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The white shark, Carcharodon carcharias, is an iconic apex predator, playing an important ecological role across its range. Persistent bycatch and overfishing led to white shark declines, but recent studies in the North Western Atlantic (NWA) revealed evidence for regional recovery, and highlighted the importance of Southeastern Florida and the Gulf of Mexico as overwintering grounds for maturing white sharks. However, despite its proximity to Florida and comparably productive habitats, records of white sharks in The Bahamas are extremely rare, with a comprehensive survey of sightings and captures describing only one white shark between 1800 - 2010. Here, we reveal acoustic tracking detections of ten white sharks from 2020 - 2024 along the western edge of the Tongue of the Ocean off Central Andros Island, The Bahamas. White sharks were originally tagged off the coast of the United States and Canada, and detected off Andros Island, The Bahamas from November-May. White sharks were detected along the drop-off zone of the reef at ca. 25 m, exclusively between dusk and dawn, with the number of detections suggesting transient behavior. These findings expand our knowledge of white shark distribution in the NWA, highlighting data gaps in The Bahamas and underlining the importance of collaborative protective measures for species recovery.
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Introduction

The white shark Carcharodon carcharias is a large-bodied, wide-ranging species with broadly distributed populations in temperate and subtropical waters worldwide (Compagno, 2001). As upper-trophic-level predators, they play an important ecological role (Carrier et al., 2010), primarily feeding on small sharks and rays, squid, and benthic fishes as small juveniles (< 2.5 m, Estrada et al., 2006; Clark et al., 2023) and incorporating marine mammals into their diet as they grow (Tricas and McCosker, 1984; Hussey et al., 2012). Large juvenile, subadult, and adult white sharks seasonally aggregate near pinniped colonies often when water temperatures correspond to their preferred range (Klimley et al., 2001; Bruce and Bradford, 2015; Hewitt et al., 2018; Kock et al., 2022; Winton et al., 2023). Much of our understanding of white shark movement ecology comes from studies where animals are tracked with acoustic or satellite tags at these sites (e.g., Neptune Islands, South Australia; Guadalupe Island, Mexico; California and Cape Cod, U.S.A), which have documented philopatric behaviors, such as high site fidelity, seasonal residency as well as long-distance return migrations (Bonfil et al., 2005; Jorgensen et al., 2010; Bruce and Bradford, 2015; Skomal et al., 2017; Huveneers et al., 2018; Bastien et al., 2020).

White sharks also occur in the tropics (Tirard et al., 2010), but information on their distribution and occurrence in these regions are limited, particularly for populations that experienced dramatic declines, including the population in the North Western Atlantic (NWA; Curtis et al., 2014). White sharks were never targeted commercially in the region, but bycatch and capture in commercial and recreational fisheries were sufficient to reduce abundance by as much as 73% in the 1970s and 1980s (Curtis et al., 2014). Consequently, harvest was prohibited in the US Atlantic in 1997 (NMFS 1997). As a result of this protective measure, alongside other international measures (i.e., in 2002 they were listed on Appendix I and II of the Convention on the Conservation of Migratory Species of Wild Animals (CMS), in 2004 they were added to the Convention on International Trade in Endangered Species (CITES) Appendix II), the NWA population appears to be recovering (Curtis et al., 2014; Rigby et al., 2019).

