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The genus Etmopterus is the most speciose group of small bodied deep-sea sharks found throughout the tropical and subtropical Western Atlantic. Despite exhibiting a global distribution at the genus-level, the blurred lantern shark (Etempoterus bigelowi) is known only from a few records in the Western and Southern Atlantic Ocean. Through in-situ video observations using deep-sea landers, we provide two new locality records of the blurred lantern shark from the deep waters off the Cayman Islands, Caribbean Sea. Three unique individuals were recorded across two separate deployments between 653m – 668m. These observations provide the first records of this species in the Caribbean Sea, adding to the minimal knowledge of the species’ distribution throughout the Western Atlantic Ocean.
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Introduction

Despite their potentially significant contribution to the global biodiversity of fishes, deep-sea sharks remain difficult to observe and study, largely due to the logistical and operational challenges of surveying the deep ocean (Howell et al., 2020). Lantern sharks (Family Etmopteridae) are a small-bodied family of squaliform sharks that are found throughout all major ocean basins and are typically distinguished by light-producing photophores distributed across their body surfaces (Claes and Mallefet, 2011; Claes and Mallefet, 2015). The family includes four extant genera, Anculeola, Centroscyllium, Trigonognathus, and Etmopterus, the latter being by far the most speciose, comprising 44 described species (Pollerspöck and Straube, 2022). Species of the genus Etmopterus are typically associated with deep-sea environments (i.e., depths exceeding 200m), and as with most species of deep-sea shark, there is an inherent scarcity of basic biological information pertaining to most aspects of their biology and distribution (e.g., Finucci et al., 2021). This largely reflects the logistical challenges of targeted surveying and the absence of individuals in accessible fish markets, due to their low commercial value (Paramo et al., 2021).

Deep-sea ecosystems of the subtropical and tropical Western Atlantic are believed to support at least eight species of Etmopterus (Mejía-Falla et al., 2019). However, most biological information pertaining to these individuals is rudimentary, reflecting morphological and catch data gathered from deep-sea trawl surveys (Springer and Burgess, 1985; Paramo et al., 2012; Paramo et al., 2021). Existing information from waters of the South American Caribbean (Colombia) revealed that catches were largely dominated by a single species, the dwarf lantern shark E. perryi (Paramo et al., 2012; Paramo et al., 2021), suggesting comparatively high abundance relative to sympatric species such as E. robinsi and E. hillianus (Schofield and Burgess, 1997; Bunkley-Williams and Williams, 2004). In comparison, existing information on Etmopterus in the Caribbean is very limited, posing questions on the spatial distribution of species composition throughout the broader regions of the Western Atlantic.

The blurred lantern shark Etmopterus bigelowi (Shirai and Tachikawa, 1993) is patchily distributed through insular shelves and slopes of the tropical and subtropical Atlantic, Pacific, and Indian Oceans (Finucci et al., 2020a). Individuals are typically associated with pelagic and benthic deep waters, having been recorded between depths of approximately 100m-1000m (Ebert et al., 2013; Finucci et al., 2020a). Individuals have been found to reach a maximum total length (TL) of at least 73cm; size (TL) at sexual maturity is 40cm - 67cm for males and 50cm – 65cm for females (Ebert et al., 2013). Though populations of E. bigelowi are expected to be relatively stable, recent summaries outline a scarcity of information about any aspect of the species’ biology (Finucci et al., 2020a). Here, we report the first records of the blurred lantern shark from deep waters adjacent to Grand Cayman, Caribbean Sea, Western Atlantic Ocean, via deployment of deep-sea landers equipped with video cameras. This information provides the first known record of this species in the Caribbean Sea, with previous records only establishing a localized range within South America and the southern United States.





Materials and methods

The Cayman Islands (Grand Cayman, Cayman Brac, and Little Cayman) are situated in the central Caribbean Sea adjacent to the most central portion of Cayman Trench. The region houses a suite of unique oceanographic and geological characteristics due to the proximity of the Oriente transform fault and Cayman Rise, which promote high levels of tectonic activity and hydrothermal vent fields in relatively shallow depths of less than 2,000m (Jones, 1994). Despite the unique oceanographic and marine geological conditions in the region, general trends in biodiversity, especially those related to deep-sea habitats, are poorly described, with the Cayman Islands receiving significantly less attention than similar regions such as the Lucayan Archipelago, Greater Antilles, and Jamaica (Burgess et al., 1994; McLaughlin and Morrissey, 2004; McLaughlin and Morrissey, 2005; Brooks et al., 2015). Further, there have been no systematic survey attempts to quantify patterns of deep-sea biodiversity around the Cayman Islands, despite the potential for housing a suite of unique ecosystems.

As part of a multi-year study to survey the biodiversity of sharks and fishes in the deep-sea territorial waters of the Cayman Islands, we conducted benthic video surveys between March and October 2022 off the shelf in deep waters approximately 3km – 15km offshore spanning the perimeter of Grand Cayman. Surveys were conducted using a custom free-falling, deep baited remote underwater lander system (hereafter dBRUV, Phillips et al., 2019).

