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Sustainable Mussel Farming in Beatrix Bay

Executive Summary

After reviewing the scientific literature and theicence presented in relation to the coastal
permit to Kuku Mara Partnership for a 42.25 ha rabsm in west Beatrix Bay, it is our
opinion that:

current speeds and flushing rates are low in the iBaelation to carrying-capacity

current measurements are inadequate for determitiieglong- and medium-term
dynamics of the water body at the mussel farmitesgsi

in the absence of full calibration, the numericaldalling output used in evidence by
James (2000) is not useful for making sound juddsabout carrying capacity

modeling of complex eco-systems is in its infanegking peer reviewed publication
and solid calibration. The modelling results dreréfore potentially misleading.

food supply in West Beatrix Bay may not be adeq@@atexisting farms, much less for
additional undertakings.

while the consistent occurrence of “adequate fasgirobably the single most important
factor determining the suitability of the Marlboghu area for mussel culture, food
sources vary between embayments and within mussabf

the concurrence of slow current speed and highkstnsity will accentuate the
depletion of food resources within the mussel farmd downstream.

the proposed large farm may impact on other famamns, therefore on Bay eco-system
health.

potential effects of the long-term nutrient cycle lmenthic communities may occur and
that this matter has not been adequately addrassstdence.

enhanced ammonium excretion from a large-scale eh@i@sn could lead to a shift in
the phytoplankton community to less edible speeied that this matter has not been
adequately addressed.

flow reduction in the large farm could cause sigait depletion of chlorophyll, and that
fundamental information is lacking, suggesting @cputionary approach.
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provision to reduce the number of longlines onrbes farm is absent if the monitoring
shows that stage 1 is having a negative impachtoraphyll levels in the bay.

mussels are already stressed in Beatrix Bay, am@fthre so is the natural biota in this
environment.

spatfall and harvest data for Beatrix Bay show ificant fluctuations and downward
trends that are indicative of stressed musselseapitesent stocking levels. These trends
are not consistent with the chlorophyll levels, ethare being used as the main indicator
for carrying capacity and monitoring of impacts.

the estimates of carrying capacity given by Jamesn@dequate as a basis for increasing
stocking levels in Beatrix Bay.

the West Beatrix Bay mussel farm is likely to negdy impact on the bay’'s ecology
and on the existing mussel farms, contrary to th@gse and principles of the Resource
Management Act (1991).
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1.2

Introduction
Background

At a meeting held on 23 May 2000, the Hearings Cdtem of the Marlborough District
Council granted a coastal permit to Kuku Mara Raghip for a 42.25 ha mussel farm in
west Beatrix Bay — a resource consent for a sinsitzed farm in east Beatrix Bay was not
granted (Fig. 1). However, a group of marine fasmia the Marlborough Sounds area,
formally known as the Marlborough Sounds Trust,sidered the evidence presented in the
consent application to be inadequate as the basibé decision. In addition, through over
two decades of experience in GreensheMussel farming in the area, they believe that
there are already indications of environmentalsstia Beatrix Bay and that the addition of a
large open-water mussel farm would exacerbate tbhblgmm. The review presented here
considers the existing information supplied by Kuklara for the Resource Consent
Application, scientific literature on the Marlbogiu Sounds marine environment and
relevant international studies, in order to devedmpopinion on the likely impacts of the
proposed 42.25 ha mussel farm on the water qualifgeatrix Bay, and hence the wider
marine environment.

Scope of Works

The Marlborough Sounds Trust commissioned ASR ldathtb:

e undertake an international and local literatureiawvof the impacts of mussel
farming on water quality;

* analyse the present situation at Beatrix Bay, and;

» critically review the evidence of M. James (2000).

In order to:

* make an independent scientific assessment to devaho opinion on whether
further challenge of the west Beatrix Bay coaseahpt is justified and what further
information would be needed to develop a case.
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Figure la. Location map of Beatrix Bay in the Ndarbugh Sounds on the upper South
Island.
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Figure 1b. The three regions of the Beatrix Bay side arnfPelorous Sound the
region, Beatrix Bay to the north and Crail/ClovayB#o the south.
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Figure 1c. Location map of the proposed marine farm in wasatrix Bay, the existing
marine farm positions and the position of the uneasful application for the east
Beatrix Bay farm.
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1.3

1.4

Sources of Information

International literature was obtained from a nunmdifesources including Scientific Journals,

consultant reports and data records, the World Wideb, CDROM databases and

unpublished theses. In addition, the AEE repdftsk(l Mara Partnership, 2000; Cawthron,

1999) and evidence presented to the environmeninige@.g. James, 2000) were considered
and compared to the literature review findings valeate the degree of certainty of the

previous assertions.

Report Focus

While there may be other contentious issues arisorg the Marlborough District Council’s
granting of a coastal permit for a 42.25 ha marfi@en in western Beatrix Bay (e.qg.
recreational usage, aesthetic impact, etc.), thees of ecological values, including marine
habitats and sustainability, are of greatest cant¢erthe impacts on the existing marine
farms and the marine environment. Ecological ingpdae to the addition of large offshore
marine farms in Beatrix Bay were mostly addressgdldmes at the environment court
hearing (James, 2000). In reaching its decisian ttie impact of the proposed new farm is
“likely to be no more than minor”, the resource semt hearing accepted James’ assertions
that:

Carrying capacity is greater than the sum of ctraed proposed new production;
Benthic impact of a new farm is likely to be small;

Staging will avoid an impact on other farms, and;

Mussels are good indicators of overall bay ecolldiealth.

PN

These are therefore the points that we will coneg¢aton. In addition, the effects of
reduced water flows due to marine farm structunet) special attention to the physical
setting of west Beatrix Bay, are addressed in ioglatio the understanding of water and
nutrient flows.
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Circulation and flushing

Linked to Cook Strait, Pelorus Sound is a drownedrrvalley system about 55 km long,
with several side arms and bays. Beatrix Baynes af three water bodies forming one side
arm (Figure 1a). The three regions are the engraegion, Beatrix Bay and Crail/Clova
Bays (Figure 1b). Beatrix Bay is roughly circufabout 4.5 km diameter) and mostly 30-35
m deep (Figure 1c).

The dominant circulation in the Sound (which aféeBeatrix Bay) is a saline, nutrient-rich
inflow at the seabed from Cook Strait and an outftd lower salinity water at the surface.
The Pelorus River is identified by James as beargely responsible for the strong and
persistent stratification found in Beatrix Bay.

Spatial differentiation of the Marlborough Soundsoiareas promoting high, medium and
low condition indicates that some embayments areersoitable for mariculture than others
(Waite, 1989). A fundamental aspect of good musamh location is high current flow.
High currents provide a larger volume of water itteif food from, reduce impacts on the
seabed and mix the locally-high chlorophyll level®egions of slow currents are more likely
to incur benthic impacts and receive less food.

Water circulation in Beatrix Bay is said to follaclockwise pattern, with water from West
Beatrix probably reaching Laverique Bay some 2 weeker (Sutton and Hadfield, 1998,
unpublished data — cited Rossal, 1998). However, evidence for such a simpleepatt
within the Bay is not provided by the current mategasurements made by NIWA (Kuku
Mara Partnership, 2000).

From James’ evidence and other sources, the folpare evident:

* Instantaneous currents at the East and West B&gisites are only a maximum of
about 10-12 cm’§ presumably at peak tidal flow.

» Currents in the water column at the mussel farmites are only 30-100 m/hour, i.e.
8 mm.s! to 2.7 cm.8 when averaged over time.

* Time-averaged flow directions through most of thegew column are highly variable
and not strongly biased towards a predominant tinec

* Re-circulating eddies occur.

» All directions of time-averaged flow have nearlyuat] probability of occurrence
through much of the water column, except near ¢dabed.

* The small cumulative flow vectors suggest thatgaificant proportion of the water
leaving the site would be expected to return agasylting in slow flushing rates.
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» Drogues released from the mussel farming sites wauoght in internal eddies and
one ended up basically where it started.

It is our opinion that the current speeds and flogtrates are low in the Bay, in relation to
carrying-capacity (see further discussion below).

The duration of the current measurements made BYANis too short to be certain about
long-term trends or seasonal patterns. James logem-mounted ADP current profiler
measurements at the east Beatrix Bay site overmauif98 (18 February — 24 April) and
for 10 days only at the west Beatrix Bay site (8egier, 1999). Only limited drogue
tracking at 2-8 m depth was undertaken. The dwratf the ADP boat-mounted
measurements is not given.

It is our opinion that the current measurements m&dequate for determining the long-
and medium-term dynamics of the water body at tiresel farming sites.

15 i R
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Figure 2. (MRJ8) The direction of currents at various hesghibove the seabed at the East
Beatrix Bay site, from evidence of James. He nttas a wide range of current
directions occurs, except close to the seabed.
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Beatrix East drogue track: 15-16 Feb. 2000
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Figure 3. (MRJ12) Drogue tracks at the East Beatrix Bég, $rom the evidence of James.
He noted that both drogues were affected by an.eddy
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Figure 4. Current flow vectors at West Beatrix Bay, timeaged over the record duration
(m/hour) (from the evidence of James).
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3 Carrying Capacity

Eco-system numerical models are, by their natuessgsimplifications of naturally complex
systems. We can have no confidence in the ouppatictions) of models unless and until
they can be shown, as a minimum, to reproduce ftekervations. NIWA has chosen to
model only selected broad functional categoriethefecosystem (Rost al 1999). The
NIWA model, from which carrying capacity for BeatriBay was estimated, includes
modules to reproduce hydrodynamics, phytoplanktmowth and nutrient dynamics, and
mussel growth and condition (NIWA 2000a). Ressl (1999) stated, “The applicability of
such models for management decisions, when ndiraéid and tested, is questionable”. No
evidence has yet been produced that the NIWA madelrately reproduces any of these
variables. At the time of James’ submission thatemt stocking in Beatrix Bay is well
below the carrying capacity, NIWA (2000a) admittédht they were still validating the
model. Certainly no details of model calibraticavé been published for peer review. We
believe that some model parameters used in the NiWdAel are inherently inaccurate, and
other important parameters have been left out cetelyl The hydrodynamic model is
described as consisting of “6 separate boxes”.adwitted by Hadfield (pers. comm.), the
box model had limitations.

It is our opinion that in the absence of full cadbon, the model output is not useful as
evidence or for making sound judgments about cagrgapacity

Dowd (1997) warned that simple ecological modelsuwfured bivalve growth are limited in
their predictive capacity because of high sensytivo small changes in physiological
parameters describing the mussel energy budgetnt@nd Bacher (1998) came to a similar
conclusion, using the example of the digestibiitfood. In Canada, the ratio of particulate
organic carbon to particulate organic matter (P@D/Ap varies naturally by 300% during
the mussel growth cycle. However, in the modedy theveloped, a 10% change in this ratio
(digestibility) led to a 40-60% change in predictedissel weight after 8 months. The
situation may be even more uncertain with the NI\WWAdel, since POC/POM varied by
more than 500% over 24 hours in Kenepuru Sound Kieset al. 1999).

Grant and Bacher (1998) found that total chlorophytasurements do not account for
temporal changes in the composition of phytoplamkéeommunities and their differing
digestibility. They concluded (and Campbell andvdik 1998 concurred) that food quality
is more important than quantity in accurately pcedg growth. Waite (1989) found a
similar trend with the quality of food in the digftP. canaliculugGreenshell Mussels), as
did Prinset al. (1994) withMytilus edulis(Blue mussel). Hawkinst al (1999) found that
retention efficiency of organic matter and chlorgpleach varied strongly with both the
abundance and composition of available sestonaacdrate estimation of both were critical

@SR 12
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to the development of further model parameters. faksas we can tell, the NIWA model
uses total chlorophyll with a fixed digestibilitgnd takes no account of varying availability
or organic content. Ogilvieet al (2000) stated that the relative nutritional valoie
phytoplankton from different depths in Beatrix Bayunknown, but NIWA assumes the
plankton in deeper water to be accessed by theopeabfarm has the same nutritional
properties as that in the surface layer.

Campbell and Newell (1998) believed that “an admurdetermination of the carrying
capacity for mussel aquaculture within the largeysgstem would require the modelling of
system components such as seaweed, zooplanktorplreathos, wild mussels, etc.”.
Zooplankton appears to be the only one of thesegpooents included in the NIWA model.
Grant et al (1998) found that mussel fouling comprised ab®&% of the nutritional
demand of a mussel farm, but there is no evideheeNi\WA model takes such a large
demand into account. Indeed, the experiments a@seligrowth on which the NIWA model
is based (Hawkinst al., 1999) were carried out with mussels that had leéesned of all
epibiotic growth. Odunet al (1983), in one of the earliest simulations of saiulture in
Marlborough Sounds, predicted that stocking atvalleo maximise profits would lead to a
reduction in wild mussels, which are the sourcehef spat necessary for mussel culture.
There is already evidence of poor and variable &dhat current stocking levels. Spatfall
statistics in Beatrix Bay (see below) and the @sidof Bayne (1976) show spatfall
reductions, possibly due to stressed mussels dpriolgnged time periods resulting in an
increase in abnormal embryonic development.

Variables modelled by Hawkinst al (1998) as inputs to the NIWA mussel nutrition sub
model included total organic content, clearance, natention efficiency and net absorption
rate. Between 34 and 47% of the variance in thesgbles was not explained by the
models derived. In other words, a large proportbthe natural variability of measures of
mussel food supply and growth is not accountedrfanodel derivation. In addition, all of
these relationships were derived for mussels ofglessize; we cannot assume that the same
relationships derived for one size apply over th®l growth cycle. For example, Waite
(2989) found that the maximum growth efficiencynafissels in the 30 mm length class was
0.48 compared to 0.66 in the 80 mm length class.

It is our opinion that the modelling is in its imigy, lacking peer reviewed publication and
solid calibration. The modelling results are thieme potentially misleading.

@SR 13
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Figure 5. Model estimations of harvest weighg stocking level, submitted as evidence by
James (MRJ20).

James’ exhibit MRJ 20 (estimated harvest weigigtocking level) indicates that stocking
in east Beatrix Bay could be increased to at [1&88€000 tonnes before yield declined (Fig.
5). In contrast, some curvature is predicted fesmBeatrix Bay (Fig. 5), even at current
stocking levels. This implies that stocking in teast Beatrix Bay could increase
significantly without affecting current productiomhereas additional production in the
western bay will affect current producers (by egiag the time taken to grow).
Nevertheless, the tribunal rejected the applicafmnthe eastern farm, because they had
“sufficient information to say there would only Befficient nutrients and food to sustain
one farm”. MRJ20 indicates farms on the westedle sire more vulnerable to impact from
additional production than those on the eastem sid

Hawkinset al (1999) observed wasting of mussels at chloroptoiticentrations below 0.86
ug L%, and no significant growth below 1 uglL Similarly, the critical chlorophyll
concentration has been found to be between 1-tgRosset al, 1998) and 1.5 ugt
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(Waite, 1989) in the Pelorous Sound, below whichssell condition is likely to decline.
Given that there have already been substantiabgerduring 1996-98 of chlorophyll
concentration below 1 ug™Lin Beatrix Bay (Rosset al, 1998), perhaps driven by
meteorological or climate change factors, we careh@ confidence that the food supply
will be adequate for existing farms, much less toltial ones. The idea of therefore
supporting increased stocking is difficult to jégti Low mussel condition has frequently
been the case at existing farms in the west BeBajkarea and growth rates and yields have
regularly been depressed (see below).

It is our opinion that food supply in West BeatBay may not be adequate for existing
farms, much less for additional undertakings.

Regions of slow currents are more likely to incenthic impacts and receive less food.
Waite (1989) identified slow current speed, lowdamncentration, high salinity and high
temperature as factors that may limit feeding amawgh of P. canaliculus Dense
communities ofP. canaliculusclear substantial proportions of the food flowpeast farmed
populations, and local depletion of food limitedthbats food intake and growth (Waite,
1989). Waite (1989) found that food depletion appd to occur when rates of food
consumption approached rates of influx of food, #ns balance between food supply and
consumption may limit the maximum viable size ahfacommunities. Farm communities
become isolated from their food supply during pesi@f slow current flow, and adequate
flow of water through an embayment is essentiabtacessful mussel cultivation.

Farms may therefore become isolated from food-bgacurrents and as a result they are
likely to provide sub-optimal conditions for inteves mussel culture (Waite, 1989).
Stronger current flows have been recorded in n&jannel systems within the Marlborough
Sounds (Heath, 1982 — cited Waite, 1989) and thkaanels may represent areas that can
support high stock densities and rapid growth. Ehmv, the embayments are subject to
much slower currents and are therefore less abfigtain high-density farming. Indeed,
depletion is more likely to be noticeable on fasited in low current flows (NIWA, 2000b).
There was a measured 18% decline in tissue cofttentussels in the middle of Crail Bay
farms (Waite, 1989), and larger farms would be etgmkto have a greater impact.

For example, current speed is a vital factor inséecultures oM. edulis(Rosenburg and
Loo, 1983 - cited Waite, 1989), and Waite’s (198Rjdy proved that flow inhibition occurs
in the mussel farms in Marlborough. Presence ttimiropes retarded flow of water and
extended the period that water was grazed by naisgedl current speeds of 2-10 crh.®.
canaliculusconsumed 15-60% of available food. These flowsvarg similar to the current
speeds in West Beatrix Bay, which attain up to &k cm.s, but the mean currents
averaged through time are more like 1-2 chis the absence of the farm. Currents would
be significantly reduced once the farming is esthbld Measurements have shown that
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flows are deflected and run parallel to longlin€urrent vectors parallel to longlines were
translated into flow, whereas transverse vectonewabsorbed by longlines (Waite, 1989).
Sullivan’s (1978) model of fluid striking an impeeable plane could be used to describe the
flow past longlines. The close proximity of lomgds and small spacing between culture
ropes in mussel farms in New Zealand may accentbatenagnitude of flow inhibition, and
therefore pose a significant constraint on proditgt{\Waite, 1989).

Waite (1989) identified the following factors thaty regulate the transport of food through
mussel farms, and should be investigated further:

angles between longlines and prevalent currents,
separation between adjacent pairs of long lines,
length and depth of longlines, and,

stock density, size and distribution.

bR

Adequate transport of externally produced foodesded to supply food to farmed mussels.
Without adequate flow, farms can deplete food freubstantial areas of the Sounds and
reduce the concentration of phytoplankton availatdeother grazers. Waite (1989)
advocated redesign of mussel farms to reduce bwthattenuation of currents and the
depletion of food should also enhance the growtimagsels and protect the habitats of other
grazers. The impacts on food transport througl2.@%ha marine farm structure in west
Beatrix Bay have not been adequately addressedhadtbeen indicated that ‘there is
currently no information on how farms, even 3 hanfg, affect the current flow’ (NIWA,
2000b), however, our literature search has provelaral examples that show significant
reductions in current speed.

While the consistent occurrence of “adequate foagl"probably the single most import
factor determining the suitability of the Marlboigiu area for mussel culture, food sources
vary between embayments and within mussel fariis. our opinion that the concurrence
of slow current speed and high stock density vaitlemtuate the depletion of food resources
within the mussel farm. The currents in West Be&ay are very small and so at least 15-
60% of food could be consumed within the farm. t\Beatrix Bay is subject to low current
flows and therefore limited food supplies.
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4 Benthic Impacts

James used a video showing sea stars feedinglen falissel clumps to base his assertion
that the proposal would have a minimal impact om enthos. Similarly, the Cawthron
(1999) site assessment mainly targets abundandetypes of species. However, the major
impacts are likely to be somewhat less visible. eyTimay include changes to nutrient
recycling from the sediment, and changes to sedifeama. Mussel culture leads to
enhanced sedimentation of organic matter (Barranb@@7), and the rate of sedimentation
is linearly related to chlorophyll biomass (Hatckeal 1994). In a general sense, increased
organic enrichment leads to a reduction in the remalb species living in the sediment, but
possibly an increase in total abundance of a fepodpnistic species, usually marine worms
(Pearson and Rosenberg 1978).

Mitro et al (2000) observed a significant decline in meio&uwbundance under a mussel
farm, though the implications of this to the widsrosystem are not clear. Kasjgdral
(1985) found sediment under a small (1.5 ha) faras wnriched in organic nitrogen and
ammonium, while the benthic community was depaupec@mpared to a control site.
Denitrification (conversion of nitrate tooNjas) was ~20% higher in sediment at the mussel
farm than at the reference site, and was 10 tingksehin the detritus-covered mussels at the
farm than in the reference site sediment. Enhamssdtrification leads to a net loss of
nitrogen from the system. The extent of denitaificn is a balance between the rate of
supply of organic matter, its bacterial breakdoamg the supply of oxygen, which may be
mediated by infauna irrigating the sediment (Benekst al 1998). The impact of increasing
farm size (from 2-3 ha to 42 ha) on denitrificatisnunknown. If an increasing area of
sediment enriched in organic matter below a mualelad2 ha farm has no impact on the
infauna, the increased size may lead to increasadriication (and loss of nitrogen from
the ecosystem), which may impact on all farms i@ Bay. Alternatively, the organic
deposition over a wider area may cause a reduotitwss of the infauna, leading to a switch
from denitrification to ammonium release. Whetties is a benefit to mussel production or
not will depend on whether the ammonium is takerbygeneficial plankton, or those of
low nutritional value. Bear in mind that sedimentitrients are released to the bottom
waters, which are already nitrate-rich, and appgreimaccessible to surface-dwelling
plankton in summer. However, if the sediment-reéehnutrients do stimulate a bloom of
non-beneficial algae, the dominant bottom curreifit sarry the nutrients (or bloom cells)
toward the inshore farms. The large farm may welduce an impact on other farms, while
escaping such impacts itself.

It is our opinion that the large farm may impact oather farms, and therefore on Bay eco-
system health.
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In a Canadian study, the largest response of ttiensat community to suspended mussel
culture was increased ammonium release from thiensedl year-round, with the highest rate
in summer (Hatcheet al 1994). There was a negative relationship betvestom water
nitrate concentration and ammonium flux, which Hatcet al (1994) took to indicate
ammonification (conversion of nitrate to ammoniuar)d denitrification (conversion of
nitrate to N gas), both processes reducing the concentratidimeafitrogen species thought
to be most critical for phytoplankton in BeatrixyBa

Changes in sediment nutrient cycling in Beatrix Bag important, because the nitrogen
supplied by sediment release is of a similar mageito Cook Strait input, and much larger
than river flow or mussel excretion inputs (Gildisal 1992). Rossgt al (1999) confirmed
that sediment nutrient recycling has a strong arite on the dynamics of the Beatrix Bay
ecosystem.

NIWA (2000a) admits that, “increasing the yieldalseeds to be viewed in the context of
other potential effects of the long-term nutrieptle and benthic communities”. No such
context was provided in James’ submission to th@i@ation process; they were neglected
completely.

It is our opinion that potential effects of the ¢pterm nutrient cycle on benthic communities
may occur and that this matter has not been adedyiatidressed in evidence.
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5 Water Column Impacts

Bradfordet al (1987) indicated that poor mussel condition wagseaodic problem in the
early 1980s, which was attributed to food shortdge to nutrient depletion in summer.
Currently about 160 ha of Beatrix Bay is farmedthwd3 ha used for spat collection; the
proposed farm increases the area by 24%. Btoak(1998) believe that inner Sound farms
are more affected by natural hydrographic variatromutrient supply than those closer to
the Sound mouth. Indeed, the high concentratibasnmonium excreted by mussels during
summer periods (Ogilviet al, 1998) is indicative of loss of mussel conditittmough
protein catabolism due to food shortage (Bayne6}9£. the shellfish are stressed.

Ogilvie et al (1998) observed occasions when chlorophyll comagan was higher inside
farms than outside. They attributed this to phigokton growth enhanced by ammonium
excreted by mussels. At first glance, this mayseen as an advantage, leading to higher
food production, and therefore potentially higheussel growth. However, Prirst al
(1994) noted that mussels reduce clearance ratdse ifavailable phytoplankton are not
suitable food. Beatrix Bay is an ecosystem in wiptankton were originally dependent on
riverine and oceanic nitrate, and it is not surpgsthat growth of the endemic plankton,
dominated by diatoms and dinoflagellates, is stated more by nitrate than ammonium
(Gibbs and Vant 1997). However, an ecosystem ilclwimcreasing amounts of ammonium
(from mussel excretion) become available may soit-endemic phytoplankton species,
which are unsuitable as a food source. For exaniieaeocystis spthe dinoflagellate
Gyrodinium aureolumand the chrysophyceaAureococcus anophageferertgave all
inhibited mussel filtration (Pringt al. 1994), possibly by clogging the gills with mucus.
Rhodeset al., (1995) reportedPhaeocystivlooms in NZ waters in 1981. Coccolithophore
blooms in 1992 were associated with fish mortaiire Big Glory Bay, NZ, and growth in
culture was enhanced by ammonium addition. Sitgjlaa raphidophyte Heterosigma
carterag bloom in Big Glory Bay in 1989 was associatedhwitcreased nitrogen supply
(from fish farming), and has led to fish kills imt@tionally (Chang and Page 1995).

The concern is therefore one of enhanced ammonkereton from a large-scale mussel
farm leading to a shift in the phytoplankton comimyto less edible species. This has not
been addressed.

It is our opinion that enhanced ammonium excrefrmm a large-scale mussel farm could
lead to a shift in the phytoplankton communityessledible species and that this matter has
not been adequately addressed.
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6 Staging

Staging can be considered with respect to:

» chlorophyll depletion

In his submission to the tribunal, James admitted he cannot estimate depletion of food
supply by such a large farm. All previous measw®ei® have been on much smaller
farms. One problem he faces is that water flowegricted through even small farms
(Waite, 1989). Gibbst al (1991), Boyd and Heaman (1998) and Karayucel and
Karayucel (1998) observed reductions in flow thtof@ms of up to 70% compared to
currents outside the farms. Feeding efficiencyl (Hrerefore carrying capacity) will be
lower under such conditions than if flow reducti@rs ignored. In addition, longlines
have been found to be relatively impermeable toetus and effectively deflect currents
to run parallel to them (Waite, 1989), the largalesd¢arm proposed for west Beatrix Bay
could have a large impact on the present circulgpatterns in the western quarter of
the bay. There does not appear to be any scogéddribunal to reduce the stocking
rate on the proposed farm, if the first stage intbto have a significant impact on the
other farms. Ogilvieet al. (1998) found chlorophyll depletion of up to 72#%% dImall
farms. No one has been willing to estimate depteiin a farm 10-20 times larger, but
James proposes simply to measure it once the faroonstructed. In the absence of
such fundamental information, a precautionary apginanay be warranted.

It is our opinion that flow reduction in the largarm could cause significant depletion of
chlorophyll, and that fundamental information ikang, suggesting a precautionary
approach. There is no provision to reduce the remdf longlines on the new farm if
the monitoring shows that stage 1 is having a negampact on chlorophyll levels in
the bay.

e ammonium production

Mussels excrete ammonium, which may fuel incregdadkton growth (Barranguet 1997).
It is possible that ammonium produced by many smatlely-spaced farms is dispersed
by mixing with water between the farms before reé&y high concentrations confer a
competitive advantage on one species over anotdarthe other hand, one large farm
is more likely to produce a significant area ofth@mmonium concentration, making
algal blooms more likely. No one is in a posittorknow whether such blooms would
be of edible or inedible plankton.

In our opinion the potentially negative effects sifnificant areas of high ammonium
concentration have not been addressed
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Mussels as Indicators of Environmental Health

Mussel farms have a high biomass and biologicaviactwhich indicate that cultivate®.
canaliculusis a key element in the Marlborough ecosystemn{@rirst, 1974 — cited Waite,
1989). James asserted that “if mussels are doelg wther biota should also be doing
well”. Hawkinset al. (1999) observed that wasting occurred for mussgbplied with less
than 0.86 ug 1 chlorophyll, and that significant growth could pnbe expected for
chlorophyll concentrations above 1 ug.LChlorophyll concentrations below 1 ug were
experienced in Beatrix Bay for considerable periddeng 1996-98, during which periods
mussels did not do well. By James’ definition, tBeatrix Bay ecosystem has been
unhealthy for considerable periods. While the e&)sof the poor growth may be natural
oceanographic processes, there is no reason ®védhe extra food consumption, which
will arise from a 24% increase in farmed area wid anything but cause a further
deterioration in mussel condition, and hence olheta in the area. Indeed, mussel farmers
from the area believe that the marine environmerthé area is already stressed. Since the
beginning of NIWA'’s research programme in the Ralgr Sounds there has been a rapid
decline of the condition of the mussels grown ie #rea, and suggested that this is a
possible indicator of a sustainable production [@meb(Ros<et al.,1999).

James predicted that mussels on the western siBeatfix Bay will take ~10 weeks longer
to grow to 100 mm than they do now if productionr@ases to 6,000 t/a. Clearly mussels
must be under stress if their growth rate slowis;ithhardly a sign of good health.

It is our opinion that mussels are already stresse@eatrix Bay, and therefore so is the
natural biota in this environment.
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8.1

Industry data

We have been provided with mussel spat fall andistrgg growth/tonnage data. Here we
present this information graphically (Figs 6 & 7).

Spatfall Data

Spatfall data has been collected for the Pelorausm& area since the mid-1980s (J. Jenkins,
pers. comm.). However, detailed records of spathaag sites in Beatrix and Clova Bays
(both located in the same arm of the Sound — Figjuare only available back to the 1994-
95 season. Figure 6 shows the total spatfall fatéx Bay (Fig. 6a) and Clova Bay (Fig.
6b).

Figure 6 shows the downward trend from 1994 to 2B08patfall numbers at the spat-
catching sites in the Beatrix Bay arm of Peloroasrfl, which has recently been a cause of
concern for people in the mussel industry. Howgespatfall levels have recently increased
(especially for the Clova Bay area — Fig 6b). Uswef spatfall were low for the present
season up until the last week of April, when lexgisatly increased (34% of the Beatrix Bay
spatfall and 61% of the Clova Bay spatfall totas this season occurred in the one week —
J. Jenkins, pers. comm.). The fluctuations seethenspatfall data are most likely due to
natural oceanographic processes.

The depression in spatfall levels over the 1997820€riod remains a concern, especially
when viewed with the available chlorophyll datae(d®low). Several studies by Bayne
(Gabbott & Bayne, 1973; Bayne 1975: Bayne, 1973nBat al., 1975 — all cited Bayne,
1976) have found that even though gonad developr@minues in stressed mussels, the
mussel larvae from them develop abnormally andltreésudow spat yield. This has been
linked to low energy reserves acquired from therpomdition adults (Bayne, 1976). While
it may be argued that the reasons for the decieagmtfall are due to natural oceanographic
processes, these data indicate that there is agspossibility that mussels are under
environmental stress for prolonged periods eveheaturrent stocking levels, particularly in
adverse oceanographic conditions. Increasing stgdkvels in Beatrix Bay will increase
this stress on cultivated mussels and thereforettier naturally occurring biota in the area.
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Figure 6. Total spatfall recorded at 10-15 m depth for Bedday (a) and Clova Bay (b) in

Pelorous Sound. The total for 2000-01 is up te&l®1. Trend line of chlorophyll
level represented by dashed line (not to scale-Fgg 8)
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8.2 Industry Growth Data
Harvest information provided for Sealords managathg in Beatrix Bay is presented in
Table 1. The most informative dataset in Tables lthie average kilograms of mussels
harvested per metre of longline seeded. While rie# harvest weight has fluctuated
between 20,587 and 27,102 kg each year, the weigihtussels per metre of rope has
followed a downward trend similar to that showrhe spatfall data (Fig. 6).
Table 1. Harvest information for Beatrix Bay (for Sealordsnaged farms only — A.
Lumberg, pers. comm.).
Date 1994 1995 1996 1997 1998 1999 2000
Average of nett kg harvested 25130.9 24293|8 20587.2 26575.7 27102.6 214315 23399.7
Average of growth time 14.4 17.4 163 196 19.2 14.2 16.2
Average of metres seeded 3665.2 34742 3532.6 3731 4292.3 3492.3 3973.4
Average of kg/m seeded 7 7.6 6.4 8.8 6.2 6 53

When the phytoplankton chlorophyll-a level trenti8®aatrix Bay (Rosgt al.,1998) shown

in Figure 8 are compared to both the average kgkded (Fig. 7) and the spatfall data (Fig.
6) for similar periods (March 1995-98) it is evidahat the low levels of phytoplankton
measured in 1996-97 do not correspond with low é&trper metre or low spatfall. On the
contrary, the harvest per metre of rope and spétfadls are elevated in 1996-97 (Figs. 6 &
7). This casts doubt on the predictions of stogkievels (in relation to food source)
submitted by James (2000) and again points to eoadhat the carrying capacity of Beatrix
Bay may already be exceeded; spatfall and harezsnptre of rope decrease significantly in
1998 (Figs. 6 & 7), even though phytoplankton lswekre found to be high (Figure 8). This
may be particularly evident in years when the oogeaphic conditions are not suitable for
transporting the necessary volumes of food-ricrevgainto the bay.

It is our opinion that the spatfall and harvest aafior Beatrix Bay show significant
fluctuations and downward trends that are indicatiof stressed mussels at the present
stocking levels. These trends are not consistetht thve chlorophyll levels, which are being
used as the main indicator for carrying capacitydanonitoring of impacts. The estimates
of carrying capacity given by James are inadeq@at@ basis for increasing stocking levels
in Beatrix Bay.
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Figure 7. Average kilograms of mussels harvesednetre of longline seeded for Sealords
managed farms in Beatrix Bay. Trend line of chidrdl level represented by
dashed line (not to scale — see Fig. 8)
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Figure 8. Trends in phytoplankton levels at BeaBay (from Ros®t al.,1998).
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Summary and Conclusions

Mussel farming is of great importance to New Zedlarexport trade. In turn, the mussel
industry is vitally dependent on a high quality marenvironment, as fostered by the
‘Purpose and Principles’ of the Resource ManagerAen{1991) which are to promote the
sustainable management of natural and physicaliress (S5(1)) and “safeguarding the life-
supporting capacity of air, water, soil and ecaayst’ (Section 5(2)a, RMA (1991).

The scientific literature and submissions by Jaifneth indicate that further stocking of
mussels in Beatrix Bay will negatively impact ore thealth of the environment. Although
of questionable validity, the numerical modellingshfurther demonstrated this contention.
An additional 42.25 ha mussel farm in Beatrix Bay24% increase in mussel farming
within the embayment) is therefore not supportalllee western site appears to be less
suitable than the eastern site.

It is our opinion that the West Beatrix Bay mugaein is likely to negatively impact on the
bay’s ecology and on the existing mussel farmstragnto the purpose and principles of
the Resource Management Act (1991).
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Executive Summary

In relation to the impacts of mussel farming in the Marlborough Sounds, especially in

Beatrix Bay, the Pelorus Boating Club and the Keneperu and Central Sounds

Residents Association commissioned eCoast to develop a desk top summary of the

current level of science and understanding of the cumulative ecological impacts of

mussel farms ring-fencing coastlines such as Beatrix Bay. The following specific

issues were addressed, and below each in this summary is the short answer —

details are provided in the body of the report — specifically:

YES

YES

YES

YES

Whether the 2009 Cawthron Report on the review of ecological effects of
aquaculture continues to represent the current position re the understanding

of the ecological impact of mussel farming;

If Section 8 continues to represent the particular information gaps on the

ecological impact of mussel farming;

Whether these information gaps continue to include the impact of mussel
farms on indigenous ecosystems in the inter-tidal and sub-tidal areas inshore

of marine farm ribbons;

Whether in our opinion that it is at least likely, if not probable, that the
continuous ribbon of mussel farms circumnavigating Beatrix Bay (see map
http://maps.marlborough.govt.nz/viewer/?webmap=6af1f32120314f569f780da

fba264 is having/has had a cumulative and potentially serious impact on the

indigenous ecosystems inside of them;

Whether these inter-tidal and sub-tidal areas are important breeding and living

grounds for indigenous species, including recreational fish such as blue cod;
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UNKNOWN, BUT LIKELY

* Whether the application adequately addresses these issues;
NO, THE APPLICATION DOES NOT ADDRESS THESE ISSUES

* Whether the application addresses the impact that light shading, nutrient
depletion and current softening/alteration will have on the reef that the
application seeks to surround;

NO, THE APPLICATION DOES NOT ADDRESS THESE ISSUES

* The current knowledge associated with the change in plankton composition
brought about by mussel farms and the impact, or unknown impact, of this,
and,

NO, THE APPLICATION DOES NOT ADDRESS THIS ISSUE

 The statements in the Marlborough District Council Planners Report at
paragraphs (34-35) suggests that from an ecological perspective the
cumulative impact of mussel farms is no more than minor because mussels
filter less than 1% of the water that flows through farms and consume less
than 5% of the plankton from the water passing through the farm.
THIS STATEMENT IN THE MDC PLANNERS REPORT IS HUGELY INCORRECT

Due to the cumulative impacts of aquaculture, it is likely that Beatrix Bay, and
potentially many parts of the Marlborough Sounds when activities such as intensive
finfish farming are considered, is experiencing death by a thousand cuts, i.e.
creeping normality, the way a major change can be accepted as the normal situation
if it happens slowly, in unnoticed increments, when it would be regarded as
objectionable if it took place in a single step or short period. It is analogous to the
landscape amnesia that led to the long-term environmental degradation of Easter
Island, which can explain why the natives would, seemingly irrationally, chop down
the last tree on the island (Diamond, 2005).
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1 Background

The Pelorus Boating Club and the Keneperu and Central Sounds Residents
Association commissioned eCoast to develop a desk top summary of the current
level of science and understanding of the cumulative ecological impact of mussel
farms ring-fencing coastlines such as Beatrix Bay. eCoast consultants have had
previous experience with evaluating the impacts of mussel farming in Beatrix Bay
during the Environment Court hearings associated with the development of large
(42.25 ha) mussel farms in the open areas of the Bay in 2001/02.

In particular, the Pelorus Boating Club and Keneperu and Central Sounds Residents

Association has requested that we consider:

* Whether the 2009 Cawthron Report on the review of ecological effects of
aquaculture continues to represent the current position re the understanding

of the ecological impact of mussel farming;

* If Section 8 continues to represent the particular information gaps on the

ecological impact of mussel farming;

* Whether these information gaps continue to include the impact of mussel
farms on indigenous ecosystems in the inter-tidal and sub-tidal areas inshore

of marine farm ribbons;

* Whether in our opinion that it is at least likely, if not probable, that the
continuous ribbon of mussel farms circumnavigating Beatrix Bay (see map
http://maps.marlborough.govt.nz/viewer/?webmap=6af1f32120314f569f780da

fba264 is having/has had a cumulative and potentially serious impact on the

indigenous ecosystems inside of them;

* Whether these inter-tidal and sub-tidal areas are important breeding and living

grounds for indigenous species, including recreational fish such as blue cod;
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Whether the application adequately addresses these issues;

Whether the application addresses the impact that light shading, nutrient
depletion and current softening/alteration will have on the reef that the

application seeks to surround;

The current knowledge associated with the change in plankton composition
brought about by mussel farms and the impact, or unknown impact, of this,

and;

The statements in the Marlborough District Council Planners Report at
paragraphs (34-35) suggests that from an ecological perspective the
cumulative impact of mussel farms is no more than minor because mussels
filter less than 1% of the water that flows through farms and consume less

than 5% of the plankton from the water passing through the farm.

It is our understanding that the last dot point does not reconcile with what residents

are observing and nor to the accepted fact that inside lines on mussel farms grow up

to 30% slower than outside lines.

1.1 Previous Reviews and Studies in Beatrix Bay (20 01/02)

As mentioned above, we have previously undertaken reviews and studies of Beatrix

Bay — 2 reports from those investigations are provided:

Mead, S. T., K. P. Black and A. Longmore, 2001. The Sustainability of Marine
Farming in Beatrix Bay, Marlborough Sounds. For the Marlborough Sounds
Trust, March 2001.

Mead, S. T., 2002. Ecological Survey of Beatrix Bay, Marlborough Sounds.
Report prepared for the Marlborough Sounds Trust, July, 2002.

It is recommended that these reports are read in conjunction with this desktop

review, since many of the points focussed on here are investigated in detail. The

first report focussed on the following points:
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1. Carrying capacity;

2. Benthic impacts;

3. Staging will avoid an impact on other farms, and;

4. Whether or not mussels are good indicators of overall bay ecological health.

The second report provides information about the existing biota that inhabits Beatrix
Bay, especially the reef and shallow subtidal communities of the bay margins where
comparatively more complex and stable topography is present and therefore higher
species diversity would be expected (e.g. Mead and McComb, 2002; Pickering and
Whitmarsh, 1996; Pratt, 1994).

It is notable that when these reports (and subsequent Environment Court evidence)
were prepared in 2001/02 to consider the concerns of the Marlborough Sounds Trust
with respect to the impacts of mussel farms on the wider ecosystem of Beatrix Bay,
160 ha of mussel farms were operating. Since then, new permits have been granted
and many farms have been extended seawards by several lines since this time —

today a total of 297 ha has been allocated to aquaculture (~15% of the Bay).
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2 Site Description
Figure 2.1 provides a map of Beatrix Bay in the Marlborough Sounds, with the

fringing mussel farms overlaid.
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Figure 2.1. Location map of Beatrix Bay and the fr  inging mussel farms — the red farms have
been installed since 2002, while many other farms h  ave been extended seawards since this

time (not shown). (Source —Black et al., 2001)

Beatrix Bay is located in the Marlborough Sounds, linked to Cook Strait by the
Pelorus Sound, which is a drowned river valley system about 55 km long, with
several side arms and bays. Beatrix Bay is one of three water bodies forming one

4
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side arm off Pelorus Sounds (cover image and Figure 2.1). Beatrix Bay is roughly

circular (about 4.5 km diameter) and mostly 30-35 m deep (Figure 2.1).

A fundamental aspect of a good mussel farm location is high current flow. High
currents provide a large volume of water to filter food from, reduce impacts on the
seabed and mix the local chlorophyll levels (Waite, 1989). Regions of slow currents
are more likely to incur benthic impacts and receive less food. Beatrix Bay has slow
currents and a flushing time of over 2 weeks (i.e. it is poorly flushed), i.e. Beatrix Bay

is fundamentally not an optimum location for mussel farms.

2.1 Ecological Value of the Marlborough Sounds

The concerns of the Pelorus Boating Club and the Keneperu and Central Sounds
Residents Association are associated with the cumulative and potentially serious
impacts of intensive mussel farms on the indigenous ecosystems of the Marlborough
Sounds. Therefore it is important to have some background to the ecological value
of the Marlborough Sounds, both nationally and internationally.

New Zealand's unique coastal waters with the high number of endemic! species
(e.g., 60% rock pool fish species, >90% of marine molluscs, and 44% of all breeding
seabirds are endemic), which along with the loss of more than 70% of original habitat
(terrestrial — marine is unknown), makes New Zealand one of 34 priority global
biodiversity hotspots i.e., areas that are very important to global biodiversity and are
facing extreme threats. The Convention on Biological Diversity, the associated New
Zealand Biodiversity Strategy and parts of the RMA and NZCPS are all directed at
maintaining New Zealand’s unique biodiversity, with the responsibility for its
continued existence entirely ours — it cannot be conserved in nature anywhere else

in the world.

