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1 Executive Summary 

In 2019, Marlborough District Council (MDC) and Land Information New Zealand (LINZ) contracted 

iXBlue (now called Ocean Infinity) and Discovery Marine Ltd. (DML) to collect Multibeam Echo 

Sounding (MBES) across five main subregions of the western Marlborough Sounds (French Pass and 

Admiralty Bay / Te Aumiti and Pelorus Sounds / Te Hoiere under the LINZ Project HYD-2018/19-01 

(HS66)).  Four subregions (French Pass, Admiralty Bay, North Pelorus and Popoure Reach) were 

surveyed by iXblue using a Kongsberg 2040 Mk II multibeam echosounder (MBES) system; with the 

fifth subregion (Pelorus South) surveyed by DML using a Teledyne RESON SeaBat T50-R MBES. 

Together these hydrographic surveys (HS66) acquired seafloor bathymetry, backscatter and water 

column data across 324.59 km2 of seafloor in Western Marlborough Sounds (HS66 survey area).   

This report provides a review of what physical and biological data are available; how these data and 

imagery can be used; and, what additional data is required to help identify and map important sites of 

marine biodiversity. 

Ground truthing data: A total of 331 existing ground truthing sites, which already have habitat and 

associated biological descriptions, were evaluated as part of this review.  Metadata for an additional 

җ1163 sites, was also identified. The latter includes a potentially rich source of ground truthing 

information, that would be valuable to access, collate and evaluate against the MBES layers. 

Of the available 331 sites, 273 sites represented recent ground truthing surveys (Orpin et al. 2020; 

Davidson et al. 2022) while 58 represented historic sites (Estcourt, 1967; McKnight and Grange, 1991).  

Grain size composition (%mud, sand and gravel) was also available for an additional 203 sites (MDC 

SmartMap website). 

New CBed substratum classifications, identical to those used in the HS51 region (Anderson et al. 2020) 

were created for all published descriptions of sites surveyed within the HS66 survey area. These were 

plotted over the MBES layers to preliminary examine how accurately they described these seafloor 

habitats and communities.  A ƴŜǿ ΨǎƘŜƭƭ-debris rank-҈ŎƻǾŜǊΩ variable was created, that ranked the 

amount of shell recorded at a site from 0 denoting no shell, up to 5 denoting large amounts of shell.   

If key taxa were described, these were converted ǘƻ ΨǇǊŜǎŜƴŎŜΩ ǊŜŎƻǊŘǎΦ    

The new CBed classification layers were then plotted over the various MBES-HS66 layers to examine 

how well they visually aligned with these layers and, then how well each physical layer could be used 

to predict significant habitats and communities. For example, observations of mud, shell-debris, and 

ǊǳƎƻǎŜ ǊƻŎƪ Ƙŀōƛǘŀǘǎ ŀƭƛƎƴŜŘ ŜȄǘǊŜƳŜƭȅ ǿŜƭƭ ǿƛǘƘ bL²!Ωǎ ΨtǊŜƭƛƳƛƴŀǊȅ {ŜŀŦƭƻƻǊ /ƭŀǎǎƛŦƛŎŀǘƛƻƴΩ ό{w/ύ 

layer, validating this layer as useful for depicting differences in seafloor composition.  Differences in 

the amount of shell debris on the seafloor was also visually aligned with changes in near-bottom 

current strength.  

Existing habitat maps created by Cawthron for three localised sites, also aligned well when plotted 

ƻǾŜǊ bL²!Ωǎ {w/ ƭŀȅŜǊΦ  ¢Ƙƛǎ ŀōƛƭƛǘȅ ǘƻ ȊƻƻƳ ƻǳǘ ŦǊƻƳ ƭƻŎŀƭƛǎŜŘ ǎƛǘŜǎ ǘƻ Ǝŀƛƴ ŀ ƭŀǊƎŜǊ ǎǇŀǘƛŀƭ ŀǎǎŜǎǎƳŜƴǘ 

of habitat availability (and hence relative impact scales) will be a valuable tool for MDC.  Here, shell-

debris zones mapped around all three sites (i.e., Richmond and Waitata farms, and Kaitira), extended 

well beyond all three sites, with delineated boundaries visible in the SRC layer.  The locations of these 

shell-debris boundaries also spatially-aligned (nearly a 1:1 match) near-bed current speeds, indicating 

useful predictive relationship between these layers. These are just a few examples of the types of 

seafloor habitat/biological predictions that can be made by visually examining these various layers 

together.  
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Bathymetry and derived terrain attributes: The current bathymetric and derived-attribute maps have 

been processed at 2 m and 1 m grid resolutions and are now available to MDC both as visual maps and 

as quantitative rasters.  

