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Abstract 

Prey manipulation through headfirst ingestion is a common foraging tactic in predatory taxa. 
Sawsharks possesses a toothed rostrum that is thought to assist in prey capture, but the process from 
prey contact to ingestion is unknown. Here we provide evidence of headfirst ingestion and possible prey 
orientation in situ through the use of cone beam CT scans in the common sawshark (Pristiophorus 
cirratus). CT scans provide an efficient method for assessing ingestion and proposing plausible 
behavioural tactics for food manipulation in a species difficult to observe in the wild or maintain in 
captivity.  
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Prey manipulation is a behavioural foraging tactic employed across the taxonomic spectrum. 
One prominent manipulation technique is headfirst ingestion, a behavioural trait seen in a diverse range 
of taxa including fish (Werner, 1974), reptiles (Loop & Bailey, 1972), birds (Sherry & McDade, 1982), 
mammals (Webb et al., 2008) and arthropods (Bub & Bowerman, 1979). Hypotheses for this method of 
consumption include gape limitations (Mihalitsis & Bellwood, 2017; Werner, 1974), overcoming prey 
defense (Reimchen, 1991), and a reduction in swallowing duration (Reimchen, 1991). In the aquatic 
realm, some species achieve this through the use of an elongated rostrum. 

Elongated rostra are a result of an extension of parts of an animal’s skull. The form and function 
of a rostrum is diverse and is thought to have evolved multiple times across a number of genetic 
lineages (Pettigrew & Wilkens, 2003; Wueringer et al., 2009). For example, billfish (Istiophoridae, 
Xiphiidae) rostra have developed as thin sharp structures that are used to stun prey and defend against 
predators (Domenici et al., 2014; Romeo et al., 2020). Sturgeon use their rostra to locate prey (Carroll & 
Wainwright, 2003). Goblin sharks Mitsukurina owstoni Jordan 1898 have rostra packed with 
electrosensory structures for prey detection in deeper waters and provide an extended projection of 
their jaws during prey capture (Duffy, 1997). 

Sawfish (Pristidae) and sawsharks (Prostiophoridae) have adapted their elongate rostra to bear 
lateral teeth on the outside. The function of these toothed-rostrums (‘saws’) has been widely 
hypothesised (Breder, 1952; Nevatte et al., 2017a; Slaughter & Springer, 1968; Wueringer et al., 2012). 
The sawfish rostrum bears large, broad, flattened and triangular shaped teeth that grow continuously 
but are not replaced if lost (Slaughter & Springer, 1968). The rostrum in sawfish is thought to serve as a 
tool for prey capture, self-defence and prey manipulation. Sawfish rostral use has been successfully 
explored through a number of behavioural experiments in aquaria and laboratory settings (Wueringer et 
al., 2012). The function of the saw in sawsharks is less clear as maintaining them in aquaria has proved 
difficult (Nevatte et al., 2017a; Wueringer et al., 2020). Sawsharks possess a rostrum containing a pair of 
barbels and a series of alternating large and small slender teeth that are sequentially replaced on loss 
(Ebert & Cailliet, 2011). Furthermore, sawshark rostral teeth continue past the rostrum and onto the 
sides of the head with additional small teeth also occurring on the ventral side of the rostrum. 

The common sawshark Pristiophorus cirratus (Latham 1794) is a small, benthic-associated species 
that occurs in waters along the southern half of Australia, to depths of 40 m to 630 m (Last & Stevens, 
2009; Nevatte & Williamson, 2020; Nevatte et al., 2019). Limited information exists for this species, with 
the exception of recent studies on aspects of their diet (Raoult et al., 2015), fisheries interactions 
(Raoult et al., 2017, 2020), biological features (Nevatte et al., 2017a, 2017b; Wueringer et al., 2020) and 
longevity concerns (Burke et al., 2020). Initial studies focusing on ecological aspects of the common 
sawshark have observed a diet based in teleosts and crustaceans (Nevatte et al., 2017a; Raoult et al., 
2015). Furthermore, morphological research into the sensory structures found in the rostrum of 
sawsharks suggests that while sawsharks likely use their rostrum for prey capture and prey detection, 
there remains some uncertainty regarding whether the rostrum is used for prey manipulation (Nevatte 
et al., 2017a; Wueringer et al., 2020).  

