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Australian fossil penguins (Sphenisciformes) are reviewed as a basis for future primary research. The five named
species are based on type specimens of Eocene, Miocene—Pliocene and Holocene age collected from South Australia,
Victoria and Tasmania. The phylogenetic affinities of these taxa remain unresolved. Only one type specimen is represented
by clearly associated elements of a skeleton; the rest are single bones (isolated partial humeri and a pelvis). Further
research is required to establish the taxonomic status of Pachydyptes simpsoni, Anthropodyptes gilli, Pseudaptenodyes
macraei, ?Pseudaptenodytes minor and Tasidyptes hunteri. Additional described specimens include isolated postcranial
elements from the Late Oligocene of South Australia and Late Miocene—Early Pliocene of Victoria. Other Miocene and
Pliocene specimens are housed in Museum Victoria. These specimens have the potential to shed light on the Neogene

Abstract

Victoria 69: 309-325.

palaeobiogeography and diversification of crown group penguins.
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Introduction

The published fossil record of penguins (Sphenisciformes) in
Australia, although limited compared to that of Antarctica,
New Zealand and South America, spans some 40 million
years from the late Eocene to Recent (Ksepka and Ando,
2011). The majority of previous work has been produced by
one author (Simpson, 1957, 1959, 1965, 1970) with the last
primary research conducted by Van Tetsand O’ Connor (1983).
Since then, several summaries have been published (Jenkins,
1985; Fordyce & Jones, 1990; Vickers-Rich, 1991). Current
work underway by the authors indicates that many undescribed
diagnostic specimens reside in museum collections. The aim
of this work is to introduce the Sphenisciformes, summarise
current knowledge of Australian fossil penguins, discuss
implications for penguin evolution, and outline both gaps in
knowledge and opportunities for future research.

Definitions and Terminology

This review follows the traditional classification of penguins
where Sphenisciformes is the Order to which the single family,
Spheniscidae, belongs. Spheniscidae contains all known
species of penguin, fossl and extant. The terms
Sphenisciformes and Spheniscidae are therefore used
interchangeably  throughout this paper. Osteological
terminology and terms of orientation follows that of Baumel
and Witmer (1993).

Institutional Abbreviations

ANWC, Australian National Wildlife Collection, CSIRO
Division of Wildlife and Rangelands Research, Canberra,
Australia; NMV P, Museum VictoriaPalaeontology Collection,
Melbourne, Australia; SAM P, South Australian Museum
Palaeontology Collection, Adelaide, Australia.

The Sphenisciformes

Sphenisciformes (penguins) are a group of flightless marine birds
confined to the southern hemisphere. Contrary to popular
stereotype, not all species reside in Antarctica, with the highest
species diversity found in New Zealand (Ksepka et al., 2012) and
one species (the Galapagos penguin, Spheniscus mendiculus
Sundevall, 1871 actually living at the equator (Vargaset al., 2005,
Jadwiszczak, 2009). Fossil species are found in the same regions
as extant species (Simpson, 1975), with Antarctica, Australia,
New Zealand, South Africa, and South America all possessing
both fossl and extant assemblages. Present regional species
diversities roughly correspond to past levels, with areas such as
New Zealand and Antarctica well represented by numerous fossil
and living species, despite the fossil record not being continuous
throughout the Cenozoic (Ksepka & Ando, 2011; Ksepka et al.,
2012)(Fig. 1). One of the most specialised avian groups (Kaiser,
2007), the morphology of living penguins is well known (Pycraft,
1898; Lowe, 1933; Marples, 1952) and they have evolved a range
of adaptations to an aquatic lifestyle including: small and scale-
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like feathers; increased underwater visual acuity (Sivak &
Millodot, 1977, Bowmaker & Martin, 1985); several retia
mirabilia systems for efficient thermoregulation (Frost et al.,
1975; Thomas & Fordyce, 2007, 2012); stiffening of wing joints
(Raikow et al., 1998); relative shortening of the wing;
hydrodynamic flattening of wing elements; and shortening of the
tarsometatarsus. The Sphenisciformes differ from most avian
groups in that total diversity was greater in the past than present,
with 19 extant species (sensu Ksepka & Ando, 2011), and 53
recognised fossi| species(Fig. 2). Thisistestament to their agquatic
lifestyle and the fact that particular penguin bones (eg. humerus,
tarsometatarsus) are morelikely to fosslisethan their equivalents
in other avian groups dueto their pachyostotic histology (Meister,
1962). Extant species feed on small fish, cephalopods, crustaceans
and plankton, and show little interspecific postcranial
morphological variation (Olson, 1985). Interspecific differences
in cranial morphology are minimal; the differences that do occur
probably reflect disparate feeding ecology (Zusi, 1975).

Origin of Sphenisciformes

Thefoss| record of penguinsis one of the longest and relatively
complete of any of the neornithine groups, potentially allowing
scientists to test hypotheses regarding the physical drivers of
vertebrate evolution eg. climate change, palaeoceanography
(Baker et al., 2006; Ksepka & Thomas, 2012), biogeography
(Clarke et al., 2007), secondary adaptation to water (Thomas &
Fordyce, 2007), and stratigraphic calibration of molecular
divergence estimates (Sack et al., 2006). Thusthe penguin fossil
record informs broader issues in macroevolution.

The oldest known penguin, Waimanu manneringi Jones,
Ando and Fordyce, 2006, is from the early Paleocene (60.5 —
61.6 Ma) of New Zealand (Slack et al., 2006). Although archaic,
it is clearly a penguin and already flightless. Simpson (1946)
summarised previous theories of penguin evolution (e.g. Lowe,
1933) and concluded that penguins evolved directly from avolant
ancestor, with no intermediate terrestrial stage. Molecular data
estimate the divergence of Sphenisciformes from their sister
taxon, Procdlariiformes, about 71 Ma during the Cretaceous
(Baker et al., 2006; Brown et al., 2008). Slack et al., (2006) wrote
that the origins of Sphenisciformes took place 90-100 Ma as
part of the Late Cretaceous neornithine radiation. It has been
proposed that once the loss of aerial flight had occurred the
adaptation of penguins to an aguatic lifestyle occurred rapidly
due to the opening of ecological niches left by the extinction of
most marine reptiles a the end of the Cretaceous and the
intensive selection pressures of entering a new “adaptive zone”
(Fordyce & Jones, 1990).

Some fossil species reached giant sizes (e.g. Anthropornis
nordenskjoeldi Wiman, 1905, Pachydyptes ponderosus Oliver,
1930) of 1.5 — 1.6 m in standing height (Jadwiszczak, 2001), far
exceeding that of today's largest species Aptenodytes forsteri
Gray, 1844 (emperor penguin), which rarely exceeds 1.0 m
(Friedmann, 1945; Stonehouse, 1975; Ksepka et al., 2012).
Nonetheless, estimated heightsof giant taxamay be overestimates
following the first discovery of body proportions in a nearly
complete stem penguin (Ksepkaet al., 2012). These giant species
(and potentially all stem species) are thought to have fed on fish,
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using their dender billsto spear large prey (Olson, 1985; Myrcha
etal., 1990,2002; Ksepka et al., 2008), This contrasts with extant
species, which tend to have shorter beaks (Aptenodytes is an
exception) and feed on smaller fish (Zusi, 1975). This trophic
specialisation is thought to have occurred relatively late in
penguin evolution (Ksepka & Bertelli, 2006), with elongate,
narrow beaks representing the ancestral condition (Clarke et al.,
2007). Fossil feathers are known from Inkayacu paracasensis
Clarke et a., 2010, a species from the Eocene of Peru. These
show not only that the key features of penguin wing feathers had
evolved early in penguin evolution, but that this particular
species was reddish-brown and grey, considerably different from
the iconic black and white colouration of extant penguins (Clarke
et a., 2010).

