Swiss Journal of Palaeontology
https://doi.org/10.1007/s13358-019-00185-5

REGULAR RESEARCH ARTICLE q

Check for
updates

The Allemann collection from the Santa Cruz Formation (late early
Miocene), Argentina, in Zurich, Switzerland

Daniel Zurita-Altamirano’ - Eric Buffetaut>® - Analia M. Forasiepi® - Alejandro Kramarz® -
Juan D. Carrillo®” @ - Gabriel Aguirre-Fernandez’ ® - Alfredo A. Carlini® - Torsten M. Scheyer’
Marcelo R. Sanchez-Villagra'

Received: 27 September 2018/ Accepted: 4 February 2019
© Akademie der Naturwissenschaften Schweiz (SCNAT) 2019

Abstract

One of the best-known faunal assemblages that characterizes the past ecosystems from South America comes from the
Santa Cruz Formation in Argentina. This assemblage is formed by an endemic fauna, which included ground sloths,
glyptodonts, native ungulates, terror birds (phorusrhacids), among others. The Santacrucian South American Land
Mammal Age is dated 18.0-15.6 Ma, late early Miocene. Current curatorial efforts revealed a large collection of over 1100
fossil remains from the Santa Cruz Formation, donated in 2007 to the Paleontological Museum, University of Zurich,
Switzerland. The fossils were brought to Switzerland in the late 1880s by Theodor Allemann, an engineer and amateur
collector. The collection includes skulls, isolated teeth, mandibles, and isolated postcranial elements. Postcranials are
mainly represented by astragali, calcanei, and osteoderms. The study of the remains allowed us to recognize 20 families of
mammals, one of birds, and one of amphibians: Abderitidae, Palaeothentidae (Paucituberculata); Hathliacynidae
(Sparassodonta); Dasypodidae, Peltephilidae, and Glyptodontidae (Cingulata); Megatheriidae and Megalonychidae (Tar-
digrada); Astrapotheriidae (Astrapotheria), Protherotheriidae and Macraucheniidae (Litopterna); Toxodontidae, Homa-
lodotheriidae, Hegetotheriidae and Interatheriidae (Notoungulata); Dasyproctidae, Dinomyidae, Neoepiblemidae,
Chinchillidae, Erethizontidae, Echimyidae and Eocardidae (Rodentia); Phorusrhacidae (Cariamiformes); and Calypto-
cephalellidae (Anura). Among them, we identified 28 genera and 9 species. Reference to the previous work on the Santa
Cruz fauna and the good preservation of the material allow us to achieve taxonomic resolution in the identifications. We
discuss the potential usefulness of this collection for studying the paleobiology of specimens/species of this fauna.
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Resumen
Durante largos periodos del Cenozoico, América del Sur estuvo aislada de otros continentes y fue el hogar de una fauna
endémica que incluia perezosos gigantes, gliptodontes y aves del terror (fororracidos), entre otros. Uno de los conjuntos
faunisticos mds importantes que caracterizan a estos ecosistemas del pasado proviene de la Formacion Santa Cruz (Edad
Mamifero de América del Sur Santacrucense, 18.0-15.6 Ma, finales del Mioceno temprano. Los esfuerzos curatoriales
recientes revelaron una gran coleccion (mas de 1100 restos) de fosiles de la Formacion Santa Cruz, donada por el Museo
de Historia Natural Olten al Museo Paleontoldgico de la Universidad de Zdrich en 2007. Los fosiles fueron transpor-
tados a Suiza a fines de la década de 1880 por Theodor Allemann, un ingeniero y coleccionista aficionado, que dond su
coleccion en 1926 al municipio de Olten. La coleccion incluye craneos parciales, dientes aislados, mandibulas, maxilares
y elementos postcraneales aislados (principalmente astragalos, calcaneos y osteodermos). La revision de los restos nos
permitio reconocer 20 familias de mamiferos, una de aves y una de anfibios: Abderitidae, Palacothentidae
(Paucituberculata); Hathliacynidae (Sparassodonta); Dasypo-
didae, Peltephilidae, y Glyptodontidae (Cingulata); Mega-
theriidae y Megalonychidae (Tardigrada); Astrapotheriidae
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Dinomyidae, Neoepiblemidae, Chinchillidae, Erethizontidae, Echimyidae y Eocardidae (Rodentia); Phorusrhacidae (Caria-
miformes); y Calyptocephalellidae (Anura). Hemos identificado 28 géneros y nueve especies. La referencia al trabajo previo
sobre la fauna de Santa Cruz y la buena conservacion del material nos permiten lograr una resolucién taxondmica en las
identificaciones, discutimos el potencial de esta coleccién para contribuir al estudio de la paleobiologia de los especimenes/

especies de esta fauna

Abbreviations

StC + D Stylar cusp C + D

StB Stylar cusp B

M/m Upper and lower molars

P/p Upper and lower premolars
Clc Upper and lower canines

11 Upper and lower incisors
Mf/mf Upper and lower molariforms

SALMA  South America Land Mammal Age

PIMUZ  Paleontological Institute and Museum,
University of Zurich
Introduction

The South American continent was separated from other
landmasses from the early Eocene (ca. 50 Ma) until the late
Neogene when the formation of the Isthmus of Panama
established a land connection between North and South
America (Simpson 1980; Pascual and Ortiz-Jaureguizar
2007; Wilf et al. 2013; Cione et al. 2015; Jaramillo 2018).
During this period, South America was home to an ende-
mic fauna, which exhibited high ecological and morpho-
logical disparity. Some of the richest fossiliferous localities
in South America are from the early Miocene
(18.0-15.6 Ma, Perkins et al. 2012; Cuitifio et al. 2016)
Santa Cruz Formation in Patagonia. The Santacrucian
fauna has become one of the most studied assemblages,
providing a glimpse into the past ecosystem of Patagonia at
the time. The excellent preservation, completeness, and
abundance of the fossil specimens made it a target for
many investigations for more than 130 years. Those of the
Ameghino brothers (1887, 1889, 1890), the Princeton
University Expeditions to Patagonia (1896-1899) (Scott
1905, 1909, 1910), André Tournouér’s expeditions
(1899-1903) for the Muséum national d’Histoire naturelle,
Paris (Tournouér 1922; Buffetaut 2013), and Vizcaino
et al. (2012) in the present days are examples, just to name
a few.

The early field expeditions to Santa Cruz resulted in
numerous collections that were sold or given to different
institutions and private collectors. Therefore, the study of
the Santa Cruz Formation documents also a part of the

history of paleontological research in South America
(Vizcaino 2011). Some of this history continues to come
into light even today, an example is the photographic
album from William B. Scott of 1901 housed in the Kansas
University Natural History Museum, recently identified
(Vizcaino et al. 2017). Similarly, across European univer-
sities and museums, there are historical collections which
have been either forgotten, lost, or that remain unstudied,
some of them revisited only recently; for example, the
collections of Egidio Feruglio (1897-1954) housed in the
Museum of Geology and Paleontology of the University of
Padova (Vera, Fornasiero and Del Favero 2015), and the
collection of Hermann Karsten (1817-1908) housed in the
Museum of Natural History of Berlin (Carrillo-Bricefio
et al. 2016).

