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Abstract 

The residency and movements of a single acoustically tagged female crested horn shark 

(Heterodontus galeatus) were monitored in Jervis Bay, Australia. The individual was 

intermittently detected by receivers throughout the 8-year study period and showed preference 

for particular rocky reefs in terms of its residency indices and duration of residency events. This 

individual exhibited lower residency and dissimilar movement patterns to that of the well studied 

and sympatric Port Jackson shark (Heterodontus portusjacksoni), highlighting the need for 

research into the basic life history and movement ecology of H. galeatus. 
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Statement of Significance 

Much of what is assumed about the movement ecology of Heterodontus galeatus comes from 

knowledge of the ecology of Heterodontus portusjacksoni. In this study, we report on the 

residency and movement behaviour of a single H. galeatus over an 8-year period using acoustic 

telemetry. The tagged individual exhibited migratory, residency and movement behaviours that 

were dissimilar to the well studied H. portusjacksoni, highlighting the need to investigate the 

movement ecology of H. galeatus.    
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Heterodontiformes are an order of small-bodied, bottom-dwelling sharks comprising nine known 

species around the world. While there are a few species that have been well studied, namely Port 

Jackson sharks, Heterodontus portusjacksoni (Meyer, 1793), in Australia (Powter and Gladstone, 

2009; McLaughlin and O'Gower 1971; Bass et al. 2016; Bass et al. 2021a; Bass et al. 2021b) and 

horn sharks, Heterodontus francisci (Girard, 1855), in California (Nelson and Johnson, 1970; 

Finstad and Nelson, 1975; Meese and Lowe, 2020a; Meese and Lowe, 2020b), little is known 

about the other species within the order. Three species of heterodontiform shark are found within 

Australian waters: H. portusjacksoni, crested horn sharks, Heterodontus galeatus (Günther, 

1870), and Zebra horn sharks, Heterodontus zebra (Gray, 1831). Heterodontus zebra is found in 

warmer waters off the north western coast of Australia, while the H. portusjacksoni and H. 

galeatus both inhabit temperate waters mainly off the southern coastline of Australia. Despite a 

number of studies being conducted on the movement ecology of H. portusjacksoni, there has 

been no research conducted on the movement ecology of H. galeatus, likely because they are 

considerably less abundant (McLaughlin, 1969). Baited remote underwater video surveys (Knott 

et al. 2021) and underwater visual census surveys (Stuart-Smith et al. 2017) estimate the ratio of 

H. galeatus to H. portusjacksoni to be 1:50 and 1:100, respectively. 

 

H. galeatus are a small species of benthic shark found in the intertidal zone from 0 m to 93 m 

depth around rocky reefs, among kelp and on seagrass beds (Kyne and Bennett, 2016). 

Heterodontus galeatus are slightly smaller than H. portusjacksoni, reaching sexual maturity at 60 

cm for males and 70 cm for females and attaining a maximum total length of between 1.2 m and 

1.5 m (Kyne and Bennett, 2016). Apart from some anecdotal observations in captivity (Jacups, 

1943), there is limited information on the basic biology and ecology of H. galeatus. Both species 
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are caught as bycatch in various commercial fisheries and beach meshing programs along the 

eastern Australian coastline, but data records make no distinction between the two species (Reid 

and Krogh, 2002). Despite the high survival and release rates of the heterodontiformes in these 

studies (Reid and Krogh, 2002), given the frequent interactions with fishing gear, it is important 

to investigate the ecology and behaviour of H. galeatus (Kyne and Bennett, 2016). 

 

Here we describe the residency and movement behaviour of a H. galeatus that was 

opportunistically tagged as a part of a broader research project on the movement ecology on H. 

portusjacksoni. This individual offered the opportunity to compare the observed behaviour of 

this individual to the behaviour of the more common and well-studied H. portusjacksoni (Bass et 

al. 2016; Bass et al., 2021a; Bass et al. 2021b).  

