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EXECUTIVE SUMMARY 

The Cod Grounds Commonwealth Marine Reserve (CGCMR) was established in May 2007 for the 

protection of critical habitat of the endangered grey nurse shark. In order to better understand the 

extent, distribution and structure of seabed habitats, particularly rocky reef, throughout the reserve, 

the NSW Department of Environment and Climate Change (DECC) was contracted by the 

Australian Government Department of Environment, Water, Heritage and the Arts to conduct sonar 

mapping in the CGCMR and the surrounding seabed.   

The projects brief was to map 13 km
2
 in the CGCMR and surrounding waters, however a total of 

16.9 km
2
 was actually mapped and classified. As part of related projects funded through the Natural 

Heritage Trust and the Northern Rivers Catchment Management Authority an additional 24 km
2

was mapped within Commonwealth waters extending to the State waters boundary, and a further 

9.5 km
2
 directly adjacent to this area within State waters.  

Habitat types have only been classified within the original defined mapping area at this stage, 

although detailed bathymetry is provided for all the mapped areas combined. Four distinct substrate 

types were identified from the acoustic data: sand, unconsolidated 1 (sand + cobble or sand + shell 

grit), unconsolidated 2 (cobble or cobble + boulder), and rocky reef with profile (boulder, bedrock 

outcrop). Digitised layers of classified habitat types are presented as map layouts and ArcView 

Shape files. 

The CGCMR is bounded by a circle with radius 1000m around the point 31° 40' 52" South and 152° 

54' 37" East. The area within the boundary of the Marine Reserve (3.14 km
2
) is dominated by a 

bedrock outcrop (0.91 km
2
) which rises to a depth of 21 m at its shallowest point and reaches 46 m 

at its deepest. The outcrop appears to consist of two distinct geological facies and is surrounded by 

boulder and cobble slopes (1.07 km
2
), which interlace with the sand of the surrounding seabed to 

form another unconsolidated habitat type which consists of coarse sand with ripples and significant 

amounts of shell grit or sand and cobbles or boulders where the rock covers less than 50% of the 

surface (0.91 km
2
). Some areas of fine sand (0.38 km

2
) also occur, predominantly in the north-west 

sector of the reserve.

The Cod Grounds reef is the northern most of a series of three specific outcrops in the 36.7 km
2

survey area. These reefs extend to the south and south west toward Diamond Head. All three reefs 

have a similar spatial extent and similar topography. The Cod Grounds differs slightly, being the 

shallowest reef in the series, with steeper slopes in the shallow portion of the reef. The Cod 

Grounds reef is separated from the closest neighbour by a sand gutter a few hundred meters in 

width. The acoustic data shows the bedrock to be of tilted beds striking north-east consisting of 

sand and cobble filled gutters a few meters deep and 10 to 20 m across. 

Towed underwater video transects in the area were used to validate the classification of seabed 

habitats from the acoustic data and to gather information on the biodiversity of the area. Barrens 

habitat identifiable by the presence of the long-spined sea urchin Centrostephanus rodgersii and 

encrusting pink coralline algae, was recorded in the north-east section of the survey area, at depths 

between 25 m and 35m. Sponges were common in reef areas, with encrusting sponges widespread 

and found at all depths surveyed, while erect and branching sponges were generally found at depths 

greater than 35 m. Assemblages of mixed brown algae were common on reef areas, particularly in 

areas of low profile reef shallower than 40 m. Despite being the dominant macroalgae on shallow 

reefs in temperate waters of NSW, no Ecklonia spp. was observed in this survey. 
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The reefs extend into NSW State waters and are connected with reef systems which extend towards 

Crowdy Head. The distribution and extent of the specific seabed habitat types in this region are 

currently being mapped by the DECC and will be made available once completed.  
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1.  Introduction 

The Cod Grounds Commonwealth Marine Reserve (CGCMR) was declared on 10 May 2007 

to protect important habitat of the critically endangered grey nurse shark. The CGCMR 

consists of a circle with 1000m radius from a central point at 31° 40' 52" S, 152° 54' 37" E. 

