
h âar' qn ou,þ

The environme ntal effects of
salmon farming in Big Glory ßuY,

Stewart Island

A discussion paper on sustainable m naqement

DISCUSSION DRAFT

Jane Hare
Department of Conservation
Invercarqill

639. .

37552 .. l

HAR

Dave Brash
Ministry for the Environment
Dunedin

Apnl 7993



TABLE OF CONTENTS

INTRODUCTION '.......1

BACKGROUND ,"'2

THELEG¡SLATION. ".,..4

ENVIRONMENTAL EFFECTS: A REVIEW

ADMINISTRATION AND ENVIRONMENTAL MANAGEMENT RESPONSIBILITIES

DISCUSSION OF SUSTAINABLE MANAGEMENT

12

32

45

PROPOSALS FOR

REFERENCES

FURTHERACTION ...53

56

APPENDICES

SUMMARY OF WORK UNDERTAKEN TO ESTABLISH A LEVEL OF

SUSTAINABLE SALMON PRODUCTION

REVIEW OF SOURCES ON CAGE ROTATION AND FALLOWING

tro

67





INTRODUCTION

This report is a discussion document aimed at those who are
interested in the sustainable management of sal-mon farming in Big
Glory Bay. The irnpetus for this report was three-fold: a need
to bring together various studies that have been done, confusion
over how the statutory management regime applies, and the need
to deveLop a frarnework for sustainable managernent of the area.
In addition it j-s hoped that the approach taken will be able to
be used as a case study for establishing such frameworks
elsewhere in the countrY.

The report begins by reviewing the legisJ-ative framework applying
to existing salmon farming operations under the Resource
Management Act f991 (RMA) and other legislation. It then
discusses future management options and opportunities available
under this framework, especially with regard to the Regional
Coastal- Pl-an (RCP) which the Southland Regional Councif (SRC) is
currently preparing.

The environmental effects of salmon farming are discussed, based
on a review of scientific papers and unpublished material. This
report does not deal with individual cages and licences (there
j-s a need to collate details of al-I the current approvals) but
rather it looks at generic effects of cages and potentially wider
effects throughout Big Glory Bay. This not onJ-y provides a basis
for subsequent discussion of sustainable management but allows
research priorities to be more thoroughly debated.

The chapters on Iegislation and effects are designed to feed into
the discussj-on of the roles and responsibilities of the various
agencies, and ideas on how sustainable managernent could be
implemented in Big Gl-ory Bay. A systems approach to sustainable
nañagement is proposed based on various scales of impact. A
series of recommendations are included which j-t is hoped will
stimul-ate industry/ management agencies, iwi and other interested
parties to debate issues more fulJ.y, uJ.timately Ieading to
improvements in resource management.
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A sal-mon farm industry has been operating in Big Glory Bay (BGB)
Stewart Island since 1981. Projected production for L993/94 is
estimated to be 2350 tonnes greenweight total for the bay
(Anthony Brett, MAF Fisheries Dunedin, pers. comm. ) . Intensive
cage rearing culture is practised. Dried fish food, manufactured
from waste fish material is fed, mainly from automatic feeders
and by hand. This results j-n a loading of waste food, faeces and
metabolic products into the environment. There is a large scale
infrastructure associated with the farrning operations: floating
cage units of varying sizes and shapes which are moored to bLocks
on the seabed, feed hoppers, rafts, sheds, accommodation barges
and boats, and cl-eaning units.

The farms have contributed significantly to the local island
economy. There are also a number of downstream industries in the
region that are to some extent reliant on the farming operations:
charter boats, fish processing factories, engineering workshops
f or exarnple.

At present two companies are operating, farming on seven licensed
sites. An eighth site is also licensed to farm salmon although
it has not been used for this to date. The licensed sites are
shown on Figure l; these are three or four hectares each (except
MFL 149 which is 5.6 ha.). Mussels are also farmed commercially
within the bay, principal-ly on 3 sites on the south side.

Big Glory Bay is a semi-enclosed arm in the south-east of
Paterson Inlet, a deep rock walled inLet on the east coast of
Stewart Island. It covers 11.9 sq. km. of the 100 sq. km. of
Paterson Inlet. Average depth in the centre of Big Glory Bay is
14 metres.

In January 1989 a dense bl-oom of the dinofJ-agell-ate alga
Heterosigrma resulted in the death of around 600 tonnes of salmon.
Cages $/ere moved out of Big Glory Bay onto a refuge site near the
entrance of Paterson Inlet. Between late November ]-992 and mid
January 1993 thj.s site was again used during a period of
sustained easterJ-y weather and hj-gh algae counts predominately
of the flagellate Enil-iania huxleyi. After the 1989 bloorn the
number of companies farming in the bay decreased from five to
three. In L992 one of these remaining companies bought out the
third.
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3.1

THE LBGISLATION

LEGISLATIVE BACKGROUND

This discussion of the legislative framework should not be
construed as tegal advice. The interpretation of the law is
ultimately up to the Courts. If people have any specific
concerns it is suggested that they should seek their onn legal
aövice.

Before the RMA enactment, all the Big GJ-ory Bay salmon farms:

* were operating on l-icences to farm mussels (and other
shell-fish in some instances)

* had special permits under SL4A of Marine Farming Act (MFA)
to farm salmon (and had been operating under this system
for severaL years)

* had applied for SL3 variations to the licences to add
saÌmon as species able to be farmed.

These variations \¡/ere granted (by signing memorandum of variation
to the licences) after RMA enactment.

Other legal considerations, prior to RMÀ, were,'

* whether they had 5178(f) (b) Harbours Act plan approval as
required by S30 and S31 of MFA

* whether the farms requi-red water rights to discharge
waste (uneaten food, fish faeces, cleaning agents,
antibiotics ) into the waters of the bay , which r,¡/ere
classified.

3.2 EXISTING LICENCES

Existing l-eases and licences are saved by s426(L) of RMÀ whj-ch
effectivety maintains the MFA as a distinct code for aII existing
marine farming licences. This section provides for the
continuance of leases and licences granted under s8 of MFA and
any subsequently granted under s397(1) of RMA. 5397 relates to
applications made under MFA just prior to RMA enactment which
\^/ere required to be deterrnined under MFA. Al-l- these Leases and
Iicences are to:

"eontinue in lorce after the commencement of the Act on the
same conditions and with the same eftect as if the Act had
not been enacted; and al-L provisions of that Act relating
to any such l-ease or l-icence or conferring or imposing any
right, power, priviTege, function, duty or liability on any
party to any such -lease or J-icence shal-l- continue to apply
in respect of that fease or l-icence accordingfy".
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Because Big Glory Bay was not subject to any maritime or district
plan section s418 (6) does not apply. If Big Glory Bay had been
subject to existing use provisions of a maritime or district pj-an
then a licence could continue without other permits until a rule
in a RCP was made requiring a consent to be obtained.

Leases and Iicences under the MFA grant rj,ghts to occupy an area
of the sea for the purposes of farming fish. The RMÀ all-ocates
access to the bed of the coastal marine area and controls the
adverse effects of activities on the environment (eg: water
quality). Specific activities such as the discharge of
contaminants are not authorised as such by the MFA, therefore
other permissions rnay be required under separate legislation (eg:
previously under the Harbours Act for structures). A High Court
decision in Minister of lnlorks and DeveTopment v Tauranqa County
counciT (7987) 72 NZPTA 385, per Davison J.t stated in relation
to a district scheme that'rthe council therefore has, in my view,
po!'/er in effect to prohibj-t commercial f ishing or marine farming
even though a l-ease or licence to do so may have been granted
fron the appropriate authority". A similar relationship exists
between the RMA requirements for coastal permits and l-icences
under the residual- MFA.

Prior to the RMÀ coming into force on I october I99I, most of the
existing marine farming licences in Big Glory Bay had the
necessary approvals under the Harbours Act 1950 for structures
but none had been granted water rights under the Water and SoiI
Conservation Act 1967 for discharges of waste into water. To the
extent that any unauthorised activiÈies contravene sI2, L4 and
15 of RI4A they remain unl-awful until a coastal- perrnit is granted.
That is, there is no basis for any existing use rights to apply.

Existing s178 plan approvals under the Harbours Act are deemed
to be coastal perrnits by the RMA (s384(1)(b) ), and so are noh/
adninistered by SRC. Such approvals do not usualJ-y have any
expiry dates, and this situation can continue indefinitely unl-ess
a variation or new consent is applied for.