Marlborough’s extensive coastline is no exception when it comes to a diverse marine

environment with habitats ranging from the common-place and typical, through to

1 Endemic species are those that occur naturally in New Zealand, they evolved or migrated here without any
assistance from humans.
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significant sites that support rare, unique or special species (Davidson et al., 2011).
A range of biophysical factors have contributed to a highly complex marine
environment, and this physical complexity has resulted in a unique assemblage of
species, habitats and communities. No other coastal area in New Zealand exhibits
this enormous range of habitat complexity. Indeed, by applying the New Zealand
Marine Environment Classification methodology (ME, 2005), it is likely that the
Marlborough Sounds is New Zealand’s most biologically diverse marine

environment.

The Marlborough Sounds has a large number of important and threatened marine
species, as well as endemic species that are found nowhere else in the world, many
of which are vulnerable to a wide range of threats (Davidson et al., 2011). Intensive
mussel farming is one of these threats, which has a range of impacts on the marine
environment, including impacts on the water column, the benthos and, due to the
vast numbers of mussels being grown in the Sounds, the carrying capacity of marine

ecosystems.
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3 Review of Cawthron (2009)

In 2009, the Cawthron institute produced a comprehensive report entitled
“Sustainable Aquaculture in New Zealand: Review of the Ecological Effects of
Farming Shellfish and Other Non-finfish Species” (Cawthron, 2009). The review
focused on ecological issues pertaining to seabed-related effects; water-column
related effects; and, far-field (wider ecosystem) ecological effects (habitats, fishes,
marine mammals, seabeds, pathogens, genetics).

The report also identified key gaps in the general understanding of aquaculture-

related effects, with some of the core issues being:

Limited information on the actual rates of sedimentation occurring beneath

and adjacent to marine farms;

» Paucity of information regarding the effects of aquaculture and associated
biodeposits on high value reef communities that can be found in close

proximity to some farm areas;

» Clear deficiency in information surrounding the effects of marine farms on the

wider food web and in particular, wild fish assemblages;

» Limited information concerning the effects of bivalve aquaculture on the
composition of plankton communities, which in turn may have wider ecological

effects on the food web.

These information gaps are presently still relevant, particularly for Beatrix Bay
aquaculture activities in an area of coastline that is intensively farmed. We are
particularly critical of the fact that many resource consents do not evaluate or
consider the wider carrying capacity of the system they will be occupying in tandem
with providing an assessment of likely cumulative environmental effects.
Deficiencies of this nature are especially applicable to the currently proposed marine

farm, which if established, will essentially result in a complete ring-fence of the
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northern end of Beatrix Bay in aquaculture farms, and will impact on a hydrodynamic
‘hot-spot’ in the bay — cumulative impacts and impacts on the wider environment

have not been considered.

Furthermore, we are sympathetic to the notion that carrying capacity modelling
approaches (e.g., Jiang and Gibbs 2005) have to be undertaken within Beatrix Bay
before any new resource consents are granted. Indeed, concerns about carrying
capacity, cumulative impacts and impacts on the wider environment were a concern
in Beatrix Bay at the turn of the century, but since then permitted farming area in the
bay has risen from 160 ha to 297 ha. Some carrying capacity modelling and
ecosystem modelling of Beatrix Bay has been carried out (James, 2000; Ren et al.,
2009), however, the findings of these investigations have not been applied to
resource consent applications for farming permits, and unfortunately they are
shellfish production models that ignore other species in the Beatrix Bay ecosystem

that rely on phyto and zooplankton.

In summary, the 2009 Cawthron Report on the review of ecological effects of
aquaculture continues to represent the current position re the understanding of the
ecological impact of mussel farming, and Section 8 continues to represent the

particular information gaps on the ecological impact of mussel farming
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4 Potential Cumulative Impacts of Beatrix Bay Musse | Farms

4.1 Cumulative Impacts of Aquaculture

Given the level of aquaculture within Beatrix Bay there are a range of potential
cumulative impacts? that could arise. In a recent report, Cornelisen (2013) provides
an overview of four types of scenarios that have the potential to lead to cumulative

impacts arising from aquaculture developments. These are:

A. Additive effect of increasing numbers of marine farms;

B. Additive effect of a single stressor from multiple sources in addition to marine
farms;

C. Additive and synergistic effects of multiple stressors from a single source;
and,;

D. Additive and synergistic effects of multiple stressors from multiple sources.

Of these, type A: is likely to be the most pertinent to continuous farms along the

perimeter of inlets, such as Beatrix Bay.

Cornelisen (2013) summarises the main effects associated with extractive forms of
aquaculture, i.e., mussel and oyster aquaculture, that may lead to cumulative
ecological effects on the wider ecosystem, such as oligotrophication (oligotrophic
environments offer little in the way of nutrients to sustain life), changes in the
abundance and composition of plankton — which may lead to down-stream effects on
the food web. It is also suggested that farming of macroalgae could add to the
oligotrophic process by removing dissolved nutrients from the water column. This is
of concern with respect to the current application which seeks consent to grow

Macrocystis pyrifera, Ecklonia radiata, Gracilaria, Pterocladia lucida and Undaria.

Cumulative impacts stemming from intensive mussel aquaculture have the potential
to occur at medium (bay-wide) and large (regional) scales, and will persist providing

the level of farming exceeds the natural carrying capacity of the system to maintain

2 A cumulative impact/effect is referred to in Section 3 of the RMA (1991) as an effect which arises
over time or in combination with other effects
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bivalve growth and biomass and general functioning of the wider ecosystem (see
Dame and Prins 1991).

Is there evidence for ecosystem type carrying capacity effects already manifest in
Beatrix Bay? Because there has been limited monitoring studies within Beatrix Bay
it is difficult to establish quantitatively changes in natural biota that points directly to
surpassed carrying capacity of the system. Cawthron (2009) suggests that culture
areas in New Zealand constitute a small fraction of the total area of embayments in
New Zealand stating the “heavily farmed” Beatrix Bay has approximately 5% of the
bay area under culture, thereafter concluding that bay-wide scale breaches of
ecological carrying capacity are unlikely to have occurred from the level of culture
within the embayment. However, as there is no monitoring or long-term data relating
to native species or detailed carrying capacity models (e.g., Jiang and Gibbs 2005)
developed for Beatrix Bay to argue either way, statements of this nature are very
misleading, and based on the evidence available even back in 2001 (mussel growth

rates and the ‘health’ of the existing ecological communities) is incorrect.

Furthermore, when the hydrodynamics of Beatrix Bay are taken into account (low
current flows and poor flushing), the correct percentage of space in the Bay being
farmed is applied (according to the Planners report 15% of the total water space is
Beatrix Bay is being farmed?, not 5%,) along with the quarter of a billion mussels in
the Bay, as well as the often low phytoplankton concentration in the Bay (Ross et al.,
1998) and the distribution of the farms in an almost continuous ribbon around the
Bay, there is obviously a strong possibility that cumulative impacts could be
negatively affecting the inter-tidal and shallow sub-tidal ecosystems inside the farms
and the carrying capacity of the bay. Indeed, from the basic carrying capacity
modelling presented by James (2000), that did not include components of the wider
environment (i.e. a mussel carrying capacity model, how many mussels could the
Bay stock without taking into account other species reliant on phytoplankton or
impacts on the foodweb), indicated that carrying capacity in the Bay may already

have been exceeded — i.e. incorporating an additional 42 ha of farms was predicted

3 With 297 ha with farming permits in the approximately 1,936 ha of Beatrix Bay, this equates to
15.34% of the Bay being utilized.

10
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to lead to an increase of 6 weeks to harvest time. Since then an additional 137 ha of
farms have been permitted without considering the carry capacity of the Bay in the

application.

The cumulative impacts of mussel farms in the Marlborough Sounds, and in Beatrix
Bay, have been considered in a number of investigations, although the findings do
not seem to be taken into account when considering new, individual farm
applications. For example, Ren et al. (2010) applied a generic ecosystem model to
Beatrix Bay and found that in an intensive culture embayment in the Pelorus Sound
of New Zealand, the model successfully captured main features of the observed
system behaviour. The model simulations demonstrated that the mussel cultivation
can have considerable effects on the ecosystem of the bay including food depletion
and nutrient cycling.

The debate about impacts on carry capacity and the indigenous flora and fauna of
the Marlborough Sounds continues because local non-scientists that have and are
seeing real changes to the marine environment are not considered in decision
making and these observations are dismissed as anecdotal, but also because there
has never been any monitoring in place to measure impacts and changes to the
native ecology. How can there be no monitoring of an extractive (i.e.
phytoplankton/nutrients) and disturbing (the benthos) activity in the marine
environment, which is a commons to all New Zealanders, that spans 297 ha and
15% of Beatrix Bay?

4.2 Filtration Rates Reported in the MDC Planner's  Report

The statements in the Marlborough District Council Planners Report at paragraphs
34-35 (Section 42A Report for a Coastal Permit application in Beatrix Bay) suggest
that from an ecological perspective the cumulative impact of mussel farms is no
more than minor because mussels filter less than 1% of the water that flows through
farms and consume less than 5% of the plankton from the water passing through the
farm (which is based on the current opinion of NIWA from surveys of farms in Beatrix

Bay and Port Underwood). However, this does not reconcile to what residents are

11
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observing and nor to the accepted fact that inside lines on mussel farms grow up to

30% slower than outside lines.

The initial concern with this statement in the planner’s report is that if the mussels
filter <1% of the water passing through the farm, it would be impossible to consume
more than <1% of phytoplankton in the water passing through the farm even if it was
possible for mussels to extract 100% of plankton from the water column. Therefore,
we will consider that the statement is referring to extraction for 5% of the plankton in
the water that is filtered by the mussels (i.e. <5% of <1%). Both of these
percentages are grossly under-represented when the available information is

considered.

Review of the Port Underwood ecological assessment (NIWA, 2012) which includes
an estimate of filtration rates does not agree with these numbers from the Planners
report, and has little bearing on other sites — indeed, the known filtration rates for
Beatrix Bay are far greater than 5%, while extraction of the most palatable
phytoplankton (dinoflagellates) by greenshell mussels can be greater than 80%
(Hayden, 2006).

NIWA (2012) do not detail the methods used to calculate filtration rates, although
they state that by combining mean current speed and direction with the average
stocking densities and filtration rates of mussels, the contribution of each existing
farm in Port Underwood to phytoplankton depletion can be estimated. From this they
estimate that approximately 10-14% of the water flowing through the farms around
the perimeter of Port Underwood is filtered, i.e. an order of magnitude higher than
stated in the planning report.

When Port Underwood is related to Beatrix Bay, the physical/hydrodynamic
differences indicate that it is very unlikely, if not impossible that Beatrix Bay would
have similar filtration rates as Port Underwood. Beatrix Bay is more than 2x as deep
as Port Underwood, has a flushing period of up to 8x longer than Port Underwood,
and has considerably lower currents than Port Underwood (Kuku Mara Partnership,
2000; Ross et al., 1998; Cawthron, 2011; NIWA, 2012). These differences imply that

12
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the percentage of water filtered in Beatrix Bay will be significantly greater than that at

Port Underwood, which is supported by existing studies of Beatrix Bay.

Ogilvie et al. (1998) found chlorophyll depletion of up to 72% in small farms in
Beatrix Bay. Waite (1989) found that at current speeds of 2-10 cm.s™?, P. canaliculus
consumed 15-60% of available food in the water column — Beatrix Bay current
speeds are at the lower end of these current speeds (Kuku Mara Partnership, 2000;
Cawthron, 2011), which results in higher extraction percentages. Mead et al. (2001)
concluded:

“While the consistent occurrence of “adequate foad”probably the single most
import factor determining the suitability of the Maorough area for mussel
culture, food sources vary between embayments &hthwnussel farms. It is our
opinion that the concurrence of slow current speed high stock density will
accentuate the depletion of food resources witmenrussel farmThe currentsin
West Beatrix Bay are very small and so at least 15-60% of food could be
consumed within the farm. West Beatrix Bay is subject to low current flcansl
therefore limited food supplies.”

If we considering the number of mussels in Beatrix Bay (250,000,000 — Cawthron,
2011), filtration rates of Greenshell mussels (38 l/day for large adults — Hayden,
2006) and the volume of the Bay (~658.24 million litres), and reduce the filtration rate
to 19 l/day to allow for all size classes of mussel, the farms in Beatrix Bay are
potentially filtering 4.75 billion litres of seawater, or 7.2x the volume of Beatrix Bay.
Obviously we have current speeds and tidal exchange to consider, and mussels do
not extract 100% of the phytoplankton in the water column (although rates can be
>80% (Hayden, 2006)). Even so, the known extraction rates in Beatrix Bay and in
other areas of the Sounds, and the massive filtration capacity of mussels in Beatrix
Bay do not support the statements in the officers report, filtration rates are known to
be far in excess of 1%, and phytoplankton extraction is known to be far in excess of
5% of the water passing through farms in Beatrix Bay. Indeed, the available

evidence indicates that there are likely to be negative impacts on both mussel farms

13
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(inside lines and farms deeper into the Bay) and the indigenous filter-feeders around
the fringes of the Bay.

4.3 Changes in Phytoplankton Composition

In the assessment of effects of water column impacts, Cawthron (2013) go on to
promote the idea that during times of limited nutrients (and hence limited
phytoplankton growth) the higher levels of dissolved organic nitrogen measured
within farms (Ogilvie et al., 2000) is a positive situation for the farm and potentially
for downstream sites if the farm is in a higher current location. This suggests that
mussel farms are some kind of perpetual-motion engine, because they are able to
locally increase phytoplankton through excretion and provide nutrition for themselves
and other farms close by. However, there are a range of studies that indicate that it

is unlikely to be an indication of a healthy system:

a) the higher chlorophyll a within the farms is due to excretion from mussels
because they are starving, actually feeding on their own body mass to survive
due to the low levels palatable phytoplankton available (and according to
James (2000) “if mussels are doing well, other biota should also be doing
well” — i.e. the contrary situation during these periods of low nutrients,
organisms that survive by filter-feeding will be stressed bay-wide), and;

b) it is well known that different species of phytoplankton have different
nutritional value (Grant and Bacher, 1998; Hayden, 2006), some may even
inhibit shellfish filtration (Prins et al., 1994), and that the fastest-growing
phytoplankton (diatoms) that respond to the nitrogen excreted within stressed
mussel farms is likely the least palatable to mussels (e.g. Hayden, 2006). Itis
food quality that is more important than quantity in accurately predicting
growth, and food quality is dependent on species (Grant and Bacher, 1998:
Campbell and Newell, 1998).

While the cause(s) of the poor growth is also related to natural oceanographic

processes (Zeldis et al., 2008), there is no reason to believe the extra food

consumption by continued expansion of mussel farms in Beatrix Bay will not
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increase the pressure on existing mussel farms and the other marine life in the Bay.
Mussel growth in Beatrix Bay was considered limited by nitrogen availability in the
late 1990’s (Gibbs and Vant, 1997). Farmed areas have almost doubled since 2000,
at which time the Beatrix Bay ecosystem has been considered unhealthy for
considerable periods (James, 2000). Through the late 1990's, there was a rapid
decline of the condition of the mussels grown in the Pelorus Sound area, and it was
suggested that this is a possible indicator of a sustainable production problem (Ross
et al.,, 1999). Re-evaluation of the industry growth data (presented in Mead et al.,
2001) should be undertaken to consider the impacts of increased stocking levels in
Beatrix Bay on mussel growth rates since 2001, which is also an indicator of how the
marine life in the Bay is being impacted. Sustainable development does not occur at

the expense of the natural environment and the organisms inhabiting it.

4.4 Cumulative impacts on inter-tidal and sub-tidal areas are important
breeding and living grounds for indigenous species

While Information regarding the extent and biological character of Intertidal and
subtidal regions in Beatrix Bay have been considered in a broad-scale reviews
(Mead, 2002a) and in one-off, often spatially-explicit, studies for resource consent
applications, the functions and services that existing habitats play and their role in
determining the environmental integrity (trophic-linkages) within Beatrix Bay are not
well understood. Based on available ecological inventories it is clear that soft
sediment habitat is the predominant habitat type with both intertidal and subtidal
rocky reef limited in spatial extent. Nevertheless we contend that due to the paucity
of rocky reef habitat, by default it should be regarded as an ecologically significant
marine habitat within Beatrix Bay and less weight given to comparisons with other
locations within the Marlborough Sound or elsewhere in New Zealand, i.e., because
an area has a low to moderate diversity index does not by default make it ecological
insignificant. Discretion must be given when evaluating presented measures of
ecological diversity (taxa richness, Shannon-Weaver diversity measures, etc.) as for
the current situation they represent a snap-shot in time taken from an already

disturbed modified/environment and will be context-dependant.
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Considering the continuous ribbon of aquaculture farms within Beatrix Bay it is
apparent that the majority of farms partly occupy the shallow to mid-depth subtidal
regions (5-20m depth) which are generally characterised by the greatest benthic
habitat heterogeneity (rocky reef, mud, sand, shell hash, etc.) and greatest biological
diversity of the entire bay (Mead, 2002a). Very little is known about how rocky reef
habitats and associated biological communities may have changed (or not have
changed) within Beatrix Bay since the advent of aquaculture in 1980, so merely
stating that a habitat or suite of habitats has low to moderate diversity particularly
when viewed in isolation (rather than bay-wide) fails to consider the full ecological
functionality (diversity, foraging areas, recruitment areas, habitat linkages) that

habitats of this nature may play in the Beatrix Bay system.

The ecological assessment of the current application identifies bedrock, boulder, and
cobble reef, sand and shell-hash, mud and shell-hash and mud as the main habitat
classes, the latter being the most dominant habitat. Numerous native taxa were
observed on and nearby the rocky habitat immediately inshore of the proposed
marine farm including low-lying brown algae (thought to be Stictosiphonia sp?),
encrusting coralline algae, and encrusting sponges with fish fauna represented by
spotties, blue cod, and butterfly perch, mobile invertebrates represented by kina, 11-
armed sea-stars, and cushion stars with heart urchins, brittle stars, sea-stars and
scallops found on soft sediment habitats. Likewise, Mead (2002a) in his spatially
boarder study lists a comparable rocky reef and soft sediment species matrix.
Intertidal regions surrounding the proposed marine farm were not sampled; however,
Mead (2002a) suggests that intertidal habitats are typically comprised of cobbles and
small boulders that support macroalgae, bivalves, crustaceans, and assorted sessile

invertebrates.

Arguably due to the occurrence of species associated with rocky reef and soft
sediment habitats within Beatrix Bay (including the current application), it is to be
expected that the matrix of habitats are important living and breeding areas for
indigenous species, including those species with significant cultural and recreational

value (e.g., kina and blue cod). In particular, diet-related studies of fish such as blue

4 Note: this species is now placed in the genus Bostrychia — Nelson (2013)
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cod (Jiang and Carbines, 2002) and spotty (Jones 1988, Rilov and Schiel, 2006)
support the significance of Beatrix Bay habitats in fulfilling foraging requirements and
are equally likely to fulfii demographic (reproduction, settlement and growth)
requirements of the many species encountered. Equally, the occurrence of sandy
and shelly bottoms that provide structure and protection which occur within Beatrix
Bay (Mead, 2002a) are likely important as nursery and foraging areas for blue cod,
although spawning for this species typically occurs in coastal and outer continental
shelf waters from late winter to early summer (Davidson et al.,, 2012). The
occurrence of rocky reef and shell-hash habitats are also important for spotty and

butterfly perch recruitment (Francis, 1996).

In an aquaculture review, Stimenstad and Fresh (1995) state that growth and
survival of animals in estuaries and embayments not only depends on specific
habitats but on linkages between habitats and areas within the estuary, which can be
altered over the long-term by sustained disturbances such as intensive aquaculture.
Therefore, ensuring that the environmental integrity of key habitats is preserved is
also paramount particularly in terms of maintaining trophic-linkages, for example
intertidal habitats have been shown to be important in terms of foraging and diet for

species such as spotty (Rilov and Schiel, 2006).

4.4.1 Cockle Population Dynamics in Laverique Bay, Beatrix Bay (From Mead, 2002b)
The majority of marine species that inhabit the intertidal and shallow sub-tidal zones
around Beatrix Bay have a planktonic early life history, i.e. they have a larval stage
where they exist as zooplankton before settling in/on suitable substrate.
International studies have uncovered some of the potential effects of extensive
shellfish culture that have not been considered for Beatrix Bay or in the application.

For example, in the past mussels have generally been viewed as specialised
herbivores. However, studies dating back to 1933 (Nelson — cited Davenport et al.,
2000), have appreciated that bivalves ingest zooplankton. More recently a series of
studies headed by J. Davenport at University College Cork in Ireland have
demonstrated that blue mussels ingest zooplankton up to 6 mm long, as well as bind

them in mucus and expel them as pseudo-faeces (Davenport et al., 2000; Lehane
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and Davenport, 2002). These zooplankton species have been identified as mollusc
eggs and larvae, polycheate larvae and small adults, bryozoan larvae, crustaceans
(copepods, crabs, barnacles, amphipods, ostracods), echinoderm larvae and fish
eggs. These findings have direct implications for mussel culture that will have direct
impacts on local recruitment of benthic animals and pelagic fish, as well as
increasing competition for primary production resources in the areas they are located
(Davenport et al., 2000), since zooplankton are a major link to higher trophic levels.
With a near continuous ribbon of mussel farms between the open water and the
preferred habitats of many benthic species (i.e. the intertidal and shallow sub-tidal
areas), there is obviously potential to significantly impact the larval population in

Beatrix Bay.

Little attention has been paid to the effect of mussels on zooplankton populations in
Beatrix Bay through competition for phytoplankton resources (Ross and James,
1996; Zeldis et al., 2004). Davenport’'s work in Ireland has prompted concerns over
the volumes and types of zooplankton that cultured mussels in the Marlborough
Sounds could consume (Wilson, 2002). The results of these investigations are
presented in Zeldis et al.,, (2004), which found that mussel gut contents had
numerous copepod parts, copepods and larval bivalves present. This is definitely an
important factor in terms of ecosystem impacts that have not been considered since,
in addition to the diverse planktonic algal species and zooplankton, many marine
organisms spend a part of their early life history as planktonic larvae (e.g. crabs, rock
lobster, bivalve molluscs, fishes, jelly fishes, echinoids, polycheates, etc.). Indeed,
the zooplankton consumption estimates of Davenport and those made from seston
trawls undertaken in the Marlborough Sounds indicate very large numbers of
zooplankton can be consumed by cultured mussels which will have direct impacts on
local recruitment of benthic animals and pelagic fish (nearly all New Zealand coastal
fish species have pelagic eggs (Cole, 2002)), as well as increasing competition for
primary production resources in Beatrix Bay. However, like many areas of
knowledge with respect to the impacts of shellfish farming through the ingestion of
zooplankon, the ecological significance and contribution to mussel energetics remain

guestionable (Ren et al., 2010), i.e. mussels are ingesting zooplankton (Zeldis et al.,
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2004), but what fraction of the total and how this impacts on the wider environment is

unknown.

Possible evidence of increasing competition for primary production resources has
previously been presented by Grange (1997). Grange carried out surveys of natural
cockle populations in Croisilles Harbour and Delaware Inlet when NIWA was
approached to provide advice on whether granting additional marine farm consent in
Oyster Bay (Croisilles) (Figure 4.1) may result in exceeding the carrying capacity in
the bay and thus adversely affect natural marine communities, especially filter
feeders that may compete with farmed mussels and oysters in the bay (Grange,
1997).

Erench Pass

JOyster Bay I‘Beatrii‘-aay

Croisilles Harbour, New Zealand

Figure 4.1. Location map of Oyster Bay in Croisill  es Harbour.

The reasons for this concern centred around largely anecdotal evidence that farmed
mussels in the Bay were taking longer to reach peak condition in recent years than
previously, and that the cockle populations at the head of the bay had declined in
recent years. Grange found differences in the population structure of the Oyster Bay
cockles (mussel farms) in comparison to the Delaware Inlet cockles (ho mussel
farms) that prompted him to conclude that the study provided data which may give

the very first glimpse that native species are being compromised and that the
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potential for aquaculture within the existing licenses may already be sufficient to
exceed carrying capacity, to the detriment of both the aquaculture industry and
native species (Grange, 1997). In Grange’s opinion, the granting of additional

consents may not be wise until further research had been undertaken.

The anecdotal evidence in relation to changes in the shoreline species at Beatrix
Bay shows close similarities with the Oyster Bay case, i.e. mussels taking longer to
grow and reach peak condition and decline in natural shellfish populations. While
there are several deficiencies to the Grange study, since it is a snapshot in time with
no links to nutrient and phytoplankton levels, no previous studies of natural shellfish
populations, etc., Grange’s conclusions are based on the relative abundances and
population structures in areas where there are marine farms and where there are

none.

Prompted by Grange’s work, a similar study was undertaken in Laverique Bay that is
located on the south eastern side of Beatrix Bay (Figure 2.1). Similar to Oyster bay,
Laverique Bay once provided high densities of cockles and pipis, and the anecdotal
evidence suggests that the numbers of these shellfish (along with feral green
mussels, seaweed and kina) declined over the past decade (1992-2002). The
results of 27 x 0.1 m? quadrats sampled down transects between the high and low
tide range on 6 October 2002, show a bimodal population structure, with a dearth of
medium sized cockles indicating high mortality in this age class, very similar to that
found at Oyster Bay by Grange (Figure 4.2). As can be seen from this series of
graphs, the Delaware Bay population in an area absent of extensive mussel farms
has a ‘normal’ bell-shaped population structure, while both Oyster Bay (Croisilles)
and Laverique Bay (Beatrix) have few individuals in the mid-age classes, suggesting
high mortality is occurring (Grange, 1997). The presence of individuals in the lower

size classes indicates that settlement of cockles is still occurring (Grange, 1997).
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Figure 4.2. Population structure of cockles at Oyst  er Bay (top), Delaware Bay (Middle) and

Laverique Bay in Beatrix Bay (bottom).

Unlike Oyster Bay, the long-term chlorophyll a and nutrient monitoring in Beatrix Bay
shows that there has not been significant decreases in past years (not with the
duration that could impact on population structure in this way since the large
individuals are likely to be 10-15 years of age (Grange, 1997)), which was put

forward by Grange as a way of conclusively showing whether this was the reason for
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decline. It is difficult to ascertain whether this is a local effect (e.g. due to nearby
farms), a bay wide condition, or a state of a much larger area that is linked to climatic
variables. Even so, the same conclusions and advice advocated by Grange are
warranted, i.e. it is likely that native species are being compromised to the detriment
of both the aquaculture industry and native species. A precautionary approach
should be taken and the granting of additional consents may not be wise until further
research into the impacts of mussel farms on the wider Beatrix Bay ecosystem have

been undertaken — that was the case in 2002, and it is still the case today.

As the biomass of bivalves increases, as it has/is in Beatrix Bay through the
continual addition of mussel farms, the matter and energy necessary to maintain
these animals increases proportionally at a greater rate (Dame and Prins, 1998).
This will have direct effects on the existing ecosystem e.g. extraction of
phytoplankton and zooplankton (feeding and pseudo-faeces),
extraction/loss/changes of nutrients (harvesting and changes to nutrient cycling and
dominant nitrogen source), habitat loss and modification (under farms), etc. In
Beatrix Bay these effects may be bay-wide (e.g. nutrient limitations), although
magnified further into the bay due to the low current (i.e. poor circulation and
flushing, re-circulating eddy in the north western corner) and under mussel farms
(e.g. loss/change of nutrient cycles and habitats), or limited to species with particular
feeding behavior competing for phytoplankton (e.g. zooplankton, tubeworms,
bivalves, brachipods, some crustaceans), mid-water feeders competing for
zooplankton (kahawai, mullet, wrasse) or bottom feeders (skate, rays, pig fish,
stargazer, witch flounder, mullet) and infauna (e.g. heart urchins, brittle stars,
bivalves, worms) competing for space. These effects may then impact further up the
food web to higher order predators such as kingfish, john dory, witch flounder, birds

and cetaceans (Figure 4.3).
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Marlborough Sounds Food Web

Cultured Shellfish 3
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in Beatrix B 0 R

Talge
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Figure 4.3. Marlborough Sounds marine food web (ada  pted from Bradford-Grieve, 2002). Note

the range of food linkages between cultured mussels and the lower trophic levels.

4.5 Conclusion

These concerns and issues with the impacts of mussel farming in the Marlborough
Sounds were highlighted more than a decade ago (e.g. Mead et al., 2001), and there
have been many investigations since then that have also indicated the negative and
cumulative impacts on the wider environment (e.g. Ren et al., 2010). However, the
consenting authority still does not ensure that applicants are considering the wider
environmental and cumulative impacts of mussel farming, and the science providers

undertaking ecological assessments continue to ignore these issues.

Due to the cumulative impacts of aquaculture, it is likely that Beatrix Bay, and
potentially many parts of the Marlborough Sounds when activities such as intensive
finfish farming are considered, is experiencing death by a thousand cuts, i.e.
creeping normality, the way a major change can be accepted as the normal situation
if it happens slowly, in unnoticed increments, when it would be regarded as
objectionable if it took place in a single step or short period. It is analogous to the
landscape amnesia that led to the long-term environmental degradation of Easter
Island, which can explain why the natives would, seemingly irrationally, chop down
the last tree on the island (Diamond, 2005).
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5 Suitability of the Application to Address Impacts

5.1 Does the application address these impacts cumu  lative and indigenous?

The application does not adequately address cumulative impacts. It is
acknowledged that mussel farming is of great importance to New Zealand’s export
trade. In turn, the mussel industry is vitally dependent on a high quality marine
environment, as fostered by the ‘Purpose and Principles’ of the Resource
Management Act (1991) which are to promote the sustainable management of
natural and physical resources (S5(1)) and “safeguarding the life-supporting capacity

of air, water, soil and ecosystems” (Section 5(2)a, RMA (1991).

Considering the impacts of a single farm on the immediate environment does not
address the cumulative impacts on the marine environment. Concerns with carrying
capacity and impacts on the wider environment in Beatrix Bay are more than a
decade old — the Kuku Mara (2000) application developed a carrying capacity model
to consider the impacts of additional 42.25 ha farms on either side of the Bay.
However, since that time around 140 ha of addition farming space has been
allocated in the Bay and the MDC and the science providers have not taken into
account the increasing cumulative impacts that this has led to. This is becoming a
tragedy of the commons, or a case of ‘the straw that broke the camel’'s back'’.

Cawthron state that “Potential wider ecological impacts considered were the effects
of the proposed farm on sea birds, demersal fish and marine mammals.” and thus
considers only the local physical impacts of the presence of the farm on a few mobile
species, but do not consider wider ecological impacts, i.e. impacts on ecosystem
function of the Bay. Mobile species simply move away if the conditions are
unsuitable, but sessile species cannot and so can potentially be impacted, especially
if located inshore of the ribbon of farms, as has been observed.

The lack of monitoring of anything in the Bay but mussel growth means that there is

very little data to demonstrate the decline in indigenous species observed by local
people. Cawthron (2013) cite that the Bay is no longer considered a spawning
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ground for Lemon sole, which is evidence suggesting a decline in the health of the

bay.

5.2 Does the application address the impact that cu  rrent softening/alteration?

No, the application does not address the impacts of the proposed farm on water
currents, and only partially considers the impacts of the currents on farm impacts
(i.e. deposition and water column impacts). Given the location of the farm at the
southern end of the point, the influence that this feature has on tidal currents and the
influence that mussel farms have on current speeds and directions (slows and
modifies, respectively), there is potential to have impacts on the hydrodynamics of a

large area of the bay.

Figure 5.1 clearly shows the local current anomaly in the area of the proposed
marine farm, but the application does not address how the known impacts of
dampening and directional changes to currents will impact on either the nearshore
biota inshore of the proposed farm or how modifications to the hydrodynamics at this
location will impact on the hydrodynamics of the Bay (e.g. will the reduction of
currents lead to smothering of the nearshore rocky reef and cobble communities?
Will the changes to the currents at this location have flow-on impacts to other parts

of the Bay or farms?).

The application points out that there are other farms at the end of promontories in
the Sounds in a ‘wrap around’ style to indicate that it is therefore acceptable.
However, this promontory has an obvious impact on tidal currents and circulation of
the head of the bay (Figure 5.1), and so the presence of an 8.982 ha ‘wrap around’
style mussel farm will impact on Bay hydrodynamics (Figure 5.2), and so on the

wider ecology of the Bay. This has not been addressed at all in the application.

The magnitude of impacts to currents due to mussel farms has been quantified and
can be significant. Gibbs et al. (1991), Boyd and Heaman (1998) and Karayucel and
Karayucel (1998) observed reductions in flow through farms of up to 70% compared

to currents outside the farms. In addition, longlines have been found to be relatively
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impermeable to currents and effectively deflect currents to run parallel to them
(Waite, 1989).

Cawthon (2013) conclude that because the -currents are strong, pseudo-
faeces/biodeposits will not accumulate under the farm wrapping around the end of
the promitory, or settle on nearby rocky reef or cobble habitat. However, this
conclusion does not take into account reductions of flows of up to 70% (will this lead
to deposition on rocky reef or cobble habitat in the ‘shadow’ of the wrap-around
farm?), or the fate of the pseudo- faeces/biodeposits, the latter of which should also
be considered in water column impacts (where will this material settle, what is its

fate?).

£
i
E
£
8

Figure 5.1. Uncalibrated hydrodynamic modelling of Beatrix Bay tides — incoming (upper),
outgoing (lower ) (Cawthron, 2011). Note the influ  ence of the northern spur in the area of the

proposed mussel farm.
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Figure 5.2. Schematic of the proposed ‘wrap-around ' mussel farm.

5.3 Does the application address the impact that li  ght shading will have on
the reef that the application seeks to surround?

Mussel longlines have the potential to reduce light both in the water column and
seabed proper through increased shading from overlying culture structures
(longlines) (Inglis et al. 2001; McKindsey et al. 2011). Given the size and proximity
of the current application to subtidal rocky reef habitat, the application clearly fails to
adequately address any effects of shading that may occur due to its spatial coverage
alone and in tandem with the existing aquaculture farms immediately adjacent.
Shading effects must be considered in order to appropriately assess ecological
effects associated because it is a persistent effect, i.e., has the potential to occur 365

days a year).
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In terms of adverse environmental effects, reduced light via direct shading may lead
to a change in the abundance and biomass and species compositions of both
benthic microalgae and macroalgae (McKindsey et al., 2011) although effects will
depend on the species present. The main macroalgal species occurring on the
rocky reef habitat immediately adjacent the proposed marine farm is Stictosiphonia
sp, which may be negatively impacted by shading, as this species commonly forms
distinct zones in the upper intertidal (high light) (Nelson, 2013). Shading effects are
not only restricted to algae and can also impact on sessile invertebrate assemblages
through alteration in community structure (Gladsby, 1999).

Given that shading effects have not been addressed for the current application and
have not been addressed in the context of adjacent marine farms, these shading
effects must be evaluated in terms of impacts to the benthos and in particular the

inshore rocky reef habitats.

5.4 Does the application consider nutrient depletio n?

The application does not consider nutrient depletion, rather it is more concerned with
how well the mussels will grow in relatively higher currents in this position in Beatrix
Bay. The application mentions that with more mussel farms in an area, a larger
amount of material is filtered out of the water column, and goes onto say that there is
some anecdotal evidence of decreased mussel growth rates in certain isolated parts
of Beatrix Bay, which has been loosely attributed to the number of farms consented
in the area. The application then goes on to dismiss this citing it is only farms in
constricted parts of the Beatrix Bay that are experiencing these impacts. This is an
interesting conclusion given the existing industry data on growth rates (Mead et al.,
2001), the modelling of the Beatrix Bay system (Ren et al., 2009), as well as the lack
of constrictions in the circular bay (Figure 2.1). The application then goes onto
suggesting that higher chloro a inside farms during periods of low nutrients when
mussels are wasting away and consuming their own body mass is a positive thing

(discussed above).
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In summary, the application fails to consider cumulative impacts/effects as referred
to in Section 3 of the RMA (1991) i.e., an “effect which arises over time or in
combination with other effects”.

5.5 Recommendations for Future Investigations:

1. The review of industry data for Beatrix Bay presented in Mead et al., (2001)
should be updated to present day to determine the trends in harvest rates
(kgs/m of longline seeded). The extent of mussel farms in Beatrix Bay has
increased extensively since 2001 (from 160 ha to 297 ha), and even though it
is acknowledged that growth rates also vary depending on nutrient inputs into
the Marlborough Sounds system, there was a downwards trend in mussel
yield and estimates at the time indicated that with the addition of 42.25 ha of
mussel farm in the middle of Beatrix Bay, growth rates would decrease bay-
wide (i.e. it would take 6 weeks longer to harvest time). More than 3x this
area has been added to the Bay since 2001.

2. The literature pertaining to shellfish farming cited in Mead et al., (2001) should
be updated — there were already a great deal of concerns about the impacts
of mussel farming in Beatrix Bay and worldwide at this time; more than a
decade on a range of further investigations have been published.

3. Re-survey the same sites surveyed around Beatrix Bay in May 2002,
including the cockle population structure sampling of Laverigue Bay and
compare against the initial survey (Mead, 2002). While it is acknowledged
that ecosystems and communities vary through time due to natural influences,
the initial surveys considered a number of sites and a range of habitats which
will provide a broad comparison of changes to the Beatrix Bay ecosystem
over the past 12 years.

4. This brief desktop review of the points raised by the Pelorus Boating Club and
the Keneperu and Central Sounds Residents Association does not address all
of the potential cumulative impacts (e.g. the benthic impacts of 15% of the
Bay and associated impacts on nutrient recycling). It is recommended that a
review of the other potential impacts (such as those considered in Mead et al.,

2001) is also undertaken and updated.
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5. Bay-wide monitoring should be undertaken. In many ways the horse has
already bolted with respect to monitoring, with 15% of the Bay already being
farmed and the reductions in mussel growth rates and occurrence of
indigenous species being observed (but not quantified) since the early 1990’s.
Even so, establishing a Baywide monitoring programme, or indeed a Pelorus
Sound-wide monitoring programme will still be of great value for managing the
existing system, and considering farming impacts and future applications.

6. Cumulative impacts must be considered during the evaluation of applications
for farming permits. It is recognised that previous applications for farming
permits in Beatrix Bay have mostly not considered cumulative impacts and
impacts on the wider environment, even though these issues have been
raised since early this century. Because the consenting body is not
considering cumulative and wider environmental impacts, it is not fulfilling its
role as environmental managers as defined by the ‘Purpose and Principles’ of
the Resource Management Act (1991) which are to promote the sustainable
management of natural and physical resources (S5(1)) and “safeguarding the
life-supporting capacity of air, water, soil and ecosystems” (Section 5(2)a,
RMA (1991).
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1.0 Qualifications and Experience

1.1 My name is Shaw Mead. | hold BSc and MSc (Hons) degrees from the

University of Auckland (School of Biological Sciences), and a PhD

degree from the University of Waikato (Earth Sciences). | am currently

an environmental scientist and Director at ASR Ltd, which is a marine

consulting and research organization. | have 8 years experience in

marine research and consulting, have published 9 papers in peer-

reviewed scientific journals, and jointly produced over 40 technical

reports pertaining to marine ecology, coastal oceanography and

aquaculture. | have undertaken hundreds of research SCUBA dives

around the coast of New Zealand. | am affiliated to the New Zealand

Marine Science Society and the New Zealand Coastal Society (IPENZ).

1.2 | have a background in coastal oceanography, marine ecology and

aquaculture. | studied for my MSc degree at the University of

Auckland’s Leigh Marine Laboratory, undertaking subtidal research

there from 1994 to 1996 directed at the fertilization success of sea

urchins as a basis for the sustainable management and development of

the commercial market. The marine ecological components of my

Doctorate were directed towards subtidal habitat enhancement of

marine structures, while the physical oceanography component was

focussed on understanding the effects of coastal bathymetry on wave

breaking characteristics using field measures and hydrodynamic

numerical modelling.  More recently, | have been involved

assessments of physical and ecological effects of marine construction,

oil industry and aquaculture ventures.



2.0
2.1

2.2

2.3

Scope of Evidence

In preparation for this evidence | have reviewed a large volume of
scientific literature, unpublished theses and CDROM databases and
technical reports pertinent to shellfish aquaculture, mussel industry
data, the existing information and expert evidence supplied by Kuku
Mara for several resource consent applications and appeals in the
Marlborough Sounds area, including studies undertaken in the
Marlborough Sounds, those specific to the Beatrix Bay carrying
capacity model (journal papers, popular articles, technical reports, etc.),
expert evidence for similar projects in the Marlborough Sounds and
New Zealand, and international work relevant to the issues of water
quality and carrying capacity in Beatrix Bay. In addition, in May this
year | undertook a qualitative ecological survey of Beatrix Bay
comprising SCUBA dives (diver transects recorded on underwater
video) and remote-video records (SM1) and supervised a shellfish
survey in Laverique Bay (south eastern Beatrix — SM1) to gain a better
understanding of the ecology of Beatrix Bay and the impacts of existing

marine farms in Beatrix Bay.

My evidence concerns the impacts of the proposed West Beatrix Bay
marine farm on the Beatrix Bay environment and on the existing farms.
Although there is little available data on the impacts of marine farming
on the natural environment in the Marlborough Sounds, since the vast
majority of work has been directed at the mussel farming industry,
some studies do exist. In addition, there are several international
studies that provide insight into the likely impacts of extensive mussel

farming.

| will describe some of these studies that are relevant to the addition of
a 42.5 ha mussel farm in north western Beatrix Bay, consider the
results of the modelling and the application of these results to the
health of the wider environment in relation to the definition of
sustainable carrying capacity, and detail my concerns with the
applicability of the methodology proposed for assessing impacts of and



managing mussel farms in order to further clarify my opinion that the
Beatrix Bay ecosystem is already stressed and that to add a large
scale marine farm, especially to the north western part of the Bay,
would have significant impacts on its health. Indeed, after reviewing
the work carried out by the many different scientists in Beatrix Bay
since the mid-1990’s, it is clear to me that many are of a similar
opinion, that West Beatrix Bay is already under stress and not a good

place to locate a 42.5 ha marine farm.