Total area of the CGCMR is 3.14  km
2
 (314ha). It is managed as an IUCN Category 1a (no 

take) Sanctuary Zone (Department of Environment, Water, Heritage and the Arts, 2007) 

The NSW Department of Environment and Climate Change (DECC) was contracted to 

complete a swath sonar and underwater video survey of 13 km
2
 of seabed including the 

CGCMR and surrounding area. This survey used a Geoswath 125 kHz interferometric system 

to ensonify and map characteristics of the seabed. A towed underwater video system was used 

to validate the classification of seabed habitats from sonar data, and to provide qualitative 

information regarding the biota associated with the seabed. In addition to the original contract 

area a further area was mapped to explore the linkage of offshore reefs with those in NSW 

state waters. While this additional survey work was carried out as part of another project, it is 

included here to further assist ongoing management of Commonwealth waters. While we 

include maps of this additional area, interpretation of sonar data in terms of digitising habitat, 

slope, and rugosity to shape files is limited to the contract survey area (Figure 1). 

The mapping and spatial analysis of subtidal seabed habitats and biological assemblages in the 

coastal and marine environment is being increasingly used to further advance spatial 

management and monitoring of the seabed (Mayer et al. 1999, Bax and Williams 2001, Pickrill 

and Todd 2003, Roff et al. 2003). It is an important component of research required to identify 

the extent, distribution and structure of marine habitats and biodiversity (Beaman et al. 2005), 

and monitor specific habitats (Jordan et al. 2001). It has also allowed an improved 

understanding of the associations between habitats and fish community structure and 

composition (Williams and Bax 2001, Whitmire et al. 2006), and an assessment of the 

vulnerability to physical disturbance from fishing (Bax and Williams 2001, Bellman et al.

2005).

The term habitat mapping refers here to a range of spatial data within a Geographical 

Information System (GIS) framework derived from remote sensed imagery and a bathymetric 

model that is field validated to generate a habitat map within a hierarchical classification 

scheme. These maps often include spatially referenced information on benthic biota from video. 

Overall, these mapping outputs aim to improve the long-term sustainability of fisheries and 

marine ecosystems through effective spatial assessment and management. 

In the context of seabed mapping, the mapping units, or habitat classes, are commonly based on 

bio-physical features. This reflects the importance of physical parameters in structuring benthic 

assemblages, in many cases the absence of detailed biological data, and the often limited 

capacity of remote sensors (e.g. echosounders, airborne sensors) to delineate biotic composition. 

Recent advances in swath acoustic methods, particularly sidescan sonar and multi-beam 

sounders, combined with differential GPS, powerful GIS software and cost effective underwater 

video has allowed increased resolution and spatial coverage of the seabed to examine bio-

physical extent and structure (Kostylev et al. 2001, Brown et al. 2002, Beaman et al. 2005). 

Swath acoustic techniques are well established as a method of identifying seabed habitat types 

in marine environments. The method employs a sonar system to identify high resolution image 

of the seabed bathymetry to identify habitats from topography. In addition, the instrument 
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records the amplitude of the returned soundwave which reveals information on the hardness of 

the seabed, from which the substrate type can be inferred.

In the absence of scientific certainty on the biological assemblages expected in a given location 

on different types of seabed, then bathymetry and substrate type can be used as a surrogate for 

biodiversity. Habitat maps of these types can also provide important information as to the exact 

locations of preferred habitats for certain types of organisms if their habitat requirements are 

understood.

This report documents the results of habitat mapping to characterise the seabed types and 

habitats within the CGCMR and nearby seabed.



Cod Grounds Commonwealth Marine Reserve – Commonwealth Waters 2008 Page 11 

Figure 1.  Location of the Cod Grounds Commonwealth Marine Reserve and area covered by HABMAP 

seabed habitat survey. The outlined area within the survey is presented as digitised habitat maps.  
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2.  Methods 

2.1  Acoustic Survey 

The NSW DECC swath mapping system consists of a GeoSwath interferometric 

sidescan sonar and associated auxiliary sensors mounted aboard the 8.5 m catamaran RV

Glaucus. The system includes of a pair of 125 kHz transducers, sound velocity sensor 

and DMS-05 Motion Reference Unit, pole mounted on a V bracket and deployed over 

the port-side of the vessel (Figure 2), with Meridian Gyro Compass and Omnistar 

DGPS receiver located onboard. Data is logged to a PC using GeoSwath Plus (GS+) 

acquisition and processing software that is post-processed to correct depths for sound 

velocity profiles and tides.

