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Executive Summary

The objective of this study was to compare the predicted biological impacts of different outlet siting
options to the EES reference case and to each other. This was to inform the optimum siting and design
for the inlet and outlet structures. Four outfall locations were considered: EES Reference case; position
024, position 026 and position 029. These positions were selected within an engineering and
constructability design envelope. Impacts pathways considered were:

1. the affect of the saline plume on the benthic and planktonic components of marine ecosystem in the
project area;

2. the affect of entrainment of marine organisms into the intake; and

3. the affect of changed water movements on gametes, eggs, larvae, and propagules of other marine
species (henceforth called marine propagules) because of density currents arising from the saline
outfall.

To address the affect of the saline plume on the benthic and planktonic components of marine
ecosystem in the project area, spot and transect surveys of the benthic biota were done and a suite of
physical benthic characteristics were measured. Together, these data were used to model the
distribution of benthic habitat types over the study area and produce a habitat map. A salinity plume,
generated from numerical hydrodynamic modelling, was superimposed over the habitat map to assess
the relative footprint of the outfall plumes from the four outfall options. A structured consideration of
relative ecological value was used to assess whether some habitat types in the study area should be
ranked as holding greater ecological value than others and ecotoxicology test results, along with a
review of the literature, were considered to determine if some habitats should be considered more
sensitive to salinity than others. Finally, an ecological consequence index was calculated to quantify the
relative biological impact of the outfall plume for each siting location.

The relative ecological consequence of siting the outlet at locations 024, 026 or 029 was found to be
considerably lower than that of the EES Reference case. The final ecological consequence index, which
took into consideration salinity plume footprint, ecological value and sensitivity of habitats to salinity,
showed there was little difference between 024 and 026 while the 029 case was of slightly lower
consequence than 024 and 026. As short distance dispersing marine propagules are found in higher
density closer to adults, siting to minimise impacts on habitats with higher adult densities will also
minimise impacts on their propagules. For long distance dispersing propagules that are widely
dispersed, siting will make little difference to the level of impact of the saline plume. Salinity plume
impacts on larvae for the 024 case are likely to be much reduced compared to the reference case. While
positioning the outlet deeper, such as the 029 case, would reduce effects on seaweed propagules, it
would increase effects on deeper invertebrate communities. As these deeper communities are more
patchy and fragmented they may be more vulnerable to impact. On this basis, the 024 case is
considered to be of equal or less potential impact than 026 and 029. Although there was no evidence to
clearly differentiate the value of habitats and communities, there were sites identified in surveys
considered to be of increased uniqueness or value. These included: Site 223 Intake, with presence of
weedy seadragons; Site 224 Northern Step, with increased biodiversity of larger sponges; and Site 318
Gorgonian Reef, which had large gorgonian fans present and unusual reef morphology.



Ecotoxicology results indicated that 99 % of species would be protected with dilution to 1 PSU above
background in terms of acute toxicity and plume modelling indicated this dilution would occur within
approximately 100 m of the diffuser. Any ecosystem effects within the salinity plume area are more likely
to be manifested through more subtle, longer-term processes affecting population dynamics and species
interactions. The highest exposed habitats, Ecklonia and red algal habitats, are well represented outside
the plume area and this reduces the risk of affecting the structure and function of the Wonthaggi central
reef ecosystem as a whole. The reefs of Wonthaggi have some natural features that are typical of
aesthetic appeal and interest to recreational divers although such values are not as concentrated or as
attractive as at popular recreational dive sites in Victoria. Many of the potential diver attractions would
have low salinity plume exposure of approximately < 0.25 PSU above background. It is not known
whether there would be any long-term impacts of brine exposure on rock lobsters within the vicinity of the
outlet but any such impacts are unlikely to affect the whole population in the Wonthaggi area. Molluscs
for human consumption in the region include blacklip abalone Haliotis rubra and the warrener Turbo
undulatus. Both species were predominant in the shallow reef Phyllospora habitat, and thus would
essentially not be exposed to the salinity plume. Total harvestable stocks of reef attached fish species
are unlikely to be significantly affected.

The effect of entrainment of marine organisms into the intake was addressed through numerical tracer
modelling that tracked the fate of passive, neutrally buoyant particles released at 13 sites in the study
area. These particles simulated small marine propagules and holoplankton and the proportion of
released particles ingested into the intake was calculated for each release site. The study found that
entrainment into the intake is unlikely to have an impact on pelagic organisms including plankton and
marine propagules. Design measures will minimise the likelihood of larger pelagic organisms such as
fish, sea birds and marine mammals being entrained into the intake and the number of small planktonic
organisms, such as phytoplankton, zooplankton and marine propagules entrained is predicted to be a
very small proportion of those present in the water column. This proportion is so small that it is very
unlikely to impact on population sizes or ecosystem processes. Siting of the intake minimised any
impacts of entrainment on site 224, which was identified as being of increased uniqueness or value and
fell within the area being considered for intake siting.

To address the effect of changed water movements on marine propagules, due to density currents
arising from the saline outfall, movement of modelled tracer particles released from 13 locations was
examined. Maps showing changes in average concentration contours of released particles with and
without project operation were generated and changes in transport of particles across study area
boundaries were calculated. This modelling predicted that there would be changes to the water
movements in the study area due to density currents arising from the saline discharge. These changes
would result in more water, mostly from the middle and bottom layers in the study area, being drawn
offshore and less water moving out of the study area to the northwest and southeast. These changes in
water movement would be unlikely to cause significant impacts for holoplankton, which exist in high
numbers and are widely mixed in the water column. Effects of changes in water movement on
populations and communities whose propagules originate in, or migrate through, the study area are
difficult to predict. This is because there is a lack of knowledge about the nature and behaviour of
propagules of local species and the relationship between larval supply and adult populations. The most
susceptible populations are those that are self recruiting: adult populations are reliant on recruitment
from their own progeny and not from elsewhere. Such species include abalone and seaweed species.
Although such species are short distance dispersers, they have mechanisms to reduce dispersal away
from parent habitats, including rapid sinking and downward swimming behaviours. This means the
change in dispersal because of density current effects is likely to be less than what was modelled in this
study, which was for passive neutral particles. The baseline and ongoing monitoring program includes
investigations of plankton, larvae and adult populations to alleviate some of the knowledge gaps and
uncertainties.



Key conclusions:

eight principal biological habitat types were mapped, ranging from shallow kelp bed to deeper
red algal and sessile invertebrate habitats to predominantly offshore sandy habitats — aspects
of community structure and biodiversity were described for the reef habitat types;

an assessment of ecological values was unable to distinguish any particular habitat or
community type as being more important than another, although the deeper sessile
invertebrate habitats are more fragmented and potentially more vulnerable;

some sites were identified as having increased ecological value, including seadragons at Site
223, increased biodiversity of larger sponges at Site 224 and a gorgonian coral community at
and Site 318.

there was no evidence to distinguish any particular community as being more sensitive or
vulnerable to increased salinities;

the design for the 024, 026 and 029 cases had an improved impact footprint than the EES
Reference design.

there was little difference in the ecological consequences of the 024 and 026 cases while the
029 case had slightly lower consequences.

the entrainment of larvae and propagules into the intake would be a very small proportion of
the population and unlikely to impact on population sizes or ecosystem processes.

the siting of the intake minimised any impacts of entrainment of propagules from the sponge
community at Site 224.

the outlet diffuser operation will cause offshore currents and cause dispersal of some larvae
from inshore mid and bottom waters to bottom waters down-slope of the diffuser.

the implications of the offshore transport process are difficult to determine with the present
knowledge base, although ongoing biological investigations will reduce some uncertainties — it
is unlikely to affect populations with more widely dispersing propagules and propagules from
self-recruiting populations often have adaptations to limit dispersal.
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This report has been prepared by Australian Marine Ecology, on behalf of the Thiess-Degrémont Joint
Venture (TDJV).

The siting and design of the marine structures of the Victorian Desalination Project (VDP) involves an
optimisation process such that biological and environmental impacts are minimised with respect to
engineering and contractual constraints. This optimisation process involves multidisciplinary
hydrodynamic, engineering and environmental investigations, including:

design of intake and outlet structures to minimise re-entrainment and maximise initial dilution of
brine discharges;

ecotoxicology assessment of the range of effluent compositions that may be produced by the
VDP;

hydrodynamic modelling of currents, particle tracers and effluent dispersal to assess implications
if siting and design options for biological components and processes; and

engineering assessment of constructability.

The siting and design studies were designed to meet the conditions of the EPA Works Approval, required
for the commencement of works, and the immediate and longer term requirements stipulated by the
Project Deed Performance Requirements (PRs). These are in accordance with recommendations in the
EES for determining local scale variations in species richness and biodiversity for transforming the
reference design of the EES to the final design (EES Technical Appendix 31).

The present study builds on the information gathered as part of the EES, using alternative methods
where appropriate, and is in line with recommendations made in the EES, such as:

Further detailed targeted baseline studies and monitoring should supplement the existing
information described here during the process of transforming the ‘reference’ design of the Project
to the final design.(Technical Appendix 31, p 50).

The final selection of positions within the preferred areas therefore should include consideration of
detailed ecological information within the likely areas and an iterative process of evaluation of
options... (Technical Appendix 31, p 118).

This report details the biological investigation for siting and design.

The context of this biological study, including definition of the study area, siting envelopes, design and
constructability considerations and hydrodynamic modelling is provided in the overarching Works
Approval package documents produced by TDJV.
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The EPA stipulated specific conditions for approval of works on marine structures. This siting and design
study was used to address Condition 2.3.

Condition 2.3: The explanatory information referred to in condition 2.2 [final plans and specifications for
the marine outlet and diffuser (including the location of the outlet and the design of the diffuser)] must
include results of a biological survey, hydrodynamic modelling and toxicity assessment supporting the
final location of the outlet and design of the diffuser.

In order to assist the project in meeting condition 2.3, the following guidance has been provided:

2.3 (a) Is there information to verify the detailed location of marine sensitive areas (high relief
reef) to support the proposed location of the outlet?

2.3 (b) Does the modelling approach (of selected outfall options) demonstrate best practice
mixing in relation to representing and minimising re-entrainment and plume merging?

2.3 (c) Does the modelling address direct (e.g. toxicity of plume) and indirect (e.g. barrier-
forming density currents) risk pathways — noting that particle modelling is likely to be required to
demonstrate that the density currents that may arise from the final design and the associated
impacts?

2.3 (d) Has the extent and location of the 95th percentile 1 psu above background contour been
compared to the Reference Project and does it demonstrate an equivalent or better outcome?

2.3 (f) Do the modelling scenarios (or time series runs) operate for long enough to represent the
effects of re-entrainment to the point of equilibrium?

2.3 (g) Is there adequate statistical representation of model output (for example, 95th percentile
1 psu above background contour (typically through 1 year time series modelling)?

The EES and subsequent contract conditions stipulate a range of performance requirements (PRs),
including optimising the siting and design of the outlet and intake structures..The PRs pertinent to siting
and design are given below.

Performance Requirement 205: Locate and design intake structure (reproduced in part):

To avoid significantly affecting the beneficial uses associated with the designated areas of high
relief reef and coastal reserve presented in Figure PR Sensitivity Area — Marine Area in the
Property Schedule, and minimise impacts on the ecology of moderate relief reefs if practicable.

To inform final site selection and hydrodynamic modelling, undertake a survey prior to
construction of the Intake structure to identify marine community composition and structure
within 300 m of the proposed Intake site and use existing knowledge of larval behaviour to
demonstrate compliance with relevant Performance Criteria.

Performance Requirement 206: Demonstrate though hydrodynamic modelling of Seawater Intake
Structures and behaviour that the Project will limit entrainment to meet performance criteria.

/I Page 2

/IRP-TDV-EN-1-X-000-0004-F-02



Performance Requirement 210: Meet the requirements of the EPA with regard to the Works Approval
Application and discharge licence.

Performance Requirement 214: Develop and implement pre-construction survey prior to the
construction of the outlet and post construction survey and monitoring program to:

Demonstrate protection of beneficial use outside the areas to be approved by EPA
Assess the extent, magnitude and level of impacts of discharge on marine flora and fauna
Assess the long term impacts of outlet discharge(s)

Document the condition of high and moderate relief reef ecosystems in the vicinity of the mixing
zone.

and otherwise demonstrate performance in compliance with the Performance Criteria.

Performance Requirement 217: Direct toxicity assessment and water quality assessment shall be
undertaken to confirm that representative concentrate (which contains representative chemical additives)
meets the requirements of the State Environmental Protection Policy (Waters of Victoria) environmental
quality objectives of 99% ecosystem protection for largely unmodified aquatic ecosystems.

Performance Requirement 218: Prior to construction of the diffuser Project Co must demonstrate to the
EPA, following examination by the Independent Reviewer & Environmental Auditor, that the diffuser has
been designed, and will be located and operated, in a manner that minimises the size of the mixing zone
to the extent practicable and minimises environmental risks outside the mixing zone.

The principal siting constraint is that the project must be constructed within the leased areas, as defined
in Annexure 4 (Property Schedules) of the Project Deed. This limits the maximum depth of the structures
to 30 m and within a 2 km length of the coast. This area is further reduced by a requirement to avoid the
Kilcunda-Harmers Haven Coastal Reserve and the Project Deed PR Sensitivity Area (see RP-PBB-HS-1-
A-102-0203 Appendix A and RP-PBB-HS-1-A-102-0208 Appendix A). These protected areas preclude
siting in the shoreward region of the lease area.

A hydrodynamic constraint of relevance to the biological investigation was the need to have the outlet
deeper than the intake and the intake and outlet must be at least 400 m apart to minimise re-circulation
of effluent. This constraint reduced the siting envelope into two, smaller, intake and outlet siting
envelopes for biological consideration.

There are a wide range of other hydrodynamic, engineering, operational and timing constraints on the
siting and design. These are being considered in parallel to this biological study. They were ignored in
this biological assessment to provide biologically optimum sitings independent of engineering optimum
locations.

For further discussion see (see DG-PBB-TU-1-A-102-0351, RP-PBB-HS-1-A-102-0203 Appendix A and
RP-PBB-HS-1-A-102-0208 Appendix A).

The objectives of this study were to:

1. survey the biology of the project area, including:
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a. describe and map habitats and communities for assessment with hydrodynamic
modelling of effluent plumes and larval dispersal;

b. describe biodiversity and other important ecological features;

2. identify potentially sensitive areas or areas of higher ecological importance or conservation
value;

3. assess the biological implications of different siting and design options; and

4. assess implications of entrainment or any changed current patterns on larval dispersal and
recruitment;

5. provide a biological appraisal of siting and design options with respect to the Works Approval
conditions and Performance Requirements.

The approach to this study was developed prior to implementation and is reported in:
PR-TDV-EN-1-A-101-0006 Marine Structures Integration and Site Selection Procedure. Part of the

approach design was a presentation held on 21st January 2010, with expert peer reviewers, EPA and
DSE.

The siting of the marine structures may vary or optimise impacts at scales of 10s to 100s m and the
design may optimise impacts at scales of 10s to 1000s m. Therefore, the approach focussed on benthic,
site-attached communities that potentially have different site dependencies at these scales. Wider
ranging species of conservation interest, such as penguins, whales, sharks and krill were not considered
relevant to siting and design at this smaller scale.

Four outfall locations were considered: EES Reference case; position 024, position 026 and position

029. These positions were selected within an engineering and constructability design envelope. Impacts
pathways considered were:

the affect of the saline plume on the benthic and planktonic components of marine ecosystem in
the project area;

the affect of entrainment of marine organisms into the intake; and

the affect of changed water movements on gametes, eggs, larvae, and propagules of other

marine species (henceforth called marine propagules) because of density currents arising from
the saline outfall.

To address the affect of the saline plume on the benthic and planktonic components of marine
ecosystem in the project area, spot and transect surveys of the benthic biota were done and a suite of
physical benthic characteristics were measured. Together, these data were used to model the distribution
of benthic habitat types over the study area and produce a habitat map. A salinity plume, generated from
numerical hydrodynamic modelling, was superimposed over the habitat map to assess the relative
footprint of the outfall plumes from the four outfall options. A structured consideration of relative
ecological value was used to assess whether some habitat types in the study area should be ranked as
holding greater ecological value than others and ecotoxicology test results, along with a review of the
literature, were considered to determine if some habitats should be considered more sensitive to salinity
than others. Finally, an ecological consequence index was calculated to quantify the relative biological
impact of the outfall plume for each siting location.
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Biology Assessment for Siting Design

The potential location of the intake and outlet structures is bounded by the project lease and engineering
constraints (see DG-PBB-TU-1-A-102-0351, RP-PBB-HS-1-A-102-0203 Appendix A and RP-PBB-HS-1-
A-102-0208 Appendix A). The siting areas for the outlet and intake are separated by at least 400 m and
the outlet will be situated deeper than the intake to minimise recirculation (short circuiting) of discharged
brine. The siting of the marine structures is also limited by distance from the shore due to the project
lease. The depth range of the outlet is in the order of 24 to 29 m with deeper depths being limited by the
ability for servicing of structures by diving. The inshore limits of the structures are limited by the Kilcunda-
Harmers Haven Coastal Reserve and the PR Sensitivity Area (see RP-PBB-HS-1-A-102-0203 Appendix
A and RP-PBB-HS-1-A-102-0208 Appendix A for further information).