Impacts of Mussel Farming

24

Mussel farms can have a wide range of impacts on the marine
environment on which it depends through habitat modification and the
lowering of water quality (Kaspar et al., 1985; Hatcher et al. 1994;
Barranguet 1997). In an area such as Beatrix Bay, that has a relatively
long water residence time (Gibbs et al., 1992), low current speeds
(James, 2000), is nutrient limited (Ross et al., 1999) and where
previously feral populations of mussels were habitat restricted to the
hardshores of the bay, development of extensive mussel farming has
greatly increased the biomass of this species to far higher levels than
previously existed, making cultured mussels the keystone species in
the Beatrix Bay ecosystem. As a biologically active keystone species,
cultured mussels in Beatrix Bay have a large impact on the functioning
of the ecosystem. Figure SM2 is derived from the Food and Agriculture
Organisation of the United Nations “Guidelines for the Promotion of
Enviromental Management of Coastal Aquaculture Development”
(Barg, 1992). This diagram is a summary of the possible ecological
effects of mussel farming. Evidence presented by previous withesses
has already addressed many of these impacts in detail, and so this will
not be repeated in detail here. However, it should be noted that there
are many more potential impacts on the marine environment than have
been addressed or discussed in the Assessment of Environmental
Effects that supports the application for the West Beatrix Bay marine
farm. In addition, the majority of these impacts have the potential to
negatively affect the Beatrix Bay ecosystem to differing degrees. It is
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true and has often been stated, that the marine ecosystem and the
interactions such as those depicted by the food-web (SM3) are very
complex, making it difficult to assess how the direct effects of mussel
farming impact on the wider environment. Even so, these difficulties do
not warrant that they should not be addressed, in fact the main purpose
of the resource consent application is to ensure that they are.

Shellfish culture has resulted in damage to ecosystems, due to over-
stocking and over-exploitation (e.g. Marennes-Oleron Bay, France —
Heral et al., 1988; Bacher, 1989; Ria de Arosa, Spain — Tenore et al.,
1982 (cited Dame and Prins, 1998)). Extensive culture of shellfish
(mainly mussels and oysters) can remove substantial quantities of
phytoplankton, particularly when there is a high density of culture units
over a large area (Barg, 1992), which is the basis of the food-web
(SM3). For example, in Japan the culture of oysters has been shown
to remove 76-95% of the seston (predominantly phytoplankton). In the
Spanish Rias, studies of depletion rates as water passes through
mussel rafts demonstrate phytoplankton is depleted as much as 35-
40% (Perez Comacho et al., 1991 — cited Dame and Prins, 1998).

In the Marlborough Sounds, using direct measurements at current
speeds of 2-10 cm.s™ (similar to West Beatrix Bay), mussels have
been found to consume 15-60% of available food and this depletion
zone was shown to extend some distance downstream before recovery
(Waite, 1989). Similar levels of phytoplankton depletion (up to >70% in
some months) have been also found when chlorophyll a inside and
outside existing farms in Beatrix Bay have been measured (Ogilvie et
al., 2000). However, the empirical estimates of Ross and Hayden
(2000) for maximum phytoplankton depletion due to a 42.5 ha farm in
West Beatrix Bay are given as only 23% (this is expanded to 10 to 42%
by James (2000)), and is predicted to recover within a short distance of
the farm. There are at least 4 factors related to these estimates of
phytoplankton depletion that suggest they are underestimated and
inappropriate to use for an assessment of sustainability including the
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direction of water flow (discussed by Black), the variability of water flow
(discussed by Black), the growth time of different phytoplankton
species and the ability of chlorophyll a concentrations to be related to

impacts on the wider environment (discussed below).

In terms of habitat modification, studies have been focussed on the
impacts of the solid wastes, predominantly organic carbon and
nitrogen, that settle to the seabed in the immediate vicinity of marine
farms (e.g. Mirto et al., 2000; Berelson et al. 1998; Barranguet 1997;
Hatcher et al. 1994; Kaspar et al., 1985; Pearson and Rosenberg,
1978). Organic enrichment of the benthic ecosystem may result in
increased oxygen consumption by the sediment and formation of
anoxic sediments (Smaal, 1991 — cited Barg, 1992), and the possibility
of enhanced denitification (Kaspar et al., 1985) and reduction in
macrofaunal biomass (Mirto et al., 2000), changes in abundance and
species composition (Pearson and Rosenberg 1978); in extreme
cases, out-gassing of carbon dioxide, methane and hydrogen sulphide
(Barg, 1992) (SM2). Sedimentation under marine farms has also been
shown to be much greater and therefore have the potential to cause
larger negative environmental effects under farms where the water flow
is weak (NCC, 1989 — cited Barg, 1992). These localised impacts can
then have impacts on, and cause changes to the wider environment,
which have been presented in detail by previous witnesses (e.g.
changes in phytoplankton species composition due to grazing/growth

rate and nutrient preferences), by transfer up the food web (SM3).

For the resource application for West Beatrix Bay, benthic impacts
have been restricted to changes in the biological community and the
accumulation of sediments. However, the implications and links of
these impacts on the food web are not considered. In addition, the
impacts under marine farms are considered to possibly be an
enhancement by providing more complex habitat and food sources for
a greater diversity of benthic organisms. However, no investigations of
the impacts that have occurred under existing farms in West Beatrix
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Bay have been undertaken. In my opinion, these farms provide an
easily accessible opportunity to assess the likely impacts of a new farm
in the area. My own observations under 3 mussel farms in West
Beatrix Bay found little evidence of increased biodiversity of benthic
organisms. Mussel shells and occasional clumps of living mussels
covered by a thick layer of pseudo-faeces were the dominant feature,
with visual evidence of sticky black sediments under the shells.
Predatory starfish were restricted to areas that were not heavily
covered by shell litter and very few, sometimes no, signs of infauna
were observed in areas where there were occasional patches free of
shell. These observations are consistent with severely enrich
sediments, and could be expected to occur as a chronic impact of the

42.5 ha marine farm proposed for West Beatrix Bay.

In a low flow situation like Beatrix Bay (Sutton and Hadfield, 1997),
which is nutrient limited and where sediment nutrient recycling has a
strong influence on the dynamics of the ecosystem (Ross et al., 1999),
the modification of 42.5 ha of the seafloor in the northwestern head of
the bay, which is the lowest flow area of the bay and is likely to be
partially separated from the rest of the bay in terms of water exchange
due the anti-clockwise eddy present in this area (James, 2000; Sutton
and Hadfield, 1997), it is probable that negative impacts on the existing
mussel farms and the wider environment are likely to occur — as has
been demonstrated by the West Beatrix Bay carrying capacity model,
even with its lack of calibration and validation, limitations and
assumptions (discussed below).

Recent international studies have uncovered some of the potential
effects of extensive shellfish culture that have not previously been
considered. For example, in the past mussels have generally been
viewed as specialised herbivores. However, studies dating back to
1933 (Nelson — cited Davenport et al., 2000), have appreciated that
bivalves ingest zooplankton. More recently a series of studies headed
by J. Davenport at University College Cork in Ireland have
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demonstrated that blue mussels ingest zooplankton up to 6 mm long,
as well as bind them in mucus and expel them as pseudo-faeces
(Davenport et al., 2000; Lehane and Davenport, 2002). These
zooplankton species have been identified as mollusc eggs and larvae,
polycheate larvae and small adults, bryozoan larvae, crustaceans
(copepods, crabs, barnacles, amphipods, ostracods), echinoderm
larvae and fish eggs. These findings have direct implications for
mussel culture that will have direct impacts on local recruitment of
benthic animals and pelagic fish, as well as increasing competition for
primary production resources in the areas they are located (Davenport
et al., 2000), since zooplankton are a major link to higher trophic levels
(SM3).

Little attention has been paid to the effect of mussels on zooplankton
populations in Beatrix Bay, other than through competition for
phytoplankton resources (Ross and James 1996). Davenport’s work in
Ireland has prompted concerns over the volumes and types of
zooplankton that cultured mussels in the Marlborough Sounds could
consume. For example, a study undertaken by Alex Ross in May this
year showed that mussels had zooplankton in their guts, as well as fish
eggs. Ross commented that it would be quite some time before NIWA
could assess the ecological significance of the find, and that it was an
ongoing process (Wilson, 2002). This is definitely an important factor
in terms of ecosystem impacts that have so far not been considered
since, in addition to the diverse planktonic algal species and
zooplankton, many marine organisms spend a part of their early life
history as planktonic larvae (e.g. crabs, rock lobster, bivalve molluscs,
fishes, jelly fishes, echinoids, polycheates, etc.). Indeed, the
zooplankton consumption estimates of Davenport and those made from
seston trawls undertaken in the Marlborough Sounds indicate very
large numbers of zooplankton can be consumed by cultured mussels
which will have direct impacts on local recruitment of benthic animals

and pelagic fish (nearly all New Zealand coastal fish species have
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pelagic eggs (Cole, 2002)), as well as increasing competition for

primary production resources in Beatrix Bay.

Possible evidence of increasing competition for primary production
resources has previously been presented by Ken Grange, who is the
regional manager of NIWA in Nelson (Grange 1997). Grange carried
out surveys of natural cockle populations in Croisilles Harbour and
Delaware Inlet when NIWA was approached to provide advice on
whether granting additional marine farm consent in Oyster Bay
(Croisilles) may result in exceeding the carrying capacity in the bay and
thus adversely affect natural marine communities, especially filter
feeders that may compete with farmed mussels and oysters in the bay
(Grange, 1997). The reasons for this concern centred around largely
anecdotal evidence that farmed mussels in the Bay were taking longer
to reach peak condition in recent years than previously, and that the
cockle populations at the head of the bay had declined in recent years.
Grange found differences in the population structure of the Oyster Bay
cockles (mussel farms) in comparison to the Delaware Inlet cockles (no
mussel farms) that prompted him to conclude that the study provided
data which may give the very first glimpse that native species are being
compromised and that the potential for aquaculture within the existing
licenses may already be sufficient to exceed carrying capacity, to the
detriment of both the aquaculture industry and native species (Grange,
1997). In Grange’s opinion, the granting of additional consents may

not be wise until further research had been undertaken.

The evidence presented by others in relation to changes in the
shoreline species at Beatrix Bay shows close similarities with the
Oyster Bay case, i.e. mussels taking longer to grow and reach peak
condition and decline in natural shellfish populations. While there are
several deficiencies to the Grange study, since it is a snapshot in time
with no links to nutrient and phytoplankton levels, no previous studies

of natural shellfish populations, etc., Grange’s conclusions are based
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on the relative abundances and population structures in areas where

there are marine farms and where there are none.

Prompted by Grange’s work, we recently undertook a similar study in
Laverique Bay that is located on the south eastern side of Beatrix Bay
(SM1). Similar to Oyster bay, Laverique Bay once provided high
densities of cockles and pipis, and the anecdotal evidence suggests
that the numbers of these shellfish (along with feral green mussels,
seaweed and kina) have declined over the past decade. The results of
27 x 0.1 m? quadrats sampled down transects between the high and
low tide range on 6 October this year, show a bimodal population
structure, with a dearth of medium sized cockles indicating high
mortality in this age class, very similar to that found at Oyster Bay by
Grange (SM4). As can be seen from this series of graphs, the
Delaware Bay population in an area absent of extensive mussel farms
has a ‘normal’ bell-shaped population structure, while both Oyster Bay
(Croisilles) and Laverique Bay (Beatrix) have few individuals in the mid-
age classes, suggesting high mortality is occurring (Grange, 1997).
The presence of individuals in the lower size classes indicates that

settlement of cockles is still occurring (Grange, 1997).

Unlike Oyster Bay, the long-term chlorophyll a and nutrient monitoring
in Beatrix Bay show that there has not been significant decreases in
past years (not with the duration that could impact on population
structure in this way since the large individuals are likely to be 10-15
years of age (Grange, 1997)), which was put forward by Grange as a
way of conclusively showing whether this was the reason for decline. It
is difficult to ascertain whether this is a local effect (e.g. due to nearby
farms), a bay wide condition, or a state of a much larger area that is
linked to climatic variables. Even so, the same conclusions and advice
advocated by Grange are warranted, i.e. it is likely that native species
are being compromised to the detriment of both the aquaculture
industry and native species. A precautionary approach should be
taken and the granting of additional consents may not be wise until



213

3.0
3.1

further research into the impacts of mussel farms on the wider Beatrix

Bay ecosystem have been undertaken.

As the biomass of bivalves increases, as it is in Beatrix Bay through the
continual addition of mussel farms, the matter and energy necessary to
maintain these animals increases proportionally at a greater rate
(Dame and Prins, 1998). This will have direct effects on the existing
ecosystem e.g. extraction of phytoplankton and zooplankton (feeding
and pseudo-faeces), extraction/loss/changes of nutrients (harvesting
and changes to nutrient cycling and dominant nitrogen source), habitat
loss and modification (under farms), etc. In Beatrix Bay these effects
may be bay-wide (e.g. nutrient limitations), although magnified further
into the bay due to the low current (i.e. poor circulation and flushing, re-
circulating eddy in the north western corner) and under mussel farms
(e.g. loss/change of nutrient cycles and habitats), or limited to species
with particular feeding behavior competing for phytoplankton (e.g.
zooplankton, tubeworms, bivalves, brachipods, some crustaceans),
mid-water feeders competing for zooplankton (kahawai, mullet, wrasse)
or bottom feeders (skate, rays, pig fish, stargazer, witch flounder,
mullet) and infauna (e.g. heart urchins, brittle stars, bivalves, worms)
competing for space. These effects may then impact further up the
food web to higher order predators such as kingfish, john dory, witch

flounder, birds and cetaceans (SM3).

The Beatrix Bay Carrying Capacity Model

It is my opinion, that after having reviewed the great deal of literature
(journal papers, popular articles, technical reports and expert evidence)
that has been produced with respect to the Beatrix Bay carrying
capacity models and the Kuku Mara proposal, that there is a common
view that northern Beatrix Bay West is not a good location to put in a
42.4 ha marine farm. An interesting aspect of this case is that by his

own definition of carrying capacity, James (2000) presents model

10
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results that show that the carrying capacity of West Beatrix Bay has

already been exceeded, but then goes on to state that,

“The present stocking level in Beatrix Bay has been
estimated to be around 2,500 tonnes on each side and
our best estimates at this stage are that the present
stocking level could be doubled before vyield was

significantly affected”

This is contradictory to the modelling results.

Sustainable carrying capacity is the term that has been used as the
measure of the Beatrix Bay ecosystem’s ability to maintain healthy
organisms — once it is surpassed cultured and native species will be
negatively affected. The definition that has been used through out the

PGSF sustainability of shellfish fisheries programme is,

“sustainable carrying capacity is the stocking density
that maximises production without negatively affecting
condition and growth” (e.g. James, 2000, Hayden et al.,
2000).

By it's own definition this is clearly a measure that targets cultured
shellfish and does not take into account other parts of the ecosystem.
SM5 shows the results of the Beatrix Bay Model that were presented
by James (2000) and also by Hayden et al. (2000). It is obvious that in
west Beatrix Bay the growth rate decreases even at low stocking levels
(top graph) and that harvest tonnage begins to decrease beyond the
estimated current stocking level of 2500 tonnes (bottom graph) — these
graphs show that growth rate is being negatively affected and
production is not being maximised, i.e. carrying capacity is already
being exceeded. While Hayden et al. (2000) suggest that the potential
for increased meat yields will need to be weighed against the longer
time the shellfish must be held on the farm to achieve these yields

11
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(decreased growth rate is contradictory to the carrying capacity
definition) and that increasing the yield also needs to be viewed in the
context of other potential effects on the long-term nutrient cycle and
benthic communities, no such considerations have been suggested for

the resource consent application for West Beatrix Bay.

The Beatrix Bay models do not adequately consider the wider
environment, which is due to them being directed towards the carrying
capacity of cultured shellfish. The models are structured as tools to
enable the maximisation of cultured shellfish production within the
bounds of the environmental parameters that have direct impacts on
the culture of shellfish (nutrient inputs, water flow, competition with
zooplankton, mussel energetics, etc.). This becomes clearer when the
food-web diagram is compared to one that defines the parameters that
the Beatrix Bay models address (SM6) — many parts of, and

interactions with, the wider environment are not represented.

Ross and Image (2001) state, “the sustainable use of the marine

environment has two facets in an ecological context:

1) the sustainable use of the resource so as not to cause significant
effect on the production of existing shellfish farms, often termed
sustainable production or carrying capacity; and,

2) perhaps more significantly, not to have an adverse environmental
effect such as an undue influence on the functioning or structure of
the marine ecosystem.”

While environmental and production sustainability are closely linked,

the model and definition do not go far enough to consider the wider

environment and minimisation of environmental effects. James argues
that while the definition of carrying capacity relates to shellfish, in the
current absence of very detailed and comprehensive ecological
studies, it is probably the best indicator of healthy water column
ecosystem and since other components of the biota rely on
phytoplankton, then this is an indicator of the state of the whole

environment. If we accept this assumption, then we have to accept

12
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that the West Beatrix Bay ecosystem has already surpassed its
sustainable carrying capacity, since according to the model results the
growth and productivity have already decreased. Anecdotal evidence
of mussel farms and the bay, and the scant data that is available on
native shellfish in Beatrix Bay all support this. In addition, the methods
used to indicate a healthy water column (i.e. chlorophyll a

concentration) are not adequate for this purpose (discussed below).

It is also important to note that the carrying capacity models divide
Beatrix Bay east-west. This means that the carrying capacity estimates
are based on the whole side of the bay. This is misleading, especially
with respect to the hydrodynamics of the bay, because the mouth of the
bay can be attributed with a much larger proportion of the total
estimated carrying capacity than the northern head of the bay due to
the higher flow rates and its proximity to ‘new’ water entering the bay.
As has previously been pointed out by Black, at a minimum the bay
should be divided into 4 sections, and if it is divided into only two, then
the division should be north-south. Qualitatively, observations of the
native marine biota around the intertidal and subtidal margins of the
bay show a clear north-south trend, with relatively lower species
diversity and abundances of marine organisms in the north of the bay
compared to the south (Mead, 2002).

The inadequacies of the model in addressing the wider ecosystem are

again highlighted by Grange’'s (1999) definition of sustainability.

Grange (1999) identified 3 aspects of sustainability important to the

mussel farming industry.

1. Farm sustainability — how many mussels will the farm grow, how
fast, and what will be the quality?

2. Fishery sustainability — will the establishment of large numbers of
mussel farms affect the carrying capacity of nearby farms?

3. Ecological sustainability — will the establishment of large numbers of
mussel farms affect the ecological processes in the surrounding

environment?

13
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The first aspect is addressed by individual farm practice (e.g. stocking
densities) and locality, the second is addressed by the Ministry of
Fisheries during the licence application process, and the third by the
Resource Management Act during the consents process, although
these are not mutually exclusive (Grange, 1999). In my opinion, the
impact assessment that supports the application for resource consent
for a 42.5 ha marine farm in West Beatrix Bay does not adequately
address aspect 3 as required for it to be granted. By its own definition
the carrying capacity model is designed to consider only 1 and 2
(sustainable carrying capacity is the stocking density that maximises
production without negatively affecting condition and growth), and not
the ecological processes of the wider environment. The recently
released Ministry of Fisheries draft “A Guide to Preparing a Fisheries
Resource Impact Assessment” notes the deficiencies of shellfish
carrying capacity models in that they do not consider minimising

environmental effects (Ministry of Fisheries, 2002).

The focus on mussel production, the lack of full consideration of wider
ecosystem links and the gross simplification of environment (e.g.
treating the whole of western Beatrix Bay as one unit) all suggest that
in terms of sustainability of the wider Beatrix Bay ecosystem, the
stocking estimate given by James (an additional 2,500 tonne on the

west side of Beatrix) is an overestimate.

Monitoring and Adaptive Management

In my opinion there are aspects of the methods proposed to monitor to
assess the environmental impacts of the proposed West Beatrix Bay
marine farm that are flawed. The conditions of the resource consent
present chlorophyll a measurements and benthic surveys as monitoring
measure to evaluate the farms impact on the environment and other
marine farms. Measuring chlorophyll a concentration is an unreliable
way to measure water column impacts, especially at the generally low

levels present for the majority of the time in Beatrix Bay.

14
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Measurements of chlorophyll a pigment can be used as an estimate of
phytoplankton biomass, which is the most important food for mussels
and other filter feeders (James, 2000). However, while chlorophyll a
levels show good correlation to factors such as nutrient inputs,
temperature gradients and river flows (Ross et al., 1998b), as well as
phytoplankton depletion (Ogilvie et al., 2000), there is little evidence of
a good correlation between mussel growth and condition in Beatrix Bay
and chlorophyll a concentrations. Indeed, the published data on
chlorophyll a concentrations and average harvesting yields shows that
yields are often highest when chlorophyll a levels are lowest (Zeldis
and Pinkerton, 2000). In fact, chlorophyll a is not well correlated to
mussel growth. Moreover, chlorophyll a concentration is not the best
method of measuring the abundance of phytoplankton (Ross et al.,
1998b), and it does nothing to address the mix if species present,
which have been shown to change significantly through the seasons in
the Marlborough Sounds (Zeldis and Pinkerton, 2000; Gall et al., 2000).
This is an important issue, since chlorophyll a levels are used as an
indicator of phytoplankton depletion, which are then related to impacts

on other farms and the wider bay ecosystem (James, 2000).

Measuring phytoplankton abundance by the concentration of
chlorophyll a is undertaken for its simplicity in comparison to tedious
cell counts (Ross et al., 1998b). However, it is well known that different
species of phytoplankton have different nutritional value (Grant and
Bacher, 1998), and some may even inhibit shellfish filtration (Prins et
al., 1994). It is food quality that is more important than quantity in
accurately predicting growth, and food quality is dependent on species
(Grant and Bacher, 1998: Campbell and Newell 1998). Even so,
chlorophyll a concentrations are being used as a major constituent of a
carrying capacity model and as the main parameter monitored to
address impacts of farms. A better and more appropriate measure is
needed, such as the cell counts and conversions to carbon suggested
by Ross et al, (1998) for long-term studies. Using chlorophyll a
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concentrations to manage and monitor the impacts of mussel farms
has been likened to monitoring the weekly family supermarket bill as an
indication of how much weight the people in the family will gain — the
total bill gives no indication of the nutritional value of the food that has
been bought. Monitoring should include control sites (as suggested by
Ross and Image, 2002), but also consider monitoring the growth and
condition of the shellfish (not just phytoplankton abundance), since
healthy mussels have consistently been related to the health of other

biota in the bay ecosystem.

The composition of the water column is undoubtedly modified (changes
to the nutrient composition, phytoplankton composition, zooplankton
composition, etc.) when water passes through a mussel farm.
However, for the 42.5 ha marine farm in West Beatrix Bay only
depletion rates are estimated and, based on mixing with undepleted
water and phytoplankton growth, these are said to recover within a few
hundred meters of the farm boundary (James, 2000; Ross and Hayden,
2000). However, this is based only on measurements of chlorophyll a,
when it is well known that changes in soluble nutrients (e.g. increased
ammonium) occur prompting changes in phytoplankton species
composition (Gibbs and Vant, 1997) as those that have been
consumed by the mussels are replaced (this is detailed in the evidence
of Longmore). This is further complicated by differences in growth time
for the range of phytoplankton species that inhabit the Beatrix Bay
waters (hours to days). Gibbs (2002) stated that,

“... phytoplankton most likely to take advantage of
these released nutrients may not be the same species
as those extracted by the mussels in the first place.
Furthermore, opportunistic phytoplankton in this case
are likely to be smaller, fast-growing species that have
less nutritional value than those selectively extracted by

the mussels.”
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Both of these factors lead to changes in phytoplankton species
composition, which affect the nutritional value of the total phytoplankton
(or chlorophyll a concentration). It is not appropriate to base the
majority of impact assessments and farm management on chlorophyll a
measurement — the composition of the phytoplankton is likely to be far
more important, which has been shown to be reliant on nutrient
species, stratification, water temperature, etc. (Ross et al., 1998). If the
species composition was changed in a way that was beneficial, then
the downstream mussel farms and natural biota would be thriving.
However, since the reverse has been observed to be true, it is
reasonable to suggest that the changes are not conducive with
enhanced food supplies. In my opinion there are some important
issues that need to be addressed with respect to the evidence that
suggests that phytoplankton is restored quickly once the water has
passed through a farm based only on chlorophyll a concentration, since
this measure does not account for the changes to the phytoplankton
species composition which has been shown to be the most important

measure of water column impact.

Chlorophyll a is low in the Beatrix/Crail/Clova Bay complex in
comparison to other parts of the Marlborough Sounds, which is related
to nutrient levels (Gibbs et al., 1992). In fact, during the spring/summer
when dissolved inorganic nitrogen levels are at their lowest, Ogilvie et
al. (2000) suggest artificially increasing nitrogen concentrations within
the mussel farms in Beatrix Bay to increase growth rates. It has been
reasoned that the consistency of chlorophyll a levels inside and outside
of mussel farms (once they have mixed and new growth has occurred)
is evidence that there is no impact on the productivity of the water
column. On closer examination of the work that has been done to
support this (e.g. Ross and Image, 2002), it is clear that the ambient
chlorophyll a levels are already low (0.5 — 1.2 ug/l) and the flow regime
is unstable (i.e. not uni-directional through a farm). Indeed on the 2"
September this year, the first presentation at the New Zealand Marine
Science Society conference in Nelson by Mark Gibbs of the Cawthron
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Institute showed results of a similar study as that carried out by Ross
and Image (2002). In this study chlorophyll a levels inside a farm were
shown to be less than half of those outside the farm 5.5 v 2.5, and
similar depletion was shown to occur due to the cumulative effects of
water flowing through several farms (uni-directional) and to persist for
over 500 m beyond the farms.

There are still many uncertainties with respect to the use of chlorophyll
a concentration for monitoring and assessment and the issues of
recovery from phytoplankton depletion. At present this may be the best
measure available, but | believe in the present case, where there is
evidence that suggests a sustainability problem, it is not sufficient.
Following the logic of James (2000), since there is no detectable
reduction in phytoplankton 80 m from a 3 ha marine farm, covering the
whole of Beatrix Bay with 3 ha mussel farms spaced say 200 m apart
would give sufficient time and space for mixing and regeneration to
ambient levels. However, the models show reductions in ‘carrying

capacity’ at the current levels?

Better linkages between these issues and mussel growth and condition
may be found looking more closely at the species composition — both
phytoplankton and zooplankton species composition has been shown
to have strong seasonal cycles (Zeldis and Pinkerton, 2000). In
addition, the cumulative effects associated with phytoplankton
depletion and changes to species composition due to multiple mussel
farms in enclosed embayments such as Beatrix Bay, needs to be better
addressed. This is in itself very difficult, since as pointed out by Ross
and Image (2002), it is clear that at present from the information
available it is not possible to establish with certainty the likelihood of
cumulative effects. Analysis of mussel industry productivity data may
be able ascertain whether the trend shown by Mr. King, of decreased
carrying capacity in the head of Beatrix Bay compared to little change
outside the bay in ‘better’ water, is a phenomenon that is occurring all
over the Sounds. It is logical to assume that if the threshold of carrying
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capacity in the Sounds is being exceeded that the least productive,
relatively isolated areas of low water flow and flushing such as the

heads of bays are likely to be the first effected.

The monitoring proposed is linked to the concept of adaptive
management that is a concept that should be viewed with caution,
especially in areas that show signs of environmental stress. Changes
to the ecosystem, such as those that can occur through the
modification of the environment caused by a large marine farm may not
be reversible. For instance, conditions may become more favourable
for a different species than previously occupied a certain niche and so
a species change occurs. Once the new species becomes established
it may then be able to persist and out-compete the original component
of the ecosystem, even if the original modifying factor (e.g. a marine
farm) is removed. Such changes are extremely hard to foresee. For
example, Chesapeake Bay in the USA is a large estuarine water body
with an estimated residence time of 22 days (similar to Beatrix Bay).
Removal of oysters from the bay due to harvesting, disease and
declining water quality resulted in numerous bivalves invading the bay,
into areas once dominated by oysters. Studies have shown that the
bivalves in the bay now remove up to 50% of the annual phytoplankton
primary production in the upper bay. It is now believed that restoration
of oysters into Chesapeake Bay to reverse the change in water quality
will not be successful because they have already been functionally
replaced by other bivalve species and due to anaerobic conditions in
the deeper portions of the bay (Gerritsen et al., 1994 — cited Dame and
Prins, 1998). Similar, unforeseeable, ecosystem changes are possible

in the Marlborough Sounds and may already be occurring.
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Environmental Impacts of Mussel Farming

Increased Primary Production

SM2 — Summary of the possible ecological effects of mussel farming. Note,
some effects are contradictory, and not all effects will be seen at one
site (adapted from Barg, 1992).
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Marlborough Sounds Food Web

Cultured Shellfish .
{Largest Biomass
mn Beatrix Bay)

Trophic Level

SM3 — Marlborough Sounds marine food web (adapted from Bradford-Grieve,
2002). Note the range of food linkages between cultured mussels and

the lower trophic levels.

28



70

ol Oyster Bay
50 o
40 A
30 4

20 A

10 4

70 =

Delaware Bay

60 -

50 A

Numbers of cockles

40 A

0 5 10 16 20 25 30 35 40 45 50

Size interval (mm)

70 A

60 A

50 A

40 1

30 4

Numbers of cockle

20 4

10 A

5 10 15 20 25 30 35 40 45 50
Size interval (mm)

SM4 - Population structure of cockles at Oyster Bay (top), Delaware Bay

(Middle) and Laverique Bay (bottom).

29



WEST

EAST

Weeks

_— : : : — : |
] 5000 10000 15000 20000 23000
Stocking level {t)

Predicted time for mussels to reach harvest size in
west and east Beatrix Bay at different stocking levels

300+
250 EAST
20 = WEST
150

100 =

Total harvest {dry wgt 1)

h
=
1

I I I 1 L
o 5000 10000 15000 20000 25000
Stocking level {green wgt t)

. Predicted harvest from west and east Beatrix Bay at
different stocking levels

SM5 — Results from the Beatrix Bay carrying capacity model

30



Energetics of Mussels: Hydrodynamics: Benthic Processes:
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Estimates of Carrying
Capacity

SM6 — Schematic diagram of the submodels and parameters used to develop
the carrying capacity model for Beatrix Bay (Source, James and Ross,
1996).
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STATEMENT OF EVIDENCE

Statement of evidence of Andrew Robert Longmore. 10 October 2002

1. My name is Andrew Robert Longmore. | live in Queenscliff,
Victoria, Australia. | hold the degrees of Bachelor of Applied
Science and Master of Applied Science from the University of
Melbourne. | am a marine chemist, employed by the Marine and
Freshwater Resources Institute, a research arm of Fisheries
Victoria, since 1980. While my evidence is based on my
experience, the views | express are my own, and not necessarily

those of my employer.

2. My area of expertise involves water quality studies to improve our
understanding of natural and human impacts on nutrient cycling
in estuaries and coastal water. This has involved the development
and application of nutrient mapping systems to identify impact
zones around coastal discharges, and innovative techniques to
study the recycling of nutrients from sediments. These techniques
have significantly increased our understanding of nutrient cycling
in Port Phillip Bay and the Gippsland Lakes (Victoria), Moreton Bay
(Queensland), Swan River and Wilson Inlet (Western Australia)
and the Derwent Estuary (Tasmania), and provided the backbone
on which predictive models have been built. They have most
recently been used to study nutrient cycling in Australian prawn
farms. My research has been published in about 20 peer-reviewed
scientific journals and numerous technical reports. | have been
used as an external reviewer for the NZ Journal of Marine and

Freshwater Research.

3. In reaching its decision that the impact of the proposed new farm

is “likely to be no more than minor”, the resource consent hearing



accepted NIWA (Dr Mark James) assertions that: (a) Carrying
capacity is greater than the sum of current and proposed new
production; (b) Benthic impact of a new farm is likely to be small;
(c) Staging will avoid an impact on other farms; and (d) Mussels
are good indicators of bay health. | believe the panel should not

have accepted these assertions.

4. (a) Carrying capacity. Models are, by their nature, gross
simplifications of naturally complex systems. We can have no
confidence in the output (predictions) of models unless and until
they can be shown, as a minimum, to reproduce field
observations. NIWA has chosen to model only selected broad
functional categories of the ecosystem (Ross et al. 1999). The
NIWA model, from which carrying capacity for Beatrix Bay was
estimated, includes modules to reproduce hydrodynamics,
phytoplankton growth and nutrient dynamics, and mussel growth
and condition (NIWA 2000a). Ross et al. (1999) stated that “the
applicability of such models for management decisions, when not
calibrated and tested, is questionable”. No evidence has yet been
produced that the NIWA model accurately reproduces any of these
variables. At the time of James’ submission that current stocking
in Beatrix Bay is well below the carrying capacity, NIWA (2000a)
admitted that they were still validating the model. Certainly no
details of model calibration have been published for peer review.
We believe that some model parameters used in the NIWA model
are inherently inaccurate, and other important parameters have
been left out completely. It is my opinion that in the absence of full
calibration, the model output is not useful as evidence, or for

making sound judgements about carrying capacity.
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5. Dowd (1997) warned that simple ecological models of cultured
bivalve growth are limited in their predictive capacity because of
high sensitivity to small changes in physiological parameters
describing the mussel energy budget. Grant and Bacher (1998)
came to a similar conclusion, using the example of the digestibility
of food. In Canada, the ratio of particulate organic carbon to
particulate organic matter (POC/POM) varies naturally by 300%
during the mussel growth cycle. However, in the models they
developed, a 10% change in this ratio (digestibility) led to a 40-60%
change in predicted mussel weight after 8 months. The situation
may be even more uncertain with the NIWA model, since
POC/POM varied by more than 500% over 24 hours in Kenepuru
Sound (Hawkins et al. 1999).

6. Grant and Bacher (1998) found that total chlorophyll
measurements do not account for temporal changes in the
composition of phytoplankton communities and their differing
digestibility. They concluded (and Campbell and Newell 1998
concurred) that food quality is more important than quantity in
accurately predicting growth. Hawkins et al. (1999) found that
retention efficiency of organic matter and chlorophyll each varied
strongly with both the abundance and composition of available
seston, and accurate estimation of both were critical to the
development of further model parameters. As far as we can tell,
the NIWA model uses total chlorophyll with a fixed digestibility,
and takes no account of varying availability or organic content.
Ogilvie et al. (2000) stated that the relative nutritional value of
phytoplankton from different depths in Beatrix Bay is unknown,

but NIWA assumes the plankton in deeper water to be accessed by
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the proposed farm has the same nutritional properties as that in

the surface layer.

7. Campbell and Newell (1998) believed that “an accurate
determination of the carrying capacity for mussel aquaculture
within the larger ecosystem would require the modelling of
system  components  such as seaweed, zooplankton,
macrobenthos, wild mussels, etc.”. Zooplankton appears to be the
only one of these components included in the NIWA model. Grant
et al. (1998) found that mussel fouling comprised about 25% of the
nutritional demand of a mussel farm, but there is no evidence the
NIWA model takes such a large demand into account. Indeed, the
experiments of mussel growth on which the NIWA model is based
(Hawkins et al 1999) were carried out with mussels which had
been cleaned of all epibiotic growth. Odum et al. (1983), in one of
the earliest simulations of mussel culture in Marlborough Sounds,
predicted that stocking at a level to maximise profits would lead to
a reduction in wild mussels, which are the source of the spat
necessary for mussel culture. There is already evidence of poor
and variable spat fall at current stocking levels. Spatfall statistics in
Beatrix Bay, to be presented by another witness, and the studies of
Bayne (1976) show spatfall reductions, possibly due to stressed
mussels during prolonged periods resulting in an increase in

abnormal embryonic development.

8. Variables modelled by Hawkins et al. (1998) as inputs to the NIWA
mussel nutrition sub-model included total organic content,
clearance rate, retention efficiency and net absorption rate.

Between 34 and 47% of the variance in these variables was not
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explained by the models derived. In other words, a large
proportion of the natural variability of measures of mussel food
supply and growth is not accounted for in model derivation. In
addition, all of these relationships were derived for mussels of a
single size; we cannot assume that the same relationships derived
for one size apply over the whole growth cycle. For example,
Waite (1989) found that the maximum growth efficiency of
mussels in the 30 mm length class was 0.48 compared to 0.66 in
the 80 mm length class. | believe that the modelling is in its
infancy, lacking peer-reviewed publication and solid calibration.
The modelling results presented by James (2000) are therefore

potentially misleading.

James’ exhibit MRJ 20 (estimated harvest weight vs stocking
level) indicates that stocking in east Beatrix Bay could be increased
to at least 10,000 t before yield declined. In contrast, some
curvature is predicted for west Beatrix Bay, even at current
stocking levels. This implies that stocking in the east Bay could
increase significantly without affecting current production,
whereas additional production in the western bay will affect
current producers (by extending the time taken to grow).
Nevertheless, the tribunal rejected the application for the eastern
farm, because they had “sufficient information to say there would
only be sufficient nutrients and food to sustain one farm”. MRJ20
indicates farms on the western side are more vulnerable to impact
from additional production than those on the eastern side. The
NIWA estimate of carrying capacity relates only to the capacity to
produce cultured mussels; it ignores completely the possibility of

changes to other components of the ecosystem.
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10. Hawkins et al. (1999) observed wasting of mussels at chlorophyll
concentrations below 0.86 ug L, and no significant growth below
1 ug L. Given that there have already been substantial periods
during 1996-98 of chlorophyll concentration below 1 ug L7 in
Beatrix Bay, perhaps driven by meteorological or climate change
factors, we can have no confidence that the food supply will be
adequate for existing farms, much less additional ones. The idea

of therefore supporting increased stocking is difficult to justify.

11. (b) Benthic impact. James used a video showing sea stars feeding
on fallen mussel clumps to base his assertion that the proposal
would have a minimal impact on the benthos. However, the major
impacts are likely to be somewhat less visible. They may include
changes to nutrient recycling from the sediment, and changes to
sediment fauna. Mussel culture leads to enhanced sedimentation
of organic matter (Barranguet 1997), and the rate of sedimentation
is linearly related to chlorophyll biomass (Hatcher et al. 1994). In a
general sense, increased organic enrichment leads to a reduction
in the number of species living in the sediment, but possibly an
increase in total abundance of a few opportunistic species, usually

worms (Pearson and Rosenberg 1978).

12.  Mitro et al. (2000) observed a significant decline in meiofaunal
abundance under a mussel farm, though the implications of this to
the wider ecosystem are not clear. Kaspar et al. (1985) found
sediment under a small (1.5 ha) farm was enriched in organic
nitrogen and ammonium, while the benthic community was
depauperate compared to a control site. Denitrification
(conversion of nitrate to N, gas) was ~ 20% higher in sediment at
the mussel farm than at the reference site, and was 10 times

higher in the detritus-covered mussels at the farm than in the
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reference site sediment. Enhanced denitrification leads to a net
loss of nitrogen from the system. The extent of denitrification is a
balance between the rate of supply of organic matter, its bacterial
breakdown, and the supply of oxygen, which may be mediated by
infauna irrigating the sediment (Berelson et al. 1998). The impact
of increasing farm size (from 2-3 ha to 42 ha) on denitrification is
unknown. If an increasing area of sediment enriched in organic
matter below a much larger 42 ha farm has no impact on the
infauna, the increased size may lead to increased denitrification
(and loss of nitrogen from the ecosystem), which may impact on
all farms in the Bay. Alternatively, the organic deposition over a
wider area may cause a reduction or loss of the infauna, leading to
a switch from denitrification to ammonium release. Whether this
is a benefit to mussel production or not will depend on whether
the ammonium is taken up by beneficial plankton, or those of low
nutritional value. Bear in mind that sediment nutrients are
released to the bottom waters, which are already nitrate-rich, and
apparently inaccessible to surface-dwelling plankton in summer.
However, if the sediment-released nutrients do stimulate a bloom
of non-beneficial algae, the dominant bottom current will carry the
nutrients (or bloom cells) toward the inshore farms. The large
farm may well produce an impact on other farms, while escaping

such impacts itself.

13. In a Canadian study, the largest response of the sediment
community to suspended mussel culture was increased
ammonium release from the sediment year-round, with the
highest rate in summer (Hatcher et al. 1994). There was a negative
relationship between bottom water nitrate concentration and

ammonium flux, which Hatcher et al. (1994) took to indicate
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14.

15.

16.

ammonification (conversion of nitrate to ammonium) and
denitrification (conversion of nitrate to N, gas), both processes
reducing the concentration of the nitrogen species thought most

critical for phytoplankton in Beatrix Bay.

Changes in sediment nutrient cycling in Beatrix Bay are important,
because the nitrogen supplied by sediment release is of a similar
magnitude to Cook Strait input, and much larger than river flow or
mussel excretion inputs (Gibbs et al. 1992). Ross et al. (1999)
confirmed that sediment nutrient recycling has a strong influence

on the dynamics of the Beatrix Bay ecosystem.

NIWA (2000) admits that “increasing the yield also needs to be
viewed in the context of other potential effects of the long-term
nutrient cycle and benthic communities”. No such context was
provided in James’ submission to the application process; they
were rejected completely. Furthermore, the estimates of carrying
capacity are concerned only with production of cultured mussels,

and completely ignore any impact on other fauna.

(c) Water column impact. Bradford et al. (1987) indicated that poor
mussel condition was a periodic problem in the early 1980s, which
was attributed to food shortage due to nutrient depletion in
summer. Currently about 160 ha of Beatrix Bay is farmed, with 13
ha used for spat collection; the proposed farm increases the area
by 24%. Ross et al. (1998) believe that inner sound farms are more
affected by natural hydrographic variation in nutrient supply than

those closer to the sound mouth.
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17.

Ogilvie et al. (1998) observed occasions when chlorophyll
concentration was higher inside farms than outside. They
attributed this to phytoplankton growth enhanced by ammonium
excreted by mussels. At first glance, this may be seen as an
advantage, leading to higher food production, and therefore
potentially higher mussel growth. However, Prins et al. (1994)
noted that mussels reduce clearance rates if the available
phytoplankton are not suitable food. Beatrix Bay is an ecosystem
in which plankton were originally dependent on riverine and
oceanic nitrate, and it is not surprising that growth of the endemic
plankton, dominated by diatoms and dinoflagellates, is stimulated
more by nitrate than ammonium (Gibbs and Vant 1997).
However, an ecosystem in which increasing amounts of
ammonium (from mussel excretion) become available may suit
non-endemic phytoplankton species which are unsuitable as a
food source. For example, Phaeocystis sp, the dinoflagellate
Gyrodinium aureolum and the chrysophycean Aureococcus
anophageferens have all inhibited mussel filtration (Prins et al.
1994), possibly by clogging the gills with mucus. Rhodes et al.
(1995) reported Phaeocystis blooms in NZ waters in 1981.
Coccolithophore blooms in 1992 were associated with fish
mortalities in Big Glory Bay, NZ, and growth in culture was
enhanced by ammonium addition. Similarly, a raphidophyte
(Heterosigma carterae) bloom in Big Glory Bay in 1989 was
associated with increased nitrogen supply (from fish farming), and

has led to fish kills internationally (Chang and Page 1995).
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21.

10

The concern is therefore one of enhanced ammonium excretion
from a large-scale mussel farm leading to a shift in the

phytoplankton community to less edible species.

Staging. Staging can be considered with respect to chlorophyll

depletion and ammonium production.

Chlorophyll depletion. In his submission to the tribunal, James
admitted that he cannot estimate depletion of food supply by such
a large farm. All previous measurements have been on much
smaller farms. One problem he faces is that water flow is
restricted through even small farms: Gibbs et al. (1991), Boyd and
Heaman (1998) and Karayucel and Karayucel (1998) observed
reductions in flow through farms of up to 70% compared to
currents outside the farms. Feeding efficiency (and therefore
carrying capacity) will be lower under such conditions than if flow
reductions are ignored. There does not appear to be any scope for
the tribunal to reduce the stocking rate on the proposed farm , if
the first stage is found to have a significant impact on the other
farms. Ogilvie et al. (1998) found chlorophyll depletion of up to
72% in small farms. No one has been willing to estimate depletion
in a farm 10-20 times larger, but James proposes simply to

measure it once the farm is constructed.