Considerable effort over the last two decades has been aimed
a resolving penguin phylogeny including extinct taxa (Sbley &
Ahlquist, 1990; Baker et al., 2006; Gianni & Bertelli, 2004;
Bertelli & Gianni, 2005; Bertelli et al., 2006; Ksepka et al.,
2006; Slack et al., 2006; Walsh & Suarez, 2006; Clarke et al.,
2007, Acosta Hospitaleche et al., 2007, 2008). Thereis ageneral
consensus between morphological and molecular data (Fig. 2),
apart from the issues of where the phylogenies are rooted
(Livezey, 1989), and the timing of the divergence of the crown
Spheniscidae (Clarke et al., 2007). Basal penguins form a
paraphyletic group, with higher morphological disparity
compared to crown Spheniscidae (Davis and Renner, 2003). This
ismost likely due to the relatively recent common ancestry and
broadly similar feeding ecology of the crown Spheniscidae
(Zusi, 1975). The timing of the crown clade’s divergence from
stem Sphenisciformes is still unresolved, as molecular and
morphological data give different estimates of ca. 41 Ma (Middle
Eocene) and 11-13 Ma (Middle-Late Miocene), respectively
(Baker et a., 2006; Gohlich, 2007). All pre-Miocene taxa are
stem Sphenisciformes (Ksepka & Clarke, 2010), rendering the
fossil record incongruent with the ancient divergence estimated
from molecular data

Australian fossil Sphenisciformes

Therecord of Sphenisciformesin Australiaisless extensive than
that of New Zealand, South America and Antarctica, with a
chronologically scattered distribution and the mgority of fossils
being fragmentary. This limited record probably reflects a lack
of systematic field exploration, collecting and research, rather
than real rarity of fossils. Until now, the majority of fossil
penguin discoveries have been fortuitous in nature. Despite this
relatively meagre record, penguins are known from ten localities
limited to southeast Australiain every geologic epoch from the
Eocene onwards (Figs. 1 and 3; Table 1).

Eocene. Six specimens in total have been described from this
epoch (Finlayson, 1938; Glaessner, 1955; Simpson, 1957; Jenkins,
1974), including the partial skeleton (SAM P14157) of an
indeterminateform resembling the Antarctic genus Anthropornis
(Jenkins, 1974; Jenkins, 1985) (Fig. 4; Table 2). Found at Blanche
Point, South Australia and originally named as Pachydyptes
simpsoni, it isthe most complete fossil penguin yet discoveredin
Audtralia Other specimens referred to this Anthropornis-like
form include a partial right humerus (SAM P14158a) (Fig. 5;
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Table 1. Summary of Australian fossil penguin localities. Abbreviations: E, east; NN'W, north northwest; S, south; SSW, south southwest;

Stratigraphic

L ocality Geographic L ocation Coordinates |Age(Ma) position Reference(s)

Blanche Point 37 km SSW of Adelaide, 35°14'S, Late Eocene Blanche Point | Alley et a., 1995; Jenkins
South Australia. 138°27E (36.5-38.0) Formation et al., 1982; James and

Bone, 2000

Witton Bluff South end of Christie's 35°09'S, Late Eocene « «“

Beach, about 26 km SSW of | 138°28'E (36.5-38.0)
Adelaide, South Australia.

Mount Gambier Pritchard Brothers building |37°49'S, Early-Late Gambier Alley etd., 1995; Li et
stone quarry, about 11 km 140°38'E Oligocene Limestone al., 2000; Fitzgerald, 2004
west of Mount Gambier, (23.0-30.0)

South Australia

Devil’sDen On east bank of Glenelg 37°46'S, Early Miocene | Gellibrand Gill, 1959a; Jenkins,
River, about 17 km NNW of | 141°14'E (17.6-21.0) Marl 1974; Abele et al., 1988;
Dartmoor, Victoria. Siteis Dickinson et al., 2002
marked “Bw” on the map
published by Singleton
(1941, p. 46).

Batesford Quarry |Austraiian Cement Company | 38°06'S, Early-Middle | Batesford Abeleet dl., 1988;
quarry south of Batesford, on | 144°17'E Miocene Limestone Gourlev and Gallagher
the western bank of the (15.9-17.6) 2004 & agher,
Moorabool River, west of
Geelong.

Middle Miocene | Fyansford Abeleet al., 1988;
(13.7-15.9) Formation Gourley and Gallagher,
2004

Portland Beach on western side of 38°20'S, LateMiocene | Port Campbell | Madllett, 1977; Abele et
Portland Bay, at Portland, 141°36'E (6.0-9.8) Limestone a., 1988; Dickinson et al.,
Victoria. 2002

Spring Creek Northeast of Minhamite, 41 | 37°58'S, Late Miocene- | Goodwood Gill, 1964; Simpson,
km southeast of Hamilton, 142°23'E Early Pliocene | Formation 1970; Abele et d., 1988;
Victoria (5.0-6.0) Holdgate and Gallagher,

2003

Beaumaris East of Rickett’s Point on 37°59'S, Late Miocene- | Black Rock Abeleet al., 1988;
west shore of Beaumaris 145°03'E Early Pliocene | Sandstone Dickinson and Wallace,
Bay, on northeast shore of (5.0-6.2) 2009
Port Phillip Bay.

Red Bluff About 3.5 km southwest of | 37°52'S, Late Pliocene | Jemmy’sPoint | Abeleet dl., 1988;

Lake Tyers, east of Lakes 148°03'E (25-3.5) Formation Wallace et d., 2005
Entrance, East Gippdand,
Victoria.

Amphitheatre Approximately 6 km north of | 38°03'S, Holocene Cave pitfal Baird, 1992

Cave Nelson, south-western 141°01'E assemblage
Victoria.

Hunter 1dand Stockyard Site, Hunter 40°32'S, Holocene Aborigina Van Tets and O’ Connor,
Island, 5 km north of 144°45'E midden 1983
Tasmania.
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Figure 1. Chronostratigraphy and correlation of Australian fossil penguin-bearing units, compared with the fossil record of Sphenisciformes on
other continents. Note that the vertical ranges of stratigraphic units represent estimates of geologic age maximaand minimafor penguin-bearing
horizons, not necessarily discrete time-spans of deposition. Geologic timescale is after Gradstein et al. (2004) with updates from Walker and
Geissman (2009). See Table 1 for references to ages of Australian units. Ages of African units: Hendey (1981); Roberts et al. (2011); Ksepka and
Thomas (2012). Ages of Antarctic units: Dingle and Lavelle (2000); Jadwiszczak (2006); Marenssi et al. (2012). Ages of New Zealand units:
White and Waterhouse (1993); Cooper (2004); Slack et al. (2006); Ksepka et al. (2012). Ages of South American units: Devries (1998); Scasso et
al. (2001); Celma and Cantalamessa (2007); Achurra et al. (2009); Malumian and Nafez (2011); Uhen et al. (2011).

Table 2), a partial right radius (SAM P14158b) (Fig. 5; Table 2),
and apartial rib (SAM P17913; Table2). A second formoriginally
thought to be closdly related to Palaeeudyptes was described by
Finlayson (1938), who reported a left humerus (SAM P7158)
(Fig. 6; Table 2) from Witton Bluff, South Australia. A right
tibiotarsus (SAM P10862) (Fig. 7; Table 2), also from Witton
Bluff was noted by Glaessner (1955), described by Simpson
(1957), and aso referred to this form. Simpson (1971)

subsequently reassigned this material to Sphenisciformes,
indeterminate. A third form, intermediate in size between the
Palaeeudyptes and Anthropornis forms is known from two
bones, one allegedly found at Blanche Point and the other from
late Eocene rocks near Browns Creek, Otway Peninsula, Victoria
(Jenkins, 1985; Vickers-Rich, 1991). These two specimens have
not been described, and recent efforts by one of us (EMGF) to
locate them in the SAM and MV callections have failed.
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Figure 2. Temporally-calibrated phylogeny of Sphenisciformes modified from Ksepka and Ando (2011) and Ksepka et al. (2012), showing major
trends in Sphenisciform evolution and the first occurrence of Sphenisciformes in each region with extant species. Stem sphenisciform branches

are shown in black and crown clade Spheniscidae branches are shown

in blue. Thick horizontal bars on branches indicate stratigraphic range

maxima and minima. Abbreviations: AF, Africa; AN, Antarctica; AU, Australia; Ma, million years ago; SA, South America.

