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Executive Summary

Port Otago Ltd is carrying out investigations foprposed modification to the shipping
channel to accommodate the next generation of cmmtahips. The modification would
involve dredging the approaches to Port Chalmeis lzerth area and deepening of the
channel. A few areas would also require widenings Iproposed to use a trailing suction
hopper dredge except in shallow areas of the S®agin and potentially the few rocky areas
where a smaller backhoe dredge and possibly bépstay be used. Less than 10,000wil

be removed for the channel widening and mostly idiately opposite the Port. Depending
on the final plans up to 7.5M%*wof sediment will be dredged and disposed of wih most
likely disposal site being about 7.3 km to the NH aiaroa Head.

Other than the main channel, Otago Harbour is ma$ihllow with extensive tidal flats. The
Harbour is the only large non-estuarine inlet om $buth-east coast of New Zealand but has
been significantly modified by human activities angberiences episodic inputs of suspended
sediments increasing turbidity.

Sediments in the Harbour graduate from finer muddexliments in the Upper Harbour to
coarser fine sand towards the entrance, with fimedson the intertidal flats. Offshore

sediments are fine well-compacted sands with higilecontent in the middle of Blueskin

Bay. Contaminants in the Port area and channektadrbdged were found to be low and
below the ANZECC guidelines for maintaining biologji systems.

The Lower Harbour is a mosaic of benthic habitatst tan be divided into 6-10 habitat
classes dominated by medium sands and relict {2 of area), extensive intertidal flats
(35%) and inlet features with seagrasses and cdids (24%). Sea lettuce is episodically
abundant and much of the intertidal area is coveredtensive algal mats.

One hundred and thirty-four benthic invertebrat@ataere recorded in the latest surveys and
the community was dominated by amphipods and nmaslulighest diversity was recorded
across a range of habitats including parts of tmenoel and middle of intertidal flats. No
distinct macrofaunal assemblages associated witiicpiar habitats were identified during
surveys in the Lower Harbour. Most species weradoacross a range of habitats thus the
Harbour can essentially be treated as “one systédme exception is the deep sessile
community found in pockets of the main channel eochprised of animals such as sponges
and tunicates. Cockles occur in patches througiheutidal flat areas with highest densities in
the Lower Harbour opposite Acheron Pt and soutAarfivood. There were surprisingly few
benthic animals on the Aramoana flats with the ngostmon being small bivalves.

Offshore the density of benthic invertebrates wasgekt in inner Blueskin Bay where silt
content was higher than elsewhere. Benthic inveatebdensity and diversity were highest
just north of the Otago Harbour entrance. The favaa dominated by the gastropod (snail)
Antisolarium egenum, followed by three polychaete worms and the ubbims bivalveNucula
nitidula. Site A1 was more turbid and total faunal densitiese higher than at Site A2, but

Biological resources of Otago Harbour and offshassessment of effects of proposed dredging by@rago Ltd iv
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the latter contained more epifauna (large tubewpminelks etc.). The fauna in this area is
typical of nearshore sand zones and no rare ouarsgecies were found.

There is a diverse coastal fish and shellfish fanr@tago Harbour and the waters adjacent to
Otago Peninsula. The fish and shellfish fauna gmedn these waters is predominantly
comprised of common species that are widely distei¢h throughout central New Zealand
coastal waters.

The extensive intertidal areas of Otago Harboutaiona significant population of cockles
(Austrovenus stutchburyi). Customary, recreational and commercial fishamgl seafood
gathering takes place along the Otago coast anmmasy and recreational fishing in the
Otago Harbour. Recreational salmon fishing isgaificant activity along the lower Otago
Harbour channel and around the Harbour entrandagitire summer months. The waters of
Blueskin Bay are important to Otago commercialifighvessels that fish for flatfishes and
other inshore species there.

The lower Otago Harbour and the adjacent offshoagima environment support a
diverse array of bird life including one nationaltyitical species (grey-headed
mollymawk), two nationally endangered species (biaonted tern, black-billed
gull), six nationally vulnerable species (includiggllow-eyed penguin and Stewart
Island shag), and five species in decline. Thidyrfspecies of seabird have been
reported from Otago coastal waters, 13 of whiclethren the coast and 6 commonly
frequent the intertidal areas. The Otago areali@srtly mainland breeding colony of
04/03/09 northern royal albatross and Steward Island shaggd.numbers of shorebirds feed
within Otago Harbour and on sandflats of Aramoamtanhost breed elsewhere.

—T>0U

Four seal and six cetacean species have beeneédooim the Otago coast. All of these
species spend time in the coastal waters off Ot@gh several species of seal use areas on the
Otago Peninsula as haul-out areas and breedingdsoMammals with special conservation
status are the southern elephant seal, Hectorsidpkouthern right whale, New Zealand sea
lion and bottlenose dolphin.

The main effects of dredging on ecology of the Oteggion will be direct impacts through
removal and disturbance, smothering of benthic camties, increased suspended sediments
and turbidity, reduced water clarity, release aftaminants, effects of blasting and potential
for spread of invasive species. Each of these fiatémpacts have been considered for the
benthic communities, fish, birds and mammals. Thstnsignificant effects are likely to be
through direct removal of organisms, and the iregeia suspended sediment and sediment
deposition. These could potentially be of high siywdut would be restricted in extent and
duration.

Habitats and communities in the channel are alreaalyified through maintenance dredging.

However, most of these communities will be remoiedreas that are dredged and marginal
areas where the channel is to be widened. Moshexdet communities are well represented
elsewhere in the Harbour except for the deep, lsessmmunities in the deeper subchannels

Biological resources of Otago Harbour and offshassessment of effects of proposed dredging by@rago Ltd v
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and hollows. Recovery of animals like polychaetemscould be on a timescale of months
while longer lived species could take 2-3 years @deep sessile communities several years to
recover. The area to be removed by widening istless 0.5% of the intertidal habitat in the
Lower Harbour and will thus only have a very losall effect.

Harbours are naturally turbid at times and commesiitare adapted to periods of high
suspended sediment concentrations and low watetyclslany benthic animals can tolerate
high levels for short periods. Modelling indicatbat levels could reach over 1000 mg/l but
only for short periods and only in patches in tnenediate vicinity close to the main channel.
Fish and mammals are very mobile and can avoicsaseaigh suspended sediments while
zooplankton and larval fish can tolerate the leywisdicted. The highest levels predicted
could have a moderate effect on seagrasses buwvdhis be for less than 5% of the time and
would be very localised in extent. The communit@aild recover when dredging ceases.

Most animals and plants found in harbours and dstiaan survive small amounts of
sediment deposition (generally <20 mm in an evenbénthic animals and <0.25 mm/d for
seagrasses). Modelling indicates that most nonrekaareas of the Lower Harbour would
receive less than a median of 2 mm over the drgdgériod with up to 5 mm or more in
intertidal areas close to the Port. Parts of trenobl close to the Port could receive up to 6¢cm
but this would affect less than 10 % of the ared\would be dispersed relatively quickly by
the strong currents. Other parts of the channeldvaceive less with a maximum at the Spit
of 20 mm. Only a very small part of the area arofwitobello and off Harwood would
receive 3 mm or more over the 108 days it may fakdredging.

The levels of contaminants and potential for wajaality issues are low. If they did occur
any impact would be for a very short period dueajmd flushing. Levels of contaminants in
sediments to be dredged are below ANZECC guidelifees protection of biological
communities.

There may be limited areas of rock substrate (<i%rea) that will require blasting. It is
expected that only fish in the immediate vicinitl the blasting will be impacted. With
appropriate mitigation most mobile species candtieé blasting. Only macroinvertebrates at
the site itself would be impacted.

The main effects at the disposal site are predicidit the direct effects of smothering of the
benthic community, increased levels of suspendelimemts and reduced water clarity.
Virtually all benthic plants and animals in the imdmte disposal area would not survive
smothering (at least 1.2m depth on average). Rega@uld take up to a year for some
animals and longer for some larger animals, depgndn the disposal operations. Careful
consideration has gone into the selection of atsi@void important biogenic sites offshore
(bryozoan community) and the potential for sigmifit dispersal inshore to Blueskin Bay and
the outer Otago peninsula. No unique or specialneonities have been identified within the
footprint of the disposal site.

Biological resources of Otago Harbour and offshassessment of effects of proposed dredging by@rago Ltd vi
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The increased levels of suspended sediments andte@dwater clarity will affect the
immediate disposal site but the levels of suspersgeliments will be rapidly diluted away
from the site. Away from the disposal site (~2 km diameter) suspended sediment
concentrations will be less than 10 mg/l, well elihe level which would affect plankton
and the level set to protect birds like terns aadngts. Most seabirds found in the area feed
well offshore (e.g., endangered grey-headed molyknand northern royal albatross) or are
predominantly bottom feeders at depths over 40, (sooty shearwaters and yellow-eyed
penguins). Some shag species may feed in thesdibpoea and along with some fish species
may be affected in the immediate area. Most bird#&/dver, could avoid areas of high
suspended sediments. Feeding grounds in the viaifithe disposal site could be affected
short-medium term. Similarly mammals generally feedr very large areas and could avoid
the short-term disruption associated with the dsshdHectors dolphins tend to forage to the
east and north of the disposal grounds and woulghhikely to be impacted.

Because of the low levels of major contaminanth@tdredging sites the effects from release
of contaminants at the disposal site is likely éddw and very short-term.

A number of invasive species have been reported fddago ports with 25 species (mostly
sponges) not previously described from New Zealsaidrs. While the seaweébhdaria has
been present since at least 1990 the seasfiyd@t has not yet been recorded. It is highly
unlikely that species likéJndaria would become established at the proposed dispsiteal
because of the lack of hard substrate, depth apolsexe.

Biological resources of Otago Harbour and offshassessment of effects of proposed dredging by@rago Ltd vii
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1. Introduction
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Background

The next generation of container ships that witheanto New Zealand will have up
to 50% more capacity and be considerably larger &éxasting ships. In order for Port
Otago Ltd (POL) to expand its operation to inclutieese new ships, the Port
Company proposes dredging the approaches to Patméls and berth area by
deepening the channel to between 14 and 15 m&egmending on the final channel
alignment and depth this will involve dredging op7rt5M ni of material.

The material to be dredged has been characterasatilon coring and will be mostly

fine sand, with finer silt and clay dominated seelits in the channel from Port

Chalmers out to Te Ngaru-Cross Channel. A few looatthat need to be dredged or
widened around Acheron Pt and Pulling Pt contagk substrate. There are a number
of potential environmental issues associated with tiredging, including sediment

disturbance and turbidity, sedimentation, and éffen hydrodynamics and ecology.

All of these need to be addressed in the envirotehassessment process.

There are three generic methods of disposing afgd@ material, namely use in beach
nourishment/coastal protection works, reclamatind marine disposal. Because of
the quantities of material involved marine disposalconsidered the most likely
method of disposal for most of the material. Therefissues around marine disposal
are a priority area for assessment.

The approach taken with assessing the potentidbgical effects of this project is
consistent with the guidelines produced by EnvirenmAustralia (2002) and the
Convention on the Prevention of Marine Pollution@ymping of Wastes and Other
Matter, commonly referred to as the London Conwenti

The first stage of this investigation was to pragan annotated bibliography which
identified studies that have been carried out enHarbour itself and region offshore
which could be potentially a receiving area forddyed material. A feasibility report
was then prepared (James et al. 2007) which gdwaeh overview of the present
status of knowledge of the ecology of the regidentified gaps and scoped the type
of work that would be required as part of a dethidsssessment of Environmental
Effects (AEE). In order to fill the gaps and updater knowledge a number of
subsequent studies were undertaken. In additiextensive consultation these studies
included the following:

e Benthic survey of Lower Harbour environment

A survey of benthic habitats and assemblages wagdaout in the
Lower Harbour in March-June 2008 to fill gaps irr &mowledge. The results
of those surveys are reported in Paavo and Pr(it@08).

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 1
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* Benthic survey offshore in region of proposed dssp@f material

An offshore benthic survey was carried out usirtestan sonar, splashcam
and grab sampling in April/May 2008 at the proposeedge spoil disposal

sites and wider area to the east and north to €loddead. The results from
these surveys are reported in Willis et al. (2008).

* Foraging and roosting behaviour of birds

An observational survey was carried out in Marcb&6@ examine foraging
behaviour of wading birds, provide baseline datathie vicinity of the
Aramoana ecological area and to assess the si@gmigcof roosting sites on
high shell banks in the vicinity of Port Chalmeffiese areas were identified
by the Department of Conservation as importantsateat needed further
work. The results from these observations are tegon Sagar (2008).

* Fisheries

Extensive reviews were carried out of availableinfation to describe the
fish and shellfish resources in the Otago Harbag adjacent Otago coast
with an emphasis on resources important for custpmecreational and
commercial purposes. This study included examintiveggextensive fisheries
literature, fisheries statistical data and consioitawith the fisheries sector.
The results of that study are reported in Boyd 8§00

— T >00
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1.2 Scope of this report

The scope of this report is to provide an assessmkmotential effects of the
proposed dredging operation on the ecology of thi@g® Harbour and offshore
environs. The specific objectives of the assessmverg to:

» Describe the communities and habitats in the LokWarbour and offshore
area that may be sensitive to dredging operatimtdiding a summary of
results from recent surveys undertaken for POL.

e Summarise the physical environment and potentiahghs that may result
from the dredging operation that could impact anéhology.

e Summarise potential effects of dredging operatibased on published papers
and reports and unpublished information.

» Assess the effects of the proposed dredging operamd disposal of dredge
material on the benthic environment, birds, fistd enarine mammals.

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 2
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2. The physical environment

2.1
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04/03/09

Figure 1:

2.2

The harbour

Otago Harbour is a long and narrow shallow inlegredd SW-NE, about 21 km long,
generally about 2 km wide, with a mean surface atesigh spring tides of 46 Km
Peninsulas at Port Chalmers and Portobello and #jacent islands divide the
Harbour into upper and lower basins (Figure 1).hedtthan the main channel, the
Harbour is mostly shallow with water depths of l#ssn 2 m, and nearly 30% of its
area comprises exposed sediment flats at low sgideg. The main channel between
Port Chalmers and Dunedin is maintained to a dep#® m but from Port Chalmers
to the entrance the channel is up to 13 m depth #4t5 m depth outside the Mole.
The only other naturally deep areas (> 30 m) ateshoext to the Quarantine and Goat
Islands. The shipping channel extends along thsteme shore for much of the
Harbour’s length. Otago Harbour is the only larga-estuarine inlet on the southeast
coast of New Zealand and has a number of impostagitered water habitats that are
not widely represented elsewhere in this biogedgcagion.

- dhaket g

Geographical sites in Otago Harbodoirce: ©LINZ 1:50,000 topographic maps].
(From Bell et al. 2009).

Hydrodynamics

Peak flows of 1.59 m/s occur on flood tides at sbathern end of the Spit on the
western side of the channel. On ebb tides peak Balv36 m/s on the eastern side of
the channel near the centre at Harrington bendgl&iand Benn 2008). Peak spring
tides around Goat Island produce currents of ar@u8dn/s on the flood tide and 0.6
m/s on the ebb tide (Barnett 1988). More recentsmeaments have recorded peak
currents at Harington Bend and within the tidalgethe Harbour entrance of up to 1-

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 3
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1.5 m/s on flood tides whereas the maximum ebbdigeent only reaches 1m/s. (Old
& Vennell 2001). Slower currents were recorded antébello Bay and the Eastern
Channel during recent surveys (1998) with peak€.8f0.37 m/s and 0.44 m/s
respectively.

The tidal range is 1.98 m for spring and 1.25 mnfeap tides at Port Chalmers which
is 0.1m lower than at Dunedin. High tide at Portalgters occurs around 10-15
minutes after high tide at the Spit. The differefarespring low tides is 50-60 minutes
and neap low tides 35 minutes. For the existingbblar bathymetry, the main
Harbour channel is flood-dominant in relation tooftl-tide velocities being greater
than ebb-tide velocities due to the shorter fladd.tThis pattern is emphasised more
on a spring tide.

The tidal prism (total water volume) has been et at 6.8 x 10m° going out on
ebb tide and 6.5 x 10m® on subsequent flood tide. The residence time has be
estimated at 1.6 days for Upper Harbour waters tfH&876). The Upper Harbour is
less well flushed, and salinity decreases towdrdsniouth of the Water of Leith, the
main riverine inflow. However, this input is ralaly small and salinity in the Upper
Harbour rarely falls below about 30 ppt. Generdlig Harbour can be considered
more of an extension of the sea than an estuary.

The ebb tide jet flow off the entrance to Otagobitar has been described by Old and
Vennell (2001) and further current measurementewasde by Barnett (1988). The
04/03/09 average residual current was 4.5 km/d to the nufftthe Harbour entrance based on
recent current measurements. Further offshoreeanrélgion of the underwater bank
the tidal residual currents are much slower andhphkifrom the Clutha and Southland
current become more prominent (both moving in dmntar north-east direction).

— T >00

Figure 2 below shows that the Southland Currestrisng and persistent and on the
inner shelf there is a anticlockwise eddy in BluedRay at depths greater than 20m
(Bell et al. 2009). Recent hydrodynamic modellingd aempirical measurements
(ADCP current profiles) have shown that a smalkgyf about 5 km in diameter often
sets up to the north-east of the entrance as & odshhe combined effects of a large
gyre in outer Blueskin Bay, the jet from the entmrand the offshore northward
flowing Southland Current.

A constraints mapping exercise early in the pro@dsstified the region to the north-
east of Taiaroa Head as a potential area for dispdsdredged material. The small
clockwise gyre identified in this region appearsdorelatively persistent and could
have implications for the inner disposal site thas originally proposed, 4 km NE of
Taiaroa Head (Figure 2 -Site Al). The prevailingrents in most cases at this site are
to the SE driven largely by the prevailing windsnrthe SW and NE. At times there
can be a slight deviation in current direction torenof a southward flow during winds
from a more northerly direction. Two other dispositds have been considered, one is
on the northern end of the submerged Peninsula(Spitire 2, Site A2) and the other

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 4
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and more likely site is AO, 7 km north-east of TagaHead. Both Site A2 and A0
would appear to be more embedded in the Southlamdet with strong offshore
flows to the north, than Site Al.

Recent current measurements at a site in Blues&in (Bell and Hart 2008) show

considerable variation in direction depending angtate of the tide, wind and state of
the Blueskin Bay gyre. At times the currents wereeh by alternate NE and SW

winds while at other times the current drift wasrento the north during strong SW

winds. Off Heyward Point the prevailing net currémtgenerally eastwards but at
times can be driven more to the NW (Bell and HaA8).

Residal (net) current

R 4562 s —>
3 25 km/day
-45.64
A ] depth [m]
-45.66 1 B “hove 90
] = 80- 90
: 70- 80
F §‘45-68; Bl s0-70
2 = 45- 60
S _ 4570 2 38-45
3 ] Bl s5-38
] Bl 32-35
-45.72 B 31-32
ooy 3 =
~45.74 T Bl 25-29
] = 20- 25
n 15-20
'45'76; Bl 0-15
] : ' I B:low 10
45,78 EteriTr R s ""*'I";';'I"I“I"I";':";-* Lo I:I Undefined Value
170.65 170.70 170.75 170.80 170.85
Latitude
Figure 2: Residual net current patterns and Location antnéxof disposal site options

investigated during the offshore plume modellinggesss.

