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1.0 Introduction and Background
Refining NZ propose to deepen and partially realign the approaches to Marsden Point.

The dredging and spoil disposal works involved in this proposal require resource consents and
applications for these consents require an assessment of environmental effects (AEE) for the
proposed activities in the coastal marine area.

Whilst the specific details of the dredging programme have yet to be finalised, it is expected
that some 3.3x10° m® of dredged material will be involved in the dredging and spoil disposal
works (West et. al., 2015b).

The Environment Foundation (2015) environment guide! makes the following comments with
regard to marine dredging and spoil disposal projects.

The main environmental impacts from dredging and marine disposal are related to the
following.

o Direct disturbance and physical changes to the seabed.

e Suspension of sediment and associated changes in water quality.

e Release and re-mobilisation of contaminants on or in the seabed.

e Changes in local hydrodynamics and settlement patterns of sediment.

Capital dredging necessarily removes flora and fauna from the seabed and increases its depth.
Depending on the depth of dredging, the activity may completely remove all life from the sea
floor for a period of time. The recovery rate of the benthic communities will depend on the
particular nature of the ecosystem: some ecosystems dominated by opportunistic species may
recover in only a few months, whereas those populated by slow growing, sensitive species
may take years, or may never recover.

Maintenance dredging usually involves frequent removal of material and the amount removed
differs considerably depending on the site and type of development. For example, Pine
Harbour maintains the channel by dredging 3000 m® per year, Westpark Marina dredges up to
10,000 m® per year and the Lyttelton Port maintenance dredging has varied between
290,000m® to 800,000m?® per year over the past 10 years.

The impact of maintenance dredging on the seabed is usually less than capital works, because
the activity is taking place in an area which has already been disturbed, and the organisms
that have re-colonised the area are likely to be more resilient.

Dredging and disposal can also discharge sediment into the water column:
e as the seabed is disturbed by the dredge,

e when sediment overflows from hoppers and barges carrying the dredged
material,

e as the sediment is dumped at a marine disposal site, and
e by re-suspension of material at the disposal site.

Disposal of the dredged material has a number of environmental impacts. There are generally
limited opportunities to dispose of dredged material for beneficial reuse, such as beach re-
nourishment or in reclamations. Land disposal is typically too costly and impracticable which
means that marine disposal is often the option of choice. When dredged material is disposed
of in the marine environment it can smother the benthic fauna in the immediate disposal area,
as well as lead to an increased water turbidity. It is important that disposal sites are chosen to
ensure that the impacts are isolated to these locations and the plumes are generally localised.
For example, Ports of Auckland disposes of some dredgings from its dredging programmes,

1 http://www.environmentguide.org.nz/issues/marine/major-marine-development.
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including from the Port of Onehunga, in the Fergusson reclamation where the dredged material
is mixed with cement to make mudcrete for the reclamation.

There are concerns over the re-suspension of sediment and impact on local ecosystems from
the disposal sites in the inner harbour areas. Historically, dredged material from the Pine
Harbour Marina in Auckland Harbour has been disposed of locally. In 2009 the marina sought
a resource consent to dispose of 3000 m® annually off Motukaraka Island nearby the marina.
Local concern about the impact of the disposed sediment on cockle and pipi beds and sea
grass played a part in the consent being declined. The marina now has permission from
Maritime New Zealand to dispose of the sediment in deep water (140 m) off Great Barrier
Island (Flaim, 2008).

Where sediment is released into the water column, it can affect the clarity and turbidity of the
water, potentially reducing light penetration. The suspended material may eventually settle on
areas around the dredged site, blanketing the benthic animals and plants that live there. The
effects of this will vary, depending on the resilience of the communities, and the conditions that
they are used to, but may cause stress, reduced rates of growth or fatalities. Suspended
sediment from maintenance dredging is likely to have less impact than that from capital
dredging, due to the already disturbed nature of the site and the lower volume of spoil involved.

Some animals are more sensitive to siltation than others. Shellfish, which have delicate feeding
and breathing apparatus, may be affected by increases in sedimentation. Similarly, sediment
can become trapped in the gills of young fish causing increased fatalities, and smothering of
spawning or nursery areas for fish can result in the death of eggs and larvae. This could
potentially reduce the level of recruitment for harvestable fisheries. Lastly, smothering of
intertidal areas may result in decreased availability of food for the birds and fish that feed there.

In some areas where dredging is commonly undertaken, such as at the entrances to ports and
marinas, the sediment on the seabed can often have an elevated level of contaminants due to
land catchment run-off and / or spillages / antifoul use in marina and harbours. Dredging can
re-mobilise contaminants accumulated in these areas and potentially re-disperse them further
away. The level of risk from this is based on the:

e actual concentration / load of contaminants present within the proposed dredging
footprint

o degree of remobilisation,

e patterns of dispersal,

e sediment size and quality,

o bioavailability and toxicity of the contaminants, and
e sensitivity of species in the downstream area.

Issues associated with dredging and dredging spoil disposal are also covered by Section 22
of the Regional Coastal Plan for Northland (Northland Regional Council, 2004).

Therefore, an assessment of ecological effects in this context involves a consideration of water
quality, sediment grain size, sediment quality in terms of potential contaminants, plankton,
seagrasses, benthic algae, benthic invertebrates, fish, marine mammals and seabirds within
the study area.

It also involves the recognition of which particular benthic communities in the vicinity of the
dredging and spoil disposal footprints are most sensitive to potential sedimentation / toxicity
effects and to target these as indicators of ecological effects.

2.0 Current Situation

Clement and Elvines (2015) have provided a review of marine mammals that could potentially
be affected by proposed works.
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Pine and Styles (2015) have conducted a short-term passive underwater acoustic survey at
Marsden Point and the harbour entrance to inform studies by Clement and Elvines (2015).