Oligocene. Only two fossil penguin specimens are known from
the Oligocene of Australia. Both of them were derived from the
Camelback Member of the Gambier Limestone, which has been
correlated to the P21/22 planktonic foram zone (Lower—Upper
Oligocene) (Li et a., 2000). Both specimens, a partial right
humerus (SAM P10863) (Fig. 8; Table 2) and a partial left femur
(SAM P10870) (Fig. 9; Table 2), were first noted by Glaessner
(1955) and later described by Smpson (1957). Neither of the
specimens has been assigned to a genus or species, but they are
considered to be separate taxa (S mpson, 1957).

Early—-Middle Miocene. Fossil penguin specimens have been
described from the Early-Late Miocene of Australia. A single
specimen was found as float on the banks of the Glenelg River at
Devil's Den, Victoria (Gill, 1959a; Simpson, 1959). The large
right humerus (NMV P17167) was named as Anthropodyptes
gilli by Smpson (1959 (Fig. 10; Table 2). From the Early
Miocene (Gill, 1959a; Jenkins, 1974; Dickinson et al., 2002), it is

the latest surviving giant stem Spheniscid known, although some
extinct crown Spheniscid taxa (e.g. Spheniscus megaramphus)
would have been larger than Aptenodytes forsteri (Ksepka &
Clarke, 2010; Stucchi, 2003). As yet undescribed material has
also been collected from the Lower—Middle Miocene Batesford
Limestone at Batesford, near Geelong, Victoria including: a
partial right femur (NMV P222904), a partial left femur (NMV
P201867), and a partial |eft coracoid (NMV P231933). A partial
left tibiotarsus (NMV P231836) and apartial right femur (NMV
P201856) have also been collected from the Middle Miocene
Fyansford Clay at the same locality.

Late Miocene-Pliocene. Mio-Pliocene penguins have been
described from two localities: Spring Creek, near Minhamite,
and Beaumaris, Victoria Simpson (1965, 1970), described atotal
of 21 penguin specimens from these localities. From Spring
Creek an incomplete left humerus (NMV P26668, holotype of
Pseudaptenodytes macraei Simpson, 1970) (Fig. 11; Table 2),
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Figure 3. Fossil sphenisciform localities in Australia. 1 = Devil’s Den; 2 = Portland; 3 = Spring Creek; 4 = Batesford Quarry; 5 = Beaumaris; 6
= Red BIuff; 7 = Hunter Island; 8 = Witton Bluff; 9 = Blanche Point; 10 = Mount Gambier

and from Beaumaris: a partial left coracoid (NMV P24065)
(Smpson, 1965) (Fig. 12; Table 2); three partia left humeri
(NMV P26671, NMV P26676, NMV P27059) (Fig. 13; Table 2);
four partial right humeri (NMV P26669, NMV P26677, NMV
P27057, NMV P26670) including the holotype of
Pseudaptenodytes minor Simpson, 1970 (NMV P26669) (Figs.
13 and 14; Table 2); four partial carpometacarpi (NMV P27055,
NMV P27056, NMV P27058, NMV P26903) (Figs. 13 and 15,
Table 2); and eight isolated fragments (registration numbers
unspecified by Simpson, 1970). The P. macraei humerus is the
larger of the two species, being similar in size to the humerus of
aking penguin (Aptenodytes patagonicus Miller, 1778), whereas
the ?P. minor humerus approaches that of the gentoo penguin
(Pygoscelis papua Forster, 1781) in size. ?Pseudaptenodytes
minor was referred to Sphenisciformes indet. by Ksepka and
Ando (2011: 159). The Upper Miocene Port Campbell Limestone
at Portland, Victoria, hasyielded anearly complete left humerus
(NMV P221273) and a partia left humerus (NMV P232062).
One definitively Pliocene specimen is known from Australia, an
undescribed partial right femur (NMV P41738) from the

Pliocene Jemmys Point Formation at Red Bluff, west of Lake
Tyers, Victoria

Holocene. Van Tets and O'Connor (1983) described penguin
remains from a ca. 760 year-old aboriginal midden on Hunter
Island, Tasmania and described these as a new genus and species,
Tasidyptes hunteri. Other workers (Fordyce and Jones, 1990;
Ksepka and Clarke, 2010) have doubted this identification due to
the fragmentary nature of the fossils: the coracoid (ANWC
BS2669) (Table 2) and tarsometatarsus (ANWC BS2668) (Table
2) are indistinguishable from Eudyptes,; and the four specimens
comprising the hypodigm (ANWC BS2667, ANWC BS2668,
ANWC BS2669, ANWC BS2670) (Table 2) come from three
different horizons within the midden (Van Tets and O’Connor,
1983; Fordyce and Jones 1990; K sepka and Clarke, 2010). Baird
(1992) reported little penguin (Eudyptula minor Forster 1781)
material from a pitfall assemblage in Amphitheatre Cave,
Victoria which has been dated to ca. 4670 ybp (Table 2). However,
this Eudyptula material isunlikely to be from the original pitfall
assemblage due its differential preservation (Baird, 1992: 31-32).



Areview of Australian fossil penguins (Aves: Sphenisciformes)

315

Table 2. Described fossil penguin specimens from Australia. Abbreviations: ANWC, Australian National Wildlife Collection; indet.,
indeterminate; Ma, million years ago; NMV P, Museum Victoria Palaeontology Collection; SA, South Australia; SAM P, South Australian
Museum Palaeontology Collection; TAS, Tasmania; VIC, Victoria