The wider area potentially influenced by the discharged salinity plume was modelled to be in the order of
100s to 1000s of metres (Lebreton et al. 2008). The area of consideration with respect to minimising
benthic impacts was therefore considered to be in the order of kilometres either side of the marine
structures area. The study was designed to describe the variation and distribution of benthic habitat and
community types at this spatial scale. The area of consideration for issues pertaining to larval dispersion
was considered to be in the order of kilometres to tens of kilometres. Larval dispersion impacts were
largely approached through modelling and information from the literature.

221 Sidescan Sonar Surveys

The study warea was surveyed by sidescan sonar in 2007 as part of the EES surveys. The area within
500 m of the proposed marine structures was surveyed again in 22 December 2009. This second survey
used a 450 KHz CHIRP sonar set at 100 m range and 100 % overlap of swathes. These data provided
baseline data to assess future conditions. Review of the seabed textures indicated the sidescan surveys
did not provide additional information to the high resolution bathymetry data for the purposes of this siting
and design study.

222 High Resolution Bathymetry Data

Seabed bathymetry and texture were mapped during the EES using the Geoswath interferometric
sidescan sonar method (Chidgey et al. 2008). This provided bathymetry data with a resolution of
centimetres to decimetres in the vertical dimension and at sub-metres to metres in the horizontal
dimensions. Other available bathymetry data included multibeam echosounder (MBES) data for smaller
areas around the proposed locations for intake and outlet structures. One MBES survey was during the
EES phase and covered a small area. Another more recent MBES survey (2009) covered a larger area,
1 km either side of the marine structures area, but was not as extensive as the Geoswath survey for the
EES. Although the data includes wave motion and seaming artefacts, the EES Geoswath data were
deemed the most useful used for habitat mapping as they encompassed the largest area and habitat
range. The other bathymetry data sources did not encompass the boundary of the central reef system.
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The Geoswath bathymetry data were gridded to produce a three-dimensional digital elevation model with
a horizontal grid cell size of 2 m. This model was used to describe the seascape features and seabed
textures, plan the community surveys, as well as derive physical habitat characteristics such as depth,
aspect, slope, relief, rugosity, curvature, wave surge and insolation.

2.2.3 Video Transects

Seabed characteristics and biogenic habitat structures were observed and mapped using automated
underwater vehicle (AUV) and towed underwater video transects.

The AUV used was an OceanServer lver-2 man-portable system (Figure 1). A GPS provides positioning
while on the surface with compass, depth, altimeter and doppler velocity log (DVL) instruments providing
precise positioning while underwater. The AUV was equipped with an oblique (45°) low resolution video
and LED lighting. The AUV was deployed along pre-programmed transects (missions), 2-3 m above the
substratum, at an average speed of 1 m s™. Currents during the survey meant some legs of a mission
were faster or slower, depending on the direction of the leg. The AUV position was logged every second
and the video was recorded in MPEG format on the AUV computer hard drive. The video position was
determined by cross referencing the video time with the time stamps in the AUV position log.

The towed video system consisted of a 520 line resolution underwater video mounted obliquely (45°)
underneath a depressor wing. The video was towed 1.5-2.5 m above the substratum at a speed of 0.5 to
0.8 m s™. The video footage was viewed and recorded using a portable mini-DV tape recorder. A vessel
mounted differential GPS was connected to a laptop computer. The GPS position, time and notes were
logged every 1-2 seconds. The video position was determined by cross referencing the time-stamp on
the miniDV tape and GPS track data, correcting for the lagged distance from cable layback.

Approximately 11 km of transects were surveyed by AUV within the project area. Approximately 54 % of
the video transects were adequate for habitat classification, providing a total of 6503 points (Figure 2;
Table 1). A further 5 km was surveyed by towed video in reference areas from San Remo to Kilcunda.
Surveys of this reference area were used to determine the location of reference survey and monitoring
sites but were not used directly for the siting and design analysis.

2.2.4 Site Data

Further habitat ground truthing data were provided through observations at sites visited for the
community surveys by scientific divers and remotely operated vehicle (ROV). These survey methods are
described in more detail in Section 2.3. These data provided a further fifty eight points for habitat
mapping (Figure 2).

225 Biological Habitat Classes and Classification

The observed habitats were classified in accordance with the scheme of Ball and Blake (Ball et al. 2006;
Ball and Blake 2007a, 2007b), with some minor variations and additions. The Ball and Blake scheme is a
factoral scheme where classes are provided for major habitat parameters such as relief, structure and
vegetation are recorded as separate parameters. The Ball and Blake scheme does not provide
standardised classes for mapping purposes, which requires a hierarchical rather than factoral
classification structure. For this project, data were recorded as per Ball and Blake’s schema to provide a
consistent database, but were extended to include mappable habitat classes, similar to the INCC
scheme (Connor et al. 2004a).
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Figure 1. Autonomous underwater vehicle, AUV Leucath  ea, used for habitat mapping at
Wonthaggi.

Table 1. Habitat mapping surveys. Survey dates for h  abitat mapping using towed video, AUV
video and sidescan sonar.

Survey area Date Activity

San Remo to Kilcunda reference  20-11-09 Towed video survey — forecast change during day

coast restricted range.

Intake and Outlet area within 300- 22-12-09 Sidescan sonar data, visibility too poor for towed video

500 m radius survey.

Newhaven sheltered area 14-1-10 AUV testing

Woolamai sheltered area and 15-1-10 AUV testing

Intake area

Intake 25-1-10 AUV testing and survey at Intake. No data, visibility too
poor.

Intake and Outlet regions 26-1-10 Intake area and Outlet isobath.

Deeper central reef slope regions 27-1-10 28, 32, 34 and 36 m isobath transects.

A significant change from the Ball and Blake scheme is the classification of reef relief. The Ball and Blake
scheme only has two classes: low relief < 1 m high and high relief > 1 m high. This resolution is
considered too coarse with the range of the high relief category being too large to be biologically useful.
Instead, the Tasmanian SeaMap (Barrett et al. 2001) relief classes were used: low < 1 m; medium 1-2 m;
and high > 2 m.

The habitat parameters and classes are listed in Table 2. The mapped habitat classes are described in
Table 3. Observed habitat types along the video transects and at surveyed points were mapped over the
bathymetry map to qualitatively examine distributions in association with environmental parameters. The
distribution of habitats was extrapolated spatially using physical substratum parameters derived from the
fine-scale bathymetry, as used elsewhere in Victoria (Edmunds, Shimeta et al. 2007).

/I Page 7

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

Boundaries
—— Project Lease

Marine and Coastal Park
—— PR Sensitivity Area
——— Coast

Figure 2. Habitat mapping observations. Location of substratum habitat observations at
Wonthaggi. Legend: () AUV video; and () community survey sites by diver and ROV. Grid size
is 1000 m.
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Table 2. Habitat classification. Complete habitat cla  ssification scheme following Victorian and
Tasmanian schemes (Barrett et al. 2001; Ball et al. 2006; Ball and Blake 2007a, 2007b).

Geomorphic Type

Consolidated Substratum Unconsolidated Substratum
Bio-geomorphic Type
Rocky Reef Unvegetated Unconsolidated | Vegetated Unconsolidated Substratum
Substratum
Substratum/Ecotype
High profile reef Cobble Seagrasses
Medium profile reef Gravel Algal beds
Low profile reef Sand Aquatic macrophytes
Silt
Modifier Eco-unit Modifier Eco-unit Modifier
Structure Continuous Attached Sponges Structure Continuous dense
Patchy Epifauna Tunicates Continuous medium
Guttered Continuous sparse
Bombies Patchy dense
Patchy medium
Patchy Sparse
Texture Solid Relief Hills
Pavement Mounds
Broken Ripples
Gutters Flat
Boulder
Cobble
Rock Basalt Texture Shelly Sediment type Cobble
Type Dolerite Worm holes Sand
Granite Smooth Silty sand
Sandstone Hard sand Silt
Mudstone Silty sand
Limestone Silt
Metamorphic Clay
Biota e.g. Ecklonia Biota e.g. Amphibolis
radiata antarctica
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Table 3. Wonthaggi habitats. Description of habitat

Phyllospora canopy,
med profile

Biology Assessment for Siting Design
classes mapped in the Wonthaggi study area.
De plio

Continuous medium profile reef with canopy
dominated by crayweed Phyllospora comosa.

2a Ecklonia canopy, red
algae, medium profile

Continuous medium profile reef with predominant
canopy cover of common kelp Ecklonia radiata.

2b  Ecklonia canopy, red
algae, low profile

2c  Ecklonia + Acrocarpia
low profile

Continuous low profile reef with predominant
canopy cover of common kelp Ecklonia radiata and
understorey and open areas with predominance of
thallose red algae.

Continuous low profile reef with predominant
canopy cover of common kelp Ecklonia radiata and
brown seaweed Acrocarpia paniculata.

2d  Ecklonia red patchy

3a Kelp park

Patchy low profile reef with canopy dominated by
Ecklonia radiata and understorey and open areas
dominated by thallose red algae.

Continuous low profile reef with sparse Ecklonia
radiata plants with predominant cover of thallose
red algae.
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Class

3b

5a

5b

6a

6b

Habitat class

Kelp park patchy

Thallose low profile

Image

Biology Assessment for Siting Design

Description

Patchy low profile reef with sparse Ecklonia radiata
plants with predominant cover of thallose red algae.

Continuous low profile reef with predominance of
thallose red algal cover.

Thallose patchy

Algae inverts

Patchy low profile reef with predominance of
thallose red algal cover.

Continuous low profile reef with dominance of
thallose red algae and low density of well
developed sessile invertebrate colonies.

Algae inverts patchy

Patchy low profile reef with dominance of thallose
red algae and low density of well developed sessile
invertebrate colonies.

Inverts algae

Inverts algae patchy

Continuous low profile reef with well developed
invertebrate colonies with < 50 % cover of thallose
red algae.

Patchy low profile reef with well developed
invertebrate colonies with < 50 % cover of thallose
red algae.
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Class Habitat class Description

Invert outcrop Isolated rock outcrop, surrounded by bare sand,
dominated by well developed invertebrate colonies.

8a Rubble sand Patchy reef or rubble heavily sand scoured with
sparse or no cover of biota.

Sand algae Sand with sparse cover of small tufting algae

8

growing through the sand. Rubble or pavement
may be present in patches.

Sand veneer Bare sandy veneer over pavement reef with the
C y p
reef visible in places.

8d Sand rubble Bare sand with patches of gravel and/or rubble and
no biota.
8e Sand bare Bare sand with ripples.

2.2.6 Physical Substratum Variables

The Geoswath bathymetry data were gridded using kriging to provide a digital elevation model (DEM)

with a raster size of 2 x 2 m. The seabed properties calculated from the DEM were:
depth (elevation from datum), z, m;

rugosity, g m?;
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relief (= maximum slope), dZmax, m;
slope, GA, degrees;
aspect, AO, degrees;
horizontal curvature, kh, m™;
vertical curvature, kv, m™;
mean curvature, H, m™;
difference curvature, E, m™:
total accumulation curvature, KA, m;
slope insolation, I, %; and
Wave surge, d, m.

Substratum shape statistics were calculated for each cell, Cell 0, using elevations from Cell 0 and a 3 x 3
grid of neighbouring cells (Figure 3). These parameters were mapped for qualitative assessment of

habitat structures, as well as providing input for the mapping of biological habitats and communities.
Depth (2)

Depth is an important environmental factor for many reasons: light is reduced exponentially with depth by
scattering and absorption; deeper habitats are more susceptible to shading; and currents and ground

surge from swell waves are reduced with depth. Depth was merely the elevation of Cell 0 = z, in Figure

3.

Zg Z1 Zo
@
= &
(@)
£ Z7 Zp Z3 ?
S
z

Zs Zs Zy

Easting, i ®

Figure 3. Digital Elevation Model (DEM) Calculations. Numbering of cells in 3 x 3 subgrids for
substratum shape calculations. For this study, the grid mesh size wasw =2 m.
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Rugosity

Rugosity is a measure of reef roughness or degree of texture. Rugosity can also be considered a
surrogate measure of microhabitat diversity, with more complex reefs generally having a variety of
different surface angles and potentially more interstitial spaces, such as crevices and caves. The rugosity
was indicated by the semivariance:

N-1 N

Rugosit;gzzi (zj -z )2 2.1)

i=1 j=i+l

where z; and z; are elevations (depths) in cells i and j (Figure 3) and N is the number of comparisons (N =
28).

Relief

Relief is a measure of the range in heights of reef structures. An index of relief was given by the

maximum drop in elevation from Cell 0, i.e. height in the direction of maximum slope:

8
dZmax=MAX (z,- z) 2.2)

i=1
First and Second Order Surface Derivatives

Reef slope is important for determining the area of reef within a particular depth band, as well as

exposure of the reef to factors such as currents, sunlight and sediments.

Reef aspect affects the exposure to sunlight (insolation being greatest for northward facing slopes) and

other directional influences such as currents and waves.

Profile curvature is the curvature of a section of the substratum that indicates the change in slope in a

vertical (or downhill) direction.

Horizontal curvature is the curvature of a section of the substratum that is perpendicular to the vertical
curvature at any given point. This curvature gives an indication of the convergence of surface flows.

Two mechanisms of flow accumulation, convergence and deceleration, are controlled by horizontal and
vertical curvatures, correspondingly. Calculated from the average of the horizontal and vertical
curvatures, the mean curvature gives an indication of the convergence and acceleration/deceleration of

surface flows.

Difference curvature is a half-difference of horizontal and vertical substratum curvatures, and it can be
used to describe which accumulation mechanism is more active at a given point of the substratum.
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Calculated by multiplying the horizontal and vertical curvatures, the total accumulation curvature gives an
indication of the degree of flow accumulation. Areas can be characterised as accumulation, dissipation or
transit zones. Accumulation zones exhibit both convergence and deceleration of flow; horizontal and
vertical curvatures are negative. Dissipation zones exhibit both divergence and acceleration of flow;
horizontal and vertical curvatures are positive. In transit zones, horizontal and vertical curvatures have
different signs or are zero. Thus, transit zones have neither the concurrent action of flow convergence

and deceleration, nor the concurrent action of flow divergence and acceleration.

The modified Evans-Young method of Shary et al. (2002) was used to define shape characteristics from
the first and second order surface derivatives. These were determined from a quadratic trend surface
fitted to the 3 x 3 neighbourhood of each cell. Prior to fitting, Shary et al. (2002) recommended a

parametric isotropic smoothing of the initial elevation matrix, using:
2'=(z+2,+41,+2,+7) 145 @3

where the elevation of each point, z,, is replaced by the smoothed elevation, z,’, according to the original

3 x 3 elevations.

The second-order polynomial z = rx’/2+sxy+ty?/2+px+qy+z, was fitted by the least squares method. The
coefficients are partial derivatives of the polynomial at the central point of the 3 x 3 subgrid (where x =y =

0). These are given by the formulae:

p:_:(22+23+Z4- Zs- Z, - Ze)/6W

2 =(z,42+2- - %- 2,)/6W

2
ﬂﬂ =(a+z+z+z+7+2- Az +7+2))/W
Tz
S= =- + - + /4VV2
oy (-z+2z-2z+z)
2
t:%:(za”ﬁzzﬂeﬂﬁz 2z, +2,+12))/3w (24)

These coefficients were calculated for each element of the elevation matrix, moving the centre of the 3 x

3 subgrid to each element in turn (excluding the boundary elements).
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The substratum shape parameters calculated from the derivatives were:

Slope= arctarp? + ¢2)/* 2.5)
Aspect180- arctafg/ p)+90p/|p (2.6)
Horiz_Curv kh=- (g7 - 2pgs+ p?t)/|(p + o2 )+ p? + 2] 27
Vert_Curv,kv=- (p?r - 2pgs+ o|2t)/[(p2 +q? )i+ p? + qZ)W] 2.8)
Mean_Cury H = - 1{1+q?)r - 2pas+ {1+ p? k)/[plu+ p? +2)| 2.9)

Diff _curv ,E = (a%r - 2pas + p2t)i|(p? + Yo+ p2 + a7 ] [a+ a2} - 2pas + @+ p XY/ b+ p +02)"?]
(2.10)
AccumCuryKA=H?- E? 2.11)

Slope Insolation

This index value gives an indication of the amount of solar radiation reaching the substratum as a
function of slope. This measure does not take into account the absorption of solar radiation by water, the

effects of horizon shading or differences in the sky field.

Insolation, | = E(sinf - psina cosf - qcosa cosf) where ¢ =41+ p? +q* (2.12)
c

For this insolation index (Lambertian reflectance), f is the solar zenith angle and a is the solar azimuth
for noon in winter (for Julian Day 180). The latitude was 38.598635° South. This index did not account for

horizon shading or differences in the sky field.
Wave Surge Index

Wonthaggi is moderate to sub-maximally exposed to swell waves generated in the Southern Ocean,
Great Australian Bight and the Tasman Sea, entering either side of Bass Strait. These waves cause
lateral water movement over the seabed, known as ground surge, which is attenuated with depth. The
relative wave exposure at the seabed was given by an estimate of the ground surge, or lateral water

displacement, d:

Wave surge, d =

Tz

where z is depth and

/I Page 16

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

2p

Wave number, kK = ——
L

wave length, L =CgT
where T is wave period and
Celerity (speed), Cs :\/972 (2.13)
An average wave period of T = 11.2 s was used for the calculation of the relative index.