West and Don (2015) have provided a literature review of birds, seagrass, benthic algae,
benthic invertebrates, fish communities, sediment type and sediment quality that could
potentially be affected by proposed works and have made recommendations on further
ecological survey work that is required to support resource consent applications. In their
opinion, available information is largely out of date and needs to be updated.

This additional work is being undertaken by Kerr and Associates who have completed Phase
| descriptions of benthic communities in the immediate surrounds of the proposed dredging
footprint. The selection of benthic habitats to be sampled in Phase Il studies will be based on
the known sensitivity of particular community types that are present to sedimentation effects,
and the occurrence of like community types at different distances from the dredged footprint.

West and Don (in prep.) are describing surficial sediment particle size and quality (in terms of
contamination status) within the proposed dredging footprint in the approaches to Marsden
Point (see Figure 1). They are also documenting benthic communities that inhabit surficial
sediments within the proposed dredging footprint in the approaches to Marsden Point on the
basis of 117 Ponar grab samples (Bioresearches, 2015).

West et. al. (2015) have provided a preliminary environmental assessment of three potential
dredge spoil disposal areas in Bream Bay (Areas 1, 2 and 3 — see cover plate).

Kerr and Associates are conducting field work to assess further potential offshore disposal
sites for dredged spoil in Bream Bay (e.g. see Areas 2.2 and 3.2 on the cover plate) and
Bioresearches are involved with ongoing bird surveys in the surrounds of Marsden Point.

Given this background there are therefore, two particular matters that have not been covered
by works conducted and / or proposed by Bioresearches and others at this stage. These are
water quality considerations (because sedimentation / turbidity effects are transported from
the footprint of dredging and / or spoil disposal areas as plumes in the water column) and a
sensitivity analysis for adjacent communities that may be affected by sediment plumes
generated by dredging and / or spoil disposal activities.

This document accepts and endorses the baseline literature review on the natural environment
of Whangarei Heads, Bream Bay and its adjacent coastline conducted by West and Don
(2015), but complements it with a consideration of water quality effects and a sensitivity
analysis for benthic communities adjacent to the proposed footprint of dredging activities / spoil
disposal sites. It is considered these two additional considerations are necessary to meet the
full requirements of a robust AEE for the proposed dredging and spoil disposal activities. It
provides Refining NZ with a basis for proceeding to Stage Il ecological and water quality
investigations.

3.0 Water Quality Considerations

It is expected that conditions of resource consent for the proposed dredging and spoil disposal
activities will include monitoring of water column conditions for suspended solid
concentrations, turbidity and potential contaminant concentrations associated with material to
be dredged and disposed of during disturbance activities. These water column effects are
associated with potential changes in benthic community structure and plankton communities
within the approaches to Marsden Point.

The AEE will assess whether changes in water column conditions due to disturbance activities
are likely to be ecologically acceptable and if not, what mitigation / avoidance measures are
available and appropriate. This assessment should relate to background conditions that these
communities can currently tolerate (in terms of suspended solid concentrations, turbidity and
potential contaminant concentrations).

There is a comprehensive water quality data base available for Whangarei Harbour (Northland
Regional Council, 2011) and water quality sampling sites are shown in Figure 1.
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The water quality parameters measured at each of these 16 sites are summarised in Table 1.

Parameters that are of particular interest in a dredging / spoil disposal context are turbidity
(see Table 2) and Secchi disc visibility (see Table 3).

Figure 1: Water Quality Sampling Stations in Whangarei Harbour.

Table 1:

Water Quality

Parameter

Date

ANZECC
default
trigger
values

Water Quality parameters monitored in Whangarei Harbour

Coastal
water
quality
standards

Reason for Monitori

Temperature  2000- Indicator of ability to sustain aquatic life
present and support biological diversity
* Indicator of excessive primary
productivity
* Influences dissolved oxygen
Salinity 2000- N/A N/A « Indicator of fresh and seawater mixing
present « Affects biological diversity
Secchi depth  September N/A N/A « Indicator of the quantity suspended
(Water 2004- material in water column, e.g. sediment
Clarity) present « Indicator of ability to support aquatic
life
e Affects primary production.
* Affects predator-prey relationships
Turbidity September <10NTU NA * Indicator of the quantity suspended
(Water 2004- material in water column.
clarity) present « Indicator of ability to support aquatic
e Affects primary production.
« Affects predator-prey relationships
Dissolved July 2002- >80%- CA: >80% « Indicator of ability to support marine
oxygen (DO)  present 110%< flora and fauna
« Indicator of organic material
* Indicator of excessive primary
productivity
Enterococci  2000- MfE: N/A * Indicator of faecal contamination
(Bsaﬁfﬁfia present <140/100mL * Indicator of public health risk
Faecal 2000- CA: « Indicator of faecal contamination
Coliforms present <14/100ml o Indicator of public health risk
(FC) CB:
<150/100ml
Total March <0.03mg/L  NA * Indicator of nutrient enrichment
Phosphorus  2008- « Indicator of point-source and non-point
(TP) present source inputs
o Affects primary productivity
Dissolved March <0.01 mg/L CA: * Indicator of nutrient enrichment
Reactive 2008- <0.01mg/L e Indicator of point and non-point source
Phosphorus  present CB:N/A inputs
(DRP) « Affects primary productivity
Ammonium March <0.015 mg/L CA: « Indicator of nutrient enrichment
(NH,) 2008- 0005mg/lL e Indicator of point source and non-point
present CB: N/A source inputs
« Indicator or waste products
Nitrate-nitrite November <0.015 mg/L CA: * Indicator of nutrient enrichment
nitrogen 2008- (NO3s-N)0.06 o Indicator of point source and non-point
(NNN) present CB: N/A source inputs
e Affects primary productivity
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Table 2:  Range and median value for turbidity (NTU) at 16 sites in Whangarei Harbour,