No published literature on behavioural experiments of live sawsharks exist due to the difficulties of 
maintaining sawsharks in captivity and the depth at which they occur. As a result, many aspects of 
sawshark behaviour have been extrapolated from sawfish research despite the opinion of some 
researchers that the similarities between the groups are largely superficial and not directly comparable 



 
 

(Nevatte & Williamson, 2020). Furthermore, the convergent evolution of the structures doesn’t mean 
they get used in the same way. As such, inferences of behavioural traits through indirect methods can 
provide valuable insight into feeding tactics. Here we demonstrate that CT scans can be used to 
document headfirst ingestion and infer possible prey manipulation tactics in sawsharks. 

Three deceased P. cirratus (Total Length 69.1cm – 80.5cm, two females, one male) from the Bass 
Strait (Australia) via bottom trawl at approximately 60 meters in July 2018. All individuals were kept 
frozen at -400C until scanning. Sawsharks were scanned using a clinical 5G cone beam CT (NewTom®) at 
Macquarie Medical Imaging. This common medical imaging technique uses X-ray computed 
tomography. The resulting images were visualised using RadiAnt DICOM viewer software (Version 5.01, 
© Medixant 2019). This provided images of each of the entire animals in increments of 8 x 8 centimeters 
to a resolution of 0.15 mm per slice in a three-dimensional position (three axes: coronally, sagittally, and 
axially). CT scan images of the abdomen for each shark were then analysed visually for the presence and 
orientation of prey species residing in the stomach. Orientation was determined by the direction of 
neural spines along teleost vertebral columns and location of craniums where possible and a percentage 
posterior facing orientation for each taxonomic group was calculated. Stomach contents were then 
dissected and contents were identified to the lowest possible taxonomic level.  

Stomach scans of the three P. cirrata showed that all had ingested teleosts in a headfirst 
orientation. Dissection of the stomachs verified headfirst ingestion. The number of identifiable teleosts 
found in the stomachs varied from one to seven, the majority of which were barred grubfish (Parapercis 
allporti) (Table 1). Stomach A contained seven barred grubfish; stomach B had one barred grubfish and 
several unidentifiable teleosts; and stomach C had a cygnoglossid (tonguefish) and unidentifiable teleost 
pieces. Prey items in stomach A appeared to have been recently ingested, and most likely at a similar 
time due to the relatively minimal decomposition across all prey items. Stomachs B and C varied in prey 
decomposition levels but the contents were generally more decomposed than those in stomach A. A 
number of crustacean pieces were also present in stomach C but the these could not be identified to a 
lower taxonomic level.  

This study is the first to use cone beam CT scans to infer prey manipulation in sawsharks and to 
the best of our knowledge, sharks as a whole. These data show a distinctive headfirst ingestion tactic by 
the common sawshark P. cirratus. This result aligns with the majority of previous studies on fishes 
possessing rostral structures, which suggest that the rostrum is a tool used to manipulate prey, often for 
a headfirst ingestion (Carroll & Wainwright, 2003). Ingesting prey headfirst reduces possible esophageal 
abrasion and damage to the predator as many structures on fishes such as scales, spines or barbs 
generally lie flat in this orientation (Reimchen, 1991).  