2.2.7 Habitat-Environment Relationships

The physical characteristics, calculated from the digital elevation model, were extracted for each cell that
had a corresponding habitat classification from the ground truthing surveys (N = 6507). To account for
any imprecision in the positioning of the ground truthing data, an average of the physical data was taken
across 25 cells (10 x 10 m), centred on the ground truthing point. Relationships between the physical
parameters and habitat class were explored using box plots.

2.2.8 Prediction of Habitat Spatial Distributions

Linear discriminant functions analysis (LDFA) was used to predict the habitat likely to be present in a grid
cell given the set of physical substratum variables (predictors). This analysis technique produced a set of
linear equations which were used to classify grid cells into habitat types. One function is produced for
each habitat. To classify a new case, the values of the physical variates for that case are input into the
function for each group (habitat) in turn. The case is then classified into the group with the highest value.

Initial analyses using the 19 habitat classes and all predictor variables only provided a jacknifed
classification accuracy of 29 %. This was improved by using only a selection of predictor variables,
however there was still poor classification accuracy between the patchy and non-patchy habitat types.
This could be explained by the fact that the patchiness of habitats was determined at scales greater than
the mapped grid cells. The classification accuracy was greatly improved by concatenating the patchy and
non-patchy habitat types as well as pooling all sandy habitat types (Habitats 1 to 8 in Table 3).
Classification accuracy was also improved by first differentiating reef from sand and then classifying the
reef habitats in a separate analysis. The final classification accuracy is presented in Table 3.

Like any other linear modelling, discriminant functions analysis has statistical limitations, although
classification makes fewer statistical demands than inference (Tabachnick and Fidell 1989); the
requirements are generally relaxed except for outliers and homogeneity of variance-covariance matrices.
Regardless, LDFA is optimal when MANOVA is optimal so the same procedures used to optimise
MANOVA were implemented to facilitate optimisation of the LDFA. This optimisation was addressed
before and during the analyses and is described in more detail below. The analysis algorithm used was
the classical discriminant analysis module, DISCRIM, of SYSTAT (SYSTAT Software Inc, 2004).

Group sizes were uneven and this was expected: some habitats are more common than others. The
classification procedure was not modified by a priori probabilities set by group size.
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The univariate distribution of physical covariates within each assemblage was examined using box plots
(presented in the main results of the report). There were clear indications of skewed distributions and
moderate outliers. Normalised distributions assist with multivariate normality and homogeneity of
variances. Also, the analysis is sensitive to outliers. These effects were therefore reduced by
transformations. The skewness and kurtosis of the predictor variables were examined first (Table 4) to
determine an appropriate transformation, following recommended by Tabachnick and Fidell (1989). The
transformations used are provided in Table 4. Box plots of distributions resulting from the transformations
are presented in the results.

The classification procedure is sensitive to heterogeneity of variance-covariance matrices. Cases are
more likely to be classified into the group with the greatest dispersion. The transformations of the
predictors (described above) was likely to assist with homogenising the variances. From the initial
analysis, scores of the first two canonical discriminant functions were plotted separately for each group
(Figure 4). The scatter plots were equal in size for all of the biological groups except Phyllospora. The
area of Phyllospora may have therefore been overestimated.

Highly redundant predictors may cause multicollinearity or singularity. This was checked using predictor
tolerance values.

Table 4. Covariate normality. Skewness and kurtosis of predictor variables.

Predictor Skewness ‘ Kurtosis ‘ Transform

Depth 0.742 -0.615

Surge 1.35 3.03 Ln(X)

Slope 1.093 0.928 Ln(X)

Aspect -0.235 -0.354

Shading -0.043 -0.139

Relief (dZMax) 1.222 1.265 Ln(X)

Rugosity (Zvar) 2.584 12.136 Ln(X+0.001)

Mean Curvature 0.567 2.918

Horizontal Curvature 0.639 4.432

Vertical Curvature -0.031 2.265

Accumulation Curvature -3.575 32.365 Ln(0.1-X)
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Figure 4. Discriminant scores. Scatter plot of first
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each group (x and y axis respectively). Plot number s are habitat numbers: (1) Phyllospora
canopy; (2) Ecklonia canopy; (3) kelp Park; (4) red algae; (5) reds +i nvertebrates; (6)

invertebrates + reds; and (7) invertebrate outcrop.
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A significant solution was found for the reef-sand discrimination: Wilks’ Lambda = 0.7772, approximate F
=372.69, df =5, 6501, p < 0001. Five variables were adequate for the discrimination, these being related
to substratum smoothness (Table 5). The classification accuracy was 72 % and the jackknifed
classification accuracy was 72 % (Table 6). It was noted that some of the Geoswath survey artefacts
caused misclassifications of sand to reef, largely along the seams of adjacent swaths. Areas of smooth
reef were more prone to misclassification as sandy substratum. The classification coefficients used for
mapping are in Table 7.

A significant solution was found for the reef habitat discrimination: Wilks’ Lambda = 0.0594, approximate
F =267.69, df = 54, 19549, p < 0001. Nine variables were used for the discrimination (Table 8). The
classification accuracy was 52 % and the jackknifed classification accuracy was 51 % (Table 9). Although
the classification accuracy was moderately low, this was not of great concern because the
misclassifications were mostly into adjacent, similar habitat types. This reflects the uncertainty in visual
classification of the video data as there was a gradient of change in habitat type rather than distinct
boundaries. The hardest to differentiate was between kelp canopy and kelp park and between red algae
and red algae + invertebrates. The Phyllospora, Ecklonia and invertebrate outcrop habitats were well
classified with 100, 99 and 79 % accuracy respectively (Table 9). The classification coefficients (Table
10) were applied to grid cells classified as reef substratum.

The mapping involved a classification of each 2 x 2 m grid cell as either sandy or reef substratum. Cells
classified as reef were then classified into one of the seven reef habitat types. Each cell was then colour
coded to provide choropleths of each habitat type.

Table 5. Sand-reef classification variables. Linear discriminant functions variables used to
classify reef and sand substrata.

Predictor ‘ F to remove ‘ Tolerance
Ln(Relief) 34.64 0.046
Ln(Rugosity) 6.68 0.049
Mean Curvature 43.64 0.433
Horizontal Curvature 12.06 0.647
Ln(Accumulation Curvature) 1.40 0.855

Table 6. Sand-reef habitat classification matrix. A ccuracy of discriminant functions classification
differentiating reef from sand substrata (classific ation frequencies).

Actual group Predicted % correct

1 Reef substratum 2696 1152 70
2 Sandy substratum 673 ‘ 1986 ‘ 75
Total ‘ ‘ 72
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Table 7. Sand-reef classification coefficients. Disc  riminant functions coefficients used to classify
reef and sand substrata based on physical variables

Variable ‘ 1 Reef ‘ 2 Sand
Constant -185346.0 -185330.0
Ln(Relief) -170.572 -171.916
Ln(Rugosity) 319.016 318.66
Mean Curvature -17459.5 -17399.5
Horizontal Curvature 12696.9 12680.7
Ln(Accumulation Curvature) -106103.0 -106097.0

Table 8. Reef habitat classification variables. Line  ar discriminant functions variables used to
classify reef habitats.

Predictor ‘ F to remove ‘ Tolerance
Depth 1687.09 0.010
Ln(Surge) 1841.20 0.010
Ln(Slope) 15.91 0.024
Aspect 13.62 0.924
Ln(Relief) 9.02 0.037
Ln(Rugosity) 16.62 0.029
Mean Curvature 12.15 0.293
Horizontal Curvature 12.06 0.647
Ln(Accumulation Curvature) 8.41 0.821

Table 9. Reef habitat classification matrix. Accurac y of discriminant functions classification for
each reef habitat type (classification frequencies)

Predicted  Group %
Actual group 4 5 correct
1. Phyllospora 11 100
2 Ecklonia 99
canopy 918 8
3 Kelp park 378 9 139 146 152 39 1
4 Red seaweeds 36 166 68 34 55
5 Reds + inverts 5 334 373 279 31 36
6 Inverts + reds 10 59 455 131 69
7 Invert outcrop 53 79
Total 52
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Table 10. Reef habitat classification coefficients. Discriminant functions coefficients used to
classify reef habitats based on physical variables.

Habitat Group

4 5

Constant -187595 1777 -177466 -177096 -177250 -177504 -177948

Depth -1319.65 -1203.47 -1201.23 -1197.74 -1199 -1204.33 -1209.07
Ln(Surge) 73063.14 66545.67 |66374.83 66168.58 66224.24 66499.84 66749.7
Ln(Slope)  881.052 889.493 890.15 888.545 889.531 882.947 886.098
Aspect 0.717 0.711 0.715 0.723 0.712 0.717 0.709

Ln(Relief)  -403.714 -407.952 -409.43 -411.236 -412.069 -410.142 -406.778
Ln(Rugosity) 57.324 41.914 42.422 43.952 43.757 46.416 43.416

Mean Curv. -17511.3 -16586.7 -16566.9 -16498.2 -16442.3 -16470.2 -16591.6
Horiz. Curv. 9367.959 9461.351 9490.182  9524.26 9474.369 |9470.772 |9472.934
Ln(Accum.) -77310.2 -76957.7 -76923.7 -76891.1 -76912.6 -76888.5 -76920.6

2.3.1 Approach

A variety of survey methods were used to inform on the various reef habitats, assemblages and key
ecosystem aspects of concern (e.g. primary producers, habitat providers, grazers, secondary producers,
fishes). The survey methods were generally specific to particular assemblage types, such as fishes,
seaweeds or invertebrates, and different methods were also used in accordance with the practicalities of
sampling in shallow, intermediate depth or deep habitats.

The reef survey components were designed to initially inform on the biodiversity of different habitats and
assemblages in approximate location of the marine intake and discharge structures. As there will be
ongoing monitoring of some or all of the reef components, the initial biodiversity surveys were designed
to also provide the first monitoring survey data.

There were 6 reef survey components:

diver underwater visual census (component M12-1) — using three methods to survey fishes,
mobile invertebrates and seaweeds;

kelp holdfast macroinvertebrates (component M12-2) — diver collection of root-like holdfast of
kelp Ecklonia radiata and laboratory analysis of macroinvertebrates within the holdfasts;

red algae macroinvertebrates (component M12-3) — diver collection of red algae plants within
quadrats and laboratory analysis of macroinvertebrates inhabiting the plants — this method also
provided biomass data on red algal biodiversity;

shallow sessile biota (component M12-4) — using diver photoquadrats to survey sessile biota of
vertical reef faces;
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deeper reef sessile invertebrates (component M12-5) — remotely operated vehicle (ROV) video
surveys of sessile organisms, including sessile invertebrate assemblages (sponge gardens) and
mixed algae and invertebrate assemblages; and

deeper fishes (M12-6) — underwater video census of fishes on deeper reefs using stereo video

mounted on an ROV.

329 Kilcunda Far Control
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Figure 5. Community survey sites. Location of survey sites at Wonthaggi for assessing
community structure and biodiversity. Methods: ( ) diver underwater visual census; ( ) diver

sessile biota photoquadrats; (

) diver kelp holdfast sampling; ( ) red algae sampling; () ROV

sessile biota video quadrats; and ( ) ROV fish transects. Depth contours are indicated in grey.

Grid size is 500 m.
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Table 11. Survey sites and methods. Locations of su  rvey sites and survey components at each
site. Coordinate datum is GDA 94, Zone 55. Methods:  (1a) diver fish transect (1b) diver
invertebrate transect (1c) diver algae quadrats (2) kelp holdfast fauna collection; (3a) red algae
holdfast fauna collection; (3b) red algae biomass ¢ ollection; (4) diver sessile biota

photoquadrats; (5) ROV sessile biota video quadrats  ; and (6) ROV fish transect.

Site | Site name, area Depth  Easting Northing Surveys
102 Shallow 2 km northwest 13 369943 5728079 1b, 1c, 2, 3a, 3b, 4
104 |Shallow central 10 370814 5727130 1b, 1c, 2, 3a, 3b, 4
105 Shallow 2 km southeast 11 371907 5725489 1b, 1c, 2, 3a, 3b, 4
201 |OQutlet mid 23 370307 5726662 3b
202 |Outlet 100 east 23 370363 5726579 2,3a,3b
203 |Outlet 100 west 23 370251 5726745 2,3a,3b
212 |OQutlet 100 south 24 370224 5726606 3b, 6
206 |Outlet 500 east 23 370550 5726266 2,3a,3b,6
207 |Outlet 500 west 23 370028 5727076 2,3a,3b,6
223 | Intake mid 20 370306 5727182 1a, 1b, 2, 33, 3b, 6
224  |Northern Step 17 370234 5727382 4
229 |Far control Kilcunda 18 364847 5731963 2,3a,3b
230 |Far control Bunurong 18 377115 5718241 2,3a,3b,6
307 |Powlett ledges 34 368104 5727818 5
308 |Powlett trough 33 368512 5727378 5
309 Powlett reef edge 30 369076 5727642 5
310 |Central deep reef west 28 369366 5727198 5,6
311 Central outcrops 31 369052 5726894 5,6
312 |Central reef edge 31 369288 5726888 5
313 |Intake deep reef 31 369554 5726711 5
315 |Offshore funnel 36 368642 5726216 5
316 |Outlet deep reef 30 369716 5726436 5
317 Central east deep reef 31 370016 5726170 5
318 |Gorgonian reef 36 369362 5725384 5,6
320 |Eastern step 26 370636 5725600 5,6
321 Eastern trough 35 370286 5724947 5
322 Windfarm reef edge 33 370834 5725006 5
303 |Western reef trough, sand 32 367970 5728627 5
304 Western reef trough, sand 34 367676 5728458 5
305 |Western rise, sand 36 367702 5727968 5
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Site | Site name, area Depth  Easting  Northing Surveys
314 Central outcrop, sand 35 368866 5726576 5
319 Central reef edge east, sand 34 370068 5725340 5
333 |Offshore rise west, sand 36 367472 5727367 5
334 |Offshore rise east, sand 36 368100 5726396 5

2.3.2 Shallow Reef Underwater Visual Census M12.1
Rationale

Standardised underwater visual census methods, by diving, were used to survey shallow reef
assemblages of macroalgae (including kelps and understorey species), mobile invertebrates (including
seastars, sea urchins, abalone and rock lobster) and reef fishes. These surveys encompassed species
contributing much of the reef biomass and include major functional components such as seaweed habitat
providers, herbivore habitat modifiers, predators and species of recreational and commercial importance.
This survey component provided data on species abundances, sizes of selected species, species
diversity and community composition.

Principal advantages of using diving visual census methods are that they are efficient, non-destructive
and provide quantitative data on biodiversity at the species level. Video methods are ineffective for
distinguishing seaweed and invertebrate species in shallow reef habitats.

The underwater visual census method was a standardised method used throughout southern Australia
(Edgar 1998, Edgar and Barrett 1997, 1999; Edgar et al. 1997). In Victoria, it is used for the Victorian
Government and Parks Victoria Subtidal Reef Monitoring Program (SRMP), used at 114 sites throughout
Victoria (Edmunds and Hart 2003). There is a considerable time series (years) of subtidal reef monitoring
at Phillip Island to the west and at Bunurong to the east (Stewart et al. 2007).

There are limitations to diving times on deeper reefs, however the use of a truncated method for
intermediate depth reef provided information on species that are not well surveyed by the video or
collection techniques also planned for the intermediate depth sites.

Transect Layout

Most subtidal reef monitoring program (SRMP) monitoring locations in Victoria are along the 5-10 m
depth isobaths, these being optimal because diving times are not as limited by decompression schedules
and these reefs are of interest to natural resource managers. The subtidal reef survey depths in the
Wonthaggi region included surveys at 10-12 m depth and at 12-18 m depth.

Each site was located using a differential GPS and marked with a buoy. A 100 m numbered and
weighted transect line was run along the appropriate depth contour either side of the central marker
(Figure 6). The resulting 200 m of line was divided into four contiguous 50 m sections (T1 to T4). Where
sites were below 12 m depth, the survey effort was halved to 2 x 50 m transects to allow adequate air
supply and no-decompression diving times. The orientation of the transect was the same for each
survey, with T1 toward the north or east (i.e. anticlockwise around the coast).
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For each transect, four different census methods were used to obtain adequate descriptive information
on reef communities at different spatial scales. These involved the census of: (1) the abundance and size
structure of large fishes; (2) the abundance of cryptic fishes and benthic invertebrates; (3) the percent
cover of macroalgae and sessile invertebrates; and (4) the density of string kelp Macrocystis angustifolia
plants (where present). The depth, horizontal visibility, sea state and cloud cover were recorded for each
site. Horizontal visibility was gauged by the distance along the transect line to detect a 100 mm long fish.
All field observations were recorded on underwater paper.

Method 1 — Mobile Fishes and Cephalopods

The densities of mobile large fishes and cephalopods was estimated by a diver swimming a stereo video
system up one side of a 50 m section of the transect, and then back along the other, surveying 5 m
swathes either side. The survey speed was 10 m per minute (0.16 m s™). In this instance, the survey
area follows the technique of Edgar and Barrett (1997, 1999), but departs from the method of recording
sizes and abundances in situ to record on stereo video instead. Footage was recorded directly to hard
drive in HD 1080p format. Flashing diodes are mounted on a pole in front of the stereo system to
synchronise frames. The stereo video system enables precise measurements of fish lengths and sample
volume or area for density estimates (Harvey et al. 2001a, 2001b, 2002a, 2002b).

