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AUSTRALIA’S OLDEST CROCODILE EGGSHELLS
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ABSTRACT

Mekosuchine crocodiles were a significant clade of endemic predators
from Australia during the Cenozoic. Despite there is an abundant skeletal
fossil record of this group, there has been no fossil evidence relating to
their reproductive biology. Here, we describe Australia’s oldest crocodyl-
ian eggshells from the early Eocene Tingamarra Local Fauna from Murgon
(Australia). These eggshells are tentatively attributed to the genus Kambara,
copious in the Tingamarra deposits and being the only crocodylian genus
described in the area.

Keywords: Cascaras de huevo, Mekosuchinae, Eoceno, Australia, Bi-
ologia reproductiva.

1. INTRODUCTION

Mekosuchine crocodilians were the predominant predators among other
terrestrial species throughout most of the Cenozoic era in Australia. Their
decline commenced around the middle Pliocene with the arrival of crocodyl-
ines and gavialoids, although both groups coexisted during the Pliocene and
up to the late Pleistocene (Willis, 1997; Mead et al., 2002). This indigenous
group of foundational crocodylians (Rio & Mannion, 2021) underwent a suc-
cessful radiation during the late Oligocene and early Miocene, manifesting
in various forms such as ziphodont mekosuchine crocodiles like Quinkana
spp. (Molnar, 1981; Willis & Mackness, 1996; Wroe, 2002; Sobbe et al., 2013)
and semi-terrestrial, semi-arboreal mekosuchines like species of Trilophosu-
chus (Willis, 1993; Mead et al., 2002). In the Quaternary, they colonised sever-
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al South Pacific islands, including New Zealand, Vanuatu, and New Caledonia
(Scanlon, 2014). Mekosuchines became extinct during the Late Pleistocene
mainly from climatic changes, habitat degradation and/or trophic collapse
and to a lesser extent predation from humans (Ristevski et al. 2023).

The earliest mekosuchine records were unearthed at the early Eocene
Tingamarra Local Fauna in Murgon, (Salisbury & Willis, 1996). Abundant
cranial and postcranial elements of two mekosuchine species, Kambara
murgonensis (Willis et al., 1993), and Kambara implexidens (Salisbury &
Willis, 1996), along with hatchling-sized skeletal elements and eggshells,
were discovered at this site (Salisbury & Willis, 1996). This study describes
the first mekosuchine eggshells, the oldest found in Australia.

2. GEOGRAPHICAL AND GEOLOGICAL SETTING

The Tingamarra deposits are located near Murgon, approximately
270 km northwest of Brisbane, Queensland, Australia They are part of the
100-meter-thick Oakdale Sandstone Formation (Murphy et al., 1976; Cran-
field et al., 2001), consist of green lacustrine clays and muds deposited
during the early Eocene (54.6 + 0.5 Ma) in a lake and/or swamp environ-
ment (Godthelp et al., 1992; Salisbury & Willis, 1996).
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Figure 1. Geographic and geological location of the Tingamarra Local Fauna — Murgon site
(Queensland, Australia).

niim. 42 (2024), pp. 161-166

Zubia| 00N 0213-4306




AUSTRALIA’S OLDEST CROCODILE EGGSHELLS

The Tingamarra deposits features a distinctive assemblage predating the
final breakup of Gondwana, including Australia’s oldest marsupials, frogs,
madtsoiid snakes, non-marine birds (including the world’s oldest songbirds),
the Southern Hemisphere’s oldest bat, an archaic condylarth-like eutherian
mammal, trionychid turtles, and the earliest record of mekosuchine croco-
dylians (Godthelp et al., 1992; Cook et al., 2013).

3. METHODS

The 13 fossil eggshells examined in the present work were originally
collected by the School of Biological, Earth and Environmental Science, Uni-
versity of New South Wales (Australia) during the 1990s expeditions, from
screen-washing off the Tingamarra clay, and were stored at the University of
New South Wales (Godthelp et al., 1992; Long et al., 2002; Cook et al., 2013).

