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crocodile (Crocodylus porosus), and the Australian
freshwater crocodile.
In 2011, we examined scarring on 39 freshwater sawfish
ranging from 0.96 to 1.58 m TL at the Fitzroy River, and
found evidence of bite marks on 23 (or 58.97%) individuals. Based on the appearance of the bite marks, the
predators responsible for the attacks were crocodiles (21
occasions; most likely from Australian freshwater crocodiles) or bull sharks (three occasions), with one sawfish
having marks attributed to both predators (see Figs. 1
and 2). Some had multiple bite marks, ranging from
recent to healed scars; one having crocodile bite marks
on its rostrum, head, caudal peduncle, and caudal fin.
We have observed shark bites out of the fins of larger
freshwater sawfish (Fig. 2). However, all appeared to be
in otherwise relatively healthy condition.
The study site is 160 km upstream from the river
mouth, and each of the sawfish examined had migrated
upstream from their birth place in the estuary (Morgan
et al. 2011). Throughout the river, estuarine, and freshwater crocodiles as well as bull sharks threaten the freshwater sawfish with predation. Freshwater sawfish attain
lengths >2.4 m by age 5 and grow faster than freshwater
crocodiles (snout–vent length of ~0.8 m at age 20 [Tucker
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An upstream migration fought with danger:
freshwater sawfish fending off sharks
and crocodiles
Studying predation on rare aquatic taxa is difficult
particularly when dealing with legally protected, large
predatory species. Moreover, observing predation on
species found in low numbers is difficult in remote,
turbid rivers, particularly where the species is nocturnal
(Gleiss et al. 2017). Fig. 1, showing an Australian freshwater crocodile (Crocodylus johnstoni) preying upon a
freshwater sawfish (Pristis pristis), represents a rare
example with considerable implications for conservation. For a fish that is pupped at around 800 mm total
length (TL) with formidable weaponry, one would
assume that rates of natural predation would be low;
however, sawfish are at risk from other large predators
in the tropical freshwaters of northern Australia,
including the bull shark (Carcharhinus leucas), estuarine

Fig. 1. A freshwater crocodile with a juvenile freshwater sawfish in the Kimberley region of Western Australia (Photograph:
Provided by David Woods, Department of Parks and Wildlife, 2015).
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Fig. 2. Fitzroy River freshwater sawfish sporting non-lethal crocodile bite marks on the rostrum (Photograph: David Morgan),
and inset, a bull shark bite on the pectoral fin of an 1,835 mm total length individual (Photograph: Ruth Leeney).

1997]) and bull sharks (which attain about 1.3 m at age
4 [Thorburn and Rowland 2008]).
Few fishes grow to the size of sawfishes, which can
attain lengths greater than 7 m, and no group of shark
or ray is considered to be more threatened with extinction.
The five extant species have suffered major recent global
declines (Dulvy et al. 2016), and their extinction risk has
been linked primarily to the susceptibility of their unique
rostra to entanglement in fishing nets and through habitat
loss. Human predation has contributed to their decline,
whereby their prized fins are taken for soup and their
rostra as curios and for customary practices (McDavitt
1996, Whitty et al. 2014).
Pristis pristis is listed internationally as Critically
Endangered and is the only sawfish with a juvenile freshwater phase. A globally important nursery for freshwater sawfish has recently been identified from the
remote Kimberley region of Australia, one of the last
great wilderness areas (Morgan et al. 2004, Thorburn
et al. 2007). This nursery, located in the Fitzroy River,
is thought to sustain the species by having a highly
predictable seasonality of flow supported by a large

catchment composed of over 600 km of riverine habitat,
which becomes a series of intermittent pools during the
dry season. Growth of sawfish in these pools is rapid,