Visibility was too low during the visits to the shallow reefs to provide adequate fish survey data for
shallow reefs. This community component will be surveyed as part of the baseline monitoring program.

Method 2 — Invertebrates and Cryptic Fishes

Cryptic fishes and megafaunal invertebrates (non-sessile: e.g. large molluscs, echinoderms,
crustaceans) were counted along the transect lines used for the fish survey. A diver counted animals
within 1 m of one side of the line. A known arm span of the diver was used to standardise the 1 m
distance. The maximum length of abalone was measured in situ using vernier callipers where accessible.
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Figure 6. Biologist diver with transect reel.

Figure 7. The cover of macrophytes is measured by t  he number of points intersecting each
species on the quadrat grid.
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Method 3 — Macroalgae

The area covered by macroalgal and sessile invertebrate species was quantified by placing a 0.25 m?
guadrat at 10 m intervals along the transect line and determining the percent cover of the all plant
species (Figure 7). The quadrat was divided into a grid of 7 x 7 perpendicular wires, giving 50 points
(including one corner). Cover was estimated by counting the number of times each species occurred
directly under the 50 positions on the quadrat (1.25 m? for each of the 50 m sections of the transect line).

Sites and Times

Three shallow reef sites were surveyed: inshore of the marine structures area and 2 km either side
(Figure 5; Table 11). The intermediate depth inlet site, Site 223, was surveyed using truncated methods:
two 50 m transects. Survey deployments are listed in Table 12.

Table 12. Diver UVC surveys, M12.1. Survey times for d  iver underwater visual censuses, Method

M12.1.
Site Site name Date Activity
102 Shallow 2 km northwest 28-01-10 Algae quadrats, Invertebrate transects, Visibility too

poor for fish surveys.

104 Shallow central 25-01-10 |Algae quadrats, Invertebrate transects, Stereo video
fish transects — camera technical problems.

105 Shallow 2 km southeast 10-02-10 Algae quadrats, Invertebrate transects, Visibility too
poor for fish surveys.

223 Intake mid 25-01-10 |Algae quadrats, Invertebrate transects, Stereo video
fish transects — camera technical problems.

2.3.3 Kelp Holdfast Macroinvertebrate Biodiversity M12.2
Rationale

The seaweed communities at Wonthaggi generally vary along the depth gradient with dense canopies of
crayweed Phyllospora comosa occurring on the shallowest reefs with the most wave exposure and
highest light levels. This community grades into increasing cover of common kelp Ecklonia radiata and
open patches of small thallose red and green algae. At deeper depths, the Ecklonia canopy becomes
sparser and grades into a thallose red algae dominant seaweed cover. The holdfast of Ecklonia radiata
consists of root-like haptera (Figure 33e) that provide a substantial volume of interstitial space for
macroinvertebrates such as worms, crabs, bivalves and brittle stars. These species have an important
role in reef ecosystem food webs and there is a possibility reef macroinvertebrates may be affected by
the brine discharges.

This survey component targeted the invertebrate fauna of kelp holdfasts in the shallow and intermediate
depth habitats. The survey involved collections of small numbers of holdfasts from each site and
identification and counting of the individual mobile animals in the laboratory. Kelp holdfast fauna have
been researched in New Zealand, South Australia and New South Wales and has been used as an
indicator of environmental impacts. This survey component provided data on macroinvertebrate species
abundances, diversity and assemblage composition.

/I Page 28

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

The methods used follow those applied for environmental monitoring by Smith et al. (Smith and Simpson
1992; Smith 1996; Smith et al. 1996) and for ecological research by Anderson and Connell (e.g. Goodsell
and Connell 2002; Anderson, Connell et al. 2005; Anderson, Diebel et al. 2005).

Field Sampling

Each site was located using a differential GPS and marked with a buoy or the boat anchor. Sampling was
within a single kelp bed patch, within 10 m of the marker. At each site, five holdfasts were selected
haphazardly and at least 1 m apart. Only holdfasts of full-sized canopy plants were selected. Each
holdfast was sampled by first cutting the stipe at the top of the holdfast (just above the highest haptera)
and using a spatula to separate the holdfast from the substratum. The holdfast was placed in a PVC
canister which had 0.5 mm mesh in the end caps.

At the surface, the canisters were immersed in a 10 % solution of magnesium chloride (Epsom salts) for
30-60 minutes to relax the organisms. The holdfasts and canister contents were then placed in plastic
bags and kept cool for transport.

Laboratory Analysis

Individual holdfasts and contents were rinsed onto a 0.5 mm sieve. Forceps were also used to dislodge
and extract animals. The volume of each holdfast was measured using water displacement. The animals
were initially sorted and counted to the family level, where possible. The individuals readily identifiable to
species level were then sorted and identified. The wet weight of each taxon was measured. The sorted
specimens were placed in separate vials, fixed in formalin and then preserved in ethanol.

Two of the five samples from each site were sorted in time for this report (excluding sites 201 and 212).
The remainder samples are continuing to be sorted, to be incorporated into the ongoing baseline
monitoring of this ecological component. The results clearly identified depth and other spatial differences
in community structure, indicating the sample sizes were adequate for the purposes of this study.

Sites and Times

Three shallow reef sites were surveyed, as per M12.1, as well as nine intermediate depth sites, including
the intake and various distances either side of the outlet area (Figure 5; Table 11). Two far control sites
were located 10 km either side of the outlet area. These were slightly shallower than the outlet
intermediate depth sites because of limited habitat availability. Survey deployments are listed in Table
13.

/I Page 29

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

Table 13. Kelp holdfast and seaweed quadrat collecti  ons, M12.2 and M12.3. Sampling times for
diver collections of kelp holdfasts, Method M12.2, and quadrat seaweeds, M12.3.

Site Site name Date Activity

102 Shallow 2 km northwest 30-11-09 5 red algae quadrats, 5 kelp holdfasts
104 Shallow central 30-11-09 5 red algae quadrats, 5 kelp holdfasts
105 Shallow 2 km southeast 30-11-09 5 red algae quadrats, 5 kelp holdfasts
229 Intermediate West Control 15-12-09 5 red algae quadrats, 5 kelp holdfasts

207 Intermediate Outlet 500 West  01-12-09 5 red algae quadrats, 5 kelp holdfasts
203 Intermediate Outlet 100 West  01-12-09 5 red algae quadrats, 5 kelp holdfasts

201 Outlet Mid 14-12-09 5 red algae quadrats, 5 kelp holdfasts
212 Outlet 100 South 14-12-09 5 red algae quadrats, 5 kelp holdfasts
223 Intake 01-12-09 5 red algae quadrats, 5 kelp holdfasts

202 Intermediate Outlet 100 East  30-11-09 5 red algae quadrats, 5 kelp holdfasts
206 Intermediate Outlet 500 East  02-12-09 5 red algae quadrats, 5 kelp holdfasts
230 Intermediate East Control 15-12-09 5 red algae quadrats, 5 kelp holdfasts

2.3.4 Red Algae Macroinvertebrate Biodiversity M12. 3
Rationale

Thallose red algae are often present as an understorey to common kelp Ecklonia radiata kelp canopy.
Red algae also provide habitat structure in open reef areas. This type of microhabitat is more prevalent
on intermediate to deeper reefs and can be the dominant form of biogenic habitat on smooth, low profile
reefs, as observed at Wonthaggi. As with kelp holdfasts, small bushy seaweeds can support a high
biodiversity of macroinvertebrates. Such epifauna can be in densities in the order of thousands per
square metre and provide much of the food production for reef fishes.

This monitoring component targeted the invertebrate fauna of thallose red algae in the shallow and
intermediate depth habitats. The survey involved the collections of all biota within small quadrats and
identification and counting of the individual mobile animals in the laboratory. There is a limited amount of
data on macroinvertebrates in red algae habitats in Victoria.

This monitoring component provided data on species abundances, diversity and assemblage
composition.
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Figure 8. Thallose red algae. Example of thallose r  ed algae microhabitat, including the species
Ballia callitricha, Gelidium asperum and Rhodymenia a ustralis.

Field Sampling

Each site was located using a differential GPS and marked with a buoy or the boat anchor. Sampling was
at the same sites sampled for kelp holdfasts. Sampling was within a single patch, within 10 m of the
marker. Five 250 x 250 mm quadrats were located haphazardly on open thallose red algae habitat and
harvested of all arborescent and repent seaweeds, including the bracket alga Sonderopelta coriacea.
The quadrats were cleared by hand with the aid of a spatula. The material was placed in a PVC canister
which had 0.5 mm mesh in the end caps.

At the surface, the canisters were immersed in a 10 % solution of magnesium chloride (Epsom salts) for
30-60 minutes to relax the animals. The holdfasts and canister contents were then placed in plastic bags
and kept cool for transport.

Laboratory Analysis

In the laboratory, the mobile (non-sessile) animals were removed from the seaweed fronds using a
magnifier and forceps, as well as by rinsing the seaweeds over a 0.5 mm sieve. The seaweeds were
sorted and identified to species and the total wet weight of each species measured. The
macroinvertebrates were sorted and counted to the family level where possible. The individuals readily
identifiable to species level were then sorted and identified. The wet weight of each taxon was also
measured. The sorted specimens were placed in separate vials, fixed in formalin and then preserved in
ethanol.

Two of the five samples from each site were sorted in time for this report (excluding sites 201 and 212).
The remainder samples are continuing to be sorted, to be incorporated into the ongoing baseline
monitoring of this ecological component. The results clearly identified depth and other spatial differences
in community structure, indicating the sample sizes were adequate for the purposes of this study.

Sites and Times
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Three shallow reef sites and nine intermediate depth sites were sampled at the same time as the kelp
holdfast sampling (Figure 5; Table 11). Survey deployments are listed in Table 13.

2.35 Shallow Sessile Biota M12.4
Rationale

The EES identified a high sensitivity reef area for avoidance of disturbances (Chidgey et al. 2008; Figure
55, p 118). This area was medium relief subtidal reefs, up to 2 m high. This designation was based on an
assumption that habitats of higher physical complexity may support increased biodiversity. The higher
relief area was then proclaimed as a high sensitivity area for the purposes of developing performance
requirements of the project (PR Sensitivity Area — Marine Area in the Property Schedule). The tops of
such reefs are dominated by crayweed Phyllospora comosa. The fronds of this species scours reef
surfaces and such reef top assemblages are generally associated with lower biodiversity. The faces and
crevices of reefs are generally protected from scouring and are light limited, favouring the growth of
sessile invertebrates. Reef sessile invertebrate communities are typically of high biodiversity, particularly
where there is a high degree of water movement.

This monitoring component specifically targeted the sessile invertebrate assemblages of shallow reef
faces to inform on the putative PR High Sensitivity area.

The Bass coastline from San Remo to Cape Paterson is a highly exposed and difficult environment to
survey because of prevailing winds, breaking swell, strong ground surge and suspended sediments
reducing visibility. Underwater measurements of sessile invertebrate species abundance can be time
consuming and especially difficult in conditions of continually strong ground surges. A photoquadrat
method was implemented as an efficient and safe means of non-destructive quantitative sampling.

This monitoring component provided data on species and morphotype percent cover, diversity and
assemblage composition.

Field Sampling

Each site was located using a differential GPS and marked with a buoy or the boat anchor. Sampling was
on vertical reef faces encountered within 25 m of the marker. A minimum of 20 quadrat photographs
were taken at haphazard (pseudorandom) positions.

The quadrats were photographed at fixed scale of slightly larger than 200 mm in height, at a minimum
resolution of 10 megapixels and with strobe lighting (in this case: 14 megapixel Canon Power Shot G10,
Inon D2000 strobe). The camera was mounted in a perspex frame that held the camera at a fixed
distance from the substratum and had a 200 mm scale bar along one side. The perspex frame also
prevented kelp fronds interfering with the field of view or entangling with the camera as it swashed past in
the ground surge.

Laboratory Analysis

The original images were logged into a database and archived. Duplicates of the images were resized to
640 x 480 pixels (maintaining the frame aspect ratio) for analysis.

The analysis of the photoquadrats followed the BioPoints procedure used for deep sessile biota surveys
(M12.5), as detailed in the following section.
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Sites and Times

Three shallow reef sites were surveyed, as per M12.1, as well as an intermediate depth site in an area of
higher relief, termed the Northern Step, Site 224 (Figure 5; Table 11). This intermediate site was selected
as being unusual in having higher relief than other intermediate depth areas. Survey deployments are
listed in Table 14.

Table 14. Shallow sessile biota photoquadrats, M12. 4. Sampling times for diver photoquadrats of
sessile biota on reef faces, Method M12.4.

Site Site name Date Activity

102 Shallow 2 km northwest 01-12-09 |23 quadrat photographs on vertical reef faces
104 Shallow central 01-12-09 |26 quadrat photographs on vertical reef faces
105 Shallow 2 km southeast 01-12-09 |24 quadrat photographs on vertical reef faces
224 Northern Step 02-12-09 |24 quadrat photographs on vertical reef faces

2.3.6 Deep Sessile Biota M12.5
Rationale

Deep reefs are typically inhabited by a high diversity of sponges, soft and hard corals, bryozoans,
hydroids and ascidians. These communities are often dominated by sponges and hence called ‘sponge
gardens’. Patches of deep reef habitat occur along the Wonthaggi reef, however the biodiversity of these
reefs has not been surveyed.

Deep sponge gardens are difficult to survey quantitatively in a non-destructive manner and methods
generally involve video surveys by divers breathing mixed gasses, drop camera systems or remotely
operated vehicle (ROV). Methods using divers at depth have an inherent safety risk and yield less data
per unit effort, but the quality of the data can be a lot higher. Drop camera systems can yield high quality
imagery and are the easiest to implement, but there is no control over the sample placement and only
horizontal surfaces can be sampled. For this study, deep reefs are surveyed by ROV as this method
enables a range of microhabitats to be explored and surveyed with high data returns per unit effort
(compared with diving).

A complication with sessile invertebrate surveys is that most species cannot be properly identified without
collection and examination using a microscope. This is not practical for monitoring surveys as collections
can be destructive (altering the community being monitored) and data are not provided within a practical
time frame (months to years for identifications). Moreover, at least half the sponge species of Victoria
remain undescribed. There has been considerable research in the United Kingdom indicating that
morphological characteristics (morphotypes) can be used as a surrogate for biodiversity (Bell and Barnes
2001; Bell et al. 2006). This approach has been applied in both Tasmania and Victoria for monitoring
surveys and is used for this monitoring component.

The ROV surveys were applied at deep reefs. Limitations in the available weather windows prevented
the collection of data from the intermediate depth zone, which would have provided overlap with the other
survey components.

This monitoring component provided data on the percent cover of sessile invertebrate species and
morphotypes, diversity and assemblage composition.
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ROV Equipment

The ROV is a Seabotix LBV 150S° remotely operated vehicle (Figure 9). This type of ROV has distinct
advantages over other types of ROV:

it is easily handled and deployed: weighing only 11 kg, it does not require heavy lifting apparatus
on the surface vessel and is safe in terms of manual handling;

operating depth/distance of 150 m;

high maneuverability provided by four thrusters — two forward, two vertical and one lateral
(forward/reverse, left/right, up/down, side-to-side);

high thrust to drag ratio (combined forward thrust of 7 kg and low drag tether of 7.6 mm in
diameter) enabling operation in slow currents;

minimal power requirements and electrical safety features — input power is from 650 watts from
power supply of 240 VAC 50 Hz (safety features include isolated power supply, ground fault
interrupter, line insulation monitor, residual current monitor and leak detectors);

high resolution colour video — super HAD chip with 570 lines of resolution, 0.2 lux of light limit,
3.6 mm lens, auto iris and manual focus; and

camera is mounted to a rotating chassis to provide 270° field of vision — enabling inspection of
horizontal, sloped and vertical surfaces.

To assist with navigation, a 360° scanning sonar (Tritech Micron) was mounted on top of the ROV
(Figure 10). This system enables detection and imaging of substratum structures beyond the range of
visibility, facilitating navigation around the study site.

The ROV is fitted with an ultra-short baseline sonar tracking system (TrackLink), however the system
was not adapted for the small vessels at the time of this survey. The GPS track and azimuth of the vessel
was recorded to a computer hard drive during each deployment.

Two Seabotix parallel lasers, mounted 50 mm apart, are fixed to the rotating camera chassis of the ROV
to provide a means of scaling the field of view and capturing the appropriate frame size. During the
surveys, the ROV was positioned at a distance from the substratum such that the laser spots aligned with
marks on the topside video screen.

ROV Video Quadrat Sampling

At each site, the ROV was manoeuvred to the seabed and the camera is tilted in accordance with the
substratum slope. The ROV was manoeuvred to a fixed distance from the substratum (as much as
possible) to standardise the field of view to 0.7 x 0.5 m. The correct distance is determined using a pair of
built in lasers and calibration marks on the topside video monitor. The positioning of the ROV was highly
affected by ground surge. Video quadrats were haphazardly sampled on reef habitats within 30 m of the
site marker. Sandy habitats were not sampled for quantitative analysis.