It should be noted the applications for water rights made prior
to 1 October 1991 are deemed to be applications for coastaL
permits (and unJ-ess withdrawn they are stilL valid applications
until decided by SRC). Licences granted under MFA are not deemed
to be coastaÌ permits so any coastal permits not appJ-ied for
prior 1 October must be treated as new applications (ie: s384 and
s389 (1) do not apply, but s396 will- apply) .

The RMÀ has also altered the rights of renewal- previously
contained in the MFA (s22). Under s426(5) of RMÀ the statutory
right of renewal is removed and Iicences only have renewaL rights
if they are stipulated in the licence conditions. The licence
holder can apply under sl3 of MFA to the Minister of Fisheries
for a variation to the term (and any other conditions) for up to
L4 years. When granting an extension of the term under MFA
(s13(4)) the Minister may extend the term on the same conditions,
or wi-th varied conditions whi-ch are not inconsistent with the
requirements of the MFA. There is no l-imit to the number of
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extensions that may be so granted. The existing licences in Big
Glory Bay do not have renewal conditions, thus they will expire
at the end of the 14 year term (at which tine a coastal perrnit
will be required and s1-24 applies) unless a variation is granted.

Any such variation will of course require the concurrence of the
Minister of Conservation and the Minister of Transport.

3.3 NEIÍ }Í.ARINE FÀR¡.T APPROVALS

Any proposaLs for further development of rnarine farms in Big
Glory Bay will require a coastal permit which will deal with aII
resource managernent issues (eg: access, pollution and visuaÌ
effects). Approvals will also be required under the residual MFA
for stock and disease management issues and possibly under the
Harbours Act approval for navigation and safety issues.

Until a Regional Coastal PÌan becomes operative the Regional
Council must notify the Minister of Fisheries upon receipt of an
application in respect of marine farming (s396). Any report by
the Minister must be considered by the CounciI.

Where an existing MFA Iicence did not gain the al-Ì the necessary
approvals under the previous legal regime (eg: s178 of Harbours
Act) the RMÀ provisions wilt apply as though it were a new
application. This is also the situation where al-terations or
extensions to the marine farm are proposed in the future.

3.4 TRÀNSTTIONÀL REGIONAL COASTÀL PLANS

A Regional Coastal- Pl-an (TRCP) under the transitional provisions
of the RMÀ (s370 and s371) is deemed to include a number of
existing regulations and rules from previous statutes. This
incl-udes, by virtue of s370 (2 ) (b) of the RMA, determinations of
the Minister of Fisheries under s4 (2 ) of the Marine Farrning Act
notifying areas that shall not be available for marine farm
Ieases or l-icences.

One such determination was in place in Southland. On 26 August
f983 the Minister determined that the foreshore, sea bed and
waters surrounding Stewart Island would not be available for
narine farm licensing or leasing, except for those areas
identified within Big GlorY Bay.

The accompanying map excluded
of a coastal strip of varying
accompanying notes:

farming within the bay from most
width. There l¡/ere three

lfote 7 AL7 marine farms wiTl- be conditioned so as to enable
the farm to be moved on a temporary basis to enable
anchoring of an oil- rig.

The effect of the plan is to cl-ose areas to marine
farming. unshaded areas of sea are those areas which

Note 2
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wil-l- be cfosed to marine f arming. Any applicatíon in
the cl-osed areas wiLT be automaticaTTy decTined. No
marine f arms wil-l- be granted automaticaTTy.

The shaded area wil-I remain as it was, that is
avaiTabLe for application as marine larms. The
applicant must stil-I complete the normal application
procedures of advertising, narking the area, caTTing
for objections and ínforming certain persons after
which the l"Iinister wil-L either grant or decl-ine tåe
application. No marine farms wi77 be granted
automaticalTy because they are within the area
avail-abl-e f or application. A report js issued with
this pTan giving further inlormation.

Any marine farms, if granted, wil-l- be l-icences only,
which gives the l-icences the right to carry out marine
farming within the specified area, but does not give
any rights of possession. This means anyone may pass
over, under or through the Licensed area.

The effect of the determination was to make all marine farming,
within the meaning of the MFA, a prohibited activity on the
foreshore, sea bed and waters surrounding Stewart Island except
for those areas in Big Glory Bay shaded in the map (s371(2)). By
virtue of s371(3) and s369(1), marine farming in those shaded
areas becomes a discretionary activity.

The TRCP also includes existing water classifications developed
under the Water and SoiI Conservation Act L967 (s26C) by virtue
of s370(2)(c) and s368(2) (b) of RMÀ. Any resource consent
seeking to use the waters of the region contrary to the
cl-assification will be considered a non-complying activity. The
classif ication al-so includes a provision which all-ows for the
reasonabte mixing of a contaminant before a discharge must meet
the mj-nimum water quality standard.

The Southland Harbour Board Stewart Isl-and Bylaws 1985 (under the
Harbours Act l95O) appJ-y to Biq Glory Bay, and are administered
by SRC. These bylaws have specific provisions controlting
navigation and saf ety around marine f arms, âS weLl as po\^/ers in
relation to the deposition and removal of material- from the
foreshore (royal-ties may be required) . The Minister of Transport
and Harbour Boards have powers to erect navigational aids but
existing navigation routes and anchorages have no specific
recognition under any J-egislation or bylaws. Navigation and
anchoring are not recognised in the TRCP but they are given
status in the policies of the now defunct Southland Regional
Scheme, and as such, the SRC rrshalL have regardrr to these
policies in carrying out j-ts functions under RMA. Navigation
control-s may be created under the MFA (s28) , or through changes
to the bylaws, and potentiall-y some controls are also possible
in a RCP, but only in consultation with the Minister of
Transport.
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3.5 REGIONAL COASTAL PIJÀN

The SRc is required by the RMÀ to prepare and notify a RegionaJ-
Coastal PIan (RCP) for Southland by I October L993, and this RCp
must then be approved by the Minister of Conservation. The
purpose of the RCP is to promote sustainable management of the
coastal marine area (CMÀ). The RCP may also form part of a wider
regional plan covering the CMÀ and related coastal environment,
in which case the Minj-ster only approves that part relating to
the CMA. fn preparing the RCP there must be consul-tation with
central- government (particularly MAF Fisheries, Ministry of
Transport (MOT), the Department of Conservation (DOC), iwi
authorities, users and the wider community.

The RCP will establish the objectives, policies and rules for the
al-Iocation of coastal- space and the management of adverse effects
of activities in the CMA. This may include the control ofi
* use of seabed and associated natural and physicaL

resources

extraction of sand and other materials

taking and use of water

discharges of

storage, use,
substances

contami-nants

disposal or transportation of hazardous

emission of noise

activities in relati.on to the surface of water

The scope of RCPs is circumscribed by s30(2) in that it cannot
"apply to the control of the harvesting or enhancement of
populations of aquatic organisms, where the purpose of that
control is to conserve, enhance, protect, allocate or manage any
fishery controlLed by the Fisheries Act t983rr. This presumably
encompasses aspects of marine farming controlled under the MFA.
There is no clear statement in the MFA of its scope and
jurisdiction, but it clearly relates to the al-l-ocation of
exclusive rights to farm fish and the management of issues such
as disease control. The potential for conflict in relation to
the carrying out of these functions is covered in Chapter 5.

Generally existing uses are not affected by the RCP until- their
coastal permit expires and, as noted above, the RCP also cannot
not affect the rights and entitlements of existing MFA Licences
until they expire. The onJ-y exception is that a RCP may
inf luence the conditions of an existing coastal perrnit, i-ncluding
those currentLy associated with marine farrning, where a rule
setting minimum water qual-ity standards is establj-shed in the RCP
(s128).

The RCP provides al-l- those with an interest in the management of
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Big GJ-ory Bay with a number of opportunities;
* to review the existing transitional- plan;

* to determine what sustainable management means in the
context of Big Glory Bay and estabtj-sh clear objectives or
goals for future management;

* to establish environmental bottomlines, inctuding
sustainable fishing stock limits, in the form of clear
rules and guidelines;

* to identify and protect conservation values,'

* to address the conflicts between marine farmers, and
between marine farmers and other users (eg: recreation);

* to define the roles of the various management agencies and
the narine farmers; to establish the baseline environmental
monitoring requirements ;

* to streaml-ine management processes.

