
Queen Charlotte Sound / Tōtaranui and Tory Channel / Kura Te Au 
multidisciplinary seabed survey 

In 2016/2017, Marlborough District Council (MDC) collaborated with LINZ to jointly fund New Zealand’s first 

multi-disciplinary seabed survey of Queen Charlotte Sound / Tōtaranui and Tory Channel / Kura Te Au.  

LINZ sought updated bathymetry to identify significant features, navigational hazards, and least depths to 

update existing charts.  

MDC needed information to ensure sustainable management of natural resources in the Marlborough 

Sounds. This included: 

• accurate characterisation and mapping of seabed habitats 

• benthic terrain modelling to classify habitats or ecosystems, and 

• identification of biogenic (or ‘living’) habitats important for biodiversity. 

The project ran for 18 months and delivered New Zealand’s largest multidisciplinary survey. Substantial 

expenses were saved thanks to the collaboration. 

Marlborough District Council created a series of seabed habitat maps to illustrate the richness of collected 

data and show some of the interesting features discovered: 

 
View the habitat maps in ArcGIS 

https://www.arcgis.com/apps/MapSeries/index.html?appid=155a89b0beb74035bd1c4c71f6f36646
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Queen Charlotte Sound / Tōtaranui and Tory Channel / Kura Te Au (HS51). 

Overview Habitat Maps A2 folio series (1 of 13) contains: 
Legend 

Map projection: NZTM 
Datum: NZGD2000 
Scale: 1:120,000 
Data sources: Land Information New Zealand (LINZ) hydrographic 
survey of Queen Charlotte Sound / Tōtaranui and Tory Channel / 
Kura Te Au Hydrographic Survey (HS51). This survey comprises both 
hydrographic (LINZ) and habitat mapping (Marlborough District 
Council, MDC) requirements, which are met by a National Institute 
for Water and Atmospheric Research Limited (NIWA) led 
partnership with Discovery Marine Limited (DML).  

Data Acquisition: 
The bathymetry and seafloor data for this map series were 
collected from NIWA’s research vessels RV Ikatere using a 
Kongsberg EM2040 high-resolution multibeam echo-sounder 
(MBES) and RV Rukuwai fitted with a Kongsberg Geoswath Plus 
system.  

Data Analysis and Map Compilation: 
Processed survey data were imported into ArcGIS for spatial 
analysis and map compilation. This portfolio is accompanied by 
digital three-dimensional (3D) visualisations that can be viewed 
with iView4D software. In addition, data used to generate the 
portfolio images are supplied as an ESRI file geodatabase.   

Overview 
A partnership between LINZ and MDC commissioned a 
comprehensive seabed survey (Sounds Survey – HS51) of Queen 
Charlotte Sound/Tōtaranui and Tory Channel/Kura Te Au. LINZ will 
use the information gathered to update its nautical charts, to 
improve safety for the growing marine traffic – from dinghies to 
cruise liners – that use these waterways. The survey will also 
provide MDC with an appraisal of the coastal marine area, to assist 
MDC, industry and the community to better understand, 
sustainably manage and protect resources and important coastal 
marine ecosystems. 

This mapping initiative occurred October 2016 to June 2017. A suite 
of digital systems was used to acquire and process the multibeam 
MBES data, which includes bathymetry, seafloor backscatter, and 
water column acoustic data. Multibeam data is used to assess the 
seabed and bedforms, along with other geomorphic features such 
as dredge marks, wrecks and pockmarks. More specifically, 
acoustic-backscatter intensity is used to identify the seafloor 
substrate; whether it is hard rock or soft mud, coarse or fine 
grained etc. Various objects through the water column can also 
scatter the emitted sound pulse from the MBES, and this specific 
acoustic-backscatter echo was recorded and analysed. Examples of 
water-column features include kelp beds, marine farms, pipelines, 
and plumes from freshwater seeps. 