Teleost fish are common dietary items of P. cirratus, though not exclusively piscivorous(Nevatte 
et al., 2017a). The sawsharks examined in this study fed predominantly on barred grubfish (Parapercis 
allporti). These fish possess a long continuous dorsal fin with 21 dorsal spines and 18 spines on the anal 
fin. Other research assessing the diet of P. cirratus show that they also consume members of the 
platycephalids (flatheads) (Nevatte et al., 2017a), which possess venomous spines and an operculum 
that can be flared for defence to deter predators (Smith et al., 2016). As such, headfirst ingestion is a 
sensible foraging tactic to reduce possible esophageal damage, suffocation, or toxicity for sawsharks as 
these spines lay flat anterior to posteriorly.  



 
 

 Sawshark dentition may also be adapted for headfirst ingestion. The oral teeth in sawsharks are 
small and sharp, which appear better adapted to impaling and holding prey than tearing (Nevatte et al., 
2017a; Welten et al., 2015; Wueringer et al., 2020). This dentition and the relatively limited gape of 
sawsharks may drive sawsharks to maximize prey size by headfirst ingestion (Werner, 1974). Sawsharks 
do not possess a mandibular canal that in pristids assists with guiding prey after it has been disabled and 
impaled on the rostrum teeth (Wueringer et al., 2020). We did not find any evidence of impalement of 
prey items in the stomachs (i.e. puncture wounds, scratch marks, tooth fragments in teleosts.), although 
this may be due to the onset of digestion. Prey items were whole, however, so we are confident that 
any impaling was not strong enough to cleave or substantially cut the prey. We propose that the rostral 
teeth that continue into the head of the sawshark and on the ventral sides of the saw, possibly in 
combination with the rostral barbels, may help orientate and manipulate prey for headfirst ingestion. 
Prey manipulation using rostral or head structures has been observed in sawfish, guitarfishes and 
shovelnose rays (Wilga & Motta, 1998; Wueringer et al., 2012). For crustaceans, the prey items were 
well digested, which makes any inferences on foraging difficult though the size and lack of prominent 
spines may make orientation less problematic. 

 This study provides evidence of prey ingestion tactics in a group of sharks that is difficult to 
directly observe. Understanding the ingestion mechanics of sawsharks allows further insight into the 
possible size ranges of available prey sizes, efficiency of foraging and a better understanding of their 
trophic niche. Future studies should aim to comprehensively describe the diet of sawsharks and to 
develop appropriate husbandry techniques to test our proposed hypothesis in captive studies.  
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Statement of Significance: Three sawsharks were scanned using cone beam CTs. Novel evidence of prey 
in the stomachs illustrates a headfirst ingestion of teleost fish in sawsharks. This new information 
provides insights into the foraging ecology of these poorly understood sharks and suggests sawsharks 
may use their saw for prey manipulation. This is a novel use of CT scans to better understand possible 
foraging tactics in sawsharks. 



Table 1: Stomach contents of three common sawsharks (Pristiophorus cirratus) expressed as the number (N) and percentage 
(%N) of prey belonging to each family, the number of stomachs containing each prey family (S), the percentage of occurrence for 
each prey family (%F), wet mass in grams (M), percentage wet mass (%M) of each prey family, total length in centimeters of 
prey items ± standard deviation (TL),  and percent orientation anterior (Ori).  

Taxa Family Species N %N S %F M %M TL Ori. 

Teleost Pinguipedidae 
Parapercis 

allporti 
8 53.33 2 66.67 48.22 78.81 

8.41 ± 
0.88 

100 

 Cynoglossidae  1 6.67 1 33.33 1.40 2.28 4.0 100 

 Unidentified  5 33.33 2 66.67 10.51 17.19 N/A 60 

Crustacean Unidentified  1 33.33 1 33.33 1.05 1.74 N/A 0 
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Figure 1: Cone beam CT-scans of three different P. cirratus abdomens (A, B, and C). Image annotations 

describe: I) caudal fin rays of the prey, II) Neural spines from a teleost prey species indicating a headfirst 

ingestion, III) the cranium of a teleost prey, IV) additional neural spines indicating a headfirst ingestion. 
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