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Executive Summary

Kingston is the capital of Norfolk Island and is Australia’s second oldest town behind Sydney. Kingston
Pier, located on the south side of the Island, is one of two waterway import/export and access
locations on the island. Limited water depth is available adjacent to Kingston Pier at lower tides and
presents a safety risk for users due to inadequate under-keel clearance. The Department of
Infrastructure, Transport, Regional Development and Communications (DITRDC) (the Department)
engaged Advisian to undertake the delivery of the Kingston Pier Channel Construction Project (the
Project).

The Kingston Pier Channel Construction Project Marine and Terrestrial Environment Assessment has
been prepared by Advisian to determine the potential impacts on the local marine and terrestrial
environment likely to result from the Project.

The Assessment was prepared using a combination of background data review and marine and
terrestrial ecology field surveys which were undertaken within the study area in February 2020.

Potential impacts of the Kingston Pier Channel Construction Project on marine and terrestrial habitats
and fauna within the study area were identified and mitigation measures to manage and/or mitigate
these are discussed.

Assessments of Significance for threatened marine and terrestrial fauna listed under Environment
Protection and Biodiversity Conservation Act 1999 were undertaken. These found that no significant
impact on habitats or species, particularly on threatened species, are likely to occur if the proposed
mitigation measures are adopted. As no significant impacts on species listed under the EPBC Act 1999
are expected to occur, no additional assessment is required.
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T Project Overview

1.1 Introduction

Kingston is the capital of Norfolk Island and is Australia’s second oldest town behind Sydney. Kingston
Pier (Figure 1-1) located on the south side of the Island, is one of two waterway import/export and
access locations on the island, the other being Cascade Pier. Break-bulk cargo is transhipped from
cargo ships moored offshore using the launches and lighters. Cargo is lifted out of lighters at the pier
using either a shore mounted crane or mobile crane. Limited water depth is available adjacent to
Kingston Pier at lower tides and presents a safety risk for users due to inadequate under-keel
clearance. Localised deepening and widening of the channel approach and berthing areas adjacent to
the pier are required to provide safer access to vessels at all tides.

The Department of Infrastructure, Transport, Regional Development and Communications (DITRDC)
(the Department) has engaged Advisian to undertake the delivery of the Kingston Pier Channel
Construction Project (the Project).

1.2 Project Description

The Project involves locally deepening and widening the channel approach and berthing areas
adjacent to the pier to provide safer access to vessels at all tides. This can be achieved by the removal
of around 2,500 m3 - 8,000 m? of the seabed material adjacent to the western side of Kingston Pier to
a level of 2.7 m to 3.2 m below mean sea level.

The Project site is located within an environmentally sensitive area, being a marine park and an area of
maritime archaeological significance. The Project site is also exposed to open ocean waves and
currents. The works would generally be untaken using a backhoe mounted on a jack-up barge and
transporting the material onshore for disposal. Maritime artefacts recovered during the works would
be managed in accordance with a Maritime Management Plan.

Kingston Pier Channel Construction Project Advisian 12
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1.3 Key Objectives
The key objectives of the Project are as follows:

e Provide a deeper and wider approach channel for commercial and recreational vessels.

e Increase the availability of Kingston Pier for berthing of vessels by providing a safer berthing
approach.

e Cause minimal impact to existing port operations and structures during construction.
e Use local labour and resources where possible and appropriate.

e Ensure the project is sympathetic to and complies with the KAVHA Heritage Management
Plan.

e Ensure the project considers and minimises environmental, social and economic impacts.

e Ensure community and stakeholders are communicated to in a timely manner and involved in
key decisions made, such as selection of the preferred design channel.

e Consider future allowance for larger vessels to enter the channel.

e To deliver the project by the end of the year 2021 and within the project budget.

1.4 Site Conditions

1.4.1 Characteristics of the Pier

Kingston Pier is a historic stone pier approximately 150 m long, located on the southern coast of
Norfolk Island in Sydney Bay. The Pier was constructed using convict labour between 1839 and 1847.
The finished structure varies from original plans. Kingston Pier has been in use for over 150 years as a
cargo transfer facility and is considered an irreplaceable part of the Norfolk Island infrastructure.

The Pier has the following characteristics:

e Constructed of locally sourced calcarenite stone.
e The eastern face is battered.

e The western face is near vertical and includes two sets of steps to facilitate transfer of
personnel to and from boats.

e Situated along the western edge of an existing reef.

e Damage occurred due to a severe storm event (reportedly in 1897) and excessive use by
heavy equipment during World War Il.

e Repaired in 1953, which included installation of steel sheet piles and a concrete capping
beam.

e Refurbished in 2007 with additional sheet-piling.

e Is considered to be of high cultural and heritage significance.

The Kingston Pier is located seaward of a shallow rock shelf that is exposed at lower tide levels and
provides some sheltering of waves for vessels in the lee. The existing entrance channel is over rocky
reef with sea bed levels ranging from around -2.4 m to -3.4 m CD offshore and adjacent to the rock
shelf. Landward of the rock shelf and next to the pier seabed levels are around -0.7 m to -1.5 m CD.
Seabed levels have been sourced form a hydrographic survey undertaken by Don Taylor on 1

Kingston Pier Channel Construction Project Advisian 13
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December 2006. More recent survey of the area is currently being sought potentially from the Navy
and the CSIRO although as the seabed is rocky reef, the Don Taylor survey is still considered valid.

Images of the various aspects and features of the Kingston Pier are provided in Figure 1-2.

Looking north from the seaward end of Kingston Pier.

Old steps on the western face of Kingston Pier.

New steps on the western face of the Pier.

Kingston Pier Channel Construction Project Advisian 14
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Western face of the Kingston Pier.

Vessel travel lift and a boat retrieval taking place on the western face of the Kingston Pier.

1.4.2 Bathymetry

The Kingston Pier is located seaward of a shallow rock shelf that is exposed at lower tide levels and
provides some sheltering of waves for vessels in the lee. The existing entrance channel is over rocky
reef with sea bed levels ranging from around -3 m to -4 m MSL offshore and adjacent to the rock shelf.
Landward of the rock shelf and next to the pier seabed levels are around -1 m to -3m MSL.

Seabed levels have been sourced from a combination of a hydrographic survey undertaken by Don
Taylor on 1 December 2006 and a hydrographic survey undertaken by the Royal Australian Navy on 28
October 2015. The Don Taylor survey informs the levels of the seabed within nearby proximity of the
channel and the levels of the rock-shelf. The Royal Australian Navy survey informed the offshore levels
of the harbour.
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1.4.3 Ocean Currents

Ocean currents at the site are a result of tide and wave action and would vary from negligible, to over
2 m/s when adverse wave and tide conditions are present.

1.4.4 Geological Profile

As outlined in JK Geotechnics Report from July 2006, the geological profile consists of a capping layer
of very high strength silcrete which is limited to the south-eastern side of the pier (i.e. not in the
existing channel). The capping is underlain by calcarenite and elsewhere calcarenite forms the surface
layer. The calcarenite overlies a deeply weathered volcanic profile comprising tuff containing very high
strength basalt cobbles and boulders. The calcarenite is generally not present in the existing channel
(some scattered pockets are located close to the Pier), likely due to previous deepening works.
However, the calcarenite forms the surface layer beyond the extents of the existing channel and would
be encountered during the proposed works. Table 1-1 outlines each rock type's properties, locations
and qualitative description.

Table 1-1 Rock description and properties.

Description UCS (unconfined

compressive strength)

Silcrete The silcrete material is generally medium grained, 54MPa to 130MPa
slightly weathered to fresh and of very high rock
strength. Silcrete is similar to calcarenite in
properties but shows more continuity with less
fracturing and higher strength. The silcrete is not
expected to be encountered during the works,

Calcarenite The calcarenite material is generally medium grained, 14MPa to 60MPa
distinctly weathered, highly porous and with voids
typically of 20 mm to 50 mm. The core logs showed
zones of core loss and may represent the level of
fracturing in the calcarenite rock. The calcarenite is
expected where the channel is widened. It is typically
0.5 m thick.

Tuff The tuff material is a deeply weathered volcanic <1Mpa
profile generally assessed to be of very low rock
strength. The tuff comprises most of the material in
the channel. The depth of the tuff extends well
below the channel design levels.

Basalt There are sporadic basalt core stones and inclusions ~ 76MPa to 90MPa
within the volcanic profile, which are typically of very
high rock strength. It is possible basalt is
encountered during the works.

The deeply weathered volcanic tuff material in the existing channel was confirmed by the seabed
condition survey undertaken by Waterway Constructions in August 2016 (intended to identify any
vessel navigation obstructions at the time). Waterway Constructions first inspected the seabed with
divers and then broke off two high spots using a jack hammer. Core drilled and loose samples were
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taken, but not tested. Recovered core-drill samples were visually identified as tuff, and loose samples
identified as pumice. Overall, Waterway Constructions found the seabed condition a lot softer than
first thought following the visual inspection with the core drill getting to depth with ease, and the jack
hammer breaking off large sections of rock with little effort.

Kingston Pier Channel Construction Project
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2 Proposed Channel Design and Construction

2.1 Design Options

The Kingston Pier channel design was required to provide a suitable channel profile for vessels to
safely access Kingston Pier, without significantly impacting upon the existing built and natural
environment. Four potential channel design options (Option 1, 2, 3 and 4) were considered and are
outlined in detail in the Kingston Pier Channel Construction Project 30% Design Report (Advisian, April
2020). Two additional options were proposed in June 2020 after stakeholder consultation and review
of the original four options (i.e. Option 1a and 3a)(Advisian, Memo: June 2020). These six options are
summarised below:

Table 2-1 Proposed channel design options.

Entrance Interior .
. Channel Material
Design Vessel Channel Channel Deoth Volume
Width Width -
Option 1 Current vessel fleet 20 m 18 m -2.7 m MSL 2,500 m?
Option 1a | Current vessel fleet 20m 225 m -2.7 m MSL 2,750 m?
Option 2 | Current vessel fleet 26.5m 24 m -2.7 m MSL 4,000 m?
Option 3 Future vessel fleet 20m 27 m -3.2m MSL 4,400 m?
Option 3a Future vessel fleet 20m 225 m "27mto-3.2 4,000 m?
m MSL
Option 4 Future vessel fleet 325m 36 m -3.2 m MSL 8,200 m?

Consideration was given to removing the bombora off the SE side of the channel. While removal of the
bombora may assist with navigation in some instances, it is not deemed necessary given a 60 m
clearance (more than 10 beams) between the bombora and rock shelf is presented. The location of
the bombora does not restrict vessels to navigate perpendicular to incoming wave crests when using
the channel. Furthermore, there is a concern that the removal of the bombora may further impact the
nearshore wave climate. The bombora appears to be a hard basalt pinnacle and would be possible to
removed but require some effort, likely with a rock breaker attachment or similar. Therefore, it has
been decided the benefits of removing the bombora do not outweigh the associated costs and risks
and was not included in the design options.

2.2 Preferred Dredge Options

Preferred Options are Option 1, Option 3, Option 1a and Option 3a which are discussed further below.

2.2.1 Option 1

Option 1 is the narrowest channel proposed for Kingston Pier. It has been designed for the safe and
effective navigation of the PTVs and Cruise Vessel Tenders, the largest current vessels using Kingston
Pier, with the minimal channel widths that have been accepted by stakeholders. Vessel operators at
Norfolk Island are more accepting of a narrower channel “than typical” to limit waves penetrating
along the channel. Figure 2-1 shows the extents of the design channel and colour shading showing the
extent of cut required to meet the design seabed level.
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Design vessel

Vessel Value ‘
Current vessel fleet length 12 m
Current vessel fleet beam 53 m
Current vessel fleet draft Tm

Channel dimensions

Channel dimension Value
Entrance Channel Entrance Channel = Max (20 m,3xVessel Beam)=Max (20 m,16 m)=20 m
Width
Interior Channel Width Interior Channel =1.5xVessel Length=18 m
Channel Depth Channel Depth=-0.7 m MSL - 1 m - 0.5 m - 0.5 m=-2.7 m MSL

Excavated volume estimate

Option 1 would approximately remove a volume of 1,884 m3. The volume accounts for batter slopes
but excludes a cut tolerance factor (i.e. over deepening). Over deepening could be up to 0.3 m below
the design depth that would result in an additional volume up to 660 m? giving a total volume of
around 2,500 m>,

Figure 2-1 Kingston Pier Channel Cut Plan for Option 1.
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2.2.2 Option 3

This option proposes a design channel depth and width dimensions for the potential future vessels
such as large supply/transshipment barges visiting Kingston Pier. The channel width is derived from
the Australian Standards AS3962 minimum width. Figure 2-2 shows the extents of the design channel
and colour shading showing the extent of cut required to meet the design seabed level.