Here, we report on a collection from the Santa Cruz For-
mation housed at the Paleontological Institute and Museum,
University of Zurich. The fossils were brought to Switzerland
by Theodor Allemann (01.07.1859-11.11.1931), who was a
Swiss electrical engineer, director of the electric company
Olten—Aarburg—Gosgen and member of the board of the
Natural History Museum Olten. He graduated in 1880 from
the Swiss Federal Institute of Technology of Zurich and
worked in Argentina on different projects, including the har-
bor construction in Ensenada, La Plata, until his return to
Switzerland in 1894. He donated the fossils from Argentina to
the Natural History Museum Olten in 1926 (Heinz Furrer pers.
comm.). That museum donated the fossils to the PIMUZ in
2007. Unfortunately, we found no records that account for the
arrival of the collection in Switzerland. The collection was
overlooked until it was received by PIMUZ. As a result, the
only information we have about Theodor Allemann comes
from his obituary published in the Schweizerische Bauzeitung
(Anonymous 1931). We do not know if he assembled this
collection himself, if he bought it, or both. Interestingly, since
Allemann returned to Switzerland in 1894, he must have
acquired his collection of Santa Cruz vertebrates close to the
beginning of the paleontological exploration of the Santa Cruz
Formation, since the fieldwork of Carlos Ameghino’s field
work in the area began in 1887, following efforts a decade
earlier by Francisco P. Moreno (Vizcaino et al. 2012).
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Materials and methods

The exact geographic provenance of the fossils cannot be
traced; nevertheless, they all share the same kind of
preservation and the vast majority represents the most
common fossil taxa recorded in the Santa Cruz Formation.
The material was analyzed and compared with published
descriptions and with comparative materials housed in the
Palaeontological Institute and Museum, University of
Zurich (PIMUZ), the Natural History Museum, London
(NHM), the Muséum National d’Histoire Naturelle, Paris
(MNHN), and the Museo Argentino de Ciencias Naturales,
Buenos Aires (MACN).

For descriptions, the orientation of the teeth follows
Smith and Dodson (2003). We follow Soria (2001) for the
taxonomy of Litopterna; Billet (2011) and Cassini et al.
(2017) for Notoungulata, Scott (1905) for rodents, and
Abello (2013) for Paucituberculata.

Results

The material includes 1116 fossil specimens, identified as
teeth, dentaries and maxillae with dentition, partial skulls,
cranial components and, postcranial bones—the latter
mostly astragali and calcanei.

Systematic Paleontology

Mammalia

SPARASSODONTA Ameghino 1894
HATHLIACYNIDAE Ameghino 1894
Cladosictis Ameghino 1887
Cladosictis patagonica Ameghino 1887

Referred material PIMUZ A/V 4791 (a), right dentary with
p3—m4 (Fig. 1a, b), (b) left dentary with p3; PIMUZ A/V
5661, cl; PIMUZ A/V 5662, broken dentary with c—pl.

Comments The lower canine is laterally compressed. The
premolars and molars are secodont. Molars increase
markedly in size from ml to m4. Basined talonids are
present in m1-3, which are reduced but bears small cusps
in m4. There are two mental foramina: a large one below
p2 and a small one below ml (see also Marshall 1981).
Cladosictis patagonica is the most abundant sparassodont
from the Santa Cruz Formation (Prevosti et al. 2012).

Hathliacynidae indet.

Referred material PIMUZ A/V 5663, an isolated canine,
PIMUZ A/V 5664, an isolated premolar.

PAUCITUBERCULATA Ameghino 1894
ABDERITIDAE Ameghino 1889
Abderites Ameghino 1887

Abderites sp.

Referred material PIMUZ A/V 5659, right dentary frag-
ment with m2-3 (Fig. 1c, d).

Comments Short and deep dentary; m2-3 similar in size
and shape, m4 absent, but likely much smaller based on the
alveolus size; m2-3 bunolophodont, with lophs connecting
labial and lingual cusps; trigonid and talonid similar in size
in occlusal view and similar in height in lateral view;
hypoconid not anteroposteriorly compressed; paraconid
absent, as in A. meridionalis (Santacrucian age) and A.
aisenense (Friasian sensu lato) (Marshall 1980; Abello and
Rubilar-Rogers 2012).

PALAEOTHENTIDAE Sinclair 1906

Palaeothentes Ameghino 1887

Palaeothentes lemoinei Ameghino 1887

Referred material PIMUZ A/V 5660, left M2 (Fig. le).

Comments The left M2 has a broad crown and lacks the
paracone (see Abello 2007). The tooth is smaller than the
homologue in P. aratae and larger than that of P.
intermedius.

PAUCITUBERCULATA indet.

Referred material PIMUZ A/V 5416, isolated left M2;
PIMUZ A/V 5417, broken right dentary with broken i2 and

p3.

Comments PIMUZ A/V 5416 displays the typical quad-
rangular shape and the four cusps of the upper molars of
paucituberculatans; PIMUZ A/V 5417 resembles most the
mandible shape of Palaeothentes primus, on which the
alveolus of i3 is placed lateral to that of i2.

XENARTHRA Cope 1889
CINGULATA Illiger 1811
DASYPODIDAE Gray 1821
EUTATINI Bordas 1933
Proeutatus Ameghino 1891a
Proeutatus sp.

Referred material PIMUZ A/V 5584, two isolated partial
osteoderms (Fig. 2m).
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Fig. 1 a Cladosictis patagonica (PIMUZ A/V 4791) right dentary,
labial view, with p3, m1-4; b same specimen in lingual view;
¢ Abderites (PIMUZ A/V 5659) fragment of right dentary, labial

view, with m2-3; d same specimen in occlusal view; e Palaeothentes
lemoinei (PIMUZ A/V 5660) in occlusal view

Fig. 2 a Propalachoplophorinae indet. (PIMUZ A/V 5593) right
calcaneus in ventral view; b Propalachoplophorinae indet. (PIMUZ
A/V 5594) right astragalus; ¢ Propalaechoplophorinae indet. (PIMUZ
A/V 5590) cranium with mf2-mf7 in palatal view; d Megatherioidea
indet. (PIMUZ A/V 5618) right astragalus; e Dasypodidae indet.
(PIMUZ A/V 5588) right astragalus (dorsal view); f Peltephilus sp.
(PIMUZ A/V 5589), broken skull in right lateral view; g osteoderm of

Comments The well-defined lateral figures and the central
figure are lageniform (“bottle shaped™), without a promi-
nent central ridge, as is characteristic of the genus.