Despite these measures and evidence of recovery, only recently have we begun to learn about their horizontal and vertical space use in the NWA, through various biotelemetry studies (Skomal et al., 2017; Bastien et al., 2020; Lowerre-Barbieri et al., 2021; Franks et al., 2021; Winton et al., 2021; Bowlby et al., 2022). Adult white sharks have been shown to exhibit an ontogenetic shift in their space use from near-coastal, shelf-oriented waters to pelagic habitat, with frequent excursions to mesopelagic depths (Skomal et al., 2017). White sharks migrate to the southeast shelf waters of North Carolina to Florida during the late fall when water temperatures generally drop below 12°C in the NWA (Casey and Pratt, 1985; Curtis et al., 2014; Skomal et al., 2017; Bowlby et al., 2022), with some individuals traveling as far as the Gulf of Mexico in winter and early spring (Skomal et al., 2017; Franks et al., 2021). They show strong site fidelity to the NWA, returning seasonally to specific regions (e.g., Massachusetts and Atlantic Canada), with most white sharks exhibiting an annual migratory cycle, spending the majority of their time over the continental shelf (Franks et al., 2021; Bowlby et al., 2022). Movements between regions are rapid and directed, with white sharks exhibiting no stop-over behavior, which is common for other large coastal-pelagic sharks and fishes (Skomal et al., 2017; Lowerre-Barbieri et al., 2021; Franks et al., 2021). More recently, there has been an increase in white shark sightings and detections via acoustic tracking data in the Canadian Atlantic (Bastien et al., 2020; Bowlby et al., 2022). This trend matches reports from Massachusetts and the U.S. north Atlantic (Curtis et al., 2014) and is probably a result of regional trends in recovery of the white shark population, indicative of a return to their former range where they have long been rare or absent (Winton et al., 2023). However, it is likely that other factors have played a role, including climate change, increasing prey abundance (e.g., due to pinniped recovery), and/or insufficient sampling and monitoring preventing their documentation in certain parts of their range (Bowlby et al., 2022).

Despite annual overwintering in Florida’s Gulf and Atlantic shelf waters, records of white sharks in nearby Bahamian waters are very rare. In their catalog of elasmobranch fishes in the region, Bigelow and Schroeder (1948) included one record of a “positively identified capture of a great white shark in the vicinity of the Bahamas near Nassau”. More recently, Curtis et al. (2014) compiled comprehensive capture and sightings records from the NWA from the years 1800–2010; of those 649 verified records, only one white shark was documented in Bahamian waters. This shark, estimated at ~ 4 m total length, washed ashore on the west coast of Grand Bahama, 6th June 2008. Here we report the first records of white sharks in the central Bahamas using shelf edge habitat along the reef wall of the Tongue of the Ocean (TOTO), in an area adjacent to the northern bight of eastern Andros Island. We discuss the implications of these new records within the context of the species recent recovery in the NWA, and consider whether these are a result of species’ recovery, inability to observe them due to inadequate sampling and monitoring, or a combination of the above.





Materials and methods




Study area

The Bahamas are a group of about 700 islands and cays in the NWA. The Atlantic basin extends within the archipelago, forming a semi-enclosed deep-sea trench (40 km wide, 200 km long) known as the Tongue of the Ocean (TOTO), which is bordered by Andros Island to the west and Exuma cays to the east. An extensive fringing reef runs along the western edge of the TOTO, quickly dropping to a deep pelagic zone (~1500 – 3000 m depth) with gullied slopes beyond 400 m of the shelf (Buchan, 2000). The three main islands of Andros (North, Mangrove Cay and South) are separated by bights, large shallow channels 1 - 5 m deep and 3 - 6 km wide that trifurcate the island from east to west.





Receiver array

Omnidirectional acoustic receivers (VR2W; Innovasea systems®) were initially deployed in 2019 (n = 9) to monitor the space use of sharks and rays on the flats (depth: 3 m) and backreef (depth: 12 m) of the north bight of Andros Island (Figure 1). Coverage expanded annually to include the reef wall (depth: 25 m) from High Cay (24.6482°, -77.6894°) to Driggs Hill (24.2317°, -77.59986°) as well as the deep pelagic zone (depth: 300 to 500 m) adjacent the AUTEC U.S. Navy base outside of Cargill Creek (24.4862°, -77.7125°) (Table 1). The receivers were retrieved for data download and returned to the recording location in the same 24 h period every 6 - 12 months for 5 years. All receivers were either moored to augers, screwed into soft sediment, or secured to a line and float weighted by an 18 kg concrete-filled cone. Data were filtered to remove spurious detections, which were defined as any single transmitter detection occurring alone within a 24 h period. All other detections were treated as genuine and were assigned a tidal phase (low, high or mid; semi-diurnal) and a lunar illumination percentage (0 = new; 100% = full). High and low tide times were obtained from NOAA (National Oceanic and Atmospheric Administration; Fresh Creek TEC4613) and detections were assigned phases defined by: high and low tide = 2 h either side of high and low tide times, respectively, and mid-tide = the 2 h in the middle. Lunar illumination percentage was obtained from the U.S. Astronomical Applications Department (https://aa.usno.navy.mil). Participation in a data-sharing network (Ocean Tracking Network, OTN) allowed us to detect tagged animals. We calculated minimum straight-line distance between tagging location and detecting receivers to determine individual white shark movements in the region. Furthermore, we included additional information on individuals that were recorded in other arrays pre-and-post their detections in Andros.




