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1 Executive Summary

In 2019 Marlborough District Council (MD@ndLand Information New ZealarfdINZ contracted
iXBlue(now calledOcean Infinityand Discovery Marine LtdDML) to collect Multibeam Echo
Sounding (MBE&kross five main subregion$the western Marlborough Sound6rench Pass and
Admiralty Bay / Te Aumiti and Pelorus Souhd@is Hoiereunder the LINZ Project HD18/19-01
(HS66). Four subregions (French Pasdmiralty Bay, North Pelorus and Popoure Reach) were
surveyed by iXblue usirgKongsberg 2040 Mk 1l multibeam echosounder (MBES) sysitimthe

fifth subregion (Pelorus South) surveyed by DML usifigledyne RESON SeaBatR30IBES
Together these hybgraphic surveys (HS66) acquired seafloor bathymetry, backscatter and water
column dataacross 324.59 khof seafloor in Westerarlborough Sounds (HS66 survey area).

This report provides a review of what physical and biological data are availablé¢héssvdata and
imagery can be used; and, what additional data is required to idelptify and map important sites of
marine biodiversity

Ground truthing data:A total 0f331 existing ground truthing sitesrhich already havkabitat and
associated biolgical descriptions, were evaluated as part of this reviddetadata foran additional
X1163 siteswasalso identified. The latteincludesa potentially rich source of ground truthing
information, that wouldbe valuable to access, collate and evaluataiagt the MBES layers.

Of the availablg31 sites, 273 sites represented recent ground truthing sur¢@yginet al.2020;
Davidsoret al.2022)while 58 represented historic sit€ggcourt, 1967; McKnight and Grange, 1991)
Grain size composition (%omud, 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 r&garrgonet al. 2020)
were createdor all published descriptions of sites surveyed within the H88§ey areaThese were
plotted overthe MBES layers to preliminary examine how accurately they described these seafloor
habitats and communitiesAy S ¢  WabKsgahke: O 2 @&ibldewas createdthat ranked the
amount of shell recorded at a siteofn 0 denoting no shell, up to 5 denoting large amounts of shell.
If key taxa were described, thesere convertedi 2 WLINBa Sy O0SQ NBO2NRA D

The new CBed classification layers were then plotted over the various-MB&Slayers to examine

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

to predict significant habitats and communities. For example, observations of muddshei$, and

NHz324S NRO|l KFIoAdlIGa FHEtAIYySR{SEFNERENI & 4 Sfath TA 0k K
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 -inatiean

current strength.

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

2O0SNI bL2! Qa {w/ fl&SN®Ww CKAE FoAfAGe (2 T 22Y 2dzi
of habitat availability (and hence relative impacakss) will be a valuable tool for MDC. Here, shell

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

well beyond all three sites, with delineated boundaries visible in the SRC layer. The locatiose of the
shelldebris boundaries also spatiayigned (nearly a 1:1 match) nebed current speeds, indicating

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

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

together.

MBS - Expert scientific advice, research and guidance -8-
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Bathymetry andderivedterrain attributes: The current bathymetric and derivedttribute maps have
been processed at 2 m and 1 m grid resolutiandare now available to MDC both as visual maps and
as quantitative rasters.

These layers can already be used to visually (qualitatively) detedicigimihabitats and their

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

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

fruitful for the HS66 region, too. K SE I YLI ST ™ NBWoFNER il Ail yeeoslks SYKI NI y O
Sounds / Te Hoiereave been predicted and delineated based on high seafloor roughness, slightly

raised bathymetry, and low associated rugosity, and known relationships from the HS51 sutvey, b

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).

