
19 lhe Crescent, P0 Box 1262,

lnvercargill 9840, l,lEW ZEATAND

Telephone: 0l 218 2546

facsinrile: 03 214 4285

E mail: admin @ bonischenvironmental.co.nz

Web: www.bonischenvironmental.co.nz

2 May 2018

The Consents Manager

Environment Southland

Private Bag 90116

lnvercargill9840

bonisch
envinonrnental

2

PAID

0 3 MAY 2018

$,\SSO or-t-r.ir-r-.q' Cz/os/ P"f^*+rt) -

Dear Michael

Zane Smith & tim Maass-Bdrrett - opplicotion for consents for three morine forms in Big Glory Boy,

Stewort lslond

Please find attached to this letter and application and assessment of environmental effects for three new

marine farming sites at Big Glory Bay, Stewart lsland. Mr Maass-Barrett of Maass Mussels & Oysters Ltd,

is an existing consent holder for a farm in the Bay and is now working in partnership with Mr Smith to

establish some new sites.

The type of marine farming proposed is for shellfish, mainly Green-lipped mussels, and it will in the same

manner as it is carried out on other shellfish farms in the Bay. ln assessing the effects of the proposal, the

applicants relyon recent scientific studies in other locationsthat is, within reason, transferable to Big

Glory Bay; the results of monitoring in the Bay; a benthic survey of the seabed under the proposed site

locations; and the lack of any significant effects from the existing farms, particularly in regard to water

quality and the seabed under the mussel farms.

The overall finding of the assessment of environmental effects is that adverse effects will be no more than

minor. lt is also considered that the application is not contrary to, or inconsistent with, the relevant

national and regional planning documents.

It is therefore submitted that the application can be processed without notification and granted

Yours sincerely,

John Engel

Manager, Bonisch Environmental

Enabling sustainable use of natunal nesounces

(,

Bonisch Consultants Limited trading as Bonisch Environmental Freephone: 0800 802 546
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Applicants: Zane Morgan Smith and Terrence James Maass-Barrett

Report: Assessment of Environmental Effects

Subject: Application for a coastal permit for three marine farming sites for
shellfish

Date

L. lntroduction

Zane Smith and Jim Maass-Barrett (the Applicants) are applying for a coastal permit to establish

three new marine farming sites in Big Glory Bay. The sites will be farmed for shellfish, namely,

mussel varieties, oysters and scallops.

The sites include two of three locations that were granted resource consent in April 1997 to Mr

Maass-Barrett. However, two of those consents lapsed when a marine farming permit could

not be obtained for those sites from the former Ministry of Agriculture & Fisheriesl. The third

was granted a marine farming licence and is currently being farmed.

The application forms are attached as Appendix 1. The site localities within Big Glory Bay are

shown on the maps in Appendix 2, one of which shows the locations in relation to the existing

marine farms and the navigation lane located through the middle of the Bay.

Sites 2 & 3, as shown in Appendix2, are the previously consented sites. The only activity on

them when previously granted consent was the storage of some salmon cages for a period of

time after Regal Salmon Ltd ceased farming in the Bay. There has never been any actual marine

farming on the sites.

The consent required for each site is a coastal permit for marine farming under Rule 15.1.7 of

the Regional Coastal Plan. "Marine Farming" is defined as:

The reason for the permits not being granted by MAF were contentious and resulted from using the same

information that Environment Southland relied on to grant resource consents, but in a different way. The

applicant at that time was not in a position to challenge the Ministry's decision in the High Court and the two
consents eventually lapsed.
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"the activity of breeding, hatching, cultivation, reoring, or on-growing of fish, aquotic life,
or seaweed for harvest; but does not include ... [the exclusions ore not relevant to this
applicotionl ... ond "to form" has corresponding meaning which includes any operation in
support of, or in preparation for, ony morine forming."

This definition includes all of the activities associated with establishing the farm, rearing the

shellfish and harvestingthem, i.e. disturbance of the seabed and placement of structures on

and overthe seabed; occupation of the coastal marine area; deposition of shell, pseudofaeces

(mussel excreta); and discharge of crop washing water. Each activity that makes up the overall

activity of "marine farming" is discussed in more detail below.

2. The application

The application is for coastal permits to establish three marine farm in Big Glory Bay, one of 6

ha and two of 5 ha, and the marine farming activity required to manage and operate them. The

application forms are attached as Appendix 1.

The species to be farmed are:

Common name

Green lipped mussels

Blue mussels

Ribbed mussels

Scallop

Oysters2

Latin name

Perna canaliculus

Mytilus galloprovinciallis

Aulacomya ater

Pecten novaezelandiae

Ostrea chilensis

Culture method

Mussel rope

Mussel rope

Mussel rope

Baskets

Mussel rope, baskets, trays

The specific activities associated with establishing the marine farms and carrying out marine

farming of shellfish that require a consent are:

1,. placement of structures on and over the seabed. The structure consists of:

. mooring blocks and steel Danforth anchors, or screw anchors;

. backbone ropes and buoys;

o suspanded ropes, baskets and trays attached to the backbone; and

The applicants acknowledge that oysters cannot currently be farmed in Big Glory Bay due lolhe Bonamio
Ostreoeoutbreakthatwasdetectedinthisarea. However,iftheproblemisresolvedinthefutureandBluff
(flat) oysters are able to be farmed, the applicants want to be able to do so on these proposed farms.

2
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4.

5

. navigation lights /aids.

2. disturbance of the seabed during the placement of the structure;

3. occupation of the coastal marine area with the structure. Exclusive occupation is not

applied for but the effect of the farm on access is discussed below in the section on

"Consideration of Adverse Effects";

occasional mooring of a vessel and barge within the site for set-up, harvesting and

maintenance work; and

deposition of shell, sediment and organic material (pseudo faeces from shellfish

excretions) on the seabed, and the discharge of water associated with the harvesting of
the shellfish.

The site co-ordinates and dimensions are set out in Table 1 below

Site locations and dimension information. The site locations are shown on a map in

Appendix 2.

Location Co-ordinates (NZTM) Depth at
middle

(m)

Area
(ha)

Dimensions
(mxm)

Shape

Site 1 Centre 4786551.3 t229723.7 26 6 300 x 206.2 Parallelogram

NE corner 4786556 1228942
SE corner 47867L9 1229194
SW corner 4786546 1229306
NW corner 4786383 12290s4

Site 2 Centre 4785069.1 1228697.L 27 5 200 x25O Rectangular

NE corner 4785L97 L228594
SE corner 4785L43 L228839
SW corner 4784947 7228801.

NW corner 4784995 1228555

Site 3 Centre 4785210.7 1229089.0 27 5 2OO x25O Rectangular

NE corner 4785330 1228994
SE corner 4785283 1229240
SW corner 4785086 1229201_

NW corner 4785734 12289s6

Table 1
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The structure of the farming system will be based on a conventional long-line system on each

site. Ropes and/or baskets/trays would be suspended from standard double back bone lines of
24, 28, or 32mm diameter polypropylene rope that would be moored to the seabed with either

screw anchors or large concrete blocks, coupled to large steel Danforth style anchors. The

water depth at the three sites is approximately 26m and most of the culture is grown in the top

10 to 12m of water. The lines are generally laid in an east west direction in Big Glory Bay in

order to align with the prevailing wind.

A number of sketches of the farm structures are attached in Appendix 3

The ropes used are generally manufactured in NZ where experience in mussel culture is world

leading. The floats used by most Stewart lsland marine farmers are made on the island. New

materials are favoured to eliminate the risk of bringing in any marine pests.

Shellfish will either be grown on ropes or in trays/baskets suspended from the backbone.

While mussels are best grown on ropes, scallops are grown in baskets in order to contain them

Oysters can be grown on either ropes or trays and the method used will depend on how they

best respond in terms of health and growth rates. The harvesting activity requires a barge and

vessel to be on the site. When harvesting the mussels, sediment and pseudo faeces can be

temporarily suspended in the water column causing some discolouration in the immediate

vicinity but this effect is very minor and short-lived. This effect is discussed in more detail

below.

The Applicants are seeking a term of consent to expire on l January 2O4O. They are aware that

other consents in the bay have a common expiry date of l January 2025, and have assumed

that any replacement consents would be granted for a further 15 year term. The 2025 expiry

date is close and, if applied, would be too short a term to provide security for a new

development, particularly given that it will take some time to get the sites set up and seeded

with mussels. The Applicants require sufficient time to establish farming on all sites, gather

information associated with their farming activity, and to get a reasonable return on the

investment required for the proposed development.

The effects associated with farming shellfish are reasonably well known and significantly less

than those from finfish farming, i.e. there is not a high degree of uncertainty that would require

a short term consent to be granted. Shellfish farming, mainly mussels, has been occurring in

Big Glory Bay for about 30 years, and in that time a considerable amount of monitoring data

has been gathered and reported to the Council. Adverse effects are considered in more detail

later in the application.
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3. Description of the locality and existing environment

A map of Big Glory Bay that shows the main features is included in Appendix 2

Big Glory Bay is a semi enclosed arm of Paterson lnlet, located in its south east corner, and has

asurfaceareaof approximately12km2. Themainaxisofthebay,whichisapproximately5.5
km long, runs north east to south west, and the bay is approximately 2.7 km wide at its widest

mark. The land surrounding the bay is part of Rakiura National Park on the northern side and

Glory Cove Scenic Reserve on the southern side. The land cover is predominantly lndigenous

forest, with small areas of Broadleaved lndigenous Hardwoods at the head of the bay and at

the entrance.3

The shoreline includes a numberof small bayswith sandy beaches. There are no major inflows

of freshwater into the bay. The largest stream by catchment area (approximately 580 ha) is at

the head of the bay. Apartfrom some clearance and buildings (two cribs and a boatshed) on

the west side of Bravo lsland at the mouth of the bay, there is no other sign of human

development on land in the vicinity of Big Glory Bay.

Water movement in the bay is controlled by tides and wind. There will be some variation with

the stage of the tide but water flows into the bay at depth and travels up the middle, rising as it

goes. Thewaterthendivergesandflowsaroundthesidesofthebaybeforecomingtogether
again and flowing out near the surface (0-10m depth)4. The surface flow is accentuated by the

predominant westerly winds that push water towards Paterson lnlet. The residence time in the

bay varies from 10 - 14 days depending on tide and wind conditions.

Development within the bay is from marine farming, of which there are 35 sites. By area, the

greatest proportion is in mussel farming but there is a significant area available for salmon

farmings, which is the more visible of the two. There are a number of vessels in the bay at

different times, mostly associated with marine farming activities, but private and charter

vessels can enter the area for sightseeing, and for shelter in the bays and coves along the

shoreline. There is also some storage of marine farm equipment on barges within the area.

A channel has been maintained through the middle of the bay to allow access through it (see

Appendix 2 -the dots on the fairway boundaries are the points recorded in the Regional

3 Source: Department of Conservation GIS map - Landcover Database v3.3.

4 Taken from 'Net flushing pattern, Big Glory Bay" - R Pridmore, Water Quality Centre, March 1991.

5 Although a significant area is available for salmon farming, only some of that area has cages on as other areas

are left to "recover" or lie fallow. Shellfish maybe farmed on some of the fallowed sites.
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Coastal Plan map that is also in Appendix 2). There is no marine farming in the upper part of
the bay because it is too shallow and water movement is very slow.

The CoastalValues section of the RCP (Part B, Chapter 3) includes Big Glory Bay in Section 3.14

-Stewart lsland and lslands Offshore. A lot of the information relatingto natural character,

landscape values, flora and fauna, and the general ecology is common to all parts of Stewart

lsland, apart from the more developed areas around Halfmoon and Horseshoe Bays. Big Glory

Bay is the only area around this coastline that has not been identified as an area containing

significant conservation values, presumably because of its use for marine farming.

The Coastal Landscape Assessment in the RCP does not include any specific reference to Big

Glory Bay. lt is part of the Eastern Bays Landscape Unit, which includes Halfmoon and

Horseshoe Bays, and Paterson lnlet, the area with the most development on the island, but it is
still given a naturalness rating of 3+ out of 5 (midway between modified (3) and semi-natural

(a)). Semi-natural is described as having "... high inherent values and where indigenous

characteristics are still dominant, but where some localised modifications have occurred to the

original character." Big Glory Bay, even with the marine farming development present, would

fitthedefinitionof'semi natural'so,onitsown,wouldqualifyforanaturalnessratingof4. By

comparison, Halfmoon and Horseshoe Bays would more likely to have a naturalness rating of
,3r,

The only signs of any development on land within Big Glory Bay are at the entrance on the

western side of Bravo lsland, and a house at the head of the bay, which is very difficult to see as

itisintheforestarea. All ofthedevelopmentofanysignificanceinthebayisonthewater.
The existing environment includes 35 marine farm sites within the bay, the majority of which

are used for shellfish farming (mainly mussels). About 10 sites are authorised for finfish

farming (salmon) but at any one time, only two or three sites are likely to have cages on them.

The landscape information has recently been updated with the publication in October 2017 of a

report entitled "Stewart lsland - Landscape and Natural Character Study" by Boffa Miskell Ltd.

The report was prepared for Environment Southland. lt finds that most of the landscape and

seascapes meet the standard of outstanding natural landscapes, the exceptions being the more

developed areas of Halfmoon and Horseshoe Bays, part of the north side of Paterson lnlet and

Big Glory Bay. The findings in regard to natural character are similar as those for landscape

with the same exclusions.

