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Anchoring is well known to cause potentially significant damage to sensitive marine habitats, yet is relatively poorly studied, especially for cruise ships. These are among the largest ships in the world and frequently seek to visit relatively unspoilt tropical destinations, where docking facilities are absent or inadequate, resulting in cruise ships anchoring instead. Limited resources in agencies tasked with marine management in these destinations often constrain the ability to assess potential impacts and develop robust anchoring protocols based on scientific information that seek to preserve valuable marine habitats. In this study we present a low-cost method for identifying anchoring events and studying the detailed movement of cruise ships at anchor to determine their anchoring footprint and to map maximum potential habitat damage. This methodological approach using open access automatic identification systems (AIS) data is particularly well suited to destinations where resources for marine management are scarce, yet the environmental and socioeconomic cost of anchoring damage is likely to be high.
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1 Introduction

Anchor damage has long been recognised as an important stressor on sensitive tropical marine habitats, especially coral reefs and seagrass meadows (e.g. Davis, 1977; Halas, 1985; Rogers, 1985; Smith, 1988; Creed and Amado Filho, 1999; Milazzo et al., 2004; Hernández-Delgado, 2023). Anchoring is highly detrimental to these sensitive habitats because it not only results in physical damage directly under the dropped anchor, but also during the process of anchoring which requires that the anchor is ‘set’ after dropping by dragging it backwards until it digs into the substrate. Once anchoring is complete, the retrieval of the anchor leads to further damage (Collins et al., 2010). During the anchoring process on hard substrates, stony corals, gorgonians and sponges that are essential to the integrity of a biodiverse coral reef community are broken, fragmented, or overturned, even damaging the reef framework itself (Rogers and Garrison, 2001; Smith, 1988). For seagrass meadows in soft substrates, the anchoring process severely damages the above-ground canopy and can uproot or break the network of rhizomes below the sediment surface leading to ‘potholing’ (through subsequent erosion) and damage to the integrity of the meadow (Collins et al., 2010; Francour et al., 1999; Milazzo et al., 2004). In both these sensitive habitats, anchoring causes significant impacts through damaging the foundational ecosystem engineering species. These impacts can be long-term as seen in the US Virgin Islands where even ten years after a cruise ship dropped anchor on a coral reef in Virgin Islands National Park, St. John there were no signs of recovery (Rogers and Garrison, 2001). Furthermore, ships’ anchors only hold if pulled horizontally or at a very small angle requiring a substantial amount of chain to achieve this (the deeper the water the longer the anchor chain required). Whilst at anchor, ships swing back and forth depending on prevailing winds, waves and currents causing the anchor chain to drag across the seafloor, thereby increasing the area of damage to these sensitive habitats substantially through direct physical contact (scouring) and through the release of silt clouds (Davis et al., 2016; Watson et al., 2022).

The degree of damage that occurs from anchoring is dependent on the type and size of anchor used, with larger anchors known to result in greater damage (Collins et al., 2010; Dao and Grabe, 2024). The anchoring of large ocean-going cruise ships, in particular, can potentially cause significant damage to sensitive habitats (Rogers and Garrison, 2001). For example, a typical ocean cruise ship is around 200–300 m in length and carries two anchors each weighing between 5–18 metric tons with over 500 m of anchor chain that drags across the substrate as the anchored vessel swings (Davis et al., 2022; Ito et al., 2023). Interestingly, although remote sensing tools are increasingly being used to examine anchoring footprints, a standard approach has not been adopted industry-wide and there is little quantitative information on anchoring damage to sensitive habitats (especially coral reefs) by cruise ships. This is despite the burgeoning cruise industry, that has seen a steady 7.3% rise in passenger numbers annually over the past three decades (Ito et al., 2023). Furthermore, it is common practice to drop anchor whilst awaiting entry to busy ports, or where the destination does not have docking facilities or is too shallow to enter the port (Davis et al., 2022). In fact, cruise ships commonly seek anchorages in near-pristine locations without docking facilities or designated ships anchorages where they potentially cause much greater habitat damage than in well-used commercial anchorages where the habitats are already destroyed (Davis and Broad, 2016). This lack of a standard approach by the shipping industry to assessing the impacts of anchoring on benthic habitats and the dearth of information came into sharp focus during the global COVID-19 pandemic (2020-2021) when many large ships (including cruise ships) were forced to seek safe anchorages outside congested ports for many months (Davis et al., 2022; Small and Oxenford, 2022; Tinsley, 2021; Watson et al., 2022). The cruise ship industry was the most impacted shipping sector during the COVID-19 pandemic as the entire industry shut down in March 2020. This meant that many cruise ships anchored whilst out of work in places such as Barbados due to port congestion (EMSA, 2021).

