses, and it bears deep and stout transverse
processes that arise lower on the neural arch wall. Although
the form of the transverse processes on MGPT-PU 132017
resembles those on anteriormost trunk vertebrae figured by
Estes & HofIstetter (1976: fig. 2A, B, pl. VI, 12, 13) for
Albanerpeton inexpectatum, the latter specimens differ from
MGPT-PU 132017 in bearing both anterior and posterior
basapophyses.

DISCUSSION

TAXONOMIC IDENTIFICATION

OF THE MONCUCCO TORINESE SPECIMENS

Specimens reported here from Moncucco Torinese exhibit a
suite of features typical for albanerpetontid jaws and vertebrae
(e.g., Estes & Hoffstetter 1976; Fox & Naylor 1982; Gardner
2000a, 2001, 2002; McGowan 1996, 2002; Wiechmann
2003; Venczel & Gardner 2005; Sweetman & Gardner 2013;
Szentesi et al. 2013); especially notable are the distinctive
non-pedicellate and chisel-like teeth on the jaws and the
autapomorphic symphyseal prongs on the dentaries. Based
on their restricted stratigraphic and geographic occurrence
and because there is no evidence for multiple premaxillary,
maxillary, or dentary morphs, we associate all albanerpeton-
tid jaws and associated vertebrae from Moncucco Torinese
within one species.

Jaws are considered useful for differentiating many alba-
nerpetontid species (e.g., Estes & Hoffstetter 1976; Fox &
Naylor 1982; Gardner 1999a, b, ¢, 2000a, b; Gardner et al.
2003; Venczel & Gardner 2005; Sweetman & Gardner 2013).
Compared to currently recognized albanerpetontid species, the
Moncucco Torinese jaws are most similar to those described for
Albanerpeton pannonicum (Venczel & Gardner 2005; Delfino &
Sala 2007; Szentesi ez al. 2015) in the following combination
of features: relatively small size; premaxilla relatively robust,
with pars dorsalis relatively low, dorsal boss confined to upper
one-third or less of pars dorsalis, labial ornament confined to
dorsal boss and consists of irregular, small pits and low ridges,
and suprapalatal pit faces lingually, positioned low within pars
dorsalis, and moderately large and ovoid to subtriangular in
outline; maxilla and dentary not ornamented labially, occlusal
edges of tooth-bearing regions relatively straight in labial profile,
and teeth weakly heterodont in size anteriorly. Two variable
premaxillary features considered diagnostic for A. pannonicum
(Venczel & Gardner 2005) are invariant among the available
premaxillae from Moncucco Torinese: premaxillae are consist-
ently single (vs some weakly fused) and the suprapalatal pit is
consistently single (vs subdivided in some specimens). Lack
of variation in those features among the Moncucco Torinese
premaxillae is likely due to the smaller sample size of nine
premaxillae from that locality not capturing the fuller range
of variability, compared to the larger sample of 45 premaxil-
lae available from the lower Pliocene Csarnéta 2 type locality
for A. pannonicum. We note that only unfused premaxillae
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with an undivided suprapalatal pit also occur in smaller sam-
ples of A. pannonicum premaxillae from the upper Pliocene
Csarnéta 3 locality (n = 3; Szentesi ez /. 2015) and the Lower
Pleistocene Rivoli Veronese locality (n = 1; Delfino & Sala
2007). By contrast, other aspects of premaxillary variation
previously reported for A. pannonicum (Venczel & Gardner
2005; Delfino & Sala 2007; Szentesi et al. 2015) are evident
in the Moncucco Torinese sample, including: outline of the
dorsal end of the pars dorsalis; relative depth and width of
the lateral dorsal notch; size and form of the laterally directed
swelling immediately below the lateral dorsal notch; shape of
the suprapalatal pit; and relative size of the palatal foramen.