The interferometric swath mapping system collects geo-referenced depth and sidescan 

backscatter data to generate high resolution bathymetric grids and backscatter mosaics. 

It is configured with port and starboard facing transducers, each having one transmit 

stave and multiple receive staves. The transmitted pulse is similar to that used in 

conventional sidescan sonar (i.e. very narrow in the along track direction and very wide 

in the across track direction). A series of pings (alternating between port and starboard 

transducers) radiate from the transmit staves as the vessel moves along, reflect from the 

bottom, returning to the surface where they are sensed by the receive staves at a series 

of angles relative to the sea floor. A combination of time of return and the phase delay 

between the receive staves allows the calculation of depth at a given angle. The 

amplitude of the returned signal is termed backscatter which is a product of bottom 

reflectance and provides indication of bottom hardness and substrate type. 

The width of any given swath and ultimately the coverage over an area are dependent 

on a number of parameters including water depth, water-mass attributes, bottom type, 

sea conditions, vessel speed, sonar power/ping/pulse settings, system processing speed 

and sensor performance. Maximum swath widths achieved for data collected for current 

project were limited to 230m (115m per side) and occurred at depths of 20-65m, over 

reef or unconsolidated sediments. Weather conditions also limited the width of swath 

coverage for each transect at times. Even though data was collected at up to 135-145m 

per side, roll artifacts increase with increased distance from the vessel and result in a 

deterioration of data quality at the outer edges of the swath. Thus, data coverage at this 

range is excluded from the analysis.  

Along-track coverage is predominantly governed by coverage speed and sonar ping 

length/interval. Coverage speed was restricted to 4.5-5 knots and ping length at a 

minimum of 7-8 pings/second (for ping length 150m) giving an along track resolution 

of <0.56 m at nadir (directly below the vessel). This is above the recommended 

minimum operational ping rate of 2 pings per 1.5m along-track (along-track resolution 

0.75m). Data were corrected for heave, pitch, roll and yaw of the vessel using motion 

sensor that is time stamped using a Pulse Per Second correction of the computer clock 

relative to Universal Time Clock (UTC) received via a ZDA string at the DGPS 

receiver. Sound velocity profiles were collected at a minimum of two sites via two 

separate CTD casts per day using the Seabird SBE25. Depth data was corrected for tidal 

variation using data from the Crowdy Head Tide Gauge Station relative to Australian 

Height Datum and provided by the NSW Department of Commerce Manly Hydraulics 

Laboratory.
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Adjacent transects were run with between 10-25% overlap (backscatter) to improve data 

coverage at the edge of swaths and provide some assurance of quality control of the 

system whilst underway. 

Figure 2.  Set-up of pole-mounted Geoswath transducers on RV Glaucus

2.2 Data Processing 

Raw data files were filtered and gridded using GS+ software (GeoAcoustics Ltd., U.K.). 

Specifications on the filter types and their settings used are detailed below (Table 1). 

Table 1.  Specifications for data filtering using GS+ software 

Filter Setting 

Signal to Noise Ratio Filter out <10% 

Bin Filter Min 4 pings per bin 

Amplitude Filter out <1% signal return 

Box Min/Max slant range 2 m/125 m 

Min/Max Horiz. range -5m/110m 

Min depth 2 m/80 m 

Across-track ± 2 m @ 20 filter points/side 99% learn 

rate

Along track 2.5 m bins with ± 0.5 m tolerance 
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Data were gridded into 2 x 2 m bins with depth values for each bin determined as a 

weighted mean average of all ping values for that bin. Bathymetric grids were spike 

filtered (  1m in 3 grid area x 3 grid area and centre bin weighted) using GS+ and are 

presented with interpolation (max 10 m). Backscatter data were gridded (mosaiced) into 

2 x 2 m bins after manipulation (including trace normalisation) using GeoTexture 

(GeoAcoustics Ltd., U.K.).

