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PLEISTOCENE PALAEOECOLOGY AND ENVIRONMENTAL CHANGE ON THE
DARLING DOWNS, SOUTHEASTERN QUEENSLAND, AUSTRALIA.
GILBERT J. PRICE AND IAN H. SOBBE
Price, G.J. & Sobbe, I.H. 2005 05 31: Pleistocene palaeoecology and environmental change
on the Darling Downs, southeastern Queensland, Australia. Memoirs of the Queensland
Museum 51(1): 171-201. Brisbane. ISSN 0079-8835.

A diverse Pleistocene fossil assemblage was recovered from a site (QML1396)
exposed in the southern banks of Kings Creek, Darling Downs, southeastern
Queensland. The site includes both high-energy lateral channel deposits and
low-energy vertical accretion deposits. The basal fossil-bearing unit is laterally
extensive, fines upward and its geometry and sedimentary structures suggest
deposition within a main channel. The coarse channel fill passes upward into
overbank levee deposits made up of lenticular sandy-shelly strata alternating with
muds. Several taphonomic biases relating to preservation of different faunal groups
and skeletal elements was discerned. Biases may be related to fluvial sorting of the
assemblage, but causes for differences between the preservation and accumulation
of mammal versus non-mammal terrestrial vertebrates remain unclear. In general,
the vertebrate material was accumulated and transported into the deposit from the
surrounding proximal floodplain. The assemblage is composed of 44 species
including molluscs, teleosts, anurans, chelids, squamates, and small and large-sized
mammals. Palaeoenvironmental analysis suggests that a mosaic of habitats,
including vine thickets, scrublands, open sclerophyllous woodlands interspersed
with sparse grassy understories, and open grasslands, were present on the
floodplain during the late Pleistocene. From sedimentological and ecological data,
it is evident that increasing aridity during the late Pleistocene led to woodland and
vine thicket habitat contraction, and grassland expansion on the floodplain. At
present, there is no evidence to support the suggestion that the retraction of late
Pleistocene Darling Downs habitats was due to anthropogenic factors.
rPleistocene, Darling Downs, Kings Creek catchment, taphonomy,
sedimentology, habitat change, megafauna.
Gilbert J. Price, Queensland University of Technology, School of Natural Resource
Science, GPO Box 2434, Brisbane, 4001, Australia. Ian. H. Sobbe, M/S 422,
Clifton, 4361, Australia. 1 August 2004.
The Darling Downs, southeastern Queensland,
contains some of the most extensive and
significant Pleistocene megafauna deposits in
Australia. Molnar & Kurz (1997) recognised
more than 50 specific Darling Downs localities
where fossil material has been collected. Species
lists are dominated by large-sized taxa such as
D iprotodon spp., Macropus tita n, and
Protemnodon spp. (Bartholomai, 1976; Molnar
& Kurz, 1997). More recently, Roberts et al.
(2001a) suggested that some Darling Downs
fossil deposits are among the youngest deposits
known to contain megafauna remains. As
Pleistocene fossils have been known from the
Darling Downs since the 1840’s (Owen, 1877a),
it is generally assum ed th at t he
palaeoenvironmental record is well established.
Darling Downs palaeoenvironments have been
interpreted as consisting of vast grasslands and
woodlands, as indicated by an abundant and

diverse range of grazing and browsing
megafauna species preserved in the deposits
(Bartholomai, 1973; 1976; Archer, 1978; Molnar
& Kurz, 1997). However, Molnar & Kurz (1997)
recognised a collecting bias towards large-sized
species suggested that smaller-sized taxa have
generally been overlooked. Additionally, there
have been f ew at t em pt s t o docum ent
sedimentologic and stratigraphic aspects of the
Pleistocene deposits of the region. Macintosh
(1967), Gill (1978), and Sobbe (1990) provided
limited stratigraphies for sections along creeks
from the southern Darling Downs, introducing
the terms ‘Toolburra silt’, ‘Talgai pedoderm’ and
‘Ellinthorpe clay’. However, those names have
not seen subsequent use and are not considered
valid stratigraphic units (Molnar & Kurz, 1997).
Taphonomic aspects of the deposits are also
largely unknown. Molnar et al. (1999) reported a
deposit that contained articulated remains of
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FIG. 1. Modern Kings Creek Catchment with heights (metres) of surrounding peaks, and the current study area,
QML1396 (GDR: Great Dividing Range; KCC: Kings Creek Catchment).

megafauna taxa, but noted that articulation of
fossil skeletal material was relatively uncommon
in the region. Collectively, palaeonvironmental
interpretations of the region are limited owing to
the poor understanding of stratigraphic,
sedimentologic and taphonomic aspects of the
deposits, as well as past collecting biases that
have focused on the recovery of large-sized taxa.
Recent systematic collecting of a deposit (site
QML1396) from the Darling Downs targeted the
recovery of both large and small-sized taxa.
Consequently, a comprehensive faunal
assemblage has been uncovered. Typical Darling
Downs megafauna taxa are represented, as well
as an extensive small-sized fauna that includes a
diverse range of molluscs, teleosts, anurans,
chelids, squamates, and small and large-sized
mammals. Such assemblages are beginning to
demonstrate that Pleistocene Darling Downs
palaeoenvironments were much more complex
than previously thought (Price, 2002; Price,
2004; Price et al., in press). The aim of the present
paper is to describe a multidisciplinary approach
integrating sedimentologic and taphonomic
information, as well as ecological information
obtained from mammals and non-mammals that
occur in the deposit. The combined data sets

allow a better understanding of Pleistocene
palaeoenvironments and possible climate change
in the region. In light of the ongoing debate over
the causes and timing of Australian megafauna
Pleistocene extinctions (e.g. Field & Fullager,
2001; Roberts et al. 2001a, b; Brook & Bowman,
2002; 2004; Barnosky et al., 2004; Johnson &
Prideaux, 2004; Wroe, 2004), studies of
Pleistocene palaeoenvironments may provide
important information that could aid in
elucidating the causes of faunal change.
SETTING
The Darling Downs, southeastern Queensland,
encompasses low rolling hills and plains west of
the Great Dividing Range. Fluvial sediments of
the region consist of clays, silts and sands that are
generally derived from the erosion of Mesozoic
sandstones (Gill, 1978) and Miocene basalts of
the Great Dividing Range (Woods, 1966). Site
QML1396 is exposed laterally over 70 metres in
the southern bank of Kings Creek, southern
Darling Downs (Fig. 1). The modern Kings
Creek catchment, bounded to the north, east and
south by the Great Dividing Range, is fed by
several mainly dry or intermittent watercourses
(Fig. 1), resulting in a relatively small geographic
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sampling area. Considering relatively low rates
of erosion and uplift since the late Pleistocene, it
is unlikely that the Pleistocene Kings Creek
catchment was markedly larger than present
(Price, 2004). Therefore, it is unlikely that
material from QML1396 was subjected to long
distance fluvial transport from a significantly
larger catchment.
METHODS
SEDIMENTOLOGY. A section was measured
representing the entire depositional sequence
exposed in the creek bank. Stratigraphic horizons
were distinguished on the basis of lithological
criteria. Sediment samples were collected from
each stratigraphic horizon for the purpose of
grain size analysis. The sediment samples were
disaggregated by applying alternating cycles of
bleach and detergent. Disaggregated sediments
were dried and sieved according to Wentworth
size classes (-2 to +4 phi; Wentworth, 1922).
Differentiation and identification of calcrete
followed Arakel (1982).
One unit (Horizon D; Fig. 2) contained
abundant lenses of the freshwater gastropod,
Thiar a (Plotiopsis) balonnensis. T he
orientations of 100 gastropods from one such
lense were measured to determine whether
fluvial transport acted on the gastropods in
influencing their final orientations. The angle
was measured between north and the spire of the
shell (long direction).
TAPHONOMY. Cranial and post-cranial
elements from horizons B and D formed the basis
for the taphonomic study. The units of element
representation were NISP (number of identified
specimens), MNI (minimum number of
individuals- as determined by counting the most
abundant element referable to a particular species
represented in the sample), and MNE (minimum
number of elements) (following Andrews, 1990).
For vertebrates, calculation of MNI was based on
maxillary and dentary remains, except in the case
of fish, frogs, turtles and some squamates where
vertebrae, pelvi, shell fragments and osteoderms
were used respectively.
Several indices were used to characterise and
describe the taphonomic features of the
assemblage based on the skeletal remains of large
and small mammals, as well as squamates.
Relative abundance. Relative abundance of each
skeletal element was calculated following the
equation:
Ri= Ni x 100 / (MNI)Ei
(1)

FIG. 2. Measured section of QML1396.

following Andrews (1990), where R = relative
abundance of element i, n= minimum number of
element i, MNI = minimum number of
individuals, and E = expected number of element
i in the skeleton. The relative abundance equation
allows the comparison of different skeletal
elements that occur in varied proportions in
mammal or squamate skeletons. Determination
of E was based on modern comparative skeletons
for mammals and follows Greer (1989) for
squamates.
% Post-crania to crania. The percentage of
post-crania to crania follows Andrews (1990).
The number of post cranial elements (femur,
tibia, humerus, radius and ulna [n=10]) are
compared to cranial elements (dentary, maxilla
and molars [n=16 for murids, 20 for marsupials, 4
for squamates]). As the ratio of post crania to
crania is not 1:1, the post crania and crania are
corrected by 10/16 for murids, 10/20 for
marsupials, and 10/4 for squamates, to match
numbers of skeletal elements.
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% Distal element loss. Distal
element loss was measured by
comparing the number of distal
limbs (tibia and radii) to proximal
limbs (femura and humeri). The
ratio measures preferential loss of
distal limbs.
% Fore limb element loss. Limb
element loss was measured by
comparing the number of fore limb
bones (humeri and radii) to hind
limb bones (femora and tibiae).
The ratio m easures any
preferential loss of fore limbs.
% Molar tooth loss. Molar tooth
loss was measured by comparing
the number of isolated molars in
the sample to the number of
available alveoli spaces in the FIG. 3. Mammal cranial breakage categories from the QML1396
(shaded areas indicates the preserved portions). Refer to
dentaries or maxillae. Values assemblage
table 5 for definition of the breakage categories.
>100% indicates the loss or
des truction of dentaries or
water flow, and concluded that different skeletal
maxillae (Andrews, 1990).
elements disperse at different rates in relation to
% Relative loss of molar tooth sites. Relative loss stream flow velocity. Differences in the dispersal
of molar tooth sites was calculated by comparing potential of skeletal elements reflect the density
the actual number of tooth sites in the sample and shape of the elements. Relative abundance of
(regardless of whether they contain teeth or not) elements from the QML1396 assemblage were
to the theoretical number of molar tooth sites compared to the published results for skeletal
assuming that there was no breakage. Relative element transportability in hydraulic systems.
loss of molar tooth sites was used as an
independent check for cranial breakage (Kos, FAUNA. Fossils were recovered by in situ
2003).
collecting and sieving of sediment specifically to
Cranial modifications. The cranial breakage target smaller specimens. Fossil material was
patterns of squamates and mammals were generally restricted to Horizons B and D (Fig. 2).
identified within the deposit following Andrews All fossil material collected was labeled
(1990; Figs 3 & 4). The percentage of according to the stratigraphic horizon where it
representation of each pattern was calculated to was collected. Sediments were washed using
attempt to distinguish any differences between graded sieves of 10mm to 1mm. Approximately
large and small-sized mammals, as well as 700kgs of sediment were processed from
between agamid and scincid lizards.
Horizon D, and 200kgs of sediment were
Breakage of post-crania. Identification of processed from Horizon B. The disparity in
breakage patterns of major post-cranial limb collecting efforts between Horizons D and B
bones (humeri, femora, ulnae and tibiae) follows reflects the position of Horizon B below the
Andrews (1990). Broken limb bones were scored present water table. Collecting of Horizon B was
as to whether the represented proximal, shaft, or generally possible only during drought
conditions. Most material was collected from
distal portions.
Comparison to “Voorhies Groups”. The Horizon B in November and December 2002.
experimental work of Voorhies (1969) and
Descriptions of the fossil fauna have been
Dodson (1973), on hydraulic dispersive limited to diagnostic features in most cases.
mechanisms for mammal bones, forms a Molluscan shell terminology follows Smith and
comparative framework for explaining the Kershaw (1979). Squamate cranial morphology
dispersal of skeletal elements in the fossil record. terminology follows Withers and O’Shea (1993).
Their studies documented transportability of Marsupial dental nomenclature follows Luckett
different skeletal elements at constant rates of (1993), where the adult unreduced cheek tooth
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TABLE 1. Description of stratigraphic horizons at QML1396.
Horizon
(height)

Fill type

Mean f

A (0-0.2m)

Fine montmorillonite
clay

2.65

B(0.2-0.6m)

coarse grain fill bed

-0.78-0.19

C(0.6-1.7m)

brown-grey clay

1.7

Characteristics
crudely horizontal bedding; poorly
sorted, srtrongly fine skewed grains

Notes
pebbles to 20mm rare; shelly marterial
rare; vertebrate material rare

Freshwater molluscs abundant;
fining upwards sequence; poorly sorted; vertebrate material abundant; rounded
basalt, calcrete and sandstone pebbles
finely skewed grains
and cobbles abundant
crudely horizontal bedding, poorly to
Mollusc shell rare; vertebrate material
very poorly sorted; strongly finely
rare
skewed grains
Sand beds 3cm to 10cm thick overlain
by laterally discontinuous horizontal
and sloping shelly lenses 2-10cm thick;
shell beds with desiccation cracks, in
filled by fine clays; very poorly sorted,
fine skewed grains

Freshwater gastropods and small bivalves common, large-sized bivalves
rare; polymodal orientation of Thiara
(Plotiopsis) balonnensis gastropods
(Fig. 5); vertebrate material abundant;
shell and vertebrate fossil material commonly cemented by calcrete

Crudely horizontal bedding; poorly
sorted, strongly fine skewed grains

Mollusc shell rare; vertebrate material
rare

Crudely horizontal bedding; in-situ,
mottled, grey-white calcrete; iron
nodules to 5mm diameter present;
poorly sorted, strongly fine skewed
grains
Crudely horizontal bedding; iron oxides
to 5mm diameter present; poorly sorted,
strongly fine skewed grains

Mollusc shell rare; vertebrate material
rare

D (1.7-2.6m)

coarse to fine-sized
quartz sand beds

0.6-2.0

E (2.6-3.1m)

brown clay

2.53

F (3.1-7.2m)

brown clay

1.88

G (7.2-7.7m)

black clay

2.0

H (7.7-8.3m)

grey-white clay

2.8

Crudely horizontal bedding; poorly
sorted, strongly fine skewed grains

I (8.3-8.8mm)

grey-white clay

3.0

Crudely horizontal bedding; iron oxides Mollusc shell rare; vertebrate material
to 5mm diameter present; poorly sorted, rare
strongly fine skewed grains

J (8.8-9.5m)

grey clay

2.4

Crudely horizontal bedding; poorly
sorted, strongly fine skewed grains

K (9.5-10.2m)

black clay

2.98

Moderately sorted, strongly fine skewed Organic rich, likely altered by modern
grains
agriculture

formula is P1-3 and M1-4 in both upper and
lower dentitions. Marsupial dental morphology
follows Archer (1976). Higher systematics
follows Beesley et al. (1998) for molluscs,
Glasby et al. (1993) for amphibians and reptiles,
and Aplin and Archer (1987) for mammals. All
material is deposited at the Queensland Museum
(QMF: Queensland Museum Fossil; QML:
Queensland Museum Locality).
DATING. Samples of charcoal and freshwater
bivalves (Velesunio ambiguus) were submitted to
ANSTO (Australia Nuclear Science and
Technology Organisation; Lawson et al., 2000)
for the purpose of AMS 14 C dating. Only
complete, conjoined bivalves were submitted for
dating. Con-joined, apparently well-preserved
bivalves are unlikely to have been reworked in
comparison to disarticulated or fragmentary shell
remains.