Nowadays, managers of sensitive tropical habitats, especially coral reefs, are facing a myriad of anthropogenic stressors that are causing global declines in these valuable ecosystems (Hughes et al., 2017; Mumby et al., 2014; Souter et al., 2021). The sources of many of these stressors are global (e.g. warming sea water temperatures, increasing frequency of dangerous storms, spread of invasive species) and thus very hard or impossible to manage at the local level. However, anchoring can be considered a local stressor with tangible management solutions that can be applied by reef managers to reduce some of the pressures to which these valuable habitats are exposed. Significant reduction in anchor damage associated with recreational vessels has been reported by several studies. The British Virgin Islands saw a reduction in anchoring on coral rich habitats after the installation of mooring buoys (Forrester, 2020), and in Australia after the introduction of ‘no-anchor’ zones in coral reef areas at 4–12 m depth (Beeden et al., 2014) and use of ‘screw’ moorings in seagrass in areas 3–6 m deep (Beeden et al., 2014; Demers et al., 2013; Forrester, 2020). However, managing the anchoring of ocean-going cruise ships, to mitigate habitat damage is more complex. This is because foreign vessels have a ‘right to anchor’ in the territorial waters of any nation under UNCLOS (Davis et al., 2016) and especially when globally or regionally significant events (e.g. pandemics, shut down or blockage of key shipping routes, major storms, war) can change the schedules or destinations and behaviour of the cruise industry at short notice. The general dearth of information regarding cruise ship anchoring damage to sensitive tropical habitats (Broad et al., 2020; Davis et al., 2016; Mason et al., 2023; Watson et al., 2022) is a constraint for effective management. This knowledge gap is exacerbated, particularly in Caribbean small island developing states (SIDS) with high cruise ship visitation rates, by the lack of a standardised low-cost protocol to monitor anchoring and behaviour of cruise ships at anchor.

In this study, we used a unique opportunity arising from multiple cruise ships being permitted to anchor in coral-rich Barbadian waters during the first six months of the COVID-19 pandemic (Small and Oxenford, 2022) to test a low-cost approach with high spatial and temporal resolution data to monitor cruise ship anchoring events, derive the anchoring footprint and estimate potential structural damage to coral rich habitat in Barbados from cumulative anchoring events.




2 Methods

For this study, we focus on ocean-going cruise ships (classified as ‘passenger ships’) in Barbados’ coastal waters, and use data and information that is free of charge. Our approach makes use of the global International Maritime Organization (IMO) requirement for all passenger vessels to carry an automatic identification systems (AIS) transponder that continuously transmits position data, identity and navigational status of the vessel, making it a good tool to monitor anchoring events (Deter et al., 2017). We accessed AIS data through MarineTraffic1, an open-access web-based platform providing, via their ‘live map’, high resolution position data (GPS locations in near real-time transmitted every 2 seconds to 3 minutes). These data show all ships’ movements (as route and speed), and their navigational status (as ‘underway using engine’, ‘at anchor’, ‘not under command’, ‘moored’ and ‘restricted manoeuvrability’) whilst in coastal waters. Movement data are also shown over the previous 24 hr.



2.1 Descriptive vessel data

Descriptive data on the selected cruise ships including vessel size (length, width, gross tonnage and draught) were downloaded from the MarineTraffic and Scheepvaartwest2 websites. Additional information on the length of the anchor chain carried and number of passenger decks were obtained for some cruise ships from the Scheepvaartwest and Cruise Deck Plans3 websites, and for the smaller vessels from their own websites.