Backscatter transects were processed into georeferenced mosaics of both bathymetry 

and backscatter at a resolution of 2 m. Both spatial layers were imported into ArcGIS 

v9.1 (ESRI Software, USA) and areas of rocky reef digitized by hand at a consistent 

scale of 1:5000 using a combination of the bathymetry and backscatter. The bathymetry 

was viewed using the hillshade function (120
o
 azimuth and 30

o
 elevation) to produce 

both black and white and colour visualisations of the seabed while the backscatter was 

viewed as a greyscale image. Overall, rocky reef areas were characterised by regions of 

higher texture and backscatter (i.e. darker areas) and unconsolidated substrates from 

regions of little textural complexity and weaker backscatter. The backscatter was 

particularly important to define the position of the reef/unconsolidated boundaries in 

areas where there was little variation in seabed profile but higher backscatter intensity. 

2.3  Digitising of Habitat Types 

Reef polygons were digitised using the ArcMap editor function, with profile reef 

identified as areas of relief visually distinct from surrounding areas of relatively uniform 

topography, survey motion artefacts and/or noise. Polygons were digitised with a 

minimum mapping unit of 20 x 20 m.   

Areas of unconsolidated seabed type were also digitised from the backscatter image. 

The habitat classes of reef and sand are fairly unambiguous; however, the two 

unconsolidated classifications could span a range of different seabed types which can 

not be discriminated from the acoustic data alone. The boundary between different 

substrate types is often fuzzy as changes from one sediment type to another are often 

gradational. Therefore, discrimination between intermediate unconsolidated habitat 

types is not always possible and some overlap is likely. 

Three classes of unconsolidated substrate were identified from the backscatter on the 

basis of their greyscale values (0-255) and backscatter texture (pattern in surrounding 

pixels). These were sand (greyscale 230-255), unconsolidated 1 (175-230) and 

unconsolidated 2 (0-175). These were later validated by observations from the video 

groundtruthing.

2.4  Underwater Video Surveys

A digital underwater video camera was deployed in sections of the survey area to 

validate seabed mapping done based on sonar data, and to obtain a visual record of 

seabed conditions to allow qualitative assessment of seabed habitats. Five video 

transects were done over 1 and 2 May 2008. Transects were positioned randomly 

throughout the survey area, and covered a total length of approximately 4.9 km.  
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The video camera was housed in a weighted aluminium frame and connected via a wire 

cable to an onboard battery operated winch that was used to control depth of the camera. 

A live video feed was provided to the vessel, which the winch operator used as a guide 

to maintain the position of the camera between 1 m and 5 m above the seabed. Vessel 

speed averaged around 1 knot whilst underway.

The position of the camera relative to the vessel was defined using an Ultra Short 

Baselength underwater tracking system (Tracklink 1500MA) which provides positional 

accuracy of ±2 m in water depth of 50 m. Differential GPS location, time (UTC), date 

and water depth were overlayed onto video footage and simultaneously logged to a text 

file. Video footage with associated overlay was recorded on MiniDV tapes and later 

copied to computer as uncompressed .avi files.  

Video recorded was of suitable quality to provide some qualitative information on the 

types of substratum found in unconsolidated areas, the patchiness of rocky reefs, and the 

dominant biota occurring within these areas. Video was captured in colour for areas 

shallower than 40 m, and black and white for areas deeper than 40 m.

2.5  Video analysis

The video was processed interpreting habitat at a still image at 10 second intervals, 

which at the tow speed of 1 knot corresponds to a distance of approximately 5 m apart 

along the video transect. A number of physical and biological characteristics were 

defined at each 5 m interval. These included the seabed profile, structure and texture, 

and dominant cover forming macroalgae and sessile invertebrate assemblages and/or 

species, particularly sponge dominated assemblages. 

Seabed characteristics were classified according to a predetermined classification 

scheme. Four categories of seabed habitat were defined: reef, sand, and two categories 

of unconsolidated habitat, defined as unconsolidated 1 and unconsolidated 2. Reef was 

defined as areas of continuous bedrock reef. Sand was defined as areas of continuous 

sand with no cobbles. Unconsolidated 1 was defined as combined sand and cobble 

where the cover of sand was greater than 50%. Unconsolidated 2 was defined as 

combined sand and cobble where the cover of cobble was greater than 50%. 

