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			Using the first high-resolution geophysical data set collected from the uThukela Banks Marine Protected Area (MPA), we reveal a plethora of hitherto unknown or poorly resolved seabed features. In tandem with several remotely operated vehicle dives, we improve on the previous National Biodiversity Assessment map for the area and reveal a more complex picture of the seabed geology and geomorphology on which the MPA is predicated. The upper slope (-120 m and deeper) is dominated by small canyons, gullies and rills that occasionally extend to the shelf edge and form a series of slumps. Suspected cold-water corals were imaged on the interfluves of the Thukela Canyon. The mid to outer shelf (-60 to -100 m) is mostly rocky, and is composed of Pliocene-age siltstones for the most part. Aeolianite shorelines are found at depths of 60 m and 100 m, in which palaeo-lagoons and parabolic aeolian dune systems are also preserved. These features provide habitat for mesophotic corals and demersal fishes. Overlying and abutting hard rock substrates are unconsolidated sandy sediments that are mobilised by the inshore movement of the Agulhas Current. An inshore mud belt characterised by pockmarks associated with free gas expulsion is mapped for the first time. A well-developed palaeo-drainage pattern is also revealed, posing exciting new opportunities for the study of benthic communities associated with palaeo-estuaries and lagoons now exposed at the seabed. Several new habitats, both inside and out of the MPA boundaries, should form the basis for future research within the MPA, in addition to informing expansions of the MPA. 

			Significance:

			•Using a newly collected geophysical data set, we provide an unprecedented glimpse into the newly proclaimed uThukela Banks Marine Protected Area. 

			•We reveal a complexity of marine habitats hitherto unknown from previous biodiversity surveys. These habitats include areas of possible expansion given the recognition of keystone species that occur just outside the MPA limits.
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			Introduction

			The 2019 proclamation of 20 new Marine Protected Areas (MPAs) for South Africa heralded a major step forward in the protection of its offshore marine ecosystems, biodiversity and resources. Despite an ambitious increase from 0.4% to 5% in the protection of South African marine and coastal habitats, little is known of the sediment ecology, geology and geomorphology of these areas. Where biological information has limited spatio-temporal resolution, geophysical seafloor attributes may be used as surrogates for ecological processes and species distribution.1 However, despite the acknowledged strong linkages between offshore geology, geomorphology and benthic species distribution1, South African MPAs still lack high-resolution geological maps and substrate interpretations. Such knowledge has become increasingly critical for marine spatial planning, including MPA design, implementation, management and expansion in many nations where seabed mapping forms an integral part of such efforts.

			The uThukela Banks was identified as a priority area for conservation, based on multiple systematic conservation plans including the Offshore MPA project initiated in 2006.2 This project used 576 data layers and systematic conservation planning, together with an adaptive stakeholder process to identify priority areas for offshore protection, following which the uThukela MPA was promulgated3 through a Presidential Oceans Economy Initiative known as Operation Phakisa4. The purpose of the uThukela MPA is to protect interconnected coastal, shelf and slope ecosystems, inclusive of sandy, gravelly, reef and submarine canyon habitats.3 The conservation and protection of ecologically sensitive biodiversity and associated ecological processes is underpinned by vulnerable coral and sponge habitats; threatened species and ecosystems; connectivity pathways; spawning areas; and nurseries. The protected and threatened species include marine mammals (e.g. Sousa plumbea), turtles (e.g. Caretta caretta), hammerhead sharks (Sphyrna spp.), as well as overexploited fisheries species including several species of endemic seabreams (Sparidae), geelbek (Atractoscion aequidens), squaretail kob (Argyrosomus thorpei), and garrick (Lichia amia). The MPA also protects areas of life-history importance for several harvested crustacean species (e.g. Penaeus indicus, Haliporoides triarthrus) and for migratory fish species. 