2.3 Sediment type

Sediments in the Otago Harbour range from silt tarse shell-sand with a
progression from finer grained and muddier sedisénthe Upper Harbour to coarser
sand sediments in the Lower Harbour. Similarly dahea that POL propose to dredge
progresses from sediments dominated by silt ang aldth sand in the area closest to
Port Chalmers to predominantly fine sand at theaewe to the Harbour.

A geotechnical survey was undertaken in 2008 by Ddgo to better characterise
the sediments to be removed. Clay/silt was mostoomin the Swing Basin to Cross

Biological resources of Otago Harbour and offshassessment of effects of proposed dredging by@tago Ltd 5
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Channel and silty/clay was most prominent aroundefan Pt. Rock was encountered
at Rocky Pt and Acheron Pt. Sediments in the Lodarbour close to the entrance
were dominated by sand, in some places rippled $anred or fine sand with shell
relicts.

Offshore the sediments are generally well constdiflahomogeneous, well-sorted
fine sands with little very fine material, as aulkef dispersal alongshore or well
offshore by currents and wind action. Silt contantl organic matter were highest in
the centre of the bay (Figure 3). Shallower paith® bay and the area east of Taiaroa
Head had slightly coarser fine sand (Figure 4).a&revith medium sand were only
significant east of Taiaroa Head where tidal cus@vere strongest.

[

Legend

Prediction Map

Silt

Filled Contours
0-5
5-10
10-15
15-20
20-25
25-30
30-35

[ 35- 40

I 40-45

I 45- 50

I 50-55

Il 55- 60

0 1 2 4 Kilometers.
[ | O

Distribution of silt (grain size < 6@m) content (%) in the sediments of Blueskin Bay
(from Willis et al. 2008). Depth contours are anSntervals from 10 m to 30m. Note
that Box A and Box B in this diagram are referre@s Site A1 and A2 respectively in
this and the physical processes report.
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Legend
Prediction Map
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Distribution of fine sand (grain size 125-2fén) content (%) in the sediments of
Blueskin Bay (from Willis et al. 2008). Note thabBA and Box B in this diagram are
referred to as Site A1 and A2 respectively in thigl the physical processes report.

The adjacent continental shelf is relatively narr@mly about 10 km across at its
narrowest point off Otago Peninsula, but widenim@bout 30 km in Blueskin Bay to
the north. Most of the sands of the nearshoreonegnd the Lower Harbour are
derived ultimately from the Clutha River and teeader extent the Taieri River (Single
and Benn 2007). This is consistent with the sedirbeiget produced by Hicks and
Shankar (2003) with, in the order of 0.39 M tonrigsoss drift estimated at 450-
500,000 m per year, Kirk 1980), discharged from the Clutmal anoving up the
coastline each year. Approximately half of thissisred within the large nearshore
sand-wedge (Peninsula Spit) and one third transgonorth to be deposited on
beaches and nearshore north of Otago Peninsula.

It has been estimated that up to 47,06@frfine sands is transported up the coast and
is interrupted annually by the Otago Harbour clehmith much of this settling in the
Lower Harbour. Although there is only limited freghter inputs to Otago Harbour
significant quantities of suspended sediments ethter Harbour from the local
catchments with some transported to outside wi¢hetbb flow and some settling in
the sheltered Upper Harbour bays and deeper bssgts as Port Chalmers. Annual
loadings have been estimated at 26,000 tonnesi¢Gurd Robertson 1987) with 75%
of this from pasture runoff and 23% urban stormwate

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 7
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Contaminants

A series of sediment cores were collected alongcttennel (to below the depth at
which the material will be dredged) and analyseilLaboratories for a range of
potential contaminants including heavy metals, &gijic Aromatic Hydrocarbons
(PAHS), Polychorinated Biphenyls (PCBs) and petraiehydrocarbons. The results
from those analyses are summarised and compareddZECC guidelines in Table
1. No contaminants exceeded the guidelines indigahere are unlikely to be issues
with contamination during dredging or at the disgiste.

Summary of chemical testing for Port Otago’s “Né&sdneration” dredging.

Parameter Detection Limit Guidelines (mq/kg) Samplg
(mg/kg) ANZECC Concentrations

(mg/kg)

Metals

Arsenic 2 20 <2.0-79

Cadmium 0.1 15 <0.10

Chromium (Total) 2 80 25-17

Copper 2 65 <2-6.7

Lead 2 50 0.79-7.1

Nickel 0.4 21 21-11

Zinc 4 200 6.8-44

Organic

Compounds

PCB (Total) 0.02 0.023 <0.001

TPH (Total C7 — C36) 60

PAH

Anthracene 0.0020 0.085 0.002

Fluroanthene 0.0020 0.6 .

0.002
Phenanthrene 0.0020 0.24 <0.002 - 0.0049
Notes:

¢ Only those PCB, TPH and PAH compounds above detetithit are listed,
otherwise only the total is listed.

« ! Australian and New Zealand Guidelines for Fregh Marine Water Quality
(ANZECC and ARMCANZ, 2000), low trigger value.

Sediments

Most estuarine and harbour environments experigmegods of high turbidity
resulting from increased concentrations of suspgrskdliments during periods of
runoff, resuspension caused by winds and wave ractiod other point source
discharges (e.g., sewage, industrial waste). Thereno ongoing monitoring
programme of suspended sediments or turbidity iag®tHarbour but suspended

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 8
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sediments concentrations are known to range fré1i546 mg/l and up to 2300 mg/I
in stormwater discharge following heavy rain (Poitsith Drive, ORC 1991).

A monitoring programme was initiated by POL to meas turbidity (NTU)
continuously and suspended sediments and lightwgtt®n at regular intervals at two
sites, one in the Lower Harbour and one in the Upfaebour. Optical properties in
the Otago region were measured by Pfannkuche (26102} stations in the Harbour
and offshore. K(a measure of the rate of reduction of light wihpth) varied from
0.05 m' off Taiaroa Head, 0.78 Trat Port of Dunedin, 0.26-0.33 nat Port Chalmers
and similar levels out to the Harbour entrance. $eaments taken for Port Otago Ltd
at upper and Lower Harbour sites for 3 months frAogust 2008 showed that
turbidity varied between 1 and 6 NTU with an averampout 2 NTU. Highest
suspended sediment concentrations occurred duristgpren on 21 November 2009
when 6.44 NTU and a suspended sediment concemtr@fti®.5 mg/l was recorded 4K
varied from 0.1 to 0.33 it but rose to 2.14 thduring the storm event.

Summary

Other than the main channel Otago Harbour is magibllow with extensive tidal
flats. The Harbour is the only large non-estuanihet in this biogeographical area but
it has been significantly modified by human actéstand experiences episodic inputs
of suspended sediments.

— T >00

The tides are flood dominant in terms of velocitiéth peak tidal currents of 1.59 mys
04/03/09 and with a tidal range of 1.25 to 1.98 m. Offshbyelrodynamics are driven by the
Southland Current and jet from the Harbour entramicieh can produce local eddies
and a larger gyre in Blueskin Bay.

Sediments in the Harbour graduate from finer muddiediments in the Upper
Harbour to coarser fine sand towards the entrarittefiwe sand on the intertidal flats.
Offshore sediments are fine well-compacted sandh Wigher silt content in th
middle of Blueskin Bay. Contaminants in the Poraaand channel to be dredged
were found to be low and below the ANZECC guidddifier maintaining biologic
systems.

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 9
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3. Biological resources

3.1 Harbour benthic communities

Benthic habitats of the wider marine environmerdiude sheltered rocky shores,
intertidal sandbanks, and subtidal soft sedimetiobts within Otago Harbour, and
open ocean habitats immediately outside the Harbmatably wave-exposed rocky
shores, sandy beaches, and soft sediment bottoitatsatf the continental shelf.

An annotated bibliography and summary of existiwglegical information on the
benthic habitat and communities in the Otago Harbsyorovided in James et al.
(2007). For the purposes of this report we have nsansed new findings from
surveys of benthic habitats and assemblages ukdarfar Port Otago Ltd in March-
June 2008. The aim of this work was to fill gapsour knowledge of the spatial
distribution of different habitats/communities thatre important because of
conservation, fisheries value or sensitivity to difjieg operations.
Habitats/communities of particular concern thatevelentified through consultation
with various interest groups included seagrassriligion, cockle beds, and the
ecological areas around Aromoana (Department of s€@wation’s Ecological
Protected Area) and unmodified areas around Quaeardnd Goat Islands. A
preliminary photographic survey was conducted tally define habitat types and
determine the best sampling strategies. This wlewfed by a full survey using
photographic methods, diver observations and gaatpkes. Full results are provided
04/03/09 in Paavo and Probert (2008). Surveys of rocky shatstats are yet to be undertaken
and will be reported separately.

— T >00

The Lower Harbour is a mosaic of benthic habitBesed on the recent surveys at 86
locations it can be divided up into at least 6-ifal habitat types and is dominated
by areas with medium sands and relict shells (24%lassified area), extensive
intertidal sandflats supporting algal mats (35% aoéa), and inlet features with
seagrasses and cockle beds (24%). Ten percent a@sfaunal tube mats, 6% clean
rippled sand and about 1% deep sessile communitg. habitat types identified by
Paavo and Probert (2008) were:

1. Relict shell on medium sand with sparse patchedgafe.

2. Relict shell on medium sand with sparse patchesalgde but with silty or
flocculent layer, no sand ripples, recent biotudrabbvious.

3. Medium sand with ripples.
4. Thick algal mats.
5. Seagrasses on medium sands.

6. Macrofauna burrows/mounds, indications of burrowbngalves minimal.

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 10
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7. Cockle beds.
8. Sediment surface dominated by closely packed maienafl tubes.

9. Deeper habitat with cobble-sized stones and moltislls fused together,
signs of high water flows.

10. Shell hash.

These habitats can be reduced to 6 major categandsdistribution is shown in
Figure 5.

The Harbour seafloor is predominantly well sorteeldiam sands with seagrass and
algal meadows on the sandflats and occasional deglbsits in the channel from
Deborah Bay to the entrance. Muddy sands were ete@d in sheltered areas of
Deborah Bay and Portobello Bay. The sea lettudea] is episodically abundant and
was often encountered drifting in the channel. Esiong coralline “paint” alga were
found on shell and cobble deposits where flow méantl substrates were exposed.
Macrothallus algae were restricted to shallow seuthportions of the Harbour. Small
clumps of filamentous algae were found on shell$ stones at most subtidal sites
except in the deepest part of the channel. It vagladed that shaded areas on aerial
maps can not be reliably correlated with seagrabseause of the extensive algal
mats and other features which overlapped. The atmicsea-tulip Ryura
pachydermatina) was found attached to hard substrates at a tew isi the channel.

— T >00
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Sampling in the Lower Harbour found 134 taxa (Paawd Probert 2008). The
macrofauna was dominated numerically by amphipatraallusc species with larger
conspicuous fauna including crabs (e.g., hermibgrislacrophthalmus hirtipes and
Nectocarcinus antarticus), and mantis shrimpHeterosquilla tricarinata). Several
snails were common includingfurbo smaragdus, Micrelenchus tenebrosus,
Stiracol pus symmetricus and Maoricol pus roseus. Also present but less common were
the tunicateAscidiella adspersa, sponges, several limpets, chitons, barnaclepuker
polychaetes attached to shells, and seastarsatine fvas conspicuous for the lack of
polychaetes. The small bivalv@srrierina harrisonae andNucula were abundant in
the inlet estuarine/inlet classified areas. Eallahesnails were abundant at a few
central sandflat areas.

High diversity was recorded across a range of htebihcluding in the channel and on
the central intertidal sandflats in the centretaf Lower Harbour (highest abundance
of annelids and molluscs). Although abundance teénode lowest in the channel and
on the margins between the port and Cross Chaalpehdance data did not show any
reliable relationship with the 6 or 10 habitat sifisations above, thus the benthic
habitat structure classifications do not appearbéo a useful proxy for benthic

communities with many species being found acrosange of habitat classes. The
banks closest to the channel and at Aramoana oeuctaihe lowest diversity. No

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 1
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distinct assemblages were identified except fordéaep sessile community in parts of
the channel, and most species were found acrassge 10f habitats thus the Harbour
can essentially be treated as “one system”.

Additional sampling was undertaken in areas idmutifas being of special

significance by various stakeholders. These indute cockle beds close to the
swing basin in Port Chalmers where POL are progposinwiden the channel and
remove some of the banks. Four transects weresalspled on the DOC designated
Ecologically Protected Area of the Aramoana samslflzhich has special significance
for birdlife.

The cockle Qustrovenus stutchburyi) was found at a number of sandflat sites in
densities ranging from 15-625with highest densities recorded in this survey jus
south of Harwood and on the banks opposite AchétbnPatches of cockles are
known to occur in many areas of the Lower Harbowd ean even be patchy at the
scale of metres. Densities on channel margins dlogbe swing basin (areas to be
removed as part of the widening operation), areegly less than 200 fn(this
survey and Southern Clams, pers. comm.).

1 Sand, shell, algae
. 2 Clean rippled sand
B 3 Algal mat
m 4 Inlet Community

5 Tube mat
#8 6 Deep sessile

© Benthic Science Ltd 2008

Figure 5: Map of habitat types in the lower Otago Harboun(f Paavo and Probert 2008).

The margins of the sandflats were dominated bysHagrassZostera muelleri) (Fig

5) and faunal habitats typically associated witleltslned harbour and estuarine
environments. Deep cobble and clean-swept mediumd babitats were restricted to
the channel and dense aggregations of bioturbaters found in areas with medium
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to fine sands with organic debris. The dense digdb were generally associated with
secondary channels or shallow subtidal areas watthemate flows.

The small bivalvePerrierina harrisonae dominated the fauna on the Aramoana
sandflats followed by several species represemtatifs three amphipod families.
Polychaetes were not very numerous in the sampesthe sandflats.

There have been limited surveys of the Upper Har{®ainer 1981, Grove and
Probert 1999). This part of the Harbour is subjecmore anthropogenic inputs and
point source pollution from discharges. Apart fronganically enriched Sawyers Bay
where the community was found to be dominated bghapods, generally the fauna
in the Upper Harbour is more characteristic of finenuddier sediments and
dominated by capitellid polychaete worms. The higdlucula and several deposit
feeding polychaete worms such as those belonginghé¢o Spionidae were also
common. The infauna is also influenced by the abuond at times of green
macroalgae (mostly sea lettuce).

Portions of the Harbour have experienced major iphyslteration, especially from
changes associated with reclamation, shoreline ldgment and dredging.
Importantly, most of the Harbour’s shoreline is nbeunded by a rock wall retaining
a road or railway that disrupts the natural shawdilp. There are few stretches of
unmodified rocky shore left in the Harbour; the yoektensive stretches of natural
shore occur in the middle reaches. Based on sdoties undertaken by Otago
University (Keith Probert, Otago University, petssg the zonational pattern on these
04/03/09 shores is typical for sheltered southern locatio@dten conspicuous at extreme low
water are bladder kelpM@acrocystis pyrifera) and sea tulipRyura pachydermatina).
Mid-shore species include necklace weklldr(nosira banksii), blue musselMytilus
galloprovincialis), rock oyster Tiostrea chilensis), snakeskin chitonSypharochiton
pelliserpentis), the topshellMeagraphia aethiops, and the red alg&ictosiphonia
arbuscula. Periwinkles Rodilittorina spp.) and lichens characterise the high-shore.
Noteworthy at low water is the brachiopod (lamplidhealloria inconspicua.

— T >00

Summary
The Lower Harbour is a mosaic of benthic habitats tan be divided up into 6-10
habitat classes dominated by medium sands and skldls (24% of area), extensiye
intertidal flats (35%) and inlet features with semges and cockle beds (24%). The
sea lettuce is episodically abundant and much efitlertidal area is covered |n
extensive algal mats.

134 benthic fauna taxa were recorded in the latesteys and the community was
dominated by amphipods and molluscs. Highest diyenss recorded across a range
of habitats including parts of the channel and neiddf intertidal flats. Most species
were found across a range of habitats thus theddartan essentially be treated|as
“one system”. A deep sessile community was foun@dokets of the main channgel
comprised of animals like sponges and tunicatesrel'are few areas of unmodified
coastline. Cockles appear in patches throughouttitte flat areas with highest
densities in the Lower Harbour opposite Acherorafdl south of Harwood. There
were surprisingly few animals on the Aramoana flaith the most common being
small bivalves.

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 13
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3.2 Offshore benthic resources

Shores adjacent to the entrance to Otago Harbommpiise wave-exposed sandy
beaches (with a seemingly typical but until regeptiorly known fauna dominated by
amphipod crustaceans and polychaete worms) ang giukres characterised by bull
kelp (urvillaea antarctica) (low shore), barnaclesChamaesipho columna and
Epopella plicata) (midshore), and periwinkledN¢dilittorina spp.) (high shore). The
biotic composition of such shores appears to bdcaypfor the region. Full
descriptions of existing ecological information ttve benthic habitat and communities
offshore from the Otago Peninsula can be founéimes et al. (2007).

Limited surveys in the area offshore of Otago Psulen and Blueskin Bay have
revealed amphipod crustaceans, spionid polychastggrochid gastropodZdthalia
zelandica andAntisolarium egenum) to be typically abundant in this zone (Probed an
Wilson 1984; Paavo 2006). To gain a better undedihg of the different habitats
and benthic communities in these areas, an offdbeméhic survey was carried out in
April/May 2008 at the proposed dredge spoil dispegas and wider area to the east
and north to Cornish Head. The aim of these surveas to determine the spatial
distribution of habitat types and macrofaunal asdages, identify any species or
assemblages of unique or particular biologicalregeand to understand what factors
may be driving the current distributions of animaigth a view to predicting what the
04/03/09 likely consequences of spoil disposal may be. Tiilerésults from these surveys are
reported in Willis et al. (2008) and summarisedeher

— T >00

The benthic fauna in the area surveyed was nunfigridaminated by the gastropod
snail, Antisolarium egenum, followed by three polychaete worms and the ulbays
bivalve Nucula nitidula. Depth and type of sediment appeared to be ther mai
determinant of faunal groupings. For example, worimsthe polychaete genus
Aricidea and the Families Cirratulidae and Scalibregmatidaed an unidentified
cumacean (a small crustacean), occurred in thghesit densities in the very fine
sand/silt basin in the middle of the bay. Converstile shailsAntisolarium egenum
and Zethalia zelandica, and the polychaete wormArmandia maculata were all
associated with shallow, inner bay regions. Amptgqsmall crustaceans) and
Tellinidae (a bivalve) characterised coarser, debpbitats (Willis et al. 2008).