Benthicterrain classifications (BTCNIWA generated 4 benthic terrain classification@B1C) (Maier

et al.2021) using the same 14 geomorphic classifications useaddilet al. (2018 for the Eastern
Sounds (HS51 surveyhile these 14 categories may be perfectly vgkdmorphicallythesezones
provided little predictive insight to tere significant habitats and biodiverse communities occur in
either the HS51 surveyl. J. Anderson, Stewart, et al. 2080)based on this preliminary review, this
recent HS66 survey-However, whilehis layermay notprovide muchbiologicalinsight on its ownit
may provide soménsight in soméocalisedsituations.

Rock outcrops layerThe BTC class=10 classified aredRatk Outcrop Highs, Beach Platform, Narrow
Ridge® 6AGK | O f Odz?(3.4186Rvithin MBHS662sEvewane®isusieviludtion at
large to medium spatial scales identified that most rock features were included inlflakswever,
some nonreef habitats (e.g., raised mud banks) were also incorrectly included. Adsfiabs

individual rock features often did not match the shape or boundaries of this class, with some rock
features mismatches by up to X40%.

This identifies that this class should not be used to represent true rock outcrop area; and that a more
representdive finetuned 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 tH851 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 featurescluding some significant biological sites.

Therefore, themethod used to delineate Rock Outcrops in both regions could be improved based on a
single revised approach.

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

(hard to soft). Both the coaedfieldmosaicedbackscatter imagery (created by iXblue from

unprocessed raw data for ground truthing) and the g¢® OG A FASR A Yl IS 2F bL2! Qa
layer have already helped to predict and discriminate several significant habitat and community types

(e.g., bryozoa patch reefs, several mixdazlogenic debridields) within the HS66 region. In addition,

predictions from the HS51 survey (e mphiuradominated sediment plain boundarieaje also

likely to prove useful in the HS66 area. Evaluation obthe2 ! Q& LINBf AYAYlF NB {w/ €
CBedOf  aaATFTAOIGA2Y A F2dzyR GKI G GKS &aSFTE22N) 20aSNX
classes, and although further evaluatisrequiredbased onthisreview i A a | € NI R& FA
purposeswith no additional processing required.

2 AGK GKS SFaluSNYy { 2dzyRa -8RCrgster lajedma®Sead inlhatbdat 0 > b L 2!
suitability models, where it was an important quantitative predictor of: the distribution and

abundance of several sigiw&nt biogenic habitat formers, indBaleolaria hystrixnounds, bryozoan

patchreef zones, horse mussel bedsrina zelandicg as well as the distribution and presence of

other bivalve specie@Riboet al.2021) In this review, a comparison of the eastern (HS51) and western

MBS - Expert scientific advice, research and guidance -9-
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(HS66) regions found strong similarities between Asattom current strength and seafloor
reflectivity in both regionsindicating 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 andalibrated backscatter imagery and an equivalelassed seafloor reflectivity
layerare time consuming projectdowever, in the interim, there is plenty of valuable information in
the existing available data layers (i.e., MBES, betiom current speedsand existing ground

truthing data) to begin visually (qualitatilg interrogating thesevariouslayers to predict areas of
likely biological significance.

Not processing the backscatter data would mean that the full processed seafloor backscattér mosa
(image and raster/data) would not be available to help inform either the visual (qualitative) or the
analytical (quantitative) approaches (e.g., habitat suitability modellifigiswould be a great loss of
information that may hinder the ability to dett, and therefore protect, significant habitats and
diverse biological communities.

Water column dataUsing backscatter signals from the water column to detect biological structure
growing above the seafloor, is still a relatively new area of reseaattstiows excellent promise for
surfacegrowing species (e.gVlacrocysti$, while species growing closer to the seafloor (€egklonia

are still difficult to accurately discefschimekt al.2020) In the HS51 surveyreawater 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 numbergobneous records of kelp where no kelp was present
including predictions of kelptied 2 dzi 2 @SNJ SELI YAA DS YdzR (BXo6l 8YSy i
Anderson, Stewart, et al. 2020Consequentlycommercial avenues fgrocessing these datare not
recommended howeverthis would make an excellent gradualéhesis projectKelp forests and
Caulerpabedsgrowing in extremely exposed hard to survey sites, would make a great targeted
assessment of the value of this methddis woulchelp determine where likely aboweef