Organic rich clay; mollusc shell rare;
vertebrate material rare
Mollusc shell rare; vertebrate material
rare

Mollusc shell rare; vertebrate material
rare

RESULTS
SEDIMENTOLOGY. The entire deposit is
characterised by a fining-upwards sequence (Fig.
2). The section is comprised of: 1) grey-white to
black clays; 2) in-situ mottled calcretes; 3) iron
nodules; 4) quartz sand in channel fills; 5) basalt,
calcrete and sandstone pebbles and cobbles (predominantly in coarser fills); and 6) invertebrate
and vertebrate fossils (Table 1). Freshwater
bivalves (Velesunio ambiguus and Corbicula
(Corbiculina) australis) and thiarid gastropods
(Thiaria (Plotiopsis) balonnensis) are more
abundant in coarser-grained horizons such as
Horizon B and D, than fine-grained horizons.
Vertebrate fossil material is generally restricted
to Horizons B and D.
Horizon B exhibits the largest grain sizes (Fig.
2, Table 1). The horizon is laterally extensive,
being recorded over approximately 70 metres.
The majority of the lower portion of Horizon B is
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TABLE 2. Species NISP and MNI for Horizons D and
B at QML1396 (* Extinct on Darling Downs; **
Totally extinct).
Horizon D
Species

Horizon D

Horizon B

NISP

MNI

NISP

MNI

10+

5+

20+

10+

Corbicula (Cobiculina) australis

100+

100+

50+

50+

Thiara (Plotiopsis) balonnensis

1000+ 1000+

50+

50+

Velesunio ambiguus

TABLE 3. MNE and expected relative abundance of
skeltal elements recovered from Horizons D & B at
QML1396.

<5kg
mammals
skeletal
element

<5kg
squamates

Horizon B
>5kg
mammals

n

%

n

%

n

>5kg
mammals

%

n

%
30

dentary

7

10.6

29

72.5

1

8.3

6

Gyraulus gilberti*

249

249

0

0

maxilla

7

10.6

17

42.5

4

33.3

0

0

Coencharopa sp.*

9

9

0

0

incisor

101

76.5

na

na

2

8.3

4

20

Gyrocochlea sp. 1*

35

35

0

0

molar

97

19

na

na

23

24

19

11.9

Gyrocochlea sp. 2*

5

5

0

0

femur

11

16.7

0

0

0

0

0

0

Austrocuccinea sp.*

1

1

0

0

tibia

18

27.3

0

0

0

0

0

0

Xanthomelon pachystylum*

1

1

0

0

pelvis

2

3

0

0

1

8.3

0

0

Strangesta sp.*

1

1

0

0

calcaneum

10

15.2

0

0

1

8.3

0

0

Saladelos sp.*

1

1

0

0

humerus

4

6.1

2

5

0

0

0

0

Teleost

89

1

0

0

radius

2

3

0

0

0

0

0

0

Limnodynastes tasmaniensis

8

8

0

0

ulna

8

12.1

0

0

0

0

0

0
0

L. sp. cf. L. dumerili

3

3

0

0

ribs

6

0.9

0

0

0

0

0

?Limnodynastes

1

1

0

0

vertebra

57

3.9

196

12.6

20

7.6

0

0

Neobatrachus sudelli

2

2

0

0

phalange

53

3.5

2

0.2

1

0.4

2

0.4

Kyarranus sp.*

1

1

0

0

chelid

4

1

0

0

Tympanocryptis “lineata”*

15

4

0

0

"Sphenomorphus group” sp. 1

19

13

0

0

“Sphenomorphus group” sp. 2

6

2

0

0

Tiliqua rugosa*

6

1

0

0

Cyclodomorphus sp.*

1

1

0

0

Varanus sp.

1

1

0

0

Megalania prisca**

4

1

0

0

elapid

14

1

0

0

Sminthopsis sp.

1

1

0

0

Dasyurus sp.

1

1

0

0

Sarcophilus sp.*

0

0

1

1

Thylacinus cynocephalus**

0

0

1

1

Perameles bougainville*

1

1

0

0

Pe. nasuta

1

1

0

0

Diprotodon sp.**

0

0

1

1

Thylacoleo carnifex**

0

0

1

1

Aepyprymnus sp.

1

1

0

0

Troposodon minor**

0

0

2

2

Macropus agilis siva**

5

2

1

1

M. titan**

1

1

5

2

Protemnodon anak**

2

1

3

1

Pr. brehus**

2

1

1

1

Pseudomys sp.*

4

2

0

0

Rattus sp.

2

1

0

0

182

26

0

0

unidentified murid

below the modern watertable. Large-sized
bivalves (Velesunio ambiguus) are more
abundant in Horizon B than in Horizon D.
Horizon D is represented by a series of coarse
to fine quartz sand beds that are overlain by
laterally discontinuous horizontal and sloping
shelly lenses (Fig. 2, Table 1). Desiccation cracks
within the shelly lenses are filled with fine clay. A
rose diagram plot of the orientations of
freshwater gastropods (Thiaria (Plotiopsis)
balonnensis) indicates a polymodal distribution
(Fig. 5).
In-situ, non-reworked mottled calcretes occur
in Horizon F. Iron oxide nodules were also
present within that horizon, as well as Horizons G
and I. Few sedimentary structures other than
crudely horizontal bedding were observed within
other stratigraphic horizons (Fig. 2, Table 1).
TAPHONOMY. Vertebrate fossil material was
generally restricted to Horizons B and D. Fossil
material from other horizons is poorly preserved.
Hence, the following taphonomic observations
are based on fossil material from Horizons B and
D. Additionally, a large number of unidentifiable
bone fragments were collected from the main
fossiliferous horizons. Few meaningful data
could be obtained from those fragments, hence,
the taphonomic component was based solely on
identifiable elements.
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Sm al l - s i zed t er r es t r i al
ver t ebr at es w er e not
recovered from Horizon B.
Skel et al m odi f i cat i ons .
Indices of skeletal modifications (Table 4) indicate
that there is significant loss of
post-cranial elements in each
hor i zon. H or i zon B i s
completely devoid of largesized mammal limb bone
elements. For Horizon D
mammals there was a slight
l os s of pr oxi m al l i m bs
( f em or a and hum er i ) i n
comparison to distal limbs
(tibiae and radii). Additionally,
there was a significant loss of
forelimb elements in comparison to hind limbs. Reasons
for the loss of different limb
elements remain unclear, but
may simply be the result of
using statistically small
FIG. 4. Squamate cranial breakage categories from the QML1396 numbers for comparison.
assemblage (shaded areas indicates the preserved portions). Refer to table 6 Indices for the loss of molar
for definition of the breakage categories.
teeth and molar tooth sites
indicate the loss or destruction
Species representation. In terms of diversity, land of dentaries or maxillae for mammals within each
snails, frogs, squamates and small mammals main fossiliferous horizons (Table 4).
dominated the terrestrial faunal component Breakage of crania. There were no complete
represented in the Horizon D assemblage (Fig. 6, mammal skulls or dentaries recovered from the
Table 2). Large mammals were the least deposit (Table 5). Mammal dentary breakage
represented size group in Horizon D, and the only appears slightly greater for Horizon D than
represented terrestrial group in Horizon B (Fig. Horizon B. A high proportion of broken maxillae
6).
retained only a small portion of the zygomatic
Skeletal relative abundance. Skeletal relative arch in Horizon D.
abundance was calculated for large and small
mammals, as well as squamates (Table 3). In TABLE 4. Skeletal modifications for arbitary faunal
groups from QML1396
terms of relative abundance, cranial elements of
squamates are the most well represented element
for the three major groups of terrestrial animals in
Horizon D
Horizon B
skeletal
Horizon D. However, overall, the relative
<5kg
< 5kg
>5kg
>5kg
modification
abundance of all skeletal elements suggests that
mammals squamates mammals mammals
they are underrepresented. Incisors are the most % post-crania
24.2
17
0
0
abundant cranial element recovered for small to crania
% distal
133.3
0
0
0
mammals in Horizon D, but that may reflect a element loss
processing bias as incisors are among the most % fore limb
41.4
0
0
0
easily identifiable small mammal remains loss
no
(Andrews, 1990). The dentary is a relatively
molar
available
robust element and that may account for the %
741
na
150
tooth loss
tooth
higher proportion of skeletal elements for
spaces
squamates and mammals in both horizons. There % relative
of molar
275
na
160
109
is a greater loss of squamate post-cranial remains loss
tooth sites
in comparison to mammals in Horizon D.

178

MEMOIRS OF THE QUEENSLAND MUSEUM

TABLE 5. Mammal cranial modifications from
QML1396 (following breakage patterns Fig. 3)
Horizon D
Breakage pattern
% dentary with ascending
ramus mostly absent (Fig.
3A)
% dentary with ascending
and anterior ramus mostly
absent (Fig. 3B)
% dentary with anterior
ramus only, lacking inferior
border(Fig. 3C)
% dentray with horizontal
ramus only lacking inferior
border (Fig. 3D)
% maxilla with most of
zygomatic missing (Fig. 3E)
% maxilla alveoli or tooth
row only (Fig. 3F)

FIG. 5. Orientations of Thiara (Plotiopsis) balonnensis
gastropods (n: 100) from a single shelly lense within
Horizon D at QML1396.

There also were no complete squamate skulls
or dentaries preserved (Table 6). Reasonably
complete dentaries are equally abundant in both
agamids and scincids. However, particular
breakage patterns appear to be exclusive to each
squamate family (Table 6). For agamids, the
central portion of the dentary and central to
anterior portions of the maxilla are preserved; for
skinks, the majority of the dentary and central to
posterior portions of the maxilla are preserved.
Overall, scincid dentaries are more completely
preserved than those of agamids. However, a
reverse trend exists for the maxillae, where a
greater portion are preserved in
agamids than scincids (Table 6).

Horizon B

<5kg
mammals

> 5kg
mammals

<5kg
mammals

0

-

17

33

-

50

67

-

0

0

-

33

100

75

-

0

25

-

rounded or abraded, suggesting minimal
reworking or transport of fossil material.
Squamates were represented by only two
proximal humeri from Horizon D. However, high
numbers of unidentifiable limb element shafts
from small-sized animals (n~120) could equally
be referable to either squamates or mammal
post-cranial limb bones.
Comparison to “Voorhies Groups”. For Horizon
D small-sized mammals, the majority of the
skeletal elements comprise those that would
disperse in the middle to late categories of
dispersal (Table 8). Additionally, the high
number of limb bone shafts (see earlier
discussion) would presumably fit within that
category of stream transportability. There was no
clear trend for small-sized squamates from

Breakage of post crania. There
were no complete major limb
bones (i.e. humeri, ulnae, femora,
tibiae) preserved in the deposit
(Table 7). Additionally, major
limb bones were mostly restricted
to small-sized mammals from
Horizon D. Most broken limb
bones have transverse fractures
perpendicular to the bone surface
and indicate post-m ortem
fracturing of dry or fossilised bone
(Johnston, 1985). Additionally,
the broken ends of the limb bones FIG. 6. Comparison of MNI and NISP of terrestrial taxa from Horizons B
do not appear to be significantly and D at QML1396.
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TABLE 6. Squamate cranial modifications from
Horzon D, QML1396
Breakage pattern
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TABLE 7. Breakage patterns of major post cranial
limb bones from Horizon D, QML1396.

agamids

skinkids

% dentary mostly complete (Fig. 4A)

38

43

% posterior portion of dentary only (Fig. 4B)

0

33

% anterior portion of dentary only (Fig. 4C)

0

24

complete

0

0

0

0

% central portion of dentary only (Fig. 4D)

38

0

proximal

1

17

2

100

25

0

shaft

4

66

0

0

distal

1

17

0

0

% central portion of dentary only, lacking
inferior border (Fig. 4E)
% premaxilla and maxilla mostly complete
(Fig. 4F)
% maxilla mostly complete, lacking
premaxilla (Fig. 4G)

22

0

67

0

% premaxilla only (Fig. 4H)

11

0

% posterior portion of maxilla only(Fig. 4I)

0

25

% central portion of maxilla only (Fig. 4J)

0

75

<5kg mammals
Limb bone

n

%

<5kg squamates
n

%

humerus

femur
complete

0

0

0

0

proximal

7

39

0

0

shaft

0

0

0

0

distal

11

61

0

0

ulna

Horizon D. For large-sized mammals from
Horizon D, the majority of elements comprised
those that are progressively the last to be
transported in flowing water. Horizon B is
dominated by middle-late transported elements
(i.e. dentaries; Table 8).
SYSTEMATIC PALAEONTOLOGY
A much abbreviated treatment of the
systematic palaeontology is given in order to
document the specific material for which taxa are
assigned. The fundamental purpose of the
taxonomic work was to facilitate ecologic and
assemblage information. Thus, only the
diagnostic features of the material are provided,
as all faunal elements are well known fossil or
extant taxa. At the end of each description the
primary authority used for identification is given
in closed brackets. Two other publications deal
with the amphibians (Price et al., in press) and the
bandicoots (Price, 2004).
Phylum MOLLUSCA Linnaeus, 1758
Class BIVALVIA Linnaeus, 1758
Family HYRIIDAE Ortmann, 1910
Velesunio Iredale 1934
Velesunio ambiguus (Philippi, 1847) (Fig. 7A)
REFERRED MATERIAL. QMF44633; QMF44651;
QMF44653.

DESCRIPTION. Equivalved, length to 110mm,
moderately to well inflated; shell thin to very
thick; weak ridge runs posteriorly from umbone;
pallial line well developed; pallial sinus absent;
anterior and posterior adductor muscle scars well

complete

0

0

0

0

proximal

8

73

0

0

shaft

2

18

0

0

distal

1

9

0

0

complete

0

0

0

0

proximal

0

0

0

0

shaft

3

15

0

0

distal

18

85

0

0

tibia

developed; teeth lamellar, cardinal teeth absent;
hinge moderately developed; beak cavity
moderately developed. [Lamprell & Healy,
1998]
Family CORBICULIDAE Gray, 1847
Corbicula Mühfeld, 1811
Corbicula (Corbiculina) Dall, 1903
Corbicula (Corbiculina) australis (Deshayes,
1830)
(Fig. 7B)
REFERRED MATERIAL. QMF44628-30.

DESCRIPTION. Equivalved, length to 20mm,
slightly inflated; pallial line entire but weak;
anterior and posterior adductor muscle scars
weakly defined; anterior and posterior pedal
retractor muscle scars hidden by overhang of
anterior and posterior teeth respectively; three
cardinal teeth, and anterior and posterior lateral
teeth well developed; beak cavity very deep;
hinge line narrow. [Lamprell & Healy, 1998]
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TABLE 8. Skeletal element transportability for small mammals (Dodson, 1973) and large mammals (Voorhies,
1969) compared to the relative abundance of skeletal elements from Horizons B and D at QML1396 (listed in
decreasing abundance). Elements higher in the Dodson (1973) and Voorhies (1969) columns were the last to be
transported by moving water in flume experiments.
Relative
movement

Dodson (1973)
small mammals

Voorhies (1969)
large mammals

late

mandible

skull,
maxilla

middle-late

calcania,
radius,
ulna

mandible

middle

skull
tibia-fibula,
femur,
hunerus

femur,
tibia
humerus
pelvis
radius

pelvis,
early-middle cervical and caudal
vert.
early

thoracic vert
maxilla

Horizon D

Horizon B

<5kg mammals

< 5kg squamates

>5kg mammals

>5kg mammals

tibia
femur,
calcania,
ulna,
dentary
maxilla
humerus,
vertebrae
radius

dentary,
maxilla,
vertebae
humerus

maxilla
dentary
pelvi
vertebrae

dentary

ulna
vertebra

Class GASTROPODA Cuvier, 1797
Order SORBEOCONCHA Fischer, 1884
Family THIARIDAE Troschel, 1857
Thiara (Plotiopsis) Brot 1874
Thiara (Plotiopsis) balonnensis
(Conrad, 1850)
(Fig. 7C)
REFERRED MATERIAL. QMF44631-32.

