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Abstract: The systematic assignment of Arthrodytes (Aves, Spheniscidae) from the
San Julian Formation (?Late Eocene — Early Oligocene) in the Santa Cruz Province,
Argentina, is discussed. A revision of the materials included in the Paraptenodytinae
is also given. As a consequence, Arthrodytes is here removed from the Subfamily
Anthropornithinae and assigned to Paraptenodytinae.
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Zusammenfassung: Die systematische Stellung von Arthrodytes (Aves, Spheni-
scidae), aus der San Julidn-Formation (?Ober-Eozdn — Unter-Oligozén) der Santa
Cruz Provinz von Argentinien wird diskutiert. Das gesamte Material, das bisher in
der Unterfamilie Paraptenodytinae vereinigt wurde, wird revidiert. Als Konsequenz
wird Arthrodytes aus der Unterfamilie Anthropornithinae ausgeschlossen und der
Unterfamilie Paraptenodytinae zugewiesen.

Schliisselwirter: Arthrodytes, Spheniscidae, Systematik, Ober-Eozén — Unter-
Oligozin
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1. Introduction

The first fossil penguin described came from New Zealand and was studied
by THoMAs HUXLEY in 1859. From that moment to the present, numerous
remains have been collected and described from different parts of the
Southern Hemisphere. Penguins have a long fossil record that goes back
to the Late Paleocene (TAMBUSSI et al., in press) and which is very well
documented from the Eocene to the Pliocene (FORDYCE & JoNEs 1990;
ANDO 2003). Abundant fossils from New Zealand, Antarctic and South
America are known, in addition to some specimens coming from South
Africa and Australia. Penguin systematics have, however, been confused
by the fragmentary nature of the spheniscid fossil record, resulting in the
nomination of too many species.

In Argentina, MORENO & MERCERAT (1891) and AMEGHINO (1891, 1895,
1898, 1901, 1905) nominated most of the 35 fossil species. More recently,
the number of recognized valid species has decreased to 26 (SIMPSON 1946),
15 (BRODKORB 1963), 9 (Stmpson 1972), 10 (StMpsoN 1981) and 8 in the last
revision (AcoSTA HOSPITALECHE 2004). Acosta HOSPITALECHE (2004)
included the 8 species in 5 genera of exclusively South American distri-
bution. The 5 genera were distributed into 3 subfamilies: Paraptenodytinae,
Palacospheniscinae and Spheniscinae.

Arthrodytes is a genus whose systematic assignment has been discussed
by several authors. It was based on 3 associated bones that since its original
description in 1905 have been assigned to different taxa.

In this paper the systematic assignment of Arthrodytes from the San
Julian Formation (?Late Eocene — Early Oligocene) in the Santa Cruz
Province, Argentina, is discussed and a revision of the materials included in
the Subfamily Paraptenodytinae is presented.

2. Material and methods

The studied materials belong to the collections of the Divisién Paleontologia
Vertebrados of the Museo de La Plata (MLP and MLP M for the holotype
casts), La Plata; Museo Argentino de Ciencias Naturales “Bernardino Riva-
davia” (MACN), Buenos Aires; Museo Paleontolégico “Egidio Feruglio”
(MEF-PV), Trelew; the Natural History Museum, London (BMNH) and the
American Museum of Natural History (AMNH), New York. Osteological
terms follow BAUMEL & WITMER (1993).

3. Subfamilies of Spheniscidae

The subfamilial scheme of Spheniscidae arose as a result of an exhaustive
revision made by SIMPSON (1946), focussing on the Patagonian species. This
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author assigned all Recent species to the subfamily Spheniscinae, whereas
the fossil species were grouped into 4 different subfamilies: Parapteno-
dytinae, Palacospheniscinae, Palaceudyptinae, and Anthropornithinae.