These layers can already be used to visually (qualitatively) detect significant habitats and their 

communities within the HS66 survey area.  Comparisons between the HS51 and HS66 survey areas, 

also means that qualitative and quantitative predictions made for the HS51 region, should provide 

fruitful for the HS66 region, too.  FoǊ ŜȄŀƳǇƭŜΣ мύ ΨōǊȅƻȊƻŀƴ ǇŀǘŎƘ-ǊŜŜŦǎΩ ŀǘ ǘƘŜ ŜƴǘǊŀƴŎŜ ǘƻ Pelorus 

Sounds / Te Hoiere have been predicted and delineated based on high seafloor roughness, slightly 

raised bathymetry, and low associated rugosity, and known relationships from the HS51 survey, but 

need to be validated. 2) two spatially separated biodiverse biogenic habitat zones in the southern 

passage of French Pass have now been verified and delineated (based on rugosity, backscatter, 

roughness, & recent and historic ground truthing).   

Benthic terrain classifications (BTC): NIWA generated 14 benthic terrain classifications (BTC) (Maier 

et al. 2021), using the same 14 geomorphic classifications used by Neil et al. (2018) for the Eastern 

Sounds (HS51 survey).While these 14 categories may be perfectly valid geomorphically, these zones 

provided little predictive insight to where significant habitats and biodiverse communities occur in 

either the HS51 survey (T. J. Anderson, Stewart, et al. 2020) or, based on this preliminary review, this 

recent HS66 survey.  However, while this layer may not provide much biological-insight on its own, it 

may provide some insight in some localised situations.   

Rock outcrops layer: The BTC class=10 classified areas of ΨRock Outcrop Highs, Beach Platform, Narrow 

RidgesΩ ǿƛǘƘ ŀ ŎŀƭŎǳƭŀǘŜŘ ŀǊŜŀ ƻŦ млΦмм ƪƳ2 (3.11%) within the HS66 survey area. Visual evaluation at 

large to medium spatial scales identified that most rock features were included in class-10, however, 

some non-reef habitats (e.g., raised mud banks) were also incorrectly included.  At finer-scales 

individual rock features often did not match the shape or boundaries of this class, with some rock 

features mismatches by up to c. Җ40%.   

This identifies that this class should not be used to represent true rock outcrop area; and that a more 

representative fine-tuned classification of rock outcrops is still required. The creation of an accurate 

rock out crop layer is important for both qualitative (visual) and quantitative predictions, and as such 

the creation of this layer should be prioritised. In the HS51 survey, a more refined rock outcrops layer 

was produced, and was very good at aligning with most rock outcrop features, but also failed to 

identify or delineate small deeper rock features ς including some significant biological sites.  

Therefore, the method used to delineate Rock Outcrops in both regions could be improved based on a 

single revised approach. 

Backscatter imagery and data are extremely useful for predicting (inferring) seafloor composition 

(hard to soft).  Both the coarse field-mosaiced backscatter imagery (created by iXblue from 

unprocessed raw data for ground truthing) and the geo-ǊŜŎǘƛŦƛŜŘ ƛƳŀƎŜ ƻŦ bL²!Ωǎ ǇǊŜƭƛƳƛƴŀǊȅ {w/ 

layer have already helped to predict and discriminate several significant habitat and community types 

(e.g., bryozoan patch reefs, several mixed-biogenic debris-fields) within the HS66 region. In addition, 

predictions from the HS51 survey (e.g., Amphiura-dominated sediment plain boundaries) are also 

likely to prove useful in the HS66 area.  Evaluation of the bL²!Ωǎ ǇǊŜƭƛƳƛƴŀǊȅ {w/ ƭŀȅŜǊ ǳǎƛƴƎ ǘƘŜ ƴŜǿ 

CBed-ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ǎŜŀŦƭƻƻǊ ƻōǎŜǊǾŀǘƛƻƴǎ ŀƭƛƎƴŜŘ ǿŜƭƭ ǿƛǘƘ bL²!Ωǎ ŦƻǳǊ ǊŜŦƭŜŎǘƛǾƛǘȅ 

classes, and although further evaluation is required, based on this review ƛǘ ƛǎ ŀƭǊŜŀŘȅ Ŧƛǘ ŦƻǊ a5/Ωǎ 

purposes with no additional processing required.   

²ƛǘƘ ǘƘŜ ŜŀǎǘŜǊƴ {ƻǳƴŘǎ όI{рм ǎǳǊǾŜȅ ŀǊŜŀύΣ bL²!Ωǎ I{рм-SRC raster layer was used in habitat 

suitability models, where it was an important quantitative predictor of: the distribution and 

abundance of several significant biogenic habitat formers, incl: Galeolaria hystrix mounds, bryozoan 

patch-reef zones, horse mussel beds (Atrina zelandica); as well as the distribution and presence of 

other bivalve species (Ribó et al. 2021). In this review, a comparison of the eastern (HS51) and western 
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(HS66) regions found strong similarities between near-bottom current strength and seafloor 

reflectivity in both regions - indicating that predictions from one region (i.e., HS51) should prove 

fruitful in the other (i.e., HS66), or vice versa.  If quantitative predictions are to be used this would 

necessitate the use of a seafloor reflectivity raster layer.  