Specimen Taxon (previous Material L ocality (Formation) Age(Ma) Reference(s)
assignment)
SAM P7158 Sphenisciformesindet. (cf. | left humerus Witton Bluff, SA (Blanche Point | Late Eocene Finlayson, 1938;
Palaeeudyptes) Formation, Tuketja Member) (36.5-38.0) Simpson, 1957
SAM P10862 |« right tibiotarsus Witton Bluff, SA (Blanche Point | Glaessner, 1955;
Formation, Gull Rock Member) Simpson, 1957
SAM P14157 | Sphenisciformesindet. partial skeleton Blanche Point, SA (Blanche Point | « Jenkins, 1974
(a-9) (Pachydyptes simpsoni) Formation, Gull Rock Member)
SAM P14158a |« partia right humerus | Blanche Point, SA (Blanche Point | «“
Formation, Tuketja Member)
SAM P14158b |« partial right radius «“ «“ «“
SAM P17913 “ partial rib “ “ “
SAM P10863 | Sphenisciformesindet. partial right humerus | Mt. Gambier, SA (Gambier Early-Late Glaessner, 1955;
Limestone) Oligocene Simpson, 1957
(~23.0-30.0)
SAM P10870 | partial left femur Mt. Gambier, SA (Gambier Early-Late Simpson, 1957
Limestone) Oligocene
(~23.0-30.0)
NMV P17167 | Anthropodyptes gilli right humerus Glenelg River, Devil’sDen, VIC | Early Miocene Simpson, 1959;
(Gdlibrand Marl) (17.6-21.0) Gill, 1959a
NMV P24065 | Sphenisciformesindet. partial left coracoid | Beaumaris, VIC (Black Rock Late Miocene-Early | Simpson, 1965
Sandstone) Pliocene (5.0-6.0)
NMV P26668 | Pseudaptenodytes macraei partial left humerus | Spring Creek, Minhamite, VIC Late Miocene-Early | Gill, 1964;
(Goodwood Formation) Pliocene (5.0-6.0) | Simpson, 1970
NMV P27055 | cf. Pseudaptenodytes partial right Beaumaris, VIC (Black Rock Late Miocene-Early | Simpson, 1970
macr aei carpometacarpus Sandstone) Pliocene (5.0-6.0)
NMV P27056 | cf. Pseudaptenodytes partial left «“ «“ “
macraei carpometacarpus
NMV P26669 | Sphenisciformesindet. partid right humerus |« “ “
(?Pseudaptenodytes minor)
NMV P26677 13 3 13 13 “
NMV P26670 3 3 3 3 13
NMV P27057 |~ « “ « p
NMV P26671 |« partia left humerus |« «“ «“
NMV P26676 13 3 3 13 13
NMV P27058 |« partial right “ “ “
carpometacarpus
NMV P26903 |“ right «“ «“ «“
carpometacarpus
NMV P27059 | Sphenisciformesindet. partia left humerus | «“ «“
N/A «“ isolated fragments (8) | « «“ «“
ANWC BS2667 | Sphenisciformesindet. juvenilesynsacrum | Hunter Idand, TAS (Aborigind | Holocene (ca. 760 | Van Tetsand
(Tasidyptes hunteri) midden) ybp) O’ Connor, 1983
ANWC BS2668 | Eudyptes sp. (Tasidyptes |eft tarsometatarsus | «“ “
hunteri)
ANWC BS2669 |« left coracoid «“ «“ «“
ANWC BS2670 | Sphenisciformesindet. pelvis «“ «“ «“
(Tasidyptes hunteri)
NMV P178677 | Eudyptula minor proxima pelvis Amphithestre Cave, VIC (pitfall | Holocene (ca 760 | Baird, 1992
assemblage) ybp)
NMV P178678 | Eudyptula minor right femur «“ «“ «“
NMV P178679 | Eudyptula minor left femur “ “ “
NMV P178680 | Eudyptula minor partial |eft tibiotarsus | «“ «“
NMV P178681 | Eudyptula minor partia left «“ «“ «“
tarsometatarsus
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Figure 4. Pachydyptes simpsoni holotype, SAM P14157: A, right radius in ventral view, left carpometacarpus and left phalanx II-1 in dorsal view;
B, head of right humerus in dorsal view; C, left coracoid in dorsal view; D, ?twelfth cervical vertebra in ventral view.

B D

Figure 5. Pachydyptes simpsoni paratype, SAM P14158: proximal end of right radius in (A) ventral view and (C) dorsal view; partial right
humerus in (B) ventral and (D) dorsal views.
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Figure 6. Sphenisciformes indet. left humerus, SAM P7158: A, dorsal
view; B, ventral view.

Systematic Palaeontology

A total of five species of fossil penguin have been named from
Australia. Only one taxon is based on a type specimen
consisting of associated remains. The remaining four species
are established on isolated elements. Only two of these five
species are currently considered taxonomically distinct
(Anthropodyptes gilli and Pseudaptenodytes macraei).

Aves Linnaeus, 1758
Spheniscifor mes Sharpe, 1891
Spheniscidae Bonaparte, 1831
Pachydyptes Oliver, 1930

Pachydyptes simpsoni Jenkins, 1974

Holotype. Partial skeleton (SAM P14157) consisting of: a
partial left coracoid; partial right humerus; partial left humerus;
aright radius, apartial left carpometacarpus; aleft phalanx I1-
1; and a partial vertebra. (Fig. 4; Table 2).

Type locality. Blanche Point, 37 km SSW of Adelaide, South
Australia (35°14'S, 138°27'E).

Horizon and age Occurs in the Gull Rock Member and the
Tuketja Member of the Blanche Point Formation. The Gull
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Figure 7. Sphenisciformes indet. partial right tibiotarsus, SAM
P10862: A, cranial view; B, caudal view.

Rock Member consists of green and grey, glauconitic and
fossiliferous calcareous mudstone with a few limestone lenses;
the Tuketja Member consists of aternating bands of tough,
dark grey chert and friable clays, silts and calcareous clays
(Jenkinset al., 1982). Both membersarein the P15 foraminiferal
zone; Late Eocene (Bartonian—Priabonian), 36.5-38.0 Ma
(James and Bone, 2000).

Referred material. A partial right humerus (SAM P14158a)
(Fig. 5), a partial right radius (SAM P14158b) (Fig. 5) and a rib
fragment (SAM P17913). (Table 2)

Diagnosis. Following Marples (1952), the generic diagnosis of
Pachydyptes is as follows : humerus relatively wide; m.
deltoideus minor insertion (referred to as the ‘external
tuberosity’ by Marples, 1952) projectsdistally; articular surface
flattened;  fossa  pneumotricipitalis  undivided; m.
supracoracoideus insertion dightly oblique, almost parallel to
long axis of shaft and widely separated from the m. latissimus
dorsi insertion; shaft has dight sigmoid curve and dight
angulation of the cranial border; angle between long axis of
shaft and tangent of condylus dorsalis and condylus ventralisis
acute; shelf adjacent to condylus ventralis approximately the
same width as condylus ventralis; and coracoid convex at base.
Following Jenkins (1974), Pachydyptes simpsoni differs from
Pachydyptes ponderosus Oliver, 1930 by having: more concave
medial margin of the coracoid; more pronounced angulation of
the cranial margin of the humerus (referred to as the “preaxial
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Figure 8. Sphenisciformes indet. partial right humerus, SAM P10863:
A, dorsal view; B, ventral view.

tuberosity on the shaft at the proximal limit of attachment of
brachialis internus” by Jenkins, 1974); more widely separated
insertions of the musculi supracoracoideus and the musculi
coracobrachialiscaudalis(referred to asthe pectoralis secundus
and pectoralis tertius respectively by Jenkins, 1974); metacarpal
Il extends further distally than metacarpal I1; and the bones
are generally lessrobust.

Remarks. The referred humerus (SAM P14158a) is similar to
Pachydyptes ponderosus with its large head, expanded muscle
attachments and wide shaft. The skeleton however is overall
less robust than P. ponderosus and the overall morphology of
the coracoid, radius and carpometacarpus shows similarities to
Anthropornis and Palaeeudyptes (Jenkins, 1974). The coracoid
has a broadly flared base and an oval foramen nervi
supracoracoidei. On the radius, the insertion site of the m.
brachialis is hollowed, forming a distinct notch similar to that
of Paraptenodytes robustus Ameghino, 1905, although the
bone itself resembles that of Palaeeudyptes and Anthropornis
(Jenkins, 1974). Systematic revisions of Pachydyptes simpsoni
have seen it first synonymised with Anthropor nisnordenskjoel di
(Jenkins, 1985), and most recently considered as
Sphenisciformes indet. (Ksepka and Clarke, 2010). The latter
authors concluded that it occupied a more crownward position
than Antarctic A. nordenskjoeldi specimens. We therefore
consider the systematics of P. simpsoni to be unresolved.

Figure 9. Sphenisciformes indet. partial left femur, SAM P10870: A,
dorsal view; B, ventral view.

Anthropodyptes Simpson, 1959

Anthropodyptes gilli Simpson, 1959
Holotype. Right humerus (NMV P17167). (Fig. 10; Table 2).

Type locality. Specimen was found as float on top of Miocene
marl on east bank of Glenelg River at Devil’s Den, about 17 km
NNW of Dartmoor, Victoria. Site is marked “Bw” on the map
published by Singleton (1941: 46) (37°46'S, 141°14'E).

Horizon and age. Gill (19598 determined that NMV P17167
was derived from the Gellibrand Marl, which at this locality
represents planktonic foram zones N5-N6, Early Miocene
(Aquitanian—Burdigalian), 17.6-21.0 Ma (Jenkins, 1974: 292;
Abele et al., 1988:285; Dickinson et al., 2002).

