Quail-thrush birds from the Miocene of northern Australia
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Quail-thrushes (Passeriformes: Cinclosomatidae: Cinclosoma) are ground-dwelling corvoid songbirds endemic to
Australia and New Guinea. Until now, the only known quail-thrush fossils have been from late Quaternary cave deposits
in Australia. A new species of quail-thrush, Cinclosoma elachum sp. nov., is described from the early to middle Miocene
deposits in the Riversleigh World Heritage Area, Queensland, Australia. A second, larger quail-thrush is identified
from the middle Miocene of Riversleigh. The new fossils considerably extend the geographic and temporal ranges of
cinclosomatids, and indicate the presence of two species of quail-thrushes in the Miocene of northern Australia, located
more than 300 km from the nearest extant member of Cinclosoma. These fossils provide a minimum age of ~18 million
years for Cinclosomatidae. They cannot be confidently assigned to the crown group of the genus Cinclosoma, but can
be used to calibrate the split between this genus and Ptilorrhoa in molecular dating studies of the Corvides radiation and
Passeriformes overall. This material also adds to the growing diversity of songbirds identified from the pre-Pleistocene
record of Australia, and reemphasises the global significance of the Riversleigh deposits in developing understanding
about the early evolutionary history of passerines.
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Introduction

Cinclosomatidae (Passeriformes: Corvides) is an Australo-
Papuan oscine (songbird) family that contains eight species
of quail-thrushes Cinclosoma and four species of jewel-bab-
blers Ptilorrhoa (Toon et al. 2012; Dickinson and Christidis
2014). These birds are medium-sized, stockily-built ground
birds that use their bills to probe sand and leaf litter in search
of arthropods and small vertebrates (Schodde and Mason
1999; Boles 2007). The Painted Quail-thrush Cinclosoma
ajax (Temminck in Temminck and Meffren Laugier, 1836)
and all four species of jewel-babblers are endemic to New
Guinean forests from the lowlands to the highlands (Boles
2007; Beehler and Pratt 2016). The remaining seven species
of Cinclosoma are confined to Australia and prefer more
open habitats with low vegetation, including dry sclerophyll
forest and woodland, mallee, dry woodland scrub and other
scrublands, and stony plains and tablelands with low scrub
cover (Higgins and Peter 2002; Boles 2007). The Spotted
Quail-thrush Cinclosoma punctatum (Shaw, 1794) is found
in mesic habitats in south-eastern Australia. In contrast, the
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other Australian species of Cinclosoma occur in the arid and
semi-arid zones of the western, central, and southern parts
of the continent (Higgins and Peter 2002; Boles 2007).
Quiail-thrushes and jewel-babblers are superficially simi-
lar in appearance to their English namesakes, thrushes and
babblers, but are not closely related to them. These birds
were previously grouped into a “scrap basket” (Mayr and
Amadon 1951) of terrestrial birds, such as logrunners
Orthonyx, rail-babblers Eupetes, whipbirds and wedgebills
Androphobus and Psophodes, and melampittas Melampitta
(e.g., Deignan 1964; Higgins and Peter 2002; Boles 2007).
Molecular studies subsequently demonstrated that Cinclo-
soma and Ptilorrhoa constitute a separate lineage (Norman
et al. 2009; Jansson et al. 2011) and have accordingly been
treated as a distinct family, the Cinclosomatidae (Dickinson
and Christidis 2014). A close relationship between Cinclo-
soma and Ptilorrhoa is also supported by osteological evi-
dence (Baird 1986, 1991). Phylogenetic analyses based on
molecular data have variously shown Cinclosomatidae as the
sister taxon to all other members of the infraorder Corvides
(Selvatti et al. 2015; Moyle et al. 2016); sister taxon to
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Falcunculidae (shriketits) (Jgnsson et al. 2016); sister taxon
to a clade comprising Paramythiidae (painted berrypickers),
Androphobus, and Psophodes (Jgnsson et al. 2011); or in an
unresolved position within Corvides (Norman et al. 2009).
A phylogenetic study of nuclear loci by Aggerbeck et al.
(2014) placed Cinclosoma as the sister taxon to Falcunculus.