Fully-processed and calibrated backscatter imagery and an equivalent-classed seafloor reflectivity 

layer are time consuming projects.  However, in the interim, there is plenty of valuable information in 

the existing available data layers (i.e., MBES, near-bottom current speeds, and existing ground 

truthing data) to begin visually (qualitatively) interrogating these various layers to predict areas of 

likely biological significance.   

Not processing the backscatter data would mean that the full processed seafloor backscatter mosaic 

(image and raster/data) would not be available to help inform either the visual (qualitative) or the 

analytical (quantitative) approaches (e.g., habitat suitability modelling). This would be a great loss of 

information that may hinder the ability to detect, and therefore protect, significant habitats and 

diverse biological communities. 

Water column data: Using backscatter signals from the water column to detect biological structure 

growing above the seafloor, is still a relatively new area of research that shows excellent promise for 

surface-growing species (e.g., Macrocystis), while species growing closer to the seafloor (e.g., Ecklonia) 

are still difficult to accurately discern (Schimel et al. 2020).  In the HS51 survey area water column 

backscatter was able to discern a lost cray line out in Cook Strait.  However, its overall value to predict 

macroalgae was poor, due to high numbers of erroneous records of kelp where no kelp was present, 

including predictions of kelp beŘǎ ƻǳǘ ƻǾŜǊ ŜȄǇŀƴǎƛǾŜ ƳǳŘ ŜƳōŀȅƳŜƴǘΩǎ ǿƘŜǊŜ ƴƻ ǊŜŜŦ ŜȄƛǎǘǎ (T. J. 

Anderson, Stewart, et al. 2020).  Consequently, commercial avenues for processing these data are not 

recommended, however this would make an excellent graduate-Thesis project.  Kelp forests and 

Caulerpa beds growing in extremely exposed hard to survey sites, would make a great targeted 

assessment of the value of this method. This would help determine where likely above-reef 

macroalgae might exists, so that these exposed areas could be more accurately targeted and mapped. 

What new ground truthing data is required? The available suite of predictive environmental layers 

(MBES, currents, spatial derivatives) and data (ground truthing imagery and classifications) can already 

be used to predict likely sites supporting significant habitats and marine biodiversity.  While some of 

these sites may already align with existing ground-truthing data, others, like the bryozoan patch-reefs 

have no information to validate this prediction or characterise their biodiversity.  Targeted tow-video 

transects in these newly predicted significant habitats are recommended.  This would: i) validate these 

newly predicted sites; ii) characterise the biodiversity and within-habitat variability at these sites; and, 

iii) adequately ground truth the position of boundaries relative to visual boundaries in the MBES-

maps, so that the boundaries of these sites can be mapped, and their significance assessed. 



Review of Pelorus Sounds HS66 MBES data for mapping marine biodiversity 

 - 11 - 

2 Introduction 

2.1 Background 

In 2019, Marlborough District Council (MDC), in collaboration with LINZ, contracted iXBlue and DML to 

collect Multibeam Echo Sounding (MBES) data across 325 km2 of seafloor within the Western 

Marlborough Sounds (identified as survey HS66) that included Pelorus Sounds/ Te Hoiere (blocks: 

north and south Pelorus and Popoure Reach), Te Aumiti/French Pass and Admiralty Bay.  The HS66 

survey used two MBES systems, following the methods used in the HS51 survey of Queen Charlotte 

Sound/ Totaranui, to provide consistency between survey areas.  The iXblue survey used a Kongsberg 

2040, while the DML survey used a Reson SeaBat T50 multibeam echo sounder system to map their 

respective areas of the western Marlborough Sounds (HS66 survey area).  To minimise changes of 

ŀŎƻǳǎǘƛŎ ŜƴŜǊƎȅ ǘǊŀƴǎƳƛǘǘŜŘΣ ōƻǘƘ ǎǳǊǾŜȅǎ ǳǎŜŘ ǘƘŜ ǎŀƳŜ άŎƻƴǘǊƻƭƭŜŘ ŦǊŜǉǳŜƴŎȅ όолл ƪIȊύ ŀƴŘ ǇǳƭǎŜ 

ƭŜƴƎǘƘέΣ ŜƴŀōƭƛƴƎ άŎƻƴǎƛǎǘŜƴǘ ōŀŎƪǎŎŀǘǘŜǊ ǊŜǎǇƻƴǎe to the seafloor and water column across all 

ŘŜǇǘƘǎέ όaŀŎƪŀȅ Ŝǘ ŀƭΦ нлнлύΦ During the HS66 surveys a series of sediment grabs were collected 

across the survey area (31 by iXblue and 16 by DML) to provided ground truthing information.  A 

section of seafloor in Waitata Bay (termed ΨWaitata Bay reference ǎǳǊŦŀŎŜΩ ƛƴ Mackay et al. 2020) was 

resurveyed at multiple times over the duration of the survey to enable calibration of the MBES survey 

data (iXblue and DBL reports, 2020).   