Stenotatus Ameghino 1891b

Propalachoplophorinae indet. (PIMUZ A/V 5379); h osteoderm of
Propalaehoplophorinae indet. (PIMUZ A/V 5378); i osteoderm of
Propalachoplophorinae indet. (PIMUZ A/V 5376); j osteoderm of
Propalaehoplophorinae indet. (PIMUZ A/V 5377); k Hapalops sp.
(PIMUZ A/V 5604), distal phalanx; 1 Hapalops sp. (PIMUZ A/V
5603) maxilla in occlusal view; m Proeutatus sp. (PIMUZ A/V 5584)
osteoderms

Stenotatus patagonicus Ameghino 1887

Referred material PIMUZ A/V 5585, mobile osteoderm
from the carapace.
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Comments In the exposed portion of the osteoderm three
areas can be identified, two lateral with peripheral fig-
ures and a long central one.

EUPHRACTINAE Winge 1923
Prozaedyus Ameghino 1891a
Prozaedyus sp.

Referred material PIMUZ A/V 5586; PIMUZ A/V 5599,
two broken isolated osteoderms.

Comments The two specimens are very small movable
osteoderms, they measure 14.52 x 4.92 mm, and
13.52 x 4.53 mm, respectively, and they have a longitu-
dinal ridge along the central figure. The osteoderms also
show two almost straight longitudinal grooves with four
foramina for hair follicles along them.

DASYPODIDAE indet.

Referred material PIMUZ A/V 5598, four broken osteo-
derms; PIMUZ A/V 5587, 21 isolated osteoderms, slightly
worn; PIMUZ A/V 5588, one distal phalanx, one astragalus
and two metapodials (Fig. 2e).

PELTEPHILIDAE Ameghino 1894
Peltephilus Ameghino 1887
Peltephilus sp.

Referred material PIMUZ A/V 5589, anterior portion of
skull broken at the level of the frontonasal suture, with
partial dentary. The first four upper teeth are observable
from the right side and three from the left (Fig. 2f).

Comments The teeth are labially sharply pointed and
although a small separation between them does exist, there
is no proper diastema (Vizcaino and Farina 1997).

GLYPTODONTIDAE Gray 1869
Propalaehoplophorinae Ameghino 1891c
Propalaehoplophorinae indet.

Referred material PIMUZ A/V 5593 (Fig. 2a), calcaneus;
PIMUZ A/V 5594 (Fig. 2b), astragalus; PIMUZ A/V 5590
(Fig. 2c), partial cranium, left side preserves six molari-
forms and part of the zygomatic arch. The fossil is partially
covered by the matrix; PIMUZ A/V 5591, cephalic osteo-
derm; PIMUZ A/V 5376, 52 isolated dorsal carapace
osteoderms (e.g., Fig. 2i); PIMUZ A/V 5377, 57 isolated
dorsal carapace osteoderms (e.g., Fig. 2j); PIMUZ A/V
5378, seven articulated osteoderms (Fig. 2h); PIMUZ A/V
5379, 11 articulated osteoderms (Fig. 2g); PIMUZ A/V
5380, vertebrae with imprint of the osteoderms, PIMUZ
A/V 5381 and PIMUZ A/V 5657, imprint (trace in sedi-
ment) of dorsal carapace; PIMUZ A/V 5592, metacarpal.

Comments The osteoderms, of different sizes, have a cen-
tral figure with nine or ten smaller polygonal peripheral
figures. The grooves between figures are shallow, and
mainly straight.

TARDIGRADA Latham and Davies 1795
MEGATHERIOIDEA Gray 1821
MEGATHERIIDAE Gray 1821
Planopinae Ameghino 1887

C.f. Planops sp.

Referred material PIMUZ A/V 5601, one broken distal
phalanx.

Comments The phalanx is referred as c.f. Planops, because
its morphology agrees with those described for “plano-
pines” and is bigger than in Hapalops. It measures
18.41 mm in width and 29.25 mm in height at the base of
the proximal articular surface and the shaft is broken.

Schismotheriinae Mercerat 1891
Hapalops Ameghino 1887
Hapalops sp.

Referred material PIMUZ A/V 5602, right maxilla (with
broken Mf1-4) and dentary (broken caniniform and
mf1-3); PIMUZ A/V 5603, one left dentary with four teeth
(Fig. 21); PIMUZ A/V 5604, 29 distal phalanges (e.g.,
Fig. 2k) and one pisiform bone.

Comments The anterior-most tooth is a small caniniform.
This tooth is aligned with the other teeth, is suboval in
cross section, and followed posteriorly by a small diastema.

MEGALONYCHIDAE Gervais 1855
Eucholoeops Ameghino 1887
Eucholoeops sp.

Referred material PIMUZ A/V 5605, anterior fragment of
left dentary (with mfl in place) and broken left maxilla
with Mf1-4.

Comments The alveolus for the caniniform tooth is sig-
nificantly larger than the other alveoli, labially dircted, and
is subtriangular in cross section. In the maxilla the first
tooth is placed close to the premaxillary—maxillary suture
and there is a long diastema between it and the successive
teeth.

Megalonychidae indet.

Referred material PIMUZ A/V 5606, fragment of dentary,
only incisor alveoli are visible.

Megatherioidea indet. Gray 1821
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Referred material PIMUZ A/V 5607, one incisor; PIMUZ
A/V 5422, three teeth PIMUZ A/V 5608, i1; PIMUZ A/V
5609, broken cranium; Postcranial PIMUZ A/V 5610, four
phalanges; PIMUZ A/V 5611, five phalanges; PIMUZ A/V
5612, eight metapodial bones; PIMUZ A/V 5613, 10
metapodial bones; PIMUZ A/V 5614; PIMUZ A/V 5615,
two metapodial bones; PIMUZ A/V 5616, nine metapodial
bones; PIMUZ A/V 5617, three metapodial bones; PIMUZ
A/V 5618, 17 astragali (e.g., Fig. 2d).

Tardigrada indet.

Referred material PIMUZ A/V 5620, five isolated teeth;
PIMUZ A/V 5621, two broken dentaries.

ASTRAPOTHERIA Lydekker 1894
ASTRAPOTHERIIDAE Ameghino 1887
Astrapotherium Burmeister 1879

Astrapotherium magnum (Owen, 1853)

Referred material PIMUZ A/V 4663, right C1 (Fig. 3a);
PIMUZ A/V 5562, three isolated teeth: left i2, right i2 and
right i1; PIMUZ A/V 5563, two isolated broken teeth: p4
and m1; PIMUZ A/V 5564, P3; PIMUZ A/V 5565, broken
m2-3 (Fig. 3b, c); PIMUZ A/V 5566, broken P3-M2;
PIMUZ A/V 5567, broken maxilla with right and left P4—
M2, on both sides the P4 is broken; PIMUZ A/V 5568, left
m1-3; PIMUZ A/V 5295, right m3; PIMUZ A/V 5296, six
isolated broken pieces of upper molars.