Until now, the only known cinclosomatid fossils were
from Quaternary cave deposits in Australia. These include
Holocene and Late Pleistocene specimens of Cinclosoma
punctatum from the Buchan and Glenelg River areas in
Victoria (Baird 1991, 1992, 1993), and Holocene specimens
of the Nullarbor Quail-thrush C. alisteri Mathews, 1910
from Weekes Cave in South Australia (Baird 1990). Fossils
of C. alisteri and Cinclosoma sp. cf. C. alisteri have also
been found in Quaternary caves deposits in the Nullarbor
region in Western Australia (Baird 1991). Late Quaternary
fossils referable to Cinclosoma sp. have been reported from
Mair’s Cave in South Australia (Baird 1991). Here we de-
scribe a new Miocene species of Cinclosoma and material
referable to a second species of the same genus. These new
specimens considerably extend the fossil record of cinclo-
somatids both temporally and geographically, and add to
the growing diversity of fossil songbirds identified from the
pre-Pleistocene record of Australia.

Institutional abbreviations.—AM, Australian Museum,
Sydney, Australia; ANWC, Australian National Wildlife
Collection, CSIRO, Canberra, Australia; NMYV, Museums
Victoria, Melbourne, Australia; QM, Queensland Museum,
Brisbane, Australia.

Other abbreviations.—lig., ligamentum; M./m., musculus;
proc., processus; tub., tuberculum.

Material and methods

Direct comparisons were made with skeletons of extant
cinclosomatid species in the ornithology collections of the
AM, ANWC, and NMV. Comparisons were also made
with extant species of Psophodes, which are grouped with
Cinclosoma, Ptilorrhoa, and Androphobus in a single fam-
ily Psophodidae by Gill and Donsker (2018). Specimens of
the basally-branching Cinclosoma ajax and the monotypic
psophodid Androphobus viridis (Rothschild and Hartert,
1911) were unavailable for study.

Cinclosomatidae: Ptilorrhoa leucosticta (Sclater, 1874),
Spotted Jewel-babbler (ANWC 24225); Ptilorrhoa caerules-
cens (Temminck in Temminck and Meffren Laugier, 1836),
Blue Jewel-babbler (ANWC PASS-1423); Cinclosoma punc-
tatum (Shaw, 1794), Spotted Quail-thrush (AM 0.58023,
AM 0.67887, AM 0.68471, AM 0.70739, NMV B.12648,
NMYV B.12872); Cinclosoma castanotum Gould, 1840, Chest-
nut Quail-thrush (NMV B.17817); Cinclosoma castaneotho-
rax Gould, 1849, Chestnut-breasted Quail-thrush (NMV
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B.10899); Cinclosoma cinnamomeum Gould, 1846, Cinnamon
Quail-thrush (NMV B.8986, NMB B. 12004).

Psophodidae: Psophodes olivaceus (Latham, 1801), Eas-
tern Whipbird (AM 0.58056, AM 0.58057, AM 0.71374);
Psophodes cristatus (Gould, 1838), Chirruping Wedgebill
(AM 0.65849).

Thefossilsdescribed hereare registered inthe Queensland
Museum palaeontology collection (QM F). Measurements
of specimens were made with digital callipers accurate to
0.01 mm and rounded to the nearest 0.1 mm. Taxonomic
nomenclature follows Dickinson and Christidis (2014), with
the exception of C. alisteri (sensu Toon et al. 2012) and
C. clarum Morgan, 1926 (sensu Dolman and Joseph 2015),
which are treated as separate species from C. cinnamomeum
and C. castanotum, respectively. Osteological terminology
follows Baumel and Witmer (1993). Nomenclature for liga-
ments and musculature follow Baumel and Raikow (1993)
and Vanden Berge and Zweers (1993), respectively.

Systematic palaeontology

Order Passeriformes Linnaeus, 1758

Suborder Passeri Sibley and Ahlquist, 1990
Infraorder Corvides Cracraft, 2014

Family Cinclosomatidae Mathews, 1922
Genus Cinclosoma Vigors and Horsfield, 1827

Type species: Cinclosoma punctatum (Shaw, 1794); region of Port
Jackson, New South Wales, Australia; Recent.

Remarks.—The fossils are referred to Cinclosoma because
they possess the following combination of features. Carpo-
metacarpus: ventral portion of trochlea carpalis does not
protrude far caudally beyond proximo-caudal edge of os
metacarpale minus; fovea lig. ventralis large and deep; proc.
cranialis located at level with opening situated proximally of
proc. intermetacarpalis; depression on caudo-ventral surface
of trochlea carpalis and os metacarpale minus deep; sulcus
tendinosus wide and shallow; proc. dentiformis long and sit-
uated distal to the proximo-distal midpoint of os metacarpale
majus, based on proportions of proximal end and os metacar-
pale majus. Tibiotarsus: stout, shaft immediately proximal to
the distal end is medio-laterally wide (compared with, e.g.,
Psophodes); tuberositas retinaculi extensori medialis well
developed and separated from its lateral counterpart by a
distance of less than length of former; tuberositas retinaculi
extensori lateralis prominent, situated on lateral part of pons
supratendineus and extends proximally; bony ridges for at-
tachment of retinaculum m. fibularis extend proximally to
about level with tuberositas retinaculi extensori medialis;
pons supratendineus length about equal to width; condyli lat-
eralis et medialis about equal in proximal and distal extent;
impressio lig. intercondylaris very shallow.