Design vessel

Vessel Value ‘
Future vessel fleet length 18 m
Future vessel fleet beam 6.5m
Future vessel fleet draft 1.5m

Channel dimensions

Channel dimension Value

Entrance Channel Entrance Channel = Max (20 m,3xVessel Beam)=Max (20 m,19.5m) =20 m
Width

Interior Channel Interior Channel = 1.5xVessel Length=27 m

Width

Channel Depth Channel Depth=-0.7m MSL-1.5m -05m - 0.5m=-3.2m M

Excavated volume estimate

Option 3 would approximately remove a volume of 4,593 m3. The volume accounts for batter slopes
but excludes a cut tolerance factor (i.e. over-deepening). Over deepening could be up to 0.3 m below
the design depth that would result in an additional volume up to 840 m? giving a total volume of
around 4,400 m3,
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2.2.3 Option 1a and 3a

Generally, amongst stakeholders, Options 1 and 3 were well supported. However, suggestions to
improve the channel design Options 1 and 3 were provided as follows:

e Aninterior channel width (i.e. the area adjacent to the berth face) between that provided in
Options 1 and 3 would better assist with manoeuvrability, especially when more than one
vessel is in this area; and,

e The deeper R.L. -3.2 MSL channel depth would be beneficial for vessels with larger draughts.
The channel depth could slope up to R.L. -2.7 MSL closer to the berth face, limiting the initial
impact to the sheet pile wall, as well as being able to be deepened to R.L. -3.2 MSL in the
future with on-island equipment if and when needed.

The four initial channel design options and the two additional design options are shown on Figure 2-3.

Options 1a and 3a only vary from Options 1 and 3 respectively between approximate chainages CH 25
to CH 95. Option 1a has slightly increased proposed dredging from Option 1, while Option 3a has
slightly reduced dredging from Option 3. A cross section at Chainage CH 50 and the plans presented
in Figure 2-4, Figure 2-5 and Figure 2-6 highlight the variances.
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Figure 2-3 Channel design options.

Figure 2-4 Channel design at Chainage 50 for all six options.
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Figure 2-5 Option 1a additional channel width (cyan shading) compared to Option 1 (dark blue dashed line).
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Figure 2-6 Option 3a reduced channel width (grey shading with red outline)) compared to Option 3 (yellow dashed
line).
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2.3 Pier Stabilisation Works

The Project will involve deepening of the seabed adjacent to Kingston Pier, which poses a risk to
potentially undermining the pier’s existing sheet-pile wall. A recent hydrographic survey and
underwater visual assessment by divers showed that this undermining was already occurring (see
Figure 2-7), with evidence of loose gravel fill escaping from between the old and existing sheet-pile
wall (Figure 2-8).

Figure 2-7 Locations at the toe of the pier where the existing sheet-pile wall toe is close to seabed levels.

Figure 2-8 Loose gravel identified adjacent to sheet-pile wall.
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The structural capacity of the pier is highly reliant on the sheet-pile wall system. Therefore, it was
recommended based on a structural assessment that prior to the dredging works, in order to
withstand the loads of having a crane carry skip bins from a jack-up barge to the pier, the pier
structure should be stabilised.

The potential expected repairs for Kingston Pier based on the current sheet-pile structural assessment
include the following works:

e Welding together each sheet-pile of the existing sheet-pile wall to facilitate distribution of
stress across the whole wall.

e Grouting up the cavities between the old sheet-pile wall and existing sheet-pile wall to form a
gravity retaining wall system.

e Installing a concrete toe at the bottom of the sheet-pile wall to prevent future undermining of
the sheet-pile wall.

2.4 Rock Revetment Repairs

The Kingston Pier Rock Revetment, shown in Figure 2-9, is west of and adjacent to Kingston Pier. The
revetment is in need of repair and upgrading, to protect the integrity of the masonry and sheet pile
wall behind it and repair erosion that has occurred adjacent to the structure.

The revetment comprises a rock berm that has been constructed in front of a masonry block wall that
had suffered damage since the original wall was constructed in 1839. The design for the rock berm
indicates a minimum rock armour size of 300 kg, but only a single layer of primary armour. The
damage to the masonry wall has the potential to allow loss of material through the structure, with the
structure losing its retaining properties. There is evidence that the rock revetment is unravelling and
rock armour has been displaced from the structure.

It is proposed for the western extent, profile and rock sizes of the revetment to be re-designed to
extend the service life of the revetment and protect the wall behind it. This would be undertaken with
land based excavator tracking along the revetment and using locally sourced rock.
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2.5 Recommended Construction Methods

A construction methodology is recommended however, it would be refined by the contractor during
the construction tender stage to suit available plant and equipment. Environmental measures and
considerations including the provision of sediment controls would form part of the assessment of the
preferred contractor.

2.5.1 Recommended Methodology

1. Major plant and equipment are expected to be mobilised from either the east coast of Australia or
New Zealand and would generally include:

a. aventuri suction pipe

b. ajack-up barge

c. an appropriately sized backhoe
d. ahopper/flat barge and skip bins
e. atug.

Where possible, local plant and equipment would be used such as smaller excavators and trucks.
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A temporary site compound area would be established near the pier to store plant and equipment.
On the pier, a small screening area would be established for screening of archaeological artefacts
in the removed material. This requires access to seawater to assist with moving sediment through
the screens.

A pre-construction hydrography survey would be undertaken by the construction contractor.

Remove loose sediment material (with potentially culturally significant artefacts) from the existing
channel, and gullies and cracks of the calcarenite layer using a venturi suction pipe, which would
transfer the material into a perforated sediment box sitting on the seabed. The process is as
follows:

a. The sediment box once sufficiently filled would be lifted onto the pier using the fisherman's
crane and sieved through to identify any artefacts. There is an opportunity to involve the local
community in the sieving of the artefacts.

b. The artefacts would be moved to a secure location (potentially an empty work shed near the
Pier) for assessment of significance and subsequent management. Previously a KAVHA
building adjacent to the pier was made available in the 2007 pier refurbishment project and
enquiries will be made to see if it could be made available again.

c. All artefacts found would be recorded, and the significant artefacts would be transferred to
KAVHA ownership and managed appropriately (i.e. for storage or display in the KAVHA
museum, while the remainder would be reburied in the water near the site or discarded
according to the Kingston Pier Underwater Archaeological Management Plan that will be
formulated and implemented.).

d. The remaining sediment transported to the onshore disposal area.

Remove the calcarenite layer with a backhoe mounted on a jack-up barge and using hand tools
near the pier. The calcarenite would be placed directly into trucks on the pier, or the platform of
the jack-up barge and transferred to the Pier with a floating hopper or flat topped barge. Given
the wave climate at the site, it is not considered appropriate for a floating barge to be moored for
extended periods while it is being progressively filled with material as it is removed. Skip bins
could be considered, to be filled and transported to improve material handling efficiency. The size
of the skip bins would be subject to the allowable load for the jack-up barge and trucks to
operate. Furthermore, the skip bins could be fitted with a filter over the sump and assist with
dewatering the material. Once the material is onshore, it is to be screened for artefacts at the
required frequency (to be determined as part of the environmental assessment where for example
one bin/load sampled out of three) and transported to the disposal site. Screening could involve
manually breaking up calcarenite over a sieve. Recovered artefacts would be managed as
previously described.) and transported to the disposal site. Recovered artefacts would be
managed as previously described.

Remove the tuff rock material using a backhoe mounted on a jack-up barge and using hand tools
near the pier and transported to the disposal site. Screening of artefacts is either not expected to
be required or screened at a lesser frequency that the calcarenite (to be confirmed as part of the
environmental assessment).

Pier stabilisation works would be undertaken to mitigate structural impacts, if any, of the channel
deepening on Kingston Pier. This would potentially involve concrete plugs and welding existing
sheet-piles.

If required, a single piled channel marker would be installed at the rock-shelf edge. The marker
would be constructed from a steel pile potted into the rock shelf while working the lower tides.
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9. A post-construction hydrography survey would be carried out to ensure the channel has met the
design channel depth. The seabed would be made clean by removal of any loose or stray rocks in
the area.

10. Construction site would be demobilised and plant removed from the island.

2.6 Material Disposal and Reuse Options

The calcarenite material, which is of relatively high strength but variable, weathered fragmented, may
be reused for non-structural fill, and possibly for sub-base of foot paths if crushed and cleaned.
However, it is considered the most appropriate and cost effective use of the removed calcarenite is for
non-structural fill unless it was cement stabilized. The tuff material, which is of very low strength,
would be also be considered most appropriate and cost effective as non-structural fill unless cement
stabilized. Non-structural applications considered include fill for the Cascade Pier apron raising
(subject to design), remediating the old quarry, or landscape mounding. There is high likelihood that
the Cascade Pier works would require structural fill, which the disposed material would not meet the
requirements of. Therefore, this option has been discounted.

Offshore disposal is an option for the removed material, however there are several difficulties
surrounding an offshore option for dredging, which includes the following:

e No currently registered offshore disposal sites located around Norfolk Island. To apply for an
offshore disposal site will require a lengthy approval and permitting process.

e If the dredging material is required to be lifted from the barge onto the surface for
archaeological screening purposes, then the material would have to be lifted back onto a
barge to transport to the disposal location. This would be an ineffective use of time and
equipment, leading to increased costs.

Advisian have developed options for the channel which will remove an estimated volume of 2,500 m3 —
8,200 m3. There are currently three (3) onshore disposal options proposed as follows:

e Old Quarry.

e Raising Cascade Pier Aprons.

e School Playing Fields Restoration.

2.6.1 Old Quarry

The old quarry (see Figure 2-10 and Figure 2-11) adjacent to Cascade Pier is proposed as an option to
be used both a disposal area and also a temporary stockpile location for the Cascade Pier option (refer
to Section 2.6.2). The quarry is proposed to be rehabilitated and the fill would contribute to this
activity. Disposal at the old quarry is considered to be the most preferred options as it aligns with the
council’'s objective to rehabilitate the quarry in future, which the disposed material would contribute
towards.
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Figure 2-10 Aerial view of the old quarry shown by the red box (Source: Nearmap 2019).

Figure 2-11 Photograph of the old quarry (Source: Advisian 2020).
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2.6.2 Raising of the Cascade Pier Aprons

Works are proposed at Cascade Pier (Figure 2-12 and Figure 2-13) to raise the level of its aprons. The
removed material could be beneficially reused as non-structural fill if required (subject to design) for
the purposes of raising the aprons. Due to uncertainty of the delivery timeline of these works, a
temporary stockpile location would be required for the disposed material. It is recommended for the
Old Quarry to temporarily stockpile the material until Cascade Pier construction works begin. There is
high likelihood that the Cascade Pier works would require structural fill, which the disposed material
would not meet the requirements of. Therefore, this option has been discounted in preference to the
Old Quarry option as it is less reliable.

Cascade Pier —

Pier aprons

Figure 2-12 Aerial photography of Cascade Pier and the aprons (Source: Nearmap 2019).

Figure 2-13 Photo of Cascade Pier from the cliff overlooking the pier (Source: Advisian 2020).
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2.6.3 Restoration of the School Playing Fields

There is currently restoration work (Figure 2-14 and Figure 2-15) being undertaken at the school fields
north-east of Norfolk Island Central School and north of the existing playing fields. The disposed
material could be used as non-structural fill for the restoration works. This could be in the form of
landscape mounding. However, the community has unfavourable views towards using this location as
a convenient disposal option for projects, and therefore stockpiling at this location is not
recommended.

School field
restoration site |——  °

Figure 2-14 Aerial photography of the school playing fields being restored (Source: Nearmap 2019).

Figure 2-15 Site photo of the playing fields (Source: Advisian 2020).
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2.7 Proposed Operation

Vessel operators such as commercial charter, fishing vessels and emergency responders as well as local
launches and lighters would enter and exit the harbour adjacent to Kingston Pier through the newly
augmented channel. Vessels would be guided by new channel navigation aids.

The augmented channel would support greater use of Kingston Pier by various vessel operators,
particularly as critical infrastructure for freight and cruise ship passengers. In addition, it is expected
that safer navigation of the harbour and increased use of Kingston Pier would have positive
opportunities for tourism as well as community and economic development on Norfolk Island.
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3 Marine Environment

The Norfolk Island group lies on a plateau 100 km long on the Norfolk Ridge, which runs from New
Zealand to New Caledonia. It consists of Norfolk Island which is the largest and the two smaller
islands of Phillip and Nepean which are located off the southern coastline of Norfolk (Francis 1993).
The islands of the Norfolk Island group are situated in an area known as the Tasman Front — where the
warm nutrient poor waters of the Coral Sea meet the cool nutrient-rich waters of the Tasman Sea -
making the islands and surrounding marine ecosystem an integral link between tropical and temperate
oceanic environments (NIRC 2018).

A review of existing information for marine habitats and fauna occurring within the study area was
undertaken to assist in the marine environmental impact assessment. The background information
included within this report includes but is not limited to the surveys completed in the 1960s by the
Australian Museum, published literature as well as more recent assessment completed by the
Commonwealth Government and other consultants as part of other proposed developments on the
island. An EPBC Act 1999 Protected Matters Search was also generated for the project (provided in
Appendix A).

The background data review provides an overview of the existing aquatic (marine) environment on
Norfolk Island (specifically Kingston Pier and Slaughter Bay). It includes a description of marine
habitats and flora, marine protected areas and critical habitat, marine fauna (including threatened and
protected species), and provides background water and sediment quality data from the study area (see
Section 4).

