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Abstract

In marine habitat mapping, single beam echo sosnaler widely used to derive information
about the geophysical properties of the seabed]ewhnderwater video can provide
supplementary information about the physical stmgcof the seabed and associated marine

biological communities.

In this thesis, data from both systems are integrand used to classify seabed habitats. The
habitat classification is based on categories withhierarchical system that is conducive to

information from different instruments or collectaddifferent spatial scales.

The classification of single beam echo sounder datdifferent levels of the hierarchical
classification is the focus of the first half oketthesis. The first data chapter examines the
effect of depth, bottom slope, prevailing weathenditions, and vessel speed on measured
acoustic return from the seabed, and the subsedqagcity to classify this data at the
substrate level. The following three chapters @ase studies that progressively develop
techniques for classification of single beam adousata at lower levels of the hierarchical
classification including identification of soft setwent habitats in commercial scallop fishing
grounds; mapping the distribution of urchin barrests rocky reefs; and detection and
mapping of sub-surface giant string keMacrocystis pyrifera Each of the case studies
develops analysis and classification techniquetsateapplicable for mapping at levels below

substrate in the hierarchical classification.

At lower levels of the hierarchical classificatiobjological communities and species
distributions are commonly used as habitat desimspiThe second half of this thesis focuses
on extracting information from video for the cldgsition of biological communities. In the
first of these chapters, methods are compared Xtaaing estimates of algal cover on
temperate rocky reef substrates from towed undemnwateo. The algal cover data is then
used to examine the capacity of a towed video tealehanges in algal community structure
at two spatial scales. The following chapter déssithe design, construction and evaluation
of a stereo video system developed to measure spoogphological metrics. These metrics
are then used to establish a quantitative claasific of sponge functional morphology.
Differences in sponge functional morphology arenexed between sponge communities in
two different regions with differences detectedboth the composition of functional groups

and the size of those functional groups.




The thesis presents a framework and methodologiesektracting both physical and
biological information from single beam echo sounaled underwater video systems. These
methods can easily be incorporated into existingbsed mapping programs, and provide
information that will improve our understandingtbé spatial distribution of subtidal habitats.
This information is directly beneficial to marinesource management, including marine
protected area planning and fisheries managemedtwal allow baseline documentation of
habitats for future climate change research.
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Chapter 1. General Introduction

Habitat can be defined as the place where an agafives, and is characterised by its
physical features, or by dominant biota (Oxford tidicary of Science). Habitat mapping
studies seek to characterise the seabed usingeao$uools, and classify similar seabed types
into distinct categories based on the outputs edettools. Mapping the spatial distribution of
marine habitats is important for the conservatio ananagement of marine resources.
Habitat mapping has been utilised in marine preté@rea planning (Jordaet al. 2005b),
fisheries management (Smith and Greenhawk 199&eKét al.2001b, Kostyle\et al.2003),
baseline assessment of vulnerable habitat (Natrial. 1997, Kendricket al. 2001), and
change detection (Kendriek al. 1999, Kendricket al.2000).

There are a large number of tools that have apgmlitan habitat mapping studies, including
airborne remote sensing (Mumimt al. 1997, Heegeet al. 2007), underwater acoustics
including single beam echo sounders (SBES), maéinb echo sounders (MBES) and side
scan sonar (SSS) (Bates and Moore 2002, Andessah2008), underwater video (Norret

al. 1997, Holmeset al. 2008, Carbines and Cole 2009), diver sampling, sediment
sampling. This thesis focuses on the extractiomatiitat information from two of these tools:

Acoustic systems and underwater video.

Acoustic seabed classification methods were ihtideveloped based on single beam echo
sounders (SBES), operating on a normal incidenfieatogprovide information on the acoustic
reflectivity of the seafloor directly below the we$ (Chivers 1990, Andersat al.2008), and
more recently the development of oblique angleesgstincluding side scan sonar (SSS) and
multibeam echo sounders (MBES) (Kostylev al. 2001, Brownet al. 2005a). Acoustic
systems for seabed mapping have been extensiveigwed in the literature (Basu and
Saxena 1999, Andersat al. 2008). Generally SBES have been used for the cteaisation

of physical substrates (Kloset al. 2001a, Freitagt al. 2005b), with some application to the
characterisation of biota (BioSonics 2001). WhilBES and SSS are increasingly used to
provide complete coverage maps of the physicalcegas including bathymetry for MBES
and some types of SSS (Bates and Byham 2001, kestyhl.2001).

The classification techniques for SBES are genevedlll developed, with several commercial
systems available including RoxAnn, QTCView, EchaPland BioSonics (Bates and
Whitehead 2001, BioSonics 2001, Ellingseinal. 2002, Wildinget al. 2003, Freitaset al.
2005b). Well developed calibration techniques hale® been developed for these systems
based on fisheries acoustic work (Foetal.1987). However SBES only provide information
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on the substrate directly below the vessel anduak sterpolation of the data is needed to
create a complete coverage map (Guenal. 1999, Valley et al. 2005). Conversely
classification techniques for both MBES and SSSHaeen a more recent development with
many of these using image analysis techniques (@haktyet al.2003, Cutter-Jret al. 2003,
Blondel and Gomez Sichi 2008, Marsh and Brown 2G08ston 2008, Simons and Snellen
2008). Processing the backscatter of both MBES 388 needs to account for the angular
response of the seabed at different grazing arfgieston 2008). SBES systems that operate
at a normal angle of incidence do not have thiseisshus they present a simple tool for

development of classification methods that maynately be applicable to the swath systems.

However, SBES systems operating at normal incidemeasure the acoustic response of the
seabed across a relatively small acoustic footphafiined by the beam geometry and water
depth. These systems can not resolve the seabedaamgsponse and have poor spatial
resolution when compared to MBES. Seabed scatteaingormal incidence has reduced
discrimination when compared to instruments thaasnee seabed reflectivity off normal axis
such as MBES and SSS. For this reason measurerdrg single beam data are typically
made off axis to increase the discrimination api(iChivers 1990, Kloseet. al. 2001b).
Further detail on the methods for SBES classificais covered in Chapter 2 Sections 2.1 and
2.2.3.

This thesis primarily focuses on SBES for mappihgnshore temperate substrates, as these
systems are generally readily accessible and edspioyed of small vessels commonly used

to undertake this type of work.

SBES generally operate by emitting a short durasionnd pulse at a set frequency from a
transducer. The pulse propagates through the veatemn, where it undergoes spherical
spreading and absorption (MacLennan 1986), witlorat®n frequency dependent (Blondel
and Murton 1997). Where an impedance miss-matehdsuntered between objects or layers
with different densities, such as the seaflooritedag occurs. Echoes that are scattered back
to the transducer are known as backscatter, witengity and time from transmission
recorded as they are encountered at the transthazerTime varied gain (TVG) is applied to
compensate for spherical spreading of the beam maitige and absorption of the signal in
water, and the resulting echoes envelope dete@séedbon a set pulse length. The resulting
echogram display is a representation of the retgrecho energy based on the time taken to
return to the transducer (see Chapter 2 Figure 2.2)

The classification of SBES data is based on th@eslaad intensity of the returning echoes
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(Kloser et al. 2001a, Jordaret al. 2005b). Due to sperical spreading the shape of the
transmitted pulse is similar to a shallow dish,hwite diameter of the dish increasing with
distance travelled, and the thickness of the dedhted to the pulse length. At a normal
incident angle (90from horizontal) the centre of the pulse is thstfpart to encounter the
seafloor, through the progression of time partghef pulse further off axis encounter the
seafloor. Due to its shorter travel time the cdnteat of the pulse returns to the transducer
first and providing the seafloor is flat and honza will be the most intense part of the echo
return. The parts of the pulse further off axisl wdt only take longer to reach the transducer,
but as they are off the normal incident angle atgreproportion of these will be reflected
away from the transducer, resulting in a weakenaigThis part of the echo return is often
referred to as the tail of the echo. The tail of thist echo will generally be stronger on
rougher surfaces, where there is an increased elhafrtpe pulse being directly reflected back
to the transducer face. On harder substrates andeeocho is commonly observed, this
represents the returning sound energy that haseflented off the surface of the water and
back down to the seafloor a second time. Commoradet for the classification of seabed
habitats are based on integration of the acoustcgy contained within the tail of the first
echo return, and the entire second echo returnvéghil990, Heald and Pace 1996, Kloster
al. 2001a), or alternatively the characterisationeffirst echo return (Collins 1996).

The methods for analysis of SBES and underwatezovitiat are described in this thesis are
related to a pre-defined classification system [(@ab.1). The classification system is
hierarchical in structure, and allows habitats @oclassified at a number of levels, depending
on the tools used and the scale of measurementgBalx1999, Greenet al. 1999, Jordaret

al. 2005a). A number of classification systems for sélababitats are used throughout the
world (Bax et al. 1999, Greenet al. 1999, Alleeet al. 2000, Davieset al. 2004), the one
employed in this thesis is based on that of Al2@0Q). It is hierarchical in nature and has
been modified to include all the common habitaeg/found in Tasmanian coastal waters. A
comparison of classification systems is beyondsitegpe of this thesis. The upper levels of
the classification hierarchy are used to descrifigithts at a broad level, often across broad
geographic regions, while the lower levels of thessification system, especially the modifier
level, are used to describe fine scale habitat&tra. Within this thesis, SBES is examined at
the bio-geomorphic, substratum/ecotype levels, gfi#cific case studies at the modifier level,

while the underwater video is examined at the ni@diével of classification.




Table 1.1. SeaMap Tasmania hierarchical classificain table, modified from Jordan et al. 2005.

Geomorphic Type

Consolidated Substrate

Unconsolidated Substrate

Bio-geomorphic Type

Rocky Reef Unvegetated Unconsolidated Vegetated Unconsolidated
Substrate Substrate
Substratum/ Ecotype
High Profile Reef Cobble Seagrasses
Medium Profile Reef Gravel Algal Beds
Low Profile Reef Sand Aquatic Macrophytes
Silt
Modifiers
Modifier Eco-Unit Modifier Eco-Unit Modifier Eco-Unit
Structure Continuous Attached Sponges Structure Continuous
Patchy Epifaunal Bryozoans Patchy
Guttered Groups Tunicates Sparse
Bommies Etc.
Substratum Solid Relief Hills Sediment Type Cobble
Texture Boulder Ripples Sand
Flat Silt
Rock Type Dolerite Substratum Shell Biota Heterozostera
Granite Texture Burrows tasmanica
Sandstone Smooth Caulerpa sp.
Limestone
Basalt
Vegetation/ Algae
Epifauna Barren
Sponges
Biota Dominant
algae e.g.
Ecklonia
radiata
Dominant
epifauna e.g.
sponges

Video and physical grab samples are commonly usemltect information on the dominant
biota within an area, with the composition of doamt biota often used to define habitats
below the geophysical level (Babcoéit al. 1999, Shearst al. 2004). For instance, on
temperate reef habitats the distribution and comiywomposition of macroalgae are often
used as habitat descriptors (Shestral.2004). Monitoring the changes in habitat at thiele
provides valuable information for climate changeeaach, marine protected area planning
and assessment, and to understand the ecologinafitseor ramification of management
decisions (Stevens and Connolly 2005). Detailed smaip habitats at this level can also
supplement the experimental data from ecologicatliss and advance understanding of
ecological processes (Parsagtsal. 2004). Both single video systems (Norgs al. 1997,
Carbines and Cole 2009) and stereo video systelman@and Stratford 2002, Negahdaripour
et al. 2002) can be used to characterise the distributibrorganisms and characterise
community structure. These methods are especialgvant at the Modifier level of the

hierarchical classification system (Table 1.1).
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Within Tasmania there has been an ongoing marih&atanapping program since 2000,
known as SeaMap Tasmania. This project has systaitatimapped seabed habitats within
Tasmanian state coastal waters (Barmeettl. 2001, Jordaret al.2005a, Lucieeet al.2009).
Whilst the SeaMap Tasmania project has been predortly focussed on substrate level
mapping, there has been a growing need to devetdmiques to map the spatial distribution
of habitats below this level to advance the manaygraf marine habitats and ecosystems. In
Tasmania this includes the spatial managemensbéfies (Jordaat al.2005a, Haddomet al.
2006), and to monitor the response of communitresiadividual species to human induced
impacts and climate change (Edyvane 2003, Johasah 2004). These types of ecological
guestions are relevant around the globe (Picknii &odd 2003, Ladah and Zertuche-
Gonzalez 2004, Lauzon-Guay and Scheibling 2007).

Early in the SeaMap Tasmania program it becamerapp#hat there were limitations in the
tools and methods employed for the classificatibmarine benthic habitats (Barredt al.
2001). While the detection of habitats using esshbd acoustic methods based hard/soft and
rough/smooth characteristics allowed the diffemdn of reef from unconsolidated
substrates (Heald and Pace 1996, Kladel. 2001a), information on the spatial distribution
of ecologically important habitat forming specieslaommunities was not available. Within
Tasmania reef habitat supports a wide range ofiepeand is the basis for several important
commercial fisheries. However not all reef is egutally the same, with differences in
exposure and depth leading to different algal auoh&l communities (Edgar 1984, Barrett

al. 2001). The capacity to map the spatial distributad key habitat defining algae and
communities including algal beds, urchin barrerhii$onet al. 2004, Jordaret al. 2005a),
and Macrocystis pyriferabeds (Edyvane 2003, Jordah al. 2005a) was identified as an
important component for the ongoing developmenhefSeaMap Tasmania program. Further,
on soft sediment habitats there was the need totifgeareas of ecological importance

including sponge gardens and scallop habitat (hoetlal. 2005b, Haddomt al. 2006).

This thesis aims to develop methods for processingle beam acoustic and underwater
video data that will allow habitats at lower levefsthe classification hierarchy (Table 1.1) to
be spatially defined and/or quantitatively defirf€tgure 1.1). The thesis structure is outlined

below:




Tools Outputs Classification

( Acoustic Systems \
SBES El and E2 Geomorphic type
SSS Bathymetry Bio-g?omorphic
e
MBES Backscatter Substrgtpum eco-
surfaces type
Selected modifier

4 N

Underwater Video
Single towed video
Stereo video

Species ID
Stereo

measurements
Substarte

confirmation

Substratum
ecotype
modifiers

- J
~

Airborne Remote
sensing
Optical

Hyperspectral

Shallow water
substrate
boundaries
Surface canopies

seaarass

Geomorphic type
Bio-geomorphic
type
Substratum eco-
type
Selected modifier

Figure 1.1. Schematic of the tools available for stiow water habitat mapping, their outputs, and rekvant
levels in the classification hierarchy.

Chapter 2 examines factors affecting the classiineof SBES data. Simple acoustic indices
are used as a tool to examine the effect of vespeked, seabed slope, depth, and
environmental conditions on the measured acoustipanse from typical temperate seabed
habitats at the bio-geomorphic and substratum/peotgvel of the classification hierarchy
(Table 1.1). Indices of acoustic roughness (E1) acdustic hardness (E2) of the seabed
based on those of Kloset al. (2001) are compared in a range of operational ¢comdi to
examine the magnitude of effect for each of théetefactors. Changes in vessel speed have
previously been shown to affect the consistencoglasgsification of SBES data (Greenstreet
al. 1997, von Szalay and McConnaughey 2002), with dwustic hardness parameter E2
particularly affected by changes in vessel speeaimiiion et al. 1999). Similarly, seabed
slope also affects the consistency of classificatiwith increased error in rough or steep
seabeds (Hamiltoet al. 1999, von Szalay and McConnaughey 2002). Depthrabge bias

in SBES data occur due to spherical spreading aigk pength effects (Kloseat al. 2001b,
Pouliqguen 2004, Dommisset al. 2005). Environmental conditions can affect thelipaf

the acoustic signal leading to reduced capacitycléssify SBES data (MacLennan and
Simmonds 1992, Klosegt al. 2001b). Within this chapter the magnitude of theHects is

investigated in relation to typical operating cdiadis encountered on small vessels.




Chapter 3 focuses on the classification of SBESustio data in relation to soft sediment
substrates, at the substratum/ecotype and modif@init levels of the classification
hierarchy (Table 1.1). Within soft sediment halsitahodifiers such as patrticle size, surficial
shell, and biota are all used to define differeabitats (Ellingseret al. 2002, Jordaret al.
2005b). Several of these modifiers have previobhsgn shown to affect the acoustic response
of the seabed, including enhanced backscatter du¢hé presence of surficial shell
(Fenstermacheet al. 2001), and increased acoustic roughness due tprésence of sponge
(Jordaret al.2005b).

Habitat mapping studies have previously been usexharacterise the distribution of critical
fisheries habitat, and improve the management aofynfigheries worldwide. The distribution
of geophysical habitat within traditional scalloghing grounds in Canada has lead to
increased efficiency in the fishery, and thus aiotidn on the impact of non-target habitat by
the fishing gear (Kostyleet al.2003, Pickrill and Todd 2003). Mapping of the dtsiition of
rockfish habitat has also benefited the assessofestbcks and the management of these fish
(McReaet al. 1999, Cochrane and Lafferty 2002). Generally, gsidinking habitat mapping
and fisheries have provided spatial maps of habitatgeophysical level, with supplementary
data on habitat forming biota provided by videopbsysical grab samples (Bast al. 1999,
Kostylevet al.2001, Jordart al.2005a).

Within this chapter the particle size, percentagdical shell, and percentage sponge cover
are linked to changes in acoustic roughness (Ed)aaoustic hardness (E2) indices from an
area of seabed within the Tasmanian scallop fish€tyster analysis and interpolation
techniques are used to define the spatial distabuadf several habitat classes based on the
above factors. Data from side scan sonar (SSSjed to examine the veracity of the spatial
patterns identified from the SBES. Finally, fishiagtivity derived from vessel monitoring
system (VMS) data is compared with the acoustia datdetermine whether scallop fishing

grounds can be identified based on a unique acosigiature.

Chapter 4 and Chapter 5 focus on classificatiorSBES data at the lowest level of the
hierarchical classification system, the modifiedBénit level (Table 1.1). Chapter 4
investigates the acoustic detection of urchin leri@n temperate reefs in the 0 to 30 m depth
range. Urchin barrens are an alternate state @ atgmmunities, and are caused by over
grazing of the canopy algae by sea urchins (Maniv 1Bevitan 1992, Andrew 1993). This
alternate habitat state leads to reductions in gmynproductivity, and a changed suite of

associated species (Gagretral.2004). Tasmanian rocky reefs support extensive oaégae




communities, which support a wide range of differgmecies (Edgaet al. 2004). However,
there has been a rapid range expansion of the rbdomning urchin Centrostephanus
rodgersii along the Tasmanian east coast over the past émadés (Johnsoet al. 2004,

Valentine and Johnson 2005).

Algae and urchin barren distribution have previgusen studied by diver surveys (Andrew
1993, Valentine and Johnson 2005), towed videonSamet al. 2004), and remote sensing
(Simms and Dubois 2001). Diver surveys and airbogtecal remote sensing are restricted to
shallow depths, while diver surveys and towed uwdter video surveys have limited
coverage. Acoustic systems are not limited witlie tepth range commonly occupied by
urchin barrens (typically less than 30 m depth)d gumovide increased coverage when
compared to diver and towed video surveys. Thegasing of SBES data is usually focussed
on detection of benthic substrate types (Hamiébal. 1999, Kloseret al.2001b, Freitagt al.
2003a), however the capacity of these systemsttxtdalgae growing on reef substrate has
been documented (Andersehal.2002). SBES have also been used to map and agkess o
submerged aquatic vegetation, with systems likeSBrocs EcCoSAV designed for the rapid
assessment of submerged aquatic vegetation (Bio$So2001). Segmentation of algal
dominated reef from barren reef using SBES datthasfocus of Chapter 4. Methods are

developed to analyse the echo return above thalsoudetected bottom.

Chapter 5 examines the identification Macrocystis pyriferaa key habitat forming algae
with a distinct growth habitMacrocystis pyriferais found on temperate rocky reefs of
Southern Australia, New Zealand, North America &wlith America (Lewis and Neushul
1994). This species has large inter-annual vanation growth related to changes in
temperature and nutrient availability (Browhal.1997). Large diebacks of this species have
been documented in California and along the eaastcof Tasmania (Nortlet al. 1993,
Edyvane 2003, Ladah and Zertuche-Gonzalez 2004 )thireason mapping the distribution

of this species is needed to assist in managenhem for its conservation.

Macrocystisdistribution is usually identified using airborremote sensing including optical,
infrared and satellite based methods (Deysher 183 ms and Dubois 2001). These
techniques are suited to detection of the surfacemy of theMacrocystis which can lead to

an underestimation of the totdlacrocystiscover where significant sub-surface canopies exist
DeepMacrocystisbeds with no surface canopy have been shown &m beportant refuge for
this species during periods of unsuitable enviramadeconditions (Ladah and Zertuche-

Gonzalez 2004). SBES present a possible tool ferntapping sub-surfacklacrocystis




Previous work using paper traces from SBES was tabidentify individual and clusters of
plants in the echo trace trough visual means (Zatlcet al. 1991). SBES technology and
acoustic processing software have greatly advasoem® this work was conducted and as

such now is an ideal time to revisit this subject.

The detection of sub-surfaddacrocystisis tested using a combination of tools, including
aerial photography, SBES, and surface mounted wader video. In particular SBES data
analysis techniques for the segmentation of sutaseiMacrocystisare developed. For each
of these tools, derived maps of babédcrocystiscovered are compared, highlighting the

strength of SBES for detection and mapping of sufaseMacrocystiscanopy.

Chapter 6 investigates methods for classificatibalgal community structure at two spatial
scales. Temperate reefs support a wide array o&l aspecies, which form distinct
communities based on exposure, temperature, nutaeailability, light availability, and
depth (Edgar 1983, Reed and Foster 1984, SchieFanstkr 1986). These communities are
often dominated by a small number of large canopgces and a larger number of
understorey species, with the canopy species alluseficator for the understorey species
(Irving and Connell 2006). As different algal commities can support a wide range of
different fish and invertebrate species, it is imaot to be able to characterise the spatial
distribution of algal communities for biodiversitganagement and conservation, to gain a
better understanding of biogeographical pattennd,ta improve our understanding of species
interactions (Edgar 1984).

Algal communities are commonly studied using dibased surveys (Valentine and Johnson
2003, Johnsoret al. 2004), although video based surveys are becominge mommon
(Johnsoret al.2004, Parsonst al.2004). Video offers several advantages over diuereys
including increased coverage due to time and dipiits associated with diving, and they
also provide a permanent record for future compariand re-analysis. However, video
generally leads to a loss of taxonomic resolutiomgared with diver surveys (Kenyen al.
2006).

Within Chapter 6, methods for extracting quantatinformation from underwater video are
investigated. Time based and frame based methaod$uding point intercept counts,

percentage rankings, and presence/absence metbediscuanalyse the video data (Valentine
et al. 2004, Jordaret al. 2005a, Kenyoret al. 2006, Kohler and Gill 2006). These methods
are compared for correlation, processing time, mistlassification. The sensitivity of these

methods to detect changes in algal communitidseis €xamined at two broad spatial scales.

9



Chapter 7 examines the extraction of quantitatieasarements from underwater video using
sponge communities as a test habitat. Spongesaplamportant role in the function of the
marine environment including physical, chemical andlogical functions (Bell 2008). There
is a need for tools to rapidly assess the comjposénd structure of sponge communities for
management and conservation planning. However,ggptexonomy is inherently difficult,
with colour, shape and size often having a highreéegf variation within a single species,
making visual identification difficult (Bell and Baes 2000c, Bell and Barnes 2001).
Fortunately, the diversity in sponge functional ptalogy has been shown to be a good
surrogate for species diversity, both in tempeaaie tropical systems (Bell and Barnes 2001,
Bell and Barnes 2002).

This chapter develops techniques for the measureofegross sponge morphology from a
stereo video system. Classification methods are tgplied to the morphological data
components to develop an objective classificatigstesn for sponge functional morphology.
Based on functional morphology, sponge commundrescompared between two locations,
one located on soft sediment and the other roakfy re

Chapter 8 provides a general discussion on thdcapipin of the methods developed within

this thesis to habitat mapping and ecological nesea
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Chapter 2. Evaluation of factors affecting the acoustic
response of the seafloor as measured by a singleabeecho
sounder

2.1. Introduction

Single beam echo sounders represent a relativalyclost and readily accessible tool for
broad scale baseline seabed mapping (Foster-Syigh 2001, Foster-Smith and Sotheran
2003). Single beam echo sounders generally opbyagenitting a short duration sound pulse
at a set frequency from a transducer. This pulspggates through the water column and
reflects off objects and layers with different dées to seawater, including the seafloor. The
returning echoes from these objects are detectatebyransducer, time varied gain (TVG) is
applied to compensate for spherical spreading efbibam with range and absorption of the
signal in water (MacLennan 1986), and the resuléolgoes envelope detected based on a set
pulse length. The resulting echogram display ispasentation of the returning echo energy

based on the time taken to return to the transducer

The acoustic reflectance of the substrate will ddpapon its composition, including its
roughness, hardness, and the angle of acoustaemoe, which is affected by the slope of the
seafloor. Seabed echoes from single beam echo emuodn be classified into bottom types
based on visual discrimination of the echogramsx(B& al. 1999) or by quantitative
description of various components of the returrenoes. The length and intensity of the tail
of the first echo (E1), and the intensity of them®l echo (E2) can often be used to
differentiate soft, hard and rough habitats (Orlewm&984, Chivers 1990, Bagt al. 1999).
Simple acoustic indices, the most basic of whiaghthe E1 and E2 indices (Orlowski 1984,
Chivers 1990, Kloseet al.2001b), are commonly used in seabed classificalibase indices
have often been related to seabed roughness apeldskeardness respectively (Orlowski 1984,
Chivers 1990, Heald and Pace 1996, Choleie&l. 2000, Kloseret al.2001b).

Several classification systems used in commerac#ivare are based on these E1 and E2
acoustic measures. These include BRexAnnsystem (Greenstreedt al. 1997, Pinn and
Robertson 1998, Cholwekt al. 2000, Pinn and Robertson 2003, Wildieg al. 2003,
Humborstadet al. 2004b, Brownet al. 2005a), Echo plus (Bates and Whitehead 2001) and
part of the BioSonics Visual Bottom Typing (VBT gskification software (Ackest al.1999,
Burczynski 2001, Dommisset al. 2005). An alternative approach is used by @eC View
seabed classification (Colliret al. 1996, Galloway and Collins 1998, Morrisehal.2001b,

Freitaset al. 2003b). This system analyses data parameters thienfirst echo return only.
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QTC Viewapplies a series of algorithms to the shape aedggrof the first returning echo,
translating it into an array of 166 elements (@sllet al. 1996, Freitaset al. 2003b). These

166 elements are reduced to three Q-values usimgigel component analysis (PCA)
(Andersonet al.2002, Freita®t al.2003b).

Classification of acoustic data from single beammoesounders generally relies on some form
of clustering to assign like acoustic signaturesubstrate classes. This may be as simple as
fitting a “box pattern” to E1 vs. E2 scatter plotsth separate boxes representing the acoustic
responses from different habitats (Chivers 1990se@streetet al. 1997, Caddell 1998,
Cholweket al.2000, Burczynski 2001), through to statistical noethincluding PCA coupled
with cluster analysis to define confidence intesvatound acoustic clusters (Siwabesswl.
1999, Cholweket al. 2000, Siwabessyet al. 2000, Siwabessyet al. 2004). Alternative
methods for the classification of E1 and E2 dateeHhzeen suggested by a number of studies,
including the use of image classification techngjwn a false colour composite image
derived from interpolated surfaces of E1, E2 anatldenformation (Foster-Smitét al. 2001,
Brown et al. 2003, Foster-Smith and Sotheran 2003, Pinn anckifdn 2003, Browret al.
2005a).

Regardless of the classification technique usediclissification of single beam data is based
on an assumption that the acoustic response frgivea substrate is consistent, and different
from that of other substrates. There are howevenynfactors that affect the measured
acoustic response from a given substrate. Thelisyadfithe acoustic system, both within and
between surveys, is the first consideration. A ll@fenoise is present in all acoustic systems,
which results in the measured acoustic responsgngafrom the expected acoustic response
(Collins and Voulgaris 1993). Changes in vesselygrosupply and system components can
all affect the system stability. Standard calilwatprotocols (Footet al. 1987) have been
developed for single beam echo sounders used herfes acoustics to account for system
variation. However for seabed mapping, informatmmthe beam pattern, pulse length and
shape are also needed.

A second group of factors that affect the measuresponse from the seabed are
environmental and operational factors. Classiftzatfficiency of single beam echo sounder
data can be affected by vessel speed (Hamétoal. 1999, von Szalay and McConnaughey
2002, Wilding et al. 2003), water depth (Siwabes®t al. 1999, Kloseret al. 2001b,
Humborstadet al. 2004b, Dommisset al. 2005), weather conditions (Siwabegstyal. 1999,
Siwabessyet al.2000, Kloseret al.2001b) and bottom slope (von Szalay and McConreygh
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2002). Vessel speed has been shown to affect tiermeance of the acoustic systems due to
associated changes in vessel noise (Schiagint®éi,Hamiltonet al. 1999, Wildinget al.
2003). Classification from thRoxAnnsystem was found to be consistent only at constant
speed (Schiagintweit 1993), with the E2 parametanginversely related to speed (Hamilton
et al. 1999). TheQTC Viewclassification system has been shown to be Idsstafl by vessel
speed (Hamiltoret al. 1999, von Szalay and McConnaughey 2002).

Depth has a strong effect on the performance otistto classification systems. Due to
spherical spreading, the beam footprint size arsdrgition increase with range (Klosetral.
2001b). Whilst these are generally accounted fotheyTVG function, depth bias has been
noted in acoustic data in numerous studies (Orlod384, Greenstreett al. 1997, Baxet al.
1999, Hamiltoret al. 1999, Siwabessgt al. 1999, Kloseret al.2001b, Dommisset al.2005).
Increased footprint size with depth may result idifferent acoustic response from the same
physical substrate type as the scale of the physh@aacteristics, such as rugosity, will differ
in relation to the footprint size. For example imlow depths the footprint size may be
smaller than the size of boulders on a reef, wdiildepth the footprint may incorporate many
boulders in a single ping. The acoustic footprine swill also vary depending on which part
of the echo return being integrated. Within thissik the E1 index integrates the echo energy
from 15 to 30 degrees which results in an annufusea that is sampled and due to spherical
spreading of the beam increases with range fronréimsducer. The footprint of the E1 index
represents the beam spreading which occurs betiieesurface to the seafloor, while the E2
index represents the beam spreading which occimgeba the surface to the seafloor, back to

the surface and then back to the seafloor again.

The depth dependence is influenced by the beamhvaidtl frequency of the echo sounder
(Kloser et al. 2001b). Depth bias in single beam acoustic datg Ineareduced or removed
through normalising the data for depth (Siwabestsgl. 1999, Dommisset al. 2005), or by
using constant angular algorithms when calculatingustic indices (Kloseet al. 2001b).
However as commercial echo sounders all have a fixdse length, there will always be a
depth bias (Pouliquen 2004). Depth biases have beewn to be a particular problem in
shallow water (< 50 m) (Orlowski 1984).

The weather conditions at the time of survey alaeehan affect on the measured acoustic
response from the seabed. Swell can increasetittegnd roll of the vessel, which will result
in variable seabed incident angles, affecting tbeustic response. If the pitch and roll is

severe, it may also create cavitation around thleahd transducer and may entrain bubbles in
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the water column. Wind also increases the amouatdapth of entrained air bubbles in the
upper layer of the water column. These small bubhlgl act as acoustic targets, and will

cause attenuation of the acoustic energy fromrrestiucer, resulting in less energy reaching
the seafloor (Siwabes®y al. 1999, Kloselet al.2001b).

The slope of the seafloor also affects the acoustion. Both the QTC andoxAnnsystems
have been shown to misclassify seabed over stexqy terrain (Hamiltonet al. 1999, von
Szalay and McConnaughey 2002). This is primarilg tlua steep bottom reflecting more of
the acoustic energy away from the transducer, tieguh a similar effect to the transducer

being off normal incident.

This chapter focuses on classification of benthabitats at the bio-geomorphic and
substratum/ecotype levels of the classificationdnghy (Table 1.1). The studies reported in
this chapter investigates the effects of vesseledpevater depth, prevailing weather
conditions, and seabed slope on the consistenmeatured E1 and E2 acoustic indices based
on surveys from a small (6m) vessel. This contrastis much of the current literature which
is based on larger vessels as acoustic platforhes mifagnitudes of these effects are discussed
in relation to the classification of benthic hatstacommonly encountered in shallow

temperate waters of Tasmania.

2.2. Methods

The effects of vessel speed, depth, prevailing itimmd, and seafloor slope were separately
assessed. Different study sites and data colleatiethods were used for each investigation in
order to optimise the data for each analysis. Thaseinvestigations are separately described
below. Each of the four investigations used theesagopustic system also described below.
The method used to calculate E1 and E2 indicestheasame in all investigations and so it is
also described here.

2.2.1. The Acoustic System
All surveys were conducted using a calibrated Sihi#&60 single beam echo sounder with a
120 kHz 10-degree beam width (-3 dB full anglensducer. The transducer was pole
mounted on the side of a 6.5 m aluminium planing) kiessel powered by twin 90 hp
outboard motors (Figure 2.1). The transducer weedfiat a depth of 70 cm below the water
surface. The system operated with standard settorgall the surveys reported within this
chapter (Table 2.1). Positional information wasuaay using an OmniLite132 differential
GPS (Fugro Spatial, Perth), with a positional aacyrof + 0.9 m (R.M.S.). Data was logged
using the Simrad ES60 logging software version217®. (Kongsberg Simrad, Norway) as
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Simrad Raw data files. The system volume backscsittength ($dB re nm') was calibrated

using a standard 38.1 mm tungsten carbide sphererdawg to standard methods and
standard units (Footet al. 1987, MacLennaet al.2002).
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Figure 2.1. Pole mounted acoustic transducer of theimrad ES60.

Table 2.1. Calibration settings required by Echovie for calculation of echo integration.

2.2.2.

Setting Unit Value
Absorption coefficient (dB/m) dB/m 0.0387
Sound speed (m/s) m/s 1490.0
Transmitted Power w 100.0
Two-way beam angle (dB re 1 Steradian) dB re la8lian -17.50
Transducer Gain dB 23.2
Sa correction dB -3.54
Transmitted pulse length ms 0.256
Frequency kHz 120

Acoustic Pre-processing

The ES60 single beam echo sounder has a systepmagiadndexed variation (1 dB) in the

digitised echogram data. This variation can be mlasd by a triangle wave function, with 1

dB amplitude and a period of exactly 2721 pingsaiiRgnd Kloser 2004). Prior to calculating

the acoustic indices in Echoview, the raw ES60 data corrected for this error using a java

application, es60adjustl.jar (CSIRO Marine, Hobarh)is application integrates a portion of

the ring down where the signal is constant, and tises this to calculate where in the triangle
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wave cycle this ping occurs. A correction factothen applied to the raw data and this is

saved as a new corrected file.

The corrected echo data were imported into Echavidve calibration data were applied to
the acoustic data within Echoview (Table 2.1). Bhsorption co-efficient and the speed of
sound were calculated using the sonar calculatBchoview (Mackenzie 1981, Francois and
Garrison 1982), based on the water temperatur@jtgatepth (half maximum bottom depth)

and pH. Temperature and salinity were measuredgusiconductivity temperature depth

probe (CTD), with pH assumed to be 8 (Byrne 2002).

2.2.3. Calculating E1 and E2 Indices
E1l and E2 are simple indices that can be used soride the average acoustic energy
returned from the seabed based on echo integrattmE1 value is an integration of the tail
of the first echo and is reported to be sensitivihé roughness of the seabed. The E2 value is
an integration of the entire second echo and ierteg to be sensitive to the hardness of the
seafloor (Figure 2.2). The method for calculatingse indices is outlined below.

Drn— Calcualtion of E1 and E2

Sounder Detected Bottom (SDEB)
Sm =

SDB offset angle 15 deg + pulse offset }
E1

M/ 1-—SDB offset angle 30deg + pulse offsat

10 1m =

EZ2

~50B*2.3

Figure 2.2. Echogram displayed in Echoview showinthe lines used to calculate the E1 and E2 indices
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The E1 and E2 values calculated in Echoview wesedan those described in Kloggral.
(2001) with modifications to account for the shallwater as described below. All lines were
based on the estimate of the echo sounder detkoteain. Due to problems with the Simrad
ES60 algorithm in areas of dense algae, the liok pigorithm in Echoview was used to
define a line related to the bottom. The Maximumwith backstep function was used (Table
2.2). The E1 index was defined as the integratibthe tail of the first echo based on two
lines defined by an offset angle plus one pulsseatffFor the upper limit the offset angle was
set at 15 degrees, while for the lower limit thésef was set at 30 degrees. Pulse offset was
calculated as the speed of sound, ¢ (m/s) multighe the pulse duration, (ms), (1489.97
m/s x 0.000256s = 0.38 m). The footprint of theidex is an annulus of seafloor, with the
diameter of the inner and outer circles which defilmis annulus related to the offset angles.
Due to beam spreading this annulus will increassize with increasing range from the

transducer.

Table 2.2. Settings used for Maximum Sv with backsp algorithm in Echoview, used to calculate positio
of sounder detected bottom.

Setting Unit Value
Maximum Sv for good pick dB -25.00
Discrimination level dB -15.00
Backstep range m -0.15
Start depth m 2.00
Stop depth m 20.00

The E2 index was calculated as the integratiomefeintire second echo between two defined
lines. The upper line was defined as 2 times thebopick and the lower line as 1.3 times
the upper line. The integration was calculatedsiogle pings, with this data then averaged
over a five ping moving window to account for pitagping variability inherent in SBES data.
This ping to ping variation is due to differencesthe microstructure of the seabed and the
echo statistics contained within this variabilitgncbe used to estimate bottom roughness,
correlation lengths and bottom microstructure (86ari985). Five pings were determined as
the minimum number that was required to minimiseittherent variability in the data whilst
still maintaining a small sampling unit. At an aage vessel speed of 6 kts and a ping rate of

2 pings per second this equates to a distancepobmijmately 7.5 m.
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The E1 and E2 values were output from Echoview astidal Area Scattering Coefficient
(NASC) which is a measure of area scattering argigdated by the symboh sNASC is
defined as:

s, =4m(1852%s,  (MacLennaret al.2002)

where gis the area backscattering coefficient.

The NASC data was converted to Nautical Area Baatksing Strength (3 for analysis and
display using the following formula:

S, =10log,,(S,) (MacLennaret al.2002)

2.2.4. Additional Sampling Equipment
Additional sampling equipment was used to sampdestafloor at each of the study sites in
order to characterise the seabed properties andeeas far as possible that similar seafloor

types were being sampled by the acoustic system.