Ammonium production. Mussels excrete ammonium, which may
fuel increased plankton growth (Barranguet 1997). It is possible
that ammonium produced by many small, widely-spaced farms is
dispersed by mixing with water between the farms before

relatively high concentrations confer a competitive advantage on
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23.
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one species of phytoplankton over another. On the other hand,
one large farm is more likely to produce a significant area of high
ammonium concentration, making algal blooms more likely. No
one is in a position to know whether such blooms would be of

edible or inedible plankton.

(d) Mussels as indicators of bay health. James asserted that “if
mussels are doing well, other biota should also be doing well”.
Hawkins et al. (1999) observed that wasting occurred for mussels
supplied with less than 0.86 ug L chlorophyll, and that significant
growth could only be expected for chlorophyll concentrations
above 1 ug L. Chlorophyll concentrations below 1 ug L' were
experienced in Beatrix Bay for considerable periods during 1996-
98, during which periods mussels did not do well. By James’
definition, the Beatrix Bay ecosystem has been unhealthy for
considerable periods. While the cause(s) of the poor growth may
be natural oceanographic processes, there is no reason to believe
the extra food consumption which will arise from a 26% increase
in farmed area will do anything but cause a further deterioration in

mussel condition.

James predicted that mussels on the western side of Beatrix Bay
will take ~ 10 weeks longer to grow to 100 mm than they do now
if production increases to 6,000 t/a. Clearly mussels must be
under stress if their growth rate slows; this is hardly a sign of good
health. In my opinion, mussels are already stressed in Beatrix

Bay, and therefore so are the natural fauna in this environment.
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Background

1. My name is Shaw Trevor Mead. | am an environmental scientist based at Raglan. | hold BSc
and MSc (Hons) degrees from the University of Auckland (School of Biological Sciences), and
a PhD degree from the University of Waikato (Earth Sciences). | am currently an
environmental scientist and Managing Director at eCoast, which is a marine consulting and
research organisation. | have 20 years’ experience in marine research and consulting, have
46 peer-reviewed scientific papers, and have solely or jointly produced over 200 technical
reports pertaining to coastal oceanography, marine ecology and aquaculture. | have
undertaken over twelve hundred research and consulting SCUBA dives around the coast of
New Zealand and overseas, and have led many comprehensive field investigations that
have addressed metocean, biological and chemical components of the coastal
environment. | am aoffiliated to the New Zealand Coastal Society (IPENZ) and the New
Zealand Marine Science Society, and am on the editorial board of the Journal of Coastal
Conservation, Planning and Management. | am also technical advisor for the Surfbreak
Protection Society (NZ) and Save the Waves Coadalition, which mostly entails consideration of
marine structures and developments and the impacts they will or have had on high-quality

surfing breaks.

2. | have a background in environmental science, coastal oceanography, numerical
modelling, marine ecology and aquaculture. | studied for my MSc degree at the University
of Auckland’s Leigh Marine Laboratory, undertaking subftidal research there from 1994 1o
1996 directed at the fertilisation success of sea urchins as a basis for the sustainable
management and development of the commercial market. As part of my MSc degree in
Environmental Science, | also completed a 4th year law paper in Environmental Law focussed
on the RMA (1991) (the subject of my dissertation was the quota management system law
review which was under way at the time and ended in the Fisheries Act 1996). The marine
ecological components of my Doctorate were directed towards subtidal habitat
enhancement of marine structures, while the physical oceanography component was
focussed on understanding the effects of coastal bathymetry on wave breaking
characteristics using field measurements (bathymetry surveys, aerial photography and GPS
positioning of in situ data collection) and hydrodynamic numerical modelling. More
recently, | have been involved in a wide range of coastal consulting and research projects
that have included the design of coastal structures and developments, and assessments and
monitoring of physical and ecological effects of marine construction, coastal erosion control,
marine reserves (annual monitoring of benthic communities, fish and lobster, inside and
outside Goat Island and Hahie Marine Reserves for the past 10 years), dredging, outfalls, oil

industry, aquaculture ventures and various other coastal and estuarine projects that have



included hydrodynamic (waves and currents), sediment transport and dispersion modelling
(including contaminants, suspended sediments, freshwater, hypersaline water, nutrients and

petro-chemicals).

Further to this, with direct relevance to the present case, | am familiar with Beatrix Bay and
the Pelorous Sound, and have previously investigated the sustainability of marine farming in
Beatrix Bay (Mead et al., 2001), have undertaken an ecological survey of Beafrix Bay (Mead,
2002a), and provided expert evidence pertaining to the impacts of mussel farming on Beatrix
Bay (2002b). More recently | provided a desktop summary of the current level of science
and understanding of cumulative ecological impacts of mussel farms ring-fencing coastlines
such as Beatrix Bay (Mead and Haggitt, 2014), and provided a review of Mr Davidson’s and
Mr Forrest’'s evidence with regard to the current application for Resource Consent (Mead,
2014).1

| was also involved in the Board of Inquiry hearing to consider the NZ King Salmon Co. Ltd’s
plan change requests in the Marlborough Sounds in 2012, specifically with respect to the
ecological significance of the proposed sites, the seabed/benthic effects of the depositional
footprints of salmon farms, and the wider ecological impacts and cumulative effects of farm

waste deposition.

| have read the Environment Court's Code of Conduct for Expert Witnesses and agree to
comply with the Code when presenting evidence to the Court. | confirm that the matters
addressed in this brief of evidence are within my area of expertise. | can confirm that | have
not omiftted to consider material facts known to me, which might alter or detract from my

opinions expressed within this evidence.

Structure of Evidence and Introduction

6.

In preparation for the development of my evidence, | have reviewed:

a) The application and associated AEE (Appendices 4 and 5);

b) MrKnight's statement of evidence;

c) DrTaylor's statement of evidence;

' The reports and evidence cited in this paragraph are attached as Appendices 1-450f this evidence.



d) Dr Grange's statement of evidence;

e) MrHolland's statement of evidence?;

f)  Dr Stewart's statement of evidence;

g) MrHarvey's statement of evidence;

h) Mr Podjursky’s statement of evidence;

i) MrScholefield’s statement of evidence;

i) Mr Clarke's submission in association with salmon farm applications, and;

k) A variety of relevant literature, as cited in this evidence and associated reports.

7. The first section of my evidence discusses the evidence of Dr Stewart. | am in agreement
with Dr Stewart’s evidence, which reiterates, and in many instances updates, the concerns
that | have with respect to the impacts of mussel farming in Beatrix Bay, cumulative effects
and sustainability, which | have previously described in reports and evidence dating back to

2001 (e.g. Appendices 1-5). Some of these areas are expanded on in the first section.

8. The second section of my evidence is a critique of the evidence submitted by Mr Knight, Dr
Taylor and Mr Davidson. Since, as stated above, | am in agreement with Dr Stewart’s
evidence, which includes agreement with some aspects of these experts evidence, the
focus is on areas where | am in disagreement with the applicant’'s experts that have not
been covered by Dr Stewart or my previous reports and evidence with respect to Beatrix Bay
in 2002 (i.e. Appendices 1-5). That is, where there has been omission of important factors
(e.g. assessment of cumulatfive impacts, hydrodynamic assessment, etc.), and where |

believe that there has been misrepresentation of information.

9. In the third section of my evidence, | summarise my opinions with respect to the impacts of

the proposed application and the likely cumulative impacts of mussel farming in Beatrix Bay.

2 Although Mr Holland refers to sustainability, sustainable growth, sustainable production and a sustainable
manner, there is nothing in his evidence to support any of this terminology. Mr Holland's evidence is focussed
solely on production of mussels and has no recognition or relevance to sustainable management of natural
and physical resources as defined in Part I of the RMA (1991). Therefore, Mr Holland's evidence is not

considered further herein.



Dr Stewart’s Evidence

10.

As stated above, | have reviewed Dr Stewart’s evidence and | am in agreement with it. Dr
Stewart’s evidence reiterates, and in many instances updates, the concerns that | have with
respect to the sustainability of mussel farming in Beatrix and that | have previously described
in reports and evidence dating back to 2001. Dr Stewart’s evidence also identifies additional

areas of concern, which | am also in agreement with.

Description of the Marine Environment

1.

The physical description of Beatrix Bay has been presented in various reports and evidence,
and so is not repeated here, except for likely the most important factor with respect to
mussel farming: current speeds and flushing. A fundamental aspect of a good mussel farm
location is high current flow. High currents provide a large volume of water to filter food
from, reduce impacts on the seabed and mix the local chlorophyll levels (Waite, 1989). Sites
with slow currents are more likely to incur benthic impacts and receive less food. Beatrix Bay
has very slow currents and a flushing time of over 2 weeks (i.e. it is poorly flushed), i.e. Beafrix
Bay is fundamentally not an optimum location for mussel farms (Appendix 4 — Mead and
Haggitt, 2014).

Analysis of the Likely Amount of Change in Beatrix Bay Due to Mussel Farming

12.

This Section 4 of Dr Stewart’s evidence, he reiterates the lack of baseline and monitoring
data with which to determine change within Beatrix Bay due to mussel farming. Despite
concerns about carrying capacity and the impacts of mussel farming on the indigenous
ecology since the 1990's (Gibbs et al., 1992), mussel farming in the bay has continued to
expand (from 160 ha of mussel farms in 2000 to 304 ha in 2014). Each individual application
for resource consent for new farms and farm extensions offshore has been dealt with in
isolation, without consideration of cumulative effects. In each case, partly due to dealing
with it in isolation, the investigators have stated that there is no need to monitor. How there
can be no monitoring of an extractive (i.e. phytoplankton/nutrients) and disturbing (the
benthos, hydrodynamics, light penetration, etc.) activity in the marine environment for a
development of several hectares is hard to understand, especially when the 304 ha of mussel
farms in Beatrix Bay is considered (>15% of the bay areq; likely >19% of the seabed directly
impacted by deposition). | do not believe it could not occur in any other industry. Whatever
the history behind this, the issue is that we are left with a lack of information with which to

assess and quantify change.



13.

14.

15.

16.

As a way to consider changes and impacts on the wider environment in the absence of
monitoring data, Grange (1999) considered the impacts of mussel farms on cockle
populations by comparing Oyster Bay (mussel farms present) and Delaware Bay (no mussel
farms present). Grange found differences in the population structure of the Oyster Bay
cockles (mussel farms) in comparison to the Delaware Inlet cockles (no mussel farms) that
prompted him to conclude that the study provided data which may give the very first
glimpse that native species are being compromised and that the potential for aquaculture
within the existing licenses may already be sufficient to exceed carrying capacity, to the
detriment of both the aquaculture industry and native species (Grange, 1997). In Grange’s
opinion, the granting of additional consents may not be wise until further research had been

undertaken.

Prompted by Dr Grange's work, a similar study was undertaken in Laverique Bay that is
located on the south eastern side of Beatrix Bay (Appendix 3 — Mead, 2002b). A similar
population structure was found in Laverique Bay which, following Dr Grange's conclusions,
suggested that native species were being compromised by the intfensive mussel farming in

Beaftrix Bay.

Investigations into cockle population structure were further presented in Mr Davidson's
evidence at the 2014 Hearing for this application, which | reviewed and found that |
disagreed with some aspects his interpretation of the results (Appendix 5 — Mead, 2014).
Consideration of cockle population densities has been further pursued using data collected
by the applicant (Mr Davidson) from 8 sites (4 with mussel farms and 4 without), with the data
then supplied to Dr Grange for analysis. Dr Grange concluded that the differences in
population structure between sites are likely due to differences between the physical
aspects of the sites (substrate, salinity, etc.) and the inherent patchiness of shore
communities, rather than being consistent with the proximity to mussels farms. Like Dr
Stewart, | have no problem with Dr Grange's interpretation. However, the results provide no
conclusive evidence one way or the other with respect to the impacts of infensive mussel
farming on indigenous populations. Dr Grange's evidence is not considered further, since
the results provide no evidence one way or the other with respect to the impacts of intensive

mussel farming on indigenous populations.

Dr Stewart has taken a different and more robust approach to assessing the amount of
change to benthic communities in Beatrix Bay due to mussel farming. Dr Stewart surveyed
community structure at sites that include an impacted site within Beatrix Bay, an un-
impacted site within Beatrix Bay, and a control site distant from Beatrix Bay and intensive

mussel farms. This represents aspects of the BACI (before/after, control/impact), the method



17.

18.

of monitoring that like Dr Stewart, | advocate as the best way to determine impacts of mussel
farms on the marine environment. Unfortunately, there is no long term monitoring of either
control or impact sites in the Sounds with which to determine a baseline ‘before’, and in
addition, due to the multiple impacts on the Marlborough Sounds (as described in Dr
Stewart’s, Dr Taylor's and Mr Davidson’s evidence), there has likely been a ‘shifting baseline’
over time. However, Dr Stewart's investigation compares a conftrol site, a before site (the site

of the current application) and a nearby impact site using multivariate analysis.

From this investigation, Dr Stewart concludes that in his opinion, the effect of any mussel farm
on benthic communities within 100 m of the farm is unlikely to be less than minor, and
believes it is highly likely that the communities on the hard substrate inshore of the proposal
will be adversely affected. | concur with Dr Stewart’s conclusions. Given the higher currents
at the applicant’s site, the impacts on the inshore hard substrate (i.e. the shallow subtidal
rocky reefs that are considered the most un-impacted areas in the Sounds, are often
ecologically significant, and are fraditionally avoided by mussel farms - Mr Davidson's
evidence) will be more extensive than at other sites. The higher currents will lead to a larger
footprint outside the farm boundary (these currents are not high enough to transport fine
materials away from the site, rather spread 250-400 tonnes of annual deposition per hectare

of the farm over a larger area — discussed below).

Dr Stewart summairises his findings with respect to the likely amount of change in Beatrix Bay
due to mussel farming in his paragraphs 4.39 to 4.44, with which | concur. In addifion, the
changes to the community, which are considered more than minor for the proposal site,
indicate that large and significant impacts have been, and are, occurring when the whole

bay is considered (i.e. cumulative effects).

Cumulative Effects and Conclusions

19.

Dr Stewart has described the concerns with cumulative effects in Beatrix Bay for a range of
factors, including those that | have highlighted in previous reports and evidence since 2001
(Appendices 1-5), which include changes to currents, deposition, nutrient stripping, nutrient
recycling, plankton deplefion and community change, shading and fouling/biosecurity.
These effects are set out in Section 3 of Dr Stewart’s evidence and reiterate, and often
update, the concerns that | have previously highlighted with respect to the ecological
sustainability of mussel farming in Beatrix Bay (Appendices 1-5). | am in agreement with Dr

Stewart in these areas of concern.



20.

21.

In Section 6 of his evidence, Dr Stewart considers the ecological sustainability of mussel
farming and the likely cumulative effects of mussel farming in Beatrix Bay. The various
components of the evidence in Section 6 are also included in my previous reports
(Appendices 1-4), and have been updated with further relevant information. | concur with

Dr Stewart's Section 6.

In Section 7, Dr Stewart presents conclusions to his analyses and discusses the best way to
sustain the marine ecosystem in Beatrix Bay. | am in agreement with Dr Stewart’s conclusions
and his evidence supporting a precautionary approach. “A precautionary approach should
be taken and the granting of additional consents may not be wise until further research into
the impacts of mussel farms on the wider Beatrix Bay ecosystem have been undertaken —
that was the case in 2002 (Appendices 2 and 3 — Mead, 2002a, b), and it is still the case
today.” (Appendix 4 — Mead and Haggitt, 2014). In addition to Dr Stewart’'s discussion in
Section 7, given the results of the various assessments of carrying capacity for the bay
(described below) and the known impacts that have already occurred, or are occurring
throughout the bay, it is my opinion that reduction of current mussel stocks in Beatrix Bay are
required and restoration measures need to be adopted to sustainably manage the marine

ecosystem.

Critique of the Evidence Submitted by Mr Knight, Dr Taylor and Mr Davison

22.

Similar to Dr Stewart, it is my opinion that the information presented for the site under
consideratfion does not provide sufficient data or reach any robust conclusions about the
current state of the communities on nearby substrata, or the likely impacts on communities
due fo the proposed mussel farm, or the cumulative impacts of mussel farms in Beatrix Bay (in
the context of adding another farm). In general, the assessment of effects as described in
the evidence presented has been undertaken in isolation, that is without consideration of
any other farming activities in Beatrix Bay (i.e. there is no consideration of cumulative impacts
and impacts of farming on the wider ecosystem), refers to literature that is not applicable to
the application (e.g. Wilson Bay and the Firth of Thames have no physical similarities with
Beaftrix Bay), and does notf present a great deal of the existing information and literature
(including ecosystem modelling) that has been generated concerning mussel farming in
Beatrix Bay. | have addressed the majority of the concerns that | have in previous reports
(Appendices 1-5), which are also addressed Dr Stewart’s evidence. Therefore, | have
aftempted to focus on particular topics that | disagree with, where there has been omission
of important factors, and where | believe that there has been misrepresentation of

information.



Mr Knight — Carrying Capacity (Production and Ecological)

23.

24,

25.

26.

Mr Knight describes how as early as 1992 (i.e. Gibbs et al,. 1992), there were concerns in
regard to the whole of the Pelorus Sound with respect to sustainable mariculture and
carrying capacity. He also defines the maximum carrying capacity as the production
carrying capacity, which is the limit at which increasing shellfish aquaculture would start to
reduce total production output of shellfish from a region. Mr Knight repeatedly asserts that
production carrying capacity is unlikely to have been exceeded in Beatrix Bay. However, no
analyses are required to make this statement — if production carrying capacity was even
reached and not exceeded, then the bivalve culture replaces the ecological role of
zooplankfon and the ecosystem essentially collapses down to a nutrient-phytoplankton-
culture-deftritus system (Giblbs, 2004), i.e. cultured shellfish and phytoplankton are the only
living organisms in the system (a situation which can likely never practically be achieved
(Jiang and Gibbs, 2005)).

More importantly, production carrying capacity is not relevant to sustainability and the RMA
(1991); ecological carrying capacity is what must be considered. Mr Knight notes that
ecological carrying capacity is likely to be approximately 20% of the production carrying
capacity, i.e. the level of culture that could be infroduced without significantly changing the

major energy fluxes or structure of the food web (Jiang and Gibbs, 2005).

However, Mr Knight applied the approach put forward by the Aquaculture Stewardship
Guidelines (ASC, 2012) to assess sustainability/carrying capacity of the application.
Unfortunately, Mr Knight assessed only the impacts of the current 7.34 ha application on the
carrying capacity of a part of Beatrix Bay (the area of influence). This approach is
superfluous; | believe that no calculations are required to conclude that one 7.34 ha mussel
farm in the 1,960 ha's of Beatrix Bay will not exceed carrying capacity. Therefore, the ASC
(2012) assessment has been reapplied to Beatrix Bay, including the whole bay and all of the
mussel farms, in order to assess whether or not the ecological carrying capacity of Beatrix

Bay has been exceeded.

Of note are the findings of Jiang and Gibbs (2005). Their study area was Tasman and Golden
Bay, an area open to the Cook Strait and the nutrient upwellings from the West Coast that
form eddies which are shed off the tip of Cape Farewell (e.g. Foster and Battaerd, 1985), i.e.
an area of significantly higher nutrient and phytoplankton levels that Beatrix Bay. They
concluded that 65 t km2 of green mussels could be supported by the system without
significantly changing the ecosystem structure (i.e. the ecological carrying capacity).

Placed in the context of Beatrix Bay, production is reported by Mr Knight to currently be 6,500



27.

28.

29.

30.

tonnes/yr, and the total area of the bay is ~20 km2. This equates to 325 t km? of mussel
production, suggesting the ecological carrying capacity has very likely been exceeded in

Beaftrix Bay.

Appendix 6 presents the calculations and results of Mr Knight using the ASC (2012) approach
to carrying capacity alongside the calculations and results of using the ASC (2012) approach
for the whole of Beaftrix Bay side-by-side. The values used in the calculation of the whole bay
are from Mr Knight's evidence (e.g. 549 M m3 of volume in the Bay, 20 days residence
(flushing) time in the bay, 44.46 milion mussels in a 7.43 ha farm extrapolated to 304.4
hectares of the existing mussels (note, the Davidson farm was not included, just today’s
mussel stock), clearance rates, etc.). The full volume of Beatrix Bay has been used for the
retention/flushing fime. However, this is a conservative approach, since Pelorus Sound and
Beatrix Bay are known fo be strongly strafified (e.g. James, 2000). Using only the surface

mixed layer in this assessment would further reduce the CT/RT ratio.

The CT/RT (clearance fime to retention time) that result from the ASC (2012) approach is used
to assess carrying capacity. If water renewal (RT) is faster than water clearance (CT),
(therefore if CT/RT >1) carmrying capacity is not expected to be exceeded. Mr Knight's
assessment of only the current proposal results in a CT/RT score of 3.05, which as would be
expected, indicates that a 7.43 ha mussel farm in Beatrix Bay will not exceed carrying
capacity. When the whole bay and all of the existing mussel farms are considered, the CT/RT
rafio is found to be 0.0675, that is significantly <1, indicating that cultured bivalves control the
ecosystem (i.e. exceed the ecological carrying capacity of Beafrix Bay). ASC (2012)
recommends a further assessment to consider whether the carrying capacity has been
exceeded if the result of the CT/RT is <1, which considers the ratio of clearing time to primary
production time (CT/PPT).

Unfortunately the data to assess the PPT are not available for Beatrix Bay. However, given
that the result of 0.0675 is greatly <1 (by 2 orders of magnitude), it would likely be a
superfluous exercise. There is little likelihood that CT/PPT will be >3 (and so not exceeding
carrying capacity) due to algal buffer stocks within the bay. This is because Beatrix Bay is
nutrient deficient with low phytoplankton concentration and most often could be

considered oligotrophic (discussed below).

In cases where CT/RT and CT/PPT criteria are not met, ASC (2012) recommend bay-wide
management plans that address the potential cumulative pelagic effects of multiple farms
and reduction of regional stocking levels in order to ensure that the ecological carrying

capacity is not being exceeded.



31.

32.

33.

Alternative methods of considering carrying capacity include Gibbs (2007). Gibbs (2007)
describes methods for assessing the sustainability performance of bivalve aquaculture
activities. Again, all calculations were made using the values provided within Mr Knight's
evidence and values stated within Gibbs (2007). The first indicator is clearance efficiency
(CE), which is calculated retention time (RT) / clearance time (CT) (i.e. the reciprocal of the
ASC (2012) method). Very low values of this indicator (<0.05) suggests that the culture will not
induce significant changes to the pelagic functioning (i.e. is not impacting on ecological
carrying capacity). Values greater than 1.0 indicate that the water in the inlet or bay is
flushing slower than the water is processed through the bivalve culture. In such cases the
bivalves could be expected to regulate phytoplankton abundance, as the water would be
filtered by the culture repeatedly before it would be flushed out of the inlet. The score for
Beatrix Bay is an exiremely high 14.86, which again indicates the cumulative impacts of

mussel farming exceed the ecological carrying capacity.

Another indicator is regulation ratfio (RR) (Gibbs, 2007). This indicator gives a measure of how
much control the bivalves have on the algal population within the Bay. Values close to or
exceeding 1.0 suggest that the bivalve culture will be controling the phytoplankfon
dynamics in the growing region and this implies that there will be costs to competitors relying
on phytoplankton (i.e. ecological carrying capacity is being exceeded). The calculated

value for Beatrix Bay is 3.23.

Based on the results of these analyses, it is my opinion that ecological carrying capacity in
Beatrix Bay has already been exceeded, and rather than granting more mussel farm
resource consents, stocking levels in the bay should be reduced (as recommended by ASC

(2012)) and restoration measures should be developed.

Mr Knight — Nitrogen Budgeting

34.

Mr Knight infroduces his evidence on nutrient processing by stating how complex these
processes are, and the numerous biological processes that influence nutrient concentrations
in the water column and the wider ecosystem. However, he then goes on to present an
extremely basic summation of inputs and losses/removals to demonstrate that there is an
abundance of nitrogen in the Sounds and Beatrix Bay, and so there should be no concerns
with respect to the reduction in nitrogen from Beatrix Bay due to the scale of the single
mussel farm. As with Mr Knight's calculations pertaining to ecological carrying capacity, |
believe that no calculations or evidence are required to reach the opinion that a single 7.34
ha farm in Beatrix Bay will have little impact on nutrient balances. However, nutrient budgets

cannot be assessed in the absence of the large area of existing mussel farms within Beatrix



35.

Bay. Cumulative effects must be considered. Mr Knight has again omitted any assessment

of cumulative impacts.

It is my opinion that this very coarse assessment of nitrogen sources and sinks provides very
little value when considering the impacts of mussel farming in Beatrix Bay (and also omits a
large nitrogen sink with respect to Nitfrogen burial — with 250-400 tonnes of material being
deposited per hectare of farm per year (Harstein, 2005; Hartstein and Stevens, 2005), this
value is likely to be substantial). Mr Knight's assessment is basically assuming that the Pelorus
Sound is just a single well-mixed water body that is uniform in every respect. This is obviously
not the case. Pelorus Sound has a great deal of complexity with respect to physical and
chemical processes and magnifudes. As previously stated, a fundamental aspect of a good
mussel farm location is high current flow, of which there are areas within Pelorus Sound.
Regions of slow currents are more likely fo incur benthic impacts and receive less food.
Beatrix Bay has slow currents and a flushing time of over 2 weeks (i.e. it is poorly flushed), i.e.

Beatrix Bay is fundamentally not an optfimum location for mussel farms.

Mr Knight — Existing Trophic Status and Nutrient Conditions

36.

37.

In this section, Mr Knight states that the main concern regarding nutrient removal relates to
the process of oligotrophication, which in general terms involves reductions in primary
production (and carry-on ecosystem effects) as a function of nutrient removals from shellfish
harvesting activities.  Oligotrophication is to be avoided in order to ensure primary
production is not reduced, which leads to carry-on ecosystem effects. | agree that nutrient
inputs from the open ocean, as well as from terrestrial sources, lead to fluctuations in the
typical water column characteristics for different trophic states in the Marlborough Sounds
(e.g. Zeldis et al., 2008). However, in this instance Mr Knight is referring to the whole of the
Marlborough Sounds as ‘low-mesotrophic’ (i.e. tending towards oligtrophic). The data for

Beaftrix Bay indicate that it is oligotrophic.

In relation to Table 2 of Mr Knight's evidence, chlorophyll concentrations data for Beatrix Bay
indicate that levels are regularly <1 mg/m3 for extended periods of fime (Appendix 1 — Mead
et al., 2001; Knight's Figure 3). Secchi disk measurements for a 6 month period in 2002 found
that the disk was observed to depths of up to 14 m and was always >6 m (unpublished data).
These data both indicate an oligotrophic classification for Beatrix Bay. Anecdotal evidence
from 4 Marlborough Sound residents all report how the waters of Pelorus Sound and Beatrix

Bay are now far clearer than they were in the past.



38.

Cornelisen (2013) summarises the main effects associated with exiractive forms of
aguaculture, i.e., mussel and oyster aquaculture, that may lead to cumulative ecological
effects on the wider ecosystem, such as oligotrophication (oligofrophic environments offer
little in the way of nutrients to sustain life), changes in the abundance and composition of
plankton — which may lead to down-stream effects on the food web. It is also suggested
that farming of macroalgae could add to the oligotfrophic process by removing dissolved
nutrients from the water column. This is of concern with respect to the current application
which seeks consent to grow Macrocystis pyrifera, Ecklonia radiata, Gracilaria, Pterocladia

lucida and Undaria.

Dr Taylor — Depositional and Benthic Impacts

39.

40.

Dr Taylor's evidence is a broad overview of the AEE for this application (Forrest, 2013). | have
previously reviewed the AEE and Mr Forrest’s evidence, which is included as Appendix 5
(Mead, 2014). |1 do not agree with Dr Taylor's assessment of depositional and benthic effects,
which are based on the assumption of low to moderate water currents, and literature on
benthic impacts under mussel farms that are not in Beatrix Bay. In addition, like Mr Knight, Dr
Taylor does not assess the cumulative impacts of mussel farming, only the impacts of the
single proposed farm. Dr Taylor describes a large range of activities and stressors that have
led to the degradation of the Marlborough Sounds, and suggests that because of all of these
past impacts it is difficult fo determine the cumulative impacts of mussel farming.
Cumulative effects are effects that arise over time or in combination with other effects -
regardless of the scale, intensity, duration or frequency of the effect (RMA, 1991). Thus, the
effects of mussel farming are not meant to be extracted from within all the other impacts,
and since Dr Taylor is able to determine the effects of the proposed mussel farm (through the
review of Forrest (2013)), then it follows that the cumulative impacts of mussel farms within

Beaftrix Bay can also be assessed.

In the first instance, water velocities measured at the site (for only 20 hrs) were found to be 1-
3 cm/s. | agree that these water velocities are low, however, they are larger than adjacent
sites in Beatrix Bay, and so will increase the size of the depositional footprint relative to other
farms (i.e. beyond the 20-30 m of impact cited in Dr Taylors evidence). These currents are
not strong enough to re-suspend these fine materials (i.e. >10 cm/s), and once they are
consolidated on the seabed will require current speeds well above the threshold for the re-
suspension and transportation of fine materials. In addition, the ADCP indicates that current
directions are not away from the rocky reef (as does the uncalibrated numerical modelling),
and current is directed between the 2 arms of the proposed farm, that is back and forth

across the rocky reef habitat (Appendix 1 — Mead and Haggitt, 2014). As a result, it is very
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likely that the depositional footprint of the farm will cover much of the rocky reef and have

more than a minor impact on the ecological community currently inhabiting this site.

Secondly, Dr Taylor states that mild enrichment of the soft-sediment habitat is expected
beneath the proposed farm as a result of the biodeposits it generates. Similar to the lack of
modelling of the hydrodynamic impacts of the farm3, no investigations of the actual
enrichment state beneath existing mussel farms in the vicinity have been undertaken, rather
literature not specific to Beatrix Bay is relied upon. Investigation of the state of enrichment
under marine farms in Beatrix Bay has found that due to the low current speeds in the Bay
and the complete lack of wave orbital motion at the seabed (due to the fetch-limited
nature of the Sounds resulting in only small short period waves which cannot penetrate to the
>30 m depths), that the benthos is highly enriched, the community composition is greatly
modified and supports only a few opportunistic species, and the sediment is anoxic
(Appendix 2 - Mead, 2002). 250 fto 400 tonnes of deposition has been reported to
accumulate beneath each hectare of farm per annum (Harstein, 2005; Hartstein and

Stevens, 2005), which in Beatrix Bay cannot be re-suspended and fransported away.

Similar fo Mr Knight's assessment, Dr Taylor (Mr Forrest) has not considered the cumulative
impacts of these significant changes to Beatrix Bay. In total, changes to the soft substrate
likely represent some 19% of the total area in the Bay (Dr Stewart's evidence), which
represents a greater than minor impact to Beatrix Bay. In addition, given the state of the
sediment under farms, it is very likely that changes in nitrogen recycling are occurring (along
with burial and sequestering). These observations suggest modification to nutrient cycling
(Barg, 1992), which has the potential to increase the loss of nutrients (harvesting removes
nutrients, but a shiff to enhanced de-nitrification converts nitrate to N2 at a higher rate than
previously (e.g. Berelson et al., 1998)) and/or a shift in nutrients released (i.e. increase the
release of ammonium instead of nitrate). These changes in sediment nutrient recycling in
Beatrix Bay are important, because the nitrogen supplied by sediment release is of a similar
magnitude to Cook Strait input, and much larger than river flow or mussel excretion inputs
(Gibbs et al., 1992). Ross et al. (1999) confirmed that sediment nutrient recycling has a strong

influence on the dynamics of the Beaftrix Bay ecosystem.

Mr Davidson — The Receiving Environment

3 Any other 7.34 ha marine development would certainly require hydrodynamic modelling to consider the impacts at a

minimum, which is a relafively simple exercise, including the inclusion of friction and other coefficients and treatments to

represent the mussel farm based on the work of Plew (2011) and others
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In paragraph 18 and 19, Mr Davidson refers to calculations concerning the amount of space
taken up by mussel farms in Beatrix Bay. | have assumed that these numbers have been put
forward fo indicate that there are large areas of the bay that have not been exploited.
However, the percentages presented by Mr Davidson are relatively large and demonstrate

the potential for large cumulative impacts on the ecological carrying capacity of the bay.

Paragraph 19 reads “The coastline of Beatrix Bay is 25.7 kilometres long. Backbones (surface
structures) on the 37 marine farms span approximately 8.5 km of shoreline length (constituting
33% of the total shoreline.) Despite the presence of many mussel farms in Beatrix Bay, the
data shows, approximately 85% of Beatrix Bay is not occupied by mussels farms with 33% of
the coast having mussel lines directly offshore™. However, considering Mr Davidson's Figure 1
and the associated additional 15-20% due to the movement of longlines (Dr Stewart’s
evidence), | believe the assertion that some 67% of the coast is open space absent of mussel
farms is a mis-representation. Indeed, re-analysis of the extent to which the mussel farms
extend along the coast indicates that some 69% of the coast has mussel farms in front of it,
and that only 31% could be considered open and unoccupied by mussel farms. This
discrepancy likely arises from measuring the length of the complex coast (25.7 km), rather
than the space available between farms. | disagree with this approach, and consider 69% of
the coastal margin occupied, which is also in reference to the ‘ribbon of farms’ around the
coast of the bay and the associated impacts on the indigenous ecosystem, as discussed in
Appendix 4 (Mead and Haggitt, 2014).

Mr Davidson - Site Selection

45.

In this section, as well as in the latter paragraphs of the section the receiving environment
(paragraphs 20 and 21), Mr Davidson describes how many historical activities have
degraded the Sounds and altered the natural state. In this case, the implication seems to be
that the Sounds, and in parficular Beatrix Bay, have been degraded by activities for many
decades and so further development in the form of intensive aquaculture will have little
additional impact, i.e. the area is already highly impacted, so more impacts are acceptable.
This is similar fo Dr Stewart’s statement in his paragraph 7.39 "It has been said that Beatrix Bay
is a “Farming” area as though that somehow validates any ecological changes that ensue
from marine farming”. | strongly disagree with this kind of approach, which is in direct conflict
with the Purpose and Principles of the RMA (1991). The opposite approach is required, that
of reduction of impacts and restoration, which is being practised elsewhere in New Zealand

(e.g. www.harbourcare.co.nz; www.mhrs.org.nz; www.mangawhaiharbourrestoration.co.nz)

and worldwide.
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Of note in this section of Mr Davidson’s evidence is his description of the importance of the
shallow subtidal rocky habitats in the Pelorus Sound and the wider Marlborough Sounds, how
they are in a relatively natural state, have often been recognised as ecologically significant
sites, and how mussel farm location should avoid such areas. Contrary to this, the Davidson
Trust application bookends a substantial area of this important habitat and will impact it

through deposition from the proposed farm (as discussed above).

Summary - Impacts of the Proposed Application and the Llikely Cumulative Impacts of Mussel

Farming in Beatrix Bay

47.

48.

49.

With respect to the current application, | agree with Dr Stewart’s conclusion 7.1; “The current
absence of any mussel farm at the fip of the headland in northern Beatrix Bay provides a
valuable discontinuity in the string of farms around the perimeter of the bay. It is ecologically
significant from a marine perspective in that it is the only remaining exposed mainland
promontory with a southerly aspect in Beatrix Bay that has not been developed and, as

such, provides a high degree of naturalness absent along much of the bay shoreline.”

In addifion, the Davidson Trust application bookends a substantial area of shallow subtidal
rocky reef habitat and will negatively impact it through deposition from the proposed farm
(as stated by Dr Stewart, these impacts are likely to be more than minor). The shallow
subtidal rocky habitats in the Pelorus Sound and the wider Marlborough Sound of importance
since they are mostly in a relatively natural state, have often been recognised as
ecologically significant sites, and as such, mussel farm locatfion should avoid such areacs.
Furthermore, the proposed site is a hydrodynamic anomaly due to the mainland promontory,
which results in relatively higher currents. Due to conservation of momentum, a mussel farm
in this location that reduces current velocities by up to 70% and also redirects currents will

have impacts on current flows at great distances away from the proposed site.

Finally, the AEE has omitted to consider cumulative effects, which in my opinion are very
significant, far greater than minor, and have led to an exceedance of the ecological
carrying capacity and consequent defrimental impacts on the indigenous marine
communities. Dr Stewart has idenfified some of these changes in community sfructure
through statistical analysis of data collected at control, impacted and un-impacted sites.
Anecdotal evidence presented by local residents of the Pelorus Sound also recount the large
chages and reduction in marine life in the Beatrix Bay area since mussel farming has
expanded. While it is noted that there have been many different impacts and stressors on
the Pelorus Sound marine environment, the tendency to oligotrophy in Beatrix Bay is

supported by science and data. The observations of increasingly clearer water are due
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enfirely to the extensive mussel farming in the bay and their massive filtering capacity

(Appendix é).

Like Dr Stewart, | consider that the high likelihood of cumulative effects from mussel farming
within Beatrix Bay, and the uncertainty surrounding the nafure and extent of those effects,
are compelling reasons to justify the refusal of further mussel farming consents in the bay until

effects are better quantified and understood.

In a nationwide report by the Department of Conservation, the Marlborough Sounds was
identified as being of national conservation importance (cited Davidson and Davidson,
1994), and includes a diverse marine environment with habitats ranging from the common-
place and typical, through to significant sites that support rare, unique or special species
(Davidson et al., 2011). The sustainable management of the Marlborough Sounds is critical.
It is my opinion that Beatrix Bay is not being sustainably managed and that the incremental
expansion of mussel farms in the bay (and elsewhere in Pelorus Sound) has negatively
impacted on the ecological carrying capacity of the area (it has been exceeded) and

resulted in large impacts on the indigenous marine flora and fauna.

The Beatrix Bay marine ecosystem has reached this state due to the consistent omission of
consideration of cumulative effects in AEE’s supporting resource consent applications for
farms, while the lack of monitoring of these commercial operations has made it difficult to
quantify detrimental effects. Concerns over carrying capacity within Beatrix Bay were raised
in the late 1990’s, and a large volume of science indicated that there was indeed potential
that the ecological carrying capacity of the bay was being exceeded with consequent
impacts on the wider environment. Mussel farming in Beatrix Bay has doubled since then. It
is my opinion that the science providers should be leading and directing the industry tfowards

sustainable management in line with the Purpose and Principles of the RMA (1991).

It is my opinion that the MDC should be undertaking restoration of the Marlborough Sounds
following decades of negative impacts through a range of activities. In Beatrix Bay,
although there are many activities documented that have contributed to its degradation, in
recent decades it is my opinion that the ecological carrying capacity of the bay has been
exceeded. In my view, the cause of this is the incremental increase in mussel farming that
has been allowed to develop within the bay. This has very likely had, and is having,
detrimental impacts on the wider environment and indigenous marine species. Restoration
and measures to sustainably manage Beatrix Bay will need to include the reduction of

stocking levels of mussels within the bay.




) Shaw Mead
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ASC Bi-Valve Standard

Spreadsheet Calculation



ATTACHMENT 6

Aquaculture Stewardship Council Bivalve Standards (2012)
Beatrix Basin Calculations

If retention time (i.e. flushing) is faster than clearance time (i.e. filtration) then the standard is automatically met. If retention time (flushing) is slower than clearance time
(filtration) then primary production time must be at least 3 times faster than clearnace time for the standard to be met.

Clearance Time Calculation:
Number of Days to Filter Entire Watercolumn (CT)

Retention Time Calculations :

Estimated Flushing Time of Bay - Days (RT)

Alternative RT Calculation per ASC Standard - Average Tidal Change (Metres)
Therefore Average Water Volume Low Tide - Litres

Therefore Average Water Volume High Tide - Litres

Therefore RT Calculated As Per ASC Standard

CT/RT Ratios:

CT/RT ratio based on previous estimates of Beatrix Bay RT
CT/RT ratio based on ASC Tidal Exchange RT

Compare CT to Primary Production Time (PPT);
Estimated PPT
Therefore Minimum CT per ASC Standard

Total Surface Area - Hectares

Total Surface Area - Square Metres
Estimated Average Depth - Metres
Cubic Meters Water

Litres of Water

Total Mussel Farm Coverage - Hectares
Estimated Spat Catching area
Reduction for Warp Line Area

Beatrix Bay Crail Bay Clova Bay | Beatrix Basin |Footnote
3.88 5.42 2.01 | 459| 1
20 20 20 | 20 2
Is CT greater than RT using previous Beatrix Bay estimates of RT ? No No No No
1.7 1.7 1.7 1.7
546,000,000,000 378,392,000,000 139,629,000,000 1,289,600,000,000
580,000,000,000 406,000,000,000 152,600,000,000 1,378,000,000,000
8.97 7.69 6.10 8.17 3
Is CT greater than RT using ASC Tidal Exchange RT ? No No No No
0.194 0.271 0.100 0.229
0.433 0.705 0.329 0.562
2 2 2 2 4
6 6 6 6 5
Is CT greater than 3 times the PPT time ? No No No No
Farm Reduction Factor 36% 10% 68% 24% 6
Adjusted CT Given Reduced Farm Area 6.07 6.02 6.27 6.04
Is CT greater than 3 times the PPT time with reduced farm area ? Yes Yes Yes Yes
Clearance Time Variables:
Beatrix Bay Crail Bay Clova Bay Beatrix Basin
2,000 1,624 763 5,200
20,000,000 16,240,000 7,630,000 52,000,000
29 25 20 27
580,000,000 406,000,000 152,600,000 1,378,000,000
580,000,000,000 406,000,000,000 152,600,000,000 1,378,000,000,000
300 163 171 634
25 25 31 81
12.50% 12.50% 12.50% 12.50%
240.625 120.75 122.5 484

Therefore Cultured Occupation Area (Ha)

NB - Significantly <1
NB - Significantly < 1



Surface Structures as Percentage of Bay

Length of Backbone per Hectare

Depth of Dropper Lines - Metres

Number of Dropper Lines per Metre of Backbone
Total Metres of Dropper Line per Hectare of Farm
Number of Mussels per Metre of Dropper Line
Total Mussels per Hectare of Farm

Filtration Rate - Litres per Day

Water Filtered Per Day per Hectare - Litres
Water filtered per day by all farms

12.03% 7.44% 16.06% 9.31%

1,300 1,300 1,300

15 15 15

1.14 1.14 1.14

22,159 22,159 22,159

140 140 140

3,102,273 3,102,273 3,102,273

200 200 200

620,454,545 620,454,545 620,454,545
149,296,875,000 74,919,886,364 76,005,681,818 300,222,443,182

Aquaculture Stewardship Council Bivalve Standards (2012)
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Beatrix Basin Calculations
Footnotes:

Volume of Bay/Water Filtered Per Day - per Clearance Time Variables above.