 

A female H. galeatus was hand captured on 4th of July 2012 at Orion Beach (JB4, 35.0689OS, 

150.6842833OE) in Jervis Bay, Australia and transported to shore by canoe to be measured, 

sexed, and tagged with a PIT (FDXB transponders; Microchips Australia) tag and an acoustic 

transmitter (Innovasea V16-x, battery life 2805 days, delay 90-180s; see Bass et al. 2016 for 

details on tagging procedures). The New South Wales Department of Primary Industries (DPI) 

Jervis Bay array (n = 27 VR2W receivers; Innovasea, Halifax, Nova Scotia) was used to monitor 

the residency and movement behaviour of the individual within Jervis Bay (see Ferguson et al. 

2013 for details of the array). Receivers were deployed on all rocky reefs within Jervis Bay at 

depths of between 3 m and 8 m and detection ranges were calculated to be 250 m (50% detection 

probability; Swadling et al. 2020). All capture and tagging procedures were conducted in 

accordance with an Animal Research Authority permit (2012/009) granted by the Macquarie 
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University Animal Ethics Committee and two NSW Fisheries permits (P08/0010–3.1 and 

P08/0010–4.2). 

 

The tagged H. galeatus was detected on 426 days from 2066 days at liberty in Jervis Bay 

receiver array (Figure 1a) and, did not appear to exhibit any broadscale migration away from 

Jervis Bay (Figure 1b). The tagged individual frequently remained undetected for periods of 7 

days or more (n = 84) and the longest that the individual remained undetected was for 49.5 days, 

suggesting it spent considerable time away from shallow, rocky reefs within Jervis Bay (Figure 

1c). In contrast, H. portusjacksoni were continuously detected within the Jervis Bay receiver 

array throughout the breeding season (Bass et al., 2021b). Heterodontus portusjacksoni were also 

detected as far as 800 km south of Jervis Bay and exhibit partial migration from Jervis Bay 

outside of the well-defined breeding season (Bass et al., 2016). 

 

The tagged H. galeatus showed a significant preference for particular reefs within Jervis Bay.  A 

residency index (RI) was calculated as the number of days an individual was detected at a given 

receiver divided by the number of days at liberty. The residency indices for each receiver ranged 

from 0.0004 to 0.1524 over the 8-year study period. The tagged individual exhibited the highest 

residency index at the tagging site (JB4, Orion Beach) and the highest proportion of detections at 

JB3 (Figure 1b). Residency events were extracted using the ‘Vtrack’ package (Campbell et al., 

2012; timeout window = 15 minutes) and ranged from 2 seconds to 13128 seconds (3.65 hours) 

with a mean residency length of 14.737 (± 0.934) minutes (Table 1). The residency index and 

duration of residency events of the tagged H. galeatus were lower than male and female H. 

portusjacksoni (Table 1), suggesting that the two species may exhibit different behaviour on 
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rocky reefs. The tagged individual was only detected on about 25% of observation days, 

suggesting that it may utilise other habitats, such as seagrass beds or deeper soft sediment areas, 

more frequently than rocky reefs. Alternatively, the tagged H. galeatus may have been resting in 

a cave or crevice that made it less detectable. In contrast, H. portusjacksoni, which are also 

known to rest in caves or crevices (Powter and Gladstone, 2009), were detected on 

approximately 68.4% of the days of the breeding season in Jervis Bay (Bass et al. 2021b). 

Additionally, a Lomb-Scargle algorithm (oversampling factor = 5; alpha = 0.01) found that the 

tagged H. galeatus did not show the same 24-hour periodicity in detections on the reefs within 

Jervis Bay that H. portusjacksoni showed (Peak = 6.544, n = 846, p = 0.143; Bass et al., 2021a). 

Heterodontus. portusjacksoni form breeding aggregations and refuge at the rocky reefs within 

Jervis Bay, whereas H. galeatus mostly feed on the rocky reefs and are typically not observed 

resting (Sue Newson, pers. comm.) and are not known to aggregate.  