3.1 Marine Habitats

3.1.1 Temperate East Marine Region

General Info

Norfolk Island lies within the Temperate East Marine Region. This marine region is comprised of
Commonwealth waters extending from the southern boundary of the Great Barrier Reef Marine Park to
Bermagui in New South Wales (Figure 3-1). This also includes the waters surrounding Lord Howe Island
and Norfolk Island. The region covers an approximately 1.47 million km? of temperate and subtropical
waters. The region extends from shallow waters on the continental shelf, 3 nautical miles (5.5 km) from
shore, to the deep ocean environments at the edge of Australia’s exclusive economic zone, 200
nautical miles from shore (DSEWPC 2012).
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Location of
Norfolk Island

/

Figure 3-1 Location of the Temperate East Marine Region (and Norfolk Island).
The main physical features of the Temperate East Marine Region are:

e Three seamount chains that run parallel to the east coast (the Tasmantid and Lord Howe
seamount chains and the Norfolk Ridge).

e The East Australian Current (EAC), which dominates oceanography of the region.

e The Tasman Front, which forms between 20 and 30 degrees south and represents the meeting
point of the Coral Sea and the Tasman Sea.

e The canyons of the eastern continental slope, which add critical habitat diversity to the region.

There are a range of conservation values within the Temperate East Marine Region, which are defined
as elements in the region that are:

e Key Ecological Features (KEFs) of the Commonwealth Marine Area.

e Species listed under Part 13 of the EPBC Act 1999 that live in the Commonwealth Marine Area
or for which the Commonwealth Marine Area is necessary for a part of their lifecycle.

e Protected places including marine reserves, heritage places and historic shipwrecks in the
Commonwealth Marine Area.
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The conservation values of Temperate East Marine Region include the following:

e Biodiversity — The region supports high levels of species richness and diversity (particularly
among corals, crustaceans, echinoderms, molluscs, sea sponges and fish). The EAC connects
remote communities through the transport of species between areas.

e KEFs - Eight KEFs have been identified in the Temperate East Marine Region, including:

0

(0]

(0]

(o}

Shelf rocky reefs.

Canyons on the eastern continental slope.
Tasman Front and eddy field.

Upwelling off Fraser Island.

Tasmantid seamount chain.

Lord Howe Seamount chain.

Norfolk Ridge.

Elizabeth and Middleton reefs.

e Protected species — Species listed under the EPBC Act 1999 are listed as either threatened
species, migratory species, and cetaceans and marine species. Species groups identified as
conservation values in the Temperate East Marine Region area:

(0]

(0]

(0]

(0]

(0]

Bony fishes (10 species).
Cetaceans (9 species).
Marine reptiles (24 species).
Seabirds (34 species).

Sharks (6 species).

e Biologically Important Areas (BIAs) — These areas are particularly important for the
conservation of protected species where individuals display biologically important behaviours.

e Protected places — Within the Temperate East Marine Region, these include:

0 Elizabeth and Middleton Reefs Marine National Nature Reserve.
0 Solitary Islands Marine Reserve (Commonwealth waters).
0 Cod Grounds Commonwealth Marine Reserve.
0 Lord Howe Island Marine Park (Commonwealth waters).
o Norfolk Island Marine Park (Commonwealth Waters) (see further information in
Section 3.1.2.1).
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Temperate East Marine Region Management Plan

The Australian Marine Parks Temperate East Marine Parks Network Management Plan was developed in
2018. The plan’s main objectives are to provide for the protection and conservation of biodiversity and
other natural, cultural and heritage values of marine parks, and provide ecologically sustainable use
and enjoyment of the natural resources within marine parks in the Temperate East network.

The plan enables a range of activities to be conducted that would otherwise be prohibited or
controlled by the EPBC Act 1999 and EPBC Regulations. The plan sets out activities which are allowed
subject to being consistent with zone objectives, allowable with authorisation, or not allowed due to
being inconsistent with zone objectives. For those activities that are allowed or allowable, the plan also
sets out the assessment and decision-making process for authorisation of an activity, the type of
authorisation that may be issued, and how activities must be undertaken. Depending on the type of
activity, other provisions of the EPBC Act 1999 or other legislation may also be applicable (Director of
National Parks 2018).

3.1.2 Marine Protected Areas

A Marine Protected Area (MPA) is an area of sea especially dedicated to the protection and
maintenance of biodiversity and of natural and associated cultural resources, managed through legal
or other effective means. MPAs include marine parks, nature reserves and locally managed marine
areas that protect reefs, seagrass beds, shipwrecks, archaeological sites, tidal lagoons, mudflats,
saltmarshes, mangroves, rock platforms, underwater areas on the coast and sea beds in deep water.

Norfolk Island Marine Park

The Norfolk Island Marine Park was proclaimed under the EPBC Act on 14 December 2013. The long,
narrow, steep-sided undersea of Norfolk Ridge runs through the marine park, which acts as a line of
oceanic stepping stones, connecting deep water marine species from New Zealand to New Caledonia
and supports diverse temperate and tropical marine life (Australian Marine Park 2020). The Norfolk
Island Marine Park begins approximately 1,400 km offshore and covers 188,444 km? with depths of up
to 5,000 m. The marine park comprises a number of zones, including a National Park, Multiple Use and
Special Purposes zone, shown in Figure 3-2. The Special Purpose Zone is located directed around
Norfolk Island and allows for both conservation and sustainable use in a highly valued natural area
(Australian Marine Park 2020).

The marine park contains the wreck of HMS Sirius, one of the first fleet flagships which floundered in
1790. HMS Sirius was the flagship of the First Fleet, which set out from Portsmouth, England, in 1787
to establish the first European colony in New South Wales, Australia. In 1790, the ship was wrecked on
the reef, south east of Kingston Pier, in Slaughter Bay, Norfolk Island.
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Figure 3-2 Norfolk Marine Park (Source: Marine Parks Australia 2020).

3.1.3 Matters of National Environmental Significance

Matters of National Environmental Significance (MNES) associated with marine habitats as identified in
the EPBC Act 1999 Protected Matters Search (Appendix A) which are known to occur within a 10 km
radius of the study site are listed below.

¢ No Wetlands of International Importance occur.

e The Great Barrier Reef does not occur within the study area.
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e The Commonwealth Marine Area occurs within the study area.
e No listed Threatened Ecological Communities occur within the study area.
e 89 listed threatened species occur within the study area (12 are marine)
e 41 listed migratory species occur within the study area (22 are marine)
Other Matters listed under the EPBC Act 1999 and identified in the Protected Matters Search include:
e 38 Listed Marine Species occur within the study area.
e 28 Whales and Other Cetaceans occur within the study area.
¢ No Critical Habitats occur within the study area.

e  One Australian Marine Park (Norfolk Island Marine Park) occurs within the study area.

3.1.4 Critical Habitat

The Register of Critical Habitat as declared under the EPBC Act 1999 was reviewed. Areas of Critical
Habitat identified under the EPBC Act 1999 include:

1. Diomedea exulans (Wandering Albatross) - Macquarie Island, TAS.

2. Lepidium ginninderrense (Ginninderra Peppercress) - Northwest corner Belconnen Naval
Transmission Station, ACT.

3. Manorina melanotis (Black-eared Miner) - Gluepot Reserve, Taylorville Station and Calperum
Station, excluding the area of Calperum Station south and east of Main Wentworth Road.

4. Thalassarche cauta (Shy Albatross) - Albatross Island, The Mewstone, Pedra Branca, TAS.
5. Thalassarche chrysostoma (Grey-headed Albatross) - Macquarie Island, TAS.

None of these areas of listed Critical Habitat under the EPBC Act 1999 occur within the study area and
will not be impacted by the Project (Department of Agriculture, Water and the Environment 2020).

3.15 Key Ecological Features (KEFs)

The following KEFs are listed in the EPBC Act Protected Matters Search as occurring within a 10 km
radius of the study area:

1. Norfolk Ridge
2. Tasman Front and eddy field

Some general information for these KEFs, as taken from the Department of Agriculture, Water and the
Environment (2020) Species Profile and Threats Database (https://environment.gov.au/sprat-
public/action/kef/view/47 + https://environment.gov.au/sprat-public/action/kef/view/43) is provided.
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Norfolk Ridge
Values

Stretching across the Temperate East Marine Region, the Norfolk Ridge provides a rich biological
source of benthic biodiversity and endemism. Similarly, to the Lord Howe chain, the ridge also
generates localised oceanographic changes which create sites of enhanced productivity and aggregate
marine species. Within the Norfolk subregion of the Temperate East Marine Region, 41% of the area is
classed as plateau with depths ranging between 50 m and 3,900 m and 1.24% is classed as pinnacles
or seamount/guyot, with depths as shallow as 205 m (Keene et al. 2008).

The high diversity in sesamount benthos is likely to be caused by relatively productive benthic habitats,
which support population densities that are far higher than surrounding regions (de Forges et al. 2000;
Dambacher et al. 2011). Benthic habitats along the entire length of Norfolk Ridge are also thought to
act as stepping stones for fauna dispersal, connecting deep water fauna from New Caledonia to New
Zealand (Williams et al. 2006; Dambacher et al. 2011). However, the semi-permanent Norfolk Eddy may
create a closed system that limits connectivity and increases endemism within the South Norfolk Basin
(Williams et al. 2006). Significantly higher catch rates of tuna have also been reported from the Norfolk
Ridge (Morato et al. 2010).

National and/or Regional Importance

This KEF is recognised for its enhanced ecological functioning and integrity, and biodiversity, which
apply to both its benthic and pelagic habitats.

Location

The Norfolk Ridge is set within a region of remnant volcanic arcs, plateaux, troughs and basins (Keene
et al. 2008; Dambacher et al. 2011). The ridge runs southward from New Caledonia to New Zealand
and lies between the New Caledonia Trough to the west and the Norfolk Basin to the east. The spatial
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boundary of this KEF, as defined on the Conservation Values Atlas, is based on depth contours
identified in the Geoscience Australia Bathymetric contours dataset 2005.

Description

The Tasman Front conveys tropical species to the southern portion of the ridge within the Temperate
East Marine Region, and there is a diverse assemblage of tropical and temperate species with evidence
of connectivity to the benthic fauna of Lord Howe Rise (Williams et al. 2011; Dambacher et al. 2011).

Tasman Front and eddy field
Values

The Tasman Front and eddy field contains complex and dynamic oceanographic processes supporting
transient patches of enhanced productivity that, in turn, attract aggregations of species across trophic
levels, including top predators such as tuna and sharks. This feature also supports biological
connectivity with seamount habitats further offshore.

National and/or Regional Importance

The Tasman Front and eddy field is defined as a key ecological feature as it is an area of high
productivity and biodiversity, endemism, and aggregations of marine life.

Location

The Tasman Front is a region of intermediate productivity that separates the warm, nutrient-poor
waters of the Coral Sea from the nutrient-rich waters of the Tasman Sea (Condie & Dunn 2006;
Denham & Crook 1976; Dambacher et al. 2011). The Tasman Front feature displays significant seasonal
and annual variation. The spatial definition of the Tasman Front, as displayed in the Conservation
Values Atlas, was derived through review of cumulative annual chlorophyll occurrence data provided
by CSIRO.

Description

The front is formed by a meandering current between 27°S and 33°S that moves to the north in winter
and to the south in summer (Ridgway & Dunn 2003). The front's boundary can appear diffuse and
impermanent, and its associated eddies vary in strength, shape and location. The front is therefore best
characterised as an average over time (Dambacher et al. 2011).

Across the southern portion of the Temperate East Marine Region, the Tasman Front creates a
complex oceanographic environment with vertical mixing (Ridgway & Dunn 2003; Dambacher et al.
2011). Patches of productivity are important for mid-level consumers including turtles (Boyle et al.
2009; Young et al. 2011) and top fish predators (Dambacher et al. 2011; Young et al. 2011). Fisheries
oceanography studies describe a positive relationship between fish catch rates and proximity to frontal
features, and a predominance of bigeye tuna and swordfish associated with the Tasman Front
(Campbell & Hobday 2003; Dambacher et al. 2011).

This feature is also considered important for providing connectivity to the Lord Howe seamount chain
and Norfolk Ridge for tropical species (Dambacher et al. 2011). The front’s interaction with bathymetric
platforms and basins causes it to meander (Dambacher et al. 2011) and shed a series or field of large,
warm-core, quasi-permanent eddies that extend from the southern portion of the Norfolk Basin,
south-east of Norfolk Island, to New Zealand's East Cape (Ridgway & Dunn 2003).
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3.2 Marine Flora

Marine flora includes marine algae, seagrasses, mangroves and saltmarsh. Marine algae are found in
the waters around Norfolk Island and are described further below.

3.2.1 Marine Algae

There are 236 species of marine benthic algae described in Marine Benthic Algae of Norfolk Island,
South Pacific, with 41 species of Chlorophyta, 41 of Phaeophyta and the remainder (154) Rhodophyta
(Millar 1999). Apart from several undescribed taxa, none are endemic to Norfolk Island, compared to
Lord Howe Island, where there was found to be much higher levels of endemism. The study found that
there are 106 common species between Norfolk and Lord Howe Island, with the species Solieria
anastomosa and Dasya fruticulosa apparently restricted to Norfolk and Lord Howe Island. Around half
of Norfolk Island’s marine algae was found to be fairly typical of those found on the Great Barrier Reef
and the western edge of the Coral Sea (Millar 1999).