2.2 High-resolution anchoring footprint

In this study we consider a polygon incorporating the location of the anchor drop and vessel swing whilst at anchor as the ‘anchoring footprint’ (defined by Deter et al., 2017 as the ‘anchoring zone’).

The timing and location of anchoring events by any vessel can be approximated by monitoring its AIS position data and the navigational status (i.e. when a vessel changes its status to or from ‘at anchor’). However, the navigational status is manually set by the ship’s crew and the AIS position data indicates the location of the ship’s hull (i.e. the location of the AIS transponder on the ship’s bridge which, in the case of cruise ships, is located near the bow). As such, the ship’s location when the navigation status is manually changed to ‘at anchor’ is unlikely to reflect the actual location of the anchor drop. Further, this cannot be estimated from the location of the vessel at anchor without knowing the amount of anchor chain deployed, and other factors such as water depth and wind and current direction and strength. To obtain the location of the anchor drop with much greater precision, we examined the cruise ship’s past track immediately prior to changing their status to ‘at anchor’, since a ship will sharply reduce speed (to < 1 knot) prior to dropping anchor. The vessel then falls back immediately after, as it drags the anchor backwards to set it, and then pays out the chain. The approximate length of chain deployed on the seafloor was then measured from the putative anchor drop location to the anchored vessel location using the latitude and longitude position of each, obtained by hovering the cursor over each point of interest on the screen image of the MarineTraffic interface.

In our study we used this precision method to determine the anchor chain length for a subset of anchoring events by a range of vessel sizes (Supplementary Table 1) and subsequently used the mid-range value of 250 m as a proxy of chain length for each event in our study where we lacked more detailed information on the anchor location, but had coordinates of the swing pattern.

Vessel swing at anchor was monitored once daily using the vessel track data for the previous 24 hrs. The latitude and longitude coordinates of the vessel swing and anchor location were then imported into ArcGIS Pro and ArcMap (ESRI, USA) to reveal the ‘anchoring footprint’ (Figure 1). The area of the anchoring footprint and swing angle were calculated using the ‘measure’ and COGO (Coordinate Geometry) tools respectively (Figure 1). For anchoring events longer than 24 hrs, a cumulative anchor footprint was obtained by combining data for each 24 hr period. The area of this footprint informed the maximum area of potential direct habitat damage for each anchoring event.

[image: Text Three panels display different mapping analyses. Panel (a) shows a cluster of red triangular markers with yellow highlights and intersecting lines representing the movement of the vessel. Panel (b) features a map with a yellow outlined area showing the anchoring event and blue dots showing position of vessel. Panel (c) presents a similar map with an angle measurement by a yellow line. Map (b) and (c) include measuring tools.]
Figure 1 | Mapping the anchoring footprint of a cruise ship in Carlisle Bay, Barbados. (a) shows the MarineTraffic visualisation of vessel movements while at anchor (red track and points). (b) shows the hourly positions (blue circles) plotted on a benthic habitat map in ArcGIS Pro. Yellow circle represents presumed anchor location, yellow polygon indicates the anchoring footprint and inset box shows the polygon area calculated with the Measure tool. Coloured areas (mauve and red) represent coral-rich habitat. (c) shows the swing arc of the anchored ship and inset box shows the calculated angle using the Measure tool.




2.3 Validation of anchor location, chain length and habitat damage

Our interpretation of the ship’s track immediately prior to showing an ‘at anchor’ status to determine the precise anchor drop location and length of chain deployed was validated by taking surface and bottom measurements via SCUBA on a cruise ship at anchor. This involved (1) diving on the ‘live’ anchor chain taking video footage along the entire length, measuring and then counting chain links from under the ship to the anchor, and (2) taking handheld GPS coordinates under the anchor hawsehole of the cruise ship and over the anchor as indicated by divers’ surface marker.

To confirm and characterise habitat damage occurring in the derived anchoring footprint, we undertook qualitative coral reef damage assessments of several cruise ship anchoring footprints using SCUBA gear. Habitat damage was recorded by an underwater camera (as still photographs and video footage) and approximate distances (to nearest 5 m) were measured by counting standardised fin kicks of known length for each diver.