Albanerpeton inexpectatum is the only other albanerpetontid
species currently recognized from the Cenozoic of Europe, so it
is appropriate to compare its jaws with those from Moncucco
Torinese. A. inexpectarum exhibits four jaw autapomorphies
(Gardner 1999a, 2002) not seen in material from Moncucco
Torinese or in any jaws previously reported for A. pannonicum
(Venczel & Gardner 2005; Delfino & Sala 2007; Szentesi et a/.
2015): premaxilla lacks dorsal boss (vs small boss present in
A. pannonicum); premaxilla ornamented labially with raised
pustules covering entire surface of pars dorsalis (vs ornament in
A. pannonicum consists of irregular, small pits and low ridges
confined to dorsal boss); larger sized maxillae and dentaries
ornamented labially with low, irregular ridges (vs ornament
absent in A. pannonicum); and dentary bears a prominent,
dorsally projecting, triangular process immediately behind
tooth row (vs prominent process absent in A. pannonicum).

In summary, based on similarities and differences listed
above, we refer the albanerpetontid jaws from Moncucco
Torinese to Albanerpeton pannonicum. Although albaner-
petontid vertebrae are not known to be diagnostic to genus
or species, we also refer the three vertebrae from Moncucco
Torinese to A. pannonicum based on their association with
jaws of that species.

THE EUROPEAN CENOZOIC ALBANERPETONTID RECORD

Aside from small collections of undescribed albanerpetontid
bones from the middle and late Paleocene of southern Alberta,
Canada (e.g., Fox & Naylor 1982; Gardner & Béhme 2008;
Gardner & DeMar 2013), the Cenozoic record for albaner-
petontids otherwise is limited to Europe. Isolated and rare
articulated bones of the type genus Albanerpeton have been
reported from over 40 localities of early Oligocene-Early
Pleistocene age in Austria, Czech Republic, France, Germany,
Hungary, Italy, and Serbia (Table 1). The Moncucco Torinese
occurrence extends the temporal range for A. pannonicum from
its previously known occurrences in the Early Pleistocene and
Pliocene (Venczel & Gardner 2005; Delfino & Sala 2007;
Szentesi et al. 2015) back into the latest Miocene (i.e., MN17-
13). This narrows the temporal gap between A. pannonicum
and the other European congener, A. inexpectatum, the latter
of which ranges from the late (but not latest) Miocene back
to the early Oligocene (MN9-MP21). These two temporally
separate congeners also have different geographic ranges:
A. pannonicum is known only from a few localities in central
Hungary and northern Italy, whereas A. inexpectatum has a
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TaBLE 1. — Cenozoic occurrences of Albanerpetontidae in Europe. Data assembled from various sources, including the “fosFARbase” on-line database of
Triassic-Neogene occurrences of lower tetrapods maintained by Bohme & llg (2003) and the summary table of global albanerpetontid occurrences presented
by Gardner & Bohme (2008: table 12.2). Citations in “References” column are limited to publications in which albanerpetontids were first reported or otherwise
documented in a significant manner. An asterisk (*) denotes publications in which specimens were described, figured, or both. For older Mesozoic occurrences
for albanerpetontids in Europe, see summaries by Béhme & llg (2003), Gardner & Béhme (2008: table 12.2), Sweetman & Gardner (2013: table 2), and Szentesi
et al. (2013: table 1). Notes: (1), Age originally reported as late Pliocene (Gelasian, MN17: see Delfino & Sala 2007). Subsequent lowering of the base of the Pleis-
tocene to coincide with the base of the Gelasian (see Gibbard et al. 2010) means Rivoli Veronese is now considered Early Pleistocene in age; ), Fissure fills near
the villages of La Grive and Saint Alban are grouped together, because precise locality details are lacking for many of the Albanerpeton inexpectatum fossils from
there; the listed fissures and quarries are known to have yielded bones of that species (Gardner 1999a). For more detailed accounts of the La Grive-Saint-Alban
fissures, see Freudenthal & Mein (1989) and Mein & Ginsburg (2002); ®), Originally identified as “Albanerpeton cf. inexpectatum” (Buri¢ 2016); see “Discussion”
for our comments on the specific identity of these Serbian fossils; @), Identification follows accessed version of database maintained by Bohme & lig (2003),
rather than other cited publications; ), MP zone reported by Wiechmann (2003: 151) is tentatively accepted here, even though each locality contains several
fissure infills of different ages and Wiechmann (2003) did not identify which fissure infill(s) yielded albanerpetontid fossils; ), Reported variously as “Herrlingen”
(Wiechmann 2003: 151) or “Herrlingen 11” (Béhme & lig 2003).