Passerines are osteologically very similar to each other,
which can make it challenging to diagnose subclades based
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on skeletal features. However, species of Cinclosoma can
be diagnosed by the following apomorphy: on the carpo-
metacarpus, the proc. cranialis is situated distally of the
fovea carpalis caudalis, to about level with the opening lo-
cated proximally of the proc. intermetacarpalis. In species of
Ptilorrhoa and Menura, the proc. cranialis is located distally
of the fovea carpalis caudalis but proximally of the opening.
In acanthisittids, the proc. cranialis is far distally and is situ-
ated at approximately the level of the proc. intermetacarpalis.
The fossils differ from species of Ptilorrhoa by exhibit-
ing the following traits. Carpometacarpus: ventral portion
of trochlea carpalis more rounded and does not protrude
as far beyond proximo-caudal edge of os metacarpale mi-
nus; viewed cranially, proc. extensorius more bulbous and
expanded ventrally; fovea carpalis caudalis deeper; viewed
dorsally, opening located proximally of proc. intermetacar-
palis widely open; proc. dentiformis situated further distally
relative to midpoint of os metacarpale majus. Tibiotarsus:
tuberositas retinaculi extensori medialis more prominent;
bony ridges for retinaculum m. fibularis slightly longer and
distally terminate at about level with pons supratendineus,
rather than proximally of the pons; condylus medialis less
inflected medially; condylus medialis about equal, rather
than greater than, in distal extent to condylus lateralis.
Because species of Cinclosoma and Ptilorrhoa are some-
times included in Psophodidae (Gill and Donsker 2018), we
have also included here comparisons of the fossils with
species of Psophodes. The fossils are distinguished from
species of Psophodes in several features. Carpometacarpus:
ventral portion of trochlea carpalis only slightly protrudes
beyond proximo-caudal edge of os metacarpale minus;
proc. cranialis situated further distally; proximal end of sul-
cus tendinosus is further distally located on os metacarpale
majus, rather than distally adjacent of proc. alularis; proc.
dentiformis relatively larger and not located at midpoint of
0s metacarpale majus but further distally; opening situated
proximally of proc. intermetacarpalis widely open, rather
than a narrow slit; carpometacarpus less curved dorso-ven-
trally. Tibiotarsus: distal end narrower relative to width of
shaft; tuberositates retinaculorum extensorium relatively
longer; tuberositas retinaculi extensori lateralis more prom-
inent and occupies the lateral part of pons supratendineus,
rather than only the proximo-Ilateral part of the pons; bony
ridges for retinaculum m. fibularis relatively longer; im-
pressio lig. intercondylaris much shallower; distal profile
between condyles shallower. Specimens of Androphobus
viridis were not available for study, but can be distinguished
from C. elachum sp. nov. in its smaller size (Boles 2007).

Cinclosoma elachum sp. nov.
Fig. 1.
Etymology: From Latinised Greek elachum, little; neuter in gender. It

is suggested that this new species be informally known as the Little
Quail-Thrush.

Type material: Holotype: QM F57949, right carpometacarpus with
distal end broken off. Paratype: QM F57951, distal left tibiotarsus from

Neville’s Garden Site, Riversleigh World Heritage Area, Queensland,
Australia.

Type locality: Wayne’s Wok Site, Riversleigh World Heritage Area,
Queensland, Australia.

Type horizon: Wayne’s Wok Site is located on Hal’s Hill in the central
section of the D Site Plateau at Riversleigh. Neville’s Garden Site
occurs on the northern edge of this plateau (Creaser 1997). Wayne’s
Wok and Neville’s Garden Local Faunas are part of Riversleigh’s Fau-
nal Zone B and are interpreted to be early Miocene in age based on
biocorrelation, stratigraphy, geochronology, and multivariate analyses
(Archer et al. 1989; Creaser 1997; Travouillon et al. 2006; Arena et al.
2015, Woodhead et al. 2016). The two assemblages are interpreted as
samples of the same early Miocene Riversleigh palaecocommunity by
Myers et al. (2017). The early Miocene age estimate was confirmed by
U/Ph radiometric dating of fossil speleothems at Neville’s Garden Site
(18.24 £ 0.29 Ma and 17.85 + 0.13 Ma; Woodhead et al. 2016).