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 14
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Spatial distribution of invertebrate numbers lblage the total collected per sample at
each site. Three replicate samples were taken it eh32 stations (Willis et al.
2008). Note that Box A and Box B in this diagrare egferred to as Site A1 and A2
respectively in this and the physical processesrtep

The sidescan survey showed that the inner dredgposkl site (Site Al) was
generally turbid, dominated by fine sand, and pesse little epifauna (surface
dwelling animals). The second disposal site (Si® B approximately 10 km off
Taiaroa Head and was characterised by high demsifia large tubeworm and other
epifauna (including the knobbed whek,strofusus glans, and the ostrich-foot shell,
Sruthiolaria papillosa), despite having a similar sediment to Site Alrddomussels
(Atrina zelandica) were found in patches well to the northwest dé 3il. The site
that is now more likely as a disposal site (Site Bigure 2) would contain a similar
community to that at Site A2. Many of the offsheies sampled at depths over 27 m
possessed fine sand habitats with patchy bedsbaworms. Apart from one site
where the substratum was formed by coarse sandratidgravel, the sediments of the
wider area were fine sands, apparently gradingdittier sand closer to Taiaroa Head.
Occasional patches of shell fragments were foumdutithout the surveyed area
(Willis et al. 2008).
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Spatial distribution of number of invertebrataaabased on the total collected per
sample at each site. Note that Box A and Box Bhis diagram are referred to as Site
Al and A2 respectively in this and the physicalgesses report.

Total faunal densities were highest in the area pemth of the Otago Harbour
entrance (including Site Al), were lower in the di&of the bay and lowest in close
to the coast in Blueskin Bay and offshore (Figuje Average density across all
samples was 160.5 (+ 80.0 s.d.) animals per gra® X229 mm ponar grab). Species
richness ranged from 10 to 39, with an averageddd 2+ 6.2 s.d.) taxa per sample
(Figure 7). The most species-rich area was alsb wliich contained the highest
densities (just north of the Harbour entrance), thednost species-poor area was right
in Blueskin Bay and east of Taiaroa Head. Areah Wigjh infaunal (animals living in
the sediments) abundance and diversity, contrdhttine low abundance and diversity
of epifauna (animals living on the sediment). Ntitat the very small and abundant
shail Antisolarium egenum is included as infauna

Multivariate analysis of variance did not suggdstttthe infauna in the area of the
proposed disposal sites are different from immetjjasurrounding areas (i.e., within
ca 4 km). Comparison of the results of the prestrdy with those of previous studies
in the same area suggest that the fauna recordib@ ipresent study is typical of the
nearshore sand zone that occurs in water deptba 80 m off this part of the Otago
coast.

The coarser gravelly sediments of the middle antérogshelf provide habitat for
attached epifauna, notably several species of bgmz (“lace corals”). Surveys and
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mapping of their distribution have found that lagdonies form reef-like thickets at
depths of about 70-110 m (Probert et al. 1979; @atd Probert 2000; Jones 2006).
Also distinctive of the outermost shelf is the quescallop Psychrochlamys
delicatula), the basis of a local fishery. These communiéiesfound well off-shore
and generally south of the proposed disposal gm(Ridure 8) so are unlikely to be
impacted by the proposed dredging and disposal. queen scallop and bryozoan
communities cease at the outer shelf break at wiafeths of 125-150 m. Beyond, the
continental slope is incised by submarine canyoith & diverse benthos, but this
habitat is unlikely to be affected by the propoaetivities.

Harbour channel

Bryozoans
Queen scallop

— T >00

04/03/09
e s Kms
0 2 4 6 8
Figure 8: Areas where bryozoans and Queen scallops are fiouttte Otago Harbour region

(redrawn with data from Beentjes and Cole (2002)).

Summary
Faunal densities were lowest in inner Blueskin Bdngre silt content was higher than
elsewhere. Faunal density and diversity were higjuss north of the Otago Harbour
entrance. The fauna was dominated by the gastrégmal) Antisolarium egenum,
followed by three polychaete worms and the ubigustbivalveNucula nitidula. Site
Al was more turbid and total densities were highan Site A2 and A0 but the latter
two contained more epifauna (large tubeworms, whelk.). The fauna is typical of
nearshore sand zones and no rare or unigue spemiesound.
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3.3 Planktonic communities

The upper and Lower Harbour support different zanklon communities (Quinn
1978). Copepod species were the most abundant memife the permanent
zooplankton community. Temporary larvae from a dieeange of benthic species are
found in the Harbour, particularly in spring anasner. These include the euphausiid
Nyctiphanes australis and the krillMunida gregaria which are an important source of
food for birds when they reach high abundancesiimnser.

The hydrological regime off the Otago coast is claxp@nd dynamic and includes
three major water masses and associated planktomanities (Jillett 1976, Murdoch
1985). Inshore waters have neritic characteristite communities in the middle of
Blueskin Bay comprising mainly meroplantonic lansed a mixed fauna of oceanic

D and neritic species over the mid-shelf and nortBlokskin Bay. Physical processes
rather than biological processes appear to deternttre spatial structure of
zooplankton in the region with the eddy systemigais a recruitment and retention

R mechanism for coastal species.

A3.4 Birds of the Otago harbour and coast

The lower Otago Harbour and the adjacent offshoagima environment support a

F diverse array of bird life including one nationatigitically endangered, two nationally
endangered species, six nationally vulnerable spe@nd five species in decline
T (Miskelly et al. in press). Species of conservatioportance are listed below:

/03/09 . , . . : :
'Ioaét)le é: Bird species of special conservation status foartie Otago region (Updated from
Miskelly et al. in press and based on criteria ithddn Townsend et al. 2008).

Common name Taxon Conservation status
Grey-headed mollymawk Thalassarche chrysostoma Nationally critical
Black-fronted tern Sterna albostriata Nationally endangered
Black-billed gull Larus bulleri Nationally endangered
Banded dotterel Charadrius bicincta Nationally vulnerable
Caspian tern Sterna caspia Nationally vulnerable
White-fronted tern Sterna striata Nationally vulnerable
Red-billed gull Larus novaehollandiae scopulinus Nationally vulnerable
Yellow-eyed penguin Megadyptes antipodes Nationally vulnerable
Stewart Island shag Leucocarbo chalconotus Nationally vulnerable
Hutton’s shearwater Puffinus huttoni At Risk — Declining
Flesh-footed shearwater Puffinus carneipes At Risk — Declining
Sooty shearwater Puffinus griseus At Risk — Declining
Southern blue penguin Eudyptula minor minor At Risk — Declining

NZ pied oystercatcher Haematopus finschi At Risk — Declining

NZ Black-browed mollymawk Thalassarche impavida Naturally uncommon
Northern royal albatross Diomedea sanfordi Naturally uncommon
Erect-crested penguin Eudyptes sclateri Naturally uncommon
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These species, and other birds reported from th&, @amhabit two major ecosystems
within the area of interest to this study — coag@tatluding the lower Otago Harbour
and the offshore area where dredged material majidpmsed) and intertidal within
Otago Harbour. Sagar et. §2002) listed 34 species of seabirds previousborred
from or are likely to occur frequently in Otago sta waters. Thirteen of these
species breed on the Otago coast and another sironoly frequent the intertidal
zone in the Lower Harbour. A summary of informatmmthe species of conservation
interest, that occur within the dredging and po&rdisposal zones, is provided in
James et al. (2007).

D3.5 Marine mammals

Four seal and six cetacean species have beengegmin the Otago coast (Sagar et
R al. 2002). All species spend time in the coastakvgaoff Otago, and several species
of seal use areas on the Otago Peninsula as haareas and breeding grounds.
A Mammals with special conservation status are listddw (Hitchmough et al. 2005).
Tatili_z: Marine mammals of special conservation status knioam the Otago region.
Common name Taxon Conservation status
T Southern elephant seal Mirounga leonina Nationally Critical
Hector’s dolphin Cephalorhynchus hectori hectori  Nationally Endangered
04/03/09 Southern Right whale Eubalaena australis Nationally Endangered
New Zealand sea lion Phocarctos hookeri Range Restricted
Bottlenose dolphin Tursiops truncatus Range Restricted

A summary of information on mammal species of coreten interest, that occur
within the potential dredging and potential dispasmes, is provided in James et al.
(2007).

3.6 Fisheries resources

There is a diverse coastal fish and shellfish famn®tago Harbour and the waters
adjacent to Otago Peninsula. Boyd (2008) fountllibth the fish and shellfish fauna
present in these waters is predominantly comprde@dmmon species that are widely
distributed throughout central New Zealand coastdérs.

The extensive intertidal areas of Otago Harbourtaiona significant population of
cockles Austrovenus stutchburi). Customary, recreational and commercial fishing
and seafood gathering takes place in Otago Harhadr along the Otago coast.
Recreational salmon fishing is a significant atyivalong the lower Otago Harbour
channel and around the Harbour entrance duringuh@mer months. The waters of
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Blueskin Bay are important to Otago commercialifighvessels that fish for flatfishes
and other inshore species there.

A full report on the customary, recreational andnowercial fisheries resources in
Otago Harbour and coastal Otago waters is provid@&byd (2008).

— T >00
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4. Description of proposed dredging operation

The type of dredge used and dredging operationsdependent on a number of
factors, the main one being the type of materidb¢oremoved. In the case of Port
Otago’s proposed dredging the sediment is predartiinailty/clay in much of the
area to be dredged from Port Chalmers to Cross righagrading through to mostly
fine sand towards the entrance but with rocky aygsraround Acheron Pt.

It is proposed to use a trailing suction hoppeddes(TSHD) for the majority of the

dredging operation, with a Back Hoe Dredge (BHD) focky areas (Rocky Pt,

Acheron Pt and Pulling Pt). Blasting will only beed if the rock proves too difficult

for the BHD. The TSHD has an operational depth ireguent of 9m, so in the areas
to be widened by up to 60m (Swing Basin and Hatondt are the significant areas)
an alternative method, such as a small BHD and T®#ilbe needed.

It has been estimated that less than 10,600m1 ha of intertidal zone will be
removed through widening the channel in the SwiagiB but only a small area is
expected to be removed at Pulling Point or Harindgdéend and most would be sub-
tidal.

A TSHD dredge has a draghead, which is pulled atbageabed, and a hose to pump
the sediment from the head to the ships hopper.hbpper acts as a large settling
chamber where heavier material (generally sandg56®a) settles out and finer silts
stay in suspension. For coarse sediments, sucinds,sdredging generally continues
until the hopper is full, or near full, of solidad®ed material. The water/fine sediment
still in suspension is discharged at the dredgitggtbrough an overflow pipe which is
5-9m below the surface. When dredging sedimentsirded by fine non-cohesive
particles (e.g., silts less than 63um) which do suitle, dredging is completed when
the hopper is full and no or little “overflow” ocisu

— T >00
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There are three sources of turbidity during theraipen.

1. As the draghead moves along the seabed it loosateriat which is mostly
extracted by the suction pipe and thus resultttia increase in turbidity.

2. The overflow pipe from the ships hopper will disade turbid water
(water/fine sediment mix) below the surface (5-9ffle most significant
discharge will be when dredging sand/silt mix amel overflow operates until
the hopper is near full. In the case of silt dortedasediment dredging would
cease before the hopper is full of the water/sedinmix with minimum
overflow.

3. Discharge at the disposal site will result in sezhinplumes generated from
discharge of finer sediment (silt or sandy/silt)emithe hopper may only be
one third full of solid sand material. When thectiiarge is mostly sand most
of the material will settle relatively rapidly the seabed and most of the finer
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material will have been washed out at the dredige Blost of the cohesive
material (clay/silty clay) will remain aggregateddasettle along with the
sand.

There are three generic methods of disposal ofgéiedhaterial:
e Use in beach nourishment, coastal protection works.
* Reclamation or industrial use.
* Marine disposal either in the estuary/harbour &hafre.

Because of the volumes involved only a small amadsirikely to be required for
coastal protection/beach nourishment so most ofrttieerial will have to be disposed
of at sea. The most likely sites that have beentifiied from constraints mapping are
~4-10 km north east off the Otago Peninsula in 20+2vater depth (Sites Al, A2 and
AO — Figure 2). Site AO (~7 km NE) is now the predel site and the one where the
most extensive modelling has been carried out.

The quantity of rock to be disposed of is only drtrel%) and will require a backhoe
dredger and hopper barges. If this proves toocdiffisome blasting may be required.
Options for disposal of rock material also includisposal at the main offshore
disposal site, disposal along the coast or foreskrareas requiring protection, to
build up reefs, land disposal or use for induspiaiposes.

— T >00

04/03/09

Summary
It is proposed to use a trailing suction hoppeddesexcept in shallow areas of the
Swing Basin and potentially the few rocky areas mgreesmaller backhoe dredge may
be used. Less than 10,006 wmill be removed for the channel widening around [th
Port. When dredging fine non-cohesive sedimentdgiing will be completed whe
the hopper is full with little overflow. When dredg coarser sand sediments dredging
will continue until the hopper is full of solid neatal and excess fine material will Ibe
discharged through an overflow pipe at 5-9 m weégth.

=)
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5. Effects of proposed dredging operation in Otagodrbour

51

Physical changesummarised from Bell et al. 2009)

5.1.1 Currents and tides

— T >00
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Tidal range - Deepening of the channel is likely to lead to glgly larger tidal range
within the Harbour. For the 15-m channel configiarat small differences of less than
1% would occur in water levels at main-channel ssiteroughout a tidal cycle
compared to the situation with the existing nav@athannel. The largest increase in
tide height would be 0.008 to 0.016 m around Pdral@ers, Portobello Bay and
Harwood areas of the Lower Harbour, and in the Wpplarbour (Dunedin,
Ravensbourne), reducing to up to 0.004 m at theaBo¢, mirroring the spatial
reduction in tidal phase change down the Harbdurese changes are very small and
would not be expected to have an effect on theoggabf the Harbour.

Tidal currents - Modelling of hydrodynamics before and after thredging operation
indicate that there are likely to be only smallrpes of less than 0.1m/s reductions in
peak current speeds and mostly in the Lower Harb®he differences in the
magnitude of peak (maximum) ebb or flood currerioeiy (no wind scenarios) are
small and mostly less than +0.02 m/s (x0.04 kneatis)most channel sites, with
negligible changes at Dunedin and off Spit Jetiyti&@ce). The exceptions would be
changes in peak speeds of up to 0.1 m/s increastge south side of Harington Bend
and decreases in current speed of up to 0.13 g qdarts of the shipping channel
(Port Chalmers and Harrington Bend). Decreaseauirents in the Lower Harbour
between Harwood and Ohinetu Point would be legs €h@6 m/s.

Phasing - A 15-m deepened channel would alter flood-tideations by no more than

0-3 minutes (mostly an increase in duration) orprng tide, with a compensating

alteration to the ebb-tide duration. There wouldsb®ll differences in the timing of

high or low tide with a 15-m deepened channel, pdktough a slight advance (i.e.,
high or low tide occurs slightly earlier), becaube tidal wave travels slightly faster
in deeper water. The tide phase change would lgedaion spring tides. The largest
change would only be an average 6 to 8 minutesradvan high or low spring tide

that would occur at Port Chalmers and 5 to 6 mmitethe upper section of the
Harbour (e.g., Ravensbourne and Dunedin). The geesaring-tide phase advance
would then gradually reduce towards the Entrancih \@ 3 minute change at

Harington Bend, and then negligible change offSpé Jetty.
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5.1.2 Turbid plume in harbour

Several model runs were made to examine the caatiems in the plume of turbid
water generated during the dredging operation hadektent of dispersion. The full
results are reported in Bell et al. (2009). Becams®st of the sediment will be
discharged at depth SSC (suspended sediment comttamg) will be higher towards
the seabed and lower towards the surface. Dispetsididal currents dominate the
transport of sediment in the Harbour rather théeotispersive processes.

An example of the concentrations of SSC in the gliganerated by dredging at the
inner most site (Port Chalmers) is shown in Figur&his is likely to be a worst-case
scenario as there is substantial divergence dugirémg flows around Quarantine
Island and dispersion into the Upper Harbour. Miirglindicates that the highest
depth-averaged concentrations of SSC (over 100) mgll occur in the area of the
channel, subsidiary side channels and intertidakbadjacent to channels with some
patches over 1000 mg/l in areas immediately adjdcedredging. The reason for this
high level of suspended sediments is that wherswheg basin is widened the dredge
water overflow pipe will be discharging at 1m iredeof much lower in the water
column. As a result suspended sediment concentgatinareas close to the dredging
will experience larger episodic releases and hayleeh concentrations, but over short
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claims (TOP) and predominantly-sand claims (BOTTGMpjom Bell et al. 2009).

Similar levels could occur in the Upper Harbourtbe eastern side of the channel but
for less than 1% of the time. Most of the flatsnfrde Rauone Beach to Harwood
would be largely unaffected except when dredgirgHBarington Bend site when there
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could be patches of higher concentrations (100-2@0nbut mostly in areas close to
the main channel (Bell et al. 2009). Depth averag8€ will generally be low from
the Mole to Taiaroa Head but will increase up t®-200 mg/l for discharges from
dredging at Harington Bend.

Leaving aside the main shipping channel the peagenof time that there would be no
increase in SSC is quite high—often 80% of the tonanore in all sections of the
Harbour. This would occur because the dredginghdiges are not continuous, but
cyclic, with gaps of up to 1.8 hours, and the tifliavs reverse every 6 to 6.5 hours,
providing lengthy periods at “upstream” sites filirszed material to settle out.

However, there would be few Harbour sub-areas whieeedepth-averaged SSC

D exceeds 400 mg/L for 5% of the time or more (oved above the background
concentration). This would only occur in sub-aremsering the main shipping
R channel, close to the relevant discharge sourakthaee inter-tidal sub-areas adjacent

to the main shipping channel in the middle of tleever Harbour (Bell et al. 2009).

A5.1.3 Sedimentation in the harbour

While there will be dispersion of suspended sediménring dredging, sediment will
F settle and accumulate on the seabed in the charbvals and on parts of the tidal

flats. Modelling of dispersion and settlement (Bxlbl. 2009) of suspended sediments
T gives an indication of the potential depositiontth@ay occur. The modelling of

deposition is conservative as it assumes no ressEpe
04/03/09

An example of the spatial distribution of sedimelikely to settle out over a 14 day
period is shown in Figure 10 below. Assuming alegtbed density of 1300 kgfm
then 5 kg/min the figureequates to 3.8 mm over the 14 day period or 0.3ch({B#ll
et al. 2009). Full details are given in Bell et @009). The key results from this
modelling are:

¢ Most areas would receive less than 0.01 mm/d déposi

» Deposition over 0.3 mm/d is largely confined to thain shipping channel,
around Goat and Quarantine Islands and some ointegidal flat margins
flanking the channel.

» Discharges from areas where silt predominates woeildigher than for sandy
areas thus mitigation should focus on reducingotrexflows during dredging
silty areas.

« There would be no discernable deposition in the ddpplarbour from
discharges at Harington Bend seawards.

« Most eastern areas would be subject to little odeposition except a reach
west of Portobello Peninsula during dredging of tipper channel and a
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stretch from Te Rauone Beach to Ohinetu point frdredging in the
Harington Bend area. During dredging in this lattegion and seaward,
deposition would increase from 0.03 mm/d to 0.27/dim

Integrating deposition in each sub-area (for detailassumptions see Bell et al.
2009) can be used to assess the potential depositier the full 100 day period

dredging is predicted to take. The results do ake tinto account resuspension
and thus can be considered conservative:

* In the main channel modelled depositions are higthitbneeds to be kept in
mind that much of this would be resuspended andechdwy tidal flows.