			The complexity of habitat features in any given area is one of the factors that influences both the diversity and the species present, and in turn thus influences the efficiency of no-take MPAs in protecting these species.5 The area initially identified for protection on the uThukela Banks extended beyond the shelf edge to depths of more than 1000 m, inclusive of the Thukela Canyon, the largest submarine canyon in the area.6 

			In this paper, we present an unprecedented variety of seafloor features comprising unique offshore habitats on the eastern margin of South Africa. These are revealed with a newly acquired geophysical data set, the first from the area since the regional surveys of the 1980s.7 Using multibeam bathymetric and seismic reflection data, together with direct observational data collected by a remotely operated vehicle (ROV), we reveal the first high-resolution interpretations of the seabed of the uThukela Banks MPA and illustrate advances made in knowledge of the seafloor habitats of the area. We further highlight newly discovered seabed habitats from areas adjacent to the MPA, some of which may broaden the scope for its future expansion, including areas since removed from the original MPA design. The information we provide will thus feed directly into future iterations of Marine Ecosystems and Mapping for the National Biodiversity Assessment8 as well as inform national marine spatial planning initiatives9, and ecosystem-based approaches to fisheries management10. 
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			Regional setting

			The uThukela Banks MPA is situated on the continental shelf of the KwaZulu-Natal (KZN) Bight between Durban and Richards Bay (Figure 1) and spans an area of ~ 4094 km2. The area has the widest shelf on the east coast of South Africa, with a large fluvial sediment source to landward, and is swept by the vigorous southerly-directed Agulhas Current along its seaward fringes.11 The benthic habitat is shaped by flows of sediments and nutrients that stem from the coastline and the uThukela River12-14, while the overlying water column and biota are nourished by the upwelling along the shelf edge and inshore eddy systems15,16. Sediment is also supplied to the shelf by the in situ breakdown of several aeolianite palaeo-shorelines that span the MPA.11 These aeolianites provide the most prominent topographic features of an otherwise flat seabed7, and they contribute significantly to the area’s biological importance and productivity from a habitat and nutrient perspective17-19. 

			Abutting and surrounding these aeolianite palaeo-shorelines are sandy sediments that become progressively muddier with proximity to the coastline; these constitute the submerged portions of the wave-dominated Thukela delta.20 Despite the large quantities of sediment delivered to the shelf, it is comparatively sediment starved when compared to other shelves of the world12 and much of the mid shelf has been considered to comprise palimpsest gravels, or muds from palaeo-lagoons, exposed by erosion during rising sea levels11. These create niche habitats for a variety of benthic organisms not found in comparable quantities elsewhere in South Africa. These organisms include penaeid prawns21; fishes favouring turbid, soft-bottom habitats22; and infauna that have adapted to fluvial inputs of sediment and detritus, by switching between deposit and suspension feeding depending on the timing of particulate organic matter delivery23. Offshore the uThukela River, there are high abundances of hermit crabs (Paguristes sp.); these crabs are scavengers that proliferate during high river outflow, making use of the shells of carnivorous Bullia similis snails.24

			Based on the above, the area within the MPA has been classified into several distinct ecosystem types (Figure 2; Table 1).8 These include a variegated mix of unconsolidated sediments in the mid shelf (KZN Bight and uThukela Shelf Mosaics), a large area of mixed mud and coarse sediment (uThukela Mid Shelf Mud Coarse Sediment Mosaic) and an inner muddy shelf (KZN Bight Muddy Inner Shelf). The shelf edge and upper slope are considered muddy (KZN Bight Outer Shelf Mosaic, KZN Bight Muddy Shelf Edge, and uThukela Outer Shelf Muddy Reef Mosaic). Based on a series of seafloor grabs to 200 m depth11, muds concentrate mostly in the southern portions of the MPA offshore the uMvoti Estuary and give way to coarser sandy and gravelly material in the central and northern areas. The slope is also incised by two canyons, the Thukela and Goodlad Canyons25, although the locations of their heads have not been accurately constrained. 