Although there are some species for which Norfolk Island represents a major range extension into or
within the Pacific (e.g. Dasycladus ramosus, Halicoryne wrightii, Anotrichium anthericephalum,
Herposiphonia arcuata and Polysiphonia japonica), a considerable number of the species are shared
with the Great Barrier Reef and the New South Wales coastline as well as Lord Howe Island. Major
northern range extensions are recorded for the large temperate brown alga Ecklonia radiata, and
possibly Phyllospora comosa and Durvillaea antarctica, although the island more typically hosts
numerous tropical algae such as Trichogloea requienii and members of the green algal order
Dasycladales including Halicoryne wrightii, Bornetella nitida and Neomeris annulata. As a consequence
of this survey, the two rhodymeniacean species Chrysymenia ornata and C. digitata are considered to
be conspecific (Millar 1999).

Millar (1999) found that the marine algae species of Gloiocladia rubrispora, which has a fairly disjunct
distribution, has been found on Norfolk Island. This species was initially found in the central western
Atlantic. The presence of Ptilocladia vestita and Gloiocladia halymenioides around Norfolk Island
indicates a strong cool-temperate link, as these species were historically restricted to southern and
western Australia.

Marine algae dominates much of the substrate around the high energy area of Kingston Pier (Norfolk
Island Public Reserves Plans of Management 2003). The intertidal zone of the harbour side of Kingston
Pier is dominated by green and red algae, with dominant species including the sea lettuce "Ulva ulva”,
Enteramorpha species and the grape weed Caulerpa racemose, locally known as ‘dead man'’s fingers'.
Other species of algae found around the Pier included Ventricaria ventricosa and Caulperpa racemosa
(Marges 2005). The algae within the area around Kingston is heavily relied upon by lagoon and other
fishes as an important food source.

The lagoon at Slaughter Bay is shallow (2.5 m deep) and has a soft sandy bottom with scattered shells
and coral rubble and is dominated by Sargassum, Caulerpa, Cutleria, Helminthocladia, Galaxaura,
Liagora and members of the Dictyotales. On the outer reef edge there exists a community of Codium,
Caulerpa, Valonia, Dasycladus, and more Dictyotales. The reef top has substantial mats of Hormosira,
particularly in winter months. The rock platforms at The Cord and Garnett Point have mats of
Caulocystis and Hormosira respectively covering the edges and sides of the rock pools, the interior of
which is dominated by Sargassum, Caulerpa and members of the Dictyotales (Millar 1999).
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The following marine algae species were reported by Aurecon Australia (2011) as occurring in nearby
Ball Bay based on a field survey as well as a desktop investigation (of Christian and Marges 1995 and
Coleman 1991).

e Red coralline algae - Corallina officinalis
e Grape weed - Caulerpa racemosa

e Feather algae - Caulerpa sertularioides
e Sailor's eyeballs - Valonia forbesii

e Padina sp.

e Codium spongiosum

e Brown algae - Dictyota dochotoma

e Brown algae - Phaeophyta sp.

e Red coralline algae - Rhodophyta Sp.

e Green algae - Chlorophyta sp.

e Sporolithon durum

e Sea lettuce - Ulva sp.

e laurencia sp.

e Halmeda cuneata

e lIridescent bluish algae - Dictyota dichotoma

3.3 Marine Fauna

Norfolk Island has a unique assemblage of marine species. While most groups have not been
comprehensively documented around 230 species of algae, 57 species of corals, 400 species of
molluscs (including 160 species of opistobranchs), 254 species of fish and several mammals have been
identified to date. The numbers of species of most groups are low in comparison with Eastern Australia
and New Caledonian reefs because of Norfolk Island’s extreme isolation, but the mix is unique. There
are also a number of endemic species, and a large number of subtropical and Tasman Sea endemics.
However, the number of marine endemic species is low compared with the Island’s terrestrial
biodiversity (Zann et.al 2001).

A general overview of the marine fauna of the Temperate East Marine Region and Norfolk Island is
provided below, along with identification of all current threatened and protected marine species listed
under the EPBC Act 1999 and identified in a Protected Matters Search (Appendix A) as having the
potential to occur in the study area (undertaken on 4 February 2020).
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3.3.1 Marine Fishes (Bony Fish, Sharks, Rays and Syngnathids)

Bony Fish

There are a limited number of available studies documenting fish within the Norfolk Island region, with
the most comprehensive study being a checklist of Norfolk Island fish from 1993 (Francis 1993). Other
studies adding to this literature include Randall and Gueze (1992), Randall and Francis (1993) and
Francis (1996) and Mosley (2001). The data was included in a more recent review of the geographic
distribution of marine reef fishes in the New Zealand region (Francis 1996). Tropical and subtropical
fish species dominate the fauna of Norfolk Island, with fish fauna appearing to have originated largely
by larval dispersal from Australia and the Coral Sea (Francis 1993). In Francis 1996, the geographic
distributions of 375 reef and reef-associated fishes are reported for 16 regions ranging from Norfolk
and Kermadec Islands in the north to Macquarie Island in the south. Species diversity was reported as
being greatest at Norfolk Island (228 species) and lowest at Macquarie Island (6 species). Diversity
declined linearly with increasing latitude. Most species were either widespread or had very restricted
distributions. Widespread species generally ranged from Three Kings Islands to Stewart Island. The
most widespread species occurred in 14 of the 16 regions. Species with restricted distributions were
mainly tropical or subtropical species that occurred at one or more of Norfolk Island, Kermadec
Islands, and North-East North Island. Species found within the Indo-West-Central Pacific dominate
Norfolk Island fish fauna and there is a high proportion of species which are common species between
the Island and Australia (Francis 1993). A fish survey conducted by Mosley (2001) showed that
approximately 58% of the coastal fish of Norfolk Island are tropical, 33% sub tropical and 8%
temperate.

The more recent biodiversity survey completed by Edgar et al (2017) identified 90 fish species from
Norfolk Island. Abundance was highest for the Smoky Puller, Chromis fumea and Lea’s Cardinalfish
Taeniamia leai. Similar to findings by Francis (1993), Norfolk Island was characterised by endemic,
subtropical and temperate species such as Banded Scalyfin, Parma polylepis, Pacific rock cod,
Trachypoma macracanthus and Notch-head Marblefish, Aplodactylus etheridgii. Compared to Lord
Howe Island (and Middleton and Elizabeth Reefs), Norfolk Island had the lowest biomass and species
richness, as well as lowest biomass of large (>20 cm) fishes. A total of 20 cryptic fish species were also
recorded from Norfolk Island during the CMR survey of which blennies and cardinalfish were the most
abundant (Edgar et al 2017).

The main recreational target species on Norfolk Island include yellowfin tuna (Thunnus albacares),
kingfish (Seriola lalandi) and Australian salmon (Arripis trutta), which can all be found around the
inshore waters of the island. The harbour side of Kingston Pier is a popular fishing area, with common
target species also including large Damsel fish (Parma polylepis (Aartuti), wrasse (Pseudolabris
lucelentus (po'ov)), several species of trevally (ofie), occasional kingfish (S. lalandi) as well as garfish
and mullets (Marges 2005).

A large number of fish species were identified in a study of fish species of Norfolk Island and
surrounds (Francis 1993). These are listed below:

e Mustelus lenticulatus e Conger wilsoni e Gonorynchidae greyi
e Muraenichthys e Spratelloides e Plotosus lineatus
nicholsaw delicatulus ) N
e Saurida gracilis
e Myrichthus sp. e Chanos chanos
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Synodus
dermatogenys

Synodus doaki
Synodus similis
Synodus variegatus

Trachinocephalus
myops

Centroberyx affinis

Aulostomus
chinensis

Fistularia
commersonii

Ablabys taenianotus
Dendrochirus zebra
Pterois volitans
Scorpaena cookie

Scorpaenodes
guamensis

Scorpaenodes scaber
Acanthistius cinctus

Aulacocephalus
temmincki

Epinephelus
cyanopodus

Epinephelus daemelii

Epinephelus
fasciatus

Epinephelus merra

Epinephelus
octofasciatus

Epinepheus rivulatus

Pseudanthias pictilis
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Lotella phycis

Dermatopsis
macrodon

Antennarius pictus
Alabes parvulus

Lepadichthys
frenalus

Myripristis berndti

Pseudanthias
squamipinnis

Belonepterygion
fasciolatum

Plesiops insularis
Kuhlia mugil

Heteropriacanthus
cruentatus

Apogon crassiceps
Apogon doederleini
Apogon kallopterus
Apogon norfolcensis
Apogon sp.
Archamia leai
Echeneis naucrates
Remora remora

Carangoides
orthogrammus

Caranx melampygus
Caranx sexfasciatus
Elagatis bipinnulata
Pseudocaranx dentex

Seriola dumerili
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Euleptorhamphys
viridis

Hyporhamphis
australis

Ablennes hians

Platybelone argalus

Seriola hippos
Seriola lalandi
Seriofa rivoliana
Trachinotus baillonii
Trachinotus blochii
Arripis trutta

Arripis sp.

Lutjanus fulvus
Lutjanus kasmira
Paracaesio xanthura
Pagrus auratus

Gnathodentex
aureolineatus

Gymnocranius
euanus

Lethrinus miniatus

Mulloidichthys
Flavolineatus

Mulloidichthys
vanicolensis

Parupeneus ciliates

Parupeneus
multifasciatus
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Parupeneus
pleurostigma

Parupeneus spilurus

Upeneichthys
lineatus

Upeneus francisi

Monodactylus
argenteus

Parapriacanthus
ransonneti

Pempheris analis
Girella cyanea
Girella elevate
Kyphosus bigibbus

Kyphosus
cinerascens

Kyphosus
sydneyanus

Kyphosus vaigiensis
Atypichthys latus

Microcanthus
strigatus

Bathystethus
cultratus

Labracoglossa nitida
Platax teiru

Amphichaetodon
howensis

Chaetodon citrinellus

chaetodon
flavirostris

Chaetodon
lineolatus
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Chaetodon lunula

Chaetodon
melannotus

Chaetodon mertensii

Chaetodon
pelewensis

Chaetodon plebeius
Chaetodon tricinctus

Chaetodon
trifascialis

Chaetodon
trifasciatus

Chaetodon
vagabundus

Forcipiger
flavissimus

Heniochus
Monoceros

Centropyge
bispinosus

Centropyge tibicen

Chaetodontoplus
conspicillatus

Evistias acutirostris

Abudefduf
sexfasciatus

Abudefduf sordidus
Abudefduf vaigiensis
Abudefduf whitleyi

Amphiprion
latezonatus

Chromis
Flavomaculata

Chromis fumea
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Chromis hypsilepis
Chromis vanderbilti
Chrysiptera glauca
Chrysiptera notialis

Neoglyphidodon
polyacanthus

Parma albo
scapularis

Parma polylepis
Plectroglyphidodon

Plectroglyphidodon
Johnstonianus

Pomacentrus pavo
Stegastesfasciolatus
Stegastes gascoynei
Teixeirichthys sp.
Cirrhitus splendens
Paracirrhites arcatus
Paracirrhites forsteri

Chironemus
microlepis

Aplodactylus
etheridgii

Cheilodactylus
ephippium

Cheilodactylus
vestitus

Nemadactylus
macropterus

Mugil cephalus
Myxus elongatus

Valamugil seheli
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Sphyraena
acutipinnis

Anampses elegans
Bodianus perditio

Bodianus
unimaculatus

Cheilio inermis
Coris bulbifrons
Coris picta

Coris sandageri

Cymolutes
praetextatus

Gomphosus varius

Halichoeres
margaritaceus

Halichoeres
trimaculatus

Labroides dimidiatus
Notolabrus inscriptus

Novaculichthys
taeniourus

Pseudojuloides
elongatus

Pseudolabrus
luculentus

Stethojulis
bandanensis

Stethojulis
maculatus

Suezichthys arquatus

Thalassoma
amblycephalum

Thalassoma
hardwicke
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Thalassoma Jansenii
Thalassoma lunare

Thalassoma
lutescens

Thalassoma
purpureum

Thalassoma
trilobatum

Scarus rivulatus

Limnichthys
fasciatus

Parapercis sp.

Enneapterygius
rufopilea

Enneapterygius sp

Norfolkia
squamiceps

Heteroclinus roseus

Cirripectes
alboapicalis

Cirripectes castaneus

Entomacrodus
niuafoouensis

Entomacrodus
striatus

Istiblennius
dussumieri

Istiblennius
edentulus

Parablennius
serratolineatus

Plagiotremus
tapeinosoma
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Callionymus
calcaratus

Diplogrammus
goramensis

Bathygobius
aeolosoma

Eviota albolineata
Eviota prasina
Eviota smaragdus
Eviota sp.

Priolepis
semidoliatus

Vanderhorstia

Acanthurus
dllssumieri

Acanthurus
nlgrofuscus

Acanthurus
triostegus

Naso annulatus
Naso unicornis
Prionurus maculatus
Zebrasoma scopas
Zanelus cornutus
Sm-da australis
Bothus mancus
Bothus pantherinus
Peltothtimphus latus

Aseraggodes
bahamondei

Rhinecanthus
rectangulus
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e  Suffiamen fraenatus

e Cantheschenia
longipinnis

e Pervagor alternans

e Pervagor
janthinosoma

Lactoria diaphana
e  Ostracion cubicus

e Canthigaster
callisterna

e Torquigener
altipinnis

e Diodon hystrix
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Threatened and Protected Fish Species

EPBC Act 1999 Listed bony fish which occur in the Temperate East Marine Region include:
e Eastern gemfish — eastern Australian population (Rexea solandri) - Conservation dependent
e Orange Roughy (Hoplostethus atlanticus)- Conservation dependent
e Black cod (Epinephelus daemelii) — Vulnerable

(DSEWPC 2012).