» Outside the main shipping channel the highest medg&position is around
the Port intertidal area where deposition couldijpéo 5 mm or more over the
100 days. Median deposition in most other non-chhareas is small at less
than 1 mm over the 100 days.

Average deposition would be higher in inter tidedas around the Port with
10.5 mm over the 100 days but would be less tham2elsewhere (except in
the main channel).

* Less than 10% of the area in the channel, at tine Widl receive more than
57mm during the whole dredging period (Bell et28109) with this decreasing
to 20 mm at Spit Channel. For non-main channelsadeas than 10% of these
areas would receive 6 mm or more over the 100 dejog, except the
intertidal Port area where 10% would receive 26 onrmore. In the intertidal
areas around Portobello and off Harwood only 10f% e area would receive
3 mm or more over the 100 days.

— T >00
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* Deposition in areas like Aramoana flats, Te Rauoeech and Harwood inter
tidal areas would be less than 1 mm over the 18 déth patches up to 5
mm.

¢ Plume modelling showed that only the main channad aide channel
between Quarantine Island and Portobello peninsaolald be subject to high
initial deposition but these would be reworked. od with fine material
reworked from shallow areas sediment would evelyti exported from the
Harbour or settle in sheltered quiescent areas, (Bignedin basin, Careys
Bay).

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 26



—NIWA_—

Taihoro Nukurangi

s
o
s
2
el
el
el
el
C
3
el
el
%
X R
5 et
o o cts
s e
%
2
o
.
£
oo £
6y P
— 25505 petatel
- s
[ Eotetatel otetetotetel
8 e S
o bt Eibatatets
g s feees
s coeies
o et ettatatott bt ebotatety
— 0.0.0.. ..... 0.0.......
= i fees
= i s
e s
o e
etatatetss
ietatatetys
etototalt
s 14 day deposition
S y dep
s 5
[kg/m*2]
Il Above 5.00
s [ ] 200-500
250K ] 100-200
] 050-1.00
I o020-050
0.10-0.20
I 0.05-0.10
002-0.05
Bl 0.01-002
[ | Below0.01
A
o
.0.0
e
04/03/09
%
= e
L
2
[
E
D e
= e
— Bt Rt Rttt
ettt tatatatete!
Tetetettetetutalulety!
Petetetitetatetatutety!
oo
R i
e 14 day deposition
[ka/m*2]
Il Above 5.00
[ ] 2.00-500
] 100-200
I 050-1.00
I 020-050
B 0.10-0.20
Bl 0.05-0.10
23 0.02-0.05
s Il 001-002
ettty et
o S L
it [ ] Below 0.01
0 2 4 6 8 10 12 14 16 18
(kilometer)

Figure 10: 14-day accumulated seabed deposition in kdéma Taylers Bend discharge source
for predominantly-silt claims (TOP) and predomidgstaind claims (BOTTOM) —
from Bell et al. 2009.
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5.1.4 Dispersion and deposition at disposal sites
Physical processes that can have an impact onggcata disposal site include:

* Increase in suspended sediment concentrations finer material that
remains in suspension and will be carried away uoyents and settle out in
time, well away from the disposal site.

* Increase in finer material that falls directly teetseabed at the disposal area
and disperses along the bottom in immediate sudfun

» Deposition of coarser material that drops straigtihe seabed.

* Increase in suspended sediment from resuspensidimesf material at the
disposal site and redeposition away from the site.

R Modelling of these processes was carried out toacherise the potential extent and

A fate of the plume of fine material and the depositiootprint that would result from
disposal of dredge spoil material. Full details asdumptions are provided in Bell et
al. (2009). Essentially the fate of material wdtofeed by particle tracking based on 4

F classes of sediment size, a discharge at 5m bdievsurface, a 10 minute disposal
time for each load, and dispersion coefficient folam Hydrodynamic modelling

T showed that tidal effects away from the Harbourearamor and the Southland current
relatively persistent to the NE, so the modellicgrarios focussed on covering the
key wind conditions. Five subareas at the dispsgtal were used sequentially for
disposal of material over each 48 hour period themmed for a 108 day disposal
period. Again no resuspension is built into modasdeposition can be considered
conservative.

04/03/09

A dredge volume of up to 7.5M%would require a disposal area of 2 km diameter
assuming a mound height of 1.5-2 m and that mosénmah would deposit directly
onto the seabed. The early constraints mappingcieeeidentified an area NE of
Taiaroa Head as a potential disposal area witly sariulations being based on Sites
Al (4 km to the NE) and A2 on the northern endhed submerged Peninsula Spit
(Figure 2). Hydrodynamic modelling however, indezhithat there was likely to be
significant onshore dispersal of material from S\t so plume modelling focussed
further offshore at a new site - Site A0 (Figure &hich is 7.3km to the NE. This
would place the disposal site outside the areavtlald result in onshore movement
or movement back towards the Harbour entrance.&Vhéterial from Site A2 and AO
was unlikely to impinge on the immediate Peninsdast, some fine material could
reach the coastline north of Cornish Head if matewias disposed of at Site A2 thus
modelling eventually focussed on Site AO as theatial site (Bell et al. 2009).

Key findings from Bell et al. (2009) relevant toobmgical assessments were:
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Dispersal and suspended sediment concentrations (SSC)

« For average hopper mixtures at the disposal sitdebt SSC would be in
bottom layers with fine sand reaching 1600-1700l mugder light NNE wind
conditions (less for stronger winds and winds frother directions). Total
maximum SSC for all classes combined would be atd2t0D0 mg/l at the
disposal grounds.

* Maximum surface layer SSC would be considerablyelowith a maximum
of 30-60 mg/l for each size class in the vicinifytloe disposal site (highest
during light NNE winds) and total surface layer S&Guld be around 185
mg/l.

e The edge of the near-bed plume would occasionaltyaach on the shoreline
between Taiaroa head and northern Wickcliff Bay méximum surface
concentrations would be elevated by 0.7-1.5 mg/tagnof ambient for fine
and medium silts, with a total SSC reaching 2.2 Inigf short spells
(concentrations in bottom waters could reach 2.8)mg

* The edge of the near-bed plume could reach sherahi@as north of Karitane,
except during strong NNE winds, but would elevatdace concentrations by
only about 0.02 mg/l in the Karitane area and up.@® mg/l further north.
Maximum bottom layer concentrations would be no enttran 0.4 mg/| (for

04/03/09 example shown in Figure 11).

— T >00

» For silt hopper loads the highest levels for sérigded SSC in the bottom
layers would occur in the vicinity of the dispogmbunds (around 910 mg/l)
and combining all size classes would be around 11§d in the bottom
layers. The SSC is lower for silt hopper loads bseaof the much smaller
sand volume in the latter.

* When the plume reaches the coastline with silt boppads the SSC would
not be higher than for average hopper loads, bytheaspread further.
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A Deposition

F Spatial distributions of the deposition footpriot £ach 48 hour period were summed
over 108 days and all size classes of sediment io@bThe model runs assume no

T resuspension and do not make allowances for mhattdré overflowed during
dredging thus can be considered conservative. l€sylts from Bell et al. (2009)

04/03/09 were:

« Deposition at site AO would be predominantly on digposal grounds and to
the north. Maximum deposition in the 2 km diametisposal area would be
1.9 m in the centre with an average deposition.dfl and dispersal of 40%
of the material beyond the 2 km area.

* Fine silt would be deposited over the widest avath sand predominantly at
the site.

« Deposition along the coastline, where the depasitatprint plume comes
into occasional contact (e.g., Otago Heads, ndrtboonish Head), would be
very small with less than 0.5 mm over the 108 darygal. In reality much of
this would be mobilised by wave activity and conérto disperse.

* The area affected by over 10 mm of deposition wdaedapproximately 15.5
km in a N-S direction and 5 km wide or 78 (Rigure 12). 30 kfmwould
receive over 50 mm and 20 kmvould receive over 100mm.

* Long term transport from the disposal area (AO) idae to the north along
the submarine Peninsula Spit but for sands movioggathe seabed this
would only occur when wave activity was strong egtouFiner material is
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likely to continue to be re-mobilised and furthesperse in small amounts
over a wide area of the Otago shelf. Most of thetarial will eventually
disperse to the north and north-east before depgsit deeper waters and
canyons offshore, although small amounts could siepo the middle of
Blueskin Bay as a result of the gyre.
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Figure 12a:  Spatial distribution of deposition (mm) estimafed class size 3 (coarse silt) over a
108-day dredging programme for the 15-m deep cHapt®n. Note: the dotted line
near the top marks the northern boundary of theein@&ell et al. 2009).
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Longer term sediment transport from the mound eckatas also modelled. Generally
currents rarely exceed the speed required to ensediment but wave orbital speeds
were high enough at times to entrain all size elagd sediment. Key findings of this
modelling show that there would be very little seent transport at Site AO, apart
from to the north, which contrasts with varyingeditions if A1 was to be used. The
ultimate fate of silts that disperse form the dsgdsite will eventually be mainly into
deeper waters and canyons offshore (Bell et al9R00

Habitat changes — bathymetry etc.

In addition to the environmental effects that maguw as alirect result of dredging
and disposal activities, consideration must alsgiben to the environmental effects
that may occur as a result of the physical changdsmthymetry and hydrodynamic
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processes that dredging induces. For the proposedgittg these changes could
include:

» Changes to harbour or estuary morphology, for examipanges to sediment
pathways and spatial and magnitude changes itiGiltpatterns (see above).

e Changes to tidal regimes (height, timing), waterents and wave conditions
which might effect navigation, recreation and egalal interests (see above).

Based on the modelling to date sedimentation woesdlt in very small increases in

bed height in the Harbour as a direct result ofdifeelging operations. Level increases
due to sedimentation outside the channel areasau€0 day period would be less
than 5 mm with possibly up to 10mm in a few intatiareas close to the Port. Thus
there is unlikely to be any significant effectstbe ecology of the Harbour short-term,
as a result of changes to topography/bathymetry\gtterm changes to the Upper
Harbour may occur as a result of changes to floms sedimentation patterns but
would be difficult to distinguish from natural pesses. However apart from the
immediate effect of removal of sediment volume, thedelling indicates there is

unlikely to be significant geomorphological effects the Harbour seabed and thus
there is unlikely to be impacts on ecological congriis above those expected from

other natural events.

Summary

Modelling has shown that as a result of dredgimgelwill only be very small changes
to hydrodynamics within the Harbour. Current velies would change by no mor

than 0.02 m/s except off Port Chalmers and at Hgtoh Bend where it could up
0.06 m/s. The timing of the flood tide would beeadtd by no more than 5-8 mins
Port Chalmers and Upper Harbour. Actual water kwebuld increase by no mo
than 0.004-0.016 m.

Modelling of the sediment plume during the dredgiogeration indicates tha
suspended sediment concentrations would be highdgbe channel (depth averag
levels over 100 mg/l) and marginal areas closénéoptort (over 1000 mg/l in a fe
marginal areas very close to dredging but for \&rgrt periods — less than 3%

at
[€

At
ed
v

of

time). Concentrations on the intertidal flats wouldt increase above background

levels most of the time (over 80% of the time innmareas) but may reach simil
levels (100-200 mg/l) for very brief periods towsutthe channel. When there was
increase in suspended sediment then it would Isethes 20 mg/l for most of the tim
and for most intertidal areas.

Most areas would receive less than 0.01 mm/d deposiver the dredging periog
Deposition would be highest in the channel areasirat the Port (0.3 mm/d) wit
lower levels on the intertidal flats (daily depasit averaging less than 0.03 mm/
Over a 100 day dredging programme the modellingcatds the total accumulatia
would be up to 6 cm in the channel (but this wdagdn less than 10% of the area &g
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an
e

-

).
n
\nd

would rapidly disperse), less than 26 mm in maigaraas close to the channel and

less than 3 mm on most intertidal flats away frowa ¢hannel.
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Offshore, concentrations of suspended sedimeritginicinity of the disposal site the
maximum total surface layer SSC would be aroundrigs (maximum of 30-60 mg/|
in surface waters, 2,100 mg/l in bottom waters)irdudisposal of dredge material.
Rapid dilution of the plume (through advection lo¢ tplume away from the disposal
site and sediment falling through the water columajld result in low concentrations
(less than 100 mg/l a few km to the north) awaynfritie disposal site. The plume
could reach the Otago Heads and Karitane northruceitain wind conditions by
with low concentrations of 2.2 mg/l and less thanmb/l for surface water
respectively.

["2r="

Constraints mapping and preliminary modelling haaerowed down the proposed
disposal site to AO, approximately 7 km NE of TammMHeads. Assuming a dredge
volume of up to 7.5M rhthen this would result in @ mound 2 km in diameted
average depth of 1.2m. Over 10 mm would be depbgitan area approximately 15.5
km by 5 km centred on the site and to the northamdrea of 30 kfrwould receive
over 50 mm. The plume could result in minor depasialong the coastline off Otago
Heads and north of Cornish Head but the depth pbsiton would be less than 0,5
mm in total and much of this would disperse througltve activity.

— T >00
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6. Effects of dredging on biological resources

— T >00

04/03/09

Prediction of the potential effects that might laeiged by dredging and disposal in a
marine environment require a good understandintyefyeneral processes associated
with dredging disturbance. These need to be cordbivith site-specific data on the
existing environment, dredging operations and sedintype to be dredged, changes
as a result of dredging and sensitivity of commiasitGenerally, the potential major
impacts of dredging and disposal can be summasiséddllows:

» Direct impacts through removal of benthic specied aommunities in the
channel itself.

e Suspended sediments and turbidity. Short-term &s&® in the level of
suspended sediment can give rise to changes inr watdity (including
clarity), which can in turn affect marine flora afadina, both favourably and
unfavourably, such as clogging of gills and feedamparatus, reduced light
levels for benthic and water column plants.

* Release of contaminants, organic matter and ntsrietepending upon the
nature of the material in the dredging area.

» Settlement of suspended sediments can result iantio¢ghering or blanketing
of subtidal/channel communities and adjacent iild@&rtommunities.

« Effects on the benthic community (plants and anénabn indirectly affect
higher trophic levels through impacts on food reses and foraging.

The impact of the dredging and disposal of dredgeterial largely depends on the
nature of the material to be dredged (sediment,tgpgree of organic enrichment,
presence of contaminants) and the characteristiteeadisposal area (sediment type,
accumulative or dispersive areas for sediment). @dtential impacts of the disposal
of dredged material on the marine environment camnminimised by restricting the

disposal of heavily contaminated sediments andwacensideration of disposal sites
(e.g., disposal in areas of like sediments), anenothese form conditions as part of
the consenting process.

The evaluation of the environmental effects of died and disposal must take
account of both the short-term and long-term e$féicat may occur both at the site of
dredging or disposal (near field) and the surroogdarea (far field). The IADC/

CEDA (1998) document provides a useful guide thiastrates the temporal and
spatial scales in which various environmental effexf dredging might be realised.
Near field effects are simply defined as ‘phenomeoeurring within the geographic
bounds of the activity, or less than approximatghykm from the activity’. For

dredging operations near-field short-term effeaislude removal of organisms,
increased turbidity, smothering of organisms, redutaunal densities/biomass and
diversity, reduced water quality and potential cleahtoxicity/anoxia in extreme
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cases, while potential long-term effects includeoeal of contaminated sediments,
change to substrate type and community structupeunaulation of deposits,
bioaccumulation and chemical toxicity. Generally fizld effects ‘occurring more
than approximately 1 km from the activity' are eapected to be significant short or
long-term but there can be dispersal of some faainsents, chemicals and pollutants
if they are present and changes to geomorphologly rgulrodynamics. However,
caution should be used when adopting an arbitréstamce to distinguish between
near and far field effects, due to the site-spegifature of the potential effects that
arise from dredging. These are discussed latafarence to Otago Harbour.

6.1 Effects of dredging operations in the harbour

D6.1.1 Effects on dredging on benthic communitiesphysical disturbance and recovery

Dredging operations involving removal of materiedrh the seabed also remove or

R heavily disturb the animals and plants living ordan the sediments. With the
exception of some very deep burrowing animals dbifecsurface animals that may in
A some cases be able to avoid dredging operatioadgishg may initially result in the
complete removal of at least the larger animalsrandt plants from the dredging site
F (some smaller animals may be returned via overfigpes but most will be removed).

The effects of dredging operations on benthic coniti@s and the animals that rely

T on them will depend on the method used, type ofnset to be removed, existing
benthic habitat and community structure, and chartigethe physical regime (tides,
currents, geomorphology). Most of the benthic atéma the channel from Port
Chalmers to the entrance, where it is to be dredgéitl be removed or heavily
disturbed by the proposed dredging operation. Thisikely to result in loss or
modification, at least temporarily, of all bentl@ssemblages and processes within the
channel and areas that are widened. If the chaseédged down to 15 m this would
represent approximately 48% of the channel to balmers being directly impacted
(some parts do not require dredging). The potemtiphct on cockle beds at the edge
of the channel is difficult to assess but they willy be directly physically disturbed
at the channel margins and in the areas to be wilelssuming that the area around
the Port that will be dredged during the wideniisguip to 10,000 fmthen this
represents less than 0.5% of the area classifiggipésal inlet features with cockle
beds (green area in Fig 5) in the Lower Harboundities of cockles on the margins
of the channel where it is to be widened closdéoRort basin, are generally less than
10 m# (Paavo and Probert 2008) with low numbers recorigt on the margin in
surveys by Southern Clams (Sites GO, Roger Befiers. comm.). Highest densities
were found on the flats to the north-east and dod¢arwood. Thus the widening of
the channel is likely to have a minimal direct iropan the overall extent of cockle
beds in the Lower Harbour. The effects of increasgbidity and settlement are
discussed elsewhere.

04/03/09
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If a channel or port area has been continually ggddor maintenance purposes, it is
unlikely that well-developed benthic communitiedlwaiccur in or around the area.

However, the sensitivity and types of communitié#l sieed to be taken into

consideration. For example dense mats of compaitteeworms and some deep
sessile communities prevail in areas of the chafmoeh Port Chalmers out to the

entrance despite maintenance dredging. The desgesesmmunities are generally
found in deeper pockets or channels embedded imthe channel. While some of

these species and communities will be lost, theistence now with maintenance
dredging suggest that in the medium to longer téraey would recover (months to

years). It must be noted that most sediments irctiamnel region are already highly
modified and disturbed.

The recovery of disturbed habitats and benthic camties following dredging
depends on the extent of the disturbance, naturgediment and potential for re-
colonisation. Recovery is most rapid where the nkais predominantly silt/muds as
they tend to be occupied by opportunistic/earlycession species and communities.
Recovery usually takes longer in habitats with seasediments and for longer lived
benthic animals such as cockles. Recovery ofterrigpon recolonisation by larval
stages (from the water column) but can also beutiirdhorizontal bed transport of
juveniles and adults in highly mobile environmentsch can recover quicker.

— T >00

Published rates of recovery vary considerably feofaw weeks/months for disturbed
muds/clay/silt, 1-2 years for sands/gravel and w@dQ years for shell/sand habitats
(Nedwell & Elliot 1998; Newell et al. 1998). Impacand recovery with the proposed
dredging will vary with the inner areas, which amestly silt, likely to recover quicker
(months) than the lower reaches which are predamiijnasand (a few years).
However, a highly mobile sand habitat such as tiesr the entrance will likely
recover more quickly through dispersion of larvad bed transport than isolated and
fragmented sand habitats.