Previous studies of Beatrix Bay have estimated the retention / flushing time to be 24 days
(Sutton & Hadfield, 1997), and 20 days, varying from 12-27 for spring and neap tides
respectively, by Heath (1976). Full exchange (dilution with Pelorus Sound ) 31.2 to 42 days
(NIWA Biophysical Model Table 3.5 page 47).

RT=-1xP/In(VI/Vt) Where P is the tidal periodicity, the length of the tidal cycle
(e.g. ~0.5 days for semidiuranl tides) VI is the total volume of the water body at low
tide (liters) Vt is the total volume of the water body at high tide.

PPT of 1-2 days under reasonable conditions (ASC, 2012) . 1-2 says is very
conservative given the oligotrophic state of the Beatrix Basin.

ASC say if clearance time is faster than flushing time then primary production
time must be at least 3 times faster than clearance time .

Double backbone per row, with rows 18 metres apart

From NIWA biophysical model; this is very conservative; e.g. Knight 2015 indicates 25 m
dropper lines.

Based on 3,750m of dropper per 110m of backbone per NIWA Biophysical

Average per metre of dropper per NIWA Biophysical Model Page 57.

Gibbs (1992) 14 litres per hour - 336 Lites per day; K Woodford (Lincoln
University) 360 Litres per day.

Total cultured hectares x filter rate per hectare.
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Attachment 7

NIWA Review of ASC Standard Bi-valve Spreadsheet Calculations
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Taihoro Nukurangi

17 July 2017

Steve Urlich

Marlborough District Council
PO Box 443

Blenheim 7240

Dear Dr Urlich
Review of Spreadsheet calculating Retention and Clearance Timescales for the Beatrix Basin

Kenepuru and Central Sounds Residence Associated (KCSRA) prepared a document titled “Reflections on
and Solutions to Mussel Farming Planning Issues in the Marlborough Sounds” which includes calculations
on the clearance time of Crail Bay, Clova Bay and Beatrix Bay (their appendix 1). Marlborough District
Council invited NIWA’s Dr Niall Broekhuizen (and individuals from other organisations) to participate in a
discussion about the KCSRA spreadsheet at a recent TAG meeting. To facilitate the TAG discussions, Dr
Broekhuizen created a new spreadsheet and presented it at the meeting. Dr Broekhuizen’s spreadsheet
was intended only to facilitate verbal discussions during the TAG. Time constraints meant that NIWA was
unable to review Dr Broekhuizen’s spreadsheet before the TAG meeting. Dr Broekhuizen’s spreadsheet
contained two key elements: (a) a duplicate of the calculations presented by KCSRA and (b) an alternative
set of calculations. Those yielded different estimates of clearance time due to differences in parameters
used in the calculations.

| have been asked to review the spreadsheet prepared by Dr Broekhuizen, check for errors in the
calculations, and comment on the parameters used in his calculations. This letter documents my findings.

Description of the spreadsheet

The spreadsheet provided consists of two pages (henceforth, “Sheetl” and sheet “Map”). “Sheet1”
contains calculations and comments. Sheet “Map” shows a map of the bays in question including the
farmed areas. Hard-copies of “Sheetl” are presented in appendices 1 &2 of this letter. In appendix 1, the
comments that Dr Broekhuizen chose to insert/associate with some of the cells of the worksheet are
displayed. | have added a small number of additional comments — these are also shown. In appendix2,
those comments are hidden — to enable the numerical values etc. to be more readily seen. Appendix 3 of
this letter displays the “Map” sheet.

Within “Sheet1”, Dr Broekhuizen has recreated the calculations done by Trevor Offen, which were provided
in hard-copy form in their document described above. Columns A-F contain KCSRA calculations and
comments/footnotes. Values in these comments have either been directly copied from the hard copy, or in
some cases calculated from these values. Dr Broekhuizen has also copied comments and footnotes from
the original. | have compared the original (hard copy) and regenerated spreadsheet and find that the values
agree other than minor rounding differences (which are insignificant) and formatting. This tells me that any
calculation steps added by Dr Broekhuizen are consistent with those used in the original calculation. An
additional 2 lines have been added (lines 63 to 64) which are calculations by Dr Broekhuizen to check the
longline density (number per hectare) used by KCSRA.

NIWA - enhancing the benefits of New Zealand’s natural resources WWW.Niwa.co.nz

10 Kyle Street, Riccarton, PO Box 8602, Christchurch 8011 | Phone +64 3 348 8987



Columns G-L contain calculations conducted by Dr Broekhuizen. The main differences (which will be
discussed in more detail below) are in how Dr Broekhuizen has calculated the number of mussels present in
each bay.

General comments
| have found no errors in the calculations in the spreadsheet.

Bay volumes and Retention Times — | have not checked the volumes used. It appears volumes are
calculated from surface area (the extents are not provided by KCSRA) and an estimate of average depth.

It appears that a tidal period of 13 hours has been used, which is longer than the dominant M2 tidal period
of 12.42 hours. This would inflate the estimates of retention time by ~ 5%, but | do not consider this
significant given the inherent uncertainty in the ASC methodology of calculating retention time.

It should be noted that the ASC method gives a retention time-scale — that is an order of magnitude type
estimate rather than a number that represents the true retention time of the bays. Consideration should
also be given to what the retention time means physically — is it the time to replace all the water, or a time-
scale over which a substantial proportion is exchanged? (e.g. 1/e, 90%, 99%?)

Clearance times — implicit in the calculation of clearance time is that the mussels remove all seston from
water filtered (i.e. 100% capture), and that there is no refiltration (i.e. water is filtered only once). That last
assumption is clearly incorrect — some water will be filtered by mussels multiple times as it moves through
a farm or number of farms. Consider also that in a tidal flow, water moves through a farm multiple times
before residual currents or dispersion removes it from the farm. Conversely, water in other parts of the
bays may never pass through a farm.

In short, this approach of comparing Retention Times and Clearances times gives a guide only, and not a
definitive answer to the effect of mussel farms on seston.

Points of agreement

Both sets of workings (Offen, Broekhuizen) have used the same values for number of mussels per length of
dropper line. This value (140 per m) is reasonable for harvest size mussels on a well-stocked line. It may
overestimate for larger size classes (I have observed ~110 per m for 83mm shell length (Plew, D.R. 2005;
Plew, D.R. et al. 2009), while Gibbs, M.T. (2007) assumed 150 per m although it is not clear if he considered
mixed sizes or harvest size).

Both use a filtration rate of 200 I/day per mussel, which equates to 8.33 I/hr. While KCSRA suggest this is
conservative, citing filtration rates of up to 14 I/hr, Dr Broekhuizen indicates he feels this value to be on the
high side. Elsewhere, 5 |/hr has been used (Gibbs, M.T. 2007). Ren (NIWA, pers comm) suggests 6-9 |/hr for
adult mussels (Plew, D.R. et al. 2009). 200 I/d is reasonable, but potentially on the high side.

Points of difference

Bay areas — Dr Broekhuizen has obtained different bay surface areas to KCSRA. The extents of each bay
used in Dr Broekhuizen’s areas are demarked in the MAP worksheet. KCSRA have not provided a map
showing the extents of the bays as used in their calculations. The biggest difference being in Clova Bay



where Broekhuizen’s 12.01 km? is “60% larger than the 7.63 km? used by KCSRA. | assume that KCSRA

defined the entrance to Clova Bay as being further into the bay.

Farm areas used by KCSRA and those obtained by Broekhuizen from GIS files provided by Marlborough
District Council also differ. Note that Broekhuizen uses KCSRA areas in his calculations, and the other values
are provided for information only. However | suggest this be revisited, and a check also made of the

volumes of each bay at high and low tide.

Table 1 Comparison of bay surface areas and total farmed areas provided by KCSRA with those obtained by
Broekhuizen based on GIS. Note that the areas provided by KCSRA have been used in all calculations.

Bay Bay area (hectares) Total farm area (hectares)
KCSRA Broekhuizen KCSRA Broekhuizen
Beatrix Bay 2000 1994 300 319
Crail Bay 1624 1372 163 135
Clova Bay 763 1201 171 227
Beatrix Basin 5200 5665 634 681

Different approaches have been used to calculate the number of mussels present in each bay:

KCSRA approach: first the actual cultured occupation area has been calculated by removing areas used for
spat catching (25 ha Beatrix, 25 ha Crail, 31 ha Clova Bays respectively), and then reducing the remaining
area by a further 12.5% to account for space lost for warp lines/anchoring. | cannot confirm these values
(particularly the spat catching area). KCSRA then assume 1300 m backbone per hectare. | believe this is too
high. Assuming a double backbone longline (i.e. 2 backbones per longline, or 650 m longline per hectare),
this equates to a longline spacing of ~15 m (%).

| looked at a number of farms throughout the wider Beatrix Basin, and found that longline spacing varied
between 17 m and 30 m. The average spacing was closer to 25 m, although 20 m could be taken as a
conservative value. | would therefore estimate 400-500 m of longline per hectare of culture area

KCSRA then assume 1.14 droppers per m of backbone and a dropper length of 15 m. Assuming a double
backbone longline has a typical length of 110 m, this gives ~2900 m of crop rope per long-line, which is less
than the 3500-4000 m typically used (http://www.marinefarming.co.nz/public/fags/). This partly
compensates for the narrow longline spacing used in their calculations, but still results in what | believe to
be an overestimate of the number of mussels present. KCSRA then calculate the length of crop rope per
hectare of farmed area (1300 m backbone/ha x 1.14 droppers/m backbone x 15 m dropper length = 22,230
m/ha). Multiplied by the number of mussels per m length of crop rope (140), filtration rate (200 L/day) and
the cultured area (total farm area less spat catching areas and 12.5% warp allowance); this gives the total
volume of water filtered per day.

Dr Broekhuizen has calculated a typical number of long-lines per hectare using values from the Marine
Farming website (http://www.marinefarming.co.nz/public/fags/). A typical farm has 9 longlines in a 3 ha
area, giving 3 longlines per hectare. Each longline supports 3500 to 4000 m of crop rope? (this value is

11300m/2 = 650 m longline per 100m x100m hectare, or 6.5 x 100m longline lengths per 100m of farm width. 100 m/ 6.5 = 15.4 m spacing
2 The calculations use 3750 m per longline, which is the mid-point of this range. Increasing or decreasing the length of crop rope per longline has a

linear effect on the clearance time. At 4000 m per longline, the calculated clearance time would be only 7% lower. Similarly, at 3500 m the


http://www.marinefarming.co.nz/public/faqs/
http://www.marinefarming.co.nz/public/faqs/

supported by C. Johnstone), giving 3 x 3750 m = 11,250 m crop rope/ha. Dr Broekhuizen then multiplies this
crop rope density by the number of mussels per m, the filtration rate and cultured area to derive his
estimate of daily volume of water filtered.

While Dr Broekhuizen has used the same cultured area as KCSRA (total mussel farm coverage less spat
catching area and warping area), | think that due to the vague definition of farm size on the MFA website,
perhaps he should use farm area including the area used for anchoring/warp lines. This would increase the
number of mussels and therefore total filtration by 12.5%.

As part of checking the spreadsheet to see the impact of different assumptions used, | have recalculated
the clearance time using two different methods to estimate the number of mussels present. Firstly, |
followed KCSRA’s approach but assumed an average longline spacing of 20 m (which I think is conservative,
i.e. at the narrow end of spacings seen in the bays), and 15 m dropper lengths at 2x1.14 droppers/m length
of longline as used by KCSRA. This gives 17,045 m of crop rope/ha. When multiplied by the cultured area in
each bay, number of mussels/m and filtration rate, this gives total filtration volumes of 114,840,688 m3/d
(Beatrix), 57,629,145 m3/d (Crail) and 58,464,350 m3/d (Clova).

The resulting clearance times are 5.05, 7.05 and 2.6 days for Beatrix, Crail and Clova Bays respectively.

My second approach was to use the total length of longlines present in each bay, as established from aerial
photographs taken in 2012 (Broekhuizen, N. et al. 2015). These lengths are 60,649 m, 36,379 m and 39,667
m in Beatrix Bay, Crail Bay and Clova Bay respectively. A typical longline is 110 m long?, holding on average
3750 m crop rope, or 3750/110 = 34.1 m crop/m longline. The total filtration rate for each bay is therefore
calculated as total length of longlines x 34.1 m crop rope per m longline x 140 mussels/m x 200 |/day. |
make an allowance by adding 10% for longlines that may not have been present during the aerial survey.
The resulting clearance times are 9.1, 10.7 and 3.7 days for Beatrix, Crail and Clova Bays respectively.

The following table summarises clearance times calculated by KCSRA, Broekhuizen and myself.

Table 2 Comparison of clearance times (in days) using KCSRA farm areas, bay volumes, 140 mussels/m crop rope,
200 I/day/mussel filtration rate.

Method Beatrix Crail Bay | ClovaBay | Total Beatrix
Bay Basin

1. KCSRA 3.88 5.42 2.01 4.68

2. Broekhuizen (original) 7.65 10.67 3.95 9.21

3. Broekhuizen (using cultured area plus warp area) 6.70 9.34 3.46 8.06

4. Using KCSRA method but increased longline spacing 5.05 7.05 2.61 6.05

5. Using total measured longline length + 10% 9.13 10.66 3.67 9.48

As the table illustrates, there is a range in estimated clearance times due to different assumptions made in
determining the number of mussels present in each bay. My opinion is that KCSRA have overestimated the
number of mussels present by assuming longlines are spaced closer than they appear to be. Dr Broekhuizen
may have underestimated the total number of mussels present by using cultured area excluding the 12.5%
warp area —in line 3 of Table 2 | have used total farmed area (excluding spat catching area), which reduces

clearance time would increase by 7%. These differences are minor compared to the differences between clearance times between Broekhuizen and
KCSRA.
3 Satellite imagery shows that some longlines in Beatrix Bay are up to 200 m long. | assume here for simplicity that the length of crop rope per m is

the same as for the ‘normal’ 100-120m longlines



clearance time by 12.5% but these values are still higher than KSCRA estimates. If longline spacing is
increased to 20 m (which I think is conservative, 25 m would be more typical), | obtain clearance times
slightly less than Dr Broekhuizen, but greater than KCSRA. Using the actual length of longlines observed
gives clearance times closest to Dr Broekhuizen’s original estimates.

To improve on any of the estimates above would require obtaining (most likely from industry) the total
length of crop rope used within these systems.

Summary

e | have examined the spreadsheet prepared by Dr Broekhuizen

e No errors were found in the calculations (i.e. the implementation of the equations)

e Dr Broekhuizen’s estimates of clearance time are higher than the KCSRA estimates due to different
estimates of the total number of mussels present in each bay

e In my opinion, KCSRA estimates of the length of backbone per hectare of farm are too high, leading
to a faster (smaller) clearance time than other estimates

e Dr Broekhuizen’s estimates of clearance time may be slightly high due to using cultured area only
(excluding the anchor/warp area), whereas the longline density he has used is likely based on farm
consented area. This would reduce his estimates of clearance time by only 12.5%.

e  When | redo the calculations using the length of long-lines observed during 2014 aerial surveys
(adding an additional 10% to account for any lines not in the water at the time), assuming 3750 m
crop rope per 110 m length of long-line, | obtain clearance rates that are closest to those of Dr
Broekhuizen. This seems to me the simplest and likely most accurate estimate of the total number
of mussels, and hence clearance rate.

e Toimprove on these estimates would require obtaining (likely from industry) the total length of
crop rope present in these bays

e Note there is uncertainty in the filtration rate per mussel, averaged over ‘harvest size’ mussels

o There is also uncertainty in the number of harvest size mussels per m length of crop rope

e Bay areas and volumes have not been checked. While all calculations have used the same values for
consistency, these will have some impact on retention time estimates.

Yours sincerely

David Plew
Scientist (Hydrodynamics)

Broekhuizen, N., Hadfield, M. and Plew, D., 2015. A biophysical model for the Marlborough Sounds. Part 2:
Pelorus Sound. Prepared for Marlborough District Council.

Gibbs, M.T. 2007: Sustainability performance indicators for suspended bivalve aquaculture activities.
Ecological Indicators 7: 94-107.

Plew, D.R., 2005. The hydrodynamic effects of long-line mussel farms. Ph.D Thesis, University of
Canterbury, Christchurch, 328 pp.

Plew, D.R., Enright, M.P., Nokes, R.l. and Dumas, J.K. 2009: Effect of mussel bio-pumping on the drag on
and flow around a mussel crop rope. Aquacultural Engineering 40: 55-61.
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Attachment 8

NIWA Biophysical Model for the Pelorus Sound
June 2015



















































































































































































































































































































































































































































































































































Attachment 9

Dr ST Mead CV



@ cCoast

www.ecoast.co.nz

Shaw Mead. PhD

Nationality: New Zealand

Date of Birth: 3" February1967

Profession: Environmental Scientist/Consultant

Contact Details: Ph: +64 21 423 224 E: s.mead@ecoast.co.nz

PRESENT POSITIONS:

» Managing Director/Environmental Scientist, eCoast Ltd
* Director, Eco Surf Viti Ltd
* Lecturer and Research Provider, Unitec.

SPECIALISATION:
Coastal oceanography/engineering, beach processes, coastal hazards/SLR, climate change adaptation

and resilience strategies, ecology (marine, freshwater, and terrestrial), coastal structure design and
impact assessment, surf science, hydrodynamic and sediment transport numerical modelling,
aquaculture, environmental impact assessment, expert withess/reviewer.

YEARS OF EXPERIENCE: 26

KEY QUALIFICATIONS:
* PhD in Coastal Oceanography & Numerical Modelling, University of Waikato, New Zealand (1996-2000)

* MSc (Hons) in Environmental Science & Marine Ecology/Aquaculture, University of Auckland,
New Zealand (1994-96)
* BSc in Marine Biology & Botany, University of Auckland, New Zealand (1991-93)

PROFESSIONAL MEMBERSHIPS:

* New Zealand Coastal Society (ENZ)

* New Zealand Association of Impact Assessment

» Technical Advisor for the Surfbreak Protection Society (NZ) and Save the Waves Coalition

« Editorial Board for the Journal of Coastal Conservation, Planning and Management

* New Zealand Fiji Business Council

* Registered Environmental Impact Assessment (EIA) consultant in Fiji (coastal processes, coastal
engineering, marine ecology, numerical modelling)

PERSONAL STATEMENT:

Dr Mead'’s background in coastal oceanography and marine ecology, specialising in hydrodynamic and
sediment transport numerical modelling, coastal processes, coastal structures/processes interactions,
marine ecology and aquaculture, allows him to effectively bridge the multi-disciplinary gap between
physical processes and marine ecological impacts. His PhD thesis in physical oceanography is based on
a series of peer-reviewed papers that together with more than 30 popular articles, have presented novel
techniques to record the shape of the seabed and surfing breaks, specify the breaking intensity of waves
and to break-down surf breaks into their morphological components using numerical modelling.
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Dr Mead'’s research and consulting have led to major advances in our knowledge of offshore reefs for the
development of multiple-use structures (coastal protection, amenities such as surfing, wind-surfing,
diving, fishing, and ecological enhancement), and have incorporated numerical modelling of waves,
currents and sediment transport to develop the designs and assess the impacts of coastal structures over
a large range of spatial and temporal scales. Dr Mead is a world-leader in the discipline of surf science
and multi-purpose reef design and research, enabling the incorporation of high-quality surfing reefs into
multi-purpose coastal structures. This work has also been applied to the development of recreational
wave-pool designs and patents, and advising on wave generation techniques for a range of applications
(e.g. for water scenes in the King Kong movie, the development of a multi-wave surf pool facility, etc.).
He has also applied surf science to the protection and understanding of natural surfing breaks, was
instrumental in the incorporation of New Zealand’s nationally significant surfing breaks into the New
Zealand Coastal Policy Statement (NZCPS, 2010), and was recently part of a government-funded
research team developing the world’s first set of management and protection guidelines for surf breaks.

Commercially, Dr Mead has been involved in development of beach management and coastal
remediation/protection strategies, assessments of coastal hazards, marina and beach design, ecological
and physical effects of marine construction, dredging, oil industry and aquaculture ventures, ecological
and physical effects of subdivisions and outfalls, development of climate change resilience strategies to
sea level rise, and the management and protection of surfing breaks.

Practical Experience

Dr Mead is currently an environmental scientist and Managing Director at eCoast, which is a marine
consulting and research organization, focussed on applying up to date knowledge on physical and
biological processes in a holistic approach to coastal, estuarine and freshwater management. Dr Mead
has over 26 years’ experience in marine research and consulting, has published 60 peer-reviewed
publications, 2 chapters in Marine and Coastal Resource Management: Principles and Practise (‘Beach
Management’, and ‘Surf Science and Multi-Purpose Reefs’), and has solely or jointly produced over 450
technical reports pertaining to coastal management/hazards, coastal structures, erosion control, beach
remediation and management strategies, surf break protection and management, marina and beach
design, marine, freshwater and terrestrial ecology, coastal oceanography and aquaculture.

Dr Mead has undertaken more than 2500 consulting and research SCUBA dives around the coast of New
Zealand, the Pacific Islands, Indian Ocean Islands, South Africa, Europe, Indonesia and North America,
and is affiliated to the New Zealand Coastal Society (ENZ). Dr Mead is also experienced at presenting
and providing expert witness evidence at resource consent Hearings and in Environment and High Court,
EPA hearings, as well as public meetings and seminars. To keep up to date with the latest advances in
coastal science and numerical modelling, Dr Mead regularly attends national and international
conferences such as the ICCE, the Australasian Coasts and Ports and NZCS (ENZ).

Dr Mead has led or been involved in a range of projects related to all aspects of coastal management and
development including design and impact studies of coastal structures, beaches, marinas and multi-
purpose reefs (coastal protection, amenity and ecological enhancement) (in NZ, UK, Australia, US, Fiji,
Costa Rica, Mexico, South Africa, New Caledonia, Malaysia), coastal process investigations to identify
the causes and remedies for coastal erosion (in NZ, Australia, UK, South Africa, Indian Ocean Islands),
port expansion (breakwaters and directed wave-driven currents to reduce maintenance dredging), oil field
development (NZ and Australia), habitat enhancement (in NZ), artificial reef designs for enhancement of
fisheries and tourism (in NZ, Persian Gulf, Fiji), surf break impacts and management, and beach
management and climate change resilience strategies.
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These projects have included field data acquisition, data analysis, design, impact assessment, public
consultation and application for permits. Clients have included central and local government authorities,
private and public corporations, international engineering and management companies, private
developers, hotels and resorts and aid providers (NZODA, ADB, SPC, UNDP, GIZ). Dr Mead took the
role of the Coastal Engineer/Scientist for the Tongan and Marshall Islands components of the Pacific
Community’s Global Climate Change Alliance: Pacific Small Island States (GCCA: PSIS), a programme
which received the 2019 Energy Globe Award (July 2019), recognised for its outstanding work and
contribution towards advancing peer to peer learning in climate change adaptation among Pacific
communities. The Energy Globe Award, also known as World Awards for Sustainability and Nature’s
Nobel Prize, is one of the most prestigious environmental awards worldwide.

Dr Mead’s career is focussed on the application of environmental science for sustainable development
and the management of environmentally beneficial projects, and, like his associates with eCoast, he
actively seeks ways to provide clients and the community with well-balanced solutions to coastal
management and development projects. He currently divides the majority of his professional time
between Raglan NZ and Fiji.

SPECIALISED SKILLS/TRAINING AND OTHER BACKGROUND

» Company Director, Technical Group Manager, Project Manager, Project Leader/Field work programme
leader, Designer — Managing Director/Director of ASR Ltd (1997-2011), Managing Director of eCoast
(2011-present), Management of technical team and consulting/construction projects, Expert Witness,
design and implementation of oceanographic data collection programmes for coastal process
investigations and numerical model calibration, multi-purpose reef development/design (>40 projects),
design of coastal structures and beach restoration/development projects, beach and marina design,
beach management and resilience strategies for sea level rise, and ecology data collection programmes
for ecological assessment and monitoring.

Coastal Engineer/Scientist for the Tongan and Marshall Islands components of the Pacific Community’s
Global Climate Change Alliance: Pacific Small Island States (GCCA: PSIS), a programme which
received the 2019 Energy Globe Award, recognised for its outstanding work and contribution towards
advancing peer to peer learning in climate change adaptation among Pacific communities. The Energy
Globe Award, also known as World Awards for Sustainability and Nature’s Nobel Prize, is one of the
most prestigious environmental awards worldwide.

FETA Fijian Tourism Awards — Sustainable Tourism 2016, and Culinary Excellence 2018 (Magai Beach
Eco Resort (Eco Surf Viti Ltd))

Entrepreneur of the Year Finalist, 2009
While Managing Director of ASR Ltd:

» 10th fastest growing company in New Zealand (Deloittes Fast 50)

» Fastest exporter company in central North Island (Deloittes)

» Fastest growing technical, media, telecommunications company in central North Island (Deloittes)
» ANZ Waikato Export Awards 2006 Innovator of the Year (ASR Ltd).

» Computer modelling (the 3DD suite) - WBEND (wave refraction and beach erosion/deposition model),
GENIUS (sediment transport), 3DD (3-dimensional hydrodynamic and sediment transport), 2DBEACH
(coupled beach and sediment transport model), Pol3DD ((POLIution dispersal coupled to 3DD —
sediment transport, pollutants, larvae, etc.). Data analysis. Experience with a wide range environmental
parameter testing procedures and equipment (water — nutrients, chemical properties, biological
properties, etc., air, sediment, etc.)



@ <Coast

www.ecoast.co.nz

* 4th Year Environmental Law (NZ RMA 1991)

» Experienced with a variety of software applications especially in areas useful for numerical modelling,
GIS and statistical analysis of data including; Surfer, AutoCAD, Grapher, SigmaStat/Plot, Matlab,
Statistica, Basic FORTRAN, Mocha, Kaliedograph, Pathfinder.

» Experienced with the deployment and data analysis of a variety of oceanographic data acquisition
equipment - GPS (a wide range of systems), sidescan sonar, S4, Sontek ADP, FSI, Dobie, Nortek
(Aqaudopps and Profilers), Sentinel, CTD'’s, drones (overhead and underwater), etc.

* Lecturer — Coastal Engineering, Environmental Change, AutoCAD, Physics
* Rescue diver (>2500 field-work dives)

» Day Skipper's Certificate/Restricted Radiotelephone Operator’s Licence

* Martial Arts Instructor (3rd Dan)

* Senior Science Award (University of Auckland)

» Paton Cup — Highest Marks in New Zealand School Certificate Technical Drawing

Peer-Reviewed Papers: 60

Conference Papers: 14

Technical Reports: >450

International Conference Presentations: 28
National Conference Presentations: 28
Seminars and Public Presentations: 56
Expert Witness/Evidence: 66

Popular Articles: 33

Graduate Student Supervision: 17
Keynote Presentations: 11

Book Chapters: 2

NATIONAL AND INTERNATIONAL CONFERENCES ATTENDED:
* Global Wave Conference 2020. Gold Coast, Queensland, Australia, 10-14 February 2020.

* New Zealand Associate of Impact Assessments (NZAIA) Conference. Auckland, New Zealand, 21-23
November 2019.

* New Zealand Coastal Society (ENZ) Conference. Invercargill, New Zealand, 13-15 November 2019.

* New Zealand-Fiji and Fiji-New Zealand Business Councils Annual Joint Conference, Auckland, New
Zealand, 29 August 2019.

» Fiji Trade and Investment Roadshow — Presentations on Sustainable Tourism and Environmental
Consulting in Fiji. Wellington and Auckland, 6 & 8 May 2019.

» New Zealand Coastal Society (ENZ) Conference. Gisborne, New Zealand, 21-23 November 2018.



@ <Coast

www.ecoast.co.nz

* Fiji-New Zealand and New Zealand-Fiji Business Councils Annual Joint Conference, Suva, Fiji, 25-28
June 2018.

* New Zealand Coastal Society (IPENZ) Conference. Tauranga, New Zealand, 15-17 November 2017.
* The 23" Australasian Coasts and Ports Conference, Cairns, Australia, 20-23 June 2017.

» Fiji-New Zealand and New Zealand-Fiji Business Councils Annual Joint Conference and 30"
Anniversary, Auckland, New Zealand, 15 June 2017.

* New Zealand Coastal Society (IPENZ) Conference. Dunedin, New Zealand, November 2016.
» The 13" International Coral Reef Symposium, Honolulu, Hawaii, 20-25 June 2016.
» The 22" Australasian Coasts and Ports Conference, Auckland, New Zealand, 15-18 September, 2015.

* Fiji-New Zealand and New Zealand-Fiji Business Councils Annual Joint Conference, Auckland, New
Zealand, 12 June 2015.

* New Zealand Coastal Society (IPENZ) Conference. Raglan, New Zealand, November 2014

* Fiji-New Zealand and New Zealand-Fiji Business Councils Annual Joint Conference, Suva, Fiji, 28 June
2014.

* The 215t Australasian Coasts and Ports Conference, Manly, Australia, September, 2013

* New Zealand Climate Change Conference, Palmerston North, 4-5 June 2013

* New Zealand Coastal Society (IPENZ) Conference. Auckland, New Zealand, November 2012

* ASBPA 2012 National Coastal Conference. San Diego, October 2012

* New Zealand Fiji Business Council Conference, Nadi, 16-17 June, 2012

» Sea-Level Rise — Meeting the Challenge, Wellington 10-11 May 2012.

* New Zealand Coastal Society (IPENZ) Conference. Nelson, New Zealand, November 2011.

» The 20th Australasian Coasts and Ports Conference, Perth, Australia, September, 2011

* New Zealand Coastal Society (IPENZ) Conference. Whitianga, New Zealand, November 2010.

+ 32nd International Conference on Coastal Engineering. Shanghai, China, June 30 — July 5, 2010.

* Australasian Young Planners Conference VPConnect2010. Christ Church, New Zealand, 19-20 April
2010. 7th International Multi-Purpose Atrtificial Surfing Reef Symposium, Bondi Beach, Sydney, Australia,
March 19th, 2010.

* The 19th Australasian Coasts and Ports and NZ Coastal Society (IPENZ) Conference, Wellington, New
Zealand, September 15-18th, 2009

« 6th International Multi-Purpose Atrtificial Surfing Reef Symposium, Jeffrey’s Bay, South Africa, May 18-
21st, 2009

* New Zealand Coastal Society (IPENZ) Conference. New Plymouth, New Zealand, November 2008.
* New Zealand Coastal Society (IPENZ) Conference. Tauranga, New Zealand, November 2007.
» The 18th Australasian Coasts and Ports Conference, Melbourne, Australia, July 2007

* Inaugural Conference of The Dune Restoration Trust of New Zealand. Tauranga, New Zealand, 13-17
February, 2007
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* New Zealand Coastal Society (IPENZ) Conference. Kaikoura, New Zealand, 15-17 November 2006.

5th International Surfing Reef Symposium, Heaven on the Planet, Lombok, Indonesia, July 31-August 3,
2006

» The 3rd Western Australian Coastal Conference. Bunbury, West Australia, 16-18 November 2005
* New Zealand Coastal Society (IPENZ) Conference. Tutukaka, New Zealand, 12-14 October 2005.

* The 17th Australasian Coasts and Ports Conference, Hilton Hotel, Adelaide, Australia, 21-23 September
2005

* The 4th International Surfing Reef Conference. Manhattan Beach, California, 11-14 January 2005.
* New Zealand Coastal Society (IPENZ) Conference. Dunedin, New Zealand, 18-20 October 2004.
» The 2nd Western Australian Coastal Conference. Geraldton, West Australia, 20-21 November 2003.

* SASIC 3 - Third Surfing Arts, Science and Issues Conference. Doheny Doubletree Inn, Dana Point,
California, USA, 8-9 November 2003

» The 16th Australasian Coasts and Ports Conference, Hyatt Regency Hotel, Auckland, New Zealand, 9-
12 September 2003

* The 3rd International Surfing Reef Conference. Karioi Centre, Raglan, New Zealand, 23-25 June 2003.
SASIC 2 - Second Surfing Arts, Science and Issues Conference. Holiday Inn, Ventura, California, USA, 9
November 2002

* New Zealand Marine Science Conference, Rutherford Hotel, Nelson, New Zealand, September 2-4
2002

* New Zealand Coastal Society (IPENZ) Annual Symposium, Tahuna Beach Conference Centre, Nelson,
New Zealand, October 17-18 2001

» The 15th Australasian Coasts and Ports Conference, Gold Coast, Australia, Sept 28-1 Oct 2001
* New Zealand Marine Science Conference, Waikato University, Hamilton, August 2000

* International Coastal Symposium 2000, Sheraton Hotel, Rotorua, New Zealand, April 24-27 2000
* New Zealand Marine Science Conference, Victoria University, Wellington, August 1999

* The 14th Australasian Coasts and Ports Conference, Perth, Australia, April 1999

« Joint Australasian Botany Society/New Zealand Marine Sciences Society Conference, University of
Otago, Dunedin, July, 1998

* 2nd Annual International Artificial Surfing Reef Symposium, San Diego, April 1998
+ Joint New Zealand/Australia Marine Science Conference, Auckland, July 1997
* New Zealand Marine Science Conference, University of Canterbury, Christ Church, August 1996

* New Zealand Marine Science Conference, Victoria University, Wellington, August 1995

PUBLICATION SUMMARY

Peer-reviewed publications
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Atkin, E., S. T. Mead and D. J. Phillips 2019. Investigations of Offshore Wave Preconditioning.
Submitted to the Journal of Coastal Research (Special Issue 87: Surf Break Management in Aotearoa
New Zealand).

Mead, S. T., and T. Haggitt, 2019. Coastal Engineering Construction Impact Monitoring of Rangitahi
Bridge, New Zealand, and Climate Change Resilience in Eastern Tongatapu. Proceedings of the
Australasian Coasts & Ports 2019 Conference — Hobart, Australia 10-13 September 2019.

Orchard, S., Atkin, E.A. and Mead S.T., 2018. Development of the Regional Significance Concept for Surf
Break Management in Aotearoa New Zealand. Submitted to the Journal of Coastal Research (Special
Issue 87: Surf Break Management in Aotearoa New Zealand)

Atkin, E.A, Bryan, K., Hume, T., Mead, S.T., and Waiti, J., 2018. Management Guidelines for Surfing
Resources. Raglan, New Zealand: Technical Group on Surfing Resources.

Hume, T.M., N. Mulcahy and S. T. Mead, 2018. An overview of the breaking wave environment in New
Zealand — Use and values. Submitted to the Journal of Coastal Research (Special Issue 87: Surf Break
Management in Aotearoa New Zealand)

Mead, S. T., and E. Atkin, 2018. Managing Issues at Aotearoa New Zealand’s Surf Breaks. Submitted to
the Journal of Coastal Research (Special Issue 87: Surf Break Management in Aotearoa New Zealand))

Phillips, D. J., S. T. Mead, and M. Emeny, 2017. Lyall Bay Coastal Remediation. Proceedings of the 23
Australasian Coasts and Ports Conference, Cairns, Australia, 21-23 June 2017.

Atkin, E., T. Hume, S. Mead, K. Bryan, and J. Waiti, 2017. Remote Sensing, Classification and
Management Guidelines for Surf Breaks of National and Regional Significance. Proceedings of the 23
Australasian Coasts and Ports Conference, Cairns, Australia, 21-23 June 2017.

Mead, S. T, D. J. Phillips, and E. Atkin, 2017. The Rise and Fall (and Rise) of Winston Island.
Proceedings of the 23" Australasian Coasts and Ports Conference, Cairns, Australia, 21-23 June 2017.

Borrero J. C., M. Clarke, R. Klaus, S. T. Mead and S. Persand. Design and Assessment of Climate
Change Adaptation and Erosion Control Measures for Mon Choisy Beach, Republic of Mauritius.
Proceedings 13" International Coral Reef Symposium, Honolulu, Hawaii, 20-25 June 2016.

Haggitt, T., and S. T. Mead, 2015. Makara Estuary Monitoring: Effects-based monitoring within a
degraded, yet dynamic, coastal environment. Proceedings of the 22t Australasian Coasts and Ports
Conference, Auckland, New Zealand, 15-18 September 2015.

Mead, S. T., J. C. Borrero, E. Atkin and D. J. Phillips, 2015. Application of Climate Change Adaptation,
Resilience, and Beach Management Strategies on Coral Islands. Proceedings of the 22" Australasian
Coasts and Ports Conference, Auckland, New Zealand, 15-18 September 2015.

Mead, S. T., D. Phillips and A. Prime, 2013. Development of a Multi-Purpose Breakwater/;Reef at Magai
Eco Surf Resort, Qamea Island, Fiji. Proceedings of the 21t Australasian Coasts and Ports Conference,
Sydney, Australia, 11-13 September 2013.

Borrero, J. C., J. Oldman, L, Lebreton, S. T. Mead, and D. James, 2012. Assessment of Submerged
Structures for Coastal Protection in a Low Wave Energy Environment. In: Innovative Coastal Zone
Management: Sustainable Engineering for a Dynamic Coast, January 2012.

Mead, S. T., D. J. Phillips, and T. Haggitt, 2011. Development of a GIS to Determine the Vulnerability of
Regionally Significant Marine Receiving Environments to Land-Use Impacts. Proceedings of the 20th
Australasian Coasts and Ports Conference, Perth, Australia, 27-30 September 2011.
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Atkin, E. A., J. C. Borrero and S. T. Mead, 2013. Morphological Response to a Multi-Purpose Reef.
Journal of Coastal Engineering, (Submitted).

Mead, S. T., and J. C. Borrero, 2011. Multi-Purpose Reefs — A Decade of Applications. Proceedings of
the 20" Australasian Coasts and Ports Conference, Perth, Australia, 27-30 September 2011.

Borrero, J. C., S. T. Mead and A. Moores, 2010. Stability Considerations and Case Studies of Submerged
Structures Constructed from Large, Sand-Filled, Geotextile Containers. Proceedings of 32nd International
Conference on Coastal Engineering. Shanghai, China, June 30 — July 5, 2010.

Mead S.T, C. Blenkinsopp, J. C. Borrero and A. Moores, 2010. Design and Construction of the Boscombe
Multi-Purpose Reef. Proceedings of 32nd International Conference on Coastal Engineering. Shanghai,
China, June 30 — July 5, 2010.

Scarfe, B., T. Healy, H. Rennie and S. Mead, 2009. Sustainable Management of Surfing Breaks: Case
Studies and Recommendations. Journal of Coastal Research, 25(3): 684-703.

Harrison, S., J. Borrero, C. Klinginger, S. T. Mead and D. Phillips, 2009. Hydrodynamic Modelling of
Whaingaroa Harbour. Proceedings of the 19th Australasian Coasts and Ports Conference, Wellington,
NZ, 16-18 September 2009.

Phillips D., S. T. Mead, S. Harrison J. Frazerhurst, G. Dodet, C. Klinginger and J. Borrero, 2009.
Oceanography in the Public Interest: Tales from Raglan. Proceedings of the 19th Australasian Coasts
and Ports Conference, Wellington, NZ, 16-18 September 2009.

Black, K.P., A.E. Moores, and S.M. Mead, 2009. Effect of Input Wave Shape on Surfing Wave Quality.
Coastlab08 - Application of Physical Modelling to Port and Coastal Protection. Publisher: IAHR. ISBN:
78-90-78046-07-3.

Mead, S. T., 2009. Multiple-Use Options for Coastal Structures: Unifying Amenity, Coastal Protection and
Marine Ecology. The Reef Journal, Vol. 1, 2009. ISSN No. 1176-7812.

Phillips, D. J., and S. T. Mead, 2008. Investigation of a Large Offshore Sandbar at Raglan, New Zealand:
Impacts on Surfing Amenity. Shore and Beach Vol 76(2) Spring 2008

Black K. P., and S. T. Mead, 2007. Sand bank responses to a multi-purpose reef on an exposed sandy
coast. Shore and Beach 75(4):55-66.

Mead, S. T., J. C. Borrero, K. P. Black and D. Anderson, 2007. Multi-Faceted Beach Management at St
Francis Bay Beach, South Africa. Shore and Beach 75(4):43-54.

Mead S. T., and D. J. Phillips, 2007. Temporal and Spatial Variation of a Large Offshore Sandbar at
Raglan, NZ. Proceedings of the 18th Australasian Coasts and Ports Conference, Melbourne 2007.

Mead S. T., K. P. Black and A. Moores, 2007. Mount Maunganui Reef — Amalgamating Design and the
Constraints of Construction. Proceedings of the 17th Australasian Coasts and Ports Conference,
Melbourne 2007.

Longdill, P. C., T. R. Healy, K. P. Black and S. T. Mead, 2007. Integrated Sediment Habitat Mapping for
Aquaculture Zoning. Journal of Coastal Research, Special Issue 50, Proceedings of the International
Coastal Symposium, Australia.

Mead, S. T., and K. Black, 2006. Innovative Shoreline Protection for Qil Piers, Ventura, (USACE Section
227 Demonstration Program). 30th International Conference on Coastal Engineering, September 3-8,
2006. Manchester Grand Hyatt San Diego, San Diego, California.
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Phillips, D. J., and S. T. Mead, 2006. Investigation of a Large Sandbar at Raglan, New Zealand: Project
Overview and Preliminary Results. 5th International Surfing Reef Symposium, Lombok, Indonesia, July
31-August 3, 2006. Volume 1: Reef Journal ISSN No:1176-7812.

Moores, A., K. P. Black and S. T. Mead, 2006. Physical Modelling of the Mount Maunganui Artificial
Surfing Reef.CoastLab06, Porto, Portugal.

Mead, S. T., and K. P., Black, 2005. Development of a Multi-Purpose Reef at Orewa Beach, New
Zealand. Proceedings of the 17th Australasian Coasts and Ports Conference, Adelaide.

Scarfe, B., Rennie, H, S. T. Mead, T. R. Healy and C. Nelson, 2005. Sustainable Management of Surfing
Breaks — An Overview. 4th International Artificial Surfing Reef Symposium. Volume 1: Reef Journal ISSN
No:1176-7812.

Black, K. P., and S. T. Mead, 2005. Design of Surfing Reefs. 4th International Artificial Surfing Reef
Symposium — Volume 1: Reef Journal ISSN No:1176-7812.

Mead, S. T., K. P. Black, B. Scarfe, L. Harris and C. Blenkinsopp, 2005. Detailed Design of a Multi-
Purpose Reef at Oil Piers, Ventura, California. 4th International Artificial Surfing Reef Symposium — a
Special Issue of the Journal of Coastal Research. Submitted.

Erftemeijer, P. L. A., R. F. de Graaff, S. T. Mead and G. Boot, 2004. Site-Selection for Artificial Reefs in
Bahrain Based on GIS-Technology and Hydrodynamic Modelling. Ocean & Coastal Management.

Black and Mead, 2003. Numerical Prediction of Salient Formation in the Lee of Offshore Reefs.
Proceedings of the 3rd International Surfing Reef Symposium, Raglan, New Zealand, June 22-25, 2003.
Pp 196-218.