2.4 Estimating coral-rich habitat damage from anchored cruise ships

To estimate the maximum potential damage to coral-rich habitats by cruise ship anchoring events in Barbados, we used ArcMap to overlay the derived anchoring footprints (polygons) onto a benthic habitat map for Barbados created previously by Baldwin et al. (2019) using high resolution satellite images and ground-truthing in 2015. We also examined the anchoring depths to the nearest 10 m by overlaying the anchor coordinates on a bathymetric contour map for Barbados created previously from a bathymetric surface gridded from a LiDAR survey conducted by Coastal Zone Management Unit in 1999.

To reduce the time required for monitoring pre-anchoring tracks of every cruise ship, we used position data every 24 hrs to obtain the swing pattern at anchor from which we could estimate the anchor location, informed by the validated chain length. Further, we derived anchoring footprints for different size categories of cruise ship. For this we selected eight different anchoring events of 3–5 days duration for cruise ships belonging to three distinct size categories (three small: < 45,000 GT; two medium: 45,000-105,000 GT; three large > 105,000 GT, Supplementary Table 1), to obtain an estimate of the typical swing of the vessel and mean area of the anchoring footprint for each vessel size category. This was then used as a proxy of the maximum area of potential direct habitat damage caused by each vessel size category.

All derived anchoring footprints were then overlaid on the benthic habitat map using the mean location of the anchored vessel as a guide, to determine the area of potential damage to sensitive coral-rich habitats (in this case, hard coral patch reef and hard coral framework reef) as they were the focus of our damage assessment due to the importance of coral reefs to the island (Schuhman et al., 2017). For cruise ships with anchoring footprints on, or partially on, less sensitive habitats (i.e. deep sand) the Intersect Geoprocessing tool in ArcGIS Pro was used to select only the footprint areas falling on coral-rich habitat. Further, when anchoring events by the same or different vessels were in close proximity to one another so that the anchoring footprints overlapped, we drew a polygon around the clustered anchoring footprints to calculate the area of likely damage and thus avoid overestimating the total area of reef damaged.





3 Results

Using the MarineTraffic AIS data we recorded the arrival of 43 cruise ships in the coastal waters of Barbados over the first 6-months of the COVID-19 pandemic (1 March – 1 September 2020) of which 65% anchored, some of them multiple times (Supplementary Table 1) resulting in 132 anchoring events (Figure 2).

[image: Map of Barbados, highlighting bathymetric contours at depths of 10, 20, 30, and 40 meters in red, green, blue, and purple along the west and southwest coasts. Cruise ship anchor locations are marked with purple dots, while reconnaissance dive locations are marked with red dive flags at sites labeled Bright Ledge, Horseshoe Reef, The Farm, Anchor Dive, and Quarantine. Insets show the island in relation to the Caribbean Sea.]
Figure 2 | Mean location of 132 anchored cruise ship events that occurred off the southwest and west coasts of the Eastern Caribbean island of Barbados.



3.1 Validation of derived high resolution anchoring footprints

It is expected that the size of the anchoring footprint will be determined by many factors including ship design, length of time at anchor, wind speed and direction, bathymetry of the anchoring ground etc. Monitoring the high temporal resolution ships track data for approximately 10 minutes before and after cruise ships manually changed their navigational status to ‘at anchor’ provided a high spatial resolution estimate of the initial anchor drop location (Figure 3a). Monitoring the location data every 24 hrs allowed accurate visualisation of the vessel movement at anchor. For some, especially those anchored for many days under changing wind conditions that resulted in anchor drags or redeployments that were not recorded as a change in AIS navigational status, it was more difficult to interpret, particularly because of the density and overlap of position datapoints that occurs over time. In these cases, we used the 24 hr track visualisations to detect the positions of likely anchor drags and re-anchoring events to further inform underwater surveys of where to look for additional habitat damage within a composite anchoring footprint (Figure 3b).