* to provide for suitable refuge sites

Subsequent chapters of this report discuss the concept of
sustaj-nable management, environmental bottomlines and the roles
of agencies. In terms of streamlining management procedures the
RMA provides a range of tools which may be applicable to Biq
Glory Bay, including;
* permitted or controLled activities the RCP can establish

criteria whereby certain activities are either permj-tted as
of right or do not require full public scrutiny. These
types of permission can be used where an activity onJ-y has
a minor effect or where the adverse effects are known and
can be acceptably control-l-ed by standard condj-tions;

prohibited activities certain types of activity can be
prohibited from an area where it is not possible to
mitigate the adverse effects to an acceptable level-. This
may be appropriate for very sensitive areas and means
applications cannot be considered for such activities
within these areas.

market or psuedo-market mechanisms for nev/ applications
this could incl-ude such mechanisms as coastal tendering
(Part VII), bonds and other economic instrurnents
environmental- compensation. It is thus possible to include
rul-es in a RCP that promote competition between users and
the internal-isation of environmental costs. It is not
possible to transfer coastal perrnits from one sj-te to
another (they may be transferred from one owner to
another), but it is possible have permitting systern that
allows for movement from one area to another within a

coastal permit. The RCP can establish guldelines or rules
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for such systems.

transfer or delegation of functions the RMA can allow a
range of functions to be carried out by other parties where
this is deemed to be more effective and efficient. For
exarnple, it may be easier for monitoring to be done by DOC
or MAF Fj-sheries rather than SRc. It is also possible to
transfer certain management responsibilities to iwi if this
appropriate.

environmental effects assessment the requirements for
effects assessment are set out in the Fourth Schedule of
RMA but additional or alternative requj-rements can be
prescribed in the RCP.

The use of these types of mechanisms within a RCP framework can
increase certainty for aLl parties, âs well as introduce
flexibility to deal with marine farming industry requirements.
The RCP can thus establish areas suitable for marine farming and
develop procedures to deal with special- issues, such as refuge
areas.

3.6 REFUGE SITE

FoIlowing the Heterosiqma bloom in 1989, discussj-ons were
initiated about suitabÌe refuge sites to use in the event of
further blooms. After consultation with industry, iwi, and DOC
two sites in Paterson Inlet were chosen, including the site used
during the 1989 bloom. MAF Fisheries subsequently issued a
special permit under MFA allowing these sites to be used in
appropriate circumstances. Thj-s permit is valid until 31
September 1994 or until the Southland RCP is operational,
whichever occurs soonest" whilst the MFA special permit granted
the right to occupy the refuge sites in certain conditions, it
is the RMÀ that controls the use of the seabed and the adverse
effects of farming on the environment. These means a coastal
perrnit woul-d be needed to legaJ-ly occupy and farm on these refuge
sites. However the Minister of Fisheries' declaration
restricting marine farming in Stewart IsIand waters to Big Glory
Bay, now part of the TRCP, means marine farrning is a prohibited
activity in Paterson Inlet. SRC j-s not able to accept an
application for a coastal permit for marine farming in these
waters. A change to the RCP would be needed to aLlow a permit
to be issued. In the transitional period, uP to when a new RCP
is notified, a request to change the plan can only be made by the
Minister of conservation or the adjoining territoriaJ- authority
or initiated by SRC itself.
during the 1992/93 bloom.

The refuge sites \¡/ere occupied

3.7 ENFORCEMENT

Generally each statute has separate enforcement codes and
enforcing agencies. conditions on existing marine farming
Iicences can only be enforced under the MFA by MÀF Fisherj-es.
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Similarly, bylaws under the Harbours Act relating to navigation
can only be enforced by the Harbour Board, in this case the SRC.
Where marine farming is authorised by a coastal perrnit or
controlled by rules in a pJ-an then the SRC, or any other person,
may enforce the perrnit conditions under RMA.

In addition, the RMA contains wide po\¡/ers for the SRC, or any
person, to apply for an enforcement order where an activì'ty or
action "is or is likely to be noxious, dangerous, offensive or
objectionable to such an extent that it has or is likeLy to have
an adverse ef fect on the environmentrr (s31-4 (1) (a) (ii) ) . This
porver is independent and irrespective of any consent or licence
that may authorise that activity and is designed to control
adverse effects which are the result of unauthorised activities
or where such effects \^rere unforeseen when authorised.
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4 EIrrVIRONMBNTAL EFFECTS: A RBVIEW

4.1 INTRODUCTION

Table 1 summarises the known environrnental effects resulting from
salmon farrning in Big Glory Bay. These effects can be divided
into those resuJ-ting from the foJ-Iowing:

* The feeding of fish and consequent production of effluent
and solid waste, with local effects on both the water
colurnn and the seafloor

* The use of chemicals and medical treatments and their i-nput
into the water column

* Discharge of other contarninants e.g. rubbish, polystyrene
beads from uncased flotation, sewage

* The use of structures and their effect on the landscape and
on other users

* The effect of farming practices on wildlife, mari-ne mammals
and other native species.

In sectj-ons 4 .2 - 4 .6 the nature of these environmental effects,
their magnitude and significance are discussed, and the current
state of knowJ-edge assessed. These sections expand upon the
summary in Table 1 and reference the rel-evant sources of
information.

The combined farming activity in Big Glory Bay results in an
accumulation of impacts on the bay. These cumulative impacts are
greater in intensity and possibj-y Ionger lasting, than if
individual farm units were placed in separate localities outside
the bay. This ar j-ses partÌy because of the nature of Big Glory
Bay, a semi-enclosed bay, having limited water exchange with
Paterson Inlet. In order to identify and predict cumulative
j-mpacts a relativej-y greater amount of data is needed than for
the assessment of individual activities. Cumulative effects may
be synergistic, more uncertainty about these effects is Iikely
to exist, and there is a potential that the impacts will- spread
beyond the bay. Cumulative effects are discussed in section 4.7.

An assessment of the J-ikely environmental effects arising from
two proposed farming methods, cage rotation and the use of larger
zone areas, is presented in section 4 . B .



Table 1 : SUMMARY OF ENVIRONMENTAL EFFECTS OF SALMON FARMS lN BIG GLORY BAY STEWART lSl-AND
Text

Acl¡v¡tv Res-ult5- EÑ KeÍerence

. l-roouçIlon ol ellluulll, q ìtullu wdlilti increase in organ¡c matler in the ecosyslem )otential chanaes ¡n ecology of m¡cro-organisms 1.32.2

hom feeding fish food on water column
soluble wesles in the water column rhanqe in water clarity 4.3,4.3.6

nutrient enrichment of water body. esp. N ¡roanic loadino and local DO deficit. possible toxicity may affect benthos 1.3.2

fish mav be slressed or killed bv alqae

stimulation of aloal blooms throuoh hvDemutrificat¡on )otenlial for eulroDhicalion 4.3.2

localised elevaled levels of ammonia )ossible toxicitv Þroblems 4.3-3

fluctuations in d¡ssolved oxvqen ol water column {.3 5

low dissolved oxyqen levels near seafloor

release of qases from sed¡ments: H25, methane :hange in taste and odour of water body {36
;an cause qill damaqe and mortality in farmed stock 4.3.7

)ubbles can act as vectors for pathoaens {38
eachino of v¡tamins. Diqments from food rcorlv understood (may atfect plankton) 13.2.2

un sea lloor
leoosilion of solids on the seaRoor imotherino under caoes t31
rroan¡c enr¡chment of sediments

:hanoe in benthic communiV structure

increase in mercurv levels rncertain. but seems to be causinq measurable toxicity in sediments 134

rresence of chem¡cals and drugs in water þody 141

rse ol antibiotics Jnknown

rse of cleaninq aqents rnknown

rse of antifoulants :tfects of tvpes cu¡rentlv used is unstudied

3. Omer contamlnants 1.4-2

lumoino dead lish and offal rnknown

lrom boats and ba¡oes
'aecal coliforms, viruses etc Dotential efect on human health

lcc¡dental fuel sp¡lls

ubb sh )lastics can affect wildlife eq stranqlinq, accumulation in gut

rnsiohtlv on beaches

leoradinq oolvstyrene reads can kill seabirds if accumulated

45

rhvsical obstruction 'ìot oroDerly assessed

:fiecl on Maori cultural values rot assessed
Jegrading ol landscape /arious, see Petrie report

5. Efiect on wtloll¡e elc. l6

)hvs¡cal Dresence roise, activity ¡¡ed slrao colonv near NZ Salmon now abandoned

shoot¡no of seals and qul¡s rumber killed unknown

rnlânolement in nels iolohin drowninos
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4.2 À SU}II,I.ARY OF PÀST RESEÀRCH ÀND MONITORING

In L982 the Cawthron Institute was commissioned by BP Chemicals
NZ to assess the impact of sedimentation on the benthic habitat
within the environs of the company's experimental l-icence area
at the head of the bay. Gillespie and lrfKenzier reported on
smothering of benthj-c flora and fauna beneath the cages, anoxic
conditions in the surface sedirnents, the production of methane
and hydrogen sulphide gases, and elevated levels of inorganic
nutrients in the water column. BP's farm, the first in the bay,
\^/as located in 9 to 12 metres depth,' biomass of fish on site is
not given (although it was originally set up to produce 50 tonnes
per annum) . In 1985 this site \â/as sv/apped for a deeper site (MFL
338), with more current flow, on the south side of the bay.