DESCRIPTION. Shell. Elongate, dextrally
coiled, robust, turreted, length to 30mm; 6-7
whorls, carinate, spiral ridges complemented
with nodules; ovoid shaped aperture; inner lip
thickened, outer lip thin. [Smith and Kershaw
1979]
Order PULMONATA Cuvier, 1817
Family PLANORBIDAE Rafinesque, 1815
Gyraulus Charpentier,1837
Gyraulus gilberti (Dunker, 1848)
(Fig. 7D).
REFERRED MATERIAL. QMF44574-79.

DESCRIPTION. Shell. Planispiral, diameter to
6.29mm; 4 whorls; spire sunken; umbilicus wide;
last whorl with a peripheral keel; shell sculpture
consists of fine transverse ridges; aperture keeled
elongate; outer lip relatively thin and straight.
[Brown, 1981]

Family RHYTIDIDAE Pilsbry, 1895
Saladelos Iredale, 1933
Saladelos sp.
(Fig. 7E)
REFERRED MATERIAL. QMF44956.

DESCRIPTION. Shell planispiral, diameter to
3mm; whorl count reduced, 2-3 whorls, last
whorl capacious; spire slightly depressed; shell
sculpture of fine radial ribs; umbilicus narrow;
aperture ovate-lunate; lip simple. [Iredale ,1933]
Strangesta Iredale, 1933
Strangesta sp.
(Fig. 7F)
REFERRED MATERIAL. QMF44582-83.

DESCRIPTION. Shell. Planispiral, diameter to
6.82mm; 3-4 whorls; slightly depressed spire;
apical sculpture of fine to medium coiled radial
ribs; umbilicus narrow; aperture wide,
ovat e- l unat e; l i p s i m pl e. [ Sm i t h and
Kershaw,1979]
Family CHAROPIDAE Hutton, 1884.
Coenocharopa Stanisic, 1990
Coenocharopa sp.
(Fig. 7G)
REFERRED MATERIAL. QMF44584-89.

DESCRIPTION. Shell. Planispiral, diameter to
4.5mm; whorls coiled, last descending; apex and
spire slightly elevated; apical sculpture of
prominent coiled radial ribs; post-nuclear
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FIG. 7. A. Velesunio ambiguus; B. Corbicula (Corbiculina) australis; C. Thiara (Plotiopsis) balonnensis ; D.
Gyraulus gilberti; E. Saladelos sp.; F. Strangesta sp.; G. Coenocharopa sp.; H. Gyrococlea sp.; I.
Austrosuccinea sp.; J. Xanthomelon pachystylum.

sculpture moderately spaced; umbilicus wide and
U-shaped; aperture ovate-lunate; lip simple.
[Stanisic, 1990]

shell; aperture ovate; inner lip relatively straight,
outer lip thin and straight. [Smith & Kershaw,
1979]

Gyrocochlea Hedley, 1924
Gyrocochlea sp. 1 and 2
(Fig. 7H)

Family CAMAENIDAE Pilsbry, 1895

REFERRED MATERIAL. Sp. 1: QMF44590-95; Sp. 2:
QMF44598-602.

DESCRIPTION. Shell planispiral, diameter to
4mm; moderately tightly coiled whorls, last
descending more rapidly; apex slightly concave;
apical sculpture of fine crowded spiral cords and
weakly curved radial ribs; umbilicus wide and
U-shaped; aperture ovately lunate; lip simple.
[Stanisic 1990]
REMARKS. Gyrococlea sp. 1 differs from
Gyrococlea sp. 2 by a smoother shell sculpture,
and possessing a more closed umbilicus.
Family SUCCINEIDAE Beck, 1837
Austrosuccinea Iredale, 1937
Austrosuccinea sp.
(Fig. 7I)
REFERRED MATERIAL. QMF44580.

DESCRIPTION. Shell elongate, dextrally
coiled; shell height 10.65mm; 4 whorls present,
last whorl large; spire short; fine growth lines on

Xanthomelon Martens, 1861
Xanthomelon pachystylum (Pfeiffer, 1845)
(Fig. 7J)
REFERRED MATERIAL. QMF44581.

DESCRIPTION. Shell subglobose, diameter to
18.7mm; 4 whorls present, body whorl large;
spire slightly elevated; shell sculpture relatively
smooth; anomphalous; aperture ovate lunate;
outer and inner lip simple, thin. [Solem,1979]
Phylum CHORDATA Linnaeus, 1758
Class REPTILIA Laurenti, 1768
Order SQUAMATA Oppel, 1811
Family AGAMIDAE Hardwicke & Gray, 1827.
Tympanocryptis Peters, 1863
Tympanocryptis “lineata” Peters, 1863
(Fig. 8H)
REFERRED MATERIAL. QMF44198-202, maxillary
fragments; QMF44619, dentary.

DESCRIPTION. Maxilla. 4 foramen present;
pleurodont teeth 2, acrodont teeth 12; 1st
pleurodont tooth oritentated mesiobuccally; 2nd
pleurodont tooth caniniform; maxillary suture
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FIG. 8. A. Fish vertebra; B. Limnodynastes tasmaniensis, left ilium; C. L. sp. cf. L. dumerili, left ilium; D.
?Limnodynastes sp., right ilium; E. Neobatrachus sudelli, right ilium; F. Kyarranus sp.; G. Chelid plastron
fragment; H. Tympanocryptis “lineata”, right dentary. I. “Sphenomorphus Group” sp., right dentary; J. Tiliqua
rugosa, osteoderm; K. Cyclodomorphus sp., left dentary; L. Varanus sp. vertebra; M. Megalania prisca,
osteoderms; N. Elapid vertebra.

anterodorsal to pleurodont teeth; dorsal
maxillary process narrow.
Dentary. Short; 3 mental foramina present;
pleurodont teeth 2, acrodont teeth 12; pleurodont
teeth closely positioned, 2nd pleurodont twice
the size of the 1st; acrodont teeth sub-triangular
with indistinct anterior and posterior conids;
Meckel’s groove parallel to dental sulcus,
narrowed anteriorly. [Hocknull, 2002]
REMARKS. Tympanocryptis lineata is
distinguished from other members of the genus
by a combination of features including: 1) its

larger size, 2) 1st pleurodont tooth orientated
mesiolabially, and 3) lower anterior hook.
Family SCINCIDAE Oppel, 1811
Skinks are the largest and most diverse
squamate group in Australia (Greer, 1979;
Hutchinson, 1993). Within the Scincidae, three
distinct monophyletic groups are informally
recognised: the Egernia group, Eugongylus
group, and Sphenomorphus group (Greer, 1979,
Hutchinson, 1993). Members allied to the
Sphenomorphous Group and Egernia group are
represented in the deposit.
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“Sphenomorphus Group” sp. 1 and 2 (sensu
Greer, 1979)
(Fig. 8I)

specimen is adult as dental sulcus well defined,
and dent ar y i ndi cat es cycl es of t oot h
replacement.

REFERRED MATERIAL. Sp. 1: QMF44620-22,
QMF44654, dentaries; Sp. 2: QMF44623-25, maxillae.

REMARKS. Cyclodomorphus spp. are similar in
size to Tiliqua spp., but are distinguished by a
markedly larger tenth tooth in the dentary
(Hutchinson, 1993). The fragmentary nature of
the fossil remains precludes a full comparison to
other members of the genus. [Shea ,1990]

DESCRIPTION. Dentary. Tooth row bears up to
17 teeth or tooth loci; Meckel’s groove widely
open along ventrolingual margin; internal
septum poorly developed; up to 6 mental
foramina present, last one postitioned about the
level of the 12th tooth; tooth crowns not flared or
thickened; lingual face of each crown vertical.
[Greer, 1979]
REMARKS. Sphenomorphus Group members
are distinguished from the Egernia and
Eugongylus Groups by possessing a Meckel’s
groove that remains open along the length of the
ventrolingual margin of the dentary (Hutchinson,
1993). Two distinct size classes of members
representing the Sphenomorphus group were
identified within the deposit. Hutchinson (1993)
recognised that while sexual dimorphism is
common in skinks, it is only subtle. The large size
difference between the two size classes is
considered here to represent distinct species.
Until the taxonomy of those two species is
better known, their significance in Pleistocene
Darling Downs will remain unclear.

Family VARANIDAE Hardwicke & Gray,
1827.
Varanus Merrem 1820
Varanus sp.
(Fig. 8L)
REFERRED MATERIAL. QMF48166, vertebra.

DESCRIPTION. Vertebra broken dorsally;
condyle overhanging, oblique articulation; cotyle
oblique; centrum broad; neural canal round.
REMARKS. The fragmentary nature of the
vertebra, particularly the lack of neural spine,
precludes a full comparison to other Varanus spp.
[Smith,1976].
Megalania Owen, 1860
Megalania prisca (Owen, 1860)
(Fig. 8M)

“Egernia group” (sensu Greer, 1979)

REFERRED MATERIAL. QMF44615-17, osteoderms.

Tiliqua Gray 1825a
Tiliqua rugosa (Gray, 1825a)
(Fig. 8J)

D E SCRI PT I O N . Sm al l , w or m s haped
osteoderms to 8mm in length, 3mm in diameter;
growth lines evident.

REFERRED MATERIAL. QMF44603-605, osteoderms.

DESCRIPTION. Osteoderms. Up to 10mm in
diameter; thick, coarsely pitted; rugose surface.
REMARKS. The osteoderms of Tilqua rugosa
differ from all other Tiliqua as they are generally
thicker and more coarsely pitted, functioning to
form an armoured shield (Hutchinson, 1993).
[Smith, 1976]
Cyclodomorphus Fitzinger, 1843
Cyclodomorphus sp.
(Fig. 8K)
REFERRED MATERIAL. QMF44639, dentary.

DESCRIPTION. Dentary. Near complete with
large hemispherical teeth and closed Meckel’s
groove; ventral symphysal crest extends to third
tooth; ten teeth present in dentary with tenth tooth
markedly larger than all anterior teeth; teeth
variable in size, with acutely conical crowns;

REMARKS. Megalania prisca osteoderms grow
in the snout and nape regions of the lizard
(Erickson et al., 2003). Growth lines present on
the osteoderms may reflect the age of the
individual (Erickson et al., 2003). [Hecht, 1975]
Family ELAPIDAE Boie, 1827
gen. et sp. indet.
(Fig. 8N)
REFERRED MATERIAL. QMF44606-08,
vertebrae.
DESCRIPTION. Vertebrae with long, acute
accessory processes; hypapophysis arises near
lip of cotyle, extends posteriorly for half the
length of centrum, then deepens to taper into a
sharp point; parapophysial processes rounded
ant er i or l y; neur al s pi ne l ow, l at er al l y
compressed, does not extend posteriorly; four
pairs of foramina present.
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FIG. 9. A. Sminthopsis sp., left dentary; B. Dasyurus sp., M4; C. Sarcophilus sp., C1; D. Thylacinus cynocephalus,
I1; E. Perameles bougainville, M1; F. P. nasuta, M3.

REMARKS. Elapid vertebrae considered here
are comparable in size to extant forms currently
found on the Darling Downs today, such
Pseudechis australis and P. porphyriacus.
[Smith,1976]. However, the fragmentary nature
of the fossil material precludes a full comparison
to other members of the family.
Class MAMMALIA Linneus, 1758
Order MARSUPIALIA Cuvier, 1817
Family DASYURIDAE Goldfuss, 1820; sensu
Waterhouse, 1838
Sminthopsis Thomas, 1887
Sminthopsis sp.
(Fig. 9A)
REFERRED MATERIAL. QMF44637, dentary.

DESCRIPTION. Dentary. Small, gracile,
deepest below M 1 ; m ental for am en
posteroventral to root of M1. P3 ovoid in occlusal
outline; anterior cuspid reduced, lingual to
midline, forming anterior margin; central cuspid
massive, positioned one third from anterior
margin; blade-like crest runs posteriorly to a
small posterior cuspid. M1 anterior one-third
triangular, remainder sub-rectangular in occlusal
outline; talonid wider than trigonid; protoconid
tallest cusp on crown, followed by metaconid,
hypoconid, paraconid and entoconid; paraconid
forms anterior margin slightly lingual to midline;
protoconid posterobuccal to paraconid;
metaconid transverse and slightly posterior to
protoconid; hypoconid posterobuccal to
protoconid; entoconid most posterior cusp
forming posterolingual corner of crown; anterior
and posterior cingula small but distinct;

metacristids and hypocristids transverse to long
axis.
REMARKS. Identification to specific level is not
possible due to insufficient preservation of
diagnostic features. [Archer,1981]
Dasyurus Geoffroy, 1796
Dasyurus sp.
(Fig. 9B)
REFERRED MATERIAL. QMF44597, M4.

DESCRIPTION. M4. Ovoid in occlusal outline;
paracone tallest cusp on crown followed in
descending order by stylar cusp B, metacone and
protocone; paracone most anterior cusp,
positioned in midline of crown; Stylar cusp B
posterobuccal to paracone; metacone posterolingual to paracone; anterior cingulum absent.
REMARKS. M4 described above is much larger
than the corresponding tooth in all species of
Dasyurus excepting D. maculatus. It is well
within the size range of extant D. maculatus,
although differs in that: 1) it is not anteriorly
concave in occlusal outline, 2) the metacone is
positioned more lingually, and 3) the anterior
cingulum is absent. [Ride,1964].
Sarcophilus Cuvier, 1837
Sarcophilus sp.
(Fig. 9C)
REFERRED MATERIAL. QMF44640, C1.

DESCRIPTION. C 1 . Enamel constricted to
anterior one-quarter of tooth; curved slightly in
occlusal view and is deepest one-third from
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FIG. 10. A. Diprotodon sp., P3; B. Thylacoleo carnifex, I1; C. Aepyprymnus sp., M3; D. Troposodon minor, right
dentary; E. Procoptodon pusio, left dentary; F. Macropus agilis siva, right dentary; G. M. titan, right dentary; H.
Protemnodon anak, left dentary; I. P. brehus, right maxilla.

enamelised tip of tooth; root laterally compressed
tapering to a blunt point.
REMARKS. QMF44640 compares well to the
corresponding tooth of recent Sarcophilus harissi
although is slightly larger and may represent the
Pleistocene S. laniarius. [Ride, 1964]
Family THYLACINIDAE Bonaparte, 1838
Thylacinus Temminck 1824
Thylacinus cynocephalus (Harris, 1808)
(Fig. 9D)
REFERRED MATERIAL. QMF44643, I1.

DESCRIPTION. I1. Markedly curved in lateral
and occlusal view; enamel constricted to the
anterior one-quarter of tooth and tapers to an
acute point; deepest and broadest half way along
length of entire tooth; root laterally compressed,
deep, with posterior half tapering to an acute
point.
REMARKS. QMF44643 is morphologically
similar to the corresponding tooth of recent
Thylacinus cynocephalus. [Ride,1964]

Family DIPROTODONTIDAE Gill, 1872
Diprotodon Owen, 1838
Diprotodon sp.
(Fig. 10A)
REFERRED MATERIAL. QMF44649, P3.