The Black rockcod (E. daemelii) is the only bony fish listed in the EPBC Act 1999 Protected Matters
Search (Appendix A) which was undertaken for the Project. The species is listed as vulnerable, with
“species or species habitat likely to occur within area”. Black rockcod are usually found in caves, gutters
and beneath bommies on rocky reefs, from near shore environments to depths of at least 50 m. Small
juveniles are often found in coastal rock pools, and larger juveniles around rocky shores in estuaries.
They are territorial and often occupy a particular cave for life (NSW DPI 2015).

Sharks

There have been reports of large shark populations around Norfolk Island from as far back as the early
Polynesian settlement (1300-1500), where shark teeth have been discovered with artefacts found
around the island. Records from European settlement on the island also recount many shark sightings
around the island. Very little research has been conducted on sharks within the South Pacific,
specifically around Norfolk Island, but Malcolm Francis documented that the “range of habitats and
water temperatures suggest that the shark fauna (around Norfolk Island) is likely to be relatively
diverse... however relatively few shark species have been formally recorded from the Exclusive Economic
Zone (EEZ) surrounding Norfolk Island” (Francis, n.d.).

Important breeding, feeding and aggregation areas for sharks are found throughout the Temperate
East Marine Region, including areas around Norfolk Island. Shark species identified in a study of fish
species of Norfolk Island and surrounds are listed below (Francis 1993).

e Galapagos shark (Carcharhinus galapagensis)
o Grey reef shark (Carcharhinus amblyrhynchos)
¢ Smooth hammerhead shark (Pshyrna zygaena)

e Tiger shark (Galeocerdo cuvier)

White shark (Carcharodon carcharias)

Galapagos sharks and reef sharks are commonly seen (daily) alongside the Kingston Pier, feeding on
scraps of fish thrown into the water by fishermen. Tiger sharks are known to occur at Cascade on the
northern side of the island and great whites at Headstone on the western side of the island (Source:

local knowledge and field observations).

Threatened and Protected Shark Species

EPBC Act 1999 Listed shark species known to occur in the Temperate East Marine Region include:
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e Grey nurse shark - east coast population (Carcharias taurus) - Critically endangered
e Longfin mako shark (Isurus paucus) - Migratory
e Porbeagle (Lamna nasus) - Migratory
e Shortfin mako shark (Isurus oxyrinchus) — Migratory
e  Whale shark (Rhincodon typus) - Vulnerable, migratory
e White shark (C. carcharias) - Vulnerable, migratory
(DSEWPC 2012).

Listed shark species known to occur in the Temperate East Marine Region on an infrequent basis
include:

e  Green sawfish (Pristis zijsron) — Vulnerable
e School shark (Galeorhinus galeus) - Conservation dependent
(DSEWPC 2012).

The white shark (C. carcharias) is the only species of shark listed under the EPBC Act 1999 which is
listed in the Protected Matters Search (Appendix A) for the Project (with “species or species habitat
likely to occur within area”).

Rays

Rays in the Temperate East Marine Region are of great ecological importance due to their position at
the top of the food chain (Keable 2007). Ray species identified in a study of fish species of Norfolk
Island and surrounds are provided below (Francis 1993).

e Abbott's moray (Gymnothorax eurostus)

e Grey moray (Gymnothorax nubilus)

e  Griffin's moray (Gymnothorax obesus)

e Lipspot moray (Gymnothorax chilospilus)

e Lord Howe Island moray (Gymnothorax annasona)
e Lowfin moray (Gymnothorax porphyreus)

e Mosaic moray (Enchelycore ramosus)

e New Zealand eagle ray (Myliobatis tenuicaudatus)
e Round ribbontail ray / bullray (Taeniura meyent)

e Stingaree (Urolophus sp)

Round ribbon ray / bull ray (T. meyeni) are commonly sighted late in the afternoon in Kingston
Harbour, particularly if boats have been fishing.
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Threatened and Protected Ray Species

The Syngnathidae is a group of bony fishes which include seahorses, pipefishes, pipehorses and sea
dragons. Australia has the highest recorded diversity of species, with about 25-37% of the world’s
populations occurring within Australian waters. Syngnathids are characterised by and have thick,
external armor and a tubular snout.

Syngnathid species identified in a study of fish species of Norfolk Island and surrounds are given
below (Francis 1993):

e Booth's pipefish (Halicampus boothae).

This species lives in rocks and coral reefs to depths of 30 m where it can grow to lengths of 17.5 cm
(Dawson 1985).

Syngnathids

Threatened and Protected Syngnathid Species
All species of Syngnathids are listed and protected under the EPBC Act 1999.

Booth's pipefish (which is known from Norfolk Island) is listed in the EPBC Act 1999 Protected Matters
Search for the Project (as a Listed Marine species and “species or species habitat may occur within
area” (see Appendix A).

There are also a number of listed syngnathid species known to occur in the greater Temperate East
Marine Region, however it is unclear whether these species inhabit the areas immediately surrounding
Norfolk Island, as there are only limited studies available for the area. None of these species were
listed in the EPBC Act 1999 Protected Matters Search for the Project.

e Big-belly seahorse (Hippocampus abdominalis) — Listed Marine
e Bullneck seahorse (Hippocampus minotaur) — Listed Marine

e Duncker's Pipehorse (Solegnathus dunckeri) — Listed Marine

e Hardwicke's pipefish (Solegnathus hardwickii) — Listed Marine
e Kellogg's seahorse (Hippocampus kelloggi) — Listed Marine

e Sad seahorse (Hippocampus tristis) — Listed Marine

e Weedy seadragon (Phyllopteryx taeniolatus) — Listed Marine

(DSEWPC 2012).

3.3.2 Marine Mammals (Whales and Dolphins)

Threatened and Protected Cetaceans (Whales, Dolphins and Porpoises)

Cetaceans (whales, dolphins and porpoises) are all are protected under the EPBC Act 1999 in the
Australian Whale Sanctuary and, to some extent, beyond its outer limits. This includes the area of the
Temperate East Marine Region.
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Whales

The following 29 whale species listed under the EPBC Act are known to occur in the Temperate East
Marine Region. Species and their conservation status are listed below:

Andrew's beaked whale (Mesoplodon bowdoini) - Cetacean

Antarctic minke whale (Balaenoptera bonaerensis) - Migratory, cetacean
Arnoux’s beaked whale (Berardius arnuxii) - Cetacean

Blainville’s beaked whale (Mesoplodon densirostris) - Cetacean

Blue whale (Balaenoptera musculus) - Endangered, migratory, cetacean
Bryde’'s whale (Balaenoptera edeni) - Migratory, cetacean

Cuvier's beaked whale (Ziphius cavirostris) - Cetacean

Dwarf minke whale (Balaenoptera acutorostrata) - Cetacean

Dwarf sperm whale (Kogia simus) - Cetacean

False killer whale (Pseudorca crassidens) - Cetacean

Fin whale (Balaenoptera physalus) - Vulnerable, migratory, cetacean
Ginkgo-toothed beaked whale (Mesoplodon ginkgodens) - Cetacean
Gray's beaked whale (Mesoplodon grayi) - Cetacean

Hector's beaked whale (Mesoplodon hectori) - Cetacean

Humpback whale (Megaptera novaeangliae) - Vulnerable, migratory, cetacean
Killer whale (Orcinus orca) - Migratory, cetacean

Long-finned pilot whale (Globicephala melas) - Cetacean
Melon-headed whale (Peponocephala electra) - Cetacean

Pygmy killer whale (Feresa attenuata) - Cetacean

Pygmy right whale (Caperea marginata) - Migratory, cetacean

Pygmy sperm whale (Kogia breviceps) - Cetacean

Sei whale (Balaenoptera borealis) - Vulnerable, migratory, cetacean
Shepherd's beaked whale (Tasmacetus shepherdi) - Cetacean
Short-finned pilot whale (Globicephala macrorhynchus) - Cetacean
Southern bottlenose whale (Hyperoodon planifrons) - Cetacean

Southern right whale (Eubalaena australis) - Endangered, migratory, cetacean
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e Sperm whale (Physeter macrocephalus) - Migratory, cetacean
e Strap-toothed beaked whale (Mesoplodon layardii) - Cetacean
e True's beaked whale (Mesoplodon mirus) - Cetacean

(DSEWPC 2012).

The EPBC Act 1999 Protected Matters Search undertaken for the Project (Appendix A) lists the
following 20 whales that have the potential to occur within the study area (i.e. within 10 km of the site).

e Antarctic minke whale - Species or species habitat likely to occur within area
e Blainville's beaked whale - Species or species habitat may occur within area
e Blue whale - Species or species habitat may occur within area

e Bryde's whale - Species or species habitat likely to occur within area

e Cuvier's beaked whale - Species or species habitat may occur within area

e Dwarf sperm whale - Species or species habitat may occur within area

e Fin whale - Species or species habitat likely to occur within area

e Gray's beaked whale - Species or species habitat may occur within area

e Humpback whale - Species or species habitat may occur within area

e Killer whale - Species or species habitat may occur within area

e Long-finned pilot whale - Species or species habitat may occur within area
e Melon-headed whale - Species or species habitat may occur within area

e Minke whale - Species or species habitat may occur within area

e  Pygmy killer whale - Species or species habitat may occur within area

e Pygmy sperm whale - Species or species habitat may occur within area

e Sei whale - Species or species habitat likely to occur within area

e Short-finned pilot whale - Species or species habitat may occur within area
e Southern right whale - Species or species habitat may occur within area

e Sperm whale - Species or species habitat may occur within area

e Strap-toothed beaked whale - Species or species habitat may occur within area

Dolphins

As with whales above, all dolphins and porpoises are protected under the EPBC Act 1999. Twelve (12)
species of dolphin are known to occur in the Temperate East Marine Region, and their conservation
status under the EPBC Act 1999 is listed below:
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Bottlenose dolphin (Tursiops truncatus) - Cetacean

Common dolphin (Delphinus delphis) - Cetacean

Fraser's dolphin (Lagenodelphis hosei) - Cetacean

Indo-Pacific bottlenose dolphin (Tursiops aduncus) - Cetacean
Indo-Pacific humpback dolphin (Sousa chinensis) - Migratory, cetacean
Pantropical spotted dolphin (Stenella attenuata) - Cetacean
Risso’s dolphin (Grampus griseus) - Cetacean

Rough-toothed dolphin (Steno bredanensis) - Cetacean
Southern right whale dolphin (Lissodelphis peronii) - Cetacean
Spinner dolphin (Stenella longirostris) - Cetacean

Striped dolphin (Stenella coeruleoalba) - Cetacean

Dusky dolphin (Lagenorhynchus obscurus) - Cetacean, migratory (may infrequently occur)

(DSEWPC 2012).

Eight of these dolphin species are listed in the EPBC Act 1999 Protected Matters Search for the Project
(Appendix A) including:

Bottlenose dolphin - Species or species habitat may occur within area

Common dolphin - Species or species habitat may occur within area

Fraser's dolphin - Species or species habitat may occur within area
Long-snouted spinner dolphin - Species or species habitat may occur within area
Pantropical spotted dolphin - Species or species habitat may occur within area
Risso's dolphin - Species or species habitat may occur within area
Rough-toothed dolphin - Species or species habitat may occur within area

Striped dolphin - Species or species habitat may occur within area

Seals and Sea Lions

There are two species of seal and sea lion that are likely to be encountered in the Temperate East
Marine Region, being the Australian fur seal (Arctocephalus pusillus doriferus) and New Zealand fur seal
(Arctocephalus forsteri). There are no known breeding colonies within the Temperate East Marine
Region, but it is likely that these species of seal traverse both state and Commonwealth waters (Keable
2007). Neither species was listed in the EPBC Act 1999 Protected Matters Search for the Project,
(however both are listed under the EPBC Act), which may be a result of them being vagrants to this
particular area. In any case, it is not expected that they would occur at the site except on very rare
occasions.
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3.3.3 Marine Reptiles (Turtles and Sea Snakes)

There are a number of marine reptile species found within the Temperate East Marine Region, with
four species of marine turtle listed under the EPBC Act 1999 known to occur, and all listed as
threatened and migratory. Green and loggerhead turtles are the most common marine turtles found in
the Temperate East Marine Region, with nesting sites scattered across the NSW and Queensland
coasts. Hawksbill and leatherback turtles are likely to be found foraging within the region.