A number of physical and biological characteristics were also defined within these 

classes. These included the seabed profile and composition, structure, macroalgal and 

sessile invertebrate assemblages and/or species, particularly sponge dominated 

assemblages. Sponges were described based on their morphology (encrusting, erect, or 

branching), as visual identification of sponges to taxonomic groups is often not 

possible.

Classified video transects were imported into ArcGIS and the position of habitat 

boundaries defined by video was visually compared to the position of boundaries 

defined from sidescan sonar. 
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3.  Results and Discussion 

A total of 36.7 km
2
 was surveyed within and immediately surrounding the CGCMR. 

This area consists of 13 km
2
 which was mapped under this contract, and an additional 

3.9 km
2
 achieved for this project, and a further 19.8 km

2
 which was mapped under other 

Natural Heritage Trust funded projects in collaboration with NSW Catchment 

Management Authorities. The acoustic and towed video data provide a range of 

information that can be interpreted to describe the types and extent of habitats present 

within the CGCMR and surrounding areas. 

3.1 Acoustic Survey 

The results of the acoustic survey are presented in a series of maps and 3-dimensional 

visualisations of the data. Interpretation of acoustic data can never be entirely objective 

and definitive, but habitat types can be inferred from the bathymetry and backscatter, 

along with careful analysis of the video field validation data, and an examination of the 

geology of the nearby shoreline. The following sections provide a qualitative 

description of the major features of the seabed within the reserve and the surrounding 

area.

3.1.1 Bathymetry 

The seabed within the CGCMR consists of a number of different substrate types 

occurring across a range of depths and topography, contributing to a variety of habitat 

types.

The bathymetry of the CGCMR (Figure 5) ranges in depths from 21 m near the centre 

point to a maximum of 46 m in the southeast of the reserve. The dominant feature of the 

CGCMR is the pinnacle reef around which the reserve boundary is centred. This reef 

outcrop rises at its shallowest point to a depth of 21 m. The reef forms a roughly circular 

outcrop approximately 800 m across. The eastern side has a relatively gentle gradient 

averaging 1.8 degrees with a maximum slope of up to 10 degrees. On the eastern side 

the slopes are steeper, with the terrain falling away to 50 m over a horizontal distance of 

300 m.  

The Cod Grounds reef ‘pinnacle’ is surrounded by areas of boulders and cobbles that 

overlie the bedrock formations. In some areas the unconsolidated reef is partially 

covered by sand and in others the sand forms drifts of sand ripples with collections of 

shell grit in the troughs. 

The pinnacle of reef within the CGCMR forms the northernmost and shallowest of three 

peaks extending toward the south-west from the centre point of the reserve. 

Neighbouring reefs, outside the boundary of the reserve are similar in size (horizontal 

area) and topographic form as the CGCMR, although they do not rise to quite as 

shallow depths. 

3.1.2  Geomorphology 

The central peak of the CGCMR consists of a series of steep, jagged and blocky 

outcrops. The sides of these formations have slopes of around 25 degrees. These peaks 
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rise up to 8 m above the surrounding reef and appear to be made up of a different 

material than the surrounding cobble fields. These peak formations are massive in 

appearance and noticeably lack obvious bedding features. The strata appear faulted. The 

more resistant material that constitutes the peaks may consist of Tertiary volcanics of 

the Comboyne Beds. Rhyolites from this series of strata are found at the nearby 

Diamond Head (1:250,000 Geological Map Series, Sheet SH 56-14, Hastings). 

The deeper parts of reef and the southeast corner of the reserve appear to be composed 

of a different material to the central pinnacle. This rock is darker grey in colour and 

possesses obvious bedding features. The structure of the reef and examination of the 

video footage suggests rocks of this type strike north-east to south-west, creating a 

series of gutters 1-2 m deep and 10-20 m across. These gutters mainly occur to the 

south-eastern section of the CGCMR, but are also apparent beyond the reserve 

boundary and incise reefs further to the south. Video footage obtained in this area shows 

that the gutters are typically filled with cobbles and sand.