DESCRIPTION. P3. Sub-rectangular in occlusal
outline; bilophid with lophs connected by a high
lingual crest; anterior lophid markedly larger
than posterior lophid; enamel thick with a
worm-eaten puncate appearance.
REMARKS. Diprotodon sp. is distinguished
from other diprotodontids by possessing a
bilophodont lower premolar, with thick,
punctated enamel. [Archer,1977]
Family THYLACOLEONIDAE Gill, 1872
Thylacoleo Owen 1858
Thylacoleo carnifex Owen, 1858
(Fig. 10B)
REFERRED MATERIAL. QMF44642, I1.
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DESCRIPTION. I1. markedly curved in occlusal
view with enamel confined to anterior and lateral
surface in a U shape; occlusal wear surface
concave; root deep and laterally compressed.
REMARKS. Thylacoleo carni f ex i s
distinguished from other members of the genus
by its significantly larger size. [Wells et al., 1982]
Family POTOROIDAE Gray, 1821; sensu
Archer & Bartholomai, 1978
Aepyprymnus Garrod, 1875
Aepyprymnus sp.
(Fig. 10C)
REFERRED MATERIAL. QMF44652, M3.

DESCRIPTION. M3. metalophid low and very
thin, but distinct; postmetacrista connects to
posterior cingulum to form a very large and fairly
deep pocket-like structure on posterior margin of
tooth; premetacrisa well defined.
REMARKS. Fragmentary material precludes a
full comparison to Aepyprymnus rufescens, the
only the only known member of the genus. [Tate,
1948]
Family MACROPODIDAE Gray, 1821
Subfamily STHENURINAE Glauert, 1926
Procoptodon Owen 1874
Procoptodon pusio (Owen, 1874)
(Fig. 10E)
REFERRED MATERIAL. QMF44648, dentary.

REMARKS. Dentary. Short, deep and robust;
buccal groove on ramus well defined.
Lower molars. Sub-rectangular in occlusal
outline, with slight constriction in midvalley;
base of molars swollen and lophids high, convex
anteriorly; enamel crenulated, though smooth on
lingual and buccal lateral surfaces; anterior
cingulid is high, angled slightly lingually.
REMARKS. Propcoptodon pus i o i s
distinguished from other members of the genus
by a combination of characters including: 1) its
slightly smaller size, 2) lacking a distinct
posthypocristid, and 3) less extensive transverse
anterior portion of paracristid (Prideaux, 2004).
The horizon from which the P. pusio material was
collected is unknown. Procoptodon is restricted
to Pleistocene deposits, though may have had its
origins in the late Tertiary (Bartholomai, 1970;
Prideaux, 2004). [Prideaux, 2004]

Subfamily MACROPODINAE Gray, 1821
Troposodon Bartholomai 1967
Troposodon minor (Owen, 1877b)
(Fig. 10D)
REFERRED MATERIAL. QMF44646-47, dentaries.

DESCRIPTION. Dentary. Shallow and gracile;
symphysis elongate with ventral surface
markedly lower than ventral surface of ramus.
Lower molars. Subrectangular in occlusal
outline, with slight kink in midvalley; lophs low,
angled slightly lingually, and slightly concave
anteriorly; preparacristid links to anterior
ci ngul i d;
pr em et acr i s t i d
des cends
anterolingually from metaconid to fuse with
preparacristid.
REMARKS. Troposodon minor is placed within
Macropodinae rather than Sthenurinae following
Prideaux (2004). T. minor is easily distinguished
from other members of the genus by being
intermediate in size between the larger T. kenti
and smaller T. bowensis. [Flannery and Archer,
1983]
Macropus Shaw 1790
Macropus agilis siva (De Vis, 1895)
(Fig. 10F)
REFERRED MATERIAL. QMF44638, I1; QMF44655,
dentary; QMF44656-7, maxillary fragments.

DESCRIPTION. Dentary. Gracile, with groove
on ventral surface of ramus extending from
posterior of symphysis to below posterior root of
M2; symphysis elongated and diastema long. I1.
Elongated and deeply rooted; slightly curved in
both lateral and occlusal views. P3. Elongated,
blade-like; small ridges descend lingually and
buccally from apex of longitudinal ridge.
Lower molars. Increase in size from M 1-3 ;
sub-rectangular in occlusal outline, with slight
constriction in midvalley; hypolophid wider than
protolophid; lophids high; cristid obliqua high;
posterior cingulid absent. DP2 elongated, broad
posteriorly; small ridges descend main crest;
posterolingual fossette shallow. DP3 molariform;
subrectangular in occlusal outline with slight
constriction in midvalley; lophs low; metaloph
wider than protoloph; posterior fossette
moderately developed. M1 sub-rectangular in
occlusal outline, with slight constriction in
midvalley; high lophs; metaloph broader than
protoloph; midlink moderately high; posterior
fossette well developed.
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REMARKS. Macropus agilis s i va i s
distinguished from other members of the genus
by possessing a combination of features
including: 1) elongate diastema, 2) P3 as long as
M1, 3) lower molars high crowned, with high
links, and lacking posterior cingula, 4) elongate
upper premolars, and 5) upper molars elongated
with high crowns, slight forelink and moderate
midlink. [Bartholomai,1975]
Macropus titan Owen, 1838
(Fig. 10G)
REFERRED MATERIAL. QMF44645, dentary.

DESCRIPTION. Dentary. moderately deep, the
base of symphysis slightly lower than the base of
horizontal ramus.
Lower molars. Sub-rectangular in occlusal
outline, slightly constricted across talonid basin;
lophids high and curved slightly anteriorly;
forelink high, curving anteriorly to meet a high
anterior cingulid; posterior fossette present on
posterior loph.
REMARKS. Macropus titan is distinguished
from other members of the genus by a
combination of features including: 1) its large
size, 2) elongate diastema, 3) high crowned,
elongated lower molars with slightly curved
lophids, high links and high anterior cingulum
(Bartholomai, 1975). An additional dentary
fragment, QMF44644, is referred to M. sp. cf. M.
titan. The molars are within the size range of M.
titan, however it differs in that: 1) the dentary is
markedly more robust and deep, 2) forelink is
slightly lower, 3) anterior cingulid broader, and
4) cristid obliqua is higher. [Bartholomai,1975]
Protemnodon Owen 1874
Protemnodon anak (Owen, 1874)
(Fig. 10H)
REFERRED MATERIAL. QMF44650, skull;
QMF44658, dentary.

DESCRIPTION. Dentary. Moderately shallow,
with elongated symphysis ascending anteriorly at
low angle; mental foramen oval shaped, close to
diastemal crest. P 3 . Elongated, blade-like;
exceeds length of M1.
Lower molars. Sub-rectangular in occlusal view
with slight constriction in midvalley; lophids
high, concave anteriorly with high forelink;
posterior cingulid small P3. Elongate; crown
concave buccally; high longitudinal crest,
slightly concave buccally; transected by four
vertical blades.
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Upper molars. Sub-rectangular in occlusal
outline, slightly constricted across mid valleys;
midlink strong; forelink absent; anterior
cingulum slightly swollen.
REMARKS. Protemndon anak is distinguished
from other Pleistocene members of the genus by a
combination of characters including: 1) small
size, 2) P3 elongate, concave bucally, with high
longitudinal crest, and longer than M4, 3) M3 and
M4 lacking cuspules in the lingual portion of the
midvalley. [Bartholomai,1973]
Protemnodon brehus (Owen, 1874)
(Fig. 10I)
REFERRED MATERIAL. QMF44627, maxilla.

DESCRIPTION. Upper molars. Sub-rectangular
in occlusal outline, slightly constricted across
midvalley; anterior cingula broad; forelink
absent; strong ridge curves from paracone into
crista obliqua.
RE MA RK S. P rot em nodon brehus i s
distinguished from other members of the genus
by: 1) its large size, and 2) lacking a lingual
cus pul e i n t he m i dval l ey of M 3 - 4 .
[Bartholomai,1973]
Order RODENTIA Bowdich, 1821.
Family MURIDAE Illiger, 1811
Pseudomys Gray 1832
Pseudomys sp. 1 & 2
(Fig. 11A)
REFERRED MATERIAL. Sp. 1: QMF44609-10,
maxillae; Sp.2: QMF48168, maxilla.

DESCRIPTION. Maxilla. Anterior portion of
zygomatic arch not broadened; molar alveoli
pattern 3(M 1 ) 3(M 2 ) 3(M 3 ). M 1 . Relatively
elongate; T7 absent; three rooted, with one
lingual root.
REMARKS. Pseudomys sp. 1 and 2 could not be
identified to specific level considering the nature
of the fragmentary remains. Pseudomys sp. 1 fits
within the size class of extant P. australis.
Pseudomys sp. 2 is smaller, approximating the
size of extant P. delicatulus. [Jones &
Baynes,1989]
Rattus sp. (Fischer, 1803)
(Fig. 11B)
REFERRED MATERIAL. QMF44611-12, isolated
molars; QMF44613-14, maxillae.

DESCRIPTION. M1. Cusps rounded in occlusal
outline; two lingual cusps; five rooted, with two
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FIG. 11. A. Pseudomys sp. 1, left maxilla; Rattus sp.,
left maxilla.

lingual alveoli. M2. Four rooted, arranged in a
square pattern.
REMARKS. Rattus spp. are distinguished from
other murid genera by possessing an M2 that has
four roots, arranged in a square pattern (Knox,
1976). [Jones & Baynes,1989]
MATERIAL ASSIGNED TO OTHER TAXA
Teleostei fam. gen. et sp. indet. (Fig. 8A); QMF44634-36,
vertebrae.
Limnodynastes tasmaniensis (Gnther, 1858) (Fig. 8B);.
QMF43978-43985, ilia.
L. sp. cf. L. dumerili (Peters, 1863) (Fig. 8C);
QMF43995-43997, ilia.
?Limnodynastes (Fitzinger, 1843)(Fig. 8D); QMF44000,
ilium.
Neobatrachus sudelli (Lamb, 1911) (Fig. 8E);
QMF44001-44002, ilia,
Kyarranus sp. (Fig. 8F); QMF44003, ilium.
Chelidae gen. et sp. indet. (Fig. 8G); QMF44626;
QMF44641, carapace fragments.
Perameles bougainville (Quoy & Gaimard, 1824) (Fig.
9E); QMF44549, RM1,.
Perameles nasuta (Geoffroy, 1804) (Fig. 9F);
QMF44566, LM3.

ECOLOGICAL REMARKS
Elements of the fauna are here listed with
minor pertinent ecological comments as
appropriate.

MOLLUSCS. The invertebrate fauna is rich and
diverse. Four families of land snails are
represented, comprising seven species, as well as
two families of freshwater snails, containing two
species (J. Stanisic, pers. comm.). Freshwater
bivalves are also common throughout the main
fossiliferous units.
Velesunio ambiguus (Philippi, 1847): This most
common species of the Australian Unioniodea,
occurs in coastal and interior rivers throughout
South Australia, Victoria, New South Wales and
Queensland (Lamprell & Healy, 1998). Velesunio
ambiguus is a typical floodplain species
commonly found in billabongs and creeks; it
rarely occurs in large rivers, except in the vicinity
of impoundments (Sheldon & Walker, 1989).
The exclusion of V. ambiguus from larger rivers
probably reflects its weak anchorage (Sheldon &
Walker, 1989).
Extant populations of Velesunio ambiguus are
common throughout the creeks and tributaries of
the Darling Downs. Additionally, V. ambiguus
has been recorded from the Pleistocene Darling
Downs (Gill, 1978; Sobbe, 1990).
Corbicula (Corbiculina) australis (Deshayes,
1830): C. (C.) australis occurs in coastal and
inland rivers and streams. It is a hermaphroditic
species that has a benthic crawling larva that
makes it possible for C. (C.) australis to spread
rapidly (Britton & Morton, 1982).
Extant C. (C.) australis are common throughout
w at er cour s es of t he D ar l i ng D ow ns .
Additionally, C. (C.) australis has been reported
from the Pleistocene Darling Downs (Gill, 1978;
Sobbe, 1990).
Thiara (Plotiopsis) balonnensis (Conrad,
1850): T. (P.) balonnensis was the most common
identifiable species recovered from the deposit. It
was collected in-situ from shell beds up to 10cm
thick. It is the most widespread of the Australian
thiraids, common throughout the MurrayDarling River system.
Extant populations commonly occur in ponds,
dams and rivers (Smith & Kershaw, 1979).
Extant populations of Thiara (Plotiopsis)
balonnensis are present on the Darling Downs.
Thiara (P.) sp. has been reported from the fossil
record of the Pleistocene Darling Downs (Gill,
1978; Sobbe, 1990).
Gyraulus gilberti (Dunker, 1848): Planorbids
are a common Australian family of freshwater
snails. The Planorbidae are confined to waters
with low salinity and are generally associated
with macrophytes or algae. Gyraulus has been
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reported in the Tertiary fossil record of northern
Australia (McMichael, 1968).
Saladelos sp.: Saladelos sp. commonly occur in
closed to open forest to vine thicketed habitats (J.
Stanisic pers. comm.).
Strangesta sp.: Strangesta sp. commonly occur
under dry, dense ground cover in dry forest to
woodland scrub, and vine thickets (Smith &
Kershaw, 1979; J. Stanisic pers. comm.).
Coenocharopa sp.: Coenocharopa sp. are
generally found in warmer temperate forest
thickets to cool, dry, sub-tropical notophyll vine
forests from the central to north eastern coast of
the Australian continent (Stanisic, 1990).
Gyrocochlea sp. 1 and 2: Members of
Gyrocochlea typically inhabit dry to humid
sub-tropical vine forests and prefer to live under
logs (Stanisic, 1990). Like most charopids,
Gyrocochlea sp. are common throughout central
eastern Australia (Stanisic, 1990).
Austrosuccinea sp.: Austrosuccinea are land
snails that are found in a variety of habitats
ranging from m arches and sw am py
environments, to sand dunes and seasonally dry
stream basins (Solem, 1993).
Xanthomelon pachystylum (Pfeiffer, 1845):
Camaenids are among the most diverse of
Australian land snails. The Australian camaenid
fossil record is scant with only a few known
records (Ludbrook, 1978, 1984; McMichael,
1968; Kear et al., 2003). X. pachystylum is a
herbivorous species associated with dense vine
thickets (J. Stanisic, pers. comm.).
AMPHIBIANS
Limnodynastes tasmaniensis (Gnther, 1858):
Extant L. tasmaniensis populations are common
over much of eastern Australia and have been
recorded in a range of habitats ranging from wet
coastal environments to dry, arid regions
(Cogger, 2000).
Extant populations of L. tasmaniensis have been
recorded from the Darling Downs (Ingram &
Longmore, 1991).
L. sp. cf. L. dumerili (Peters, 1863): Extant
populations have been recorded in most habitats,
with the exception of alpine areas, rainforest, and
extremely arid zones (Cogger, 2000).
Extant populations of L. dumerili have been
recorded from the Darling Downs (Ingram &
Longmore, 1991).
Neobatrachus sudelli (Lamb, 1911)