			Two main reef complexes are identified, the Durnford inner shelf and outer shelf reefs, separated from each other by sandy sediments of the St Lucia sandy mid shelf (Figure 2). These form a southward extension of the prominent subaqueous dunes of northern KwaZulu-Natal formed by the Agulhas Current.26,27
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			Table 1:	An overview of the seafloor geology/geomorphology and resulting ecosystem types of the uThukela Banks Marine Protected Area

			
				
					
					
				
				
					
							
							uThukela Marine Protected Area habitat

						
							
							Description 

						
					

					
							
							Durnford Inner Shelf Reef Complex

						
							
							Durnford reef complex on the inner shelf in the warm, turbid KZN Bight region (-7 to -30 m)

						
					

					
							
							Durnford Mid Shelf Reef Complex

						
							
							Durnford reef complex in high turbidity mid shelf of the KZN Bight (-30 to -80 m)

						
					

					
							
							KZN Bight Deep Shelf Edge

						
							
							Unknown seabed type on the shelf edge ( -300 to -500 m) in the KZN Bight. Muddy in places and dependent on fluvial inputs

						
					

					
							
							KZN Bight Mid Shelf Mosaic

						
							
							Mosaic of reef, sand to coarse sand and associated current-influenced pelagic habitat in -30 to -80 m on the mid shelf of the KZN Bight

						
					

					
							
							KZN Bight Muddy Inner Shelf

						
							
							Muddy seafloor and associated turbid water column on the inner shelf, (back of surf to approximately -30 m) in the KZN Bight

						
					

					
							
							KZN Bight Muddy Shelf Edge

						
							
							Deep muddy seafloor and associated pelagic habitat on the productive shelf edge of the KZN Bight (-200 to -300 m)

						
					

					
							
							KZN Bight Outer Shelf Mosaic

						
							
							Mosaic of reef, coarse sand, and associated warm current-influenced pelagic habitat from -80 to -200 m on the outer shelf of the KZN Bight

						
					

					
							
							KZN Bight Sandy Inner Shelf

						
							
							Sandy seafloor habitat (-7 to -30 m) with associated turbid river-influenced pelagic habitat on the inner shelf of the KZN Bight

						
					

					
							
							Southwest Indian Ocean Upper Slope

						
							
							Unclassified seabed, -500 to -1000 m in the Southwest Indian Deep Ocean ecoregion

						
					

					
							
							St Lucia Sandy Mid Shelf

						
							
							Sandy seafloor and productive pelagic habitat in -30 to - 80 m on the mid shelf in the area between Mtunzini and Cape Vidal in the Natal ecoregion; influenced by the St Lucia upwelling cell

						
					

					
							
							uThukela Mid Shelf Mosaic

						
							
							Mosaic of coarse sand, reef, and associated river-influenced pelagic water column on the mid shelf (-30 to -80 m ) in the KZN Bight region

						
					

					
							
							uThukela Mid Shelf Mud Coarse Sediment Mosaic

						
							
							Mosaic mud and gravel seafloor and associated turbid water column on the mid shelf (-30 to -80 m ) of the KZN Bight

						
					

					
							
							uThukela Outer Shelf Muddy Reef Mosaic

						
							
							Mosaic muddy seafloor and associated turbid water with low profile reef outcrops in -80 to -200 m on the outer shelf of the KZN Bight
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			Figure 1:	Locality of the uThukela Marine Protected Area (MPA). The solid red line indicates the current MPA limits and the dashed red line indicates the original proposed MPA boundaries. Line tracks for the various geophysical data sets are shown. These include ultra-high resolution Topas seismic reflection and multibeam data (solid black – RV Fridtjof Nansen), ultra-high resolution PARASOUND (solid blue) and high-resolution boomer seismic reflection (dotted dark grey). The shelf edge is shown by the black dotted line. Bold lines are seismic reflection profiles shown in figures. 
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			Figure 2:	Most recent benthic habitat map for the uThukela Banks Marine Protected Area.8 Note that the estuaries for each river system are shown.
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			Methods