Some years later, MARPLES (1952) performed a detailed study of the
fossil species of New Zealand. He felt incapable of clearly distinguishing
between the taxa referred to the Anthropornithinae and the Palaceudyptinae,
and proposed the fusion of these two subfamilies under the denomination of
Palaeeudyptinae. Later, he joined the Paraptenodytinae, Palacospheniscinae
and Spheniscinae under the denomination of ‘patagonian species’, avoiding
the mention of a formal category (MARPLES 1962).

SiMpsoN (1971), in a review of the New Zealand species and aware of the
comments made by MARPLES (1952, 1962), unified the Paraptenodytinae
and the Palaceudyptinae into one taxon, although he mentioned the possi-
bility that all the fossil species may be groupable in a single subfamily
(Palaeeudyptinae) with living species placed in Spheniscinae. However, he
decided not to revise his systematic proposal until better material had been
recovered and made no mention of subfamilies in his later work (e.g.,
Simpson 1972, 1981).

New fossil evidence allowed Acosta HOSPITALECHE (2004) to reexamine
the systematics of South American fossil penguins. 3 subfamilies were
recognized: Paraptenodytinae in the San Julian Formation (Late Eocene? —
Early Oligocene), Monte Leén Formation (Early Miocene) and Puerto
Madryn Formation (early Late Miocene); Palacospheniscinae in the Gaiman
Formation (Early Miocene), and Spheniscinae represented by a complete and
articulated complete skeleton from the Puerto Madryn Formation (ACOSTA
HospiTALECHE 2004).

4. The genus Arthrodytes AMEGHINO, 1905

Arthrodytes was erected by AMEGHINO (1905) in order to include two of the
species he had placed in Paraptenocytes: Paraptenodytes grandis AMEGHINO,
1901 and Paraptenodytes andrewsi AMEGHINO, 1901. AMEGHINO (1905)
made this change based entirely on the great size of the specimens compared
with those of Paraptenodytes.

Arthrodytes grandis and A. andrewsi (AMEGHINO, 1905) were assigned by
SiMPSON (1946) to the Anthropornithinae together with other species of great
size, such as Anthropornis WiMaN, 1905. However, SIMPSON (1946) con-
sidered that 4. grandis could belong to Anthropornis, whereas A. andrewsi
could be referable to Paraptenodytes, or might even represent a new genus.

Later, StMpsoN (1972) suggested that Arthrodytes andrewsi (AMEGHINO,
1905), Paraptenodytes andrewsi AMEGHINO, 1901, and Paraptenodytes
grandis AMEGHINO, 1901 could in fact be younger synonyms of Arthrodytes
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grandis (AMEGHINO, 1901). Following this criterion, BRODKORB (1963)
included Arthrodytes within the Palaeeudyptinae SIMPSON, 1946. .

A thorough revision of these materials has made evaluation of the validity
of the genus Arthrodytes and its subfamilial assignment possible. The
systematics of Arthrodytes is discussed below.

5. Systematic Paleontology
Subfamily Paraptenodytinae SIMPSON, 1946

Emended Diagnosis: Humerus: non-bipartite fossa tricipitalis (bipartite in the
Spheniscinae, Palaceudyptinae and Palacospheniscinae), without crus dorsale, which
is small in the Spheniscinae, and well developed in the Palacospheniscinae. Dia-
physis straight (sigmoid in the Anthropornithinae) and angulus preaxialis always
present. Fossa located on the tuberculum ventrale is laterally oriented as in
Spheniscinae, whereas it is laterocraneal in Palacospheniscinae. Sulcus ligamentosus
transversus single and joined with the incisura capitis, unlike Spheniscinae and
Palaeospheniscinae.
Tarsometatarsus: Short with an elongation index less than 2 (bigger than 2 in Pala-
eospheniscinae). Trochlea II strongly divergent with its metatarsal flattened.
Foramen vasculare proximale laterale always open on the facies caudalis. Foramen
vasculare proximale mediale open on both facies.