2000-2010.
Site Name No. of Range (NTU) | Median (NTU) % of samples within
Samples guideline value (<10 NTU)

One Tree Point 25 0.5-57 1.0 100
Blacksmith’s Creek 18 1.0-34 1.0 100
Marsden Point 38 04-6.6 1.0 100

Mair Bank 39 02-24 1.0 100

Snake Bank 18 1.0-15.3 2.1 94
Tamaterau 39 1.0-37.0 2.9 92

Town Basin 25 3.4-63.0 5.0 92

Onerahi 18 25-12.4 5.1 89

Lower Port Road 18 3.6-11.9 5.4 89

Kaiwaka Point 22 3.4-117 5.4 91

Kissing Point 50 2.8-92.0 54 94
Riverside Drive 18 3.4-111 57 94
Waiharohia Canal 18 3.4-13.2 6.6 83

Portland 18 4.0-18.1 7.4 78
Limeburners Creek 25 41-67.0 7.9 88
Mangapai 18 46-15.2 9.3 67

The ANZECC (2000) default trigger values for turbidity in estuarine and marine environments
is 0.5-10 NTU. None of the sites had median values for turbidity that exceeded 10 NTU (see
Table 2). The highest median values for turbidity (lowest water clarity) were found at sites close
to freshwater inputs in the Mangapai River and the Hatea River. Sites with the lowest median
turbidity (highest water clarity) were located near the harbour entrance at One Tree Point,
Blacksmith’s Creek, Marsden Point and Mair Bank, where freshwater inflows are likely to have
less influence on water quality

Table 3: Range and median value for Secchi depth visibility in Whangarei Harbour, 2000-

2010.
Site Name No. of Range (m) Median (m) % of samples within
Samples guideline value
Marsden Point 37 0.9-9.0 4.5 N/A
Blacksmith’s Creek 15 1.6 -6.0 4.0 N/A
Mair Bank 34 1.8-75 3.85 N/A
One Tree Point 24 20-6.3 3.8 N/A
Snake Bank 14 1.3-7.0 3.65 N/A
Tamaterau 33 0.3-47 2.4 N/A
Onerahi 17 09-22 1.5 N/A
Kaiwaka Point 18 0.47-1.8 14 N/A
Lower Port Road 17 0.8-17 1.3 N/A
Portland 17 06-2.1 1.3 N/A
Town Basin 18 0.5-19 1.23 N/A
Kissing Point 47 0.15-2.1 1.2 N/A
Waiharohia Canal 17 0.7-2.0 1.1 N/A
Riverside Drive 17 0.7-1.8 1.0 N/A
Limeburners Creek 21 0.3-22 1.0 N/A
Mangapai 17 02-1.5 0.9 N/A

There are currently no ANZECC default trigger values for Secchi depth. A similar spatial trend
to turbidity was observed for locations with the lowest median Secchi depths (lowest water
clarity) found in the Hatea River and Mangapai River, and the highest median Secchi depths
(highest water clarity) found near the harbour entrance.

Both Secchi depth and turbidity are a measure of water clarity. Water clarity can be reduced
by the growth of phytoplankton and human activities that increase levels of suspended solids
entering the coastal environment. High levels of material in the water column can restrict light
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transmission which affects the amount of photosynthesis (primary production) of aquatic plants
and consequently other species that are dependent on them such as fish, zooplankton and
shellfish. Seaweeds and seagrass typically require more light for photosynthesis than
phytoplankton and are particularly susceptible to reduced light levels of suspended sediments
by nature of being attached to the seabed (Thrush et al., 2004). Suspended sediments can
also clog fish gills and reduce the ability of fish to see prey and detect predators (ANZECC,
2000).

In terms of the harbour data, there was a significant trend (between 2000 and 2010) of
increasing turbidity at the Riverside Sampling Site that was undesirable, increasing water
clarity at Kissing Point that was desirable, increasing turbidity at Onerahi that was undesirable,
and increasing water clarity at Marsden Point and Mair Bank that was desirable.

The Regional Coastal Plan for Northland (Northland Regional Council, 2004) lists the following
standards for coastal waters (see Table 4).

Table 4:  Coastal water quality standards for Northland (Northland Regional Council, 2004).

Standards for Coastal Waters

Standard General Quality Standard CA (for lower Whangarei
Harbour)

Purpose Provides for virtually all uses and protection of marine
ecosystems

Natural temperature Not changed by more than 3°C

Natural pH Not changed by more than 0.2 units

Concentration of dissolved Not reduced below 80% saturation

oxygen

Natural visual clarity Not reduced more than 20%

Natural hue Not changed more than 10 Maunsell units

Natural euphotic depth Water deeper than 0.5.z., not changed more than 10%

Water shallower than 0.5.z, maximum reduction in light at
sediment bed not more than 20%
Oil/lgrease film, scum, foam, | No conspicuous oil or grease film, scums or foams, floatable

odour or suspended materials, or emissions of objectionable odour
Toxic Metals
Total Arsenic 50 mg/m°
Total Cadmium 2 mg/m®
Total Chromium 50 mg/m°
Total Copper 5 mg/m°
Total Lead 5 mg/m°
Total Zinc 50 mg/m°
Faecal Coliforms Based on not fewer than 10 samples within any 30-day
period
median < 14/100 ml 90%ile < 43/100 ml
Nutrients (Default standards in the DRP 1-10 mg/m®
absence of specific site NO3-N 10-60 mg/m3
investigations) NH4-N <5 mg/m®

Other toxicants and parameters As per Table 2.1 of ANZECC Water Quality Guidelines 1992
as appropriate

Of particular interest in Table 4, in the context of proposed dredging and spoil disposal
activities, are natural visual clarity, natural hue, natural euphotic depth, toxic metals, nutrients
and other toxicants.

At this stage, in terms of predicting the likely effects of proposed dredging activities, it is
considered that sufficient relevant and up to date water quality data are available for the
approaches to Marsden Point.