In the 1980s an Otago University student studied the impact of
this original farm on the benthos2.

Between 1988 and 1990 Water Qual-ity Centre staff at Hamil-ton (now
National- Institute of Water and Atmospheric Research (NII^IAR) )carried out salmon farming studies in Big Glory Bay under partial
contract to MAF Fisheries, Southland Catchment Board and
Department of Conservation; industry funding was also provided.
Field data was collected initially between II-27 February 1988.
Four reports have subsequently been produced3'4'5'ó.

Roper et al-.r summarise information pertinent to the formulation
of appropriate water right conditions; irnpact on benthic life and
on water clarity are the primary considerations.

Rutherford et al-.4 consider factors which could limit the long-
term sustainable production of salmon in Big Glory Bay. Two
factors are considered in detaiJ.; the potential for
eutrophication and for dissolved oxygen depletion. A model is
devel-oped to allow a prediction of maximum sustainable salmon
production to be made.

Pridmore and RutherfordÓ use the same model to predict values of
nutrient and chlorophyll concentrations to compare with fieLd
measurements taken dur j-ng a bloom of Heterosigma c0. akashir¿o in
Big Glory Bay in February 1989. Estimates of sustaj-nable
production levels are not discussed in this third report.
In this latter report (which was funded by MÀF Fisheries and
WQC) , estj-mates of nutrient input into Big Glory Bay \^rere
refined, and the input values for nitrogen and chlorophyll IeveIs
in Paterson Inlet were amended to those measured during the f989
bloom (which represented known worst case conditions). The
estimate of sustainable sal-mon production \^/as reworked in April
L992 by Pridmore on r-e_quest of Big Glory Bay Working Group, using
these amended val-ues7'8 (see 4.3.2.L, Appendix l-) .

A plankton watch (monitoring) programme is run by Big Glory
Seafoods staff for the benefit of the salrnon farms in Big Glory
Bay. The programme is carried out to alert farms to any danger
of ai-gal bloom. It was initiated in 1989. Samples are taken at
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least weekly in Big GJ,ory Bay; from spring to autumn this is
extended to include Paterson Inlet sampling. Levels of each
species are j-dentified, either on site or by an external
Iaboratory; resuLts are sent to each company.

Although information has arisen from the plankton watch programme
and through the above research initiatives, the effect of the
farms on the Big Glory Bay environment has not been
systematically monitored since the industry's inception. In
April L992 a group was established to develop an initial
monitoring programme. It h/as set up under the auspices of the
Biq Glory Bay SaImon Farm Working Group which comprises
representatives from the salmon farming industry and the various
agencies with administrative responsibil-ities for the farms. At
time of publication of this document the monitoring proposals,
designed to detect eutrophication of the water column and
sediments of the bay, had not yet been implemented.

4.3 EFFECTS FROI{ PRODUCTION OF WASTE FOOD, FÀECES AND }ÍETÀBOLIC
PRODUCTS

The wastes from the safmon farms which enter the water body in
the form of two major fractions: solid and soluble. SoIid wastes
may be in the form of either suspended solj-ds in the water column
or solids that accumulate on the sediment. Soluble wastes are
dissolved j-n the water column, either directly as metabolic
products of the fish or indirectly through leaching from the
solidse. The major component of solid waste material- is organic
carbon; the nutrients phosphorus and nitrogen are the most
important constituents of the solubl-e wastes. The absolute and
relatj-ve output of the various forms of effluent are determined
by the form of the food, feeding techniqugs, stocking densities,
gáneral husbandry and processing methodse. The capacity of the
l-ocal- environment to cope with the wastes determines their fate.

In a review of the effects of finfish farrning on the environment
I,rloodwarde thought the most important effects to be the increase
in particulate matter entering the sedirnent systern and the
increase in nitrogen and phosphorus entering the water column.
The principal- factors determining and affecting fish farm
effluents are represented diagrammatj-caIIy in Woodwarde; (Figure
2).
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Figure 2. Srrnmary of principal
fish farm effluents.

factors determining and affecting

Source: Woodward 1989v; after Querellou J., Faure A. and Faure C.
EIFAC Tech. Pap. (1982) 4Ii 166p.

4.3.1 Effect on the seafloor

Natural recycling processes in the bay can be modified by the
accumulation of particulate organic matter on the seafloor.
Decomposition of the organj-c matter occurs mainly in the
sediments where it is catalysed by microbes. The initiaL
reactions are aerobic but as oxygen j-s depleted alternative
compounds are reduced through a sequence of anaerobic degradation
pathways: nitrate reduction, suJ-phate reduction, fermentatj.on and
methanogenisis. This anaerobic sequence is found through tirne
and with depth in the sediment. Sulphate reduction is the norm;
methane is produced only under conditions of very hiqh organic
enrichmente.

The J-ayer in which oxidising processes become displaced by
reducing processes is defj-nable by a redox-potential-
discontinuity (RDP). The location of the RDP with respect to the
depth in the sediment basicalJ-y depends on the equilibrium
food:oxygen flow into the interstices of the sediment. Both
factors are refLected by the organic content and grain size
composition (mean size, sorti-ng, clay f raction)e.

The presence of Beggiatoa, a sulphide oxidising bacterium, whj,ch
lives on the surface of the sediment in white filamentous mats,
indicates that free sulphide is reaching the sediment water
interface; it is an indicator of the transition between aerobic
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and anaerobic reactions. However it does not indicate the totaL
zone of influence of a fish farm.

The amount of solid waste depends on the efficiency with which
fish are able to convert food j-nto growth; this is commonly
expressed as the food conversion rate (FCR). Pridmore and
Rutherford6 diagrammatically estimate the fate of nitrogen
through the salmon farms during 1988 when annual production was
approximately tOOO tonnes. OnIy 252 of the nitrogen inputted via
food is retained as fish flesh (Figure 3).

The extent to which this solid waste affects the seafl-oor
surrounding a cage or farm depends on the rate of dispersion of
the excess particulate matter.

Roper et al.r examined two sites, IN52 (now cal-led MFL 474) and
MFL 338. Sediment concentrations vrere found to be elevated above
background onj,y within 25-50 metres of the edge of the farms
studied. The examination of sediment composition may
underestimate the distances that wastes spread, firstly because
waste breakdown probably occurs fairly rapidly on the edge of the
waste patch and could make it difficult to precisej-y define the
edge of the patch and secondJ-y because there may be periodic
resuspension and redistribution of wastes during stormsr.
Although physico-chemical effects could only be detected out to
5O metres bioi-ogicaJ- ef f ects extended weIl beyond this3.
Responses of benthic animals were typical of those caused by an
organic gradient, and are likely to have resulted from intense
organic enrichment and the smothering effects of matter falling
to the bottom3.

These waste accumul-ations had buil-t up during 2-3 years of
operations on the sites studied. It appeared that solid wastes
hrere not being continuall-y scoured away from under the farms by
currents but that a Iarge fraction of the solid flux to the
seabed accumulates under the cages. The zone of impact
immediately under the farms and for several- metres away h/as
severely polluted; few species survived and only pollution
tolerant ones were abundant. Further away, a transition zone
occurred where numbers of species and individuaL abundances
j-ncreased, reaching peaks at about 100 metres from the edge of
the farm. The species present were not just'pollution-tolerant
ones but representative of a enriched community. This suggests
that organic material- is an abundant food source for fauna
l-eading to increased numbers of tolerant species. This enriched
community merged into what was - probabJ-y norma.l- community
structure at about 2Oo metres away3.
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NITROGEN

t(N) yr-1

20% wastage
39

particulate
loss
55

25% retained
39

65% excreted
101

sediment

trigure 3. guantitative estimates of the fate of nitrogen (N)
through salmon farms in Big clory Bay during 1988 when annual
production was 783 tonnes.

+ estimate based on data presented j-n Pridmore and Rutherford
1990ó.
* estimate based on information in Gowen and Badbury Oceanogr.
Mar. Biol- . Ann. Rev . 25 ( 1987 ) : 563-575.