[image: Two-panel diagram showing formations of red nodes connected by lines on a grid showing the movement of the vessel. Panel (a) shows a smaller cluster with coordinates labeled 13.087, -59.626. Panel (b) displays a larger, more complex formation with three key nodes numbered one, two, and three. Both have directional indicators and a scalebar indicating 100 meters.]
Figure 3 | Example screen shots adapted from the MarineTraffic app showing the high resolution movements of cruise ship anchoring events. Hull location is visualised by mauve rectangle. (a) shows a 24 hr track including the moment of the anchor drop. Yellow line shows the vessel approaching from the southwest at approximately 8 knots, slowing to 0 knots (line changes to red) and then falling back and subsequently swinging back and forth 200 m downwind of the presumed anchor drop location (black circle). The coordinates of the presumed anchor location are shown. (b) shows more complex vessel movement over a period of 72 hr at anchor. Swing track at 1 indicates movement at anchor over 24 hr. Swing track at 2 shows the swing pattern gradually moving downwind by several 100 m over the following day, likely indicating that the anchor was dragging. Swing pattern at 3 shows that the vessel hauled anchor (from the area show by the dashed black circle) on the third day and reset it approximately 800 m upwind (as shown by the black circle).

A reconnaissance dive on the ‘live’ anchor of a medium sized cruise ship (279 m long, 78,717 GT) allowed us to confirm the location of the anchor drop (within 10 m of the estimated location based on the AIS method), size and length of the anchor chain and witness active scouring of the substrate (Figure 4). The chain comprised stud-links of 64 mm diameter with each link measuring 400 mm in length giving an industry standard weight of 25 kg/link and 94 kg/m (Ramos, 2025). In this validation exercise 200 m of chain (weighing an estimated 18.8 mt) had been deployed in an anchoring depth of 24 m, giving a chain length to depth ratio of 1:8.3. Both field measurements of the chain length and estimates from the AIS data were in close agreement (within 5 m of each other). The ship was actively swinging in an arc directly downwind as expected and dragging the chain across the substrate, releasing a plume of sediment, fragmenting coral colonies and uprooting gorgonians and sponges (Figure 4). A wide swath of newly scraped substrate, was also clearly visible directly in front of the anchor where it had been dragged backwards to set it after the initial drop (Figure 4d). The fresh scars in the substrate and new breaks on coral colonies were very obvious based on their white coloration and clearly caused by the anchoring event based on their location and orientation.

[image: (a) A large cruise ship is anchored in open water with another anchored cruise ship in the background.(b) A thick underwater chain is partially buried in the ocean floor, with chain links labeled 64 millimeters. (c) An underwater anchor chain is labeled “Actively moving chain.” (d) Cleared ocean floor on patch reef.]
Figure 4 | Validation of anchor position, length of chain deployed and active scouring on ‘live’ cruise ship anchor. Images show (a) approach to anchored vessel for dropping divers and taking a GPS location, (b) measuring stud links and filming the length of anchor chain, (c) set anchor with large pile of coral rubble and actively moving chain causing scour, (d) anchor drag damage as seen looking from the set anchor towards the location of the initial drop. Photo credits: Annabel Cox and Hazel Oxenford.

We were able to demonstrate that the mean size of the anchoring footprint differed among different sized cruise ships in our study (Table 1). Generally, the area of anchor impact increased with vessel class size as was expected with the smaller vessels covering an approximate mean surface area of 14,349 m2, whilst the mega cruise ships, which include some of the largest ships in the world, covered almost three times that area (> 40,000 m2). Of note was that the cumulative area of coral rich habitat affected was greater for medium sized vessels than for the largest sized vessels, despite more anchoring events by the latter (Table 1). This is because the larger vessels tended to anchor in deep sand away from the coral reefs.