Statements in the report relevant to Big Glory Bay are referred to in Section 4 below relating to
the effects assessment.
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Water quality, even with the marine farms present, is very high within the bay. The latest

monitoring report available6, identifies some seasonal variations but loss of some samples

limited Aquadynamic Solutions (ADS) ability to analyse the seasonal patterns. However,

Chlorophyll o levels and nutrient concentrations did "... indicate that there is variability

between nutrient uptake and phytoplankton. ..." that did appear to be seasonal.

Temperature stratification was noted but is "... purely related to climatic forcing ...". No impact

on dissolved oxygen levels as a result of marine farming activities was observed. ADS noted

that "... Other water quality parameters indicate no detectable adverse water quality conditions

within the bay."

The benthic conditions under the proposed farm sites were assessed by NIWAT and its report is

attached as Appendix 4. Historical data from two designated control sites that are used for

ongoing monitoring purposes within the bay were used as reference sites, so that the data from

each of the proposed sites could be "... analysed for significant differences between the

proposed sites and the controls." ln its Conclusion, the report states:

ln this study, the three proposed musselfarming sites olign with the reference sites (CM

and CH) as ossessed by the suite of prescribed environment indicators. The oreas ore

environmentolly healthy ond have complex community structures that accommodate

pre d ator-p rey relati onshi ps.

More information is in the complete report appended

4. Assessment of Environmental Effects

The potential adverse effects that need to be considered for this application are in regard to

impacts on landscape, water quality, seabed, interactions with marine mammals, noise, safety

and navigation, high value areas, heritage, and amenity values.

One of the significant benefits of farming shellfish in conjunction with finfish is the "grazing" of

excess nutrients in the form of phytoplankton. This effect is discussed further below in Section

4.3 and includes reference to scientific studies. Other potential positive effects are in relation

to people and communities, and the economy generally.

"Big Glory Bay Benthic and Water Quality Sampling 20L6" - Aquadynamic Solutions, September 2016.

"Baseline benthic survey of three proposed mussel farm sites in Big Glory Bay, Stewart lsland" - NIWA,

December 2017.

6

7
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ln regard to the ecological effects of farming shellfish, a Cawthron report prepared for the

Ministry of Fisheries is used as a reference8. lts fulltitle is "Review of the Ecological Effects of
Farming Shellfish and Other Non-finfish Species in New Zealand" and was published in April

2009. lt is referred to as the "Cawthron Report" in the assessment that follows.

The effects assessed below are potential adverse effects but it is noted that the proposed

development will have economic and social benefits through the sale of the product and the

employment of local staff. There is potential for up to two additional staff initially and in a

small community like Stewart lsland, that is significant.

4.L Ecologicolcarryingcopocity

Carrying capacity within Big Glory Bay has historically been determined by nitrogen

allocation. lt was developed in the 1990's but no update or recent review of the model

and its assumptions has been carried out to take account of later studies that looked at

how mussels fit into the nitrogen cycle in the bay, particularly in combination with finfish

farming. The Cawthron report had the following to say about this matter:

So where does New Zealand sit currently in terms of meeting the objectives of
ecologicol corrying copacity? Unfortunately, there are no definitive studies which

provide a clear cut answer to this question, mostly because it is complex issue. ln

order to consider it, we first need to determine the temporol and spatial scoles to be

assessed. Typicolly the results of studies conducted as part of consent opplicotions

for individuolforms (e.9. Pelorus Sound - unpublished Cowthron FRIA Reports, and

the Coromandel - Stenton-Dozey et ol. 2008) suggest that the current levels of
production ore presently low when compored to overage levels of food in
predominantly semi-confined growing regions (i.e. Embayments/Sounds). Despite

the reduced production noted over 7999-2002 (Zeldis et ol. 2008), the conclusions of
these studies are supported by o generolly consistent production of mussel culture

over the longer term, suggesting New Zeoland mussel forms ore at least sustainable

in o production sense."

The report goes on to note that New Zealand's farming is significantly less intensive than

in other countries where the main limitation is physical space. However, it doesn't mean

that poor production years have not occurred but they are considered to have been as a

result of climatic factors and variations in phytoplankton biomass.

"Review of the Ecological Effects of Farming Shellfish and Other Non-finfish Species in New Zealand" -
Cawthron lnstitute - April 2009

8
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ln Big Glory Bay, no monitoring has detected any wider bay impacts that extend

significantly beyond the boundaries of each site, including the finfish sites. Mussel

production is consistent and there does not appear to be any "competition" between the

sites for that food supply. As noted in the Cawthron report, assessing carrying capacity is

a complex issue.

Using the outdated nitrogen model prepared for Big Glory Bay, three mussel farming sites

were granted consent in1997 to TJ & H E Maass-Barrett but two (Sites 2 & 3 in this

application) were not granted a marine farming licence by the former Ministry of
Agriculture and Fisheries (MAF) and their consents subsequently lapsed. MAF's

methodology for assessing the application was disputed at the time due to its double

accounting for sites that could farm finfish or mussels, but research since that time has

also shown that some of the assumptions used in the nitrogen model were flawed.

However, an updated model is not available.

Notwithstanding the lack of a working model, the assessment is that there is sufficient

carrying capacity in the bay for the additional mussel farms. This assessment is based on

the lack of any detectable impact from the existing farming on either the ecology of the

bay away from the farm sites, or on mussel production on those existing sites. There are

certainly some sites that perform better than others but it is believed to be due to other

matters such as their location in the bay and suitability of the particular site.

The assessment is also based on the fact that even under the very conservative nitrogen

model developed in the 1990's, consent could be granted for sites 2 & 3. Apart from the

shifting of the salmon farm around the bay, nothing has changed that would affect that

decision.

4.2 Landscope and visuol effects

The quality of the landscape has already been described in Section 3 above.

Notwithstanding the extent of aquaculture development within the bay, it still retains a

high naturalness rating due to the ability of the landscape to absorb some development

at sea level. Disturbance of the land and/or clearance of vegetation would have a far

more significant impact in this environment.

The Boffa Miskell report notes that marine farming "... hos modified the centrol coostol

woters of Big Glory Bay, however the coostal interface orea odjacent to the lond retoins

generolly very high levels of noturalness due to the lock of modificotions." ln describing

Paterson lnlet, the report states that despite"... the modificotion (which is centred on only
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o few parts of the Morine Areo the majority is relatively untouched, supporting an

overwhelming sense of noturolness, notably within the more sheltered ports of the lnlet."

However, the areas of Big Glory Bay, Halfmoon Bay and Horseshoe Bay are excluded from

the area considered to be an Outstanding Natural Landscape because ofthe level of
existing development. Similarly, while much of Paterson lnlet is deemed to have

outstanding natural character, Big Glory Bay does not due to the presence of the marine

farms.

Because ofthe existing effect on the landscape and natural character values bythe
marine farms in the bay at present, the addition of three further mussel farms will only

have a cumulative effect. The new farms will not detract significantly from these values

any further, and, because they will not be any different in nature to what is already

present, i.e. they will blend in, the overall impact is assessed as no more than minor. This

assessment is conservative in the absence of a specialist report as the cumulative effect

may actually be less than minor.

The surrounding land is not as immense and dominant as the Fiordland landscape but it is
still significant. Of the marine farming in the bay, the salmon cages and associated service

vessels and barges are the most visually prominent but even they are small in the context

of the landscape.

Mussel farms, excluding the vessels used for maintenance and harvesting, are most

prominent when looking over the water surface from a vessel in reasonably close

proximity - the dark-coloured buoys can be seen unless weather conditions have caused

rough conditions to develop. However, for the most part, their dark colour is

unobtrusive, making them difficult to notice from a distance, and they do not detract

significantlyfrom the natural character ofthe area. Each line has an orange buoy at its

ends, but despite that brighter colour, they are not conspicuous from a distance.

However, when mussels are being harvested, the vessels and barge used will be more

prominent.

Aquaculture has been present in Big Glory Bay since the 1980's and the current number

of sites has not changed for over 10-15 years. Marine farms are confined to this area and

are an expected sightwhen visiting BigGlory Bay. The addition of three morefarmsto
the 35 existing ones will have a cumulative effect but it is considered to be no more than

minor. They will be consistent with other shellfish sites and similar in the way they will be

laid out, i.e. they will not be distinguishable from other shellfish sites in the bay.
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4.3 Water quolity

The earliest marine farming started in Big Glory Bay in the late t97O's (a salmon farm)

with mussel farming developing in the 1980's and significantly increasing through the

1990's. Following the introduction of the Resource Management Act and various

amendments, marine farms had to get a resource consent and those consents have

required both water quality and benthic monitoring to be carried out. The extent of the

monitoring over the years has changed but the results have been reasonably consistent

over that time.

The sampling methodology is in accordance with the monitoring requirements of the

resource consents. Monthly water quality sampling is conducted at 6 stations.

Temperature and dissolved oxygen levels are measured every 2 meters from the sea

surface to the seabed with a water quality probe/sonde, while a Secchi disc is used to

measure water clarity (note - the consent requirement for water quality monitoring was

for the first two years only but the consent holders have decided to continue it). Monthly

samples for the analysis of Chl-o, and dissolved nutrients are collected at 5 meters depth.

The most recent annual monitoring report (April 2016 to April 2077) for the bay continues

to state that the "... woter quality survey indicotes there ore no detectoble odverse woter

quality rssues within Big Glory Bay." Dissolved oxygen (DO) levels were above 6 mg/l

during all sampling periods and at all depths. There was no indication that marine

farming was impacting on DO levels in the bay. Some thermal stratification was observed

during the warmer months but the effect is related to climate rather than marine farming.

Chl-o and nutrient concentrations showed some seasonal variation, but from previous

modelling work and wide-scale sampling, they are known to be affected by regional

changes from outside ofthe bay.

The addition of three new shellfish farm sites can impact directly on water quality

through the release of nutrients and/or indirectly by restricting water movement and

wave action in the bay. As noted in the Cawthron report, the effects on the water column

"... ore less well defined thon for the seobed, becouse woter column charocteristics ore

more dynamic and inherently horder to quontify." However, as a general statement, the

report concludes as follows:

"Bivolves ond other ossocioted founo releose dissolved nitrogen (e.9. ammonium)

directly into the water column, which con couse locolised enrichment ond stimulote
phytoplankton growth. Toxic microalga blooms moy leod to ecologicol or heolth

problems, but there is no evidence of this being exocerboted by mussel farming in
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New Zeoland woters. Filtrotion pressure by mussels is sufficient to potentiolly alter

the composition of the phytoplankton ond zooplonkton/mesoplankton communities

through feeding, but the extent to which this occurs and its ecological consequences

are poorly understood. Despite the recognised knowledge gops, the foct that no

significont woter column related issues have been documented suggests thot effects

ossociated with troditionol inshore farming proctices ore minor."

The report goes on to state that the situation is likely to be the same for oysters and other

bivalve species but species such as paua that require a feed input will be different.

Studies in the Firth of Thamese have shown that mussel farming is a net user of nitrogen,

which is consistent with the view that mussel farming and salmon farming provide mutual

benefits for both production and maintaining water quality. Earlier work on allocating

space in Big Glory Bay was based on a nitrogen model developed by N lWA. At that time,

mussels were considered to be a net nitrogen producer but subsequent work has

indicated that that might not be the case.

The Firth of Thames study and other work done in the Marlborough Soundslo considered

that mussels are a net consumer of nitrogen as they are harvested and do not stay in the

environment. While no work has been done to see if this finding is transferable to Big

Glory Bay, or to what extent salmon and mussel farming complement each other in
regard to nitrogen removal, there is nothing to suggest that it would be different.

What is known is that the existing level of farming has not caused any measurable impact

on water quality within the bay, and that there is more impact on nutrient enrichment

from influxes of water from outside the bay than from the farming inside. Water

residence time in the bay varies with the size of the tides, which is the most significant

driver of water movement. Residence time can be from 5 to L4 days, and the water

movement is the most significant towards the mouth of the bay close to Paterson lnlet.

No hazardous chemicals are stored on vessels or used on mussel farms. Vessels will have

fuel aboard and minor amounts of detergent for washing, which is no different to any

fishing, charter or recreational vessel.

9 "Magnitudes of Natural and Mussel Farm-Derived Fluxes of Carbon and Nitrogen in the Firth of Thames" -J
Zeldis, NIWA, for Environment Waikato -June 2005.

10 "Blowingthe budget? Nutrient resources and the Marlborough mussel crop". MacKenzie L-Seafood New

Zealand, March 1998: 41-44.
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likely oid in reducing the impoct beneath the farm. A recent storm may also hove

acted to help cleon the seabed of farm related orgonic moterial.

During the 2016 survey, Beggiatoall matting wos observed both beneath form
stations 249_50 ond 249_L:00 ond potchy Beggiatoa wos also observed beneoth

musselfarm site 272. During the 201-7 survey, no Beggiatoa wos observed at ony of
the sites surveyed. Fish form feed waste wos observed under the farm ot 339_F,

however there wos no sign of any feed waste 50 or 700m from the coge edge.

Overoll, the sediment quolity in Big Glory Bay oppeors to hove improved since the

20L5 (no sign of Beggiatoa/ and does not appeor to be badly impacted given that
there ore a large number (more thon 30) forms scattered ocross the entire bay. Both

control stotions, one situated in the middle of the bay while the second is toword the

mouth, appear to be un-impocted by form debris."