Mead, S. T., and P. McComb, 2003. Remote Video Sensing to Support Ecological Impact Assessment:
the correlation of habitat complexity and species diversity/abundance allows for confident assessment of
large subtidal areas. Proceedings of The 16th Australasian Coasts and Ports Conference, Hyatt Regency
Hotel, Auckland, New Zealand, 9-12 September 2003

Frazerhurst, J., and S. T. Mead, 2003. Determination of Optimum Wave Energy Converter Device
Locations Utilising Numerical Modelling of Wave Transformation. Proceedings of the Fifth European
Wave Energy Conference, Cork, Ireland, 17-20 September, 2003.

McComb, P., K. P. Black and S. T. Mead, 2003. A Surfing Reef Feasibility Study at Opunake, New
Zealand. 3 International Artificial Surfing Reef Symposium, Raglan, New Zealand 23-25 June 2003.
ISBN 0-473-09801-6 2003

Phillips, D. J., T. R. Healy, K. P. Black and S. T. Mead, 2003. Surf Zone Currents and Influence on
Surfability. 3 International Artificial Surfing Reef Symposium, Raglan, New Zealand 23-25 June 2003.
ISBN 0-473-09801-6 2003

Hadersdorfer, H., K. P. Black and S. T. Mead, 2003. Floating Reefs for Surfing Pools. 3rd International
Artificial Surfing Reef Symposium, Raglan, New Zealand 23-25 June 2003. ISBN 0-473-09801-6 2003

Scarfe, B., M. H. S. Elwany, S. T. Mead and K. P. Black, 2003. Categorising the Types of Surfing Breaks
Around Jetty Structures. 3rd International Atrtificial Surfing Reef Symposium, Raglan, New Zealand 23-25
June 2003. ISBN 0-473-09801-6 2003

Scarfe, B., M. H. S. Elwany, S. T. Mead and K. P. Black, 2003. The Science of Surfing Waves and
Surfing Breaks: A Review. 3rd International Artificial Surfing Reef Symposium, Raglan, New Zealand 23-
25 June 2003. ISBN 0-473- 09801-6 2003
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Burgess, S. C., K. P. Black, S. T. Mead, M. J. Kingsford, 2003. Considerations for Artificial Surfing Reefs
as Habitat for Marine Organisms. 3rd International Artificial Surfing Reef Symposium, Raglan, New
Zealand 23-25 June 2003. ISBN 0-473-09801-6 2003

Mead, S. T., K. P. Black, J. Frazerhurst and B. Scarfe, 2003. The Effects of Wave Focussing on Surfing
Reef Site Selection, Surfing Wave Quality and ASR Design at Scales of Inner Continental Shelf to Sub-
Tidal Reef. 3 International Atrtificial Surfing Reef Symposium, Raglan, New Zealand 23-25 June 2003.

ISBN 0-473-09801-6 2003

Mead, S. T., 2003. Surfing Science. Proceedings of The 3rd International Surfing Reef Conference. Karioi
Centre, Raglan, New Zealand, 23-25 June 2003. ISBN 0-473-09801-6 2003

Scarfe, B. E., A. K. Chong, W. P. de Lange, S. T. Mead and K. P. Black, 2003. Metric and Non-Metric
Application of a Two-Dimensional Projective Coordinate Transformation for Coastal Zone Studies.
Photogrammetric Engineering and Remote Sensing.

Scarfe, B. E., K. P. Black, A. K. Chong, W. L., de Lange, D. Phillips and S. T. Mead, 2003. The
Application of Surveying Techniques to Artificial Suring Reef Studies. Trans-Tasman Surveyor, April
Edition, 2003.

Hutt, J.; Black, K. and Mead, S., 2001. Classification of Surf Breaks in Relation to Surfing Skill. Special
Issue 29, Journal of Coastal Research p66-81.

Black, K. P., & S. T. Mead, 2001b. Wave Rotation for Coastal Protection. Proceedings of the Australasian
Coasts & Ports Conference, Gold Coast, Queensland, Australia, 25-28 September 2001.

Black, K.P. and Mead, S., 2001a. Design of the Gold Coast Reef for Surfing, Public Amenity and Coastal
Protection. Special Issue 29, Journal of Coastal Research p115-130.

Mead, S. T. & K. P. Black, 2001c. Predicting the Breaking Intensity of Surfing Waves. Special Issue of the
Journal of Coastal Research on Surfing p51-65.

Mead, S. T. & K. P. Black, 2001b. Functional Component Combinations Controlling Surfing Wave Quality
at World-Class Surfing Breaks. Special Issue of the Journal of Coastal Research on Surfing p21-32.

Mead, S. T. & K. P. Black, 2001a. Field Studies Leading to the Bathymetric Classification of World-Class
Surfing Breaks. Special Issue of the Journal of Coastal Research on Surfing p5-20.

Mead, S. T. and K. P. Black, 1999. A Multi-Purpose, Artificial Reef at Mount Maunganui Beach, New
Zealand. Coastal Management Journal 27(4).

Mead, S. T. and K. P. Black, 1999. Configuration of Large-Scale Reef Components at a World-Class
Surfing Break: Bingin Reef, Bali, Indonesia. Proceedings of the Australasian Coasts & Ports Conference,
Perth, Australia, 13-16 April, 1999.

Black, K.; Mead, S.; McComb, P. and Healy, T., 1999. Numerical modelling to amalgamate recreational
amenity and coastal protection on sandy and rocky coasts. Coastal Structures ‘99 Conference, 2, 823-
832, Spain, 6 June 1999.

Theses and Book Chapters

Mead S. T., 2017. Chapter 6 - Beach Management. In: Marine and Coastal Resource Management:
Principles and Practise. Eds D. Green and J. Payne. Routledge, 328 pg.
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Mead S. T., and J. C. Borrero, 2017. Chapter 16 -Surf Science and Multi-Purpose Reefs. In: Marine and
Coastal Resource Management: Principles and Practise. Eds D. Green and J. Payne. Routledge, 328

pg.
Mead, S. T., 2000. Incorporating High-Quality Surfing Breaks into Multi-Purpose Reefs. Doctor of

Philosophy in Coastal Oceanography and Surfing Reefs thesis. University of Waikato. Pp 209 +
appendices.

Mead, S. T., 1996. Fertilization success, sustainable management and commercial development of the
New Zealand sea urchin, Evechinus chloroticus. Masters of Science in Environmental Science and
Zoology thesis. University of Auckland. 185 pp + appendices.

Expert Evidence

Mead, S. T., 2019. Evidence Summary and Rebuttal of Shaw Trevor Mead. Whauwhau Bay Spat Farm
Application. Prepared for H. Vivian. Waikato Regional Council Hearing, December 2019.

Mead, S. T., 2019. Statement of Evidence of Shaw Trevor Mead. Whauwhau Bay Spat Farm
Application. Prepared for H. Vivian. Waikato Regional Council Hearing, November 2019.

Mead, S. T., 2019. Affidavit of Shaw Trevor Mead; In Support of Coastal Processes Grounds for
Rehearing. Prepared for SKP Inc., Environment Court Hearing, August 2019.

S. T. Mead, 2019. Statement of Evidence of Dr Shaw Mead — on behalf of Auckland Council as
respondent (Coastal Processes and Engineering); Orewa Seawall. Prepared for the Auckland Council
March 2019.

S. T. Mead, 2018. Submission of Dr Shaw Mead — Buffalo Beach Revetment Upgrade. Prepared for the
Department of Conservation, November 2018.

S. T. Mead, 2018. Statement of Evidence of Dr Shaw Mead — Revetment Design. Prepared for Zhou
Yue Limited, October 2018.

Mead, S.T, 2018. Statement of Evidence of Dr Shaw Mead — GMO: Risks to the Marine
Environment. Prepared for GE Free Taitokerau, October 2018.

Mead, S. T., 2018. Statement of Evidence of Dr Shaw Mead (Surfbreak Impacts) — Western Firth of
Thames Mussel Farm. Prepared for the Surfbreak Protection Society Inc., May 2018.

Mead, S. T., 2018. Review of NorthPort’s Reponses to Minute #7, Annexures B and D. Prepared for the
Patuharakeke Trust Board, April 2018.

Mead, S. T., 2018. Rebuttal Evidence of Dr Shaw Mead; Coastal Processes, Numerical Modelling and
Marine Ecology — Northport Entrance Channel Deepening Application. Prepared for the Patuharakeke
Trust Board, February 2018.

Mead, S. T., 2018. Statement of Evidence of Dr Shaw Mead, Coastal Processes, Numerical Modelling
and Marine Ecology — Northport Entrance Channel Deepening Application. Prepared for the
Patuharakeke Trust Board, February 2018.

Mead, S. T., 2017. Rebuttal of Evidence of Dr Shaw Mead,; Physical Oceanography — the Kennedy Point
Marina Application. Prepared for SKP Inc., Environment Court Hearing, January 2018.

Mead, S. T., 2017. Statement of Evidence of Dr Shaw Mead, Biological and Physical Oceanography —
the Kennedy Point Marina Application. Prepared for SKP Inc., Environment Court Hearing, November
2017

11



@ <Coast

www.ecoast.co.nz

Mead, S. T., 2017. Review of MV the Rena post-decision draft conditions. Prepared for the Iwi
Appellants, August 2017.

Mead, S. T., and E. Atkin, 2017. Review of MetOcean Surfing Impact Report for Lyttleton Port Dredge
Disposal: Existing and post sediment disposal nearshore wave dynamics and potential effects on inshore
surfing conditions. Prepared for the Surfbreak Protection Society, Environment Court Hearing, April
2017.

Mead, S. T., 2017. Rebuttal Evidence of Dr Shaw Mead; Benthic Ecology. Prepared for Kiwis Against
Sand Mining inc. and Greenpeace, EPA Board of Enquiry Hearing, February 2017.

Mead, S. T., 2017. Statement of Evidence of Dr Shaw Mead; Benthic Ecology. Prepared for Kiwis
Against Sand Mining inc. and Greenpeace, EPA Board of Enquiry Hearing, January 2017.

Mead, S. T., 2016. Primary Statement of Evidence of Dr Shaw Mead; Biological and Physical
Oceanography — MV Rena Consents. Prepared for the Iwi Appellants, December 2016.

Mead, S. T., 2016. Rebuttal Evidence of Dr Shaw Mead; Coastal Erosion, Sea Level Rise and Inundation
of Jackett’s Island. Prepared for the B and M Van Dyke Family Trust, High Court Hearing, December,
2016.

Mead, S. T., 2016. Statement of Evidence of Dr Shaw Mead; Coastal Erosion, Sea Level Rise and
Inundation of Jackett’s Island. Prepared for the B and M Van Dyke Family Trust, High Court Hearing,
October, 2016.

Mead, S. T., 2016. Expert Witness for Centre Port Channel Deepening (Coastal Processes and Surf
Break Impacts). Prepared for Greater Wellington Regional Council, Environment Court Hearing, July
2016 (in progress).

Mead S. T., 2016. Pre and Post-Lodgement Reviews for the East-West Link (Coastal Processes and
Numerical Modelling). Prepared for the EPA Board of Enquiry Hearing, July 2016 (in progress).

Mead, S. T., 2015. Statement of Evidence in Chief. On behalf of Auckland Council, for impacts on
coastal processes due to marina zone extensions for the Proposed Auckland Unitary Plan. Environment
Court, December 2015

Mead, S. T., 2015. Statement of Evidence in Chief. On behalf of Ngai Te Hapu of Moatiti Island, for the
resource consent application by the Astrolabe Community Trust to abandon the wreck of the MV Rena.
Environment Court, July 2015.

Mead, S. T., 2015. Statement of Evidence in Chief. Prepared for the Respondent, PBC and KCSRA in
relation to and Application for Resource Consent — Coastal Permit — Beatrix Bay, Central Pelorus Sounds
— Env-2014-env-Chc-34, March 2015

Mead, S. T., and T. Haggitt, 2014. Assessment of Waiwhakaiho Reef to Determine the Extent of the
Disturbance After the MV Lake Triview Came into Contact with the Reef. Prepared for P and | Ltd,
November 2014.

Mead, S. T., 2014. Statement of Evidence in Chief of Dr Shaw Mead; Sea Level Rise and Inundation of
Jackett’s Island. Prepared for the B and M Van Dyke Family Trust, Environment Court Hearing,
November 2014.

Mead, S. T., and D. Greer, 2014. Assessment of the Sediment Plume Models Provided in the CRP
Marine Consent Application. Expert report on sediment plume modeling prepared for the NZ EPA,
September 2014
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Mead, S. T., 2014. Statement of Supplementary of Dr Shaw Mead; Potential Coastal Hazard Impacts on
the Gallagher Properties. Prepared for Duncan Cotterill Solicitors, July 2014.

Mead, S. T., 2014. Jackett’s Island — Costing of Steps to Prevent Further Erosion of the Van Dyke
property. Expert Report prepared for the B and M Van Dyke Family Trust, High Court Hearing, July 2014.

Mead, S. T., 2014. Statement of Evidence in Chief of Dr Shaw Mead; Potential Coastal Hazard Impacts
on the Gallagher Properties. Prepared for Duncan Cotterill Solicitors, June 2014.

Mead, S. T., 2014. Review of Mr Davidson’s and Mr Forrest’s Evidence Dated 215t May 2014 with
Regard to the Application for Resource Consent for a Coastal Permit in Beatrix Bay. Expert report
prepared for PBC and KCSRA in relation to and Application for Resource Consent — Coastal Permit —
Beatrix Bay, Central Pelorus Sounds — U130797, May 2014

Mead, S. T., and T. Haggitt, 2014. Desktop Summary of Current Level of the Science and Understanding
of the Cumulative Ecological Impacts of Mussel Farms Ring-Fencing Coastlines such as Beatrix Bay,
Marlborough Sounds. Expert report prepared for PBC and KCSRA in relation to and Application for
Resource Consent — Coastal Permit — Beatrix Bay, Central Pelorus Sounds — U130797, May 2014

Mead, S. T., and D. Greer, 2014. Pre-Lodgement review of the application information in terms of the
information principles under section 61 of the EEZ Act. Prepared for the EPA in relation to CRP deepsea
phosphate extraction, May 2014

Mead, S. T., 2014. Statement of Evidence in Chief of Dr Shaw Mead; Potential Impacts on Surfing Wave
Quality Due to Seabed Mining. Prepared for of Trans-Tasman Resources Ltd, EPA Hearing, January
2014.

Mead, S. T., 2013. Expert Witness Statement for the Environment Court for the Consideration of Long
Term Solutions to Motueka Spit. Prepared for the B and M Van Dyke Family Trust, Environment Court
Hearing, August 2013.

Mead, S. T., 2013. Expert Witness Statement for the Resource Consent Hearing for resource consents in
respect of applications to dispose of capital and maintenance dredge spoil nearshore in the vicinity of two
Nationally Significant Surfing Breaks. Prepared for the Surfbreak Protection Society, Resource Consent
Hearing, May 2013.

Mead, S. T., 2014. Review of Evidence with Regard to the Application for Resource Consent for a
Coastal Permit in Beatrix Bay. Expert opinion prepared for Commissioner Kenderdine, May 2014.

Mead, S. T., 2013. Expert Witness Statement for the Environment Court in Opposition of an Application
to Cancel the Existing Enforcement Order with regard to the Motueka Spit Deflector Groyne. Prepared
for the B and M Van Dyke Family Trust, Environment Court Hearing, January 2013.

Mead, S. T., 2012. Expert Witness Statement for the EPA Proceedings of Proposed NZ King Salmon
Farms in the Marlborough Sounds — Benthic Impacts. Prepared for SOS/NUC, EPA Hearing, July 2012.

Mead, S. T., 2011. Review of Application to Renew Resource Consent for the Disposal of Dredged
Material at Aramoana Spit. Expert Witness statement prepared for the NZ Surfbreak Protection Society,
Resource Consent Hearing, September 2011.

Mead, S. T., 2011. Expert Witness Statement for the Proposed Bay of Plenty Coastal Policy Statement.
Prepared and presented for the NZ Surfbreak Protection Society, Regional Plan Submitters Hearing,
September 2011.
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Mead, S. T., 2011. Review of Pine Harbour Dredging Consents. Environment Court Expert Witness report
prepared for the Auckland Council, March 2011.

Mead, S. T., 2010. Supplementary Evidence for Environment Court — Port Motueka Spit. Prepared for the
Van Dyke Family Trust, Environment Court Hearing, September 2010.

Mead S. T., 2010. Rebuttal Evidence for Environment Court — Port Motueka Spit. Prepared for the Van
Dyke Family Trust, Environment Court Hearing, September 2010.

Mead S. T., 2010. Affidavit and Evidence for Environment Court — Port Motueka Spit. Prepared for the
Van Dyke Family Trust, Environment Court Hearing, September 2010.

Mead, S.T., 2010. Expert Evidence for Environment Court — Biological Impacts and Monitoring of Makara
Estuary and the open cost for the Mill Creek Component of Project West Wind. Environment Court
Hearing, Prepared for Meridian Energy July, 2010

Mead, S. T., 2010. Evidence for Environment Court — Whangateau Harbour Flushing Capacity. Prepared
for the Omaha Park Ltd, Environment Court Hearing, February 2010.

Mead S. T., J. C. Borrero and J. Frazerhurst, 2009. Expert Review of Weather and Sea Conditions
Leading up to the Grounding of the San Cuvier, 27th July 2008. Prepared for Legal proceedings following
the grounding, October 2009.

Manning, M., R. Shand, J. Dahm and S. Mead, 2009. Supporting material for the Caucus Statement by
Expert Witnesses — Additional Considerations for 100 year Sealevel Rise Projections. Prepared for the
Environment Court, October 2009.

Mead, S.T., 2009. Rebuttal Evidence for Environment Court — Physical Processes for Planned
Subdivision. Prepared for Waikato District Council/Tomkins Wake Lawyers, Environment Court Hearing,
October 2009.

Mead, S.T., 2009. Expert Evidence for Environment Court — Physical Processes for Planned Subdivision.
Prepared for Waikato District Council/Tomkins Wake Lawyers, Environment Court Hearing, August 2009.

Mead, S.T., 2008. Expert Evidence for Resource Consent Hearing — Physical Oceanographic Impacts of
Causeway Reconstruction. Prepared for Raglan Land Company Ltd, Resource Consent Hearing, June
2008.

Mead, S. T., A. Bou and C. Bosserelle, 2007. Coastal Hazards Assessment Review for a Subdivision at
Port Waikato. Prepared for Franklin District Council for Environment Court Decision, November 2007.

Mead, S. T., 2006. Expert Evidence for Environment Court — Physical and Biological Impacts of
Proposed Dredging Expansion. Prepared for Oruawharo Marae Trust, Environment Court Hearing,
January 2006.

Mead, S. T., Black, K. P., and S. de Vries, 2005. Numerical Modelling of Port Gisborne and Statistical
Analysis of Wave Data in Poverty Bay. Report prepared for TT Club, c/- Langley Twigg Lawyers — Legal
proceedings for the grounding of the Jody F Millennium, December 2005

Mead, S. T., D. J. Phillips, K. P. Black and J. Frazerhurst, 2005. Bay View Beach Nourishment Plan.
Prepared for Fore World Developments Ltd, Environment Court Hearing, August 2005.

Longdill P., S. T. Mead and K. P. Black, 2005. Swell and Tide Conditions at Port Gisborne Surrounding
the Grounding of the Jody F Millennium. Report prepared for TT Club, c/- Langley Twigg Lawyers — Legal
proceedings for the grounding of the Jody F Millennium,, August 2005.
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Mead, S.T., 2005. Expert Evidence for Environment Court — Physical and Biological Impacts of Jetty
Construction for Project West Wind. Prepared for Meridian Energy October, Environment Court Hearing,
2005

Mead, S. T., 2005. Expert Evidence on Ecological Impacts of Opunake MPR — Resource Consent
Hearing. Prepared for South Taranaki District Council, May 2005.

Mead, S. T., and D. J. Phillips, 2004. Expert Statement for Redvale Lime Quarry. Prepared for Wainui
Environmental Protection Society Inc, Environment Court Hearing, February, 2004.

Mead, S. T., 2003. Expert Evidence on Physical and Ecological Impacts of Lyall Bay MPR — Resource
Consent Hearing. Prepared for LBRCT, Resource Consent Hearing, July, 2003.

S. T. Mead, 2002. Supplementary Expert Evidence on the Biological Impacts of Additional Aquaculture
Farms in Beatrix Bay. Prepared for the Marlborough Sounds Trust, Environment Court Hearing,
November, 2002

S. T., Mead, 2002. Expert Evidence on the Biological Impacts of Additional Aquaculture Farms in Beatrix
Bay. Prepared for the Marlborough Sounds Trust, Environment Court Hearing, October, 2002

S. T., Mead, 2002. Expert Evidence on Ecological Impacts of Oil/Gas platform/pipeline development at
Pohokura — Resource Consent Hearing. Prepared for Shell Todd Oil Services Ltd, September 2002.

Mead, S. T., 2001. Biological Impacts and Recovery Time of the Seabed Due to Dredging and Trawling —
Supporting Expert Evidence Report for Environment Court. Prepared for Kaipara Ltd, February 2001.

McComb, P., B. Beamsley and S. T. Mead, 2000. Telstra Saturn Aqualink Project: An Evaluation of the
Route Survey Data and Fishing Activities. Report prepared for Telstra Saturn Wellington for Environment
Court, August 2000.

Research (Incomplete) — Note, many consulting projects incorporate components of research.

Mead, S. T., E Atkin, R. Macintosh, S. O’Neill and N. Ducharneux. 2016-2018. Development of an Inland
Surfing Facility — Numerical and Physical Modelling. Funded by Surf Generation and Callaghan
Innovation.

Atkin, E., S. T. Mead, K. Bryan. T. Hume, and J. Waiti, 2015-2018. Remote Sensing, Classification and
Management Guidelines for Surf Breaks of National and Regional Significance. Funded by the Ministry
Business, Innovation and Employment.

Mead, S. T., T. Haggitt, D. J. Phillips and H. Dennis, 2015. Ecological Enhancement of Marine
Environments with the Use of Artificial Reef Structures: A Review. Funded by UNITEC.

Mead, S. T., E. Atkin and D. J. Phillips, 2011 — on-going. Sediment Transport Investigations of a West
Coast Beach - Repeated Bathymetry and Beach Surveys of Maori Bay for Morphological Modelling and
Calibration. Funded by UNITEC.

Mead, S. T., E. Atkin and D. J. Phillips, 2011. Development of Numerical Models to Assess Beach
Protection Options for Whitianga Beach. Funded by UNITEC, December 2011.

Mead, S. T., E. Atkin and D. J. Phillips, 2011. Preliminary Investigation of Offshore Focussing Reefs.
Funded by UNITEC, August 2011.

Haggitt, T., and S. T. Mead, 2009 — on-going. Clearance Experiments of the Kelp, Ecklonia Radiata, to
Consider Recovery Rates for Management and Inclusion in the QMS. 5-year project funded by AgriSea.
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Mead S. T., and Phillips, D. J., 2005-2006. Measurement of a Large Ephemereal Sand-Bar Along the
Raglan Points. Funded by UNITEC.

Mead, S. T., D. Johnson, and a large number of contributors from 2004-present (on-onging).
Development of a System to Download Images from the Internet, Rectify, Animate, Timestack, Curve-Fit
and Present with Coincident Wave Data for Monitoring the Morphology of the Raglan Harbour Bar.
Funded by eCoast.

Mead, S. T., 2005-present (ongoing). Monitoring of the Harbour Entrance Left-Bank and Reference Site
Seagrass Distribution of Raglan Harbour. Non-funded.

Black, K. P., S. T. Mead and A. Moores 2003-2007. A Series of Research Projects (mostly physical
modelling) Aimed at Developing Surf-Pools — Pool Shape, Pool Floor Configuration, Moveable Pool Floor,
Wave Generators, and Wave-Dampening Systems. Funded by NZTech and Surf Parks LLC (>$2M over 5
years).

Mead, S. T. and L. Harris, 2001-present (on-going). Design and Monitoring of a Submerged Reef for
Erosion Control at Oil Piers, Ventura County, California. Funded by the U.S Army Corps of Engineers
under the ERDC/WES Broad Agency Announcement (BAA): National Shoreline Erosion Control
Development and Demonstration Program (Section 2038) Ventura County Demonstration Site.

Supervision and involvement in more than 60 research projects funded by NZTech, Elco Solutions and
internally, pertaining to the broad categories of:

* Numerical model development
* Development of a calibrated tidal model of Raglan Harbour
* Design and function of, and novel construction techniques for MPR’s

» Wave breaking dynamics (physical modelling)

Conference Papers (Incomplete)

Mead, S. T., 2012. Eco-Tourism, Renewable Energy and Infrastructure in the Pacific Islands. New
Zealand Fiji Business Council Conference, Nadi, 16-17 June, 2012

Bosserelle, C.D., Black K.P., Mead S.T. and Harrison S.R. (2007). Real-Time Wave and Tidal Modelling
around New Zealand, 2007 New Zealand Coastal Society (IPENZ) Conference. Tauranga, New Zealand,
November 2007.

Black, K. P., and S. T. Mead, 2006. Evaluating numerical predictions of salient evolution: calibration
against bathymetric monitoring of the Mount Maunganui Multi-purpose Reef. 5th International Surfing
Reef Symposium, Heaven on the Planet, Lombok, Indonesia, July 31-August 3, 2006.

Mead, S. T., and K. P, Black, 2005. Keynote Address: Balancing Coastal Protection with Social and
Environmental Needs on Exposed Coasts. The 3rd Western Australian Coastal Conference. Bunbury,
West Australia, 16-18 November 2005

Mead, S. T., D. J. Phillips and K. P. Black, 2004. Multi-Purpose Reefs for Sustainable Coastal
Management.Proceedings of Littoral2004 Aberdeen, Scotland, UK 20-22 September 2004.

Harris, L. E., G. Turk, and S. T. Mead, 2004. Combined Recreational Amenities and Coastal Erosion
Protection using Submerged Breakwaters for Shoreline Stabilization. FSBPA National Conference on
Beach Preservation, Orlando, Florida, February 11-13 2004.
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Mead S. T., & K. P., Black, 2002. Multi-Purpose Reefs Provide Multiple Benefits — Amalgamating Coastal
Protection, High-Quality Surfing Breaks and Ecological Enhancement to Maximise User Benefits and
Development Opportunities. SASIC 2 - Second Surfing Arts, Science and Issues Conference. Holiday
Inn, Ventura, California, USA, 9 November 2002

Mead, S., K. Black and J. Hutt 1998. Surfing Reef Morphological Components Combine To Create World-
Class Surfing Breaks. 2nd Annual International Artificial Surfing Reef Symposium. San Diego. April, 1998.

Hutt J., K. Black and S. Mead, 1998. Classification of the Degree of Surfing Difficulty for Artificial Reef
Design. 2" Annual International Artificial Surfing Reef Symposium. San Diego. April, 1998.

Black, K., J. Hutt, S. Mead, A. Jackson, J. McGrath and E. Couriel, 1998. Design of a Multi-Purposse
Reef For Surf Riding, Sheltered swimming and Coastal Stability: Gold Coast, Australia. 2nd Annual
International Artificial Surfing Reef Symposium. San Diego. April, 1998.

Black, K.P., C.J. Andrews, M.O. Green, R.G. Gorman, T.R. Healy, T.M. Hume, J.A. Hutt, S.T. Mead and
A.J. Sayce, 1997. Wave Dynamics and Shoreline Response on and around Surfing Reefs. 1st
International Surfing Reef Symposium, Sydney, March, 1997.

Abstracts

Mead, S, T., T. Hume, E. Atkin, K. Bryan and J. Waiti- 2018. Management issues concerning New
Zealand’s nationally and regionally significant surf breaks. New Zealand Coastal Society (ENZ)
Conference. Gisborne, New Zealand, 21-23 November 2018.

Atkin, E.A., Orchard, S. and Mead S.T., 2018. Development of the “Regionally Significant” Concept for
Surf Break Management. New Zealand Coastal Society Conference, Gisborne, 20t"—23< November 2018.

S. T. Mead, D. Phillips and E Atkin, 2017. Surfer’s Corner (Lyall Bay) Coastal Remediation
Implementation and Amenity Rehabilitation. New Zealand Coastal Society (IPENZ) Conference,
Tauranga, New Zealand, 15-17 November 2017.

Phillips, D., S. T. Mead, and M. Emery, 2017. Lyall Bay Coastal Remediation. New Zealand Coastal
Society (IPENZ) Conference, Tauranga, New Zealand, 15-17 November 2017.

Mclntosh, R., S. T. Mead, D. Greer and S. O’Neill, 2017. Upgrading the Goodman Fielder Poultry
Processing Facility in the Rewa River catchment, Fiji and subsequent impacts on downstream water
quality. New Zealand Coastal Society (IPENZ) Conference, Tauranga, New Zealand, 15-17 November
2017.

Jai A T Davies-Campbell', Karin R Bryan, Ed Atkin, Terry M Hume, Shaw Mead and Jordan Waiti, 2017.
Protecting Surf Breaks of Regional and National Significance. New Zealand Coastal Society (IPENZ)
Conference. Tauranga, New Zealand, November 2017.

Mead, S. T., 2014. Fiji's Largest Industry Depends on its’ Beaches — How Are They Faring?. Fiji-New
Zealand and New Zealand-Fiji Business Councils Annual Joint Conference, Suva, Fiji, 28 June 2014.

Mead, S. T., and E. Atkin, 2013. Development of a Coastal Adaptation Strategy in Northeastern New
South Wales, Australia. New Zealand Climate Change Conference 2013, Palmerston North, 4-5 June,
2013.

Mead, S. T., and J. C. Borrero, 2013. An Overview of Multipurpose Reef Projects. 8™ International Multi-
Purpose Reef Symposium, Rincon, Puerto Rico, 20-22 February 2013.
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Borrero, J. C., and S. T. Mead, 2013. Laboratory Studies of Surfability for the Design of a Multipurpose
Reef in Borth, Wales. 8t International Multi-Purpose Reef Symposium, Rincon, Puerto Rico, 20-22
February 2013.

Mead, S. T., E. Atkin and D. Phillips, 2012. Design Optimization of Offshore Focusing MPR’s. ASBPA
2012 National Coastal Conference. San Diego, October 2012.

Mead, S. T., 2012. Protecting the Nationally Significant Surfing Breaks in the NZCPS 2010. New Zealand
Coastal Society (IPENZ) Conference. Auckland, New Zealand, November 2012.

Mead, S. T., 2011. Multi-Purpose Reefs — a Decade of Application. New Zealand Coastal Society
(IPENZ) Conference. Nelson, New Zealand, 6-9 November, 2011.

Mead, S. T., D. J. Phillips, and T. Hagagitt, 2011. Development of a GIS to Determine the Vulnerability of
Regionally Significant Marine Receiving Environments to Land-Use Impacts. New Zealand Coastal

Society (IPENZ) Conference. Whitianga, New Zealand, 6-9 November, 2010.

Mead, S. T., 2010. Keynote Address: Coastal Protection - Benefits of Multi-Purpose Reefs. Australasian
Young Planners Conference VPConnect 2010. Christ Church, New Zealand, 19-20 April 2010.

Mead, S. T., 2010. Keynote Address: Science, Models and Reality — Future Directions for Multi-Purpose
Reefs. 7t International Multi-Purpose Artificial Surfing Reef Symposium, Bondi Beach, Sydney, Australia,
19th March 2010.

Mead, S. T., 2007. Keynote Address: Dune Restoration in Association with the Surf Reef Program.
Inaugural Conference of The Dune Restoration Trust of New Zealand. Tauranga, New Zealand, 13-17
February, 2007.

Black, K. P., and S. T. Mead, 2006. Evaluating numerical predictions of salient evolution: calibration
against bathymetric monitoring of the Mount Maunganui Multi-Purpose Reef. New Zealand Coastal
Society (IPENZ) Conference. Kaikoura, New Zealand, 15-17 November, 2006.

Mead, S. T., and K. Black, 2005. Coastal Protection on Exposed Coasts: Selecting the Appropriate
Solution. New Zealand Coastal Society (IPENZ) Conference. Tutukaka, New Zealand, 12-14 October
2005

Longdill, P., K. P. Black S. T. Mead, T. R. Healy and S. Park, 2005. The Bay of Plenty Benthic
Environment: Preliminary Investigations for the Zoning of Aquaculture Management Areas. New Zealand
Marine Science Conference, Victoria University, Wellington, New Zealand, August 23-26 2005.

Black, K. P., and S. T. Mead, 2005. Recent Advances in Predicting the Shoreline Response of Coastal
Structures: Using Field Data and Numerical Models for Site-Specific Erosion Control. International
Coastal Engineering conference, 2005.

Mead, S. T., 2003. Multiple-Use Options for Coastal Structures: Unifying Amenity, Coastal Protection and
Marine Ecology. The 2nd Western Australian Coastal Conference. Geraldton, West Australia, 20-21
November 2003.

Mead, S. T., 2002. Wave Rotation for Coastal Protection. New Zealand Marine Science Conference,
Rutherford Hotel, Nelson, New Zealand, September 2-4 2002

Mead, S. T., K. P. Black, H. G. Rennie & R. Makgill, 2000. Assessment of Environmental Effects for a
Multi-Purpose Offshore Reef. New Zealand Marine Science Society Annual Conference. University of
Waikato, Hamilton, August 2000.
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Mead, S. T. and K. P. Black, 1999. Configuration of Large-Scale Reef Components at a World-Class
Surfing Break: Bingin Reef, Bali, Indonesia. New Zealand Marine Science Society Annual Conference.
Victoria University, Wellington, September 1999.

Hutt, J.; K. Black and S. Mead, 1998. A New Classification Scheme For Artificial Surfing Reefs.
Australasian Botany Society/New Zealand Marine Science Society Annual Conference. University of
Otago, 9-11 July 1998.

Mead, S.; Black, K. and Hutt, J. (1998) Correct combinations of large-scale intra-reef components
produce worldclass surfing breaks. Joint NZ Marine Sciences Society and Australasian Society for
Phycology and Aquatic Botany, University of Otago, Dunedin; 8-11 July 1998.

Mead, S., and K. Black, 1998. Correct Combinations of Large-Scale intra-reef Components Produce
World-Class Surfing Breaks. New Zealand Marine Science Society Annual Conference. University of
Otago, July, 1998.

Mead, S., K. Black, M. Green, T. Hume, J. Hutt and A. Sayce 1997. High Seabed Gradients and Low
Peel Angles Produce World-class Surfing Breaks. New Zealand Marine Science Society Annual
Conference. University of Auckland, 8-11 July 1997.

Mead, S., K. Black, M. Green, T. Hume, C. Andrews, J. Hutt and A. Sayce 1996. The Atrtificial Reefs
Program — a Brief Overview. New Zealand Marine Science Society Annual Conference. University of
Canterbury, Christ Church, Aug 28-30, 1996.

Mead, S.T. 1995. Fetrtilization Experiments with Kina (Evechinus Chloroticus). New Zealand Marine
Science Society Annual Conference. Victoria University, Wellington, Aug 30 - Sep 1, 1995.

Technical Reports (incomplete)
2020

Mead, S. T., 2020. Review of Dredging Information Memorandum (IM). Prepared for Friends of Pakiri
Beach, May 2020.

Mead, S. T., 2020. Coastal Hazard Assessment Peer Review - for Resource Consent Application
RM200033 - 169 Manly Street. Prepared for Kapiti Coast District Council, May 2020.

Mead, S. T., 2020. Rangitahi Bridge Revetments and Scour Protection — PS4 Construction Review.
Prepared for Fulton Hogan, May 2020.

Mead, S. T., and R. Mclintosh, 2020. MAMPEC Modelling Validation. Prepared for Ramboll, May 2020.

Mead, S. T., 2020. Radisson Hotel and Resort — Revetment Resign and Repairs. Prepared for Vuksich
and Borich (Fiji) Pte Ltd, May 2020.

Mead, S. T., and J. Davies-Campbell, 2020. Coastal Hazard Assessment; 5 Fourteenth Avenue,
Tauranga East, Tauranga. Prepared for Lysaght, April 2020.

Mead, S. T., 2020. Manu Bay Breakwater: Science and Monitoring. Prepared for Waikato District
Council, April 2020.

Mead, S. T., 2020. Groves Road Stormwater Pump Station and Discharge Pipe: Environmental Impact
Assessment. Prepared for Kapiti Coast District Council, March 2020

Mead, S. T., 2020. Opotoru Rock Revetment — Analysis of Expected Maintenance. Prepared for Fulton
Hogan, March 2020.
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Mead, S. T., D. Greer, R. McIntosh and S. O’'Neill, 2020. Numerical Modelling of the Manukau Harbour
Entrance: High-Level Estimates of Dredged Entrance Channel Infilling. Prepared for Sapere, March
2020.

Atkin, E., S. T. Mead, J. Davies-Campbell and R. MclIntosh, 2020. Assessment of Environmental Effects
and Technical Information to support the Resource Consent Application for the SXNEXT Undersea Cable
landing at Takapuna, New Zealand. Prepared for Spark NZ, February, 2020.

Mead, S. T., 2020. Potential Beach Impacts of Deepening and Boat Channel Construction in the Reef
Flat at First Landing. Prepared for Barstock Developments, February 2020.

Greer, D., E. Atkin, and S. Mead, 2020. Phu Coung Soc Trang Offshore Wind Farm Project: Field Data
Collection and Analysis Part Il. Prepared for Mainstream Renewable Power and The Phu Cuong Group,
January 2020.

Mead, S. T., and J. Davies-Campbell, 2020. Coastal Hazard Assessment: 20 Mcliver Place, Pauanui.
Prepared for Magnolia Trust, January 2020.

2019

Mead, S. T., 2019. Opotoru Bridge Pile and Causeway Scour and Erosion Protection: Specifications and
As-Built Structural Review. Prepared for Fulton Hogan Ltd, December 2019

Mead, S. T., and J. Davies-Campbell, 2019. Coastal Hazard Assessment: 5 Thirteenth Ave, Eastern
Tauranga. Prepared for Momentum Planning and Design, December 2019.

Mead, S. T., and D. Greer, 2019. Coastal Processes Addendum to the Seashell Cove EIA: Entrance
Channel and Lagoon. Prepared for Pandey Hotel Momi Ltd, December 2019.

Mead, S. T., 2019. Nawi Island CEMP Addendum: Northern Beaches. Prepared for Nawi Island Fiji Ltd,
December 2019.

Greer, D., and S. T. Mead, 2019. Extreme Flooding Events for Scour Protection Calculation for the
Wairoa WWTP Outfall. Prepared for Wairoa District Council, December 2019.

Mead, S. T., 2019. Assessment of Exposed Fibre-Optic Cable at the Aqualink Landing, Ngarunui Beach,
Raglan. Prepared for Vodafone, November 2019.

Mead, S. T., 2019. Nearfield Plume Modelling for Boundary Input — Passive-Coupling at Oceania Outfall.
Prepared for Babbage Consultants Ltd, November 2019.

Atkin, E., S. T. Mead and J. Davies-Campbell, 2019. A Review of the Assessment of Environmental
Effects for a Commercial Marine Farm (Mussel Spat) at Mercury Bay. Prepared for H. Vivian, November
2019.

Mead, S. T., and S. O’Neill, 2019. Coastal Hazard Assessment: 321b Hibiscus Coast Highway, Orewa,
Auckland. Prepared for Civix, November 2019.

Atkin, E., and Mead, S. T., 2019. Design Specification for a Rock Revetment at Kai Iwi/Mowhanau.
Prepared for Whanganui District Council, November 2019.

Mead, S. T., 2019. Damage Assessment for Savusavu Diesel Oil Spill - Chemical and Marine Ecology.
Prepared for Energy Fiji Ltd, November 2019.

Mead, S. T., 2019. Remediation of Pond 2 and Downstream Pollution for the Crest Processing Plant
Outfall Upgrade. Prepared for Goodman Fielder Ltd, November 2019.

Mead, S. T., and J. Davies-Campbell, 2019. An Overview of Coastal Processes and Drivers of Coastal
Hazards: Ngarunui Beach to Te Kopua Spit. Prepared for Waikato Regional Council, October 2019.

Mead, S. T., 2019. Northern Beaches: Detailed Design. Prepared for Nawi Island Fiji Ltd, October 2019.
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Mead, S. T., 2019. Coastal Hazard Assessment: 85 Kulim Avenue, Otumoetai, Tauranga. Prepared for
Oceanside Homes, October 2019.

Mead, S. T., 2019. Coastal Hazard Assessment: 53 Beach Road, Otumoetai, Tauranga. Prepared for G.
J., Gardiner Homes, October 2019.

Mead, S. T., and J. Davies-Campbell, 2019. Coastal Hazard Assessment: 73b Beach Road, Otumoetai,
Tauranga. Prepared for Gudsell Designer Homes, October 2019.

Mead, S. T., and J. Davies-Campbell, 2019. Coastal Hazard Assessment: 73a Beach Road, Otumoetai,
Tauranga. Prepared for Gudsell Designer Homes, October 2019.

Mead, S. T., E. Atkin, J. Davies-Campbell and S. O’Neill, 2019. Clive River Entrance Ecological,
Bathymetry and Sediment Surveys. Prepared for Hawke’s Bay Regional Council, September 2019.

Mead, S. T., 2019. Naisoso Beach Operational Environmental Management Plan. Prepared for Naisoso
Island Body Corporate Ltd, September 2019.

Mead, S. T., and S. O’Neill, 2019. Coastal Erosion Hazard Assessment: 189a Welcome Bay Road,
Welcome Bay, Tauranga. Prepared for G. Strickland, August 2019.

Mead, S. T., J. Davies-Campbell and S. O’Neill, 2019. Lower Clive River Sediment Sampling and Depth
Probing. Prepared for Hawke’s Bay Regional Council, August 2019.

Mead, S. T., 2019. Review of the Nap Development Fiji Ltd: Proposed Dredging in Nadawa Bay EIA and
Additional Information. Prepared for the Department of Environment, July 2019.

Mead, S. T., 2019. Seabed Conditions and Marine Ecology at the Oceania Ocean Outfall. Prepared for
Babbage Consultants, July 2019.

Mead, S. T., J. Davies-Campbell, and S.. O’'Neill, 2019. Sediment Sampling, Sediment Depth Probing
and Sediment Volume Calculations for the Lower Clive River. Prepared for Hawke’s Bay Regional
Council, July 2019.

Mead, S. T., D. Greer, R. Mclintosh, J. Davies-Campbell and E. Atkin, 2019. Oceania Ocean Outfall
Dispersion Modelling. Prepared for Babbage Consultants, July 2019.

Mead, S. T., J. and Davies-Campbell, 2019. Naisoso Island 5-Star Development Coastal Hazard
Assessment and Beach Design. Prepared for Naisoso Hotels and Resort PTE Ltd, June 2019.

Mead, S. T., J. Davies-Campbell and E. Atkin, 2019. Naisoso Island 4-Star Development Coastal Hazard
Assessment and Beach Design. Prepared for Relcorp, June 2019.