(Source: Pridmore and Rutherford 1990Ó)

Their observation that impacts occur within about 200 metres (of
the farms) is probably typical of aII farms in the bay, accordingt
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to Roper et al-.3. Subsequent quantification of the extent of
irnpact of the farms, âs a result of longer occupation of these
sites has not been carried out. It is anticipated that sediment
chemistry, with specific reference to the rate of recovery of
these patches, wiII be examined as part of a postgraduate study
at Marine Sciences, Otago Unj-versity, partially funded by
Department of Conservation (DOC).

4.3.2 Nutrient levels

4.3 .2.L Hypernutrification

Sea-cage salmon rearing results in the liberation of nutrients
(in the form of soluble excretion products, faeces and uneaten
food) which have the potential to increase nutrient
concentratj-ons in the waters of the bay and to stimulate the
growth of phytopJ-anktonr. Any substantial and measurable
increase in the concentration of a nutrient has been called
hypernutrificationr0. Hypernutrification does not necessarily
Iead to eutrophication which is an increase in primary
productivity over the natural level, which in turn can result in
an increase in secondary (zooplankton) production which could
influence inshore fish productionro.

In some eutrophic coastal regions this enhanced productivity can
be in the form of algaj- blooms (short periodic bursts of algal
growth). In extreme cases blooms can be dense and extensive
causing large fluctuations in dissolved oxygen, âs a resuLt of
aJ.gaJ- respiration at night and during the senescence of the
bloomlo.

Blooms of phytopJ-ankton affect water colour and clarity. If toxic
algae are present they can kill- fish. It has been suggested that
smaII, non-toxic blooms can stress farmed fish, which could
enhance their susceptibifity to disease and/or abij-ity to respond
to treatmentro.

Nutrient concentrations in Big Glory Bay and in Paterson Inlet
\^/ere measured by the intater Quality Centre (WQC) in February 1988
and January L989, ât the latter time during the Heterosigma
bloomr'ó. Based on the average ratio of particulate nitrogen to
particulate phosphorus measured during January 1988 it was
assumed the nitrogen and not phosphorus was likely to Iimit
phytoplankton growtha.

A model was developed to predict spatially-averaged nitrogen and
chlorophyll concentrations in Big Gl-ory Bay. This was combined
with a phytoptankton growth model to examine the effects of
nitrogen availability and hydrauJ-ic flushing on phytopJ-ankton
yields. An estimate of the maximum yieJ-d of salmon production
in the bay that woul-d be unlikely to resuLt in repeated blooms,
v/as calcuLated from the model (see Appendix 1).

A dense bloom of Heterosigma cf. akashiwo which occurred in earJ-y
January 1989 resuLted in the death of about 600 tonnes of caged
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salmonll.

"It appears that the earTy January bToom in Big GTory Bay
was initiated and promoted by a combination of factors:
circulatíon/topography ot the bay, the regional
meteroTogical and hydroTogical conditions, high nutrient
input from severai. sources, and the vertical migratory
behaviour of Heterosígrma v¡hich together act to lorm the
dense bToom at the surÍace"tt.

During the two years of study (88/89), the sal-mon farms appeared
to have j-ncreased nitrogen concentrations in Big Glory Bay by
amount 30åó. The marginal effect of the salmon farms during
January f989 was to increase the rnean chl-orophyll concentration
of Big Gl-ory Bay by 3 mg m-3 (ie 33å)ó.

4.3.2.2 Ef fect on plankton ecoJ.ogy

The release of dissolved inorganic and organic nutrients and
particulate materiaL from fish farrns can induce changes in the
ecology of micro-organisms (e.9. phytoplankton, bacteria and
protozoa)r0. Bloorns may arise from the release of certain vitarnins
contained in uneaten foodstuffs e.g. Vitarnin BL2 is a growth
requirernent f or the toxj,c microf lageJ-Iate Prymnesium parvunt2.
The formation of anoxic sediments beneath cages can prevent
excystment of dinoflagel-late cysts and dispersal of sediments
could result in the release of cysts into the water column and,
under suitable conditions, the development of an aJ-gal bloomr3.

A study conducted in a Scottish loch concluded that exchange of
water between a sea-Ioch and its adjacent sea area has an
important bearing on phytoplankton and could restrict the
accumulation of biomass resulting from hypernutrification.
Hypernutrification may therefore occur without a change in the
standing crop of phytoplanktonr{. If enhanced primary
productivity and phytoplankton biomass does resul-t, changes in
the oxygen budget of a water body are 1i-ke1y'4. Any longterrn
change in nutrient status of the water could influence the
species composition of phytoplankton and form the growth of
flagellates if silicate becomes the limiting nutrient as a result
of the excess of nitrogenr{.

In Big Glory Bay there is potentiaì- for in situ growth and for
phytoplankton biomass to accumulate. The rate of flushing is
1ikely to have important bearing on whether this is sustained.

The salmon industry has carried out a plankton watch programme
since the 1989 Heterosigma bloom (4.2)'oo. There has not been any
explicit study of the relationship between the micro-organisms
in the bay and the effluent produced by the farrns.

The programme has recorded several bl-ooms of Mesodidium since
January 1989.

4 .3.3 Ammonia
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V'IQC assessed the Iikelihood of ammonia toxicity in 1989 and
derived recommended maxj-mum acceptable concentrations of non-
ionised ammonia that would safeguard against long-term toxicity
to marine l-ifer5.

Invertebrates are generally Iess sensitive to ammonia than fish.
wQcrs calculate the levels of ammonia that might exist, given a
production of 3,OOO tonnes yrr of sal-mon in the bay. The level
calculated v/as Lower than but comparable with, maximum levels
suggested as guarding against toxicity. Given this the wQCt5

considered it untikely that salmon farrning will stimulate amrnonia
toxicity, and considered it likely that water appearance and
eutrophication problems would be evident before ammonia toxicity
became of concern. However with increased salmon production,
there v'/as considered to be some potential; hence the
recommendation that there is a need to monitor nutrient levels
in Big Glory Bay.

The calcuLations were based on the parameters used in the first
version of the phytoplankton/nitrogen model j-e before it $/as
reworked in Pridmore and PridmoreÓ (1990) or by Pridmore in ApriI
L992. It would be worth recalculating the amount of ammonia that
may be present at 3OOO tonnes yr-r production, and measuring
Ievel-s which currently exist, before accepting any recommendation
about the levels of ammonia in the bay.

4.3.4 l,fercury

Excreted and unused salmon food is resulting in accumulations of
mercury beneath the farms. The amount of mercury, from fish
food, is of the same order as that deposited through the whole
bay by natural processes''i.

Sediment samples from beneath farms coLlected in February 1988
contained mercury at a level of 0.5 mg kg'' , a likely f ive-f ol-d
increase above background. This reflects the use, over several
years, of food containing close to 0.5 mg kg-'mercury. The WQC

authors contend: trA continuation of the present situation is
probably not satisfactory This situation is avoidablsrr15. At
times the farmers have been using imported feed, with lower
mercury levels, to try and reduce total mercury input, and
mercury level in f ish f l-esh.

Continued use of food containing 0.4-0.5 mg kgrof mercury would
Lead to a product difficult to market if product specifications
are enf orcedl5.

wQC did not see a problem with mercury leveÌs in the water
column, as estimated levels were much Iower than USEPA guidelines
to guard against acute and chronic toxicity in seawaterrs.

There was a difficulty in locating information, appropriate to
Big Gtory Bay, about the tikely effect of the mercury levels on
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waste patch recovery. I.IQC noted the retired patches v/ere not
dernonstrating rapid recovery, on superficial j-nspection, but did
not link this specifically to mercury. The effect on marine
benthic organisms v/as noted; al-though showing a general tolerance
to elevated levels of mercury in the water column, marine
invertebrates wiII accumulate mercury from the sediments and the
Iocal food chain would be anomalously elevated in mercuryrs.

WhiIst WQC did not find any firm evidence of environmental
damage, and argued against a direct inpact on benthic
invertebrates and microbial communities, rrit should be remembered
that Iaboratory tests on the sediments in question demonstrated
a toxic responèe proportionaL to sediment mercury contentrs.

Pridmore has suggested that feed contents could be defined, to
reduce contamination by prescribing mercury levelsT.

There may also be concerns about mercury levels in invertebrates
collected from the bay for consurnption, e.g. sca1lops.

4.3.5 Dissolved oxygen Ìevels

Dissolved oxygen levels j-n the bay were studied by Rutherford et
al.4. The authors concluded oxygen consumption by waste
accumulations on the sea-bed under the farms j-s unlikely to cause
serious oxygen depletion in mid-water if the farms are at least
250 metres apart (including distance from old farm sites). They
recommended that cages should be no closer to the bed than 5
metres and that there be a 500m separation between farms to
ensure that dissolved oxygen depletion from one farm does not
affect another. This recommendation is based on fish respiration
rates within cages and its likely effect on downstream cages
under worst case assumptions (no reaeration or vertical mixing).
There shouLd be a greater separation between large cages. If
farms \¡/ere separated by a minimum of 500 metres, the dissolved
oxygen deficit from upstream farms should be no larger than 1 gm'
unless cages \^/ere 1OO metres or more in diameterró.