There is no indication from this ongoing monitoring that there are any significant

cumulative effects extending out from the immediate area under the existing farm sites.

This finding is particularly true in regard to the mussel farm sites where the adverse

effects under the farms are considered to be no more than minor.

Although the monitoring shows significant variation across all sites, the analysis of the

results indicated "... thot the mussel stotions still retoined a moderately high species

richness and diversity. A wide ronge of polychoete species were observed (Dorvilleid sp.

Glycerid sp. & Polychoeta lJnidentified sp). Filterfeeding bivolves (Solemya parkinsoni,

Nuculidae sp, Nucula nitidula, Veneridae, Thracia vegrandis & Leptomya retioriia)were

olso found in the mussel sampling stotions. Amphipods were olso collected beneoth the

mussel form stotion 340, though in low abundance...". lt is also noted that no tube worm

(Galeoloria hystrix) species or mounds were observed on the proposed sites.

The proposed new farms will be set up and operated in much the same way as the

existing sites, so the effects will be the same and the only cumulative effect will be from

an additional 16 ha under marine farms. The potential adverse effects of the activity

proposed is therefore assessed as no more than minor.

11 Beggiotoo is a bacteria known to live in sulphur-rich environments, including hydrogen sulphide, which is

often an indication of the breaking down of organic matter in the absence of oxygen.
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The overall assessment of the potential adverse effect of the new farms on seabirds is

that they will be less than minor.

4.6 Noise effects

Sound from marine farming activity is generally low level. The main sources are vessels

coming to the farm and leaving, smaller vessels operating in and around the farm, and

from electricalgenerators. Generators are only an issue if a vessel moors atthe site

overnight. Unlike the salmon farms, mussel sites have no permanent presence on-site.

Harvesting mussel crop and reseeding lines are the busiest times on site. The noise is

common in the bay now as it is a working environment. On the harvest vessel, there is

mechanical noise that will vary in loudness over the day but it is unlikely to exceed the

daytime noise standard at the landward boundary of the coastal marine area.

A specialist noise report has not been prepared because the activity is not new and

believed to be consistent with other activity occurring in the bay that, to the applicants'

knowledge, has not caused the issues in regard to noise.

4.7 Novigotion

Big Glory Bay marine farms are shown on modern charts. Environment Southland has

developed a navigational channel that carries from entrance to the bay, and extends in a

sweeping arc to the head of the bay. This channel is shown in the Regional Coastal Plan

with co-ordinates. lt is lit by corner lights on some marine farms, red lights on port side,

and green lights on starboard side of channel. lt is accepted because of the pattern of
farms in Big Glory Bay that it would be confusing to light all corners of all sites. ln addition

to the lights, these points have a radar reflector and reflectorised tape to cover all

probabilities. During daylight hours, marine farm backbones are visually enhanced by

orange floats on the ends of each line.

All sites must complywith the navigation and safety requirements of the regional

Harbourmaster. Marking of sites is based on the "Guidelines for Aquaculture Monagement

Areas and Morine Forms" booklet produced by Maritime New Zealand, the latest version of
which is dated December 2005. The applicants agree to comply with these requirements.

The new farms are located adjacent to existing sites and will not be exceptional in any way or

create any new hazard for the area. The bay is known to be a marine farming area and that

extra care needs to be taken to navigate through it. There are seven anchorages in the bay

identified in the Regional Coastal Plan, one of which is in the middle of the fairway provided
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for access. However, it is believed to be the site used by the Penrod oil rig and, because it is

exposed to winds, is not used by vessels visiting the bay.

The potential effects on navigation and safety are therefore assessed as less than minor

4.8 Effects upon oreas of significont indigenous vegetotion ond significont hobitats of
indigenous fauna and outstanding notural feotures ond landscopes

Big Glory Bay is not an area that is identified as an area containing significant values

(ACSV) in the Regional Coastal Plan, due in part to the historic marine farming activity in

this area. Values on the land, apart from the presence of the marine farms on the
seascape, are not impacted by this activity. On the water, there is a level of activity that
would not otherwise occur if marine farming was not present.

The seabed has been described in the appended NIWA report, which confirms that there

are no particularly sensitive features present. ln terms of wider impact on the bay, the
marine farming is already present and spread throughout the bay.

lndigenous fauna are present but no specific habitat areas, such as breeding grounds, are

impacted by the existing or proposed sites. The shoreline is, for the most part, unaffected

by the farming activity - potentially, some vessel wake could occur, and some debris has

washed up in the past. The latter is removed from time-to-time by the farm staff.

The landscape around Big Glory Bay is the same or similar to the landscape over most of
Stewart lsland - it has very high natural character and is, for the most part, pristine. lt
has not been formally identified as an outstanding natural landscape, nor is there any

outstanding feature. The marine farming activity has no physical impact on the land but it

is visible from many points around the bay. The mussel lines themselves are relatively

unobtrusive when viewed from the shoreline but vessel and harvesting activity will be

more visible. These structures will be present for the foreseeable future but once

removed, impacts on anything that could be regarded as an outstanding feature or

landscape will be removed and leave no residual impact.

Because there is an existing level of development with which the new sites will be

consistent, potential cumulative effect of the three new sites is assessed as less than

minor.
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4.9 Any effect on heritoge or orchoeological sites

As the activity is in the coastal marine area, no heritage or archaeological sites are directly

affected by this proposal. There are two sites identified on Bravo lsland and one on the

south side of Big Glory Bay identified in the Southland District Plan but none are impacted

by the proposal for the three new farm sites.

4.LO The effect on sites or oreos of significance to Tangota Whenua.

Local lwi have not objected to the marine farming activity in Big Glory Bay in the past and

it is not anticipated that there will be any issue regarding this proposal. lwi have an

interest in the development of new marine farms under the provisions of the Ngai Tahu

Claims Settlement Act but that is addressed outside the provisions of the Resource

Management Act.

lmpact on Tangata Whenua is believed to be no more than minor based on previous

consent processes, but no consultation has been carried out at this time.

It is also noted that there is one claim for Customary Marine Title under the Marine and

Coastal Area (Takutai Moana) Act 2OILL2. The claim is by Te RUnanga o Ngai Tahu

(TRONT) onbehalfoftheNgaiTahuWhanui. Asrequiredbythelegislation,acopyofthe
application will be forwarded to this group.

4.LL Woste

The only solid waste that is deposited on the seabed is the pseudofaeces excreted by the

mussels, dislodged shellfish, and the epibiota that can attach itself and grow on the

mussel farm structures and the mussels themselves. Rope and other materials used to

attach the mussels to the lines that may drop to the seabed are regathered for disposal

on land. Any equipment or materials lost overboard accidently are recovered and

disposed of appropriately on land.

4.t2 Biosecurity

There is a risk of introducing or providing habitat for invasive marine species with marine

farming activities. However, the risk can be minimised by adopting best management

practices for sourcing and introducing mussel spat onto the site, and carrying out the

12 Applicatlon by Cletus Maanu Paul on behalf of all Maori and Waitaha Nation were lodged for all of the
coastline around New Zealand/Aotearoa but the Minister for Treaty of Waitangi Negotiations has declined to
engagewiththem. Theeffectofthatdecisionisthatthereisnolongeranyneedtonotifythem.
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appropriate level of monitoring. The applicants are also familiar with the information

published by both Environment Southland and the NZ Mussel lndustry Association

(NZMIA). The NZMIA has developed a voluntary industry code of practice that includes

transfer protocols for spat transfers, and the applicants will be guided by this document

The applicants are also familiar with the standard conditions relating to biosecurity

matters on consents for this activity.

ln Big Glory Bay, Undorio is present, as it is in other parts of the Southland coast. While

efforts are made to keep boats and equipment clean, the applicants view is that Undorio

can no longer be controlled in Big Glory Bay. However, to minimise the risk of introducing

more plants, or other marine pests, spat willonly be sourced from Kaitaia off 90 Mile

Beach.

Managing biosecurity risks is an ongoing issue for farmers as the spat for Big Glory Bay

cannot be sourced locally. Visual inspections of lines are carried out, but some pests are

microscopic. Treatment processes are available, but they do not provide an absolute

guarantee that no unwanted organisms are present. Big Glory Bay has some natural

protection from some pest plants and organisms that are not viable in southern waters,

but it cannot be taken for granted. The applicants therefore undertake to ensure they are

fully informed on such matters, to adopt best management practices relating to all their
activities associated with the farm sites, and to be vigilant.

Based on the existing farming activities in the bay and the applicants experience, the risk

of a biosecurity issue is assessed as no more than minor.

4.L3 Considerotion of olternotive sites

There are two aspects to the consideration of alternative sites. The first is the general

area in which to establish the farms, and the second is the actual sites in that general

area.

Big Glory Bay is selected because it is a discretionary activity to farm there, rather than

prohibited as it is for many other areas, and it is an established marine farming area. lt is
also close enough to an urban area from which the farm can be serviced. Alternatives

include Port Adventure and the open coastal waters around Stewart lsland, and areas

along the southern coast of Southland.

Port Adventure is an area with high natural values but it is a discretionary activity to farm

there so it is available. However, developing a new area would be challenging in regard
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to obtaining resource consents. lt is also more remote so logistically, there are issues in

developing a viable farm.

Open coastal waters anywhere in the coastal marine area around Southland are, by their

very nature, exposed and difficult to farm. While it may be possible, and that is not

certain in southern waters, it would be challenging and costly, again making it difficult to

establish a viable farm. There are some embayments around the Southland coast but

they are either too exposed from one or more direction, or are too shallow, or have river

inputs that cause water quality issues.

Big Glory Bay is therefore considered to be the best option, if not the only one due to the

areas that are prohibited, because it is both available and environmentally sustainable.

ln regard to the actual sites within Big Glory Bay, they were selected because there is

sufficient depth and current to have viable farms, and they will not interfere with existing

farms. Thesitesarealsooutofthefairwaythatisaprohibitedarea. ltispossibleto
move the sites, but the scope is limited and potential adverse effects will be the same or

similar. The sites have also been subject to an ecological survey and are not over any

sensitive environments.

It is therefore considered that the sites that are the subject of this application are suitable

and appropriate, and alternatives need not be considered further.

4.L4 Summary

The overall assessment of the potentialadverse effects of the proposed three new sites is

that they will be no more than minor. Some are less than minor, but cumulatively, no

more than minor is considered to be an appropriately conservative assessment.

Shellfish farming is not new to the bay and, apart from the recent Bonomia outbreak

affecting oysters, there has not been any significant adverse effects identified. The

farming has been good for the local, regional and national economy, providing

employment and work for downstream industries.



21,

5. Consideration of Statutory Documents

The documents that are relevant to this application are the Resource Management Act, New

Zealand Coastal Policy Statement (NZCPS), Regional Policy Statement (RPS), and the Regional

Coastal Plan (RCP). There is no National Environmental Standard relevant to this proposal. Te

Tangi a Tauira, the lwi natural resources and environmental management plan is also a

document that should be considered.

The Stewart lsland/Rakiura Conservation Management Strategy has some relevance, but it is

mostly applicable to land-based activities. However, the Strategy does have a management

policy of working with Environment Southland to ensure aquaculture activities "... occur on o

limited bosis and that the odverse effects on the noturolness and natural chorocter of the oreo,

os well os odverse effects on indigenous biodiversity, public occess ond novigotionol safety, are

ovoided or mitigoted." ln the absence of any specific policies, the Strategy is not considered

further but it is acknowledged that the Department of Conservation is a potentially affected

party to this application.

The Resource Management Act L991 is the over-riding statute and its provisions, in particular,

the purposes and principles set out in Part ll, are taken into account in the preparation of the

other documents. For the most part, these matters are addressed in the NZCPS, RPS and RCP.

5.1 New Zealand Coasta! Policy Statement

The New Zealand Coastal Policy Statement (NZCPS) is a high-level document, the

objectives and policies of which are given effect to through the regional planning

documents. However, while the matters of more general application are not repeated

here, though they are relevant to any application associated with the coastal

environment, there are specific matters that should be noted:

Objective 1 To safeguard the integrity, form, functioning and

resilience of the coastal environment and sustain its

ecosystems, including marine and intertidal areas,

estuaries, dunes and land, by:

maintaining or enhancing natural biological and
physical processes in the coastal environment and

recognising their dynamic, complex and

interdependent nature;

protecting representative or significant natural
ecosystems and sites of biological importance and

o

a
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a

maintaining the diversity of New Zealand's
indigenous coastal flora and fauna; and

maintaining coastal water quality, and enhancing it
where it has deteriorated from what would
otherwise be its natural condition, with significant
adverse effects on ecology and habitat, because of
discharges associated with human activity.

Objective 2

a

To preserve the natural character of the coastal
environment and protect natural features and
landscape values through :

a identifying those areas where various forms of
subdivision, use, and development would be

inappropriate and protecting them from such

activities; and

encouraging restoration of the coastal
environment.

recognising the characteristics and qualities that
contribute to natural character, natural features
and landscape values and their location and

distribution;

Objective 3

a

a

To take account of the principles of the Treaty of
Waitangi, recognise the role of tangata whenua as

kaitiaki and provide for tangata whenua involvement in

management of the coastal environment by:

recognising the ongoing and enduring relationship
of tangata whenua over their lands, rohe and
resources;

promoting meaningful relationships and

interactions between tangata whenua and persons

exercising functions and powers under the Act;

incorporating matauranga Maori into sustainable
management practices; and
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a recognising and protecting characteristics of the
coastal environment that are of special value to
tangata whenua.