Fig. 3 Astrapotherium
magnum: a PIMUZ A/V 4663,
right C1; b PIMUZ A/V 5565,
left m3; ¢ same specimen, left
m2

Comments The dental formula of A. magnum is 10/3, C1/1,
P2/1, M3/3. As in many other astrapotheriids (e.g., Johnson
and Madden 1997; Croft 2016; Carrillo et al. 2018), the upper
canines are curved and ever-growing (Scott 1928). The lower
canines share this morphology, although they are much smaller.
The upper molars exhibit features characteristic of this taxon,
including a lingual cingulum, the hypocone/hypoflexus com-
municating with the central valley, and a crochet.

LITOPTERNA Ameghino 1889
PROTEROTHERIIDAE Ameghino 1887
Anisolophus Burmeister 1885.
Anisolophus floweri Ameghino 1887

Referred material PIMUZ A/V 5293, fragment of left
dentary with m1-2 (Fig. 4c); PIMUZ A/V 5429 and 5430,
two isolated p4 and one m1 or m2; PIMUZ A/V 5427, left
p2-4; PIMUZ A/V 5428, ml or m2; PIMUZ A/V 5431,
right M3.

Comments The teeth are more massive and brachyodont than
those of the other proterotheriids of the Santacrucian fauna.
The material is referred to Anisolopus based on the p4 with
conspicuous entoconid and thin enamel (Soria 2001). The
p3—4 have a more distinct entoconid than in Tetramerorhinus
(Soria 2001). In M3, the anterolabial and posterolingual cin-
gula are prominent. The hypocone is absent. In the lower
molars, the metaconoid is higher than any other cusp.

5cm
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Fig. 4 a Theosodon sp. (PIMUZ A/V 4662) left dentary; b Te-
tramerorhinus lucarius (PIMUZ A/V 5302) cranium; ¢ Anisolophus
Sfloweri (PIMUZ A/V 5293) left ml; d Theosodon sp. (PIMUZ A/V

Tetramerorhinus Ameghino 1894
Tetramerorhinus lucarius Ameghino 1894

Referred material PIMUZ A/V 5294, left dentary with p3—
m3 and right dentary with p4—m1; PIMUZ A/V 5302, frontal
part of the skull including the orbits (Fig. 4b), right maxilla
with P2-M3 and left maxilla with P1-M1; PIMUZ
A/V 5432, left maxillary fragment with M1 or M2; PIMUZ
A/V 5433, four isolated molars including right M1, M2, M3
and left M2; PIMUZ A/V 5434, eight isolated premolars and
molars, including one left dp3 or dp4, three right p3 or p4,
one left m1 or m2, three right m1 or m2 (Table 1).

Comments The teeth are comparatively lower crowned than
in Thoatherium and Diadiaphorus but higher than in
Anisolophus. The p3-4 are molariform, they lack an
entoconid, and show a marked ectoflexid. The p3—m3 share
a basic form and are distinguished from one another mostly
by size. The lower molars have a large paraconid. Tooth
measurements fall into the range reported for Te-
tramerorhinus (Soria 2001).

Proterotheriidae indet.

Referred material PIMUZ A/V 5435, right P4 tooth worn;
PIMUZ A/V 5438, right M1 or M2, worn, anterolingual

5426) left calcaneus; e Proterotheriidae indet. (PIMUZ A/V 5425)
right astragalus; f Proterotheriidae indet. (PIMUZ A/V 5452) right
astragalus

cingulum present; PIMUZ A/V 5439, left P3 or P4, worn,
anterolingual cingulum present; PIMUZ A/V 5440, right
P3 or P4, worn, anterolingual cingulum present; PIMUZ
A/V 5441, right M3, worn; PIMUZ A/V 5442, left M1
broken; PIMUZ A/V 5443, left c1; PIMUZ A/V 5444, left
dentary with cl-pl; PIMUZ A/V 5445, right pl; PIMUZ
A/V 5446, M1 or M2; PIMUZ A/V 5447, dentary frag-
ment, left m1-2; PIMUZ A/V 5449, partial dentary;
PIMUZ A/V 5636, maxilla fragment with M1-3 alveoli;
PIMUZ A/V 5450, Left P3, worn; PIMUZ A/V 5451, right
P2; PIMUZ A/V 5437, three phalanges; PIMUZ A/V 5478,
phalanx II; PIMUZ A/V 5454, one small phalanx; PIMUZ
A/V 5452, seven astragali, three small ones and four
smaller ones (e.g., Fig. 4f); PIMUZ A/V 5453, four iso-
lated calcanei, two lacking the tuber calci.

Comments The variation in size among comparable mate-
rial indicates that this less diagnostic material is composed
many species or ontogenetic stages of single species, for
example, phalanges PIMUZ A/V 5478 (mean length
4.5 cm) are larger than phalanx PIMUZ A/V 5454 (length
3.6 cm).

MACRAUCHENIIDAE Gervais 1855
Theosodon Ameghino 1887

Table 1 Dental measurements

. PIMUZ A/V 5433
of specimens referred to

PIMUZ A/V 5434

Tetramerorhinus lucarius M1 M2 M2 M3 7p3 73 ?2dp3  ml  ?ml  ?ml  ?ml  ?ml
A-P 11.10 1224 1213 1210 11.16 11.74 11.84 1194 1211 1239 1327 14.16
B-L 1404 1755 1728 1623 725 810 829 7.6 791 822 85 8.84

Measurements in mm

A—P Antero—posterior, B—L buccal-labial
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Theosodon sp.

Referred material PIMUZ A/V 4662 (Fig. 4a), left dentary
with i2-m3 and right dentary with i3-m3 and right max-
illary fragment with M1-3; PIMUZ A/V 5412, four iso-
lated teeth, right I3, left 11-2, left I, PIMUZ A/V 5413, il
left C1 right; PIMUZ A/V 5414, left m1 or m2; PIMUZ
A/V 5420, three isolated teeth right i2, i3, cl; PIMUZ
A/V 5421, right P1; PIMUZ A/V 5422, three isolated
molars, right M3, left M3, left Ml or M2; PIMUZ
A/V 5376, one complete metacarpal and 12 metacarpal
heads; PIMUZ A/V 5582, nine phalanges; PIMUZ
A/V 5423, anterior fragment of axis; PIMUZ A/V 5424,
six phalanges; PIMUZ A/V 5425, seven isolated astragali,
one with the calcaneal facet broken (Fig. 4d); PIMUZ
A/V 5426, seven isolated calcanei, one without the tuber
calcis (Fig. 4e).