The video of each ROV deployment was recorded with a time stamp onto a computer hard drive. The
position of the surface vessel and other data were also logged onto a computer hard drive.
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Figure 9. Remotely Operated Vehicle. Remotely operate  d vehicle (ROV) and tether. Scanning
sonar and sonar tracking devices are mounted on top of the vehicle.

Figure 10. ROV scanning sonar. Example image from f  orward scanning sonar: a reef wall is 6 m in
front of the ROV and extends 24 m to the leftand r  ight.
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Video Frame Capture

Still frames were captured from deinterlaced footage at a resolution of 640 x 480 pixels. An image was
captured if it met the following criteria:

the substratum is mostly in one plane and filled the majority of the frame;

the distance to the substratum is correct — calibration points are marked on the video monitor
that align with the ROV laser spots at the correct distance;

the camera lamp illuminates the frame sufficiently to the edges;
the field of view does not overlap with a previously captured frame; and

the footage (or the biota therein) is steady and moving slowly enough to capture an image sharp
enough for identification of biota.

As many frames are captured as possible during the deployment, providing that they met the above
criteria. In other words, the sampling strategy is opportunistic rather than statistically random or following
regular intervals. The frames consequently vary in terms of separation distance, type of substratum and
biota, and orientation of substratum. Some types of microhabitats may be under-represented in the
frames, specifically those where the ROV cannot be manoeuvred safely, such as underneath overhangs
and in crevices. The frames are then used to quantify the percentage cover and spatial distribution of
sessile plants and animals, as well as other substratum features.

Points-Cover Estimation

The percent cover of each identifiable component was determined using a points-cover method, following
Barrett et al. (2002). The points-assessment and data recording were facilitated by the software
BioPoints (Australian Marine Ecology in-house software). This software is similar to PointCount, used for
the Florida Keys Coral Reef Monitoring Project (Eaken et al. 2002) and AVTAS, used for Great Barrier
Reef Long-Term Monitoring Program (Page et al. 2001).

A video frame is displayed on the screen with 50 randomly positioned dots on the image (Figure 11). The
microhabitat type is classified by the observer, selected from a pull-down list of categories, including:

horizontal surface;

reef slope;

vertical rock face;

cavern/crevice;

ledge edge/reef break;

stones/broken rock; and

patchy rock and sediments (among others).

The species or morphotype under each dot is identified and entered by selecting the taxon from a
hierarchical menu (tree list) beside the frame and clicking on the appropriate dot on the frame (Figure
11).
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BioPoints saves the observer’s identifications of organisms and microhabitats in output files. The points-
data for each frame includes the pixel coordinates of every point and its identification. Once all points are
classified, BioPoints compiles and formats the data, producing abundance data tables (percent cover by
frame, transect and site) for statistical analysis and reporting.

A distinct advantage of the BioPoints software is that it enables users to browse between frames (in
sequence) to facilitate a consistent classification of morphotypes between frames, transects and surveys.
On returning to a particular frame, BioPoints reloads the existing data entered for that frame, including
the same positions for each dot. The selection of pre-defined categories of organisms, including species
and morphotypes, also assists in reducing observer error in the points-classification. Another distinct
advantage of BioPoints is that no typing is required — providing efficiency of data entry and eliminating a
source of error.

Taxon/Morphotype Classification

A standardised organism identification scheme is used with BioPoints. Organism identification for each
point is to the lowest taxon possible; however there are many species that cannot be visually identified
from a video frame and many others that are not described (particularly sponges). A hierarchical
classification scheme is applied where an organism can be identified according to both taxonomic and
morphological features, with each ‘taxon’ having a unique number code. This classification scheme was
developed by Australian Marine Ecology from a database of subtidal reef organisms and codes initially
developed by Neville Barrett and Graham Edgar (Tasmanian Aquaculture and Fisheries Institute).

The Australian Marine Ecology database includes descriptions and photographs of each ‘taxon’ to assist
with identification. These appear on the screen when a taxon is selected from the hierarchical menu.
Hard-copy identification guides are also provided to the observers to facilitate standardised classification.
New taxa are added to the database and the identification guides as they are encountered in the
assessment.
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Figure 11. BioPoints frames data capture. Example sc  reen of BioPoints program for determining

points-cover abundance of sessile organisms. Fifty random points are laid over each frame (large

photograph). The taxon underlying a set of points i s selected from a drop-down list or tree-list on
the right-hand side. The taxon is assigned to each point by clicking on the point on the frame.

The most abundant group that cannot generally be identified beyond morphotype is sponges. In this
case, a scheme established by Bell and Barnes (2001) was used, which is based on the growth form,
texture and colour of the colony (Table 15; Figure 12). The definitive identification of sponges to species
level requires physical samples for microscopic examination. Such level of taxonomic effort precludes
comprehensive ecological surveys within times required for environmental management. Regardless,
less than half of the Victorian sponge species have been formally described. Sponge morphotypes are
assumed to be of relevance to ecological functioning, with different forms providing vastly different
biogenic microhabitat structure for epibiota and mobile reef animals. The different forms also potentially
reflect environmental influences and competitive interactions. It is known that the morphology of some
sponge species can vary substantially under differing environmental conditions. It is noted that:

“External characters such as growth form and colour are sometimes affected by local conditions,
producing an apparent morphological plasticity in some groups. Early studies of live populations (e.g.
Vosmaer 1932-1955) perhaps over-emphasised the intra-specific variability, to the point where
identification of particular taxa became nearly impossible (i.e. with sibling species and allied genera
merging into each other). More recent empirical evidence suggests that even subtle differences between
populations may be indicative of well defined biochemical and fixed genetic differences, with the
likelihood that many so-called geographic variants or varieties of species—and certainly many of the so-
called cosmopolitan species—consist of divergent sibling species” Hooper and Weidenmayer (1994).
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This statement supports the assumption that sponge morphotypes are a valid surrogate for sponge
biodiversity. Morphological community composition provides a very similar representation of species
community composition in Lough Hyne, Ireland, and there is also a strong correlation between
morphological diversity and species diversity (Bell and Barnes 2001).

Standardised methods are applied to deal with unusual or ambiguous cases:

where one organism overgrows another, the uppermost organism is identified, e.g. a sponge on
top of a sea squirt;

when a point falls on a fish or a piece of drifting seaweed, the point is classified as “unknown”
because the substratum is obscured from view;

if the location is not illuminated sufficiently (e.g. occasionally at the margin of a frame), the point
is classified as “unknown”;

if the area is out of scale (e.g. substratum visible in the distance beyond a ledge), the point is
classified as “unknown”; and

if the area overlaps partially with a previous frame, the point is classified as “unknown”.

To aid identification, the original video footage is often consulted to view organisms from different angles
and to judge their stiffness and movement in swell surges. As such, the observers do the BioPoints
analysis with copies of the ROV video footage running simultaneously for frequent cross checking.

Data Validation and Verification

A variety of quality control and quality assurance procedures are implemented as part of the standard
operation procedure (Edmunds, Stewart and Judd 2007). Following entry of data for each frame in
BioPoints, the point classifications are perused by a different observer. Where there is disagreement
about the classification of a point, the point taxon is only changed in agreement with a third observer.

Points Standardisation and Data Pooling

Prior to analysis, the points-cover of each taxon within each quadrat is corrected for any points in the
frame that cannot be classified (“unknown”, database category 999). This occurs where the substratum is
poorly illuminated, beyond the field of view (behind the frame) or hidden by fish or drift seaweed. In such
cases, the points-cover of each identifiable category is standardised to a sum of 50 points.

Many, sometimes hundreds, of taxa/morphotypes are usually recorded using the Bell and Barnes
classification scheme, most of which are in very low abundances and observed infrequently. For the
community analyses, abundances of sponge colour types were pooled for each morphology and texture
category. Categories distinguished by visually obvious characteristics and given a separate database
code were not pooled into the generic morphotype categories.
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Table 15. Sponge morphotype classes. Standardised i  ndex of classification categories for sponge
morphological types. Shapes, structures and forms a re after Bell and Barnes (2001). Numbers
refer to the database coding system.

Morphology ‘Texture Colour

3000. Encrusting (EN) 0. Smooth (smo) 1. White (W)
3100. Massive (MA) 30. Ruffled (ruf) 2. Yellow (Y)
3200. Globular (GL) 60. Spiky (spi) 3. Orange (O)
3300. Pedunculate (PE) 80. Reticulated (ret) 4. Pink (P)
3350. Repent (RE) 90. Oscules visible (osc) 5. Red (R)
3400. Tubular (TU) 6. Green (GR)
3500. Flabellate (FL) 7. Purple (PU)
3600. Flabellate folded (FLf) 8. Blue (BL)
3700. Cup (CUL) 9. Brown (BR)
3800. Arborescent (AR) 10. Grey (G)
3900. Papillate (PA) 11. Black (B)
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1. Encrusting (EN), e.g. Darwinella

=

3. Globular (GL), e.g. Tethya sp

\

5. Tubular (TU), e.g.

7. Cup (CU), e.g. Carteriospongia
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9. Papillate (PA), e.g. Polymastia
sp.
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2. Massive (MA), e.g. Chondropsis

)

4. Pedunculate (PE)

> 00
)

6. Flabellate (FL), e.g. Echinoclathria
leporina.

8. Arborescent (AR), e.g. Crella sp

Figure 12. Sponge morphotypes. Standardised sponge morphological types, after Bell and
Barnes (2001). Characteristic taxa are given where p  ossible.
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Sites and Times

Deep reef areas were selected prior to the survey using a bathymetry relief map. Sites were selected to
encompass the spatial distribution of reefs and the variety of apparent substratum structures (Figure 5;

Table 11). Survey deployments are listed in Table 16. Some sites were sand and were not sampled for
guantitative analysis (Table 16).

Table 16. Deep sessile biota ROV surveys, M12.5. Samp ling dates for ROV video quadrat surveys
of deep sessile biota, Method M12.5.

Site  Site name Date Activity

315 Offshore funnel 27-1-10 ROV footage of deep sessile biota
318 Gorgonian reef 28-1-10 ROV footage of deep sessile biota
333 Offshore rise west, sand 27-1-10 Sand, no quadrats

308 Powlett Trough 27-1-10 ROV footage of deep sessile biota
309 Powlett reef edge 27-1-10 ROV footage of deep sessile biota
310 Central deep reef west 27-1-10 ROV footage of deep sessile biota
311 Central outcrops 27-1-10 ROV footage of deep sessile biota
312 Central reef edge 27-1-10 ROV footage of deep sessile biota
313 Intake deep reef 27-1-10 |No data

315 Offshore funnel 27-1-10 ROV footage of deep sessile biota
316 Outlet deep reef 27-1-10 ROV footage of deep sessile biota
317 Central east deep reef 27-1-10 ROV footage of deep sessile biota
334 Offshore rise east, sand 27-1-10 Sand, no quadrats

303 Western reef trough, sand 28-1-10 Sand, no quadrats

304 Western reef trough, sand 28-1-10 Sand, no quadrats

305 Western rise, sand 28-1-10 Sand, no quadrats

307 Powlett ledges 28-1-10 ROV footage of deep sessile biota
319 Central reef edge east, sand 28-1-10 Sand, no footage

320 Eastern step 28-1-10 ROV footage of deep sessile biota
321 Eastern trough 28-1-10 ROV footage of deep sessile biota
322 Windfarm reef edge 28-1-10 ROV footage of deep sessile biota
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2.3.7 Deeper Fish Assemblages M12.6
Rationale

Fish assemblages are considered an important component of reef biodiversity and include recreationally
and commercially important species. The deeper assemblages cannot be surveyed safely by diving
methods. Baited underwater video stations are the most common and standardised method for surveys
of deeper fish assemblages throughout Australia. This method is an efficient, non-destructive method
that has an advantage of sampling a higher number of species than other methods (Watson et al. 2005).
Thiess Degrémont Joint Venture deemed this method inappropriate for non-scientific reasons. Instead,
the deep reef fishes were surveyed using a diver-operated stereo video system mounted onto an ROV.
This approach is based on the diver-operated stereo video (DOVS) fish monitoring technique used
throughout Western Australia.

This survey component provided data on species abundances, sizes, species diversity and community
composition.

Field Equipment

A SeaGIS diver operated stereo video system (DOVS) was attached to a Seabotix 150s> ROV (Figure
13). The videos were Canon HG21 handycams recording to SD card in 1080p format. The cameras were
calibrated in a pool before and after the excursion using a SeaGIS calibration cube and the CAL software
for calibration and bundle adjustment.

The cameras were mounted parallel to the ROV chassis (i.e. horizontal) and did not have any capacity to
be tilted. The stereo cameras were activated on the surface and could not be viewed during the survey.
Navigation was by the ROV video, which was generally angled obliquely to the substratum.

Field Methods

At each site, a 100 m weighted transect line was set over the reef from the surface with a shot-line
marking one end. The transect was divided into two 50 m sections using flagging tape. The transects
were aligned parallel to shore (northwest-southeast). The ROV was navigated down the shot-line and
slowly manoeuvred along the transect line at a speed of 5-10 m per minute. Only one swathe along the
transect was surveyed with the ROV maintained as close as possible to the substratum or just above the
kelp canopy. Some transects were repeated multiple times because of equipment failures, entanglement
in the shot or transect line or loosing sight of the transect line.

This survey technique is relatively untried and considerable time was spent developing the survey
techniques, including ROV handling and piloting and coordination with the surface vessel.

Laboratory Methods

The stereo video footage was converted from MTS to AVI format. The SeaGIS EventMeasure and
PhotoMeasure software was then used for extracting and recording fish density and fish length estimates
from the stereo video footage. Only fish without body flexure that were orientated transverse to the
camera and with the measurement points visible were selected for measurement. Standard lengths (SL)
were measured (tip of snout to end of caudal fin ray). The frames used for fish length measurements
were then archived.

Fish counts were also extracted from the ROV video footage.
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Four deep reef survey sites were selected that had the apparent highest abundance of fishes observed

during the ROV benthic surveys. As many of the intermediate depth sites surveyed for other components
were surveyed as possible to provide data overlap (Figure 5; Table 11). Survey deployments are listed in
Table 17.

Table 17. Deep fish ROV surveys, M12.6. Sampling tim
M12.6.

Site Site name

Figure 13. Stereo video camera system attached to t

he remotely operated vehicle (ROV).

es for ROV surveys of deep fishes, Method

‘ Date ‘ Shot Activity

230 Far control Bunurong 8-2-02 1 Partial data

230 Far control Bunurong 8-2-02 2 ROV and stereo video footage
212  |Outlet 100 south 8-2-02 3 Partial data

212  |Outlet 100 south 8-2-02 4 ROV and HD video on one side, no stereo data.
223 Intake mid 8-2-02 5 ROV and stereo video footage
207  Outlet 500 west 8-2-02 6 Equipment problem

207  |Outlet 500 west 9-2-10 1 ROV video no stereo data
207  |Outlet 500 west 9-2-10 2 ROV video no stereo data
206  Outlet 500 east 9-2-10 3 Equipment problem

310 Central deep reef west 9-2-10 4 ROV and stereo video footage
311  Central outcrops 9-2-10 5 Partial data

311  Central outcrops 9-2-10 6 Boat problem

311 Central outcrops 10-2-10 1 Partial data

/I Page 44

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

Site | Site name ‘ Date ‘ Shot Activity

311 Central outcrops 10-2-10 2 ROV and stereo video footage
318 Gorgonian reef 10-2-10 3 ROV and stereo video footage
320 Eastern step 10-2-10 4 ROV and stereo video footage
212 Outlet 100 south 10-2-10 5 ROV and stereo video footage
207  Outlet 500 west 10-2-10 6 ROV and stereo video footage
229 Far control Kilcunda 10-2-10 7 Boat problem

229 Far control Kilcunda 11-2-10 1 Equipment problem

2.3.8 Data Analysis

Comparison of Community Types

The Bray-Curtis index of dissimilarity was generally used as a measure of distance in assemblage
structure between sites (objects) in the analysis. This index uses species abundances to indicate the

proportion of difference in community structure between two sites:

Bray - Curtis = (2.14)

where X; and X are the abundances of taxon i for objects (sites) j and k, respectively. Abundances were
square-root transformed for seaweed biomass (method M12.3) and ROV video quadrats (method
M12.5).

The kelp holdfast fauna and red algae fauna were generally in low abundances for each species/taxon
with a very high number of zeros in the dataset. These two components (methods M12.2 and M12.3)
were compared using the presence-absence based Jaccard’s coefficient of dissimilarity:

Jaccard= ( a (2.15)

a+b+c)

where: a is the number of taxa present at both sites i and k; b is the number of taxa present at site j but
not at site k, c is the number of species at site k but not at site j. Abundances were square-root
transformed for seaweed biomass (method M12.3) and ROV video quadrats (method M12.5). Other data
sets were untransformed.
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The dissimilarities were calculated for each pair-wise combination of objects to produce a distance
matrix. The between-site dissimilarities (distances) were represented in a two-dimensional principal
coordinate space (Gower 1966) using Kruskal-Shephard non-metric multidimensional scaling (Venables
and Ripley 2002, pp 306-310). Kruskall stress was used as an indicator statistic calculated during the
ordination process and indicates the degree of disparity between the reduced dimensional data set and
the original dissimilarity matrix. The MDS plot was examined for general patterns and variations in
community structure between sites, including along shore within a habitat band and with depth in
different habitat bands.