04/03/09

Discrete benthic assemblages were not evidenisrsthdy of the Lower Harbour but
rather the same or similar species were found aaasnge of habitats supporting a
“one-harbour” system i.e., there does not appebetdiscrete communities associated
strictly with one habitat type. A large proportioh the macrofauna taxa are found
scattered throughout the Harbour. This means dttaf disturbances (e.g., the area to
be widened) will be recolonised by neighbouringnfuelatively quickly unless a
totally new habitat type was created or the whavér Harbour were to be disrupted.
An example of new habitat creation would be theosype of rock or cobbles via the
removal of existing overlying soft sediments. Hoegwthere is no evidence that this
will occur (Lincoln Coe, Port Otago Ltd, pers. Cothm

The central intertidal sand flats support an abohdad diverse fauna that should be
readily recolonised through transport of adult beatand larval transport. The deep
sessile, diverse communities (tunicates, sponge} feund in patches and rippled
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sand areas in the primary channel, exists becatis#rang tidal flows (~1% of
channel area has this habitat). While the commamiti these habitats are mostly filter
feeders and likely to be sensitive to increasethsaat loads, the areas will be quickly
flushed of finer sediment and be recolonised inetifihis could take a few years
however, because the fauna found here tend tongeliled and slow colonisers.

6.1.2 Effects of dredging on benthic communities suspended sediments and turbidity

An increase in suspended sediments and water iiyrbigl associated with most
dredging operations as a result of physical distucke of the seabed, release of
sediment/water mix during dredging and disposal andsequent resuspension of
settled sediments during periods of high wave #gtiincreased levels of suspended
sediments and turbidity will impact on marine fawmal flora through direct physical
effects and indirectly through changes to watentgland light availability.

In assessing the effects of suspended sedimemi® iarea being dredged there are a
number of considerations. The most obvious onadsrésulting plume of water/fine
sediment mix that is released during the operatMaterial that settles out on the
seabed can also subsequently be resuspended. Treedef resuspension of
sediments from dredging depends on the type ofsads being dredged, methods of
dredging, hydrodynamic regime, geomorphology, ardtiver conditions.

Direct physical effects of suspended sedimentsudel clogging of gills, and
impairment of respiration and feeding via filtraticSuspension feeding animals such
as cockles, mussels and zooplankton are partigularinerable to high sediment
levels and persistent high turbidities can resnltchanges in assemblages from
dominance by suspension feeding fauna to ones @dobeairby deposit feeders. Impacts
of increased turbidity are likely to be greatestlonv energy areas where water
exchange and wave action are limited.

— T >00
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Considerable work has been done overseas and inZdaland on the effects of high
sediment levels at which condition and suspensiegdihg processes of benthic
animals are potentially impacted.

Experiments in the laboratory and observationhénfield suggest that like a number
of molluscs, cockles and mussels benefit from sam@lbunts of suspended sediments
and in the case of the cockkustrovenus stutchburyi, Hewitt and Norkko (2007)
found they benefitted at suspended sediment comtiemts up to 400 mg/l and even
higher in field observations, before condition &drto decline. Persistent high levels
and very high levels of suspended sediments dosdriat clays for more than a week
however, were found to have a significant impa&ld=transplants showed that small
cockles can withstand similar levels but mortatéynds to be higher than for adults.
Development of oyster eggs was found to be impaeteduspended sediments
concentrations of 188 mg/l of silt and larvae a Tag/l of silt (Clarke and Wilber
2000). Similarly Hawkins et al. (1999) found théidiiing rate for the Green-shell
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mussel,Perna canaliculus, did not start decreasing until suspended sedinleméds
were above 1000 mg/l. The horse mussélifa) appears to be more sensitive with
filtering rate declining at 120 FTU (Formazin Tuwilty Unit) and condition was
affected if suspended sediments concentrations oxexe 80 mg/l (Ellis et al. 2002).
Atrina were not recorded in the sampling of the lowerg@tdarbour.

Taking 400 mg/l as the level of SSC (suspendedrssai concentrations) that would
start to impact on the cockle and other benthieitebrates then other than the main
channel the only areas where dredging could havenpact would be intertidal areas
close to the channel around the Port (includinguadoGoat Island) for most of the
time and around Pulling Point and Tayler Point whie® dredge was operating in
those areas. It should be noted that apart fronintheediate area near the Port these
intertidal areas would be subjected to these reghl$ for less than 5% of the time, a
time period that most invertebrates could surviigh ISSC conditions. The intertidal
area immediately opposite the Port would be subjetd greater than 400 mg/l for
less than 5% of the time, except when the dredgeoparating on the eastern side of
the basin, and then could be for up to 24% of ittne.t The main cockle beds in this
area are opposite Pulling Point and thus the lamgsulation would not be subjected
to these levels for long periods. It should alsmmbeed that these animals are adapted
to frequent turbid events at these levels.

Increased suspended sediments will cause decréasegater clarity and the
availability of light for phytoplankton in the watecolumn, benthic plants and
microphytobenthos (benthic microalgae like diatamsjhe most sensitive
communities to the indirect impacts of the propodeedging are likely to be the
seagrass communities, particularly those closelterevthe channel is to be dredged
and widened. The extent of the plumes of highdidity will partly be determined

by wind direction and state of tide but generaliy tmost significant impacts of
increased turbidity and smothering will be resgttto the channel areas and area east
and south-east of the Port, where seagrassestacemoon.

— T >00
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Dispersion means that the plumes will be dilutedyafvom the dredging activity and
will be considerably lower away from the channekdictions are that most of tidal
flats would be largely unaffected except closehe thannel where concentrations
could be up to 100-200 mg/l. Concentrations abd®@01Img/l could occur in patches
immediately adjacent to dredging but would onlyfbe brief periods during actual
dredging (i.e., less than 10% of the time). In allde Harwood and the intertidal flats
well away from the channel margins, increased swdg sediment concentrations
would be undetectable for most of the time andeheould only be very short
episodic periods when concentrations were abovad0

Environmental limits have been placed on a numb@redging operations overseas.
In most cases there is a two stage approach ié thesexceeded, with the first being
an investigation of what caused the exceedanceifameCcessary a mitigation stage
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which could involve changes to the dredging operats a last resort. An impact
matrix was devised by Doorn-Groen (2007) for reeiam works in Singapore and
included sensitivity of seagrass beds, corals aadgmoves. Based on relatively high
suspended sediments backgrounds in excess of fngfiore than 20% of time and
in excess of 10 mg/l for less than 20% of the titlnen there would be a “slight
impact”, with over 75 mg/l for less than 1% of tiree termed “moderate” in severity.

The recent Port of Melbourne dredging programmet(&oMelbourne 2008) set site-
specific environmental limits which ranged from 35%- NTU (Nephelometric
turbidity units) above background levels for beatimvertebrates (including 35 NTU
to prevent impacts on Ryura sea tulip species) , 15 NTU for seagrasses, arcD15
NTU above background for fish (some sites had seddamits). These limits are
generally based on a 2 week moving average withehnitgevels based on a 6 hourly
average.

Most of the seagrass beds in Otago Harbour appdse intertidal rather than subtidal
(Mark Morrison, pers comm.). These habitats havent&hown to be very important
as nursery areas for juvenile fish and thus tharele significant flow-on effects if
these beds are significantly impacted. Surprigimgiller (1998) found no differences
in macroinvertebrate abundance or diversity atssi&h and without seagrasses.
Overseas studies and recent ones for the New ZkAtmtera species (Anne-Maree
Schwarz, pers comm.) indicate that 15-40% of serfaght is required, on average, to
protect these seagrass beds with 15% being coniservisleasurements of Kd in the
Harbour vary naturally between 0.1 and 0.3 and can reach over 2'nduring
storms with corresponding suspended sediment ctratienms of about 6 mg/l. Aside
from areas very close to the main channel the fld&d in the Lower Harbour will be
subjected to no increase in SSC most of the tirfter(®0% or more), as a result of
the dredging. Seagrasses would be able to toleredés up to 100 mg/l but only for
very short times so the impact is likely to be “racate” in intertidal areas close to the
main channel but “slight” in most areas where thegur.

— T >00
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It must be remembered that these environments areally turbid relative to open
waters as they are subject to episodic high seditenidity and settling events and
the communities including seagrasses are adaptedthése conditions. As
demonstrated above however, beyond a critical hiotds even the hardiest
communities can be impacted if levels are highegxiended periods. The predicted
levels are within the natural range that these comties are adapted to and most
inter tidal areas will not be subject to increaisesoncentrations at all. Indications are
that for beds close to the channel then during ginedthey could be subject to
relatively high levels (100 mg/l) but for very shgeriods and thus there could be a
short-term “moderate impact” at a localised levehpacts are likely to be only
“slight” in places like the intertidal areas off Ka&od. The impact on seagrasses
would be mitigated if dredging took place duringter when growth is slower. Miller
(1998) found that when surface stems are removedsheots were observed within
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two months so as long as the whole plant was npaated recovery will depend on
the time of year when dredging takes place.

6.1.3 Effects of dredging on zooplankton

Many benthic species and most fish have a larvas@hwhich is critical for dispersion
and recruitment. These larval stages, along witmpaent zooplankton (mostly
copepods) and crustaceans, are generally adapegistadic high levels of suspended
sediments that occur in estuaries and harbourserifpnts over two weeks have
shown that mortality is high at levels over 10,00§/I and generally have not shown
any impact at the levels experienced from dred{igrke & Wilbur 2000).

6.1.4 Effects of dredging on contaminants and nutents

Contaminants released from benthic sediments dudirgiging could potentially
bioaccumulate and become concentrated in speciég &bp of the food chain (large
benthic fauna like cockles and eventually largédss birds, marine mammals) and
could ultimately affect human health and the valieommercial fish catches if there
were persistent high levels of contaminants.

While this has been an issue in some harbours asdawnajor concern with dredging
by the Port of Melbourne, testing of cores from Broet Chalmers area and channel for
contaminants indicated that there were no site$ \avels above the ANZECC
guidelines for acceptable levels that will protegtiatic ecosystems (see Table 1). The
04/03/09 guidelines also recognise that some systems ligsetttommonly found in harbours
servicing major cities and around shipping porte afready highly disturbed.
Bioaccumulation can result in higher levels furtberthe food web but at the levels
found in the sediments we would not expect thereet@ significant effect at higher
levels.

— T >00

Nutrients are necessary for the growth of primandpcers (e.g., phytoplankton), but
excess nutrients can cause algal blooms and péoiplgrowths. Zooplankton and
filter-feeding benthos might benefit from exces®doresources associated with
increased phytoplankton, but could be negativefeciéd by hypoxia or toxicity
associated with some phytoplankton blooms. Darkdimsents indicative of enriched
sediments and low oxygen were only recorded inscimn one site close to the port
itself but are unlikely to cause significant isswdsen dredged because of the high
flows and restricted area where this occurred.

6.1.5 Effects of dredging on benthic communitiessettlement of suspendedediments

When sediments settle out in the vicinity of a detlarea, they can smother benthic
organisms and depending on the amount of sedinadting, can change the sediment
characteristics and community structure and ineewé cases cause mortality of fauna
and flora. Small and recently settled life-stagdésnmny species are especially

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 41



—N-IWA_—

Taihoro Nukurangi

vulnerable to smothering, as are organisms thatt mantain contact with the
sediment-water interface.

Estuaries and harbours are naturally turbid androfeena are probably conditioned
to deal with high sediment deposition rates. Usi@dgrding potential impacts requires
some knowledge of background turbidity conditiond animal sensitivities. Beyond
a critical threshold, sediment will have a negatinBuence on even the hardiest
estuarine benthic communities.

Generally, habitats with fine silt and sediments¢chs as those found in the Port
Chalmers area and out towards Cross Channel, hadr labundance of most
macroinvertebrate taxa. Settling of silts in thaseas is unlikely to cause a shift in
community structure. In the lower regions of thammel which are characterised by
sand substrates there could be a temporary shifbenthic food webs from

suspension- to deposit-feeding species. Howevgh Hows in these areas would
quickly flush the fine sediment out towards theramte and eventually offshore with
the Lower Harbour community reverting back to itggimal state. The deep sessile
communities are very patchy but do contain taxahsaes sponges which are
susceptible to high sedimentation and would be otgsh at least in the short to
medium-term until the areas can be recolonised.rib@oen (1998) suggested that
less than 1.7mm/14 days would not have an impacbaals.

— T >00

Cockles, other bivalves and benthic animals anatpléound in intertidal flats of

04/03/09 habitats in Otago Harbour are often exposed to tigtidity and sediment loads from
storms and catchment runoff. Experiments with daposits in the Whitford area of
Auckland have demonstrated that clay layers as akirD.3 to 0.7 cm had some
impacts on macrofauna, but they were relativelyrtstesm. Rapid accumulations on
the other hand (over 2 cm in one event) were fotmdsmother entire benthic
communities (Norkko et al. 1999). Recovery of sesitnproperties and benthic
communities was found to take a few months for opmistic species like many
polychaete worms, but several months to a few yéardarger taxa like some

gastropod molluscs.

Shrimps and some crab species have been showmivesup to 9cm of deposit
(Norkko et al. 1999) but cockles can only survivers periods of burial under these
fine sediments and generally molluscs respondeldvetr levels with 2-3 cm the
critical depth of deposits. Many crab species @ndtiher hand actually show a strong
preference for finer silt/mud habitats and are &esssitive.

Norkko et al. (2001) carried out a comprehensiwg\stof macroinvertebrates and
their sensitivity to increasing silt/clay sedimemighe Whitford embayment. Benthic
species found in the recent surveys of Otago Harbpan a range of responses with
species like the limpddotoacmea helmsi and the whellCominella glandiformis being
highly sensitive and other species such as the ampolychaeteéBoccardia syrtis,
cockle Austrovenus stutchburyi and Syllid and Cirratulid polychaete worms being
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sensitive to silt and clay content. Norkko et &0Q1) found that once the silt/clay

content reached over 60% cockles tend to decreaablindance. Three cm of clay
can significantly alter community structure aft€r days of exposure and repeated 3
mm deposits over several months has been founddoce densities and diversity

(Lohrer et al. 2004). Large bivalves tend to beemnesilient than smaller ones.

As would be expected surface grazing animals llkegdastropod snadeacumantus
lutulentus are relatively robust, at least in the short-telorincreased sedimentation of
fine material (Nicholls et al. 2003). Althougteacumantus lutulentus is not common
in Otago Harbour, we would expect similar taxa I®o&e robust to sedimentation
events. It should be noted that most experimentdNew Zealand species were
conducted with clay sediments.

Deposits of up to 3-7 mm can have a negative effaciicrophytes and, although
responses vary, repeated additions of 3 mm oveeraewvmonths can have a
cumulative effect at these levels of depositiorbffSiand Hewitt 2004).

While most of the fine sediment being disturbeddogdged up with the proposed

dredging will initially settle in the channel ardaje silt and clay particles that are

presently found in the inner reaches of channele lsbow fall velocities and are thus

likely to be transported much further than sandigas before settling out. As can be

seen in Figures 9 and 10 the sediment plume wihdsit concentrations of suspended
sediment is confined to the channel area and nmeltgim the plume does spread out
04/03/09 after several tidal cycles and material would atiyi settle out on the tidal flats. Most

areas would be subject to little or no depositiathwhe rate of deposition on the

intertidal flats is predicted to average less tBah mm/d for most areas with higher

rates of 0.3 mm/d largely confined to the shippoignnel and around Goat and
Quarantine Islands. Over the period of the dredgmgll parts of the channel could

receive deposits of up to 60 mm but non-channelsaveuld receive less than 5 mm
except the intertidal area opposite the Port wiiichld receive 26 mm or more but

only in a few areas.
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Deposition in areas like Aramoana, Te Rauone beath inner Harwood would
receive less than 1 mm over the dredging periotd wily a few patches up to 5 mm.
The greatest abundance of annelids (worms), malasad arthropods (amphipods
etc.) occurs in the intertidal areas away fromrtia@n channel and close to Harwood.
The levels likely to be experienced in these am&sunlikely to have significant
adverse effects on the benthic community.

The highest potential impacts would be relativelgalised, short-term and within the
main channel itself where the material is likelyb® resuspended and rapidly flushed
out in time. However there could be short-medignmtimpacts on the deep-sessile
community in the channel but these would recoveinie once the fine sediment had
been flushed out.

Biological resources of Otago Harbour and offshaesessment of effects of proposed dredging by@tago Ltd 43



—N-IWA_—

Taihoro Nukurangi

The faunal community in the Upper Harbour is dortedaby polychaete worms and
the bivalveNucula. These habitats are characterised by finer sitt/sediments and
are subject to epidodic events with high runoff aondstant point source discharges so
the communities are conditioned to events simdahé dredging operation. The mean
deposition in the Upper Harbour over the whole diegl period has been estimated
through modelling as less than 0.3 mm over theginedperiod which would have no
impact on these communities (Bell et al. 2009).

Although there were no surveys before and afterctptal works dredging in 1976,
unpublished data from University of Otago (see &ff 1979) indicated that
suspended material in the Harbour increased bytarfaf three during the operation
in some parts of the Harbour. Experiments beingatutihhe time however, found that
grazing molluscs were able to keep the substragnabf mud which is consistent with
the observations above (settlement being in theratla few mm).

Settlement of fine material may result in smothgriand burial of seagrasses.
Smothering can have direct physical effects andatsm reduce light availability and

thus photosynthesis. Most seagrasses can surviwderate levels of settlement.

Although there is no data for New Zealand seagsasseerseas studies of similar
species suggest that they can grow through 2 céhnmonths and thus to maintain

seagrass beds short-term sedimentation over tiargsdpss than 2 months should not
exceed 5 cm (Vermaat et al. 1997). From the mougelio date areas occupied by
seagrasses should not exceed this sedimentatieshtiid.
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6.1.6 Changes to hydrodynamic regime and geomorplagy

Capital dredging works can alter the sediment prartsregime resulting in increased
siltation but longterm effects are difficult to tirguish from natural processes. The
changes to hydrological regime indicated by modgliof the proposed dredging by
POL are very small and thus are unlikely to caugmificant geomorphological
changes further up the Harbour. Thus there is elylito be an impact on the benthic
communities.

6.1.7 Effects of dredging on birds
The effects of dredging on birds within Otago Hanbare likely to occur as a result of
the:

(1) direct removal of invertebrates as a food seuluring widening of the channels;

(2) settlement of sediments in intertidal areas;

(3) increased turbidity levels throughout the Har@and

(4) removal of roosting sites.
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Otago Harbour and the area around Taiaroa Headfgparticular importance as a
breeding and feeding ground for a number of spetiebiding some that are

endangered or vulnerable. Recently, the conservatiatus of the endemic black-
fronted terns was changed from Serious DeclineatioNally Endangered on the basis
of improved knowledge and continuing decline of gopulation, particularly due to

predation and disturbance at its braided river dirggsites (Hitchmough et al. 2005).
Lalas (1979) reported that 50-70 black-fronted gesmerwinter in the Otago Harbour
region, where they roost on the Aramoana tidakflate also reported that larger
numbers, up to almost 200 birds, have been recatttes@ occasionally, especially
soon after they first arrive in January or duringter (May-July). Consequently,

observation of a flock of 86 black-fronted ternssting on the Aramoana tidal flats
during recent observations (Sagar 2008) is comgistéh these earlier observations.
While occupying coastal areas, the diet of blackded terns consists mainly of
planktonic crustaceans, which they locate visualtg obtain from sheltered waters
such as harbours and estuaries, and also at $e&®Wm offshore (Lalas 1979).