This rock type possibly consists of sedimentary facies of the Tertiary Camden Haven 

Beds (1:250,000 Geological Map Series, Sheet SH 56-14, Hastings). These beds consist 

of tuffs and shales that overlie a series of conglomerates, sandstones and shales. This 

rock type outcrops at the nearby headland of Point Perpendicular that lies to the north-

west of the Cod Grounds. The contact between the two observed rock types within the 

CGCMR appears to occur at a depth of around 27 m.  

The backscatter image demonstrates the fine-scale complexity of the seabed substrate 

types (Figure 7). The solid reef outcrops in the CGCMR and nearby seabed are 

surrounded by a seabed that is comprised of a mixture of cobbles (estimated 65 mm to 

265 mm diameter) and larger boulders. This seabed type interlaces with the surrounding 

sand areas, and is likely being progressively covered and uncovered by sand movement.  

An area dominated by sand occupies the western and the south-east corner of the 

CGCMR. These sand fields are covered in ripples that are approximately 100 to 200 

mm between crests. The troughs between sand ripples are filled with relatively small 

amounts of coarser fragmented shell material. The crests of the ripples are oriented east-

west indicating sediment is moving in a southerly direction in response to the south 

flowing East Australia Current. The sands appear to be relatively fine, but give a 

stronger backscatter signal because of the shell grit within the troughs of the ripples. 

Areas of weaker backscatter is likely to indicate areas of relatively fine sand devoid of 

or with minor coarser shell grit component. 
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Figure 3.  2 x 2m bin hillshaded colour bathymetry – Cod Grounds Commonwealth Marine 

Reserve and reefs. HABMAP survey 2007-08. Projection UTM Zone 56S. 
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Figure 4.  2 x 2m bin hillshaded backscatter mosaic – Cod Grounds Commonwealth Marine 

Reserve and adjacent areas. HABMAP survey 2007-08. Projection UTM Zone 56S. 
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Figure 5.  2 x 2m bin hillshaded colour bathymetry of classified area - Cod Grounds 

Commonwealth Marine Reserve and surrounding Commonwealth waters, HABMAP survey 

2007. Projection WGS84 UTM Zone 56S. Dotted lines a) and b) denote cross sections of the 

reserve as presented in Figure 6.
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a) North-South cross section  

b) East-West Cross Section 

Figure 6. Bathymetric cross sections of CGCMR. Colours indicate depth. Scales are in meters. 

Vertical exaggeration 10x. Cross sections a) N-S orientation at 31° 40' 52" S, and b) E-W 

orientation at 152° 54' 37" E. 

3.2  Acoustic Seabed Types 

The digitised habitat classifications in the survey area are presented in Figure 11. 

Habitat classes are described below and examples shown in Figures 13-16. 

Four types of habitat based upon seabed substrate were identified from the acoustic 

data: sand, unconsolidated 1, unconsolidated 2, and reef (with profile). Each of the 

classes was determined on the basis of spatial differences in the bathymetric profile and 

backscatter textures identified within the acoustic survey. Boundaries between habitats 

or substrate types are often indistinct and gradational over a range of spatial scales. 

Thus, the habitat types defined here are likely to contain some common sediment 

classes.

From the acoustic data it is expected that each of the substrate habitat types are likely to 

contain:

SAND – fine to coarse sand, sand with ripples, sand with minor or no coarse material. 

UNCONSOLIDATED 1 – coarse sand, sand with minor to moderate coarse material, 

sand with large ripples, sand with minor cobbles (comprising less than 50% of the 

observed seabed). 

UNCONSOLIDATED 2 – predominantly cobble (>50%), cobble with minor boulder, 

boulder with sand, low profile boulder reef. 

REEF – boulder reef, boulders and consolidated reef, consolidated reef with moderate 

profile, consolidated reef with high profile. 

The boundaries between these habitats may be gradational rather than sharp physical 

boundaries. With respect to the biology, substrate-inferred habitats may actually 

comprise a series or range of habitat types with distribution of biota influenced by other 

abiotic and biotic environmental factors. Further classification of habitats and/or 

verification of habitat surrogates would require more detailed video work and biological 

surveys. Such detail is outside the scope of this report. 
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A slope image (Figures 8, 9) of the surveyed area highlights areas of steeper terrain. 