Depositional

Geological age Locality environment Taxon Material References

Early Pleistocene, Rivoli Veronese, ltaly karst Albanerpeton dentaries, maxillae, Delfino & Sala (2007%);
Gelasian, MN17 (1) pannonicum premaxilla, frontal, Villa et al. (2018)

vertebra

late Pliocene, Csarnota 3, Hungary karst Albanerpeton jaws, lacrimal, jugal, ~Szentesi et al. (2015%)
Piacenzian, MN16A pannonicum frontals

early Pliocene, Csarnota 2, Hungary karst Albanerpeton abundant cranial and Venczel (2003);
Zanclean, MN15 pannonicum post-cranial bones Venczel & Gardner

(2005%); Maddin
et al. (2013

late Miocene, Moncucco Torinese, Italy mixed ephemeral Albanerpeton dentaries, maxillae, = Colombero et al.
Messinian, MN13 freshwater and  pannonicum premaxillae, (2014a); Colombero
terrestrial vertebrae et al. (2017); this
study*
late Miocene, Richardhof-Golfplatz, Austria, lacustrine Albanerpeton unreported Harzhauser & Tempfer
Tortonian, MN9 inexpectatum (2004)
late Miocene, Fels6tarkany 3/10, Hungary fluvio-lacustrine Albanerpetontidae dentary Venczel & Hir (2013)
Tortonian, MN9 indet.
middle Miocene, La Grive-Saint-Alban quarries, karst Albanerpeton abundant cranial and Estes & Hoffstetter
Serravallian, MN7/8  France @) fissure M (MN7/8) inexpectatum post-cranial bones (1976%); Estes
and ?MNG6; possibly  in Milliet Quarry, fissure L7 (1981%); Gardner
also latest early (MN7/8) in Lechartier Quarry (1999a*); Maddin
Miocene, Langhian,  and unrecorded fissures et al. (2013%)
?MN5 (MN5-MN7/8) in Peyre and
Beau Quarry
middle Miocene, Sansan, France marsh or Albanerpeton dentaries, maxillae, Rage & Hossini (2000%)
Astracian, MN6 marginal inexpectatum humerus
lacustrine
middle Miocene, Undorf bei Regensburg floodplain Albanerpeton unreported Bdhme (2003:
Langhian, MN5 (Bahnstrecke), Germany inexpectatum appendix 1)
middle Miocene, Gisseltshausen 1a and 1b, floodplain Albanerpeton unreported Bohme (2003:
Langhian, MN5 Germany inexpectatum appendix 1)
middle Miocene, Sandelzhausen unterer riparian pool Albanerpeton jaws, vertebrae Bohme (1999; 2003:
Burdigalian, MN5 Gerollmergel C2 and C3/D1, and floodplain  inexpectatum appendix 1; 2010%)
Germany
early Miocene, MaBendorf, Germany floodplain Albanerpeton unreported Béhme (2003:
Burdigalian, MN5 inexpectatum appendix 1)
early Miocene, Eitensheim, Germany floodplain Albanerpeton unreported Bdhme (2003:
Burdigalian, MN5 inexpectatum appendix 1)
early Miocene, Arth 1, Germany riparian pool Albanerpeton unreported Bohme (2003:
Burdigalian, MN5 and floodplain  inexpectatum appendix 1)
early Miocene, Adelschlag, Germany floodplain Albanerpeton premaxilla Bohme (2003:
Burdigalian, MN5 inexpectatum appendix 1);
Reichenbacher et al.
(2004: table 2)
early Miocene, Randecker Maar, Germany lacustrine Albanerpeton abundant cranial and Wiechmann (2001;
Burdigalian, MN5 inexpectatum post-cranial bones 2003*); Bdéhme
(2003: appendix 1);
Rasser et al. (2013%)
early Miocene, Puttenhausen 1 (= floodplain Albanerpeton unreported Bohme (2003:
Burdigalian, MN5 Puttenhausen classic), inexpectatum appendix 1); Abdul
Germany Aziz et al. (2010:
table 1)
early Miocene, Teiritzberg T2/3 and T2/6, floodplain Albanerpeton sp. dentary Bdhme (2002*; 2003:

