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Acoustic Telemetry Around Western Australia’s Oil and Gas Infrastructure Helps Detect the Presence of an Elusive and Endangered Migratory Giant
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Subsea infrastructure of the oil and gas industry attracts commercial fish species as well as megafauna including sea lions, turtles, sharks and whales. Potential impacts of this attraction, whether positive or negative, are unknown. As part of a pilot study, we deployed acoustic telemetry equipment around offshore infrastructure to assess its effectiveness in detecting tagged marine animals and to gain insights into patterns of megafauna occurrence around these structures. Acoustic receivers were placed around four oil and gas platforms and on two remotely operated vehicles (ROVs) on Australia’s North West Shelf. Two whale sharks (Rhincodon typus) tagged in the World Heritage Ningaloo Reef Marine Park were detected at two platforms, North Rankin A and Pluto, located up to 340 km to the northeast. The shark at North Rankin A was detected infrequently and only 15 times over ∼6 weeks. The shark at Pluto was detected each day of the 24-day deployment, in total 4,894 times. Detections at Pluto platform were highest during the day, with peaks at dusk and dawn. Our study indicates that acoustic telemetry around platforms may be an effective method for understanding how marine megafauna utilise these structures. We recommend collaborating with industry to undertake receiver detection range testing to understand the effectiveness of the method. Furthermore, future studies should co-occur with tagging programs at sites like Ningaloo Reef and around the structures themselves to maximise the probability of detecting animals at these sites, thereby improving our understanding of how marine megafauna interact with these structures.
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INTRODUCTION

Offshore oil and gas (O&G) infrastructure such as pipelines and platforms have proliferated along continental margins and in the deeper oceans worldwide (Ars and Rios, 2017). These structures are colonised by sessile and motile epibiota, which in turn attract fish and larger fauna (van der Stap et al., 2016; Bond et al., 2018; Thomson et al., 2018; McLean et al., 2019a; Todd et al., 2019). The role these structures play as artificial reefs has attracted greater attention worldwide as they age and as industry considers decommissioning options (Macreadie et al., 2011; Bull and Love, 2019). In the Gulf of Mexico, this interest culminated in the ‘Rigs to Reef’ program in the 1980s, where obsolete oil platforms were left in place, forming additional habitat that has ultimately increased local fish abundance (Kaiser and Pulsipher, 2005; Downey et al., 2018). While clearly being sites of enhanced biomass of important fish species (McLean et al., 2018, 2019b), megafauna such as sharks, manta rays, sea turtles, seals, dolphins and porpoises have also been recorded around platforms, pipelines, manifolds and other structures (Robinson et al., 2013; Todd et al., 2016, 2020). However, few studies have focused on the role of these structures in relation to habitat use and movement by these taxa. Such studies are important as species such as whale sharks (Rhincodon typus) are listed as Endangered by the International Union for the Conservation of Nature (IUCN) (Pierce and Norman, 2016) and included on Appendix II of the Convention on the International Trade in Endangered Species of Wild Fauna and Flora (CITES).1

On Australia’s North West Shelf (NWS), amidst Australia’s largest oil and gas producing area, studies indicate that whale sharks and other megafauna are frequent visitors to subsea infrastructure (Pradella et al., 2013; McLean et al., 2019b, 2020). However, little is known of the nature of interactions between marine megafauna and these structures. The NWS and its several thousand kilometres of pipelines, >1000 wells, >20 monopods and large platforms, lies to the north of the World Heritage-listed Ningaloo Reef where whale sharks aggregate annually (Meekan et al., 2006; Wilson et al., 2006). This region has been the focus of research programs into the movement patterns of marine megafauna such as the Commonwealth Scientific and Industrial Research Organisation’s (CSIRO) Ningaloo Outlook Program2 and the Australian Institute of Marine Science’s North West Shoals to Shore Research Program (Parsons et al., 2018). Numerous marine species, including humpback whales (Megaptera novaeangliae), whale sharks, manta rays (Mobula alfredi and M. birostris) and important fishes have been documented to move widely across the NWS (Jenner et al., 2001; Pillans et al., 2014, 2017; Norman et al., 2016; Reynolds et al., 2017; Vanderklift et al., 2020). Thus, this presents a unique opportunity to determine whether subsea structures are visited frequently by these species and gain insights into how they may use these artificial habitats. Understanding megafauna habitat use around these structures may help inform future decommissioning options, aid in the understanding of marine connectivity between natural and artificial reefs, and ultimately aid in conservation and management efforts of endangered species such as the whale shark.