			Approximately 2000-line km of ultra-high resolution Topas PS18 seismic reflection profiles and multibeam bathymetry were collected between 31 January and 6 February 2018 aboard the RV Dr. Fridtjof Nansen (Figure 1). These spanned the southern portions of the uThukela Banks MPA, up to Cape St Lucia and covered an area of 3400 km2, the purpose of which was to examine key habitat features in the now promulgated MPA, identified by other authors in the planning stages. Seismic reflection data were collected using a Chirp trigger, and were processed using the Kongsberg SBP utility where the final product resolves to < 20 cm in the vertical. Several dedicated blocks of multibeam bathymetry were collected, spanning an area of ~ 180 km2 of which we present 160 km2 from the mid to outer shelf and upper slope of the MPA (Figure 1). Multibeam bathymetry was collected using the deep-water Kongsberg EM302 and shallow-water EM710 systems. Sound velocity variations due to salinity and temperature were modelled using a Seabird 911 conductivity-temperature-depth (CTD) sensor. All data were positioned with a differential GPS system of <1 m accuracy. Bathymetry data were processed using Beamworx, where spurious soundings were removed and the data reduced to mean sea level using South African Navy tide charts.28

			These geophysical data were supplemented with ultra-high resolution PARASOUND data and more recently acquired lower resolution seismic reflection data collected between 2018 and 2020.20 Groundtruthing of the various seabed features on the shelf was performed with a towed camera array aboard the RV Dr. Fridtjof Nansen, together with existing ROV footage and grab samples collected under various African Coelacanth Ecosystem Projects (ACEP Natal Bight, ACEP Surrogacy, ACEP Marine Spatial Solutions). Additional multibeam data offshore the port of Richards Bay, collected in 2009 and reported on by other authors29, were also included. Where rock samples were occasionally retrieved by grabs, these were examined using thin sections and petrographic microscopy. The entire data set was integrated with a lower resolution bathymetry grid of the upper slope30, to identify key pathways and connections between rivers, canyons and slope gullies in deeper waters. 
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			Results and discussion

			Outer shelf and slope

			The uThukela MPA outer shelf is characterised by several slumps and mass wasting features (Figure 3 and Figure 4a). The slumps extend upslope to a rocky shelf edge with little to no sediment cover, forming a rugged and variable terrain at water depths of 100–150 m (Figure 4b). Although these are relatively small compared to slumps documented from elsewhere on the South African margin31,32, they no doubt provide a niche habitat for the area with the exposure of steep and rugged surfaces in the headscarps, and the transport of rocky debris into deeper waters usually dominated by mud. Such varied habitats influence biodiversity, and colonising organisms that themselves create structures that further increase habitat heterogeneity and biodiversity.33 The slump features may also pose new exploration sites for coelacanth.34 These features occur between two known living coelacanth habitats at Sodwana Bay35 and Mzumbe36, and at a depth similar to habitats reported elsewhere37. 

			Several newly mapped slope-hosted gullies and canyons are also evident from both the multibeam and seismic reflection data (Figure 4a, c and d). These form ≤150-m-wide linear depressions that incise 20–50 m into the seafloor (Figure 4c, d)). The gullies and canyons can be traced further seaward into ~2200 m of water30 (Figure 3). Where visible, these small canyons and gullies terminate in amphitheatre-shaped depressions along the slumped upper slope.

			We identify only one large canyon in the area, the Thukela Canyon (Figure 5a). Our new data resolve the location of the canyon head more precisely than previous low-resolution depictions.38 It occurs in 755 m of water and gently transitions from the surrounding flat seafloor into a narrow 230-m-wide sinuous depression. The canyon head is significantly narrower than suggested in the National Biodiversity Assessment benthic habitat map8 and occurs outside of the current MPA limits. Given the importance of protection of submarine canyons as sensitive marine habitats, especially within the initial MPA proposal, this may be a key focal point for further seaward extension of the MPA. The Goodlad Canyon25,38 is not well resolved. The slope-hosted canyons and slumps shown in Figure 4 match the location reported38; however, their scale is much smaller, with a significantly narrower and less entrenched form to that previously thought25. 