Grey nurse sharks (Carcharias taurus) are known to aggregate around areas of reef with 

sheer cliffs, and caves and cobble filled gutters (Otway et al, 2003). The image shows 

that the reef near the centre of the CGCMR has areas of high slope around the central 

pinnacle. Other areas of high slope also occur outside the boundaries of the CGCMR. In 

particular there is a dramatic cliff area just to the southeast of the reserve (Figure 9). 

Investigation of this area as a possible grey nurse aggregation site would be useful. 

Further extensive areas of significant slope exist to the south-west on the reefs spanning 

the boundary between NSW State and Commonwealth waters. The complexity of this 

area is notable and the reef may offer a diversity of habitats, including areas suitable for 

grey nurse sharks. This area should be investigated in more detail and may be worthy of 

inclusion in consideration for future management arrangements. 

Rugosity is the ratio of the surface area of a surface to area of a level plane over that 

same unit area. It is often used as a measure of habitat complexity. Rugosity can be 

calculated by triangulation between the centre of neighbouring grid cells in a digital 

elevation model. A rugosity image (Figure 10) offers an alternative measure to slope 

which highlights the same features as discussed for the slope analysis. Areas of 

significant habitat appear to occur in close proximity but outside the boundary of the 

CGCMR.
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Figure 7. 2 x 2m bin backscatter mosaic of classified area - Cod Grounds Commonwealth 

Marine Reserve and surrounding reefs in commonwealth waters, HABMAP survey 2007-08. 

Projection WGS84 UTM Zone 56S. 
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Figure 8. 2 x 2m bin hillshaded slope of Cod Grounds Commonwealth Marine Reserve and 

surrounding reefs in Commonwealth waters, HABMAP survey 2007-08. Projection WGS84 

UTM Zone 56S. 
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Figure 9.  2 x 2m bin hillshaded slope of Cod Grounds Commonwealth Marine Reserve and 

area immediately to the south showing significant slope habitat just outside the reserve 

boundary, HABMAP survey 2007-08. Projection WGS84 UTM Zone 56S.
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Figure 10. 2 x 2m bin rugosity image of Cod Grounds Commonwealth Marine Reserve and 

surrounding reefs in commonwealth waters, HABMAP survey 2007-08. Projection WGS84 

UTM Zone 56S.
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Figure 11. Classified substrate type as “reef” or “unconsolidated” according to acoustic surveys 

2007, Cod Grounds Commonwealth Marine Reserve HABMAP survey 2007-08. Projection 

WGS 1984 UTM Zone 56S. 
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Figure 12. A breakdown of coverage and digitised habitat polygons for the various areas 

surveyed within the vicinity of the CGCMR, HABMAP 2007-08.

Habitat Polygons km2

(from hydrographic survey) 
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Cod Grounds  
Marine Reserve  

A 3.14 0.38 0.78 1.07 0.91 

Coverage Area  
(this survey) 

B 13.73 2.27 4.59 3.60 3.27 

SUB-TOTAL 16.87 2.66 5.37 4.67 4.17 

Commonwealth  
Waters 

A + B + C 27.19

State Waters D 9.50 

TOTAL 36.69
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Figure 13. Underwater video still image from reef habitat, CGCMR. 

Figure 14. Underwater video still image from unconsolidated 1 habitat, CGCMR. Note the 

presence of shell grit in troughs. 
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Figure 15. Underwater video still image from unconsolidated 1 habitat, CGCMR. Note the 

presence of sand and cobbles, and brown algae. 

Figure 16. Underwater video still image from unconsolidated 2 habitat, CGCMR. Note the 

presence of cobbles and boulders. 
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3.3 Underwater Video

3.3.1 Groundtruthing

Habitat distribution along video transects was largely concurrent with those defined 

from sonar data (Figure 17). In particular, areas of reef, and reef/sand boundaries 

appeared to be spatially similar using the two techniques. Areas where habitat discerned 

from video and habitats discerned from acoustics do not agree are mostly in areas where 

there is a transition between overlapping classes. Video data was divided into habitat 

types, like that determined from acoustics, based on visual interpretation into the 

following classes: 

SAND – sand only 

UNCONSOLIDATED 1 – sand > cobble 

UNCONSOLIDATED 2 – cobble > sand, cobble and boulder 

REEF – boulder, consolidated reef

Divisions according to video are loosely similar to those divisions or classes determined 

within the acoustics. However, due to factors of scale, fuzzy boundaries and gradients 

deciding on points of division within each data type are likely to be slightly different.  