3 species included in 2 genera have been recognized: Paraptenodytes robustus, F.
antarcticus, and Arthrodytes andrewsi.

Genus Paraptenodytes AMEGHINO, 1891 (syn.: Metancylornis AMEGHINO,
1905, Isotremornis AMEGHINO, 1905)

Type species: Palaeospheniscus patagonicus AMEGHINO, 1891.

Emended diagnosis: Humerus with straight diaphysis and small or absent
angulus preaxialis, which is larger in Arthrodytes. Rounded condylus ventralis and
dorsalis, unlike those of Arthrodytes, which are elongated.

Tarsometatarso: foramina vascularia proximalia open at the same level. Oval and
rounded tuberositas musculi tibialis cranialis. Shallow and subequal sulcus longi-
tudinalis dorsalis. Absence of fossae infracotylaris dorsalis medialis and laterales.
Lateral surface with a sharp edge. Robust trochleae with a, strong trochlear
divergence. Trochlea IV more extended than the trochlea II and I1I. Cristae medialis
hypotarsi proximal to the foramen vasculare proximale mediale and a weak cristae
lateralis hypotarsi proximal and lateral to the foramen vasculare proximale laterale.
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Paraptenodytes antarcticus (MORENO & MERCERAT, 1891)
Palaeospheniscus antarcticus MORENO & MERCERAT, 1891.

Holotype: MLP 20-2, complete right femur; MLP 20-4, incomplete right tibio-
tarsus and MLP 20-6, incomplete right tarsometatarsus. According to MORENO &
MERCERAT (1891) this material belongs to the same individual.

Paratype: AMNH 3338 (partially complete skeleton including skull, scapula,
coracoid, humerus, femur, tibiotarsus, tarsometatarsus, cervical and dorsal vertebrae
and some fragments of sternum).

Referred material: MEF-PV 1369 (tarsometatarsus).

Type locality: Monte Ledn, Santa Cruz Province (Monte Leén Formation,
Leonian, Early Miocene).

Emended diagnosis: Large femur with a diaphysis rounded in transversal
section and distally flattened. Deep fossa poplitea, laterally limited by edges.
Absence of linea intermuscularis caudalis. Capitis and trochanter femoris at the same
level.

Tibiotarsus with a single and rounded epicondylus medialis and a conspicuous tuber-
culum reticunali fibularis. Tarsometatarsus with a well develop hypotarsus and both
cristae intermediae hypotarsi internally extended to the foramina vascularia proxi-
malia.

Compared to P robustus, the humerus of P antarcticus is larger, more elongate
and slender, the diaphysis is narrower distally than proximally and proximal epi-
physis is less robust than in P robustus, the fossa tricipitalis is a little smaller than in
P, robustus.

Paraptenodytes robustus (AMEGHINO, 1895)

Arthrodytes grandis AMEGHINO, 1905
Isotremornis nordenskjoldi AMEGHINO, 1905

Fig. 1. Arthrodytes andrewsi (AMEGHINO, 1901). A — Holotype, MLP M-606,
right humerus; B ~ paratype, MLP M-607, incomplete coracoid; C — paratype, MLP
M-608, proximal end of right scapula. Scale bar: 10 mm.



Revision of Arthrodytes AMEGHINO, 1905 409

Fig. 1 (Legend see p. 408)
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SANTA CRUZ
PROVINCE

Fossiliferous
locality

[40J Tres Lagos

Fig. 2. Location of the type locality of Arthrodytes andrewsi (AMEGHINO, 1901).

Paraptenodytes grandis AMEGHINO, 1901
P robustus AMEGHINO, 1895

P, brodkorbi SIMPSON, 1972
Paraptenodytes curtus AMEGHINO, 1901
Metancylornis curtus AMEGHINO, 1905

Holotype: BM(NH) A/591 (humerus).