Diagnosis. Simpson (1957: 118) notes that Anthropodyptes does
not share any diagnostic characters with any previously named
genus. Generic characteristics as follows: humerus slender and
elongate; shaft slightly sigmoid, with moderate angulation of the
cranial margin; the proximal part of the shaft is narrower than
the distal part; fossa pneumoatricipitalis undivided and large
proximo-distally; m. supracoracoideus insertion wide and
dightly oblique, almost parallel to long axis of the shaft; angle
between long axis of shaft and tangent of condylus dorsalis and
condylus ventralis is about 42°; the condylus ventralis is only
dightly ventral to the condylus dorsalis, shelf adjacent to
condylus ventralis smaller than condylus ventralis.
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A

Figure 10. Anthropodyptesgilli holotype right humerus, NMV P17167:
A, dorsal view; B, ventral view.

Remarks. This species is apparently most similar to
Archaeospheniscus (Gill, 1959b; Simpson, 1959: 118), a Late
Oligocene New Zealand form. Based on synapomorphies,
Anthropodyptes gilli has a most exclusive placement of clade 8
in the phylogenetic analysis of Ksepka and Clarke (2010: Fig.
21), giving it a more crown-ward position than earlier ‘giant’
forms from the late Eocene, but asimilar phylogenetic position
to late Oligocene giant forms such as Kairuku and
Archaeospheniscus. Anthropodyptes gilli bears the distinction
of being the latest surviving giant stem penguin, al other
‘giant’ stem taxa having a Palaeogene age (K sepka and Clarke,
2010: 45). Comparisons of body proportions with other giant
taxa are not possible until more complete material is found.

Pseudaptenodytes Simpson, 1970

Pseudaptenodytes macraei Simpson, 1970

Holotype. Partial left humerus (NMV P26668). (Fig. 11; Table
2).

Type locality. Spring Creek near Minhamite, 41 km southeast
of Hamilton, Victoria (37°58'S, 142°23'E).

Horizon and age. The holotype is derived from the Goodwood
Formation, a green-grey marly fine sand with abundant
pebbles (Gill, 1964:332). The macroinvertebrate assemblage is
similar to that of the Upper Miocene—Lower Pliocene Black
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Figure 11. Pseudaptenodytes macraei holotype left humerus, NMV
P26668: A, dorsal view; B, dorso-caudal view; C, ventral view.

Rock Sandstone (Gill, 1964; Simpson, 1970), and the
Goodwood Formation is possibly laterally equivalent to the
Upper Miocene—Lower Pliocene Grange Burn Formation
(Fitzgerald, 2004).

Referred material. A partial right carpometacarpus (NMV
P27055) and a partial left carpometacarpus (NMV P27056)
were tentatively referred to this species (Simpson, 1970) (Fig.
15; Table 2). Both specimens were derived from the Upper
Miocene—Lower Pliocene Black Rock Sandstone at Beaumaris.

Diagnosis. Simpson (1970) noted the very close similarity of
Pseudaptenodytes macraei to Aptenodytes patagonicus, both
in terms of size and the features of the proximal end of the
humerus. Nevertheless, P. macraei differs from Aptenodytes
by having a humerus with: a more sigmoid shaft; a smaller
volume of the fossa pneumotricipitalis, a distinctly oval
opening of theinternal division of thefossapneumotricipitalis;
and a rounded cranial margin lacking a distinct ‘preaxial
angle’ (Acosta Hospitaleche et al., 2008: Fig. 5, char. 11). It
further differs from A. forsteri by lacking the pit for ligament
insertion on the proximal surface adjacent to the head (K sepka
et al., 2006: Fig. 8). In A. patagonicus this feature is variable
(Ksepkaet al., 2006).

Remarks. Despite the similarities of the type specimen to
Aptenodytes patagonicus, Pseudaptenodytes macraei is not
ancestral to it or any of the modern species (Simpson, 1970:
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Figure 12. Sphenisciformes indet. partial left coracoid, NMV P24065:
A, dorsal view; B, ventral view.

20). Although similar, the autapomorphies of NMV P26668
preclude this specimen from referral to Aptenodytes or any
extant genera. We consider P. macraei to be a distinct taxon
established on the basis of a diagnostic type specimen.

?Pseudaptenodytes minor Simpson, 1970

Holotype. Partial right humerus (NMV P26669). (Fig. 14;
Table 2).

Type locality. East of Rickett’s Point on the western shore of
Beaumaris Bay, northeast shore of Port Phillip Bay, Victoria
(37°59'S, 145°03'E).

Horizon and age. Black Rock Sandstone, which consists of a
basal layer of phosphatic and ferruginous intraclasts overlain
by calcareous sandstone (Dickinson and Wallace, 2009).
Planktonic foram and molluscan biostratigraphy indicate a
Late Miocene—Early Pliocene age range, which is corroborated
by Sr dates of 5.0-6.2 Ma (Dickinson and Wallace, 2009).

Referred material. Distal end of right humerus (NMV P26677),
proximal end of left humerus, (NMV P26671), proximal end of
left humerus (NMV P26676), right humerus (NMV P26670),
right humerus (NMV P27057), partial right carpometacarpus
(NMV P27058), right carpometacarpus (NMV P26903) (Fig.
13; Table 2). All referred material was collected from the Upper
Miocene—Lower Pliocene Black Rock Sandstone at Beaumaris.

T. Park & E.M.G. Fitzgerald

Diagnosis. Differs from Pseudaptenodytes macrael by having:
a more dender and less sigmoid shaft; and a less expanded
distal section (Simpson, 1970). It also differs by having a
distinct angle on the cranial margin, although thisangulationis
till less than that of any modern penguin (Simpson, 1970).

Remarks. Simpson (1970) notes the similarities between
?Pseudaptenodytes minor and Paraptenodytes robustus yet the
holotype of ?P. minor is too incomplete to permit meaningful
comparisons. The lack of diagnostic morphology in the type
specimen of ?P. minor hasresulted in Ksepkaand Clarke (2010)
referring this taxon to Sphenisciformes indet. More completely
preserved material is required to confirm or reject the placement
of this species in Pseudaptenodytes. The additional material
referred by Simpson (1970) to ?P. minor displayslittleoverlapin
morphology with the holotype (NMV P26669). Furthermore, it
is only on the basis of the referred material that the holotype
was designated a species of Pseudaptenodytes. We therefore
recommend restricting the concept of ?P. minor to the holotype.
All referred material should be considered Sphenisciformes
indet. pending further study.

Tasidyptes Van Tets and O’ Connor, 1983

Tasidyptes hunteri Van Tets and O’ Connor, 1983
Holotype. Pelvisin three parts (ANWC BS2670) (Table 2).

Type locality. Stockyard Site, Hunter Idand, 5 km north of
Tasmania (40°32'S, 144°45'E).

Horizon and age. Material found in an aboriginal midden.
Carbon dating resulted in an age of 760 + 70 ybp (Holocene).

Referred material. The paratype specimen is a left
tarsometatarsus (ANWC BS2668). Also referred to the species
are ajuvenile synsacrum (ANWC BS2667) and aleft coracoid
(ANWC BS2669). (Table 2)

Diagnosis. Differsfrom Eudyptula and Megadyptes by having:
a caudal part of the synsacrum with relatively broader fused
vertebrae and long dender lateral processes;, and the lateral
foramen vasculare proximale situated more distal than the
medial foramen vasculare proximale on the plantar surface of
the tarsometatarsus. However, this character is not clear from
the figure in Van Tets and O’Connor (1983: Fig. 4).