According to the desktop review, the Green turtle is commonly seen around Norfolk Island. In recent
years, Hawksbill and Loggerhead Turtles have also been recorded in the waters around Norfolk Island
(Parsons Brinckerhoff 2009). A study undertaken in 2011 found that the Norfolk Island group is used
for foraging by resident adult and juvenile green turtles (Chelonia mydas) and adult hawksbill turtles
(Eretmochelys imbricata) (Pendoley & Christian 2011). It is also reported that literage crews regularly
see adult green turtles off the Kingston Pier. This was confirmed by a turtle biologist who documented
a green turtle observation off the Kingston Pier on 16 Jan 2006 during ultralight aerial surveys of the
marine turtles around the island (pers obs, Pendoley and Ryan 2006). A mature hawksbill was also
photographed in Cresswell Bay in 2005 (Pendoley 2009).

Threatened and Protected Reptiles

Twenty-five (25) listed marine reptile species (turtles and seasnakes) are known to occur within the
Temperate East Marine Region as are listed below:

e Green turtle (Chelonia mydas) - Vulnerable, migratory, marine

e Hawksbill turtle (Eretmochelys imbricata) - Vulnerable, migratory, marine
e Leatherback turtle (Dermochelys coriacea) - Endangered, migratory, marine
e Loggerhead turtle (Caretta caretta) - Endangered, migratory, marine

o Beaked seasnake (Enhydrina schistosa) - Marine

e Black-ringed seasnake (Hydrelaps darwiniensis) - Marine

e Blue-lipped sea krait (Laticauda laticaudata) - Marine

e Colubrine sea krait (Laticauda colubrine) - Marine

e Dubois’ seasnake (Aipysurus duboisii) - Marine

e Elegant seasnake (Hydrophis elegans) - Marine

e Horned seasnake (Acalyptophis peronii) - Marine

e lLaboute's seasnake (Hydrophis laboutei) - Marine

o Little file snake (Acrochordus granulatus) - Marine

e Marbled or spine-tailed seasnake (Aipysurus eydouxii) - Marine

e Olive seasnake (Aipysurus laevis) — Marine

e Olive-headed seasnake (Hydrophis major) - Marine
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e Plain-banded seasnake (Hydrophis vorisi) - Marine

e Small-headed seasnake (Hydrophis mcdowelli) - Marine

e Spectacled seasnake (Hydrophis kingii) - Marine

e Spotted seasnake (Hydrophis ornatus) - Marine

e Stokes’ seasnake (Astrotia stokesii) - Marine

e Turtle-headed seasnake (Emydocephalus annulatus) - Marine

e White-bellied mangrove snake (Fordonia leucobalia) - Marine

e Yellow seasnake (Hydrophis spiralis) - Marine

e VYellow-bellied seasnake (Pelamis platurus) - Marine
(DSEWPC 2012).

Five (5) marine reptiles (all of which are turtles) are listed under the EPBC Act 1999 Protected Matters
Search for the Project (Appendix A) with the potential to occur in the study area (including the
flatback turtle which is not listed above) including:

e Loggerhead turtle - Species or species habitat likely to occur within area
e Green turtle - Species or species habitat likely to occur within area

e Leatherback turtle - Species or species habitat likely to occur within area
e Hawksbill turtle - Species or species habitat likely to occur within area

e Flatback turtle (Natator depressus) - Species or species habitat likely to occur within area

3.34 Marine Invertebrates

Marine invertebrates make up a large proportion of sea life in the Temperate East Marine Region and
comprise the greatest majority of marine biodiversity. Marine invertebrates range in size from
microscopic to several metres in length and may be solitary or colonial organisms (e.g. many ascidians,
corals and sponges) (Ponder et al. 2002). No extensive marine invertebrate studies of Norfolk Island
have been undertaken in recent years, limiting information available on marine invertebrates around
the island. Some information is provided below.

Sessile Invertebrates (including Corals)

There is little available published data on the sessile invertebrates of Norfolk Island. A number of
colonial ascidians occur around Norfolk Island, including the two-colour ascidian Lissoclinum
bistriatum. Studies of bryozoans around the Norfolk Island Seamounts Area has not been undertaken,
however, one study concluded that the bryozoan fauna found in the north of the island indicates that
bryozoan species around the rest of the island were morphologically and taxonomically diverse (Cook
et al. 2018)

Sponges within the Temperate Eastern Marine Region exist from inter-tidal to the deepest ocean
zones, from shallow rocky and coral reefs, algal and seagrass beds, to caves, buried in rubble, or on
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sandy slopes (Keable 2007). Sponges exhibit very patchy special distributions within the region at large
and small scales. In some cases, sponges form the dominant structural benthic component of a
seafloor community and be practically absent nearby (Keable 2007).

The following sessile invertebrates were reported by Aurecon Australia (2011) as occurring in nearby
Ball Bay based on a field survey and a desktop investigation of Christian and Marges 1995 and
Coleman 1991.

Two-colour ascidian - Lissoclinum bistriatum

Dividing sponge - Tethya fissurata

Jewel anemone - Corynactis australis

Waratah anemone - Actinia tenebrosa

Bubble tip anemone - Entacmacea quadricolour

Within the Temperate Eastern Marine Region, corals are present in a wide variety of marine
environments, from northern tropical shallow waters down to the southern limit of Temperate Eastern
Marine Region. Zooxanthellate corals can be found throughout the region within areas where
temperature and calcium carbonate saturation limits are suitable and are limited in depth distribution
by light availability and are usually found in depths of maximum 50 m of clear water (Keable 2007).

A survey of marine flora and fauna was conducted around Kingston Pier in 2005 and found that
invertebrate species around the pier varied widely between the ‘harbour’ side and the lagoon side. The
lagoon side showed a healthy selection of marine invertebrate species, including Acanthartria
lordhowensis and several Montipora and Goneastrea. Colonies of zoanthids were also observed on the
lagoon side of the pier (Marges 2005).

Benthic community composition was surveyed along a total of 40 transects at the Norfolk Island
Commonwealth Marine Reserve (CMR) (Edgar et al. 2017). The Norfolk Island CMR was characterised
by a benthic community of erect and tabular corals, a diverse algal assemblage, and a high proportion
of anemones and zoanthids. Live coral cover was in the range of 19 to 25%. The key species of sea
urchins dominating abundance records at the different locations were the main drivers of the
differences between the reefs and the islands, caused by.

The Norfolk Island Natural Resource Management Plan (Parsons Brinkerhoff 2009) provides the
following important observations regarding the corals of Norfolk Island:

“The inshore waters of Norfolk, Phillip and Nepean Islands support one of the southern-most coral
assemblages in the world. The coral reef ecosystem at Norfolk is one of the few known examples of a
transitional algae and coral assemblage (an unusual mix of tropical and temperate marine fauna and
flora due to the alternating influence of warm and cool currents at the Islands) (Kuster 2001). The reefs
are not actively accreting and are, therefore, not true coral reefs. The reefs occur as a thin veneer over
the rock substrate and their rates of growth are slow in subtropical waters, therefore they are growing
at around the same pace as their erosion and physical destruction (Kuster 2001 and Zann et al. 2001)".

"A survey on the reefs in 1999 found that the inshore benthic communities are dominated by relatively
few species of subtropical hard corals co-existing with a high diversity of algae. The 57 species of
scleractinian corals, in 27 genera in 11 families, comprises a unique association of tropical and
temperate species of global biodiversity value. While species diversity on Norfolk was moderately high,
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six species accounted for almost half the coral coverage. These are mainly specialised subtropical
species. The majority of the other species are uncommon to rare (Zann et al. 2001). These coral
communities form part of a chain of reefs that may be essential in maintaining a supply of larvae
dispersed from source reefs to the west, probably Lord Howe Island, Elizabeth and Middleton Reefs.
The low diversity of coral species combined with marginal temperatures for coral growth at high
latitudes indicates that the coral communities are vulnerable to disturbance (Kuster 2001).”

Previous studies around Norfolk Island show that the area supports an abundance of locally luxuriant
assemblage of hermatypic corals (39 species) both within the Kingston Lagoon (i.e. the Slaughter Bay
Lagoon) and elsewhere around the island (Pendoley 2011).

The following coral species were reported by Aurecon Australia (2011) as occurring in nearby Ball Bay
on a reef growing on a rocky outcrop towards the north eastern headland. This reef has extensive hard
coral cover (based on a desktop investigation of Christian and Marges 1995 and Coleman 1991).

e Cauliflower coral - Pocillopora damicornis

e Lord Howe Coral - Acanthastrea lordhowensis
e Brush coral - Acropora hyacinthus

e Lichen coral - Porites lichen

e Lesser star coral - Goniastrea australensis

e Uniform coral - Montipora aequituberculata
e Platygyra favia acropora

e Montipora sp.

e Pocillopora damicornis

e Porites sp.

e Acropora hyacinthus

e Acropora sp.

e Sarcophyton

The most accessible reefs within the Norfolk Island coral reef ecosystem include the Emily Bay and
Slaughter Bay lagoonal reef, and neighbouring Cemetery Bay lagoonal reef. These reefs adjoin the
Kingston lowland catchment and world heritage listed Kingston and Arthur’s vale historic sites. The
Slaughter Bay reef is most proximate to the proposed works area, located on the eastern side of
Kingston Pier. Emily Bay and Slaughter Bay together form a ~0.18 km? intertidal lagoon (SIMS 2021).

Coral reefs are inherently sensitive, in addition, the Slaughter Bay and Emily Bay coral reefs are
currently under particular stress as a result of an extensive coral bleaching event in 2020 (caused by
unusually high sea surface temperatures) within the lagoonal reef, inshore pollution and declining
water quality associated with high rainfall events and land-based run-off, and a subsequent coral
disease outbreak on the reef. Each of these documented events (bleaching, land-based pollution,
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disease outbreaks) are known to be associated with declining coral reef health and phase-shifts from
coral to algal dominated coral reef systems (SIMS 2021).

Extensive surveys of the coral reef benthic habitat were conducted by SIMS (2021) in Emily Bay and
Slaughter Bay in March and November 2020, and video transects were collected by local residents in
June and September 2020 to coincide with a substantial rain event causing flooding and
sedimentation of the Emily Bay and Slaughter Bay lagoon. Site conditions were assessed with a
combination of the following biophysical measurements: seawater temperature, salinity, tidal range,
water flow speed and direction, seawater nutrient concentrations, and overall organic matter loads
within reef sediments. In addition to these measurements, the quality and condition of the coral were
assessed with an analysis of the bacterial diversity and community composition of key reef-building
coral species (Acropora sp., Acropora plating, Montipora sp., Pocillopora sp. and Porites sp.) collected
in Emily Bay.

Based on the coral reef health study undertaken by SIMS (2021), Figure 3-4 and Figure 3-5 provided
on the following page have been developed by indicate the following:

»  Areas with noteworthy coral diversity or unknown taxonomy.
*  Proposed snorkel trails (dotted lines).
» Proposed Coral Preservation Areas for Emily Bay and Slaughter Bay (yellow, green).

= Cemetery Bay (pink and red) proposed as high conservation and management zone due to
extensive coral cover.

= Map of suggested areas for scientific investigation of site rehabilitation in Slaughter and Emily
Bay.

= Areas outlined for algae removal (green) and coral re-introduction following algal removal.

= Illustrative snorkel trail locations based on assessment of reef structure and management
goals.

= |cons display noteworthy coral to be viewed along the trail and corals of cultural and/or
ecological significance.

The entire Slaughter Bay ad Emily Bay are considered to be sensitive for the purposes of the EA and all
associated monitoring plans.
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Figure 3-4 Emily Bay, Slaughter Bay and Cemetery Bay Site Orientation Summary (SIMS 2021).

Figure 3-5 Proposed educational coral reef snorkel trail locations.
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Mobile Invertebrates

Echinoderms are widely distributed in the Temperate East Marine region and can be split into five
distinct classes. Sea stars or starfish (asteroids), sea cucumbers, brittle stars or basket stars, sea urchins,
and feather stars. Echinoderms occupy a wide range of marine environments, from coral reefs to soft
sediments. They are often the dominant organisms on the seafloor in both shallow and deepwater
environments (Keable 2007). A large number of mobile invertebrates have been found on both sides of
Kingston Pier on Norfolk Island, including the white tipped sea urchin Tripneustes gratilla and the
brown urchin Heliocidaris tuberculate, as well several species of holothurian (Marges 2005). Several
species of molluscs are found both sides of the Pier, including the popular edible mollusk Nerita
albicilla, (‘'Hi Hi"). Some Sea Hare are also seasonally common in the Kingston area (Marges 2005).

Benthic community composition was surveyed along a total of 40 transects at the Norfolk Island
Commonwealth Marine Reserve (CMR) (Edgar et al. 2017). Echinoderms dominated the invertebrate
assemblage, in particular, the higher abundance of Holothuria hilla and Thalamita spp. Crustaceans
and molluscs were also abundant and species-rich at Norfolk Island.

Crustaceans are a morphologically diverse of mobile invertebrates that occur in a broad range of
marine environments within the Temperate East Marine Region, being found in both pelagic and
benthic environments and from shallow to extreme depth waters. Small Rock Crabs are common on all
sides of Kingston pier and in all inter-tidal areas of Norfolk Island.