PridmorerÓ also recommends that if a ticence area contains several
small cages that are widely separated, the total area of aII
cages shoul-d be calcul-ated and used as the effective diarneter of
a single cage, located near the edge of the licence area closest
to the adjacent ficence area.

At present these guidelines are not being applied, and the siting
of cages/farms has not been assessed to determine if any problem
areas exist, given present siting arrangements.

4.3.6 T{ater claritY

Roper et a1.t stated that a level of salmon production which
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\^/ould not conspicuously affect water clarity in the bay was 3000t
yr-l (total biomass produced) A large safety margin of 2OOOty-1
was incorporated because of uncertainties about the nitrogen and
chlorophyll l-evels J-ike1y in Paterson Inlet and nitrogen inputs
per unit of sal-mon production.

The model needs to be reworked (as the nitrogen/phytoplankton
model- was), with the known worst case flushing conditions (values
for nitrogen and chlorophyll concentrations in Paterson Inlet)
and refined nitrogen input values (as used in Pridmore and
Rutherford 1990). Until this is done it is not possibl-e to
predict at what level of production there is likely to be a
conspicuous effect on water clarity in the bay. ttlf production
approaches 3OOO t yr'r, or if farming begins in Paterson Inlet,
then further study should be undertaken. .. .tt3.

Other aspects of effects on water quality that have not been
assessed are possible production of an offensive taste and odour
e.g. from methane and the practice of using high pressure jets
of water and underwater vacuum cleaners to remove algal. growth
off nets.

4.3.7 Hydrogen sulphide

During methanogenisis, bacterial interaction results in
spontaneous gassing of nitrogen, carbon dioxide and methane and
a small amount of hydrogen sulphide production from the waste
patches on the seafloor. Methane can bubble up carrying H"S
trapped in the bubbles. The WQC modelÌing in 19884 suggested
that the evolution of toxic hydrogen sul-phide from the waste
patches was a potential- problem at al-I l-icence sites in the bay,
under worst-case mixing conditions (caIm conditions, Iow currents
and Iarge accumulations of wastes). At the time .no direct
evidence was found of toxicity at the farms. The authors
predicted hydrogen sulphide probJ-ems could extend 25O metres
down-current from the farms and 7.5 metres above the bed{.

The production of hydrogen sulphide in marine waters may be of
several orders of magnitude greater than in freshwater due to the
abundance of sulphate in seawater. HzS is very soluble in
seawater but stable only in the presence of oxygen and is
oxidised relatively quickly to the non-toxic sulphate in
oxygenated waterrO. Measurements of H,S in seawater are difficult
to make reliably.

l{oodwarde reports that farmers in some Iong estabLished farm
areas are finding that H,S trapped in methane bubbl-es leaving the
bottom sediments may be causing gil} damage and rnortality, in
areas where there is a long term accumulation of fish solids.
Hydrogen sulphide is very toxic to fish at low levels.
Rutherford et aI.r 1988 recommended that further work on this
problern was required. In the meantime there have not been
toxicity problems reported by the farming companies. More
recently (L992) Pridmore does not consj-der hydrogen sulphide a
probLem to the farms in their present l-ocations but could be a
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problem if a farm was located at the head of the bayu.

Woodwarde l-ikens fish held in cages to the canaries used in coal
mines to detect noxious gases; "Sa1monids, in particular, are
extremely sensitive to any degradation of water quality. The
first indication of a significant deterioration in conditions
will come through the responses of the fishrr.

4.3.8 Pathogens

The microbiological content of the water column and sedirnents,
at or near the farm sites, has not been studied.

Rutherford et al.a noted that gas bubbj-ing from the sediments
provide a potential vector for transporting pathogens from the
waste patches back into the pens of fish, a problem reiterated
in I9g2 by PridrnoreT.

Concern is often expressed that fish farms rnay act as a disease
reservoir for pathogenic infections that could pass onto wild
f ish stocks (RosenthàI'2, in Woodwarde) .

Diseases have been recorded as transferring from farmed to wild
fish but there is IittIe clinical sign that diseases have
appeared in wild stocks (PhiIlips and Beveridgere, in Woodwarde).

4.4 EFFECTS OF CONTÀI'IINANT USE

4.4.1 Chemicals and Medical Treat¡nents

Chemicals used in the Big Glory Bay industry fall into three main
categories: drugs used as therapeutic agents, anaesthetics, and
disinf ectants. The range of chemical-s and medical- treatments
used in Big Glory Bay to control disease outbreaks is
undocumented.

Antibiotics to control disease outbreaks are nornally
adrninistered through medicated food. Antibiotics will escape to
the environment in uneaten food and also in faeces if not
netabolised by the fish. only one antibiotic has been used in
Big GJ.ory Bay to date: Terramycin (oxytetracycline) which was
used to treat vibriosis, a stress reLated disease. Outbreaks of
this disease has subsequentJ-y been overcome by reducing stress
at the time of smolt entry into seawater (Kevin O'Sullivan, Big
Glory Seafoods, Invercargill, pers. comm.). (The major concern
IikeIy to arise from indiscriminate use of antibiotics is not so
much the concentration in the effluents, but its undesirable
effects and its reaL effectiveness in preventing infections2o.
Bacteria are known to develop resistance to antibiotics rapidly.
There is a risk of transference of antibiotic resistance to
normal bacteria found within the human gut if numbers of
antibiotic -resistant bacteria are ingested. Chemotherapeutic
products used in the treatment of bacteriaJ-, fungal and parasitic
diseases remain in fish for varying periods and can become a
public health hazard. )
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Anaesthetising agents are been used during grading of fish; the
two used are Benzocaine and Phenoxyethanol. Overseas anaesthetics
have al-so been used to prevent product damage during harvest.
Disinfectants are used to clean boats and rafts.

There are few dj-sease problems j-n Big GJ-ory Bay and fungicides
and pesticides are not used (Kevin o'SuIlivan, Big Glory
Seafoods, pers. cornm. ) . Compared to Europe farmed stocks here
are relatively disease free. However it may be inevitable that
disease and the requirernent for medication will become a greater
problern as the industry develops.

So far studies of steroids, including specific hormones used for
inducing maturation and spawning indicate there is no potential
human health hazard2o. Tt is uncertain whether these are used in
the Big Glory Bay operations.

Effect of leaching of vitamins, etc. from food is unknown.

The potential effect of chemicals derived from farrn construction
materials and antifoulants used on nets has not been assessed.
Tri-butylin (TBT) based compounds were used in the first years
of the Big Glory Bay industry but are now banned. Big Glory
Seafoods use a copper based antifoulant instead (Kevin
O'SulIivan., Big clory Seafoods, pers. comm.).

The effects of such chemicals and medications on wild stocks is
unknown but it is probab j-y ninimal- j-n comparison with other
impacts (PhiIlips et aI.2r, in Woodward). Different chemicals
wiII have different l-ifetimes once exposed to the environmente.

The futl range type of therapuetants, anaesthetÍcs and
disinfectants used in the bay need to be ascertained and an
assessment of thej.r likeJ-y impact on the environment made.

4.4.2 other Contaminants

Other contaminants discharged into the bay as a result of farming
activities include:

plastics; discarded rubbish

polystyrene used for flotatj-on
are uncased

breaking down, when these

toilet discharges

* grey water discharges from houseboats and barges.

An example of the potentiaL for contamination was provided by the
operation on a previous f arm: cages \^/ere constructed f rom
aeropJ-ane tyres glued together and fiIled with polystyrene beads.
when part of an unassembl-ed cage was left on a beach, the
structure broke and beads escaped. In early rafts uncased
polystyrene was used for floatation. During construction, which



26

has occurred on beaches the polystyrene blocks are cut to size;
again beads and fragments result. In a recent incident used
polystyrene was burnt on a beach in the bay (Greg Lind, DOC
Stewart Island, pers. comm). It was a condition on later
Harbours Act plan approvals and on the memorandurn of variations
and MFL 474 licence j-ssued in 1991- that aJ.I polystyrene used must
be cased. The impacts from polystyrene occur when ingested by
marine animals e.g. seabirds. The beads pack the crop or gut and
eventually can lead to starvation.