Objective 5 To enable people and communities to provide for their
social, economic, and cultural wellbeing and their
health and safety, through subdivision, use, and

development, recognising that:

the protection of the values of the coastal
environment does not preclude use and

development in appropriate places and forms,
and within appropriate limits;

a

a

a

o

a

a

some uses and developments which depend
upon the use of natural and physical resources in

the coastal environment are important to the
social, economic and cultural wellbeing of people

and communities;

functionally some uses and developments can

only be located on the coast or in the coastal
marine area;

the coastal environment contains renewable
energy resources of significant value;

the protection of habitats of living marine
resources contributes to the social, economic and

cultural wellbeing of people and communities;

the potential to protect, use, and develop natural

and physical resources in the coastal marine area

should not be compromised by activities on land;

the proportion of the coastal marine area under
any formal protection is small and therefore
management under the Act is an important
means by which the natural resources of the
coastal marine area can be protected; and

historic heritage in the coastal environment is

extensive but not fully known, and vulnerable to

o
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loss or damage from inappropriate subdivision,
use, and development.

Policy 5 - Activities
in the coastal
marine area (2) Additionally, in relation to the coastal marine area

(a) recognise potential contributions to the social,

economic and cultural wellbeing of people and

communities from use and development of
the coastal marine area, including the
potential for renewable marine energy to
contribute to meeting the energy needs of
future generations:

(b) recognise the need to maintain and enhance

the public open space and recreation qualities

and values of the coastal marine area;

(c) recognise that there are activities that have a

functional need to be located in the coastal

marine area, and provide for those activities in

appropriate places;

(d) recognise that activities that do not have a

functional need for location in the coastal

marine area generally should not be located

there; and

(e) promote the efficient use of occupied space,

including by:

(i) requiring that structures be made

available for public or multiple use

wherever reasonable and practicable;

(ii) requiring the removal of any abandoned

or redundant structure that has no

heritage, amenity or reuse value; and
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(iii) considering whether consent conditions

should be applied to ensure that space

occupied for an activity is used for that
purpose effectively and without

unreasonable delay.

Policy 3 -
Precautionary
approach

(1) Adopt a precautionary approach towards proposed

activities whose effects on the coastal

environment are uncertain, unknown, or little

understood, but potentially significantly adverse.

(2) ln particular, adopt a precautionary approach to

use and management of coastal resources

potentially vulnerable to effects from climate

change, so that:

(a) avoidable social and economic loss and harm

to communities does not occur;

(b) natural adjustments for coastal processes,

natural defences, ecosystems, habitat and

species are allowed to occur; and

(c) the natural character, public access, amenity

and other values of the coastal environment

meet the needs of future generations.

Policy 6 - Activities
in the coastal
marine area

(1)

(21 Additionally, in relation to the coastal marine area:

(a) recognise potential contributions to the social,

economic and cultural wellbeing of people and

communities from use and development of
the coastal marine area, including the
potential for renewable marine energy to
contribute to meeting the energy needs of
future generations:
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(b) recognise the need to maintain and enhance

the public open space and recreation qualities

and values of the coastal marine area;

(c) recognise that there are activities that have a

functional need to be located in the coastal

marine area, and provide for those activities in

appropriate places;

(d) recognise that activities that do not have a

functional need for location in the coastal

marine area generally should not be located

there; and

(e) promote the efficient use of occupied space,

including by:

(i) requiring that structures be made

available for public or multiple use

wherever reasonable and practicable;

(ii) requiring the removal of any abandoned

or redundant structure that has no

heritage, amenity or reuse value; and

(iii) considering whether consent conditions

should be applied to ensure that space

occupied for an activity is used for that
purpose effectively and without

unreasonable delay.

Policy 8 -

Aquaculture
Recognise the significant existing and potential
contribution of aquaculture to the social, economic and

cultural well-being of people and communities by:

(a) including in regional policy statements and
regional coastal plans provision for aquaculture
activities in appropriate places in the coastal

environment, recognising that relevant
considerations may include:
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(b)

(c)

(i) the need for high water quality for
aquaculture activities; and

(ii) the need for land-based facilities
associated with marine farming;

taking account of the social and economic
benefits of aquaculture, including any available
assessments of national and regional economic
benefits; and

ensuring that development in the coastal
environment does not make water quality unfit
for aquaculture activities in areas approved for
that purpose.

Although not included in the list above, Policy 11- lndigenous biological diversity

(biodiversity), Policy 12 - Harmful aquatic organisms, Policy 13 - Preservation of Natural

Character, and Policy L5 - Natural features and natural landscapes are relevant to the

consideration of this application, particularly in regard to cumulative effects. Other

policies not mentioned have some indirect relevance but are not key to the consideration

of this application.

Policy 8 recognises the importance of aquaculture as an activity that requires space in the

coastal marine area and some protection from land-based activities that may impact on

the ability to farm those areas. Policy 6 is also supportive of activities that have a

functional need to be in the coastal marine area.

However, these policies do not carry any more weight than Policies 11to 15 that require

certain values to be protected or preserved. The supportive policies do not over-ride the

other policies that seek to protect and preserve important values in the environment.

The NZCPS is a high level document and it is given affect to at the regional level in the

RPS, which has only recently been made operative. The RCP also gives effect to these

higher level documents but it is noted that its provisions pre-date both of them.

5.2 Regional Policy Statement

The relevant objectives and policies associated with aquaculture in the Proposed RPS are

as follows:
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Objective COAST.2 -
Activities in the

coastal environment

I nfrastructu re, ports, energy projects, aq u acu ltu re, m i neral

extraction activities, subdivision, use and development in the

coastal environment are provided for and able to expand, where

appropriate, while managing the adverse effects of those

activities.

Objective COAST.3 -
Coastalwater
quality and

ecosystems

Coastal water quality, and ecosystems are maintained, or

enhanced.

Objective COAST.  -
Natural character

The natural character of the coastal environment is restored,

rehabilitated or preserved.

Objective COAST.5 Recognise the contribution of aquaculture to the well-being of
people and communities by making provision for aquaculture in

appropriate locations while:

(a) protecting coastal indigenous biodiversity in accordance

with Policy BlO.3;

(b) protecting outstanding natural features, landscapes and

natural character in accordance with Policy COAST.3; and

(c) avoiding, remedying, or mitigating other adverse effects

Policy COAST.3 -
Protection of the
coastal environment

Ensure that subdivision, use and development activities:

(a) avoid adverse effects on areas of outstanding natural

features and landscapes, and/or outstanding natural

character;

(b) avoid significant adverse effects, and avoid, remedy or

mitigate other adverse effects on other natural features

and landscapes and/or natural character in the coastal

environment;

(c)
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The RPS provides more guidance through Policy COAST.S but it also relies on the Regional

Coastal Plan for implementation of the policies. While the RPS is generally supportive of
aquaculture, its development is constrained by Policies COAST.3 and COAST.5.

Policy COAST.4 provides a direction to the Council to, amongst other things, make

provision for "... appropriote ... oquoculture, ... that must be located within the coostol

environmenfl', subject to Policy COAST.8. Although the RCP pre-dates the RPS its

objectives and policies go some way to implementing these policies.

5.3 Regional Coastal Plan

The following are the sections of the Regional Coastal Plan that are most relevant to this

application:

Policy COAST.4 -
lnfrastructure, port,

aquaculture and

energy projects

Recognise and make provision for nationally significant,

regionally significant or critical infrastructure that has a

functional, operational or technical need to be located within

the coastal environment, and appropriate port, aquaculture,

mineral extraction activities and energy projects that must be

located within the coastal environment.

Policy COAST.S -
Management of
effects on coastal

water quality and

ecosystems

Avoid, remedy or mitigate adverse effects of land-based and

marine activities on coastal water quality and ecosystems.

Policy COAST.S -
Management of
activities in the

coastal marine area

Within the coastal marine area, provide a framework to avoid

or mitigate adverse effects on the coastal environment for the

following activities:

a) the allocation, use and occupation of coastal space;

b) the use and development of the natural and physical

resources of the coastal marine area;

c) the emission of noise;

d) commercial activities on the water and on the foreshore

and seabed.
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Objective 4.2.L-
Need for coastal

location

To ensure that only those activities and developments that have

a functional need to be located in the coastal marine area or for
which there is no practicable alternative location outside the

coastal marine area are situated there.

Policy 4.2.L-
Justifying coastal

location

Require that proposals for uses and developments in the coastal

marine area justify the functional necessity for that location or

demonstrate that there is no practicable alternative location

outside the coastal marine area.

Policy 4.2.2-
Consideration of
alternatives

Where the adverse effects of use or development are more than

minor, require alternative sites and methods be considered to
determine the option that best avoids, remedies or mitigates

the adverse effects of the use and development of the coastal

marine area.

Objective 4.6.L-
Concentrating use

and development

To protect areas free from use and development by seeking,

wherever practicable, to concentrate use and development into

areas where those activities are already taking place.

Policy 4.6.t -
Concentrate

compatible

activities

Encourage concentration of compatible activities in areas of
existing uses and developments, where adverse effects can be

avoided, remedied or mitigated, in preference to using

undeveloped areas in the coastal marine area.

Objective 4.7.L-
Avoid, remedy or

mitigate cumulative

adverse effects

To avoid, remedy or mitigate cumulative adverse effects.

Objective 4.7.2-
Obtain an

appropriate leve! of
use in the coastal

marine area

To obtain a level of use which is appropriate in the coastal

marine area, particularly in areas where remoteness, wilderness

and tranquillity are significant components of the environment.
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Policy 4.7.1-Avoid
remedy or mitigate

adverse cumulative

effects

To avoid, remedy or mitigate adverse cumulative effects of

activities in the coastal marine area.

Objective 15.1.1-
Avoid, remedy or

mitigate any

adverse effects

Avoid, remedy or mitigate any adverse effects of marine farming

operations.

Policy 15.1.3 -
Avoid adverse

effects of marine

farms in specific

areas

Avoid the adverse effects from the establishment of marine

farms in Marine Reserves, Fiordland's internal waters, Lords

River, Port Pegasus, Paterson lnlet (except Big Glory Bay and the

Salmon Farming Refuge Zone), and Port William on Stewart

lsland, and that part of Awarua Bay that lies to the east of the

Tiwai Causeway.

Policy L5.L.4-
Monitoring the

effects of marine

farming

To require monitoring of individual marine farm sites

Rule 15.1.5 -
Marine

Farming(prohibited)

- Stewart lsland

Marine Farming in the Stewart lsland waters of

o Port Pegasus;

o Lords River;
o Paterson lnlet, except Big Glory Bay and the Salmon

Farming Refuge Zone;
o Port William from Peters Point to the eastern most

extremity of the headland enclosing the northern end of
Port William

is a prohibited activity

Rule 15.1.7 - Marine farming in areas other than those referred to in Rules

!5.L.2 - 15.L.6 is a discretionary activity.



32

Definitions:

- Marine Farm a in relation to a leased area, allthat part of the area that is

being or has been developed into a farm for the farming of
fish or marine vegetation; includes all structures and rafts

used in the area in connection with the farm, and all

boundary markings, and all fish or marine vegetation for
the time being farmed in the area by the lessee; and

b in relation to any licensed area, allthat part of the area in

which the licensee is for the time being carrying on the

business of farming of fish or marine vegetation in

accordance with [their] licence; and includes all structures

and rafts used in the area in connection with the farm, and

all fish or marine vegetation for the time being farmed in

the area by the licensee: (Marine Farming Act 1971).

- Marine Farming the activity of breeding, hatching, cultivation, rearing, or on-

growing of fish, aquatic life, or seaweed for harvesU but does

not include -

any such activity undertaken pursuant to regulations made

under Section 91of the Fisheries Act 1983; or

b any such activity where fish, aquatic life, or seaweed are

not within the exclusive and continuous possession or

control of the holder of a marine farming permit issued

under Section 67J of the Fisheries Act 1983; or

any such activity where the fish, aquatic life, or seaweed

being farmed cannot be distinguished, or be kept separate

from naturally occurring fish, aquatic life, or seaweed -

and "to farm" has corresponding meaning which includes any

operation in support of, or in preparation for, any marine

farming.

a

c
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As required by Policy 4.2.L, musselfarming is an activitythat can only be carried out in

the coastal marine area. While there may be alternative areas where the activity could be

carried out, it can only be areas within the coastal marine area.

Developing new farms in Big Glory Bay is also consistent with Policy 4.6.1 because the

activity is already occurring there, and it avoids the need to develop a new location that

has not yet been used for that purpose. However, this policy is constrained by Policy

4.7.L, which seeks to limit the cumulative effects from multiple developments in the same

area. The effects assessment considers that the cumulative effect of adding three new

mussel farms will be no more than minor.

Policies 15.1.3 and 15.1.5 exclude marine farming from certain areas, leaving others that

can be farmed as a discretionary activity. These policies are intended to achieve

Objective COAST.S of the RPS, and Objectives 4.6.1,, 4.7 .2 and 15.1.1 of the RCP. Much of

the coastal areas that are ideal for marine farming are also areas with very high landscape

and natural character values, as well as habitat to indigenous species. Big Glory Bay, as

an area that has been used for marine farming since the 1980's, has been made available

in the Regional Coastal Plan for marine farming, the extent of which is restrained by

Policies 4.2.2 and 4.7.L, as well as a number of other general policies relating to cultural

matters, landscape and natural character values, amenity values, and public access. As

stated in the previous section, the cumulative effects relatingto allof these matters is

assessed as no more than minor.