Species Richness, Diversity and Evenness

The level of biodiversity at the species level was described by three indicies: species richness, species
diversity and evenness.

Species or taxonomic richness was calculated as the total number of species/taxa at a site from pooled
samples.

Species or taxonomic diversity was calculated for each patch using Hill's N, as an indicator. This can be
considered as an approximation of the number of dominant species in the community. Hill's N, is
calculated as the reciprocal of Simpson’s Index (Hill's N, = 1/Dgimpson), Which measures the probability
that two individuals randomly selected from a sample will belong to the same taxon:

1
p?

N, = (2.16)

where p; is the proportion of taxon/morphotype i in the assemblage. Hill's N, provides more weighting for
common species, as opposed to the weighting of rarer species (Krebs 1999).

Evenness or equitability of individuals among species was indicated by Simpson’s Evenness. This is
calculated by the reciprocal of Simpson’s measure of heterogeneity, i.e. Hill's N,, divided by the number
of species:

Simpson E = N, (2.17)
S

where s is the number of species or taxa.

Thiess Degrémont Joint Venture commissioned an ecotoxicology study to examine acute physiological
effects of the range of expected effluent compositions and dilutions. The results of this study were used
to both determine the potential plume area that may have acute toxicity effects and to indicate which
types of organisms may be more sensitive to impacts from the effluent.

The ecotoxicology assays are focussed on standardised test organisms and physiological or mortality
effects that are apparent within hours to days. The potential for chronic affects on physiological,
population and community properties for the suite of species present in the Wonthaggi area was
investigated further by literature review. Such literature was reviewed for the EES, which found little
information for predicting in situ impacts on marine biota at Wonthaggi (Chidgey et al. 2008). Recent
literature was searched for any new predictive information.
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The optimisation of siting of marine structures involves consideration of the ecological consequences of
placing the intake and outlet structures in different places. If the different places involve different
community and ecosystem properties, the ecological consequences are likely to be different. There is a
need to compare impact qualities between different siting options to optimise the locations and minimise
overall ecological consequences. This was done by translating different ecological qualities into values
that were more comparable. Ecological values criteria were developed from various conservation and
impact assessment criteria (Table 18; TFMPA 1998; Treweek 1999; IEEM 2008).

Table 18. Ecological value assessment criteria. Crit  eria used for assessing and comparing
ecological values between habitats and communities.

Criterion Description Usage and indicators

Temporal properties: age, Degree of temporal stability, cyclical -  Features with

permanency and frequency or successional changes or stochastic documented properties.
variability.

Spatial properties: extent, Degree of spatial continuity, - Spatial distribution and

continuity and patchiness fragmentation and isolation. area of coverage of

communities and
habitats.

Biogeographic importance: An area with good representation of |-  Area and qualities of
representativeness classes of populations, communities each habitats/community
comprehensiveness or ecological biounits within the present with respect to

. P bioregion. elsewhere in the
uniqueness An area that encompasses diversity bioregion.

of types of communities, habitats and |-  Range of types/classes

biounits. present with regard to the
spectrum of known types
in the bioregion.
Presence of unusual
types.

Biodiversity High species, taxonomic or - Taxonomic richness.
community diversity. . Diversity index.

Community variation
compared with other
biounits of the bioregion
( comprehensiveness).

Uniqueness and rarity Unique species, populations, - Features very low in
communities or ecosystems. This abundance or restricted
usually associated with rarity at a in distribution within the
particular spatial scale. bioregion.

Vulnerability and fragility Susceptibility to impacts (fragile) - Presence of fragile,
and/or presence/likelihood of threats vulnerable or threatened
with potential for impacts or change features.

(vulnerable, threatened).
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Criterion Description

Areas for critical life cycle stages  Area that is important for the
reproduction, recruitment, feeding,
protection or resting of a particular life
stage of a species, such as a nursery

area or breeding ground.

Usage and indicators

Increased population
density of particular life
stages.

Population age and size structures Population structures which are not
readily replaced or reformed,
including large sizes and old ages,
but also juvenile aggregations.

Contained or isolated ecological  Units that may have genetic or

unit recruitment isolation and/or ecological
functioning independent of other
areas.

Features that contribute to
maintenance of essential ecological
processes or life support systems.

Ecological processes, e.g.:
primary production
nutrient cycling
critical habitats
habitat provision
habitat modification
trophic linkages

Features with
documented age/size
properties.

Sizes of individuals with
respected to observations
elsewhere in bioregion.

Contained or isolated
patches with different
ecological properties.

Features with
documented or apparent
important ecosystem
functioning properties.

Naturalness Status or qualities with regard to pre-
European human arrival. Aspects
presently free of human interference

or influence.

Ecosystem services Ecological functions that provide
materials, sustenance and protection

of human society.

Present degree of human
disturbances and induced
changes.

Presence of any known
important ecological
services.

State, national or international
importance

Species, communities or areas that
qualify for listing under policies and
agreements for biodiversity
protection.

Presence of species or
communities that are
listed or qualify for listing.

26.1 Salinity Plume

Salinity plumes were modelled directly for two cases: the EES Reference Project and the preferred
intake/outlet configuration with the outlet in 24 m depth (024 case). These two cases were modelled for a
period of one month at a spatial resolution of 100 m. The 95" percentile of salinity exposure (PSU) of
each modelling cell was provided for the biological analysis (RP-PBB-HS-1-A-102-0210, Hydrodynamic
Modelling Report). The data for the EES Reference Project and 024 cases were regridded to a 2 m

resolution using kriging, matching the grid used for the habitat mapping.

Two other outlet positions were assessed by spatially translating the plume arising from the 024 case to

new outlet positions. The two selected positions were:
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Case 026 — outlet positioned at the southeastern edge of the design envelope (furthest distance
from the intake) and at diver serviceable depth of 26 m; and

Case 029 - outlet positioned at the southeastern edge of the design envelope and at the
boundary of the lease, in 29 m depth.

The translation of the plume to these positions assumes the operation of the diffuser heads would be the
same, e.g. maintaining the same nozzle velocity. Given the same diffuser performance, it is reasonable
to assume that the plume dispersion pattern would be similar as there are no large differences in

bathymetry.

Variations of intake siting were not assessed through hydrodynamic modelling. Coordinates for the outlet

and intake positions are provided in Table 19 and Table 20.

Table 19. Outlet positions. Coordinates of outlet di

ffusers for hydrodynamic modelling.

Case Outlet Riser Easting Northing
Reference Project 1 370283 5726985
2 370244 5726954
3 370205 5726922
4 370167 5726890
5 370128 5726858
6 370089 5726827
024 1 370293 5726652
2 370248 5726631
026 centroid 370397 5726296
029 centroid 370085 5726179
Table 20. Intake positions. Coordinates of intakes f  or hydrodynamic modelling.
Case Intake Riser Easting Northing
Reference Project 1 370005 5727443
2 369986 5727436
3 369967 5727429
4 369949 5727422
024, 026, 029 1 370328 5727192
2 370283 5727171
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The potential areas and magnitudes of biological impacts of different siting and design options were
assessed using an impact response index derived from the salinity exposure level. The ecotoxicology
study indicated there were no acute effects on the test species at lower salinities, < 1 PSU above
background. This does not preclude the potential for ecosystem effects where population fithess may be
changed or reduced through more subtle physiological effects, possibly leading to shifts in community
structure and functioning. There were few studies in the literature that informed on community responses
to chronic salinity increases.

For this assessment, it was assumed that any persistent elevation of salinity above background is likely
to have some form of community response, but as a function of salinity level. The form of this function is
unknown and is likely to vary between species and communities. To encompass potentially different
response types, four functions were tested:

linear — the most parsimonious function which assumes increases at lower salinities cause the
same level of change as increases at higher salinity levels;

square — the impact response is disproportionately greater at higher salinity levels;
exponential — similar to the squared function but with exaggerated responses at higher salinities;

doubling — a more extreme exponential response which may lead to a threshold response, such
as little impact below a level and considerable impact above that level (Figure 14).

Background salinity levels in the project area range between 34.7 and 36.1 PSU, with 25, 50 and 75
percentiles of 35.6, 35.7 and 35.8 PSU respectively (GHD 2008). This assessment examined relative
impact responses for salinities > 35.75 PSU. The impact response indices (IRI) were calculated by:

IRI _Linear= (salinity- 35.75) Equation 2.3
IRI _square=  (salinity - 35.75)° Equation 2.4
IRl _e= gsiny3s7s Equation 2.5

IRl _double= 202ty 3575)/025 Equation 2.6

where IRl is the Impact Response Index and salinity is the salinity above 35.75 PSU. The index was
summed for each habitat type over all mapped grid cells with salinity exposures greater than 35.75 PSU.
The response indices were also calculated for each plume modelling case. Each index was standardised
as a percentage of the maximum value observed across habitats and modelled cases. The comparison
of impact responses between habitat/community types assumed that the magnitude of impacts for a
given salinity increase is similar between habitat/community types. There is little information in the
literature to support or refute this assumption.
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An indicator of potential impacts of the different modelling cases on ecological values was assessed
using an ecological consequence index. This index was derived from outcomes of the community values
assessment and is reported with the results (Section 5).

100
&)_
g
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x Response Type
20 — O Liresar
Square
Bonentia
0 | A Douding
o 1 2 3 4 5

Sdinity Increase (PSU> 36.75)

Figure 14. Impact response indices. Relative impact response indices based on linear, squared,
exponential and doubling functions of salinity incr eases. Indices were standardised as a
percentage of the maximum value. The index equation s are provided in the text. Intervals = 0.25

PSU.

Larval tracer modelling was done to addresses the questions of larval entrainment and impacts of indirect
effects such as barrier-forming density currents (as noted in the EPA works approval condition 2.3). This
modelling investigated the fate of passive particles arising within the project site and examined how the
project (024 outlet case) may change the fate of these particles.

The hydrodynamic model developed for the plume dispersal assessment was used for the larval
modelling. A conservative, passive tracer was introduced into the surface layer and at mid-depth at six
locations (Sites A to F, see results in Section 5). The surface layer is the upper 10%; the mid-depth the
middle 10% of the water column at that release site. There was also one model run for a bottom release
of particles at Site C. The model was run for 14 days with continuous patrticle release and the average
concentration of tracer in the top, middle and bottom layer of the model was then computed. The
simulations were run for the existing conditions (no project) and for one proposed inlet and outlet case
(Case 024) running at average flow and discharge conditions. Calculation boundaries were used to
generate indicators of particle loss from the release area. Tracer concentration contours were plotted for
each run.
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The percentage of tracer that crossed the north, south and offshore boundary of the calculation box was
assessed for each run, with and without the project. A mass balance was then done for each run, adding
up all the tracer put in, calculating how much crossed boundaries and left the box, how much was
ingested into the intake and how much was left within the box with and without the project. The mass
balance is expressed as a percentage of the total tracer released in each run.

Contour maps, showing the concentration of tracer in the lower, middle and upper layers were also
generated for models of tracer release in the upper and mid-layers. For the model with benthic tracer
release, contours were plotted on the benthic habitat map (described in Section 3).These were examined
to determine where particles released in each run are concentrated with and without the project so that
the project impact can be assessed.
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3.1.1 Exposure

The Project Area consists of a sandy coastline with emergent mudstone reefs. The coast has a
southwesterly aspect and is sub-maximally exposed to prevailing northwesterly to southerly winds and
southwesterly swells. Wave heights are typically 1.5 to 2.5 m high and can reach 3-5 m high during
storms. Long-period swells of 10-15 seconds are frequent and cause considerable ground surge. Ground
surges of 2-3 m excursion to depths of 40 m were frequently observed during the fieldwork. These field
observations were consistent with measured and modelled metocean conditions (Provis 2010).

3.1.2 Water Clarity

The Project Area is situated approximately 12 km from the entrance to Westernport. Outgoing water from
Westernport is relatively turbid and tends to be trapped along the coast between Phillip Island and the
study area. The boundary between the inshore turbid water and the clearer Bass Strait water is often
visually distinct, with the Westernport water being characteristically greener and ‘milky’. Where present,
underwater horizontal visibility for divers is much reduced, ranging from 0.5 to 3 m. The Westernport
water influence at the study area is highly variable from day to day and, occasionally, during the course
of a day, with tide changes. On occasion, the visibility on the shallow 12 m depth reefs can be quite low
(1-3 m) while visibility can be 10-15 at 30 m depth. A turbid layer at the seabed, up to 3 m thick, was
occasionally observed by divers and by ROV, with clear overlying water.

The project area is occasionally influenced by Powlett River flows, but generally only during high rainfall
events (GHD 2008).

3.13 Seascape and Substratum

The shore consists of a steeply sloping beach with the mouth of the Powlett River to the immediate
northwest of the project area. Intertidal rock platforms are present either side of the river mouth. There
are three subtidal reef patches within the study area, with a large patch centred on the Project Area
(western, central and eastern reef slopes; Figure 15 to Figure 17). A sandy channel below the Powlett
River mouth, 400 m wide, separates the northwestern reef patch and a larger sandy patch of 1.5 km
separates the central and eastern reef patches. The inshore reef edge is in 7 m depth, approximately 500
m offshore, and is of moderate relief (1-2 m high). There are occasional gutters and outcrops up to 2.5 m
high, however much of the reef is lower profile, up to 1.5 m high. The reef slopes gradually from 7 m to
30 m depth approximately 1.5 km offshore. The relief of the reef decreases with depth, with a concurrent
increase in sand coverage. Sand coverage occurs in gutters and between patchy reef as well as a thin
veneer on flatter reefs.
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The intake and outlet structures are planned to be located on the upper central reef patch in
approximately 20-24 m depth. This central reef slope area is relatively gentle in slope and less textured
than the fractured reef areas to the west (Powlett Reef Slope and Windfarm Reef Slope respectively,
Figure 15). Prominent steps and dropoffs, a few metres in height, occur immediately to the north of the
proposed intake area and in the southeastern region of the Central Reef Slope (Northern Step and
Eastern Step, Figure 15).

The seabed is relatively flat beyond 30 m depth, i.e. the toe of the reef slopes, and the predominant
cover is rippled sand and occasional low rocky outcrops and rubble/gravel patches.

Shallow channels or troughs are apparent in the seascape. The sand channel near the Powlett River
mouth descends directly offshore to approximately 31 m depth, with a trough or channel continuing
southeastward around the toe of the Central Reef Slope (Powlett Trough, Figure 15). The seaward edge
of this channel consists of a smooth rise in the substratum with occasional rocky ledges and outcrops
(Figure 17). Troughs and hollows are also present beneath southeastern toe of the Central Reef Slope
(Figure 15 and Figure 17).

The physical substratum characteristics of the area were mapped to assist in predicting biological habitat
distributions.

The central reef slope varied in texture along shore and down the slope (Figure 18 to Figure 25). The
outlet reef slope in the middle of this reef patch had slightly reduced relief, rugosity and variation in
curvature compared with the adjacent Powlett and Windfarm fractured reefs. There were no prominent
differences in reef structure or texture to indicate areas with greatly different habitat characteristics along
the shore.

Two areas of higher relief and possibly higher shading were identified as minor steps or drop offs in the
reef. These are labelled as Inshore Step and Eastern Step in Figure 15.

Relief, rugosity and slope decreased with depth with the reef habitat changing to sand at approximately
32 m depth in the central region. There was no distinct habitat boundary at the toe of the reef, with
patchy reef grading into predominantly sand cover between 26 to 32 m depth.

Based on the texture analysis, much of the deeper habitat, > 28 m depth, is sediment. There did not
appear to be large areas of deep reef habitat, however isolated areas of low ledge and outcrop habitat
were common throughout the deeper area.
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Boundaries
—— Project Lease

Marine and Coastal Park
—— PR Sensitivity Area
—— Coast

Figure 15. Place names. Shaded relief map of the Wo  nthaggi study area with place names of key
seascape features (EES Geoswath bathymetry data). Ha tched area indicates permitted area for
marine structures: inside the lease area and outsid e the PR Sensitivity Area.
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Figure 16. Placenames and bathymetry. Depth contours of the Wonthaggi study area with place

names of key seascape features (EES Geoswath bathym  etry data).
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Figure 17. Three-dimensional perspective view of th e Wonthaggi study area — northward view
with exaggerated vertical scale (EES Geoswath bathy = metry data).
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Figure 18. Depth. Substratum characteristics derived from fine-scale bathymetry data. Depth (m),
Wonthaggi.
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Figure 19. Aspect. Substratum characteristics deriv.  ed from fine-scale bathymetry data. Aspect
(degrees), Wonthaggi.
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Figure 20. Substratum characteristics derived from fine-scale bathymetry data. Slope (degrees),
Wonthaggi.
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Figure 21. Substratum characteristics derived from fine-scale bathymetry data. Relief (= fall line
drop, m), Wonthaggi.
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Figure 22. Rugosity. Substratum characteristics der ived from fine-scale bathymetry data.
Rugosity index (semivariance), Wonthaggi.
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Figure 23. Accumulation curvature. Substratum chara  cteristics derived from fine-scale
bathymetry data. Total accumulation curvature (m  -1), Wonthaggi.
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Figure 24. Difference curvature. Substratum characte  ristics derived from fine-scale bathymetry
data. Difference curvature (m-1), Wonthaggi.
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0 100

Figure 25. Insolation. Substratum characteristics d erived from fine-scale bathymetry data. Winter-
noon insolation (%), Wonthaggi.
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The shallow reef habitat, 7 to 14 m depth, consists of low to medium profile reef with a canopy of
crayweed Phyllospora comosa. The canopy cover was approximately 80-100 per cent and up to 2 m
high. The reef structures were generally sloped and smooth with steps and fractures, but with few
interstitial spaces or undercut ledges. There are occasional high profile structures up to 2 m high,
including outcrops and walls, particularly along the shallow edge of the reef, in the surf zone.