Rubbish from the salnon farms, which washes up in beaches in Big
Glory Bay and Glory Cove is unsightly. It can also be a hazard
to marine life and seabirds e.g. plastic bags which may be
ingested. Regular beach cleanups are undertaken by some farm
staff.

At times damaged and unused cages stored on beaches and in
intertidal eelgrass flats j-n small- coves, for lengthy periods.

There is the potential for pathogen contamination from sewage and
greywater discharges from boats and barges on site.

Recently lithium chloride has been used as a deterrent to seals.

4.5 EFFECT ON LÀNDSCAPE AND OTHER USERS

Fish farms introduce artificial structures into a landscape
whj-ch, in the New Zealand context, is natural in character and
of hiqh scenic quality.

Petrie22 recognises three issues of special concern that have too
be addressed in Paterson fnl-et if consideration is to be given
to landscape conservation:

* the acceptabiJ-ity of major fishfarm deveJ-opments in
open ì-andscapes

* the cumulative landscape effects of numerous fish farm
developments

* the l-oss of wil-derness character
undeveloped Iandscape

in areas of

In Biq Glory Bay the visual effect of the salmon farms is
considered to be a negative element in the landscape particularJ-y
because of the prominent siti-ng and the high reflecti-vity of the
superstructure on the salmon farms. 'rThe impact of these
structures can be lessened by the application of a sympathetic
blue-grey colour range of the coastli¡srr22. This is iLlustrated
by video image editing.

Experience with fish farms in ScotLand's Highland region has
shown that care in location and design of cages is needed to
protect visual amenity and to safeguard the integrity of areas
of natural beauty. Considerations should incl-ude the overall
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mass, grouping, alignment and distance from shore of cages. The
colours and textures of surface gear have to be taken into
account and how the structures are likely to be viewed23. The
Location and design of shore bases is a further consideration in
the protection of visual amenitY.

A number of guidelines have been recommended in Scotlande.

Surfaces of high reflectivity include shiny metal feed hoppers
and the white silos on the barge Kiwa.

There has been no assessment of the manner in which adverse
visual effects from the Big Glory Bay structure could be
ameliorated, other than Petrie's observations. Plan approval has
not been used to assess the likely irnpact of cage design,
grouping etc., or to try and ameliorate adverse irnpact.

The siting of salmon farrns has the potential to affect
recreationaÌ activities in Big Glory Bay and the tourist
industry. These effects have not been quantified. On 1-988/89
the Southland United Council call-ed for submissions on the future
of marine farming in Southland. LL7 submissions s/ere received.
12 of these concerned the impact of marine farms on recreation,
and l8 its impact on tourism2a. Actual irnpacts have not been
assessed. fndustry representatives contend that the presence of
the farrns is a drawcard tourists; Iocal charter boat ol¡rners offer
trips to the farms often in conjunction with a fishing trip (eg,
Brian Powers, Regal Salmon, Invercargill, pers. comm.).

There are severaL tauranga waka (canoe l-anding sites) within Big
Glory Bay (Paddy Gilroy, Kaupapa Atawhai Manaqer Department of
Conservation, InvercargilI, pers. comm. ) ; it is not known if
other waahi tapu or taonga (treasures) are present. The effect
of the farms on Maori cul-tural values needs to be assessed.

4.6 EFFECT ON WILDLIFE, I¿ARINE I'íA}I}Í.JALS ÀND OTHER NATIVE
SPECIES

The presence of a dense aggregation of fish can be an attraction
to predators e.g. seaIs, doJ-phins, fish and birds. Predation
damage can occur either through direct attack or secondary
infections caused by l-arge numbers of fish damaged or injured.

Problems with wildlife and marine mammals which have been
experienced by farmers in Big Gl-ory Bay are:

nuisance of gulls attracted by feed

need to use nets on smolt cages to prevent seabirds
predating the young fish

seal attacks on fish, damage to fish, nets, consequent
l-oss of fish
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visits by bottlenose dol-phins, which swim around and
under the cage nets, and panic the fish, damagino
them.

To date the industry has dealt with such problens using their own
initiative. A number of concerns have been passed on r the
Departrnent of Conservation about shooting of sea1s, 9ul s and
shags and about dolphins being droned through entangler:..:nt in
nets.

In January/March 1990, weekly seal counts hrere carried out in
Paterson Inlet f or eight weeks. An average of 3 seals \^rere seen
on Tamihau Island; the most observed at one time was eight.
During counts in 197L-73, up to 35 seals v/ere seen, ât different
times of year on Tamihau Island. Seals were al-so seen on rocks
at the western end of UIva Island during these earlier counts.
Over the same period, seals on islands in eastern Foveaux Strait,
increased significantty, over rooU in several cases25. However
no link between the decline of seals in Paterson Inlet and salmon
farming activities has been shown.

There is the possibility of the naturalisation of species and
breeding of salmon in rivers,' escapes of f armed salmon appear
inevitable. The practice of throwing reject fish over the side
at time of grading, mây contribute to this. In 1990 a salmon
parr was found by a researcher in the upper reaches of the
Rakeahua river which enters the head of Paterson InLet. Salmon
have been observed trying to enter the small stream at the head
of Big clory Bay (Richard Hare, fnvercargilJ-, pers. comm.).
Suitable spawning habitat probabJ.y exists in the Freshwater
River, the second rnajor river entering the Inlet (Lindsay
Chadderton, DOC Stewart Island, pers. comm.). Introduced fish
such as trout have not been recorded in Stewart Island rivers;
the catchments are essentially pristine, with a low number of
native f ish specj-es present. In the late 1980s, one sal-mon farm
company netted considerabl-e numbers of salmon in vari-ous parts
of Paterson Inlet; these were being target fished as the result
of a large escape incident. The effect of a naturalised salmon
population around Stewart IsIand, oD native marj-ne communities,
has not been studied.

The fertilisation of the water body and excess food available may
enhance resident fish speciese. Fish may be attracted to the
physical structure of the cages and or mooring blocks and this
may lead to congregations of fish around these.

4.7 CU}ÍULÀTTVE EFFECTS

The siting of several farm units in Big Glory Bay creates a
cumulative impact on the ecosystem. The individual components
of salmon farming activity at a site within the bay interact to
create a further type of cumuLative impact on that site. In
addition the effects from the various salmon farms within the bay
have a cumu.l-ative effect on the Big Glory Bay ecosystem. Various
factors determine the fate of the farm wastes and affect the
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capacity of the bay environment to cope with farrning irnpacts: the
siting of farms, their proxirnity to each other, the amount of
food input and its nutrient and mercury levels, the flux between
the patches and the water column.

I¡Ihen determining whether the farrning activity in Big Glory Bay
can be sustained by the ecosystem without severe degradation
occurring, significant factors are likely to be the total amount
of food inputted into the bay, the extent of rnodification of the
seafloor and its rate of recovery, the effect on phytoplankton
and potential for repeated bloorns. The manner in which these
impacts are interrelated is relevant when developíng any
guidetines to linit environmental impact to an acceptable Level.

Litt1e is known about the 1ike1y effect of relocating the farms
on the proposed refuge sites in Paterson Inlet; whether the
impact on the benthos there is IikeIy to be significantly
different to the impact in Biq GÌory Bay. The effect of the
farms in Big Glory Bay on the main body of Paterson Inlet is also
largely unstudied.

4.8 ASSESSUENT OF THE LIKEIJY EN\¡IRONI'IENTAL EFFECTS OF

PROPOSED FAR.I'IING METHODS

Both individual cages and larger farm units have occasionally
been moved within Iicensed sites (and also around the outside of
sites); this practice was more common at the head of the bay were
the first farm operated in shaLlower more sheltered water.
Overseas, cage rotation and fallowing of areas to aIlow recovery
and reuse is practised in places. It has been suggested as a
suitable management tool- for Biq Glory Bay particularly if the
Iicensed sites (now 3-4 hectares) were replaced by larger zones.

Appendix 2 contains a brief review of pertinent information about
the effects of cage rotation and the use of site falj-owing.

4.8.1 Likely impacts of cage rotation

If faJ,Iowing was to be devetoped as a management practice,
guidelines should be developed which consider the relationship
between the time that a site was to be occupied and the time j-t
is to be faltowed before reoccupation. Both the hydrographic
characteristics and stocking densities on site would have to be
taken into account when considering these. ft may be necessary
to impose lirnits on stocking density to guard against longterm
souring of a site.