The video system used to sample the seafloor dedsef a single underwater digital video
camera (SciElex, Tasmania) mounted in a heavilyghted tow fish (Figure 2.3). The system
was deployed from a davit mounted above the trazesdonount and its height in the water
column was controlled by an electric winch. The eearsystem was flown approximately 0.5
to 1 meter above the seafloor, whilst the vesseal al@wed to drift or slowly driven forward.
This ensured that the camera system remained moilese directly below the vessel,
especially in shallow water depths. Positional infation from a differential GPS were
overlayed on the video which was recorded in digaemat, with the positional information
also recorded in the vessel tracklog. Estimatabe@positional accuracy of this video system
are provided in Chapter 6, section 6.3.1. The vidata were analysed by examining the
video in four second blocks, with information oretlubstrate composition and texture

recorded as well as any biota noted.

Sediments were sampled using a Van Veen grab @®3). This grab worked effectively in
sediments ranging from fine silts through to coaaeds. The grab used in this study had a
maximum volume of approximately 27 litres. A smiddip in the top of the grab allowed a
sample to be removed for particle size analysisilewthe rest of the sample was then
examined for the presence of biota and large dn&fjments. The process for analysing
particle size is given in section 2.2.6.
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Figure 2.3. Van Veen grab (left) and underwater vido system in weighted tow fish (right) used to sarte
the physical properties and biota of the seafloor.
2.2.5. Vessel Speed

The effect of vessel speed was examined by repeatactys of an area of seafloor at a
variety of speeds. An area of unconsolidated seafpproximately 300 m by 250 m was
chosen as the study site. The seafloor was compafseetdium sands and ranged in depth
from 8.5 — 10.5 m. It was located approximatelynl southeast of Stanley on the northwest
coast of Tasmania (Figure 2.4). This study site ghassen as it contained an area of uniform
substrate with minimal structural complexity. Thie @lso had little variation in depth across
a large area which could otherwise confound suchnatysis. Finally, the area was relatively

sheltered making it an ideal area for survey imalbvessel.

19



145°17'E 145°17"30"E 145°18'E 145°18'30"E 145°19'E
I 1 1 I 1

40°45'30"S
1
T
40°45'30"S

e Stanley

40°46'S
I
T
40°46'S

Transect A ~

Transect B ——=
— ]

Transect ¢~

40°46'30"S
1
T
40°46'30"S

40°47'S
1
T
40°47'S

0 500 1,000 1,500 'X .
o s Veters N Tasmania

40°47'30"S
1
T
40°47'30"S

T T T T T
145"17'E 145°17'30"E 145°18'E 145°18'30"E 145°19'E

Figure 2.4. Location of study site for examining tk effect of vessel speed on the measured acoustic
response of the seabed showing the three transestampled.

The study site was surveyed along three parall@l BOtransects running in an east-west
direction at 2, 4, 6 and 8 kts. Each transect wageyed in both directions at each of the four
test speeds. The echo sounder was set to transh@i0a/V with a 0.256 ms pulse length. The
ping rate was set to maximum. For each speed thsel/@itch was measured using an
inclinometer, and acoustic noise was estimated coase integration of a region of the
echogram below the echo return from the seafloerRDbertis and Higginbottom 2007). The
primary assumptions of the method are that backgtawise is independent of elapsed time
during one transmit-and-receive cycle, and thasahe point in the measured cycle, the
measurement is dominated by contributions from gamknd noise (i.e. \Soise >>S signa)- If
these assumptions are met, a portion of the ratbserved from an active ping will give
similar readings to those of an echo sounder isipasmode, which is a measurement of
background noise. The signal received at the tramesdface from long-range targets is
attenuated by spherical spreading and absorpti@htteere is often little backscattering of the
transmitted signal at ranges exceeding that osdadloor. Often, the section between the first
and second bottom echoes of an active ping is daednby TVG-amplified background

noise.
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The weather conditions at the time of the surveyewmlm, with the wind 5 — 10 kts in an
easterly direction, and an easterly swell of less1t0.5 m. Hence transects were run both with
and against the light prevailing conditions, withe twesterly transects running with the

prevailing conditions and the easterly transeatging against the prevailing conditions.

The E1 and E2 values were calculated as describedopsly (Section 2.2.2). Prior to
analysis the E1 and E2 data were plotted to enthaethey were normally distributed.
Analysis of variance (ANOVA) were used to sepasatekamine the effects of transect,
direction of travel and vessel speed on the acoussiponse of the seabed. Firstly, an analysis
was conducted on each of the three transects migke speed (6 kts) to test the effect of
direction of travel along the transects (eitherhwot against the prevailing conditions). The
speed of 6 kts was chosen as this representedcaltypapping vessel speed employed in the
SeaMap Tasmania mapping program. Secondly, therdifte between the three transects
was tested again at a single speed (6 kts) andsingte direction (west). Finally, the effects
of the four test speeds were analysed for eaclsacann a single direction (west) in order to
discount the effect of prevailing conditions. Wheignificant effects were observed in the
ANOVA, Tukey-Kramer HSD (honestly significant difnce) tests were used to determine
where these significant differences were occurrifige Tukey-Kramer HSD adjusts the alpha

level where multiple test are run to decrease Hamce of a false positive (type | error).

2.2.6. Depth

Acoustic data were sampled from three habitat tyjpesf, sand, and silt) at study sites in
southern Tasmania for silt and eastern Tasmaniaefeir and sand substrates (Figure 2.5).
These sites were chosen as they represented thuspeof substrates typically found in
coastal Tasmanian waters, and contained theseratgdssin across relatively large areas.
Approximately 35 000 individual acoustic pings werdlected in the 5 to 30 m depth range
across these three habitats. The echo soundengsettiere kept constant with the power
output at 100 W and a pulse length of 0.256 ms.aldweistic system, vessel and vessel speed
were kept constant for this data collection, anddata collection was conducted during
similar weather conditions (wind < 5 kts, swell $60m). The raw acoustic data were
corrected for the triangle wave error and proce$sedl and E2 values in Echoview 3.30.

The E1 and E2 values were segmented into 5 mepté diata for subsequent analysis.
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Figure 2.5. Location of study sites for silt (left)and reef and sand (right) showing location of acatic
transects and video and sediment sampling stations.

The habitats within each study site were surveydith wideo and sediment grabs (for
unconsolidated habitat) to ensure their uniformitycomposition and structure. Sediment
particle size information was used to compare #wingent structure for the sand and silt

substrates.

Sediment samples collected from the Van-Veen grasewprocessed for particle size
distribution (Wentworth 1922). Approximately 30 © & from each sample was dried
overnight at 80C. The dry samples were then weighed before beieigsieved through a
series of stacked sieves (2 mm, 1 mm, 0.5 mm, th@f 0.125 mm and 0.063 mm). The
fraction in each sieve was then re-dried overnigl8C C before being weighed.

The final weights were used to calculate the paeggnof each component. The proportion of
sediment less than 0.063 mm that was washed thrihiegfinest sieve was then calculated as
the difference between the sum of the weightsldhalfractions and the original total sample
weight. Particle size information was convertedh® phi-scale, and used to calculate the phi
50% value for classification on the Wentworth sc@éentworth 1922). Sediment particle
information was used to confirm the grain size lué substrates being tested were similar
across all depths. It should be noted that thisgs® does not measure the consolidation of
the substrate.

The underwater video was used to survey the sudtnoeture of the reef and unconsolidated

habitats, to ensure that the structure was siradawss all depths surveyed. Only acoustic data
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from unconsolidated substrate with little evidentepifauna and/or structuring was included
in the analysis. For reef substrate, only acousita from reef with a low profile and little

structure was included in the analysis.

Whilst the use of sediment grabs and video canrbadty used to confirm similar substrates
across different depth ranges, they can not be iesedsure complete conformity, especially
in deeper water where due to the increase in foutpize with depth the acoustic system is
likely to be sampling seafloor at a scale largantthese ground truthing systems provide data.
To further ensure that homogenous substrate types being used the acoustic data was also
examined to ensure that there were no major siiftee acoustic response of the seabed in
the areas being surveyed which might indicate dhiffees in the substrate type. The limitation
of trying to select similar and homogenous substitgpes across a range of depths are

discussed in section 2.4.2.

Prior to analysis the E1 and E2 data were plottesliee they were normally distributed.
Analysis of variance was used to examine for d#ifiees in mean E1 and E2 between the
depth ranges for the three substrate types. Whgnéfisant differences occurred, Tukey-
Kramer HSD tests were used to examine which depthes had significant differences in the

mean E1 and E2 indices.

2.2.7. Weather Conditions
To test the effect of the prevailing weather cands a series of transects were run in both
calm and rough conditions. Calm conditions werengef to be when the wind was less than 5
kts and swell less than 0.5 m, while rough condgiavere defined to be when the wind was
greater than 15 kts (as indicated by the presehsmall whitecaps) and swell greater than 1
m. The transects were conducted at a study si@ted at Bicheno on the east coast of
Tasmania which contained a mix of reef and sandtdtabetween 5 and 20 m depth (Figure
2.6). This site represented an area of coastliaewas safely accessible from a small vessel
in both calm and rough conditions. While the idegititransects were attempted to be run in
both conditions, due to difficulties in navigatingsmall vessel, especially in rough conditions,
the transects were generally within £ 10 m of eeitter, however were up to a maximum of
30 m apart. Only data from points within £ 5 m atk other were considered for the analysis.
The acoustic system was the same as that used prdkious two experiments, with the same
sounder settings used (Table 2.1). The raw acodata were corrected for the triangle wave
error and imported into Echoview 3.30 with E1 an2l \alues calculated as described in

section 2.2.2. Due to potential depth bias, onffadeom 10 m £ 1 m were included in the
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analysis. Prior to analysis the E1 and E2 data wwdotted ensure they were normally
distributed. T-tests were used to compare the fdataach of the substrate types between the
calm and rough conditions.
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Figure 2.6. Map of the transects used to assess tigect of weather conditions on the classificationf

acoustic systems. Habitats and depth contours areofn SeaMap Tasmania ((Lucieeret al. 2009)).

2.2.8. Slope
The effect of slope on the acoustic response of sisbed was examined through the

comparison of acoustic data collected from a regitat of varying slopes around Bicheno on
the east coast of Tasmania (Figure 2.7). Slope anhg tested across reef habitat as this
substrate was both the most variable and also lethtgest magnitude of slopes. A total of
approximately 50 acoustic transects were condudtled.reef within this region varied from

relatively flat to steeply sloping undersea clifé)d was predominantly comprised of large

slabs of granite.
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Figure 2.7. Location of the study site for examinig the effect of slope on acoustic classificationditating
the location of the acoustic transects and video gund truth sites in relation to bathymetry and habtats
from the SeaMap Tasmania project ((Lucieeret al. 2007))

Slope was calculated for transects running perpetati to the shore, across the depth
gradient. The slope was calculated as the risalbrof the seabed between adjacent echo
sounding points, with the distance between poiatsutated from differential GPS positions.
Slope was converted to angular degrees from thizdrdal, with data only used where the
slope stayed constant (x 2 degrees) for more tlacohsecutive acoustic pings. To account
for potential depth bias only data between 10 ahdnlwere analysed. Routine video tows
were used to examine the structure of the seaffogeries of 11 video transects were used to
characterise the seafloor topography and biotangure the substrate was as similar as
possible between the different slope categoriesmeed (Figure 2.7). The video in the 10 to
15 m depth range was assessed for structure sktiftoor and dominant biota. Only areas of

solid reef were used in this analysis; where extenlsoulder fields were observed the data
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was excluded from the analysis. In all video trats¢he biota in the 10 — 15m depth range
was dominated by a mix of macroalgdghyllospora comosand Ecklonia radiatg with
consistent dense coverage across transects. Omlgldpe data from the acoustic transects

that were covered by these video transects wellgsath

Prior to analysis the E1 and E2 data were plotiesliee they were normally distributed.
Analysis of variance was used to examine for déifiees in mean E1 and E2 between the
depth ranges for the three substrate types. Whgnrgfisant differences occurred, Tukey-
Kramer HSD tests were used to examine which deptbes had significant differences in the

mean E1 and E2 indices.

2.3. Results

2.3.1. Vessel Speed
The effect of the direction of travel was foundbi significant based on analysis of variance
for both the E1 and E2 indices for each of thedtiransects (Table 2.3). In all cases the E1
and E2 means were higher for the westerly direatiotmavel (with the prevailing conditions)
than the easterly direction of travel (againstghevailing conditions).

Table 2.3. Results of ANOVA for effect of transectlirection on the acoustic response (E1 and E2) fahe
three transects at 6 kts.

Transect Mean E1 East Mean E1 F-stat Mean E2 Mean E2 F-stat
(xS.E) West (= S.E.) (df) East (+ S.E.) West (£ S.E.) (df)
dB rel(m’ nmi®¥)  dBrel(n’nmi®) probability dBrel(nnmi* dBrel(n’nmi®) probability
F=5.48 F=26.8
A 26.67 £ 0.09 26.96+0.10 (1,2078) 31.51+0.09 32.15+0.08 (1, 2078)
p =0.02 p <0.01
F=157 F =205.6
B 26.04 £ 0.09 26.53+0.08 (1,2012) 30.27+£0.09 31.82+0.08 (1,2012)
p <0.01 p <0.01
F=7.28 F =6.86
C 25.89 +0.08 26.22+0.07 (1,2006) 30.36+0.09 30.63+0.07 (1, 2006)
p <0.01 p <0.01

The analysis of variance for the three transect$ &ts in a westerly direction showed
significant differences between all transects ithitbe E1 (F = 18.7, (2, 2853) p <0.01) and
E2 indices (F = 113.1 (2, 2853), p <0.01). The agerE1l and E2 values were highest on
transect A, and lowest on transect C (Figure 2d8Bable 2.3). Tukey-Kramer HSD showed
that the means for all pairs of transects wereifsogmtly different for both E1 and E2.
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Table 2.4. Comparison of E1 and E2 means for the tle transects in a westerly direction at 6 kts baseon

Tukey-Kramer (HDS) test.

Transect Transect E1l p-value E2 p-value
A B <0.001 <0.001
A C <0.001 <0.001
B C 0.03 <0.001

From the above results the effect of speed on theaitl E2 values was tested for each
transect separately, and in only the westerly doec The results of the ANOVA again
showed a highly significant effect (F-stat probiypik 0.001) for both indices on all transects.
Tukeys-Kramer HSD tests between the different spestbwed all combinations to be
significantly different at P = 0.05, with the majgrof p-values less than 0.001, with the
exception of E1 for transect B at speeds of 6 akts &P = 0.306), and E2 for transect A at
speeds of 4 and 6 kts (P = 0.741) and transectdpextds of 4 and 6 kts (P = 0.926). In all
cases, increasing speed led to a decrease inlinesvat E1 and E2, with the exception of E2
for transect B (where values increased from 4 & kts), E2 for transect A (where the value
increased slightly between 4 and 6 kts beforenfgliigain at 8 kts), and E2 for transect C
(where the value increased slightly from 6 to § Kt@able 2.3). For the E2 index the greatest
change was between 2 and 4 kts, while for the Bé&xrthe change was more stable across alll

speeds tested.
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Figure 2.8. Mean E1 (A) and E2 (B) values for thehtee transects (A, B, and C) running in a westerly
direction for speeds of 2, 4, 6 and 8 kts. Error b& give 95% confidence intervals.

Changes in vessel speed are coupled with chandeshrengine revolutions per minute (rpm)
and, for small planing hull vessels, also the pifide engine rpm increased with vessel speed,
with a related increase in acoustic noise (Tabbg. Zhe estimates of noise were relatively
constant for 2 and 4 kts but increased for 6 alktis8 The pitch of the vessel also changed

with increasing speed, with the greatest increbsddeen 6 and 8 kts (Table 2.5).
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Table 2.5. Acoustic noise estimate (at 50 m) for sgel speeds and corresponding engine rpm betweekt2
and 8 kts.

Vessel Speed (kts) Engine rpm Noise estimate (volume Vessel pitch (degrees)
reverberation noise @ 50m
S, dB re m))
2 6000 -88.0 0
4 10000 -87.5 0.8
6 16000 -84.8 1.2
8 20000 -75.5 3.7

2.3.2. Depth
Sampling equivalent habitats across a range ohdepas difficult because of the patch size.
Sediment particle size distribution from the twaonsolidated sediment classes, silt and sand,
showed little variation with depth. Several of tamnples of silt between 5 and 15 m depth
showed slight increases in proportion of fine sa(felsi size 2 to 3), while in the deeper
sediments a few of the samples exhibited smallgntagns of larger particle sizes which were
predominantly made up of fine shell grit. The pdes size for the sand substrate showed

little or no larger particles (Phi size -2 to 1)tiwan average phi size of between 2 and 3.
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Figure 2.9. Sediment particle size graphs for sikubstrate across the depth range 5 - 30 m.
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Figure 2.10. Sediment particle size graphs for sanslibstrate across the depth range 5 - 30 m.

The video description of the three substrate ctadse depth showed, overall, that they
remained relatively constant with depth (Table 2®)e reef structure was similar across
depth, generally low profile (rise and fall les@arthl m) with occasional cracks and small
boulders. The algal distribution on the reef shoaesrong structuring with depth (Table 2.6).
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The silt remained relatively similar across theirentiepth range, being generally flat with a
few small burrows. Silt in the 25 — 30 m depth marad occasional shellMgoriculpus
roseu$ visible on the surface, but in a low density @d than 1 per mThe sand showed a
slight variation with depth. In depths less tham20small regular small ripples (< 5 cm high)
were commonly observed. Below 15 m depth small artsoof dead shell and shell fragments

were observed on the substrate surface.

Table 2.6. Video description of major substrate fetaires for reef, silt and sand by depth strata betwen 5
and 30 m.

Depth Range Reef Silt Sand

5-10m Low profile reef with few small Flat substrate with a few Flat substrate with regular
boulders and dense cover of  small burrows small ripples, no shell
algae, especiallhyllospora matter
comosa

10-15m Low profile reef with dense Flat substrate with a few Flat substrate with regular
cover of algae especially small burrows small ripples

Phyllospora comosand
Ecklonia radiata

15-20m Low profile reef with medium Flat substrate with a few Flat substrate with regular
density of alga&cklonia small burrows small ripples and small
radiata amount of shell fragments

in furrows between ripples

20—25m Low profile reef with medium Flat substrate with a few Flat substrate small
density of alga&cklonia small burrows amount of shell matter
radiata

25-30m Low profile reef with low to Flat substrate with a few Flat substrate with small
medium density of algae small burrows and amount of shell matter
Ecklonia radiateand mixed red occasional shell on surface
algae

The E1 and E2 values calculated from 35 000 acopstgs were examined for the effects of
depth. The E1 values showed a slight increase initteasing depth for silt, and a slight

decrease for reef habitat (Figure 2.11). The Elieslfor sand showed an initial increase
between 5 m and 15 m then a slight decrease frasrd#pth to 30 metres. The peak in E1
values possibly represents the presence of bophes@and shell fragments in the 15 — 20 m
depth range, whereas in the other depth ranges #resnot present. Analysis of variance for
the E1 index for each of these habitats showeddlaionship between depth and E1 was
highly significant in all cases (F-stat < 0.001uk€ys-Kramer HSD tests between adjacent 5
m depth bins for each of these habitats showedlayhsignificant difference in the means (P

< 0.001) except for the sand substrate for the ZB-m and 25 — 30 m depth binds (P =
0.279).

32



45 4

40 { { {
I
& 30 A
€
<
~ 25 4 {
£
—
2 50 4 1 {
m
©
@ 15 -
10 + ¢ E1 Reef
= E1 Sand
5 A E1Silt
0
05-10 m 10-15m 15-20 m 20-25 m 25-30 m

Depth Range (m)

Figure 2.11. Depth trends in the E1 acoustic indefor consolidated reef and unconsolidated sand hataits.
Error bars show 95% confidence intervals.

The E2 values showed a similar trend for the redfsand habitats, with both increasing with
depth. The E2 values for the silt habitat showedhdial decrease in the 5 — 15 m depth range,
followed by a slight increase to 30 m depth (Fig2iE2). The particle size information for the
silt habitat identified an increase in the amoutriire sand matter in the 5 — 15 m depth range
compared to the other depths. The elevated E2ardicthis range may reflect this difference.
Analysis of variance showed that the relationshgiwvleen depth and E2 was highly
significant (F-stat <0.001). Tukey-Kramer HSD tefsiseach of the adjacent 5 m depth bins
similarly showed highly significant differences <F.001).
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The magnitude of the depth trend on the mean EJE@whlues for each of the three habitats
was between 2.5 and 4.5 dB, with the exceptiom®itean E2 value for sand, which was 8.6
dB (Table 2.7). This has the potential to influerthe classification of this data and is

discussed below.

Table 2.7. The magnitude of the depth dependencerfthe E1 and E2 indices (dB rel(fhnmi?)) for reef,
sand and silt habitat.

Substrate E1l E2
Reef 4.2 45
Sand 4.3 8.6
Silt 25 3.2

2.3.3. Prevailing Conditions

The transition from calm to rough conditions haa w@ffects that impacted on the measured
acoustic scattering from the seafloor. Firstly, pnesence of wind generated waves caused an
increase in vessel pitch and roll. This has theatfbf taking the acoustic axis off the normal
incidence and thus changing the geometry of thesitowave interacting with the seafloor.
Secondly wind speed above approximately 15 ktsthaseffect of causing “white caps”.
These small breaking waves serve to entrain smiddudbles in the upper meter of the water
column (Figure 2.13). These air bubbles act as Isawustic scatterers leading to both

refraction and absorption of the acoustic energgnfthe transducer.
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Figure 2.13. Calibrated volume reverberation (Sv) eampensated echogram from Simrad ES60 120 kHz
single beam echo sounder, set at 100 W, 0.256 mdsgulength, minimum Sv -60 dB showing two transects
across a section of sand and reef substrate in (8aIm conditions (wind less than 5 kts, seas <0.5 mjd (B)
rough conditions (wind greater than 15kts, seas >1nThe transects were generally within + 10 m of eh
other, however were up to a maximum of 30 m apartVertical grid lines are spaced at 50 m, with
horizontal grid lines spaced at 10 m.

Acoustic indices were compared for reef and sar@him and rough conditions (Figure 2.14).
Five hundred points in 10 m £ 1 m water depth weampared for each habitat in the two
conditions. The difference between calm and rougiditions was more pronounced for the
reef than for the sand. The reef in the rough dam had weaker returns in the E1 and E2
indices (Table 2.8). The E1 for the sand habiteteased from calm to rough, while there was
little change in the E2 (Table 2.8). T-tests ondffect of conditions on the E1 and E2 values
for both reef and sand habitats showed a signifiddference in the mean (Table 2.8).

Table 2.8. Mean (+ S.E.) E1 and E2 values for reahd sand habitat in calm and rough conditions witht-
test probability values.

Substrate  Conditions Mean E1 (+ S.E.) E1P-value MeanE2 (xS.E.) E2P-value

dB rel(n? nmi?) dB rel(n? nmi?)
Reef Calm 34615 <0.001 36.0+x15 <0.001
Reef Rough 324+2.1 31.1+2.0
Sand Calm 224+1.2 <0.001 305+17 <0.001
Sand Rough 244+15 309+1.9

A comparison of the clustering of the E1 and E2igalfor the reef and sand habitats in the
two conditions showed that the separation betweenréef and sand was greater in calm

conditions than for rough conditions (Figure 2.14).
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~1 m swell) conditions. All points along ten metedepth contour.

2.3.4. Slope of bottom
The results of the slope analysis showed an inereathe E1 index with increasing slope and
a decrease in the E2 index with increasing slopgu(é 2.15). The magnitude of these
changes was 3.5 dB for the E1 index and 4.5 dBherE2 index across the 45 degree slope
range examined. Analysis of variance showed afstgnit effect of slope for both the E1 and
E2 indices (F < 0.001).
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Figure 2.15. The average E1 (blue) and E2 (red) vads (+ 95% C.1.) for reef habitat of different sloge.
Tukey-Kramer HSD tests were used to further exarthieeeffect of slope on the E1 and E2

indices. Significant or highly significant differees were found in the means of both the E1
and E2 indices between many of the slope classabl€T2.9). In general adjacent slope
classes were not significantly different (i.e. B and 5 - 10 degrees). For the E2 indices no
significant differences were found between the etogreater than 15 degrees, presumably
due to the increased variance of this measure iwdteasing slope (Figure 2.15). Note that
increased variance was observed for both the E1E2nimhdices with increasing slope, with

potential ramifications for classification accuracy
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Table 2.9. Summary of Tukey-Kramer HSD test p-valus for analysis of slope effect on E1 and E2 values
for reef habitat. Significant differences at the @5 level are indicated as *, with highly significah
differences at the 0.01 level indicated as **.

Slopel  Slope2 E1 p-Value Significance E2 p-Value Significance

00-05 05-10 0.077 0.445

00-05 10-15 0.093 0.601

00-05 15-20 <0.001 b <0.001 b
00-05 20-25 <0.001 o <0.001 *
00-05 25-30 <0.001 b <0.001 b
00-05 30-35 <0.001 * 0.002 *
00-05 35-40 <0.001 * <0.001 *
00-05 40-45 <0.001 * <0.001 *
05-10 10-15 1 <0.001 *
05-10 15-20 <0.001 b 0.051

05-10 20-25 0.127 <0.001 b
05-10 25-30 <0.001 b <0.001 b
05-10 30-35 0.072 0.05 *
05-10 35-40 <0.001 * <0.001 *
05-10 40-45 <0.001 * 0.005 *
10-15 15-20 <0.001 * 0.103

10-15 20-25 0.28 0.003 *
10-15 25-30 <0.001 b <0.001 *
10-15 30-35 0.132 0.069

10-15 35-40 <0.001 b <0.001 b
10-15 40-45 <0.001 b 0.007 b
15-20 20-25 0.924 0.935

15-20 25-30 0.897 0.237

15-20 30-35 <0.001 * 0.97

15-20 35-40 0.114 0.024

15-20 40-45 <0.001 b 0.355

20-25 25-30 0.284 0.94

20-25 30-35 0.992 1

20-25 35-40 0.013 * 0.279

20-25 40-45 <0.001 * 0.862

25-30 30-35 0.975 0.994

25-30 35-40 0.801 0.911

25-30 40-45 <0.001 * 1

30-35 35-40 0.288 0.546

30-35 40-45 <0.001 b 0.951

35-40 40-45 0.008 1

2.4. Discussion

2.4.1. Vessel Speed
Changes in vessel speed were shown to significafithct the computed E1 and E2 indices
with both the E1 and E2 values decreasing witheiasing vessel speed. Changes in the vessel
speed resulted in measurable changes in both gselvpitch and in the noise generated by
the vessel. Changes in vessel pitch and acoustise rdue to vessel speed are known to
influence single beam acoustic measurements ofoseafcoustic properties (Hamiltaat al.
1999, Kloseret al. 2001b, von Szalay and McConnaughey 2002). Prelyotiee E2

parameter of the RoxAnn system has been reportbd toversely related to speed (Hamilton
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et al. 1999). However, the E1 parameter of the RoxAnnesgstand the classification
performance of the QTCView system have been repdaeshow no significant effect related
to changes in vessel speed (Hamiletral. 1999, von Szalay and McConnaughey 2002). The
decrease in the E1 values with increased speedwelosen this study contrasts with these
previous findings, however this may be due to tpetof vessel being used. The previous
studies were all based on large displacement shefies vessels, whilst this study was
conducted from a small planing hull vessel. Smihmg hull vessel responds differently to
changes in vessel speed compared with the larggnadement hull vessels, with large

changes in the pitch of the hull as the vesselagmgtres planning speed.

Changes in vessel pitch and roll associated widnghs in vessel speed will result in the
acoustic response of the seabed being measurégeafiormal angle of incidence, which is a
general assumption when processing SBES data (Ghi@®0). Values of both E1 and E2 are
likely to be affected when this assumption is ieth with this variation dependant on seabed
type (Greenstreadt al. 1997). The vessel used in this study displayed orabke changes in
the vessel pitch due to changes in vessel spepdcially at higher speeds. Further, at low
speeds the vessel stability was also affected,irlgathb increased vessel pitch and roll.
Changes in acoustic noise were observed in thidysfrimarily due to changes in engine
revolutions per minute (rpm). Engine rpm were agpnately 6 000 rpm at 2 kts, and
increased to 20 000 rpm at 8 kts, with estimateascofistic noise increasing at higher speeds.
Finally, increasing speed can result in increaseollence and aeration around the transducer
and hull, which causes attenuation of the acosstimd pulse (Klosest al.2001b). Aeration
can also be increased at very low speeds, wherexttessive pitch and roll of the vessel will
act to increase turbulence and aeration aroundrdnsducer. The decrease in the E1 and E2
parameters measured in this study are likely ta bensequence of increased vessel pitch at
higher speeds resulting in less acoustic energygbeflected directly back to the transducer
face (i.e. the system is no longer operating asommal incident acoustic system), and
increased aeration around the transducer resuttimgore attenuation of the acoustic signal.
The effect of speed on the measured acoustic respon the seabed has important

ramifications for the consistency in classificatmirsingle beam data.

2.4.2. Depth
Depth was found to be a significant factor affegtihe acoustic values of the E1 and E2
parameters, although trends were not always censibetween habitats. Possible depth bias
in single beam acoustic data have previously beported, with both E1 and E2 values
showing a trend to increase with depth (Greenseeai. 1997, Kloseret al. 2001b). This
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study found the E1 index increased for both sand sitt, but decreased for reef with
increasing depth. This difference between reef Hrel other substrates may reflect the
differences in the scale of surface roughnesseaddlinabitats compared to the footprint size of
the acoustic beam due to spherical spreading. ¥ample the acoustic footprint of the E1
index used in this study forms an annulus with aimam diameter of 5.8 m in 5 m depth
and a maximum diameter of 34.6 m in 30 m depths Theates a different measurement scale
at different depths, with different scales of soefaroughness potentially expressing in
different ways at these different scales. As rediitat generally displays a greater level of
surface roughness and at a larger scale than aothand silt, the effect of depth on E1 index

is likely present differently for this substrateéy

The E2 values also showed a significant depth Bilas. was generally of a similar magnitude
as that of the E1 values, with the exception ofisarhich showed a significant increase in the
E2 value with depth. This is likely to reflect aacige in the sediment composition, as video
surveys in the study area found an increased anuustiell debris in some of the deeper
parts of the transects. The presence of shell magase the acoustic hardness of the seabed,
and may also lead to increased acoustic roughiggkaMms et al. 2001). This increase in

shell was not apparent in the particle size data.

Differences in the acoustic response from the seomeposition and structure of seabed at
different depths are due to beam spreading, ansedahgth effects (Urick 1983, Pouliquen
2004). Several methods have been employed to acdourthese differences, the use of
constant angular algorithms have been used to eethecdepth dependence of the E1 index
(Kloser et al. 2001b), while adjusting energy values to a refegedepth through time and
power adjustments have also been suggested (Sa@ahneearoet al.2007).

It should be noted that the differences in depthds seen in this study may also reflect actual
differences in habitat type. It is difficult to finidentical habitat in terms of physical and
biological composition and structure across a watege of depths, with depth often a strong
structuring factor for benthic communities (Caremh and Walker 1999, Connell and
Lincoln-Smith 1999, Bell and Barnes 2000c, Ballal.2002, Goldberg and Kendrick 2004").
For example, the increased E2 values for the abitat in 5 meters may reflect the presence
of additional biological or physical matter, eithem or within the substrate, which would

affect the acoustic response of the seabed.

Finally, the use of video and sediment grabs, wigeherally only sample small areas, to

determine the seabed composition may not necessanvide the information required to
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ensure that the seabed is homogenous over thebaneg sampled by the acoustic system.
This is especially an issue in deeper water wheeetd the increase in footprint size of the
acoustic system with depth there is an increasadaghof sampling more than one substrate
type. For example in this study the footprint oé tB1 index was an annulus with an inner
diameter of 2.7 m and an outer diameter of 5.8 @ i depth, and with an inner diameter of
16.1 m and an outer diameter of 34.6m in 30 m depthas of homogenous seafloor will
have similar echo statistics; in the field thessaarwere determined through visual inspection
of the echo trace during site selection. It shdutdnoted that this study did not attempt to
match the exact location of a sediment and videoptato a single acoustic ping. Instead
broad areas of similar seafloor based on a combmaif video and sediment grab data and
also a consistent acoustic response from the seadredused.

2.4.3. Prevailing Conditions
The effect of prevailing conditions differed foretheef and sand habitats. The decrease in the
E1l and E2 values for the reef reflects a combinatibthe attenuation and scattering of the
sound pulse in the aerated top layer of the watdrraflection of the sound pulse away from
the transducer from the seafloor due to the pitahrall of the vessel. The large difference in
the E2 values for reef may also reflect differezgfroeing sampled. While sample points were
only compared when they were within + 5 m for the treatments, this may have resulted in
structurally different parts of the reef being s#&dp However, many of the points sampled
were within less than £ 1 m of each other betwdentwo treatments and even for these
points there the E2 values differed considerablggssting that there is indeed some

environmental influence on the acoustic return ftbm substrate.

The slight increase of the E1 values in the saruitdtareflects a greater portion of the tail of
the returning signal to the transducer due to tiéiceal roughness created by the pitching
vessel. The unchanged E2 hardness values maytraftmmmbination of the smooth uniform
sand substrate still reflecting the majority of theoustic energy back to the transducer,
compared to the more complex reef, which may refeore of the energy away due to the
angle of incidence. Previous studies have repartatked attenuation of the tail of the first
echo and the whole second echo due to increasaticamearound the vessels hull (Klosgral.
2001Db).

The separation between the mean of the sand ahduseers in the calm weather was greater
than for the rough conditions, which suggests that discrimination ability of the single

beam acoustics is reduced by adverse environmeoalitions. This highlights the need for
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mapping in only suitable conditions. Potential wayseduce this effect include running the
transducer deeper in the water column, mountingréresducer in a tow fish which decouples
it from the vessel motion, or the use of a pitcd avll sensor to aid in the quality control of
the data (Greenstreet al. 1997). Putting the transducer deeper would potignfeace it
below the greatest region of aeration in the watdumn. However, operationally this has
disadvantages for small vessels in shallow watgpe@ally where rapidly changing depths
due to reef may result in contact between the thacey and the seafloor. There are also
potential effects of the scattering of the soundseufrom the rough sea surface and
attenuation through the aerated surface water wdadculating the second echo energy
strength. The use of a pitch and roll sensor faligucontrol to allow the removal of data
when it exceeds a certain angle off the normaldexi has potential to help maintain data
quality, although in a small vessel (<6m) the amairpitch and roll rapidly increases when
the swell gets over 1 m, such that the majoritglaa would be off the normal incident and
thus in violation of this basic assumption requivdten processing SBES data (Greensteeet
al. 1997).

24.4. Slope of Bottom

The slope of the seafloor was found to have a fsogmit effect on the E1 and E2 values. The
El index was found to have a positive correlatiothvglope, while the E2 index was
negatively correlated with slope. The E1 index fi®rm correlated with bottom roughness,
with increased bottom slope having a similar eftectoughness, while the E2 index is often
correlated with bottom hardness, in this case hlhigloped bottom will result in more of the
signal being reflected away from the transduceylteng in a weaker acoustic return (Chivers
1990, Greenstreet al.1997). Slope has been shown to have an effecteoléissification of
SBES data in previous studies (Hamiltenal. 1999, Kloseret al. 2001b, von Szalay and
McConnaughey 2002). These studies have highligtitednisclassification of substrate over
areas of high profile but not attempted to quarttiky effect on the raw acoustic indices. This
study has shown that the effects of bottom slogeeapto be relatively predictable, at least
for a single substrate in a single depth rangesgmting the possibility of developing

corrections for slope into the classification ofESBdata.

2.4.5. General Discussion
Changes in the measured acoustic response of Hfto@edue to vessel speed, depth,
prevailing conditions and slope all have the patémd lead to misclassification of SBES data.
Classification of SBES data is generally achieviedugh attribution of habitat types to
clusters of acoustic indices (E1 and E2 RwxAnn and the three Q values fQTC View
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(Greenstreeet al. 1997, Cholweket al. 2000, Ellingsenet al. 2002, Freitaset al. 2003b,
Humborstacet al. 2004b). The magnitude of the variation caused langhs in vessel speed,
depth, prevailing conditions, and bottom slope wadkéound to be similar across the range of
operational limits commonly encountered whilst magpinshore coastal habitats in

Tasmania.

For example both the E1 and E2 indices showed eedse with increasing speed, with a
magnitude of ~4 dB across the vessel speed ramsgedteThe average acoustic signatures
(combination of E1 and E2 indices) of reef, sand sitt in the 10 m to 15 m depth range are
typically separated by between 14 — 22 dB (Figul®R Thus a change of this magnitude in
the E1 and E2 values would in most cases not dfffiectinal classification for the reef sand
and silt substrates examined in this study. Howeawer seafloor is comprised of a wide range
a substrates including mixed substrates. Mixed tsaflgs can occur at a variety of scales
including having a mixture of substrates within @@ustic footprint of a single ping. The
spectrum of seafloor types generally results inlcaudt of acoustic signatures rather than
discrete clusters for each substrate type. In tbases measurement error due to changes in
vessel speed may have a significant impact on ifizggon accuracy and repeatability.
Changes in depth, prevailing conditions and bottslope were also found to produce
variation in the acoustic indices of between 2 8ndB, which could similarly result in an
increase in misclassification of habitat type. Hinat is unclear to what degree these factors
are correlated or uncorrelated, thus there is @ neecontrol and account for all of these

factors in assessing classification accuracy.
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Figure 2.16. Plot of average E1 and E2 values foeef, sand and silt substrate in the 10 — 15 m depthnge,
with error bars showing standard deviation.

2.5. Conclusion

The measurements on the effects of vessel spepth, q@evailing conditions, and bottom
slope made in this chapter provide the basis faraving the consistency of SBES data. The
importance of maintaining a consistent vessel spesgukcially in small planning hull vessels,
has been highlighted. Whilst it may be possiblddgelop a calibration for vessel speed based
on the measures in this chapter, a more appropappeoach would to be eliminate the
variation in the first place by maintaining a camtvessel speed both within and between
surveys. Similarly the effect of adverse weathemditions on the quality of acoustic data
suggests that operational procedures are the ahbhto tackle this source of error, limiting
data collection to days where the weather willinuence the acoustic data.

The depth and bottom slope data on the other handnot be controlled by operational
procedures. Thus these two effects must be eithsorbed into the final error budget, or
alternatively calibrated in the data to improve tassification accuracy. For depth this
presents several issues, as there appears taubstease dependent effect, and as the substrate
is being interpreted from the acoustic data, thay tmave an effect on the capacity to provide

a correction. The data however can be correctedléme, however due to the natural level of
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noise in the data this appeared to have little talc effect on improving the overall

classification success.

In terms of classification of SBES data at the lewé bio-geomorphic type and
substratum/ecotype the level of variation due ® fibur factors investigated in this chapter
need to be taken into account. For vessel speegravdiling conditions these factors can be
controlled through simple operational procedurds|stfor depth and bottom slope there will
be a level of variation due to these factors, alghothis is generally within the level of noise
typically exhibited in SBES data. Ultimately due rreeasurement bias and error fine scale
differences in SBES data will be of limited usegrééfore only large broad scale difference
can be reliable and repeatedly achieved. Theserfatvestigated in this chapter are likely to
become more significant on classification at loveeels in the classification hierarchy, which

are examined in the following chapters.