Mead, S. T., J. Davies-Campbell and E. Atkin, 2019. Naisoso Island Beach Remediation Plan. Prepared
for Naisoso Island Body Corporate Beach Subcommittee, June 2019.

Mead, S. T., 2019. Review of As-Built Specifications for the Opotoru Causeway. Prepared Fulton Hogan
Ltd, June 2019.

Mead, S. T., and J. Davies-Campbell, 2019. Hydrological Assessment: Proposed Docks at Pokeno and
Mercer on the Waikato River. Prepared for Wildlands Consultants, June 2019.

Atkin, E, and S. T. Mead, 2018. Manu Bay Breakwater Monitoring. Prepared for Waikato District Council,
May 2018.

Mead, S. T., 2019. Mahomet’s MPR Feasibility Study: 2019 Update. Prepared for the Mid-West
Development Commission, Western Australia, May 2019.

Mead, S. T., E. Atkin and J. Davies-Campbell, 2019. Controlled Marine Rock Removal for Surf Break
Creation: East Cape Beach and Surf Club, Baja, Mexico. Prepared for Range Tree Strategies, May 2019.

Mead, S. T., 2019. Construction Instructions for Contractor Cost Estimation: Controlled Marine Rock
Removal, East Cape Beach and Surf Club, Baja, Mexico. Prepared for Range Tree Strategies, May
2019.
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Borrero, J. C., S. T., Mead, S. O’Neill, E. Atkin, and J. Davies-Campbell, 2019. Lelepa Island, Vanuatu:
An Assessment of the Coastal Oceanographic Environment. Prepared for Downers, May 2019.

Mead, S. T., J. Davies-Campbell and S. O’Neill, 2019. Review of Resource Consent Application for a
Proposed Retaining Wall at 27 Beach Road, Paekakariki. Prepared for Kapiti Coast District Council, April
2019.

Greer, D., E. Atkin and S. T. Mead, 2019. Mekong Delta: Field Data Collection and Analysis. Prepared
for Mainstream Renewable Power and the Phu Cuong Group, April 2019.

Mead, S. T., 2019. Performance Evaluation of Eastern Tongatapu Climate Change Resilience Trials.
Prepared for MEIDECC, April 2019.

Mead, S. T., 2019. Construction Evaluation of Western Tongatapu (Hihifo) Climate Change Resilience
Trials. Prepared for MEIDECC, April 2019.

Mead, S. T., 2019. Marine Growth on Structures on the Mekong Delta. Prepared for Mainstream
Renewable Power and the Phu Cuong Group, April 2019.

Phillips, D. J., S. T. Mead and J. Campbell-Davies, 2019. Overland Flow and Coastal Hazard
Assessment: 339 Hibiscus Coast Highway, Orewa, Auckland. Prepared for James Rye.

Mead, S. T., 2019. Royal Davui Island Resort Beach Investigations. Prepared for the Virtuoso Group,
March 2019.

Campbell-Davies, J., and S. T., Mead, 2019. Coastal Hazard Assessment: 344 Triangle Road, Massey,
Auckland. Prepared for Chester Consulting Engineers, February 2019.

Mead, S. T., 2019. Peer-Review of Marine Ecological Components of the HQL EclA. Prepared for
Greater Wellington Regional Council, February 2019.

Mead, S. T., J. Davies-Campbell and S. O’Neill, 2019. Seahorse Beach Investments — 1 First Avenue,
Tauranga — Coastal Engineering Design. Prepared for Stratum Engineers Ltd, February 2019

Mead, S. T., 2019. Westin Groyne Erosion. Prepared for Denarau Corporation Ltd, January 2019.

Mead, S. T., J. Davies-Campbell and S. O’Neill, 2019. East Coast Port Feasibility Study. Prepared for
Pentarch Forestry, January 2019.

2018

Mead, S. T., 2018. Rangitahi Bridge Environmental Monitoring Post-Construction 3-Monthly Report -
Marine Ecology. Prepared for Fulton Hogan Ltd, December 2018.

Mead, S. T., 2018. Rangitahi Bridge Environmental Monitoring Programme — 4" 3-Month Construction
Seagrass Survey 10 October 2018. Prepared for Raglan Land Company, December 2018.

Haggitt, T., and S. T. Mead, 2018. Assessment of effects of Wairoa District Council’s existing intertidal
sewage discharge on benthic sediment characteristics and ecology — Wairoa Estuary. Prepared for
Wairoa District Council, November 2018.

Mead, S. T., 2018. Boffa Miskell Response to LBOGPS/eCoast Review of Biological and Sediment Grain
Size Monitoring. Prepared for LBOGP Inc, November 2018.

Mead, S. T., and J. Davies-Campbell, and 2018. Krill Sustainability and Certification Schemes. Prepared
for Healthpost, October 2018.

Davies-Campbell, J., and S. T. Mead, 2018. GMO: Risks to the Marine Environment. Prepared for GE
Free Taitokerau, October 2018.

Greer, D., and S. T. Mead, 2018. Wairoa WTTP Outfall: 3D Hydrodynamic Numerical Modelling.
Prepared for Wairoa District Council, September 2018.
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Borrero, J.C., and S. T. Mead, 2018. 2018 Review of Water Levels on Lake Taupo and Implications on
Foreshore Erosion. Prepared for Waikato Regional Council, September 2018.

Mead, S. T., 2018. Revetment Construction for Northern Vomo Island. Prepared for Vomo Island Resort,
September 2018.

Mead, S. T., 2018. Rangitahi Bridge Environmental Monitoring 4" 3-Monthly Report -Marine Ecology.
Prepared for Fulton Hogan Ltd, August 2018.

Mead, S. T., 2018. Rangitahi Bridge Environmental Monitoring Programme — 3-Month Construction
Seagrass Survey 31 July 2018. Prepared for Raglan Land Company, August 2018.

Mead, S. T., 2018. Coastal (Physical and Biological) Assessment of Environmental Effects for the
Construction of Stilling Wells in Raglan Harbour: Rangitahi Precincts B & D. Prepared for Raglan Land
Company, August 2018.

Mead, S. T., 2018. Review of Update on the Weiti Development and Wider Catchment Issues. Prepared
for the Long Bay Okura Great Park Society, August 2018.

Mead,. S. T., and J. Davies-Campbell, 2018. Assessment of Environment Effects of the Extraction of
Beach Cast Seaweed (Wrack) for the Agar Production. Prepared for New Zealand Seaweeds, August
2018.

Davies-Campbell, J., and S. T. Mead, 2018. Nawi Island Marine ‘Living Revetment’ — Internal Review.
Prepared for Nawi Island Ltd, August 2018

Mead,. S. T., and S. O’Neill, 2018. Nawi Island Marina Entrance Channel Investigations — Sediment
Depth Probing, High-Resolution Bathymetry Survey and Video Survey. Prepared for Nawi Island Ltd,
July 2018.

Mead,. S. T., J. Davies-Campbell, and D. Phillips, 2018. Independent Review of Weiti Development’s
Resource Consents and Sediment Discharge to Karepiro Bay. Prepared for Long Bay Okura Great Park
Society, July 2018.

Mead,. S. T., T. Haggitt, W. Mead and S. O’Neill, 2018. Assessment of effects of Wairoa District
Council’s intertidal sewage discharge on benthic sediment characteristics and ecology — Wairoa Estuary.
Prepared for Wairoa District Council, June 2018.

Mead,. S. T., and S. O’Neill, 2018. Coastal Assessment for Bau Landing Jetty Repairs. Prepared for
RPA Group (Fiji) Ltd, June 2018.

Mead,. S. T., 2018. Independent Peer-Review of Nawi Island Super-Yacht Marina Depths and Re-
Design Options. Prepared for Nawi Island Ltd, June 2018.

Mead,. S. T., 2018. Tendering Package for Coastal Protection Works in Western Tongatapu. Prepared
for MEIDECC, June 2018.

Mead,. S. T., 2018. Design and Cost Estimates for Coastal Protection Works in Western Tongatapu.
Prepared for MEIDECC, June 2018.

Mead, S. T., and T. Haggitt, 2018. Rangitahi Bridge Environmental Monitoring 3 3-Monthly Report —
Marine Ecology. Prepared for Fulton Hogan Ltd, May 2018.

Mead, S. T., and E. Atkin, 2018. Waikato River Bathymetry Survey. Prepared for BBO, May 2018
Mead, S. T., 2018. Rangitahi Bridge Environmental Monitoring Programme — 3-Month Construction

Seagrass Survey 2 April 2018. Prepared for Raglan Land Company, May 2018.
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Mead, S. T., 2018. Manu Bay Breakwater — Independent Peer-Review. Prepared for Collaborative
Solutions, May 2018.

Mead, S. T., 2018. Beachfront Restoration and a Buried Revetment for the Erosion Hotspot at First
Landing. Prepared for First Landing Beach Resort and Villas, April 2018.

Mead, S. T., 2018. Marine Ecological Assessment for the Proposed Goodare Road Stormwater Outlet
Upgrade, Raglan. Prepared for Rangitahi Ltd, April 2018.

Mead S. T., E. Atkin, D. Greer and S. O’'Neill, 2018. Coastal Processes Assessment for Malolo Island
Resort. Prepared for Freesoul Real Estate, April 2018.

Mead, S. T., 2018. Stage 1: Peer Review of Estuary/Ocean Receiving Environment Report A311b.
Prepared for Lowe Impact Assessment/Wairoa District Council, April 2018.

Mead, S. T., 2018. Coastal Processes Assessment for Tramco’s Alternative America’s Cup 36 Base
Sites. Prepared for Babbage Consultants Limited, March 2018.

Mead, S. T., 2018. Dredging Impacts in Front of Beach Front Villas. Prepared for First Landing Beach
Resort and Villas, March 2018.

Mead, S. T., 2018. Partial Removal of Opotoru Causeway and Habitat/Hydrodynamic Rehabilitation.
Prepared for Fulton Hogan Ltd, March 2018.

Mead, S. T., 2018. Rangitahi Bridge — Scour Protection Review. Prepared for Fulton Hogan Ltd, March
2018

Mead, S. T., 2018. Mitigation of Environmental Impacts Should Foreshore Works Stop Before
Completion. Prepared for Barstock Developments, First Landing, Fiji, March 2018.

Mead, S. T., and T. Haggitt, 2018. Rangitahi Bridge Environmental Monitoring 2nd 3-Monthly Report —
Marine Ecology. Prepared for Fulton Hogan Lid, February 2018.

Mead, S. T., 2017. Rangitahi Bridge Environmental Monitoring Programme — 3-Month Construction
Seagrass Survey 2 January 2018. Prepared for Raglan Land Company, February 2018.

Mead, S. T., 2018. Coastal Processes Addendum to the Seashell Cove at Momi Bay EIA: Overwater
Bures. Prepared for Pandey Hotel Momi Ltd, February 2018.

Mead S. T., E. Atkin, and S. O’'Neill, 2018. Preliminary Coastal Processes Assessment for Malolo Island
Resort. Prepared for Freesoul Real Estate, February 2018.

Mead, S. T., 2018. Tender document package for Coastal Protection Works in Western Tongatapu.
Prepared for GIZ, January 2018.

Mead, S. T., and E. Atkin, 2018. EIA Investigations for the Nasese Waters Development, Suva, Fiji.
Prepared for Discovery Dredging Pte Ltd, Fiji, January 2018.

2017

Mead, S. T., and E. Atkin, 2017. Temaiku Marine and Freshwater Environmental Surveys: Kiribati
Climate Change Adaptation Strategy. Prepared for Jacobs/MFaT, December 2017.

Mead, S. T., 2017. Coastal (Physical and Biological) Assessment of Environmental Effects for the
Construction of Stilling Wells in Raglan Harbour. Prepared for Harrison and Grierson, December 2017
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Mead, S. T., and S. O'Neill, 2017. Vomo Island Coastal Erosion Investigation. Prepared for Vomo Island
Fiji, December 2017.

Mead, S. T., and S. O’Neill, 2017. Coastal Processes Assessment for 10 Scoft Road Subdivision,
Hobsonville. Prepared for CPMC, December 2017.

Mead, S. T., 2017. Denarau Island Beach Management Strategy Environmental Impacts Assessment.
Prepared for Denarau Corporation Ltd, November 2017.

Mead, S. T., 2017. Back-Stop Revetment for the Erosion Hot-Spot at First Landing. Prepared for First
Landing Beach Resort and Villas, October 2017.

Mead, S. T., 2017. Marine Management/Monitoring of Stormwater Discharge During Earthworks at
Precinct A, Rangitahi. Prepared for Harrison and Grierson, October 2017.

Mead, S. T., 2017. Review of Coastal Engineering Design Report and Ecology and Water Quality
Assessment for the Proposed Kennedy Point Marina. Prepared for SKP Inc., October 2017.

Mead, S. T., 2017. Comparative Assessment of Likely Effects Between the Consented Vertical Wall
Concept, and the Full Height Rock Revetment (Coastal Processes, Beach Levels, Beach Amenity and
Ecology). Prepared for Kapiti Coast District Council, October 2017.

Mead, S. T., and T. Haggitt, 2017. Rangitahi Bridge Environmental Monitoring 15t 3-Monthly Report —
Marine Ecology. Prepared for Raglan Land Company, October 2017.

Mead, S. T., 2017. Rangitahi Bridge Environmental Monitoring Programme — 3-Month Construction
Seagrass Survey 1 October 2017. Prepared for Raglan Land Company, October 2017.

Mead, S. T., 2017. South Pacific Marine Ltd Shipyard and Dry Storage Site: Environmental Impact Assessment.
Prepared for South Pacific Marine Ltd, October 2017.

O'NEeill, S., R. Mclntosh, J. C. Borrero and S. T. Mead, 2017. Hydrodynamic Modelling of Northland CFHZ’s.
Prepared for Northland Regional Council, October 2017.

Phillips, D. J., and S. T. Mead, 2017. Rangitahi Bridge Stormwater and Sediment Management Plan. Prepared for
Raglan Land Company, October 2017.

Mclintosh, R S. T. Mead, D. Greer and S. O'Neill, 2017. Hydrological Assessment for Goodman Fielder's Proposed
Poultry Processing WWT Plant in Coloisuva. Prepared for Goodman Fielder, September 2017.

Mead, S. T., 2017. Environmental Impacts of Replacing the Wooden Bridge with Steel Culverts,
Placement of 2.4 Tonne Concrete Blocks and Water Main, and Associated Vehicle Use in the CMA at the
Rangitahi Bridge and Causeway Site, Raglan. Prepared for Fulton Hogan, September 2017.

Atkin, E., S. T. Mead and S. O’Neill, 2017. RTK Bathymetry Survey of the Lower Wairoa River. Prepared
for BBO, September 2017.

Atkin, E., S. T. Mead, D. Greer and S. O'Neill, 2017. Denis Island (Seychelles) Coastal Management
Options. Prepared for Denis Private Island Ltd, August 2017

Mead, S. T., and T. Haggitt, 2017. Rangitahi Environmental Monitoring Pre-Construction — Marine
Ecology Survey. Prepared for Raglan Land Company/Fulton Hogan, August 2017.

Mead, S. T., 2017. Navigation Channel and Trot-Mooring Positioning for Nawi Island Super-Yacht
Marina. Prepared for Nawi Island Limited, August 2017.
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Mead, S. T., 2017. Review and geotechnical recommendations for the suitability of riprap and provide
guidance on riprap specifications for Surfer’s Corner, Lyall Bay, Wellington. Prepared for AECOM,
August 2017.

Mead, S. T., 2017. Nawi Island temporary road Environmental Management Plan (EMP). Prepared for
Nawi Island Limited, August 2017.

Mead, S. T., 2017. Assessment of environmental effects: Walter Peak Station docking facility
modifications. Prepared for the Warburton Group, July 2017.

Mead, S. T., 2017. Review of the Raglan Sport Fishing Club’s (RSFC) Submission to the Waikato District
Council (WDC). Prepared for Bloxam Burnett & Olliver, July 2017.

Atkin, E., S. T. Mead, A. Moores and N. Ducharneux. 2017. SurfGen Physical Modelling Data Overview:
7 July 2017. Report prepared for Surf Generation.

Mead, S. T., 2017. Ensuring a beach in front of Lot 48 at Naisoso Island. Prepared for Naisoso Island
Body Corporate, June 2017

Mead, S. T., 2017. Coastal Engineering Review of Modified Walter Peak Marina. Prepared for the
Warburton Group, June 2017.

Mead, S. T., 2017. Blue Lagoon Beach Remediation — Venturi Pump System. Prepared for Blue Lagoon
Beach Resort, June 2017.

Mead, S. T., and S. O'Neill, 2017. Whakatane Offshore Dredging Disposal Investigation. Prepared for
Harrison Greirson, May 2017.

Mead, S. T., E Atkin, R. Macintosh, S. O’Neill and N. Ducharneux. 2017. SurfGen Physical Modelling
Progress Summary: 8 April 2017. Report prepared for Surf Generation.

Mead, S. T., and D. Greer, 2017. Silver Fern Farms Ouftfall — AEE Expert Review. Prepared for
Environment Canterbury, April 2017.

Mead., S. T., and D. Greer, 2017. Denarau Road Residential Canal Development: Coastal Processes
and Hazards Report. Prepared for EMEI Ltd, April 2017.

Mead, S. T., and E. Atkin, 2017. Review of MetOcean Surfing Impact Report for Lyttleton Port Dredge
Disposal: Existing and post sediment disposal nearshore wave dynamics and potential effects on inshore
surfing conditions. Prepared for the Surfbreak Protection Society, April 2017.

Mead, S. T., 2017. Rangitahi Bridge Environmental Monitoring Programme — Baseline Seagrass Survey
31 March 2017. Prepared for Raglan Land Company, April 2017.

Mead, S. T., and D. Greer, 2017. Rangitahi Bridge Hydrodynamic Modelling and Bridge Scour

Atkin, E. A., S. T. Mead, and R. Pollock, 2017. Nearshore Survey of Takapuna Beach for Optic Fibre
Cable Crossing. Surveys undertaken for EGS, April 2017

Assessment. Prepared for Raglan Land Company, March 2017.

Mead, S. T., 2017. Environmental Bond for the Nawi Island Temporary Access Road. Prepared for Nawi
Island Ltd, March 2017.

Mead., S. T., and S. O’Neill, 2017. Naisoso Island: Marina Reclamation Survey, Terminal Groyne Design
and Stabilizing of a Hotel Vessel. Prepared for Relcorp, March 2017.
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Mead., S. T., 2017. Erosion Assessment of Naisoso Beach to the South of Lots 50-52. Prepared for
Relcorp, March 2017.

Mead., S. T., 2017. Preliminary Coastal Process Assessments for 2 Eroding Beaches in the Yasawa
Islands, Fiji. Prepared for Blue Lagoon Resorts, February 2017.

Mead, S. T., 2017. Rebuttal Evidence of Dr Shaw Mead; Benthic Ecology. Prepared for Kiwis Against
Sand Mining inc. and Greenpeace, EPA Board of Enquiry Hearing, February 2017.

Mead, S. T., and T. Haggitt, 2017. Rangitahi Environmental Monitoring Programme — Marine Ecology.
Prepared for Raglan Land Company, February 2017.

Mead, S. T., 2017. Statement of Evidence of Dr Shaw Mead, Benthic Ecology. Prepared for Kiwis
Against Sand Mining inc. and Greenpeace, EPA Board of Enquiry Hearing, January 2017.

Mead, S. T., and D. Greer, 2017. Coastal Engineering Review of Two Existing Marinas in Lake
Wakatipu. Prepared for the Warburton Group, January 2017.

2016

Atkin, E. A., S. T. Mead, T. Haggitt and R. Pollock, 2016. Nearshore Survey of Mangawhai Beach for
Optic Fibre Cable Crossing. Surveys undertaken for EGS, December 2016.

Atkin, E. A., K. Bryan, T. Hume, S. Mead and J. Waiti, 2016. Remote Sensing, Classification and
Management Guidelines for Surf Breaks of National and Regional Significance: Initial Characterisation
Studies. Prepared for the Ministry of Business, Innovation and Employment, December 2016.

Mead, S. T., and D. Greer, 2016. Savusavu Wharf Wave Modelling. Prepared for Fijian Roads Authority,
November 2016.

Mead, S. T., 2016. Initial Numerical Modelling of a 300 m diameter, 16-Break Surfing Lagoon. Prepared
for P. Grantham, December 2016.

Mead, S. T., 2016. South Pacific Marine Ltd Shipyard and Dry Storage Site: Environmental Management
Plan. Prepared for South Pacific Marine Ltd, November 2016.

Mead, S. T., 2016. Methodology Review of the DHI Eastbourne Surf Break Impact Assessment.
Prepared for Greater Wellington Regional Council, November 2016.

Mead, S. T., and E. Atkin, 2016. Proposed Nawi Island Temporary Access Road: Environmental Impact
Assessment. Prepared for Nawi Island Ltd Fiji, November 2016.

Atkin, E., K. R, Bryan, T. Hume, S. T. Mead and J. Waiti. Remote Sensing, Classification and
Management Guidelines for Surf Breaks of National and Regional Significance: Initial Characterisation of
Study Sites. Prepared as part of the Ministry of Business, Innovation and Employment Research project,
November 2016

Borrero, J. C., E. Atkin, D. Greer, S. O’Neill and S. T., Mead. Coastal Processes Study: North East Point,
Mahé Island, Seychelles Mahé Island, Seychelles. Prepared for the UNDP, November 2016.

Mead, S. T., 2016. Coastal Engineering — the Denarau Situation in Comparison to Naisoso. Prepared for
Relcorp (Fiji) Ltd, October 2016

Mead, S. T., and S. O’Neill, 2016. Aqualink Cable Burial: Cable Stability Assessment — New Plymouth to
Raglan. Prepared for Vodafone NZ, October 2016.
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Mead, S. T., and S. O’Neill, 2016. Aqualink Cable Burial: Cable Stability Assessment — Titahi Bay to
Whanganui. Prepared for Vodafone NZ, October 2016.

Mead, S. T., and S. O’Neill, 2016. Aqualink Cable Burial: Cable Stability Assessment — Wellington to
Christchurch. Prepared for Vodafone NZ, October 2016.

Mead, S. T., S. O'Neill and E. Atkin, 2016. Seabed Stability, Bedforms and Seabed Penetration off the
New Zealand Coastline. Prepared for Vodafone NZ, September 2016

Mead, S. T., and S. O’Neill, 2016. Aqualink Cable Burial: Monitoring Summary and Updated Fishing
Activity Assessment. Prepared for Vodafone NZ, September 2016

Mead, S. T., E. Atkin and S. O’'Neill, 2016. Coastal Processes and Design Studies for the First Landing
Marina Development. Prepared for Barstock Developments, September 2016.

Mead, S. T., 2016. Coastal Processes for Ranadi Plantation. Prepared for Ranadi Plantation, August
2016.

Mead, S. T., and S. O’'Neill, 2016. Coastal Processes Assessment for Scott Point Subdivision,
Hobsonville. Prepared for Chester Consultants, August 2016.

Mead, S. T., and S. O’Neill, 2016. Review of Coastal Processes and Revetment Options at Raumati
Beach. Prepared for Kapiti Coast District Council, August 2016.

Mead, S. T., and S. O'Neill, 2016. Wailoaloa Beach Remediation. Prepared for Wailoaloa Developments
Ltd, August 2016

Atkin, E., S. T. Mead, J. C. Borrero, D. J. Phillips and S. O’Neill, 2016. Development of the Castlecliff
Coastal Management Strategy. Prepared for Whanganui District Council, July 2016.

Mead, S. T., and S. O’Neill, 2016. Coastal Processes Assessment for Island Bay. Prepared for Urban
Solutions, July 2016.

Atkin, E., Mead, S. T., and S. O’Neill, 2016. Denis Island Coastal Processes Assessment. Report for
Denis Private Island Ltd, June 2016.

Mead, S. T., and E. Atkin, 2016. Coastal Processes Studies for Plantation Island Resort. Report for
Raffe Hotels and Resort, June 2016.

Mead, S. T., 2016. Coastal Processes and Design Studies for The Uprising Beach Resort. Report for
The Uprising Beach Resort, June 2016.

Mead, S. T., and D. J. Phillips, 2016. Lyall Bay, Wellington: Coastal Remediation. Prepared for
Wellington City Council, June 2016.

Mead, S. T., and E. Atkin, 2016. Coastal Processes and Design Studies for the Nawi Island Drydock.
Report for Nawi Island Ltd, May 2016.

Mead, S. T., 2016. Summary report for the Proposed Plantation Island Beach Front Development.
Prepared for Raffe Hotel and Resorts, April, 2016.

Mead, S. T., 2016. Cut and Fill Volumes for for the Proposed Plantation Island Beach Front
Development. Prepared for Raffe Hotel and Resorts, April, 2016.

Borrero, J. C., S. T. Mead, M. Clarke, R. Klaus and S. Persand, 2016. Coastal Adaptation Measures for
Riviere des Galets, Republic of Mauritius: Final Design Report. Prepared for the UNDP, April 2016.
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Mead, S. T., 2016. Coastal Processes Studies for the Redevelopment of Seashell Cove at Momi Bay.
Prepared for Pandey Hotel Momi Ltd, March 2016.

Mead, S. T., and S. O’Neill, 2016. Coastal Hazard Assessment at Namuka Bay. Prepared for Lyndhurst
Fiji Ltd, March 2016.

Mead, S. T., T. and Haggitt, 2016. Manukau Harbour and Firth of Thames Future Port Options.
Prepared for the Consensus Working Group (Auckland Council) within the Ernst and Young Consortium,
March 2016.

Mead, S. T., 2016. Assessment of the Proposed Nawi Island Welcome Jetty. Prepared for Nawi Island
Ltd, March 2016.

Mead, S. T., T. Haggitt and D. J. Phillips, 2016. Future Ports Study: Port of Auckland — Marine
Environmental Impacts and Implications. Prepared for the Consensus Working Group (Auckland Council)
within the Ernst and Young Consortium, February 2016.

Atkin, E., and S. T. Mead, 2016. Diver Survey of the 3.5 km Nearshore Stretch of the TGA Fibre Optic
Cable. Undertaken for MCC, February 2016.

Atkin, E., D. Greer, S. T. Mead, T. Haggitt and S. O’Neill, 2016. Hydrodynamic Modelling and Residence
Times of the Waikato West Coast: Fieldwork and Data Collection. Report prepared for Waikato Regional
Council, January 2016.

Mead, S. T., and E. Atkin, 2016. Coastal Processes and Design Studies for Tropica Island Resort.
Prepared for Tropcia Island Resort, Fiji, January 2016.

2015

Mead, S. T., and S. O’'Neill, 2015. Review of Coastal Processes Assessments at Paekakariki Beach.
Prepared for Kapiti Coast District Council, December 2015.

Mead, S. T., 2015. Review of the Palm Beach Shoreline Project. Prepared for Royal Haskoning
Australia, December 2015.

Mead, S. T., and S. O’'Neill, 2015. Coastal Hazard Assessment for Port Underwood Farm Subdivision.
Prepared for Underwood Farm Ltd, December 2015.

Mead, S. T., and T. Haggitt, 2015. Makara Estuary Monitoring: Post-Construction Phase Surveys, Spring
2015. Report prepared for Meridian Energy Ltd, November 2015.

Mead, S. T., D. Greer and E. Atkin, 2015. Coastal Processes and Design Studies for the Nawi Island
Development. Report prepared for Nawi Island Ltd, Fiji, October 2015.

Mead, S. T., 2015. Potential Surfing Amenity Impacts Due to the Proposed Wellington International
Airport Extension. Prepared for the Wellington Boardriders Association, October, 2015

Mead S. T., 2015. Assessment of Beach Stability — Ngarunui Beach. Report prepared for Vodafone New
Zealand, September 2015.

Mead, S. T., and D. Greer, 2015. Dam Water Aeration/Circulation Optimization — Lower Nihotupu Dam.
Prepared for Watercare Services Ltd, August 2015.

Mead, S. T., 2015. Vunabaka Beach Monitoring. Prepared for Vunabaka Island Fiji Ltd, August 2015
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Haggitt T. and S. T., Mead, 2015. Te Whanganui a Hei Marine Reserve Reef Fish Monitoring
Programme. Prepared for the Department of Conservation Waikato Conservancy, August 2015.

Mead, S. T., 2015. Naisoso Island Scope of Works and Drawings for Lots 50-51. Prepared for Naisoso
Island Body Corporate, July 2015.

Mead, S. T., and T. Haggitt, 2015. Makara Estuary Monitoring: Post-Construction Phase Surveys,
Autumn 2015. Report prepared for Meridian Energy Ltd, July 2015.

Mead, S. T., 2015. The State of the Beaches Before and After Construction of Two Coastal Erosion
Options for Eastern Tongatapu, Tonga. Report prepared for the Secretariat of Pacific Communities
(SPC), specifically the Global Climate Change Alliance: Pacific Small Island States (GCCA:PSIS), July
2015.

Mead, S. T., 2015. Progress Report 4 — Implementation of Coastal Protection Measures in Eastern
Tongatapu. Report prepared for the Secretariat of Pacific Communities (SPC), specifically the Global
Climate Change Alliance: Pacific Small Island States (GCCA:PSIS), July 2015.

Mead, S. T., and D. Greer, 2015. Extreme Wave Events at the Rena. Report prepared for Jacobs, July
2015.

Mead, S. T., and S. O’Neill, 2015. Aqualink Cable Burial: Assessment of Existing Information. Prepared
for Vodafone New Zealand, June 2015.

Mead, S. T., S. O'Neill, E. Atkin and H. Dennis, 2015. Physical and Biological Processes and Impacts:
The Tasman Global Access (TGA) Fibre-Optic Cable. Prepared for Vodafone New Zealand, June 2015.

Mead, S. T., 2015. Naisoso Island Beach Management. Prepared for Naisoso Island Body Corporate,
May 2015.

Mead, S. T., 2015. Technical Review of Middleton Beach Artificial Surfing Reef Feasibility Study.
Prepared for Royal Haskoning, May 2015

Mead, S. T., T. Haggitt, and H. Dennis, 2015. First Order Marine Ecological Assessment Te awa o
Whatapaka. Prepared for Ngati Tamaoho Trust, May 2015.

Mead, S. T., 2015. Technical Review of Lyall Bay Surfing Break Impacts due to the Wellington Airport
Extension. Prepared for SPS and WBR, May 2015.

Mead, S. T., 2015. Peer-Review of Design/Calculations and Long-Term Impact Assessment on the Surf
Break for the Proposed Manu Bay Boat Ramp Breakwater. Prepared for Bloxam Burnett & Olliver, April
2015.

Mead, S. T., 2015. Westin Groyne — Construction Environment Management Plan (CEMP). EIA
preparation for the Denarau Corporation Ltd, April 2015.

Borrero, J. C., S. T. Mead, M. Clarke, R. Klaus and S. Persand, 2015. Coastal Adaptation Measures for
Riviere des Galets, Republic of Mauritius: Options for Adaptation. Prepared for the UNDP, March 2015.

Borrero, J. C., S. T. Mead, M. Clarke, R. Klaus and S. Persand, 2015. Coastal Adaptation Measures for
Mon Choisy Beach, Republic of Mauritius: Options for Adaptation. Prepared for the UNDP, March 2015.

Borrero, J. C., S. T. Mead, M. Clarke, R. Klaus and S. Persand, 2015. Coastal Adaptation Measures for
Riviere des Galets, Republic of Mauritius: Detailed Technical Assessment. Prepared for the UNDP,
March 2015.
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Borrero, J. C., S. T. Mead, M. Clarke, R. Klaus and S. Persand, 2015. Coastal Adaptation Measures for
Mon Choisy Beach, Republic of Mauritius: Detailed Technical Assessment. Prepared for the UNDP,
March 2015.

Clarke, M., Borrero, J.C., Mead, S.T., Klaus, R. and Persand, S., 2015. An Economic Valuation and Cost
Benefit Analysis of Adaptation and Enhanced Ecosystem Resilience for Mon Choisy Beach. Prepared for
Ministry of Environment, Sustainable Development, Disaster and Beach Management, March 2015

Clarke, M., Borrero, J.C., Mead, S.T., Klaus, R. and Persand, S., 2015. Cost Benefit Analysis for
Adapting to Sea Level Rise: Protection or Managed Retreat in Riviere des Galets. Prepared for Ministry of
Environment, Sustainable Development, Disaster and Beach Management, March 2015

Mead, S. T., 2015. Progress Report 3 — Implementation of Coastal Protection Measures in Eastern
Tongatapu. Report prepared for the Secretariat of Pacific Communities (SPC), specifically the Global
Climate Change Alliance: Pacific Small Island States (GCCA:PSIS), February 2015.

2014

Mead, S. T., and E. Atkin, 2014. Field Data Collection for the Nawi Island Development. Report
prepared for Nawi Island Ltd, Fiji, December 2014.

Mead, S. T., 2014. Progress Report 2 — Implementation of Coastal Protection Measures in Eastern
Tongatapu. Report prepared for the Secretariat of Pacific Communities (SPC), specifically the Global
Climate Change Alliance: Pacific Small Island States (GCCA:PSIS), December 2014.

Mead, S. T., and E. Atkin, 2014. Baseline Coastal and Oceanographic Study for the Upgrade of the
Existing Savusavu Jetty. Report prepared for Fiji Roads Authority, December 2014

Atkin, E., M. Gunson and S. T. Mead, 2014. Regionally Significant Surf Breaks in the Greater Wellington
Region. Report prepared for the Greater Wellington Regional Council, December 2014.

Mead, S. T., and T. Haggitt, 2014. Makara Estuary Monitoring: Construction-Phase Surveys, Spring
2014. Report prepared for Meridian Energy Ltd, November 2014.

Mead, S. T., and T. Haggitt, 2014. Assessment of Waiwhakaiho Reef to Determine the Extent of the
Disturbance After the MV Lake Triview Came into Contact with the Reef. Prepared for P and | Ltd,
November 2014.

Mead, S. T., 2014. Progress Report 1 — Implementation of Coastal Protection Measures in Eastern
Tongatapu. Report prepared for the Secretariat of Pacific Communities (SPC), specifically the Global
Climate Change Alliance: Pacific Small Island States (GCCA:PSIS), October 2014.

Mead, S. T., 2014. South Sea Island Sea Wall — Pilot Study: Design and Costing. Prepared for South
Sea Island Cruises, October 2014

Mead, S. T., and E. Atkin, 2014. Wooli Coast-Cams Image Analysis (March 2013 — July 2014). Prepared
for CCPA Wooli Inc., September 2014.

Borrero, J. C., S. T. Mead, M. Clarke, R. Klaus and S. Persand, 2015. Coastal Adaptation Measures for
Mon Choisy Beach and Riviére des Galets, Republic of Mauritius: Options for Adaptation. Project
Inception Report. Prepared for the Mauritius Ministry of the Environment and Sustainable Development,
September 2014.
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Mead, S. T., and E. Atkin, 2014. Denarau Island Beach Management Assessment. Report prepared for
Denarau Corporation Limited, August 2014.

Mead, S. T., and E. Atkin, 2014. Pilotin Island (Vanuatu) Marina Design. Report prepared for Vincent
Robert Markus, August 2014.

Mead, S. T., 2014. Treasure Island Beach Erosion and Seaweed Mitigation. Prepared for Treasure
Island & Bounty Island Resorts, July 2014.

Mead, S. T., 2014. Jackett’s Island — Costing of Steps to Prevent Further Erosion of the Van Dyke
property. Expert Report prepared for the B and M Van Dyke Family Trust, High Court Hearing, July 2014.

Mead, S. T., and D. Greer, 2014. Preliminary Assessment Towards a Solution to Reduce Gravel Entering
Gate 18, Lake Pukaki. Report prepared for Meridian Energy Ltd, July 2014.

Mead, S. T., 2014. Coastal Impacts of the Proposed Tian Tian Tian Yuan Development. Report
prepared for SCoPE Pacific, July 2014.

Mead, S. T., 2014. Construction of Coastal Protection Works in Western Tongatapu. Tender documents
prepared for MLECCNR, June 2014.

Mead, S. T., 2014. Monitoring and Evaluation Plan for a Coastal Resilience Strategy for the Hihifo Coast,
Western Tongatapu, Tonga. Report prepared for MLECCNR, June 2014.

Mead, S. T., and T. Haggitt, 2014. Makara Estuary Data Collection: Construction-Phase Surveys,
Autumn 2014. Report prepared for Meridian Energy Ltd, June 2014.

Mead, S. T., and E. Atkin, 2014. Final Design for Coastal Protection at Hihifo, Northwest Tongatapu,
Tonga. Report prepared for MLECCNR, May 2014. Report prepared for MLECCNR, June 2014.

Haggitt, T., and S. T., Mead, 2014. Clyde Quay Boat Harbour Baseline Ecological Survey and
Assessment of Environmental Effects associated with the upgrade of Clyde Quay Boat Harbour. AEE
report prepared for OPUS, May 2014.

Mead, S. T., 2014. Review of Evidence with Regard to the Application for Resource Consent for a
Coastal Permit in Beatrix Bay. Expert opinion prepared for Commissioner Kenderdine, May 2014.

Mead, S. T., and E. Atkin, 2014. Draft Project Design for Coastal Protection at Hihifo, Northwest
Tongatapu, Tonga. Report prepared for MLECCNR, May 2014.

Mead, S. T., and E. Atkin, 2014. Review of Historical and Recent Studies Pertaining to Coastal Erosion
and Inundation of Hihifo, northwest Tongatapu, Tonga. Report prepared for MLECCNR, May 2014.

Mead, S. T., and T. Haggitt, 2014. Desktop Summary of Current Level of the Science and Understanding
of the Cumulative Ecological Impacts of Mussel Farms Ring-Fencing Coastlines such as Beatrix Bay,
Marlborough Sounds. Expert report prepared for PBC and KCSRA in relation to and Application for
Resource Consent — Coastal Permit — Beatrix Bay, Central Pelorus Sounds — U130797, May 2014

Mead, S. T., and D. Greer, 2014. Lodgement review of the application information in terms of the
information principles under section 61 of the EEZ Act. Prepared for the EPA in relation to CRP deepsea
phosphate extraction, May 2014.

Mead, S. T., 2014. Woja Causeway Project: Detailed Design and Monitoring Plan. Report prepared for
the Secretariat of Pacific Communities (SPC), specifically the Global Climate Change Alliance: Pacific
Small Island States (GCCA:PSIS), March 2014.
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Mead S. T., 2014. Manukau Coastal Reserve Walkway — Physical Impacts. AEE report prepared for
Frames Group, March 2014.

Mead S. T., 2014. Coastal Process Assessment — Baro Industrial Subdivision. Prepared for SCoPE,
March 2014.

Mead, S. T., and E. A. Atkin, 2014. Wairoa Dam Sediment Investigation. Prepared for Watercare
Services Ltd, February 2017.

Mead, S. T., J. C. Borrero, D. Greer and D. Phillips, 2014. Woja Causeway Project: Coastal Processes
and Feasibility Study. Report prepared for the Secretariat of Pacific Communities (SPC), specifically the
Global Climate Change Alliance: Pacific Small Island States (GCCA:PSIS), February 2014.

2013

Mead, S. T., and D. Phillips, 2013. Development of a Climate Change Resilience Strategy for Woja Atoll
Causeway, Republic of the Marshall Islands; Coastal Processes and Preliminary Design. Report
prepared for the Secretariat of Pacific Communities (SPC), specifically the Global Climate Change
Alliance: Pacific Small Island States (GCCA:PSIS), December 2013.

Mead, S. T., and D. Greer, 2013. Dam Water Aeration/Circulation Optimization — Mangatangi Dam.
Prepared for Watercare Services Ltd, December 2013.

Mead, S. T., 2013. Potential Effects of Trans-Tasman Resources Mining Operations on Surfing Breaks in
the Southern Taranaki Bight. Report prepared for NIWA, October 2013

Mead, S. T., and D. Greer, 2013. Dam Water Aeration/Circulation Optimization — Upper HuiaDam.
Prepared for Watercare Services Ltd, September 2013.

Mead, S. T., E. Atkin and D. Greer, 2013. Shangri la, the Fijian Resort and Spa — Coastal Engineering
Assessment. Report prepared for Shangri-Li Hotels and Resorts, August 2013

Greer, D., and S. T. Mead, 2013. Review of Sedimentation Processes in the Upper Mahurangi Estuary.
Prepared for Auckland Council, July 2013

Mead, S. T., W. Hiliau and D. Phillips, 2013. Monitoring and Evaluation Plan for Two Coastal Erosion
Options for Eastern Tongatapu, Tonga for Climate Change Resilience. Report prepared for the
Secretariat of Pacific Communities (SPC), specifically the Global Climate Change Alliance: Pacific Small
Island States (GCCA:PSIS), July 2013.

Mead, S. T., and T. Haggitt, 2013. Marine Growth and Corrosion on the Wire Cable Legs of the Raroa
FPSO. Report prepared for OMV NZ Ltd, June 2013

Mead, S. T., W. Hiliau and D. Phillips, 2013. Final Design of Two Coastal Erosion Options for Eastern
Tongatapu, Tonga for Climate Change Resilience. Report prepared for the Secretariat of Pacific
Communities (SPC), specifically the Global Climate Change Alliance: Pacific Small Island States
(GCCA:PSIS), June 2012.

Mead, S. T., W. Hiliau and D. Phillips, 2013. Review of Historical and Recent Studies Pertaining to
Erosion of Eastern Tongatapu, Tonga for Climate Change Resilience. Report prepared for the
Secretariat of Pacific Communities (SPC), specifically the Global Climate Change Alliance: Pacific Small
Island States (GCCA:PSIS), May 2012.
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Mead, S. T., and T. Haggitt, 2013. Makara Estuary Data Collection: Construction-Phase Surveys,
Autumn 2013. Report prepared for Meridian Energy Ltd, May 2013.

Mead, S. T., D. Greer, E. Atkin, and T. Haggitt, 2013. Puhoi-Warkworth Coastal Modelling and Field Data
Collection. Report prepared for the Further North Consortium, May 2013.

Mead, S. T., and D. Greer, 2013. Vinh Tan Power Plant Project, Vietnam — Dredge Plume Modelling.
Prepared for SKM, April 2013.

Atkin E., and S. T., Mead 2013. Mauritius Road Decongestion Programme EIA specialist Study: Coastal
Vulnerability Assessment. Prepared for CCA Environmental, April 2013.

Mead, S. T., E. Atkin, D. Greer and D. Phillips, 2013. Naisoso Island — Beach Management and Coastal
Engineering. Report prepared for Relcorp, April 2013.

Mead, S. T., and E. Atkin, 2013. Wooli Coast-Cams Image Analysis (March 2012 — March 2013).
Prepared for CCPA Wooli Inc., March 2013.

Mead, S. T., E. Atkin and T. Haggitt, 2013. Fieldwork Report for the Mahurangi and Puhoi Estuaries for
the Development of a Sediment Accumulation Model for the Highway of National Significance. Prepared
for the Far North Consortium, March 2013.

Mead, S. T., 2013. Vunabaka Bay Sand Resource Investigation. Prepared for Vunabaka Bay Fiji Ltd,
February 2013.