With increasing depth to 17-19 m, the canopy cover graded into predominantly common kelp Ecklonia
radiata, but with some open patches dominated by thallose red algae. The reef also generally decreased
in relief to rubble and pavement reef and low rocky outcrops up to 1 m high, but also with occasional
steps and gullies 1.5 to 2 m high. The open areas between kelp stands were dominated by thallose red
algae.

At 21 to 24 m depth, the depth of the proposed outlet location, the coverage of Ecklonia stands was
generally reduced to approximately 50 % cover with thallose red algae and encrusting coralline algae
also providing substantial biogenic structure. The reef structure was predominantly low profile platform
and rubble reef up to 1 m high in relief, however there were occasional higher steps and outcrops as well
as undercut and eroded ledge habitat.

At approximately 28 m depth, Ecklonia was present but did not form a canopy, comprising open park
habitat with isolated kelp individuals and a predominance of thallose red algal cover. The reef was
predominantly patchy low profile reef with sand forming beds between outcrops or as veneers on the
reef.

Sand beds were present at all depths, fragmenting the biological communities into patchy habitats in
places. Sandy habitats, including sandy veneer and sandy rubble, was the predominant habitat below 28
m depth. Rocky substratum is common between 28 and 38 m depth, but usually as low rocky outcrops,
rubble or pavement reef with a sandy veneer. Some sandy veneer habitats had thallose red algae
growing through the sand in sparse densities.

In the deeper area between 28 and 38 m depth there were isolated patches of low profile reef. These
areas were dominated by sessile invertebrate structures, particularly massive, flabellate and encrusting
sponges, gorgonian coral fans and stalked ascidians (sea tulips). Thallose red algae were also a
contributor to habitat structure on these deeper reefs. There were few obvious changes in the types of
habitats present along the shore at a particular depth with the principal variation being in terms of
patchiness between rocky and sandy habitats.

Environment-habitat relationships were examined graphically using box plots (Figures 26 to 28). The
boxes indicate the interquartile range and the median. Whiskers on the boxes represent 1.5 times the
interquartile range. Points outside the whiskers are also plotted.

/I Page 66

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

There was distinct depth zonation and gradients in the distribution of biogenic habitat types (habitats
classes 1 to 7, Figure 26). As described in Section 3.3, the depth order of the habitat types was:
Phyllospora canopy; Ecklonia canopy; kelp park; thallose red algae; red algae + invertebrates;
invertebrates + red algae and invertebrate outcrops. The patchy habitats occurred in the same depth
range as continuous habitats, but were more frequent in deeper areas of kelp and red algae habitats
(Classes 3a to 4b; Figure 26) and in the shallower portion of the range for the invertebrate + algae
habitats (Classes 6a and 6b; Figure 26). The sand habitat classes were most frequent in the deepest
areas sampled, below 30 m, however sand with rubble and bare sand patches were common up to 20 m
depth.

The relief index indicated the Phyllospora canopy was located on reef with the highest relief, however
there was considerable overlap in the relief of red algae habitat in approximately 30 m depth (Classes 1
and 4a respectively; Figure 26). The rugosity (roughness) index was more discriminatory between
Phyllospora and red algae habitats (Figure 26). These indices show there is general trend of decreased
relief and rugosity with depth, however complex reef structures are not confined to the shallow areas.

Of the other physical variables examined, slope, aspect, mean curvature, horizontal curvature, difference
curvature and accumulation curvature appeared to discriminate some habitat types (Figure 27 and Figure
28). There was little discrimination of insolation and vertical curvature that was not apparent in other
variables (Figure 27 and Figure 28). It was noted that most biogenic habitats had a negative
accumulation curvature, indicating shedding (convex) morphology rather than accumulation (concave)
morphology (Figure 28).

The box plots indicated discrimination of some habitat classes using the physical substratum
characteristics. The discriminant analysis was relatively successful in producing funtions to predict
biological habitat type using the physical variables.
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Figure 26. Environment-Habitat relationships. Box plo t of levels of depth, wave surge, relief and
rugosity associated with each habitat type. Habitat classes are described in Table 3.
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The reef and sandy habitats were mapped using relief, rugosity, mean curvature, horizontal curvature
and accumulation curvature derived from the fine-scale bathymetry data (Figure 29). Striping, classified
as ‘reef’, was apparent in sandy areas, along the seams of the survey swaths. These were considered
artefacts because of what appeared to be vessel pitch and roll in the sampled bathymetry. Data filtering
and smoothing were not effective in removing the artefacts without overly reducing the resolution of the
habitat mapping. The principal affected area, along the seaward edge of the mapped area was censored
for the habitat mapping (Figure 30 c.f. Figure 29).

The biogenic reef habitats were mapped using the physical variables: depth; wave surge; slope; aspect;
relief; rugosity; mean curvature; horizontal curvature and accumulation curvature (Figure 29 and Figure
30). The mapped habitat classes combined both continuous and patchy habitat forms. The total mapped
area was 48 x 10 m? with 32 % of this area being sandy substratum, excluding the sand patches within
patchy biogenic habitats. Ecklonia kelp canopy and kelp park habitats covered 10 % of the mapped area.
Thallose red algae and red algae + invertebrates covered 2 and 3 % respectively. Invertebrates + algae
and invertebrate outcrop habitats were 0.6 and 2.6 % respectively. The Phyllospora reef habitat covered
3 %of the mapped area; however the mapped area did not fully encompass the shoreward extent of this
habitat (Figure 30).

As described in the methods (Section 2.2), the accuracy of the reef mapping was high for the Phyllospora
canopy, Ecklonia canopy, invertebrate + red algae and invertebrate outcrop groups (Figure 32). For the
remaining groups with lower accuracy, misclassifications were into similar classes: kelp park was
generally misclassified as Ecklonia canopy; and red + invertebrates was misclassified into red seaweeds
and invertebrates + red algae (Methods Section 2.2, Table 10).
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Figure 30. Mapped habitats. Mapped habitat classes  based on ground truthing and linear
discriminant functions of physical variables. Habita t classes are described in Table 3.
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Figure 31. Mapped habitats — marine structures area . Higher resolution of mapped habitat classes

near the marine structures area.
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Figure 32. Habitat ground truthing. Classified ground -truthing points and habitat distributions
predicted by physical variables.
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The types of habitats observed in the study area commonly occur elsewhere in the Central Victoria
Bioregion. Medium profile, Phyllospora-dominated reef habitat occurs at Port Phillip Heads and along
Mornington Peninsula. Low profile reef with Ecklonia and/or thallose red algae is a common habitat along
the Mornington Peninsula, Bunurong and Cape Liptrap.

Other habitat mapping studies in Victoria have used two relief classes, with the ‘high’ category defined as
having vertical changes over 1m high. This study used relief classes of moderate relief reef between 1-2
m high and high relief reef at greater than 2 m, as recognised by other habitat mapping schemes, such
as the SeaMap scheme (Barrett et al. 2001). The use of these three relief classes is more representative
of Victorian reef structures and influences on communities. For example, higher relief reefs are present
as 2-2.5 m basalt gullies and ridges at Cape Schanck, 2-3 m large granite boulders and outcrops at Cape
Woolamai and 10-30 m vertical walls at Port Phillip Heads, Phillip Island and Wilsons Promontory. In
comparison with other reefs, the inshore reefs of the Wonthaggi area can be classed as moderate in
relief. Reef relief decreases with depth, however moderate relief patches occur in deeper areas: higher
relief reef is not confined to the inshore shallow reef area.

Although relief has an influence on biodiversity, there are a suite of other parameters that are just as
influential, including substratum characteristics such as rugosity, slope, aspect and interstitial space
(Edmunds 1990; Edmunds et al. 2000a; Edmunds et al. 2007b). Qualitative observations from divers and
by ROV indicated that ledges and interstitial space may be more prevalent in the intermediate depth
reefs than the shallower, higher profile reefs. This study confirms that the distribution of habitat structures
(and associated communities and biodiversity) are best predicted by multiple environmental factors.

In summary, considerable differences in abiotic and biotic habitat structures were observed, particularly
with depth, and these were mapped to assist with optimisation of the siting and design and development
of the monitoring program. The habitat surveys did not find any habitat types or structures that were
unique, with observed structures generally being present elsewhere in central Victoria. The survey
identified some habitat types that were restricted or isolated in distribution within the study area. These
included an area of greater slope and rugosity between the shallow and intermediate depth habitats and
isolated low profile reef outcrops within the predominantly deep sandy habitat. The map of biogenic
habitats provided a means of quantitatively assessing different siting and design options for the intake
and outlet structures, presented in Section 5.

With respect to the works approval information requirements, the habitat mapping did not support the
EES designated high sensitivity area delineated by high relief.
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The higher relief inshore shallow reef habitat was dominated by a canopy of Phyllospora comosa. The
understorey consisted of fleshy thallose red algae, coralline erect algae and crustose coralline algae
(Figure 33). The predominant fleshy red algal species included Phacelocarpus peperocarpos, Ballia
callitricha, Plocamium mertensii, P. dilatatum, Nizymenia australis, Euptilota articulata, Gelidium australis
and Sonderopelta coriacea (Table 21). The predominant erect coralline species were Haliptilon roseum,
Cheilosporum sagittatum and Arthrocardia wardii. There were differences in seaweed community
structure along the shore in the shallow reef habitat (Figure 33 ). This was largely because of differences
in the canopy cover of P. comosa, ranging from 20 to 80 %, with most seaweed species being present at
the three shallow sites (Table 21). With depth, the canopy of Phyllospora comosa was increasingly mixed
with common kelp Ecklonia radiata and was not present at 20 m depth at the Intake site (Site 223; Table
21). The cover of P. comosa was considerably reduced on patches of lower profile reefs near sand. The
species richness of seaweeds, using the diver visual census method, tended to be higher in the shallow
reef habitat (23-29 c.f. 20 at Intake Site 223; Table 22), however species diversity was highly variable
between the four sampled sites (Hill's N, 3-11; Table 22).

The predominant mobile invertebrate species of the shallow reefs was blacklip abalone Haliotis rubra, in
moderate densities of up to 100 per 200 m? (Table 26). The species richness and diversity of mobile
invertebrates was generally low (Table 24). Other common species included the seastar Nectria
macrobrachia and Pseudonepanthia troughtoni, warrener Turbo undulatus and various hermit crabs and
nudibranchs (Table 26). Apparent variations in mobile invertebrate assemblage structure were largely
reflective of the abundance of abalone H. rubra (Figure 35; Table 26). The mean sizes of H. rubra were
111 mm (+ 2.62 S.E.) at Site 104 and 114 mm (x 1.52 S.E.) at Site 105. The commercial legal minimum
limit is presentlyl15 mm.

The surveyed shallow reefs generally had smooth vertical faces which were generally sloped and not
undercut or eroded. These vertical faces had a higher coverage sessile invertebrates, including
encrusting, repent and massive sponges, arborescent and encrusting bryozoans, solitary ascidians,
hydroids and the soft coral Erythropodium hicksoni. There was also a moderate coverage of seaweeds
on the vertical faces. These were typically crustose coralline algae, Cheilosporum sagittatum,
Thamnoclonium dichotomum, Halopteris sp, Zonaria turneriana (Figure 37; Table 25).

The vertical reef face biota was similar between Sites 102 and 104 with the western shallow Site 102 and
the intermediate Northern Step Site 224 being relatively different (Figure 37). These differences were
largely attributed to the abundance of seaweeds, red algae being much higher in abundance at Sites 102
and 104 and encrusting coralline algae being much higher in abundance at Site 102 (Table 25). Sponges
were more abundant at the deeper site Northern Step Site 224 (Table 25; Figure 38). Individual sponge
colonies, particularly massive osculated forms, were larger and more conspicuous at the Northern Step
site (Site 224; Figure 36). Site 102 had higher species richness and diversity than the other surveyed
sites (Table 26; Figure 39). This was attributable to differences in the seaweeds, with little difference in
sessile invertebrate taxonomic richness or diversity between sites (Table 27).

The fishes of the shallow reefs were dominated by blue throated wrasse Notolabrus tetricus, senator
wrasse Pictilabrus laticlavius, magpie perch Cheilodactylus nigripes, scalyfins Parma victoriae and
leatherjackets Meuschenia flavolineata and M. freycineti. The banded morwong C. spectabilis was also
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present. The fishes of the shallow reefs were not surveyed quantitatively because of poor visibility
conditions during most excursions to this habitat.

a. Horseshoe leatherjacket Meuschenia b. Yellow-striped leatherjacket Meuschenia
hippocrepis and crayweed Phyllospora comosa. flavolineata, crayweed Phyllospora comosa.

c. Crayweed Phyllospora comosa, thallose red d. Brown algae Zonaria turneriana, red

algae and crustose coralline red algae algaePterocladia lucida and bryozoan ventricosa.

Orthoscuticella.

e. Kelp Ecklonia radiata holdfast and crustose f. Warrener Turbo undulatus on kelp Ecklonia
coralline algae. radiata.

Figure 33. Shallow reef biota. Examples of species  and habitats present on shallow reefs in the
Wonthaggi study area; Site 105. Sites are mapped in  Figure 5.
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5105

S102

- S104

Figure 34. Shallow seaweed community structure. Mul
seaweed community structure. Bray-Curtis dissimilarit

tidimensional scaling plot of shallow
y matrix of points-cover (Method M12.1).
Kruskal stress < 0.01. Sites are mapped in Figure 5.

Figure 35. Shallow mobile invertebrate community st
shallow mobile invertebrate community structure. Bra

ructure. Multidimensional scaling plot of
y-Curtis dissimilarity matrix of points-cover
(Method M12.1). Kruskal stress < 0.01. Sites are map ped in Figure 5.

/I Page 79

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

Table 21. Species — shallow seaweeds. Seaweed speci es abundances (% cover) in shallow
habitats (Method M12.1).

Site
104 105 223

Central East Intake
Halopteris spp 0.4 1.2
Dictyota dichotoma 1.6 1.2
Zonaria turneriana 5.2 1.2 4.2 2.4
Zonaria spiralis 0.4
Homeostrichus sinclairii 0.1 1.6
Carpomitra costata 0.1
Ecklonia radiata 24.7 24 11.9 234
Phyllospora comosa 31.7 19.8 80.7
Seirococcus axillaris 3.9 11.8 1.8
Cystophora platylobium 0.6 3.8 0.9 0.8
Sargassum vestitum 5.8 4.6
Sargassum spp 0.8
Brown algae unidentified 1.8
Pterocladia lucida 1.2 14 2 3.6
Gelidium asperum 1.1 5
Gelidium australe 0.3
Nizymenia australis 1.9 0.2 0.4
Sonderopelta coriacea 0.4 2 7.2
Callophycus laxus 2.8
Erythroclonium sonderi 0.4 0.4
Areschougia congesta 0.8
Plocamium angustum 1.9 2.6 0.7 0.6
Plocamium dilatatum 3.1 1.2 3.7 2
Plocamium leptophyllum 1.9 2.4
Plocamium mertensii 1.6 2 0.6
Phacelocarpus peperocarpos 7.5 3 1
Melanthalia obtusata 1 5 0.3
Haliptilon roseum 5.5 8.2 4.7 3
Arthrocardia wardii 4.6 5.2 13.6
Cheilosporum sagittatum 3.9 3 2.1 6.8

/I Page 80

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

Site
104

Central

Metagoniolithon radiatum 0.4 1.4
Encrusting corallines 12.5 17 10.9 15.2
Rhodymenia australis 35 8 1.9 0.6
Ballia callitricha 0.2 4 0.8
Euptilota articulata 0.7 3.4

Laurencia filiformis 0.3
Echinothamnion hystrix 15

Other thallose red alga 6.6 6.4 0.9

Caulerpa geminata 0.2
Amphibolis antarctica 0.5

Sand 10 23 14 29

Table 22. Diversity — shallow seaweeds. Diversity sta

Site

Site Name

Richness, |

S

Diversity
Hills N ,

tistics for shallow seaweeds and at the
intake (Method M12.1).

Evenness
Simpsons E

102 |Shallow 2 km northwest 13 27 8.12 0.30
104 |Shallow central 10 23 11.59 0.50
105 |Shallow 2 km southeast 11 29 3.16 0.11
223 |Intake mid 20 20 7.39 0.37
/I Page 81

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

Table 23. Species — shallow mobile invertebrates. M egafaunal invertebrate species abundances
(200 m™) in shallow habitats (Method M12.1).