The dBRUV system (Figure 1) consisted of a vertically oriented, carbon-fiber frame with pressure-tolerant flotation (G2200, McLane Research Laboratories Inc., East Falmouth, MA) and an acoustic weight-release system (CAT, EdgeTech, Massachusetts, US). This system was equipped with a depth-rated radio transmitter (F1845B, Advanced Telemetry Systems, Minnesota, USA) and an orange identification flag to facilitate recovery at the surface. A single GoPro camera (GoPro Hero 5/6/7), set to record 1080p video at 60 frames per second, was secured within a deep-water housing (GoBenthic, GroupB Incorporated, USA) and attached to the frame ~1.5m above the bottom of the unit. Two LED lights were used to illuminate the seafloor (SiteLite, Juice Robotics, Rhode Island, USA), and the cameras and lights powered with a custom lithium-ion battery pack. Temperature and depth were monitored using a calibrated Starmon TD stand-alone logger (Star Oddi, Iceland) or LAT1400 temperature and depth loggers (LOTEK). Approximately 500g of sardines were attached to a pole-mounted bait cage in front of the camera. The acoustic release system was used to release the drop weight, allowing for the entire system to return to the surface upon command, resulting in deployments of 6-7 hours. All dBRUVs were then located and retrieved at the surface using boat-based GPS unit, YAGI antenna, and VHF radio receiver (R410, Advanced Telemetry Systems, Minnesota, USA). Upon retrieval of the dBRUVs, videos were downloaded from micro-SD cards and reviewed at 0.5x regular speed. All research was conducted under scientific collection permits acquired from the Cayman Islands Department of Environment (DOE).




Figure 1 | Diagram of the deep-sea BRUV (dBRUV) video camera/lander system used in the present study, with its associated components.







Results and discussion

On July 26th 2022 a dBRUV was deployed 3km off Southwest Point, Grand Cayman (19.251°N, -81.416°W) at a depth of 653m, which recorded 4.5 hours of video between 10:00 and 16:00. A single male E. bigelowi was observed on a single video file and interacted with the bait crate for approximately one minute (Figure 2A). On September 19th, 2022, a dBRUV unit was deployed 15 km south of Breakers Bay, Grand Cayman (19.151°N, -81.191°W) recording 4.5 hours of video at a depth of 668m between 12:00 and 17:00. During the deployment, a single male (Figure 2B) and female (Figure 2C) E. bigelowi were observed and interacted with the bait crate for several minutes. Though positive identification of lantern shark species can be inherently challenging (Schofield and Burgess, 1997), the position of the first dorsal fin and snout length distinguishes this species from the sympatric E. pusillus (D. Ebert Pers. Comms). These behavioral observations suggest patterns of diel vertical migration in lantern sharks, as seen in other mesopelagic fishes (Abramov and Lipskaya, 1989). As our study suggests, lantern sharks occurring in the Caribbean Sea are likely to be recorded in-between periods of feeding in shallower waters during the night and resting at depth during the day, as documented elsewhere (e.g., Paramo et al., 2021)




Figure 2 | In-situ images of Etmopterus bigelowi from deep waters of the Cayman Islands collected using deep-sea video landers (Phillips et al., 2019). One male individual was observed on July 26th 2022 (A) followed by observations of a male (B) and female (C) on September 19th 2022. The individuals made several passes across the field of view and were observed interacting with the bait cage.



These observations support other known localities for E. bigelowi from the central Western Atlantic, and represents the first record of this species from the Caribbean Sea (Table 1). Historical distributions of E. bigelowi in Western Atlantic are known from several observations in South America, including Panama, Brazil, Argentina, Suriname, and Uruguay (Table 1), and by a single observation from the USA (Froese and Pauly, 2000). Combined, this suggests that the species displays a moderate latitudinal distribution throughout the tropical and subtropical Western Atlantic, similar to other small and medium-bodied deep-sea sharks such as the Cuban dogfish (Squalus cubensis, Cotton et al., 2020) and gulper sharks (Centrophorus spp., Finucci et al., 2020b). However, given the very low number of locality records for E. bigelowi, it is possible that the species’ true latitudinal range remains significantly underestimated.


Table 1 | Known localities of Etmopterus bigelowi throughout Atlantic, Pacific, and Indian Oceans.



While the waters of the Cayman Islands are known to support a relatively small, yet diverse population of sharks in its neritic waters (Gore et al., 2020), these new records suggest that its deep waters may have been an overlooked regional hotspot for the biodiversity of deep-sea sharks. As the Cayman Islands have designated 17.8% of their shelf area as Marine Protected Area (MPA) to manage the well-developed and economically important fringing coral reefs, mangrove stands and seagrass beds (Dromard et al., 2011), these MPAs extend only 1-2km offshore. However, the seabed extends to 2000m within Cayman’s territorial waters (12 nm), and to over 6000m within Cayman’s Exclusive Economic Zone, suggesting that deep-reef habitats may warrant inclusion in future plans for protected area expansion, especially given growing threats of unsustainable, unregulated fishing of deep-water species and of sea-bed mining for metalliferous nodules adjacent to ocean trenches (Irigoien et al., 2014; Churchyard et al., 2016).

These new locality records also highlight a broader need to determine patterns of deep-sea biodiversity throughout the Greater Caribbean (Howell et al., 2021). This is particularly pertinent, given recent calls to scale the size and volume of regional MPAs to facilitate effective conservation of biodiversity (Gallagher et al., 2020). This requires improved efforts to increase region-wide monitoring that will ensure the integration of deep-sea habitats into future MPA expansion (Paramo et al., 2012). To be successful, scaling efforts will require deliberate, international collaboration and improved mechanisms for support and empowerment of many developing countries (Howell et al., 2020; Amon et al., 2022). While providing the critical information required to determine hotspots of deep-sea biodiversity, these efforts are also likely to yield exciting new discoveries across the Greater Caribbean.
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