Removal of invertebrates during channel widening

Dredging activity would result in some mortality ®dssile shellfish such as cockles,
especially where they occur along the edge of tlhebéur channel that is being
widened. Observations of feeding wading birds avéidal cycle (Sagar 2008) show
that generally these birds feed along the watedgeeof the receding tide.
Consequently, some feeding habitat will be loghatlower tidal levels as a result of
channel widening but this would only be a very drae¢a close to the port. Shellfish
and other macrofauna would be expected to recadhis banks within a few years
and smaller benthic animals (e.g., polychaete wpnwithin a few months of the
completion of the operation.
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The species of most conservation concern that tetudieed along the water line were
pied oystercatchers (At Risk — Declining) and lzaletl godwits. In Otago Harbour,
the latter have been identified as a species dicp&r concern because of their
declining population worldwide and need to ensiic they are able to accumulate
sufficient reserves to undertake their extreme atign to their northern hemisphere
breeding grounds.

No detailed studies of the feeding of bar-tailediwits have been made in Otago
Harbour. However, they have been studied elsewhdxdew Zealand, particularly the
Firth of Thames and Farewell Spit. Bar-tailed gadwise their long bills to probe into
soft substrate to obtain their prey; female godwiégse longer bills than males —
females 97-129 mm, males 69-97 mm (Battley & Brdw2@07) which allows
resource partitioning within the species. For exampn firmer substrates including
rocky tidal flats near Kaiaua, foraging godwits ahamost exclusively males whilst in
soft mud such as off Miranda it is almost invanafgmales that feed deeply on the
outgoing and incoming tides (Battley & Brownell 200 Godwits feed mainly on
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large polychaetes (Battley et al. 2005), but they aso capable of feeding on hard-
shelled prey such as crabs and bivalves (Battl®@1®Dn Farewell Spit, Battley et al.
(2005) calculated that the relevant prey for goswiit the invertebrate community
were the bivalvesPaphies australis and Macoma liliana (< 15 mm), the bivalve
Austrovenus stutchburyi, the small black mussedenostrobus pulex (< 10 mm), the
bivalve Nucula hartvigiana, all polychaetes 10 mm, and all crabs. In the Firth of
Thames the polychaeteSonides oxycephala, Nicon aestuariensis and Orbinia
papillosa, plus crabs and smalucula and Austrovenus are likely to be godwit prey
(Battley & Brownell 2007).

The level of any impact through the reduction iedieg habitat will depend upon the
proportion of area lost as a result of channel wiitlg and the time taken for sessile
invertebrates to recolonise areas. The area likebe directly impacted (10,000%rat
the Port) is very small compared with the areaimflar habitats. Smaller polychaete
worms are likely to recolonise rapidly (months) lwiairger molluscs taking longer,
with timing depending on the time of year that djied takes place.

Settlement of sedimentsin intertidal areas

Overall, the degree and duration of any adversceffon fish and shellfish resources,
and the birds that feed upon them, from dredgintyiac in Otago Harbour will
depend on the duration of dredging, the quantity particle size of material to be
removed and the ultimate fate of suspended sedar@nthey settle out of the water
04/03/09 column. In addition to pied oystercatcher and bded godwit, the main species of
conservation concern feeding over intertidal aieate banded dotterel (Nationally
vulnerable). Cockles and other sessile organisras dne filter feeders would be
potentially affected by high suspended sedimenteoinations or a significant depth
of sediments over them on the seabed as the sediseitie out of the water column.
The levels of suspended sediments predicted howareeunlikely to be at a level that
would significantly impact on the filtering by béit animals such as cockles, away
from the channel margins (see above). Levels opesuded sediments that could
impact on the likes of cockles (>400 mg/l for méhan 5% of the time) would be
confined to areas very close to the Port and redsasuch as Aramoana where large
numb
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The level of any impact of the dredging operatiofl Wwepend mainly upon the
particle size and accumulation rate of material.dsliing indicates that the latter is
likely to be at a level that will enable the bentbommunities in most cases to avoid
suffocation, and so avoid disruption.

Increased turbidity levels

Dredging activity will have some potential shontnteeffects on fishery uses of the
Harbour. Migrating fish are likely to avoid highspended sediment levels and this
may have some effect on the birds that feed orfishe Gulls and terns are the bird
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species of conservation concern most likely to fiected by reduced occurrence of
small fish and reduced ability of the birds to s$ke fish because of turbid water.
These species of birds feed primarily upon planktamustaceans and larval fish,
which they locate visually and obtain particulafbpm sheltered waters such as
harbours and estuaries, and at sea within a fewfkire shore.

The turbidity levels predicted for the proposedddiag operations are within the
natural range reported from Otago Harbour. Consgtyehe level of any impact of
the dredging operation will depend mainly upon Waeetdredging extends the
duration of high suspended sediment levels thateneded by small fish, and so both
reduce the availability of prey to the birds andilot the ability of the birds to see
their potential prey. In the Port of Melbourne cé&e mg/l and 17 NTU above
background were set as the thresholds to protedirsis (crested terns and gannets)
The predicted levels on the Aramoana flats duriregiding would only be above this
level for less than 0.5% of the time. Avoiding dyiad) in the period leading up to
migration of godwits (March/April) would avoid impténg on their ability to store
reserves for their migration.

Removal of roost sites

Large numbers of a variety of birds use the salahds opposite Port Chalmers for
roosting at high tide. Such roosting sites are gyt because they provide refuge
from terrestrial predators and disturbance. Theokahof any sand islands during the
04/03/09 dredging operation could have a negative impacthenbirds that use this part of
Otago Harbour. Consequently, it is recommended iths&nd islands are removed,
then creating new island roosting sites using th@l §rom the dredging operation
should be investigated.
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6.1.8 Effects of dredging on fisheries and shellhsries

Mobile fishes, swimming crabs and rock lobster migre able to avoid effects than
sessile shellfish species, such as cockles, whechart of the benthic community.

A number of the potential effects of dredging haeen discussed in the immediately
preceding sections of this report. Some of thesenpial effects may impact fish and
shellfish. Effects of physical disturbance, susgehdsediments and sediment
deposition on benthic organisms (which include igesshellfish species such as
cockles and oysters) have been discussed in sectiob.l, 6.1.2, and 6.1.5
respectively. Effects on larval fish and shellfigéhich are part of the zooplankton,
are addressed in section 6.1.3. Effects from #lease of any contaminants or
nutrients are dealt with in section 6.1.4.

Fishes are well adapted to avoid potential threat tgpically swim away from any
disturbance or noise in their vicinity. They wallso avoid high suspended sediment
levels that occur during dredging activity. Fislsas be expected to return to dredged
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areas as soon as the dredge ceases operatiorage fior benthic organisms exposed
during dredging. Some of the benthic organismsgpacies such as flatfishes feed on
will be smothered by sediment deposition adjacenthe Harbour channel but the

mobility of fish means that they can move to otéugras to feed.

Suspended sediments can interfere with gas exchanfighes as well as clogging
gills at high concentrations but fish will avoidghisuspended sediment concentrations
by moving into unaffected or less affected ardasrval fishes in the sediment plume
may not survive high levels of sedimentation ay il not have sufficient ability to
swim away. The fisheries literature indicates tihat majority of common fishes for
which data is available spawn on the open coadidmitof the Harbour, although
some larvae are transported into the Harbour kgt tidrrents. The planktonic eggs
and larval phase of sessile shellfish species aaaockles are likely to remain within
Otago Harbour and are potentially more at risk.

In the Port of Melbourne assessment it was suggéisée 100 mg/l of SS and 70 NTU
was necessary to protect fish eggs and larvae. leBppand Scarratt (1989)
summarised a number of studies that have assdssedf¢cts of suspended sediments
on fish. Most fish eggs and larvae do not shovwgaificant effect until concentrations
get above 500 mg/l and adult fish can tolerateastl2000 mg/l for extended periods
before mortality occurs. Larval bivalves have shavsimilar level of response with
no significant effect on pacific oyster larvae toncentrations up to 500-800 mg/I
(Cardwell et al. 1976).
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The physical disturbance or loss of benthic biotenfdredging will have some short
to medium term indirect impacts on fishes that ralynreside within the impacted
areas and feed on benthic organisms in these ¢osatiAs described earlier there is a
mosaic of benthic habitats and biota within theldéar. A small area of these benthic
habitats will be altered as a result of dredging@dimentation. New populations of
benthic organisms will begin to establish in aféectreas almost immediately. Any
impacts of physical disturbance or loss of benthiata on the availability of feeding
areas for fish will therefore be localized and tenapy.

There will be some loss of cockles that lie adjaterthe Harbour channel due to the
widening of the turning basin and channel. Thea#d areas represent a small part
of the extensive cockle beds present in Otago Harbo

There is potential for sediments to adversely affecky habitats of importance to
fish or shellfish within Otago Harbour if signifiscesedimentation occurs as a result of
the dredging activity. Most of the benthic halstavithin Otago Harbour are
comprised of soft sediments, but the Mole at thebblar entrance is a rocky habitat
supporting a number of reef dwelling fish and gl species, including paua. The
Mole is exposed to wave action on its northern aidé waves and tidal currents on its
southern side which will assist in dispersing aegiments that settle there. Modeling
predicts that sediment deposition around the Harbotrance will be low.
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Some sediments will be deposited on rocky habésisnd Quarantine Island/Kamau
Taurua and Portobello. These habitats could héslatof adverse effects from any
sedimentation but they are also exposed to stidagdurrents. The predicted rate of
sedimentation around Goat Island/Rakiriri is léemt1.5 cm over the whole dredging
period with no re—suspension taken into considaematiSedimentation effects in these
areas are predicted to be short-term and low—mtelarampact.

Overall, physical disturbance or loss of fish oelflsh and their habitats and any
indirect effects on fish feeding are expected tartdeor and short-term based on the
results of hydrodynamic modeling and the scientiferature.

Dredging activity has the potential to have shertrt effects on fishery uses of the
Harbour. Migrating fish are likely to avoid highspended sediment levels and this
could affect the recreational fishery for chinoadnson which takes place in the
Harbour channel during the summer. Turbidity frdredging may affect the ability
of the salmon to see trolled lures. Considerationd be given to avoiding dredging
during the main salmon migration period (late summe

6.1.9 Effects of noise and blasting on aquatic angis

There are small areas of rock on the edge of tleral which may have to be
removed by blasting as a last resort. Dependindhencharges used blasting can
impact on some aquatic animals. Invertebrates lkely to be impacted by blasting,
except those in immediate vicinity, as they do have gas filled organs. Impacts
through pressure waves are considered to be naglign shellfish and crustaceans
(Wright and Hopky 1998). Animals with swim bladdef®any fish and marine
mammals) and other sensitive organs will be imghbtesudden pressure waves as a
result of explosives, causing rupture and possibetality. Some fish species are
more susceptible than others, with those livingtma bottom often not having swim
bladders and thus being less susceptible.
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Localised fish kills would be unavoidable with giest impact within 30-50m,
depending on the type of charge used. A Port ofkknd study provides an
indication of the potential area affected by blagtand suggest an k§Rof 36m for a
charge of 50kg and 50m for 100 kg charge (Porsuakland 2001).

Similarly marine mammals within 100m could be imjac Dolphins enter the
Harbour and may be disrupted temporarily by thelgireg process if they are close to
operations. Generally they can tolerate frequenbaew 15 hz. Direct impact on
whales from dredging activities within the Harbasrunlikely, although increased
avoidance of inner coastal areas close to centidsuman and vessel activity is
possible. Many mammals rely on sound for navigdtemiing and have sensitive
hearing apparatus. However, these animals are langpugh to swim away from
bothersome background dredging noises, but sudidgndecibel blasts could harm
them if they are in close proximity.
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Ongoing noise and disturbance from machinery mag affect fish movements or
migrations in and out of the Harbour. The Harbcwarmel acts as a migration path for
the likes of salmon with most migration being osammer when they are targeted by
recreational fishers.

The main effects on birds during the dredging pivesald be excess noise, lights and
the appearance of large machinery. Birds in thébélar are acclimatised to regular
ship movement and maintenance dredging.

Surveys before and after blasting by Port Otagodttthe Beach Street Wharf, Port
Chalmers were carried out in 1993 (Stewart 1993) filesence and effects on marine
mammals, shags, penguins, fish and shellfish wereitored over the 3 months of
operation and concluded that the blasting appetrdtave had little effect on the
marine fauna and flora in the immediate vicinityna&l schooling fish were the
affected with up to 3500 killed during blasting eamdmall number of larger fish were
also affected. Marine bird life appeared to be liptanaffected and no marine
mammals were seen in the vicinity during blastiBgheduling of blasting to avoid the
spawning runs of salmon were recommended as aatiitigoption.

Mitigation measures to be considered could includang methods which reduce
impact, minimising charges and using smaller dd¢tona to allow animals a chance
to leave the area, and stopping operating in aaiimammals are present. Dredging
could be timed to reduce potential impact on fiskelding/recruitment or migrations
04/03/09 and to avoid nesting time or other key period$ianlife cycle of birds.
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Summaries of the potential effects of dredging be benthic and water column
ecosystems, birds, mammals and fish are provid@alie 3.

6.2 Effects of the disposal of dredged material

6.2.1 Selection of disposal options

For the purposes of modelling potential changesphigsical characteristics and
making assessments of the potential effects onoggolve have used assessments
based on the disposal site being at Site A0 (Figlwé&arly constraints mapping and
modelling suggested locations to the NE of Taidflead would have the least impact
on a range of activities and this was subsequeatiyowed down to Site AO where the
potential for disposal material to impact on BluasBay, northern coastline and
Otago Peninsula, fisheries and general ecology dvoeliminimised.

6.2.2 Discharge of dredged material at the disposasite

Depending on the type and quantity of dredged nadtbeing disposed of it can
impact on the ecology of the area in a number gfswa
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* Fine material can stay in the water column andetisp creating a plume that
can have a direct impact on suspension feedingkfgait animals, and
reduce water clarity and thus light availability fthytoplankton and benthic
algae.

« Fine material can be dispersed and depending oaxtest of the plume can
impact on inshore areas and sensitive offshore aontres.

« Material which reaches the seafloor can blanket amibther benthic
organisms in the immediate disposal site.

« Changes in sediment characteristics can result hanges to benthic
community structure. Generally muddy sediments Hawespecies richness
and are dominated by small surface associated dargpared with sandy
sediments.

* Impacts on benthic and planktonic fauna can in impact on food resources
and foraging of birds, mammals and fish.

6.2.3 Effects of disposal on plankton communities

As the dredge material is released at the dispggalthere will be an increase in
turbidity as sediments settle through the watedisperse with the currents. Heavier
sediments will settle in the immediate vicinity thie disposal site but finer silts and
04/03/09 clays will disperse as a plume with duration aneation depending on prevailing
currents. Some of the material that reaches thbeseaay subsequently be re-
suspended into the water column under certain layar@mic conditions.
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Although coastal plankton communities are subjecepisodic turbid events as a
result of increased runoff and riverine input, eled suspended sediment
concentrations as a result of the disposal of dreehgterial can impact on both
zooplankton and phytoplankton. Suspension andr-fidteding zooplankton can be
affected by clogging of feeding apparatus. Conediatns in the water column at the
disposal site could be up to 1700 mg/l but thibetow the level known to have a
significant impact on zooplankton communities (D0,0ng/l). If there was an impact
the effect would be short-term as zooplankton &@rtdived (days to months) so
recovery would be relatively rapid through recrgtiy depending on the time of year
as well as advection from other areas.

Turbidity associated with dredged material dispegalild reduce light penetration at
the disposal site with potential effects on primprgducers (plants) both planktonic
and on the seabed. The predicted suspended sediorer@ntrations are less than 100
mg/l in the plume once you get about 2km away ftbm site and rapidly dilutes to
less than 20 mg/l. Surface layer concentrationslavdae considerably less with
concentrations off the Taiaroa Heads and more @hiv km away, being less than 3
mg/Il. Disposal will be periodic during the day, $hiight limitation is unlikely to be a
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significant issue for plankton as a result of deedgsposal except during discharge at
the site itself. Recent measurements of backgréevels at Site AO and in middle of
Blueskin Bay varied from 0.3 to 4.1 mg/l (Kim CuriyIWA, pers. Comm.).

6.2.4 Effects of disposal on benthic communities

Effects on benthic communities, due to the disposhldredged material, are

inevitable. Sudden 20-30 cm thick deposits accatmg up to 1.2 m on average in
the 2 km radius of the site will cause mortality widerlying benthos, with the

possible exception of some large bivalves and acthacroinvertebrates that are
adapted for rapid burrowing in mobile sedimentsn€&muences of species loss
depend on the species removed with large long-leeghnisms often controlling

community structure and ecological functioning.

Recovery will be fastest when dredged sedimentsspad area sediments are well
matched (i.e., similar grain size and similar @otiomposition). Once disposal
ceases, recovery could still take up to a year, lander for large animals that take
years to mature.

Maintenance and development dredging has beenaite gh Otago Harbour since
1865. Three dredge material disposal sites areewmtlyr in use and POL has a
Resource Consent to dispose of dredged materiah fite ongoing maintenance
dredging at these sites until December 2011. Tégndrd Point site was relocated
600 metres in 1977 following the disposal in 1976&@ million nt from a major
dredging programme in the Harbour.
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As part of the most recent consent the Port Compeary required to undertake a

study of the effects of disposal on the biota & pmesent maintenance dredging
disposal sites. The direct impacts on the innelf flemthos, from the disposal of this

dredged material was examined, in particular atSp# Beach (Aramoana) disposal

site, by Paavo (2006). Macrofauna inside the Bpdch disposal site was found to
have lower species richness and abundance compmaagifhcent sediments. Disposal
related effects beyond the disposal area boundapigsar, at least in part, to be due to
the accumulation mound influencing wave and tidaients.

In order to better understand the environmentaogdf of disposal at the Spit Beach
site, the site was protected from dredge mateligppodal for an extended period
followed by experimental disposal of sandy and nyudicedge material. Macrofaunal
samples were collected before disposal and atsiieg within 120 days after disposal.
Disposal site samples were depauperate in indilsdaad taxa compared to an area
protected from disposal, for greater than 180 ddy<drop in abundance and a
dissimilar community coincided with muddy sedimentsit fine sediments were
dispersed within 26 days and macrofaunal assemblag®mvered to the pre-existing
state. Disposal of sandy material, while not atignhative sediment textures, had a
more prolonged impact due to transplantation ofrofacna (polychaetes, amphipods,
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molluscs) from the dredged area. These animalsv&arthe transplant and persisted
for more than 40 days after disposal thus incrgadiversity and abundance of some
animals (Paavo 2006).