Site
104 223
Central Intake

Plagusia chabrus 1
Pagurid unidentified 2
Haliotis rubra 9 66 100
Turbo undulatus 1 13
Dicathais orbita 3 1
Penion mandarinus 1
Sagaminopteron ornatum 2
Neodoris chrysoderma 1
Plectaster decanus 1
Pseudonepanthia troughtoni 2
Nectria macrobrachia 5 2 13 8
Aracana ornata 2
Phyllopteryx taeniolatus 1
Parma victoriae (juvenile) 2

Table 24. Diversity — shallow mobile invertebrates. Diversity statistics for shallow mobile
invertebrate fauna (Method M12.1).

Depth Individuals, Richness, Diversity Evenness

Site Name N S Hills N » Simpsons E
102 |Shallow 2 km northwest 13 19 6 3.19 0.53
104 |Shallow central 10 72 4 1.19 0.30
105 |[Shallow 2 km southeast 11 132 6 1.68 0.28
223 |Intake mid 20 13 5 2.38 0.48
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a. Site 102 b. Site 102
c. Site 104 d. Site 105
e. Site 244 f. Site 224

Figure 36. Shallow sessile biota. Examples of sessi  le biota present on shallow and intermediate
depth reefs in the Wonthaggi study area. Sites are mapped in Figure 5.
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* S102

S104 -

- 224

Figure 37. Shallow sessile biota community structur e. Multidimensional scaling plot of shallow
sessile community structure on vertical reef faces. Bray-Curtis dissimilarity matrix of points-
cover (Method M12.4). Kruskal stress < 0.01. Sitesa re mapped in Figure 5.
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Table 25. Species — shallow sessile biota. Shallow

reef faces (Method M12.4).

Biology Assessment for Siting Design

sessile biota abundances (% cover) on vertical

Site 224
104 105 Northern
Central East Step
Chlorophyta 0.1
Rhodophyta 10.7 28.5 32.1 10.5
Erect corallines 4.2 6.4 1.9 1.6
Encrusting corallines 15.5 2.1 6.6 3.8
Sonderpelta/Personnelia 2.2 3.2 2.1 1.3
Phaeophyta 9.0 1.0 2.1 2.5
Ecklonia radiata 0.3 2.4 1.8 0.1
Phyllospora comosa 0.7 0.1 0.1
Algal turf 0.4
Deep Turf Community 9.3 13.4 18.7 31.4
Other sponges 0.2 0.1 0.1
Sponges - encrusting smooth 1.3 0.3 0.8 1.0
Sponges - encrusting ruffled 6.6 29 3.3 3.4
Sponges - encrusting spiky 0.3 0.2 0.6
Sponges - encrusting reticulated 0.2 1.4
Honeycomb Sponge 0.1
Sponges - encrusting osculated 3.8 9.0 6.5 6.5
Textured Yellow Sponge 6.8 2.3 0.2
Sponges - massive smooth 0.4
Sponges - massive ruffled 2.0 0.3 0.7
Sponges - massive spiky 0.8
Sponges - massive reticulated 0.3
Sponges - massive osculated 15 1.0 14.0
Sponges - globular ruffled 0.1 0.1
Sponges - flabellate ruffled 0.1
Sponges - cup smooth 0.1
Sponges - arborescent osculated 0.6
Hydroids - Unknown 0.1 0.5 0.1
Sertularella marginata 0.7
Erythropodium hicksoni 6.2 0.2 4.7
Hard bryozoans 0.2
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Site
104
Central

224

Northern
Step

Other Bryozoa 15.2 6.7 6.3 2.7
Unknown Arborescent Bryozoan 0.8 1.3 3.8 15
Triphyllozoon moniliferum 0.6 0.2 1.1
Ascidians unidentified 0.2

Unidentified colonial ascidian 0.8 4.9 3.0 0.3
Unidentified solitary ascidian 0.1
Polycarpa viridis 0.1 0.1 0.3
Herdmania momus 15 1.8 0.8 1.2
Unknown biota 2.4 1.4 11 4.5
Sand 0.3 0.3

Table 26. Diversity — shallow sessile biota — algae

seaweeds and sessile invertebrates on shallow verti

and invertebrates. Diversity statistics for all
cal rock faces and at the Northern Step

(Method M12.4).

Site  Site Name Depth Richness, Diversity Evenness
S Hills N , Simpsons E

102 |Shallow 2 km northwest 13 28 9.80 0.35

104 |Shallow central 10 24 6.98 0.29

105 |[Shallow 2 km southeast 11 23 5.72 0.25

22 Northern Step 17 28 6.03 0.22

Table 27. Diversity — shallow sessile biota — invert
sessile invertebrates (seaweeds excluded) on vertic

ebrates only. Diversity statistics for shallow

(Method M12.4).

al rock faces and at the Northern Step

Site Site Name Depth Richness, Diversity Evenness
S Hills N , Simpsons E
102 |Shallow 2 km northwest 13 20 5.01 0.25
104 |Shallow central 10 16 6.38 0.40
105 |Shallow 2 km southeast 11 14 6.82 0.49
22 Northern Step 17 20 5.73 0.29
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% Cover

e 0-10
® 10-15
® 15-20

® 20-25
‘ 25+

Figure 38. Shallow sponge cover. Percent cover of s ponges sampled by photoquadrats on

vertical reef faces in shallow and intermediate hab itats.
No. Taxa
e O0-5
® 5-10
® 10-15

® 15-20
‘ 20+

. Number of taxa sampled by photoquadrats

Figure 39. Shallow sessile biota taxonomic richness
habitats.

on vertical reef faces in shallow and intermediate
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Ecklonia radiata was the predominant canopy forming seaweed from approximately 16 m depth, with the
cover of this species reducing with depth from up to 80 % cover to only sparse coverage (kelp park
habitat) at approximately 28 m depth. The larger brown alga Seirococcus axillaris was present in places
on the intermediate depth reefs. The understorey and open-area seaweeds were predominantly crustose
coralline algae and fleshy red algae, with a reduction in the abundance of erect coralline algae, but also
an increase in small brown seaweeds (Figure 40). The fleshy red algae were predominantly
Phacelocarpus peperocarpos, Sonderopelta coriacea, Nizymenia australis and Callophyllis rangiferina.
Common brown seaweeds included Zonaria turneriana, Homeostrichus sinclairii and Halopteris spp. The
relative variation in seaweed community structure between sites did not exhibit any trends or clustering of
different community types (Figure 41). Similarly, there was little differentiation in species richness and
diversity between sites, with the exception of Bunurong Site 230, having much higher species richness
and diversity (Table 28). Some seaweed species were only collected at the shallow sites, these being
Areschougia congesta, Melanthalia abscissa and M. obtusa.

Analyses of abundances did not identify consistent patterns in the relative variation in community
structure between sites based on densities of kelp holdfast and red algae fauna alone (Figure 42 and
Figure 43). This was largely attributable to the low abundances in each taxon for the samples sorted to
date (n = 2; Tables Table 29 and Table 30). The invertebrate assemblages in the red algae microhabitats
were distinctly different to those of the kelp holdfasts, largely because of differences in the presence-
absence of taxa (Figure 44; Tables Table 29 and Table 30). Kelp holdfast fauna were typified by the
presence of polychaetes of the Families Lysaretidae and Phyllodocidae and molluscs of the Families
Columbellidae and Mytilidae (Table 29). Red seaweed fauna were characterised by sea spiders
Nymphonidae, isopods ldoteidae and Serolidae, and crabs Diogenidae and Majidae (Table 30). The
combined analysis indicated there was a depth gradient in both holdfast and red algae fauna, with
shallower sites toward the upper portion of the MDS plot (Figure 44). The density and biomass tended to
be higher in shallower water for both holdfast and red algal fauna (Table 31 and Table 32).

The kelp holdfast fauna species richness was slightly higher at the shallow sites (Sites 102, 104 and 105)
however there was no distinction in Hill's N, diversity statistic at these sites (Table 31; Figure 45). The
taxonomic richness of red algae fauna was slightly lower in the outlet region (Table 32; Figure 46).

Encrusting sponges and gorgonian coral fans Mopsella spp were common underneath the low ledges in
the intermediate depth area (Figure 40). The extent of ledges, crevices and outcrops was not determined
for this study; however these microhabitats were uncommon at most of the intermediate depth dive
sampling sites.

The seastar Nectria macrobrachia was occasionally observed on open reef and southern rock lobster
Jasus edwardsii were present under crevices of the low to moderate profile reefs.

The fishes of the intermediate reefs were similar to the shallow reefs, although there were fewer scalyfins
P. victoriae. More common species were bullseyes Pempheris multiradiata, barber perch Caesioperca
rasor, marblefish Aplodactylus arctidens and goatfish Upeinichthys vlaminghii.
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Cryptic fishes observed at the Intake site, Site 223, included the common sea dragon Phyllopteryx
taeniolatus (Table 23). Sea dragons are listed under the EPBC Act and the Victorian Fisheries Act. They
generally occur in colonies in areas of moderate wave exposure, at the edge of reefs where their prey,
mysid shrimps congregate. Colonies usually range over distances of approximately 100 m. The mapping
indicated there were numerous areas of sand patches adjacent to kelp and seaweed habitat that may be
suitable for other sea dragon colonies. These animals are highly cryptic and it is unknown if any colonies
are present within the design envelope, with no other individuals detected during the surveys.

Intermediate depth, non-cryptic fish communities were examined quantitatively with deep fishes in the
following section.

/I Page 89

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

a. Long-snouted boarfish Pentaceropsis recurvirostris, kelp Ecklonia radiata and red algae; Site 206.

b. Yellow-striped leatherjacket Meuschenia c. Stalked ascidian Pyura gibbosa, red algae
flavolineata, red algae Plocamium dilatatum and Plocamiumdilatatum, and sponges; Site 12.
massive sponges; Site 212.

d. Barber perch Caesioperca razor; Site 212. e. Senator wrasse Pictilabrus laticlavius and
thallose red algae; Site 212.

Figure 40. Intermediate depth reef biota. Examples  of species and habitats present on
intermediate depth reefs in the Wonthaggi study are  a. Sites are mapped in Figure 5.

/I Page 90

/IRP-TDV-EN-1-X-000-0004-F-02



Biology Assessment for Siting Design

f. Reef overhang with gorgonian coral Mopsella g. Reef crevice with thallose red algae and barber
klunzingeri; Site 212. perch Caesioperca rasor; Site 212,
h. Ledge overhang; Site 212. i. Sea tulip Pyura spinifera and thallose red algae;
Site 212.

Figure 40 (continued). Intermediate depth reef biot  a. Examples of species and habitats present on
intermediate depth reefs in the Wonthaggi study are  a. Sites are mapped in Figure 5.
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104 -
207 -
-9 "2
s102 912
- 203
01 - <230
9223 - )
<105 -

Figure 41. Red algae community structure. Multidimen  sional scaling plot of red algae community
structure. Bray-Curtis dissimilarity matrix of biomas S per quadrat, square-root transformed
(Method M12.3). Kruskal stress = 0.17. Sites are map ped in Figure 5.

Table 28. Diversity — thallose red algae. Diversity s
Interim data for n = 2 of 5 quadrat samples (0.25 x

tatistics for thallose red algae (Method M12.3).
0.25 m) for each site.

Site Site Name Depth Biomass Richness, Diversity Evenness
(g/0.065 m?) S Hills N,  Simpsons E
102 |Shallow 2 km northwest 13 428 15 5.39 0.36
104 |Shallow central 10 379 15 3.82 0.25
105 [Shallow 2 km southeast 11 293 14 3.44 0.25
201 |Outlet mid 23 430 9 2.28 0.25
202 |Outlet 100 east 23 527 14 2.27 0.16
203 |Outlet 100 west 23 166 10 4.93 0.49
212 |Outlet 100 south 24 436 9 291 0.32
206 |Outlet 500 east 23 909 13 2.75 0.21
207 |Outlet 500 west 23 321 15 4.40 0.29
223 |Intake mid 20 439 12 3.23 0.27
229 |Far control Kilcunda 18 385 14 4.02 0.29
230 |Far control Bunurong 18 1029 20 9.81 0.49
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02 -
slo2 -
- 206
* 230
» 223
K03 - - <105

K29 -

K07 -
* sl4

Figure 42. Kelp holdfast invertebrate community stru cture. Multidimensional scaling plot of kelp
holdfast invertebrate community structure. Bray-Curt is dissimilarity matrix of densities per
holdfast (Method M12.2). Kruskal stress = 0.09. Site s are mapped in Figure 5.

07 -

Figure 43. Red algae invertebrate community structur ~ e. Multidimensional scaling plot of red algae
invertebrate community structure. Bray-Curtis dissimi larity matrix of densities per quadrat
(Method M12.3). Kruskal stress = 0.07. Sites are map ped in Figure 5.
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Ko2 -
KOS - - a229
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023 k30 - a223
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Figure 44. Combined kelp and seaweed invertebrate ¢ = ommunity structure. Multidimensional

scaling plot of combined data for kelp holdfast and red algae invertebrate community structure.
Jaccard’s dissimilarity matrix of presence-absences . Kruskal stress = 0.17. Sites are mapped in
Figure 5.

Table 29. Species — kelp holdfast invertebrates. Hol ~ dfast species abundances (mean per holdfast,
n = 2; Method M12.2).

Site

104 | 105 | 202 | 203 | 206 | 207 223| 229 | 230

Arabellidae 0.5 0.5

Flabelligeridae

Glyceridae 0.5

Hesionidae 1.0 1.0 0.5 15 15 0.5 0.5
Lumbrineridae 0.5

Lysaretidae 15 0.5 1 0.5 1 0.5 0.5
Maldanidae 0.5

Oweniidae 1.0 0.5

Phyllodocidae 0.5 0.5 0.5

Pilargidae 0.5 2 0.5
Polychaeta sp. 1 0.5 2.0 2.0 1 0.5
Polychaeta sp. 2 1.0 0.5 1.0
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| 102 | 104 | 105 206 | 207 223| 229 | 230

Polynoidae 1.0 0.5 0.5 1

Sabellaridae
Sabellidae 1.0

Serpulidae 0.5

Sigalionidae 0.5
Syllidae 0.5 7.0 15 1.0 2.0 15 3 2 3 2
Terebellidae 0.5 1 0.5 1
Arabellidae 0.5 0.5

Phascolosoma noduliferum 0.5 0.5

Phascolosomatidae 1.0 1.0

Phasianelliadae 0.5
Ammotheidae 0.5 0.5

Nymphon aequidigitatum 0.5

Nymphonidae 0.5
O. Tanaidacea 0.5 0.5 15 0.5
Idoteidae 1.0 0.5 1 1

Isopoda sp. 1 0.5

Isopoda sp. 2 0.5
Sphaeromatidae 4 0.5 15 0.5 0.5 15
O. Amphipoda 295 | 80 | 225 | 3.0 9.5 9.5 5 2 4.5 13
Caprellidae 0.5

Diogenidae 0.5
Grapsidae 0.5 0.5 1 1
Majidae 1 1.0

Pilumnidae 0.5

Processidae 0.5 1
Buccinidae 0.5 0.5

C. Pycnogonida sp. 2 0.5
Columbellidae 0.5 15 0.5 0.5 15 0.5

Conidae

Fisurellidae 1
Muricidae 0.5 0.5
Pleurobranchidae 0.5 0.5
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Site

| 102 | 104 | 105 | 202 | 203 | 206 | 207 223| 229 | 230
Triphoridae 0.5 ! 0.5
Trochidae 0.5 0.5
Turbinidae 0.5
Bivalva sp. 1 25 4.5 15
Mytilidae 4 0.5 0.5 0.5 2 0.5 0.5 45
Veneridae 1
Amphiuridae 25 15
Asterinidae 1 0.5
Clypeasteridae 0.5
Cucumariidae 1 55 0.5 0.5 0.5
Ophiactidae 1 0.5 0.5 1
Ophiocomidae 0.5
Ophiotrichidae 0.5 1 15 0.5 0.5
Tosia australis 0.5 0.5
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Table 30. Species — red algae invertebrates. Invert  ebrate species abundances within thallose red
algae for kelp habitat (mean per 0.25 x 0.25 m quad rat, n = 2; Method M123).

Site

104 | 105 | 202 | 203 | 206 | 207 229 | 230

Piscicolidae 0.5

Hesionidae 0.5 0.5 0.5 0.5

Lumbrineridae 0.5

Amphinomidae 0.5
Psolidae 0.5
Aphroditidae 0.5

Owenlidae

Nereidae 1 0.5
Pilargidae 0.5 0.5 15 0.5 0.5
Polychaeta sp.1 2 0.5 0.5
Polynoidae 1 0.5 0.5
Syllidae 0.5 1 0.5 0.5
Terebellidae 1

Phasianellidae 0.5

Ammotheidae 0.5
Nymphonidae 0.5 0.5 0.5 1 0.5 3.5
O. Tanaidacea 1 0.5
Idoteidae 0.5 1 1 0.5 25 15 3
Sphaeromatidae 25 1 1 2.5 1 4 1 2.5 2
Cymothidae 0.5

Cirolanidae 2
Serolidae 1 1 4 2 0.5 1 15
O. Amphipoda 38 | 295 28 21 24 55 | 115 | 255 29 32
Caprellidae 0.5 0.5
Diogenidae 0.5 1 0.5 0.5 2.5
Grapsidae 0.5 15 1 0.5
Majidae 1 1 15 0.5 1 15 1

Decapoda larva 0.5 1

Decapoda unidentified 0.5

Pilumnidae 0.5

Processidae 0.5 0.5 0.5 0.5 1

Palaemonidae 25
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