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

What new ground truthing data is requiredPhe available suite of predictive environmental layers
(MBES, urrents, spatial derivatives) and data (ground truthing imagery and classifications) can already
be used to predict likely sitegipporting significant habitats amdarine biodiversity While some of

these sites may already align with existing grotindhing data, others, like the bryozoan patatefs

have no information to validate this prediction or characterise their biodiverJitygeted towvideo
transects in these newly predicted significant habitaits recommended.This wouldi) validate these
newly predicted sites; ii) characterise the biodiversity and withabitat 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 barmapped, and their significance assessed.
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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 a@25knt of seafloor within the Western

Marlborough Soundsdentified as surve}iS66) that included Pelorus $wis/ 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/ Totaranyito provide consistencydtween survey areasThe iXblue survey used a i§siberg

2040, while the DML survey used a ReSeaBai 50 multibeam echo sounder systesmap their

respective areas of the western Marlborough Sounds (HS66 survey drea)inimise changes of

I 02dzZaG A0 SYySNHE& UGUNIYAYAGGSREI 020K adNWSea dzasSR
f SYya3dkKéz SylFofAy3a aO2  thdsaafio®rgnd waiek doliinin @dro8sialb NJ NB & L2 v
RSLIIK&¢ o al OpDiriag the éS6Butvaysa senies of setliment grabgere collected

across the survey are8X by iXblue and 16 by DMtg provided ground truthing information. A

section ofseafloa in WaitataBay(termed Waitata Bayeferenced dzNJF Ma&dy etaly2020vas

resurveyed at multiple timeover the duration of the survelp enable calibration of the MBES survey
data(iXblue and DBL reports, 2020).

Following theXBlue and DMMBE Ssurveys, 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 grotinghing survey that collected sediment samplél35

grabs) and benthic community observations (165 dvigeosites) across th&lS66 survey area

0 NB T S NN Restér2 Makbdrou@KSSun@ Inthe ground truthingsurvey NIWA allocated
sedimentgrab and towedvideosited (2 | [ShB& Raldct®i I aW A TSFRMyer A 2 y Q
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 theostlyprocess of contracting the HS66 survey, mtgeconscious decision to
maximise the extent of the MBES survey aealect multibeam data over more of Pelorus Sounds),
rather than focus on processinige HS6BMBES data to the same extenttag HS51survey(at that

time). This meant that for the H8&urveythe priority was tgprocessall of the multibeam

bathymetry, and keyderived 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, iewident that MDC was
unable to fund thefull processingosts of these layeraswell as thoseof the water column or

seafloor backscatter layers through previous avenigessistent with the HS51 surveyherefore,
whilst the raw water colummandseafloor backscattedatais availableand has been quality assured
and checkedNlackayet al. 2020, water columnandseafloor backscattedata were not able tde
processedat that time. ConsequentiiVIDC to date does not have processed water column or
seafloor backscatter layers.

MDC hasince beerallocatedadditionalfunding to best tilise the HS66 data over the next 5 years.
MDCare nowconsidering how the existing HS66 data can be uséat the consequences of not
having the backscatter are, and if requirédand how a collaborativeesearchmodel may work best
in thissituation. MDC now need expert advice on how they should proceedeterminehow the
HS66 Multibeam Echo Sounding (MBES) data can best bg(asdgotentially processed) for the
purpose of identifying important sites of marine biodiversity in the most effectind cosefficient
way.
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2.2 Scope of project