Mead, S. T., and E. A. Atkin, 2013. Wooli Beach Photogrammetry Analysis. Prepared for CCPA Wooli
Inc., February 2013.

Atkin, E., D. Greer and S. T. Mead, 2013. Analysis of Bathymetric Surveys, Wave Climate, Breaking
Patterns and Wave Driven Circulation at Whangamata Ebb Tidal Delta. Report prepared for Waikato
Regional Council, January 2013

2012

Mead, S. T., E. A. Atkin and D. Greer, 2012. Vunabaka Detailed Design — Coastal. Prepared for
Vunabaka Bay Fiji Ltd, December 2012.

Mead, S. T., D. Greer and E. A. Atkin, 2012. Dam Water Aeration/Circulation Optimization — Cossey’s
Dam. Prepared for Watercare Services Ltd, December 2012.

Mead, S. T., and T. Haggitt, 2012. Makara Estuary Baseline Data Collection: Spring 2012. Report
prepared for Meridian Energy Ltd, September 2012.

Mead, S. T., 2012. Review of Wave Modelling to Determine Impacts on Doolin Surf Breaks. Prepared for
Save the Waves, August 2012.

Mead, S. T., 2012. Wooli Coastal Camera — Rectification. Prepared for CCPA Wooli Inc., July 2012.

Haggqitt T. and S. T., Mead, 2012. Te Whanganui a Hei Marine Reserve Reef Fish Monitoring: Autumn
2012. Prepared for the Department of Conservation Waikato Conservancy, June 2012.

Mead, S. T., and T. Haggitt, 2012. Makara Estuary Baseline Data Collection: Autumn 2012. Report
prepared for Meridian Energy Ltd, May 2012.

Mead, S. T., 2012. New Zealand King Salmon Plan Change — Review of Benthic AEE. Prepared for the
Nelson Underwater Club, May 2012.
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Atkin and Mead, 2012. The impact of Otago Harbour spoil deposition on NZCSP 2010 protected surf
breaks: Aramoana (Spit Beach), Whareakeake Bay (Murderers) and Karitane Point. Prepared for the
Surfbreak Protection Society, April 2012.

2011

Mead, S. T., and E. Atkin, 2011. Preliminary Investigation of Options for Erosion Management at
Whitianga Beach. Prepared for Unitec Institute of Technology, November 2011.

Mead, S. T., and E. Atkin, 2011. Bathymetry Monitoring of Maori Bay, Auckland. Prepared for Unitec
Institute of Technology, November 2011.

Atkin, E., D. Greer and S. T. Mead, 2011. An Appraisal of Waitakere River Erosional Issues at the Te
Henga Surf Lifesaving Club and Preliminary Solutions. Prepared for the Auckland Council, October, 2011.

Mead, S. T., 2011. Environmental Impact Assessment of a Multi-Purpose Reef/Breakwater at Maqai Eco
Surf Resort, Qamea Island, Fiji. Prepared for ESV Ltd, October 2011.

Mead, S. T., D. Grant, A. Moores and K. Stokes, 2011. Old Bar Beach Stabilisation Investigation:
Feasibility Study. Prepared for the Old Bar Beach Replenishment Group Inc, September 2011.

Atkin, E., and S. T. Mead, 2011. Literature Review and a Preliminary Investigation of Offshore Focussing
Reefs. Prepared for Unitec Institute of Technology, August 2011.

Mead, S. T., A. Moores and E. Atkin, 2011. Pine Harbour Heavy Metal Investigation. Prepared for
Auckland Council, June 2011.

Mead S. T., D. Grant and J. Oldman, 2011. Mandurah Northern Beaches: SLR Stabilisation Options
Investigation. Prepared for the City of Mandurah, June, 2011.

Haggitt, T., and S. T., Mead, 2011. Benthic Sampling of Porirua Harbour: Part Il. For Boffa Miskall
Tauranga, April 2011.

Borrero, J. C., D. Grant and S. T. Mead, 2011. Oceanographic Analysis of Beran Island, Ailinglaplap Atoll
Republic of the Marshall Islands. Prepared for B. V. Resorts LLC, April 2011.

Mead, S. T., 2011. Wooli Beach Erosion: Moving Forwards. Report for the Coastal Communities
Protection Alliance-Wooli Inc., April 2011.

Mead, S. T., J. C. Borrero, D. Grant, L. Lebreton, and A. Moores, 2011. Design of a Submerged Reef for
Erosion Control at Oil Piers, Ventura County, California. U.S Army Corps of Engineers under the
ERDC/WES Broad Agency Announcement (BAA): National Shoreline Erosion Control Development and
Demonstration Program (Section 2038) Ventura County Demonstration Site, April 2011

Mead S. T., D. Greer, D. Grant and L. Lebreton, 2011. Four Seasons Resort, Langkawi, Malaysia: Beach
Stabilization Investigation. Prepared for the Four Seasons Hotels and Resorts, March, 2011.

Mead, S. T., 2011. Fletcher Cove Reef Conceptual Design, Solana Beach, California — Peer Review.
Prepared for the City of Solana Beach, January 2011.

Haggitt, T., and S. T., Mead, 2010. Benthic Sampling of Porirua Harbour: Part |. For Boffa Miskall
Tauranga, December 2010.

2010
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Mead, S. T., D. Greer, D. Grant, and L. Lebreton, 2010. Wailagilala Island Beach Sand Retention
Investigation. Report for Sean Howard, November 2010.

Mead, S. T., 2010. Coastal Hazard Assessment: Warrington Subdivision. Prepared for Richard Hatherly,
November 2010.

Oldman, J., A. Moores, Y. Cosotti, S. Mead, and D. Grant, 2010. Otara Lake Bathymetry and Sediment
Survey. Report prepared for Golders Associates, September, 2010.

Borrero, J. C., and S. T. Mead, 2010. Borth Reef: Surfing Assessment Study. Prepared for Ceredigion
County Council, August 2010

Mead, S. T., and A. Moores, 2010. Bathymetry Survey of Tauranga Harbour — July 2010. Report for URS
New Zealand Ltd, July 2010.

Oldman, J., L. Lebreton, D. Greer, S. Mead and J. Mathew, 2010. Numerical Modelling of Proposed Ship
Building Site Cuddalore, India. Report for GoodEarth Shipbuilding Private Limited (GSPL), July, 2010.

Grant, D., D. Greer, T. Haggitt and S. Mead, 2010. South Taranaki Bight Iron Sands Environmental
Baseline Study. Report for Trans-Tasman Resources Limited, June, 2010.

Haggitt T. and S. T., Mead, 2010. Te Whanganui a Hei Marine Reserve Reef Fish Monitoring: Autumn
2010. Prepared for the Department of Conservation Waikato Conservancy, June 2010.

Mead, S. T., and L. Lebreton, 2010. Review of Port Motueka ‘Sand-Deflection Groyne’ and Potential
Impacts on Jacketts Island and Motueka Spit. Prepared for the Van Dyke Family Trust, May, 2010

Mead, S. T, D. Grant and L. Lebreton, 2010. Scoping Study of the New Zealand West Coast Physical
Marine Environment. Prepared for Golders, March 2010.

Borrero, J. C., L. Lebreton, S. T. Mead, and J. Frazerhurst, 2010. Re-Imaging the Folkstone Shore.
Prepared for Trevor Minter, February 2010.

2009

Mead, S. T., T. Haggqitt and J. Frazerhurst, 2009. Marine Ecology Survey of Raglan footbridge —
December 2009. Report Prepared for Aurecon, December 2009.

Mead, S. T., and J. Frazerhurst, 2009. Bathymetry Survey of Tauranga Harbour — October 2009. Report
for URS New Zealand Ltd, October 2009.

Lebreton, L., and S. T. Mead, 2009. Dixon Island: Inshore Wave Climate and Storm Surge Sensitivity
Study. Report prepared for RPS Metocean Engineers, September 2009.

Mead S. T., J. C. Borrero and S. Harrison, 2009. Design and Assessment of Physical Effects of Multi-
Purpose Reefs for Beach Sand Retention at Orewa Beach. Orewa Beach Reef Charitable Trust/Rodney
District Council, August, 2009.

Borrero, J. C., and S. T. Mead, 2009. La Roche Percée: Optimized Design of a Multi-Purpose Erosion
Control Structure. Prepared for Capse Nord, July 2009.

Mead, S. T., and S. Harrison, 2009. 2DBeach Modelling — Orewa. Report Prepared for Orewa Beach
Reef Charitable Trust, July 2009.

Frazerhurst, J., S. Mead and S. Harrison, 2009. Tidal and Wave Energy Study — Victoria. Report
Prepared for SKM Melbourne, July 2009
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Oldman, J., S. Harrison and S. T. Mead, 2009. Whitianga Outfall — Viral Fate Modelling. Report prepared
for Environment Waikato, June 2009.

Mead, S. T., J. Oldman and S. Harrison, 2009. Maraetai Beach Modelling Investigation. Prepared for
Manukau City Council, June, 2009.

Haggitt T. and S. T., Mead, 2009. Te Whanganui-a-Hei Marine Reserve Benthic and Lobster Monitoring
Programme: May-June 2009 Survey. Prepared for the Department of Conservation Waikato
Conservancy, June 2009

Borrero, J. C., S. T. Mead and S. Harrison, 2009. Uitoé Bay, New Caledonia: Field Data Collection and
Hydrodynamic Analysis of Proposed Channel Configurations. Prepared for Capse Nord, May 2009

Borrero, J. C., L. Lebreton, J. Oldman and S. T. Mead, 2009. La Roche Percée: Hydrodynamic Analysis
of the Littoral Environment. Prepared for Capse Nord, January 2009.

2008

Mead, S. T., and Frazerhurst, 2008. Bathymetry Survey of Tauranga Harbour — December 2008. Report
for URS New Zealand Ltd, December 2008.

Black, K. P., .S. T. Mead, J. C. Borrero and J. Frazerhurst, 2008. Development of a Clean Sandy Beach
and Marine Infrastructure for Cornish Bay Resort, Mauritius. Report prepared for Arup Sigma, October
2008.

Mead S. T., C. Boserrelle, K. Black and D. Anderson. Mossel Bay Currents and Fish Farm Dispersal
Study. Prepared for CCA Environmental (Pty) Ltd, September, 2008

Mead, S. T., and J. C. Borrero, 2008. Bathymetry Survey of Tauranga Harbour. Report for URS New
Zealand Ltd, August 2008.

Mead S.T., 2008. Waitahanui Protection Works Modifications. Prepared for Mighty River Power, July
2008.

Haggitt, T., and S. T. Mead, 2008. Cape Rodney to Okakari Point Marine Reserve and Tawharanui
Marine Park Reef Fish Monitoring: Autumn 2008. Prepared for the Department of Conservation, June
2008.

Mead, S. T., A. Bou and J. Frazerhurst, 2008. Coastal Process Assessment at Keith Park to Greers
Road. Prepared for Harrison and Greirson, June 2008.

Haggitt, T., and S. T. Mead, 2008. Great Barrier Island (Aotea) Benthic Monitoring Programme: May 2008
Survey. Prepared for the Department of Conservation, May 2008

Haggitt, T., S. T. Mead and S. Green, 2008. Classification of the Bay of Plenty coastal environment into
MPA habitat classes. Prepared for the Department of Conservation, May 2008.

Haggitt T., D. Riddell S. T. Mead, 2008 Quantitative Assessment of Rocky Habitat Ecology at Opotoru
Causeway. Prepared For C & M Planning, May 2008

Borrero, J. C., S. T. Mead, K. P. Black and C. Bosserelle, 2008. Matakana Island Numerical Modelling.
Prepared for the Pritchard Group, April 2008.

Mead, S. T. and T. Haggitt, 2008. Matakana Island Ecological Impact Assessment. Prepared for the
Pritchard Group, April 2008
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Mead S. T., C. Bosserelle, A. Bou, J. Frazerhurst and J. C. Borrero, 2008. Hydrodynamic Modelling of the
Opotoru Causeway, Raglan, New Zealand. Prepared For C & M Planning, April 2008

Mead, S. T., K. P. Black, J. C. Borrero, C. Bosserelle and A. Bou, 2008. Design and Assessment of
Physical Effects of Multi-Purpose Reef for Beach Sand Retention at Orewa Beach. Prepared for the
OBRT and RDC, March 2008.

Mead, S. T. and T. Haggitt, 2008. Assessment of Ecological Effects of Multi-Purpose Reef for Beach
Sand Retention at Orewa Beach. Prepared for the OBRT and RDC, March 2008.

Mead, S. T., A. Bou and C. Bosserelle, 2008. Coastal Hazards Assessment at Waihau Bay. Report
prepared for lan Penny, March 2008

Mead, S. T., K. P. Black, J. Frazerhurst and T. Haggitt, 2008. Likuri (Robinson Crusoe) Island Coastal
Process and Ecological Investigations. Report prepared for Daniel Defoe Ltd, February 2008.

2007

Mead, S.T., 2007. Expert Review of Technical Reports Pertaining to Resource Consent Application for
Whaanga Road, Raglan. Prepared for Waikato District Council/Tompkins Wake, November 2007.

Mead, S. T., T. Haggitt, D. J. Phillips, 2007. Identification of Regionally Significant Marine Receiving
Environments in the Auckland Region. Prepared for Auckland Regional Council, November 2007.

Black, K.P., Mead, S.T. and Moores, A.E, 2007. Surf Pools Wave Generator Slot Investigations.
Commissioned Research Reports (Surf Parks, USA) Year Published: 2007

Mead, S. T., and A. Bou, 2007. Coastal Hazard Assessment for 10 Beach Road, Waihi Beach. Prepared
for Connell Wagner Ltd, November 2007.

Haggitt, T., S. Mead and M. Bellingham, 2007. Review of environmental information on the Kaipara
Harbour marine environment. Prepared for Auckland Regional Council, August 2007.

Black, K.P., Mead, S.T. Moores, A.E. and Bowlus D., 2007. Orlando Training Pool Wave Testing and
Measurements. Commissioned Research Reports (Surf Parks, USA) Year Published: July 2007

S. T. Mead and D. Greer, 2007. Extreme Water Elevations in Raglan Harbour C & M Planning, May 2007

Mead, S.T., Black, K.P., Harrison, S.R., Bosserelle, C.D. and Frazerhurst, J. (2007). Kaipara Harbour
Numerical Model: Calibration, Tidal Range Simulation and Residual Currents. Technical report for CREST
Energy Ltd., No. 2007-3746. February, 2007.

2006

Black, K.P. Mead, S.T., Moores, A.E. and Bowlus, D, 2006. Orlando Training Pool Wave Testing and
Measurements. Commissioned Research Reports (Surf Parks, USA) Year Published: 2007

Mead, S. T., J. C. Borrero, K. P. Black and J. Frazerhurst, 2006. Multi-Purpose Reefs at Wells Estate
Beach: Feasibility Study. Report Prepared for AfriCoast Engineers, November 2006.

Mead, S. T., K. P. Black and D. Anderson, 2006. Kromme Estuary Sand Extraction: Hydrodynamic
Modelling. Prepared for the St Francis Bay Beach Reef Trust, October 2006.
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Mead, S. T., G. Prasetya, K. P. Black, D. Greer and S. Harrison, 2006. Statistical Analysis of Wave Data
in Poverty Bay and Systematic Modelling Exercise. Report prepared for TT Club, c/- Langley Twigg
Lawyers,September 2006.

Black, K. P., T. Haggitt, S. T. Mead, P. Longdill, G. Prasetya and C. Bosserelle, 2006. Bay of Plenty
Primary Production Modelling: Climate Impacts on Productivity. Report prepared for Bay of Plenty
Regional Council, September 2006.

Haggitt T. and S. T., Mead, 2006. Audit of Long Bay Monitoring Programme. Prepared for Auckland
Regional Council, September 2006.

Borrero, J. C., S. T. Mead, K. P. Black and J. Frazerhurst, 2006. Multi-Purpose Reefs at Pollok Beach:
Feasibility Study. Report Prepared for AfriCoast Engineers, September 2006.

Haggitt T. and S. T., Mead, 2006. Te Whanganui-a-Hei Marine Reserve Biological Monitoring
Programme: May-June 2006 Survey. Prepared for the Department of Conservation, Waikato
Conservancy, August 2006.

Longdill, P.C., Black, K.P., Haggitt, T. and Mead, S. T., 2006. Primary Production Modelling, and
Assessment of Large Scale Impacts of Aquaculture Management Areas on the Productivity within the Bay
of Plenty. Report for Environment Bay of Plenty, July 2006.

Borrero, J. C., S. T. Mead, K. P. Black and J. Frazerhurst, 2006. Feasibility and Design Study for a Multi-
Purpose Reef in Long Branch, New Jersey. Report Prepared for Surfers’ Environmental Alliance and the
State of New Jersey Department of Environmental Protection, July 2006

Haggitt T. and S. T., Mead, 2006. Cape Rodney to Okakari Point Lobster Monitoring Programme: May
2006 Survey. Prepared for the Department of Conservation, Warkworth Area Office, June 2006.

Mead, S. T., Black, K. P., J. C. Borrero, J. Frazerhurst, D. Anderson, D. J. Phillips and M. Kramer, 2006.
St Francis Bay Beach Project: Feasibility Study. Prepared for the St Francis Bay Beach Reef Trust, May
2006.

Mead, S. T., 2006. Raglan Extreme Events. Prepared for Waikato District Council, May 2006

Mead, S. T., 2006. The Esperance Foreshore — Assessment of the Current Situation. Report to
Recherche Advisory Group, Esperance, Western Australia, March 2006.

Mead, S. T., T. Haggitt and J. Frazerhurst, 2006. Pre-Dredging Assessment: Ecological Component.
Prepared for Kaipara Ltd, Beachlands, New Zealand, March 2006.

Mead, S. T., K. P. Black, J. Frazerhurst, T. Haggitt and A. Moores, 2006. Kaipara Tidal Energy
Preliminary Field Data Report. Report Prepared for Crest Energy Ltd, March 2006.

Mead, S. T., and D. J. Phillips, 2006. Henderson-Otahuhu A Transmission Line Tower Refurbishment:
Monitoring Report. Report prepared for Transpower New Zealand Ltd, February 2006.

de Vries, S., and S. T. Mead, 2005. Raglan Extreme Event. Report prepared for Coastal Systems,
December 2006.

2005

Black, K.P., Mead, S.T., Moores, A.E. and Frazerhurst, J., 2005. Summary of Research and Development
Undertaken on the Orlando Learners Pool. Commissioned Research Reports (Surf Parks, USA) Year
Published: 2005

39



@ <Coast

www.ecoast.co.nz

Black, K.P., Mead, S.T. and Moores, A.E, 2005. Strain Tests on the Versareef Triangles. Commissioned
Research Reports (Surf Parks, USA) Year Published: 2005

Black, K.P., Mead, S.T. and Moores, A.E., 2005. Surf Pools Ltd Research and Development.
Commissioned Research Reports (Surf Parks, USA) Year Published: 2005

Black, K. P., S. T. Mead, and A. Moores, 2005. HydroVersareef Testing for the Orlando Wave Pool.
Report prepared for Surfparks LLC, November 2005.

Mead, S. T., T. Haggitt, J. Frazerhurst, and A. Frederic, 2005. East Island Marine Survey. Prepared for
East Coast Conservancy, Department of Conservation, October, 2005.

Black, K. P., S. T. Mead, A. Moores, and J. Frazerhurst, 2005. Research and Development: Orlando
Training Pool. Report prepared for Surfparks LLC, September 2005.

Black, K. P., S. T. Mead, and A. Moores, 2005. Offshore Coastal Protection Using Multi-Purpose Reefs at
Barcelona. Prepared for Associacio Catalana de Surf, September 2005.

Mead, S. T., D. J. Phillips, K. P. Black and J. Frazerhurst, 2005. Bay View Beach Nourishment Plan.
Prepared for Fore World Developments Ltd, August 2005.

Black, K. P., and S. T. Mead, 2005. Bay View Coastal Hazard Zoning. Confidential Report for Fore World
Developments Ltd, August 2005.

Mead, S. T., J. Govier and J. Frazerhurst, 2005. Patea Traps Marine Survey: Bathymetry and Remote-
Video Surveys. Interactive DVD prepared for the Wanganui Conservancy, Department of Conservation,
August, 2005.

Mead, S. T., T. Haggitt and B. Beamsley, 2005. Soft-Sediment Biota in the Taranaki Iron Sand
Exploration Areas. Report and interactive DVD prepared for Taranaki Regional Council, July 2005.

Mead, S. T., 2005. Barge Operation Limitations within Ohau Bay. Prepared for Meridian Energy, July
2005.

Mead, S. T., K. P. Black, D. Johnson and A. Moores, 2005. Physical Process Investigation and
Breakwater Design for Ohau Bay, Wellington: Numerical modelling, Wave Climate Hindcasting and
Physical Impact Assessment. Prepared for Meridian Energy, July 2005.

Black, K. P., S. T. Mead and L. Harris, 2005. Mount Maunganui Reef Construction Methods. Report for
the Mount Reef Trust, June 2005.

Mead, S.T., Longdill, P.C., Moores, A., Beamsly, B., and Black, K.P., 2005. Bay of Plenty Biological
Survey: Aquaculture Management Areas. Report for Environment Bay of Plenty, ASR Ltd, 35p. June
2005.

McComb, P., S. T. Mead and J. Lefeuvre, 2005. Oakura Beach: An investigation of the shoreline erosion
along the western beach. Prepared for New Plymouth District Council, May 2005.

Mead, S. T., A. Moores and T. Haggitt, 2005. Assessment of Marine Ecological Effects of the
Construction of an Access Berthing Structure at Ohau Bay, Wellington. Prepared for Meridian Energy,
May 2005.

Mead, S. T., P. Longdill and K. P. Black, 2005. Bay of Plenty Biological Survey: Aquaculture Management
Area. Prepared for Environment Bay of Plenty, April 2005
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S. T. Mead and P. McComb, 2005. Assessment of the Effect of Seismic Operations on Breeding of
Dominant Marine Fauna and Flora in Southern Taranaki: Kauri/Rimu 2D transitional seismic survey.
Prepared for Swift Energy New Zealand, April 2005

McComb, P., P. Atkinson, S. T. Mead and J. Lefeuvre, 2005. Urenui Beach: A review of coastal
management and an assessment of options. Prepared for New Plymouth District Council, March 2005.

Longdill, P.C., Black, K.P., Healy, T.R., Mead, S.T., and Beamsly, B., 2005. Bay of Plenty Sediment
Characteristics: Aquaculture Management Areas. Report for Environment Bay of Plenty, ASR Ltd and the
University of Waikato. 59p. March 2005.

S. T. Mead, J. Govier and P. McComb, 2005. Maui FPSO Decommissioning - A review of the options for
creating an artificial reef with the Whakaaropai mooring components. Prepared for Shell Todd Oil
Services Ltd, February 2005

Johnson, D., K. P. Black and S. T. Mead, 2005. Nearshore Wave Conditions — Detailed Study with
Physical Modelling. Prepared for Woodside Energy Ltd, February 2005.

Black, K. P., and S. T. Mead, 2005. Darwin Surfing Pool Design: Numerical Modelling (Stage 1).
Prepared for ABN AMRO, January 2005

Black, K. P., S. T. Mead and C. Blenkinsopp, 2005. Desk Study of Alternative Coastal Defence Options:
Sandbanks, Poole. Prepared for HR Wallingford on behalf of Poole Borough Council, January 2005.

2004
Mead, S. T., J. Mathew, D. Phillips and T. Haggitt, 2004. Henderson-Otahuhu A Transmission Line Tower

Refurbishment — Assessment of Environmental Effects. Report prepared for Transpower (NZ) Ltd,
December 2004

Mead, S. T., and A. Moores, 2004. Estuary Sedimentation: A Review of Estuarine Sedimentation in the
Waikato Region. Report prepared for Environment Waikato, December 2004.

Thomas, L., Black, K. and Mead, S. 2004. Breaking wave characteristics in the ASR physical wave tank.
ASR Research Report. ASR Ltd, PO Box 67, Raglan, New Zealand. 70 pp.

Haggitt, T., and S. T. Mead and P. McComb, 2004. Assessment of the effect of seismic operations on
breeding of dominant marine fauna and flora in northern Taranaki. Report prepared for Shell Todd Oil
Services, November 2004

Haggitt, T., and S. T. Mead, 2004. Northland Aquaculture Management Area (AMA) study: Literature
review and Field Studies of: Environmental impacts of aquaculture and biological information within
proposed Northland Aquaculture Management Areas. Report prepared for the Northland Regional
Council, August 2004.

Black, K. P., C. Blenkinsopp, B. Beamsley, D. Johnson, S. T. Mead and J. Mathew, 2004. Boscombe
Surfing Reef Detailed Design: Field Data and Initial Design Report. Report prepared for Bournemouth
Borough Council, August 2004

Mead, S. T., and P. McComb, 2004. Overview of the Existing Marine and Coastal Processes, and the
Marine and Benthic Flora and Fauna in the Vicinity of the Kupe Development Project. Prepared for Origin
Energy, July 2004.
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Mead, S. T., and K. P. Black, 2004. Sea Turtles of Costa Rica - An Overview. Report prepared for Derek
Ferguson (Rio Oro Coastal Environmental Development), July 2004.

Haggitt, T., Mead, S. T., P. McComb and E. Crofskey, 2004. Assessment of Subtidal Communities and
Dominant Species in the Vicinity of the Kupe Development Project. Prepared for Origin Energy, July
2004.

McComb, P., S. T. Mead and B. Beamsley, 2004. Summary of the Existing Oceanographic Environment
in the Vicinity of the Kupe Development Project. Prepared for Origin Energy, July 2004

Mead, S. T., P. McComb, E. Crofskey and T. Haggitt, 2004. Assessment of the Existing Intertidal Marine
Ecology and Usage in the Vicinity of the Kupe Development Project. Prepared for Origin Energy, July
2004.

Mead, S. T., P. McComb and E. Crofskey, 2004. Assessment of Marine Mammals, Fisheries and Other
Potential

Usage in the Vicinity of the Kupe Development Project. Prepared for Origin Energy, July 2004.

Mead, S. T., and B. Scarfe, 2004. Assessment of Physical Effects of the Construction of a Jetty at
Oteranga Bay, Wellington. Prepared for Meridian Energy Ltd, July 2004

Mead, S. T., 2004. Nanuku Surfing Reef: Feasibility Study for a Surfing Reef at Nanuku Island, Fiji.
Prepared for R. Hatherly, June 2004.

Mead, S. T., and T. Haggitt, 2004. Assessment of Marine Ecological Effects of the Construction of an
Access Berthing Structure at Oteranga Bay, Wellington. Prepared for Meridian Energy (Project West
Wind), May 2004.

Mead, S. T., K. P. Black and B. Scarfe, 2004. Review of the Palm Beach Protection Strategy. Prepared
for Save Our Surf Incorporated, May 2004.

Mead, S. T., P. J. McComb, K. P. Black, K. Hooper, 2004. New Plymouth Beach Reef Scoping Study.
Prepared for New Plymouth District Council, May 2004.

Mead, S. T., P. J. McComb, E. Crofskey and T. Haggitt, 2004. Potential for Marine Growth on Structures
at Maari for Design Purposes. Report prepared for OMV New Zealand Ltd, May 2004.

Mead, S. T., K. P. Black, B. Scarfe, C. Blenkinsopp, B. Beamsley and J. Frazerhurst, 2004. Orewa Beach
Reef — Feasibility Study for a Multi-Purpose Reef at Orewa Beach, Hibiscus Coast, Auckland, New
Zealand. Report prepared for Rodney District Council and the Orewa Beach Reef Charitable Trust, April
2004.

Mead, S. T., and T. Haggitt, 2004. Assessment of Ecological Effects of the Construction of a Jetty at
Oteranga Bay,Wellington. Prepared for Meridian Energy Ltd, April 2004

McComb, P, and S. T. Mead, 2004. A proposed Pipeline Route from Marsden Point to East Auckland -
Environmental Summary for Scoping. Report prepared for Kellogg Brown and Root, March 2004.

Black. K. P., S. T. Mead, P. McComb B. Scarfe, and B. Beamsley, 2004. Studies for Resource Consent:
Opunake Surfing Reef. Detailed Design and Physical and Biological Impact Studies needed to obtain
Resource Consents for the Artificial Surf Reef at Opunake, Taranaki, New Zealand. Report prepared for
the South Taranaki District Council and the Opunake Artificial Reef Committee
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Mead, S. T., and D. J. Phillips, 2004. Review of Technical Reports (Ecological and Sediment Control) for
the Proposed Redvale Lime-Quarry in Silverdale. Report prepared for Wainui Environmental Protection
Society (Inc.), February 2004.

Mead, S. T., S. Blackmore, J. Frazerhurst and B. Scarfe, 2004. Kairakau Marine Survey: Bathymetry and
Seabed Surveys of the Kairakau Sub-Tidal Area. Report and Interactive CD’s prepared for Department of
Conservation, Hawke’s Bay Conservatory, February 2004

Mead, S. T., K. P. Black, B. Scarfe, L. Harris, J. Sample and C. Blenkinsopp, 2004. Oil Piers Reef: Phase
Il — Detailed Design and Environmental Impact Assessment. Report prepared for the US Army Corp of
Engineers, January, 2004.

2003

Mead, S. T., K. P. Black, B. Scarfe, and C. Blenkinsopp, 2003. Feasibility and Preliminary Design Study
for an Artificial Surfing Reef at Mahomet’s Beach, Geraldton, Western Australia. Report prepared for
Geraldton Boardriders Club (Inc.), December, 2003

Black, K. P., C. Blenkinsopp, S. T. Mead, D. Weight and B. Gerrish, 2003. Borth Multi-Purpose reef for
Coastal Protection and Amenity. Report prepared for Posford Haskoning Ltd,. December 2003.

Mead, S. T., B. Scarfe, and J. Frazerhurst, 2003. Gisborne Marine Survey. Report and Interactive CD’s
prepared for Department of Conservation, Hawke’s Bay Conservatory, November 2003.

Mead, S. T., B. Beamsley and T. Haggitt, 2003. Pre-Dredging Assessment: Ecological Component.
Prepared for Kaipara Excavators Ltd, Manukau City, New Zealand, September 2003.

McComb, P. and S. T. Mead, 2003. Baseline Data on the Benthic Environment and Water Colulm
Properties in the Maari Field, Western Cook Strait, NZ. Report prepared for OMV New Zealand Ltd,
August 2003.

Mead, S. T. and B. Scarfe, 2003. Omanu Surf Lifesaving Club Redevelopment: Coastal Hazard
Assessment. Report prepared for Tauranga District Council, August 2003

Mead, S. T., K. B. Scarfe, C. Blenkinsopp and J. Frazerhurst, 2003. Cape Runaway Marine Survey.
Report and Interactive CD’s prepared for Department of Conservation, Hawke’s Bay Conservatory, May
2003.

Mead, S. T., K. P. Black, B. Scarfe, C. Blenkinsopp and L. Harris, 2003. Oil Piers Reef: Section 227:
National Shoreline Erosion Control Development and Demonstration Program — Ventura County
California Demonstration Site. Report prepared for the US Army Corp of Engineers, May 2003.

Black, K. P., P. McComb and S. T. Mead, 2003. Pohokura F.E.E.D.: Environmental Impact Study on the
Disposal of PPS Waste Water. Prepared for Shell Todd Oil Services, April 2003.

de Graaff R. F., P. L. A. Erftemeijer, and S. T. Mead, 2003. Artificial Reefs Project Bahrain: Tasks 5-7.
Prepared for Ministry of Works and Housing Special Projects Department, Kingdom of Bahrain, April,
2003.

Mead, S. T., K. P. Black, C. Blenkinsopp and L. Harris, 2003. 63rd Street Reef: Section 227: National
Shoreline Erosion Control Development and Demonstration Program — Miami Beach Florida
Demonstration Site. Reportprepared for the US Army Corp of Engineers, April 2003.
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Mead, S. T., K. P. Black, C. Blenkinsopp and P. McComb, 2003. Lyall Bay Surfing Reef: Reef Design and
Physical Processes. Prepared for the Lyall Bay Reef Charitable Trust, March 2003.

Frazerhurst, J., and S. T. Mead, 2003. Determination of Optimum Wave Power Sites in New Zealand by
Analysis of the: Coastline, Continental Shelf and Wave Climate. Prepared for WaveGen, Scotland, March
2003.

Erftemeijer, P. L. A., R. F. de Graaff and S. T. Mead, 2003. Artificial Reefs Project Bahrain: Tasks 1-4.
Prepared for Ministry of Works and Housing Special Projects Department, Kingdom of Bahrain, February,
2003.

2002

ASR, 2002. Aquaculture Development and Training: Ekas Bay, Lombok, Indonesian — Second Progress
Report. Report prepared for the Ministry of Foreign Affairs and Trade, November 2002.

Mead, S. T, 2002. Assessment of Ecological Effects of a Surfing Reef at Lyall Bay. Prepared for the Lyall
Bay Reef Charitable Trust, September 2002.

Black, K. P., B. Beamsley, J. Mathew, C. Blenkinsopp, S. T. Mead, D. Phillips and T. Healy, 2002. Port
Gisborne Expansion: Outline Design Study. Report prepared for Port of Gisborne Ltd, August 2002.

Mead, S. T., and P. McComb, 2002c. Design Marine Growth Profile for the Pohokura Platforms. Report to
Shell Todd Qil Services Ltd, August 2002.

Mead, S. T., P. McComb and M. Wagstaff, 2002. Ecological Assessment of the Nearshore Pohokura
Pipeline Route. Report to Shell Todd Oil Services Ltd, July 2002.

Mead, S. T., 2002. Ecological Survey of Beatrix Bay, Marlborough Sounds. Report prepared for the
Marlborough Sounds Trust, July, 2002.

Mead, S. T., D. J. Phillips and K. P. Black, 2002. An Assessment of Aquaculture Potential for Southern
Poverty Bay. Report prepared for Port of Gisborne Ltd, June 2002.

Black, K. P., S. T. Mead, P. McComb, J. Mathew and C. Blenkinsopp, 2002. Developing a Surfing Reef at
Newquay Bay: Feasibility Study. Report to Newquay Atrtificial Reef Association, May 2002

Mead, S. T., K. P. Black, C. Blenkinsopp, P. McComb and D. Todd, 2002. Concept and Feasibility Study
for New Brighton Recreational Reef Stage 2: Preliminary Modelling Assessment. Report to the
Christchurch City Council, April 2002.

Mead, S. T., and P. McComb, 2002b. The Marine Ecology of the Motunui Coast: Subtidal Studies. Report
to Shell Todd Oil Services Ltd, April 2002.

Mead, S. T., 2002. Review of Ucluelet Peninsula Artificial Surfing Reef Prefeasibility Study. Economic
Development Commission, Alberni-Clayquat Regional District, Port Alberni, B. C., March 2002

Mead, S. T., K. P. Black, C. Blenkinsopp, P. McComb and D. Todd, 2002. Concept and Feasibility Study
for New Brighton Recreational Reef Stage 1:Data Review and Preparation. Report to the Christchurch
City Council, February 2002.

Mead, S. T., and P. McComb, 2002a. The Marine Ecology of the Motunui Coast: Intertidal Studies.
Report to Shell Todd Oil Services Ltd, February 2002.
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2001

Black, K.P. and S. T. Mead, 2002. Review of Dune Contouring Criteria For Christchurch Beaches. Report
to the Christchurch City Council, December 2001.

Mead, S. T., and P. McComb, 2001. Issues and Options Report: Assessment of a Long-Term Solution to
Erosion Control at St Clair Beach, Dunedin. Report to the Dunedin City Council, November 2001

Mead, S. T., K. P. Black and McComb, 2001. Westshore Coastal Process Investigation. Report for Napier
City Council, September 2001.

Mead S. T., and K. P. Black, 2001. Design and Approvals for an Artificial Reef for Protection of Noosa
Main Beach: Surfing Aspects. Final report for Noosa Council and ICM Ltd, July 2001.

Black, K. P., S. T. Mead and J. Mathew, 2001. Design and Approvals for an Artificial Reef for Protection
of Noosa Main Beach: Detailed Investigations and Modelling. Final report for Noosa Council and ICM Ltd,
June 2001.

McComb, P. J., K. P. Black, S. T. Mead and J. A. Hutt, 2001. Opunake Bay Surfing Reef Feasibility
Study. Report for the South Taranaki District Council, April 2001.

Mead, S. T., K. P. Black and A. Longmore, 2001. The Sustainability of Marine Farming in Beatrix Bay,
Marlborough Sounds. For the Marlborough Sounds Trust, March 2001.

Mead, S. T., 2001. Biological Impacts and Recovery Time of the Seabed Due to Dredging and Trawling.
For Kaipara Ltd, February 2001.

Mead, S. T., K. P. Black and P. McComb, 2001. Lyall Bay Surfing Reef Feasibility Study. For the Lyall
Bay Surfing Reef Charitable Trust, Wellington, January 2001.

2000

Mead, S. T., 2000. The Bathymetry of Titahi Bay. Report prepared for Telstra Saturn Wellington,
November 2000.

McComb, P., B. Beamsley and S. T. Mead, 2000. Telstra Saturn Aqualink Project: An Evaluation of the
Route Survey Data and Fishing Activities. Report prepared for Telstra Saturn Wellington, August 2000.

Black, K. P., S. T. Mead and A. Jackson, 2000. Beach amenity options and coastal protection at
Bournemouth. For Leisure & Tourism Services, Bournemouth Borough Council, May 2000.

Mathew, J, K.P. Black, S. T. Mead and B. Beamsley, 2000. Lake Surveys and Volume Predictions.
Report and Software for Watercare, May, 2000.

Mead, S. T. and K. P. Black, 2000. Current and Wave Data. Report 2: Hahei. Prepared for InTandem
Marine Enhancement Ltd, April 2000.

Mead, S. T. and K. P. Black, 2000. Current and Wave Data. Report 1: Hahei. Prepared for InTandem
Marine Enhancement Ltd, March 2000.

McComb, P., S. T. Mead and J. Mathew, 2000. A Review of the Sedimentary and Oceanographic
Conditions at Pohokura. Prepared for Transfield Worley Ltd, January 2000.

Jackson, A,, K. P. Black, R. Tomlinson, S. T. Mead, J. Mathew, J. A. Hutt, D. Skelly & G. Prestedge,
1999. Recommendations for Noosa Main Beach Restoration and Protection. Report for Noosa Council,
August, 1999.
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S. T. Mead and D. J, Phillips, 1999. Mahai Paua Farm: Description of Site Ecology. Report prepared for
Environmental Management Services Ltd., May 1999.

S. T. Mead, 1999. Whakatane Marina Ecological Assessment. Report prepared for Robinson
Earthmovers Ltd, April, 1999.

Black, K.P., Mead, S., McComb, P., Jackson, A. and Armstrong, K., 1999. New Plymouth City Foreshore
Redevelopment: Reef and Beach Feasibility Study. Prepared by the Centre of Excellence in Coastal
Oceanography and Marine Geology, for the New Plymouth District Council, March 1999. 59pp + figs &
Appendices.

Black K. P. and S. T. Mead, 1999. Penrith Panthers Leagues Club Wave Pool Complex Summary Report,
Phase 1: Design of the wave pool layout and connections to the continuous river. Report for Extreme
Sportsparks (ESP) Pty Ltd, February, 1999.

Mead, S. T., 1998. Navy Stormwater Investigation: Ecological Assessment. Report prepared for Opus
International Consultants, December, 1998.

Mead, S. T., & D J. Phillips, 1998. Kingsway School Stream Ecological Assessment. Report prepared for
Auckland Regional Council on behalf of Airey Consultants Ltd. December, 1999.

Black, K. P., S. T. Mead & J. A. Hutt, 1998. Takapuna Boat Ramp: Surfing Impact Assessment and Reef
Feasibility Study. Report for North Shore City Council, October, 1998.

Mead, S. T., K. P. Black & J. A. Hutt, 1998. An Artificial Reef at Tay Street - Mount Maunganui, Report 1:
Reef Design and Physical and Biological Processes. Joint report, Department of Earth Sciences,
University of Waikato and NIWA, July, 1998.

Mead, S. T., & D J. Phillips, 1998. Waitakere Dam Plunge Pool and Abutments Erosion Protection:
Ecological Assessment. Report for Opus International Consultants, Auckland, July, 1998.

Black, K. P., J. A. Hutt & S. T. Mead, 1998. Narrowneck Reef Report 2: Surfing Aspects. Report for Gold
Coast City Council, June, 1998.

Mead, S. T., 1998. Significant Coastal Areas Study. Report to the New Plymouth District Council, June,
1998.

Mead, S.T, 1997. Hairini Bridge Ecological Assessment. Report for Opus International Consultants,
Hamilton, February, 1998.

Mead, S.T, 1997. Waitemata Harbour Crossing - Ecological Assessment. Report for Opus International
Consultants, Auckland, December, 1997.

Mead, S.T & D.J. Phillips, 1997. Weatherly Road Ecological Assessment. Report to the Auckland
Regional Council. DNS, August 1997.

Mead, S.T. 1995. The Otara Creek Revegetation Plan. Report for the Manukau City Council, June 1995.

Mead, S.T 1994. Abundance and Population Structure of the Echinoid, Evechinus Chloroticus, in
Different Subtidal Habitats Sampled in Administration Bay, North-eastern New Zealand. For The
Department of Conservation, Hauraki Gulf Maritime Park, August, 1994.

Newspaper/magazine articles (not up to date)
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Hume, T., Atkin, E.A, Bryan, K., Mead, S. T., and Waiti, J., 2018. Management our Surf Break Resources.
New Zealand Coastal Society - Coastal News, 67.

Mead, S. T., 2015. The Elephant in the Room. Damaged Goods Magazine, June 2015
Mead, S. T. and K. P. Black, 2002. Surfing Pools for the Olympics. US Sports Science Society.

Mead, S., Black, K. and Hutt, J. (2000). Surfing Reef Projects. Onshore-Offshore — ARP Programme.
New Zealand Surfing Magazine, Mar/Apr 2000.

Mead, S., Black, K. and Hutt, J. (1999). Tsunami’s- Beyond Tow in’s. Onshore-Offshore — ARP
Programme. New Zealand Surfing Magazine, Nov/Dec 1999.

Mead, S., Black, K. and Hutt, J. (1999) Which Way Da Wind Blows. Onshore-Offshore — ARP
Programme. New Zealand Surfing Magazine, Sept/Oct 1999.

Mead, S., Black, K. and Hutt, J. (1999) Reefs For Sale. Onshore-Offshore — ARP Programme. New
Zealand Surfing Magazine, May/June 1999.

Black, K., Mead, S. and Hutt, J. (1999) Good vibes for surfing business: waves that break at the right
angle and height are no longer a dream on the Gold Coast. Report by Greg Ansle in the Weekend Herald
(Weekend Business), 10 April 1999.

Mead, S., Black, K. and Hutt, J. (1999) The Great Big Surf Break Ranking Contest. Onshore-Offshore —
ARP Programme. New Zealand Surfing Magazine, Jan/Feb 1999. p.61.

Mead, S., Black, K. and Hutt, J. (1998) Steep bottoms don’t always have hollow tubes. Onshore-Offshore
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