45



Chapter 3. Acoustic classification of unconsolidated sediment
habitats using single beam acoustics.

3.1. Introduction

Knowledge of the distribution of benthic habitadsan essential part of management for any
trawl or dredge fishery. Traditionally the distrttnn of these habitats has been inferred from
the distribution of target and non target speciemrened using dredges, trawls, grabs and
seafloor photography (Schwinghanetral. 1996, Collieet al. 1997, Hall-Spenceet al. 1999,
Collie et al.2000, Hall-Spencer and Moore 2000). These techsigeaerally result in poor
estimates of the key habitats across the wholénfishrea (Committee of Ecosystem Effects
of Fishing 2002). Acoustic mapping is an attractimgtion because it is non-destructive
compared to dredge samples, rapid compared to addayrab samples, and provides spatial
coverage at the scale required for management.

Acoustic approaches have been used in the pademify scallop habitat and other shellfish
habitat based on acoustic reflectance and envirotahgradients. Both single beam and
multi beam echo sounders have been used to detgehap scallop beds or potential scallop
habitat (Kostylewet al.2003, Pickrill and Todd 2003, Hutet al.2005). In Canada, the use of
maps of potential scallop habitat based on muléinbeecho sounder acoustic reflectance,
surficial geology, and depth lead to a more effitiscallop industry, with up to a 75%
reduction in effort to maintain the same catch lePickrill and Todd 2003). An additional
benefit is a reduction of benthic disturbance in+soallop habitats (Pickrill and Todd 2003).
Acoustically derived substrate information has die®n used to better design surveys for
stock assessment (Kostylet al. 2003). Side scan sonar, which in turn provides aadbr
swath of backscatter data, has also been usedbtw gte distribution and concentration of
trawl furrows in soft unconsolidated substratesedanderet al. 1999, Humborstackt al.
2004a) which allowed an independent measure oinfysimtensity to be obtained relative to
benthic habitats.

Soft sediment habitats are characterised by a cmtibn of physical factors (e.g. particle size
distribution, depth, currents and exposure) andogioal factors (e.g. presence of plants,
epifauna and infauna) (Morrisat al.2001a, Ysebaert and Herman 2002, Stevens 2008). Th
acoustic detection of soft sediment habitats iethas differences in the reflection of sound
energy due to differences in seafloor propertieish woft substrates generally having low
reflectance at high incidence angles. Each the elmgntioned factors will influence the
reflection and scattering of sound energy at théemwsediment interface. Sediment particle
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size has been shown to correlate with acousticorespat certain frequencies, with particle
size and porosity affecting the amount of energyrreed (Greenstreet al. 1997, Cholwelet

al. 2000, Bates and Whitehead 2001, Brastral. 2001, Kostylewet al.2001, Morrisoret al.
2001a, Ellingseret al. 2002, Thrushet al. 2002, Freitasgt al. 2003b, Freitagt al. 2005b).
The presence of biota, surficial shell or surfameghness has also been shown to affect the
acoustic response of the seabed (Stahal. 1989, Lee Longet al. 1998, Fenstermachet al.
2001, Kloseret al.2001b, Williamset al.2001, Saboét al.2002).

The Tasmanian scallop fishery is moving towardgialhabased management of the resource,
utilising closed and opened areas to protect jugestallops and limit impact on non target
species and habitats (Haddeh al. 2006). Sponge habitat is one such habitat thatbean
adversely impacted from scallop fishing activititgcConnaugheyet al. 2000, Kefalast al.
2003). Sponge habitat can occur across extenseas af seafloor within this region (Butler
et al. 2002, Jordaret al. 2005b), with sponge commonly encountered as bycaitin
scallop dredges (Haddaat al. 2004, Haddoret al.2005, Haddoret al. 2006). Soft sediment
sponge habitat can be acoustically detected thrdiftgrences in the acoustic response of the
seafloor (Kloseet al.2001b, Jordaet al. 2005b). Maps of sponge habitat within the scallop
fishing zones would aid in the designation of refiing zones for the purpose of habitat

protection.

This chapter focuses on Substratum/Ecotype and fMalilevels in the hierarchical
classification system presented in Chapter 1 (Takllg It describes and investigation of the
efficacy of single beam echo sounders to map thiilolition of soft sediment habitats within

a component of the Tasmanian scallop fishery, witbcus on the capacity of the system to
detect and map the key habitats of sponge bedsalidp beds. The main objectives are to
examine the statistical relationship between theusiic backscatter indices E1 and E2 and
key physical and biological properties of the seafl The SBES data are examined in relation
to fishing effort data as a proxy for scallop habifThe acoustic responses of the seabed are
further compared to changes in sediment partidle garameters, surficial shell, and sponge
cover. Finally, the capacity of the SBES to repamlispatial patterns seen within soft

sediment communities are compared to full covesidge scan sonar data for the same region.
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3.2. Methods
3.2.1. Study Site
The study site was situated at 128’ E, 3951’ S, approximately 10 km northeast of Babel

Island, on the east coast of Flinders Island, Tasn@igure 3.1). The study site covered an
area of approximately 2.5 by 3 km, with depths nagdrom 37 m to 44 m. Previous dredge
surveys have shown this area to be dominated lysediment habitats, with a mixture of
scallop, sponge, dead shell and sand. The area&losed to scallop fishing in 1999 after the
collapse of the scallop fishery in Tasmania and dwes to open for fishing during the 2004

season.

study site ||

&5‘% Babel Island

Figure 3.1. The location of study site off the noft east of Flinders Island, Tasmania.
3.2.2. Field surveys
3.2.2.1. Acoustic
In December 2003 a single beam acoustic surveyh wa#isociated video and sediment
sampling, was conducted from the FRV Challengers PO meter vessel was fitted with a
Simrad ES60 single beam echo sounder with a 120IFzransducer. The transducer was
pole mounted on the starboard side of the vesgebapnately 1.5 m below the surface of the

water (Figure 3.2).
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Figure 3.2. The pole mounted single beam transducen the side ofFRV Challenger.

The echo sounder was set to run at 500 W and Ir¥®gulse length, with a ping rate of 1
ping per second. The raw data from the echo soumuguding the entire first and second
echoes, were logged using the Simrad ES60 soft{vanesion 1.5.0.73) to a laptop computer.
A differential GPS was connected to the laptop ltowaposition information to be logged
with the raw echogram. Based on visual inspectibthe logged acoustic echogram, echo
data with excessive noise, interference, or aeratimder the transducer were excluded from
further analysis.

The vessel was operated at approximately 6 kt®ouviatlg a series of parallel transects.
Transects were conducted at 500 m spacing in tht@ south direction and 250 m spacing in
the east west direction resulting in a grid actbssstudy site. The ship’s onboard navigation
software, OceanVision, was used to plot positioth l@intain course.

3.2.2.2. Video and Sediment
Both underwater video and sediment grabs were tesedllect ancillary data on the seabed
composition and structure. Video transects werelgored at 13 stations throughout the study
site based on randomly selected cells from a 25§Fid(Figure 3.3). An underwater digital
video camera (MorphVision, NSW, Australia) linkeml @ miniDV digital video recorder at

the surface was used to record imagery of the @maflThe video camera was mounted in a
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weighted tow fish and suspended from a davit okierdide of the vessel. The camera was
flown approximately 1 m above the seafloor, witls theight monitored on the onboard video
screen. The vessels position from the differet@BES was overlayed onto the video system to
assist in the positioning of the video frames. Vdideansects were conducted for a minimum
period of 5 minutes (up to 10 minutes), with thesset allowed to drift with the prevailing
conditions. The average length of the video traisse@s 130 m + 22 m which is around 3
times the maximum diameter of the E1 footprint.

At 13 sampling stations, sediment grabs were c@teasing a Van Veen grab (Figure 3.3). A
sub sample of each sediment grab was taken foiclgagize analysis, with the remainder

characterised for the presence of large shell fexdsnand/or biota.
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Figure 3.3. Location of the 13 sediment grabs (bludots) and 13 video tows (red lines) in relation téhe
acoustic transects (black line) across the studytei

3.2.3. Acoustic Processing
3.2.3.1. Bathymetry
Bathymetric data were recorded by the ES60 echnd®syuLogged data files were imported
into Echoview 3.30, where the sounder detectedbotvas checked for anomalies, corrected
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for the transducer depth and exported as a comimaite text file containing depth and
position. These depth data were corrected for tidalation based on the predicted tide
heights from the National Tidal Facilithtfp://www.bom.gov.au/oceanography/tidehe

tidal cycle can be described by a harmonic equation
D; = D[h, +(h, —h;)x(cos@r= ((t —t,)/(t, —t,) +1)) +1)/2]

where D is corrected depth and D is measured depth,chrrespond to the heights of the
high and low tides, kb are the times of the high and low tides, with ingethe current time.
This formula calculates the height of the tidalleylor a given time and a given location and
then applies this as a correction to the measuedtidata. All depth measures were corrected

to Mean Sea Level based on the available standataneasurements (Port of George Town).

A bathymetric surface was generated from the tdabrrected depth data through the
interpolation of depthz values using a Triangular Irregular Network (TINgta model.
Contours were created in ArcGIS 9.0 by interpotatihe point data into a TIN and then

creating contours from that TIN.

3.2.3.2. Acoustic Indices
The calibrated ES60 acoustic data were correctedriangle wave (Section 2.2.2) and
imported into Echoview 3.30 for post processingoustic indices of seabed roughness (E1)
and seabed hardness (E2) were calculated usingétieods outlined in Section 2.2.3. Both
indices were calculated over five successive pargs converted fromasdata (Nautical area
scattering coefficient) to,Nautical area scattering strength) using thefaithg formula:

Sa=10logio(sa) (MacLennaret al.2002)

3.2.3.3. Video Processing
Video was converted to digital AVI format using iaeWwire capture card. A frame was
grabbed off the video every 10 seconds for theé &reninutes of the video tow using the
software Video2Photo (PixelChain). This createds8ll frames, corresponding to a frame
every 3 m £ 0.7 m. These frames were overlayed atl8 by 8 cell grid giving a total of 49
line intercepts (Figure 3.4). The substrate at edi¢hese intercepts was recorded as bare sand,
shell, sponge, or other. This data was used talzdécthe relative proportions of each of the

components across the video drop.

The video data was also used to examine the pabgtH of different habitat components. In
this case the entire length of each of the vidaosects was used to calculate the average

patch length for the different substrate types.nBdadeo transect was analysed, with changes
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in substrate noted against the tracklog. The dladdiracklog was then bought into a GIS and
the average patch length for the different substhgtes measured. Patch length was defined
as the linear distance over which a continuoussisigbstrate occurred.

Figure 3.4. Example still frame grab from video wih analysis grid overlay.

Multivariate correlation analysis in JMP (SAS Ihste) was used to test for correlations
between the acoustic indices E1 and E2 and thepige of shell and sponge from the video
analysis. The acoustic data and the analysed \ddé&p were aligned in a GIS, only points
within £+ 5 m were considered for the analysis. Toid confounding effects, the shell and
sponge were treated separately, such that any #deaontained significant amounts of shell
(>10%) was excluded from the sponge analysis and versa. This analysis calculated a

correlation and associated probability for eachtr@hship.

3.2.3.4. Sediment Processing
Sediment samples collected from the Van-Veen gravewprocessed for particle size
distribution. Approximately 30 — 80 g from each gdenwas dried overnight at 8G. The dry
samples were then weighed before being wet sidvedigh a series of stacked sieves (2 mm,
1 mm, 0.5 mm, 0.25 mm, 0.125 mm and 0.063 mm). fidetion in each sieve was then re-
dried overnight at 80C before being weighed. The weight of the fract&ss than 0.063 mm
was calculated as the initial dried sample weigbtlthe sum of the retained dried fractions.

The dried weights were used to calculate the p&rgerof each fraction.

Sediment particle information was plotted to chémk skewness and kurtosis. All samples
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were well sorted and were normally distributed. Qlative percentage particle size was
plotted for each sample and Phi-50% values werilzdkd. This gave a measure of the mean
particle size, which was used to classify the sediis1on the Wentworth scale. Multivariate
correlation analysis in JMP 7 was used to compaamsediment particle size to the acoustic
E1l and E2 indices.

3.2.3.5. Side Scan Sonar

The study site was surveyed using a GeoAcoustifskHz side scan sonar (SSS) in March
2005. This allowed the spatial trends interpretemimf the single beam acoustics to be
compared to those detected by a swath system. ifleessan was deployed from the FRV
Challenger on 100 m of cable and towed approxim&Blm from the seafloor at 7 kts. The
SSS was towed in a north-south direction with a @0@ansect spacing and range set at 200
m. This provided sufficient overlap to produce adanosaic. The side scan data was slant
range corrected, mosaiced and georeferenced bydhemercial survey company Fugro
Systems and provided as a binary image library file

To compare the spatial trends in the E1 and EZ&sdwith the side scan sonar, the E1 and E2
indices were interpolated into surfaces. Variograodels for both indices were computed in
the geo-statistical software Surfer 8 (Golden Safe). For both indices a spherical model
with nugget effect provided the best fit (Figur&)3The ordinary kriging algorithm in Surfer

8 was used to interpolate surfaces for both indisésg these variogram models.
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Figure 3.5. Variogram models computed from the E1@d E2 acoustic data.
3.2.4. Fishing Intensity
The scallop fleet is required by the fisheries tatpus to have a Vessel Monitoring System

(VMS). A VMS monitors the position of each fishifmpat at a pole rate, determined by
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management organisations, while they are out of. pashing effort in this study site was
inferred from raw VMS data. It must be noted thadividual VMS hits do not represent
fishing activity; instead clusters of hits in clogeinity can be used to infer fishing activity.
Due to the commercially sensitive nature of VMSag#e raw data could not be presented in

this thesis.

To compute a relative measure of fishing effortoasrthe site kernel analysis was used to
calculate the core of the fishing effort and the&eakof the fishing area in ArcView GIS using
the animal movement extension (Hooge and Eicheniflf)). The core fishing zone was
calculated as the smallest area that 50% of all \HilSoccurred, while the total fishing zone
was calculated as the smallest area that 95% diitalloccurred. The level of fishing within
this zone was comparable to that for the rest®®03/04 fishing season.

3.2.5. Classification
The acoustic E1 and E2 data were classified inbustec classes based on the unsupervised
clustering. The K-means algorithm in the statistmaftware package JMP (SAS Institute)
was used to group the raw E1 and E2 data intoakisiThis algorithm uses an iterative
alternate fitting process to form the number ofcHfjed clusters. The K means algorithm was
run for 2 to 7 clusters. The optimal number of sésswas assessed by comparing the within
cluster variance to the total variance for eachhef number of clusters (Figure 3.6). Three
clusters (explaining 70% of variance) were usedilier subsequent analysis; the addition of

more clusters only explained 10% of variance (Fegkib).
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Figure 3.6. Graph of percentage of variance (ratioof cluster variance to total variance) for K-means
clustering of E1 and E2 data for 2 to 7 clusters. e graph displays an elbow effect at 3 clusters ifzhting
the optimal number of clusters.

The K-means algorithm provides a probability of nbemship for every data point to each of
three computed clusters. To assist in the visuadisaof the spatial trends in this data,
surfaces of membership were interpolated for eddheoclusters. Variogram models of the
data were computed in the geo-statistical softvander 8 (Golden Software). The variogram
models describe the degree of spatial dependentkeirdata and are used in kriging to
account for spatial trends in the data. The vaaogmodule in Surfer 8 allows the user to
investigate different spatial models for the varasg and identify the model with best fit to
the data. For clusters 1 and 2 a spherical modd wmiigget effect provided the best fit,
however for cluster 3 a linear model with a nuggiéect provided the best fit (Figure 3.7).
Surfaces of probability of membership to each elustere interpolated in Surfer 8 using

these variogram models with the kriging algorithm.

55



Cluster 1

Variogram
o © o o o o o
o o o o o o o
N K b q @ i X

o
o
L

Cluster 2

o
o
o
&
Variogram

0.06

0.057

o
o
s

o
o
K

0.027

0.014

Cluster 3

0

Lag Distance

0 200 400 600 800 1000 1200 1400

0 T T T T v v y
0 200 400 600 800 1000 1200 1400
Lag Distance

200 400 600 800 1000 1200 1400
Lag Distance

Figure 3.7. Variogram models computed from the prohbility of membership data for the three clusters
identified by the K-means clustering. The black paits and line represent the data while the blue line
represents the model.

The ground truth data from the sediment samplesthadunderwater video analysis were
related to the spatial distribution of the threesttrs identified above. Analysis of variance
was used to test for statistical relationships betwthe three clusters and mean particle size
(Phi-50%), percent sponge cover, percent surfetall cover, the two acoustic indices (E1
and E2) and depth. Finally, the cluster informatgon ground truth data were combined to

make an interpreted map of habitat distributionchitwas related back to the fishing intensity

information.
3.3. Results
3.3.1. Bathymetry

The bathymetry of the study site varied from 37aw4 m depth with contours running in a
northwest to southeast direction. The majorityhef study site was between 40 m and 42 m

depth. The slope of the study region was very ganerally less than 1 degree.
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Figure 3.8. Interpolated bathymetry of the study die based on tidally corrected single beam echo
soundings.

3.3.2. Video
The video data provided information on the struetoirthe seafloor including the presence of
biota. The video confirmed that the sediment witthis zone was dominated by sand, with
areas of dead shell and areas of sponge. Theusdtmibvideo track log data was used to
calculate the average patch width of these hab#&late®untered within a GIS platform. The
average width of shell patches was 63 m, with trexage sponge patches 50 m. While live
scallops were occasionally recorded on the underweitdleo, these were not observed

frequently enough to be considered a ‘habitat’ type
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Figure 3.9. Summary of the percentage compositiors&nd, shell, sponge and other) for the 13 video
transects based on point intercept analysis.
The point intercept analysis of the 13 video tratsehowed that sand was the most dominant
substrate type in all cases. Surficial shell wasent in all video transects, with several of the
transects having significant amounts of shell (Feg8.9). Sponge was generally either not
present or only present with low cover, with theeption of video transect 10 which had
around 14 % sponge cover (Figure 3.9). There werallsamounts of ‘other’ substrate in

several of the videos which was generally uniderttibiotic organisms such as bryozoans.

The analysed video data were used to examine thgoreship between E1 and E2 indices
and the presence of shell and sponge with sang) lidémtified as the underlying substrate in
both cases. A multivariate correlation analysis wasd to test for significant correlations
between the acoustic indices and the amount of leell and sponge cover. The amount of
surficial shell, identified from the video, showad significant correlation with either index

(p < 0.05) (Table 3.1). The amount of sponge, ifiedtfrom the video, had a significant

positive correlation with the E1 index (0.98, p .81, but none for the E2 index. (Table 3.2).
There were insufficient amounts of the ‘other’ cmtey observed in the video transects to

examine for a relationship between this class hadwo acoustic indices.
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Table 3.1. Correlation analysis and associated praibilities for acoustic indices and amount of shelas
identified from video analysis.

Acoustic Index  Correlation  Probability
El -0.021 0.99
E2 -0.524 0.15

Table 3.2. Correlation analysis and associated praibilities for acoustic indices and amount of spongas
identified from video analysis.

Acoustic Index  Correlation  Probability
El 0.983 <0.01
E2 0.718 0.07

3.3.3. Sediment
Thirteen sediment samples were collected and psedefor particle size from the study site.

The sediment particle size distributions from theaenples were very similar in structure
(Figure 3.9); all were either classified as welited medium or coarse sands (Phi-50% 0.1 to
1.7) on the Wentworth scale (Table 3.3).
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Figure 3.10. Cumulative percentage composition foparticle size samples collected from within the stly
site.
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Table 3.3. Phi-50 and Wentworth classification fothe thirteen sediment samples collected from withirthe

study site.

Sample No Phi-50  Wentworth Classification
Go1 1.70 Medium Sand
G02 1.40 Medium Sand
GO03 1.00 Medium Sand
G04 1.15 Medium Sand
G05 0.95 Coarse Sand
G06 1.35 Medium Sand
GO07 1.30 Medium Sand
G08 1.35 Medium Sand
G09 1.45 Medium Sand
G10 0.65 Coarse Sand
G1l1 0.40 Coarse Sand
G12 1.05 Medium Sand
G13 0.80 Coarse Sand

There was no significant correlation between plerstze and depth (Table 3.4, Figure 3.11).

Table 3.4. Results of multivariate correlation anafsis of mean particle size (Phi-50%) and the varidbs

Depth, E1, and E2.

Variable

Correlation

Probability

Depth
El
E2

0.32
-0.52
-0.08

0.18
<0.01
0.71
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Figure 3.11. Mean sediment particle size (Phi-50%)ersus depth for 13 sediment samples across studtes

The two acoustic indices, E1 and E2, were examinedlationship to the sediment particle

size information. The Phi-50% value for each sampbs used as a measure of mean

sediment particle size for comparison with the atiouindices. The E1 index showed a

significant negative correlation with mean partisiee trend (P < 0.01), with the energy in the

tail of the first echo decreasing as the mean g@artize decreased (Table 3.4, Figure 3.12).
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The E2 index showed no significant correlation witlean particle size (Table 3.4, Figure

3.13).

Phi-50%

Figure 3.12. E1 acoustic index versus mean partickize (Phi-50%) for 13 sediment samples across stud
site.
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Figure 3.13. E2 acoustic index versus mean partickze (Phi-50%) for 13 sediment samples across stud
site.

3.3.4. Fishing Intensity
The fishing intensity as inferred from VMS data wied strong spatial trends across the study
site. The majority of the fishing in this studyesibccurred on the eastern side of the site in
approximately 42 m depth (Figure 3.14). Fishinghwitthe study site was generally at a
medium intensity compared to the other areas wittenTasmanian Scallop Fishery over the

following fishing season (unpublished VMS data)efidhwas a small amount of high intensity
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fishing within the central part of the fished area.
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Figure 3.14. The spread of fishing effort across #study site for the 2003/2004 scallop fishing seasas
inferred from VMS data. The core fishing zone (darkgrey) represents the smallest area containing 50%f
all VMS hits, while the total fishing zone (light gey) represents the smallest area containing 95% dll
VMS hits.

The acoustic response of the seabed in the threeszolentified from the VMS analysis

showed that there was overlap between the E1 andhl52s identified in each zone (Figure
3.15). The E1 and E2 values from the area withistarfg had the greatest variation, with the
other two zones having reduced variation in theaBdl E2 values. Assuming that fishing
effort reflects scallop abundance, this simple ysial shows that there is no E1 and E2
signature that delineates scallop habitat from soallop habitat, rather that the acoustic
values of scallop habitat are the same as thabtioer soft sediment habitat. The spatial
distribution of all pings with E1 and E2 valuesresponding to those identified from the core

fishing zone showed no pattern across the studyBigure 3.16).
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Figure 3.16. Distribution of acoustic pings with ginature corresponding to that of the highest fishig
intensity shown in red.

3.3.5. Acoustic Mapping
Both the E1 and E2 acoustic indices showed spaéiatls across the study site. The patterns
for both E1 and E2 were similar, with several lindeatures running in a northwest to
southeast direction (Figure 3.17). The interpolaeaustic surfaces can be visually compared
with side scan sonar taken in March of 2005 (Figdide). As the side scan sonar data was
collected several months after the single beam,daredto the inherent difficulty in making a
direct comparison between the two instruments, tatisical comparison was attempted.
However the side scan sonar data closely refléesspatial trends seen in the E1 and E2
interpolated surfaces. It should be noted thatetheas very little dynamic range in the side
scan sonar data and that the image contrast hasnb@emised to highlight the differences

within the image.
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Figure 3.17. Interpolated surfaces of the E1 (leftand E2 (right) acoustic indices, lighter shades dicate
areas of high acoustic reflectance, darker shadesdicate areas of low acoustic reflectance.
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Figure 3.18. Geo-referenced side scan sonar imagktiee study site from March 2005, light indicates flgh
reflectance, with dark indicating low reflectance.

The E1 and E2 acoustic data were segmented irge ttlusters using the K-means clustering
algorithm. These three clusters displayed strongtring in their spatial distribution (Figure
3.19). As for the interpolated E1 and E2 surfages the side scan sonar data, the classified
acoustic data showed a northwest to southeasttibmean the gradient. The three clusters
from the K-means algorithm explained approximat&d$o of the variation in the acoustic
data set. The hard class classification does nk¢ fato account the probability of
membership to the three clusters. Instead thdteisassumption that any given point belongs

exclusively to one of the three clusters. Commosbff sediment habitats do not have crisp
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boundaries, and as such a fuzzy classification dvbalmore suitable.
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Figure 3.19. (A) K-means clusters identified basedn E1, E2 and Depth and (B) distribution of hard
classes based on 3 clusters.

The k-means algorithm provides a probability of rbenship for each point to each acoustic
class. Thus every point will have a membershipaicheof the three clusters. This information
can be used to visualise the confidence in thel fotassification. Kriging was used to
interpolate the probability of cluster membersimiwicontinuous surfaces, henceforth referred
to as acoustic classes. These three surfaces wiener coded from white to full colour (red,
green or blue), with white representing 0% prohbgbdf membership and full colour 100%
probability of membership. The three colour codadaxes were then overlayed to form a
probability map of acoustic classes, where solitbuworepresented a high probability of
membership to that acoustic class and white reptedea low probability or transition zone

between acoustic classes.
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Figure 3.20. Interpolated probability surfaces for (A) cluster 1, (B) cluster 2, (C) cluster 3 and (D)
combined probability surfaces.

3.3.6. Acoustic Classes and Ground Truth Data
To classify the three acoustic classes into sulestyges, the video and sediment data were
compared for areas where there was greater tham®®%bership assigned to a given cluster.
Acoustic class 1 was characterised by a larger rmediment particle size than the other two
classes, coarse sand versus medium sand (TableA8di)stic class 1 also had significantly
more surface sponge than the other two acoustsseta with over 10% cover (Table 3.5).
There was a progression in shell cover from acousiiss 1 to acoustic class 3 in the amount
of surficial shell cover, with acoustic class 1 imgvthe smallest amount of surficial shell and
acoustic class 3 having the largest amount of gatfshell with around 25% cover (Table
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3.5). Depth was a strong covariate across all ldmses, with differences in the mean depth of

each of the three acoustic classes.

Table 3.5. Average sediment particle size (Phi-50%Jpercentage surficial sponge cover and percentage
surficial shell cover of the 3 acoustic classes bon sediment and video analysis.

Variable Acoustic Class 1 + Acoustic Class 2+  Acoustic Class 3 +
s.e. s.e. s.e.

Phi-50% 0.78 +£0.05 1.14£0.13 1.31+0.21
% Sponge 109+1.8 1.3+£0.5 0.3+0.2
% Shell 8.7+1.4 148+1.4 249+4.0
El 43,93 +0.18 47.75 + 0.06 45.64 + 0.08
E2 43,93 + 0.07 45,09 + 0.05 41.19 + 0.06
Depth 38.92 +0.05 41.34 £ 0.03 42.24 + 0.06

An examination of the statistical difference foraneparticle size (Phi-50%), percent sponge,
percent shell, E1, E2 and Depth for the three amuksses showed significant differences
between each of these components (Table 3.6). Tiessdts indicate that there were some
clear gradients across the study site, with theadignts running in a southwest/northeast
direction. These gradients were present in degthighe size, sponge cover and surficial shell
cover and were reflected in the acoustic respohfigecseabed as measured by the E1 and E2
indices. Finally, this information was used to domst a habitat map for the study site which
identifies the spatial distribution of the diffetesubstrate types and can be compared to the
fishing intensity (Figure 3.21). When these habitate compared to the distribution of fishing
effort within the study site is can be seen that kiighest intensity of fishing occurs on
medium to coarse sand with low sponge and low toerate amounts of surficial shell at
around 42 m depth.

Table 3.6. Analysis of variance for mean particleize (Phi-50%), percent sponge, percent shell, E12End
Depth for the three acoustic classes.

Variable DF (class, error) F Ratio  Probability

Phi-50% 2,13 3.86 0.05

% Sponge 2, 206 40.9 <0.01
% Shell 2,206 7.09 <0.01
El 2,1930 1046 <0.01
E2 2,1930 1211 <0.01
Depth 2,1930 1169 <0.01
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Figure 3.21. Habitat map of the study site showinthe spatial distribution of habitats overlayed withthe

fishing intensity as inferred from VMS data.

3.4. Discussion

The single beam acoustic discrimination technigaoesined in this study were used to
identify three acoustic classes of seafloor. Wredated to ground truth data, these acoustic
classes could be described by a combination ofigllyand biological features of the seabed.
There were significant differences in the acoustgponse of each of these acoustic classes
that could be related to density of sponge, medment particle size and amount of surficial
shell material all contributed to these acoustassés. While the acoustic classes reflected the
depth gradient across the study site, depth alon&l mot explain the differences in the E1

and E2 values for these classes.

The video ground truth data did not identify angaa of high scallop density however it is
known from the VMS data from the subsequent fistdagson that the study site did contain

commercial quantities of scallops. In fact approadiely 25% of the fishing effort off the east
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coast of Flinders Island for the 2003/2004 fishsgpson occurred within the study site
(unpublished VMS data). The area of highest scallepsity as inferred from the VMS data
did not have a unique acoustic signature. Howeleratcoustic classes identified could be
used to describe the potential for scallop habitats was demonstrated by the relationship
between the fishing intensity inferred from VMS aand the distribution of the three
acoustic classes. Based on the VMS data, the pdadld within the study site appeared to be
a small discrete bed, with less than 2 km by 1 lghefd at medium to high intensity. This
pattern was seen in all the VMS data for the spafishery; with relatively sparse points
occurring where no scallops were found and higtsities where beds were found (Hadddn
al. 2006).

The majority of this fishing effort occurred in amow band on the eastern fringe of acoustic
class 2 and a small amount in acoustic class Jyailom 42 m depth contour. This suggests
that the distribution of scallops is not only defihby substrate type but also by environmental
gradients such as depth, currents and exposuti@sioase the prevalence of medium sands in
itself did not constitute scallop habitat, but medisand in 42 meters with the associated

environmental factors seemed to be potential qudlébitat.

The current study shows that there is a potentiaide single beam acoustics to identify
potential scallop habitat. Studies in Canada has/shthat maps of substrate and bathymetry
derived from acoustic systems can be used ideatidas likely to contain scallop habitat
(Kostylev et al. 2003, Pickrill and Todd 2003). Assimilation of thige of information into
the scallop fishery lead to a decrease of up to ¥b%he time spent fishing, which has not
only economic benefits, but also environmental b&xeleading to less contact on the
seafloor, and thus less impact on other non scédlfdptat (Pickrill and Todd 2003). SBES
systems have also been shown to be able to diffaterbetween the substratum or biotopes
associated with high scallop abundance (Kaesex.1998).

Within this thesis scallop habitat did not app@ahave a unique acoustic signature based on
the indices examined. Hutgt al. (2005) found scallop beds were not able to be dimally
discriminated based on the proprietary QTCView, &eosv were able to identify a unique
signature from areas of dense scallop habitat basednalysis of depth corrected Sv
backscatter data. Presumable the use of simplesacandices, such as the ones used in this
chapter, do not have the resolution to discrimirsattle differences in the acoustic seabed
response due to the presence of scallops. FurtBESSare known to poorly discriminate
large numbers of subtly different biotopes thatgeeanto each other (Browet al.2001). The
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study reported in this thesis was conducted in a#aining a complex mosaic of soft
sediment habitats, including bare sediment, spgagdens, dead surficial shell, and scallop
beds.

Whilst the study site was characterised as geitulyirsy, ranging in depth from 37 m to 44 m,
depth was found to be a major factor in defining tthree acoustic classes. The E1 index was
shown to have a significant negative correlatiothwdiepth, whilst E2 index was not found to
significantly relate to depth. It should be notédttthere was a degree of overlap in depth
distribution between each of these acoustic clagsgecially between acoustic classes 2 and
3. Depth is known to be a major factor in determgnseafloor habitats (Edgar and Barrett
2002, Hooper and Kennedy 2002), thus differentttepte likely to have a range of different
physical and biological characteristics which walso affect the acoustic response of the
seafloor. The patterns in the acoustic classesetbefrom the SBES were also similar to those
from the sidescan sonar system, providing furtivédesce that the different acoustic classes

were not simple artefacts of changes in depth adtresstudy site.

Sediment particle size did not show a strong m@heship to depth in the study site. This is
most probably due to the lack of a strong depthligra within the study site and the limited
range of particle sizes. The E1 or E2 acousticceslialso showed little relation to the mean
particle size. Again this may reflect the lack daeye range of sediment types within the site,
together with factors such as the amount of satfishell and the presence of sponge
influencing the acoustic response of the seabedieder, the three acoustic classes identified
through the cluster analysis showed consistencyhé sediment type contained within.
Previous studies have shown acoustic variabilitcdaespond with sediment particle size
(Collins et al. 1996, Pinn and Robertson 1998, Hamil&nal. 1999, Freitaset al. 2003b).
Many of these studies have had a wider varietyedirsent types within their study areas,

thus providing a larger spectrum across which tedalifferences.

Sediment particle size is not the only factor tteat affect the acoustic response of the seabed.
The density of sponge and the amount of surfidigllsalso helped describe the identified
acoustic categories in this study. Previously, atouwiversity in QTC View data has been
related to sediment particle size and the presencabsence of shell debris (Collins and
Galloway 1998). The presence of distinct benthimcwnities has also been shown to
influence the acoustic response of the seabeddhrbioturbation or the presence of surficial
organisms (Caddell 1998, Pinn and Robertson 19@#aBet al.2003a, Freitagt al.2003b).
High densities of sponge on soft sediment habdselpreviously been identified using SBES,
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based on increased energy in the tail of the 8dto return and decreased energy in the
second echo return, which can be related to ineckasughness and decreased hardness of
the seabed (Jordaat al.2005b). A similar pattern was observed in this gtud

The capacity to map sponge beds can have impdyéanaffits for the scallop industry. Sponge
habitat is vulnerable to impact from mobile fishirgpar, such as scallop dredges
(McConnaugheyet al. 2000, Kefalaset al. 2003). Thus knowledge on the distribution of
sponge beds can allow these areas to be excluded thie fishery, providing them with
protection. Within the Tasmanian scallop fishergllep densities are generally low within
areas of high sponge density (Haddral. 2005, Haddoret al. 2006). Thus the removal of
these areas from the fishery is likely to havéelittegative impact on scallop catch rates, and
may potentially lead to increased catch rates,tddess effort being directed to areas of low

scallop abundance.

The current study used an unsupervised classiicatpproach, where by clusters of similar
E1 and E2 values were identified using k-meangelungy and these were then related back to
the ground truth data in order to describe acoaltfiaistinct habitat types. An alternate
approach would be to use a supervised classifitagjoproach. Supervised classification
approaches identify acoustic signature for aredsnofvn habitat type and then use these to
classify the remainder of the data. Supervisedsiflagtion methods have been successfully
employed previously in seabed mapping (Sothataal. 1997, Foster-Smitlet al. 2004b).
One of the limitations of using a supervised ckaxsgion approach is that they force the
classification of data into the identified categsriwith varying degrees of uncertainty
(Foster-Smithet al. 2004b) As soft sediment habitats can have overgpgharacteristics and
poorly defined boundaries between them creatingzyfuzlasses the identification of
appropriate training sites can be problematic. ¥{hlbt attempted within this study, a full
supervised classification of the data presentedhia chapter would provide a useful

comparison to the unsupervised classification tesul

The use of SBES to map the distribution of sofireedt habitats at fine scales is also limited
by the resolution of the data both in terms of fib&print size of the acoustic beam and the
interpolation between adjacent tracks. The footmire of the acoustic beam increases with
depth, for example in the current study the ha#frbgower footprint size of the beam ranged
from 6.5 to 7.7 m in diameter across the depthearsyrveyed. Whist the footprint of the E1
integration was an annulus ranging from inner diamef 19.8 m to 23.6 m and an outer

diameter of 42.7-50.8 m. As the footprint increaese is a greater likelihood of integrating
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more than one habitat type in the acoustic reespecially in areas of heterogenous seafloor,
which will affect both the classification accuraayd also the hierarchical level at which the
habitat is able to be discriminated by the systéanther most of the acoustic energy is likely
to be coming from angles closest to the centrad dxie to the beam pattern of the transducer
thus changes in substrate composition at the edige of the footprint are less likely to affect

the measured acoustic response using these singpie.m

Ideally the footprint size needs to be significarginaller than the patch size of the substrate
being sampled (Browet al.2005b). Secondly, SBES data consists of a sefipsints along
the vessels path which need to be interpolatedfifllacoverage map is required. The track
spacing needs to reflect heterogeneity of the saflestwith the heterogeneity being at least
equal or greater than the track spacing (Br@tval. 2005b). In the current study the footprint
size was generally smaller than the patch sizehefdifferent features as identified by the
video, while the track spacing was at a scale n#ian the variability within the data based

on the variogram modelling.

3.5. Conclusions

This chapter examined the classification of SBE$a da the Substratum/Ecotype and
Modifier levels in the classification hierarchy. &leffects outlined in chapter 1 are likely to
have a greater impact over classification of SBEf at this level, as the separation between
acoustic classes was smaller than at higher lawetke classification, for example in the
previous chapter the acoustic classes were genaglarated by 10-20 dB (reef, sand silt),
where as in this chapter the acoustic classesaepdy less than 4 dB (subclasses of sand).
For this level of classification, maintaining a stant vessel speed and consistent weather
conditions for the duration of the survey is impoit As the study site had only a small depth
range and was generally flat (slope less than egee@) these two factors are likely to have
had little impact on the classification resultsyever the E1 and E2 ranges for the acoustic

classes may not be applicable to other areasferéift depth ranges.

The techniques developed in this chapter delinettiesk acoustic seabed classes, which
reflected differences in sponge density, mean sedlirparticle size, the amount of surficial
shell, and depth. None of these categories relaiedreas of high scallop abundance as
inferred from fisheries data. However, the disttibo of fishing effort reflected the spatial
distribution of these acoustic classes and the niyidg bathymetry, with the areas of highest
fishing effort located in a narrow depth range gldhe boundary of two of the acoustic

classes.
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Chapter 4. Acoustic detection of urchin barren habitat for
broad scale distribution assessment

4.1. Introduction

Rocky reef systems are an important source of pyirpeoduction in temperate waters, and
support a large number species including many cawially important fish and invertebrate
species. Much of the primary production is linkedarge macroalgae beds which occur in
the photic zone. Sea urchin barrens are an alteen&iabitat (at the modifier level of
classification) state to algal dominated reef aadehbecome increasingly common in many
temperate regions throughout the world (Lang andiiMB976, Mann 1977, Chapman 1981,
Himmelmanet al. 1983, Miller 1985, Hart and Scheibling 1988, Hamisd Tyrrell 2001,
Gagnonet al. 2004, Lauzon-Guay and Scheibling 2007), and hase heen recorded in
Australia (Andrew and O'Neill 2000, Fowler-WalkendaConnell 2002). The destructive
grazing of sea urchins on kelp beds can lead toctexhs in both productivity and diversity
on shallow temperate reef systems (Gagabvml. 2004). These reef systems often support

valuable fisheries that are adversely affectechydevelopment of barrens.