Material.—Type material and tentatively referred speci-
men (QM F57948), a proximal left humerus from Neville’s
Riches Site, Riversleigh World Heritage Area, Queensland,
Australia. Neville’s Riches Site is tentatively assigned to
Faunal Zone C (middle Miocene) until more taxa from this
site are recovered and studied to allow confident biocorrela-
tion (Archer et al. 1989).

Diagnosis.—Slightly smaller in size than Cinclosoma cinna-
momeum, the smallest living species of this genus (Higgins
and Peter 2002; Boles 2007). The proximal length and width
of the carpometacarpus of Cinclosoma elachum sp. nov. is
about 15% and 10% smaller, respectively, than the corre-
sponding bone of C. cinnamomeum. The distal width of the
tibiotarsus of the new species is about 18% narrower than
that of C. cinnamomeum. The new species is distinguished
from extant species of Cinclosoma that were examined in
this study in the following features. Carpometacarpus: dor-
sal portion of trochlea carpalis proportionately shorter; fovea
carpalis caudalis markedly deeper; sulcus tendinosus termi-
nates further proximally. Tibiotarsus: shaft more cranio-cau-
dally compressed; condyli slightly narrower; distal edge of
pons supratendineus at about level with proximal edges of
condyles, rather than being slightly proximally located.

Differs from C. punctatum in having a more proximally
located proc. cranialis; a larger proc. dentiformis; a rela-
tively shorter fovea lig. ventralis; a shallower sulcus exten-
soris; a narrower sulcus m. fibularis; and a more distinct
ridge on trochlea cartilaginis tibialis.

Differs from C. castanotum in having a deeper fossa
infratrochlearis; a deeper fovea lig. ventralis; a larger open-
ing located proximally of proc. intermetacarpalis; longer
and more prominent bony ridges for the retinaculum m.
fibularis; a tuberositas retinaculi extensori lateralis that ex-
tends further proximally beyond the edge of the pons supra-
tendineus; and a shallower impressio lig. intercondylaris.

Differs from C. castaneothorax in having a relatively
shorter fovea lig. ventralis; a more developed proc. cranialis;
a longer proc. intermetacarpalis; a larger proc. dentiformis;
a relatively longer tuberositas retinaculi extensori media-
lis; longer bony ridges for retinaculum m. fibularis; and a
deeper impressio lig. intercondylaris.
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Fig. 1. Quail-thrush bird Cinclosoma elachum sp. nov. (A, C, E) from the Riversleigh World Heritage Area, Australia, compared with the Recent Cin-
closoma punctatum (Shaw, 1794) (B, D, F). A. QM F57949 (holotype), early Miocene Wayne’s Wok Site, right carpometacarpus in ventral (A) and dorsal
(A,) views. B. AM 0.67887, left carpometacarpus (mirrored) in ventral (B;) and dorsal (B,) views. C. QM F57951 (paratype), early Miocene Neville’s
Garden Site, distal left tibiotarsus in cranial view. D. AM 0.67887, distal left tibiotarsus in cranial view. E. QM F57948, middle Miocene Neville’s Riches
Site, proximal left humerus in caudal view. F. NMV B.12648, proximal left humerus in caudal view. Scale bars 2 mm.

Differs from C. cinnamomeum in having a more proxi-  0s metacarpale majus; more prominent bony ridges for the
mally located proc. cranialis; a larger opening situated prox-  retinaculum m. fibularis; and a tuberositas retinaculi ex-
imally of proc. intermetacarpalis; a more prominent proc.  tensori lateralis that extends further proximally beyond the
dentiformis that is situated slightly more proximally on the  edge of the pons supratendineus.
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Although specimens of C. ajax were not available for
study, it is specifically distinct from C. elachum sp. nov. in
its larger size (Boles 2007).

Measurements (in mm).—QM F57949, carpometacarpus:
preserved length 9.2; proximal width 3.8; proximal length
2.7; length of os metacarpale alulare 2.1. QM F57951, tibi-
otarsus: preserved length 14.4; distal width c. 3.3; depth of
condylus lateralis >2.9; depth of condylus medialis > 3.1.

Description.—QM F57949 (Fig. 1A) is a proximal right
carpometacarpus with abrasion to the ventral portion of the
trochlea carpalis and the proc. pisiformis and breakage of the
distal end. QM F57951 (Fig. 1C) preserves the distal end and
shaft of a left tibiotarsus that is partly covered with black min-
eral dendrites and has minor breakage to the cristae trochleae.
The fossils appear to represent adult individuals because they
do not show signs of incomplete ossification, such as pitted
appearance of the bone surfaces and visible fusion lines, as
observed in immature birds (Campbell 1979; Watanabe and
Matsuoka 2013). In addition to the traits that characterise
cinclosomatids and those used to diagnose the new species,
Cinclosoma elachum sp. nov. exhibits the following features.