Comments There is no cingulum between the bases of the
lingual cusps of the upper molars. The M3 is more reduced
in size than the M2 (Scott 1910). The wear stage of the
specimen is advanced (styles are worn on M1, but still
evident on M2-3). The p4 is molariform. M1 of PIMUZ
A/V 4662 was used for paleohistological analysis (Fo-
rasiepi et al. 2016). The specimen has six to seven
cementum lines and a thin final growth layer, suggesting a
likely age of 6-8 years (Forasiepi et al. 2016). The upper
molars are brachyodont, quadrangular, with a well-devel-
oped hypocone connected to the metacone by a transverse
crista. M1 and M2 have a robust metastyle (de Paula Couto
1979). The m3 has a hypoconulid and a conspicuous
entoconoid. In PIMUZ A/V 5422 (M1 or M2) the parastyle
and paracone are missing and wear has erased several
features of the crown.

NOTOUNGULATA Roth 1903
TOXODONTIA Owen 1853
TOXODONTIDAE Owen 1845
Nesodon Owen 1846

Nesodon sp.

Referred material PIMUZ A/V 5497, a premaxilla with 11
alveolus, and broken 12; PIMUZ A/V 5495, M2-3 with
zygomatic arch; PIMUZ A/V 5496, maxilla fragment with
left M1-2; PIMUZ A/V 5498, left pl-2; PIMUZ
A/V 5499, two broken left m1; PIMUZ A/V 5500, three
left m2; PIMUZ A/V 5501, left p4—ml, and left m3;
PIMUZ A/V 5502, right p2; PIMUZ A/V 5503, right p3;
PIMUZ A/V 5504, right m1; PIMUZ A/V 5505, two right
m2; PIMUZ A/V 5506, four right m3; PIMUZ A/V 5507,
three left and one right p3; PIMUZ A/V 5508, one left p3;
PIMUZ A/V 5514, five isolated teeth, one left and one
right M2, one left and two right M3, one right maxillary

fragment with M2-3; PIMUZ A/V 5513, one right and two
left M2, right M1-3; PIMUZ A/V 5510, four left and one
right M1; PIMUZ A/V 5490, three right and two left p4;
PIMUZ A/V 5512, one left p2 and one right p3; PIMUZ
A/V 5513, five isolated teeth, two P3, one left, one right,
two P4, one right, one left, left P4 fragment; PIMUZ
A/V 5516, petrosal bone; PIMUZ A/V 5520, left dentary
fragment with broken p3-m2; PIMUZ A/V 5521, two
fragments of parietal bone with sagittal crest; PIMUZ
A/V 5522, cranial fragment including portions of the
zygomatic arch and broken MI1-3; PIMUZ A/V 5524,
premaxilla; PIMUZ A/V 5525, right fragmentary maxilla
with broken P1-4; PIMUZ A/V 5526, right maxilla frag-
ment with broken P2—-4; PIMUZ A/V 5527, partial skull
with sagittal crest; PIMUZ A/V 5528, left skull fragment
with M1-3 and broken zygomatic arch; PIMUZ A/V 5529,
right dentary fragment with m2-3; PIMUZ A/V 5530,
broken left maxilla with M1-3 and base of zygomatic arch;
PIMUZ A/V 5531, skull fragment with incomplete pre-
maxilla, nasal notch and tooth alveoli; PIMUZ A/V 5532,
cranial fragment including portions of the occipital region
and basicranium; PIMUZ A/V 5533, anterior portion of
premaxilla with portion of the maxilla; A/V 5297, left
broken dentary with p2-m3, right m3; A/V 5298 (Fig. 5a),
left broken dentary with p2-m3; A/V 5299, M2-3; PIMUZ
A/V 5514, three phalanges; PIMUZ A/V 5515, one meta-
tarsal; PIMUZ A/V 5517, six astragali (Fig. 5c); PIMUZ
A/V 5518, five calcanei (Fig. 5b).

Comments The imbrication of the upper molars is distinct.
The teeth are hypsodont, roots become obvious above the
alveolar margin in older individuals. Nesodon has a longer
anterior projection of the nasal bone than does Adinother-
ium, although as pointed out by Scott (1909), exceptions
are common. The sagittal crest is formed by two parallel
sharp and thin ridges. Nesodon is one of the most common
genera in the Allemann collection.

Adinotherium Ameghino 1887.
Adinotherium sp.

Referred material PIMUZ A/V 5460, three broken maxil-
lae; PIMUZ A/V 5461, broken maxilla; PIMUZ A/V 5462,
cranial fragment including portions of the occipital and
parietal regions; PIMUZ A/V 5463, smashed skull; PIMUZ
A/V 5464, right p2; PIMUZ A/V 5467, broken part of right
maxilla with M1 or M2; PIMUZ A/V 5468, left M3 bro-
ken; PIMUZ A/V 5469, right P4A-M1; PIMUZ A/V 5470,
broken right M3; PIMUZ A/V 5471, left maxillary frag-
ment with M1-3 and part of zygomatic arch; PIMUZ
A/V 5472, left P2-3; PIMUZ A/V 5473, right P4-M3;
PIMUZ A/V 5474, left maxilla with P3-M2, infraorbital
foramen, and the base of zygomatic arch; PIMUZ
A/V 5475, left maxilla fragment with M2-3; PIMUZ
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Fig. 5 a Nesodon imbricatus (PIMUZ A/V 5298) left dentary;
b Nesodon imbricatus (PIMUZ A/V 5518) right calcaneus in dorsal
and medial views; ¢ Nesodon imbricatus (PIMUZ A/V 5517) right
astragalus in dorsal view; d Adinotherium sp. (PIMUZ A/V 5483)
right dentary; e Adinotherium sp. (PIMUZ A/V 5466) left calcaneus

A/V 5476, broken part of right maxilla with M2-3; PIMUZ
A/V 5477, broken part of right maxilla with M1-3, base of
the zygomatic arch; PIMUZ A/V 5478, broken left m3;
PIMUZ A/V 5479, premaxilla fragment with showing only
left and right 12; PIMUZ A/V 5480, two isolated teeth, left
and right M3; PIMUZ A/V 5658, five isolated teeth, three
right, two left M2; PIMUZ A/V 5481, seven isolated teeth,
one left, six right M1; PIMUZ A/V 5482, broken right
dentary; PIMUZ A/V 5483, nine broken dentaries (one
shown in Fig. 5d); PIMUZ A/V 5484, fragment of left 12;
PIMUZ A/V 5485, three isolated teeth; PIMUZ A/V 5486,
five isolated teeth, three left, two right P3; PIMUZ A/V
5487, four isolated P2, one left, three right; PIMUZ A/V
5488, four isolated P1, one left, three right; PIMUZ A/V
5489, three isolated right teeth, P2,P3,P4; PIMUZ
A/V 5490, left M3, one left M2 and one right M2-3;
PIMUZ A/V 5491, left p3; PIMUZ A/V 5492, eight iso-
lated teeth: three right p2, one left p2, two left p3, one right
p3, one left p4; A/V 5301, right M1-3; A/V 5300, left P3—
M2; PIMUZ A/V 5493, cranial fragment including por-
tions of the maxilla with broken P2-M3; PIMUZ
A/V 5494, frontal bone fragment; PIMUZ A/V 5466, four
astragali (Fig. Se); PIMUZ A/V 5465, three calcanei.