In the past few decades there has been an increasehin barren formation in Tasmania
(Edgar 1997). The common sea urctheliocidaris erythrogrammgahas been responsible for
the formation of barrens in many sheltered baysdgiMame and Johnson 2005), while the long
spined sea urchinCentrostephanusodgersii, has been progressively undergoing a range
extension along the Tasmanian east coast, restutdtipgrrens in more exposed and previously
productive areas of the coastline (Johnsbal.2004). Previous attempts to document urchin
barren distribution on the east coast of Tasmaaig leither focussed on characterising the
broad scale trends in depth distribution (Johrestoal. 2004, Jordaret al.2005a, Jordaet al.
2005b) or the fine scale structure of the barrgaainterface (Johnsa@t al.2004).

Commonly visual and optical techniques are usedetect algae and barren distributions on
reef substrate; including diver surveys (Johnebal.2004), underwater video (Jordahal.
2005a, Jordaet al.2005b), and airborne remote sensing (Simms and iB@t®1). The use
of diver and video surveys provide highly detailatbrmation on the species composition
within a given area; however these techniques anemlly limited in their spatial coverage.
On the other hand, airborne optical remote senséupniques can provide broad scale
coverage but have limited penetration into to watdamn due to the rapid absorption of light
by water, with maximum depths generally less th@mifor the identification of algae on
reef (Simms and Dubois 2001). As urchin barren e éast coast of Tasmania generally
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range from between 5 and 25 m depth (Johretoal. 2004), the use of airborne optical
remote sensing is clearly limited in its applicati@ urchin barren mapping. There is a need
for techniques to be developed that have the chptriidentify the distribution of urchin

barrens across broad geographic regions and dapges.

Single beam echo sounders (SBES) have been exgnsiged for substrate mapping
(Greenstreeet al. 1997, Kloseret al. 2001b, von Szalay and McConnaughey 2002, Freitas
al. 2003b, Foster-Smitket al. 2004a). Commonly SBES have been used to map the
distribution of soft sediment habitats (Greenstegetl. 1997, Morrisoret al.2001a, Ellingsen
et al. 2002, Freitagt al. 2003a), map the distribution of soft and hard sabs (Kloseret al.
2001b, Pickrill and Todd 2003, MacKinsaat al. 2004), or map the distribution of biota
(Pickrill and Todd 2003, Hutiet al. 2005). Several studies have reported on the cgpeaicit
SBES to detect the presence of algae as part sé ttlasses (Andersat al. 2002, Foster-
Smith and Sotheran 2003). With the commercial SubateAquatic Vegetation (ECOSAV)
module from BioSonics designed for detecting un@gew vegetation using their SBES
(Sabolet al. 2002). Limited work has also been done on devefppicoustic signatures for

common algae based on SBES data (Populus and Re€ro).

In the transition from native algae to barren géaamount of biomass is removed from above
the seafloor (Tegner and Dayton 2000). On the ezt of Tasmania the algRayllospora
comosaand Ecklonia radiataare the most common algae in the depth range cotymo
affected by urchin barrens (Jordainal.2005a, Jordaet al.2005b, Lucieeet al.2009). Both
these species can form dense canopies up to 2 we dahe seabed?. comosaalso has
numerous small gas filled floats along its cengab, the impedance mismatch between the
water and the air within these floats would be exge to provide a strong target for detection
by a single beam echo sounder. This suggestshbia should be a difference in the acoustic
response above the seabed (sounder detected bdietmeen algal dominated reef and

barren reef.

Previous studies that have identified algal donedateef have been based on proprietary
systems including RoxAnn and QTC (Andersral. 2002, Foster-Smith and Sotheran 2003).
These systems identify statistical differences hie aicoustic return based on a series of
acoustic indices. The RoxAnn system does not iraratp the region above the sounder

detected bottom, while the QTC system does incatpaome parameters such as the rise of
the first echo. Clearly while these systems haeectipacity to identify reef with algae from

non algal reef they are potentially not optimisedthe task. The BioSonics ECOSAV module
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on the other hand, does focus on the region abowes¢abed, with this system shown to
successfully map seagrass distributions (BioSoi8ebolet al. 2002). Species of algae with

gas filled floats are expected to be strong acouatgets, where integration of regions of the
acoustic response above the seabed may lead & begfmentation of algal dominated reef

and barren reef.

This chapter focuses on the modifier level of thexdrchical classification system presented
in Chapter 1 (Table 1.1). A simple acoustic metfaydsegmenting algal dominated reef from
barren reef based on the processing of single beam sounder data is presented. The
method involves the integration of the acoustipoese above the seabed. The classification
accuracy of this method is compared to that usiadjtional RoxAnn E1 and E2 indices (See
Chapter 2 Section 2.2.3 for background on thesécesyi The echo shape method is
compared across two sites, one characterised bplesitow profile reef, while the other
characterised by complex high profile reef. Finathe usefulness of acoustic techniques for
algae/barren mapping is investigated in terms ittt algal cover and algal and barren patch
size on the east coast of Tasmania.

4.2. Methods
4.2.1. Study Site

Two regions were sampled in this study, one forettgyment of methods (Lords Bluff), and a
test region (Grants Point) (Figure 4.1). The meshddvelopment was conducted at Lords
Bluff, on the east coast of Tasmania. The reef tsatesat this location was known to have
both urchin barren and dense stands of native gMalentine and Johnson 2003, Pederson
and Johnson 2008). The reef was low profile angedrfrom shore to a maximum of 15 m
depth. The conditions at the time of the surveyeweslm to maximise the quality of the
acoustic data. Two grounds within this site wenesayed, one where the urchin barren was

known to be extensive and the other where standatofe algae dominated.
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Figure 4.1. Location of the two study sites at Lord Bluff and Grants point on the east coast of Tasnméa.
The signature development was then tested on dd&xied at a Grants Point, St Helens, on
the upper east coast of Tasmania. This location etasacterised by complex and steep
granite reef, which extended to at least 30 m defdfain this site was known to have a mix
of large urchin barrens and dense native algal bmnsoret al. 2004, Jordaret al.2005a).

The conditions at the time of the survey were calm.

4.2.2. Field Surveys
The Lords Bluff site was surveyed using a comboratof single beam acoustics and
underwater video mounted on a 6.5 m aluminium eS8V Nubeena )l A series of
parallel transects approximately 20 m apart were aaross the depth gradient using each
system (Figure 4.2). Acoustic data were collectedgia calibrated Simrad ES60 single beam
echo sounder. A 120 kHz A®eam width transducer was pole-mounted to the sidbe
vessel directly beneath a differential GPS antefiih@ echo sounder ping rate was set at 2
pings per second, with a pulse length of 0.256 nt @ower output of 100 W. The echo
sounder was calibrated using a standard tungsterdessphere (Footet al. 1987). Positional
information was acquired using an Omnilite 132 atéitial GPS, providing positional
accuracy of + 0.9 m r.m.s.. Vessel speed was magdat 3 ms for the acoustic surveys.
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Figure 4.2. Map of the Lords Bluff study site showig the acoustic transects (black) and the video
transects (red).
Underwater video was collected using a single Cd@ital underwater video camera
(MorphVision, NSW), mounted in a heavily weightealvish and suspended below the
vessel on a tow rope. The position of the camesgesy was monitored on the echo sounder
to ensure it was beneath the vessel and maintaihegproximately 1 m above the seabed
using an electric winch. Vessel speed was maindai®.7 me to ensure the camera system
remained directly beneath the vessel. Positiorfaknmation from the differential GPS was
directly overlayed onto the video signal and atsgged to computer as a text file. The video
data was recorded to miniDV cassette. Approximatehour of video was collected across

the two sites.

The Grants Point site was surveyed with the samestic and video systems as the Lords
Bluff site, as part of a baseline mapping projécseries of parallel transects approximately
60 m apart were run across the depth gradient ub@gcoustic system. Several of these
transects were also replicated using the underwatkEo system to provide ground truth

information.
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Figure 4.3. Map of the Grants Point study site shoing the acoustic transects (black) and the video
transects (red).

4.2.3. Data Analysis
Still images were captured from the underwater witt®tage at a rate of 2 frames per second
(separation ~0.35 m). The images were analysegdorentage algal cover using a point
intercept method. A 7 x 7 grid (49 intercept pointgas overlayed on the images and
percentage algal cover calculated according tontimaber of intercept points with algae
present. The image data were then classified bereitense algae, where there was greater
than 75% cover of macroalgae; barren, where thaseless than 5% cover; or partial barren,
where the cover fell between these two classes. cldssified percentage cover data were

recorded onto the vessel track log for comparisith the acoustic data.

The calibrated ES60 acoustic data were correctedriangle wave (Section 2.2.2) and
imported into Echoview 3.30 for post processinge TES60 line pick algorithm failed to
adequately detect the bottom in areas of denseec.alffae sounder detected bottom was
redefined using the line pick algorithm maximum 8ith backstep using the parameters
outlined in Table 4.1. Acoustic indices of seabedghness (E1) and seabed hardness (E2)
were calculated based off the sounder detectedrhaising the methods outlined in Section

2.2.3. The indices were calculated for each ping.
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Table 4.1. Settings used for Maximum Sv with backep algorithm in Echoview, used to calculate positio
of sounder detected bottom.

Setting Unit Value
Maximum Sv for good pick dB -25.00
Discrimination level dB -15.00
Backstep range m -0.15
Start depth m 2.00
Stop depth m 20.00

The E1 and E2 indices are integrations of the dhithe first seabed echo and the entire
second seabed echo and, as such, potentially bavgensitivity to objects above the seafloor.
A technique was developed to compare the shapdeofetho return above the sounder
detected bottom. A series of 12 integration regiaese defined around the echo sounder
detected bottom (SDB) in Echoview 3.30. These mregiwere defined by the pulse length in
water (@) 0.35 m, with six regions defined above the SDB aix regions defined below the
SDB (Table 4.2). The average integral of each ef¢hregions was calculated in Echoview
3.30 using a 1 ping grid. The integration resulesavexported to a text file for comparison
with the video analysis.

Table 4.2. Definition of integration regions for ebo shape, upper and lower bounding lines as definday
an offset from the sounder detected bottom (SDB).

Integration region

Lower limit (m)

Upper limit (m)

-6 pulses SDB - 1.74 SDB - 2.09
-5 pulses SDB - 1.39 SDB - 1.74
-4 pulses SDB - 1.04 SDB - 1.39
-3 pulses SDB - 0.70 SDB - 1.04
-2 pulses SDB - 0.35 SDB - 0.70
-1 pulse SDB SDB - 0.35
+1 pulse SDB +0.35 SDB

+2 pulses SDB + 0.70 SDB + 0.35
+3 pulses SDB + 1.04 SDB + 0.70
+4 pulses SDB +1.39 SDB + 1.04
+5 pulses SDB + 1.74 SDB +1.39
+6 pulses SDB + 2.09 SDB + 1.74

The acoustic indices (E1 and E2) and the echo skape were imported into the GIS
platform ArcView 3.2a. Within the GIS, the acoustiata was merged with the classified
video data. To ensure spatial overlap the videoaudistics were only merged if they were
within 1 meter of each other and the video showaddgenous classification for greater than
5 meters in either direction of the point. Thisuleed in a series of 515 points that
encompassed both barren and algal dominated rdebaged between 2 and 12 metres depth.

These points were used to examine the acoustiomespof these two habitat classes.

4.2.3.1. External validation site
The echo shape methods developed in the firstgbdhis study were then tested at a second

site, Grants Point, at St Helens, on the centrstl @@ast of Tasmania. The Grants Point study
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site was characterised by more steeply sloping,raoiie complex reef than the Lords Bluff
site. The reef at the Grants Point site also exdérmtteper than at Lords Bluff, to at least 30 m
depth, thus allowing the testing of the echo shapéhod in deeper water where algal cover
was potentially lower. A series of co-incident astiei and video transects from St Helens
were analysed using the methods developed at RitdE As for the Lords Bluff site only
acoustic and video points within 1 meter of eadteoand at least 5 m of homogenous habitat
were used, resulting in a total of 520 points f@mparison.

Initial trials showed low classification successta Grants Point site compared to the Lords
Bluff site, which was attributed to poor performanaf the Maximum Sv with backstep
algorithm in attributing the sounder detected hutia the complex reef more steeply sloping
reef. This resulted in parts of the seafloor bemntggrated into the echo shape parameters and
thus affecting the echo shape parameters. A seemtidod to improve the bottom detection

was trialled, which involved a series of maskingpstwithin the Echoview software.

Firstly, the sounder detected bottom was smoothed @ 5 point moving average, the water
column was then masked out at 1 m above the smbabender detected bottom. A user
specified threshold (-25 dB) was then applied ®ritasked echogram, where by any sample
over the threshold was assigned a true class,andaample below the threshold was assigned
a false class. The -25 dB threshold was chosemiagdpresented the maximum value of
detected algae Sv values from the Lords Bluff sitleile still being below the maximum Sv
level of the sounder detected bottom. The thresihm@dk was then used to mask a generated -
10 dB echogram (which was an arbitrary value chasdre below -25 dB maximum Sv level
used in Maximum Sv with backstep algorithm). Fipdhe line pick algorithm, Maximum Sv
with backstep, was used to pick a line over this mehogram using the original settings
given in Table 4.1. The echo shape parameters therecalculated off this revised sounder

detected bottom.

In order to examine the spatial structure of atfyahinated and barren reef habitat, video data
from the east coast of Tasmania was analysed ®sfdbe average patch size of urchin
barrens and to get a better understanding of algaér by depth. A series of 126 video

transects collected across reef substrate wergsath(Figure 4.4).
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Figure 4.4. Location of 126 video transects (red dg) along the east coast of Tasmania used to estitma
algal cover by depth and urchin barren patch size.

The algal cover was estimated based on the pratamatined in Chapter 6.2.4.2.1. This
involved analysing a set time period (4 secondsyid¢o every 10 seconds and attributing
algal cover to the nearest 10% based on visualpirgttion. The mean depth for this time
period was then attributed to the algal cover diaian the synchronised echo sounder data.
The algal cover data was used to examine trenddga cover by depth which could be
related back to urchin barren depth distributionhéré urchin barrens were present, the
videos were scored on a frame basis as either diyaeated reef or barren reef according to
the same analysis techniques outlined above folotigls bluff site. The patch size of barren
reef was calculated as the average distance oincmis barren observed on video and was
based on the distance along the transect.

4.3. Results

4.3.1. Acoustic signature
The acoustic indices E1 and E2 displayed a largauatof overlap between algal dominated
reef and barren reef (Figure 4.5). The means oEthendex for algae dominated reef (38.3 £
2.7 dB rel(m nmi?) and barren reef (35.7 + 3.0 dB ref(mmi?)) were found to be
significantly different at the 0.01% level basedtdasts. Similarly the means of the E2 index
for algal dominated reef (38.6 + 2.3) and barreef 1@1.3 + 2.0) were also found to be
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significantly different at the 0.01% level basedtearsts. Confidence ellipses, encompassing
95% of the data, were separately defined for tgalalominated reef and barren reef E1 and
E2 clusters. The area of overlap between thesecom@idence ellipses contained 69% of all
algal dominated reef points and 79% of all baresf points. Only 30% of algal dominated
reef points and 18% of barren reef points fell egislely within corresponding confidence
ellipse. The remaining points for each class weilassified. Hence the E1 and E2 indices
were of little use for classifying acoustic dateialgal dominated reef and barren reef.
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Figure 4.5. Scatter plot of average acoustic respea (E1 and E2) of algae dominated reef (red squarajhd
barren reef (blue diamond) showing a high degree afverlap between the two categories.

When the E1 and E2 data was classified based onatigdence ellipses the classification
was dominated by the mixed class (Figure 4.6). Tiote there was a statistical difference
between the mean E1 and E2 for algal dominatedamebarren reef, this could not be used
to segment the two classes successfully due téatge amount of overlap between the two

classes.
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Figure 4.6. Predictive maps of urchin barren distrbution at the Lord's Bluff study site based on

classification of the single beam acoustics based B1 and E2 indices. Red dots represent the algdhbss,
blue dots represent the barren class, while grey dorepresent where the two classes overlap.

The comparison of echo shape of barren versus digalinated reef showed the greatest
difference between -2 and -3 pulse lengths abogestlunder detected bottom (Figure 4.7).
This represents differences in the echo return fiteenalgae and associated biota between the
two habitats. The tail of the echo below the soundetected bottom showed little
differentiation between the two habitats. By -6 seulengths above the sounder detected
bottom the average values of each of the habitate \@gain similar approximately -80 dB
(Figure 4.7). There was little difference in the mnmediately above the sounder detected
bottom, possibly due to partial integration of pawf the much stronger bottom echo in this

bin saturating the return and masking the diffeedoetween the algae and barren signal.
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Figure 4.7. Comparison of average echo shape forgal dominated reef (red line) and barren reef (blue
line) in 5 — 10 m depth range. Error bars give thestandard deviation. Horizontal x axis gives the disince
above and below the sounder detected bottom in padengths. One pulse represents 0.35 m in seawaser
a sound speed of 1500 riis

The data from the integration of the regions defity -2 and -3 pulse length above the
sounder detected bottom were used to classify¢bestic data into algal dominated reef and
barren reef. Based on these indices the algae ddadimeef and the barren reef separated out
into two separate clusters (Figure 4.8). As for B and E2 data, confidence ellipses
encompassing 95% of the data were separately defoethe algal dominated reef and
barren reef clusters. The degree of overlap wasifgigntly less for the echo shape data
compared to the E1 and E2 data (Figure 4.5, Figu8e For both the algal dominated reef
and barren reef classes, 79% of points fell exeihgiwithin their corresponding confidence
ellipses, a further 15% and 16% of points fell e toverlap between the two confidence
ellipses respectively. The echo shape parametéreedeby the integration of regions -2 and -
3 pulse lengths above the sounder detected botenm wsed to segment the acoustic data into

algal dominated reef and barren reef.
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Figure 4.8. Scatter plot of integration values for2 and -3 pulse lengths above the sounder detectedttom.
Points are colour coded based on the video classdtion, with the red points representing algal dommated
reef and the blue points representing barren reefThe red and blue ellipses indicate the 95% confide®
ellipses for the algal dominated reef and barren ref respectively.

The classified video and acoustic data were usembmstruct predictive maps of the urchin
barren distribution (Figure 4.9). These maps hgdttlithat the urchin barren algal interface
becomes deeper from the western to the easterrofite study site. The urchins appear to
be better adapted at grazing the al@axlonia radiata which is replaced by the algae
Phyllospora comosa shallow more exposed water. Thus the pattetvaafen formation is a
reflection of the algal distribution, which in tureflects an increase in exposure from the

more sheltered western part of the bay to the egeastern point.
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Figure 4.9. Predictive maps of urchin barren distrbution at the Lord's Bluff study site based on (A)
classification of the towed video and (B) classifition of the single beam acoustics based on the eckhape
parameters SDB-2 and SDB-3. Red dots represent algdominated reef, blue dots represent barren reef,
while grey dots represent where there was a mixturef algae and barren reef.

4.3.2. External validation
The echo shape method was tested at a second &tarts Point on the upper east coast.
This site was characterised by more complex reéénelkng to 30 m depth. The initial
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calculation of the echo shape parameters, basdlaeddaximum Sv plus backstep algorithm,
produced low classification success, with 61.1%lbpoints successfully classified. The algal
dominated reef was classified successfully 86.4%hef time, while the barren reef only
45.3% of the time (Table 4.3). This was attributedhe poor performance of the line pick
algorithm used to calculate the sounder detectéinan the more complex reef at this site,
resulting in significant parts of the seafloor lggincluded in the echo shape parameters. The
reef at this site was more complex and generadlgpsr than the reef at the Lords Bluff site.
As shown in Chapter 2 slope of substrate can affextcoustic return from the seaflpior

this case the slope of the seafloor resulted itspafrthe seafloor to be integrated above the

sounder detected bottom.

Table 4.3. Classification accuracy of echo shapegalrithm based on sounder detected bottom (Maximum
Sv with backstep) for urchin barren/algal dominatedreef segmentation at the Grants Point study site.

Echo shape classification

Algae Barren
Video Algae 86.4% 13.6%
classification Barren 54.7% 45.3%

An alternate method was used to calculate the soudetected bottom, referred to as the
revised sounder detected bottom. A second set lnd sbape parameters were calculated
based on the revised sounder detected bottom. [&ksifccation accuracy increased to 86.4%.
The classification accuracy for algal dominatedf,reeduced to 72.2%, while the

classification accuracy for barren reef increase@t 3%.

Table 4.4. Classification accuracy of echo shapegalrithm based on revised sounder detected bottom rfo
urchin barren/algal dominated reef segmentation athe Grants Point study site.

Echo shape classification

Algae Barren
Video Algae 72.2% 27.8%
classification Barren 5.7% 94.3%
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Figure 4.10. Predictive maps of urchin barren distibution at the Grants Point study site based on (A)
classification of the towed video and (B) classifition of the single beam acoustics based on the ecthape
parameters SDB-2 and SDB-3 (revised sounder detedtébottom method). Red dots represent algal
dominated reef, blue dots represent barren reef, gy dots represent where there was a mixture of alga
and barren reef, and small black dots represent trasects across sand habitat.
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4.3.3. Algal cover and barren patch size
To gain a better understanding of the trends ialaigver and urchin barren patch dynamics
on the east coast of Tasmania a series of 126 widasects were analysed. There was a trend
for reduced algal cover with depth. Between 0 gopt@imately 30 m depth the algal cover
was high (average cover between 75% and 95%) @igurl). Below 30 m the algal cover
rapidly decreased to below 50%, and by 35 — 40 pthdeas less than 25%.
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80% -+
70% +
60% -+

50% -+

% cover

40%

30% -+
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Depth bin (m)

Figure 4.11. Average algal cover for Tasmanian easbast reefs based on analysis of 126 video trantec
(error bars indicate s.e.).

In the 126 video transects 26 urchin barrens wbeemwed. The average barren patch size of
these barrens, which was calculated as the distahcentinuous barren recorded on the
video were 79.3 m £ 10.8 m. The largest barren wlesewas 197 m, whilst the smallest was
only 17 m across. It should be noted that smalteipient barrens were observed, where
urchins were grazing down the algae, however aettstes algae was still present albeit in
low amounts, such that they were not recorded laddren. The size of urchin barrens will
have an influence on the sampling regime requioeadequately recreate barren distribution
from acoustic mapping.

4.4. Discussion

A simple method for the segmentation of algal dated reef from barren reef was presented

in this study. Integration of the acoustic dataeldasn regions defined by 2 and 3 pulse

lengths above the sounder detected bottom showedatigest separation between algal

dominated reef and barren reef. Classification es¢or algal dominated reef and barren reef
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was 79% for each class at the Lord Bluff site aB% for algal dominated reef and 94% for

barren reef at the Grants Point site.

The use of standard acoustic indices, E1 and EQvepr insufficient to separate algal
dominated reef from non-algal dominated reef. Thed&es are based on integration of the
first and second echo returns, which are genenallyenced by the acoustic roughness and
acoustic hardness of the seafloor (Chivers 1990gavtan et al. 1995). While algae can
affect the amount of energy reflected and the escag of that energy due to increased
rugosity (Andersoret al. 2002), the rugosity and composition of the undadysubstrate

generally has the greatest influence on the El1EEhdalues.

The largest differences between the alga dominatetibarren reef were between 2 and 3
pulse lengths above the sounder detected bottomhwguates to 0.384 m to 1.152 m above
the sounder detected bottom. This region corresptmthe area of maximum algal biomass.
The typical algae occurring along exposed coasastern Tasmania akeklonia radiata

andPhyllospora comosavhich attain maximum heights to 2.5 meters (Edg#®7), however

more typically the algal canopy extends 0.5 — 1.8hove the seafloor. Integration of the bins
above these generally resulted in a less distegamtion between the algal and barren reef,

presumably as many of the algae do not reach istiante above the seafloor.

Integration of components of the echo return abdke sounder detected bottom,
corresponding to the region of macroalgae, werewshto be highly effective in the
segmentation of algal dominated reef from barrei. i@everal commercial acoustic systems
have used components of the echo above the sodatimted bottom. These include the QTC
View system, which applies a series of algorithmghe first echo return to create a series of
166 echo parameters (Collins 1996, Freagasl. 2003b), and the BioSonics system with its
EcoSAV module (Thorne 1998, Salatlal.2002).

The 166 echo parameters calculated by the QTC ¥iestem include parameters on the rise
of the first echo, which based on this researchldvbe the parameters most likely to show
differences between algal dominated reef and baeh However, as the parameters are
reduced using PCA as part of the classificatiorcgss, and are rarely reported upon in the
literature, this has not been explicitly shown tiois system. Andersoet al. (2002) reported
that maximum values in the principal component @d eninimum values in the principal
component Q2 related to macroalgae on reef, higtiig that within some of 166 echo
parameters there is the capacity to differentidgmea The QTC View system has been

reported to have classification accuracies arol¥d tr seagrass, algae and bare substratum
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(Fosteret al.2006).

The BioSonics ECOSAV system on the other hand 8pally targets the area above the
sounder detected bottom. This system has beenssfaltg used to map vegetation height
and density from soft sediment substrates (BioSoa@01, Saboét al. 2002), however has

had little published application to the assessnoéntegetation or reef. As part of ECOSAV
module, specific algorithms have been developennfrove the bottom detection in dense
submersed aquatic vegetation (Sabol and Johnst@l).20he quality of the sounder detected
bottom was shown to have a strong influence onctpacity of the echo shape method to

segment algal dominated reef from barren reef,aalbein areas of complex reef.

The sounder detected bottom is an estimation o$titeegest echo return, which is generally
assumed to come from the seafloor. A back stegdté&n ased to account for the spherical
shape of the acoustic wave front. However, in @etases significant portions of the seafloor
echo may occur above the sounder detected bottusnjg especially the case where the
seafloor is complex or steep (von Szalay and Mc@aghey 2002). In these cases, echo
return from the seafloor may be included in intéigraabove the sounder detected bottom.
The integration of echo return from the seaflo@uteed in low segmentation when using the
first echo shape parameter above the seafloorgwhis was less of an issue when using the

echo shape parameters defined by 2 and 3 pulssto#bove the sounder detected bottom.

At the Grants Point site the algorithm initiallyegasto define the sounder detected bottom
performed poorly in the steep and complex reeljltieg in large amounts of seafloor echo
return being included in the calculation of the ®dhape parameters, which reduced the
classification success of this method. The slopehef reef at the Grants Point site was
generally greater than the slope of the reef attrds Bluff site, and as shown in Chapter 2
slope can affect the acoustic return from the sgalbeen in this case where the target of the
acoustic integration was above the seafloor, ththods had to be refined to account for the
steeply sloping substrate. Improving the fit of #oeinder detected bottom to the data using a
revised bottom detection method resulted in inardatassification success.

Algal cover was shown to decrease with depth onetis coast of Tasmania. There was a
gradual decrease from 95% to 75% between 0 m ama @€pth, with a rapid decrease to less
than 50% cover below 35 m depth. The echo shapkatiethowed no depth bias for the 0 —
30 m depth range tested at the Grants Point gitem Fhe literature, the majority of urchin
barrens on the east coast of Tasmania occur beti®and 25 m depth (Jordahal.2005a),

however barren have been recorded down to 35 nhddphnsoret al. 2004). Clearly the
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deep edge of some barrens extends below the ardanst algal growth, which will have
some implications for the acoustic detection o$ thilge. However in the current study there
appeared to be no depth related effect on theifitaté®n accuracy of the echo shape

technique.

The echo shape technique developed in this chaerable to segment barren reef from
algal dominated reef where there were dense staihl#sge macroalgae. However it is not
uncommon for turfing algae or encrusting invertédsao dominate temperate reefs within
some areas of Tasmania (Edgar 1984, Luckel. 2009). Many of these turfing algae and
encrusting invertebrates are low growing and walt provide an acoustic target sufficiently
high in the water column for the echo shape apprdaacdetect. The currently documented
range for the sea urch®entrostephanus rodgersiccurs predominantly down the east coast
of Tasmania, where the large macroalgae are thandomspecies in the 0 — 30 m depth
range (Johnsoat al.2004, Jordaret al.2005a, Lucieeet al.2009). Another possible source
of error when using the echo shape technique ispibe&sibility of fish schools being

incorrectly detected as algae.

Fish with swim bladders provide strong acoustigets (MacLennan and Simmonds 1992).
Within Tasmania fish such as the butterfly per€hgsioperca lepidopteracommonly form
dense schools over reef habitats (Edgar 1997).d&ld this species show up strongly on the
echo sounder trace. Generally schools of this epeatcur high enough off the seabed that
they will not be detected using the echo shapenigale. However there is the possibility that
these or other fish may be misclassified as alfjhes highlights the need for ancillary data,
such as video, to confirm acoustic classificatiansl reduce the risk of errors in the final

classification.

The use of SBES for the mapping of urchin barreesgnts advantages over many existing
techniques. Towed underwater video is a common flmohssessment of subtidal habitats
(Norris et al. 1997, Barkeret al. 1999). While towed video can be very useful for the
identification of dominant biota and underlying strate, it is not a practical tool for the

systematic surveying of large geographic extentste purpose of mapping. The acoustic
system employed in this study could operate atdgpe® to 6 times faster than the video
system. Further, video has a large overhead instefrpost processing, with analysis of video
being a labour intensive and time-consuming tasle ® these limitations, underwater video
Is more commonly used to support other mappingsystsuch as acoustics, providing highly

detailed information on species and structureddrathe interpretation of the acoustic data.
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Alternatively satellite based optical remote segginandsat TM and SPOT HRV) has been
used to map the distribution of kelp from kelp freef (Simms and Dubois 2001). These
optical techniques were limited to a maximum deytB-7 meters. The attenuation of light in
water is much greater than that of sound. Thistlicain be decreased by factors such as
increased turbidity and sun glint (Mount 2005). tuncbarrens have been recorded to depths
of 35 m in Tasmania, with the inner margin on exabsoasts between 5 and 10 m depth
(Johnsoret al. 2004, Jordaret al.2005a). Hence the application of optical remotess®nis

not appropriate for mapping these features.

There are limitations associated with the use ofiatic methods for urchin barren mapping.
SBES data need to be interpolated to produce agmis coverage maps which are generally
the desired result of mapping as they are easigntégpret than a string of classified points.
Generally inverse distance weighting (IDW) and kKrgghave been suggested as the most
appropriate techniques for interpolation of SBE&ad&uanet al. 1999, Valleyet al. 2005).
Regardless of the interpolation technique used, fthal detail and accuracy of any
interpolated map will still be reliant on the distition and density of the base data. For SBES
surveys this can be increased in one of two wadgsgarack through increased ping rates and,
more importantly, through an increased number oélf transects. Given that the average
size of barrens on the east coast was calculateed jast less than 80 m wide, transect spacing
required to capture this level of patchiness wondstd to be less than 80 m. This has
important ramifications for sampling efficiency, asaller transect spacing will lead to an

increased cost to sample the same area due tdditeaal field time required.

4.5. Conclusion

The methods develop in this chapter were able ¢tvige consistent segmentation of algal
dominated reef from barren reef, which is at thediner level of the hierarchical
classification system. The ability to use SBES tapmat this level of the classification
hierarchy opens the way to produce detailed spegfalesentations of biologically relevant
habitats in a relatively quick and cost effectivarmer when compared to diver surveys or
towed video. There types of maps have relevancéidtogical conservation, fisheries

assessments and ecological modelling.

Baseline information on the extent and distributadnurchin barrens is important for both
their long term monitoring, and to gain a bettedenstanding of the mechanisms involved in
their establishment and growth. The use of acoggstems to survey the extent of barren and

algal dominated habitat provides a tool for thadassessment urchin barren distribution at a
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broad scale. The acoustic segmentation techniqegslaped in this chapter will allow
barrens to be identified in a consistent and qtetive manner, providing a baseline of

algae/barren distribution for comparison over time.
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Chapter 5. Acoustic Detection of Macrocystis

5.1. Introduction

Temperate reef ecosystems of southern Australipastipa diverse range of macroalgal
species, dominated by kelps (order Laminarialed)fanoid algae (order Fucales). Variability
in algal abundance and composition on reefs aleented by physical factors including

depth and relief, level of exposure, siltationhtignd hydrographic conditions, and biological
factors such as sea urchin grazing and availabilitglgal recruits (Kennelly 1995). Kelp

assemblages play an important role in ecosystetitum adding to primary production and
habitat complexity (Steneait al.2002).

Species oMacrocystisare one of the key habitat forming kelps on terafgereefs along the
west coasts of North and South America and atesesttiocations in the southern hemisphere
including South Africa, southern Australia, New Beml and several subantarctic islands
(Stenecket al. 2002). In southern Australian waters, two specie®acrocystisoccur. M.
pyrifera occurs along the east and south coasts of Tasmaile M. angustifoliais limited

to northern parts of Tasmania and parts of theovi@h and South Australian coasts (Edgar
al. 1997). The species are commonly known as giamtgskelp as they can reach up to 45 m
in length and grow down to 30 m depth (Stenetlal. 2002, Edwards 2004). Both species

often appear as a distinct surface canopy.

Throughout much of its distributiokacrocystisexhibits seasonal variations in growth. At
high latitudes growth is limited by light availabyl during winter (Hurdet al.2004), while at
low latitudes growth is limited by high water temgieire and reduced nutrients during
summer (Brownet al. 1997). The Tasmanian kelp exhibits a similar growéttern, with
maximum growth in the winter months when cold, muir rich, sub-Antarctic water
dominate the coast, followed by dieback in the semmonths when the warmer, nutrient
poor East Australian Current (EAC) waters domin@&dyvane 2003). There are also large
interannual variations in the growth of this speq8teneclet al.2002), particularly off the
Californian coast where variability has been raldte EI Nino-Southern Oscillation (ENSO)
and Pacific Decadal Oscillation (Kinlan 2003). Mdisictuations in kelp abundance are in
response to changes in environmental conditiotBerincreased water temperature and/or
decreased nutrients (Tegner and Dayton 1987, Gebak 2002, Steneckt al.2002). Losses
can also result from catastrophic storm events if&nand Dubois 2001) and increased
turbidity (North et al. 1993). Similar fluctuations iMacrocystisabundance are known to

occur in Tasmania, with losses attributed to trewaased dominance of warm nutrient-poor
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EAC waters associated with ENSO events (Edyvan&)20the ecological consequences of
such fluctuations can result in changes in commustiucture, with implications including a
decrease in commercial fish stocks and an increasgchin barrens (Tegnest al. 2001,
Kinlan 2003).

Aerial photography and satellite remote sensingehaammonly been used to monitor kelp
distribution and estimate standing crop (Jereteal. 1980, Deysher 1993, Simms and Dubois
2001). These systems use optical sensors, eittmircmfrared or multispectral to image the
kelp, all of which are limited by light attenuatiomwater, restricting their detection ability to
the surface or the first few metres of the watdurmm. Satellite remote sensing has been used
to differentiate kelp down to 7 metres of watern{8is and Dubois 2001), although more
commonly aerial photography is used to map onlysilnéace canopy of kelp beds (Noeh

al. 1993). Such measures of surface canopy have besh ass an estimate of giant kelp
biovolume or biomass (Nortlet al. 1993) and these estimates are usually the basis for

assessing temporal variations in kelp abundance.

As aerial remote sensing techniques do not effelgtidentify the sub-surface component of
the giant kelp bed, many estimates of biovolume miagerestimate kelp abundance. For
example, large-scale dieback of giant kelp occuaietg sections of the Baja Californian

Coast during the El Nino of 1997-1998. However aepl water (25 - 40 m) off the coast of
northern Baja California the giant kelp was largehaffected during this warming event due
to local hydrographic conditions, but was not detele with traditional remote sensing

methods (Ladah and Zertuche-Gonzalez 2004).

Estimates of giant kelp abundance from aerial pirajohy can also be influenced by seasonal
variability in canopy abundance, storms, tides amdents. Estimates of maximum kelp bed
area from a series of surveys have been used twedthis variability (Northet al. 1993).
However this can be a costly exercise and oftenuregs are only available for a single

survey.

An alternative remote sensing technique to estirsa¢idal floral abundance involves the use
of underwater acoustics, with early research fomdissn the detection and measurement of
plant height, and biovolume or biomass for speoksquatic macrophytes (Duarte 1987,

Thomaset al.1990).

Macrocystishas a large number of gas filled floats (pneumgtisy along the length of its
main axis. These floats are typically 1-2 cm imaiéder and there can be 20 to 30 floats on an

average size plant (Zimmerman and Robertson 198®se floats act as air water interfaces
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of high acoustic impedance resulting in high adoushergy backscattered to an acoustic
system (MacLennan and Simmonds 1992). This sugfestMacrocystisis an ideal species
to be detected using active acoustic techniques.

Underwater video is an alternative technique thay tne used to detect submerged aquatic
vegetation (Norriet al. 1997). The use of video allows direct identificatiof plant species.

As video is an optical tool, it is limited by lighttenuation in the water column.

As with Chapter 4, this chapter focuses on the Kiedievel of the hierarchical classification.
However, unlike Chapter 4, this chapter attemptdeteelop methods to assess the distribution
of a single species of algae. This study investg#ite capacity of single beam acoustics and
underwater video to determine the distribution exrtént of sub-surfadglacrocystis pyrifera
These estimates of the sub-surface canopy are cethpa estimates of the surface canopy
derived from aerial photography to examine the pidéerror inherent in reliance on only the

latter method for kelp mapping and monitoring.

5.2. Methods

5.2.1. Study Site
George Il reef is located in southeast Tasmanapptoximately 4380’ S, 14659’ E (Figure
5.1). The reef is surrounded by sand and coverar@a of approximately 44 ha. It extends
from 2 m at its shallowest point to 24 m on itsesumargin. The reef is dominated by
macroalgae, namelyDurvillaea potatotorum Phyllospora comosa Ecklonia radiata
Caulerpa sp, mixed reds and coralline algae. The reef idiglyg sheltered from the
predominantly south-westerly swell by the mainlafdTasmania and the nearby Actaeon
Islands. However, it still has a low to medium waxposure (Barregt al.2001). This reef
was known to have dense stand$/aicrocystiswith both surface and sub-surface plants from
previous surveys (Barrett al.2001).
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Figure 5.1. Location of George Il Reef study sitén southern Tasmania.
5.2.2. Definitions
This study uses a series of metrics that were lzdtml from the aerial photography and the

raw acoustic data to describe parameters of theeged kelp bed. These are defined below
(Table 5.1).

Table 5.1. Definitions of metrics calculated fromlie aerial photography and acoustic data used to desbe
kelp bed parameters. (See section 5.2.3.2 for a diééd explanation of how these metrics were calcuied).

Measure Method Definition

Canopy Area Aerial Photography ~ The numerical extanindividual plants and
canopies (square meters).