			Seismic profiles of the mid slope are characterised by 10–50-m-thick, weakly stratified sediment from which several acoustically opaque bodies crop out (Figure 5b). These comprise circular to elongate seafloor features in the bathymetry and occur from -200 m to -800 m, notably straddling the interfluves of the Thukela Canyon on the mid slope (Figure 5b). Although not yet physically observed, they strongly resemble cold-water coral (CWC) accumulations observed by others from similar slope systems worldwide.39-42 Cold-water corals have a significant role in the zoning of MPAs in South Africa, notably as a keystone species8, and as long-lived sensitive, habitat-forming species they are global indicators of vulnerable marine ecosystems42. These possible new localities may thus prove of critical importance to any plans regarding the further seaward expansion of the uThukela Banks MPA.

		

	
		
			South African Journal of Science (Research Article)

			Marine geophysics provides new insights into uThukela Banks MPA

			[image: ]

			Figure 3:	New detailed seafloor geology and geomorphology of the uThukela Banks Marine Protected Area.
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			Rocky features of the mid to outer shelf 

			The mid to outer shelf appears to be characterised by mostly rocky outcrops that comprise Miocene- to Pliocene-aged siltstones43 over which Quaternary-aged aeolianites and beachrocks overlie (Figure 3). The aeolianites and beachrocks comprise a set of submerged shorelines that occur regularly at depths of 60 m, and 100 m (Figure 6a). 

			-100 m shoreline

			The -100 m shoreline is characterised by a single, high relief (≤11 m) and flat-topped ridge of aeolianite that is bordered to landward by a lower elevation seafloor (Figure 6). Directly seaward of the modern uThukela Estuary, and for over 12 km coast-parallel, the landward margin of the -100 m shoreline is backed by semi-circular seafloor depressions ≤2 m deep, separated by cuspate high points on which small 1.5-m-high prograded ridges of aeolianite have developed (Figure 6b). Several small, 230-m-wide and 1-m-deep, unfilled channels enter these depressions and extend to the shelf edge. The depressions have a ≤2-m-thick fill of acoustically opaque material (Figure 6b, section A-B). 

			Other authors44 have identified a set of morphologically and stratigraphically similar seafloor features from the Durban Shelf ~83 km to the southwest of this site, which they interpreted as a series of drowned lagoons, separated by cuspate spits in the back barrier on which small prograded barrier sequences have developed. Given the -100 m shoreline’s remarkable similarity to these features, and when compared to high-resolution topographic data of the modern coastal waterbodies and dunes of the Maputaland coastline to the north45, we consider this seafloor feature a drowned lagoon (Figure 6f). This shoreline becomes progressively more linear northward, with small, 150 m-wide crenulations that are similar in appearance to the parabolic dune fields of northern KwaZulu-Natal.46
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			-60 m shoreline

			Carpenter Reef is a large aeolianite complex that comprises the more landward part of the -60 m shoreline system rising to -49 m. It is characterised by a relief of between 20 m and 25 m (Figure 6b and c). To date, this is the largest and most prominent seafloor feature mapped on the uThukela Shelf, distinguished by several pinnacles and ridges, the latter of which form parabolic shapes like the contemporary parabolic dunes of the Maputaland coastline (Figure 6f). Comparisons with topographic data from the St Lucia region45 reveal a remarkable degree of similarity in both onshore and offshore geomorphology, and we consider the seafloor imaged in Figure 6b to be an analogue to the dune systems that border and enclose parts of the coastal waterbodies of the northern KwaZulu-Natal coast (e.g. Lake St Lucia). This shoreline is not well exposed south of the uThukela Estuary and is visible only in the seismic data. 

			ROV and drop camera transects reveal the -60 m shorelines to have a variety of encrusting mesophotic corals, including dense seafans (probably Astromuricea fusca), soft corals Parasphaerosclera aurea, dendrophyllid scleractinians47 and black corals of the genera Antipathes and Stichopathes (Figure 6c). These are shown in seismic reflection profiles to constitute domed, hyperbolic reflections that form the upper surface, with an acoustically transparent to weakly reflective signature. These mesophotic reefs also host a variety of demersal fishes important in the commercial and recreational linefishery, particularly several species of endemic seabreams (Sparidae), rockcod (Epinephelidae) and kobs (Sciaenidae).48,49
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			Soft sediments of the mid to inner shelf