Big Glory Bay is part of the Rakiura /Te Ara a Kiwa Statutory Acknowledgement Area but

there are no known specific culturalsites in the coastal marine area. Three archaeological

sites are identified in the Southland District Plan on land around Big Glory Bay but none

will be affected by this application. As a Statutory Acknowledgement Area, Te R0nanga o

NgaiTahu must be notified.

ln regard to amenity values, there has been some impact on these by the existing farms.

Marine farming is not an inherently noisy activity but there will, at times be multiple

vessel movements occurring, as well as harvesting of both shellfish and finfish. However,

while the new sites will not add to noise levels in the bay but they may extend the time

that noise is at a higher level. The existing farms do not breach the noise standards in the

RCP, and the new sites will not cause that to change.

As for public access, the fairway through the middle of the bay, as marked on Map L2a of

theRCP,isavailableforaccesstotheheadofthebay. Occupationofthisspaceisa
prohibited activity under Rule 11.8.1of the Plan. Allfarms are required in theirconsents
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to have buoys and navigation on all sites that comply with the guidelines produced by

Maritime NZ. Vessels can, with care, also navigate between the mussel lines on the farms

as the consents do not authorise exclusive occupation of the sites. Farms do inhibit full
public access to all areas of Big Glory Bay, but, for the most part, the public can navigate

safely through it. The presence of the farms is noted on hydrographic charts.

Finally, the definitions for 'marine farm' and 'marine farming' are included for
completeness. The definitions make it clear that these terms include a variety of activities

that are controlled by the RCP and would otherwise require consent under a different
rule.

5.4 Summary

On the basis of the above analysis, the assessment is that the application is not

inconsistent nor contrary to any of the above planning documents.

Big Glory Bay is one of the few areas around Stewart lsland that is available and suitable

for this type of marine farming. There is space available for the proposed new sites and

the cumulative effects of them will be no more than minor, to the extent that a casual

observer may not notice the difference before and after the sites are established because

they will be same as the existing mussel farming sites.

All of the planning documents recognise the economic benefits from marine farming and

make provision for it but also recognise the need to protect outstanding landscapes and

areas of high natural character. Adverse effects need to be avoided where appropriate

but otherwise mitigated. ln this instance, one of the main mitigation measures is

selection of Big Glory Bay for the sites.

6. Consultation

No formal consultation has been carried out with potentially affected parties at this time. The

applicants have discussed the proposalwith Environment Southland staff to see what

information is required for the application.

Once an application is completed and lodged, a copy will be forwarded to TRONT (for statutory
acknowledgement and customary marine title claim), Te Ao Marama and Department of
Conservation. For other affected parties, particularly other marine farmers, the applicants will

also provide them with a copy of the application once it is lodged with Environment Southland.
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7. Conclusion

It is the conclusion of this assessment of environmental effects that the overall effect of the
proposed new sites is no more than minor. lf this assessment is confirmed, the application is

able to be processed without notification.

The assessment is the potential adverse effects of this proposalwill be no more than minor,

and that it is not inconsistent with the relevant planning documents. The application may

therefore be processed and granted.

John Engel

Manager, Bonisch Environmenta!

Date:2 May 2018
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Application for Resource Consent (PART A)

Tlus application is rnadc under Section 88 of the Resource Mmagement Act 1991
environment
SOUTHLAND
I t C I O l a r E O{ I C lL

Te Tela Tuarr

The purpose of this Part A form and the relevant Part B form(s) is to provide applications with guidance on
infornation that is tequired under the Resource X'Ianagement Act 1991. Please note that these forms are to act 2s a

guide only, and Environment Southland reserves the right to request additional inforrnation.

To: Environment Southland

Private B,ag90176

Invetcargill 9840

Full name, addtess and contact details of applicant (in whose name consent is to be issued)

Name:

Address:

Email:

Phone:

w %
Consultant contact details (if different ftom above)

Contact tamef agent: John En | - Bonisch Environmental

Address: PO Box 1262,lnvercargill 9840

Email:

Phone:

john@bonisch.nz

027 222 1874 03 218 2546 Fax: 03214 4285
Prefered Additional

Please tick the box for the consent(s) you are applying for and complete the relevant Part B form(s) where available:

CoastalLand Use

Bore/well To air \Whitebait stand

Strucftues /occupation of space

Removal of naturai materials

Disturb foreshore/seabed

Discharge /deposit substances

Commercial surFace water activiry

Reclaim/drain foreshore / s eabed

N{arine farming

Other coastal activities

New or expanded dairy farming To water

Effluent storage To land

Cultivation Watet

Tree planting

Gravel extraction

Hill country burning

Riverbed activity (incl.
streams /cteeks and stopbanks)

Bddges and culverts

Take and use surface water

Take and use groundwatet

Dam water

Divert water

Zane Morgan Smith Terrence James Maass-Barrett

56 Golden Bay Road 194 Horseshoe Bay Road or PO Box 129

Stewart lsland 9818 Stewart lsland 9818 Stewart lsland 9846

zanemsmith 1 974@9mail.com jimandhilli@gmail.com

027 221 9217 or 03 2191064 03 219 1040 4a:-



1 Are there any cuffent or expited consents relating to this proposal?

Ifyes, please provide consent number(s) and descdption:

Yes No

2 Are any other consents required from Environment Souttrland or othet authorities? Yes No

If e state the relevant and the of

J For what purpose is this consent(s) required: (e.g. discharge of effluent, gravel extraction etc.)

Marine farming of shellfish

4 Location of proposed actrvity

Address: Big Glory Bay, Stewart lsland

Legal Description: Coastal marine area

N{ap Reference (}IZTNI 2000): 1 1229127 E 4786377 N

5

2 1228700 E 4784895 N

3 1229092 E 4785037 N

The name and ad&ess of the ownet /occupier: (if other than the applicant)

Name Crown - seabed Phone

Address:

6 Please attach a map or a colouted aerial photogtaph, showing at a minimum, the location of the
proposed activities.

See Appendix to of AEL

2

Undue adverse effects test - Ministry of Primary lndustries.



Checldist Have you included the following?

NA

Payment of the required deposit (tee attachedfee rheduh) Paid online

Written approval from all potentially affected parttes (foms auailableJron lhe Enuirunnent Soalhland uehit)

Site plan/location map/sketch of the proposed activiry

A copy of the Certificate of Incolpo raion (where applicant b a conpanl)

Part B form(s) speci6.c to your activity zr,df or a separate assessment of environmental effects (AEE)

I'iotes:

(r) If ltour application doet not contain the necesra7) infornation and the appropiate fee, Environment Soathland mui return tbe

application.

(b) Council cannot accept electronic kdgenent oJ'applicatiou at this time.

Signature of applicant

f heteby certify that to the best of my laowledge aad belied the infotmation g"iven in this application is ttue
and cottect.

f undetake to pay all actual and teasonable application ptocessing costs incutted by Enuitonment Southland.

Name (block capitals)

Signed

JO E

Date ?- f r.;rf,

( authotised to sign on behalf of applicant)

4



Application for a Coastal Permit (PART B)
This application is made under Section 88 of the Resource Ntmagment Act 1991 environment

SOUTHLAND

le laino lonXa

A complete Part A form needs to be provided with this Part B form. The purpose of this Part B form is to

provide applicants rvith guidance on information that is required under the Resource N'Ianagement Act 1991.

These forms are to act as a guide only and Environment Southland reserves the right to request additional

information. Please also tefet to Chapter 18 of the Regional Coastal Plan for Southland, 201I!.

To: Environment Southland
Private B2990776
Invetcargill 9840

I What is this application for?

The discharge of water to water

The discharge of contaminants to water

Structures - erecting/placing, reconstructing, altering/extending, removing/demolishing

Occupying space within the coastal mairrc area

Remor.ing sand, shingle, shell ot other natural matedal

Disturbing the foreshore or seabed - excavating, drilling, tunnelling etc

Discharging/depositing any substance in, on, or under the seabed or to coastal waters

Commercial surface water activiries

Reclaiming or draining the foreshote or seabed

N{arine farrning

Other activity carried out in, on, under or over the coastal marine area - please speci$r:

2 'Vlhat dutation of resoutce consent is sought? Expiry date of 1 January 2040 - 22 years

3 Please describe how the activity will be camied out. Fot sttuctures, you must include engineering
the dimensions and ofthe structutes

t

See AEE attached - structure diagrams are attached in Appendix 3

Please note that mussel backbone lines are not engineering designed structures. They are only
to suspend the mussel lines from. The anchor sizes are standard and proven for this environment.



Work on installing the mussel lines will commence as soon as practicable once consent is granted.
The activity will be ongoing beyond the term proposed for these consents.

4 Please state the ptoposed date of commencement of the activity/works and the proposed date of

5 Details of the conttactor (ot any othet person) who will undertake the activity wotks.

Contracting company fl ame: Not available. However the anchors and lines will be installed

Contact person: persons experienced in this type of work.

Phone number:

Existing Environment For information relevant to this section, please see the attached application and AEE.

6 Ate any of the following featutes found within the existing envitonment of the proposed activity?
Describe these features in the space below, along with details of the assessment undertaken to
determine the presence of these features.

Yes No
(a) Signs of marine life (e.g. fish, mammals, native birds, shellf,sh, invertebrates)?
(b) Areas where food is gathered from (e.g. watercress, eels, wildfowl)??
(c) \Tetlands, wildlife habitats or bird nesting habitats (e.g. swamp areas)?

(d) Other activities occurring in the area (e.g. commercial activity, fishing s\r{ffiilng; boating)?
(e) Areas ofparticular aesthetic, culrural, heritage or scientific value (e.g. atchaeological sites)?

\il,hste water takes and or sites?

2



6 contd

Please attach photogtaphs and a map or a coloured aerial photograph showing the following:

o the location(s) of your proposed activity;
. arry nearby rivers, creeks, estuaries, drains or any other watet body;
o the location of any wedand, estuary or wildlife habitats;
e the location of any other coastal activities or structures in proximity to the proposed activity;
o activities/structures occwring on adjacent land, along with the names of the adjacent landowners

7. In addition to the above description of the existing environment, please describe the following:

a Is the beach aggrading or degrading (if applicable)? Are there any signs of shoreline erosion?

\)7hat is the nature of the seabed (i.e. muddy, sandy, silty, rock etc)?

In what way has the foreshore/seabed been altered as a result ofother activities occurdng in the area?

Please cross sections and other evidence as

3



Assessment of Effects For information relevant to this section, please see the attached application and AEE.

8 How will the proposed activity affect the coastal environment in the short term? Fot example,
how do the initial stages of the ptoposed activity (including, but not limited to, construction and
sea bed disturbance) affect the coast, particulady in terms of coastal erosion and effects on

9 How will the proposed activity affect the coastal envitonment in the long term? For example,
the ofthe coast.

10 How will your activity effect any othet users of the coastal area and/ot activities occurilrg on
land?

4



71 Are there any structures near to the ptoposed activity? If yes, will the proposed activity have any
effect on these structures? Please provide specific details including the type of sttucture, ownet of
structure, distance from ptoposed activity, what effects the proposed activity will have on the

/function of the structure.

72 Pursuant to Schedule 4 of the Resource Management Act, 1991, thete ate a numbet of matters that
must be addressed by an assessment of environmental effects. Please discuss what effects the
proposed activity will have on the following:

(") any effect on those in the neighbourhood and, where relevant, the wider community, including any

social, economic, or cultutal effects

(b) any physical effect on the locality, including any landscape and visual effects

5



(.) any effect on ecosystems, irrcludirrg effects on plants or animals and zny physical distubance of
habitats in the vicinity

(d) any effect on natural and physical resources having aesthetic, recreational, scientific, historical,
spiritual, or cultual value, or other special value, for present or future generations

G) any discharge of contaminants into the environment, including any urrreasoflable emission of
noise, and options for the treatment and disposal of contaminants

(0 any risk to the neighbourhood, the wider community, or the environment through natural hazzrds

or the use of hazardous substances or hazardous installations

6



13 Please include a description of the monitoring ot mitigation measures (including safeguards and
contingency plans whete televant) to be undertaken to help avoid, temedy or mitigate the actual
or effects on environmental featutes and values.

t4 Fot constuction works, please describe how you will minimise the release of silt, sediment,
conctete and other contaminants into watet.

15 Please include a description of any possible alternative locations ot mettrods fot undertaking the
and these alternatives have not been selected.

16 Please include evidence of any consultation undertaken fot this application. This may include
(but not be limited to) consultation with adioining landowners, other consent holdets in the
immediate area, iwi (e.g. Te Rtrnanga O Ngei Tahu, Te Ao Matama Inc), govemment
departrnents/ministries (e.g. DOC, Maritime NZ), territorial authorities, advisory bodies (e.g.

Fiordland Marine Guardians), non-governmental otganisations (e.g. Fotest & Bird), industry
representatives (e.g. CRA8 Management Committee and tecteational associations).

7



Please note that in accotdance with Schedule 4 of the RMA, you may also be required to provide an
assessment of whethet ot not the proposed activity is contrary to any of the televant ptovisions of
the following documents.