Following the iXBlue and DML MBES surveys, NIWA was contracted to i) undertake quality assurance 

checks of all backscattered data for the western Marlborough Sounds survey (HS66) (described in 

Mackay et al. 2020); and ii) undertake a ground-truthing survey that collected sediment samples (135 

grabs) and benthic community observations (165 drop-video sites) across the HS66 survey area 

όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ Ψwestern Marlborough SoundsΩ).  In the ground truthing survey, NIWA allocated 

sediment-grab and towed-video siteǎ ǘƻ ŀ ǇǊƻǾƛǎƛƻƴŀƭ ΨSeafloor Reflectivity CƭŀǎǎƛŦƛŎŀǘƛƻƴΩ (SFR) layer 

created from a training set of four backscatter classes following the methods used in the HS51 survey 

(as described in Orpin et al. 2020).   

MDC, through the costly process of contracting the HS66 survey, made the conscious decision to 

maximise the extent of the MBES survey area (collect multibeam data over more of Pelorus Sounds), 

rather than focus on processing the HS66 MBES data to the same extent as the HS51 survey (at that 

time). This meant that for the HS66 survey, the priority was to process all of the multibeam 

bathymetry, and key derived bathymetric layers (e.g., seafloor slope rugosity, aspect and curvature).  

Benthic Terrain Models (derived from the MBES HS66 data), were later process and provided by the 

Ministry of Primary Industry (MPI) under subsequent funding.  However, it was evident that MDC was 

unable to fund the full processing costs of these layers, as well as those of the water column or 

seafloor backscatter layers through previous avenues (consistent with the HS51 survey). Therefore, 

whilst the raw water column and seafloor backscatter data is available and has been quality assured 

and checked (Mackay et al. 2020), water column and seafloor backscatter data were not able to be 

processed, at that time. Consequently, MDC to date does not have processed water column or 

seafloor backscatter layers.  

MDC has since been allocated additional funding to best utilise the HS66 data over the next 5 years. 

MDC are now considering how the existing HS66 data can be used, what the consequences of not 

having the backscatter are, and if required, if and how a collaborative research model may work best, 

in this situation.  MDC now need expert advice on how they should proceed, to determine how the 

HS66 Multibeam Echo Sounding (MBES) data can best be used, (and potentially processed) for the 

purpose of identifying important sites of marine biodiversity in the most effective and cost-efficient 

way. 
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2.2 Scope of project 

In the eastern Marlborough Sounds (HS51 survey area), MBES data has proven itself invaluable as a 

foundation from which to identify areas of important biodiversity. The bathymetry along with several 

other derived-data layers (e.g., slope and rugosity) not only provides critical information for 

navigational safety, but also provides invaluable information on the shape, slope and complexity of 

the seafloor.  For the HS66 survey, these data layers have already been processed and are available 

currently.  However, unlike the HS51 survey, MDC, have not yet had the HS66 seafloor backscatter or 

water column data processed, although the HS66 backscatter has been quality checked and cleaned 

by NIWA (Mackay et al. 2020), and provisional training backscatter data has been post-processed by 

NIWA for the purposes of allocating ground truthing sample sites to four preliminary seafloor 

classification levels following the methods used in the HS51 survey (as described in Orpin et al. 2020).  

However, this processed backscatter has not been provided to MDC.  MDC now requires critical advice 

on the different ways the HS66 data could be utilised for a similar aim to outputs from the HS51 data. 

To do this, some key questions to consider and address here are: 

¶ Is it essential to process the backscatter data?  

¶ What are the benefits of having the backscatter data processed?  

¶ What are the benefits/ pitfalls of not processing the data?  

¶ What are the best methods/options that could be used for the existing HS66 data to identify 
marine biodiversity? 

¶ What geological surficial samples (i.e., surface sediment samples) and benthic biological 
sampling/survey (i.e., video observations and epibenthic samples) already exist within the 
HS66 survey area that could be used to identify significant biological areas? 

¶ Can the existing HS66 datasets be used to predict significant habitats and species (i.e., using 
predictive habitat suitability modelling) as previously completed for the HS51 data, if not what 
other data (or data processing) is required? 