Referred material: MLP 89-XII-25-1, complete humerus, MACN 11041, left
distal fragment of femur and proximal end of right humerus (MLP M-609 and MLP
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Table 1. Maximum lengths of the humeri and tarsometarsi of the species of Para-
ptenodytinae.

Species of Paraptenodytinae humerus tarsometatarsus
Paraptenodytes robustus 91-100 ca. 42

(3) 0]
Paraptenpodytes antarcticus 100-115 ca. 53

“ &)
Arthrodytes andrewsi 142 -

6]

M-610 respectively); MACN 11032 (MLP M-600), incomplete left tarsometatarsus;
MACN 11032 (MLP M-601), left distal fragment of femur; MACN 11032 (MLP
M-602), almost complete right humerus; MACN 11032 (MLP M-603), distal end of
left humerus; MLP M-615, complete right tarsometatarsus; MLP M-616, proximal
end of right humerus.

Type locality: Gran Bajo de San Julidn, Santa Cruz Province, San Julidn For-
mation (? Late Eocene — Early Oligocene).

Emended diagnosis: Compared to P antarcticus, humerus is smaller but more
robust, diaphysis is wide and the proximal epiphysis and fossa tricipitalis are pro-
portionally larger.

Remarks. — SiMpsoN (1972) considered Isotremornis nordenskjoeldi as a synonym
of Paraptenodytes antarcticus (StMPSON 1972: 19). However, in the same paper
he created the new species Paraptenodytes brodkorbi based on the same material
(SMPsON 1972: 24f.). These systematic decisions are here considered unsupported
and the material is assigned to P, robustus.

Genus Arthrodytes AMEGHINO, 1905
Type spec ies: Paraptenodytes andrewsi AMEGHINO,1901,

Emended diagnosis: Species considerably larger than any other Patagonian
fossil or living species. Humerus with a straight diaphysis and an angulus preaxialis
much larger than in Paraptenodytes. Condylus ventralis and dorsalis are elongated,
whereas they are rounded in Paraptenodytes.
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Arthrodytes andrewsi (AMEGHINO, 1901) Fig. 1

Paraptenodytes andrewsi AMEGHINO, 1901
Holotype: MLP M-606, complete right humerus.

Paratypes: MLP M-607, incomplete coracoid; MLP M-608, right proximal end of
scapula,

Referred material: Only holotype.

Type locality: Gran Bajo de San Juliin, Santa Cruz Province; Juliense (?Late
Eocene — Early Oligocene). For locality see Fig. 2.

Diagnosis: As for the genus.

6. Discussion and conclusions

Arthrodytes, a genus exclusively present in the San Julidn Formation, is here
removed from the subfamily Anthropornithinae and assigned to Para-
ptenodytinae on the basis of the characters already mentioned for the
humerus. According to this new scheme, The Subfamily Anthropornithinae
is not represented in Patagonia, Chile, or Peru, and consequently, 4nthro-
pornis is restricted to Antarctica, New Zealand, and Australia. The Para-
ptenodytinae is exclusively South American.

Arthrodytes constitutes a monospecific genus and its only species (Arthro-
dytes andrewsi) is considered a senior synonym of Paraptenodytes andrewsi
(AMEGHINO, 1901). Arthrodytes grandis (AMEGHINO, 1905), together with
Isotremornis nordensjkoeldi AMEGHINO, 1905; Paraptenodytes brodkorbi
SmmpsoN, 1972; P curtus AMEGHINO, 1901; P, grandis AMEGHINO, 1901 and
Metancylornis curtus AMEGHINO, 1905 are considered as junior synonyms of
Faraptenodytes robustus (AMEGHINO, 1895).

Paraptenodytes antarcticus constitutes also a senior synonym of Palaeo-
spheniscus antarcticus MORENO & MERCERAT, 1891. On the other hand, data
from the fossil record suggest that these large species from the San Julian
Formation would have become extinct before the Miocene. After this time
the Patagonian penguin fauna was dominated by medium sized forms that
exhibited a similar morphology to modern species.
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