(a) New Zea/and Coastal Poliry Statenent, 2010
(b) Regional Poliry Statenentfor Southland, 1 997 (and arE propoted/ subsequent uersiont)

(c) Regional Coastal Planfor South/and, 2011 (and ary propoud/ subuquent uercion)
(d) An1 olher re/euant Retoarce Management Regu/ations or National Enyironmental Standards

Staff are able to advise whether this is required, as it is dependant on the location, scale and
complexity of yout ptoposal. We invite you to come in fot a pte-application meeting with
Environment Southland consents staff to discuss this.

END OF FORM

8



Appendix 2

Site plon
Hydrogrophic map

Foirwoy plon

bonisch
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Hydrographic map of Big Glory Bay.
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Executive summary
This report is a baseline assessment of the benthic environment at three proposed mussel farming

areas in Big Glory Bay, Stewart lsland. The applicant will submit the report when applying to
Environment Southland (ES) for approval to establish these farms. The sampling design was based on

the bay-wide compliance environmental monitoring programme for marine farming established in

2072 (ES consent # 2072561.

The monitoring indicators for the sediment were: grain size (proportionality of mud/silt to sand);

particulate organic carbon (POC) content; depth of the oxygenated layer (DO); depth of apparent

Redox Potential Discontinuity (aRPD) layer and the presence of sulphide and bacterial mats.

Biological quality was assessed by quantifying invertebrates (and sometimes flora) on the surface

(epifauna) and within sediments (infauna). Use of historical data for two designated control sites

(one at the bay entrance (CM) and the other mid-bay (CH)) from 2Ot2 and 2013 was approved by ES

thus avoiding the necessity to sample these sites during this assessment survey.

At each of the proposed sites, three seabed surface photographs were taken to identify epibenthic

features. Two grab samples were extracted at each site and subsurface DO was measured before

removing three cores: one for grain size, one for sediment POC and the other for infauna species

identification and enumeration. Sediment colour and any sulphide odour were noted and the aRPD

layer measured.

Sediment data were analysed for significant differences between the proposed sites and the
controls. Epifauna absence/presence matrices and infauna abundance data were analysed using

PRIMER v7 software. Three diversity indices were used: the number of species (S) and individuals (N)

per sediment core and the Margalef's index of species richness (d). Cluster analysis was used to study

the inter-site differences in community structures.

The sediment at the proposed sites comprised significantly less % silt/mud than at the mid-bay

control, but was similar in grain size distribution to the control site at the bay entrance. There were

no inter-site differences in sediment POC or DO. Percentage POC ranged between O.9% and 2.86%

and subsurface DO concentrations between 2.0 and 5.5 mg Oz/1. No distinct aRDP layers were

evident in cores and no sulphide odours were detected.

Epibenthic burrows and tube worm holes were a common feature at all sites. Their presence

indicates healthy well oxygenated sediment and they play a key role in bioturbation, thereby

oxygenating deeper levels within the sediment. Shell hash (mostly P. conoliculus) was present in all

triplicate photo-frames from Site 1 and Site 3 even though these sites have never been farmed.

Nine seabed surface-dwelling organisms were identified at the proposed sites: sponges, a

holothurian, a fan shell, cushion starfish, solitary ascidians and a pigfish. Brachiopods, a taxonomic

group sensitive to disturbance, were present at Site l and 3 but not at Site 2. At the control sites,

there were 13 living organisms, six of which were common with the taxa at the proposed sites.

There were variations in epibenthic species assemblages within sites (i.e., between sub-samples A, B

and C), between the three proposed sites (1, 2 and 3), between the control sites (CM 12, CM12, CHLZ

and CH13) as well as between farm and control sites. Thus, epibenthic features at the proposed farm

sites were not distinctive from those at the controls.

Mean infauna abundance (N) at Site 1 was high (166 individuals) and significantly different to all

other sites where numbers ranged between nine to 93 individuals. Mean species number (S) was

5Baseline benthic survey of three proposed mussel farm sites in Big Glory Bay, Stewart lsland



highest at Site 3 (23) but this was not significantly different to the other sites including the controls
Similarly, there were no significant inter-site differences in species richness (range 2.2to 4.7). All

these community indices were higher than that found for Infauna communities living under
operating mussel farms.

The most common phyla were Annelida, Crustacea and Mollusca. Ninety-five infauna taxa were
identified across all sites, dominated by amphipods, ostracods and polychaetes. There was a paucity

of molluscan species at the proposed sites (only seven out of 32 listed species). Most molluscs were
located at the control sites.

Cluster analysis of inter-site similarities in infauna community structures aligned Site 1 with the bay-

entrance control and Sites 2 and 3 with the mid-bay control, an outcome likely determined by their
respective locations within the bay. Site 1 is close to the mouth of the bay where the CM site is
positioned and Sites 2 and 3 are adjacent to the CH site in the middle of the bay. Common infauna
assemblages appear shared between sites depending on their locations inside the bay.

Brachiopods were present at the proposed farm sites and are represented elsewhere in the bay. This

group has been identified as being sensitive to disturbance but live specimens have been found
under operating mussel farms. Even though benthic deposition is greater in a mussel farm (an

element of disturbance), the shell hash may provide an attractive attachment surface for
brachiopods.

ln the bay-wide monitoring programme for marine farms in Big Glory Bay, the seabed environmental
condition is evaluated against two non-farmed areas (control sites) to assess whether there are any

undue adverse effects (Section 17, Resource Management Act, 1991). Thus, it is accepted by

regulators (Environment Southland) that the reference Sites are representative benthic areas that
are healthy biogeochemical environments with integrated and functional faunal communities.

ln this study, the three proposed musselfarming sites align with the reference Sites (CM and CH) as

assessed bythe suite of prescribed environment indicators. The areas are environmentally healthy

and have complex community structures that accommodate predator-prey relationships.

6 Baseline benthic survey of three proposed mussel farm sites in Big Glory Bay, Stewart lsland



L Introduction
This report is a baseline assessment of the benthic environment at three proposed mussel farming
areas in Big Glory Bay, Stewart lsland. The applicant will submit the report when applying to
Environment Southland (ES) for approval to establish these farms. The sampling design for this

assessment was agreed upon between NIWA and ES in May 2017 (Stenton-Dozey 2OL7) and is based

on the 201"2 bay-wide environmental monitoring programme for marine farming (Appendix A). This

approach compares the benthic faunal community composition and sediment characteristics within
the boundaries of the three sites with that at two designated controlsites distant from all mussel

farms. These data provide the baseline against which potential benthic effects of the future mussel

farms can be assessed. ln this context, cultured mussels can contribute to benthic sedimentation and

possible eutrophication. Mussels, feeding mainly on natural phytoplankton, detritus and to a lesser

extent small zooplankton (Zeldis et al. 2004), load the water column with organic waste in the form
of faeces and pseudofaeces (mucus-laden, uneaten particles).

The scope of this work at the three proposed farm sites is comprised of the following components:

determine the grain size and particulate organic carbon content of sediments and

compare to reference sites,

identify seabed features and surface dwelling organisms (epifauna) from photographs

and compare,

identify the organisms living in the sediment (infauna) to species level where possible

and compare community structures with reference sites and

Assess the benthic environmentalstatus of the three sites in relation to that of the
wider bay as represented by two reference sites.

Baseline benthic survey of three proposed mussel farm sites in Big Glory Bay, Stewart lsland 7



2 Background
Big Glory Bay (BGB), Stewart lsland has been used for long-line culture of green-lipped mussels

(Perno conoliculus) since 1987 (Table 2-t,Figure 2-1, Figure 2-2). There is a bay-wide benthic
compliance monitoring programme for all operating farms that seeks to determine whether marine
farms are having an adverse effect on the benthic environment (Environment Southland 2011).

Sanford represents allfarmers and engaged NIWA from 2OL2to 2015 to undertake the benthic
compliance monitoring. ln the light of NIWA's experience in BGB, we were approached by two local

mussel farmers, Jim Maass-Barrett and Zane Smith, to undertake a baseline assessment of the
benthic environment at three proposed Sites in the bay. Mussel culture has not occurred at these

Sites at any time in the past.

Figure 2-1: Marine farming sites in Big Glory Bay. The grey sites are existing mussel farms, the pink sites,

salmon, and the blue are the three proposed mussel farming sites. Yellow dots locate the designated control
sites (Control Head (CH)and Control Mouth (CM)).
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Figure 2-2: Navigational pathway in Big Glory Bay in relation to the three proposed mussel farm sites.

lmage provided by Jim Maass-Barrett and Zane Smith.

Table 2-1: The corner coordinates of the three proposed mussel farm sites. Coordinates in WGS84.

Sites Latltude Longitude

Site 1

NE cnr -
NW cnr -
SE cnr -
SW cnr

Site 2

NW cnr

E cnr

SE cnr

W cnr

Site 3

NW cnr

E cnr
SE cnr

W cnr

46 58.223S

46 58.2675

45 s8.3965

46 58.4295

45 59.0455

45 59.0855

45 59.1875

46 59.1385

46 58.975S

46 59.0265

46 59.L245

45 59.0845

168 07.502E

168 07.350E

168 07.512E

168 07.357E

76806.972E
158.07.142E

158 07.088E

168 06.913E

168 07.283E

168 07.4538

768 07.397E

158 07.218E

Baseline benthic survey of three proposed mussel farm sites in Big Glory Bay, Stewart lsland 9



3 Methods

3.1 Monitoring indicators
The environmental indicators used to assess the biophysicalstatus of the benthic environment are

stipulated by ES in the bay-wide monitoring programme (see Appendix A). To assess benthic
sediment quality these were sediment grain size; organic carbon (POC) content; presence of
sulphide; depth of the oxygenated layer; depth of the apparent Redox Potential Discontinuity (aRPD)

layer and presence of bacterial mats. The biological quality of sediments was assessed by quantifying

invertebrates (and sometimes flora) on the surface (epifauna) and within sediments (infauna). These

indicators are summarised, with rationales for selection, in Table 3-1.

Table 3-1: The environmental indicators used to assess the baophysical status ofthe benthos at the three
proposed mussel farm sites.

Benthic Quality lndicator Rationale

Sediment grain size

Particulate Organic Carbon content
(POC)

Appearance of sulphide depth and
general colour of sediment

Sulphide odour

Depth of oxygenated layer below
the sediment surface

Mat-forming, filamentous bacteria

E pifau na

lnfauna

Proportionality of silt/mud to sand in sediments beneath marine
farms may provide an indication of the organic loading from a farm

Particulate Organic Carbon (POC) refers to the amount of organic
matter preserved within sediment and is therefore a good indicator of
organic-rich material originating from marine farming. lt reflects the
accumulated and more stable fraction of total organic matter buried
in marine sediments

Depth of the apparent Redox Potential Discontinuity (aRPD) layer:

Unenriched sediments are usually greyish in colour whereas
organically enriched, anoxic sediments are very dark grey or black.

The boundary between the two is called the redox potential
discontinuity (RPD) layer. As the level of enrichment increases and the
sediment becomes increasingly anoxic, the RPD moves closer towards
the sediment surface

Presence indicates predominance of sulphate reduction in the
decomposition of organic matter under anoxic conditions

Dissolved Oxygen concentration in the top 20 mm of a sediment core

These bacteria (e.g., Beggiotoo spp./ oxidise sulphide and therefore
require oxygen to live. Their presence provldes an indication that the
sediments are highly anaerobic and sulphide-rich at the sediment
surface, but that the overlying water column still contains some

oxygen (Sayama 2001)

These are organisms that live on the surface of the sediment. They are

not as sensitive as infauna to sediment enrichment but their presence

or absence provides an indication of enhanced organic deposition

lnfauna are animals living within the sediment. For the purpose of this
assessment these are animals greater than >0.5 mm (called

macrofauna). Their presence/absence, species diversity and

abundance collectively provide an indication of biological quality of
the seabed

r-0 Baseline benthic survey of three proposed mussel farm sites in Big Glory Bay, Stewart lsland



3.2 Field sampling

ln the proposed monitoring programme (Stenton-Dozey 2Ot7), ES agreed to the use of historical

control Site data thus avoiding the necessity to sample these Sites during the survey for this

assessment. Since Jim and Zane were members of the bay-wide monitoring in 2OL2 and 2013, control

Site data from these two years were used in this report. These data were obtained from Stenton-

Dozey et al. (2012) and Stenton-Dozey and Cairney (2013).

Within each proposed farm site, the following were undertaken:

four drop camera photographs were taken to visually assess the seabed and identify

epifauna communities;

two Van Veen grabs (bite area ca. 0.13 m2, max bite depth 22 cml were taken;

dissolved oxygen concentration (DO) was measured at 2 cm below the sediment

surface in three places (i.e., three readings per grab);

one core (depth L2 cm, diameter 15 cm) was extracted from each grab sample for
analyses of infauna and;

two sediment cores (depth L2 cm,8 cm diameter) were extracted from each grab for
sediment analyses as summarised in Table 3-2.

I

I
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Table 3-2: Methodologies for analysing sediment samples.