The proximal end of the carpometacarpus (QM F57949)
is broad and bears a moderately deep fossa infratrochlearis.
Viewed cranially, the trochlea groove is very shallow. The
dorsal portion of the trochlea carpalis is long. Although the
apex of the proc. pisiformis is broken, its base indicates that
it is broad like in extant species of Cinclosoma examined.
The depression on the caudal surface of the os metacarpale
minus and caudo-ventral side of the trochlea carpalis is
distinctly deep and terminates proximally of the proc. pisi-
formis. The proc. cranialis at the proximal end of the sulcus
tendinosus is low. As in other cinclosomatids, the proc.
intermetacarpalis is completely fused to the os metacarpale
minus and does not protrude beyond its caudal edge. At
about level with the proc. intermetacarpalis is a low protu-
berance on the os metacarpale minus. The proc. dentiformis
is triangular in cranial profile. The os metacarpale minus
is incompletely preserved but, based on its proportions and
those of the proximal end, the proc. dentiformis appears to
be situated well distally of its midpoint.

The cranial and caudal shaft surfaces of the tibiotarsus
(QM F57951) are planar. The sulcus extensorius is very shal-
low. The tuberositas retinaculi extensori medialis is well
developed and slightly overhangs the sulcus extensorius. On
the cranio-lateral surface of the shaft there are two long
ridges that serve as attachment points for the retinaculum
m. fibularis. These ridges distally terminate at about level
with the pons supratendineus. The lateral bony ridge for this
retinaculum is longer than its medial companion. The pons
supratendineus is slightly angled disto-laterally. The tuber-
ositas retinaculi extensori lateralis is situated on the lateral
part of the pons and extends well proximally beyond the edge
of the pons. There is a large foramen immediately proximally
of the condylus lateralis. The condyles of the tibiotarsus are
long in cranial view. There is a pronounced bump on the con-

dylus medialis, located proximally of the low epicondylus
medialis. Viewed laterally, the condylus lateralis is circular
in shape and the epidondylus lateralis is indistinct. There is
a low but distinct proximo-distal ridge that is centred on the
trochlea cartilaginis tibialis. This ridge extends along the
caudal and distal surfaces of the trochlea. The presence of
this ridge is intraspecifically variable in the extant species of
Cinclosoma examined. The cristae trochleae are damaged in
the fossil but, from what is preserved, the trochlea appears to
have been wide as in extant cinclosomatids. Viewed distally,
the condyles converge caudally. The condylus medialis pro-
trudes further cranially than its lateral counterpart.

QM F57948 (Fig. 1E) is a proximal left humerus with
damage to the tub. ventrale, crus dorsale fossae, and incisura
capitis region. The pneumotricipital fossa area is encrusted
with black mineral dendrites. The fossil humerus is 8.7 mm
long and 7.0 mm wide, and its crista deltopectoralis is 4.0
mm long proximo-distally. QM F57948 shares the following
features with species of Cinclosoma: caput humeri broad and
dome-like; tub. dorsale large and directed caudo-dorsally;
crista deltopectoralis reduced; crista bicipitalis moderately
short; ventral pneumotricipital fossa pneumatic; scar for in-
sertion of M. scapulohumeralis cranialis shallow; and shallow
fossa distal to the caput humeri and ventrally bound by margo
caudalis. In extant species of Cinclosoma studied, the crista
bicipitalis extends far ventrally of the tub. ventrale. In the fos-
sil, the tub. ventrale is broken off but the preserved edge of the
crista bicipitalis protrudes well ventrally of this region. The
proximal profile of the ventral part of the caput humeri is flat
in the fossil, but this feature was observed to be intraspecifi-
cally variable in specimens of extant species of Cinclosoma.

QM F57948 differs from species of Ptilorrhoa examined
in having a less developed margo caudalis; a shallower sul-
cus lig. transversus; in caudal view, a shallow excavation
beneath the caput humeri; and the distal edge of the crista
bicipitalis forming a less obtuse angle from the shaft. In QM
F57948 the crista deltopectoralis terminates slightly distally
of the distal-most point of the crista bicipitalis, whereas in
species of Ptilorrhoa it terminates further distally from the
crista bicipitalis.