Brian T. Coffey and Associates Limited, Whangamata
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MWH (2011) also summarised available water quality data for the wider environs of Bream
Bay when assessing the effects of the Ruakaka Wastewater Project that discharges treated
wastewater to Bream Bay via an ocean outfall diffuser.

These water quality data were sourced from field sampling that was undertaken by Northland
Regional Council staff for Whangarei District Council at 9 sites in Bream Bay, Whangarei
Harbour entrance and Ruakaka River over the period June 2008 to May 2009 (Sites 1 to 4 are
relevant to this particular project). Surface water samples were collected on 7 occasions,
including ebb and flood tides, and dry and wet weather.

In addition to the description of surficial sediments within the dredging footprint being prepared
by Bioresearches (see page 3), a further series of 20 vibracores are to be obtained for the full
dredging profile.

In the unexpected event that these deeper vibracores from the proposed dredging footprint
find dredged spoil will include contaminated or muddy sediments, it will be necessary to
consider the most appropriate dredging and disposal strategies for these particular materials
to avoid adverse environmental effects. Particular attention will need to be given to potential
effects on Marine 1 (Protection) Management Areas adjacent to the proposed dredging
footprint (see Figure 2).

Assessment protocols for describing and managing potentially contaminated sediments in this
context are covered by the New Zealand Guidelines for Sea Disposal of Waste (Maritime
Safety Authority of New Zealand, 1999).

4.0 Sensitivity Analysis for Benthic Communities in the vicinity of dredging and spoil
disposal activities

Given the volume of open seawater entering and discharging from Whangarei Harbour during
two tidal cycles per day, it is most unlikely that proposed dredging or spoil disposal activities
will have any measureable effect on plankton communities or communities that rely on
plankton quality and quantity as a food source, within or adjacent to the approaches to
Marsden Point.

However, this should be confirmed or refuted by MetOcean modelling studies.

There are two scales of potential sedimentation effects on benthic communities that may be
associated with this project.

4.1 Spoil Disposal Sites

Within spoil disposal sites, dredged material could be placed at a thickness of up to 10% of
water depth and it can be conservatively assumed that all resident biota would be effectively
buried by the dredged spoil footprint.

In this regard, the principle of placing “like on like” (in terms of sediment particle size and the
contamination status of dredged spoil and surficial sediments at the spoil disposal site)
maximises the likelihood of similar pre-impact benthic community types recolonising spoil
disposal sites. It is intended to select a number of candidate spoil disposal sites to maximise
opportunities for “like on like” spoil disposal (see cover plate).

Moreover, if material is placed in bands (c. 10% of water depth — Maritime Safety Authority of
New Zealand, 1999) rather than covering the full footprint of the disposal area, recolonisation
of placed sediment from less disturbed intermediate areas within the disposal footprint would
be expected to assist the rate of recolonisation of placed spoil material.

On this basis, the recovery of the spoil disposal sites can be predicted and monitored.
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Figure 2: Marine 1 (Protection) Management Areas adjacent to the proposed dredging
footprint in the approaches to Marsden Point.
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4.2 Benthic Sites adjacent to the proposed footprint of dredging and spoil disposal areas

The second scale of sedimentation effects is by finer material that forms a plume in the water
column around and / or down-current of the disturbance activities of dredging and / or sediment
disposal.

The settlement of these finer suspended solids out of the water column and onto adjacent
benthic communities reduces with distance from disturbance activities.

In extreme cases, these sediment plumes may also be associated with dissolved oxygen sags,
light attenuation effects and / or toxic contaminants.

It is these second scale sedimentation effects that are of particular interest in the Marine 1
(Protection) Management Areas and the Motukaroro Island Marine Reserve adjacent to the
proposed dredging footprint in the approaches to Marsden Point (see Figure 2). Both of these
areas are to be managed in such a manner that their conservation values are protected.

In the case of the Inner (Area A) dredging footprint (see Figure 2) it is surrounded by the
Motukaroro Whangarei Marine Reserve Marine 1 Management Area, the Calliope Bank Marine
1 Management Area and the Mair Bank Marine 1 Management Area.
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In the case of the mid (Area B) dredging footprint (see Figure 2), whilst it is bordered on its
eastern side by the Home Point Marine 1 Management Area, there is not a lot of material to
be dredged from this area.

In the case of the outer (Area C) dredging footprint (see Figure 2), whilst it involves a large
quantity of material to be dredged, it is relatively remote from Marine 1 Management Areas.

West and Don (2015) recommended further ecological survey work is required to support
resource consent applications because available information is largely out of date.

However, it was considered that a more cost effective approach would involve a two-phase
strategy to firstly review what communities are currently adjacent to the footprint of the
proposed dredging and spoil disposal footprints and to then select and describe “indicator
communities” in the footprint of the proposed dredging and spoil disposal footprints as Phase
Il of the investigation.

There have been a range of studies that have assessed the sensitivity of benthic taxa in
northern North Island estuaries and harbours to stressors including sedimentation (see
Appendix A.

The most recent and extensive investigation into the effects of sedimentation on estuarine and
harbour benthic invertebrates has been undertaken in the Waikato Region by Needham et. al.
(2014). They have proposed the following Indicator taxa for harbours and estuaries in northern
North Island.

A. Intertidal soft shores
Amphipods (Corophiidae and Phoxocephalidae)

Bivalves (Arthritica bifurca, Austrovenus stutchburyi, Macomona Liliana, Linucula
hartvigiana, Paphies australis, Theora lubrica)

Cumaceans (Colurostylis lemurum)
Gastropods (Cominella adspersa)
Chiton (Notoacmea spp.)