Paavo et al. (subm) also demonstrated that 50%hefcbmmon snailZethalia
zelandica, one of the commonest benthic animals in the irstsandy region off
Otago, did not survive 24 hrs after burial undecfvof sand. If buried under only 3.8
cm of mud the same level of mortality occurred destiating the differential effects
based on sediment type. The threshold at which D@ of bivalves such dducula
andMacomona may escape burial and re-establish is up to 50Kmeng 1974) and a
few polychaete worms 20-30 cm, but most soft-bottspecies can only escape
maximum burial of up to 5-10cm.

No sensitive or rare species or communities weumdoin the surveys around the
proposed disposal sites. Site A1 was more turbil @ossessed little epifauna but
large numbers of the small gastropédtisolarium egenum. Site A2 had higher
densities of large tubeworms and epifauna desitsitas having similar sediment
characteristics. The most likely disposal siteg#i0) is located in between these two
sites but would have similar characteristics t@ $i2. Other than a few bivalves, few
species encountered at these sites would be likedyrvive smothering by sediment
of over 10-20cm. Based on the predictions of digipos(Bell et al. 2009) these levels
could impact on an area up to ~2km in a footpnthe north of the disposal site and
the area receiving over 10 cm would be 2F kimcludes the disposal site itself). The
community would recover in time with the likes aflychaete worms recovering on a
time scale of a few months. Longer-lived specieslddake a few years although
some could migrate into the area and some wouldagerno burrow through the
deposited sediment as it gradually built up dudigposal.

— T >00

04/03/09

Some offshore locations have biogenic habitatso@dwsn thickets, horse mussel beds,
sponge gardens, soft-corals) that are ecologizalty important as settlement habitat
for commercially valued finfish and shellfish spestiThe potential disposal sites have
been carefully chosen so that these communitiesnatl be affected. The proposed
dredging site is well inshore and to the north @faa where they occur (75-110m
depth) and modelling at Site AO indicates there ldidie no dispersion of sediments
towards those habitats.

Based on modelling it is unlikely that the bentbaenmunity in the Blueskin Bay area
will be impacted by the plume of fine material ahé coastal area on the outside of
Otago Peninsula would receive small amounts onsiaes but levels would be well
below thresholds that would impact significantlylmata.

In terms of mitigation of the effects of disposehpping of silts and clays with fine
sands is an option but most of this material isliko readily disperse anyway leaving
the coarser silts and fine sand. Systematic disiistsating at one end of the disposal
area and progressing toward the other) rather hlaghazard/random dumping would
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also probably help to limit impacts. Repeated alssthin an area would be worse than
one-off disposals, especially for communities daatéd by large long-lived “climax”
species (see comments above for the dredging ap®rat

6.2.5 Spread of invasives

Recent surveys of invasive species carried outoin ®tago and Port Chalmers did
not find the sea-squirBlyela but Undaria and 25 other species not previously
described from New Zealand waters have been reddrde the Otago region (Gust

et al. 2006). These invasions include 23 speciespoinge, an amphipod and a
polychaete wormUndaria pinnatifida was first identified in the Harbour in 1990 and
has since spread along much of the hard shoreline.

It is highly unlikely that species likdndaria would colonise at the proposed disposal
site because of the lack of hard substrate, depdheaposure. The three species that
were found exclusively at Port Chalmers were algasponge species which would
be unlikely to survive offshore because of a lachard substrate.

Effects of disposal on birds

Disposal of the dredged material could have a nurob@otential short- and long—
term effects on fisheries resources (see sectiogffetts on fisheries below). Fish,
squid and swarm-forming crustaceans sucMasida gregaria are the principal prey
of seabirds off the Otago coast. Consequentlyodsipof dredge material that affects
04/03/09 these prey would also have flow-on effects to gelabi
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A sediment plume will develop in the water coluneach load of dredged material

is released onto the disposal site. The sedimeritss plume will be dispersed away

from the site by any prevailing water currentshat time of disposal and may cause a
short term reduction of water clarity dependingvamere the plume disperses. Such
effects would be limited to the duration of dredpgiand disposal and could affect

seabirds that detect their prey visually. The eot@tions of suspended sediments
are low enough once you get a few kilometres awam fthe immediate disposal site

that they would be unlikely to affect foraging dyese birds. The main plume also
disperses to the north rather than towards Taildezals.

The critically endangered grey-headed mollymawkare off the Otago coast and is
considered to forage mainly off the continental lishever deep (>500m) water
(Marchant & Higgins 1990), and so will not be atft by disposal of dredge
material.

The one mainland breeding colony of northern r@laatrosses is situated on Taiaroa
Head, Otago Harbour. The location of the breedimigry, high on the promontory,
ensures that it will not be affected directly byedlging activity. The important
foraging areas off the Otago coast of 18 Northegal albatrosses from the Taiaroa
Head colony, during the incubation stage of thegelding season, was monitored
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using global positioning system (GPS) loggers (Waeg al. 2005). This study
showed that waters within 100 km of the breediniprp were extremely important
for the albatrosses (tagged individuals spent 28%er time, on average within this
area). This area is also frequented by albatrdsses Campbell Island, making it an
important feeding habitat for this species. A laageount of foraging also occurred in
areas much farther off shore. Birds spent multtjzlgs at sea and travelled over large
distances when searching for food (2-19 days atts®zelling on average 2000 km).
Consequently, because of the ability of the bimidarage over such a large area
potential impacts to the albatrosses due to drgdand spoil disposal, if they were to
occur, are likely to be minimal.

Sooty shearwaters breed in colonies on Otago Rdairf{fSagar et al. 2002). Birds
from these colonies forage widely, obtaining theod by diving to depths of over 40
m and have the ability to cover large areas of maepidly. They feed mainly on
small fish, squid, krill and other small crustacgabheir ability to cover large areas of
ocean rapidly should ensure that they are not taffieloy the dredging and the disposal
of spoil.

Yellow-eyed penguins and southern blue penguinedoie coastal areas outside the
Harbour. They are predominantly pelagic feedersgagimg for food near the ocean
floor (Marchant & Higgins 1990). Off the Otago Pesula, Moore (1999) and Mattern
et al. (2007) estimated that yellow-eyed penguaradged mostly in waters over the
continental shelf at depths between 40-80 m. Iddizis were shown to retain
foraging patterns throughout the breeding seasumgsirds were markedly inshore
feeders, with centres of activity less than 5 konfrthe coast. Breeding success was
related to foraging time. Failed breeders and rmeeders travelled further and for
longer periods of time than breeding individuatsatdition, breeding birds that later
failed took longer trips during incubation than cessful breeders.
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Both species of penguin breeding on Otago Peniresadikely to forage within the
proposed offshore dredge material disposal zongrupiion of benthic communities
and associated food sources in this zone could tinedutirds will be forced to forage
over larger distances. However, yellow-eyed pergytemd to forage mostly at depths
greater than 40-80m which is well offshore from fireposed disposal area, and so
any effect, if it were to occur, is likely to beminal.

Four species of shag inhabit the Otago Harbourthadadjacent coastline. Howlett
Point is the only mainland breeding location of Stewart Island shag. The Otago
population of Stewart Island and Spotted shagsesgmts about 20% of the species
around New Zealand. The diet of these shags walysmohallowing the foraging
habits of the birds to be deduced from the halfiter prey (Lalas 1983). Black and
little shags generally forage close to shore inlaWwawater feeding on small fish.
Stewart Island and spotted shags feed up to 15flginare and mainly on small fish.
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Disposal of dredging material may also interrupitzds and feeding grounds of fish
species that make up the majority of the diet afgdtshag species, and so reduce the
abundance of prey species. Although these effaetdilely to be short-term and
restricted in spatial extent, disposal of dredgéenm would be best timed to occur at
least outside the breeding season of Stewart Istrad)s, which have the more
restricted feeding range.

White-fronted terns breed in colonies on the oatasts of Otago Peninsula (Sagar et
al. 2002), while Caspian terns and black-frontedgealo not breed in the area. Thus
breeding of these terns should not be affected rbegging. However, Lalas (1977,
1979) reported that 50-70, and occasionally aln®$@ birds, of the Nationally
Endangered black-fronted tern roosted in Otago élarkand foraged in adjacent
coastal waters on planktonic larvae, taken fromsiiméace or just below the surface.
The preferred prey of Caspian and white-frontedgere fish and crustaceans which
they capture by diving. Consequently, dredging daemporarily interrupt habitats
and feeding grounds of the terns and their pregiepeparticularly by reducing the
ability of the terns to detect their preferred prey

Modelling to date however, does indicate that thecentrations are likely to be less
than 190 mg/l at the disposal site itself (2 kmnukter) and less than 30 mg/l at
distances more than a few km to the north of tepalial site. Concentrations outside
a few kilometres of the disposal site and Taiaread$ would be under 3 mg/l. This is
well below the threshold set by Port of Melbourneptotect terns and gannets (25
mg/l) thus the levels likely to be encountered logld foraging off the Otago coast
during disposal of dredge material event are uhlit@ have significant effect and any
effect would be localised around the disposalasiie a small distance to the north.
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6.2.7 Effects of disposal on mammals

Fur seals forage up to 78 km from Otago rookerike#essea lions are known to spend
several days at sea foraging and completing digegreat as 474m (Harcourt et al.
1995; Gales and Mattlin 1997). Consequently, bexadithe ability of these species
to forage over such a large area and the incregsipglation, potential impacts due to
dredging and dredge material disposal, if they viem@ccur, would be minimal.

The southern elephant seMifounga leonine) and leopard seaH{ydrurga leptonyx)
are also occasionally sighted on the Otago codsis @rea represents the most
northern extent of their ranges (although straggéee found further north) and both
species are more commonly found off the Subantatsfinds and over the Antarctic
ice shelf (Sagar et al. 2002) and thus are unlikelype impacted by the proposed
dredging and disposal of dredged material.

The New Zealand (Hookers) sealidPhécarctos hookeri) was declared a threatened
species in 1997. The Otago breeding population0ib22consisted of four breeding
females. Over 95% of the breeding occurs at thekland Islands and Campbell
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Island so the only possible effect of the dredgipgration is potential for disturbance
when dredging near the entrance where a few haemtlyg taken up residence and are
one of the attractions for visitors on the Monadthring summer (Sean Heseltine,
M.V Monarch, pers. comm.). It needs to be kept inchthat these animals have taken
up residence close to regular boat and ship tradfid maintenance dredging
operations with no obvious effects.

Four dolphin species are found off the Otago coastHector's dolphin,
(Cephalorhynchus hectori  hectori), dusky dolphin I(agenorynchus obscurus),
Bottlenose dolphin Tursiops truncates) and common dolphinDe phinus delphis).
Dusky and common dolphins occasionally enter treg@tHarbour, often staying for
several days at a time, and travelling as far asrther basin (Dunedin City Council
2006; Wirsig et al. 2007). Hector’s dolphins arelesnic to New Zealand, and are
considered to be at very high risk of extinctiorthe wild. Hector’s dolphins inhabit
inshore coastal waters and are generally restrictdacal areas, with little movement
between areas.

About 20 Hector’s dolphins are resident in BluedBay out to Taiaroa Head and are
generally found in pods of 3-4 animals (Steve Dawsddniversity of Otago, pers.
comm.). Hector’s dolphins in this area spend wirtedepths of 60-70m. Although
they are found close inshore in summer (3-4kmlwdfdoast) they generally forage to
the north and west of Taiaroa Head so are unlikelpe affected by the dredging
operation. The plume resulting from disposal cotlidad north and although
indications are it will avoid the inshore BlueslBay area the plume may potentially
overlap with the area occupied by Hectors dolphldswever, it is unlikely that
concentrations in the plume east of Taiaroa Hedldbwiabove 3 mg/l and thus will be
unlikely to impact on the planktonic or larger aalmin the water column.
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The Humpback whaleMegaptera nhovaeangliae) can be sighted off the Otago coast in
autumn during their northward migration to breete Histance from shore and depth
of their main migration routes are unknown, howev@uvenile Humpback whale was
sighted feeding within the Otago Harbour. Sightimdsthe Southern Right whale
(Eubalaena audtraliis) off the Otago coast are also frequently recordedarious
locations close to shore. The coastline is parthefr migration route, and they
probably feed over the entire continental shelf.ire€t impact on whales from
dredging and disposal activities is highly unlikelythey can avoid areas of activity.

6.2.8 Effects on disposal on fisheries

Disposal of the dredged material will have somesptial short and long—term effects
on fish and shellfish resources at or near theodmipsite. The most immediate
biological impact will be the smothering of any beo fauna at the disposal site
including any shellfish and benthic organisms oriciwHish may feed. Site surveys
indicate that the seabed sediments at the propdispdsal sites are predominantly
fine sands with a benthic fauna typical of watdrghcs depth along the Otago Coast.
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There are no known shellfish resources of signiiteaat or in the vicinity of Site AO
or the other sites considered in the area. Anyaotgpof the loss of the benthic fauna
on fish feeding is expected to be short-term andomin the wider context as the
proposed disposal areas represents a small fragftithre available benthic habitats at
these depths within or near Blueskin Bay.

The dredged material that will be disposed of cgisgnainly of similar fine sands to

those already present at the disposal sites brg the significant component of fine
silt. Following cessation of the disposal activiignthic biota is expected to re—
establish itself at the disposal site. Once thaabis fully established, the seabed
habitat and biota should be similar to that cufyepresent. There will be no

permanent loss of fisheries habitat in Blueskin.Bay

A sediment plume will develop in the water colunseach load of dredged material
Is released onto the disposal site. The sedimarttss plume will be dispersed away
from the site by any prevailing water currentshat time of disposal and may cause a
short term reduction of water clarity. Modellingdinates this effect is likely to be
restricted to a plume extending to the north of theposal site and would be
insignificant by the time it reaches the coastlidry effects from the plume would be
limited to the duration of dredging and disposal arshort time after. Indications are
that the plume is more likely to head north and halve concentrations of suspended
sediments well below levels likely to impact ditgadn fish or shellfish eggs, larvae
or adults.
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There may also be a sediment plume around theneetta Otago Harbour as a result
of tidal outflows from the Harbour during or shgrthfter dredging activity. This
plume is likely to be dispersed over a large arearad the entrance to the Harbour.
Water clarity will be reduced by the suspendedmedis until they are sufficiently
diluted through dispersion or settle out. The itlith will have short term adverse
effects on visibility for recreational and commaicdivers adjacent to the Harbour
entrance. Diving is a popular recreational agtidtound the Mole in summer and
there is periodic commercial diving for paua in #nea south of Taiaroa Head.

Some of the sediments that initially settle atdigposal site are likely to be dispersed
away from the site over time. The long term fatesediments at the disposal site will
depend on the volume and particle size of the dré@dgaterial that is deposited and
the direction and velocity of currents along thastpf the coast. The existing seabed
types along this part of the coast probably give best indication of where any
sediments transported from the disposal site arst tiikely to permanently settle.
Offshore from proposed disposal site the Southl@aodent moves northward along
the coast indicating that transported sedimentaldhgenerally move from the
disposal site in the same direction. This is caestswith the modelling results.
Current meters deployed at disposal Site Al indot&hat the prevailing drift is to the
SE due to the more frequent winds from the SW aid Nhis site has now been
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discarded in favour of a site further offshore whensures any plume reaching the
coast would have very low levels.

Paua diving occurs in very shallow waters southsest of Site AO along the coastal
fringe. Along this exposed coastline wave activityuld prevent any sediments from
settling on the rocky habitats, if it were to redlois area. Rock lobster fishing occurs
around patches of rocky habitat along the coasinfipikaretu Point to Te
Whakarekaiwi, around Hydra Rock outside WickliffayBand around Cape Saunders.
These rock lobster fishing areas are well soutBitef AO. Most rock lobster fishing
along the Otago Coast occurs north of Blueskin &ay south of Brighton.

Commercial trawling, set-net, line and cod pot ifighoccurs throughout inner and
outer Blueskin Bay with fishing effort widely digiuted depending on species, season
and method. Dredge disposal activity and its aaseat effects may impact on
commercial fishing that takes place at or nearmptioposed disposal sites from time to
time. Any such impacts will be temporary and lomd. It is probable that dredge
disposal will also attract some fish that will fgeaon benthic organisms exposed in
the dredged material at the time of each releagesatisposal site.

Summaries of the potential effects of disposal reidde material on the benthic and
water column ecosystem, ecology, birds, mammaldiahdire provided in Table 4.
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7. Summary of potential effects

In most cases, existing regulations, careful dmeglgiractice and selection of disposal
sites are sufficient to avoid significant long-temffects on harbour and coastal
ecology. Where adverse effects are identified ompracautionary approach is
considered necessary the following actions maykert to mitigate impacts:

timing of dredging and disposal operations (sed}ona
e selection of dredging methods;

« promotion of beneficial use of dredge material,

careful selection of disposal sites; and
e monitoring and record keeping.

To summarise the potential significance of the atffeof dredging we used three

— T >00

criteria:
e severity - which is a measure of the degree of haiithout consideration
of duration or spatial extent;
e duration- which is the time between the initial effect andawery once
operations have ceased; and
04/03/09 e extent of impact - which is the spatial distriloutiof the impact

The following rating levels for each of the threetearia are consistent with
IADC/CEDA (1998) guidelines and have been adaptethfEmmett (2002) as they
would apply to an assessment of the significanceoténtial effects of the proposed
dredging operation:

1. Severity.

Severity

* No threat to critical food supply, species life-cycles

®*  Minimum impact on species important for structure or function

LOW ® No significant changes to species diversity and abundance/biomass
e  Minimum impact on habitat complexity/diversity/productivity

®*  Minor changes to ambient environmental quality

® Loss of non-critical food supply/reduction in critical food supply

* Displacement of non-reproductive activity

MEDIUM ®  Species important for structure or function may be lost or impacted
®* Changes to species diversity and abundance/biomass

®* Reduction in habitat complexity/diversity/productivity

® Changes to ambient environmental quality
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Major changes to fauna and flora (e.g., through loss of critical food supply,
interruption of reproductive life-cycle)

Substantial reduction in abundance/biomass of species important for

HIGH structure and function
Significant impact to biodiversity and ecological functioning
Loss of complex or vital habitat
Major impacts on ambient environmental quality

2. Duration:

Duration

SHORT-TERM Short-term impacts last for less than 1 year

MEDIUM-TERM Medium-term impacts last for periods of 1-5 years

LONG-TERM Long-term impacts last for more than 5 years

3. Extent of Impact:

Extent of Impact

SITE-SPECIFIC Impact or disturbance is restricted to the site at which the activity is
occurring

LOCAL Impact or disturbance extends up to 1,000 m beyond the boundary of the
site at which the activity is occurring

REGIONAL Impact or disturbance extends further than 1,000 m beyond the immediate
boundaries of where the activity is occurring

Emmett (2002) recommended that, in general, impaetsonsidered significant if:

e Severity ranks high;

e Duration is long-term, andeverity is medium or high; or

« Extent of Impact is regional, andeverity is medium or high.