Passive acoustic telemetry is a widely recognised tool for tracking marine species over short and long distances (Heupel and Webber, 2012; Donaldson et al., 2014; Hussey et al., 2015). It involves tagging target species with a uniquely coded transmitter that can be detected through its low frequency (69 kHz) acoustic transmission by receivers strategically deployed underwater at sites of importance or along migratory pathways (Voegeli, 1988; Heupel et al., 2006, 2019). At Ningaloo Reef, acoustic telemetry has been used to track species including lemon sharks (Negaprion acutidens), grey reef sharks (Carcharhinus amblyrhynchos) and black tip reef sharks (C. melanopterus) (Vanderklift et al., 2020 and references therein) and has been used on fish aggregation devices (FADs) to help track and understand the behaviour of tuna (Robert et al., 2013a,b). It has also been used around O&G platforms off the coast of California and Louisiana to examine site fidelity of resident fish species (Lowe et al., 1996; Topping and Szedlmayer, 2011; Everett et al., 2020). In this pilot study, we trialled acoustic telemetry around O&G infrastructure to assess its efficacy in (a) identifying the timing and duration of visitations by tagged species; (b) understanding how megafauna may use these habitats; and (c) assessing connectivity between these structures and natural habitats in the region. Here, we successfully document the detection of two endangered whale sharks around O&G platforms on the NWS for the first time.



METHODS

This study was undertaken on Australia’s NWS located to the northeast of Ningaloo Reef Marine Park (Figure 1A). Since 2010, a total of 40 Innovasea V16 69 kHz acoustic transmitters (Innovasea, Bedford, NS, Canada) have been externally attached to whale sharks at Ningaloo Reef, as part of BHP-CSIRO Ningaloo Outlook Marine Research Partnership (n = 16) and the Ecocean Whale Shark Research Program (n = 24). These transmitters are typically programmed to transmit their unique identifier every few minutes, which is logged by underwater receiver hydrophones whenever the tagged animal swims within 200–800 m of a receiver. The V16-4H transmitters deployed by both programs had a power output of 158 dB and were programmed to transmit every 120 s. Each tag deployed on the whale sharks was attached to a titanium tag anchor with a 30 cm length of stainless steel wire. The tag anchor was inserted below the second dorsal fin using a rubber-powered spear gun (Figure 2B).
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FIGURE 1. (A) Location of Ningaloo Reef and positions of platforms Pluto, North Rankin complex (A&B) and Goodwyn Alpha, and the approximate pipelines survey locations of the Angel infield and Vincent fields on the North West Shelf. Also shown are last known positions of two whale sharks tagged with acoustic transmitters at the World Heritage Ningaloo Reef before being detected again at North Rankin A and Pluto platforms. (B) Acoustic receiver stations of the IMOS/CSIRO Ningaloo Reef Ecosystem Tracking Array and detection locations of the two tagged whale sharks later detected at Pluto and North Rankin A platforms. Shark 19503 was detected 26 times over 2 days in the area where it was tagged on the receiver north line and was not detected again until Pluto platform. Shark 19499 was detected 182 times within the Ningaloo region over the next 12 months at 10 receiver stations between the north and south extent of the deployed receivers. Note that all shark 19503 detections that occurred within a small area cannot be shown due to map scale.
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FIGURE 2. (A) A stylised platform jacket showing approximate placement of a VR2W receiver (in red) on a mudmat at the base of the jacket and (B) a whale shark tagged with a V16 69 kHz acoustic transmitter (within dashed circle) pictured at Ningaloo Reef (picture by R. Pillans).


In a collaboration with Woodside Energy, we deployed Innovasea VR2W 69 kHz acoustic receivers during pipeline surveys in the Angel and Vincent infield areas and at the base of four platforms including North Rankin A and B (NRA and NRB, linked by a 100 m bridge), Pluto A and Goodwyn Alpha (GWA) (Figure 1A). One receiver was deployed at each platform at depths up to 130 m for periods of up to 90 days in 2017 and 2018 (Supplementary Table 1). During the pipeline surveys, a receiver was attached upright on the vertical frame of an ROV. Around the platforms, a receiver was deployed to the seafloor during a jacket inspection campaign using a platform-tethered ROV. A small weight was attached to the base of the receiver as an anchor and a small float on a line was attached to maintain the receiver in an upright orientation. The receivers were placed at a platform leg on mudmats used to prevent sinking of equipment into soft substrate (Figure 2A). During these opportunistic deployments, operational constraints severely limited our ability to deploy more than one receiver around each platform and there was no opportunity to conduct range testing of the receivers during any of the deployments.