Polychaetes (Prionospio aucklandica, Aglaophamus macroura, Aonides trifida, Aricidea
spp. Pseudopolydora complex, Cossura consimilis, Euchone spp., Goniada
spp., Glycera spp., “Capitellidae”, Magelona cf. dakini, Orbinia papillosa,
Paraonidae)

Anthozoan (Anthopleura aureoradiata)

B. Subtidal soft shores
B1  Shallow subtidal soft shores
Amphipods (Phoxocephalidae)

Bivalves (Arthritica bifurca, Linucula hartvigiana, Austrovenus stutchburyi, Macomona
liliana, Paphies australis, Theora lubrica

Gastropods (Cominella adspersa)

Polychaetes (Aglaophamus verrilli, Aonides trifida, Aricidea spp., Pseudopolydora complex,
Cossura consimilis, Euchone spp. Goniada spp., Glycera spp., “Capitellidae”,
Magelona cf. dakini, Orbinia papillosa, Paraonidae)

B2 Deeper subtidal soft shore
Amphipods (Phoxocephalidae)
Bivalves (Arthritica bifurca, Linucula hartvigiana)

Polychaetes (Aonides trifida, Aricidea spp. Cossura consimilis, Euchone spp., Goniada
spp., Glycera spp., Magelona cf. dakini, Orbinia papillosa, Paraonidae)
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These taxa and their specific indicator status listed in Appendix B will be used to select
sampling sites for Phase |l ecological studies / surveys.

Most of these taxa are in common with those identified by Thrush et. al. 2003; Anderson et. al.
2004; Senior et. al. 2003; Norkko et al. 2001 and Anderson et al. 2008 (see Appendix A).

There will also be other special interest communities dominated by taxa such as anemones
(e.g. Anthothoe albocincta), horse mussels (Atrina zelandica), a turret shell (Maoricopus rosea)
/ dog cockle (Glcymeris modesta / Tucetona laticostata) community and subtidal rocky reef
sponge garden sites in Marine 1 (Protection) Management Areas adjacent to the proposed
dredging footprint that may be described as a time sequence comparison immediately before
and after dredging / spoil disposal disturbance activities.

In this regard, MacDiarmid et. al. (2013) have identified the following biogenic (biologically
formed) and geological environments as sensitive within New Zealand Exclusive Economic
Zone and Continental Shelf to help inform the the Exclusive Economic Zone and Continental
Shelf (Environmental Effects) Act 2012.

Beds of large bivalve molluscs
Brachiopod beds

Bryozoan beds

Calcareous tube worm thickets
Chaetopteridae worm fields
Deep-sea hydrothermal vents
Macro-algal beds

Methane or cold seeps
Rhodolith (maerl) beds

Sea pen fields

Sponge gardens

Stony coral thickets or reefs
Xenophyophores (sessile protozoan) beds

On this basis, the canopy cover and health of mixed weed communities and Ecklonia forest on
rocky reefs within the vicinity of the proposed dredging footprint will also be considered for
monitoring before and after proposed dredging activities.

Brian T. Coffey and Associates Limited, Whangamata
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Appendix A: Supporting Studies to Identify Indicators of Sedimentation Effects

Thrush et. al. (2003) assessed oligochaetes, amphipods (Paracorophium), bivalves (Arthritic
and Austrovenus) and polychaetes (Aonides, Aquilaspio, Heteromastus and Scoloplos) for
stressors including sedimentation following a significant storm event in the catchment of
Whitianga Harbour.

Anderson et. al. (2004) described stress responses (including sedimentation) for oligochaetes,
amphipods (Phoxocephalid, Waitangi sp. and Parakalliope sp.). polychaetes (Cossura coasta,
Aonides spp., Scoloplos cylindifer, Nereid/Nicon complex, Notomastus sp., Exogoninae,
Prionospio sp., Pectinariidae, glycerids, Boccardia spp., Glycera lamellipoda, Orbinia papillosa
and Psuedopolydora sp.), isopods (Psuedosphaeroma sp.), cumaceans (Colorustylis
lemurum), barnacles (Elminius modestus), bivalves (Austrovenus stutchburyi, Paphies
australis, Nucula hartvigiana and Macomona liliana), crabs (Halicarcinus sp. and
Helice/macropthalmus), chitons (Notoacmea helmsii and Sypharochiton pelliserpentis),
nemerteans and the anemone Anthopleura spp. In the Okura Estuary, Northland.

Senior et. al. (2003) ranked numerically dominant taxa in the Whitford catchment in relation to
their sensitivity to fine silts / clays. In intertidal estuarine habitats the amphipod Paracorophium
excavatum and the crab Helice crassa were found to have a highly positive response to
increasing mud content of the sediment, a nerid had a slightly positive response and the
polychaetes Aquilaspio aucklandica and Heteromastus filiformis had no response.

In subtidal estuarine habitats, oligochaetes and the crab Helice crassa had a highly positive
response to increasing mud content of the sediment, the polychaete Cossura sp. was sensitive
to increasing mud content of the sediment and a capitellid and the polychaete Aquilaspio
aucklandica had no response.

In the intertidal embayment of the Whitford catchment, the bivalves Macomona liliana,
Austrovenus stutchburyi and Nucula hartvigiana together with the cumacean Colurostylis
lemurum was sensitive to increasing mud content of the sediment, whereas the polychaete
Aquilaspio aucklandica had no response.

In the embayment channel of the Whitford catchment, oligochaetes had a highly positive
response to increasing mud content of the sediment, the bivalve Nucula hartvigiana and the
polychaete Boccardia syrtis were sensitive to increasing mud content of the sediment and a
glycerid and the polychaete Heteromastus filiformis had no response.

In the shallow embayment of the Whitford catchment, the amphipod Waipirophoxus waipiro, a
tanaid crustacean and the polychaetes Aricidea sp. and Cossura sp. were sensitive to
increasing mud content of the sediment.

In the deep embayment of the Whitford catchment, the amphipod Waipirophoxus waipiro, and
the polychaete Cossura sp. were sensitive to increasing mud content of the sediment and the
bivalve Theora lubrica and a Lumbrinereid polychaete had a slightly positive response to
increasing mud content of the sediment.