The eggshells were cut in standard petrographic radial thin-sections
(30 microns in thickness). The ultra, micro, and macro features of a single
eggshell were captured from the petrographic thin sections under DSX1000
polarised using a light Digital Microscope and from and a single eggshell
under a Hitachi S-3500N Scanning Electron Microscope (SEM) (Mikhailov,
1997). Morphometric ranges of standard microstructural eggshell characters
(Mikhailov, 1997) were obtained from polarised light and petrographic cali-
brated pictures with Image]J software (Rasband, 1997).

The descriptive terminology for crocodylomorph eggshell microstruc-
ture follows the approaches of Moreno-Azanza et al. (2014), Marzola et al.
(2015), and Jackson & Varricchio (2016).

4. RESULTS AND DISCUSSION

Eggshells have an average thickness of 350 pm. The discrete trapezoid
eggshell units are nearly as wide as tall, with the interstices limited to the
lower fourth of the shell thickness. There is a pronounced horizontal tabular
ultrastructure in the outer layer of the eggshell, which bestows a character-
istic book-like looking to this region of the shell. Atypical in crocodylians,
there are several vesicles of 0,01 pm scattered along the middle layer of CL.
The combination of these features is consistent with the described crocodil-
ian eggshell morphology (Hirsch, 1985; Moreno-Azanza et al., 2014; Marzola
et al., 2015).

Assigned to the genus Kambara, the only crocodile from the Early Eo-
cene period in the area, the earliest crocodilian eggshells found in Australia,
along with a combination of adult mekosuchines and hatchlings, suggest
that the Murgon site could be a possible nesting site for crocodiles.

5. ACKNOWLEDGEMENTS

This research is supported by the CERCA Programme/Generali-
tat de Catalunya. AS research is supported by the project VIGEOCULT

niim. 42 (2024), pp. 161-166

Zubia| 0N 02134306

163



104

XAVIER PANADES, ANGEL GALOBART, MIKE ARCHER, SUZANNE HAND, ALBERT SELLES

[PLEC2021-00793] and funded by MCIN/AEI/10.13039/501100011033 and
the European Union NextGenerationEU/PRTR. AS is member of the Consol-
idate Research Group ‘Reptilian Ecosystems’ [2021 SGR 01192], approved by
the Generalitat de Catalunya.

Special thanks to Ane de Celis and Miguel Moreno-Azanza for their
invaluable comments that have enhanced the manuscript.

REFERENCES

Cook, A.G., Jell, J.S., Archer, M., Black, K., Cohen, B.E., Godthelp, H., Hand,
S.J., Withnall, I.W., y Vasconcelos, P.M. (2013). “Paleogene and Neogene.”
En P.A. Jell (Ed.), Geology of Queensland, pp. 577-652. Brisbane (Austra-
lia): Queensland Government.

Cranfield, L.C., Donchak, PJ.T., Randall, R.E., y Crosby, G.C. (2001). “Ge-
ology and mineralisation of the Yarraman Subprovince, south-east
Queensland”. Queensiand geology 10, pp. 1-182.

Godthelp, H., Archer, M., Cifelli, R., Hand, S.J., y Gilkeson, C.E. (1992). “Ear-
liest known Australian Tertiary mammal fauna”. Nature 356 (6371), pp.
514-515.

Hirsch, K.F.,, (1985). Fossil crocodilian eggs from the Eocene of Colorado.
Journal of Paleontology 59 (3)1, p.531-542.

Jackson, ED., y Varricchio, D.J. (2016). “Fossil egg and eggshells from the
Upper Cretaceous Hell Creek Formation, Montana.” Journal of Vertebrate
Paleontology 36 (5), pp. 1-15.

Long, J.A., Archer, M., Flannery, T., y Hand, S. (2002). Prehistoric Mammals
of Australia and New Guinea: One Hundred Million Years of Evolution.
Baltimore: Jobns Hopkins University Press.

Mead, J.I., Steadman, D.W., Bedford, S.H., Bell, CJ., y Spriggs, M. (2002).
“New extinct mekosuchine crocodile from Vanuatu, South Pacific”. Co-

peia 3, pp. 632-641.

Mikhailov, K.E. (1997). “Fossil and recent eggshell in Amniotic Vertebrates:
Fine structure, comparative morphology and Classification”. Special Pa-
pers in Paleontology 56, pp. 1-79.