The following mobile invertebrate species were reported by Aurecon Australia (2011) as occurring in
Ball Bay based on a field survey and desktop investigation.

e Striped sea urchin - Tripneustes gratilla

e Tuberculate sea urchin - Heliocidares tuberculata
e Mathae’s sea urchin, Rock-boring urchin - Echinometra mathaei
e Gracious sea urchin - Tripneustes gratilla

e Impatient sea cucumber - Holothuria impatiens

o Little sea star - Patiriella exigua

e White sea star - Asterina alba

o Dentate brittle star - Ophiocoma dentate

e Six-armed brittle star - Ophiocomella sexradius

e Forskal's side gilled slug - Pleurobranchus forskali
e Variegated shore crab - Leptograpsus variegates
e Little ghost crab - Ocypode cordimana

e Peduncle hermit crab - Dardanus pedunculatus

e Elegant xanthid crab - Xanthias elegans

e Red bait crab - Plagusia chabrus
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o Little sea hare - Aplysia parvula

e Brazier's sea hare - Dolabrifera brazieri

e  Milk-spot cowry - Cypraea vitellus

e False ear shell - Gena sp.

e Nerita albicilla

e Orange worm shell - Vermetus sp.

e Guam bubble shell - Micromelo guamensis
e  Bristle worm - Eurythoe complanata

e Margined flatworm - Callioplana marginata
e Waratah anemone - Actinia tenebrosa

e Bubble tip anemone - Entacmacea quadricolour
e HiHi - Nerita albicilla

e Brazier's sea hare - Dolabrifera brazieri

e Impatient sea cucumber - Holothuria impatiens

3.3.5 Marine and Migratory Birds

The Temperate East Marine Region supports important breeding and foraging areas for seabirds; in
particular, the Lord Howe Island and Norfolk Island groups are recognised both nationally and
internationally as significant breeding sites (Dutson et al. 2009). Oceanographic features within the
region like the EAC and Tasman Front drive sites of enhanced biological productivity, offering
important foraging opportunities for both resident and migratory species (DEWHA 2009a). As
significant consumers of marine resources, seabirds play an important functional role in marine
ecosystems; for example, by transferring nutrients from pelagic and offshore regions to islands, reefs
and coasts; and dispersing seeds and moving organic matter through the soil layers, particularly by
burrow-nesting species (Congdon et al. 2007). There are many areas of the island that are important
nesting habitat for these migratory birds, including the upper slopes and edges of the coastal cliff
between Anson Bay and Duncombe Bay in the north of the island.

Nine species of sea birds (three noddies, two terns, a gannet, a tropic-bird and two species of petrel)
breed on the island or its outliers. The Brown-headed or Providence Petrel was literally eaten out in the
early days. Wedgetailed Petrels still nest on Norfolk in certain areas and the Red-tailed Tropic-bird
nests on cliff edges. Sooty Terns (the so-called Whale Bird), Sterna fuscata, breeds on Phillip and
Nepean Islands or on rock stacks like Red Stone, off the north coast of the main island. White Terns
(Gygis alba royana) fly or hover in pairs near the cliff top. They make no proper nest, merely laying
their eggs on the branches of Norfolk Island Pine supported only by a twig or nodule. White Terns
seem to exist and occupy trees all around the coast with greatest concentrations near Creswell Bay,
Rocky Point (near Ball Bay) and the northern slopes of Mt Bates (March and Pope 1967).
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Threatened and Protected Marine and Migratory Birds

Migratory and marine birds are protected in Australia under the EPBC Act 1999. In total, 53 listed
seabird species are known to occur in the Temperate East Marine Region as listed below.

Listed seabirds known to occur in the Temperate East Marine Region

Albatrosses

Antipodean albatross (Diomedea antipodensis) - Vulnerable, migratory, marine
Black-browed albatross (Thalassarche melanophris) - Vulnerable, migratory, marine
Campbell albatross (Thalassarche impavida) - Vulnerable, migratory, marine

Indian yellow-nosed albatross (Thalassarche carteri) - Vulnerable, migratory, marine
Salvin's albatross (Thalassarche salvini) - Vulnerable, migratory, marine

Wandering albatross (Diomedea exulans) - Vulnerable, migratory, marine

White-capped albatross (Thalassarche steadi) - Vulnerable, migratory, marine

Petrels and storm-petrels

Gould's petrel (Pterodroma leucoptera) - Endangered, migratory
Southern giant-petrel (Macronectes giganteus) - Endangered, migratory, marine
Northern giant-petrel (Macronectes halli) - Vulnerable, migratory, marine
Providence petrel (Pterodroma solandri) - Migratory, marine

Kermadec petrel (Pterodroma neglecta) - Vulnerable, marine
Black-winged petrel (Pterodroma nigripennis) - Marine

Great-winged petrel (Pterodroma macroptera) - Marine

Black petrel (Procellaria parkinsoni) - Migratory, marine

White-necked petrel (Pterodroma cervicalis) - Marine Yes

Wilson'’s storm-petrel (Oceanites oceanicus) - Migratory, marine
White-bellied storm-petrel (Fregetta grallaria) - Vulnerable, marine

White-faced storm-petrel (Pelagodroma marina) - Marine

Shearwaters

Flesh-footed shearwater (Ardenna carneipes) - Migratory, marine
Short-tailed shearwater (Ardenna tenuirostris) - Migratory, marine

Sooty shearwater (Ardenna grisea) - Migratory, marine
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Wedge-tailed shearwater (Ardenna pacifica) - Migratory, marine

Little shearwater (Puffinus assimilis) - Marine

Penguins

Little penguin (Eudyptula minor) - Marine

Terns and noddies

Boobies

Roseate tern (Sterna dougallii) - Migratory, marine
White tern (Gygis alba) - Marine

Crested tern (Thalasseus bergii) - Marine

Sooty tern (Onychoprion fuscata) - Marine

Grey ternlet (Procelsterna cerulea) - Marine
Common noddy (Anous stolidus) - Migratory, marine

Black noddy (Anous minutus) - Marine

Masked booby (Sula dactylatra) - Migratory, marine

Tropicbirds

Red-tailed tropicbird (Phaethon rubricauda) - Marine

Listed seabird species known to occur in the Temperate East Marine Region on an infrequent basis

Albatrosses

Amsterdam albatross (Diomedea amsterdamensis) - Endangered, migratory, marine

Chatham albatross (Thalassarche eremita) - Endangered, migratory, marine

Grey-headed albatross (Thalassarche chrysostoma) - Endangered, migratory, marine

Northern royal albatross (Diomedea sanfordi) - Endangered, migratory, marine

Tristan albatross (Diomedea dabbenena) - Endangered, migratory, marine

Atlantic yellow-nosed albatross (Thalassarche chlororhynchos) - Vulnerable, migratory, marine
Buller's albatross (Thalassarche bulleri) - Vulnerable, migratory, marine

Shy albatross (Thalassarche cauta) - Vulnerable, migratory, marine

Sooty albatross (Phoebetria fusca) - Vulnerable, migratory, marine

Southern royal albatross (Diomedea epomophora) - Vulnerable, migratory, marine

Light-mantled albatross (Phoebetria palpebrata) - Migratory, marine
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e Streaked shearwater (Calonectris leucomelas) - Migratory, marine

Terns and noddies

e Common tern (Sterna hirundo) - Migratory, marine

e Little tern (Sternula albifrons) - Migratory, marine

e Fairy tern (Sternula nereis formerly known as Sterna nereis) - Vulnerable, marine

e White-winged black tern (Chlidonias leucopterus) - Migratory, marine

o Arctic jaeger (Stercorarius parasiticus) - Migratory, marine

e Brown skua (Stercorarius antarcticus) - Migratory, marine

e Pomarine jaeger (Stercorarius pomarinus) - Migratory, marine

The EPBC Act 1999 Protected Matters Search (Appendix A) lists 31 marine birds and 19 migratory
birds with the potential to occur in the study area as listed in Table 3-1.

Table 3-1 Threatened marine and migratory birds with the potential to occur in the study area (EPBC Act 1999).

Common Name Species Name Status Likelihood of Occurrence
Common Sandpiper  Actitis hypoleucos Listed Species or species habitat known to
occur within area
Common Noddy Anous stolidus Listed, Breeding known to occur within area
Migratory
Sharp-tailed Calidris acuminata Listed Species or species habitat known to
Sandpiper occur within area
Red Knot Calidris canutus Endangered  Species or species habitat may occur
within area
Pectoral Sandpiper Calidris melanotos Listed Species or species habitat known to
occur within area
Antipodean Albatross Diomedea antipodensis Vulnerable, Species or species habitat may occur
Migratory within area
Southern Royal Diomedea epomophora Vulnerable, Species or species habitat may occur
Albatross Migratory within area
Wandering Albatross  Diomedea exulans Vulnerable, Species or species habitat may occur
Migratory within area
Gibson's Albatross Diomedea gibsoni Vulnerable Species or species habitat may occur
within area
Northern Royal Diomedea sanfordi Endangered, Species or species habitat may occur
Albatross Migratory within area
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Lesser Frigatebird Fregata ariel Listed, Species or species habitat known to
Migratory occur within area
Great Frigatebird Fregata minor Listed Species or species habitat known to
occur within area
Bar-tailed Godwit Limosa lapponica Listed Species or species habitat known to
occur within area
Southern Giant Petrel  Macronectes giganteus Endangered, Species or species habitat may occur
Migratory within area
Northern Giant Petrel  Macronectes halli Vulnerable, Species or species habitat may occur
Migratory within area
Australasian Gannet Morus serrator Listed Breeding known to occur within area
Eastern Curlew Numenius Critically Species or species habitat known to
madagascariensis Endangered  occur within area
Red-tailed Tropicbird  Phaethon rubricauda Listed, Breeding known to occur within area
Migratory
Grey Noddy Procelsterna cerulea Listed Breeding known to occur within area
White-necked Petrel  Pterodroma cervicalis Listed Breeding known to occur within area
Black-winged Petrel Pterodroma nigripennis Listed Breeding known to occur within area
Providence Petrel Pterodroma solandri Listed Breeding known to occur within area
Little Shearwater Puffinus assimilis Listed Breeding known to occur within area
Fleshy-footed Puffinus carneipes Listed, Species or species habitat known to
Shearwater Migratory occur within area
Sooty Shearwater Puffinus griseus Listed, Species or species habitat may occur
Migratory within area
Wedge-tailed Puffinus pacificus Listed, Breeding known to occur within area
Shearwater Migratory
Masked Booby Sula dactylatra Listed, Breeding known to occur within area
Migratory
Chatham Albatross Thalassarche eremita Endangered, Species or species habitat may occur
Migratory within area
Campbell Albatross, Thalassarche impavida Vulnerable, Species or species habitat may occur
Campbell Black- Migratory within area
browed Albatross
Black-browed Thalassarche melanophris ~ Vulnerable, Species or species habitat may occur
Albatross Migratory within area
Salvin's Albatross Thalassarche salvini Vulnerable, Foraging, feeding or related
Migratory behaviour likely to occur within area
White-capped Thalassarche steadi Vulnerable, Foraging, feeding or related
Albatross Migratory behaviour likely to occur within area
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3.4 Marine Ecology Field Survey

3.4.1 Methods

Intertidal and inshore subtidal marine habitats adjacent to Kingston Pier were assessed using a
combination of snorkel and diver-based surveys between Bumbora to the west and Emily Bay to the
east with the primary focus on Kingston Pier and Slaughter Bay (see Figure 3-6). A permit for survey
from inside the Marine Park was obtained from Parks Australia on the 17" February 2020. Surveys were
undertaken between the 18" and 20" February 2020. All survey work was based on non-destructive
methods and relied on photographic and visual assessment, no ecological samples were collected.

The foreshore and intertidal assessment were undertaken via site walkover and snorkelling, with
photographs taken of the various habitats present and any fauna sighted. Key intertidal habitats
inspected included rocky / sandy beach areas and intertidal rocky platforms.

Inshore subtidal habitat was surveyed by diver inspection, supplemented with underwater
photography of common species and habitat. Key subtidal habitats inspected were primarily sandy
seabed and subtidal rocky reef. Subtidal rocky reef to the west of Kingston Pier was primarily
macroalgal dominated, whereas reef to the east and inside the lagoon (Slaughter Bay) was
predominantly coral.

3.4.2 Results

Kingston Pier Intertidal Habitat

Intertidal habitats adjacent to Kingston Pier are dominated by the artificial substrate created by the
presence of the pier itself and dumped boulders to the west of the pier that protect the small beach
which forms part of the original Landing Place 1788. The intertidal rock was generally devoid of any
significant marine flora or fauna, except for small invertebrates like crabs and limpets (see Figure 3-7).
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Figure 3-7 Intertidal habitat, Kingston Pier.