Upon receiver recovery, data were downloaded using the manufacturer software, merged into a database and analysed in the R programming language (R Core Team, 2021). Data from receivers deployed as part of the Integrated Marine Observing System (IMOS)3 Animal Tracking Facility and CSIRO Ningaloo Reef Ecosystem Tracking Array (NRETA) project were also accessed via the national IMOS Animal Acoustic Telemetry Database4. In this region, a total of 205 receivers have been deployed in discrete receiver arrays and curtains at distinct locations along the Ningaloo coastline since 2009 (Figure 1B). We then searched the IMOS database to match each detected transmitter ID to the tagged animals. As the detected transmitters were programmed with identical ping frequencies of 120 s, standardisations between the transmitters was unnecessary.

Both datasets were analysed using the Animal Tracking Toolbox (ATT) in the VTrack package in R (Campbell et al., 2012; Udyawer et al., 2018). After false detections were identified and removed (Simpfendorfer et al., 2015), we used the ATT to summarise detection metrics such as number of detections, number of days detected and, in the case of the Ningaloo receivers, the number of receivers on which the transmitters were detected.



RESULTS

Two different whale sharks were detected at two separate platforms, Pluto A and NRA. Both sharks were tagged with 69 kHz acoustic transmitters at Ningaloo Reef as part of the Ningaloo Outlook project2. There were no detections from the ROV pipeline surveys within the Angel and Vincent fields, or at the platforms NRB and GWA.


Shark 19499 and North Rankin A (NRA) Platform

Transmitter A69-9001-19499 was attached to a whale shark on the 2 June 2016 at -21.83782°S, 113.96828°E along the north acoustic receiver line at Ningaloo Reef, hereafter called shark 19499 (Figures 1A,B and Table 1). After being tagged, shark 19499 was detected within 2 h and 6 km away (Figure 1B). The shark was detected another 182 times at 10 receiver stations on 21 unique days along the Ningaloo coastline between North West Cape in the north and Coral Bay in the south between 2 June 2016 and 13 May 2017 (Figure 1B). Most detections were on receivers in water depths between 50 and 100 m close to the reef front. Shark 19499 was last detected in the Ningaloo region along the acoustic curtain of the north line (Figures 1A,B). This shark was not detected again along the Western Australian coastline until almost 1.5 years later on 22 October 2018 when the tag was heard at the NRA platform, approximately 340 km to the northeast of North West Cape.


TABLE 1. Deployment and detection details for the V16 69 kHz acoustic transmitters deployed on whale sharks at Ningaloo Reef and detected at the oil and gas platforms on the North West Shelf.

[image: Table 1]At NRA platform, shark 19499 was detected 15 times over the 90-day deployment period between the 22 October 2018 and 10 January 2019 (Figure 3A and Table 1). These detections occurred infrequently on 6 unique days of the deployment. The initial detections from the 28 November 2018 were sparse but detections increased in frequency between the 13 and 19 December 2018 (Figure 3A). However, there were only 1–4 detections occurring per detection day and the period between detections varied widely, with a maximum gap of 126 h. All detections occurred during the day, being 05:44–18:23 h at the start of the deployment in October 2018 and 05:49–19:04 h in January 2019 (Figure 3C).
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FIGURE 3. The number of acoustic detections of whale sharks 19499 and 19503 by deployment day [(A,B), respectively] and by local hour of day (C,D) at North Rankin A (maroon) and Pluto (blue) platforms, respectively, during the night (shaded) and the day (unshaded). Note the different y-axis scales for detection number on all plots where detections at Pluto were up 100 times those at North Rankin A.




Shark 19503 and Pluto Platform

Transmitter A69-9001-19503 was attached to another whale shark, shark 19503. Shark 19503 was also tagged on 2 June 2016 and at a location close to that of shark 19499 (Table 1A and Figure 1B). Shark 19503 was detected 26 times in total in the same area over the next 2 days but was not detected again along the Western Australian coastline until more than 2 years later at Pluto A platform on 16 June 2018.

At Pluto, shark 19503 was detected between 130 and 580 times each day of the 24-day deployment period (excluding part days) between 16 June 2018 and 10 July 2018 (Table 1 and Figure 3B). Overall, shark 19503 was detected 4,894 times, with a maximum gap between detections of 4.9 h. Fifty nine percent of detections occurred during the day (05:50 to 17:50 h) with 41% occurring at night (Figure 3D).