Remarks. This taxon is no longer considered valid due to the
fragmentary nature of the fossils, the fact that the coracoid and
tarsometatarsus are indistinguishable from Eudyptes and the
fact that the four specimens come from three different
stratigraphic layers of the midden (Van Tets and O Connor,
1983; Fordyce and Jones, 1990; Ksepka and Clarke, 2010).
However, Ksepka and Clarke (2010) note that due to the young
age of the specimens, DNA testing to confirm their identity
may well be possible. Ksepka and Ando (2011: 178) also draw
attention to the synsacrum stating that the long slender lateral
processes may be “a possible diagnostic character, certainly in
need of quantitative evaluation”.
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Figure 13. Sphenisciformes from the Upper Miocene—Lower Pliocene Black Rock Sandstone, Victoria. A-J and M—P, specimens referred to
?Pseudaptenodytes minor: partial left humerus, NMV P 26671, in (A) dorsal and (B) ventral views; partial left humerus, NMV P26676, in (C)
dorsal and (D) ventral views; partial right humerus, NMV P26677, in (E) dorsal and (F) ventral views; partial right humerus, NMV P26670, in
(G) dorsal and (H) ventral views; partial right humerus, NMV P27057, in (I) dorsal and (J) ventral views; partial right carpometacarpus, NMV
P27058, in (M) dorsal and (N) ventral views; partial right carpometacarpus, NMV P26903, in (O) dorsal and (P) ventral views. Sphenisciformes
indet. partial left humerus, NMV P27059: K, dorsal view; L, ventral view.
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Figure 15. Specimens referred to Pseudaptenodytes macraei: partial right carpometacarpus, NMV P27055, in (A) dorsal and (B) ventral views;
partial left carpometacarpus, NMV P27056, in (C) ventral and (D) dorsal views.
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Discussion

The Australian penguin record has thusfar played aminor role
in the interpretation of sphenisciform evolutionary history.
Despite there being general summaries (Jenkins, 1985;
Fordyce and Jones, 1990; Vickers-Rich, 1991), no primary
systematic research has been conducted since 1983.

With this limited quantity of described material, what
patterns may be deduced from the fossil record of penguinsin
Australia? As shown above, the record has a scattered
chronologic distribution and is based on fragmentary fossils.
Nonetheless, the vast mgjority of all fossil penguin specimens
ever found are isolated and often incomplete elements (see
Acosta Hospitaleche et al., 2007; Ksepka et al., 2008, 2012 for
exceptions). Second, there is a disparity between past and
present taxonomic diversity. During the Eocene, Oligocene
and Miocene there were more than one species of penguin
inhabiting Australia. All these species were larger than the
sole extant species, Eudyptula minor Forster, 1781 (little
penguin), although body sizes have yet to be estimated using
established regression equations (e.g. Simpson, 1946;
Jadwiszczak, 2001). This higher taxonomic diversity and
morphological disparity relative to the present remains
unexplained. A possible causal factor promoting higher
diversity is the former increased availability of suitable
breeding grounds due to higher sea levels forming numerous
small offshore islands. An example of this is known from the
Pliocene of Africa (Ksepkaand Thomas, 2012).

The Australian record includes penguin material from the
Early through late Miocene. This interval is inadequately
sampled worldwide (Ksepka and Ando, 2011: 157-163), and
thus Australian fossils may provide insights into this pivotal
period in penguin history, including the diversification of
crown Spheniscidae.

Acknowledgements

We thank: B. Crichton, E. Eidelson, T. Flannery, R. Hamson, J.
Long,J. Rowe and S. Wright for donating specimens to Museum
Victoria; D. Pickering, W. Longmore and K. Roberts for
providing access to collections at Museum Victoria; M.-A.
Binnie, N. Pledge and T. Worthy for providing access to
collections and research facilities at the South Australian
Museum; the Harold Mitchel| Foundation and Museum Victoria
for supporting this research; and the South Australian Museum
for facilitating avisit by EMGF to study their collections.

References

Abele, C., Gloe, C.S, Hocking, JB., Holdgate, G., Kenley, PR,
Lawrence, C.R., Ripper, D., Threlfall, W.F., and Bolger, P.F. 1988.
Tertiary. Pp. 251-350 in: Douglas, J.G. and Ferguson, J.A. (eds),
Geology of Victoria. Victorian Division, Geological Society of
Australia Incorporated: Melbourne. 663 pp.

Achurra, L.E., Lacassie, JP, LeRoux, JP, Marquardt, C., Belmar, M.,
Ruiz-del-Solar, J., and Ishman, S.E. 2009. Manganese nodules in
the Miocene Bahia Inglesa Formation, north-central Chile:
petrography, geochemistry, genesis and palaeoceanographic
significance. Sedimentary Geology 217: 128-139.

323

Acosta Hospitaleche, C., Tambussi, C., Donato, M., and Cozzuol, M.
2007. A new Miocene penguin from Patagonia and its phylogenetic
relationships. Acta Palaeontologica Polonica 52: 299-314.

Acosta Hospitaleche, C., Castro, L., Tambussi, C., and Scasso, R.A.
2008. Palaeospheniscus patagonicus (Aves, Sphenisciformes):
new discoveries from the early Miocene of Argentina. Journal of
Paleontology 82: 565-575.

Alley, N.F., Lindsay, J.M., Barnett, S.R., Benbow, M.C., Callen, R.A.,
Cowley, W.M., Greenwood, D., Kwitko, G., Lablack, K.L.,
Lindsay, JM., Rogers, PA., Smith, PC., and White, M.R. 1995.
Tertiary. Pp. 151-218 in: Drexel, J.F., and Preiss, WV. (eds), The
geology of South Australia. Volume 2. The Phanerozoic. Bulletin
of the Geological Survey of South Australia 54. 347 pp.

Baird, R.F. 1992. Fossil avian assemblage of pitfall origin from
Holocene sediments in Amphitheatre Cave (G-2), south-western
Victoria, Australia. Records of the Australian Museum44: 21-44.

Baker, A.J, Pereira, S.L., Haddrath, O.P, and Edge, K.A. 2006.
Multiple gene evidence for expansion of extant penguins out of
Antarcticadueto global cooling. Proceeding of the Royal Society
of London Series B (Biological Sciences) 217: 11-17.

Baumel, J. J., and L. M. Witmer. 1993. Osteologia. Pp. 45-132 in
Baumel, J. J., King, A.S., Breazile, J. E., Evans, H. E., and Vanden
Berge, JC. (eds), Handbook of Avian Anatomy: Nomina
Anatomica. Avium. Publications of the Nuttall Ornithological
Club 23. 779 pp.

Bertelli, S., and Giannini, N.P. 2005. A phylogeny of extant penguins
(Aves:  Sphenisciformes)  combining  morphology  and
mitochondrial sequences. Cladistics 21: 209-239.

Bertelli, S, Giannini, N.P, and Ksepka, D.T. 2006. Redescription and
phylogenetic position of the ealy Miocene penguin
Paraptenodytes antarcticus from Patagonia. American Museum
Novitates 3525: 1-36.

Bowmaker, J.K., and Martin, G.R. 1985. Visual pigments and oil
droplets in the penguin, Spheniscus humboldti. Journal of
Comparative Physiology A: Neuroethology, Sensory, Neural, and
Behavioral Physiology 156: 71-77.

Brown, JW., Rest, J.S., Garcia-Moreno, J., Sorenson, M.D., and
Mindell, D.P. 2008. Strong mitochondrial support for aCretaceous
origin of modern avian lineages. BMC Biology 6: 6.

Celma, C., and Cantalamessa, G. 2007. Sedimentology and high-
frequency sequence stratigraphy of a forearc extensional basin:
the Miocene Caleta Herradura Formation, Megjillones Peninsula,
northern Chile. Sedimentary Geology 198: 29-52.

Clarke, JA., Ksepka, D.T., Stucchi, M., Urbina, M., Giannini, N.,
Bertelli, S., Narvdez, Y., and Boyd, C.A. 2007. Paleogene
equatorial penguins challenge the proposed relationship between
biogeography, diversity, and Cenozoic climate change.
Proceedings of the National Academy of Sciences 104: 11545—
11550.