Kingston Pier Shallow Subtidal Habitat
The shallow subtidal habitat adjacent to Kingston Pier can be broadly divided into two distinct zones;
1. The existing channel that has been subject to previous disturbance and dredging (modified).
2. The surrounding seabed (unmodified).
Existing Channel

The seabed within the existing channel is primarily coarse sand and rubble overlying layers of rock
(Figure 3-8). There is very little benthic fauna present on the areas of sand and a medium to moderate
cover of macroalgae on the areas of rock. A variety of brown macroalgae and small encrusting and
turfing species of red, green and brown algae varieties were also present.
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Figure 3-8 Subtidal habitat within existing channel, Kingston Pier.
Transitional Zone

The intermediate transitional zone is the area between the dredged channel and the natural seabed
where there is some evidence of disturbance from previous dredging. The existing channel is relatively
narrow, with outcrops of rock and ledges surrounding the area of seabed that has been deepened
previously. The cover of macroalgae over these areas is much higher compared to the existing channel
and there are more crevices and structure to the roof that is likely to provide niche habitat for a range
of cryptic species including fish and invertebrates. There are also some smaller corals present, but they
are generally uncommon. The corals present are low in percentage cover and are generally
represented by a handful of taxa, primarily Acroporids. Images are shown in Figure 3-9.
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Figure 3-9 Transitional zone between existing dredged channel and natural seabed, Kingston Pier.
Natural Subtidal Seabed

Beyond the transitional zone, the seabed grades into high rugosity, subtidal rocky reef where a higher
diversity of macroalgae and corals are dominant. Larger and more well-established corals are present
including Acropora spp., Acanthastrea lordhowensis, Pocillopora damicornis, Porites spp. and Goniostrea
australiensis. Other invertebrates that were common include the white spined urchin Tripneustes
gratilla, the tuberculate urchin, Heliocidaris tuberculata and the black spined urchin, Centrostephanus
rodgersii. Bryozoans were also present, possibly the species Cornuticella taurina.

The percentage cover of macroalgae was also much higher with very little bare rock or sand visible. A
patchy but moderate cover of the green alga, Caulerpa racemosa and the brown alga, Dictyota sp. was
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present together with a suite of other turfing and coralline species. Images of this area of natural
subtidal rocky reef outside the existing channel are provided in Figure 3-10.

A variety of fish species were also present during the subtidal survey to the west of Kingston Pier
including a school of trevally, Pseudocaranx sp dentex and smaller cryptic species. The Galapagos shark
Carcharhinus galapagensis, was an opportunistic visitor to Kingston Pier, following boat charters into
port and feeding on discarded fish catch. Images of some of the fish and invertebrates recorded at
Kingston Pier are shown in Figure 3-11.
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Figure 3-10 Subtidal rocky reef outside existing channel, west of Kingston Pier.
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Figure 3-11 Fish and invertebrate species, Kingston Pier.
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Bombora (Rocky Outcrop)

At the time of inspection of the Bombora, no fish or other pelagic species were noted. The substrate
was dominated by a high percentage cover of macroalgae with minimal coral cover. Very little bare
rock or sand was visible (see Figure 3-12).

Figure 3-12 Bombora at seaward end of channel, Kingston Pier.

Slaughter Bay Intertidal Habitat

The intertidal habitats in the lee of Kingston Pier primarily consist of bare rock with small rockpools
close to the seawall that grade into a flat submerged rock platform. The rock is devoid of any fauna
but is covered in very fine filamentous algae. The rock pools closer to the seawall are generally
populated with small cryptic species of fish and invertebrates including small crabs and crustaceans.
Molluscs were less common although the small black gastropod, Nerita albicilla was locally abundant.
Images are shown in Figure 3-11.
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Figure 3-13 Intertidal habitat, lee of Kingston Pier.

Walking eastward past the boatsheds toward Slaughter Bay, the rock platforms become interspersed
with sections of sand that become increasingly larger before opening up into a continuous stretch of
sandy beach, just past the end of the seawall. This section of beach provides an access point for
snorkelers and surfers to access Slaughter Bay. Images are provided in Figure 3-14.
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Figure 3-14 Intertidal habitat, east of Kingston Pier.

Slaughter Bay Shallow Subtidal Habitat

The lagoon at Slaughter Bay is shallow (2.5 m deep) and has a soft sandy bottom with scattered shells
and coral rubble and is dominated by the algae species Sargassum, Caulerpa, Cutleria,
Helminthocladia, Galaxaura, Liagora and members of the Dictyotales. On the outer reef edge there
exists a community of Codium, Caulerpa, Valonia, Dasycladus, and more Dictyotales. The reef top has
substantial mats of Hormosira, particularly in winter months (Millar 1999) (see Figure 3-15). Coral
species noted were Pocillopora damicornis, Goniostrea australiensis, Porites sp. and some larger
acroporids, most likely Acropora glauca and Acropora hyacinthus.
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Figure 3-15 Shallow subtidal habitat, east of Kingston Pier.
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Figure 3-16 Corals of the Slaughter Bay lagoon, east of Kingston Pier.

The most common fish observed in the lagoon were the Banded Scalyfin, Parma polylepis, the
Blackspot Sergeant, Abudefduf sordidus, Green Moon Wrasse, Thalassoma lutescens, Citron
butterflyfish, Chaetodon citrinellus and the Black Rock Cod, Epinephelus daemelii (Figure 3-17).
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Figure 3-17 Fish of the Slaughter Bay lagoon, east of Kingston Pier.

The most common of the invertebrate species within the lagoon were the sea-urchins which included
the white spined urchin Tripneustes gratilla, the black spined urchin, Centrostephanus rodgersii and the
tuberculate urchin, Heliocidaris tuberculata. The holothurian, Holothuria whitmaei was also common
over areas of sandy seabed. Images are shown in Figure 3-18.
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Figure 3-18 Invertebrates in Slaughter Bay lagoon, east of Kingston Pier.
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4 Marine Water and Sediment Quality

4.1 Water Quality

4.1.1 Background Information

Three water body types are represented in the KAVHA — Emily Bay study area. Surface waters (creek
and wetlands), groundwater and marine receiving waters (Emily Bay). The system was rated as ‘slightly
disturbed site’ under the guidelines due to the unrestricted access by cattle, feral chickens, ducks and
geese. Emily Bay, the receiving waters for the catchment, is rated as a 'site of high conservation value’
due to the presence of EPBC Act 1999 listed species and habitats, the enclosed nature of the lagoon
with restricted flushing and water exchange and the use of the quiet calm waters of the bay for
recreation. A multitude of water quality investigations have been made for freshwater sites in the
KAVHA catchment area as listed in Wilson (2017), however, no studies of marine water quality are
readily available for reference.

In a letter to The Hon Gary Hardgrave (Administrator Norfolk Island, Commonwealth of Australia) in
2015, Pendoley reported the following water quality concerns for Emily Bay in regard to water entering
the bay from the island:

e Large fresh water flows together with elevated nutrient levels have killed the coral in Emily Bay
along a transect extending from the outfall, across the bay to Lone Pine and to the reef outlet
channel. Personal observations over the past 50 years, together with anecdotal feedback from
numerous island residents, indicate that the die-off of coral, increased algal growth, both on
the floor of the bay and covering the dead coral habitat, plus the decrease in the number and
diversity of small fish, has accelerated the past 5 years. We have serious concerns that this
accelerated rate of decline will wipe out the entire Emily and Slaughter Bay lagoon within 5 —
10 years. Recovery of the ecosystem will be delayed by the lack of immigration of coral spawn
from external reef systems (e.g. Lord Howe) due to the isolated nature of Norfolk Island.

e The Emily and Slaughter Bay lagoon supports the EPBC listed Halicampus boothae (Booths
pipefish) and Chelonia mydas (green turtle). These species are at risk of disease, reduced
health and habitat loss due to the water entering the bay and under the EPBC Act the
responsible Governing Authority is obliged to protect these species and the ecosystems that
support them

e While the existing sand plug in the creek has temporarily stopped water flowing from the
creek into the bay, water continues to percolate through the sand and enter they bay in the
intertidal zone near the mouth of the creek mouth in Emily Bay. The filtration action of the
sand will remove solids but it will not remove the dissolved nutrients and pathogens which can
cause a range of illnesses in people swimming in the bay.

e The pathogens in the Emily Bay outfall were measured by Dr Goldsmith between 2014 and
2015 are beyond the safe limits for human activity such as swimming, based on DoE Water
Quality Guidelines. This is especially true after heavy rain washes human and animal waste
from the catchment into the Kingston area. Commonwealth NHMRC Water quality standards
for primary contact (e.g. swimming) require the water to contain little or no E. coli (<40 E. coli /
100ml) however sampling carried out in in June 2015 reported E. Coli levels in excess of
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670/100 ml and Coliform counts in excess of 1860/100ml. The water entering Emily Bay is
contaminated and a risk to human health.

The results of Wilson 2017 show that the water quality in KAVHA is degraded relative to the ANZECC
Guidelines for Lowland rivers in South-East Australia. The unacceptably high nutrient load in the creek
is indicative of what would be delivered to the enclosed, poorly flushed Emily Bay lagoon following a
significant rainfall event. These nutrients accelerate the growth of primary producers, such as seagrass
and algae, at the expense of coral.

The water quality analysis carried out across the KAVHA catchment by Norfolk Island Regional Council
(Council), over the months of April to September 2017, have identified coliform concentrations that are
substantially higher than the recommended E.coli/L levels set by the National Health and Medical
Research Council (NHMRC) Australian Drinking Water Guidelines and by ANZECC for primary contact
and secondary contact (150 coliforms/100ml and 1000 coliforms/100ml respectively) (Wilson 2017).

4.1.2 ANZECC Guidelines

The ANZECC Water Quality Guidelines (2018) provide high-level guidance on the management
context, ecological descriptions, biological indicator selection and other advice for five of Australia’s six
marine planning regions as well as for the Great Barrier Reef Marine Park (which represents the inshore
portion of the Coral Sea Marine Region). The 2018 Default Guidelines for the Temperate East Marine
Region are not currently available online, so the default trigger values for physical and chemical
stressors for south-east Australia for slightly disturbed ecosystems (from the previous ANZECC 2000
Guidelines) for south-eastern Australian marine waters are provided in Table 4-1. Note that no default
guidelines are provided for physical and chemical stressors for “high conservation/ecological value
systems” (i.e. effectively unmodified or other highly-valued ecosystems, typically (but not always)
occurring in national parks, conservation reserves or in remote and/or inaccessible locations) which the
study area would be classified as. For these high conservation areas, ANZECC (2000) recommends the
following in regard to levels of protection:

¢ No change beyond natural variability recommended, using ecologically conservative decision
criteria for detecting change. Any relaxation of this objective should only occur where
comprehensive biological effects and monitoring data clearly show that biodiversity would not
be altered.

e Where reference condition is poorly characterised, actions to increase the power of detecting a
change recommended.

e Precautionary approach taken for assessment of post-baseline data through trend analysis or
feedback triggers.
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Table 4-1 ANZECC (2000) Default Water Quality Guidelines for south-east Australian marine waters.

Parameter Default Trigger Value

Temperature NA
pH 8-8.4
Salinity NA
Conductivity NA
Turbidity 0.5-10 NTU
Dissolved Oxygen 90-110% saturation

4.1.3 Water Quality Sampling 2020

On the 19 and 20 February 2020 water quality profiling for a range of physico-chemical parameters
was undertaken to obtain some basic background marine water quality data for the study area. Ten
water quality sampling sites were sampled, located in the Kingston Harbour, Slaughter Bay, as well as
four oceanic reference sites located east and west of Kingston Pier (see below and Figure 4-1).

1. Kingston Pier East

2. Kingston Pier - Seaward End

3. Kingston Pier West - Old Steps

4. Kingston Pier West - New Steps

5. Kingston Pier West - Bottom of Ramp / Fish Cleaning Table
6. Kingston Harbour (Middle)

7. Western Reference 1 - Offshore Flagstaff Hill

8. Western Reference 2 - Bumbora

9. Eastern Reference 1 - Slaughter Bay

10. Eastern Reference 2 - Emily Bay

Samples were taken at each site using a hand held water quality meter at the surface (1 m below
surface), midwater (half water depth) and bottom (1 m off bottom) to measure the following
parameters:

e Temperature (degrees Celsius)
e pH

e Dissolved Oxygen (mg/L)

o Salinity (ppt)

e Conductivity (ms/cm)

e Turbidity (NTU)
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Field conditions including date, time, tidal state (ebb or flood), water depth, swell height and direction
and wind strength and direction were also recorded.

Raw water quality results are provided in Appendix B and are summarised for each parameter in the
tables in Section 4.1.3.1 to Section 4.1.3.5. There was very little difference in water quality data between
the two sampling dates and between the surface, midwater and bottom sampling depths at each site.
At some sites (i.e. eastern side of Kingston Pier and end of Kingston Pier), measurements were only
taken from a single surface depth due to shallow water depths during sampling, which only allowed
for one sample (these are denoted by NA in the tables).

Measurements obtained for temperature, conductivity, dissolved oxygen and pH at all sites and depths
are typical of offshore marine waters and are in accordance with ANZECC (2000) where guidelines are
available (see Table 4-1).

Turbidity was very low at all sites and at all depths sampled, with NTU values most often <1 NTU.
Turbidity was only very slightly higher at sites located along the edge of the Pier compared to oceanic
sites, most likely resulting from the resuspension of sandy seafloor sediments here with the moderate
swells entering the harbour (which were present at the time of sampling). Turbidity measurements
were not obtained from Kingston Pier West — Ramp on the 19/02/2020 and Kingston Pier End on the
20/02/2020 due to high swash/swell making readings inaccurate.

These turbidity values will be especially important in determining any site specific trigger values for
construction monitoring of turbidity. Although measurements were only taken over two days, and
while ANZECC (2000) provides default values of between 0.5-10 NTU, the turbidity site-specific values
for this area of Norfolk Island are likely at the lower end of this range for the majority of the time.
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Figure 4-1 Location of water quality sampling sites 