!ǎ a5/Ωǎ ŦƻŎǳǎ ƛǎ ǇǊƛƳŀǊƛƭȅ ƻƴ ƛŘŜƴǘƛŦȅƛƴƎ ƛƳǇƻǊǘŀƴǘ ǎƛǘŜǎ ƻŦ ƳŀǊƛƴŜ ōƛƻŘƛǾŜǊǎƛǘȅΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ 

determine what the best methods for doing this, are. 

Further to all this, in terms of identifying important sites of marine biodiversity,  

is: 

¶ What other information can be gleaned from the MBES data? 

¶ What other ways could this information and data be used? 

¶ What benthic biological data already exists within the HS66 area that might assist in these 
endeavours: particularly to ground-truth the MBES-HS66 maps, and to aid in the identification 
of important sites of marine biodiversity. 

¶ What additional benthic biological data (i.e., new sampling sites) is required to identify and 
map benthic marine biodiversity across the western Marlborough Sounds; and predict 
important sites of marine biodiversity. 

¶ Can the combination of MBES and benthic biological data from the combined HS51 and HS66 
data be used in some way to help determine large-scale ecological change within the Sounds? 
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2.3 Approach 

To address these aims, all of the available HS66 MBES data layers for the western Marlborough Sounds 

(HS66 survey area) was examined, relative to other available data layers.  The location of digitally-

available/known geological (sediment sampling) and benthic biological (video and/or biologically 

collected) sampling sites and associated information was overlayed in ArcGIS map format.  

This combination of MBES and ground truthing data was assessed relative to the questions listed 

above, and the options available that include research collaborative and multi-disciplinary approaches 

are examined. HS66 MBES layers along with available ground-truthing data were examined relative to 

their use in characterising benthic biological diversity and predicting significant habitat and 

biodiversity following approaches used in the Eastern Marlborough Sounds (e.g., HS51 survey area: 

Anderson et al. 2020a; 2020b).  Existing data and predictive modelling of key biogenic habitats has 

already been undertaken for the eastern Marlborough Sounds, and therefore can provide 

considerable predictive information that might be applicable to the Western Marlborough Sounds.  

Although this review does not go into modelling approaches per se, a review of how the HS51 data 

collected in the Eastern Sounds could be used to predict (and/or help predict) similar habitat, species 

and biodiversity in the Western Marlborough Sounds, was completed. 
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3 Existing data and knowledge 

3.1 Physical data layers (ǿƘŀǘΩǎ ōŜŜn done) 

Five main sub-regions were mapped in 2019 as part of the Western Marlborough Sounds HS66 

multibeam mapping survey (HYD-2018/19-01, HS66; see boundaries in Figure 1), co-funded by Land 

Information New Zealand (LINZ) and the Marlborough District Council (MDC).  IXblue surveyed four of 

the five sub-regions (i.e., Te Aumiti /  French Pass and Admiralty Bay, Te Hoiere / North Pelorus and 

Popoure Reach; Figure 1), using a Kongsberg 2040 Mk II multibeam echosounder (MBES) system.  DML 

surveyed the fifth sub-region (i.e., Te Hoiere / Pelorus South: purple boundary - Figure 1), using a 

Teledyne RESON SeaBat T50-R MBES (Maier et al. 2021).  To ensure high quality data and seafloor 

mosaiced maps, both surveys used the same controlled frequency (300 kHz) and pulse length, and 

were calibrated by resurveying the same flat site within the Western Sounds HS66 survey area (i.e., 

Waitata Reference/calibration site, Pelorus South).  In addition, to ensure that MBES-HS66 maps and 

data for the Western Sounds were also comparable to those from the Eastern Sounds MBES-HS51, the 

MBES-HS51 ŎŀƭƛōǊŀǘƛƻƴ ǎƛǘŜ όƛΦŜΦΣ ά²ŀƛƪŀǿŀ .ŀȅΩΣ tƛŎǘƻƴΣ vǳŜŜƴ /ƘŀǊƭƻǘǘŜ {ƻǳƴŘǎύ was also resurveyed 

(Mackay et al. 2020).  These five sub-regions acquired seafloor bathymetry, backscatter and water 

column data from 324.59 km2 in Western Marlborough Sounds (i.e., HS66 survey area) (Mackay et al. 

2020; Maier et al. 2021).   