Table 1 | Mean anchoring footprints, maximum potential area of substrate affected and estimated area of coral-rich habitat damage caused by cruise ships anchoring in Barbados between 1 March – 1 September 2020, shown by vessel size category.
	Size class
	No. anchor drops
	Mean area affected (m2)
	Maximum potential area affected (m2)
	Estimated sensitive habitat damage (m2)



	L
	51
	40,094
	2,044,794
	43,767.49


	M
	43
	28,210
	1,213,030
	135,508.61


	S
	38
	14,349
	545,262
	23,325.59


	TOTAL
	 
	 
	3,803,086.00
	202,601.69










3.2 Confirming habitat damage in derived anchoring footprints

Qualitative visual survey using SCUBA to examine habitat damage (chosen as a rapid and cost effective method) in six of the derived cruise ship anchoring footprints, revealed that the presumed locations of the anchor drops were accurate and confirmed that structural reef damage had occurred in these relatively deep (25–35 m) highly rugose reefs where storm damage is minimal and anchoring does not normally occur (Figure 5). High resolution coordinates of the anchor drop location and the derived anchoring footprint was very useful in helping to find the damaged area underwater and interpret the pattern and extent of habitat destruction observed. Qualitative surveys at some sites, where the anchor had been dropped and set directly on reef, revealed clear evidence of the structural damage caused by the massive anchor itself as well as a wide swath (tens of metres in length based on fin kicks) of cleared reef, upturned coral colonies, gorgonians and sponges, and broken coral rubble piles where it had been dragged backwards to set, as seen in Figure 4d. Large areas of physical damage surrounded by undamaged reef were obvious and scouring damage was manifested by flattened areas and long scrapes across the coral rock where the anchor chain had dragged back and forth over the reef as the ship swung at anchor in an arc as much as 180° as illustrated in Figure 5.

[image: (a) Vibrant coral reef with yellow fish swimming among corals. (b)Sparse coral reef with sandy patches and scattered coral formations. (c) Lush coral reefwith diverse coral species, including large plate corals. (d) Rocky reef area with minimalcoral presence and visible sand. (e) Varied coral formations with some marine flora. (f) Diver swimming by large barrel sponge holding a broken piece of sponge.]
Figure 5 | Photographs taken by SCUBA divers on three west coast bank reef sites in Barbados, showing adjacent pristine reef compared to coral reef damage caused by cruise ships’ anchor chain dragging across the reef. (a, c, e) show the high coral cover, large sponges and high architectural complexity of the undamaged area outside the anchor footprints at the Farm Reef, Bright Ledge Reef and Horseshoe Reef (respectively); (b, d) show scars in the reef where corals and other biota have been cleared by the anchor or chain; (f) shows broken piece of barrel sponge due to movement of the anchor chain. Photo credits: Hazel Oxenford.




3.3 Mapping footprints to assess potential habitat damage

When all of the anchoring events by cruise ships in Barbados between 1 March and 1 September 2020 were considered, the derived footprints had a cumulative area of 3.80 km2 (Table 1). However, overlaying the anchoring footprints on the marine habitat map indicated that not all anchoring events occurred on highly sensitive coral-rich habitat (Figure 6). A total of 19.7% of anchoring events occurred in deep sand areas and 13.6% occurred on the Quarantine bank reef within the Quarantine Anchorage, a historically designated anchoring site which has been reduced to rubble and is devoid of living coral reef biota due to the decades of anchoring by ships visiting Barbados. Furthermore, there was some overlap of anchoring footprints. As such, the maximum area of potential ‘new’ damage to sensitive coral-rich habitat was calculated as 0.18 km2.

[image: Map of Barbados' South Coast showing anchorage types and sensitive coral habitats. Hard coral reefs in red, coral patches in pink, with areas affected by anchoring events in green and gray. A quarantine zone is highlighted in blue.]
Figure 6 | Example of derived cruise ship anchoring footprints overlaid on the benthic habitat map off the south coast of Barbados.





4 Discussion

In this study we validate the use of a novel low-cost method for monitoring cruise ship anchoring behaviour using the freely accessible AIS data from the MarineTraffic live map. We derive high resolution anchoring footprints incorporating the location of the anchor and swing of the vessel for multiple cruise ships. We demonstrate that when anchored with a single anchor and chain deployed from one side of the bow, cruise ships with their shallow draft and multiple passenger decks will invariably be blown off to one side by wind pressure on the hull and superstructure. Further, when the ship reaches the full extent of the anchor chain that it can pull over the substrate, it will naturally tack and drag the chain back as it swings in an arc. As noted by others, this swing pattern continues back and forth (Davis et al., 2016; Deter et al., 2017), with the degree of swing determined by the ship’s size and windage, wind speed and amount of chain inter alia (Inoue et al., 2002). Szymoński (2019) noted that the swing pattern is particularly exaggerated in the case of large commercial vessels, in line with our own findings with cruise ships swinging close to 180 degrees even in a steady wind. We were also able to determine that cruise ships anchoring in Barbados’ coastal waters typically deploy in excess of 200 m of chain, using a chain length to depth ratio of greater than 1:7.