Figure 1 | Acoustic detections highlighting regional movements of three (n = 3) white sharks, Carcharodon carcharias pre-and-post movement to Andros Island, The Bahamas. Colored stars, circles, and arrows represent different individuals (orange, blue, red). Stars indicate tagging locations (see Table 1) and colored circles in region-wide map (A) indicate detection locations in Andros Island, and the last detection of each individual prior to and after detection off Andros Island. Arrows show least cost paths based on detection sequences but do not represent travel routes based on variation in the timing of detections prior and subsequent to detections off the Andros Island array (B). Colored circles in Andros-specific maps (C–E) indicate the detection locations for each individual; black dots indicate locations of acoustic receivers where white sharks were not detected.




Table 1 | Acoustic detection summary for ten white sharks, Carcharodon carcharias, recorded in Andros Island, The Bahamas, from 2020 - 2024.







Shark tagging

White sharks (n = 331) were equipped with acoustic transmitters (V16-4x, V16-6x, or V16TP-6x; power output 158 dB; Innovasea Systems®) during dedicated research trips from 2010 to 2023 (for details see Skomal et al., 2017; Winton et al., 2023). These were conducted throughout the year off the east coast of North America from Jacksonville, U.S., to New Brunswick, Canada. Transmitters deployed on the white sharks included in this study all had random transmission intervals of 60 - 120s (estimated battery life 3321 days) and were tagged externally using a tagging pole (Table 1). At the time of tagging, the total length (TL) of each shark was visually estimated to the nearest 0.3 m via expert consensus using the vessel pulpit length (3.2 m) for scale (Skomal et al., 2017). Underwater video of each shark was also captured allowing for sex determination (Winton et al., 2023). All tagging was conducted under Exempted Fishing Permits (SHK-EFP-11-04, SHK-EFP-12-08, SHK-EFP-13-01, SHK-EFP-14-03) issued by the NMFS Highly Migratory Species Management Division and permits issued by the Massachusetts Division of Marine Fisheries.






Results

Ten white sharks (size range at tagging = 2.1 - 3.7 m [estimate total length]; 2 females, 7 males, 1 unknown sex) were detected from 2020 to 2024 on acoustic receivers deployed along a 27 km stretch of fringing reef wall (Green Cay to Gibson Cay; depth 25 m) off the east coast of Andros Island (Figures 2, 3; Table 1). Detected white sharks were tagged at two sites in the U.S., Cape Cod, Massachusetts (n = 7), and Hilton Head, South Carolina (n = 2), with one individual tagged off the coast of New Brunswick, Canada. Their time at liberty since tagging ranged from 5 months to 6 years at the time of detection off Andros Island (Table 1).




Figure 2 | Time series of acoustic detections for all ten white sharks, Carcharodon carcharias, prior to, during, and after detections on Andros Island receivers. Detection data from other receiver arrays, ordered by latitude, were provided via the Ocean Tracking Network. Point shape denotes sex; point fill color denotes animal ID.






Figure 3 | Acoustic detections of all white sharks (n=10), Carcharodon carcharias off Andros Island, The Bahamas. Black dots indicate locations of acoustic receivers where white sharks were not detected.



No sharks were detected in Andros on receivers < 25 m deep, nor at deepwater receivers (300 - 500 m offshore of fringing reef wall; Figures 2, 3). Detections were recorded between November 25 and May 17 during all sampling years, with five white sharks detected in April and two in May. Seven of the ten sharks were detected on a single day on 1 - 4 of the receivers (Table 1). Three sharks were detected on receivers multiple days: A69-9002-4975 was detected across 13 days (3 to 15 April 2022), A69-9001-62506 was detected across 8 days (23 to 30 January 2024), and A69-9001-62514 was detected across 12 days (28 March to 4 April 2023) (Figures 2, 3). All white shark detections were between 20:00 and 07:00, across different lunar phases (range: 0 – 98% lunar illumination; median 54.5%) and throughout the tidal cycle (high 13%, low 41%, and mid-tide 46%).