 

Figure 1. Multibeam echosounder (MBES) survey sub-regions (Area blocks), overlaid on the combined 
HS66 bathymetry layer.  Pelorus South (purple boundary) was surveyed by DML, while all the other sub-
regions seen here were surveyed by iXblue (now owned by Ocean infinity). Depths greater than 50 m are shaded 
blue to enhance more subtle nearshore depth changes. 
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3.1.1 Bathymetry 

Following the completion of the HS66 surveys, MDC and LINZ funded the processing of all the HS66 

bathymetry data for all five subregions, but not the backscatter data.  Seafloor bathymetry, which 

provided the shape and depth of the seafloor across the HS66 survey area, was gridded at a resolution 

of both 1 m and 2 m (horizontal resolution) using Caris software.  Finer-resolution grids also created 

for each subregion: Bathymetry was gridded at 1 m for French Pass/Te Aumiti; and 0.5 m for the other 

five subregions (M. Jacobson, MDC, pers. comm.).  A 1 m and 2 m ǊŜǎƻƭǳǘƛƻƴ ƎǊƛŘŘŜŘ ΨƘƛƭƭǎƘŀŘŜ ǊŜƭƛŜŦΩ 

layers were also generated with 3 times vertical exaggeration, with sun-illumination from the 

northwest 315o and altitude of 45+, to provide improved depth visualisation (Maier et al. 2021; M. 

Jacobson, MDC, pers. comm.).  In this review, the 1 m bathymetry is presented in a red-to-blue colour-

swath scale, where depths are constrained to 0-50 m (i.e., depths > 50 m are all shaded/constrained to 

being dark blue) (Figure 1; Figure 2a). This was done here both to enhance more subtle depth changes 

in shallow waters within the Marlborough Sounds, and to be colour-consistent with the bathymetry 

layers published in the Port Folio maps for both the previous Eastern Marlborough Sounds (HS51 

survey in: Neil et al. 2018) and for the current Western Marlborough Sounds (HS66 survey in: Maier et 

al. 2021) map products. 

3.1.1.1 Benthic Terrain Model (BTM) classifications 

Additional funding through Fisheries New Zealand (FNZ) in 2020, enable FNZ to commission NIWA to 

analyse the MBES HS66 data using ArcGIS Benthic Terrain Modelling toolbox (BTM: Wright et al. 2012) 

to create Benthic Terrain Classifications (Maier et al. 2021).  Processed bathymetry data were 

imported into ArcGIS for spatial analysis and map compilation.  Both the HS51 and HS66 multibeam 

bathymetry was analysed ǳǎƛƴƎ 9{wLΩǎ !ǊŎDL{ .ŜƴǘƘƛŎ ¢ŜǊǊŀƛƴ aƻŘŜƭƭŜǊ ό.¢aύ to: 1) Generate a series 

of benthic terrain attributes from the bathymetric data (i.e., depth; depth range; standard deviation of 

depth; slope; standard deviation of slope; aspect; curvature and rugosity), and then 2) Use these 

datasets to generate a set of user-defined Benthic Terrain Classifications.   

BTM is a standalone programme that is compatible with ArcGIS, that converts bathymetry into user-

defined classifications, using a range of pre-written spatial analysis algorithms.  The benthic terrain 

model overlays a bathymetric position grid (BPI) (see illustrative example in Figure 3a) and uses a 

neighbourhood analysis function to create benthic terrain classes based on similarities/differences 

between values in these different sized grids (Wright et al. 2005; Wright et al. 2012). Using the BTM 

toolbox, Maier et al. (2021) produced eight terrain attributes from the new HS66 bathymetry (i.e., 

depth; depth range; standard deviation of depth; slope; standard deviation of slope; aspect; curvature 

and rugosity).  

The spatially gridded data, using calculations of the benthic positioning index (BPI) from depth, slope, 

rugosity and other geomorphic measures of seafloor shape were then analysed using a user-defined 

ΨƎŜƻƳƻǊǇƘƛŎΩ seafloor classification scheme.  Here, the BTM examines standard deviation breaks in 

these various layers to help detect natural boundaries between seafloor features.  This approach 

generated 14 benthic terrain (BT) classifications (Figure 2f; see Maier et al. 2021 for more detailed 

portfolio maps). These 14 BTM classification are also the same used for the HS51 survey area (Neil et 

al. 2018), consisting of flat plains; broad slopes; steep slopes; broad platforms or depressions; lateral 

mid-slope platforms or depressions; scarps (or cliffs); depressions; crevices or narrow gullies over 

elevated terrain; narrow slopes; rock outcrop highs, beach platforms or narrow ridges; and local 

depressions.  The ArcGIS project and associated raster layers for the BTM classification (raster) layer 

and the benthic terrain attribute layers created to use in this model (e.g., slope, rugosity, aspect, 

curvature, etc.) were all supplied as part of the contract outputs Maier et al. 2021). 
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Figure 2. Examples of HS66 multibeam data layers (based on combined Kongsberg EM2040D and 
wŜǎƻƴ {Ŝŀ.ŀǘ ¢рл ōŀǘƘȅƳŜǘǊȅύ ŀŎǊƻǎǎ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ΨǿŜǎǘŜǊƴ aŀǊƭōƻǊƻǳƎƘ {ƻǳƴŘǎΩ όI{сс ǎǳǊǾŜȅύ. 
a) Bathymetry image (with sun-illuminated digital elevation model (DEM)); b) Backscatter; c) Slope terrain 
attribute; d) Seafloor rugosity (ruggedness of terrain: indicative of rocky ridges and reefs); e) Slope-standard 
deviation (indicative of rough seafloor, such as low-lying biogenic structure; shell-debris and cobbles and broken 
rubble); f) Benthic terrain model (BTM) classifications (seafloor geomorphology) generated from bathymetric 
data. Depths greater than 50 m are shaded blue to enhance more subtle nearshore depth changes. 
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3.1.1.2 Derived terrain attributes 

The benthic terrain attributes (i.e., the bathymetry-derived raster layers) generated by Maier et al. 