Sediment characteristics Measure Method

Grain size

Total Organic Carbon
content

Appearance of sulphide
depth and general colour
of sediment

Sulphide odour

Depth of oxygenated layer
below the sediment
surface

Yo clay, % silt, %sand, % gravel

% particulate organic carbon (POC)

Depth of aRPD (apparent Redox Potential
Discontinuity) layer

One core size (15 cm deep and
eight cm diameter), frozen and

then dry sieving at NIWA lab

One core size (15 cm deep and
eight cm diameter), CHN analyser
at NIWA: this provides POC and
PON simultaneously

Keep these samples frozen

Measurement of aRDP layer
(black colour demarcation) from
sediment surface in two cores (15

cm deep and eight cm diameter)

Photograph of the same core in
colour

Presence or absence Odour detection in each core

Dissolved Oxygen concentration in the top YSI oxygen probe as mg/L
20 mm of each of two sediment cores

Fauna Measure Method

lnfauna Numbers per core

Numbers per taxon

Species Richness

Similarity lndex (Cluster analyses)

Multi-dimensional scaling

One core (diameter 15 cm)
pushed 15 cm into the grab
sample. This sediment removed
and sieved though a 0.5 mm
mesh. Preserve retained infauna
withTO% ethanol. These will be
counted and taxa identified at the
NIWA labs

3.3 Data analysis

Sediment data (grain size and organic content)from the farm sites were assessed against that from
the control sites to identify significant differences using STATISTICA (Statsoft 201.1).

Epifauna absence/presence matrices and infauna abundance data were analysed using PRIMER v7

software (Clarke and Gorley 2015). For infauna, a set of diversity measures (or indices) were
calculated for each grab sample using the DIVERSE feature in PRIMER. This tabulates the number of
species (S) and individuals (N) per sediment core and provides an index of species richness (d), a term
which refers to the Margalef's species richness index (dJ: a = 6-7)/1n(NJ. Significant differences in

these indices were assessed using one-way ANOVA after testing for the homogeneity between
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variances around means using Brown-Forsythe Test for uneven samples numbers (Statsoft 201,1\.

Two sediment grab samples were extracted from the proposed farm sites compared to three grabs at

the control sites.

The Margalef's index (d)isa common index used to classifythe ecologicalstatus of the environment.

It considers the absolute number of individuals in combination with the absolute number of species.

Margalef's species richness index (d) ranges from L (very poor diversity) to c. 12 (very high diversity).

To assess the similarity between infauna assemblages (as abundance) from the different stations,

data were square-root transformed to de-emphasise the influence of the dominant species (by

abundance) and comparisons made using clustering (Bray-Curtis similarities) (Clarke and Warwick

1994) and nonmetric multidimensionalscaling ordination (MDS; Kruskaland Wish 1978). Each mussel

farm was compared to the control stations and each salmon farm compared to the 50 m, 100 m and

control stations.
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4 Results

4.t Sediments

ln this section, statistical comparisons are made between sediment properties (% silt/mud, Yo sand, %o

particulate organic carbon (POC), and sub-surface dissolved oxygen (DO) at the three-proposed farm
and two control Sites. Non-quantitative characteristics (sulphide odour, presence of bacteria mats
(Beggiatoo spp.) are given in Appendix B. There was no evidence of a sulphide odour or bacteria
mats in any of the sediment samples.

At Site 1 there were nearly equal portions of silt/mu d (47%) and sand @6%) in sediments but at the
other two Sites there was more silt/mud than sand (Site 2: 55% and 35%, Site 3:59% and 28%,

respectively) (Figure 4-1). Sediments at control sites located at the entrance to Big Glory Bay (CM12

and CM13) were comprised of similar portions of mud/silt and sand as found at farm Sites 2 and 3

(50% to 57%for mud/silt and 31%to 40% for sand). However, sediments at the control sites in the
middle if the bay (CH12 and CH13) were predominately made up of mud/silt (69% and 85%) and less

sand (12% to 25o/o\.

Sediment %mud/silt at Site L was significantly different to both controls in the middle of the bay
(CHL2 and CH13) while Sites 2 and 3 were only different from CH13 (one-way ANOVA, Appendix C).

The proportion of sand in sediment at Site 1 and Site 2 differed to that at CH13.

The other sediment properties measured at the three sites, % particulate organic carbon (POC) and

the subsurface sediment dissolved oxygen (DO) concentration, were not significantly different to the
control site sediments (Appendix C). Percentage POC in sediments was low at the farm and control
Sites: between O.9% and L.6% at Sites 1- 3, and 7.29%to 2.86% at the control sites, the highest
measure in this range being at Site CM12 (Figure 4-1, Appendix C). DO concentrations in sediments at
Sites 1to 3 ranged between 2.0 and 3.2mgOz/Land at the controls, between 2.0 and 5.5 mg Oz/1.

Sediment colour is shown in grab and core profile photographs in Appendix D. The three sites had a

varying degree of dark colouration indicative of organic enrichment. However, this appeared as

isolated streaks from 2 to 8 cm from the sediment core surface and there were no distinct aRPD

boundaries (see explanatory notes in Table 3-1). Similar dark streaks were evident in the control
sediment profiles from 2Ot2 and 2013 (Appendix D).
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4.2 Benthic seabed features and epifauna
Within the boundaries of the three proposed sites a total of 12 conspicuous seabed features were
recorded (from the three photo quadrants per Site) of which nine were seabed-dwelling organisms
(sponges, a holothurian (Amphicyclus thomsoni) the fan shell (Chlomys zelondioel the cushion

starfish (Potiriella regularis), solitary ascidians, brachiopods and a pigfish (Congiopodus leucopoecilus)
(Figure 4-2). Brachiopods, a species group sensitive to disturbance, were present at Site 1 and 3 but
not at Site 2.

At the control sites, there were 15 benthic features of which 13 were living organisms (Figure 4-2).
Among the epifauna, six taxa were common within the proposed Sites while seven were only found
at the control Sites (a colonial tunicate (Didemnid), a spotty (Notolobrus celidotus), brittle starfish
(Ophiopsommus maculotol, scallop (Pecten novaezelondioe), sea cucumber (Austrolostichopus

mollis), and red and coralline algae. There were no brachiopods at the control sites.

Burrows were a common feature at all sites as well as worm holes. These burrows are made by

crustaceans (amphipods, isopods, ostracods and crabs) and some polychaetes. Shell hash (mostly P.

canaliculusl was present in all replicate photo-frames from Site l and Site 3.

Shell hash

Holos/burows

Wormtubos

Sponge orange

Spange

Sponge white

Didemnid xrhite

Amphicydus lhomsoni

Chlamys zelan(Iae

Notolabrus celidotls

Ophiopsammus macrrlata

Patiriella regularis

Peden novaezelandiae

Pema canallarlus

Austaloslidropus mdlis

Red algae

Coralline algae

Glycymeris shells

Solilary ascidian

Brachlopods

Congiopodus l6ucopaccilus

Figure 4-2: Conspicuous epibenthic features and epibiota seen in photo-quadrats. Presented as a presence
(black)/absence (white) matrix. The box indicates the separation between absence (0) and presence (1).

Cluster analysis, based on the absence/presence matrix of epibenthic features indicated a clear
separation of the triplicate samples per site into two groups at the level of 2O% similarity (Figure 4-3)
ln one group (right side of the dendrogram:Group 1), Site 1(B&C)and Site 3(B&C)clustered with
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CM13 (B&C) while all other Sites (A-C) assembled together in a second group (Group 2). ln Group 2,

there was a cluster atTO% similarity in benthic features between Site 1A, Site 2A-C and Site 3A and at

60% the same for all the control sites other than those in Group 1. There are therefore some

distinctive variations in epibenthic assemblages within sites (i.e., between sub-samples A, B and C),

between the three proposed sites (1, 2 and 3), between the control sites (CM12, CM12, CH12 and

CH13)as wellas between farm and controlsites.

Epibenthos
Group avenge

GROUP 2 GROUP 1

40

60

80

100

Figure 4-3: Cluster analysis of the epibenthic features evident in photo quadrats from all sites. Each site is

comprised of three samples (A-C).

An alternative representation of similarities (MDS, Multiple Dimensional Scaling; Figure 4-4) provides

a two-dimensional surface plot of the similarity clusters al20%o, 40% 60% and 80% similarity. The

separation of groups 1 and 2 at20% similarity is shown by the two green circles in Figure 4-4. Within

Group 1, control CM13 (B&C) was 4Oo/o similar to Site 1 (B&C) and Site 3 (B&C). ln Group 2 the
remaining proposed sites and control sites (i.e., except CM13 (B&C)) were 40% similar. The highest

level of similarity between any control and the proposed sites was 60% between CH13 (B&C) and

Sites 1-A, 3-A and 2 A, B and C.
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Epibenthos
Non-metic MDS

Figure 4-4: MDS plot of the epibenthic features associated with the three-proposed farm and two control
sites. Each site is comprised of three samples (A -C). Circles of similarity between sites are imposed on the MDS

for 2Q%,40%,60% and 80%.

4.3 Benthic infauna

4.3.7 lnfauna abundance and diversity

Abundonce

The mean infauna abundance (N) at Site l was 166 (SD = 47) individuals/core, at Site 2, 52 (SD = 9)

and at Site 3, 93 (SD = 6) (Figure a-5). By comparison there was a lower range in abundance at the
control Sites (39 to 57 individuals/core). The highest number of individuals was at Site 1 (166) and

this significantly set it apart from Site 2 (but not Site 3) and all the control sites (one-way ANOVA;

F16,111=8.2,p<0.05).

Number of species

The number of species (S) in the cores was highest at Site 3 (23, SD = 9) and at the control site at the
entrance to the bay, CM13 (18, SD = 7) (Figure 4-5). The lowest S was in sediments from CM12 (9, SD

= 2). There was no significant differences in species numbers between any of the sites (one-way

ANOVA; Fle,rry= 1.9, p > 0.05).

Species richness

The mean Margalef's species richness index /dJ (a measure of biodiversity in the sediments) was

highest at Site 3 (4.7, SD = 1.9) followed by CM13 (4.4, SD = 1.5) and lowest at CM12 (2.2, SD = 0.7)
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(Figure 4-5). There were no significant differences in d between any of the sites (one-way ANOVA;

F16,111= 1.8, p > 0.05). The ecological status of these areas can be classified as good according to these

d indices (scoring range from poor to excellent is 1 to 12, see Table 3-1).

SiL l sib2 sb3 cH12 cM12 CH13 C$13

siE I saE 2 sab3 cH12 Crir2 cH13 ciil3

Ste2 Stu3 cfl12 cril2 cH13 clr13

Figure 4-5: Mean number of infauna individuals (N) and species (5) /core and species richness (d) per site.

The vertical lines indicate 1 SE either side of the mean. The height of coloured bars indicates the mean value.
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4.3.2 lnfauna community structure

The most common phyla in terms of the number of individuals in any one grab sample were
Annelida, Crustacea and Mollusca (Figure 4-6). At Site 1-A there was a total of 155 crustaceans. This
phylum was also well represented at Site 1-B (71), Site 3-A (34) and Site 3-B (29). Among the control
sites, crustaceans were numerous among the grabs extracted at the entrance of the bay (CM12 and

CM13). Annelid abundance was generally higher at the proposed sites (ranged from 23 to 57

individuals pergrab)than amongthe controls, exceptforCH13 (26to34 individuals pergrab).
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Figure 4-6: Number of infauna individuals per phylum per grab sample.

A further assessment of potential farming impacts on the ecological status of benthic infauna is to
consider the baseline species composition at the farm sites relative to the controls. A species

composition matrix, comprising 98 species and based on abundance per species was constructed
aligning the three proposed sites with the four control sites (Figure 4-7). There are many striking
features in this matrix, particularly the high number of amphipods across all sites. lt is this abundance

that accounts forthe high crustacean numbers in Figure 4-5. The amphipods from control samples

were not identified to species level in 2O!2 and 2013 but in the present survey this was undertaken.
One species dominated, Ampelisco chiltoni, with 106 individuals at Site 1-A and 53 at Site 1-8.

Ostracods were also numerous at some sites: Site 1-A (35), Site 3-A&B (15 to 20 individuals) and

CM L2-C and CM 13-A (19). Across all proposed farm sites and the controls there were 18 crustacean

species.

ln total, there were 32 annelid species which were dominated numerically by three polychaete

families, Moldonid sp. (15 to 45 at Site 1), Lumbrinerid sp. (six to 14 at Sites 2 and CH13) and Cossurid

sp. (12 to 25 at Site 2, Site 3 and CH13).

Molluscs were represented by 32 species of which only seven were found in the grab samples from
Sites L, 2 and 3: the bivalves Linuculo hortvigiono, Zemysino globus, Towero spisso, Asthenothoerus
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moxwelli, Prothyosiro peregrine ond Leptomyo retiorio, and a gastropod, Opisthobranchio sp. The

numbers per species were low, in the range of one to four and only one species Tawero spisso, was

also found at the control sites. All other mollusc species, 25 in total, were only present at the CH and

CM sites. The is therefore a distinctive difference in molluscan species composition between farm

and control sites.

The presence of brachiopods can be indicative of a sensitive habitat. The brachiopod species,

Neothyris lenticularis, was found in the grab samples from Site 2-B (a clump of seven individuals) and

Site 3-A (one specimen). The same species was present at CM13-A (two individuals)and CM13-B (one

specimen). One specimen of the species Terebrotello songuinea was present at CH13-B and another
at CM13-B.
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Figure tl-7: lnfauna abundance matrix per species at each Site. The replicate samples are designated A, B

and C.

4.3.3 lnfaunacommunitysimilarities

The similarity in species composition (based on abundance) within (two or three replicate samples at
each site) and between sites (proposed farm and controls) can be assessed using cluster analysis

(Figure 4-8). At 20% similarity two controlsamples, CM12-A and CM12-B separate out from allthe
other samples which, in turn, are assembled together at25%.ln this second cluster two distinct
groups are evident, one in which Site t has a species composition that has 30% similarity to CM13

and CM12-C and another in which Sites 2 and 3 have 33% similarity to CH12 and CH13.
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Figure 4-8: A Bray-Curtis cluster dendrogram based on similarities between infauna species and their
abundance. The three proposed Sites 1, 2 and 3. The control sites CM (entrance to Big Glory Bay) and CH

(middle of the bay). L2 =20L2,13 = 2013.