Adoption of this methodology to derive high resolution, georeferenced anchoring footprints could greatly improve efficiency and ease of interpretation of detailed underwater surveys to assess habitat damage from individual anchoring events, by focusing effort on the exact area of predicted impacts. Such surveys would typically be required under national legislation when claiming punitive damages and seeking compensation from unauthorised anchoring events, or for consideration of habitat restoration work. Further, the individual anchoring footprints of different sized cruise ships derived in this study, plus the hull length of up to 339 m, demonstrate the large space that would be required to safely anchor typical ocean-going cruise ships in an anchorage to avoid collision with other vessels or installations. This is of particular relevance for cruise ship destinations, such as Barbados and other Caribbean SIDS with busy ports and small designated anchorages. For example, the designated ships anchorage for Bridgetown, Barbados (considered an international commercial shipping hub for the Eastern Caribbean and a major port of entry for cruise ships4; Barbados Port Inc., 2022) is a circular area with a radius of just 300 m (Figure 6).

We also demonstrate the use of this method for mapping multiple anchoring events, providing information on the spatial and temporal distribution of anchoring activity relative to sensitive habitats, similar to the application of Deter et al. (2017) in their assessment of anchoring pressure along the French Mediterranean coastline. However, whereas Deter et al. (2017) purchased archived data from MarineTraffic and examined anchoring events from all vessels carrying AIS transponders over several years, we used the freely accessible, near real time AIS data and focused specifically on cruise ships in a tropical coral reef environment in Barbados. Here we were able to overlay all of the anchoring footprints on a detailed habitat map to estimate the maximum potential damage to sensitive coral-rich habitat likely to be caused by the anchor drop and drag and scouring by the moving chain, as reported for other large ship anchoring events (e.g. Broad et al., 2020; Broad et al., 2023; Tinsley, 2021; Watson et al., 2022).

We acknowledge that the area of actual damage on the sea floor will likely be less than our derived anchoring footprint, and will be determined by the habitat type, how much the anchor is dragged to set it, the microscale bathymetry and how easily the chain moves as the ship swings inter alia. Nevertheless, a potential overestimate could be considered usefully conservative for marine managers with regard to the threat posed by anchoring these very large vessels, and the space that will be required when designating anchoring zones. This information is also appropriate for guiding policy decisions and the development of anchoring protocols designed to minimize risk of damage to sensitive habitats. As an example, results from this study highlighting the behaviour and potential damage to coral-rich habitats in Barbados posed by anchoring cruise ships during the COVID-19 pandemic precipitated policy action by the Government to prevent cruise ships from anchoring outside the designated Quarantine Anchorage area (Small and Oxenford, 2022). This stated policy was initiated in September 2020, and made further provisions to cover a case when the designated anchorage is unable to accommodate the number of cruise ships requesting permission to anchor. In these circumstances, cruise ships will now be required to hold their position without anchoring by using their Dynamic Positioning System, or be allowed to drift off the leeward (west) coast.

While this study monitored the anchoring behaviour of cruise ships, the methodology can also be applied to other vessel types that are required to carry AIS transponders i.e. ships > 300 GT engaged on international voyages, all cargo ships > 500 GT and all passenger ships regardless of size (IMO Convention for the Safety Of Life At Sea (SOLAS) Regulation V/19.2.4). The method is also useful for pleasure craft, particularly super-yachts, which typically have AIS transponders even though not mandated. The latter group are likely to be of particular interest due to the growing size of these pleasure craft fleets. For example, globally, the number and sizes of super-yachts ranging from 24 to 70 m in length have increased between 1997 and 2008, and the yachting tourism market continues to increase in the post COVID-19 period due to the impact of the pandemic on the cruise ship industry (Ajagunna and Casanova, 2022; Eijdenberg et al., 2022). The Caribbean, especially, is a major hub for cruise tourism with 50% of the global market tied to the region (CDB, 2018). Furthermore, yachting tourism and yacht racing is also highly popular in the Caribbean with Antigua alone attracting up to 500 yachts for their annual ‘Sailing Week’ event (Ajagunna and Casanova, 2022; Clegg et al., 2021; Walker et al., 2023).