Bed Area Aerial Photography  The geographical extérdurface kelp within

its own perimeter (square meters).
Relative Density Index (RDI)  Aerial Photography  Tra¢io of Canopy Area to Bed Area

Basal Bed Area Acoustics The geographical extenkehp (surface and
sub-surface) within its own perimeter (square
meters).

Canopy Depth Acoustics The depth of kelp plant®wahe sea surface
(meters)

Kelp Density Index (KDI) Acoustics The density ddlf plants within the Basal Bed

Area as a ratio of detected to non-detected.
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5.2.3. Methods: Aerial Photography
5.2.3.1. Field

An aerial photographic survey of the study site wasducted on the #8November 2004. A
Cessna 172 was fitted with a vertically mounted @@ar800D digital camera (Canon,
Australia). This camera was fitted with a standaFdS 18-55mm lens. The focal length was
set to 24 mm for the photographic run. The size¢hef captured images was set to 3072 x
2048 pixels, which, at the flying height of 2286 mesulted in a ground resolution of 0.704 m
x 0.702 m per pixel. The photographic run was coteth between 8 am and 10 am when the
sun angle was between 20° and 30°, to reducefdw of sun glint in the images.

A vessel was simultaneously mapping the kelp dhstron from the water. This vessel

deployed four large marker buoys around the pegmet the reef to act as ground control
points. The position of these buoys was measuret) ulfferential GPS. These buoys were
all greater than 1 m diameter and bright pink, enguthat they would be detected in the
aerial photography at the given flying height aixepresolution of the camera. These buoys
were used to georeference the aerial photographg tiee methods described by (Finkbeiner
et al.2001).

5.2.3.2. Analysis
A single image with little sun glint and good cadr was selected from the digital aerial
photographs taken in the aerial survey. The imaage nectified using ArcGIS 8.0 (ESRI, Ca,
USA), using the position of the four marker buoysl dhe vessel at the time the image was
taken. A first order affine transformation was usedectify the image. The residual error on

control points was 5.06 m (RMS).

This image was visually classified into regionsteamng kelp and those without by onscreen
digitising in ArcView. Polygons were drawn arouncbgps of pixels visually interpreted to
be kelp based on colour, shape, and contrast. Tealest polygon digitised using this
technique was 10 pixels (approximately 6).nThis technique was subjective, relying on the
operator to consistently define boundaries arownthse kelp where the boundaries were
often not crisp. The need for a quantitative arngkatable technique of image segmentation

led to the investigation of the colour bands anado@tios.

A white mask was placed over non-target areas @fiilage using Adobe Photoshop 5.0
(Adobe Systems Inc., USA). This new image was thggorted into ArcView 3.2a (ESRI, Ca,
USA) with the original world file. The masked image&as converted to a grid, with each
colour band (red, green and blue) converted toic @rthe same cell size (pixel size) and
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value (RGB pixel value, 0-255). A user-defined #ir@ld was separately applied to each of
these grids to maximise the correlation with thsually classified polygons. Band 2, the
green band, had the best correlation with the lisgtassified polygons, the other two bands
had no optimal threshold. Band ratios were alsestigated, with the Band 3 / Band 2 ratio
providing the best correlation with the visuallpssified polygons, however this provided no

improvement over the threshold of the green band.

From the threshold grid data several measures w@rguted. The first was canopy area,
defined as the numerical extent¥jrof individual plants and canopies, calculatedhassum

of the area of pixels identified as kelp from tlegial photograph. The next measure was bed
area (planimetric area), defined as the geograpkixtnt of surface kelp within its own
perimeter. To calculate this measure, a boundasydrawn around the outer perimeter of all
identified kelp plants and canopies; plants andpas were linked if they were within 50 m
of each other. This provided a measure of the witeghce area that the kelp was influencing.
For the bed area measure, a relative density ifB€&4) was also calculated. This was a
measure of the ratio of the canopy area to theabeat

RDI=canopy area/bed area

This gives the proportion of the bed area thatisally occupied by kelp plants. The measure

will be 1 when there is 100% cover.

5.2.4. Methods: Video and Acoustics
5.2.4.1. Field
Acoustic field surveys of thdlacrocystisbed were conducted simultaneously with aerial
photographic surveys. A combination of normal iecide SBES and vertical underwater

video was used to survey the kelp bed. The sunweys conducted on a high tide.

The SBES system was the same as that describ&hégter 2. A 120 kHz, 10° single beam
Simrad ES60 echo sounder (Kongsberg Maritime, Ngyweas pole mounted to the side of a
6 m vessel. The transducer face was approximatélyrObelow the surface, with a vertical
orientation. The echo sounder was set with a paugyut of 100 W, a pulse length of 0.256
ms, and a sample rate of 2 pings per second. Btemsywas calibrated using a standard 38.1
mm tungsten carbide sphere using standard metkodseet al. 1987).

Parallel transects separated by approximately 306-m were driven at 2 msacross the
study site (Figure 5.2). An Omnilite132 differemttaPS (Fugro Spatial) linked into ArcPad

6.0 (ESRI, Ca, USA) was used for navigation arothred study site. The raw acoustic data
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was logged and post processed in Echoview 3.30sticosoftware (SonarData, Hobart,

Australia).
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Figure 5.2. Acoustic transects across George Il ef overlayed on aerial photograph

A downward looking sub-surface video camera (Morgion, NSW, Australia) was attached
to the acoustic transducer (approximately 0.5 nowehe surface). The camera recorded a
visual record oMacrocystisplants as they passed below the transducer fdeeviteo was
stamped with time, date and DGPS position usingrdogk video overlay device (VinGenll).
This footage was recorded to miniDV tape for furthealysis.

5.2.4.2. Analysis

The underwater video footage was reviewed in therkory for the presence/absence of kelp
and the approximate number of kelp plants. Theaig@tvas converted to digital format (AVI)
using a DVRaptor firewire capture card (Canopus W8A). A still image was captured off
the video every second and labelled with a seqalemtiimber using the program Video2photo
(PixelChain). This corresponded to a video samplatgevery 1.9 m £ 0.4 m along the track
log. The video frames were scored for presencefi@esef Macrocystisand the number of
plants (1 for one plant, 2 for two plants and 3 ttaree or more plants). When kelp fronds

obscured the camera’s field of view, the video feawas scored as unknown and excluded
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from any subsequent analysis. All data was entertedan excel spreadsheet containing the
track log details. In all, 7853 images were revidvi@ kelp parameters, of which 2262 had
visible kelp.

5.2.4.3. Acoustic processing
The calibrated ES60 acoustic data were correctedriangle wave (Section 2.2.2) and

imported into Echoview 3.30 for post processing.

Ringdown in the echogram masked the kelp signaecko the transducer. The ringdown
region of the echogram filled approximately the tbf» meters of the echogram. The
constancy of this region was used separate retom kelp and the background ringdown.
The raw Sv values for each ping were exported,cameving average was calculated for each
of the top 40 samples across a window 500 pinggysPwhere the kelp reached the ringdown
were excluded from this calculation. This averageddown was then subtracted from the

initial echogram, to create a new echogram (FigLag

[LiPrimary fileset: Sv raw pings T1 - Ringdown.E B [=] B3| | i Ringdown Only: Sv co B [=] B3| | (i o Ringdown: Sv com

Figure 5.3. Stepwise removal of ringdown to reveadignal (A) original echogram (B) ringdown averaged
across upper most 40 samples for 500 sequential g with areas of kelp excluded (C) ringdown
subtracted from original echogram

5.2.4.4. Echogram segmentation
Segmentation of the echogram into kelp and non-kefjions was examined using a number

of different techniques.
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5.2.4.5. Visual Interpretation
Macrocystisappears visually on the raw echogram as a sefriertical lines running through

the water column from the bottom echo towards théase (Figure 5.4).
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Figure 5.4. Acoustic echogram from Simrad ES60 runing at 120 kHz, showingMacrocystis pyrifera
plants (kelp) as distinct vertical lines in the wagr column above the bottom echo return.

The presence of kelp was determined visually frbmn échogram in the software package
Echoview 3.30. Kelp was deemed present where listeactures with a height greater than 2
m were visible in the water column above the —60tdi@shold. A user defined line was

drawn across the top of these structures and limtezie plants were closer than 10m.

Where no plants were present this line was nonddfiresulting in no depth being attributed
where kelp was not present. This visual interpi@taiine was exported to an excel

spreadsheet for subsequent comparison with thenatitwally detected canopy.
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5.2.4.6. Schools Detect
The schools detect technique used the schoolstddggrithm of Echoview 3.30 to identify
areas of kelp and then the line pick function tcér across the top of these identified kelp

areas.

The schools detect algorithm is based on the sapalysis and patch estimation system
(SHAPES) (Barange 1994, Coetzee 2000). The follgwsequential steps segment the
echogram into target and non-target regions, ia tlaise kelp from non-kelp: A matrix is
overlayed across the data; a threshold is theneapd this matrix to remove unwanted noise.
Cells that meet this threshold are then joinedntaknto account a continuity factor. Schools
that are smaller than a pre-determined size astedpwy the user are discarded.

The matrix used in this study was a 1 ping by 1@argrid, with a -60 dB threshold applied.
Regions were recorded if they exceeded this thtdstwer a minimum height of 2 m and a
minimum length (horizontal) of 1 m. Regions wengkéd if they were within 5 m vertically
of each other and if they were within 10 m horiatigtof each other, resulting in a number of
regions covering the areas of echogram that medetlueiteria. Each of the regions was
visually examined to confirm that it correspondedkelp based on appearance, bottom depth,

attachment to the seafloor, and underlying sulestrat

The regions were converted to a boolean true @efaking the region bitmap command.
These regions were used to mask a 1 dB echogramm ({ine data generator) to create an
echogram of the regions with 1 dB value. The lingk @lgorithm (max dB with backstep)
was used to draw a line across the top of thesenggrepresenting the upper limit of kelp
detection with these settings. This line was exggbrto a text file using the export line

command.

Schools detected from the SBES data were assumiael kelp, with visual inspection of the

schools used to confirm the classification, andluee any detected schools that did not
appear to be kelp. To examine whether this schaldiation could be automated, 20 days of
acoustic data covering reef and sand substrategebrtO and 40 m depth were analysed
using the schools detect methods as outlined alidve.data was collected using the same
acoustic system outlined above. A total of 206 sthavere detected that could be visually
classified as either kelp or fish. The kelp clasaswassigned to schools that visually
corresponded to kelp in the echogram and were ic@ntwith areas identified as kelp from

either aerial photography or underwater video &atss The fish class was assigned to

schools that did not visually correspond to kelgha echogram and had been identified as
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being fish (or definitely not kelp), by either mple acoustic transects crossing the same area
and not detecting the same school, or video trassesng conducted either identifying fish
schools or identifying that kelp wasn't presentu$tihe fish class while likely to be fish in
most instances may contain additional non-kelp sttotargets. For each of these schools the
underlying substrate (reef or sand), bottom deppith @itachment to substrate were scored.

These data were examined for consistent trendsdleetelp and fish schools.
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Figure 5.5. (A) Sample echogram showing kelp as waral bands in the water column and (B) the resultig
regions (shaded grey) calculated from the schooltéct algorithm.

5.2.4.7. Echo Integration
The Simrad ES60 echo sounder outpytsl&a (volume backscattering strength). Thel&a
is calculated from the return energy measured atttansducer based on the following

formula;

212
%ﬁ—w) ~10l0g(F.,)

S,(RP) =P +20logR+2aR-10log( -
71

Where:
R the corrected range (m)
P is the received power (dB re 1 W)

Py is transmitted power (W)
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a is the absorption coefficient (dB/m)

Go is the transducer peak gain

A is the wavelength (m)

c is the speed of sound (m/s)

T is the transmit pulse duration (s)

Y is the Equivalent Two-way beam angle (Steradians)
FS, is a filter correction as defined by Simrad

Echo integration is the calculation of the megroer a defined volume, and is commonly
used for estimating the abundance of fish in midewdish schools (MacLennan and
Simmonds 1992). Echo integration operates by catitig the accumulated energy returning
to the transducer across a time gate (t1 to t2)chwtorresponds to a target range (ctl/2 and
ct2/2) (MacLennan and Simmonds 1992). In this steclyo integration was calculated for a
target range defined by the top of the echogramland above the seafloor (to remove the
influence of the seafloor). This integration was aver a single ping grid and the resulting S
values were classed as either kelp or non-kelpdbagea user-defined threshold (-60dB),

which corresponded to the display threshold useth®visual echo interpretation.

5.2.4.8. Echo Shape
The presence of kelp in the water column will affée shape of the returning echo for each
ping. The echo shape can be calculated in Echolsewtegration of regions of the water
column between the top of the echogram and 1 meatm sounder detected bottom. Due to
the changing depths, between 2 and 25 m withirstihdy site, shape as a proportion of total
depth was chosen as the most representative medstggration regions were defined
between lines based on the percentage of the dedid%6 intervals. This resulted in a series
of 10 Sv values that described the echo shape batthe bottom of the ringdown and 1 m

above the sounder detected bottom.
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Figure 5.6. Comparison of the average echo shaperfpoints classified as kelp (solid black line) verss
points classified as no kelp (dotted grey line). Eor bars give the standard deviation for each of tke classes.

The 10 echo shape parameters were separated iotoldgses using themeans clustering
algorithm in the statistical software, JMP 5.1 (SWAStitute, USA). The&k-means approach to
clustering performs an iterative alternating figtiprocess to form the number of specified
clusters. Th&-means method first selects a sehgioints called cluster seeds as a first guess
of the means of the clusters. Each observatiossgyaed to the nearest seed to form a set of
temporary clusters. The seeds are then replacéuelsiuster means, the points are reassigned,
and the process continues until no further chamgesr in the clusters. These classes were
then attributed as kelp or no kelp based on corsparwith the classified video data. The
average shape of these two classes showed cord@ei@viation, especially in the depth
below the 30-40% bin (Figure 5.6).

5.2.4.9. Comparison with aerial photography
The classified data from the video and acoustitesys was not able to be compared 1 to 1
with pixels in the aerial photograph due to the ulative effect of positional error in
collecting both the acoustic data and rectifying #ierial photograph. Instead the interpolated
basal bed area derived from each system was cothi&irailar to the aerial photographic the
basal bed area was derived by joining data pdmatswere within 50 m of each other in a GIS
platform. The basal bed area was then calculatettheénGIS for comparison between the

different methods.
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5.3. Results

5.3.1. Aerial Photography
The aerial photographic survey identified a largeaaof surface kelp covering much of
George lll Reef. The surface kelp was visible ia ilmage as darker patches on the surface
and formed a ring around the shallowest centrdlqfathe reef. Two areas of dense canopy to
the northeast and southwest were identified, wiim@&rous smaller canopies and plants
joining and surrounding these two dense canopiésrho this ring (Figure 5.7).
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Figure 5.7. Aerial Photograph of George 1l Reef sbhwing ring of Macrocystis pyrifera outlined in red.
A visual classification of the image was undertak&rskilled operator digitised areas of the

image, containing surface kelp, based on the coamd contrast of the pixels. Visual
classification relies on subjective judgements by tperator, which are open to errors of
omission and commission. Repeatable techniqueshforsegmentation of the image were

investigated.

Segmentation of pixels corresponding to surface kelthe image was achieved by splitting
the image into separate colour bands (red, gredrble). A user determined threshold was
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applied to each band with a view to achieving testlzorrelation with the user defined visual
classification. The red and the blue bands had ptomal thresholds, with high error of
commission (Table 5.2). The green band, with astiwkl set between 80-112, showed good
correlation with the visual classification (FiguBe8, Table 5.2). Band ratios were also
examined, with the ratio of band 3 divided by b@ne@sulting in the best correlation with the
visual classification (Figure 5.8, Table 5.2). Tdreen band and the band 3/2 ratio both had
high errors of omission (24 — 28%). These errorsowiission probably reflect errors of
commission in the visual classification process tlué¢he inability of a human operator to
digitise below the scale of groups of pixels; réaglin fine scale structuring being lost and
causing a general overestimate in the area of idelptified using this technique. The green
band was chosen due to its lower error of commmis@iable 5.2).
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Figure 5.8. Kelp detection in the red, green and bk bands. The following thresholds were applied, tb65-
90; green 80-110; and blue 150-215. The black indites the band 3 /2 ratio in the range 1.89 to 2.41.

Table 5.2. Comparison of the performance of kelp ggnentation for an aerial photograph of George Il
reef, using visual, band threshold and band ratiogchniques.

Total Area detected  Comparison with Errors of Errors of
(ha) Visual (%) Commission (%) Omission (%)
Visual 8.3 100 0 0
Band 1 (red) 16.2 43.4 152.0 56.7
Band 2 (green) 6.4 72.4 4.8 27.7
Band 3 (blue) 18.3 78.8 141.9 21.3
Band Ratio(3/2) 7.8 75.7 18.6 24.4

Both the green band and the band ration (3/2) comdpaell with the visual classification,

with over 72% classification accuracy. The greendbhad lower error of commission, and
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was thus chosen for comparison with the acousta. d&om the green band data, statistics on
the canopy area, kelp bed area and relative deimsiex (RDI) were calculated. The canopy
area was found to be 6.4 ha. The kelp bed areaylatd¢d as the water surface area occupied
by this kelp, was defined by drawing a polygon aall plants. This was done at various
joining scales of 30 m, 50 m and 70 m. The subsegaeeas were 11.8, 13.4, and 14.2 ha
respectively. (Figure 5.9). The corresponding RD0.64, 0.48 and 0.45.
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Figure 5.9. Kelp bed area base on (A) 30 m, (B) 50 and (C) 70 m joining distances from green for
George lll Reef.

5.3.2. Video and Acoustics

Visual interpretation of the acoustic echogranmhes simplest form of segmentation. This is a
subjective technique that relies on a skilled ojeréo pick kelp from non-kelp based on
visual differences in the echogram. A comparisothefclassified underwater video and the
visual interpretation of the acoustic echogram stbtiat the acoustic system detected more
kelp than the video system. A total of 3128 GPS3isowere attributed as having kelp present
by either one or both of the video and/or acousystems. Of these, 27.7% were attributed
using the acoustics but not the video, while 3.5é&6enattributed using the video but not the
acoustics. The remaining 68.8% were attributedgusoth techniques.

5.3.2.1. Automated detection of kelp from acoustics
A need for more repeatable techniques for segmentaf the acoustic echogram into kelp
and non-kelp regions led to the investigation ohwamber of automated segmentation
techniques. Three automated segmentation technigess examined: Schools detect, echo
integration and echo shape. The performance ottives compared against the underwater
video and the visual interpretation of the acoss(itable 5.3). The visual interpretation and
the schools detect techniques attributed more pa@satkelp than the other techniques; this

was especially the case in depths greater thanet@rsy where the kelp frequently did not
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reach the surface (Table 5.3). It should be nobed the performance of the video system
decreased with depth, such that only six pointsevegtributed as kelp in greater than 15 m
depth using this system, compared with 90 - 212Heracoustic system (Table 5.3).

Table 5.3. Comparison of the number of points attlhuted as kelp in 5 meter depth bins for the videorad
acoustic systems.

0-5m 5-10m 10-15m 15-20m Total

Video 70 1916 2532 6 4524
Visual Interpretation 67 1991 3811 166 6035
Schools Detect 73 2061 3955 212 6301
Integration 78 1738 3115 161 5092
Echo Shape 58 1883 3289 91 5321

The overall performance of the acoustic segmematgzhniques compared to the video
ranged from 83 to 96% correlation in kelp detectiwith the schools detect technique having
the strongest correlation (Table 5.4). When dividei five meter depth bins, the visual
interpretation and the schools detect techniques tha strongest correlation in all depth
ranges. The integration and the echo shape teatsigad poor correlation in less than five
meters and greater than 15 meters, with 50% oradgs=ement between these techniques and
the video classification (Table 5.4). The valuasdepths greater than 15 meters are based on
comparison with only six points attributed as kigtpm the video. Due to this low number of
points, these values are likely to be less refteabif the overall accuracy.

Table 5.4. Comparison of the percentage agreemenetween the video classification and the four acoust
segmentation techniques across 5 meter depth binedtotal agreement across all depth ranges.

0-5m 5-10m 10-15m 15-20m Total

Visual Interpretation 70% 95% 96% 100% 95%
Schools Detect 76% 97% 97% 67% 96%
Integration 43% 91% 89% 50% 89%
Echo Shape 43% 86% 82% 33% 83%

The distribution of the points identified as kelping each of these techniques (video and
acoustics) showed similar spatial trends (Figud®).The major differences were for the

echo integration and echo shape techniques, whisbrme of the deeper areas attributed kelp
in locations that were not attributed using theeottechniques. The echo integration and the
echo shape techniques also attributed more kel the shallower water than the other

acoustic techniques.
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Figure 5.10. Segmentation results of acoustic dat@sed on (A) visual segmentation, (B) Schools DetefC)
Echo Shape, (D) Integration and (E) Video. Black arsses indicate where kelp was identified in the
echogram using each of the techniques (or the componding video frames for the underwater video (E))

The schools detect method resulted in a numbeegibns identified within the echogram
data that were visually identified as kelp. Anadysf 206 regions detected by this method in
the 0 — 40 m depth range over reef and sand habeatified several consistent differences
between schools containing kelp and schools cantiish. At the substrate level, 100% of

all kelp regions detected were above reef substratepared to 65.7% of fish school regions
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detected above reef substrate, with the remaintlevea sand substrate. Of the regions
detected above reef substrate 99.3% of all kelgwaé&ached to the substrate, where as only
34.1% of fish schools were attached to the sulestfanhally, there was a separation of fish
and kelp regions by bottom depth, with fish schootsurring deeper than kelp regions
(Figure 5.11). Based on the above parameters,rkgipns could be automatically segmented
from fish regions based on attachment to a ree$tsatie with less than 20 m depth. This
accounted for 99.3% of all kelp schools, with 08% of fish schools fitting these criteria.
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Figure 5.11. Frequency histogram of bottom depth fofish and kelp regions detected using the schools
detect method.

5.3.2.2. Comparison of Video, Acoustics and Aerial Photogralpy
Due to the potential for positional error in theler of £ 1 m for the differential GPS (RMS
0.9) and a further £ 5 m in the rectification oktherial photograph (RMS 5.1). A direct
acoustic point to photo pixel comparison was ngirapriate. Instead comparison of bed-wise
statistics is made to compare the three techniques.

The kelp distribution point data from the video awbustics (schools detect technique) were
used to interpolate maps of the basal bed arethdéokelp. The computed area of the kelp bed
based on the acoustic system was 18% more thahdandeo system, (28.8 ha compared to
23.5 ha) (Table 5.5). The basal bed area derivad both these systems was greater than that
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derived from the aerial photography (13.4 ha) (€ahb and Figure 5.12.). The kelp density
index of the acoustically derived basal bed ares egdculated as 0.91. When the density was
calculated for the bed area as identified fromateal photography the KDI was 0.95. This is
significantly higher than the RDI of 0.48 when ed#ted from the aerial photography only.
However this includes all the surface and sub-serfdants in the calculation.

Table 5.5. Comparison of calculated basal bed ardar the video, acoustic and aerial photography.

Method Basal Bed Area (ha)
Video 23.5
Acoustics 28.8

Aerial Photography 13.4
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Figure 5.12. Map of George Il Reef with basal bedarea as derived from aerial photography (black
shading), underwater video (grey shading), and sirg beam acoustics (diagonal lines)

5.3.2.3. Detection of canopy height
The visual interpretation and schools detect teples for acoustic kelp detection provide
measures of canopy height for a given plant ortetusf plants. There was a strong
correlation (R2 = 0.84) between the detected carmgights using these two techniques
(Figure 5.13). Where differences existed in estangtlant height, the visual technique tended
to estimate lower canopy heights for the kelp ttieschools detect technique. Measures of

canopy height using these techniques relate tpdive where the plants intercept the acoustic
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beam. Due to the conical nature of the beam, pkmetéess likely to intercept the beam closer

to the transducer, meaning these may generallynterastimates of plant height.
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Figure 5.13. Comparison of the visual and line piclestimates of kelp canopy height for George Il Rde
showing a general agreement between the two technigg in estimating canopy height.

A comparison of the canopy depth for points detebte both video and acoustics with those

detected only by acoustics shows that the averagéhdof the canopy was considerably

deeper for the acoustically detected points tharpéints detected by both the video and the

acoustics (Figure 5.14). This highlights the ddjtfitation of the video system.
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Figure 5.14. Comparison of the average Canopy Depflor kelp points attributed from both the video and
acoustics with those attributed from the acousticenly (schools detect technique).

5.4. Discussion

The sub-surface componentbcrocystis pyriferabeds contributes to the size and stability
of these beds. This study examined the capacitynoferwater video and single beam
acoustics to be used to detect and map the sukesucanopy oMacrocystisbeds, and thus
to complement more traditional optical remote semdiechniques. Both the video and the
acoustic technologies detected sub-surface kelpwha not visible in aerial photography.
The acoustic system performed better than the v&stem, as it was not limited by the
attenuation of light through the water column. Toenputed basal bed area of kelp derived

from acoustics was more than twice that derivethfeerial photography.

The underwater video provided positive identifioatof Macrocystisplants that were close to
the camera, but identification became more diffiasl distance between the plant and the lens
increased, until a threshold where light attenumtitade it impossible to detect plants from
the background. The processing of the video was tatse consuming, requiring each frame
to be scored for presence/absence of kelp. Thisngcwas subjective in nature and open to
potential operator bias, especially where the d#gadrom the camera to the kelp was large.
The underwater video also required a relativelyvsbmat speed, as the quality of the video
decreases with the speed of the boat, with blumedjes caused by high boat speed and slow

shutter speed.
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Underwater video has been used in the past to m@apersed aquatic vegetation (Nowrisal.
1997). However in that case towed video was useandp seagrass, which has a relatively
consistent growth structure and a size that relatdisto the field of view of the camera. The
growth habit ofMacrocystisis not as consistent, with plants ranging from 1omi5 m at the
study site. This also means that many of the plardgslarger than the field of view of the
camera. A towed video could not be used, as it dérelquently snag on the large kelp plants,

making it impractical to efficiently cover largeeas of dense kelp.

The acoustic system was not limited by attenuatiahis depth range, with a sounder at 120
kHz able to detect the seafloor to a maximum of 8)QSimrad 2004). Where present,
Macrocystisappeared in the echogram as distinct verticatstras above the seafloor. This
study examined four techniques for the segmentatidhe echogram into kelp and non-kelp,

which all achieved over 80% agreement with clasaifon of the video data.

The visual segmentation was good at detecting glenall depth ranges when compared to
the video. It relied on a skilled operator to makdjective judgements when identifying
individual plants or clusters of plants in the egtzon. This leads to problems with

repeatability.

The schools detect technique closely replicatedvibigal segmentation technique. Using the
schools detect technique removed operator subjgctivhis technique is not uniquely
identifying kelp, rather it will segment the echagr into regions that match the input criteria
for minimum height and width of targets. The regiatreated in this process need to be
checked to confirm they are kelp. These checks meljde the depth (kelp grows to a
maximum of 25 — 30 m in Tasmania); the substraacfocystisrequires a rocky reef
substrate), the reef profiléacrocystisgenerally prefers low profile substrate (Pat&dral.
1994)), and the shape of the echogram. A compar&fosubstrate, bottom depth, and
attachment to the substrate parameters for regisnslly identified as kelp or fish showed
these parameters could be used to automate otaswifi of regions with a high degree of
accuracy. However, it is unclear if these relatiops would always hold true, as several

species of fish seasonally school on inshore lieefasmania (Edgar 1997).

Both the visual segmentation and the schools détebtiniques provide an estimation of the
height of the plants. This height related to theimam height at which the plant intersected
the acoustic beam and not necessarily the maximeighhof the plant. Measures of plant
height derived from acoustics may be useful in nowimig change in bed growth over time.

Further validation of this acoustically measurewjheis required in order to relate these back
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to actual plant heights. This is beyond the scdpis study. The system is limited in that it
can only detect kelp below the transducer face lzldw the ring down. This equates to
approximately 1 — 1.5 m (or 0.5 m where the ringvdavas minimised) with the setup used
in this study, thus this system cannot map theasertanopy of the kelp to compare directly
with estimates from aerial photography and remetesisg techniques. The geometry of the
transducer beam pattern also means the chanceeatidg the top of the plant decreases as it
nears the transducer. The relationship betweere thesustic estimates of plant height and
actual plant height needs to be investigated, iastype of information would be valuable in

characterising kelp beds.

The echo integration and echo shape techniquegdeaiadmisclassify the amount of kelp in
shallow water when compared to the video clasgiboa While these two techniques
identified similar amounts of kelp to the videoerygretation in less than 5 meters (78 and 58
points respectively, compared to 70 points usirgvideo), only 43% of these points were the
same as the video, meaning high errors of omisai@hcommission. In contrast, the visual
interpretation and schools detect techniques aeli@0% and 76% agreement respectively in
this depth zone. The relatively small amount ofevdietween the transducer and the seafloor
in less than five meters of water probably resuliedhe poor performance of the echo
integration and the echo shape techniques. In thesis the unintentional inclusion of small
amounts of other algal species (d29yllospora comosand/orDurvillaea potatorum would

have a proportionally greater effect than in deeysger.

Likewise in depths greater than 10 meters the ectegration and echo shape techniques
performed worse than the visual interpretation &mel schools detect techniques when
compared to the video classification. It should roged here that in deeper water the
performance of the video rapidly decreased dugtd attenuation. In depths greater than 10
meters the kelp often did not reach the surface¢lwtvould affect the classification of kelp

based on the echo integration and echo shape tp&mi

The major weakness of the echo shape techniqueéhwdarge depth range and variable plant
size of theMacrocystis A proportional approach was taken to divide theew column into
10 equal bins. This approach attempted to cormaliépth, such that the shape of a ping in 5
m of water with 100% kelp would be similar to ti@tLl0 m with 100% kelp. However, using
this technique the shape of a ping with a 5m glastm of water would look different from a
5 m plant in 10 m of water. The reverse of usixgdi depth bins would allow the shape to be

consistent for plant height but different for 10@#&ants in different depths. Similar issues
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have been highlighted in using shape parametdishirschool classification, where many of

the descriptors used do not work well across laagges of school sizes (Raatlal.2000).

The echo integration technique had similar problevith the shallow and deep water kelp
segmentation. This technique provided a rapid tiecienfor quickly identifying potential kelp,
and could be used to detect regions of the echodhan may contain kelp for closer
examination with one of the first two techniquesh& integration techniques are commonly
used for acoustic detection of fish species (Maokaenand Simmonds 1992), however in
previous studies, they have been shown to nothigligredict the biovolume of submersed
aquatic vegetation in previous studies (Sadtohl. 2002). This was attributed to the wide
range of species, densities, heights, and conditrathin the sample set (Sabetl al. 2002).
The current study had a wide range of depths (8 mP plant heights (3 - 14 m) and
potentially fish species in addition to the kelphigh may have confounded the echo

integration.

Transducer ring down presented a final difficultynnthe segmentation of the echogram. The
top 1.5 m of the echogram contained ring down alibeedisplay threshold. Kelp could be
discerned from this background noise, and couldehbgen included using the visual
segmentation technique, however for the automatetiniques the ring down had to be
masked out. A technique to minimise the ringdowd Brave the kelp signal was shown to

reveal kelp to within 0.5 m of the transducer face.

A working model for the segmentation of the echagrato kelp and non-kelp would include
the following steps: 1) Correct the raw echogramtfansducer ring down, mask pings in the
echogram where the bottom is deeper than the mawigrowing depth of the kelp. 2) Run a
preliminary echo integration to detect potentiaaar of kelp. 3) Run the schools detect over
areas identified as potential kelp from this eamegration. 4) Visually check the identified

schools to ensure that they appear kelp like iretttegram and are over reef substrate.

All the acoustic techniques investigated assumettiekelp is the only acoustic reflecting
object in the water column. Several groups of sthgdish species can commonly occur
both within kelp forests and in the open water @dtP97), and other species of algae occur
closer to the bottom and may be attributed incallyess Macrocystis pyriferawhen using
these simple acoustic techniques. In this studydthenward looking camera did not detect
any schools of fish, and the characteristic tracéhe kelp and fish schools look different
when visually inspected. Areas of doubt can begigabor excluded from any analysis.
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Acoustic detection of giant string kelp can prow@duable information about the sub-surface
component of kelp beds that may otherwise not llected in aerial photographic surveys.
Aerial photographic techniques are only able tcecdekelp that exhibits a surface or near
surface canopy (Nortat al. 1993, Simms and Dubois 2001). The acoustic teclesigised in
this study were could be used to detect kelp wislilasurface canopy. The extra penetration
of the acoustic system led to over twice the areletp being detected with this system
compared to the aerial photograph. This has impbriaplications when using remote

sensing techniques to monitor the distribution@pkoeds over time.

The limitation of optical systems is primarily redd to the attenuation of light through the
water column. Airborne optical systems have bee&d i map seagrass beds in up to 15 - 20
m of water (Pasquilinet al. 1998), and depths of up to 6 - 7 m have been aedidor
mapping kelp using satellite remote sensing (Simand Dubois 2001). This difference
probably reflects difference in contrast, with seag having a higher contrast to its

background (sand), than kelp does to its backgrdrewt/other algae).

Aerial photographic surveys generally only mapsbhdace canopy of the kelp beds (Nogth

al. 1993), and commonly use infrared photography, whschmited to a few millimetres
penetration into the water column (Jenséal. 1980). This lack of penetration into the water
column means that aerial photography and satélised remote sensing techniques have the
potential to miss significant amounts of kelp, @udsible entire beds if they have no surface
canopy. Deep beds that do not have surface canbpiesbeen shown to provide important

refuge for kelp during both warming and storm esdhftidah and Zertuche-Gonzalez 2004).

The results of aerial photographic surveys, whiekedt only the surface kelp, can also be
affected by the environmental conditions at theetiof the survey. The area of surface kelp
canopies are affected by seasonal changes, stides and currents (Nortt al. 1993). This
means that aerial photographic surveys can potlsnpieoduce different results for the same
bed over a relatively short time frame if enviromta¢ conditions are different between the
two surveys. Past studies have used the maximum bed area from a series of several
photographic runs in a single year to accountties (Northet al. 1993). However, this is not

always practical due to the cost of aerial photplgi@runs.

The acoustic approaches investigated in this stay less affected by environmental
conditions than aerial photographic techniques.s&hsystems are also less affected by
attenuation through the water column than optigatesns. Depending on the operating

frequency used, acoustic systems can reliably peeefrom hundreds of meters to several
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kilometres. The acoustic techniques examined hetected kelp canopy that was several
meters below the surface and not detectable inatv@al photography. The use of this
information to estimate the Basal Bed Area wouldlvfite a more stable estimate of the area
of kelp than the Surface Bed Area estimates fromalaphotographic surveys. Hence, this
measure may be more useful when investigating sehsnd long term changes in kelp

distribution and abundance.

However, there are several disadvantages to thefuseoustics over aerial photography for
base line kelp mapping. The coverage of the aduststem is low compared to aerial
photography (Kennyet al. 2003). An aerial photographic run can typically eovens to
hundreds of kilometres in a relatively short peraddime. The acoustic surveys conducted
here only covered an area of approximately onersgkilometre in 2 hours. For this reason,
the acoustic system does not present itself adtamative to aerial photography for large
scale kelp mapping. The two techniques provide dementary data, one on the broad scale
distribution of the kelp canopy (Jensenal. 1980, Northet al. 1993), and the other on the
relationship between the canopy area and the basal

Single beam acoustic systems require interpoldi@ween points if complete coverage maps
are to be produced (Pinn and Robertson 2003, Vallegl. 2005). The number of transects

and spacing will often depend on the patchiness smade at which the kelp needs to be
mapped (Pinn and Robertson 2003). In this studgraitrary transect spacing of 50 m was
chosen. This captured the broad distribution paster the kelp, but did not capture the fine

scale structuring.

The acoustic system is difficult to operate in desarface kelp, with entanglement of the
transducer a commonly encountered problem. It issipe to provide some form of
protection to the transducer to help prevent tleeganglements (Kvitekt al. 1999), however
certain areas of kelp canopy can be so denseltbgtliecome impassable to a small vessel
and thus will not be sampled by the acoustics. Deshese disadvantages the use of single
beam acoustics to map sub-surface kelp beds withptament optical remote sensing

techniques and lead to more robust estimates pflied areas and change detection.

5.5. Conclusions

The methods developed in this chapter for the satptien of sub-surface giant kelp
distribution from SBES data have demonstrated fibvatertain species of marine algae it is
possible to use acoustic systems to rapidly maplalision. The methods are only applicable

to situations where there is a large amount of tplaomass in the water column. These
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methods enable mapping at the modifier level oftleearchical classification system from a
SBES system, and were shown to be more effecti@e both underwater video and aerial
photography in this circumstance. Further invesioga may lead to biomass/biovolume
estimates that can be calculated from SBES datighwtill further enhance the usefulness of

this tool for kelp bed mapping and assessment.
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Chapter 6. Video assessment methods for the analysis of
temperate rocky reef algal community structure

6.1. Introduction

Macroalgal assemblages are generally charactengdlde dominance of a few large canopy
species, in most cases easy to identify “in situig the presence of many other understorey
species that are more difficult to identify to spsdevel, but with a relatively low percentage
of the total algal biomass (Puente and Juanes 200®)se characteristic species are often
used as a qualitative descriptor of habitat (Sheted. 2004), and have been shown to be a
useful habitat surrogate that represents a compafienarine biodiversity (Edgar 1983, Tuya
et al.2008). Further, the dominant canopy structure le@s Ishown to be a useful predictor of
algal understorey composition and structure (Inamgl Connell 2006) and also biodiversity
(Bertnesset al.1999).

The extent and distribution of algal species itugriced by a range of physical environmental
factors including substrate characteristics (Padtioal. 1994), depth (Schiel and Foster 1986,
Underwoodet al.1991), wave exposure (Siddon and Witman 2003, Biyd. 2008), current
flow (Duggins et al. 2001), light intensity (Reed and Foster 1984, Broetnal. 1997),
temperature (Schiel and Foster 1986, Hart and Blohgi 1988, Ladah and Zertuche-
Gonzalez 2004), turbidity (Tegnet al. 2001), and nutrient availability (Schiel and Foster
1986, Tegner and Dayton 1991, Tegaeal.2001). These factors operate at different spatial
scales, ranging from 100s of kilometres (tempeeatand nutrients) to 100s of meters
(exposure). Often these factors are interlinked, égample wave exposure and light
availability decreases with depth. Competition grakzing pressure will also work to control
the distribution of an algal species (Breen and mMa#a76, Harold and Reed 1985, Schiel and
Foster 1986, Hart and Scheibling 1988, Gagebal.2004). A combination of these factors
interact to determine algal community structure anmé result in distinct algal communities
across reef systems, with the composition of aigaimunities having an important influence
on the associated fauna (Choat and Ayling 1987aiSte¢ al. 2004, Preciado and Maldonado
2005, Tuyeet al.2008).