Extant populations of Neobatrachus sudelli
occur throughout southeastern Australia,
commonly occurring in open woodlands with
grassy understories (Cogger, 2000).
Kyarranus sp.
Extant Kyarranus populations occur in areas of
dense ground cover and thickets in isolated
montane forest patches on the Great Dividing
Range in southeastern Queensland and
northeastern New South Wales (Tyler, 1991).
REPTILES
Tympanocryptis “lineata” (Peters, 1863):
Extant T. lineata populations occur in a variety of
semi-arid to arid environments in central
Australia. T. lineata commonly occur in earth
cracks, grass or ground litter on desert sandhills,
to black soil plains (Cogger, 2000).
Extant T. lineata populations have been recorded
from the Darling Downs (Covacevich & Couper,
1991). Additionally, agamids have previously
been recognised in the Darling Downs fossil
record (Bennett, 1876; Lydekker,1888; Molnar &
Kurz,1997).
“Sphenomorphus Group” sp. 1 and 2: The
ecol ogy of ext ant m em ber s of t he
Sphenomorphus group is varied and includes taxa
that burrow in soil, burrow under leaf litter, have
semi-amphibious lifestyles and others that are
found in rocky arid environments (Cogger,
2000).
Ti l i qua rugos a ( G r ay, 1825a) : E xt ant
populations of T. rugosa are found in a range of
habitats including coastal heaths, dry sclerophyll
forest, woodlands, mallee, and arid Acacia and
eucalypt scrublands. T. rugosa shelters under
fallen timber and leaf litter spinifex when
inactive (Cogger, 2000).
Cyclodomorphus sp.: Cyclodomorphus spp. are
ground dwelling skinks, although commonly
climbs on low growing vegetation. Extant
Cyclodomorpus populations have been recorded
from wet to dry sclerophyll forest, commonly
found under leaf litter or areas with low ground
cover (Cogger, 2000).
Varanus sp.: Extant Varanus sp. populations
have been recorded in a wide range of habitats
from deserts to rainforest, and may have
semi-aquatic, terrestrial, or arboreal locomotive
strategies.
Extant Varanus populations have been
recorded from the Darling Downs (Covacevich &
Cooper, 1991). Additionally, Varanus sp. has
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been recorded from the Pleistocene Darling
Downs (Wilkinson, 1995).
Megalania prisca (Owen, 1860): Molnar (1990)
suggested that M. prisca was unlikely to have
been arboreal, though it may have had a
semi-aquatic life style.
Megalania prisca has been recorded from several
fossil localities on the Darling Downs (Molnar &
Kurz, 1997).
Other elements: Indeterminate chelid and elapid
remains have been found in the deposit.
MARSUPIALS
Sminthopsis sp.: Extant Sminthopsis spp.
populations occur in open to closed habitats
(Strahan, 1995).
Extant populations of S. murina have been
recorded on the Darling Downs (Van Dyck &
Longmore, 1991).
Dasyurus sp.: Dasyurus maculatus is the largest
extant native mammalian carnivore on the
mainland of Australia. Dasyurus spp. are partly
arboreal and occur on the eastern margin of the
continent and Tasmania in a wide range of
wooded habitats including rainforests, open
forests, woodlands, and riparian forest. Den sites
commonly include caves, rock crevices and
hollow logs.
Sarcophilus sp.: Once common over the central
and eastern portions of the Australian continent,
Sarcophilus is now restricted to Tasmania where
it is abundant in dry sclerophyll forest and
woodlands that are interspersed with grasslands
(Jones, 1995).
Thylacinus cynocephalus (Harris, 1808): Prior
to European arrival in Australia, extant T.
cynocephalus was restricted to Tasmania before
over hunting led to its subsequent extinction. T.
cynocephalus was once common in open forest
and woodland (Dixon, 1989).
Perameles bougainville (Quoy & Gaimard,
1824): Extant populations of P. bougainville are
restricted to Bernier and Dorre Islands, Shark
Bay, Western Australia, although once occurred
over much of semi-arid Australia (Friend &
Burbidge, 1995). Extinction on the mainland has
been attributed to the effects of habitat
disturbance and introduction of non-native
predators by Europeans. P. bougainville was once
common on the mainland in a range of habitats
including dense scrub thickets, open saltbush
plains and stoney ridges bordering scrubland
(Friend & Burbidge, 1995).

Perameles nasuta (Geoffroy, 1804): Extant
Perameles nasuta populations occur in a wide
range of habitats including rainforests, wet to dry
woodlands, and areas with very little ground
cover (Stoddart, 1995). It is a common and
widely distributed species with a wide range of
habitat tolerances, and its presence in the fossil
record is of little palaeoenvironmental
significance.
Extant Perameles nasuta populations are
common on the Darling Downs.
Diprotodon sp.: Diprotodon spp. are generally
regarded browsers of shrubs and forbs and
probably occupied an open woodland to savanna
habitat (Murray, 1984).
Thylacoleo carnifex (Owen, 1858) : T. carnifex
may have occupied an open forest habitat
(Murray, 1984). T. carnifex filled the ‘large cat’
niche of the Australian Pleistocene, and may
have had the ability to kill Diprotodon-sized
animals (Wroe, et al., 1999). The lower incisor
functioned as a stabbing or piercing tooth that
occludes with the upper incisors where it acts as
an anvil against which food is restrained (Wells et
al. 1982).
T. carnifex has been recorded from several fossil
localities on the Darling Downs (Molnar & Kurz,
1997).
Aepyprymnus sp.: Extant A. rufescens
populations occur in a variety of habitats ranging
from wet sclerophyll to dry open woodlands, but
onl y occupy ar eas w i t h s par s e gr as s y
understories commonly adjacent to areas of
dense undergrowth (Dennis & Johnston, 1995).
Procoptodon pusio (Owen, 1874): Procoptodon
spp. were adapted for a diet of highly fibrous
vegetation (Prideaux, 2004).
P. pusio has been recorded from several fossil
localities on the Darling Downs (Molnar & Kurz,
1997; Prideaux, 2004).
Troposodon minor (Owen, 1877b): Troposodon
minor is generally regarded as a semi-browser
(Bartholomai, 1967). Flannery & Archer (1983)
suggested that at least two species of Troposodon
occurred sympatrically at most Plio-Pleistocene
localities. However, T. minor remains the only
member of the genus recorded at QML1396.
Troposodon minor is relatively common in
Pleistocene Darling Downs deposits (Molnar &
Kurz, 1997).
Macropus agilis siva (De Vis, 1895): Extant
Macropus agilis populations favour savannah
woodland or open forest habitats (Bell, 1973).
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M. a. siva was common and widespread on the
Pleistocene Darling Downs (Molnar & Kurz,
1997).
Macropus titan (Owen, 1838): The high
crowned molars M. titan are typical of grazing
species (Bartholomai, 1975).
M. titan was one of the most common and
widespread megafauna species on the Darling
Downs, being recorded from 21 fossil deposits
(Molnar & Kurz, 1997).
Protemnodon anak (Owen, 1874),
Protemnodon brehus (Owen, 1874) :
Protemnodon spp. are regarded as grazers
(Bartholomai, 1973).
P. anak and P. brehus have been recorded from
over 30 fossil localities on the Darling Downs
(Molnar & Kurz, 1997).
RODENTS
Pseudomys sp. 1 & 2: Extant Pseudomys spp.
populations occur in a wide variety of habitats
from sparsely vegetated deserts to closed
sclerophyll forests (Strahan, 1995). Until the
taxonomy of the Pleistocene Darling Downs
Pseudomys spp. is better known, their
palaeoenvironmental significance will remain
unclear.
Pseudomys spp. have been recorded from the
Pleistocene Darling Downs (Archer & Hand,
1984).
Rattus sp.: In terms of abundance and diversity,
Rattus is the most diverse extant murid genus in
Queensland. Extant Rattus populations are found in
a number of habitats including rainforests,
woodlands, and savanna grasslands.
Extant Rattus spp. populations (native and

introduced) have been recorded from the Darling
Downs (Covacevich & Easton, 1974). Additionally,
Rattus sp. has been reported from the Pleistocene
Darling Downs (Archer & Hand, 1984).
DATING.
14

The AMS C dating results of freshwater
bivalves and charcoal indicate that deposition of
Horizon B occurred 44300± 2200 to >49900 and
Horizon D at 45150±2400 (Table 9). However,
those results should be considered as minimum
ages only considering the fact that the QML1396
assemblage appears to be close the limits of the
AMS 14 C dating technique. Owing to the
importance associated with dating late
Pleistocene megafauna extinction and climate
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TABLE 9. AMS 14C dating results of charcoal and
Velesunio ambiguus samples from QML1396. Ages
quoted are radiocarbon ages, not calendar ages. Ages
rounded according to Stuiver & Polach (1977)
ANSTO code

sample

horizon

conventional 14C age ±
2s error

OZG855

charcoal

D

45150 ± 2400

OZG547

bivalve

B

>49900

OZG548

bivalve

B

44300 ± 2200

change, it is desirable to further test the dating
results presented here.
DISCUSSION
SEDIMENTOLOGY. The deposit represents
both high velocity lateral channel deposition and
low velocity vertical accretion. The lower
fossiliferous unit, Horizon B, represents the most
significant input of sandy deposits in the
sedimentary environment. Horizon B is laterally
continuous for more than 70 metres. However,
the horizon is largely unexposed and positioned
below the modern water table, therefore the
precise lateral extent of Horizon B is unknown.
Horizon B is characterised by: 1) abundant
freshwater mollusc fossils, including large-sized
bivalves; 2) vertebrate fossils; 3) fluvially
transported sediments (including rounded basalt,
calcrete and sandstone pebbles and cobbles); and
4) upwardly fining grain size. The geometry of
Horizon B and the interpreted sedimentary
processes suggest that deposition took place in
the main channel. Horizon B accumulated under
higher velocity deposition than Horizon D
considering the significantly larger grain sizes
and preponderance of larger-sized bivalves (Fig.
2, Table 1).
The fine brown-grey clay unit, Horizon C,
suggests a period of low velocity deposition.
Mollusc shells are rare, however, freshwater
gastropods (Thiara (Plotiopsis) balonnensis) are
slightly more common than freshwater bivalves.
The presence of freshwater molluscs in the
horizon are consistent with the proximity to the
channel.
Horizon D is laterally continuous for
approximately 30 metres. Horizon D is
characterised by: 1) discontinuous lenticular
sandy and shelly beds; 2) mud cracks in-filled
with fine clays; 3) vertebrate fossils; and 4)
fluvially transported sediments (including
rounded basalt, calcrete and sandstone pebbles).
The facies association of lenticular shelly beds

192

MEMOIRS OF THE QUEENSLAND MUSEUM

overlies the low velocity brown-grey clay unit (in
continuity with the channel deposit). Freshwater
gastropods in Horizon D show polymodal current
directions indicating that they were not deposited
as traction load in flowing water. The data
suggest that deposition occurred as overbank
deposits on the floodplain adjacent to the channel
belt. A succession of several small overbank
depositional events created superposed shelly
lenses up to 100mm thick. The depositional
setting of Horizon D is interpreted as
representing a series of small crevasse splays and
subsequent drying pools in the overbank that
resulted from minor flood events. It is
hypothesised that as the pools evaporated,
stranded gastropods moved into the deeper parts
of the pools (hence showing polymodal
orientations) eventually dying when the pools
evaporated.
Overlying fine-grained deposits of the upper
units represent vertical accretion on the
floodplain (Fig. 2, Table 1). The occurrence of
iron nodule formation in the upper units of the
profile reflect alternating periods of oxidation
and reducing conditions due to watertable
fluctuations. Additionally, in-situ, white to
brownish-grey mottled calcrete formation in the
upper units is related to similar watertable
fluctuations. Mottled calcretes are chemically
precipitated in the freshwater phreatic zone of the
watertable, and are primarily related to the lateral
movement and percolation of alkaline waters in
the soil profile (Arakel & McConchie, 1982). The
close association of the formation of in-situ
mottled calcretes and ferruginous oxides are
indicative of a response to an increasingly arid
environment, subsequent to deposition of the
major fossiliferous horizons.
TAPHONOMIC HISTORY OF BONES.
Numerous unidentifiable bone fragments
recovered from the deposit exhibited a range of
abrasion and weathering characteristics.
However, the following taphonomic conclusions
are largely based on identifiable vertebrate
remains horizons B and D. Better preserved
s pecim ens m ay yield m ore accur at e
palaeobiological and palaeoeco l ogi cal
information than unidentifiable fragments.
However, it is recognised that some components
of the assemblage may have had different
taphonomic pathways leading to their final
deposition.
It is unlikely that acidic ground waters have
played a role in the diagenesis of fossil material

from either horizon, considering the high degree
and diagentically unaltered preservation of
calcareous material (i.e. mollusc shell and
calcrete) that has been identified in the deposit.
Additionally, root etching of vertebrate fossil
material was not observed. Few of the
identifiable specimens indicate any significant
pre-burial weathering (sensu Behrensmeyer,
1978).
There were several biases in the preservation of
different faunal groups and skeletal elements
observed in the deposit. For squamates, there was
a noticeable lack of post-cranial material
preserved in the deposit in comparison to
mammals. Similar biases between terrestrial
non-mammals and mammals have been
identified within fossil deposits of the Koobi
Fora Formation of Kenya (Behrensmeyer, 1975).
Additionally, within the Agamidae and
Scincidae, differences were observed in the
preservability of cranial and dental elements. The
differences may be related to minor differences in
bone density or structure. However, few previous
studies have addressed the causes of such
preservational biases, focusing predominantly on
the accumulation of fossil mammals. In the
absence of comparative data on squamate
transportability and preservability in fluvial
systems, it is difficult to explain such biases in the
fossil record.
Large-sized mammals are better preserved in
Horizon B than Horizon D, but small-sized taxa
are generally absent from Horizon B. Bones and
shells act as sedimentary particles in fluvial
systems and may have settling velocities that are
related to equivalent-sized spherical quartz
grains (Behrensmeyer, 1975). Therefore, if the
size of bone and shells are relative to the size of
the surrounding grains, then coarse-grained units
such as Horizon B would be expected to contain
larger-sized skeletal elements or species than
finer-grained units such as Horizon D. That
hypothesis may equally explain: 1) why
large-sized bivalves are more common in
Horizon B than Horizon D; 2) why the Horizon B
assemblage is dominated by large-sized
vertebrates, and Horizon D by small-sized
vertebrates; and 3) the differences between the
relative abundance of skeletal elements of large
and small mammals within Horizon D.
Assemblages of both horizons are generally
characterised by: 1) low levels of post-crania; 2)
high degrees of bone breakage; 3) low degrees of
abrasion; and 4) low degrees of weathering. A
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comparison of the abundance of skeletal
elements to experimental data of skeletal element
transportability in fluvial systems indicates that
both units contain elements that are among the
last to be transported in flowing water. That
suggests that horizons B and D represent bone lag
deposits. The high degree of breakage of skeletal
elements suggests that the vertebrate remains
were subjected to considerable forces.
Additionally, the loss of limb bone ends may
reflect a density mediated destruction of
lower-density bone (distal and proximal ends)
and that the higher-density bone shafts were not
destroyed (Rapson, 1990). The low degree of
bone abrasion and low degree of pre-burial
weathering indicate that the vertebrates died
within close proximity to the final point of
deposition and were probably buried rapidly after
death. Additionally, no elements were recovered
that show the effects of digestion, polishing or
gnawing that may be attributable to predator
accumulation (sensu Andrews, 1990; Sobbe,
1990). Collectively, the data indicate that the
vertebrate material was accumulated and
fluvially transported into the deposit from the
surrounding proximal floodplain.
PALAEOENVIRONMENTAL
INTERPRETATION
Megafauna species are less abundant and less
well preserved in Horizon D (low-energy
overbank deposition) than Hori zon B
(high-energy channel deposition), and all
vertebrate taxa smaller than Sarcophilus sp. (~8
kg) are absent from Horizon B (Figure 6). Three
hypotheses could explain the faunal differences:
1) Megafauna went locally extinct progressively
between the time of deposition of Horizons B and
D (the age of the two QML1396 assemblages
may bracket the terminal extinction event of the
Australian megafauna [~46ka; Roberts et al.,
2001a]); 2) Sampling by the creek system was
biased towards the collection of small-sized
species in Horizon D; or 3) Larger-sized bones
may not have been able to be transported into
overbank deposits from flood events (large bones
in the overbank deposits may be derived directly
from the proximal floodplain rather than from
fluvial transport). Additionally, a third of the
large-sized taxa that are present in Horizon B, but
absent from Horizon D, are carnivorous species
(Sarcophilus sp., Thylacinus cynocephalus &
Thylacoleo carnifex; Table 2). Hence, the rarity
of carnivorous taxa in the Pleistocene Darling
Downs might be assumed regardless. However,
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TABLE 10. Preferred and inferred habitat types of
extant and fossil taxa recorded from Horizon B. (*
Extinct on Darling Downs; ** Totally extinct).
Species
Velesunio ambiguus
Corbicula
(Cobiculina) australis
Thiara (Plotiopsis)
balonnensis