Use of this methodology across a wider selection of vessels could help to improve marine space management by highlighting which areas and times are likely to have high anchoring activity and overcrowding of specific anchorages, making this methodology particularly important to marine protected area managers. The method is also highly suitable for future studies investigating relationships between the size of the anchoring footprint and vessel size/type, anchor chain length, wind conditions, length of anchoring period and habitat type inter alia. It is also suitable for guiding more quantitative approaches to measuring the actual habitat damage and recovery in the anchoring footprint.

Even though this methodology is a good way to calculate the area potentially affected by anchoring events, additional high spatial resolution habitat maps (such as those available in this study) are required for estimates of potential damage to sensitive habitats to inform policy and management action. Detailed habitat maps, however, are often lacking in many countries, and whilst open-source marine habitat maps exist, they are generally of low resolution and not useful for anchor management and damage assessment (Davis et al., 2022).

A particularly attractive aspect of this methodology, especially for agencies that may be understaffed and underfunded is that it is essentially desk-based, and whereas we used ArcGIS Pro and ArcMap for mapping, free mapping software such as QGIS can also be used. Even though actual habitat damage assessment requires field study, our results show that assumptions made about the anchor position and swing of the anchor chain are reliable. This suggests that in cases where SCUBA surveys or use of underwater remote sensing technology to quantify habitat damage are not an option, using the desk-based assessment alone can still be sufficient to make reasonable assumptions about the extent of the anchoring footprint and potential threat to benthic habitats. A further advantage of using near real time AIS data is that they are readily available from MarineTraffic free of charge. However, when attempting to cover anchoring activity over extended periods of time, there will invariably be data that are missed. It is worth noting in this case that archived position data can be purchased directly from MarineTraffic and customised based on vessel type, area of interest, frequency of position data (high or low temporal resolution) and time period. Other useful features including alerts when selected vessels anchor or drag anchor are also available with various paid plans.

In conclusion, our study demonstrates that the described methodology using open-access AIS data is an effective, low-cost tool for (1) identifying anchoring pressure (number, location, date and length of anchoring events); (2) determining the extent of the anchoring footprint of known vessels; and (3) assessing the maximum potential area of physical damage to sensitive marine habitats (given additional spatial data for the latter) posed by the anchoring of any individual or multiple cruise ships. Furthermore, the methodology is applicable to any vessels carrying AIS transponders.

Recognising the threat posed to marine habitats by anchoring large vessels and the growth of the cruise ship and yachting industries, especially within the Caribbean SIDS (which typically have sensitive economies, limited resources and a high reliance on their marine biodiversity; Monnereau et al., 2017), this methodology is likely to be very useful as an accessible tool for monitoring anchoring behaviour. Application of this method will ultimately fill important knowledge gaps and thus guide science-based policy that seeks to protect valuable marine habitats from further decline by the marine transport industry.
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Footnotes


1 MarineTraffic, accessed May 8, 2025. https://marinetraffic.com.

2 Scheepvaartwest, “Passengers & Cruises”, accessed November 8, 2024. https://www.scheepvaartwest.be/CMS/index.php/passengers-cruise.

3 Cruisedeckplans LLC, “Home”, accessed November 8, 2024. https://www.cruisedeckplans.com/DP/deckplans/index.php

4 Ministry of Tourism and International Transport, “Barbados Port Inc.”, accessed August 8 2025. https://tourism.gov.bb/About/Agencies/BPI#:~:text=The%20Barbados%20Port%20Inc.%20is,the%20island%27s%20tourism%20cruise%20industry.
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