with pups born less than 1 m total length and growing
to 1.5 m by age 1. The pups migrate upriver from their
estuarine birthplace into freshwater nursery pools,
where they remain for four to five years before journeying to marine environments to mature with only
pregnant females returning to their natal river estuary
to give birth (Phillips et al. 2016).
These nursery habitats offer this species adequate prey
to sustain rapid early growth, but little is known regarding
the degree of natural predation in these “safe” environments. Within these nurseries, freshwater sawfish grow
up to 2.6 m, a size that makes them one of the largest
fishes found in fresh waters on the planet, and one that
should result in them being a top-order predator, particularly when considering the possession of a fearsome
“tooth-lined” saw. The rostrum, assisted by a unique
series of sensory ampullae, is capable of inflicting damage
to any would-be predator and stunning and impaling
prey (Wueringer et al. 2012).
The number of freshwater crocodiles in the study area
during the dry season, which we determined from nocturnal eye-shine counts, is high (mean = 64.4 crocodiles/
km of river); a factor likely to account for the high levels
of attacks observed, although there is no previous evidence
for predation on sawfish by freshwater crocodiles.
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Rather than predation, our observations that included
a high number of sawfish with healed bite marks, may
alternatively suggest that the freshwater crocodiles
attempt to capture and consume sawfish regularly, but
are unsuccessful possibly due to the size, sensory capabilities, and defense capability of their putative prey.
While we have witnessed evidence of rostral teeth marks
on bull sharks and freshwater crocodiles, quantifying the
frequency of successful attacks by these predators is difficult and may be solved by indirect methods such as
isotope analysis. Tellingly, a food web (isotopic) study
below human-made barriers near the study site revealed
that sawfish are the main prey assimilated into the muscle
of juvenile bull sharks (Thorburn et al. 2014). This may
be the result of both the attacks on fins of these large fish
and complete consumption (Fig. 2), noting that vertebrae
of a single sawfish pup have been found in a bull shark
at the site (Thorburn and Rowland 2008).
Attacks by larger estuarine crocodiles are likely to
prove fatal, reducing the likelihood of us observing scar
tissue on sawfish. Risk of predation by the estuarine crocodile on upstream migrating new born sawfish is greater
in lower reaches of rivers, where the predator is more
abundant, possibly explaining the location of the main
sawfish nursery being in the mid-upper reaches of the
Fitzroy River, a hazardous journey from their estuarine
birth-place.
Human predation of sawfishes has driven their global
decline, but here three natural predators, including two
protected crocodile species and the bull shark, have the
potential to seriously deplete the local sawfish population.
Freshwater sawfish give birth in the estuary and the pups
avoid the larger estuarine crocodiles and bull sharks by
moving upstream to freshwater nursery pools to avoid
these larger predators. Here, however, they are exposed
to predation by freshwater crocodiles and juvenile bull
sharks. Historically, the rate of mortality of sawfish in
these refuge pools was unlikely to have jeopardized persistence of the population, however as a result of the
greatly reduced overall abundance of sawfish, such moderate predation may now represent a serious extinction
threat (Ripple and Van Valkenburgh 2010), creating an
ethological trap (Spencer et al. 2016). The Fitzroy River
refuge is critical to the survival of freshwater sawfish, and
management needs to ensure that the upriver pools
remain safe habitats for sawfish. The removal or modification of human-made instream barriers, which currently
attract bull shark and crocodilian predators, will allow

sawfish safer passage past barriers and alleviate some predation of this critically endangered species.
Acknowledgments
This research operated under permits from the Government
of Western Australia and Murdoch University. The freshwater
sawfish project has been funded through Murdoch University,
Western Australian Government State Natural Resource
Management Program, Australian Research Council, and the
Chevron Wheatstone Project. We gratefully acknowledge the
Nyikina-Mangala Rangers and people of the west Kimberley
for help with the project.
Literature Cited
Literature citations are found in Appendix S1.

David L. Morgan
Freshwater Fish Group & Fish Health Unit, Centre for Fish &
Fisheries Research, School of Veterinary & Life Sciences
Murdoch University, Perth
Western Australia 6150 Australia
E-mail: D.Morgan@murdoch.edu.au

Ruchira Somaweera
Freshwater Fish Group & Fish Health Unit, Centre for Fish &
Fisheries Research, School of Veterinary & Life Sciences
Murdoch University, Perth
Western Australia 6150 Australia;
CSIRO Land & Water, Floreat
Western Australia 6014 Australia

Adrian C. Gleiss
Freshwater Fish Group & Fish Health Unit, Centre for Fish &
Fisheries Research, School of Veterinary & Life Sciences
Murdoch University, Perth
Western Australia 6150 Australia

Stephen J. Beatty
Freshwater Fish Group & Fish Health Unit, Centre for Fish &
Fisheries Research, School of Veterinary & Life Sciences
Murdoch University, Perth
Western Australia 6150 Australia

Jeff M. Whitty
Freshwater Fish Group & Fish Health Unit, Centre for Fish &
Fisheries Research, School of Veterinary & Life Sciences
Murdoch University, Perth
Western Australia 6150 Australia
Manuscript received 23 September 2016; accepted 6 December
2016. Corresponding Editor: John Pastor.

Supporting Information
Additional supporting information may be found in the online version of this article at http://onlinelibrary.wiley.com/
doi/10.1002/ecy.1737/suppinfo