The fossil humerus differs from species of Psophodes
in having a better developed crista deltopectoralis; a cau-
do-dorsally directed tub. dorsale, rather than cranio-dor-
sally; a proportionately longer crista bicipitalis; a round and
shallow scar for M. scapulohumeralis cranialis, rather than
an elongate and deep fossa; and a fossa situated ventrally of
the margo caudalis and distally to the caput humeri.

Owing to its fragmentary condition, QM F57948 is ten-
tatively assigned to Cinclosoma elachum sp. nov. because
of its small size and based on the relative sizes of the fossil
carpometacarpus QM F57949 and tibiotarsus QM F57951. It
differs from extant species of Cinclosoma studied in having
a relatively shorter margo caudalis and a more distinct linea
m. latissimi dorsalis. The fossil differs from C. punctatum,
C. castaneothorax, and C. cinnamomeum in that the crista
deltopectoralis terminates slightly distally, instead of at
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Fig. 2. Proximal right tarsometatarsus of the quail-thrush bird Cinclosoma sp., QM F57969 from the middle Miocene Rick’s Sausage Site, Riversleigh
World Heritage Area, Australia (A), compared with a proximal left tarsometatarsus (mirrored) of the Recent Cinclosoma punctatum (Shaw, 1794), NMV
B.12648 (B); in dorsal (A4, B;) and lateral (A,, B,) views. Note that the arcus extensorius is broken in NMV B.12648. Scale bars 2 mm.

about level, of the distal-most point of the crista bicipitalis.
It differs additionally from C. castanotum in having a shal-
lower fossa ventrally of the margo caudalis.

Stratigraphic and geographic range.—Early and middle
Miocene; Wayne’s Wok Site, Neville’s Garden Site, Neville’s
Riches Site, Riversleigh World Heritage Area, north-west-
ern Queensland, Australia.

Cinclosoma sp.
Fig. 2.

Material —QM F57969, proximal right tarsometatarsus with
most of hypotarsus broken off, from Rick’s Sausage Site,
Gag Plateau, Riversleigh World Heritage Area, Queensland,
Australia. Based on biocorrelation of mammalian faunas,
Rick’s Sausage Site is allocated to Riversleigh’s Faunal Zone
C and is interpreted as middle Miocene in age (Archer et al.
1989; Travouillon et al. 2011; Arena et al. 2015).

Measurements (in mm).—Preserved length 9.4; proximal
width 5.1; cotyla medialis depth 3.5; cotyla lateralis depth 2.7.

Description.—QM F57969 (Fig. 2A) is referred to Cinclo-
soma because the tarsometatarsus exhibits the following
combination of features: proximal tarsometatarsus stout;
arcus extensorius short and approximately perpendicular
to shaft long axis; lateral part of arcus extensorius situated
well distally of dorsal margin of cotyla medialis; tuberositas
m. tibialis cranialis small, centred in sulcus extensorius, and
disto-laterally adjacent to arcus extensorius; medial shaft
depth shallow. In extant species of Cinclosoma, the crista
plantaris lateralis has a large, triangular peroneal foramen
that is partially bound plantarly by a long hooked process on
the proximal part of the crista plantaris lateralis (Fig. 2B.).
In QM F57969 this process is broken off, but the proximal
part of the crista plantaris lateralis is shallow and preserves
the disto-dorsal edge of the foramen (Fig. 2A,), which indi-

cates that the foramen was similarly large. Of these features,
a small tuberositas m. tibialis cranialis that is situated cen-
trally in the sulcus extensorius and disto-laterally adjacent
to the arcus extensorius is considered an apomorphy of
species of Cinclosoma.

The fossil tarsometatarsus additionally shares the follow-
ing features with species of Cinclosoma: eminentia intercot-
ylaris low; fossa on dorso-lateral side of eminentia intercot-
ylaris shallow; fossa infracotylaris deep; foramina vascularia
proximalia close together; plantar opening of medial foramen
level with crista medialis hypotarsi; impressio lig. collateralis
medialis low. Based on what is preserved of the medial, inter-
mediate, and lateral crests of the hypotarsus, the hypotarsal
canals for the flexor digitorum longus and flexor hallucis lon-
gus tendons are about equal in medio-lateral width, similar to
extant species of Cinclosoma studied. The fossil tarsometa-
tarsus differs from the corresponding bone of Ptilorrhoa spe-
cies examined in being stouter and having less medio-lateral
expansion of the cotylae; more elevated impressio lig. collat-
eralis medialis; and a deeper fossa infracotylaris. It differs
from species of Psophodes studied in being stouter; having a
shorter arcus extensorius; and a relatively smaller tuberositas
m. tibialis cranialis that is more circular and centred in the
sulcus extensorius, rather than elongate and situated medially.
Although specimens of Androphobus viridis were unavail-
able for study, the fossil can be distinguished from A. viridis
in its much larger size (Boles 2007).