The following tables apply these criteria to thesly impacts of the proposed
dredging and disposal operations based on extelitskature searches, results from
modelling and recent surveys and discussions wétima ecologists.
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Table 3: Assessment of the significance of potential ecalalgieffects associated with the proposed dredgipgration in the Lower Otago
Harbour with respect to ecology.
SIGNIFICANCE OF EFFECT
FOUEL AL 2GIHOENGAL POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY DURATION EXTENT
Direct impacts Bivalves (cockles) Virtually all animals would be Sediments and communities already modified High Medium Site specific
on benthic removed from sections to be in channel by maintenance dredging. Most of (confined to
communities — widened the communities will be removed in areas immediate
removal and where the channel is widened. Animals such as area that is
loss of polychaete worms will recolonise rapidly i.e., being
organisms Polychaetes Most animals would be removed, within a few months depending on time of year widened and
some will remain in suspension and availability of recolonisers. Most of the channel
and resettle deep sessile community in areas dredged will bottom)
not survive and be transported out of the
Deep sessile chfannell bgt the sgbchapngls/hollows V\gll A
D communifies, Some of these communities will be | feform in time and recolonise (expected to be
sponges removed depending on where 2-3 years).
located Area to be removed around the Port is
10,000m? which is less than 0.5% of the
intertidal habitat classified.
Mitigation
A e If possible dredge in winter when
populations less vulnerable, not
reproducing and will allow rapid
F recolonisation in following spring.
«  Potentially cockles could be collected
from areas to be widened could be
replanted but this would possibly
require consents.

C%%{Q&ing of Suspension Animals and plants in the channel, | Most animal species can survive small amounts | Low (on Short —term Medium to
benthic feeders (e.g., and parts of margins and intertidal | of sediment (e.g., many in a Manukau /Whitford | tidal flats) in all areas high severity
communities bivalves, some area will be smothered, potentially | study survived 20 mm in an event and repeated Med — High but may be would be

polychaete worms) | affecting feeding and respiration of | deposition of 3mm over 6 months). e h_ Igl medium term | “local’-
D it feed suspension feeding animals and Modeli ¢ di tati t Id (mdc anrllle for deep (mostly
ep(_)|5| eeders physically impacting on benthic b OI € 'r][g sugges S S€ mlﬁn 3 'O(;] rates W_Olé an ts;na sessile confined to
(Sr;a'ﬁ’ s?me plants (seagrasses/algae) as well etﬁss an mr(]; over fe rteh g”;? perllo part o communities. | vicinity of
polychaete worms) | - o reducing photosynthetic on the margins and away from the channe margins) — channel but
except a small area directly opposite the port note that
62
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SIGNIFICANCE OF EFFECT

FOUENUTAS SSOOIEleATL POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY DURATION EXTENT
capability. where the intertidal area could receive over 20 | these will be
. ) mm. The maximum in the channel would be habitats quickly
Some deposit f_eeders may benefit closest to the Port with 60mm but for only 10% | would flushed), or
Seagrasses/algae \(,8;srrtlr§)p0d snails, polychaete of the sub-area. aIreaij be “regional”
- - L . heavily around the
Similarly deposition rates in intertidal areas disrupted by Port area
where seagrasses occur are below thg the dredging and in the
thresholds which have been found to impact on operation channel up
seagrasses (<0.25mm/d Doorn-Groen 2007), ’ and
exceptina few small areas opposite the Port downstream.
itself.
Mitigation
D e If possible dredge in winter when
populations less vulnerable, not
reproducing and will allow rapid
R recolonisation in following spring.
Bird and fish life If there are significant effects on Fish and birds are very mobile and able to Low Short —term Regional but
A benthic communities through move to other areas to feed in order to avoid in all areas. low severity
smothering then this can have a temporary or localised impacts on their food in most
direct impact on higher trophic resources. However these areas may be areas
levels through effects on their food | limited if the impact is significant over a large important for
F resource and foraging. area. Modelling indicates there would be few bird and fish
areas with deposition over 20mm outside the foraging.
channel itself and areas like Aramoana would
T receive very small amounts of deposited
material. Thus food supply is unlikely to be
significantly impacted over large areas of the
4/03/09 Lower Harbour.
63
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SIGNIFICANCE OF EFFECT

FOUENUTAS SSOOIEleATL POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY DURATION EXTENT

Increased Suspension Increased levels of suspended Harbours are naturally turbid with episodic High locally | Short-term Most severe
suspended feeders (e.g., sediments will affect animals and events with very high turbidities and especially in would be
sediments and bivalves, some plants in parts of the channel, communities are adapted to these conditions. channel, site specific
turbidity polychaete worms) | margins and intertidal area by Most of the species present can tolerate up to low-medium in immediate

. impacting on feeding and 400 mg/l and even 1000 mg/l of suspended away from vicinity of

Deposit feeders respiration in suspension and sediments. Predicted values on intertidal flats channel. dredging,

(e.g.., gastropod deposit feeding animals. If the are generally less than 200 mg/l but with small less severe

snails, amphipods, sediment characteristics change patches up to 400mg/l or more for short periods locally or

some polychaete then there can be changes to the and thus SSC are unlikely to have a significant regionally.
worms) community structure and effect overall. Impacts will also depend on the
significant changes can cause type of sediment being dredged with sand
shifts to communities characteristic | having less impact than finer silts and clays.
of finer/muddy sediments. Where there are impacts recovery will likely be
a few months for silt/clay sediment
communities and months-years for sand
communities (although bed movement and
R colonisation could be relatively rapid).
Mitigation
A * If possible dredge in winter when
benthic populations less vulnerable
and will allow rapid recolonisation in
F following spring.
e Dredging and disposal should occur
outside the breeding period for birds,
T fish and mammals if possible to
mitigate any effects (i.e. Feb/Mar to
04/03/09 Aug/Sept).

Birds Bird feeding could be disrupted if Some bird species could be affected if their Low Short-term Local but
suspended sediments are high in food supply was impacted in areas such as at very mobile
the intertidal areas and could be Aramoana but this is likely to be only short-term so unlikely to
impact on foraging through effects and there is no evidence that significant SSC be impacted
on benthic species that form their would occur in key places like Aramoana.
main prey. . L

Increased sedimentation in the water column
64
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SIGNIFICANCE OF EFFECT

FOUENUTAS SSOOIEleATL POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY DURATION EXTENT
that reduces visibility and foraging success and
indirect affects on fish and invertebrates that
make up their diet could impact on shag and
tern populations and intertidal shorebirds that
are visual feeders.

Mammals and Fish | Highly turbid conditions can affect While dolphins and whales are occasionally Low- Short-term Local but
feeding and migration of mammals | sighted in the Harbour most of their foraging Medium very mobile
and fish. Many benthic species grounds are along the coast and in the case of | (medium for so unlikely to
have a larval planktonic phase and | Hector’s dolphins further north. There will be some fish be impacted,
it is possible that changes in the some increase in turbidity at the entrance and that may not low impact
composition and abundance of Outer Harbour during dredging but this is be able to regionally.

D zooplankton associated with a long | unlikely to have a significant impact on these avoid areas
period of higher turbidity could mammals as they are very mobile. of high
gg\éfhicchzggceiz: the abundance of Fish are also mobile and able to move to other turbidity)
R areas to feed in order to avoid temporary or
Similarly feeding by fishes on localised impacts.
Zfe}ggglecdot:)g/T]?éshmssuggzlr?dzg The Ie_vels of turt_)idity pr_edicted during
sediment ievels in the intertidal and dredging are unlikely to impact on zooplankton
subtidal zones. and thus larval stages.
j;ease in Seagrasses/algae/ | Photosynthetic capability and Light penetration is reduced through increased | Low for Short-term, Site specific,
ater clarity microphytobenthos | production of seagrasses, algae turbidity and thus can reduce benthic plant most of the beds would low severity
nd effects on and microphytobenthos can be growth. Harbours are naturally turbid at times. time and for | recover when | at local scale
SI-FS impacted by reduced water clarity 15% reduction in surface light and 15 NTUs is | intertidal dredging
and in extreme cases communities | often set as a threshold to maintain areas but ceases.
lost. seagrasses. Over 25 mg/l above background will be short
4/03/09 for less than 5% of the time can have a periods
moderate impact on seagrass communities. when
The maximum turbidity likely to be experienced ;r:sc\)/(l?irt?te
in the intertidal zone would have a moderate close to
impact but would be site specific and for a very dredging
short time. (<5%§)J of
time)
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SIGNIFICANCE OF EFFECT

FOUENUTAS SSOOIEleATL POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY DURATION EXTENT
Release of Water quality Water quality can be impacted by Tests on the sediments to be dredged have Low Short-term Local as any
contaminants/ increases in contaminants that can | shown that levels are all below those in the effect would
nutrients bioaccumulate in the food chain ANZECC guidelines for levels that would spread with
and increased nutrients can cause | impact on biological communities. the plume
i:fnalbglr?gfz?;églc;iiiﬂ Eﬂtrftnr:isgh Potential fpr effects wi]l depend on the durgtion ?:pt)itd)lil
levels can eventually lead to and magnitude of nutrient enrlchmgnt relative diluted
anoxia. to.background. These eﬁectg are likely to be
minor/undetectable and any increase would be
The disruption of muddy benthic rapidly diluted by tidal movement.
habitats will cause more oxygen
issues than the dredging of sandy
habitats, as muds are more
organically enriched and have
shallower redox depths.
ing effects Mammals and fish Pressure waves can cause rupture | Effects depend on the blasting methods. Low except | Short-term Site specific
P of organs and potentially mortality. | Generally invertebrates are not affected except | within 30-
directly right at the site but it can impact on fish | 50m where
in immediate vicinity and possibly mammals if high for fish
A they were nearby.
Mitigation
e use small explosions to warn fish and
F mammals away,
e avoid blasting when mammals present
and during critical fish migration
T periods.
be@r%@&)f Native species and | Transferring and disturbing Invasive species are already present in the port | Low Medium-long | Local but
invasives biodiversity sediment during dredging can areas and no new species would be likely to mostly site
potential spread invasive species invade. Strong water flows in the channel and specific
through fragmentation and removal | maintenance dredging would have already
of whole plants/animals. resulted in any potential spread
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Table 4: Assessmenif the significance of potential ecological effeatsociated with the proposed disposal of dreddgeriaboff Otago Peninsula.
SIGNIFICANCE OF EFFECT
POTENTIAL SSololeliet POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY | DURATION EXTENT
Direct impacts Bivalves/ Effects on benthic communities, It is likely that virtually all benthic animals and High Medium- Site specific
on benthic gastropod due to the disposal of dredged plants in the immediate area will not survive the term (i.e.,
communities - snails/ material at a disposal site, are smothering of sediments, possibly up to 1.9m confined to
smothering amphipods inevitable. Underlying benthos will | thick. immediate
gggzg{t\g?/e sudden 20-30 cm thick Congequences of species loss depends.on the Sirssoc;];}he
Ivchaet species that are smothered; large long-lived ground for
Polychaetes organisms will take longer to recover. Recovery hiah impact
worms . will be fastest when dredged sediments and sogme irﬁ a(;t
Com_rr_lunmes th_at are very spoil area sediments are well matched (i.e., P
D sensitive to sedimentation and of similar grain size and similar biotic Ioca_llly and
Bryozoans, high ecological significance and composition). Fine silts would be expected to regionally
horse mussels, value in the wider area include disperse over a large area in a thin layer. Once with footprint
sponges, soft bipgenic habitats (bryozoan dredged material disposal ceases, recovery ck)f W t0h~ 20
R corals thickets, horse mussel beds, could still take up to a year, and longer for large ng]rtFEOt €
sponge gardens, soft-corals). animals and biogenic habitats that take many receivin
years to mature. over 10 ?:m
A Careful consideration has gone into selection of during the
potential sites which will minimise impacts on disposal
significant biogenic habitat. No unique or period.
F special communities have been identified in the
proposed areas. Area identified is ~3-4 km?
with similar sediments and habitats to
surrounding area and with species and
communities common in coastal areas around
New Zealand.
(04/03/09 _ ) . .
Some offshore locations have biogenic habitats
(bryozoan thickets, horse mussel beds, sponge
gardens, soft-corals) that are ecologically
important as settlement habitat for
commercially valued finfish and shellfish
species. These communities will not be
affected as the proposed dredging site has
been carefully chosen to be well inshore and to
67
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POTENTIAL
EFFECT

ECOLOGICAL
ASSET

POTENTIAL CONSEQUENCES

ADDITIONAL INFORMATION/MITIGATION

SIGNIFICANCE OF EFFECT

SEVERITY

DURATION

EXTENT

the north of areas where they occur (75-110m
depth).

Mitigation

« If possible dredge in winter when
populations less vulnerable, not
reproducing and will allow rapid
recolonisation in following spring.

e  Systematic disposal (starting at one
end of the disposal area and
progressing toward the other) rather
than haphazard/random dumping
would probably help to limit impacts.
Repeated disposal in an area would
be worse than one-off disposals,
especially for communities dominated
by large long-lived “climax” species.

e If significant quantities of fine silt was
to settle out then capping with fine
sand should be considered, however
these fine sediments are likely to
rapidly disperse.

Fish and birds

— mM>00T

04/03/09

If there are significant effects on
benthic communities then this can
have a direct impact on foraging of
higher trophic levels and their food
resource.

Fish and birds are very mobile and able to
move to other areas to feed in order to avoid
temporary or localised impacts. Modelling
however indicates there would still be a
significant area impacted in the short-term by
deposition. Up to 30 km? could receive upto5
cm over the disposal period. Some of this
would disperse but some of this area,
particularly close and within the disposal area
itself would receive enough material to impact
on food resources for birds and fish that feed in
this area, over the short-medium term.

Med-High

Short-
medium term

Regional but
highest
impact likely
to be
restricted to
less than 5-6
kms to the
north of the
disposal site.
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SIGNIFICANCE OF EFFECT

POTENTIAL SSololeliet POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY | DURATION EXTENT
Increased Bivalves/ Spoil disposal will increase The height of the dredged material mound and Low Short-term Site specific/
suspended gastropod turbidity and reduce water clarity the hydrodynamic regime at the site will affect Local but
sediments and snails/ as the sediment settles through the | sediment dispersal and redistribution. could be
turbidity — amphipods water or is dispersed as a plume. Obviously, fine particles are more easily “regional” for
effects on fauna Resuspension of deposits may resuspended than coarse particles. Coarse bird feeding
also occur under certain sediments at a dredge disposal site are up to a few
hydrodynamic conditions. indicative of turbulent water movements km to the

— T >00

4/03/09

Polychaetes
worms

Bryozoans,
horse mussels,
sponges, soft
corals

Birds, mammals
and fish

Benthic communities at offshore
sites with typically low turbidity and
to the north of the immediate
disposal grounds may also be
impacted by elevated suspended
sediment concentrations
associated with dredging. Impacts
would be similar to those of
elevated turbidity at the dredging
site (see above), with the caveat
that some offshore communities
are typically more sensitive to fine
sediments than estuarine
communities adapted to high
turbidity.

Birds and mammals could be
affected through direct impacts of
disposal operations and increased
turbidity reducing their foraging
grounds.

The feeding of demersal fish
species such as flatfishes could be
affected by high turbidity and
smothering of the benthic
communities on which they feed.

capable of removing fine particles.

Some of the dredged material will contain finer
silt which would disperse and could affect the
surrounding sandy communities (potentially
reducing grainsize, altering water clarity,
affecting suspension feeders, adding organics/
nutrients/ contaminants). The size of the
footprint which could impact on some of the
benthic community is up to 2km north of the
proposed site.

The disposal site has been carefully chosen to
avoid turbid plumes reaching sensitive
communities such as the bryozoan beds
offshore and to minimise impacts in coastal
areas such as Taiaroa Heads, Karitane and
further north.

Because of the ability of albatrosses and
shearwaters to forage over a large area any
potential impacts due to dredging and spoil
disposal are likely to be reduced. Penguins are
unlikely to be affected directly by the dredging
operations or at the proposed offshore site as
they forage at depths of 40-80m, further
offshore. Away from the disposal site (>2km)
suspended sediment concentrations will be less
than 10 mg/l, well below the level set to protect
birds like terns and gannets.

north of the
site (note this
is a small
area
compared
with
available
foraging
areas)
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SIGNIFICANCE OF EFFECT

FOUENUTAS SSololeliet POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY DURATION EXTENT
Demersal fish such as flatfish are well adapted
to turbid conditions found in estuaries and
harbours.
Turbidity/ Phytoplankton Turbidity associated with material Effects on larger benthic plants are likely to be Low/ Short term Local for
decrease in that stays in suspension or is minor because submerged aquatic vegetation moderate in moderate
water clarity — resuspended at the disposal site is rare in offshore sand habitats. Primary immediate impact,
plankton and and in the footprint area can production in offshore areas is predominantly vicinity and regional for
benthic plants ) reduce light penetration, with associated with phytoplankton in the water a few kms low impact
Benthic algae potential effects on primary column. The potential site has been carefully north but
producers. chosen to avoid sensitive areas with significant | would
biogenic habitats. disperse
- . rapidly.
Dredged material disposal is expected to be
D periodic during the day, and predicted levels in
the plume are very low thus unlikely to be a
major issue.
R ) ) Increased turbidity can impact planktonic
Zooplankton Increases in suspended sediments | animals particularly those that filter and
can clog feeding apparatus of filter | syspension feed. Experiments have shown that
and suspension feeding levels up to 500 mg/l are unlikely to impact on
zooplankton zooplankton populations. Predicted levels even
at the disposal site are well below this level.
F
Release of Bioaccumulation | Contaminants that are present in Sediments at the dredging sites have been Low Short-term Site
minants/ in foodwebs sediments at the dredge site are at | tested and are below the ANZECC guidelines specific/local
nEIrients very low levels but some will be for levels that are known to impact on biota.
transported to the disposal site. If . . -
4/03/09 these had been above threshold If sediments were contamlnated_ and a decision
limits they could affect the offshore was made to dispose of contamlnated
biota through direct toxic effects sedlmgnts offshore, these s?dlmentf can
and bioaccumulation. sometimes b(.alsuccessfully capped” by
dumping additional layers of clean sand atop
Due to sediment and water the contaminated sediments. However tests
transport, the influence of have indicated there are low levels of
contaminated dredged materials contaminants.
will not necessarily be limited to
70
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SIGNIFICANCE OF EFFECT

and transport to the spoil site,
there is a possibility of releasing
viable algal cysts and sediment
microbes at the offshore spoil site.

result in harmful algal blooms. The possibility
exists, but seems unlikely.

A number of invasive species have been
reported from the Port Chalmers area. The sea-
squirt Styela has not yet been recorded but
Undaria has been recorded from the Otago
region. lItis highly unlikely that species like
Undaria or other species of concern in the port
areas would colonise at the proposed disposal
site because of the lack of hard substrate,
depth and exposure.

POTENTIAL SSololeliet POTENTIAL CONSEQUENCES ADDITIONAL INFORMATION/MITIGATION
EFFECT ASSET
SEVERITY | DURATION EXTENT
the area of the disposal site. The dilution of nutrients in the open coastal sea

(and the sporadic nature of the disposal

schedule) will minimise the chance for

formation of phytoplankton blooms and

associated issues, but these are unlikely to

occur.
Spread of Biodiversity Although most invertebrates will The release of algal cysts in combination with Low Short-term Site
invasives not be likely to survive dredging dredging induced nutrient enrichment could specific/local

— M >0
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