(2021) for use in the benthic terrain modelling, were supplied via MDC as an ESRI file geodatabase, 

and ArcGIS project.  These data layers were provided as 2 m raster layers, are examined here as part 

of this review.  In addition, MDC GIS staff re-created six of those eight terrain attributes as per (Maier 

et al. 2021), but at 1 m horizontal  resolution. This included a 1 m digital elevation model (DEM) of the 

HS66 bathymetry; and associated ΨƘƛƭƭǎƘŀŘŜ ǊŜƭƛŜŦΩ ǿƛǘƘ 3 times vertical exaggeration (with sun-

illumination from the northwest 315o and altitude of 45+), as well as benthic terrain attributes (incl. 

slope, rugosity, aspect and curvature) that were each identical in all other aspects to Maier et al. 

(2021), following (Neil et al. 2018; examples in Figure 2). These dual resolution raster layers were 

preliminarily examined relative to other data layers to assess their relative value in predicting areas of 

significant marine biodiversity. 

The standard deviation of the slope is a statistical measure that quantifies how much the slope differs 

from the mean slope of the surrounding area and was produced at 2 m resolution by Maier et al. 

(2021ύ ŘǳǊƛƴƎ bL²!Ωǎ Benthic Terrain Modelling.  TƘŜ ΨǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ǘƘŜ ǎƭƻǇŜΩ ƭŀȅŜǊ (at fine 

scales) can provide extremely valuable information on the roughness of the seabed, and was found to 

be an invaluable layer during the ground truthing processes in the Eastern Sounds (albeit at the 2 m 

resolution): particularly in detecting and delineating biogenic habitats such as the bryozoan patch 

reefs at the entrance to Queen Charlotte Sounds (QCS) (Anderson et al. 2020b). High slope-stdev 

indicates that there is variation (which can infer low-relief roughness, where corresponding 

bathymetry and rugosity are not high).  To examine the finer-scale value of this layer, a 1 m horizontal 

resolution standard deviation of the slope (hereon referred to as slope-stdev) was created (Figure 2e).   

3.1.1.3 Rock outcrops layer 

Rugosity of the seafloor was calculated by Maier et al. (2021) from the bathymetric surface for each 

нƳ ŎŜƭƭ ǳǎƛƴƎ ǘƘŜ άwǳƎƻǎƛǘȅέ ŦǳƴŎǘƛƻƴ ƛƴ .enthic Terrain Modeller toolbox (Jenness, 2004; Wright et al. 

2005, 2012).  This method uses a ratio of the surface (or contoured) area of the seafloor to planar area 

(straight line) across a square of 3 x 3 grid (i.e., 6 x 6 m area using the 2 m resolution bathymetric grid) 

(Figure 3a). Here, rugosity values near 1 = a smooth flat terrain, while higher values reflect increasing 

rugosity.  Researcher divers on SCUBA used to measure rugosity manually by draping a chain over the 

seafloor and then measuring the chain length as a ration of the linear distance between the start and 

end point of the transect (e.g., McCormick, 1994). However, while this basic equation works fine if the 

seafloor is flat, when there is a slope, the equation gets confounded by slope angle (e.g., Figure 3b) as 

rugosity gets more convolutedΦ  LƳǇǊƻǾŜƳŜƴǘǎ ƘŀǾŜ ƭŜŘ ǘƻ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ŀƭƎƻǊƛǘƘƳ Ψ.¢aΩǎ !ǊŎ-Cord 

wŀǘƛƻ ƳŜǘƘƻŘΩ όŘŜǎŎǊƛōŜŘ ƛƴ Du Preez, 2015), being added to the BTM package.  Using the Arc-Cord 

Ratio method, rugosity of the surface is measured as the ratio between the contoured surface (the 

grey-dotted line in Figure 3bύ ŀƴŘ ǘƘŜ ΨǇƭŀƴŜ ƻŦ ōŜǎǘ ŦƛǘΩ όǘƘŜ ŘŀǎƘŜŘ ƭƛƴŜ ƛƴ Figure 3b), which enables 

the angle of the slope to be decoupled from the measurement of rugosity. The diver method only 

measured the ratio between 1 and 3 so this two-step method was never required (see McCormick, 

1994).  The .¢aΩǎ !ǊŎ-Cord Ratio method and the diver-chain method are equivalent and measured 

over similar fine spatial resolution and as such should provide a realistic and biological-relevant scale 

of seafloor rugosity.  No Information on which method was used to calculate rugosity for the HS66 

survey was provided.  Given most of the rugose habitat within the HS66 survey area is likely occurring 

on the narrow slopes that skirt the shores, the methodology used is likely important. 