The average percentage similarity between the grab samples at any one Site is highest at Site 1 and 2

and CH12 (60%) and lowest at CM12 (33%) (Fieure 4-9).

Av % Similarity

Figure 4-9: The average percentage similarity between the grab samples at any one site. n= 2 for the
proposed sites and n = 3 for the controls.

Amphipods contributed between 7%to23% towards the percentage similarity between grab

samples within each of the seven Sites and ostracods between 8% and LO% at Site 1, Site 3 and CM3

(Figure 4-10). The polychaetes Moldanid sp., Lumbrinerid sp, Cossurid sp. Cirratulid sp. account for

4o/oto LSo/o species similarity between samples at some but not all sites. The species similarities

between grab samples from Sites CH13 and CM13 were very different to those at the other sites. At

CH13, four species contributed 4%to t2% (three bivalve and one sea cucumber species) and at CM13

four species account for 4% similarity (two bivalve and two polychaete species).
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Figure 4-10: Average percentage similarity among infauna species between grabs samples at each Site. n= 2

for the proposed sites and n = 3 for the controls.

An MDS plot brings more clarity to the degree of separation between sites based on similarities
between infauna species and their abundance (Figure 4-11). The extensive spatial dissociation
between CM12-A&B from CM12-C is emphasised and contrasts to the grouping of CM13 samples. ln

two-dimensional space CM12-A is closer to CM3 samples (30% similarity). Sites 2 and 3 cluster with
CH13-A at40% and with CH13-B&C and CH12 at3O%.

The distinctive percentage similarity grouping of Site 1 with the CM controls and Sites 2 and 3 with
CH controls is likely determined by their respective locations within the bay. Site 1 is close to the
mouth of the bay where the CM sites are positioned and Sites 2 and 3 are adjacent to the CH sites in

the middle of the bay. Common community structures appear shared between sites depending on

their locations inside the bay.
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20L3.
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5 Discussion

5.1 Sediments

The proportionality of mud/silt to sand was similar between Sites studied in this report except at the
mid-bay control Site (CH) where sediment was comprised of more mud/silt (60%to 80%) than at the
three proposed Sites. The percentage particulate organic carbon (POC), a measure of the amount of
organic matter preserved within sediment, was low at all proposed Sites (< L.6%). This low organic
content together with an oxygenated (DO) subsurface (2 to 3.2 mg Oz/L), and no marked aRPD layer
or sulphide odours indicates less than minor enrichment. By contrast impacted mussel farm Sites

have sediments with more mud/s:ilt (60 % to 8O%), higher POC 12% to 4%) and lower DO (1 to 2 mg

Oz/L) (Stenton-Dozey elal.2072, Stenton-Dozey & Cairney 2013).

Dissolved oxygen is a key factor in regulating both benthic community complexity and many benthic
biogeochemical cycles, such as sulphur and nitrogen (Aller 1979, Yingst and Rhoads 1980, Jenkins

andKemp 1984). During periods of hypoxia (<2 mglL) changes in community structure and behaviour
alter geochemical profiles in the sediments as bioturbation declines from lack of oxygen to support
macrofaunal activity.

Sediment characteristics are likely shaped to some extent by the shearing forces of bottom current
and resuspension. The bottom current flow through the mouth of the bay, close to the location of
Site 1 and control site CM, appears to be predominantly into BGB while the surface flow is strongly
tidal(DHl 2o7t).

5.2 Seabed features and epifauna
Burrows and worm holes were a common feature at the three proposed sites. These burrows are

made by crustaceans (amphipods, isopods, ostracods and crabs) and some polychaetes. Their
presence indicates healthy well oxygenated sediment and they play a key role in bioturbation,
moving sediment to the surface and thereby oxygenating deeper levels (Aller 19791.

Shell hash (P. conoliculus) was present at Sites 1 and 3 even though musselfarming has not taken
place in these areas. The shell hash may originate from incidental dislodgement of mussels during
general operation of the approximately 28 working farms in the bay. The presence of the hash is a

baseline feature that must be noted in any future assessments of farm impacts.

There were some distinctive variations in epibenthic assemblages within sites (i.e., between triplicate
samples), between the three proposed sites (1,2 and 3), between the controlsites (CM12, CML2,

CH12 and CH13) as well as between farm and control sites. This indicates strong spatial variability in
epibenthic features across the bay from the mouth (CM) to the north-east area (Site 1), to the middle
of the bay (CH) and approximately 1 km from the south-bay edge (Sites 2 and 3). This high degree of
variability will need to be considered in future assessments.

5.3 lnfauna
ln the analysis of infauna data, three indices of abundance and diversity were used to characterise
the proposed sites and designated controls: the number of species (S)and individuals (N) per

sediment core and the mean Margalef's species richness index (d/. This latter index ranges from 1
(very low diversity)to c. 12 (very high diversity).
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The mean abundance of infauna individuals was higher at the proposed sites than the controls with
the significantly highest number at Site 1 (166/core) mainly due to the presence of many amphipods

The highest mean number of species was found at Site 3 (23) and the lowest at CM12 (9). However

due to the variation within sites, there was no significant difference detected between sites.

The sites with the highest species number also presented with the highest species richness index

based on the formula d = (S - 1)/ln N. The highest index was at Site 3 (4.71and the lowest at CM12

(2.2). This range is constrained considering the overall scoring range for d is 1 to 12. There was no

significant difference between sites.

Species richness was lower under operational farms surveyed previously (Stenton-Dozey et al.2OL2,

Stenton-Dozey and Cairney 20!311, thus the proposed new Sites can be considered representative of
the wider unimpacted bay seabed in terms of infauna species richness.

Besides the indices above, inter-Site comparisons of species community structure were also

undertaken. The most common phyla at the proposed and control Sites were Annelida, Crustacea

and Mollusca (Figure 4 6). The abundance of annelid and crustacean species was generally higher at

the proposed sites, while the highest number of molluscan species was at the control sites.

The two identified brachiopod species at the proposed Sites, Neothyris lenticuloris and Terebratella

songuineo are endemic to New Zealand (Bowen 1968) and common around Stewart lsland especially

in Paterson lnlet where they are protected (together with another two species) within the Te Whaka

a Te Wera Mataitai Reserve. Their status has resulted in the Ministry for the Environment identifying
brachiopod beds as indicators of sensitive environmentsl (MacDiarmid et al. 2013) and therefore this
group is included in the Schedule 6 list of the Exclusive Economic Zone (EEZ) and Continental Shelf

( Envi ron menta I Effects) Act 2012.

However, brachiopods are sometimes found under operating mussel farms (Stenton-Dozey and

Cairney 2013). lndeed, lnglis et al. (2000) have noted that in the Firth of Thames brachiopods are

sometimes more abundant under mussel farms than in nearby areas disturbed by trawling or
dredging. Brachiopods prefer hard substrate for attachment (MacDiarmid et al. 201-3) and mussel

shell hash underfarms may provide such a habitat.

Overall 98 species were identified in this study dominated by the three phyla above. Amphipods

were abundant ranging in numbers from eight to L37 /core. Ampelisca chiltonidominated with up to
106 individuals at Site 1. Ostracods and polychaetes were also numerous at some sites.

Cluster analysis of percentage species similarity within and between sites presented two distinct
groups, one in which Site t had a species composition 30% similar to CM13 and CM12-C and another
in which Sites 2 and 3 had 33% similarity to middle-bay control sites (CH). The two control sites (CM

and CH) were only 2Oto 25% similar in species composition.

Site 1 infauna community structure is therefore most similar to the closest control site at the bay

entrance while Site 2 and Site 3 communities align with the mid-bay control. The two control sites

are approximately 2 km apart and their infauna communities are more dissimilar than similar. This

1 ln this context "sensitivity" is defined by the United Kingdom's Marine Life lnformation Network (MarllN) as:

- the tolerance of a species or habitat to damage from an external factor, and
- the time taken for its subsequent recovery from damage sustained as a result of an external factor

http://www.marlin.ac.uk/sensitivityrationa le. php
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implies that infauna community structures in unfarmed areas differ spatially across the bay from the
entrance to mid-bay.

28 Baseline benthic survey of three proposed mussel farm sites in Big Glory Bay, Stewart lsland



6 Conclusion
Brachiopods were present at the proposed farm sites and are represented elsewhere in the bay. This

group has been identified as being sensitive to disturbance but live specimens have been found

under operating mussel farms. Even though benthic deposition is greater in a mussel farm (an

element of disturbance), the shell hash may provide an attractive attachment surface for
brachiopods.

ln the bay-wide monitoring programme for marine farms in Big Glory Bay, the seabed environmental
condition is evaluated against two non-farmed areas (control sites) to assess whether there are any

undue adverse effects (Section 17, Resource Management Act, 1991). Thus, it is accepted by

regulators (Environment Southland) that the reference sites are representative benthic areas that are

healthy biogeochemical environments with integrated and functional faunal communities.

ln this study, the three proposed musselfarming sites align with the reference sites (CM and CH) as

assessed by the suite of prescribed environment indicators. The areas are environmentally healthy

and have complex community structures that accommodate predator-prey relationships.
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Appendix A Big Glory Bay Monitoring Programme
Filc No: S005-0U
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FiIc No: S00S.00{
Consent No: 207256
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Appendix B Physica! characteristics of benthic sediments
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Appendix C Statistical analyses of benthic sediment data

Table C-1: Summary statistics: mean and standard deviations for sediment properties.

Site %silt/ mud

Mean N

%sand

SD Mean N SD

%Organic Carbon

Mean N SD

OzmElL

Mean N SD

Site 1

Site 2

Site 3

cM12

cH12

cM13

cH13

41.29

55.81

58.77

49.87

68.79

56.77

85.41

4.43

5.15

2.60

9.74

\2.72

3.57

3.01

46.19

35.41

28.22

39.73

24.78

30.76

11.85

3.58

7.48

1.01

8.98

12.71,

0.93

2.70

0.8s

1.61

1.52

2.86

L.t2
1.21

7.29

0.05

o.32

0.32

7.79

0.18

0.38

0.16

3.03

3.21

1.99

4.67

5.33

5.33

2.00

7.02

1.43

0.05

2.89

0.58

2.52

0.00

2

2

2

3

3

3

3

2

2

2

3

3

3

3

2

2

2

3

3

3

3

2

2

2

3

3

3

3

Table C-2: One-way ANOVA analysis p<0.05: Shows significant differences (red) between sites for all
sediment indicators. Homogeneity of variances with unequal N confirmed with Brown-Forsythe Test: p>0.05
for all parameters.

MSdfss ss

Error

df

Error
MS F p

Effect Effect Effect

%silt/ mud

%sand

"/oOrganic
Carbon

OtmBlL

3235.905

7944.75L

7.205

34.550

539.3L77

324.0252

1.2008

5.7584

598.5162

564.7153

7.0361

33.0795

54.4tL

s1.338

0.640

3.007

9.9t2

6.3L2

L.877

1.915

0.001

0.004

0.173

0.166

6

6

6

11

L1

11

lt6

Table C-3: Ad hoc paired tests Tukey HDS for sediment %siltlmud and %sand. Marked differences (red)
are significant at p<0.05.

Tukey ad hoc test
%silt/mud % sand

{2}{1}

0.48

t3)

0.29

1.00

0.83

0.75

1.00

0.03

{3}

o.24

0.94

t1) l2l
0.74Site 1 {1}

Site 2 {2}

Site 3 {3}

cM12 {4}

cH12 {s}

cM13 {6}

cH13 {7}

0.48

0.29

0.85

0.02

0.32

0.00

1.00

0.97

0.50

1.00

0.01

0.74

0.24

0.95

0.08

0.30

0.00

0.94

0.99

0.67

0.99

0.05

0.60

1.00

1.00

0.25
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Appendix D Sediment core profiles

Site 1-1 grab and cores

Site L-2 gra an cores

Figure D-1: Site 1-1 & 1-2, grab and cores.
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Site 2-L grab and cores

Site 2-2 grab and cores

.'1.1

.t

^rx

Figure D-2: Site 2-1 &2-2, grab and cores.
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Site 3-1 grab and cores

Site 3-2 grab and cores

Figure D-3: Site 3-1 & 3-2, grab and cores.
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Figure D-4: Sediment core profiles for control sites CM12 and CH12. (Stenton-Dozey et al. 2012).

Figure D-5: Sediment core profiles for control sites CM13 and CH13. (Stenton-Dozey and Cairney 2013)

0r..1+L *3lo C
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Appendix E Drop-camera photos of sediment surface

Figure E-1: Drop-camera photos in triplicate (A-C) of the sediment surface at the three proposed sites.
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Control Mouth A Control Mouth B Control Mouth C

Control Head A ControlHead B Control Head C

Figure E-2: Drop-camera photos in triplicate (A-C) of the sediment surface at control sites CM12 and CH12

(Stenton-Dozey et al. 2012).

Control Mouth A Control Mouth B Control Mouth C

Figure E-3: Drop-camera photos in triplicate (A-C) of the sediment surface at control sites CM13 and CH13.
(Stenton-Dozey and Cairney 2013).
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