Burdigalian, MN5

Austria

appendix 1)
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TaBLE 1.— Continuation.

Depositional
Geological age Locality environment Taxon Material References
early Miocene, Oberganserndorf 2, Austria floodplain Albanerpeton sp. dentaries, maxilla Béhme (2002*%; 2003:
Burdigalian, MN5 appendix 1)
early Miocene, Oberdorf O3 and O4, Austria  freshwater Albanerpeton jaws, frontals, Sanchiz (1998%);
Burdigalian, MN4b swamp inexpectatum parietals, ?lacrimal, Bohme (2003:
vertebrae appendix 1)
early Miocene, Erkertshofen 1, Germany karst Albanerpeton unreported Bohme (2003:
Burdigalian, MN4b inexpectatum appendix 1)
early Miocene, Petersbuch 4, 5, 36 (Coll karst Albanerpeton unreported Bdhme (2003:
Burdigalian, MN4b Rummel) and 38-Borden, inexpectatum appendix 1)
Germany
early Miocene, Petersbuch 2, 7, 8, and 28, karst Albanerpeton cranial and post- Bdhme (2003:
Burdigalian, MN4a Germany inexpectatum cranial bones appendix 1);
Wiechmann (2003%)
early Miocene, Sibnica, Serbia lacustrine Albanerpeton sp.® premaxillae, dentaries, Buri¢ (2016%)
Burdigalian, MN4 frontals
early Miocene, Stubersheim 3, Germany karst Albanerpeton unreported Béhme (2003:
Burdigalian, MN3 inexpectatum appendix 1)
early Miocene, Wintershof West, Germany karst Albanerpeton unreported Bdhme (2003:
Burdigalian, MN3 inexpectatum appendix 1)
early Miocene, Merkur-North, Czech Republic Albanerpeton dentaries Bohme (2002; 2003:
Burdigalian, MN3 inexpectatum appendix 1); Kvacek
et al. (2004: table 1);
Cerfiansky (2010
early Miocene, WeiBenburg 6, Germany karst Albanerpeton unreported Boéhme (2003,
Aquitanian, MN1 inexpectatum ) appendix 1)
late Oligocene, Oberleichtersbach, Germany  lacustrine Albanerpeton dentary Bdhme, unpubl. obs.
Chattian, MP30 inexpectatum (4) (cited by Gardner &
Bdhme 2008: table
12.2); Bohme (2008)
late Oligocene, Herrlingen ©6), Germany karst Albanerpetontidae unreported Wiechmann (2003)
Chattian, MP28 ©) indet.
early Oligocene, Ronheim 1, Germany karst Albanerpeton sp. unreported Boéhme & llg (2003)
Rupelian, MP23
early Oligocene, Grafenmihle 11, Germany karst Albanerpeton dentaries, vertebrae  Béhme & lig (2003);
Rupelian, MP22-23 inexpectatum (4) Bdhme (2008)
early Oligocene, Ehrenstein (unspecified karst Albanerpetontidae unreported Wiechmann (2003)
Rupelian, MP22 ©) fissure), Germany indet.
early Oligocene, Mohren 12, Germany karst Albanerpeton unreported Bohme & llg (2003);

Rupelian, MP21

inexpectatum @) Bohme (2008)

somewhat more northern range and is broadly distributed
from western France eastwards through Germany and into
Austria and the Czech Republic (Table 1).