Within mangroves of the Whitford catchment, the polychaete Heteromastus filiformis had no
response, a nereid had a positive response to, and the crab Helice crassa and the polychaete
Scolecolepides sp. had a highly positive response to increasing mud content of the sediment.

Two other relevant studies on species sensitivities to fine sediments include Norkko et al.
(2001) and Anderson et al. (2008 and references therein). Although these studies do not
specifically pertain to loadings of sediment following dredging activities, the data indicate the
degree of sensitivity of various species to sediment impacts.

The five most mud-sensitive macrofaunal taxa listed in Table 1 of Anderson et al. (2008) were
Paphies australis, Colurostylis spp., Anthropleura aureoradiata, Waitangi bervirostris, and
Aonides oxycephala.

The seven most mud-sensitive macrofaunal taxa listed in Table 3 of Norkko et al. (2001) were
Paphies australis, Anthopleura aureoradiata, Notoacmea scapha, Aonides trifida, Waitangi
brevirostris, Cominella glandiformis and Travisia olens.
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Appendix B: Benthic Indicators selected for this study (Needham et. al., 2014).

Amphipods

Corophiidae B

Habitat: burrow in muddy intertidal habitats. Tolerate low salinity and can also be found in fresh water.
Tolerate organic enrichment and pollution.

Feeding Guild: emerge at high tide as scavenger or deposit feeder.

Indicator Status: tolerate a sediment mud content of 40-100%, with an optimum range of 95-100%.
Where the sediment mud content increases (exceeding 40-50%) and/or becomes polluted or
organically enriched, the abundance of corophiids is likely to increase.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or polluted. No, if deeper dredgings are coarse and clean in terms of
contaminants.

Phoxocephalidae

Habitat: burrow in intertidal muddy sand to 50 m depth.
Feeding Guild: surface deposit feeders and bioturbators.

Indicator Status: intolerant to very high mud content. They are usually found in muddy sands and
cannot tolerate pollution. Waitangi brevirostris) has been shown to be sensitive to lead
contamination.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or polluted. No, if deeper dredgings are coarse and clean in terms of
contaminants.

Bivalves

Arthritica bifurca
Habitat: intertidal and subtidal muddy-sand to a depth of 110 m.

Feeding Guild: deposit feeder

Indicator Status: tolerates a sediment mud content of up to 75% with an optimum range of 20-60%.
Where estuarine sediments change from a sandy to muddier type habitat the abundance of
Arthritica bifurca is expected to increase. However, where the sediment mud content exceeds
its optimum range (>60%), Arthritica bifurca is expected to decrease in abundance.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine. No, if deeper dredgings are coarse.
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Austrovenus stutchburyi

Habitat: burrow in tidal mud and sand flats, from mid-tidal zone to depths of 5 m.
Feeding Guild: highly mobile surface suspension feeders

Indicator Status: tolerate mud content up to 85% with an optimum range of 0-10%. They are sensitive
to long term exposure to high levels of mud. Therefore, they prefer sandy habitats with a small
amount of mud. Cockles are also sensitive to copper contamination. Where the sediment mud
content increases (exceeding their optimum range) and/or sediments become polluted
(particularly with copper) the abundance of cockles is likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with copper. No, if deeper dredgings are coarse and
clean in terms of copper contamination.

Macomona liliana

Habitat: burrows in intertidal and shallow subtidal sand and mud flats in estuaries and sheltered
harbours

Feeding Guild: large surface deposit feeder

Indicator Status: tolerates mud content up to 75%, with an optimum range of 0-30%. Therefore, it
prefers sandy habitats with some mud. Macomona liliana is also sensitive to copper
contamination. Where sediment mud content increases (exceeding its optimum range) and/or
sediments become polluted (particularly with copper), the abundance of Macomona liliana is
likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with copper. No, if deeper dredgings are coarse and
clean in terms of copper contamination.

Linucula hartvigiana

Habitat: burrow in muddy sand to sandy mud habitats (intertidal and subtidal to a depth of 20 m) in
unpolluted environments.

Feeding Guild: highly mobile deposit feeder

Indicator Status: Linucula hartvigiana tolerates a sediment mud content up to 60%, with an optimum
range of 0-5%. Therefore, it prefers sandier habitats. Linucula hartvigiana is also sensitive to
organic enrichment and copper contamination. Where the sediment mud content increases
(exceeding its optimum range) and/or becomes organically enriched or polluted with copper, the
abundance of Linucula hartvigiana is likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with copper. No, if deeper dredgings are coarse and
clean in terms of copper contamination.
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Paphies australis

Habitat: burrows in intertidal to subtidal sandy habitats.
Feeding Guild: large surface suspension-feeder

Indicator Status: tolerate a maximum sediment mud content of 5% and are very sensitive to high
turbidity. Therefore, they are usually found in sandy habitats. Pipi are also sensitive to zinc
contamination. Where sediment becomes muddier (>5% mud) and/or more polluted (particularly
with zinc) the abundance of pipi is likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with zinc. No, if deeper dredgings are coarse and clean
in terms of zinc contamination.

Theora lubrica

Habitat: subtidally and on lower intertidal flats where it burrows to 50 mm below the sediment surface.
Feeding Guild: selective deposit feeder

Indicator Status: can tolerate a mud content of up to 65% with an optimum range of 45-50%.
Therefore, Theora lubrica has a preference for muddy habitats with some sand. Where
estuarine sediments change from a sandy to muddier type habitat the abundance of Theora
lubrica is expected to increase. However, where sediment mud content exceeds their optimum
range (>50%) Theora lubrica is expected to decrease in abundance. Theora lubrica is also
tolerant of pollution and organic enrichment. Consequently, it is often found in organically
enriched or polluted sediments.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or polluted. No, if deeper dredgings are coarse and clean in terms of
contaminants.