In the eastern Marlborough Soundd$51 survey ar@aBES data has proven itself invaluable as a
foundation from which to identify areas of important biodiversity. The bathymatong with several
other derived-data layers (e.g., slope and rugositpt 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 alreeely pocessed and are available
currently. However, unlike the HS51 survéyDC, have noyet had the HS66 seafloor backscatter or
water column data processed, althoutite HS6Gackscatter habeen quality checked and cleaned
by NIWA (Mackay et al. 2020), apiibvisional training backscatter data has been gosicessed 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 Orp2020al
However, this processed backscatter has not been provided to NMIZ now requires critical advice
on the different ways the HS66 data could be utilised for a similar aim to outfusthe HS51 data.
To do this, some key questions to considad address here are:

9 Isit essential to process the backscatter data?

1 What are the benefits of having the backscatter data processed?
1 What are the benefits/ pitfalls of not processing the data?
1

What are the best methods/options that could be used foe £xisting HS66 data to identify
marine biodiversity?

1 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 thaould be used to identify significant biological areas?

1 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

4 a5/ Q& F20dza Aa LINAYINARf& 2y ARSYy(iGAFeAy3d AYLEN
determinewhat the best methods for doing thjsare.

Further to all this, in terms of identifying important siteEmarine biodiversity,
is:

1 What other information can be gleaned from the MBES data?
1 What other ways could this information and data be used?

1 What benthic biological data already exists within the HS66 area that might assist in these
endeavours: particalrly to groundtruth the MBESHS66maps, ando aid in the identification
of important sites of marine biodiversity.

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

1 Can the combination of MBES and benthic biological data from the combined HS51 and HS66
data be used in some way to help determine |lasgale ecological change within the Sosfd

MBS - Expert scientific advice, research and guidance -12-



Review of Pelorus Sounds HS66 MBESfdataappingmarinebiodiversity

2.3 Approach

To address these aimall of the available HS66 MBES data layers for the western Marlborough Sounds
(HS66 survey ar@¢avasexaminedfelative to otheravailable datdayers The location of digitally
availabléknown geologicalsediment sampling) and benthic biological (video and/or biololyical
collected samplingsites and associated informatiomas overlayedn ArcGIS map format.

This combination dVIBES and ground truthirdatawasassessed relative to thguestions listed

above and the options available that includesearchcollaborative and mulidisciplinary approaches
are examinedHS66 MBES layers along with available graumitiing datawere examinedrelative to
their use in characterising benthi¢dbogical diversity and predicting significant habitat and
biodiversityfollowing approaches used in tligastern Marlborough Sounds.g.,HS51 survegrea:
Anderson et al. 2020a; 2020bkxisting 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 reviewdoesnot go into modelling approaches per sageaiew 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 Soundas completed.
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3 Existing data and knowledge

3.1 Physical data laye(¢ K I (i (ha@lond S S

Five main sulsegions were mapped in 2019 as part of the Western Marlborough Sounds HS66
multibeam mappingurvey (HYE2018/1901, HS66; see boundarieskigurel), cofunded by Land
Information New Zealand (LINZ) and the Marlborough District Council (MDC). IXblue surveyed four of
the five subregions (i.e., Te AumitiFrench Pasand Admiralty BayTe Hoiere North Pelorus and

Popoure Reacltigurel), using a Kongsberg 20Mk Il multibeamechosounder (MBESystem. DML
surveyed thdifth subregion (i.e.,Te Hoiere Pelorus South: purple boundaryigurel), using a

Teledyne RESChéaBat TSRMBESMaieret al.2021) To ensure high quality data and seafloor
mosaiced maps, both surveys used the sam@rolled 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 Soutlm addition,to ensure that MBESIS66 maps and

data for the Western Sounds were also comparable to those from the Eastern Sound$188E8e
MBESHS510F f AOGNI GA2Y &AGS OAPSPT a2 Awhs@abkoresin@@® t A Ol
(Mackayet al.2020) Thesedfive subregionsacquired seafloor bathymetry, backscatter and water

column data fron824.59 kman Western Marlborough Soundge.,HS66 survey ar@é@Mackayet al.