Individual movements

White shark A69-9001-60747 was tagged on 26 September 2022 off New Brunswick, Canada, and was detected 60 days later off Andros Island on 25 November 2022. This represents a minimum southern movement of ~ 2300 km (38 km per day). This shark was subsequently detected 12 days later off the Florida Keys on 7 December 2022, after another ~ 490 km movement (45 km per day) (Figure 1). Female white shark A69-9001-6893 was tagged on 10 September 2019 off Cape Cod, MA, U.S., and was detected on 9 March 2020 off Cape Canaveral, FL, U.S., a movement of ~ 1700 km. Next, she was detected off Andros on 11 April 2020, a southern movement of ~ 520 km, and then off North Bimini, Bahamas, 18 days later on 29 April 2020, a further ~ 200 km. Finally, she was detected on 8 May 2020 off Key Largo, FL, U.S. after crossing the Gulf Stream, totaling a minimum travel distance of 900 km in 60 days (Figure 1). Male white shark A69-9001-17866 was detected on 2 March 2022 off Savannah, GA, U.S. and detected off Andros 40 days later on 12 April 2022. He was then detected on 18 June 2022 off Virginia Beach, VA, U.S. ~ 65 days later, after a northern movement of ~ 1400 km (Figure 1).






Discussion

This study provides the first evidence of white sharks using waters in the Tongue of the Ocean (TOTO), Andros Island, The Bahamas. Across the last 70 years, only two records exist of the species in this region of the NWA, with none in the central Bahamas. Our acoustic detections of ten white sharks of varying size and sex along the TOTO near-shore shelf across four years (2020-2024) represent an important finding that expands the current known distribution of white sharks in this part of the world. This also broadens our understanding of elasmobranch diversity in The Bahamas, which is a shark sanctuary where all sharks are protected through national legislation, and supports previously published and anecdotal evidence of white sharks in Bahamian waters.

White shark detections in our array were across short-time periods (1 to 13 days) during the late fall, winter, and early spring. They were recorded in other arrays (e.g., A69-9001-60747 in FL Keys and A69-9001-6893 in Bimini) soon after being detected in Andros (12 and 18 days), suggesting transitory-type behavior to/through the TOTO. Other tracking studies also found that white sharks exhibited rapid migrations in winter and spring along near-shore shelf waters of the southeastern U.S. Atlantic and Gulf of Mexico (GOM) (Skomal et al., 2017; Lowerre-Barbieri et al., 2021). Franks et al. (2021) found that nearly 40% (14 of 36) of the sharks tracked between 2013 and 2019 spent time in waters around the Florida Keys or in the GOM during the overwintering period, with nine returning to the GOM in subsequent periods. Philopatric behavior for white sharks is common across their range (Jorgensen et al., 2010; Huveneers et al., 2018), however despite four years of coverage in the TOTO, we did not detect individuals across multiple years. This, coupled with most white sharks detected in our array being larger juveniles or sub-adults (2.5 – 3.5 m), might indicate that our detections are a result of exploratory behavior exhibited by this life stage. Tagged juvenile white sharks are nearly 5 times more likely to be observed in Canadian waters than a tagged adult (Bowlby et al., 2022), which is hypothesized to be a result of younger animals dispersing more widely across suitable coastal habitats than older age classes. Consequently, immature white sharks are more likely to be detected on acoustic monitoring arrays outside of tagging areas (Bowlby et al., 2022). Given recent evidence for recovery in the NWA, our detections are also likely a result of white sharks returning to historically important parts of their range and the increased numbers of younger life stages being tagged off Cape Cod. However, it’s important to consider the limited fishery monitoring capacity in The Bahamas compared to the east coast of the US and that detections were exclusively along the drop off, which could mean white sharks have always used the habitat, but due to deepwater use and no commercial longlining, have gone undetected. It will be important to expand acoustic tracking coverage within the TOTO and broader Bahamas archipelago to determine the scope and drivers of their space and habitat use in the region.