DISCUSSION

Marine megafauna are frequently observed around subsurface infrastructure by crew sightings, underwater inspectional footage and studies using surface observations (Delefosse et al., 2017; Todd et al., 2020). However, we have very little understanding of how these taxa use these structures, the role of connectivity these structures play along coastlines, nor their impact on migratory species transiting to and from feeding and/or breeding grounds. Satellite tracking of marine megafauna can help answer some of these questions but is poorly suited to answering questions on subsurface behaviour and movement as positions are only sent when the saltwater switch on the tag is dry and the antenna has broken the water surface. Conversely, our acoustic detections at platforms feature only limited locations but provide data on interactions with the platforms, and acoustic tags can stay affixed to animals for up to several years. While our pilot study does not presume to answer the above questions, it does provide insight into how these questions may be addressed using proven acoustic telemetry technology in collaboration with the O&G industry. Furthermore, our results may have wider implications for the use of acoustic telemetry on other subsea structures such as shipwrecks, artificial reefs and FADs, which can be instrumented and used as scientific platforms (Moreno et al., 2016).

We detected two whale sharks at two separate platforms. However, despite both detected sharks having the same type of acoustic tag attached in identical positions, with identical power and ping frequency parameters, detection patterns were very different. The whale shark at Pluto platform was detected almost continually every day of the 24-day deployment, with the longest period between detections being approximately 5 h. This suggests a strong affinity to Pluto or the surrounding area and that shark 19503 spent its time in close proximity to the platform, within the theoretical maximum range of the receiver of 200 – 800 m. At NRA, shark 19499 was detected only infrequently (between 1 and 6 times) on 6 days over a 23-day time period, although the deployment totalled 90 days. This detection pattern may indicate a low affinity or even a repulsion to the platform, with the shark infrequently approaching and/or remaining on the edge of detection whilst in the general area over 23 days. However, the few and infrequent detections at the NRA platform were uninformative. We could not determine whether they were a result of the shark’s behaviour around the platform, seasonal influences affecting movement more broadly or alternatively, factors that affected transmitter signal strength and/or the detection performance of the instruments that are discussed further below.

What factors may have influenced the limited detection patterns we did record? Studies have shown that artificial lights emitted by platforms at night may act as ‘light traps’ for plankton, enhancing local food supplies (Keenan et al., 2007) and attracting predators such as harbour porpoises (Todd et al., 2009). However, our data suggests that both whale sharks we detected moved away from the platform receivers at night. Diel movements of fish species driven mostly by feeding and reproduction are well known and the abundance of some fish around offshore infrastructure has been shown to decrease at night (Baggerman, 1980; Lowry and Suthers, 1998; Nagelkerken et al., 2000; Bond et al., 2018). In the Gulf of Mexico, Barker and Cowan (2018) found fish communities in surface waters around lit versus unlit platforms were most abundant during daylight hours, suggesting they utilised the structure during the day for shelter and had an aversion to the lights at night, potentially to avoid predation. On the NWS, predatory fish species that sheltered along pipelines during the day were absent at night, thought to be foraging in adjacent habitats (Bond et al., 2018). As the world’s largest fish, the whale sharks we detected may be undertaking similar, nocturnal movements away from the platform, possibly using them as a refuge during the daylight hours. Alternatively, our fewer detections at night might be due to increased background noise from vertical plankton migrations and/or the whale sharks themselves moving to shallower depths above the platform receivers at this time.

Our results indicate there is a degree of connectivity between the platforms and Ningaloo Reef Marine Park, exhibited by the movement of these whale sharks. This highlights the importance of understanding the interactions between the whale sharks and the platforms as the NWS subsea infrastructure lies along known whale shark tracks from Ningaloo Reef to the northeast and the northwest (Wilson et al., 2006; Sleeman et al., 2010; Vanderklift et al., 2020). However, it is difficult to determine if there are advantages or impacts associated with this connectivity or the attraction to offshore infrastructure. While there are support vessels within the 500 m exclusion zone around these structures, their speed is limited to four knots and they are unlikely to cause strikes on whale sharks as seen at tourism locations such as Ningaloo Reef and Oslob in the Philippines (Lester et al., 2020; Penketh et al., 2020). In fact, this exclusion zone around operating platforms in Western Australia may provide pinpoints of protection. However, this is unlikely to be significant to highly migratory species like whale sharks, which have been recorded moving thousands of kilometres with a high degree of individual variability (Vanderklift et al., 2020). Continued detection around offshore platforms presumably implies that the animals are remaining in the vicinity of these structures for a purpose. Given the sharks we detected were not sexually mature, feeding on the increased plankton abundance around the platforms is the most likely explanation. A better understanding of plankton biomass around platforms and how this relates to whale shark occurrence patterns is required.