2020; Maieret al.2021)

0 5 10 Km

Pelorus Sound / Te Hoiere (HS66)

40°55'6"S

Jelorus

, th
ia,

41°1'7"S

Depth (m)
0

41°T'7"S

50-

173°41'40"E
Figurel. Multibeam echosounder (MBES) survey suibgions (Area blocks), overlaid on the coml&d
HS66 bathymetry layerPelorus South (purple boundary) was surveyed by DML, while all the other sub
regions seen here were surveyed by iXblob@yowned byOcean infinity. Depths greater than 50 m are shaded
blue to enhance more subtle nearshore depth changes.

173°53'41"E 174°5'41"E
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3.1.1 Bathymetry

Following the completion of the HS66 surveys, MDC andfulidigd theprocessing of all the HS66
bathymetrydata for all five subregiond¥ut not the ba&scatter data.Seafloor bathymetrywhich
provided the shape and depth of the seafloor across the HS66 surveyareagyidded at a resolution
of both 1 m and2 m (horizontal resolutionusingCaris software Fner-resolutiongridsalso created

for eachsubregion Bahymetrywasgridded at 1 nfor French Pass/Te Aumiéind 0.5 nfor the other
five subregions (M. Jacobson, MOg@ys. comm). Almand2mNB & 2f dziA 2y 3INRARRRSR
layers werealsogenerated with 3 times verticaixaggerationwith sunillumination from the

northwest 318 and altitude of 45, to provide improved depth visualisatidMaieret al.2021; M.
Jacobson, MD@ers. comm). In this review, the 1 nbathymetry is presented in a red-blue colour
swath scale, where depths are constrained t6@m (i.e., depths > 5@ are all shaded/constrained to
being dark bluefFigurel; Figure2a). Thiswas done here botlto enhance more subtle depth changes
in shallow waters within the Marlborough Soun@dsd to becolourconsistent with the bathymetry
layers published in thBort Folio maps fdboth the previousEastern Marlborough Soundd $51
surveyin: Neilet al.2018)andfor the current Western Marlborough Sound4366survey inMaier et

al. 2021)map products

3.1.1.1 Benthic Terriaa Model(BTM)classifications

Additionalfunding through Fisheries New Zealand (FNZ) in 2020, enable FNZ to commission NIWA to
analyse the MBES HS66 data using ArcGIS Benthic Terrain Modelling toolbow/(Bjhkét al. 2012)

to create Benthic Terrain ClassificatigiMaieret al.2021) Processed bathymetry data were

imported into ArcGIS for spatial analysis and map compilatBmth the HS51 and HS66 multibeam

bathymetry was analysedza A y 3 9 { wL Q& ! NODL{ . ®)lC&nkrée ats&iNsNI A y

of benthic terrain attributes from théathymetricdata(i.e., depth; depth range; standard deviation of
depth; slope; standard deviation of slope; aspeuatvatureandrugosity), andthen 2)Use these
datasets to generate a set of uséefinedBenthic Terrain Classificatians

BTM is a standalone programme thatcompatible with ArcGIS, that converts bathymetry into user
defined classificatios) using a range of pravritten spatial analysis algorithm&he benthic terrain
modeloverlays a bathymetric position gr{@Pl)see illustrative example iRigure3a)and uses a
neighbourhood analysis function to create benthic terrain classes based on similarities/differences
between values in these different sized gr{tiVrightet al. 2005 Wrightet al.2012) Using the BTM
toolbox, Maier et al. (202)Lproducedeightterrain attributes from the new HS66 bathymefiiye.,

depth; depth range; standard deviation of depth; slope; standard deviation of slope; asp®ature
andrugosity).