freshwater

open
woodland

open
grassland

x
x
x

Sarcophilus sp.*

x

Thylacinus
cynocephalus**

x

Diprotodon sp.**

x

Thylacoleo carnifex**

x

Troposodon minor**

x

Macropus agilis
siva**

x

M. titan**

x

x

Protemnodon anak**

x

x

P. brehus**

x

x

x

considering the taphonomic sampling biases of
the Pleistocene channel, it is difficult to
accurately compare habitat and species
differences between the Horizon D and B
assemblages, and hence, directly demonstrate the
extinction of megafauna temporally based on
data from QML1396.
Large-sized taxa previously used to make
interpretations about Darling Downs Pleistocene
palaeoenvironments are present in the Horizon B
assemblage, thus in agreement with previous
broad interpretations of a woodland and open
grassland Pleistocene habitat (Table 10). All of
the mammals recorded from Horizon B are either
locally or totally extinct.
The Horizon D assemblage consists of large
and small-sized taxa that are extant, locally or
totally extinct. The small-sized faunas have
revealed a series of increasingly complex
terrestrial habitats, some that have not previously
been documented in the Pleistocene Darling
Downs. It appears that at the time of deposition of
Horizon D, a suite of habitats existed that
consisted of grasslands, open woodlands with
grassy understories, and scrubby vine-thicketed
habitats (Table 11). A scrubby vine thicketed
habitat is indicated predominantly by the diverse
land snail fauna. That interpretation is
additionally supported by the presence of
Kyarranus, a frog genus whose extant members
are restricted to dense understories and thickets.
Vine thickets are common on the Great Dividing
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Velesunio ambiguus

X

Corbicula (Cobiculina) australis

X

Thiara (Plotiopsis) balonnensis

X

Gyraulus gilberti*

X

Coencharopa sp.*

X

Gyrocochlea sp. 1*

X

Gyrocochlea sp. 2*
Austrocuccinea sp.*

open/ grassland

open woodland

colsed woodland

X
X

Xanthomelon pachystylum*

X

Strangesta sp.*

X

Saladelos sp.*

X

Teleost

scrubland

vine-thicket

species

freshwater

TABLE 11. Preferred and inferred habitat types of
extant and fossil taxa from Horizon D. (* Extinct on
Darling Downs; ** totally extinct).

X

X

X

X

Limnodynastes tasmaniensis

X

X

X

X

X

L. sp. cf. L. dumerili

X

X

X

X

X

?Limnodynastes

X

X

X

X

X

X

X

Neobatrachus sudelli*
Kyarranus sp.*
Chelid

X

X

X

Tympanocryptis “lineata”*

X

“Sphenomorphus Group” sp. 1

X

X

X

X

X

"Sphenomorphus Group” sp. 2

X

X

X

X

X

X

X

Tiliqua rugosa*

X

Cyclodomorphus sp.*
Varanus sp.

X

Megalania prisca**

X

Elapid

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Perameles bougainville*

X

X

Pe. nasuta

X

X

X

X

Sminthopsis sp.
Dasyurus sp.

X

Aepyprymnus sp

X

Macropus agilis siva**

X

M. titan**

X

X

Protemnodon anak**

X

X

Pr. brehus**

X

X

Pseudomys sp.*

X

X

X

X

X

Rattus sp.

X

X

X

X

X

Range today and support a similar land snail
fauna (J. Stanisic, pers. comm.). Additionally,
scrubby and closed habitats have previously been
suggested for late Pleistocene deposits of the

Kings Creek catchment (Price, 2004; Price et al.,
in press). Woodlands were likely to have been
open sclerophyll, interspersed with sparse grassy
understories. That interpretation is highlighted
by the presence of taxa such as Austrocuccinea
sp., Neobatrachus sudelli, Aepyprymnus sp., and
Macropus agilis siva. Grasslands were likely
dominated by large browsing macropods
including Macropus titan and Protemnodon spp.
Small agamid lizards such as Tympanocryptis
lineata probably occupied a similar open habitat,
utilizing the earth cracks within black soils.
There are few modern analogues to explain the
high habitat diversity indicated by the fauna
represented in the Horizon D assemblage.
However, considering the relatively constrained
sampling area of the Kings Creek palaeocatchment, it is unlikely that the diverse
QML1396 assemblage resulted from the
sampling of wide geographic areas outside the
immediate catchment area (i.e. by long distance
fluvial transport). Additionally, taphonomic data
indicates that while the assemblage was
hydraulically transported, the components were
unlikely to have been transported over long
distances. Collectively, those data suggest that a
mosaic of grassland, sclerophyllous woodlands,
and scrubby vine-thicketed habitats were present
within the geographically small Pleistocene
Kings Creek catchment. Non-analogue
associations of taxa (sensu Lundelius, 1989, as
‘disharmonious’ associations) from other sites in
the Kings Creek catchment (e.g. bandicoots from
QML796) support the hypothesis that a
vegetative mosaic of habitats was present during
the late Pleistocene (Price, 2004).
Comparison of such Pleistocene habitats to
those of the modern Kings Creek catchment is
difficult considering extensive pastoral activities
which have altered natural vegetation in the
region since the early 1840’s. Even where natural
remnant vegetation survives, its current structure
and floristics do not necessarily reflect its
pre-settlement character. However, a review of
over 5,000 land surveys from periods of the
initial settlement of the Darling Downs indicates
that the region surrounding the immediate area of
deposition of QML1396 was dominated by
grasslands, with Eucalyptus orgadophila
woodlands with grassy or shrubby understories
being found closer to the range (Fensham &
Fairfax, 1997). Based solely on the numbers of
different species representing the interpreted
Pleistocene habitats of QML1396, it is evident
that taxa indicating open grassland habitats are
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the minority, and that species favouring
woodlands and scrubby, vine thicketed habitats
dominate the assemblage (Tables 10 & 11). It is
hypothesised that the im m ediat e ar ea
surrounding the Pleistocene watercourse was
dominated by woodlands, scrublands and vine
thickets, and that open grasslands were situated
farther away from the creek. That interpretation
suggests that there must have been significant
environmental change between the time of
deposition of QML1396 and present, and that
would have reflected contraction of woodlands
and vine thickets closer to the range, and
expansion of grasslands in the catchment area.
Deposition of the QML1396 assemblage
occurred around the time of the extinction of the
Australian megafauna, i.e. ~46ka (Roberts et al.,
2001a). Hence, it is an extremely important
Pleistocene assemblage as it provides detailed
information about habitats and environments
during a critical period for Australian megafauna.
The two major hypotheses surrounding the
extinction of Australian megafauna are: 1) a
naturally driven climate change that coincided
with the last glacial maximum, and reduced
viable habitats for m egafauna, and 2)
anthropogenic overkill of megafauna or
modification of habitats during initial
colonisation of the continent during the late
Pleistocene (Martin & Klein, 1984; Diamond,
2001, Roberts et al., 2001a; Brook & Bowman,
2004; Barnosky et al., 2004; Wroe et al., 2004).
While there are num erous exam pl es
documenting increasing aridity and less fertile
habitats during the late Pleistocene (Ayliffe et al.,
1998; Bowler et al., 2001; Field et al., 2002; Pack
et al., 2003), there are very few examples linking
early human artifacts directly to megafauna
(Roberts et al., 2001a). One source of confusion
has been that important archaeological sites such
as Lake Mungo and Koonalda Cave have yielded
meager faunal data. Cuddie Springs, New South
Wales, is the only site in Australia that shows
evidence of a dated association between human
technology and megafauna (Dodson et al., 1993).
Fossil bone exhibiting human processing marks
were dated to 36-27 ka (Field & Dodson, 1999).
However, the association between the artifacts
and megafauna remains was questioned by
Roberts et al. (2001a) who suggested: 1) that
sediment mixing and re-deposition of bones from
older to younger units had occurred, and 2) the
cut marks on the bones relate to an extant species
of kangaroo. Although there is little systematic
evidence to suggest an anthropogenic component
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to Australian megafauna extinction, Flannery
(1990) argued that because of the rapid nature of
an overkill ‘blitzkrieg’ extinction, kill sites are
unlikely to be found. Additionally, timing the
arrival of the first humans and extinction of the
megafauna has been impeded by a lack of reliable
dates (Baynes, 1999; Diamond, 2001; O’Connell
& Allen, 2004). On the Darling Downs, there is
no evidence of human occupancy prior to 12ka
(Gill, 1978). From sedimentological and
ecological data, it is evident that increasing
aridity on the Darling Downs during the late
Pleistocene may have led to woodland and vine
thicket habitat contraction, and grassland
expansion on the floodplain. Such habitat change
was likely detrimental to the persistence of
megafauna species on the Darling Downs during
the late Pleistocene. However, at present there is
no direct evidence to support a hypothesis of an
anthropogenic component relating to the
retraction of habitats on the Darling Downs
between the Pleistocene and present.
CONCLUSIONS
Systematic collecting targeting both large and
small-sized species has facilitated the recovery of
a wide variety of fossil taxa, many previously
unknown in the Darling Downs fossil record.
First Pleistocene Darling Downs records include:
pulmonates (7 terrestrial species, 1 aquatic
species), Tympanocryptis “lineata”, scincids (4
species), and Sminthopsis sp. Additionally,
several of those new records indicate Pleistocene
geographic range extensions.
It has been assumed that the Pleistocene
Darling Downs represents a single local fauna
with no faunal regionalisation (Molnar & Kurz,
1997). That may appear to be true for larger
megafauna taxa, but the small-sized fossil faunas
are poorly known at most sites owing to the lack
of systematic treatment. Hence, additional
systematically collected and dated sites are
required to test the hypothesis proposed by
Molnar and Kurz (1997), that the Darling Downs
represents a single local fauna.
The habitats deduced for the time of deposition
of Horizon D appear to be more floristically
complex than that of Horizon B. However,
analysis of the Pleistocene channel deposits have
revealed several taphonomic biases relating to
the preservation of large- and small-sized taxa
within and between those horizons. Such biases
limit palaeoenvironmental comparisons between
those two units.
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It is evident that there was major habitat change
in the Kings Creek floodplain post-deposition of
the two major fossiliferous horizons at
QML1396. That habitat change likely reflected
the contraction of woodlands, vine thickets and
scrublands, and expansion of grasslands on the
floodplain. Sedimentological and ecological data
suggest that that habitat change was climatically
driven and occurred irrespective of potential
human occupation of the region during the late
Pleistocene.
ACKNOWLEDGMENTS
We thank Gregg Webb, Alex Cook, Liz Reed
and Troy Myers for valuable comments and
discussion on earlier drafts of this manuscript.
Bernie Cooke, Scott Hocknull, Liz Reed and
Brendan Brooke are thanked for helpful
discussions and comments on various aspects of
Darling Downs palaeoenvironments. Matthew
Ng, Ricky Bell, Philip Colquhon, Luke Shipton,
Kristin Spring, Trevor Sutton, Diane and Amy
Sobbe, and Desmond and Jennifer Price,
provided much needed support and assistance in
the collection and preparation of fossil material.
John Stanisic and Scott Hocknull provided
identifications for the molluscs and agamids
respectively. The AMS14C dating component of
the study at ANSTO was supported by grants
from AINSE (Grant no’s. 02-013 & 03-123). This
work was funded in part by both the Queensland
University of Technology and the Queensland
Museum.
LITERATURE CITED
ANDREWS, P. 1990. Owls, Caves and Fossils. (Natural
History Museum Publications. London).
APLIN, K.P. & ARCHER, M. 1987. Recent advances in
marsupial systematics with a new syncretic
classification, Pp. xv-1xxii in M. Archer (ed.),
Possums and Opossums: Studies in Evolution.
(Surrey, Beatty and Sons and the Royal
Zoological Society Society of New South Wales,
Sydney).
ARAKEL, A.V. 1982. Genesis of calcrete in Quaternary
soil profiles, Hutt and Leeman Lagoons, Western
Australia. Journal of Sedimentary Petrology.
52(1) 109-125.
ARAKEL, A.V. & MCCONCHIE, D. 1982.
Classification and genesis of calcrete and gypsite
lithofacies in paleodrainage systems of inland
Australia and their relationship to carnotite
mineralization. Journal of Sedimentary Petrology
52(4): 1149-1170.
ARCHER, M. 1976. Phascolarctid origins and the
potential of the selenodont molar in the evolution
of diprotodont marsupials. Memoirs of the
Queensland Museum 17(3): 367-371.