in dorsal and medial views; f Protypotherium sp. (PIMUZ A/V 5551)
skull in palatal view; g Protypotherium sp. (PIMUZ A/V 5553) left
dentary; h Interatherium sp. (PIMUZ A/V 5543) left dentary;
i Interatherium sp. (PIMUZ A/V 5547) skull including mandible

Comments The postcranial elements of Adinotherium are
smaller than those of Nesodon. The astragalus of Adi-
notherium is proportionally narrower and longer than in
Nesodon: the neck of the astragalus is longer and more
oblique, projecting more to the tibial side. The calcaneus
of Adinotherium is proportionally slender, longer and
more compressed than in the genus Nesodon (Scott
1909).

HOMALODOTHERIIDAE Ameghino 1889
Homalodotherium Flower 1873

Homalodotherium sp.
Referred material PIMUZ A/V 5534, left calcaneus.

Comments Although the calcaneus is the biggest one in the
collection (133.80 mm maximum length of the calcaneus,
50.58 mm minimum dorsoplantar distance of the tuberos-
ity), the epiphysial plate is not completely fused. In most,
but not all clades of mammals, this is characteristic of
animals that have not yet reached sexual maturity (Geiger
et al. 2014). It is elongated in the dorsal-plantar axis and
thin in the medio-lateral axis.
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Toxodontia indet.

Referred material PIMUZ A/V 5462, Premaxilla fragment
with broken left I1, right 11-2.

TYPOTHERIA Zittel 1893
HEGETOTHERIIDAE Ameghino 1894
Hegetotherium Ameghino 1887
Hegetotherium sp.

Referred material PIMUZ A/V 5537, 16 molars and pre-
molars; PIMUZ A/V 5538, 13 broken dentaries.

Comments The p3 and p4 are molariform, there is no labial
sulcus, and they have a well-developed lingual sulcus
forming the bridge between the trigonid and talonid on the
labial side. The labial side of both trigonid and talonid is
flat, whereas the lingual side of the trigonid is rounded and
the talonid is triangular in cross section (Cassini et al.
2017).

INTERATHERIIDAE Ameghino 1887
Interatherium Ameghino 1887
Interatherium sp.

Referred material PIMUZ A/V 5543, four dentaries (one of
them illustrated in Fig. Sh); PIMUZ A/V 5544, two broken
skulls; PIMUZ A/V 5545, broken cranium with left P3-M3
and right P3-M3; PIMUZ A/V 5546, broken cranium with
left P2-M3; PIMUZ A/V 5547, broken skull, including
mandible (Fig. 51).

Comments Unlike Hegetotherium, the sulcus between the
paracone and parastyle is present on the molars and P3—4.
The lower dentition shows well-developed labial and lin-
gual sulci. The bridge between the trigonid and talonid is
formed close to the center of the teeth (Cassini et al. 2017).

Protypotherium Ameghino 1885
Protypotherium sp.

Referred material PIMUZ A/V 5551, broken cranium
(Fig. 5f); PIMUZ A/V 5548, 44 isolated premolars and
molars; PIMUZ A/V 5552, partially broken cranium;
PIMUZ A/V 5549, 4 broken maxillae; PIMUZ A/V 5550,
25 broken dentaries; PIMUZ A/V 5553, left dentary

(Fig. 5g).

Comments The incisors and the canines share a similar
shape and size, in contrast to Interatherium and Hege-
totherium. The sulcus between the paracone and parastyle
is only deep in the premolars. In the lower dentition, the
talonid is bigger than the trigonid in the molars and this
relationship is reversed in the premolars. The bridge
between the trigonid and talonid is formed close to the

labial side of the teeth, giving an asymmetrical occlusal
view with a deep labial sulcus and a lingual groove (Cas-
sini et al. 2017).

Typotheria indet.

Referred material PIMUZ A/V 5559, broken mandible,
right il; PIMUZ A/V 5557, i2; PIMUZ A/V 5638, small
ilor i12; PIMUZ A/V 5539, three calcanei; PIMUZ A/V
5540, two astragali; PIMUZ A/V 5541, two calcanei;
PIMUZ A/V 5555, 13 calcanei; PIMUZ A/V 5554, ten
astragali; PIMUZ A/V 5558, seven astragali, PIMUZ A/V
5560 one phalanx; PIMUZ A/V 5561, three phalanges.

RODENTIA Bowdich 1821
HYSTRICOGNATHI Tullberg 1899
CAVIOMORPHA Wood 1955
DASYPROCTIDAE Smith 1842
Neoreomys Ameghino 1887
Neoreomys australis Ameghino 1887

Referred material PIMUZ A/V 5569, 12 lower molars;
PIMUZ A/V 5570, three right deciduous lower premolars;
PIMUZ A/V 5571, five upper molars; PIMUZ A/V 5572,
34 ml or m2; PIMUZ A/V 5573, 13 P4, M1 or M2, and
M3; PIMUZ A/V 5265, skull, the incisors are broken but
still are distinctly slightly convex (Fig. 6e); PIMUZ A/V
5273 left m1-2. The alveolus of the incisor below the
ml-2 is observable; a broken portion of the m3 is
preserved.

Comments The upper molars have a pentalophodont occlusal
pattern only observable in juveniles. The P4 is divided in two
parts, separated by enamel. The teeth identified as M1 or M2
have a marked hypoflexus separating the anterior and the
posterior lobe. They have three fossettes, without cement
within them. The lower molars are bilobed with triangular
prisms ending in sharp lingual apices. The lingual margin has
no groove, whereas on the labial side there is a deep con-
tinuous hypoflexid along the crown.

DINOMYIDAE Alston 1876
Scleromys Ameghino 1887
Scleromys cf. osbornianus Ameghino 1894

Referred material PIMUZ A/V 5270, right dentary with
p4-m2 (Fig. 6¢).

Comments All teeth show fossetids smaller than in Neo-
reomys. The p4 and m2 have a strong hypoflexid on the
labial side that divides the teeth in two parts. The ml is
more quadrangular than the other molars and it has no
flexid; instead there are two enamel lakes.
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Fig. 6 a Steiromys detentus
(PIMUZ A/V 5271) left dentary
with m1-2; b Perimys sp.
(PIMUZ A/V 5266) left dentary
with il and p4-m3; ¢ Scleromys
cf. osbornianus (PIMUZ A/V
5270) right dentary with p4-m?2
d Prolagostomus sp. (PIMUZ
A/V 5269) left dentary p4-ml;
e Neoreomys australis (PIMUZ
A/V 5265), partial skull in
occlusal view

CHINCHILLOIDEA Bennett 1833
NEOEPIBLEMIDAE Kraglievich 1926
Perimys Ameghino 1887

Perimys sp.