Clarke, JA., Ksepka, D.T., Salas-Gismondi, R., Altamirano, A.J,
Shawkey, M.D., D’Alba, L., Vinther, J., DeVries, T.J., and Baby, P.
2010. Fossil evidence for evolution of the shape and colour of
penguin feathers. Science 330: 954-957.

Cooper, R.A. (ed.). 2004. The New Zealand geological timescale.
Institute of Geological and Nuclear Sciences Monograph 22:
1-284.

Davis, L.S,, and Renner, M. 2003. Penguins. Yale University Press:
London. 212 pp.

Devries, T.J. 1998. Oligocene deposition and Cenozoic sequence
boundaries in the Pisco Basin (Peru). Journal of South American
Earth Sciences 11: 217-231.

Dickinson, JA., and Wallace, M.\W. 2009. Phosphate-rich deposits
associated with the Mio-Pliocene unconformity in south-east
Australia. Sedimentology 56: 547-565.



324

Dickinson, JA., Wallace, M\W., Holdgate, G.R., Gallagher, S.J, and
Thomas, L. 2002. Origin and timing of the Miocene-Pliocene
unconformity in southeast Australia. Journal of Sedimentary
Research 72: 288-303.

Dingle, RV., and Lavelle, M. 2000. Antarctic Peninsula Late
Cretaceous-Early Cenozoic paleoenvironments and Gondwana
paleogeographies. Journal of African Earth Sciences 31: 91-105.

Finlayson, H.H. 1938. On the occurrence of afossil penguinin Miocene
beds in South Australia. Transactions of the Royal Society of
South Australia 62: 14-17.

Fitzgerald, EM.G. 2004. A review of the Tertiary fossil Cetacea
(Mammalia) localities in Australia. Memoirs of Museum Victoria
61: 183-208.

Fordyce, R.E., and Jones, C.M. 1990. Penguin history and new fossil
material from New Zealand. Pp. 419 — 446 in Davis L.S., and
Darby, JT. (eds), Penguin Biology. Academic Press: San Diego.
467 pp.

Friedmann, H. 1945. Birds of the United States Antarctic Service
Expedition 1939-1941. Proceedings of the American Philosophical
Society 89: 305-313.

Frost, PG.H., Siegfried, W.R., and Greenwood, P.J. 1975. Arterio-
venous heat exchange systems in the Jackass penguin Spheniscus
demersus. Journal of Zoology 175: 231-241.

Giannini, N.P., and Bertelli S. 2004. Phylogeny of extant penguins
based on integumentary and breeding characters. The Auk 121:
121-123.

Gill, E.D. 1959a. Provenance of fossil penguin from western Victoria.
Proceedings of the Royal Society of Victoria 71: 121-123.

Gill, E.D. 1959b. Penguins — Past and Present. The Victorian Naturalist
75: 178-179.

Gill, E.D. 1964. Rocks contiguous with the basaltic cuirass of western
Victoria. Proceedings of the Royal Society of Victoria77: 331-355.

Glaessner, M.F. 1955. Pelagic fossils (Aturia, penguins, whales) from
the Tertiary of South Australia. Records of the South Australian
Museum 9: 353-372.

Gohlich, U.B. 2007. The oldest fossil record of the extant penguin
genus Spheniscus, a new species from the Miocene of Peru. Acta
Palaeontologica Polonica 52: 285-298.

Gourley, T.L., and Gallagher, S.J. 2004. Foraminiferal biofacies of the
Miocene warm to cool climatic transition in the Port Phillip Basin,
southeastern Australia. Journal of Foraminiferal Research 34:
294-307.

Gradstein, F.M, Ogg, J.G., and Smith, A.G. (eds.). 2004. A Geologic
Time Scale 2004. Cambridge University Press: Cambridge. 589

pp.

Hendey, Q.B. 1981. Geological succession at Langebaanweg, Cape
Province, and global events of the late Tertiary. South African
Journal of Science 77: 33-38.

Holdgate, G.R., and Gallagher, S.J. 2003. Tertiary: a period of transition
to marine basin environments. Pp. 289-335 in: Birch, W.D. (ed.),
Geology of Victoria. Geological Society of Australia Specia
Publication 23, Geological Society of Australia (Victoria Division):
Melbourne. 842pp.

Jadwiszczak, P. 2001. Body size of Eocene Antarctic Penguins. Polish
Polar Research 22: 147-158.

Jadwiszczak, P. 2006. Eocene penguins of Seymour Island, Antarctica:
taxonomy. Polish Polar Research 27: 3-62.

Jadwiszczak, P. 2009. Penguin past: the current state of knowledge.
Polish Polar Research 30: 3-28.

James, N.P., and Bone, Y. 2000. Eocene cool-water carbonate and
biosiliceous sedimentation dynamics, St Vincent Basin, South
Australia. Sedimentology 47: 761-786.

Jenkins,R.J.F. 1974. A new giant penguin from the Eocene of Australia.
Palaeontology 17: 291-310.

T. Park & E.M.G. Fitzgerald

Jenkins, R.JF. 1985. Anthropornis nordenskjoeldi Wiman, 1905:
Nordenskjoeld’s giant penguin, Pp. 183-187 in Vickers-Rich P.,
and Van Tets, G.F. (eds), Kadimakara, Extinct Vertebrates of
Australia. Princeton University Press: New Jersey. 284 pp.

Jenkins, R.J.F., Jones, J.B., McGowran, B., Beecroft, A.S., and
Fitzgerald, M.J. 1982. Lithostratigraphic subdivision of the
Blanche Point Formation, Late Eocene, Willunga sub-basin.
Quarterly Geological Notes, Geological Survey of South
Australia 84: 2-7.

Kaiser, GW. 2007. The Inner Bird. Anatomy and Evolution. UBC
Press: Vancouver. 386 pp.

Ksepka,D.T.,Bertelli, S.2006. Fossil penguin (Aves: Sphenisciformes)
cranial material from the Eocene of Seymour Island (Antarctica).
Historical Biology 18: 389-395.

Ksepka, D.T., and Ando, T. 2011. Penguins Past, Present, and Future:
Trends in the Evolution of the Sphenisciformes. Pp. 155-186 in
Dyke, G.,andKaiser, G. (eds), Living Dinosaurs. TheEvolutionary
History of Modern Birds. Wiley-Blackwell: West Sussex. 422 pp.

Ksepka, D.T., and Clarke, J.A. 2010. The basal penguin (Aves:
Sphenisciformes) Perudyptes dewvriess and a phylogenetic
evaluation of the penguin fossil record. Bulletin of the American
Museum of Natural History 337: 1-77.

Ksepka, D.T., and Thomas, D.B. 2012. Multiple Cenozoic invasions of
Africa by penguins (Aves, Sphenisciformes). Proceedings of the
Royal Society B Biological Sciences279: 1027-1032.

Ksepka, D.T., Bertdlli, S., and Giannini, N.P. 2006. The phylogeny of
the living and fossil Sphenisciformes (penguins). Cladistics 22:
412-441.

Ksepka, D.T., Clarke, JA., DeVries, T.J, and Urbina, M. 2008.
Osteology of |cadyptes salasi, agiant penguin from the Eocene of
Peru. Journal of Anatomy 213: 131-147.

Ksepka, D.T., Fordyce, R.E., Ando, T., and Jones, C.M. 2012. New
fossil penguins (Aves, sphenisciformes) from the Oligocene of
New Zealand reveal the skeletal plan of stem penguins. Journal of
Vertebrate Palaeontology 32: 235-254.

Li, Q.,McGowran, B., and White, M.R. 2000. Sequences and biofacies
packages in the mid-Cenozoic Gambier Limestone, South
Australia: Reappraisal of foraminiferal evidence. Australian
Journal of Earth Sciences 47: 955-970.