1977. Origins and subfamilial relationships of
Diprotodon (Diprotodontidae, Marsupialia).
Memoirs of the Queensland Museum 18(1): 37-39.
1978. Quaternary vertebrate faunas from the Texas
Caves of southeastern Queensland. Memoirs of
the Queensland Museum 19(1): 61-109.
1981. Results of the Archbold Expeditions. No.
104. Systematic revision of the marsupial
dasyurid genus Sminthopsis Thomas. Bulletin of
the American Museum of Natural History
168(2): 61-224.
ARCHER, M., & BARTHOLOMAI, A. 1978. Tertiary
mammals of Australia: a synoptic review.
Alcheringa 2: 1-19.
ARCHER, M. & HAND, S. 1984. Background to the
search for Australia’s oldest mammals. Pp. 517-565.
In Archer, M. & Clayton, G. (eds), Vertebrate
Zoogeography and Evolution in Australia.
(Hesperian Press: Carlisle, Western Australia).
AYLIFFE, L.K., MARIANELLI, P.C., MORIARTY,
K.C., WELLS, R.T., MCCOLLUCH, M.T.,
MORTIMER, G.E. & HELLSTROM, J.C. 1998.
500 ka precipitation record from southeastern
Australia: Evidence for interglacial relative
aridity. Geology 26(2): 147-150.
BARNOSKY, A.D., KOCH, P.L., FERANEC, R.S.,
WING, S.L. & SHABEL, A.B. 2004. Assessing
the causes of Pleistocene extinctions on the
continents. Science. 306: 70-75.
BARTHOLOMAI, A. 1967. Troposodon, a new genus
of fossil Macropodinae (Marsupialia). Memoirs
of the Queensland Museum 15(1): 21-34.
1970. The extinct genus Procoptodon Owen
(Marsupialia; Macropodidae) in Queensland.
Memoirs of the Queensland Museum 15(4):
213-234.
1973. The genus Protemnodon Owen (Marsupialia;
Macropodidae) in the upper Cainozoic deposits
of Queensland. Memoirs of the Queensland
Museum 16(3): 309-363.
1975. The genus Macropus Shaw (Marsupialia;
Macropodidae) in the upper Cainozoic deposits
of Queensland. Memoirs of the Queensland
Museum 17(2): 195-235.
1976. Notes on the fossiliferous Pleistocene
fluviatile deposits of the eastern Darling Downs.
Bureau of Mineral Resources, Geology and
Geophysics, Bulletin 166: 153-154.
BAYNES, A. 1999. The absolutely last remake of Beau
Geste: yet another review of the Australian
megafaunal radiocarbon dates. Records of the
Western Australian Museum, Supplement No. 57:
391.
BECK, H.H. 1837. Index Molluscorum Praesentis Aevi
Musei Principis Augustissimi Christiani
Frederici. Hafniae. Beck Vol. 1 pp. 1-100.
BEESLEY, P.L., ROSS, G.J.B. & WELLS, A. 1998.
Mollusca: The Southern Synthesis. Fauna of
Australia. Vol. 5. (CSIRO Publishing: Melbourne).
BEHRENSMEYER, A.K. 1975. The taphonomy and
paleoecology of Plio-Pleistocene vertebrate

DARLING DOWNS PALAEOECOLOGY

assemblages cast of Lake Rudolf, Kenya. Bulletin
of the Museum of Comparative Zoology 146:
473-578.
1978. Taphonomic and ecologic information from
bone weathering. Paleobiology 4: 150-162.
BELL, H.M. 1973. The ecology of three macropod
marsupial species in an area of open forest and
savannah woodland in north Queensland,
Australia. Mammalia 37: 527-544.
BENNETT, G.F. 1876. Notes on rambles in search of
fossils on the Darling Downs. (Government
Printer: Canberra).
BOIE, F. 1827. Bemerkungen über Merrem’s Versuch
eines Systems der Amphibien. 1ste Lieferung:
Ophidier - Isis, oder Encyclopädische Zeitung
von Oken, 20 (6): columns 508-566.
BONAPARTE, C.L.J.L. 1838. Synopsis vertebratorum
systematis. Nuovi Annali delle Scienze Naturali,
Bologna 2(1): 105-133.
BOWLER, J.M., WYRWOLL, K.H. & LU, Y. 2001.
Variations of the northwest Australian summer
monsoon over the last 300,000 years: the
paleohydrological record of the Gregory (Mulan)
Lakes System. Quaternary International 83-85:
63-80.
BRITTON, J.C. & MORTON, B. 1982. A dissection
guide, field and laboratory manual for the
introduced bivalve Corbicula fluminea.
Malacologia Review Supplement 3:1-82.
BROOK, B.W. & BOWMAN, D.M.J.S. 2002.
Explaining the Pleistocene megafaunal
extinctions: models, chronologies, and
assumptions. Proceedings of the National
Academy of Sciences of the United States of
America 99(23): 14624-14627.
2004. The uncertain blitzkrieg of Pleistocene
megafauna. Journal of Biogeography. 31:
517-523.
BROT, A. 1874. Die Melaniaceen (Melanidae) in
Abbildungen nach der Natur. Pp. 1-32 in Küster,
H.C. (ed), Martini, F.W. & Chemnitz, J.H.
Systematiches Conchylien-Cabinet. (Bauer &
Raspe Bd 1 Abt. 24, Nürnberg).
BROWN, D.S. 1981. Observations of the Planorbinae
from Australia and New Guinea. Journal of the
Malacological Society of Australia 5: 67-80.
CHARPENTIER, J. de. 1837. Catalogue des mollusque
terrestres et fluviatiles de la Suisse. Neue
Denkschr. Allg. Schweiz. Ges. Naturw. 1(2): 1-28.
COGGER, H.G. 2000. Reptiles and Amphibians of
Australia, 6th Edition. (Reed Books, Australia).
CONRAD, R.A. 1850. Descriptions of new species of
freshwater shells. Proceedings of the Natural
Sciences Philadelphia 5: 10-11.
COVACEVICH, J.A& COUPER, P.J. 1991. The reptile
records. Pp. 45-140. In Ingram, G.J. & Raven, R.J.
(eds), An atlas of Queensland’s frogs, reptiles,
birds and mammals. (Queensland Museum: Brisbane).
COVACEVICH, J.A. & EASTON, A. 1974. Rats and
mice in Queensland. (Queensland Museum:
Brisbane).

197

CUVIER, G.L.C.F.D. 1837. In Geoffroy (Saint-Hilaire),
É. & Cuvier, F. Histoire Naturelle des
Mammifères, avec figures originales, coloriées,
dessinées d’après des animaux vivants. Volume
quatrième. Livr. 70. (Blaise, Paris: France).
DALL, W.H. 1903. Contributions to the Tertiary fauna
of Florida, with special reference to the Silex beds
of Tampa and the Pliocene beds of the
Caloosahatchie River, including in many cases, a
complete revision of the generic groups treated
and their American Tertiary species. Transactions
of the Wagner Free Institute of Sciences
Philadelphia. 3: 1219-1654.
DENNIS, A.J. & JOHNSTON, P.M. 1995. Rufous
Bettong. Pp 285-287. In Strahan, R. (ed.) The
Mammals of Australia (New Holland Publishers:
Australia).
DESHAYES, G.P. 1830. Encyclopédie Méthodique.
Historie naturelle des vers. Paris. Agasse 2: 1-136.
DE VIS, C.W. 1895. A review of the fossil jaws of the
Macropodidae in the Queensland Museum.
Proceedings of the Linnean Society of New South
Wales 10: 75-133.
DIAMOND, J.M. 2001. Australia’s last giants. Nature
411: 755-757.
DIXON, J.M. 1989. Thylacinidae. Pp. 549-559. In
Walton, D.W. & Richardson, B.J. (eds.) Fauna of
Australia. Mammalia Vol. 1B. (Australian
Government Publishing Service: Canberra).
DODSON, J., FULLAGAR, R., FURBY, J., JONES, R.
& PROSSER, I. 1993. Humans and megafauna in
a late Pleistocene environment from Cuddie
Springs, north western New South Wales.
Archaeology in Oceania 28: 94-99.
DODSON, P. 1973. The significance of small bones in
paleoecological interpretation. Contributions to
Geology, University of Wyoming 12(1): 15-19.
DUNKER, A.G. 1848. Diagnoses specirum novarum
generis Planorbis collection is Cumingianae.
Proceedings of the Royal Society of London
1848: 40-43.
ERICKSON, G. M., DE RICQLÈS, A., DE
BUFFRÉNIL, V., MOLNAR, R.E. & BAYLESS,
M.A. 2003. Vermiform bones and the evolution of
gigantism in Megalania-how a reptilian fox
became a lion. Journal of Vertebrate Paleontology
23: 966-970.
FENSHAM, R.J. & FAIRFAX, R.J. 1997. The use of
the land survey record to reconstruct
pre-European vegetation patterns of the Darling
Downs, Queensland, Australia. Journal of
Biogeography 24: 827-836.
FIELD, J.H. & DODSON, J.R. 1999 Cuddie Springs,
New South Wales- revisited. Proceedings of the
Prehistorical Society 65: 275.
FIELD, J.H., DODSON, J.R. & PROSSER, I.P. 2002. A
Late Pleistocene vegetation history from the
Australian semi-arid zone. Quaternary Science
Reviews 21: 1023-1037.
FIELD, J., & FULLAGER, R. 2001. Archaeology and
Australian Megafauna. Science 294(5540): 7.

198

MEMOIRS OF THE QUEENSLAND MUSEUM

FISCHER, G. 1803. Das Nationalmuseum der
Naturgeschichte zu Paris. Von seinem ersten
Ursprunge bis zu seinem jetzigen Glanze. Zweiter
Band. (Schilderung der naturhistorischen
Sammlungen. Frankfurt am Main).
FITZINGER, L.J. 1843. Systema Reptilium. Vienna.
Braümüller u. Seidel vi.
FLANNERY, T.F. 1990. Pleistocene faunal loss:
implications of the aftershock for Australia’s past
and future. Archaeology in Oceania 25(2) 45-55.
FLANNERY, T.F. & ARCHER, M. 1983. Revision of
the genus Troposodon Bartholomai
(Macropodidae: Marsupialia). Alcheringa 7(4):
263-279.
FREEDMAN, L. 1967. Skull and tooth variation in the
genus Perameles. Part I: Anatomical features.
Records of the Australian Museum 27: 147-166.
FRIEND, J.A. & BURBIDGE, A.A. 1995. Western
barred bandicoot. Pp 178-180. In Strahan, R. (ed.)
The Mammals of Australia. (New Holland
Publishers: Australia).
GAFFNEY, E.S. 1981. A review of the fossil turtles of
Australia. American Museum Novitates 2720:
1-38.
GARROD, A.H. 1875. On the kangaroo called
Halmaturus luctuosus by D’Albertis and its
affinities. Proceedings of the Zoological Society
of London 1875. 48-59.
GEOFFROY (SAINT-HILAIRE), É. 1796.
Dissertation sur les animaux à bourse. Mag.
Encycl. 3(12): 445-472.
1804. Mémoire sur un nouveau genre de
mammifères à bourse, nommè Péramèles.
Annales de la Musée Natioanl d’ Histoire
Naturelle de Paris 4: 56-64.
GILL, E.D. 1978. Geology of the late Pleistocene Talgai
cranium from S. E. Queensland, Australia.
Archaeology and Physical Anthropology in
Oceania 13: 177-197.
GILL, T. 1872. Arrangement of the families of
mammals with analytical table. Smithsonian
Miscellaneous Collection 2: I-VI, 1-98.
GLASBY, C. J., ROSS, G.J.B. & BEESLEY, P.L. 1993.
Fauna of Australia. Vol. 2AAmphibia and reptilia.
Viii 439pp. (Australian Government Publishing
Service: Canberra).
GLAUERT, L. 1926. A list of Western Australian fossil.
Supplement No. 1. Bulletin of the Geological
Survey of Western Australia 88: 36-77.
GOLDFUSS, G.A. 1820. Handbuch der Zoologie. J. L.
Schrag, Nürnberg.
GRAY, J.E. 1821. On the natural arrangement of
vertebrose animals. London Medical Repository
15(1): 296-310.
GRAY, J.E. 1825a. A synopsis of the genera of reptiles
and Amphibia, with a description of some new
species. Annals of Philosophy 10: 193-217.
GRAY, J.E. 1825b. Outline of an attempt at the
disposition of the Mammalia into tribes and
families with a list of the genera apparently

appertaining to each tribe. Annals of Philosophy
10(2): 337-344.
1832. Characters of a new genus of Mammalia, and
of a new genus and two new species of lizards,
from New Holland. Proceedings of the
Zoological Society of London 1832: 39-40.
1847. A list of the genera of recent Mollusca, their
synonyma and types. Proceedings of the
Zoological Society of London 15: 129-219.
GREER, A.E. 1979. A phylogenetic subdivision of
Australian skinks. Records of the Australian
Museum 32: 339-371.
1989. The biology and evolution of australian
lizards. (Surrey, Beatty and Sons: Chipping
Norton).
GÜNTHER, A. 1858. Catalogue of the Batrachia
Salientia in the collection of the British Museum.
(British Museum: London).
HARDWICKE, M.G. & J.E. GRAY. 1827. A Synopsis
of the Species of Saurian Reptiles, collected in
India by Major-General Hardwicke. Zoological
Journal (London) 3: 213-229.
HARRIS, G.P. 1808. Description of two new species of
Didelphis from Van Diemens’s Land.
Transactions of the Linnean Society of London 9:
174-178.
HECHT, M. 1975. The morphology and relationships of
the largest known terrestrial lizard, Megalania
prisca Owen, from the Pleistocene of Australia.
Proceedings of the Royal Society of Victoria 87:
239-250.
HEDLEY, C. 1924. Some notes on Australian shells.
Australian Zoology 3: 215-222.
HOCKNULL, S.A. 2002. Comparative maxillary and
dentary morphology of the Australian dragons
(Agamidae: Squamata): A framework for fossil
identification. Memoirs of the Queensland
Museum 48(1): 125-145.
HUTCHINSON, M.N. 1993. Family Scincidae. Pp
261-279. In Glasby, C.J., Ross, G.J.B. & Beesley,
P.L. (eds.) Fauna of Australia. Vol. 2a Amphibia
and Reptilia. (Australian Publishing Service,
Canberra).
HUTTON, F.W. 1884. Revision of the land Mollusca of
New Zealand. Transactions of the New Zealand
Institute XVI: 186-212.
HUXLEY, T.H. 1880. On the Application of the laws of
evolution to the arrangement of the Vertebrata,
and more particularly of the Mammalia.
Proceedings of the Zoological Society of London
649-662.
ILLIGER, C. 1811. Prodromus systematis mammalium
et avium additis terminus zoographics utriudque
classis. (C. Salfeld, Berlin) I-xviii, 1-301.
INGRAM, G.J. & LONGMORE, N.W. 1991. The frog
records. Pp. 16-44. In Ingram, G.J. & Raven, R.J.
(eds), An atlas of Queensland’s frogs, reptiles,
birds and mammals. (Queensland Museum:
Brisbane).

DARLING DOWNS PALAEOECOLOGY

IREDALE, T. 1933. Systematic notes on Australian
land shells. Records of the Australian Museum
19: 37-59.
1934. The freshwater mussels of Australia.
Australian Zoologist. 8: 57-58.
1937. A basic list of the land Mollusca of Australia.
Australian Zoologist. 8: 237-333.
JOHNSON, C.N & PRIDEAUX, G.J. 2004. Extinctions
of herbivorous mammals in the late Pleistocene of
Australia in relation to their feeding ecology: no
evidence for environmental change as cause of
extinction. Austral Ecology. 29: 553-557.
JONES, B. & BAYNES, A. 1989. Illustrated keys to
Australian Mammalia to generic level. Pp.
1075-1171, In Walton, D.W. & Richardson, B.J.
(eds) Fauna of Australia. Mammalia Vol. 1B..
Canberra. (Australian Government Publishing
Service: Canberra)
JONES, M. 1995. Tasmanian devil. Pp. 82-84, In
Strahan, R. (ed.) The mammals of Australia. (New
Holland Publishers: Australia).
KEAR, B.P., HAMILTON-BRUCE, R.J., SMITH, B.J.
& GOWLETT-HOLMES, K.L. 2003.
Reassessment of Australia’s oldest freshwater
snail, Viviparus (?) albascopularis Etheridge,
1902 (Mollusca: Gastropoda: Viviparidae), from
the Lower Cretaceous (Aptian, Wallumbilla
Formation) of White Cliffs, New South Wales.
Molluscan Research 23: 149-158.
KNOX, E. 1976. Upper molar alveolar patterns of some
muridae in Queensland and Papua New Guinea.
Memoirs of the Queensland Museum. 17:
457-459.
KOS, A.M. 2003. Characterisation of post-depositional
taphonomic processes in the accumulation of
mammals in a pitfall cave deposit from
southeastern Australia. Journal of Archaeological
Science 30: 781-796.
LAMB, J. 1911. Description of three new batrachians
from southern Queensland. Annals of the
Queensland Museum 10: 26-28.
LAMPRELL, K. & HEALY, J. 1998. Bivalves of
Australia. (Backhuys Publishers: Leiden).
LAWSON, E.M., ELLIOT, G., FALLON, J., FINK, D.,
HOTCHKIS, M.A.C., HUA, Q., JACOBSEN,
G.E., LEE, P., SMITH, A.M., TUNIZ, C. &
ZOPPI, U. 2000. AMS at ANTARES- the first 10
years. Nuclear Instruments and Methods in
Physics Research Section B: Beam interactions
with Materials and Atoms 172: 95-99.
LONG, J. & MACKNESS, B. 1994. Studies of the late
Cainozoic diprotodontid marsupials of Australia.
4. The Bacchus Marsh diprotodons- Geology,
sedimentology and taphonomy. Records of the
South Australia Museum 27(2): 95-110.
LUCKETT, W.P. 1993. An ontogenetic assessment of
dental homologies in therian mammals. Pp.
182-204 in Szalay, F.S., Novacek, M.J. &
McKenna, M.C. (eds) Mammal phylogeny,
Volume 1. (Springer-Verlag: New York).