Cumaceans

Y

Colurostylis lemurum

Habitat: Intertidal zone of estuaries where they burrow into the soft sediment surface. Prefer fine to
muddy sand and are sensitive to pollution

Feeding Guild: burrowers, reworking or bioturbating the sediment surface

Indicator Status: tolerates a sediment mud content of up to 60%, with an optimum range of 0-5%.
Therefore, they are usually found in sandy habitats. Colurostylis lemurum is also sensitive to
lead contamination and other pollution. Where the sediment mud content increases (exceeding
its optimum range) and/or becomes more polluted the abundance of Colurostylis lemurum is
likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or polluted. No, if deeper dredgings are coarse and clean in terms of
contaminants and lead.
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Gastropods

Cominella adspersa

Habitat: Sheltered to semi-exposed shores, intertidal and shallow subtidal sand and mud habitats as
well as rocky platforms.

Feeding Guild: highly mobile predators of shellfish as well as being scavengers

Indicator Status: found in muddy sediments. Where estuarine sediments change from a sandy to
muddier type habitat the abundance of Cominella adspersa is expected to increase.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and muddy. No, if deeper dredgings are coarse.

Notoacmea spp.

Habitat: Attach to shells, stones and seagrass blades on intertidal sand flats
Feeding Guild: surface grazer

Indicator Status: highly sensitive to sediment mud content, with an optimum range of 0-5% and
distribution range of 0-10%. Therefore, they are usually found in sandy habitats. Notoacmea
can also be sensitive to pollution (particularly zinc). Where the sediment mud content increases
(exceeding their optimum range) and/or becomes polluted, the abundance of Notoacmea is
likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with zinc. No, if deeper dredgings are coarse and clean
in terms of zinc contamination.

Polychaetes

Prionospio aucklandica

Habitat: burrows into muddy sands and is common in the lower intertidal regions of estuaries and
harbours,

Feeding Guild: surface deposit-feeder

Indicator Status: tolerates a sediment mud content of up to 95%, with an optimum range of 20-70%. It
is usually found in moderately to very muddy habitats, but is less abundant in extremely muddy
areas (>70% mud). Prionospio aucklandica is also sensitive to copper contamination. Where
estuarine sediments change from a sandy to muddier type habitat, the abundance of Prionospio
aucklandica is expected to increase. However, where the sediment mud content exceeds its
optimum range (>70%) or becomes more polluted (particularly with copper), the abundance of
Prionospio aucklandica is likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with copper. No, if deeper dredgings are coarse and
clean in terms of copper contamination.
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Aglaophamus spp.

Habitat: Aglaophamus macroura is mainly found on the intertidal sand flats in harbours (but does
occur offshore also), whereas Aglaophamus verrilli is found in the subtidal region in fine to
muddy sands.

Feeding Guild: secondary predators in sediment-dwelling organism communities

Indicator Status: increases in sediment mud content are likely to result in a decline in Aglaophamus
spp. abundance.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and /muddy. No, if deeper dredgings are coarse.

Aonides trifida

Habitat: burrows in fine intertidal and subtidal sands (low mud content) to 10 cm sediment depth, New
Zealand wide.

Feeding Guild: surface deposit feeder and bioturbator

Indicator Status: tolerates a sediment mud content up to 80%, but has an optimum range of 0-5%.
Accordingly, Aonides trifida is most abundant in sandy habitats. Aonides ftrifida is also sensitive
to copper contamination. Where the sediment becomes muddier (exceeding its optimum range)
and/or polluted (particularly with copper), the abundance of Aonides trifida is likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with copper. No, if deeper dredgings are coarse and
clean in terms of copper contamination.

Aricidea spp.

Habitat: burrow in tidal and subtidal muddy sands and are sensitive to changes in mud content.
Feeding Guild: sub-surface deposit feeders and bioturbators.

Indicator Status: tolerate a sediment mud content up to 70%, with an optimum range of 35-40%.
Therefore, they are usually found in habitats that have a slightly greater proportion of sand than
mud (e.g. muddy sands). Aricidea spp. have also shown sensitivity to lead and zinc
contamination. Where estuarine sediments change from a sandy to muddier type habitat the
abundance of Aricidea spp. is expected to increase. However, where sediments become more
polluted (particularly with lead or zinc) and/or where sediment mud content exceeds their
optimum range (35-40%), Aricidea spp. are expected to decrease in abundance.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with lead and zinc. No, if deeper dredgings are coarse
and clean in terms of lead and zinc contamination.
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Pseudopolydora complex

Habitat: tube-dwelling in wide range of habitats from fine sand to sandy mud
Feeding Guild: surface deposit-feeders, which can switch to suspension feeding

Indicator Status: Where estuarine sediments become muddier and/or polluted (particularly with lead),
the abundance of polydorids is likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or polluted. No, if deeper dredgings are coarse and clean in terms of
contaminants and lead.

Cossura consimilis

Habitat: live in muddy sand in depths ranging from shallow intertidal harbours and estuaries to the
inner continental shelf and out to the continental slope (0-2000 m)

Feeding Guild: deposit feeder

Indicator Status: tolerates a sediment mud content of 5 to 65%, with an optimum range of 20-25%.
Therefore, it is usually found in habitats which are sandier than muddy (e.g. muddy sand).
Cossura consimilis has also shown sensitivity to copper contamination. Where estuarine
sediments become muddier (exceeding their optimum range) and/or polluted (particularly with
copper), the abundance of Cossura consimilis is likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with copper. No, if deeper dredgings are coarse and
clean in terms of copper contamination.

Euchone spp.

Habitat: intertidal to subtidal soft sediment habitats

Feeding Guild: suspension-feeders and are often found encased in a sandy tube, protruding above the
sediment surface with the fan-like tentacles exposed

Indicator Status: known to be sensitive to copper and zinc contamination.