Duri¢ (2016) recently reported “Albanerpeton cf. inex-
pectatum” on the basis of isolated premaxillae, dentaries,
and frontals from the early Miocene (MN4) of Serbia. This
occurrence is notable for being the most southeastern occur-
rence of a Cenozoic albanerpetontid in Europe and lies far
outside of the known geographic range of A. inexpectatum.
The identity of the Serbian fossils is unclear, because they are
incomplete and were not well described or illustrated. Based
on the published description and photographs (Puri¢ 2016:
58 and pl. 1a-d), the specimens clearly are albanerpetontid.
The posteriorly incomplete frontals figured by Puri¢ (2016:
pl. 1b) are reliably diagnostic for Albanerpeton in having a
triangular outline (e.g., McGowan 1998; Gardner 2000a,
2002), and are typical for both A. inexpectatum and A. pan-
nonicum in being shaped like an equilateral triangle in dor-
sal or ventral outline, in having ventrolateral crests that are
relatively broad and with a concave ventral surface, and in
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bearing a narrow, spike-like internasal process (e.g., Gardner
1999a; Venczel & Gardner 2005). As depicted in ventral
view (Duri¢ 2016: pl. 1b1), the Serbian frontal bears a ridge
along its ventral midline, between the ventrolateral crests; it is
unclear whether this is the shallow and narrow ridge vairably
seen at this position in some albanerpetontid frontals (e.g.,
Sweetman & Gardner 2013: fig. 4F) or the more prominent,
deeper, and broader “ventromedian keel” considered autapo-
morphic for A. pannonicum (e.g., Venczel & Gardner 2005:
text-fig. 6B, C, E). The figured Serbian dentary (Puri¢ 2016:
pl. 1a) lacks labial ornament, but given its small size we would
not expect ornament to be present if the dentary was from
A. inexpectarum, because that feature appears only on larger
dentaries and maxillae (Gardner 1999a). The two Serbian
premaxillae, both figured in labial view (Puri¢ 2016: pl. 1c,
d), appear to lack the pustulate ornament of A. inexpectatum,
yet the presence or absence of a dorsal boss, the latter being
diagnostic for A. inexpectarum, cannot be seen. Based on the
two figured premaxillae, the Serbian material does not appear
to belong to A. inexpectarum. The specimens may belong to
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A. pannonicum (if so, that would be a further temporal and
geographic extension for the species, although the latter would
be consistent with that species’ more southern range) or to an
unrecognized species of Albanerpeton. Further study of the
Serbian material is warranted to clarify its specific identity.

Another unresolved aspect of the Cenozoic record for
albanerpetonitids in Europe is why there are no Paleocene
or Eocene records on the continent (e.g., Gardner & Bohme
2008; Rage 2012)? Anurans and caudates have a modest rec-
ord during those epochs in Europe (e.g., Estes er al. 1967;
Rage 2003, 2012 and references therein; Smith ez /. 2011),
yet albanerpetontid remains have not been reported. This
early-mid Paleogene gap is all the more puzzling, considering
that albanerpetontid bones are ubiquitous components of
older Late Cretaceous vertebrate assemblages across Europe
(see Szentesi e al. 2013: table 1) and that diagnostic jaws and
frontals of Albanerpeton are known from the latest Cretaceous
of France and Romania (e.g., Grigorescu ez al. 1999; Duffaud
2000; Folie & Codrea 2005; Venczel et al. 2013).
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