Bathymetry (shape and depth of seafloor) 
A total coverage of 433 km2 of bathymetric data were acquired and 
these data collectively illustrate the seafloor diversity and 
complexity of Queen Charlotte Sound/Tōtaranui and Tory 
Channel/Kura Te Au. Bathymetry (shape and depth) is illustrated as 
a sun-illuminated digital elevation model (DEM). The DEM was 
produced from a 2 m gridded surface, and overlain on hillshaded 
relief to improve the depth visualisation. Depth contours are also 
shown.  

Hillshade 
Hillshades are a useful visual aid when illustrating bathymetric data 
as they help depth perception. A hillshade was generated with the 
sun-illumination from the northwest (315°), at an altitude of 45° 
above an artificial horizon. Images in this portfolio are underlain by 
a 2 m gridded hillshade.  

Backscatter (seafloor sediment) 
As well as water depth, a secondary signal of reflected sound 
intensity (backscatter) is recorded. Backscatter intensity can help 
identify the type of seafloor substrate; whether it is hard or soft, 
coarse or fine grained. This provides valuable information about 
the physical benthic habitats. The sounds region is predominately 
low-to-medium reflectivity seafloor (grey), indicative of fine-
grained sediments. The outer sounds are highly reflective seafloor 
(white), or coarse gravel and loose boulders. 

Range of depth 
Depth range, which is the difference between the minimum and 
maximum depths. High values indicate steep areas where depth 
varies significantly over short distances, whereas low values 
indicate flat areas with minor variation in depth. 

Standard deviation of depth 
Standard deviation of depth is a statistical measure that quantifies 
depth variability from the mean depth of the immediately 
surrounding area. A low standard deviation indicates that the depth 
values tend to be very close to the mean, i.e. little depth variation. 
Alternatively, a high standard deviation indicates spread across a 
wider range of depth values, i.e. there is a high variation of depth. 

Slope 
Slope is the steepness of the seafloor gradient, attributed according 
to the angle (in degrees) from the horizontal. Values near zero are 
flat areas, while higher values (up to 85°) are areas that are 
increasingly steep. 

Standard deviation of slope 
Standard deviation of slope is a statistical measure that quantifies 
how much the slope differs from the mean slope of the surrounding 
area. A low standard deviation indicates that the slope values tend 
to be very close to the mean, i.e. a low variation of slope. A high 
standard deviation indicates that slope values are spread across a 
wider range of values, i.e. there is a high variation of slope. 

Aspect 
Aspect is the direction of down-slope dip, with north at 0° (green) 
and south at 180° (red). Aspect can also be thought of as the 
slope direction. 

Curvature 
Curvature is the change of slope. Positive curvature at a location 
indicates the surface is upwardly convex, e.g. a mound. Negative 
curvature indicates that the surface is upwardly concave, e.g. a 
depression. A neutral value of 0 (orange) indicates that the surface 
is flat. The colour gradient is symmetrical about zero curvature to 
emphasise curved versus flat seafloor. 

Rugosity 
Rugosity of the seafloor is the variation in three dimensions, and is 
a measure of terrain complexity. In the benthic environment, 
ecological diversity can generally be correlated with the complexity 
of the physical environment. As such, rugosity can help identify 
areas where high biodiversity may exist on the seafloor. 

Benthic Terrain Classification 
Geomorphic data from the depth, slope, rugosity and other data 
measures of shape are used to create a classification scheme for the 
benthic terrain. The resultant classification scheme derived here 
classifies Queen Charlotte Sound and Tory Channel with 
geomorphic habitats of: 63% flat plains, 17% broad slopes, 7% 
broad platforms or depressions, and 4% narrow slopes and rock 
outcrop highs. This classification scheme can inform future targeted 
photographic and bottom-sampling programmes. 

Seafloor Classification 
Seafloor backscatter (for >5 m water depth) can be segmented into 
classes representative of the seafloor substrate. The resultant 
classification includes four classes, which indicate: ~49% of the area 
comprises low reflectivity mud, ~36% of the area comprises high 
reflectivity coarse sand or gravel, 8% of the area low-medium 
reflectivity fine sand, and ~6% of the area is medium-high 
reflectivity medium sand.  