			A ≥40-km-long train of large subaqueous dunes occurs in the mid shelf areas of the MPA, bordered to landward by the -60 m shoreline (Figures 3 and 6d). These constitute the uppermost portions of a ≤10-m-thick, 900-m-wide package of unconsolidated sediment (e.g. Figure 6d, profile E-F). Sediment transport directions are exclusively from north to south, in agreement with the general flow direction of the Agulhas Current, and we consider these as evidence for an occasional, ~5 km in-shelf extension of the Current in the MPA from its usual position along the shelf break.27 

			Most of the inner shelf is dominated by a ≤10-m-thick mud belt that spans the area offshore the uMvoti River to midway between the aMatigulu and uMlalazi Rivers (Figure 3). 

			Once supporting a shallow-water penaeid prawn fishery50, it is dominated by smaller sediment-dwelling species (mostly Polychaeta) that have a preference for carbon-rich, muddy environments24. Many of the taxa are rare distributions, providing unique biological traits23 that indicate food resource and habitat diversity51. The mud belt occurs between the 15-m and 30-m isobaths, bordered by Pliocene siltstone bedrock outcrop to landward and characterised by high frequency and low to moderate amplitude reflectors that drape the seafloor (Figures 6e and 7a). In the most landward portions of the mud belt, the seismic reflections are blanked (no clear internal stratification) due to the presence of significant quantities of free gas (likely methane) in the sediment. 

			The mud belt has a variety of gas expulsion pockmarks, evident from the multibeam bathymetry (Figure 7b). They are almost completely circular in shape with a maximum diameter of ~7 m and depths of up to 1 m. The pockmarks do not correspond to any gas chimney or escape features in the seismic data (Figure 7a) and are mostly found where the sediment is gas free or unblanked. This implies a relatively short retention time of the free gas in the sediments, and active gas release to the nearshore environment.

			These are the first pockmarks to be recognised from the eastern shelf of South Africa. Despite significant emphasis on the importance of methane seeps from deep-water environments, notably those offshore the Western Cape52 and especially in the context of niche habitat provision8, there is nothing known about the habitats provided by these features in South African shallow coastal marine ecosystems. They thus provide an important avenue for future research in the uThukela Banks MPA. 
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			Palaeodrainage

			Several palaeo-channels (Figures 3 and 7) can be mapped from the seismic data and are tentatively correlated with the modern drainage patterns of the coast. A prominent palaeo-uThukela River crossed the shelf and appears to have diverted towards the uThukela Canyon head on the mid slope (Figure 3). The palaeo-iNyoni and aMatigulu Rivers merged in the mid shelf and can be traced into the -100 m submerged lagoon where they acted as the feeder valleys to the palaeo-lagoon system. 

			A few smaller channels are evident between the aMatigulu/iNyoni Estuary and the uMlalazi Estuary; from the existing data it is unclear where they cross the shelf edge. The palaeo-channel of the uMlalazi River is located directly seaward of the modern river and is only evident again in the mid shelf regions. In contrast, the palaeo-uMhlatuze River is very clearly revealed to cross the shelf directly seaward of the Richards Bay port entrance, bifurcating and then re-joining in the mid shelf as a single channel before terminating at the shelf edge. Many of these fluvial pathways were submerged by rising sea levels over the past 18–20 kyr 50, transforming into estuaries now exposed at the seabed due to limited sediment cover. Their exposure likely relates to increased degrees of sediment starvation of the shelf, especially along the outer shelf and at the shelf edge due to current winnowing by the Agulhas Current.11,53 