QM F57969 differs from extant species of Cinclosoma
studied in only a few features. Differs from all species of
Cinclosoma studied in having a shallower sulcus ligamen-
tosus. Differs from C. punctatum in having a more pro-
nounced impressio lig. collateralis medialis. Differs from
C. castanotum and C. castaneothorax in possessing a shal-
lower groove for the tendon of M. fibularis longus. Differs
from C. cinnamomeum in having a less developed protuber-
ance on the proximo-medial corner of the cotyla medialis;
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Menuridae (lyrebirds)
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Maluridae (fairywrens and allies)
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Acanthizidae (gerygones and allies)

Meliphagidae (honeyeaters)

I

Pomatostomidae (Australasian babblers)

Orthonychidae (logrunners)

Cinclosomatidae (quail-thrushes)

Neosittidae (sittellas)
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Acrocephalidae (reed warblers)

R

Locustellidae (grassbirds and allies)
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Fig. 3. Passerine groups known from Riversleigh’s Cenozoic assemblages and their interrelationships, based on the time-calibrated phylogeny of Selvatti
et al. (2015). Thick horizontal bars indicate the earliest temporal occurrences of passerine groups in the Riversleigh faunal assemblages, based on Boles
(1999, 2005), Nguyen et al. (2013, 2014, 2016), and Nguyen (2016). The estimated age ranges of the Riversleigh Faunal Zones and the Rackham’s Roost
Local Fauna are from Archer et al. (1989), Creaser (1997), Travouillon et al. (2006), Arena et al. (2015), and Woodhead et al. (2016). Abbreviations:
FZ A, Faunal Zone A (late Oligocene, 28.0-23.03 Ma); FZ B, Faunal Zone B (early Miocene, 23.0-16.0 Ma); FZ C, Faunal Zone C (middle Miocene,
16.0-11.6 Ma); RR, Rackham’s Roost Local Fauna, Rackham’s Roost Site, Riversleigh (early Pleistocene, 2.7-1.1 Ma).

and a cotyla medialis larger than the cotyla lateralis, rather
than being about equal in size. The fragmentary nature of
the fossil and the many morphological similarities it shares
with extant species of Cinclosoma preclude its allocation to
a species with confidence.

Remarks.—QM F57969 corresponds to the larger end of the
size range observed for tarsometatarsi of Cinclosoma punc-
tatum (proximal width 5.1 mm in AM 0.68471 and NMV
B12872). The proximal tarsometatarsus width of C. cinna-
momeum NMV B8986 and NMV B12004 is 4.0 mm, which
would be similar to or smaller than that expected for C. ela-
chum sp. nov., based on size comparisons of the carpometa-
carpus and tarsometatarsus. Therefore, we can infer that QM
F57969 represents a species that is considerably larger than
C. elachum sp. nov.

Concluding remarks

The fossils described in this paper indicate that two species
of quail-thrushes were present in the Miocene of northern
Australia: Cinclosoma elachum sp. nov., which was smaller
in size than the smallest living quail-thrush C. cinna-

momeum; and a larger indeterminate species of Cinclosoma
that was similar in size to C. punctatum. Because all of
the specimens appear to represent adult individuals, this
size difference is not age-related. The carpometacarpus
of Cinclosoma elachum sp. nov. has a proc. cranialis that
is level with the opening located proximally of the proc.
intermetacarpalis, which is an apomorphy for species of
Cinclosoma. The fossils represent the first pre-Pleistocene
records for cinclosomatids and show that the geographical
range for species of family once extended into northern
Australia, more than 300 km from the nearest extant conge-
ner C. cinnamomeum (Boles 2007; Atlas of Living Australia
http://www.ala.org.au; BirdLife Australia Birdata Project
http://birdata.birdlife.org.au).

Recent molecular clock analyses have estimated that the
divergence between species of Cinclosoma and those of
Ptilorrhoa occurred sometime between the early Oligocene
and middle Miocene. These molecular estimates range from
about 33 Ma (Toon et al. 2012); 27-12 Ma (Jensson et al.
2011); 21-16 Ma (Jensson et al. 2016); 24-14 Ma (Selvatti
et al. 2015); and 18-11 Ma (Moyle et al. 2016). Cinclosoma
elachum sp. nov. provides a minimum age of early Miocene
for this genus, which is consistent with these molecular
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estimates. The paratype tibiotarsus of C. elachum sp. nov.
was recovered from Neville’s Garden Site at Riversleigh,
which has been U/Pb radiometrically dated to 18.5-17.7 Ma
(Woodhead et al. 2016). By providing a minimum age for
the split between species of Cinclosoma and those of its sis-
ter group, this fossil can be used to calibrate molecular esti-
mates of divergence times between groups within Corvides
and within Passeriformes overall (Ho 2007).