Within Australia the structure of algal communitisxontrolled by a number of factors, with
regional differences in whether algal biomass istdled by top down or bottom up
processes (Fowler-Walker and Connell 2002, Conaetl Irving 2008). This results in
regional patterns in algal cover and patchinessif€lb and Irving 2008). Changes in algal
cover can influence both the fish and inverteb@emunities (Edgaet al. 2004), and
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conversely changes in the fish and invertebratenconities can affect the macroalgal cover
(Barrett et al. 2009). Further local scale changes in exposure alsib act to structure the

composition rocky reef communities (Edgar 1984)e Timplication for researchers and
managers is that there needs to be both a locarstachding of the factors affecting algal
community structure and also the capacity to pit itto a regional context (Connell and
Irving 2008).

Mapping the extent of seabed habitat using acoustithods generally only identifies
substrate type (see Chapter 2, and Chapter 3)themdfore further biodiversity assessment
would benefit from the characterisation of macrahlgommunity composition across reef
habitat, especially the habitat forming canopy ssediver surveys are commonly used to
collect information on macroalgal composition; hewedivers are generally limited by depth
and time and thus diver surveys generally have dpatial coverage (Kenyoet al. 2006).
Towed video presents an alternative techniquehircbllection of information on macroalgal
composition and extent, and is not limited by comsts of depth and time, and is therefore
able to provide broader coverage of the seabedetwader video generally leads to a loss of
taxonomic resolution compared to divers (Kenwbral. 2006), with only the larger dominant
species often identified. Loss of taxonomic resotutvith video is due to the low resolution
of the video, resulting in an inability to examitiee specific parts of the algae required to
differentiate two or more similar species. HoweMer, the large canopy forming species,
which are used to define the specific habitat typeeo generally provides sufficient

resolution for taxonomic identification (Jordanal.2005a, Lucieeet al.2009)

Video is generally converted to a series of stilages prior to analysis, these still images are
low in resolution, with PAL format used in this djuwith a pixel resolution of 720 x 576
pixels. Several analysis techniques adopted fdysisaof underwater imaging data, including
point count (Fosteret al. 1991, Carleton and Done 1995, Kohler and Gill 20Cf)d
percentage cover estimates (Bernhardt and Griffo@l, Kenyoret al. 2006). Point counts
may be randomly generated or in a fixed grid, wetlch point identified to the lowest
taxonomic level (Kohler and Gill 2006). The propant of points for each taxonomic unit is
used to calculate community composition and peegntcover statistics (Kohler and Gill
2006). An alternative analysis technique is toneate the percentage cover of algae directly
from the video or captured still images. Percentageer estimates have been achieved
through digitising (Kenyoret al. 2006), colour segmentation (Bernhardt and Griff2@§1),

and visual estimation (Valentiret al. 2004). As the majority of published underwater wide
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studies have been on coral reef assessment, hareeed to assess video analysis methods

for algal community structure studies.

The use of remotely operated cameras to assessdbed requires accurate positioning of the
camera system if data is to be compared to acouwstia or other environmental data.
Positional accuracy is important when evaluating $patial distribution of macroalgae, as
algal composition can rapidly change across shstances, especially across depth gradients.
Positional accuracy can be achieved through th@tuadeavily weighted towfish to maintain
camera position directly beneath the vessel foll@mavater deployments (Norrist al. 1997),

or through the use of acoustic positioning systéiisere either of these are not possible, the
position of the camera system may be estimateddb@séhe layback, either as a function of
tow cable length (Sutton and O'Keeffe 2007), orebags a function of depth (Kenyen al.
2006).

This chapter investigates the capacity for undeswatdeo to be used to collect data on
temperate rocky reef macroalgal community structlifee chapter focuses on classification
of shallow rocky reef habitats at a level belowt theéhievable using the SBES system from
previous chapters (Chapter 2, Chapter 4). The egdmhn of video analysis methods is
examined in regards to processing time, correlagioth taxonomic resolution. The resulting
data is compared between three biogeographicalbarate sections of the Tasmanian
coastline defined at a scale of 100’s of kilome(edgaret al. 1997). Finally, the data from

one of these biogeographical regions is examinedetermine if video sampling methods
have the capacity to detect smaller scale spaffakreinces in algal community structure (at a

scale of 10’s of kilometres).

6.2. Methods
6.2.1. Underwater video system

An underwater video camera (MorphVision, NSW, Aak#) was mounted in a heavily

weighted tow fish. The camera had a focal lengtB.éfmm and a CCD size of 3.6 mm x 2.7
mm. The horizontal field of view of this camera w87 m at an object distance of 1 m. The
underwater video camera was connected to the suviacan umbilical cable which allowed

real-time viewing. The video was recorded to miniD&ssette in PAL format (720 x 576

pixels). Positional information from an Omnilitel8#ferential GPS (dGPS) was overlayed
onto the top of the recorded video images using\aatlay device (BlackBox Systems, UK)

and also logged to computer as an ASCI text filepth information was provided from a

Simrad ES60 single beam echo sounder (as desdnbgection 2.2.1), and was logged to
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computer with the positional information from ther@ilite132 dGPS (Figure 6.1).

MiniDV
Recorder
Video +
Date, Time,
Lat, Long
BlackBox GPS Date. Time Omnilite132 Date. Time Computer
Overlay Device — Differential - Logs Date, Time, Lat.,
GPS Long., and Depth
TVideo T
Depth
Digital Simrad ES60
Underwater Single Beam
Video Camera Echo Sounder

Figure 6.1. Schematic layout of underwater video sgem showing links with positioning components;
arrows indicate the direction of data flow.

6.2.2. Field Deployment
In the field the video system was deployed overdide of a 6.5 m aluminium vesséRV
Nubeendl) using an electric winch. The height of the systeas adjusted using the electric
winch and monitored both on the echo sounder owpdtin the video output to maintain it
approximately 1m above the seafloor (Figure 6.2 €amera was mounted in the tow fish
on an angle of approximately 70 degrees from thredwtal. This created an oblique field of
view with the top of the field of view approximagel.3 times the bottom of the field of view

(Figure 6.3). At an object distance of 1 m the a@apled was approximately £.m
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Figure 6.2. (a) Schematic of underwater camera pdg&ning system showing location of the GPS antenna,
acoustic transducer and video camera, (b) echo tracfrom the echo sounder clearly showing the echo
return from the underwater camera above the seaflooecho return
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Figure 6.3. Dimensions of the projected field of ew for the underwater video camera at 1 m object
distance.

The video signal was recorded at the surface usingniDV recorder. Video transects were
generally run across the depth gradient to encosnftees depth extent of rocky reef. Video
transects were conducted at approximately 1 metesgrond. The minimum operating depth
was limited by the draft of the vessel. In excemdity sheltered areas this minimum was

approximately 1 m depth although more typically \Ba® depth, and on some exposed coast
5 m depth.
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6.2.3. Positional Accuracy
The positional accuracy of the underwater videdesyswas assessed by comparison of the
position of reef-sand boundaries identified betwtenvideo and the acoustic system (Figure
6.4). The video system was deployed consistentiosed.2.2. The acoustic data was
simultaneously logged and acoustic indices caledldsee section 2.2.3). Boundaries were
identified by changes in the E1 and E2 indices isterst with the clusters identified in
chapter 2 for reef and sand, with these intergogtatconfirmed by visual observation of the
echogram. Only crossings where the reef-sand edgeeasily identified in both the video
and the acoustic echogram, at a constant deptlwiding relatively rapid transition were used
in the assessment. From 200 video transects adbél boundary crossings were identified
that satisfied these criteria. These ranged infldépm 2 m to 40 m. The difference between
the acoustically detected boundary and that detdoben the video were calculated in a GIS
platform. These were plotted against depth and wsedetermine the camera system lag
distance with depth. While vessel speed will alfeca the lag distance, the video surveys
were all conducted at a relatively constant sp&6@«(were within the range of 0.9 9.2
ms?). Only transects conducted at 0.9ms + 0.2 mere included in the analysis. It should be
noted that spherical spreading of the acoustic b&dhresult in a lessening of the spatial

precision of the depth measure with increased depth

The relationship between depth and layback was tsedlculate a correction for layback
based on the given depth, and this was then usegldolate the position of the camera based
on the vessels logged position using the followpngcedure. The bearing was calculated for
adjacent records within the vessel track log basedEquation 1 (below), a smoothing
algorithm was then applied to remove errors dubeaeffect of vessel motion (pitch and roll).
The smoothing algorithm averaged the precedingeliihgs to calculate a smoothed bearing
for a given point. A back bearing was then caladabased on the smoothed bearing
(Equation 2). The corrected layback coupled with lthck bearing was then used to calculate

the corrected position of the video camera in i@tatio the vessel (Equation 3).

Equation 1
Bearing= 360/ 277( ATAN((X, = X, +1x107°) /(y, =y, +1x107°)))

Wherex, » are the two sequential x co-ordinates of the \éssek log (in eastings)
y1 2 are the two sequential y co-ordinates of the \ésmek log (in northings)

1 x10"%is a very small number which prevents brgix; andy,-y; from equalling 0.
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The calculated bearing is then converted to a baeking based on Equation 2

Equation 2
BackBearigg = IF(y, -y, <0, IF(x, — x, > 0,Bearing+ 360 Bearing), Bearing+180)

The back bearing and the layback correction wezn tlsed to calculate the corrected

positions for the videaX; andY.) using Equation 3.

Equation 3
X, =sing, xD+ X
Y, =cosg, xD+Y

Where ¢y, is the back bearing

D is the Layback distance
X/Y are the original coordinates (easting and mag)

6.2.4. Single video field assessment methods
Visual analysis of underwater video is inherentlynae consuming task. Several techniques
were used to analyse the underwater video, and assessed based on the detail extracted
and time taken to complete. These included botHitgtime and quantitative approaches.
Each approach gave a different level of informataiout the community structure. The
analysis approaches were divided into two categoframe based and time based. Frame
based analysis used frame grabs from the videoedsase unit of analysis, analysing these as
a series of still images. Time based analysis aeala set time of video and used these as the
base unit of analysis. In all the methods the algas scored against a standard set of

species/taxonomic groups.

6.2.4.1. Frame based analysis
Frames were grabbed off the video using the frameblgng software Video2Photo
(PixelChain). One frame for every 4 seconds of @ideas exported, which equated to
approximately 1 frame every 1 m = 0.1m of transétiis was the minimum distance that
ensured that there was no overlap between subsegames. These frames were sequentially

numbered and used for analysis.

6.2.4.1.1. Frame based point intercept
A grid with 49 point intercepts was overlayed omrle&ideo frame grab using the software
analysis package Coral Point Count with Excel (koland Gill 2006). This program allows a
fixed or random grid of points to be overlaid osesies of images, with the features under the
points identified and recorded to an Excel file.eTalgae/biota under each intercept was
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identified to the lowest taxonomic level. The pointercept data was then used to make
estimates of total percentage cover for each ofltibeinant species or group. Where the algae
under a point intercept could not be determinedlititarcept was scored as unknown. Where
frame grabs were of poor quality (due to motionrihg or poor light) they were excluded
from the analysis. The time taken to score eaahdravas measured and used to compute the

time taken to analyse 1 hour of video for this meth

6.2.4.1.2. Frame based percentage cover
The same frame grabs used in the point intercephodewere analysed using abundance
estimates. For each frame the percentage coveaobf @&gal species or group was estimated
to the nearest 10%. Where a species was presenessithan 10% cover it was scored a 1%.
Where frame grabs were of poor quality (due to awfblurring or poor light) they were
excluded from the analysis. The time taken to seaeh frame was measured and used to

compute the time taken to analyse 1 hour of videdHis method.

6.2.4.2. Time based analysis
The time based analysis used a period of time g®smel to frames as the base unit of
analysis used by the previous two methods (se&i@nrt.1.1 and section 6.2.4.1.2). For this
analysis the base unit of time was 4 seconds, wdoctesponded to approximately 1 m £ 0.1
m of linear distance. The start of the time pemas offset by 2 seconds from the still image
capture locations, such that the still images a®alyin the previous two methods fell in the

middle of the time analysis period.

6.2.4.2.1. Time based percentage cover
Each time unit of video was analysed for the domiredgal species/groups. For each algal
species/group the cover was estimated to the ried@86 across the time unit. Where a
species was present but was less than 10% it veasdsas 1%. The time taken to score each
time unit was measured and used to compute thetéike® to analyse 1 hour of video for this

method.

6.2.4.2.2. Time based presence/absence
The second method of time based analysis examiae tene unit for the presence/absence
of algal species/algal group. If a species/group pr@sent within a time period it was scored
as ‘1’ and if absent it was scored as ‘0’. Algateowas estimated based on the percentage of
time an algae was observed at a given depth rakggen the time taken to score each time
unit was measured and used to compute the timen tek@nalyse 1 hour of video for this

method.
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6.2.4.3. Comparison of methods
The four analysis methods were compared for carsstin classification and for the time
taken to process. Ten transects were processed aarh of the four methods. For each
method the time taken to analyse 1 hour of vides maasured. These times were compared
to give a measure of processing overhead. The aty@r data summarized by depth bin for
each of these transects was then compared forlatores.

6.2.5. Analysis of algal data

Distribution of algae by depth was assessed fdisecof the north, east and south coasts of
Tasmania (Figure 6.4). A series of 270 video traetss&vere conducted across reef habitat
within these areas between September 2003 and A2@05. The time based percentage
cover technique was used due to its increaseddiffre@ency whilst being comparable to the

frame based methods. The algae were analysed dopdltentage composition across 5 m
depth bins for each of the three areas (north ceast coast, and south coast). Data were
summarized at the transect level, to create a tablaverage cover by species for each

transect in each five meter depth range.
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Figure 6.4. Location of video transects around thaorth (blue), east (green) and south (red) coastsf o
Tasmania for comparison of algal communities

Bray-Curtis similarities were calculated for eachirpof data in the software PRIMER 6

(Prime-E Limited). Multi-Dimensional Scaling (MD$yas used to examine for differences
between the three regions and by depth strata laséue similarity data. SIMPER analysis
was conducted to examine which species contribtdethe differences between the three
regions. A two-way crossed design was adoptedherSIMPER analysis PRIMER 6, with

region and depth set as the factors. SIMPER amalyses the Bray-Curtis measure of
similarity, to break down the contribution of easpecies to the observed similarity (or
dissimilarity) between samples and allows the idieation of species that are most important

in creating the observed pattern of similarity.

To test the capacity of video for detection of algammunity differences at a scale of 10s of

kilometres, data from the east coast were analyHeel east coast was chosen as it contained
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a relatively straight coastline with a strong ladinal gradient, and corresponding exposure
and temperature effects. The coastline was divided five arbitrary sections of
approximately 40 km each for the analysis (FiguBg.6T'his level of division was chosen as it
allowed a high degree of replication within eaclttism, with a minimum of 20 video
transects per section. As for the regional angh&iBIPER analysis was used to examine for
similarities and differences in the species cowesdéction. Again, a two-way crossed design

was used with section and depth as the factors.

Swan Island
S

Waling

section 3

N

; section 2

) i section 1

10 0 10 km Island
.
N

Figure 6.5. Location of the five analysis sectiorfsr the east coast algal analysis.

For species which showed strong dissimilaritiesdmer between sections from the SIMPER

analysis, ANOVA was used to examine statisticafed@nces by depth bin. The depth
distribution from the major canopy speciesrvillaea potatorum Phyllosporacomosaand
Eckloniaradiata were compared between the sections. ANOVA was wcted for each of
these species by section for each depth bin, vailte@ T-tests used to examine for groupings

where significant differences existed. Only recondieere there was 25% cover or greater for
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each species were included in the depth analysithis removed the effect of single plants

occurring deeper than the majority of the specissidution.

6.3. Results
6.3.1. Positional Accuracy
20 -

18 y = 0.271x

R? = 0.7833
16 -

14 ~

Depth (m)

Figure 6.6. Plot of estimated lay back (video vscaustic) versus depth for 61 reef-sand boundary cssings

Estimates of video layback based on comparisorh@fvideo and acoustic data showed a
strong linear relationship with depth within theptterange of 0 m — 40 m (Figure 6.6). This
relationship was used to estimate the video camistance behind the vessel. This distance
was coupled with the back bearing data to estirtiegoosition of the video in relation to the
vessel. When unsmoothed back bearing data was teedstimated video position changed
rapidly around the vessel track log due to thehpdad roll of the vessel. When this back
bearing data was smoothed these large jumps ima&stl video position were removed
(Figure 6.7). Correcting the video position for tlepesulted in an estimated positional error
for the video system of 0.271 times the depth. Thu& m depth the video was within + 2.5
m of the estimated position. Positional error a$ ttmagnitude corresponded with a potential
depth error of 0.37 m + 0.54 m. The positional ercalculated using this method is in
addition to GPS error, and should be incorporatéal any error budget as such. This method
also assumes that the camera system is directipddéme vessel, which in many cases may

not be the case.
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1 Meters 1 Meters

Figure 6.7. View of vessel track log (black dots) it estimated video track log with (a) no smoothingof
back bearing (red line), and (b) smoothed back bearg (blue line). Grey lines link the points on thevessel
tracklog with the corresponding points of the videdracklog

6.3.2. Comparison of the analysis methods
Four methods were examined to analyse the videalfyal cover. The efficiency of these
methods was compared, based on the time takenagsanl hour of video. Most of the
methods took between 2- 3 hours to process 1 Howvdeo, however the frame based point
intercept took close to 6 hours to process 1 hduvideo (Table 6.1). The Time based
presence/absence was slightly quicker than theefraased 10% cover method, while the
time based 10% cover method was slower, taking i@ % longer to analyse, but was still

twice as quick as the frame based point intercegthod.

Table 6.1. Comparison of time taken to analyse 1 o of video for the four analysis methods

Method Time/hour video Data type

Frame 10% cover 20+1.8 Percentage cover in 1i06% b

Frame Point Intercept 59+4.9 Percentage covaddrbins

Time 10% cover 29123 Percentage cover in 1096 bi

Time Presence/absence 1.9+0.8 Percentage cosenl ba% time observed

A comparison of the classified algae from 10 raniyoselected video transects was made.
Very little difference between the cover estimdtesn the Frame 10% Cover, Frame point
intercept and Time 10% cover methods was obserVeldl¢ 6.2), while the estimates from

the Time presence/absence method varied from ther three methods. These correlations
were relatively similar over the 10 transects asedly hence low standard deviations. The
strong correlation between the Frame 10%, Framet Rdercept and Time 10% methods can
be seen when the algal cover data for one of thealh@ects is presented graphically in 5 m
depth bins (Figure 6.8). The patterns of the graghssimilar for each of these three methods,
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and differ from that of the Time Presence/absenethad (Figure 6.8).

Table 6.2. Comparison of correlation between analys methods based on analysis of 10 transects

Method 1 Method 2 Average Correlation + Standard Deviation
Frame 10% Frame Point Intercept 98.2% £+ 1.6%
Frame 10% Time 10% 98.5% £ 0.8%
Frame 10% Time Presence/Absence 74.5% £ 2.5%
Frame Point Intercept  Time 10% 98.1% + 1.2%
Frame Point Intercept  Time Presence/Absence 73.298%
Time 10% Time Presence/Absence 76.5% +2.1%
100% -+ Frame Point Intercept
100% - Frame 10% Cover
04 -
80% 80%
&
& 60% | 260% 1
8 o
R 40% R 40% |
20% - 20% -
0% - 0% |
00-05m  05-10m  10-15m  15-20m 00-05m  05-10m  10-15m  15-20m
Depth Bin Depth Bin
100% - Presence/absence
100% - Time 10% Cover

00-05m 05-10m 10-15m 15-20m 00-05m 05-10m 10-15m 15-20m

Depth Bin Depth Bin
W Durvillaea potatorum B Macrocystis pyrifera
@ Phyllospora comosa m Cystophora sp.
O Xiphophora gladiata O Caulerpa sp.
O Ecklonia radiata B Red algae
W Acrocarpia paniculata O Bare

m Carpoglossum confluens

Figure 6.8. An example of the algal cover estimatdmsed on the four methods of analysis for one dfi¢ 10
transect analysed. Only data for algal species/gr@s that were present at greater than 1% in at leasbne
depth bin are presented in these figures.

Due to the low resolution of consumer digital videoupled with the motion video, not all
algae could be identified, either due to excessanmera motion, poor lighting/visibility, or
too great a camera object distance. This was ofi@re noticeable in the still frame grabs. To
assess the capacity of each analysis method ttifidatl the algae in each frame/time unit,
the number of unidentified attributes was compdretiveen each of the methods. The frame
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based methods had a higher proportion of unidedtiilgae than the time based methods
(Table 6.3). This was especially the case for taeé based point intercept method, which
had 2.6% unidentified algae, versus 1.2 — 1.3%Hertime based methods (Table 6.3). Frame
based methods rely on the quality of a single frgnaé, which can be affected by shadowing,
excessive camera movement and long camera rangiee fime based methods there was a
lower probability of unidentified algae as thereravd 00 frames within each time period,

creating a greater chance of identifying an algatcges within several frames.

Table 6.3. Average percentage of unclassified algder the four video analysis methods with standard
error.

Method % Unidentified
Frame 10% cover 2.2% +1.3%
Frame Point Intercept 2.6% +1.5%
Time 10% cover 1.3% = 0.9%
Time Presence/absence 1.2% + 0.8%

Based on the above comparisons of the four anatgsthods. Each method was rated for
processing time, correlation with the other methadd the amount of unidentified algae
(Table 6.4). The time based presence/absence mdilogot correlate well with the other
three methods. This method is better suited toegeity information on the distribution of
species, such as depth distribution. Of the remgitihree, the frame based point intercept
method had a high overhead in terms of processitigavratio of approximately 6:1 (hours of
processing to hours of video) compared to the redaai of methods that were less than 3:1.
The two frame based methods also had a higher mage of unidentified data,
approximately twice that of the frame based methdti® comparison of the four methods
suggests that the time based percentage cover dhethtbe best for analysis of algal data

from video for this chapter, balancing processingetwith accuracy.

Table 6.4. Summary of the four video processing miebds for processing time, correlation with other

methods and percentage unidentified algae. + inditeés good performance, ~ indicated average
perfomance, and - indicates poor performance.

Method Processing Time Correlation Unidentified Algae

Frame 10% cover + + -

Frame Point Intercept - + -

Time 10% cover ~ + +

Time Presence/absence + - +

6.3.2.1. Structure of algal community between north, east ath south coasts of
Tasmania

The structure of rocky reef algal communities witkhe three regions were compared based
on 270 video transects. These transects equateppgmximately 100 linear kilometres,
evenly divided between the three regions. The atgaimunities showed visual differences

when plotted by 5 m depth bins, both across depth lzetween the regions (Figure 6.9,
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Figure 6.10, and Figure 6.11). Differences wereeoled in the total algal cover, species

composition and species cover both within and beitwtbe three regions.

I Durvillaea potatorum

100% =23 Phyllosporacomosa
[ Eckoniaradiata
I Acrocarpiapancuata

I Cystophoraspp.
80% =—=3 Cauerpaspp.
I Corallinealgae
BN Red agee

<o =3 Unid entified tuf
Q\i 60% 7 E===m Sponge
— Algal Cover
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20% -
oot | l_ﬁj_

00-05m 0510m 10-15m 15-20m 20-25m 25-30m
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Figure 6.9. Average algal cover for dominant canopgpecies by depth (5 m bins) for the north coast of
Tasmania. Error bars give standard error. Only datafor algal species/groups that were present at grésx
than 1% in at least one depth bin are presented ithese figures.
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Figure 6.10. Average algal cover for dominant cangpspecies by depth (5 m bins) for the east coast of
Tasmania. Error bars give standard error. Only datafor algal species/groups that were present at grear
than 1% in at least one depth bin are presented ithese figures.
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Figure 6.11. Average algal cover for dominant cangpspecies by depth (5 m bins) for the south coast o
Tasmania. Error bars give standard error. Only datafor algal species/groups that were present at gréa
than 1% in at least one depth bin are presented ithese figures.

Algal assemblage from the north coast showed sugmf separation from samples from the
east and south coasts (Figure 6.12). The sampes tihe south and east coasts showed a
large amount of overlap. In all cases there waargel amount of scatter for clusters from a
given region. The majority of this scatter is expéal by depth related trends in algal
distribution (Figure 6.13). The data for the soaithll east coasts tended to cluster more tightly
in the shallower depths (0 — 20 m depth) than tta dlong the north coast. It should also be
noted that there was very little data below 20 mptldealong the north coast, as this is
generally the maximum depth of reef along this twees For this reason comparison between

the regions was conducted on data in the 0 — 2@pthdange.
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Figure 6.12. Multi-Dimensional Scaling plot compamg video data from the north, east and south coasts
Tasmania for data in the 0 - 30 m depth range colaa represent the different regions.
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Figure 6.13. Multi-Dimensional Scaling plot compamg video data from the north, east and south coasts
Tasmania for data in the O - 30 m depth range colas represent 5 m depth bins from 0 to 30 m depth.

The differences between the algal communities withhd between each section were
analysed using SIMPER analysis. The east and smakt data showed the highest within
group similarity of 59 and 55% respectively, white north coast was the lowest at 36%. For
the east coag?hyllosporacomosaandEckloniaradiata accounted for 89% of the similarity

(Table 6.5); for the north coast unidentified tngfialgae Acrocarpiapaniculatg Cystophora
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spp., Caulerpaspp., andeckloniaradiata accounted for 89% of the similarity (Table 6.6);

while for the south coastaulerpaspp., Coralline alga€&hyllosporacomosared algae, and

Eckloniaradiata accounted for 92% of the similarity (Table 6.7).

Table 6.5. Within group similarity (Bray-Curtis) percent contribution by species/group (top ten) for he
east coast algal video data. The within group sinality for the east coast is 59.3%.

Abundance Similarity  Similarity Percent Cumulative
Species/group (average) (average) (Stdev) contribution percent
Ecklonia radiata 0.38 27.10 1.36 45.70 45.70
Phyllospora comosa 0.37 25.94 1.01 43.73 89.43
Red algae 0.07 2.88 0.53 4.86 94.29
Coraline algae 0.04 1.41 0.45 2.38 96.67
Durvillaea potatorum 0.04 0.68 0.15 1.15 97.82
Caulerpaspp. 0.03 0.68 0.21 1.14 98.97
Sponge 0.02 0.37 0.15 0.62 99.59
Cystophoraspp. 0.01 0.19 0.11 0.31 99.90
Turfing brown algae 0.01 0.04 0.06 0.06 99.96
Polysiphoniaspp. 0.00 0.01 0.03 0.01 99.97

Table

6.6. Within group similarity (Bray-Curtis) percent contribution by species/group (top ten) for he
north coast algal video data. The within group simarity for the north coast is 36.3%.

Abundance Similarity Similarity Percent Cumulative
Species/group (average) (average) (Stdev) contribution percent
Unidentified turf 0.30 14.23 0.58 39.17 39.17
Acrocarpia paniculata 0.13 7.20 0.56 19.82 59.00
Cystophoraspp. 0.12 6.06 0.56 16.68 75.68
Caulerpaspp. 0.10 2.65 0.52 7.30 82.98
Ecklonia radiata 0.07 2.10 0.43 5.79 88.76
Sponge 0.07 1.66 0.32 4.57 93.33
Sargassunspp. 0.04 0.78 0.20 2.15 95.48
Phyllospora comosa 0.04 0.58 0.11 1.61 97.09
Caulocystisspp. 0.02 0.45 0.25 1.24 98.33
Carpoglossum confluens 0.01 0.18 0.17 0.51 98.84

Table

6.7. Within group similarity (Bray-Curtis) percent contribution by species/group (top ten) for he
south coast algal video data. The within group sirfarity for the south coast is 55.1%.

Abundance Similarity  Similarity Percent Cumulative
Species/group (average) (average) (Stdev) contribution percent
Caulerpaspp. 0.18 12.00 0.93 21.77 21.77
Coraline algae 0.18 10.68 1.15 19.38 41.14
Red algae 0.18 10.44 1.02 18.94 60.08
Phyllospora comosa 0.15 9.30 0.94 16.87 76.95
Ecklonia radiata 0.14 8.37 0.89 15.18 92.13
Durvillaea potatorum 0.08 3.20 0.35 5.80 97.92
Xiphophoraspp. 0.01 0.43 0.35 0.78 98.70
Macrocystis pyrifera 0.01 0.30 0.30 0.55 99.25
Acrocarpia paniculata 0.01 0.12 0.15 0.22 99.48
Carpoglossum confluens 0.01 0.11 0.19 0.21 99.69

A pair wise comparison of the dissimilarity betwede regions showed high dissimilarity

between the east and north coasts, and south atid cmasts, 90 and 89% dissimilarity

respectively, with 63% dissimilarity between theutdp and east coasts. The main
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species/groups contributing to the dissimilaritytween the east and north coasts were
Phyllospora comosa unidentified turf andEcklonia radiata (Table 6.8); the main
species/groups contributing to the dissimilaritytween the east and south coasts were
Phyllospora comosa Ecklonia radiata and Caulerpa spp. (Table 6.9); while the main
species/groups contributing to the dissimilarityween the north and south coasts were

unidentified turf,Phyllospora comosacoralline algae an@aulerpaspp. (Table 6.10).

Table 6.8. Between group similarity (Bray-Curtis) gercent contribution by species/group (top ten) fothe
east and north coast algal video data. The betweegmoup similarity for the east and north coast is 897%.

East North

Abundance Abundance Dissimilarity Similarity Percent Cumulative
Species/group (average) (average) (average) (Stdev) contribution percent
Phyllospora comosa 0.37 0.04 23.65 1.69 26.36 26.36
Unidentified turf 0.00 0.30 16.25 0.96 18.12 44.48
Ecklonia radiata 0.38 0.07 13.15 1.16 14.66 59.14
Acrocarpia paniculata 0.00 0.13 6.35 0.62 7.07 66.22
Cystophoraspp. 0.01 0.12 5.58 0.64 6.22 72.44
Caulerpaspp. 0.03 0.10 4.74 0.72 5.28 77.72
Sponge 0.02 0.07 3.36 0.59 3.74 81.47
Durvillaea potatorum 0.04 0.00 3.14 0.38 3.50 84.97
Red algae 0.07 0.01 2.68 0.56 2.99 87.95
Sargassunspp. 0.00 0.04 2.39 0.31 2.66 90.62

Table 6.9. Between group similarity (Bray-Curtis) gercent contribution by species/group (top ten) fothe

east and south coast algal video data. The betwegroup similarity for the east and south coast is 683%.

East South

Abundance Abundance Dissimilarity Similarity Percent Cumulative
Species/group (average) (average) (average) (Stdev)  contribution percent
Phyllospora comosa 0.37 0.15 15.69 1.34 25.00 25.00
Ecklonia radiata 0.38 0.14 12.56 1.19 20.01 45.01
Caulerpaspp. 0.03 0.18 9.27 1.10 14.77 59.78
Coraline algae 0.04 0.18 7.61 1.19 12.12 71.90
Red algae 0.07 0.18 6.90 1.09 11.00 82.89
Durvillaea potatorum 0.04 0.08 4.17 0.52 6.64 89.53
Cystophoraspp. 0.01 0.01 1.36 0.36 2.17 91.70
Xiphophoraspp. 0.00 0.01 0.79 0.49 1.25 92.95
Macrocystis pyrifera 0.00 0.01 0.71 0.46 1.13 94.09
Sponge 0.02 0.00 0.54 0.26 0.86 94.95
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Table 6.10. Between group similarity (Bray-Curtis)percent contribution by species/group (top ten) fothe
north and south coast algal video data. The betweegroup similarity for the north and south coast is
88.9%.

North South

Abundance Abundance Dissimilarity Similarity Percent Cumulative
Species/group (average) (average) (average) (Stdev) contribution percent
Unidentified turf 0.30 0.01 17.07 0.99 19.20 19.20
Phyllospora comosa 0.04 0.15 9.72 1.21 10.93 30.13
Coraline algae 0.00 0.18 9.54 1.31 10.73 40.86
Caulerpaspp. 0.10 0.18 8.36 1.09 9.41 50.27
Ecklonia radiata 0.07 0.14 6.42 0.97 7.23 57.49
Acrocarpia paniculata 0.13 0.01 6.19 0.63 6.97 64.46
Durvillaea potatorum 0.00 0.08 6.13 0.65 6.90 71.36
Red algae 0.01 0.18 6.08 1.18 6.83 78.19
Cystophoraspp. 0.12 0.01 5.62 0.64 6.32 8451
Sponge 0.07 0.00 3.65 0.61 4.10 88.61

The east coast region was divided into 5 sectioresxamine algal community structure at a
finer spatial scale. The algal communities showsdal differences in community structure
when plotted by five meter depth bin (Figure 6.14).should be noted that only
species/groups with greater than 5% cover witlsmgle depth bin are included in these plots,
however these groups were included in the subsequnatysis.
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Figure 6.14. Mean algal cover for dominant algal sgcies by 5 m depth bin for the five analysis sectis on
the east coast of Tasmania derived from video analis. Error bars indicate standard error. Only datafor
algal species/groups that were present at greatehan 1% in at least one depth bin are presented irhese
figures.

Analysis using SIMPER showed an average similavithin section of between 60 and 70%.

The dissimilarity between pairs of groups rangeamr34 and 50% (Table 6.11), with

differences inPhyllosporacomosaand Ecklonia radiata cover generally accounting for at
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least 50% of this dissimilarity, wittDurvillaea potatorum also accounting for a large
proportion of the dissimilarity in several casedie3e three species were examined for

significant differences in cover by 5 m depth rabgéveen the five sections.

Table 6.11. Pair-wise comparison of dissimilarity % dissimilarity) for algal communities in the five
analysis sections on the east coast of Tasmania edon SIMPER analysis.

section
1 2 3 4 5
1 - 471 455 380 496
S| 2 47.1 - 341 472 399
§ 3 455  34.1 - 458 392
n | 4 38.0 472 458 - 46.2
5 496 399 392  46.2 -

Significant differences in the cover Bf. potatorumwere observed in the 0 — 10 m depth
range, forP. comosaetween 10 and 30 m depth andHEoradiatabetween 10 and 20 m and
again between 25 and 30 m between the five sectiassd on ANOVA. Paired T-tests were
used to test which sections were significantlyed#ht and which sections grouped together
based on the cover of theses three speciesDF@otatorumin the 0 — 5 m depth range
sections 1, 2 and 3, and sections 1, 4 and 5 forgnedps, with significant differences
observed between all other combinations of sectionthe 5 — 10 m depth range sections 1
and 3 were significantly different from each othed all other sections (Figure 6.15).

Table 6.12. Probability values (ANOVA) for signifiant differences between sections of cover for
Durvillaea potatorum, Phyllospora comosa, and Ecklonia radiata by 5 m depth bin. * denotes significant
differences observed.

Depth range  D. potatorum P. comosa E. radiata

00-05m <0.05* 0.75 0.16
05-10m <0.01* 0.07 0.16
10-15m 0.12 <0.01* <0.01*
15-20m 0.58 <0.01* <0.01*
20-25m - <0.01* 0.24
25-30m - <0.05* 0.43
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Figure 6.15. Plots of mean cover by section fobD. potatorum for 5 m depth bins where significant
differences were observed using ANOVA. Sections nobnnected by the same letter (under the x-axis) ar
significantly different. Error bars indicate standard error.

E. radiatacover showed significant differences in the 100-n2 depth range. In 10 — 15 m
depth range sections 1 and 5, and sections 2, 34afatmed groups, with significant
differences observed between all other combinatidrsections. In the 15 — 20 m depth range
sections 1, 3 and 5, and sections 2, 3, 4 andraefdrgroups, with significant differences

observed between all other combinations of seciibitgire 6.16).
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Figure 6.16. Plots of mean cover by section fd. radiata for 5 m depth bins where significant differences
were observed using ANOVA. Sections not connectedy bthe same letter (under the x-axis) are
significantly different. Error bars indicate standard error.

P. comosacover showed significant differences in the 100-n8depth range. In the 10 — 15
m depth range sections 2 and 3, and sections l1l4af@med groups, with significant
differences observed between all other combinatidrsections. In the 15 — 20 m depth range
again sections 2 and 3 formed a group, with sestigond and 5 also forming a group, with
significant differences observed between all othembinations of sections. Similarly,

sections 2 and 3 again grouped together in theZBm depth range, with sections 1, 3 and 5
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and sections 1, 4 and 5 also forming groups, sagmt differences were observed between all
other combinations of sections. In the 25 — 30 ptldeange sections 2, 3 and 5 formed a
group, as did sections 1, 3, 4 and 5, with sigaific differences between all other

combinations of sections (Figure 6.17).
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Figure 6.17. Plots of mean cover by section fét. comosa, for 5 m depth bins where significant differences
were observed using ANOVA. Sections not connectedy bthe same letter (under the x-axis) are
significantly different. Error bars indicate standard error.

The depth distribution of the three dominant algeaes also examined by section. The depth
distribution ofD. potatorumshowed a significant difference across the sest{&NOVA, df

= 3, F = 16.65, P < 0.01), with this species tegdin have a deeper distribution in the
sections 1 and 3, and a shallower distributionaantisns 2 and 5D. potatorumwas not
observed at sufficient levels in section 4 to beluded in this analysis. Sections 2 and 5
formed a statistical group, with significant di#eices observed in all other combinations of
sections (Figure 6.18). There was a trend for aedese in the average depth distributioof

potatorumin the more northern sections.
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Figure 6.18. Average depth oD. potatorum by section. Sections not connected by the sametdégt(under
the x-axis) are significantly different. Error bars indicate standard error.

The depth distribution oP. comosashowed significant differences in the average llept
distribution across the sections (ANOVA, df = 4=F131.7, P < 0.01). Sections 1 and 3
grouped together, with significant differences bedw the remaining combinations of sections
(Figure 6.19). As for th®. potatorumthere was a general trend for a decrease in th@age
depth distribution oP. comosan the more northern sections.
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Figure 6.19. Average depth oP. comosa by section. Sections not connected by the sametéet(under the
x-axis) are significantly different. Error bars indicate standard error.

The depth distribution oE. radiata showed significant differences in the average ldept
distribution across the sections (ANOVA, df = 4=A90.1, P = < 0.01). Sections 2 and 4
formed a statistical group, with significant di#@ce shown between the remaining
combinations of sections (Figure 6.20). As for bbthpotatorumandP. comosahere was a

trend for a shallower depth distribution in the maprthern sections.
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Figure 6.20. Average depth oE. radiata by section. Sections not connected by the sametéet(under the x-

axis) are significantly different. Error bars indicate standard error.

6.4. Discussion

Temperate reef algal communities are importanttlier biodiversity of reef systems. These
communities provide a source of primary productishelter, and structure that support a
large number of other species (Schiel and Fost86)19rhis chapter examined methods to
analyse underwater video data, which in turn cdaddused to describe patterns in algal
community structure. Three of the methods examhraatia strong correlation, while a fourth
did not correlate as well. The three methods witbng correlation differed in the processing
time and the amount of unclassified data obtainéds suggests that, at least for algal
community structure at this spatial and taxonoreiel, the method of analysis is not critical

to the outcome of the analysis.