The spatially gridded datasing calculations of thieenthic positioning index (BRtpm depth, slope
rugosity and othegeomorphicneasures ofeafloorshapewere thenanalysed using userdefined

W3 S 2 Y 2sNdfliforkla3Sification schemeHerethe BT examinesstandard deviation breaks in
these various layers toelp detect natural boundaries betwaeseafloor features This approach
generated 14 benthic terrain (BT) classificatidrgre2f; seeMaier et al.2021for more detailed
portfolio mapg. These 1BTM classification are also the same used for the HS51 survepNaitet

al. 2018) consisting oflat 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 outgrbighs, beach platforms or narrow ridges; and local
depressions The ArcGIS project andsociatedaster layers for the BTM classification (raster) layer
and the benthic terrain attribute layers created to use in this model (e.g., slope, rugosityf,aspec
curvature etc.) were all supplied as part of the contract outpligier et al.2021).

MBS - Expert scientific advice, research and guidance -15-
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Figure2. Examples of HS66 multibeam data layers (based on combined Kongsberg EM2040D and
wSazy {SI.l4 ¢pn oldKeaYSGNRBO +ONRAaad GKS SEGSy
a) Bathymetry image (with suifluminated digital elevation model (DEM)); b) Backscatter; c) Slope terrain
attribute; d) Seafloor rugosity (ruggedness of terrain: indicative of rocky ridges and reefs); e¥talugerd
deviation (indicative of rough seaflqasuch as lowying biogenic structure; shellebris 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 subdleshere depth changes.
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3.1.1.2 Derived terrain attributes

The lenthicterrainattributes (i.e., the bathymetrgerived raster layergjenerated byMaier et al.
(2021)for use in the benthic terrain modelling, were supplied via Mi3@n ESRI file geodatabase
and ArcGIS project. These data layers were provided asagtar layers, are examined here as part
of this review In addition, MDGSIS staffe-created six of those eight terrain attributes as fitaier

et al.2021) but at 1 m horizontal resolution. This included mdigital elevation model (DEM) of the
HS66 bathymetryand associate®/ K A f & K I RBiméshdrtitaSekaggewmtion ((ith sun
illumination from the northwest 31%5and altitude of 45+)as well as benthic terrain attributes (incl.
slope, rugosity, aspect and curvature) that were each identical in all other aspddtsdo et al.

(2021) following(Neilet al.2018; examples ifigure2). 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 $andard deviation of the slopés a statistical measure that quantifies how much the slope differs

from the mean slope of the surrounding araadwas producedat 2 m resolutiorby Maier et al

(20210 R dzNJ yBentHicTérrhifModellingTK S Wa (RISYRIFNIR 2y 2 Fatfink S af 2 LIS
scaleskan 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 Salbels4t the 2 m

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

reefs at the entrance to Queen Charlotte Sounds (F®&&lersoret al.2020b) High slopestdev

indicates that there is variation (which can infer loglief roughness, where corresponding

bathymetry and rugosity are not highJo examine the finescale value of this layes 1m horizontal
resolutionstandard deviation of the sl@p(hereon referred to as sloggdev)was createdFigure2e).

3.1.1.3 Rock outcrops layer

Rugosity of the seafloor was calculatedNdgier et al. (2021Lfrom the bathymetric surface for each

HY OSff dzaAAy3 K SenthiovTzEah &MadéllersoolFodnhitRssAi2B04; Wkight al.

2005, 2012) This method uses a ratio of the surfdoecontoured areaof the seaflootto planar area

(straight line)across a square of 3 x 3 grid (i.e., 6 X 6 m asiag the 2 m resolution bathymetric gyid
(Figure3a).Here, rugosity values near 1 = a smooth flat terrain, while higher values reflect increasing
rugosity. Reseacher divers on SCUBA used to measugmsity manually by draping a chain over the

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

end point of the transec{e.g., McCormick, 1994owever while this basic equation works finié the

seafloor is flat, whetthere is aslope the equation gets confounded by slope angle (egkigure3b) as

rugosity gets more convolutepl LYLINR@SYSyiGa KFE@S SR G€ord y | RRA
wk A2 YSiK2 R PréeR 2G1Epaldg adddl tothg BTM packagdsing the Ar€Cord