Cinclosoma elachum sp. nov. and Cinclosoma sp. indet.
add to the diverse passerine avifauna identified from the
early and middle Miocene of Riversleigh. Other forest floor
dwellers, including the lyrebird Menura tyawanoides Boles,
1995 and logrunner Orthonyx kaldowinyeri Boles, 1993
(Nguyen et al. 2014), have been described from Riversleigh’s
Faunal Zone B and C assemblages, as well as Australasian
treecreepers (Climacteridae) (Nguyen 2016), honeyeaters
(Meliphagidae) (Boles 2005), a sittella Daphoenositta trev-
orworthyi Nguyen, 2016, an oriolid Longmornis robusti-
rostrata Boles, 1999, a cracticine Kurrartapu johnnguyeni
Nguyen, 2013, and a corvid-like songbird Corvitalusoides
grandiculus Boles, 2006. The Riversleigh songbirds are sig-
nificant because, in addition to indeterminate cracticine re-
mains from the early Miocene of New Zealand (Worthy et
al. 2007), they are among the oldest crown-group represen-
tatives of oscines (Fig. 3). Based on molecular phylogenetic
studies, songbirds are thought to have originated in what is
now Australia (e.g., Ericson et al. 2002; Barker et al. 2004;
Moyle et al. 2016). The new fossils described here re-empha-
sises the global significance of the Riversleigh deposits in
our understanding of the evolutionary history of songbirds,
which make up almost half of the world’s living bird species.

Riversleigh’s Faunal Zone B and C assemblages are the
best documented fossil vertebrate faunas from the early and
middle Miocene of Australia. These assemblages are species-
rich and contain abundant sympatric arboreal folivores and
other taxa that are typically found in rainforest habitats,
including striped possums, cuscuses, musky rat-kangaroos,
rhinolophoid bats, and bubble-nesting frogs (Archer et al.
1997; Hand and Archer 2005; Roberts et al. 2007; Black
et al. 2012; Bates et al. 2014). Riversleigh’s early Miocene
mammalian assemblages alone exhibit significantly greater
diversity than those found today in Queensland wet tropical
rainforest communities (Archer et al. 1997), and are more
comparable to the contemporary mid-montane rainforest
communities of New Guinea (Archer et al. 1989).

Radiometric dating provides a date of ~18 Ma for the
early Miocene Riversleigh palaeocommunity to which
Neville’s Garden and Wayne’s Wok Local Faunas belong
(Myers et al. 2017). As noted by Myers et al. (2017), this
places their accumulation close to the mid-Miocene climatic
optimum (MMCO) and following a 2-million-year period
of greenhouse warming. The precise age of Rick’s Sausage
Local Fauna is not yet known, but available data (biocor-
relation and location of the deposit on the Gag Plateau)
suggest it is a Faunal Zone C assemblage and probably mid-
dle Miocene in age. On the basis of their fossil vertebrate
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assemblages the early Miocene, and probably many middle
Miocene, palaesoenvironments at Riversleigh are thought to
have been closed wet forest (Archer et al. 1989; Travouillon
et al. 2009; Black et al. 2012; Myers et al. 2017).

Today, the only species of Cinclosoma that are found in
mesic habitats are the Painted Quail-thrush C. ajax and the
Spotted Quail-thrush C. punctatum (Boles 2007; Beehler
and Pratt 2016). The remaining six species of this genus (C.
castanotum, C. clarum, C. marginatum, C. castaneothorax,
C. alisteri, and C. cinnamomeum) occur in arid and semi-arid
environments in Australia (Boles 2007). Toon et al. (2012)
estimated a multilocus species tree with complete taxon sam-
pling of Cinclosoma, which supported sister relationships
between the New Guinean C. ajax and all other species of
Cinclosoma, and between the mesic zone C. punctatum and
the remaining six members of this genus. Their results lend
support to the hypothesis that the arid-adapted species of
Cinclosoma evolved from forest taxa (Schodde 2006), and
that quail-thrushes diversified as a result of the progres-
sive aridification of inland Australia during the Pliocene and
Pleistocene (Martin 2006; Byrne et al. 2008, 2011; Dolman
and Joseph 2016). The presence of quail-thrushes in the early
and middle Miocene forests of Riversleigh also supports a
forest-dwelling ancestry for this group of passerines.
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