Seep plumes 
Various objects through the water column can scatter the emitted 
sound pulse from the MBES, including plumes from freshwater 
seeps. Seep plumes were identified within the water column at 
numerous locations throughout the survey area. Seep plumes 
were classified according to their strong coherent signal or diffuse 
signal, along with their height through the water column. During 
the survey it was observed that plumes were more active 
following periods of heavy rain, after which they diminished.  



Overview Habitat Maps A2 folio series (1 of 13) cont.: 

Ecology 
Kelp within the water column can also scatter the emitted sound 
pulse from the MBES. Kelp features identified in the water column 
were classified according to their height above the seafloor. Kelp 
observed in the water column data generally occurred over, or 
proximal to, rocky shoals and ridges. Using aerial imagery, the 
coastal seafloor strip can also be classified including vegetated 
seafloor, which is either seagrass on soft bottom or algae on 
hardbottom. Marine-mammal observations are also shown. 

Anthropogenic features 
A range of anthropogenic features can be visualised in the water 
column. Here, we collated the locations of: mooring blocks which 
at the time of survey were associated with a mooring line; wharf 
structures - usually the associated piles; pipelines; and submerged 
wrecks. Marine farm structures were also visualised in the water 
column (see Portfolios Marine Farms 12 and 13 of 13). 

Features of interest 
Wrecks, seeps and kelps have been further illustrated with 3D water 
column and seafloor imagery. The scale of wrecks in relation to 
seafloor features is shown, along with imagery revealing their role as 
artificial reefs. Solitary seeps and a seep field are also illustrated 
with 3D water column data. Water column visualisation of kelp beds 
illustrates their height above seafloor as well as their flow within the 
coastal currents. 

Locality 
The major localities used within the Guide to Survey and Graphical 
Portfolio for Queen Charlotte Sound/Tōtaranui and Tory Channel/ 
Kura Te Au Hydrographic Survey (HS51) are illustrated. 

NIWA Miscellaneous Chart Series 
The variability and complexity of the seafloor is revealed in this 
series of six charts. Images of the available charts are included 
here. 

Queen Charlotte Sound/Tōtaranui and Tory Channel/Kura Te Au. NIWA Chart, 
Miscellaneous Series 101. Neil H.L., Mackay K., Mackay E.J., Wilcox S., Smith R. 
2018. www.niwa.co.nz  

Bibliographic reference: 

Mackay K., Wilcox S., Neil H.L., Kane T., Steinmetz T. 2018. 

Queen Charlotte Sound/Tōtaranui and Tory Channel/Kura Te Au  
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Private Bag 14901 

Kilbirnie, Wellington 6241 
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Dr Helen Neil 
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helen.neil@niwa.co.nz 
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Queen Charlotte Sound / Tōtaranui and Tory Channel / Kura Te Au 
Kelp Water Column Features 

 
 

 
 

 
 
 

 

Tall Kelp – Scraggy Point 

 

Mixed Tall and Low Kelp – Thoms Bay 

Tall Kelp – Arrowsmith Point 

 



Queen Charlotte Sound / Tōtaranui and Tory Channel / Kura Te Au 
Seep Water Column Features 

 
 

 
 

 
 
 

 

Solitary Seep Plume – Bay of Many Coves 

 

Dominant Seep Plume – Pickersgill Island 

Seep Field – Allports Island 

 



Queen Charlotte Sound / Tōtaranui and Tory Channel / Kura Te Au 
Wrecks 

 
 

 
 

 
 

 

 

 

Wreck Hippalos – Bathymetry and Imagery Wreck Barge – Bathymetry and Imagery 

Wreck Koi – 3D Water Column and Seafloor Images Wreck – 3D Water Column and Seafloor Images 

Image Source: Ingram 1984 

Wreck Yacht - 3D Water Column Image 

Wreck East Head - 3D Water Column Image 

Images Source: Motueka Districts Historical Collection 1217, F N Jones 
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