199

LUDBROOK, N.H. 1978. Quaternary molluscs of the
western part of the Eucla Basin. Bulletin of the
Geological Survey of Western Australia 125:
1-286.
1984. Quaternary molluscs of South Australia.
Department of South Australia. Department of
Mines and Energy, South Australia. Handbook
no. 9.
LUNDELIUS, E.L. Jr. 1989. The implications of
disharmonious assemblages for Pleistocene
extinctions. Journal of Archaeological Science.
16: 407-417.
LYDEKKER, R. 1888. Catalogue of fossil reptilia and
amphibia in the British Museum (Natural
History). Part 1.
MACINTOSH, N.W.G., 1967. Fossil man in Australia.
Australian Journal of Science 30: 86-98.
MARTENS, E.C. von. 1861. Nachträge. Pp. 174. In
Albers, J.C. (ed.) Die Heliceen, nach natürlicher
Verwandtshaft systematisch geordnet. 2. Ausgabe
herausgegeben von E. von Martens. (Wilhelm
Engelman: Leipzig).
MARTIN, P.S. & KLEIN, R.G. (Eds.) 1984. Quaternary
Extinctions: A Prehistoric Revolution.
(University of Arizona Press: Tucson).
MCMICHAEL, D.F. 1968. Non-marine Mollusca from
Tertiary rocks in northern Australia. Bulletin of
the Bureau of Mineral Resources, Geology and
Geophysics, Australia 80: 133-157.
MERREM, B. 1820. Versuch eines Sytems Amphibien.
Tentamen systematis Amphibiorum. (Krieger:
Marburg).
MOLNAR, R.E. 1990. New cranial elements of a giant
varanid from Queensland. Memoirs of the
Queensland Museum 29: 437-444.
MOLNAR, R.E., & KURZ, C. 1997. The distribution of
Pleistocene vertebrates on the eastern Darling
Downs, based on the Queensland Museum
collections. Proceedings of the Linnean Society of
New South Wales 117: 107-133.
MOORE, J.A. 1958. A genus and species of
leptodactylid frog from Australia. American
Museum Novitates 1919: 1-7.
MÜLLER, J. 1846. On the structure and characters of
the ganoidei, and the natural classification of fish.
Scientific Memoirs 4: 499-552.
MÜHLFELD, J.K.M. von. 1846. Entwurf eines neuen
system’s der schaltiergeha..se. Magazine Ges.
Naturf. Freunde Berline. 5: 38-72.
MURRAY, P.F. 1984. Extinctions downunder: A
bestiary of extinct Australian Late Pleistocene
monotremes and marsupials. Pp. 600-628. In
Martin, P. S. & Klein, R. G. (eds.), Quaternary
extinctions. (The University of Arizona Press:
Tuscon).
O’CONNELL, J.F. & ALLEN, J. 2004. Dating the
colonization of Sahul (Pleistocene Australia–New
Guinea): a review of recent research. Journal of
Archaeological Science 31: 835–853.
ORTMANN, A.E. 1910. A new system of the
Unionidae. Nautilis 23: 114-120.

200

MEMOIRS OF THE QUEENSLAND MUSEUM

QUOY, J.R.C. & GAIMARD, J.P. 1824. Volage de
l’Uranie- Zoologie: 56. In Voyage Autor du
Monde. Freycinet, L. D. Chez (ed.), Pillet Aine,
Imprimeur-Libraire: Paris
OWEN, R. 1838. Fossil mammal remains from
Wellington Valley, Australia. Marsupialia. Pp.
359-369, Appendix to Mitchell, T. L. Three
expeditions into the interior of eastern Australia,
with descriptions of the recently explored region
of Australia Felix, and of the present colony of
New South Wales. (T. & W. Boone: London). 2.
1 8 5 8 . Odont ol ogy. Te e t h of m a m m a l s .
Encyclopedia Britannica, or dictionary of arts,
sciences, and general literature, 8th edition.
1860. Description of some remains of a gigantic
land-lizard (Megalania prisca) from Australia.
Philosophical Transactions of the Royal Society
1860: 45-46.
1874. On the fossil mammals of Australia, part
VIII. Family Macropodidae: genera Macropus,
Osphranter, Phascolagus, Sthenurus and
Protemnodon. Philosophical Transactions of the
Royal Society 164: 245-287.
1877a. Researches on the fossil remains of the
extinct mammals of Australia; with a notice of
the extinct marsupials of England. (J. Erxlebe:,
England).
1877b. On a new species of Sthenurus, with
remarks on the relation of the genus to Dorcopsis,
Müller. Proceedings of the Scientific Meetings of
the Zoological Society of London 1877:
352-361.
PACK, S.M., MILLER, G.H., FOGEL, M.L. &
SPOONER, N.A. 2003. Carbon isotopic evidence
for increased aridity in northwestern Australia
through the Quaternary. Quaternary Science
Reviews 22: 629-643.
PETERS, W., 1863. Übersicht der von Hrn. Richard
Schomburgkan das zoologishe museum
eingesandten Amphibien, aus Buchstelde bei
Adelaide in Südaustralien. Monatsberichte der
königlichen preussichen Akademie der
Wissenshaftenzu Berlin 1863: 228-236
PFEIFFER, L. 1845. Descriptions of twenty-two new
species of Helix, from the collections of Miss
Saul, Mr Walton Esq., and H. Cuming, Esq.
Proceedings of the Zoological Society of London
1845: 71-75.
PHILIPPI, R.A. 1847. Abbildungen und
Beschriebungen neuer oder wenig gekannter
Conchylien. Cassel. theodor Fischer 3: 1-50.
PILSBRY, H.A. 1895. In Tryon, G.W. & Pilsbry, H.A.
Manual of Conchology. Conchological Section,
Academy of Natural Sciences Philadelphia.
Series 2 Vol. 8.
PLEDGE, N.S. 1990. The upper fossil fauna of the
Henshke Fossil Cave, Naracoorte, South
Australia. Memoirs of the Queensland Museum
28(1) 247-262.
PRICE, G.J. 2002. Perameles sobbei sp. nov.
(Marsupialia, Peramelidae), a Pleistocene

bandicoot from the Darling Downs, south-eastern
Queensland. Memoirs of the Queensland
Museum 48(1): 193-197.
2004. Fossil bandicoots (Marsupialia,
Peramelidae) and environmental change during
the Pleistocene on the Darling Downs,
southeastern Queensland, Australia. Journal of
Systematic Palaeontology 2: 347-356.
PRICE, G.J., TYLER, M.J. & COOKE, B.N. in press.
Pleistocene frogs from the Darling Downs,
southeastern Queensland, Australia, and their
palaeoenvironmental significance. Alcheringa.
PRIDEAUX, G.J. 2004. Systematics and evolution of
the Sthenurine kangaroos. University of
California Publications in Geological Sciences
146: 1-623.
QUOY, J.R.C. & GAIMARD, J.P. 1824. Zoologie: P.
56, in Voyage autour du Monde. Freycinet, L.C.,
de (ed.), Pillet Ainé, Imprimeur-Libraire: Paris.
RAFINESQUE, C.S. 1815. Analyse de la Nature, ou
Tableau de l’Univers et des Corps Organises.
Palermo.
RAPSON, D.J. 1990. Pattern and process in intra-site
spatial analysis: site structural and faunal research
at the Bugas-Holding Site. PhD dissertation,
University of New Mexico, Albuquerque.
(University Microfilms International: Ann Arbor).
RIDE, W.D.L. 1964. A review of Australian fossil
marsupials. Journal of the Royal Society of
Western Australia 47: 97-131.
RIDE, W.D.L. & DAVIS, A.C. 1997. Origins and
setting: mammal Quaternary palaeontology in the
Eastern Highlands of New South Wales 117:
197-222.
ROBERTS, R.G., FLANNERY, T.F., AYLIFFE, L.K.,
YOSHIDA, H., OLLEY, J.M., PRIDEAUX, G.J.,
LASLETT, G.M., BAYNES, A., SMITH, M.A.,
JONES, R. & SMITH, B.L. 2001a. New ages for
the last Australian megafauna: Continent-wide
extinction about 46,000 years ago. Science
292(5523): 1888-1892.
2001b. Archaeology and Australian megafauna:
response. Science 194(5540): 7.
SCHLEGEL, H. 1850. Description of a new genus of
batrachians from Swann River. Proceedings of the
Linnean Society of London 18: 9-10.
SHEA, G.M. 1990. The genera Tiliqua and
Cyclodomorphus (Lacertilia: Scincidae): generic
diagnoses and systematic relationships. Memoirs
of the Queensland Museum 29: 495-520.
SHELDON, F. & WALKER, K.F. 1989. Effects of
hypoxia on oxygen consumption by two species
of freshwater mussel (Unionacea: Hyriidae) from
the River Murray (Australia). Australian Journal
of Marine and Freshwater Research 40(5):
491-500.
SMITH, B.J. & KERSHAW, R.C. 1979. Field guide to
the non-marine molluscs of south-eastern
Australia. (A.N.U. Press: Canberra).
SMITH, M.J. 1972. Small fossil vertebrates from
Victoria Cave, Naracoorte, South Australia. II.

DARLING DOWNS PALAEOECOLOGY

Peramelidae, Thylacindae and Dasyuridae
(Marsupialia). Transactions of the Royal Society
of South Australia 96: 125-137.
1976. Small fossil vertebrates from Victoria Cave,
Naracoorte, South Australia. IV. Reptiles.
Transactions of the Royal Society of South
Australia 100: 39-51.
SOBBE, I.H. 1990. Devils on the Darling Downs- the
tooth mark record. Memoirs of the Queensland
Museum 27(2): 299-322.
SOLEM, A. 1979. Camaenid land snails from western
and central Australia (Mollusca: Pulmonata:
Camaenidae) I. Taxa with trans-Australian
distribution. Records of Western Australian
Museum Supplement 10: 5-142
1993. Camaenid land snails from western and
central Australia (Mollusca: Pulmonata:
Camaenidae). VI. Taxa from the red centre.
Records of the Western Australian Museum,
Supplement 43: 983-1459.
STANISIC, J. 1990. Systematics and biogeography of
eastern Australian Charopidae (Mollusca,
Pulmonata) from subtropical rainforests.
Memoirs of the Queensland Museum 30: 1-241.
STRAHAN, R. 1995. The mammals of Australia. (New
Holland Publishers: Australia).
STODDART, E. 1995. Long-nosed bandicoot. pp.
184-185. in Strahan, R. (ed.) The Mammals of
Australia. (New Holland Publishers, Australia).
STUIVER, M. & POLACH, A. 1977. Reporting of 14C
data. Radiocarbon 19(3): 355-363.
TATE, G.H.H. 1948. Studies on the anatomy and
phylogeny of the Macropodidae (Marsupialia).
Results of the Archbold Expeditions, No. 59.
Bulletin of the American Museum of Natural
History 91: 237-351.
TEMMINCK, C.J. 1824. Sur le genre SarigueDidelphis (Linn.) and Sur les mammifères du
genre Dasyure, et sur deux genres voisins, les
Thylacynes et les Phascologales. Pp. 21-54 &
55-72, in Temmnick C.J. 1814-1827.
Monographies de Mammalogie, ou description de
quelques genres de mammifères dont les espèces
ont été observées dabs les différens musées de
l’Europe. Ouvrage accinoagné de planches
d’Ostéologie, pouvant server de suite et de
complément aux notices sur les animaux vivans,
publiées par M. le Baron G. Cuvier, dans
recherches sur les ossemens fossils. (G. Dufour et
E. D’Ocagne Tom.: Paris).
THOMAS, O. 1887. On the specimens of Phascologale
in the Museo Cicica, Genoa, with notes on the
allied species of the genus. Annali del Museo
Civico di Storia Naturale di Genova 4: 502-511.
TROSCHEL, F. H. 1856-63. Das Gebiß der Schnecken
zur Begründung einer natürlichen Classifikation.
Nicolaische Verlagsbuchhandlung Berlin 1:
1-252.
TRUEB, L. 1973. Evolutionary biology of anurans. In
Vial, J.L. (ed.), Contemporary research on major

201

problems. (University of Missouri Press:
Columbia).
TYLER, M.J. 1976. Comparative osteology of the
pelvic girdle of Australian frogs and description of
a new fossil genus. Transactions of the Royal
Society of South Australia.
1990. Limnodynastes Fitzinger (Anura:
Leptodactylidae) from the Cainozoic of
Queensland. Memoirs of the Queensland
Museum 28(2): 779-784.
1991. Kyarranus Moore (Anura, Leptodactylidae)
from the Cainozoic of Queensland. Proceedings
of the Royal Society of Victoria103(1): 47-51.
VAN DYCK, S.M. & LONGMORE, N.W. 1991. The
mammals records. Pp. 284-336, In Ingram, G.J. &
Raven, R.J. (eds.), An Atlas of Queensland’s
Frogs, Reptiles, Birds and Mammals. (Board of
Trustees of the Queensland Museum, Brisbane).
VOORHIES, M.R. 1969. Taphonomy and population
dynamics of an early Pliocene vertebrate fauna,
Knox County, Nebraska. Contributions to
Geology, University of Wyoming Special paper
No. 1: 1-69.
WATERHOUSE, G.R. 1838. Catalogue of the
Mammalia Preserved in the Museum of the
Zoological Society. 2nd Edition. (Richard & John
Taylor: London).
WELLS, R.T., HORTON, D.R. & ROGERS, P. 1982.
Thylacoleo carnifex Owen (Thylacoleonidae):
marsupial carnivore? Pp. 573-586. In Archer, M.
(ed.) Carnivorous Marsupials. Vol. 2. (Surrey
Beatty & Sons: Chipping Norton).
WENTWORTH, C.K. 1922. A scale of grade and class
terms for clastic sediments. Journal of Geology
30: 377-392.
WILKINSON, J. 1995. Fossil record of a varanid from
the Darling Downs, southeastern Queensland.
Memoirs of the Queensland Museum 38: 92.
WITHERS, P.C. & O’SHEA, J.E. 1993. Morphology
and Physiology of the Squamata. Pp 172-196. In
Glasby, C.J., Ross, G.J.B. & Beesley, P.L. (eds).
Fauna of Australia. Vol 2A Amphibia and reptilia.
(Australian Government Publishing Service:
Canberra).
WOODS, J.T. 1960. Fossiliferous fluviatile and cave
deposits. Pp. 393-403. In Hill, D. & Denmead
A.K. (eds) The Geology of Queensland. Journal of
the Geological Society of Queensland.
WROE, S., FIELD, J., FULLAGAR, R., & JERMIIN,
L. 2004. Late Quaternary extinctions of
megafauna and the global overkill hypothesis.
Alcheringa 28: 291-331.
WROE, S., MYERS, T.J., WELLS, R.T. &
GILLESPIE, A. 1999. Estimating the weight of
the Pleistocene marsupial lion, Thylacoleo
carnifex (Thylacoleonidae : Marsupialia):
implications for the ecomorphology of a
marsupial super-predator and hypotheses of
impoverishment of Australian marsupial
carnivore faunas. Australian Journal of Zoology
47: 489-498.