Worldwide, the offshore O&G industry is estimated to be supported by >12,000 platforms and around 180,000 km of pipelines, mostly located in depths up to 150 m on continental shelves (CNCP, 2015; Ars and Rios, 2017; Kaiser, 2018; Jouffray et al., 2020). Combining acoustic telemetry with this infrastructure could vastly increase our ability to track and understand migratory movements of megafauna, especially in areas that are ecologically significant, remote and difficult to access. For example, Ningaloo Reef has a history of marine animal tagging and a long established acoustic detection array but very few listening stations to its north. A dedicated receiver deployment program around O&G structures on the NWS combined with a tagging campaign of migratory species would greatly assist in understanding broad scale movement patterns and how infrastructure may be used by these species. Furthermore, this would vastly extend the IMOS Animal Tracking Network along this remote coastline, enhancing monitoring opportunities for species of national interest (i.e., recreationally and commercially important species and threatened, endangered or protected species). As migratory species cross international boundaries, an enhanced network along the Western Australian coast may also foster collaborations and knowledge leading to significant conservation outcomes. These outcomes would reflect positively on offshore industry and enhance their social licence to operate.

Our few detections are most likely due to several key factors. Firstly, the deployments were opportunistic, determined by inspection schedules and not biological imperatives, over a relatively short time periods and at five different locations. In addition, few highly mobile animals have been tagged with acoustic transmitters in North-Western Australia prior to this study. Based on records in the IMOS database, only 108 individuals likely to move across the NWS, including whale sharks, green turtles (Chelonia mydas) and tiger sharks (Galeocerdo cuvier) have been tagged in the region since 2009. Forty of these were whale sharks and only 24 individuals were tagged within 3 years of our receiver deployments. Such low numbers of recently tagged animals limited the probability of detection at our sites and this number was reduced further by the longevity of tag attachment to the shark. For example, of the 10 external acoustic tags attached to whale sharks by CSIRO in 2016, five tags were confirmed as detached from sharks from Ningaloo tourist industry photo identifications the following year. That two of the tagged whale sharks were detected at the platforms over a year later in 2018 hints at an underestimation of numbers visiting platforms we have recorded here. This is further illustrated by visual sightings of four individual, untagged whale sharks at GWA during the same time period our receiver was deployed at this site (McLean et al., 2019a). Two of these individuals were positively identified from photographs previously taken at Ningaloo Reef and submitted to the Wildbook for Whale Sharks.5

Finally, we have a very poor understanding of the detection range of acoustic receivers around O&G structures and especially receivers attached to ROVs, with their relatively loud, hydraulically operated parts. Several studies stress the importance of range testing for acoustic tags and receivers as signal strength and probability of detection can be impacted by many variables. These include deployment duration, receiver depth, receiver orientation and environmental factors such as sea state, ambient noise, current strength, wind speed, and physical properties of the water column such as thermocline depth (Simpfendorfer et al., 2008; Kessel et al., 2014; Huveneers et al., 2016; Loher et al., 2017). Therefore, it is likely that each of these factors, either separately or in combination, may have impacted our ability to detect tagged animals.

Our experience leads us to several recommendations. An essential first step prior to further studies is range testing of the receivers to understand their effectiveness around O&G infrastructure and while attached to ROVs. Range testing may reveal that it is necessary to deploy more than one receiver per platform to overcome limitations, along with stationary reference tags to understand changes in detection probability with time and to refine detection range (Kessel et al., 2014; Huveneers et al., 2016). Furthermore, any collaboration with industry to deploy acoustic receivers around subsea infrastructure must be combined with an intensive animal tagging campaign nearby to enhance possible detections. Such campaigns should consider the rapidly evolving range of tags carrying sensors that can measure essential ocean variables (Harcourt et al., 2019). For example, acoustic tags should at least include a pressure sensor to help us understand how megafauna may interact with the infrastructure over depth.

Subsea infrastructure is well known to form artificial reefs that attract commercially important fishes and a range of megafauna. However, little is known about how marine megafauna may use these artificial reefs and how these structures may affect the movement of species such as whale sharks. This is particularly relevant on Australia’s NWS where large O&G fields lay along a north-south movement corridor for whales and whale sharks. In this study, the use of acoustic receivers around O&G platforms led to the detection and identification of two endangered whale sharks previously tagged in the nearby World Heritage Ningaloo Reef Marine Park. While these sharks showed different degrees of attraction to the platforms, our study confirmed that acoustic telemetry may be a useful tool in helping understand habitat use of O&G artificial reefs by megafauna. Furthermore, our experience allows us to offer recommendations for future studies. These include collaborations with industry to conduct range testing of the acoustic receivers around infrastructure and large-scale tagging campaigns to coincide with receiver deployments to optimise success and the collection of scientific data on endangered or regionally relevant species.
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