In addition to the BTM, Maier et al. (2021) ŎǊŜŀǘŜŘ ŀ ΨwƻŎƪ hǳǘŎǊƻǇǎΩ ƭŀȅŜǊ ōȅ ŎƻƳōƛƴƛƴƎ ŦƻǳǊ ƻŦ the 14 

BTM classifications together (Classes 10, 11, 12 and 13).  
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Figure 3. Illustrative example of Ƙƻǿ ΨǊǳƎƻǎƛǘȅΩ ƻŦ ŀ ōŀǘƘȅƳŜǘǊƛŎ ǎǳǊŦŀŎŜ ŀǊŜŀ ƛǎ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ŀƴ 
elevation grid (i.e., bathymetry) using the ArcGIS BTM toolbox. a) The three dimensional 3 x 3 grid surface 
ŀǊŜŀ ŀƴŘ ǘƘŜ ǇƭŀƴŀǊ ŀǊŜŀ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ΨrǳƎƻǎƛǘȅΩ ǿƛǘƘƛƴ ǘƘŜ .¢a όReproduced from: Jenness, 
2004), and b) A real-world illustration of the rugosity of the surface area (here, an example of a coral reef) 
(Reproduced with added labels from: Du Preez, 2015).  Here, rugosity of the surface is measured as the ratio 
between the contoured surface of the corals (dotted chain-line [1] = 11.2 m) and the planar distance (solid 
straight-line [2] = 2.58 m), giving a Rugosity Index of 4.31.  However, here we see that the slope of the seabed 
inadvertently confounds this initial measure in the algorithm, so slope first needs to be decoupled, by, 
ƳŜŀǎǳǊƛƴƎ ŀƴŘ ǳǎƛƴƎ ǘƘŜ ΨǇƭŀƴŜ ƻŦ ōŜǎǘ ŦƛǘΩ όǘƘŜ ŘŀǎƘŜŘ ƭƛƴŜ ώоϐ Ґ оΦпс Ƴύ ǳǎƛƴƎ .¢aΩǎ !ǊŎ-Cord Ratio method 
(described in Du Preez, 2015). Noting here that the diver method measures the ratio between 1 and 3 
automatically (see McCormick, 1994). 

3.1.2 Backscatter 

During the HS66-2020 MBES survey, iXblue preliminarily processed the backscatter from the four 

subregions they surveyed to create a preliminary (field -processed) seabed mosaic (i.e., French Pass, 

Admiralty Bay, North Pelorus and Popoure Reach). This was undertaken to help determine where to 

collect ground truthing sediment samples from (i.e., allocate sediment sampling across a range of 

sediment composition types) (Dave Field pers. comm.). This preliminary backscatter mosaic was 

provided by LINZ as geo-referenced tiff files (see Figure 4). No backscatter mosaic was rendered by 

DML for Pelorus South (i.e., the fifth survey area) (Figure 4).  

Following the completion of the HS66 MBES survey, NIWA was contracted by LINZ and MDC through 

iXblue to: 

(1) Assess the quality of the backscatter data to ensure that the backscatter response to the 

seabed was consistent across all depths, and between data acquisition systems; and was fit for 

scientific purpose (Mackay et al. 2020). 

(2) Design and collect sediment grab samples and drop camera video footage from ground 

truthing sites across the HS66 survey area (Orpin et al. 2020). 

3.1.2.1 Quality assessment of HS66 backscatter data: 

NIWA v!κv/ΩŘ ǘƘŜ ōŀŎƪǎŎŀǘǘŜǊ Řŀǘŀ and created a preliminary backscatter mosaic using Fledermaus 

Geocoder Toolbox (FMGT) v7 QPS software1.  All five subregions were imported into FMGT and then 

mosaiced together to examine the full backscatter surface for any irregular and unexplained changes 

in the backscatter signal that may be indicative of system errors (Mackay et al. 2020). To do this, HS66 

raw backscatter time series files from the two backscatter data sources: Reson T50 (*.gsf files) and 

 
1 FMGT (Fledermaus Geocoder Toolbox) is a backscatter processing tool created within the Center for Coastal and Ocean 

Mapping (CCOM) at the University of New Hampshire (UNH); but has now been created as a module within the commercial 
Fledermaus software from QPS (Lurton et al. 2015). 


















































































































































































