Referred material PIMUZ A/V 5266, left dentary with il
and p4-m3 (Fig. 6b); PIMUZ A/V 5267, left dentary with
p4 and m1-2, the crowns are broken; PIMUZ A/V 5268,
partial right dentary with broken il, and ml1-2, plus 17
isolated teeth.

Comments The teeth are hypselodont. The p4 is the
smallest and most triangular cheek tooth. All teeth are
bilobed with cement filling the valley between the laminae.
The valley opens on the labial side with a long visible wide
groove. The tooth series is obliquely oriented. On the

lingual side, there is a thin enamel bridge connecting the
laminae that are surrounded by enamel. The ml is larger
than m2.

CHINCHILLIDAE Bennett 1833
Prolagostomus Ameghino 1887
Prolagostomus sp.

Referred material PIMUZ A/V 5269, left dentary with
broken incisor, p4-ml (Fig. 6d).

Comments The teeth are bilaminar and hypselodont. The p4
is smaller and is more triangular in shape than the m1, but
in both teeth, the lingual side is shorter than the labial one.
The laminae are oblique. The long transverse interlaminar
valleys are narrow and extend from the labial to the lingual
margin. No cement is visible. The laminae of the m1 are
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broader. The lingual side of the teeth is smooth. The labial
side has a thin groove.

ERETHIZONTIDAE Thomas 1897
Steiromys Ameghino 1887
Steiromys detentus Ameghino 1887

Referred material PIMUZ A/V 5574, 3 isolated teeth: ml
or m2, M1 or M2, and M3; PIMUZ A/V 5271, left dentary
with m1-2 (Fig. 6a); PIMUZ A/V 5272, right dentary with
ml-2.

Comments Steiromys, like other erethizontids, has typically
broader enamel covering the cheek teeth than in other cavio-
morphs. The molars are tetralophodont and low crowned, m1
and m2 are roughly the same size and have the same occlusal
pattern. The molars are surrounded by an enamel wall and each
lobe contains an enamel lake on its lingual side.

The valley on the lingual side is more penetrating, shal-
lower, and more transverse than the valley on the labial
side. The anterior margin is straight while the posterior one
is convex.

OCTODONTOIDEA Waterhouse 1839
ECHIMYIDAE Gray 1825
Spaniomys Ameghino 1887
Spaniomys cf. riparius Ameghino 1887

Referred material PIMUZ A/V 5575, three dentaries, two
left ones and one right for S. cf. riparius.

Spaniomys cf. modestus Ameghino 1887
Referred material PIMUZ A/V 5576, one right dentary.

Comments Tetralophodont teeth; p4, m1 and m2 showing
three internal folds and m3 only two.

EOCARDIDAE Ameghino 1891d
Eocardiidae indet.

Referred material PIMUZ A/V 5577, 11 molars; PIMUZ
A/V 5578, fragment of dentary, P4-M2.

Comments The dentary seems to be from a juvenile
Eocardiidae, cf. Focardia or cf. Schistomys.

Rodentia indet.

Referred material PIMUZ A/V 5581, tooth fragments;
PIMUZ A/V 5582, 17 incisors; PIMUZ A/V 5454, one
phalanx; PIMUZ A/V 5583, six metapodials.

Mammalia indet.

Referred material PIMUZ A/V 5607, right il PIMUZ A/V
5624, isolated right I1; PIMUZ A/V 5627, isolated right il;

PIMUZ A/V 5627, isolated right 11; PIMUZ A/V 5634,
isolated tooth; PIMUZ A/V 5647, left il.

Aves.

The avian material in the Allemann collection consists of
49 specimens in a variable state of preservation. Some are
extremely fragmentary and can be identified as avian
mainly on the basis of the highly cancellous nature of the
bone. All specimens are indicative of large birds and all the
bones that can be identified are referable to Phorusrhacidae.

CARIAMIFORMES Verheyen 1957
PHORUSRHACIDAE Ameghino 1889
Patagornis Moreno and Mercerat 1891
Patagornis marshi Moreno and Mercerat 1891

Referred material PIMUZ A/IV 125, fragment of pre-
maxilla; PIMUZ A/IV 126, two fragments of pelvis (that
may belong to a single individual); PIMUZ A/IV 141,
fragmentary distal end of femur; PIMUZ A/IV 123, prox-
imal end of fibula, distal end of tibiotarsus, PIMUZ A/IV

Fig. 7 a Phorusrhacos longissimus (PIMUZ A/IV 122) rostrum
fragment in right lateral view; b Phorusrhacos longissimus (PIMUZ
A/IV 130), phalanx; ¢ Patagornis marshi (PIMUZ A/IV 121), distal
end of tarsometatarsus
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120, proximal end of tarsometatarsus; PIMUZ A/IV 124,
fragment of scapula, PIMUZ A/IV 121, distal end of
metatarsus (Fig. 7c); PIMUZ A/IV 139, distal end of
metatarsus; PIMUZ A/IV 140, fragment of tarsometatar-
sus; PIMUZ A/IV 131, long bone fragment.

Comments Most of the identifiable avian material in the
Allemann collection are referable to the medium-sized
phorusrhacid Patagornis marshi. The aforementioned
specimens have the same morphology as Patagornis mar-
shi (Alvarenga and Hofling 2003) (e.g., NHM AS516, a
partial skeleton with a well-preserved skull from the Santa
Cruz Formation) originally described as Phororhacos
inflatus by Ameghino (1895) and Andrews (1899). How-
ever, the postcranial skeleton of phorusrhacids is rather
similar in the various taxa of this group, and as the pho-
rusrhacid assemblage from the Santa Cruz Formation
includes several taxa (see Degrange et al. 2015 for a recent
review), attribution to Patagornis marshi solely on mor-
phological criteria is difficult, and size can be used as a
distinguishing feature. The smallest phorusrhacids from the
Santa Cruz Formation are the psilopterines Psilopterus
lemoinei and P. bachmanni, which are significantly smaller
than Patagornis marshi (Degrange et al. 2015). The
aforementioned specimens appear to be too large to be
referred to any of the Santa Cruz psilopterines as described
by Ameghino (1895), Sinclair and Farr (1932) and
Degrange and Tambussi (2011). Conversely, they agree
well with the dimensions of Patagornis marshi provided by
Andrews (1899), as shown by a comparison with the
specimens from the Allemann collection for which rea-
sonably accurate measurements can be taken (Table 2).
Similarly, the pelvic fragments are similar in size to the
corresponding parts of NHM A516. On this basis, it seems
reasonable to refer the aforementioned specimens to
Patagornis marshi.