3.3.2  Seabed Habitats 

Generally, areas of reef were dominated by high profile reef (greater than 1 m vertical 

relief across 10 m).  Barrens habitat typified by the dominance of the long-spined sea 

urchin Centrostephanus rodgersii and crustose coralline algae was recorded in the 

north-east section of the survey area at depths between 25 and 35 m. Sponges were 

common in reef areas. Encrusting sponges were widespread and found at all depths 

surveyed, while erect and branching sponges were generally found at depths greater 

than 35 m. Assemblages of mixed brown algae were common on reef areas, particularly 

in areas of low profile reef shallower than 40 m. Common kelp (Ecklonia radiata) was 

not recorded in areas surveyed.  

Unconsolidated habitats were composed of combinations of sand (predominantly coarse 

sand mixed with shell fragments), cobbles (rocks between 65 mm and 265 mm), and 

boulders (rocks greater than 265 mm).

All unconsolidated habitat observed was in low profile areas where the vertical relief 

was less than 1m over a distance of 10 m. Assemblages of mixed brown algae were 

restricted primarily to areas shallower than 45 m. Sponges were less abundant in 

unconsolidated habitats compared to reef habitats; however, erect and branching 

sponges were recorded in unconsolidated habitats at depths greater than 40 m. Sessile 

ascidians (likely Siginilla sp.), hydrozoans, and gorgonians were observed in 

unconsolidated habitat dominated by cobble, at depths between 36 m and 45 m. 

Sand habitats were dominated by coarse sand with waves and ripples in the surface 

structure. Shell particles were common in the low lying areas between waves and 

ripples. There is some evidence of burrowing organisms in these sediment types. 
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Figure 17.  Attributed towed video transects overlaid on digitised habitat classifications. Cod 

Grounds Commonwealth Marine Reserve HABMAP survey 2007-08. Projection WGS 1984 

UTM Zone 56S. 
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4. Conclusion 

The area within the Cod Grounds Commonwealth Marine Reserve is dominated by a 

rocky reef outcrop rising 24 m from the surrounding seabed. The outcrop is surrounded 

boulders and cobbles which gently slope to the surrounding seabed. Toward the outer 

edges of these slopes the cobble-boulder habitat is progressively covered by marine 

sands. From the underwater video and interpretation of bathymetric features in the 

reserve there appear to be at least two distinct rock types or geological facies in the area 

that explain the complexity of the terrain. 

Four substrate types ranging from solid consolidated bedrock outcrop, unconsolidated 

boulder and cobble, cobbles partially covered by sand and rippled fine sand with 

variable amounts of shell grit (troughs) were identified using underwater video. The 

geomorphology of the Cod Grounds forms a variety of habitats from steep outcrops, 

shallow gutters, boulder and cobble slopes and rippled sand fields. 

The outcropping rocky peaks on the shallowest parts of the reef complex are relatively 

sparsely vegetated and are dominated by urchin barrens, whilst the deeper consolidated 

reef and shallow boulder and cobble slopes are dominated by brown algae communities. 

In some of the deeper water areas there is a predominance of sponges and ascidians. 

There is also some evidence of burrowing and biological activity in the sand and shell 

grit soft sediment habitats. 

Although no grey nurse sharks were seen during this survey the suitable habitats appear 

to be mainly located on the eastern side of the outcrop where slopes are steepest and the 

underlying bedrock forms a series of sand and cobble filled gutters.

The reef of the Cod Grounds extends beyond the current boundary of the marine 

reserve. Two other pinnacles of similar size and character, although not as shallow, 

occur to the south and south west of the CGCMR. It is possible that suitable grey nurse 

habitat may also occur at these sites. The reef complex also extends into state waters. 

Further investigation of the ecology of these reefs and of possible grey nurse habitat 

sites identified is recommended. 
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