Ratio methodrugosity of the surface is measurad the ratio betveen the contoured surfacghe

greydotted line inFigure3bd | YR G KS WL | yS 2 FFigor&sh)iwhidh/kenafleso 6 KS R
the angle of the slope to be decoupled from the measurement of rugoBity diver methodnly

measureal the ratio between 1 and 80 this twestep method was never requirgdeeMcCormick,

1994) The. ¢ a Q &CorH Rilo method and the divehain method are equivalent and measured
oversimilarfine spatial resolution and as such should prowadealisticandbiologicairelevant scale

of seafloor rugosity No Informationon which method was used talculate rugosity for the HS66

surveywas provided Given most of the rugashabitat 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 theBTM Maier etal. (202JONBS I 6§ SR | WYw2 Ol h dzi ONPthaddd € I & SN
BTM classifications together (Classes 10, 11, 12 and 13).
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b)
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Figure3. |lllustrative example ofK 2 4 WNHzI2aA 08 Q 2F | oF GK&@YSINRO & dzNFI
elevation grid (i.e., bathymetry) using the ArcGIS BTdblbox. a) Thethree dimensionaB x 3 gridsurface
F NS YR GKS LI FylF N NS dz2ZFa MKSQ adREPOAOYd ivSiresgic? OF £ Oc

2004) andb) A reatworld illustration of the rugosity of the surface area (here, an example of a coral reef)

(Reproduced witladdedlabels fromDu Preez, 2015)Here, rugosity of the surfaée measureds the ratio

between the contoured surface of the corals (dotted chi@ne [1] = 11.2 m) and the planar distance (solid

straightline [2] = 2.58 m), giving a Rugosity Index of 4.31. However, here we see that the slope of the seabed
inadvertertly confounds this initial measure in the algorithm,sope first needs to be decoupled, by,

YSIF&adz2NAYy3a YR dzaAy3a GKS WLX +FyS 27F 0S-&adRatoing&hod 6§ KS R &K
(described irDu Preez, 2015Noting here that the diver method measures the ratio between 1 and 3

automatically $eeMcCormick, 1994)

3.1.2 Backscatter

During the HS6@020 MBES surveibluepreliminarily processed the backscatter from thoeir
subregions they surveydd create a preliminary (fieleprocessedseabed mosaifi.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 samplingsaa range of
sediment composition types) (Dave Fiplelrs. comn). This preliminarpackscatter mosaiwas

provided by LINZ as geeferenced tiff files (se&igured). Nobackscattemosaicwasrenderedby

DMLfor Pelorus South (i.ethe fifth survey area)Higure4).

Following the completion of the HS66 MBES surbdyAwas contracted by LINZ and MDC through
iXblue ta

(1) Assess the quality of the backscatter data to ensure thatbackscatter response to the
seabed was consistent across all depths, and between datsisition systemsandwas fit for
scientific purpos€Mackayet al.2020)

(2) Design and collect sedimegtab samplesnd drop camera video footage from ground
truthing sites across the HS66 survey af@apinet al. 2020)

3.1.2.1 Qualityassessment dfiS6@ackscatter data:

NIWAV I k v/ QR (G KS @ahdOreaied & preliriinddy Bakckdchtter mosaic u§ileglermaus
GeocodefTodbox (FMGT) vQPSsoftware'. All five subregions were imported into FMGT and then
mosaiced together to examine the full backscatter surfacaforirregular and unexplained changes
in the backscatter signal that may be indicative of system efidexkayet al.2020) To do this, HS66
raw backscatter time series files from the tWwackscattedata sourcesReson T50 (*.gsf files) and

L FMGT (Fledermaus Geocoder Toolbox) is a backscatter processing tool created within the Center fom@d@staira
Mapping (CCOM) at the University of New Hampshire (UNH); but has now been created as a module within the commercial
Fledermaus software from QRISurton et al. 2015)
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