In order to relate the video frames to the depthectd from the acoustic sounder the
positional accuracy of the video system was es@thdiased on the crossing of easy to
distinguish reef/sand boundaries simultaneousiy whie video and acoustic systems. This
comparison showed that while the video system veseglly directly beneath the vessel in
shallow water, it was up to 15 m behind the vessédeeper water. In many cases this meant
that the video was outside the half beam power stmdootprint and thus a positional

correction was needed to relate the video footagéhe depths from the acoustic sounder.
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There is also the possibility that the video cambedng inside the acoustic beam could affect
the measured depth from the seabed, however theraaystem was generally on the outside
of the acoustic beam, whilst the strongest retarasgenerally along the central axis and it is
these strongest returns that are used to caldhlatsounder detected bottom. A simple linear
correction model was developed to account forltyback. Alternatively the use of acoustic
positioning technology could be used to more adelyaccount for the layback of the video

system.

Four video analysis methods were compared, withfitume based point intercept, frame
based percentage cover, and the time based pegeectaer methods strongly correlated.
The two frame based methods were limited by thditguaf the frames grabbed from the
video. This led to problems with the identificatiohalgal groups, with a higher proportion of
unclassified algae with these two methods. The taamsed methods had less problems with
unidentified algae, as algae that was blurred scoied in one frame were generally visible
and identifiable in subsequent frames. The fransethanalysis methods would benefit from
higher resolution video or purpose taken still iemgThe real strength of video is the
continuous stream of data, rather than the highildetthin each frame. Thus the time based
analysis method has the potential to better capdetailed information from the video by

working to its strengths.

The processing time for each of the four methodeeddrom a ratio of approximately 2:1 for
the frame based percentage cover and time baseskngedabsence methods (2 hour
processing for each hour of video) to a maximun®:af for the frame based point intercept
method, with the time based percentage cover meihdde middle with a ratio of 2.9:1.
Point intercept methods are commonly used to ass®ss of organisms from still images
(Drummond and Connell 2005, Kohler and Gill 200&)wever the high overhead in term of
processing may be prohibitive for many large ddtaieat are collected using underwater
video. While this is the most quantitative methadgcorrelated very well with the two
percentage cover methods, such that these aretipdiiea viable alternative for a more rapid

analysis of the video.

All the analysis methods required a trained operat@stimate the cover of each algal to the
lowest taxonomic level, and for the time and framased percentage cover methods estimate
cover, which involves a degree of subjectivity. €meen digitising (Kenyort al. 2006) and
colour segmentation (Bernhardt and Griffing 20019tmods present alternate methods of

calculating percentage cover from still images. Sehavere initially investigated, however
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were found to be difficult to apply to algal comnityrstructure due to a combination of the
complex 3 dimensional matrix formed by various tayef the algal in the canopy, and the
similarity in colour between many of the algal speccoupled with shadowing and variable
water quality and lighting.

When selecting a method for the analysis of vidensideration should be given to the type
of questions being asked of the data. The framedoasint intercept methods of analysis,
being the most quantitative, would be best suitelbg term change detection (Fosteral.
1991, Kohler and Gill 2006), where a statisticathpust estimate of cover needs to be made;
however this is at the cost of increased processimg. The percentage cover methods
(Kenyonet al.2006), with their lower processing times were besteted to the description of
algal community structure across broad regionsak also been shown that the scale of
measurement may be more important than the metlsedl when monitoring subtidal
communities (Parraviciret al.2009). The scale of measurement must reflect tinetste of

the community being monitored.

The taxonomic resolution of video is known to bssléhan for comparable diver surveys
(Kenyonet al.2006). However, the loss of taxonomic resolutiohatanced against increased
coverage when compared to diver surveys, with titbtianal benefit of a permanent record
which can be re-analysed in the future (Carletod Brone 1995). For algal community
structure the taxonomic resolution that can beectdld from video is generally limited to
large macroalgal species or genera. In this stuaist f the large brown macroalgae could be
identified to either species or genus level, howewany of the smaller turfing algae could
not be consistently identified and were thus atted to a category of turfing algae. Similarly,
the red and coralline algae could not be consistéhentified to species level and were thus
grouped at a higher taxonomic level. Resolutiondg@otentially be improved by using still
cameras or hi-definition digital video. Howevereté will always be a loss in the taxonomic

resolution compared to diver surveys.

The underwater video data were used to charactdesdominant canopy species and genera,
however these algae generally obscured the smadtbgrstorey algal. Algal canopy structure
has been shown to be a large and predictable mfeuen the understorey structure (Melville
and Connell 2001, Irving and Connell 2006). Knowjeaf the canopy structure can therefore
be used to develop assembly rules to predict tlierstorey structure (Irving and Connell
2006). Thus, knowledge of the canopy species cpatdntially be used to predict the entire

algal assemblage at a given location. Taxonomialuésen at a similar level to that obtained
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from video in this chapter, has previously beermshto be sufficient for use as a biological

indicator for monitoring algal communities (Pueate Juanes 2008).

Commonly, qualitative descriptors based on domiadgdl canopy species are used to define
habitat on temperate rocky reefs (Schiel and FA€86, Underwooet al.1991, Shearst al.
2004). For example, habitats on shallow temperdésrhave been defined as urchin barrens,
kelp forests, mixed algae or sponge garden to nanfew (Shearset al. 2004). These
descriptors are generally defined subjectively;ytheave been quantified and validated
through diver surveys in previous studies (Sheams.2004). Underwater video assessment,
which allows the rapid collection of dominant algalecies data, would allow definition and

validation of habitat at broader scales than deugveys.

The time based percentage cover method was usethlgse rocky reef video data from three
broad geographic regions of the Tasmania coastlniferences in the algal community
structure were observed between each of these tagiens. Reefs on the north coast were
dominated by a mix of turfing alga@crocarpiapaniculatg Cystophoraspp.,Caulerpaspp.,
and Eckloniaradiate reefs on the east coast were dominate®lyllospora comosandE.
radiata; and reefs on the south coast dominate@aylerpaspp., Coralline alga®,. comosa
red algae, ané&. radiata These differences in community structure reftlitferences in the
environmental conditions around the coastline idiclg water temperature (Rochford 1975,
Jeffreyet al. 1990), nutrients (Harrist al. 1987, Jeffreyet al. 1990), and exposure (Edgaitr

al. 1997, Barrettet al. 2001, Jordaret al. 2005a). Environmental conditions will also affect

the fish and invertebrate communities (Edgar 1984).

The three regions examined in this chapter haveiqusly been designated into different
bioregions based on a analysis of fish, invertebaaitd algal presence/absence data from 5 m
depth, with the north coast having greater separatian the other two sections of coast
(Edgaret al. 1997). The differences found through analysis oewi data from this chapter
showed similar trends, with a different suite of&ps and a different algal structure along the
north coast compared to the south and east c@dstseast coast and south coasts contained a

similar suite of algal species, although the contmosof these species differed with depth.

The analysis of the east coast video data at alansalale showed differences in the algal
community structure along this coastline. Significdifferences were observed in the cover
and depth distribution for the three dominant dtrting speciesDurvillaea potatorum
Phyllosporacomosaand Eckloniaradiata. There was a trend for each of these three species

to show a decreasing depth distribution from sdotmorth. Broadly speaking there is a
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similar level of exposure on the east coast betw8ehouten Island and Swan Island.
However, the exposure to large southerly swellgréater in the south than the north, with
extremes of wave exposure that potentially havenash influence as temperature on the
distribution of biota at the regional scale (Edgaral. 1997). Increased exposure has
previously been shown to increase the minimum,ayeand maximum depth distribution for
each of these species within the Bruny Bioregionthe south of this region (Barredt al.
2001). Small scale coastal features may also hghfai@ the observed patterns, with local
exposure affected by the angle of the coast. Théhem part of this coastline has a greater
number of rocky headlands, with parts of Schoustemd and the Freycinet Peninsula having
a southerly aspect. The middle parts of this cgaserally have an easterly aspect, while the
northern parts have a north easterly aspect.

A strong latitudinal gradient in algal cover hagib®bserved on mainland Australia (Connell
and Irving 2008). Algal canopy cover was shown ¢éardase with increasing latitude, with
almost no canopy algae present at the southernsitefEden, NSW) due to the presence of
extensive urchin barrensCéntrostephanus rodgerkiiThe range of this species has extended
down the Tasmanian east coast over the last feadésc(Johnsoet al.2004). The presence
of these urchin barrens was visible in the algalecalata from section 4 on the east coast of
Tasmania, with a decrease in algal cover in the 28 m depth range compared to other sites
along the east coast. Large barrens due to thisespbave been documented at the Kent
Group of islands in Bass Strait (Jordetnal. 2005b). The north coast algal data also showed
low algal cover, however this species has not beéecumented on the north coast of
Tasmania, presumably due to the predominantly wgstarrent flow preventing distribution

of larvae along this coastline (Cresswell 2000)e Téw algal cover along this coastline is

more likely related to water quality and exposur@dgents.

6.5. Conclusions

The analysis of underwater video for the clasdiftcaof algal community structure has been
shown to be useful for the detection of broad sdédferences in community structure at the
bioregional level, and also within a selected lyoe. Of the four analysis methods
compared in this chapter, three were found to r&ineng correlation when used to analyse
the dominant algae at this spatial scale. The ehofovhich method is ultimately used will
depend upon the type of analysis being conductedkerims of hierarchical classification of
seabed habitats, underwater video provides thecitgda include algal species information

as a habitat descriptor, which allows habitat dizssion at lower levels than from SBES, as
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discussed in the previous chapters.
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Chapter 7. Development of stereo video techniques for
classifying sponge beds based on functional morplogy

7.1. Introduction

Sponges (Phylum Porifera) play an important rolaniawrine ecosystems, forming complex
structures on the sea floor that provide refuge laakitat for many fish and invertebrate
species. Sponge biodiversity is affected by envirental conditions including depth, slope,
current, and water conditions (Roberts and Davi861®Bell and Barnes 2000b, Bell and
Barnes 2000a, Be#t al.2002, Hooper and Kennedy 2002). In order to adsieskversity, a
measure of species composition and species distibis required. However the taxonomy
of sponges is inherently difficult, with colour,agfe and size often variable within single
species (Bell and Barnes 2001, Bellal. 2002), confounding visual identification. Sponge
functional morphology has been shown to be a usefubgate for sponge biodiversity (Bell
and Barnes 2001, Bell and Barnes 2002).

Measures of diversity in sponge functional morplgglbave been related to species diversity
in both tropical (Bell and Barnes 2002) and temigenggions (Bell and Barnes 2001).
Sampling sponge morphological diversity is lessetioonsuming, and requires no specialist
knowledge when compared to sampling sponge speltvessity (Bell and Barnes 2001).
Information on the diversity of sponges is a kejnponent of conservation, with the role of
marine sponges often overlooked in importance (B&li8). For conservation planning issues,
such as marine protected areas planning, informatrobiodiversity is required (Waet al.
1999, Hooper and Kennedy 2002). While informatiam species diversity is preferred,
potential indicator groups have been shown to #@eouseful as a surrogate for species
diversity (Gladstone 2002). Thus there is the pdbto use sponge morphological diversity
as a surrogate for species diversity in such sitnst

To develop a repeatable classification of spongectional morphology a quantitative
measurement of sponge morphometric characteristiejuired. Due to the vulnerability and
slow growth of many sponge species, it is preferabl makein situ measurements than
remove the sponges for measuremehtssitu measurements using conventional methods,
such as diver surveys, are not always possibletalibe excessive sampling time required
and depth limitations (Roberts and Davis 1996). Tike of remotely controlled cameras to
collect morphometric information would decrease fibéd time required and remove depth

limitations.
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Information collected using underwater camera systecan include presence/absence
information, counts of target species/objects, easurements. With multiple exposures and
appropriate camera geometry, highly detailed 3D etwdcan be reconstructed using
photogrammetric techniques (Eos Systems Inc 2006c¢it&€ et al. 2003). Hence

photogrammetry may prove a powerful tool for thassification of sponges. The use of a
photogrammetric system to make measurements invobystem design, construction,
calibration, and validation. System design requisgecification of the required spatial

accuracy of the targets to be measured and thegera

In-water photogrammetry presents complications #rat additional to those of terrestrial
photogrammetry as light travelling through watesubject to both attenuation and refraction
(Thorndike 1967, McNeil 1968, Jerlov 1976). Wat#emuates light at a much greater rate
than in air, with different wavelengths attenuatiag different rates. The presence of
particulate material, such as phytoplankton or snodpd sediment, increases the rate of
absorption. Due to the high absorption of lightuvater, underwater photogrammetry is only
practical at close ranges (Rebikoff 1975, Moore@)9This has implications for the scale of
targets that can be sampled using underwater pfastwgetry. In certain environments with
high particulate loads, the level of absorption rbayso high that it is impractical to use a

photogrammetric solution.

A second major complication in underwater photogrestnry is the optical effect of the
refractive surfaces at the water-port or water-lamerfaces, as seawater has a higher
refractive index than air (approximately 1.33 conggawith 1) (Stanley 1971, Schieberstr

al. 1990, Yunus 1992). Refractive effects at the bountetween the water and the camera
port or camera lens will alter the optical propestiof the camera, causing a change in the

effective focal length and, potentially, introdugilarge and complicated image distortions.

These distortions can be minimised by using spgaisigned ports, lenses or lens adaptors
(Thorndike 1950, Ivanoff and Cherney 1960, Hoplkansl Edgerton 1961, Wakimoto 1967),
and by calibrating the camera for use underwatderahan in air. System calibration is a
necessary requirement in order to use camerastigrwater photogrammetry, and is also an

important step in the assessment of the accuratyp@tision of a system.

A single camera, single exposure system can be weleeh only two-dimensional
measurements on a planar or near-planar surfaceegqrered. For single camera, single
exposure photography, the calibration is oftenw@eliusing a reference scale in the field of
view of the camera (Bergstedt and Anderson 1990kdBaet al. 2001, Pitcheret al. 2001,

159



Stokesbury 2002). This can be by way of a referegoadrat attached to the camera
(Torlegard 1974, Fryer 1983, Williams and Leach 208tokesbury 2002), projected laser
marks (Barkeet al.2001, Pitcheet al.2001), or some other form of scale (Co#ieal.2000,
Willis and Babcock 2000, Parsoes al. 2004). Certain applications allow the camera to be
mounted a set distance from the seafloor, sucmassbed, providing a standard field of view
that can be calibrated to allow measurements (Mard Martin 2002). Single camera, single
exposure systems are generally limited to simpkiinZnsional measurements including

length, planar area, and density estimates.

Multiple cameras or multiple exposure stations arsed when three-dimensional
measurements are required. A single-camera mukigb®sure system can be used to obtain
3-dimensional measurements provided sufficientrmétion is known about the camera’s
interior orientation (focal length, image plane dimions, lens distortions) and exterior
orientation (camera position and orientation aheagosure station). The exterior orientation
data can be known either by measuring the camprasi, roll and rotation and position in a
reference coordinate system (real world or oth@neénet al. 2002) or by deriving these
values from the known location of control pointstie field of view (Fryer and Done 1982,
Tao and Hu 2002, Cocitet al. 2003). Single camera, multiple exposure systemdirared

to stationary objects and they require the tardpgtad to maintain its position and geometry

during multiple exposures.

Alternatively, simultaneous exposures from multigameras can be employed. Most
commonly this photogrammetric solution involvestarso camera (two cameras in a fixed
geometry), however more than two cameras can be ims¢he case of complex objects.
Stereo camera systems have been successfully emdployhe measurement of highly mobile
organisms (Klimley and Brown 1983, Bragseral. 1999, Harveet al. 2001), and also fine
scale 3D modelling of targets (Hale and Cook 19d@pre 1976, Doucettet al. 2001).
Multiple camera systems with fixed geometry carchibrated before measurement and then
deployed in the field. This greatly reduces or éliates the need for any control or reference
targets in the field of view of the cameras, beeaarcurate 3-dimensional measurements can

be derived from stereo-photography acquired usicagjiarated stereo-camera.

A summary of the types of camera systems used demwater applications, and the types of

measurements obtainable from these systems isdawn (Table 7.1).
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Table 7.1. Summary of types of photogrammetric syets and the types of measurements obtained.

Number of Cameras Number of Exposure Scale Use

Single Single Fixed frame or lasers 2D measurements

Single multiple Fixed scale object 3D measurement

and models

Single multiple Fixed height from seafloor pluD measurement
orientation information Image mosaic

Two (Stereo Video) Single Known Geometry and came3® measurement
info

Multiple multiple Known camera geometry and8D measurement
camera info and model

The choice of an appropriate system will dependhupe specific application, including the
types of measurements, accuracy, and whether 3lsation, or 3D models are required.
3D measurements are often the desired result dfotogrammetric solution. This may be
simple measures of height, width and breadth, erdbnstruction of 3D models. For 3D
measurement and modelling, two or more exposureseguired. A pair of images, such as
from a stereo camera system, can be used to dem@mensional measurements of a target.
However, they cannot normally be used to createdar®nsional model of a solid object.
This will require multiple exposures from a vari@tfylocations surrounding the object. These
may be multiple stereo pairs, which allows for eteviewing of the surfaces, or multiple
single-exposures. As a general rule, increasingntimeber of images to cover the target from

all angles will increase the accuracy and fidedityhe derived data (Eos Systems Inc 2000).

To make measurements from an image (image spape)nton the image must be related to
a point in the real world (object space), either2iror 3 dimensions. For 2-dimensional
measurement, this may only require a rescalingg®@irmage, however lens calibration may be
required. For 3-dimensional measurement, this iglif on knowing the internal geometry of

the camera, and so it is necessary to use a dalibcamera.

Video cameras can be used to collect a continutaars of single or stereo-camera images.
This is advantageous when the targets are moviegjnaccessible to divers, or when the
camera is remotely operated. Useful images fromrélcerded stream can be selected and
processed. However, the use of video rather thdéinimbge cameras does present some
challenges, especially the low resolution of vidéypically 720 x 576 for a standard
definition PAL camera (approximately 0.5 Megapiyetompared to 5 — 10 Mega pixels for a
digital still camera at the time of writing. Videoom digital video cameras is typically
interlaced, where each frame is made up of twarateng frames known as fields, each
containing half the information to make up a fulirhe. Each field will be separated in time
based on the frame rate, in the case of PAL vid26"lof a secondThus, if the camera or

target moves during image acquisition, there wdldstefacts apparent in the frames. There
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are a number of processes that can be used todtkipe these artefacts when still-frames are
captured off video. These normally either duplicatenterpolate one of the fields to hide the
artefact — a process that generates a visuallyebaethage but that can introduce

photogrammetric errors.

This final data chapter examines the characteoisatf sponge community structure, which is
at the modifier level of the hierarchical classfion system (Chapter 1 Table 1.1). This
chapter will investigate the capacity of a photogmeetric system to accurately measure
morphometric features of sponges. These morphaméddatures will then be related to
predefined functional groups (Bell and Barnes 208h§ also used to investigate the

morphological differences in sponges between twessi

7.2. Methods
7.2.1. Definitions

For consistency the following definitions and synsbwave been adopted in this chapter.

Table 7.2. A list of definitions and symbols useadhithis chapter.

Symbol Unit Description

f mm focal length

Xp mm principal point x-coordinate

Yo mm principal point y-coordinate

K1 - radial lens distortion*lcomponent

Ky - radial lens distortion"® component

Py - decentering lens distortiori' tomponent

P, - decentering lens distortioi®omponent

r mm Radial distance from principal point

X mm X-image point

y mm y-image point

XC mm Corrected x-image point

yc mm Corrected y-image point

XL mm Exposure station position X-coordinate

YL mm Exposure station position Y-coordinate

ZL mm Exposure station position Z-coordinate

® degrees  Omega - Camera station rotation aroundsx-a

10) degrees  Phi - Camera station rotation around y-axi

K degrees  Kappa - Camera station rotation aroundsz-a
7.2.2. Stereo video system design and construction

A stereoscopic video system was constructed for phetogrammetric measurement of
sponge morphology. This system comprised a paiSofy TRV22e video cameras in
Amphibico underwater housings with standard 0.5%msl|ports. The cameras were mounted
in a rigid frame with a parallel orientation (Figur.1). The whole stereo video system was
then mounted in a tow fish for field deploymentfieTstereo system was attached in the
towfish so that the cameras were mounted in a medtical orientation to the seafloor

(approximately 75 degrees from the horizontal).sToiientation was preferred to a directly
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vertical orientation (90 degrees from the horiznés it allowed both the base and top of
most targets to be recorded simultaneously in alesirstereo pairs, thus allowing
measurements of height to be made.

Figure 7.1. The stereo video system mounted insidetow fish

The Sony TRV22e cameras were set up as shown ile Tah These settings were checked at
the start of each survey to ensure the system seigspconsistent between surveys. The two
cameras were mounted in the housings, which inWwere mounted in a fixed stereo video

geometry.

The video footage between each of the camerasymat®nised using flashing LEDs, with a
single red LED mounted in each of the housingss&éheED’s were mounted to the edge of
the field of view (to the left for the left cameaad the right for the right camera) so that they
would not affect that part of the image used far shereo measurement. A cable connection
between the two housings linked these LEDs to @ragbaircuit. This circuit was designed to

flash the LEDs simultaneously for 1/26f a second every 10 seconds.

Table 7.3. Settings of the Sony TRV22e miniDV digil cameras as used in the calibration and surveyd o
sponge metrics.

Setting Value
Focal Length in Housing (Max Wide Angle) 3.7 mm
Zoom Set to maximum
wide angle
CCD resolution (WxH) 720 x 576 pixels
CCD size (WxH) 3.7x2.7mm
Focus Manual, fixed
Exposure Auto
Steady Shot Off
Camera Base 0.35m

Still images were captured from the video footagang the Adobe Premiere Version 6.02
(Adobe Systems Incorporated, USA) and a DVRaptptwa card (Canopus Co. USA). The
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still images were captured as bitmap files and tAelobe Photoshop Elements (Adobe
Systems Incorporated, USA) was used to removeftbet®f video interlace from the images
prior to importing into the photogrammetric soft@alhe “Video de-interlace” filter was

used to interpolate the odd field from the evelhdfie

7.2.3. Camera Calibration
Camera calibration was conducted as a two-stepepsod-irstly each of the cameras used to
construct the stereo camera system were calibsspdrately to provide interior orientation
information. The interior orientation accounts thg path from the lens to the imaging plane
of the camera and can be used to account for lstertibns. The stereo camera system was
then calibrated for exterior orientation, which wased to “hardwire” the relative camera
position into the photogrammetry software PhotoMedBro 4.0 (Eos Systems Inc. Canada).
The exterior orientation is the relative orientatiof each camera to a reference point, in the

case of a stereo camera system this is the ori@mtatt one camera to the other.

The individual cameras that were used to consthecistereo camera system were calibrated
using Camera Calibrator 4.0 software, which is jpdrthe PhotoModeler Pro 4.0 package.
This program uses a calibration slide (Figure 7a®) a reference surface that can be
photographed and used with the calibration softwéhe calibration slide was printed onto
waterproof A4 paper, and images of this printedyoopre captured separately by each of the
two cameras at an object distance of approximat@lgm whilst submerged in a saltwater
tank. The protocols outlined in the PhotoModelen B0 manual (Eos Systems Inc. 2000)
were used to acquire the calibration photos antbperthe calibration. The results of the
camera calibration were saved in a calibration filleeach camera for subsequent use with
PhotoModeler.

Figure 7.2. Calibration slide for use with Camera @librator 4.0 software to calculate camera calibraibn
parameters (Eos Systems Inc 2000).
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The Camera Calibrator 4.0 software was used taulzdte the focal length, principal point
coordinates, digitising scale, and lens distorp@nameters for each camera. Lens distortion
in PhotoModeler is described by a set of four valuevo of theseK; andK,) describe the
radial lens distortion, while the other tw,(andP,) describe the decentering lens distortion
(Eos Systems Inc 2000). The radial distortion ismadly the major component of lens
distortion. PhotoModeler uses an unbalanced fornauaor radial lens distortion. This is
given by:

dr =K,r*+K,r*  (Eos Systems Inc 2000)
Where d = radial distortion at a distanedrom the principal point
r = radial distance from the principal point
K1, Ko = parameters of the radial lens distortion

Decentering lens distortion normally contributesnaaller amount to total lens distortion than
radial distortion. Decentring distortion is desedhby:

dpx=P,(r? +2x*) + 2P,xy
(Eos Systems Inc 2000)
dpy=P,(r* +2y*) + 2Rxy
Wheredpx dpy= decentering lens distortion xmandy respectively
r = radial distance from the principal point
X, Y = any given point in the image, where (0€)he principal point

P, P, = parameters of decentering lens distortion

PhotoModeler calculates the correction for any gigeint (x,y) on the imaging surface using

the following:

Xc = x+drx+ dpx
(Eos Systems Inc 2000)
yc=y+dry+dpy
Wherexc, yc are the corrected image point coordinates,
drx is thex component of the radial lens distortion correction
dry is they component of the radial lens distortion correction

dpxis thex component of the decentering lens distortion abioa, and

dpyis they component of the decentering lens distortion abioa.
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7.2.4. Capture of stereo pairs
For both the stereo camera calibration exercisestha field surveys, the stereo camera
system was deployed with the sync lights flashing with both cameras set to record. The
video from both cameras was captured to a comaet drive using a DV Raptor capture
card (Canopus), and Adobe Premiere 6.0 (Adobe)\Adfikes using the Canopus DVRaptor
DV codec. The video was captured as interlacedaligideo with a frame rate of 25 frames
per second and a video size of 720 x 576 pixelsv@@®AL DV format).

The video was synchronised based on the firindhefflashing sync lights. Thexport still
image option of Adobe Premiere was used to export comeging stereo pairs. As the
recorded video was interlaced, the images werereegbaising the lower field first option as
Windows bitmap files with the dimensions of 720x5@iels. These images contained
artefacts from the interlaced video. The effectho$ video interlace was removed using the
image processing package Photoshop Elements (Ad®he)Video De-Interlace filter was
applied using the ‘interpolate the odd field’ safti This resulted in the odd field being

removed with the missing data then interpolatesvben adjacent even fields.

7.2.5. Estimated system precision
The precision of a stereo video system is relatedhé focal length of the cameras, the
separation and orientation of the cameras, angtéesion with which points appearing in
each image can be measured in image space. Thtg tbprecisely measure the location of a
point on both images of the stereo pair is knowthaspointing precision. Errors in pointing
precision will result in increased X,Y and Z starttlarrors. The result of these errors will be
more pronounced in the Z plane than the X and YigdaThe accuracy in X, Y, and Z can be

estimated based on the following formulas (AbdeizA974):

_ D (@+tanatang)
m, =—
C (1—tar{a—qu]tanqa

seq m
@- tar{a - d tang

_D
™o

m :D/C > (L+tana tang)
’ B/ID ~ (1-tarja - ¢ftang
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If the optical axes are parallel, then these foem@implify to (Abdel-Aziz 1974):

D
mx —Em
D
=—m
C
Y20,
B

wheremy, my, mz are the expected standard deviation in X, Y, £2cdbgpace co-ordinates,
mis the accuracy (estimated standard deviatioa)raeasured image coordinate,

C is the principal distance of the camera, for grgpose equivalent to focal lendth

D is the object distance to the central point ofdbgect,

B is the camera base distance,

¢ is half the convergence of the camera pair,
o is tan*(B/2D).

7.2.6. System Calibration and Validation

The stereo video system geometry was calibratetywsfixed calibration frame (Figure 7.3).
This frame comprised a grid 5 x 5 points (5 mm ditar) separated by 75 mm in both the X
and Y planes, with several of points extended & Zhplane. Four were extended 125 mm
above the base plane, and the central point wanheetl 250 mm above the base plane. The
calibration frame was deployed on the bottom ofkwater tank, with the camera system
held in water approximately 750 mm above the arfBye synchronisation lights were
activated and the cameras set to record the ctibrrame to miniDV cassette for several

minutes from a variety of different angles.
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Figure 7.3. The fixed calibration frame used to cabrate the stereo video geometry in PhotoModeler.

Nine stereo pairs were selected from the calibmafantage using the method outlined in
section 7.2.4. These stereo pairs were selectedsiare that the calibration frame was imaged
from a variety of angles and orientations. The estepairs were loaded into 9 separate
PhotoModeler Pro 4.0 projects. The camera caltmafiles from the individual camera
calibrations were used to provide camera infornmatow both the images in the stereo pair. A
control point file, giving the X, Y, and Z co-ordites of the control frame was imported into
the project. The 25 control points were then marnxe@ach of the images using the sub-pixel
marking mode. The project was processed for caméemtation, which determines the
position and orientation of the cameras relativéheocalibration frame (Figure 7.4).
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Figure 7.4. 3D view of stereo model showing the cwal points on the calibration frame and the calcuated
camera stations with associated camera separationistance (PhotoModeler Pro 4.0).

7.2.7. Measured system precision and accuracy
To test system precision the computed camera statformation from six of the calibration
projects was used to estimate the control pointtipas from one of the nine other stereo
pairs (Table 7.4). To achieve this, the controlngoiin each image were marked using the
sub-pixel marker mode, however in this instancedhgoints were not assigned the control
frame X, Y, and Z co-ordinates. Instead the co+wati#is for these points were calculated in
PhotoModeler based on the calibrated interior ¢agon (camera calibration) data and
‘hardwired’ exterior orientation (location and ateyuorientation) data. These calculated point
co-ordinates were then exported to a text file domparison. As these point co-ordinates
were relative to the camera station they needée tvansformed into a consistent co-ordinate
system for comparison. A least squares rigid motransformation was run in MatLab 6.5
(The MathWorks Inc.) to fit the measured controing® to the control frame X, Y, and Z co-
ordinates. This routine solved for 3 rotations &nttanslations around the X, Y and Z axis

using a least squares rigid motion.
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Table 7.4. Calibration model and corresponding stexo pairs used for comparison of calibration stabitiy.

Model Stereo Pair
1 5
2 3
4 1
6 8
7 9
8 4

The precision of the camera system was assessegpbgted measurement of the position of
the 25 points of the calibration frame using thigbcated system in PhotoModeler4.0. For one
of the stereo pairs each point was marked and megutimes with the resulting point co-

ordinates exported for comparison.

7.2.8. Field Surveys
Field surveys were conducted at two locations. fits site was off Babel Island on the

North East coast of Flinders Island (Figure 7.5hisTsite was on soft sediment in
approximately 38 m water depth. The second siteaffaRBocky Cape (Figure 7.5). This site

was on reef in approximately 24 m water depth.
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Figure 7.5. Map of Tasmania showing two field surwesites at Rocky Cape and Babel Island.

Prior to deployment at each site the camera systas setup and the calibration frame

recorded to monitor the system stability. The systeas then left intact until deployment. At
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each site the camera system was lowered to théogealsing an electric winch and held
approximately 1 m above the seafloor. The systesilefato record for approximately 1 hour,
while the vessel was allowed to drift. A separatelarwater video camera on an umbilical
was attached to the stereo system to provide irealithages to the vessel. This was used to
ensure the camera system was an appropriate hieaht the seafloor and that suitable
sponge habitat was present. Artificial lighting wasvided by a pair of 50 W halogen lights
mounted off axis to reduce backscatter from padteumatter in the water column.

7.2.9. Measurement of sponges
At each site 100 stereo video pairs were processBtotoModeler 4.0 using the parameters
from the camera calibration to hardwire the systgometry. Each sponge was visually
classified into one of the 9 morphological variadisscribed by Bell and Barnes (2001)
(Figure 7.6). For each sponge a series of metreze when measured including height, width,

branch lengths and angles (Table 7.5).

— (3

Encrusting (EN) Massive (MA) Globular {(5)

Pedunculate (PE) Tubular (TU) Flabellate {FL)

r—w ot
Repent (RE)Arborescent {AR) Papillate {PA)

Figure 7.6. Nine morphological variants described yBell and Barnes 2001
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Table 7.5. Sponge metrics measured in PhotoModeler

Metric Description

Growth Habit EN,MA,G,PE,TU,FL,RE,AR,PA (sekigure 7.6
Height Maximum height from the sea floor

Width Maximum width

Width of base The width of the attachment to trdiment
Branching Yes/No

Primary/secondary Primary/Secondary

branching

Number of Branches Count of total branches

Length of trunk Length of trunk for branching spesg

Length of primary Average length of primary branch

Branch

Width of primary Average measure of the width of the primary brasdtehe widest point mid
branches way up the branch

Width to depth ratio The ratio of the width of the branches to the degthhe mid point of the
of primary branches  primary branches

Primary  Branching Average branching angle of primary branches

Angle

Length of secondary Average length of secondary branches

Branch

Width of secondary Average measure of the width of the secondary hemat the widest point
branches mid way up the branch

Width to depth ratio The ratio of the width of the branches to the degththe mid point of the
of secondary branchessecondary branches

Secondary Branching Average branching angle of secondary branches

Angle

Number of pores Count of the number of visible gore
Width of pores Average width of pores

Colour The RGB (Red, Green, Blue) colour value

7.2.10.  Analysis of functional structure
Of the nine morphological variants described byl Batl Barnes (2001) eight were observed
in this study, with papillate sponges absent. @ké&remaining eight variants, pedunculate
sponges were only observed on one occasion soldeareremoved from the analysis. All of
the remaining seven variants were present at theelBaland survey site, with only five
present at the Rocky Cape site (Arborescent, HitbelGlobula, Massive, and Tubular).
Discriminant analysis in JMP (SAS Institute) wagdiso examine the relationship between
the measured metrics and the functional groupscribignant analysis is a method of
predicting some level of a one-way classificatiasdd on known values of the responses.
The technique is based on how close a set of measmt variables are to the multivariate

means of the levels being predicted.

The community composition data was compiled fromeéhsub-sites at each location based on
the classification of functional morphology fronetktereo video system. Paired T-tests were
used to examine differences in the mean composdfogach functional group between the
two locations. For the functional groups that ocedrat both of the sample sites, a

comparison of the metrics was used to investigatierences in the gross morphology
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between the two sites. Analysis of variance (ANOWSgs used to examine for differences in

growth and branching metrics.

7.3. Results

7.3.1. Camera Calibration
The magnitude of the radial lens distortions fazheaf the cameras was similar, with the left
camera showing only slightly higher distortionsrthihe right camera (Figure 7.7). The radial
distortion was typically less than Hn within 1.5 mm of the principal point, increasitgya

maximum of up to 10Qm at the edge of the imaging array.

120 - —— Left Camera
—— Right Camera
100 -

80 -

60

Radial distortion (um)

40 -

20

O T T T T 1
0 0.5 1 15 2 2.5
Radial distance from principal point (mm)

Figure 7.7. Radial distortion for left and right cameras based on Camera Calibration 4.0 calculations

A summary of the camera calibration results for lgfe and right cameras is provided in
Table 7.6

Table 7.6. Summary of camera calibration results fom Camera Calibrator 4.0 for the left and right steeo
video cameras.

Parameter Left Camera Right Camera
Focal Length (mm) 3.2147 3.2868
Format Width (mm) 3.6908 3.7133
Format Height (mm) 2.7 2.7
Principal Pointx (mm) 1.8481 1.8178
Principal Pointy (mm) 1.3316 1.3534
K1 0.0147 0.01462
K, 0.001069 0.0001075
P, -0.0019 0.0003304
P, 0.00075 0.0003537

The predicted precision of the stereo system ectdfl by the camera separation (camera base)
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and the pointing precision. Changes in camera hase two effects, firstly the amount of
overlap between adjacent photos decreases witbasitry camera base. At an object distance
of 1 m, a camera base of 0.1 m will give an oved&p0%, while a camera base of 0.55 m
will give an overlap of 43%. The region of overldgtates the size of the resulting stereo
model, with an overlap between 60 and 80% commuoséd. The x and y accuracy remains
fixed regardless of the camera base for a fixeedabglistance, while the z accuracy is a
function of the camera base (Figure 7.8).

25 + —XY

20 -

=
(€]
I

=
o
I

Standard error (mm)

O T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6
Camera base (m)

Figure 7.8. Predicted accuracym,, m, and m, (standard error) of the stereo video system foramera base
distance between 0.1 and 0.55 m and object distanckl m and pointing precision of 1 pixel.

The Z precision increases with increasing camese,daut with a reduced stereo-overlap and
a smaller volume within which 3-dimensional measwrts can be acquired. The optimal
camera base will thus be where the Z precisiors falthin an acceptable range, whilst still

maintaining a sufficient stereo model size (Figar@). For this system, at an object distance
of 1 m and a pointing precision of 1 pixel, cameases between 0.2 and 0.4 m will result in a

stereo model with greater than 60% overlap ang&#dard erromf,) of less than 10 mm.
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Figure 7.9. Predicted Z standard error () as a function of image overlap (%) for camera bass between
0.1 m and 0.55 m (labels) and an object distance dfm and a pointing precision of 1 pixel.

Degrading the pointing precision from 1 pixel top&els resulted in a doubling in the Z
standard error while increasing it to 10 pixelsues] in an order of magnitude increase in the
Z standard error from 13.5 mm to 135 mm (FigureOY.IThe X and Y standard error
increased in the same manner, however a pointiagiggon of 10 pixels still resulted in

predicted X and Y standard errors less than 14 Figu(e 7.10).
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Figure 7.10. Predicted X, y and z accuracy of steo video system for pointing prescision between 0ahd
10 pixels, with camera base 0.35 m and object distee of 1 m.

Based on the above considerations, the stereo giglem was set up with a 0.35 m camera
base. This system was then calibrated to derivariartand exterior orientation parameters

and to provide an empirical estimate of the syssgonécision and accuracy.

7.3.2. System Validation

The exterior orientation of the system was caledatsing a rigid frame, and computed in
PhotoModeler. This information was used to ‘haréwthe exterior orientation of the stereo
video system in PhotoModeler. A series of ninelbration trials were conducted, each
produced different relative camera station infoioratbased on the orientation of the
calibration frame to the camera system. A comparisiothe camera separation distance for
each of these calibration projects showed thisedighly consistent, 34.95 cm + 0.5 mm
(average = S.E.).

The data from the nine calibration trials was thised to assess the accuracy of the system.
Exterior orientation information from six of thedis was used to calculate the position of the
control points from the randomly selected photasmfrone of the other trials. To allow
comparison of the results a least squares rigidamdtansformation was used to align the
measured control point data. The average erroh@radntrol points following transformation
was 1.41 mm £ 0.09 mm, with the maximum error foy aingle control point 3.07 mm =

0.42 mm. The greatest error was for those poirisegktended into the Z plane, which is to be
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expected (Table 7.7).

Table 7.7. Summary of stereo video system accuraagsessment using fixed calibration frame.