 

Over the 8-year study period, the tagged shark was detected moving between receiver stations 

222 times. The individual moved between reefs more frequently between July and December 

each year (Figure 1d). In particular, the tagged individual moved towards the mouth of Jervis 

Bay (Gate 2 to Gate 7) towards the end of the year. This timing coincides with their breeding 

season (Kyne and Bennett, 2003) and the breeding season of H. portusjacksoni (Bass et al. 

2016). The tagged H. galeatus may have been moving to the deeper reefs at the entrance of the 

bay to lay its eggs (Kyne and Bennett, 2003) or may have been moving among reefs to prey upon 

the eggs of H. portusjacksoni. Alternatively, the tagged H. galeatus may have been 

competitively excluded from sites by H. portusjacksoni. The H. galeatus tagged in this study 

exhibited higher rates of movement and lower relative residency to Orion Beach (JB4) and 
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Moona Moona Creek (JB3) throughout the H. portusjacksoni breeding season (Figure 1d). 

Compared to H. portusjacksoni (Bass et al., 2021b), the tagged H. galeatus also had lower 

roaming indices throughout the study. However, the tagged shark departed the geographical 

bounds of Jervis Bay temporarily and moved north to Lobster Bay (LB) on three separate 

occasions (Figure 1a), something that has not been observed in H. portusjacksoni.  

 

This study examined the broadscale movements and spatio-temporal residency patterns of a 

single female H. galeatus. These results herein suggest that H. galeatus and H. portusjacksoni 

may differ in their migratory, residency and movement behaviours, highlighting the need to 

conduct research of H. galeatus to determine the function and mechanisms underlying its own 

residency and movement behaviour. Secondly, the tagged H. galeatus exhibited lower residency 

indices over the winter months and visited a greater number of sites and moved between these 

sites more frequently over the same period, which coincides with the migration of H. 

portusjacksoni to Jervis Bay to form breeding aggregations. These differences in the residency 

and movement behaviour of H. galeatus, perhaps in response to its reproductive cycle or to 

increased H. portusjacksoni abundance, suggest that further research is needed to understand the 

complex interaction between these two closely related and sympatric species.  
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Figure 1. a) Detection Plot of a single crested horn shark (Heterodontus galeatus) in the 

Jervis Bay Marine Park, New South Wales Australia. b) Acoustic detections of the H. 

galeatus in the Jervis Bay Marine Park. Black circles represent locations where the individual 

was not detected.  c) Histogram of the undetected period lengths of the tagged H. galeatus. d) 

Proportion of detections of the H. galeatus at each site within Jervis Bay throughout the year. 
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Much of what is assumed about the movement ecology of Heterodontus galeatus comes from 

knowledge of the ecology of Heterodontus portusjacksoni. In this study, we report on the 

residency and movement behaviour of a single H. galeatus over an 8-year period using 

acoustic telemetry. The tagged individual exhibited migratory, residency and movement 

behaviours that were dissimilar to the well studied H. portusjacksoni, highlighting the need to 

investigate the movement ecology of H. galeatus.   
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Table 1. Comparison of residency and movement metrics between the tagged crested horn 
shark (Heterodontus galeatus) and male and female Port Jackson sharks (Heterodontus 
portusjacksoni). Values for H. portusjacksoni represent means + one standard error. Data for H. 
portusjacksoni data are derived from Bass et al. (2021a) and Bass et al. (2021b). 
 
 

Metric Crested Horn 
Shark 

Male Port 
Jackson sharks 

Female Port 
Jackson sharks 

Mean RI at Favoured Site 0.1524 0.869 (+ 0.037) 0.498 (+ 0.048) 

Mean ROI 0.149 0.273 (+ 0.037) 0.306 (+ 0.034) 

Mean Residency Length (mins) 14.737 (± 0.934) 64.0 (+ 0.752) 66.6 (+ 2.38) 

Max Residency Length (hours) 3.65 18.4 (+ 2.67) 22.6 (+ 4.39) 

Periodicity None 24 Hour 24 Hour 
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