Molnar, R.E. (1981). “Pleistocene ziphodont crocodilians of Queensland.”
Records of the Australian Museum 33 (19), pp. 803-834.

Marzola, M., Russo, J., y Mateus, O. (2015). “Identification and comparison
of modern and fossil crocodilian eggs and eggshell structures”. Historical
Biology 27 (1), pp. 115-133.

Moreno-Azanza, M., Bauluz, B., Canudo, J.I., Puertolas-Pascual, E., y Sellés,
A.G. (2014). “A re-evaluation of aff. Megaloolithidae eggshell fragments
from the uppermost Cretaceous of the Pyrenees and implications for croc-
odylomorph eggshell structure”. Historical Biology 26 (2), pp. 195-205.

niim. 42 (2024), pp. 161-166

Zubia| 1 con 0213-4306




AUSTRALIA’S OLDEST CROCODILE EGGSHELLS

Murphy, P.R., Schwarzbock, H., Cranfield, L.C., Withnall, W., y Murray, C.G.
(1976). Geology of the Gympie 1:250,000 sheet area. Geological Survey
of Queensland Report 96, pp. 1-157.

Rasband, W.S. (1997-2012). Image]J. Bethesda: U. S. National Institutes of

Health.

Rio, J.P.,, y Mannion, P.D. (2021). “Phylogenetic analysis of a new morpho-
logical dataset elucidates the evolutionary history of Crocodylia and re-
solves the long-standing gharial problem”. PeerJ 9, e12094.

Ristevski, J., Willis, PM.A., Yates, A.M., White, M.A., Hart, LJ., Stein, M.D.,
Price, GJ. y Salisbury S.W. (2023). Migrations, diversifications and extinc-
tions: the evolutionary history of crocodyliforms in Australasia. Alcherin-
ga: An Australasian Journal of Palaeontology 47(4), pp. 370-415.

Salisbury, S.W., y Willis, PM.A. (1996). “A new crocodylian from the Early
Eocene of south-eastern Queensland and a preliminary investigation of
the phylogenetic relationships of crocodyloids”. Alcheringa 20 (3), pp.
179-226.

Scanlon, J. (2014). “Giant terrestrial reptilian carnivores of Cenozoic Aus-
tralia.” En A.S. Glen y C.R. Dickman (Ed.), Carnivores of Australia: Past,
Present and Future, pp. 29-53, Melbourne: CSIRO Publishing.

Sobbe, T.H., Price, GJ., vy Knezour, R.A. (2013). “A ziphodont croco-
dile from the late Pleistocene King Creek catchment, Darling Downs,

Queensland”. Memoirs of the Queensland Museum-Nature 56 (2), pp.
601-606.

Willis, PM.A. (1993). “Trilophosuchus rackbami gen. et sp. nov., a new croc-
odilian from the Early Miocene limestones of Riversleigh, northwestern
Queensland.” Journal of Vertebrate Paleontology 13 (1), pp. 90-98.

Willis, PM.A. (1997). “New crocodilians from the late Oligocene White Hunter
Site, Riversleigh, northwestern Queensland”. Memoirs of the Queensland
Museum 41 (2), pp. 423-438.

Willis, PM.A., Molnar, R.E., y Scanlon, J.D. (1993). “An early Eocene croc-
odilian from Murgon, southeastern Queensland”. Kaupia 3, pp. 27- 33.

Willis, PM.A., y Mackness, B.S. (1996). “Quinkana babarra, a new spe-
cies of ziphodont mekosuchine crocodile from the Early Pliocene Bluff
Downs Local Fauna, Northern Australia with a revision of the genus”.
Proceedings of the Linnean Society of New South Wales 116, pp. 143-151.

Wroe, S. (2002). “A review of terrestrial mammalian and reptilian carnivore
ecology in Australian fossil faunas, and factors influencing their diversity:
the myth of reptilian domination and its broader ramifications”. Austra-
lian Journal of Zoology 50 (1), pp. 1-24.

niim. 42 (2024), pp. 161-166

Zubia| 0N 02134306

165



N

“ “ H “ il 22
““HH‘“H - |ER Instituto de

91770213 1430000 Estudios Riojanos