			Recent work has shown that these palaeo-fluvial courses, and especially exposed relict lagoons and estuaries, act as niche habitats for macrobenthic communities that are unexpected in the shelf environment. For instance, research underway54 indicates that these systems support remarkable infauna diversity, including endemic species that create biodiversity ‘hot spots’. The palaeo-drainage patterns of the MPA thus provide exciting new areas to focus on more detailed examinations of benthic communities in unconsolidated sediment habitats. This is in the context of the exclusion of trawling from the area and the dependencies of various ecosystem functions on contemporary land drainage as a river-dependent marine system. 
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			Figure 4:	An example of a shelf edge-mass wasting complex. (a) 3D multibeam bathymetry view looking upslope of a series of slumps merging with sinuous gullies and slope-hosted canyons. (b) Seismic reflection profile detailing the hard bedrock of the shelf edge into which the slumps have incised. (c) Multibeam bathymetry showing deeper slope-hosted canyons and gullies. (d) Seismic reflection profile highlighting the interfluves of slope-hosted canyons.
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			Figure 5:	(a) Multibeam bathymetry of the seabed surrounding the Thukela Canyon head with circular seafloor peaks. (b) Seismic reflection profile crossing the Thukela Canyon with suspected cold-water corals (CWCs) cropping out.
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			ROV, remotely operated vehicle

			Figure 6:	(a) Shoreline sequences preserved on the shelf of the uThukela Banks Marine Protected Area (MPA). (b) Multibeam bathymetry and seismic reflection profiles of a segmented lagoon complex preserved at -100 m. (c) Seismic reflection profile (top) over Carpenter Reef (location in a) showing raised and acoustically transparent material above the aeolianite surface, confirmed as mesophotic octocoral and black coral assemblages (bottom). (d) Multibeam (top) and seismic reflection profile (bottom) of a linear and narrow shoreline at 60 m water depth, fronted to seaward by unconsolidated sandy sediments shaped into subaqueous dunes. (e) Cross-shelf seismic reflection profile (location in a) detailing the Pliocene outcrop in the mid shelf of the MPA, with the -60 and -100 m shorelines. Note the inshore mud deposits and a deep palaeo-channel in the inner shelf. (f) Comparison between high-resolution terrain models of Lake St Lucia and Carpenter Reef.
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			Figure 7:	(a) Coast parallel seismic reflection profile offshore the aMatigulu Estuary. Note the occurrence of two prominent river channel meanders which incise by almost 20 m. (b) Corresponding multibeam image of the inner shelf; black arrows highlight pockmarks along the seabed. 1 and 2 are shown in the seismic reflection profile in (a). Cross section C to D highlights a typical pockmark (square and inset).
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			Summary

			The integrated use of marine geophysics has helped reveal several hitherto unrecognised or unknown subtleties in habitat distribution and type in one of South Africa’s most recently proclaimed MPAs. When compared to the broad areas of ecozones in the previous habitat map, it is evident that a far greater degree of detail has been derived, with a much higher spatial resolution. In addition, many new features and habitats observed in the area lie outside the current MPA limits. 

			We show that the incorporation of geological and biological data, together with a range of geophysical approaches, provides invaluable insight for improving South Africa’s national map of marine ecosystems. These data will inform MPA management and expansion, marine spatial planning and environmental authorisations that may influence MPA activities in the future. Unconsolidated sandy and muddy shelf ecosystems, palaeo-shorelines, submarine canyons and cold-water corals are often encountered in areas of increasing interest for petroleum and seabed mining, not just bordering the uThukela Banks MPA, but adjacent to other MPAs throughout the country. We thus urge that the regional mapping campaigns for MPA design and zonation follow a similar approach to ours, where substantial efforts to include geological and geophysical observations are made. 

			Moving forward, the uThukela Canyon is currently an unprotected ecosystem type with petroleum interests leading to compromises in the early MPA coverage. These resulted in the exclusion of this ecosystem type from the Operation Phakisa MPA network55; however, it remains a habitat of importance, especially with regard to the identification of possible cold-water corals. A follow-up benthic sampling campaign that includes ROV or other visual sampling approaches is thus required for confirmation. In addition, further seismic reflection data should be collected in the sandy biomes of the MPA, to better refine our understanding of the palaeo-drainage patterns. Lastly, the use of side-scan sonar to acquire higher-resolution backscatter of the seabed would be helpful in creating automated routines for seabed classification, as has been effectively demonstrated by other authors for the shelves of the Southern and Western Cape.56,57 
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