Livezey, B.C. 1989. Morphometric patterns in Recent and fossil
penguins (Aves, Sphenisciformes). Journal of Zoology, London
219: 269-307.

Lowe, P.R. 1933. On the primitive characters of the penguins, and
their bearing on the phylogeny of birds. Proceedings of the
Zoological Society of London 2: 483-538.

Mallett, CW. 1977. Studies in Victorian Tertiary Foraminifera:
Neogene planktonic faunas. Ph.D. Thesis, University of
Melbourne: Melbourne. 381 pp.

Malumién, N., and Nadiiez, C. 2011. The Late Cretaceous—Cenozoic
transgressions in Patagonia and the Fuegian Andes: foraminifera,
palaeoecology, and palaeogeography. Biological Journal of the
Linnean Society 103: 269-288.

Marenssi, S, Santillana, S., and Bauer, M. 2012. Estratigrafia,
petrografia sedimentariay procedenciade las formaciones Sobral
y Cross Valley (Paleoceno), issla Marambio (Seymour), Antartica.
Andean Geology 39: 67-91.

Marples, B.J. 1952. Early Tertiary penguins of New Zealand. New
Zealand Geological Survey Palaeontological Bulletin 20: 1-66.

Meister, W. 1962. Histological structure of thelong bones of penguins.
The Anatomical Record: Advances in Integrative Anatomy and
Evolutionary Biology 143: 377-387.

Myrcha, A., Tatur, A., and del Valle, R.A. 1990. A new species of
fossil penguin from Seymour Island, West Antarctica. Alcheringa
14: 195-205.



Areview of Australian fossil penguins (Aves: Sphenisciformes)

Myrcha, A., Jadwiszczak, P., Tambussi, C.P., Noriega, J.I., Gazdzicki,
A., Tatur, A., and del Valle, R.A. 2002. Taxonomic revision of
Eocene Antarctic penguinsbased on tarsometatarsal morphology.
Polish Polar Research 23: 5-46.

Olson, S.L. 1985. The fossil record of birds. Pp. 79 — 238 in Framer
D.S, King JR., and Parkes, K.C. (eds), Avian Biology. Academic
Press: New York 256 pp.

Pycraft, W.P. 1898. Contributions to the osteology of birds. Part II.
Impennes. Proceedings of the Zoological Society of London
1898: 958-989.

Raikow, R.J., Bicanovsky, L., and Bledsoe, A.H. 1988. Forelimb joint
mobility and the evolution of wing-propelled diving in birds. The
Auk 105: 446-451.

Roberts, D.L., Matthews, T., Herries, A.L.R., Boulter, C., Scott, L.,
Dondo, C., Mtembi, P., Browning, C., Smith, R.M.H., Haarhoff,
P, and Bateman, M.D. 2011. Regional and global context of the
late Cenozoic Langebaanweg (LBW) palaeontological site: west
coast of South Africa Earth-Science Reviews 106: 191-214.

Scasso, R.A., McArthur, J. M., del Rio, C.J., Martinez, S., and
Thirlwall, M.F. 2001. #Sr/%Sr Late Miocene age of fossil
molluscs in the ‘Enterriense of the Valdés Peninsula (Chubut,
Argenting). Journal of South American Earth Sciences 14: 319—
329.

Sibley, C.G., and Ahlquist JE. 1990. Phylogeny and Classification of
Birds, A Study in Molecular Evolution. Yale University Press:
New Haven. 1080 pp.

Simpson, G.G. 1946. Fossil Penguins. Bulletin of the American
Museum of Natural History 87: 7-99.

Simpson, G.G. 1957. Australian fossil penguins, with remarks on
penguin evolution and distribution. Records of the South
Australian Museum 13: 51-70.

Simpson, G.G. 1959. A new fossil penguin from Australia.
Proceedings of the Royal Society of Victoria 71: 113-119.

Simpson, G.G. 1965. New record of a fossil penguin in Australia.
Proceedings of the Royal Society of Victoria 79: 91-93.

Simpson, G.G. 1970. Miocene penguins from Victoria, Australia,
Chubut, Argentina. Memoirs of the National Museum, Victoria
31: 17-24.

Simpson, G.G. 1971. A review of the pre-Pliocene penguins of New
Zealand. Bulletin of the American Museum of Natural History
144: 319-378.

Simpson, G.G. 1975. Notes on variation in penguins and on fossil
penguins from the Pliocene of Langebannweg, Cape Province,
South Africa. Annals of the South Africa Museum 69: 59-72.

Singleton, F.A. 1941. The Tertiary geology of Australia. Proceedings
of the Royal Society of Victoria 53: 1-125.

325

Sivak, JG., and Millodot, M. 1977. Optical performance of the penguin
eye in air and water. Journal of Comparative Physiology A:
Neuroethology, Sensory, Neural, and Behavioral Physiology 119:
241-247.

Sack, K.E., Jones, C.M., Ando, T., Harrison, G.L., Fordyce, R.E.,
Arnason, U., and Penny, D. 2006. Early penguin fossils, plus
mitochondrial genomes, calibrate avian evolution. Molecular
Biology and Evolution 23: 1144-1155.

Stonehouse, B. 1975. Introduction: the Spheniscidae. Pp. 1 — 14 in
Stonehouse, B. (ed), The Biology of Penguins. Macmillan: London.
555 pp.

Stucchi, M., Urbina, M., and Giraldo, A. 2003. Una nueva especie de
Spheniscidae del Mioceno Tardio de la Formacion Pisco, Peru.
Bulletin dela Institut Francais d’ Etudes Andines 32: 361-375.

Thomas, D.B., and Fordyce, R.E. 2007. The heterothermic loophole
exploited by penguins. Australian Journal of Zoology 55: 317-321.

Thomas, D.B., and Fordyce, R.E. 2012. Biological plasticity in penguin
heat-retention structures. The Anatomical Record: Advances in
Integrative Anatomy and Evolutionary Biology 295: 249-256.

Uhen, M.D., Pyenson, N.D., Devries, T.J, Urbina, M., and Renne, PM.
2011. New Middle Eocene whales from the Pisco Basin of Peru.
Journal of Paleontology 85: 955-969.

Van Tets, G.F,, and O'Connor, S. 1983. The Hunter Iand penguin, an
extinct new genus and species from a Tasmanian midden. Records
of the Queen Victoria Museum 81: 1-13.

Vargas, H., Lougheed, C., and Snell, H. 2005. Population size and trends
of the Galdpagos Penguin Spheniscus mendiculus. 1bis 147: 367
374.

Vickers-Rich, P. 1991. The Mesozoic and Tertiary History of Birds on
the Australian plate. Pp. 721-808 in: Vickers-Rich, P., Monaghan,
JM., Baird, R.F,, and Rich, T.H. (eds), Vertebrate Palaeontol ogy of
Australasia. Pioneer Design Studio: Melbourne. 1437 pp.

Walker, JD., and Geissman, JW. (eds). 2009. Geologic Time Scale.
Geological Society of America. doi:10.1130/2009.CTS004R2C
Wallace, M\W., Dickinson, JA., Moore, D.H., and Sandiford, M. 2005.
Late Neogene strandlines of southern Victoria: a unique record of
eustasy and tectonics in southeast Australia. Australian Journal of

Earth Sciences 52: 279-297.

Walsh, S.A., and Sudrez, M.E. 2006. New penguin remains from the
Pliocene of Northern Chile. Historical Biology 18: 115-126.

White, PJ, and Waterhouse, B.C. 1993. Lithogtratigraphy of the Te
Kuiti Group: a revision. New Zealand Journal of Geology and
Geophysics 36: 255-266.

Zusi,R.L. 1975. An interpretation of the skull structure in penguins. Pp.
59-84 in B Stonehouse, B. (ed), The Biology of Penguins. The
Macmillan Press: London. 555 pp.