Despite most detections in our array spanning only one or two days, three individuals were recorded across almost two weeks. Given the limited receiver coverage in the TOTO (< 47 km linear range), perhaps some white sharks partially overwinter in the area, like those in the southeastern U.S. Atlantic and GOM. White shark detections were exclusively overnight on the fore-reef edge (25 m) along the interface between the reef and deepwater habitats, where the depth rapidly increases to 40 m then to 400 m. This steep slope is ideal habitat for ambush predators like white sharks (Klimley et al., 2001; Martin et al., 2005; Hammerschlag et al., 2006). One study in Guadalupe Island, Mexico, a location notorious for steep drop-offs close to shore, observed approaching, bumping, and biting of an autonomous underwater vehicle at depths of 53 to 90 m, providing direct evidence of predatory behavior at depth (Skomal et al., 2015). Although pinnipeds, which are a key prey species across its range, do not exist in the Bahamas (but see McClenachan and Cooper, 2008 for extinction of the Caribbean monk seal Monachus tropicalis), there is an abundance of coastal sharks and rays (e.g., Caribbean reef, Carcharhinus perezi, and silky sharks Carcharhinus falciformis; Talwar et al., 2022; Shipley et al., 2023), as well as reef (e.g., Nassau grouper Epinephelus striatus; Stump et al., 2017) and pelagic fishes (e.g., dolphinfish Coryphaena hippurus; Merten et al., 2015) that are known to use this transition zone in the TOTO, and could provide an important food source for white sharks. Caribbean reef sharks making night time excursions to > 50 m during the winter months (Shipley et al., 2017; Guttridge pers. obs.) would conceivably be targets for white sharks cruising the shelf.

The TOTO is also recognized as an important habitat for a variety of cetaceans (e.g., bottlenose dolphins, Tursiops truncatus, and short-finned pilot whales, Globicephala macrorhynchus; Claridge et al., 2015), particularly Blainsville’s beaked whales, Mesoplodon densirostris, that are resident to the area (Hin et al., 2023). The presence of a U.S. Navy base, Atlantic Undersea Test and Evaluation Center (AUTEC) that regularly conducts sonar testing, has resulted in two decades of research on the distribution, abundance, and behavioral responses of cetaceans (Hazen et al., 2011; Claridge et al., 2015; Joyce et al., 2020; Benoit-Bird et al., 2020). Skomal et al. (2017) hypothesized that during their overwintering residency period, white sharks may feed on whales off the southeastern U.S. coast and in the GOM. Beaked whales and bottlenose dolphins have been identified as part of white sharks’ diet in other regions (Long and Jones, 1996; Heithaus, 2001; Celona et al., 2006), and the population of Blainville’s beaked whales in the TOTO is one of the highest densities to have been estimated (Hin et al., 2023). When examining the deep scattering layer, the western TOTO was characterized by intense, relatively thin layers compared to other parts of the region, offering high quality foraging opportunities for these whales (Hazen et al., 2011). In turn, the foraging effort of Blainville’s beaked whales matched this with 2.5x more clicks in the Western TOTO compared to the Eastern TOTO (Benoit-Bird et al., 2020), with surveys revealing a higher density of squid with higher mean mantle lengths (i.e. larger size) in this zone, leading to much more profitable foraging habitat. Thus, there is horizontal overlap between where white sharks were detected and beaked whale foraging grounds. Further, after a deep dive the whales spend an extensive period (66 – 155 min) in the upper 50 m of the water column (Baird et al., 2006; Joyce et al., 2020), which is the vertical zone white sharks spent 95% of their time when overwintering in the SE U.S. and GOM (Skomal et al., 2017). Thus, these local cetaceans, or perhaps the squid beak whales are hunting, could provide an important prey source and motivate white sharks to use the TOTO.

Despite a growing body of knowledge about the movement ecology of white sharks in the NWA, we have provided the first evidence of their presence in the western TOTO in central Bahamas. The Bahamas declared its waters a Shark Sanctuary in 2011 and has banned commercial longlining and gillnetting since 1993, thus The Bahamas is an important refuge for this iconic and vulnerable species. However, despite these new records, the spatial and temporal extent to which this species utilizes these waters remains unclear. While our findings are most likely a result of regional recovery, it is possible that white sharks exploit the productive mesopelagic zone whilst in the TOTO but have remained undetected when using this deepwater habitat because of insufficient monitoring. Clearly further research is required to learn more about white shark presence in The Bahamas including continued long-term collaborative monitoring and tagging programs which allowed our team to reveal these novel records.
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