Control PointID X Y Z Average Error (mm) Standard Error (mm)

1001 0O O 0 1.22 0.32
1002 75 0 0 0.89 0.25
1003 15 0 0 1.11 0.16
1004 225 0 0 1.04 0.25
1005 30 O 0 1.45 0.34
1006 0O 75 O 1.08 0.32
1007 75 75 125 3.07 0.42
1008 15 75 O 0.42 0.14
1009 22575 125 1.91 0.41
1010 30 75 O 1.03 0.30
1011 0 15 O 1.19 0.32
1012 75 15 O 1.72 0.21
1013 15 15 25 2.35 0.86
1014 22515 O 0.86 0.28
1015 30 15 O 1.05 0.23
1016 0 225 0 1.47 0.35
1017 7.5 225125 1.03 0.12
1018 15 225 0 1.59 0.63
1019 22.522.5 12.5 2.43 0.53
1020 30 225 0 1.09 0.19
1021 0O 30 O 1.99 0.30
1022 75 30 O 1.14 0.35
1023 15 30 O 1.22 0.24
1024 22530 O 1.26 0.00
1025 30 30 O 1.33 0.50
Total 1.41 0.09

The repeatability of measurements obtained from dhgtem was used to estimate the
precision. The precision was calculated as the mamxi measurement error in X, Y, and Z

based on six repeated measurements of the coraroef(Table 7.8).

Table 7.8. Maximum measurement error (mm) in the XY, and Z dimensions based on repeated marking

of targets.
X Y z
0.31 0.68 0.96
7.3.3. Field measurements of functional groupings

Of the nine functional groupings described in Beid Barnes (2001), seven of these were
observed and measured across the two study sigde(7.9). The most common functional
group was the arborescent sponges, which represapfgoximately 40% of all the sponges.
The least common functional groupings were thenepad tubular which each represented
less than 5% of all the sponges. Large variatiarthé gross sponge morphometric measures
were observed both within and between all funcliagraups (Table 7.9). Branching was
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observed in the majority of arborescent sponge2¥B and a small proportion of massive
sponges (8.0%), with only one specimen of tubytange exhibited branching. Visible pores
(osculum/ostium) were observed on all tubular spen@00%), slightly over half globular

sponges (57.1%) and approximately one third of masponges (32%).

Table 7.9. Summary of sponge metrics (mean and stdard deviation) by functional grouping based on
stereo video measurement (AR = arborescent, EN = emisting, FL = flabellate, G = globular, MA =
massive, RE = repent, and TU =tubular).

Metric AR EN FL G MA RE TU

No. Observations 88 24 24 28 50 10 8
Height (cm) 252+142 2827 14975 6.6.2 11.9+10.1 292 7747
Width (cm) 17.8+12 11.4+45 189+9.7 10.1.¢4 129+6.3 17.7+7.4 14.6 +14.9
Breadth (cm) 8.2+97 9.4+3.2 6.6 +8.6 8.2& 4. 6.6 +4.9 6.1+35 655
Width of Base (cm) 6.4+4.4 119+4 75+49 7198.6 10.7+6.7 156+6.5 13+15.7
% Sponges with

Branching (%) 93.2 0 0 0 8.0 0 12.5

% Sponges with

Pores (%) 0 0 0 57.1 32 0 100
RED 168.4 £ 40.2 171.8+29.7 129.2 + 46 152.3 653 184.8 +40.6 165.8 + 25.6 170.3+13.4
GREEN 137.1+£26.1 130.1£28.3 116.1£22.7 15338.5 142.6 £27.7 123.4 £23.9 138+9.2
BLUE 1154+ 254 110.3+£23.9 100.6 £ 20.3 118204 102.4 £40.1 104 +15.6 106 £ 14.2

Of those sponges that exhibited branching, the mtyjexhibited only primary branching
(Table 7.10). Secondary branching was only obsemetthe arborescent functional group
(23.4%). Average primary branch length was longethe arborescent functional group than
in the globular or tubular functional groups, hoeethis difference was not significant.
There was little difference in the average widthtloé branches or the average branching
angle between any of these functional groups. Ageetaranching length, average branching
width and average branching angle showed no stgmifidifference between the primary and

secondary branching.

Table 7.10. Summary of branching metrics by functinal grouping for all sponges exhibiting primary
and/or secondary branching (AR = arborescent, G =Igbular, and TU =tubular).

Metric AR G TU

% Primary Branching 75.6 100 100
% Secondary Branching 23.4 0 0
Number of Branches 81+7.3 6.5+1.8 7+0
Primary Branch Length 146+7.6 49+1.8 270
Primary Branch Width 23+15 28+0.7 1.3+0
Primary Branching Angle 37.1+29.6 351+32.1 7340

Secondary Branching Length 11.6+9 - -
Secondary Branching Width 26+25 - -
Secondary Branching Angle 449+419 - -

Three of the functional groupings had visible pqigdsbular, massive and tubular), however
there were no significant differences in the meainsither the number of pores or the width

of the pores between these groups (Table 7.11).
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Table 7.11. Summary of pore metrics for all spongewith visible pores by functional grouping. (AR =
arborescent, G = globular, and TU =tubular).

Metric G MA TU
Number of Pores 9.9+10.0 50+24 8.8+8
Width of Pores (cm) 1.0+0.8 0.7+0.3 1.1+0.5

The discriminant analysis using the 19 morpholdgioatrics, and a further four derived
metrics showed varying degrees of separation of stten morphometric sponge types
(Figure 7.11). The arborescent variant showed tkatgst separation from the other groups,
with the flabellate variant also separating oute Temaining variants had a high degree of
overlap when using the 19 morphological metricsnd®écal 1 described 76.6% of the
variation, while Canonical 2 described a further4®2 of the variation, with 100% of the
variation described by the first 6 canonicals. Gacal 1 had strong positive correlations with
sponge branching, and whether a sponge displaysthpsecondary branching, and strong
negative correlation with secondary branch widthan@hical 2 had strong positive
correlations with the width of pores on the spormyjal whether a sponge displayed

primary/secondary branching and a strong negatwelkation with sponge branching.
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Figure 7.11. Results of discriminant analysis showg the separation of the seven morphological varids
based on the 19 morphometric measurements. The caled ellipses represent mean confidence limit

Overall classification accuracy based on the disicrant analysis was 76.7%. Comparison of

the classification accuracy of the seven morphgalagrariants by comparing the actual class

with the predicted class from the discriminant gsial showed classification success greater

than 80% for the arborescent, encrusting, flabelltd repent variants (Table 7.12). The

remaining 3 variants had between 56 and 75% cleasdn success. Of these three, the

globular and massive variants were commonly clieskifs encrusting (28.6% and 12.0%

respectively), the tubular variant was also commaidssified as globular (25%). The repent

variant, whilst classifying correctly 80% of thent, also classified as encrusting 20% of the

time.
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Table 7.12. Actual versus predicted morphological ariant matrix for the seven morphological variants
based on discriminant analysis.

Predicted
Arborescent Encrusting Flabellate Globular Massive Repent Tubular
Arborescent 95.5 0.0 0.0 0.0 4.5 0.0 0.0
Encrusting 0.0 83.3 0.0 0.0 8.3 8.3 0.0
® Flabellate 0.0 8.3 83.3 0.0 8.3 0.0 0.0
2 Globular 0.0 28.6 0.0 57.1 7.1 0.0 7.1
< Massive 8.0 12.0 0.0 8.0 56.0 8.0 8.0
Repent 0.0 20.0 0.0 0.0 0.0 80.0 0.0
Tubular 0.0 0.0 0.0 25.0 0.0 0.0 75.0

7.3.4. Comparison of sponges at two sites

The sponge communities at the two sites surveyiéereld markedly in their functional group
composition (Figure 7.12). The soft sediment siteBabel Island was dominated by
arborescent sponges, with a lesser amount of neassid encrusting sponges, while the
consolidated sediment site at Rocky Cape was ddedriay a mix of globular, massive and,
to a lesser extent, arborescent and flabellate ggsorEncrusting and repent sponges were
found at Babel Island but were not observed at R&&pe. Significant differences in the
percentage composition were observed for arborgseacrusting, globular, massive and

repent sponges between the two sites.

50% - m Babel Island
o Rocky Cape
45% -
40% -
35% -
c
2 30% - -
‘©
g 25% -
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< 20% -
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AR EN FL G MA RE TU

Functional group

Figure 7.12. Mean percentage composition of spondenctional groups at the two surveyed sites (AR =
arborescent, EN = encrusting, FL = flabellate, G =globular, MA = massive, RE = repent, and TU
=tubular). Error bars give standard error

Comparison of the morphometric measurements ofadllemost common functional groups
between the two sites showed general differencabléT7.13). The average height of the

arborescent, flabellate, and massive functionalgsovere greater at the Babel Island site,
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with the average height of the globular functiogabup greater at the Rocky Cape site.
Similarly, differences were observed in the avenagkh, breadth, and width of base between
groups at the two sites. Significant differencesh@ means were observed between the two
sites for the breadth of flabellate sponges, andhe height, width, and width of the base for

massive sponges.

Table 7.13. Mean and standard deviation of the meirs: height, width, breadth and width of base for wo
sites (Babel Island and Rocky Cape) as measured Iphotogrammetric analysis of stereo video (AR =
arborescent, FL = flabellate, G = globular, and MA= massive). (* indicates significant difference ap =
0.05).

Data Set AR FL G MA
Height Babel Island 26.3+14.5 176 +7.6 5.1%2. 14.4+10.7*
Rocky Cape 16.6+7.9 9.4+3.4 8.2+5 56+4.1
Width Babel Island 18.2+125 15.3+6.5 8.2+34 149+6*
Rocky Cape 14.6 + 6.8 26.3+11.9 12+5.8 7.65t 3
Breadth Babel Island 8.2+10.2 2.2 +1.3* 6.6%23. 7.4+54
Rocky Cape 8.1+5 15.6 +10.3 9.7+5.6 44+25
Width of Base  Babel Island 6.7+45 6.5+£2.8 833 12.6 + 6.6*
Rocky Cape 43+3.2 9.6+7.9 13+11.7 59+4.1

The branching morphology of the arborescent groag also compared between the two sites.
Secondary branching was more common at the Rockg Gite, 40% compared to 12.8% at
Babel Island. The mean number of branches was h@hRBocky Cape, however there was
large variation, especially at Babel Island. Therage branching length, width and branching
angles for both primary and secondary branches atidittle difference between the sites,

with a large amount of standard deviation in adisth metrics.

Table 7.14. Comparison of branching morphology stadtics (average and standard deviation) for
arborescent sponges at Babel Island and Rocky Cape.

Metric Babel Island Rocky Cape
% Primary Branching 87.2% 60.0%

% Secondary Branching 12.8% 40.0%
Number of Branches 74+74 13+45
Primary Branch Length 13.9+8.5 11.7+6.1
Primary Branch Width 21+1.6 1.5+0.7
Primary Branching Angle 35+31.7 24 +£8.1
Secondary Branching Length 22+6.2 41+5.6
Secondary Branching Width 05+1.6 0.7+1.1
Secondary Branching Angle 8.2+25.7 7.6+104

7.4. Discussion

The role of sponges in marine ecosystems is oftamlaoked in research, monitoring and

conservation programmes (Bell 2008). Information sponge biodiversity is required for

conservation planning issues such as marine peateatea planning. Studies on sponge
biodiversity in eastern Australia have shown thathbspecies richness and taxonomic
composition are highly heterogeneous over smalliapscales (10’s of kilometres) and are
also affected by factors including depth and distainom the coast (Roberts and Davis 1996,
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Hooper and Kennedy 2002). In Tasmanian waters,gpdistribution has been documented
at a broad scale in Bass Strait (Buti¢ral.2002), and also in targeted mapping (Jorefial.
2005b), however the distribution of sponge biodtgrhas not been examined. As functional
morphology has been shown to be a useful surrdgatepecies diversity in both temperate
and tropical studies (Bell and Barnes 2001, Beil Barnes 2002), the methods developed in
this chapter present the possibility of incorpargtiiversity in sponge functional morphology

into marine conservation planning.

This chapter investigated the use of stereo videméasure sponge metrics, and subsequent
capacity to assist in defining sponge functionalrphology. The chapter consisted of two
parts, accuracy assessment of the stereo systeth,fiald measurement of sponge
morphology. A stereo camera system was developeg Usw cost consumer grade digital

video cameras.

Based on the algorithms of (Abdel-Aziz 1974), thgexted accuracy of the stereo video
system developed for this study was approximatetyriin the X and Y planes and 5 mm in
the Z plane (object distance of 1 m and pointingcigion of 1 pixel). Tank based calibration
and accuracy assessment of the system showedveaiu@s within this range. The repeated
calibration of this system showed very little véoa in the geometry and calibration

parameters of the system. Stereo video systemsgraveusly been shown to be stable both
within and between deployments (Harvey and Shd®@8). The stereo video system used
throughout this study was maintained in a rigidrfea with the camera housing permanently

attached.

One of the major operational considerations ingiesg a stereo video system is matching
the accuracy of the system to the scale of measmenequired. This is a balancing act
between the resolution of the cameras used, tleea$ithe target organisms and the required
field of view. This study chose to construct a systusing digital video cameras as opposed
to still cameras. This was primarily due to theunatof the target organisms. Due to the depth
of the sponge beds, diving was not a feasible ngdto data collection. Thus the system had
to be remotely operated. The use of video allowddrge number of stereo pairs to be
collected (25 per second), which allowed stereasp& be selected to maximise their
usefulness. A pair of still cameras would have eased the resolution of the images but

result in far fewer stereo pairs to select appadprpairs for measuring.

One of the challenges in designing this systemmatshing the scale of the cameras system

geometry with that of the targets. Sponges witlithlstudy sites varied in size from <5cm to
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75 cm in height, meaning the system required thmaaty to make accurate measurements
across this range. The camera base is one ofitfealcfactors in determining the precision of
measurement of any such system, with a larger @anb@se improving the overall
measurement precision (Shortisal.2001). Countering this is a reduction in the am@aeced

by the stereo model at close ranges. Thus detarghan appropriate camera base is critical in
the design of a stereo camera system. Theoretitmhates provided by the algorithms of
(Abdel-Aziz 1974) proved useful in determining thppropriate settings, with tank based

trials supporting these predictions.

The sponge measurements collected in this studg wet an exhaustive list of possible
measurements. These were selected as they repbesadt morphological metrics and were
easily measured on most stereo pairs. It is wedhknthat multiple convergent photos gives
the optimum accuracy in close range photogramn{€mpng and Stratford 2002). The use of
a single pair of cameras limits the capacity to enakcurate measures across all dimensions

because not all of a sponge will be visible inregk stereo pair.

Of nine functional groups outlined by (Bell and Bas 2001), seven were encountered within
this study. For some groups, including the arb@escencrusting, flabellate and repent,
greater than 80% were successfully predicted basatiscriminant analysis, while, for other
groups, including the globular and massive this Wwasnveen 50 and 60%. These low
accuracies may be a reflection of two main factéisstly the metrics chosen may not be
diagnostic for a particular group, for example tabsponges consisting of one or a series of
long sponge fingers with a large terminal pore. Mthhis may be easy to visually determine,
creating a series of metrics to differentiae thosrf other sponge variants is more problematic.
Secondly, and possibly more importantly, is thestpptaty in sponge morphology (Ackeet al.
1992, Bell and Barnes 2000c, Bell and Barnes 20D8¢. morphology of a single particular
species has been shown to vary in relation to fadgtecluding bathymetry and flow regime
(Bell and Barnes 2000c). This can create diffiesltin attributing a sponge to a single
particular functional group. Sponges may often ldigpraits of one or more of the functional
groups, and often it can become a subjective detisihen trying to visually classify a
sponge into one of these groups. The use of thecstedeo techniques from this chapter has

the advantage that classification can become a oigeetive process.

Sponge communities at two locations were classifisitlg these methods. These locations
were characterised by differences in substratehdsmpd exposure. Overall there was found to

be a significant difference in composition of fuooll groups between the two sites.
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Environmental factors including depth, exposured dlow regime have previously been
shown to affect the distribution of sponge morphatal diversity (Bell and Barnes 2000c).
Sponges communities on the east coast of Austnak@ been shown to increase in species
richness with increasing depth, particularly in tteese of erect or massive species (Roberts
and Davis 1996). This was the case for the largerascent sponges in this study, with this
group more common at the deeper site at BabeldslBine large erect arborescent, flabellate
and massive sponges were also found to be largealsl Island, than the shallower Rocky
Cape location. Similar trends have been shown aul Isabstrates, presumably due to
increased turbulence due to wave action in thelshai depths adversely affecting these

larger erect sponge growth types (de Kluijver 1993)

Interestingly encrusting sponges were only encoadtat the soft sediment site at Babel
Island and not on the reef substrate at Rocky C@peerally encrusting sponges are more
abundant in shallow depths, where they can betipe evith the turbulence, and decrease in
deeper water where they may be more susceptibsentathering by sedimentation (Peattie
and Hoare 1981, Roberts and Davis 1996). Whileldepbften a strong structuring factor,
there are other factors that can influence theidigton of sponges. For example distance
from the coast has been shown to influence spopgeies diversity, with an increase in
diversity with distance from the coast reportecinumber of studies (de Voogd al. 1999,
Hooper and Kennedy 2002). Sponge communities closthe coast may be subject to
including increased nutrients and siltation fromdabased runoff. In this study the Rocky
Cape site was directly on the coast, while the B&band site was ten kilometres offshore,
which may mean there is more sedimentation at thekfRCape site resulting in the absence

of encrusting sponges.

7.5. Conclusion

The classification of sponge functional morphology a surrogate for species diversity
provides a pathway for more easily including infatran about sponge biodiversity in marine
conservation planning. The techniques developediinvithis chapter have shown that a
simple stereo video system can provide accurate wseful measurements of sponge
morphology that can be used to assist in the ¢leaton of functional morphology. This will
allow sponge beds to be classified at lower legélhe classification hierarchy. The methods
described in this chapter can provide addition&rmation, such as sponge size, which
would otherwise not be recorded in simple visuaksification of sponge morphology. The
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use of photogrammetric classification may also helpemove some of the subjectivity when

attributing sponges to functional groupings.

The sponge metric data may also prove useful famitoong sponge communities over time.
Having quantitative measures of sponge morphology allow information on sponge
growth, or damage due to disturbance, to be madtthrough time. Finally, this study has
shown that a highly accurate stereo-video systambeabuilt with relatively low cost digital
video cameras. Further improvements in digital @jdacluding high definition digital video,
will increase the accuracy and precision of sucktesys, primarily through increased

resolution of the images.
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Chapter 8. General Discussion

This thesis has examined the application of sibgi@m echo sounders and underwater video
systems in the mapping and assessment of tempeaiae benthic habitats. Each system

was examined in the context of a hierarchical diassion system (Jordaat al.2005b), with

the capacity of each of these systems to classibstsates and habitats at various levels
within the classification hierarchy tested. Extractof meaningful and useful data on the

spatial distribution of key habitats was achievetbas a number of commonly encountered

temperate marine benthic habitats.

The key findings of this thesis were that the SBfa%loyed in this thesis was shown to be
affected by changes in vessel speed, bottom depthailing conditions and bottom slope.
The magnitude of the error introduced by theseofaatvas shown to be unlikely to be a major
issue for a single factor at the substratum/ecolgpel of the classification system, however
if their effects are additive or at higher levefsctassification then their effects are likely to
severely limit the repeatability of classificatioh data from this system. For example if the
errors combined to be greater than approximatehdBQhen the capacity to discriminate
between the substrates investigated in this thesidd be compromised. The SBES used in
this thesis was shown to have the capacity to teddterences in substrates at the
substratum/ecotype and modifier levels of the hadmaal classification system. This included
mapping of soft sediment habitats at the modifeel, the development of techniques for the
classification of algal presence on reefs, anddéaneelopment of techniques for the detection
of large macroalgae in the water column. Clasdibcatechniques were then investigated for
underwater video which is a common tool for samplimota on the seafloor. Video was
shown to be a useful tool for the classificationnmdcroalgal communities, with the overall
analysis generally not sensitive to the analysishote Finally, a stereo video system was
constructed and used to demonstrate that quawéitai situ measurements of sponge
functional morphology are possible using a simpleera system, and that this can be used to
make objective measurements of sponge functionarsity which are usually made through

subjective interpretation of video observations.

Vessel speed, bottom depth, prevailing weatheritond, and bottom slope were all shown
to have a measurable effect on SBES data basedtmcted indices commonly used for
substrate classification. The magnitude of thesectf was shown to be at a level where
individually these factors are unlikely to have aage effect on the overall classification

accuracy at the substratum/ecotype level and aldidoeever, if these effects are additive,
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then where several are combined the capacity ssifjasubstrates at any level is likely to be
diminished. Previously these factors have been sitovimpact on the classification accuracy
of SBES surveys, although the magnitude of thdeotfon the raw acoustic data is rarely

reported (Hamiltoret al. 1999, Kloseret al.2001b, von Szalay and McConnaughey 2002).

Changes in vessel speed have previously it has tegemted to effect the E2 parameter of
RoxAnn, but have show no significant effect on th& parameter of RoxAnn or the
QTCView system (Hamiltoret al. 1999, von Szalay and McConnaughey 2002). The E2
parameter of RoxAnn uses the second echo returite Wwbth the E1 parameter of RoxAnn
and the QTCView system use the first echo retuamghton et al. 1999, Freita®t al.2005a).
The second echo return must travel four times wagpth compared to two times for the first
echo return, the application of time varied gairl wius result in greater amplification of
noise for the second echo than for the first aivaergwater depth. Further, pulses off the
normal incident due to changes in vessel pitch élcompounded with the second echo.
Within this study, both the E1 and E2 echo retwmese found to be affected by changes in
vessel speed. This was primarily attributed to dachanges in vessel pitch with changing
vessel speed, due to the vessel being a smallngldmill vessel. It should be noted that this
study was conducted from a small planing hull viegapproximately 6.5 m long), the
majority of published studies on this topic refetarger displacement hull vessels ((Hamilton
et al. 1999, von Szalay and McConnaughey 2002)).

Depth has frequently been shown to effect the damousturn from the seabed, due to a
combination of sperical spreading, absorption, pmide effect (Hamiltoret al. 1999, Kloser

et al. 2001a, Freitast al. 2003b). While improved processing methods anddstalisation to

a reference depth can reduce the depth dependéB&ES data, it is not possible to remove
depth dependence completely from SBES data (Klesaft. 2001a, Pouliquen 2004, Freitas
et al. 2005b). This study supported the findings fromvpmes studies, with depth dependence
observed in SBES data; however found that the effes not uniform across habitat types
(reef, sand and silt). This may be due to the wfie scales of rugosity in these different
habitats responding differently to changing acaushbotprint with increased depth,
alternatively it may also reflect actual differeaceithin the habitat across depth. This study
aimed to sample identical substrates across a mindepths, however there may have been
differences that were not apparent in either tidewior sediment samples used to classify the
substrates that may have affected the acoustiomssp
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Prevailing conditions were also shown to affect #weustic return from the seabed, with
measurable difference in the E1 and E2 indices dmtwcalm conditions and moderately
rough conditions (> 15 kts and 1 m swell). The efigf prevailing conditions on SBES data
are due to vessel pitch and roll resulting in atosideing sampled off the normal incident,
and aeration in the upper layers of the water caluesulting in absorption of the acoustic
signal (Kloseret al. 2001b). The effect of prevailing conditions iselik to be dependent on
the vessel used in acoustic surveys. Larger mablestvessels with deeper transducer
deployments are likely to be less affected by pitegaconditions than smaller vessels with
shallow transducer deployments. Finally, the slopéhe seafloor was also shown to affect
the acoustic response, with steeper seafloor neguh an increased in E1 and decreased in
E2. This response is expected as a steep seafibamarease the amount of energy reflected
back from the edges of the acoustic footprint, e/liéflecting less of the energy from the
central part of the acoustic beam back to the dhaecey. This study found that the E1
parameter was relatively stable to 10-15 degredslevthe E2 parameter showed small
variation to 10 — 15 degrees, with significant @ases at angles greater than this. In previous
work on the classification of SBES data using QTé&WViit has been reported that slopes
exceeding 5 to 8 degrees caused complete breakuhowlassification accuracy (von Szalay
and McConnaughey 2002), while misclassificationameas with rocky outcrops on the
seafloor has been reported for both QTCView andARox(Hamiltonet al. 1999). It should

be noted that in the study by von Szaktyal. (2002), classification accuracy was being
assessed across a large number of substrate ctassesross a large depth range, where as
the current study was assessed the acoustic resfams one substrate at a constant depth
range. This may explain why the current study fotlhreacoustic response of the seabed to be

stable to a far greater slope angle.

The effect of vessel speed, bottom depth, prewpikeather conditions and bottom slope are
likely to have a greater effect on classificati@mecw@acy at lower levels of classification, such
as the modifier/eco-type level, where separatioaaaiustic data between different classes is

potentially small.

At the modifier/eco-unit level of the hierarchy, timeds were developed to classify SBES
data including segmentation and classificationaff sediment communities, algal dominated
and barren reef, and detection of sub-surfdeerocystis pyriferaExtraction of information
on habitats at the modifier/eco-unit level has mesly been reported using commercial
systems including QTCView, RoxAnn and BioSonics V@8ioSonics 2001, Morrisoet al.
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2001a, Foster-Smith and Sotheran 2003). Howeverthase commercial systems are
primarily targeted at physical substrate clasdiieg the detection of biota is only possibly
where the biota influence the parts of the echarmetncorporated within the algorithms
incorporated into these systems. The techniqueslaoj@d within this thesis examined both
standard integration techniques (roughness andnéssd(Kloseret al. 2001b), and also
developed algorithms to integrate parts of the eetorn that would be expected to show
differences due to the biota being detected. Tipaaty to remotely identify biota will have
implications for marine ecosystem management thraongprove our understanding of seabed
habitat distribution either through direct mappiog feeding into predictive modelling of
habitat distribution (Holmest al.2008).

Methods to map the spatial distribution of softiseeht habitats within a scallop fishing zone
were described in Chapter 3. Acoustic classes e@riirom standard acoustic indices
(roughness and hardness) for soft sediment substvedre related to differences in surficial
shell, sponge cover, and sediment particle sizggl&ibeam systems operating at 120 to 150
kHz have been shown to be particularly good fossifecation of particle size (Hamiltoet al.
1999, Freita®t al.2005b, van Walreet al.2005). SBES systems have also been shown to be
sensitive to the presence of surficial shell (Vditiset al. 2001, Stanton and Chu 2004), and
the presence of biota on the substrate (Joedal. 2005b). However, despite the study site
supporting a dense bed of scallops, which was hefsfied in the following fishing season,
this area did not appear as a distinct acoustgscl8imilarly, a dense scallop bed in the St
Lawrence Estuary, Canada was unable to be segmesitegl SBES based on the QTCView
system, however further processing and analysihefraw $ data was able to reveal the
scallop bed in that instance (Hut al. 2005). Often multiple layers of information from a
variety of tools can improve the capacity to maatdees at these hierarchical levels (Sutton
and O'Keeffe 2007).

Maps of the distribution of soft sediment habi@d¢sived from SBES data were related to the
distribution of fishing effort derived from vesseionitoring system (VMS) data for the
subsequent fishing season. Fishing effort was fdorae concentrated along a narrow depth
range on the transition between two of the acoudtisses, with little effort in the adjacent
areas. Previous mapping studies of scallop hab#at used this type of information to
improved the management of scallop fisheries, feado including increased efficiency of
fishers and decreased impact on the seafloor dlessaime spent fishing (Pickrill and Todd

2003, Hutinet al.2005). Information on seabed habitat spatial distion can be used to gain
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a better understanding on scallop distribution @redpreferred scallop habitat, with flow on

benefits to both management and habitat conservéifiostylevet al.2003).

At the modifier level/ecotype level of classifiaati simple acoustic indices (such as
roughness and hardness) were generally found tde&® effective, especially in the
segmentation of algae dominated reef from barresi. rAlgorithms were developed to
segment various reef habitat types including attyahinated reef, barren reef, and reef with
giant string kelp,Macrocystis pyrifera based on integration of regions above the sounder
detected bottom. Acoustic systems have been shove useful for mapping of submerged
aquatic vegetation, including seagrass and algabldddil et al. 1991, Fosteet al. 2006).
While BioSonics have produced a commercial systaowk as EcCoSAV, which provides
information on the presence/absence of aquatictatge, and also provides information on
canopy height (BioSonics 2001). The EcoSAV systems been particularly applied to
seagrass mapping (BioSonics 2001, Fosteal. 2006). The quality of the sounder detected
bottom has been highlighted as of paramount impoeéédor this system, with specialised
algorithms developed to identify the seafloor ieas of dense vegetation. Similarly, within
this thesis the quality of the sounder detectetbbotvas shown to influence the classification
success of segmentation of algal dominated anehaeef, especially in areas of high relief

or complex bottom structure.

The acoustic detection and mapping of giant stkielp, Macrocystis pyriferaprovided an
example of using an acoustic system to map ateta bf species. The acoustic system was
shown to provide information that could compleménaiditional airborne remote sensing
techniques, thus extending the mappingM#crocystisto include sub-surface kelp. Sub-
surface kelp has been identified as an importampoment of kelp beds, and in deeper water
sub-surface kelp may provide refuge for this spedie times of adverse environmental
conditions (Ladah and Zertuche-Gonzalez 2004). Atouwsystems have previously been
applied to mappinfylacrocystis(Zabloudilet al. 1991), however this previous work was done
using paper charting sounders. The advance inatliggho sounder technology and acoustic
processing software over the last two decades resepted the opportunity to revisit this
topic and develop improved techniques for the idieation and segmentation dfacrocystis
from SBES data.

Whilst it was possible to develop techniques tanithe Macrocystisfrom SBES data, this
was largely due to this species having a uniquedsstthctive growth habit that lends itself to

acoustic detection. For many algal species thimase difficult due to a combination of
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similar growth habits, similar sizes and often lygimixed algal beds. For the mapping and
assessment of algal communities video was examviddo systems have often been used to
characterise benthic flora and fauna (RosenKranzByersdorfer 2004, Kendadit al. 2005,
Leach 2006, Carbines and Cole 2009). One of themsgues with the analysis of video for
classification of benthic organisms is the largeoant of processing time required. There are
many approaches that have been adopted for thgsanal video data (Pitcheat al. 2001,
Kohler and Gill 2006). This thesis examined severathods and found that for the
characterisation of algal canopy species on tengeracky reef, the final community
structure identified was similar for most of theabysis techniques used. The processing time
was generally the major difference between thesbfit techniques. In a previous comparison
of visual quadrats with photography it was foundttthe number of quadrats assessed was
more important than the technique in the accurd@yassification (Fosteet al. 1991). Based

on this it could be expected that analysis methbds allow the largest number of video
frames or sampling unites to be scored are potgnéidvantageous. Within this thesis Time
based percent cover, frame based percent covdrand based point intercept methods were
all shown to have a similar performance in the sifation of canopy algal species. Whilst
point intercept methods are generally acceptednasod the best methods for quantitative
video analysis (Kohler and Gill 2006), these methadere found to be the most time
consuming. Hence methods such as the time baseenperover method may be just as

useful, especially where time is limiting.

Single video camera systems are of limited use wiraterwater measurement is required.
For quantitative measurement and 3 dimensionalnstnaction multiple camera systems are
preferred, with the most common of these a calgratereo camera system (Hanetyal.
2003). Chapter 7 examined the classification ofngeomorphological diversity based on
analysis of stereo video data. Calibrated ster@®ovisystems have been applied to the
measurement of numerous underwater organisms ingdidh (Harveyet al. 2002, Nicoleet

al. 2003, Watsoret al. 2005), with the benefit of more robust estimatégish size when
compared to diver estimates, and better quantidicaif fish community structure as a result.
Similarly measurement of hydrocorals using a steasuoera system provided a high level of
measurement accuracy in the order of 1.2 mm acgu®a®o confidence interval and
highlighted a high erosional rate in hydrocorakst thad not previously been reported (Chong
and Stratford 2002). Within this study a sterecewvidystem was developed with a similar
accuracy, enabling gross morphological metricspafnges to be measured. These metrics

were then used to classify sponges into morphoébgimoups.
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The methods developed within this thesis presentamtitative approach to the classification
of sponge functional morphology, with high classation success for the majority of
functional groups, but low classification succemsrhorphologically similar groups. Sponge
functional morphology has been shown to be a gawrtbgate for sponge species diversity
(Bell and Barnes 2001), knowledge of which is imi@aot for conservation planning (Waed

al. 1999). For example, scallop dredging is known teeha large and detrimental impact on
sponge beds (Kefalast al. 2003). The capacity to make quantitative measufesponge
morphology will provide a means to monitor bothttlmpact and subsequent recovery post

fishing on sponge community structure and spornge si

The methods developed within this thesis will h&pimprove our understanding of key
temperate ecosystems, providing spatial data ornabappes including urchin barrens, sub-
surfaceMacrocystisdistribution, algal community structure, and spotgds. Often there is

difficulty linking fine scale ecological studies tvibroad scale biogeography (Connell and

Irving 2008). Habitat mapping at the modifier/egpé level will help provide this link.

The acoustic and video processing techniques deeelowithin this thesis are also
complementary, with the outputs from both systebie to be combined to obtain fine scale
information on approaching that obtainable fromedsurveys, but without the limitations of
depth and bottom time. The use of underwater vatebsediment sampling tools, when used
in conjunction with acoustic survey tools (multibgaseismic, sidescan, RoxAnn, QTCView,
etc.), make possible the classification and mappingarine benthic habitat and biological
communities over large areas (Gordon 2000). Dewednyis in underwater positioning
technology, such as acoustic positioning, will aisgprove the links between video and
acoustic systems, ultimately leading to the abitityeasily relate ground truth data with

acoustic data points in any depth of water.

The ability to accurately relate the ground trutformation directly to the acoustic data was
one of the major limitations of the method develepinin this thesis. Generally only areas
were the seafloor was homogenous were used to afeveethods, however determining
homogeneity of the seafloor can be difficult, espicin deep water where the coverage of
the ground truth data is generally small compacethé¢ footprint of the acoustic system. In
these cases there is a risk of inadvertently inotydnultiple seafloor types which can affect

classification accuracy.

In order to obtain complete coverage maps from SBIEE8 video data interpolation is

required. Interpolation of SBES data into coveraggps is commonly done to improve both
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visual appearance and aid in the interpretatiothe$e maps. A number of techniques have
been employed for this interpolation, including datigitising, inverse distance weighting
and kriging (Guanet al. 1999, Valleyet al. 2005, Fosteret al. 2006). The choice of
interpolation method employed has been shown todnte the accuracy of the final map
product (Valleyet al. 2005) however with any interpolation technique dgo@lity of the data
being used is paramount to the quality of the fimalp product. Data density, including
transect spacing must reflect the scale of theufeatbeing mapped (Pinn and Robertson
2003). At the Biogeomorphic and Substrate/Ecotgyels of classification broader transects
are generally applied as this reflects the oveliatribution of these substrates, however at the
modifier level fine transect spacing is generaflguired to reflect the patch size of habitats at
this level. MBES and SSS provide swath coveragé,aansuch do not require interpolation.
Whilst the development of classification techniqf@sthese systems is an ongoing area of
research (Ferrini and Flood 2006, Parnetral. 2006, Blondel and Gomez Sichi 2008), the
information they provide supports and adds to tidainable from SBES, and as such they

can be seen as complementary systems and notesmats.

The techniques developed for SBES processing sthidse may also be used as a basis for
the development of MBES processing techniques ablerfull coverage maps of substrate at
the modifier level of classification. Processinghteiques for MBES are rapidly developing
(Andersonet al. 2008, Kloseret al. 2010). The swath data from MBES includes both high
resolution bathymetry and backscatter. MBES datalm used to characterize the seafloor
based on the analysis of backscatter angular resp@ince this response is an intrinsic
property of the seafloor (Fonseea al. 2008), while the high resolution bathymetry from

MBES is also used to classify the seafloor in teafngigosity and seafloor features.

Maps of habitat at the modifier/eco-unit level tdssification will improve our understanding
of ecological processes at a scale above thatnaiti® from most ecological studies. For
example spatial information at this level will gilgancrease the understanding of temperate
reef ecology, as quantitative observations of pafpeovide the context and basis for studying
mechanisms and processes (Underwebdl. 2000). Commonly within ecological studies
habitat descriptors are used to define areas fopkiag. Habitat descriptors commonly used
within ecological on temperate rocky reef includdpkforest and urchin barren (Sheatsal.
2004). Hence the capacity to develop broad scatadpnaps of these habitat descriptors will
assist in the interpretation and extrapolation e$utts of such studies, and will allow

ecological processes to be scaled by the areabitbhéTaylor 1998).
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Maps of habitats can also be used to describe frge patterns in communities (Sokral.
2003, Parsonst al. 2004). Local environmental factors including wawp@sure, nutrients,
sea surface temperature, and underlying substrateesponsible for the patterns observed in
ecology (Shears and Babcock 2002, Eriksson andsBérg 2005, Pepper and M.L. 2009).
Combining maps of habitat with spatial data deseglother environmental variables will
provide a powerful tool for understanding thesesniattions. For example the use of tree
classification methods has been applied to deracslistic data on the physical substrate and
video transect data to model the distribution otdiat lower hierarchical levels (Holmesal.
2008). Using a combination of modelling and mappdata distribution of algal communities
was able to be predicted with high success ratearlg indicating the scope to improve our

understanding of the marine environment.

Habitat descriptors based on the presence and ctimpoof dominant algae have also been
shown to be a useful predictor of fish and invedéd communities (Levin and Hay 2002,
Edgaret al.2004, Ling 2008). Climate change is expected tsealanges to environmental
conditions in many areas, including the east coAgtasmania, causing changes in species
distributions (Harris and Tyrrell 2001, Tegretral. 2001, Edyvane 2003). It is important to
be able to document the current ranges of speauesnly for change detection, but also as a
predictor of where change is most likely to ocdihrus the mapping techniques for rocky reef
habitat developed within this thesis will providawable information required to improve our
understanding on the function and patterns in teatpeecosystems in the light of changing

environmental conditions.

The acoustic and video processing and analysisadsttevelopment within this thesis will
improve the mapping and assessment of marine leeh#bitats. These methods have been
developed with relation to a hierarchical classifion system, allowing the output from these
methods to be integrated, and subsequently allowiags of habitat to be produced which
represent substrates at variety of classificatemels. As no single tool can currently provide
all the information required for the assessment amahagement of marine habitats, a
combination of tools must be used to collect anliat® this information. The SBES and
underwater video systems and data analysis mettestsibed in this thesis generally provide
complimentary tools that can be used to build yetsa of substrate and habitat distribution

within the hierarchical classification system.

As technology advances the toolkit for inshore tetbhapping is constantly expanding, and

can be expected to increasingly allow more of tessates, habitats, and species within the
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classification hierarchy to be spatially definedulvbeam echo sounders and side scan sonar
for example can provide full coverage maps of thafleor (Andersoret al. 2008), and
autonomous underwater vehicles provide a platfambbth acoustic and video data to be
collected across extensive areas with less effod @ost than traditional ship surveys
(Fernandegt al.2003). These types of developments will allowgnétion of habitat data at
even lower levels of classification and across teoareas, with this information feeding into
spatially explicit models for fisheries managemestpsystem management, conservation

planning, and climate change monitoring.

The methods developed in this thesis contributeaimprehensive spatial representation of

marine benthic habitats.
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