Suitability as indicator for expected sedimentation effects in this context: Yes, if deeper dredgings are
contaminated with copper and zinc. No, if deeper dredgings are clean in terms of copper and zinc
contamination.
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Goniada spp.

Habitat: intertidal, subtidal and offshore (continental shelf) soft sediments
Feeding Guild: burrowing predators, scavengers and bioturbators

Indicator Status: tolerate a sediment mud content up to 60%, with an optimum range of 50-55%.
Therefore, they are usually found in muddier habitats with some sand. Goniadids have also
shown sensitivity to copper contamination. Where estuarine sediments change from a sandy to
muddier type habitat the abundance of goniadids is expected to increase. However, where
sediment mud content exceeds their optimum range (50-55%) or sediments become polluted
(particularly with copper), goniadids are expected to decrease in abundance.

Suitability as indicator for expected sedimentation effects in this context: Yes, if deeper dredgings are
fine and / or contaminated with copper. No, if deeper dredgings are coarse and clean in terms of
copper contamination.

Glycera spp.

Habitat: burrow in sands and sandy mud habitats from intertidal to the deep sea.
Feeding Guild: ambush predators and scavengers/bioturbators

Indicator Status: tolerate a sediment mud content up to 95%, with an optimum range of 10-15%.
Therefore, they are usually most abundant in sandy habitats with some mud content. Glycerids
are sensitive to low levels of oxygen, which can occur in organically enriched estuarine
sediments. Where estuarine sediments become muddier (exceeding their optimum range)
and/or organically enriched, the abundance of glycerids is likely to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and muddy. No, if deeper dredgings are coarse.

“Capitellidae”

Habitat: burrow in muddy sand habitat in estuaries and harbours but also occur offshore.
Feeding Guild: subsurface deposit feeders and bioturbators

Indicator Status: tolerate a sediment mud content of up to 95%, with an optimum range of 10-40%.
Therefore, they are usually found in moderately muddy habitats. Capitellid abundance is often
high in organically enriched estuarine sediments. Where estuarine sediments change from a
sandy to muddier type habitat and/or become organically enriched, the abundance of capitellids
is expected to increase. However, where sediment mud content exceeds their optimum range
(>40%), capitellids are expected to decrease in abundance.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and muddy. No, if deeper dredgings are coarse.
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Magelona cf. dakini /\

Habitat: build meandering burrows in medium to fine sands. They are found New Zealand wide over a
range of depths from mid-intertidal and subtidal to the continental slope.

Feeding Guild: subsurface deposit feeder

Indicator Status: most abundant in sandy habitats. Magelonids are highly sensitive to lead
contamination. Where estuarine sediments become polluted (particularly with lead) and/or very
muddy, the abundance of magelonids is expected to decline.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper

dredgings are fine and / or polluted. No, if deeper dredgings are coarse and clean in terms of
contaminants and lead.

Orbinia papillosa

Habitat: sandy habitats
Feeding Guild: sub-surface deposit feeder and bioturbator

Indicator Status: tolerates a sediment mud content up to 40%, with an optimum range of 5-10%, so is

usually found in sandy habitats. Orbinia papillosa has been shown to be slightly sensitive to zinc
contamination.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and / or contaminated with zinc. No, if deeper dredgings are coarse and clean
in terms of zinc contamination.

Nereididae K
Habitat: muddy sand to mud habitats in areas of reduced salinity.

Feeding Guild: active omnivores

Indicator Status: tolerate a sediment mud content of up to 100%, with an optimum range of 35-60%.
Therefore, they are usually most abundant in moderately to very muddy habitats. Where
estuarine sediments change from a sandy to muddier type habitat the abundance of nereidids is
expected to increase. However, where sediment mud content exceeds their optimum range
(>60%), nereidids are expected to decrease in abundance. Nereidids are not sensitive to
copper, lead and zinc contamination and can be found in high densities in relatively
contaminated sediments. Their abundance often increases in contaminated sediments. It is not
known if this represents a preference for contaminated sediments or results from a
contamination intolerance of their competitor species.

Suitability as indicator for expected sedimentation effects in this context: Unlikely to be applicable in this

context as all habitats adjacent to the dredged footprint are expected be be near full seawater
salinity.
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Paraonidae

Habitat: burrow in muddy sands over a range of habitats from intertidal flats in estuaries and harbours
to the deep sea.

Feeding Guild: subsurface deposit feeders

Indicator Status: generally, prefer habitats with some mud (muddy sands) and some paraonids
(Aricidea spp.) are known to tolerate mud content up to 70% with an optimum range of 35-40%.
Therefore, where estuarine sediments change from a sandy to muddier type habitat the
abundance of paraonids is expected to increase. However, where the sediment mud content
becomes very high, paraonids are expected to decrease in abundance.

Suitability as indicator for expected sedimentation effects in this context: Yes, if quality of deeper
dredgings are fine and muddy. No, if deeper dredgings are coarse.

Anthozoans

Anthopleura aureoradiata L.

Habitat: tide pools and on mudflats in estuaries, often attached to shells (for example cockles), stones
or wood. It is intolerant of low salinity.

Feeding Guild: predatory tube-dwelling anemone

Indicator Status: tolerates a sediment mud content of up to 40%, with an optimum range of 0-10%. It is
intolerant of high turbidity. Therefore, Anthopleura aureoradiata is usually found in sandier
habitats. This species is also very sensitive to copper contamination. Where estuarine
sediments become muddier (exceeding its optimum range) and/or polluted (with copper in
particular), the abundance of Anthopleura aureoradiata is likely to decrease.

Suitability as indicator for expected sedimentation effects in this context: Yes, if deeper dredgings are
fine and / or contaminated with copper. No, if deeper dredgings are coarse and clean in terms of
copper contamination.
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