Phorusrhacos longissimus Ameghino 1887

Referred material PIMUZ A/IV 122, fragmentary rostrum
(Fig. 7a); PIMUZ A/IV 130, a pedal phalanx (Fig. 7b);
PIMUZ A/IV 129, two incomplete vertebrae.

Table 2 Size comparison between specimens referred to Patagornis
marshi (PIMUZ A/V 141, PIMUZ A/V 139) and the type specimen of
Patagornis marshi (NHM A516)

Allemann collection NHM
A516
Distal width of tibiotarsus 44 mm (PIMUZ A/V 43 mm
141)
Proximal width of 47 mm (PIMUZ A/V 47 mm
tarsometatarsus 139)
44 mm

Comments The poorly preserved vertebrae may belong to
the cervical series. One has an anterior width of 56 mm,
which is in the size range of the vertebrae described by
Ameghino (1895) as belonging to Phorusrhacos longis-
simus, one of which had an anterior articular face 51 mm in
width.

The phalanx is the first phalanx of the middle (third) toe. It
is 75 mm in length, whereas the corresponding element is
55 mm long in the Patagornis marshi specimen (NHM
AS516) described by Ameghino (1895) and Andrews
(1899). The specimen from the Allemann collection is very
similar in morphology and dimensions to a large phalanx
from the Santa Cruz Formation referred to ‘Phororhacos’
sp. by Sinclair and Farr (1932, pl. XXXIV).

The rostrum fragment corresponds to a fairly anterior
portion of the premaxillae, missing the downturned, hook-
like tip. What is left of the ventral margin is straight in
lateral view, whereas the dorsal margin (culmen) is
smoothly rounded. The rostrum was clearly tall and very
narrow, as in all phorusrhacids: its maximum height is
155 mm (but the specimen is incomplete dorsally) and its
maximum width at the level of the palate is 40 mm. The
upper jaw of Patagornis marshi, NHM A516 is 117 mm
deep at its middle point. This means that the specimen from
the Allemann collection was at least 50% larger than NHM
A516, which shows no evidence of being a juvenile (the
Patagornis marshi skull MLP-84-111-9-21 figured by
Alvarenga and Hofling (2003, Fig. 27) is of very similar
size to NHM A516). Unless one postulates a very signifi-
cant but hitherto undetected intraspecific variability or
sexual dimorphism in Patagornis marshi, it seems legiti-
mate to refer that rostrum to a different avian species. The
largest bird in the Santa Cruz avifauna is Brontornis
burmeisteri, a possible anseriform (Agnolin 2007; Buffe-
taut 2014; but see Worthy et al. 2017 for a different
opinion), for which the rostrum is not known. However,
Brontornis burmeisteri has a wide lower jaw (Alvarenga
and Hofling 2003; Agnolin 2007; Buffetaut 2014), which
implies that its upper jaw must also have been wide, unlike
the proportionally very narrow rostrum from the Allemann
collection. Another very large bird from the Santa Cruz
Formation is the phorusrhacid Phorusrhacos longissimus
Ameghino 1887. While a nearly complete lower jaw of that
species is known (NHM A529), the associated skull could
not be collected as it fell to pieces when discovered and
only the hook-shaped tip of the premaxillae and an element
of the posterior part of the skull could be salvaged
(Ameghino 1895). Ameghino (1895) published a recon-
struction of the skull and claimed that the rostrum was
25 cm deep at its posterior part. The specimen in the
Allemann collection would appear to be smaller but it
should be remembered that it is not from the posterior part
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of the rostrum, and, perhaps more importantly, that
Ameghino’s estimate can only have been a rough approx-
imation. His reconstruction is simply an enlargement of the
skull of Patagornis marshi (then considered as a smaller
species of Phorusrhacos, P. inflatus), and although it was
widely accepted and reproduced (often as a “natural-size”
plaster model that can still be seen in various museums), it
is by no means certain that it provides a realistic depiction
of what the skull of Phorusrhacos longissimus was like. As
noted by Agnolin (2016), the largest phorusrhacids, such as
Onactornis and Kelenken, had a relatively low and elongate
beak that was rather different from the tall beak of
Patagornis and Andalgalornis (Fig. 8). The fact that the
rostrum from the Allemann collection is not as deep as the
estimate for Phorusrhacos longissimus from Ameghino,
thus does not necessarily imply that it cannot be referred to
that taxon. In view of its large size, that significantly
exceeds that of known specimens of Patagornis marshi, it
seems reasonable to refer it to the largest phorusrhacid
taxon known from the Santa Cruz Formation, Phorusrha-
cos longissimus.

Aves indet.

Referred material PIMUZ A/IV 131, long bone fragment;
PIMUZ A/IV 132, fragment of distal end of femur; PIMUZ
A/IV 135, two fragments of postzygapophysis; PIMUZ
A/IV 133, three fragments of vertebrae; PIMUZ A/IV 136,
bone fragment; PIMUZ A/IV 134, two pelvic fragments.
Amphibia.

ANURA Fischer von Waldheim 1813

NEOBATRACHIA Reig 1958

wo Q|

Fig. 8 Different skull shapes in Phorusrhacidae as exemplified by
a Kelenken guillermoi (long, relatively low rostrum); and b Patagor-
nis marshi (tall, relatively short rostrum). The proportions of the
rostrum fragment PIMUZ A/IV 122, referred to Phorusrhacos
longissimus, suggest that this taxon had a long, relatively low
rostrum. The area in gray in a shows the approximate position of
PIMUZ A/IV 122 on the rostrum. Modified after Bertelli et al. (2007)

AUSTRALOBATRACHIA Frost et al. 2006
CALYPTOCEPHALELLIDAE Reig 1960
Cf. Calyptocephalella Strand 1928

Referred material PIMUZ A/I1 129, four broken pieces of
maxilla.

Comments The maxilla is ornamented with low tubercles.
All the materials have preserved the alveoli for the max-
illary teeth (see Fernicola and Albino 2012).

Discussion

Twenty-eight genera and nine species of vertebrates
(mammals, birds, and anurans) were identified, 94.5% of
which are mammals. The taxonomic proportion of taxa
matches with that from other collections from the same unit
(e.g., Vizcaino et al. 2010; Croft 2013). The most abundant
taxa are notoungulates and rodents, whereas predators are
the rarest forms.

The avian material is limited in number and fragmentary
but most of the specimens can be referred to taxa previ-
ously described from the Santa Cruz Formation, namely
Patagornis marshi and Phorusrhacos longissimus. The
large rostral fragment referred to the latter taxon is of
special interest, because it suggests that Ameghino’s
reconstruction of the skull of that giant bird (Ameghino
1895) was incorrect and that Phorusrhacos longissimus in
fact had a relatively low and elongate beak similar to that
of other very large phorusrhacids such as Onactornis and
Kelenken, rather than a very tall but relatively short ros-
trum as in Patagornis and Andalgalornis (Fig. 8).
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