The principle of lirniting benthic effects to a licence site, a
pernit area or an approved mixing zone is a basis on which
guidelines can be developed. The recovery rate of Big Glory. Bay
iarns appears to be slower than that documented for Scottishr0 and
Tasmanian2ó studies. Also mercury may be implicated as a factor
in the recovery of the Bj-g Glory Bay sites (and possibly not in
the Tasmanian and Scottish farms) .
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4.8.2 Lilcely inpacts of the suggested zone system

The zones requested by industry \^/ere considerably larger than the
current licence areas. Big GJ-ory Seafoods sought 57 ha, Regal
Salmon 90 ha and NZ Salmon 22 ha. AJ.though these applications
have been outdated by recent events (e.9., changes of farm
ownership and l-arge scale cage replacements) the current
operators are still seeking to expand into larger zones.

Moving cages around, even whilst retaining a level of production
comparable to a non-fallowing system, would result in greater
areas of seabed being nodified. It would be reasonable to assume
that all areas within an approved zone would be nodified.

Two predominant habitat types in Big Glory Bay are recognised
both in Roper et al.r and in Hare27. Lenormandia chauvinii
meadows, beds of red algae dominated by this species, grov, over
most of the shelf area at the upper end of the bay and at places
aì-ong the northern and southern shores at depths down to 20
metres. In deeper areas of the bay a J-argely inf aunal- mud
community is present. A dense assemblage of brachiopods, Iiving
predominately below 18 metres depth, or1 the soft sediment
seafloor, extends frorn the main body of Paterson Inlet into the
bayrnouth. Both the brachiopod community and the Lenormandia
meadows are l-ikely to be more susceptible to longterrn change from
sal-mon farm impacts if farms are located above them.

Roper et al.r suggest that the meadows probably play an important
role in stabilising the muddy bottom and provide a refuge for
animal,s. Rainer's findings in Otago Harbour showed that the
presence of macroscopic algae principally Lenormandia favoured
the deposition of siLt and organic detritus28.

Brachiopods, as a phylum are sensitive to increases in
sedimentation (Ken Grange, NIWAR !,iel-lington, pers. comm. ) . Their
sensitivity to smothering vuas demonstrated when one farm \^/as
relocated near croper Island in Paterson Inlet at the tirne of the
1989 Heterosigma bloom. within three weeks all- the brachiopods
under the seacages \^/ere covered by a thin J-ayer of sediment and
many were buried and had died. Brachiopods on the seafloor
immediateJ-y adjacent to the area beneath the cages appeared
unaf f ected27.

Any zone system set up may need to be sited so that Lenormandia
meadows and dense brachiopod assemblages on the seafl-oor are not
affected by the salmon farms.
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ADMIMSTRATION AND E}IVIRONMENTAL MANAGEMENT
RESPONSIBILITIES

5.1 INTRODUCTION

In this chapter the administrative and environmental management
roles of various agencies are summarised. The legaI basis for
various roles is explaj-ned only where this has not been covered
in Section 3. The situation which existed before commencement
of the RMA, that which exist in the transition period, and that
which is Ìike1y to exist after the transition is described. (If
the existing marine farm licences (MFLs) are renewed ad infinitum
the transition wiLl never end). Legislative problems (e.9.
overJ-appj-ng responsibilities which result in inefficiencies) or
provisions that need clarification, are hiqhLighted.

Marine farning occurs in coastal areas which are included in the
Crown's jurisdiction, therefore the Crown is required to have a
system of administration to handle its interests. Roles
associated with marine f arm adrninistrati-on and environmental
responsibilities can be divided into the foJ-Iowing components:

l- AlI-ocation of coastal space and rights of tenure, including
ancilJ-ary facilities not located on the farm site.

2 Controlling environmental effects, including:

'r setting standards ( e. g. f or structures )* conpliance with these standards
* state of the environment baseline monitoring
* monitoring of the effect of marine farms on the

environment including cumul,ative effect of multiple
farms

* consideration of farming species that do not naturally
occur in an area; genetic manj.pulation of species.

Effects can occur both below mean high water springs (the
coastal marine area) and on land e.g. from ancilJ-ary
facilities.

3 Mitigating the impact of marine farrning on species
protected under the Marine Mammals Protection Act L97I and
the Wildtife Act 1953. Enforcement when protected species
are kill-ed.

4 Resolving user confl-icts such as activities that interfere
with farming.

5 Safety incJ-uding navigation: responsibility for marking
farm areas, navigational safety, safety standards for
structures.

6 Building Act L992: safety of people, sanitation and fire
control in buiJ-dings under the Building Act 1992.
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Assignment of rights to harvest farmed stock and to hold
stock that would be iIlegaI under the Fisheries Act
including compliance to ensure the wild fisheries regime is
not being cornpromised (e.g. through l-aundering of illegal
fish product).

Stock health standards, disease control, control of
movement of contaminated stock.

Maintaining public health including export standards

Registration of marine farming entitlements (lawful record
of licences, leases, Permits etc. ) .

Undertaking research

* on environmental effects
* on stock health, disease
* on other production related matters.

Allocation of production l-imits to control- cumulative effects of
several farms operating in one bay would come under roles under
1, 2 and 4 above.

Table 2 summarises the roles undertaken by various agencies in
respect of the Big Glory Bay salmon farms. Where the authors
believe these roles do not appropriately sit with an agency, this
is shown.



TABLE 2 : Roles of various agencies in the administraúion and environmental management of úhe Big Glory Bay salmon farms

KEY

X = roles that agencies are curr€ntly doing or appear to think they should be doing.
(X) = those roles for which, in the author's opinion, agencies do not have a statutory function and/or should not be doing.

MAF MAF F'isheries

SRC Southland Regional Council
DOC Department of Conservation
SDC Southland District Council
MOT Ministry of Transport
SAHB SouthlandArea Health Board
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5.1 ALLOCATTON OF COÀSTAL SPACE,' RIGHTS OF TENURE

Prior to RMÀ

Marine farm Iicenses are a covenant between l-icensee and
licensor. The licensor agrees to grant the licence subject to
certain terms and conditions, for the use of the area as a marine
farm pursuant to the provisions of the MFA.

Any occupation of space not covered by the MFA (and not on a MFL
site) required a Harbours Act approval (e.9. a foreshore
occupation licence for a storage shed/raft).

Town and Country Planning Act 1977 (T&CPA) provisions applied to
any land-based facilities sited above MHVI; these were the
District Council responsibility.

Durinq the transition

Existing marine farm licences are saved by the RMÀ (and remain
MAF Fisheries responsibility (3.2) .

Although they were previousj-y exernpt from Harbours Act approvaL
houseboats and barges nov/ require RMA approval because they are
restricted under sections 12(1))b) and L2(4) of that Act.

After the transition:

The al-Iocation of space will be part of the RMA coastal consent
process.

5.2 CONTROL OF EN1TIRONMENTAL EFFECTS

The salmon farms affect a number of different components of the
environment:

* water quality and marine fish
* the seabed and benthic species

* Iandscape of marine farm structures
* marine Iife due to farming introduced species and from

genetic manipulation of species

* wildlife, marine mammals, and native freshwater fish

The current knowledge about the nature of these effects was
reviewed in Chapter 4.
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5.2.L Effect on water quality and on the seabed

Although the effects on water quality and on the seabed arj-se
predominantly from the same activity the feeding of food to
salmon - responsibility for the control of generated irnpacts has
been, and continues during the transition, to be split.

Before RMÀ

Water quality was the direct responsibility of the Southland
Regional Council- (previously as the Catchment Board) under the
Water and SoiI conservation Act 1967. The water classifications
in the bay (SÀ and SB) both include a requirement that rrThere
shall be no destruction of naturaL aquatic life by reason of a
concentration of toxic substances nor shall the waters emit
objectionabÌe odoursrr. As natural aquatic Iife includes species
of the sea-floor, SRc had a role in controlling environrnental
effects on the seabed.

The effect of farming on water quality \^/as never explicitly a
consideration under MFA and was not explicitly recognised in that
Act as grounds for upholding an objection unless it related to
undue interference with recreational or scientifj.c use, which
resulted in the proposal being contrary to the public interest.
The MFLs require that farmers keep a record of al-I chemical-s used
on the l-icence site.

The effect of marine farming on the seabed should (theoretically)
be considered as part of the marine farm application assessment
process. MAF Fisheries's sea cage salmon policy provides
guidance about suitable/ unsuitabl-e sites: "Conditions on the
Iicence lirniting production may be imposed where the site is
judged unsuj-table for larger production or where the cumulative
impact of farms may require a l-j-mit on production imposed."

Durinc¡ the transition

The dual responsibiJ-ity of MAF Fisheries and SRC remains. The
control of environmental- effects is a responsibility of SRC under
RMÀ. The RCP can cover matters relating to the use of water and
discharge of contaminants (3.5).

During the transition the MFL conditions continue to apply and
administration of these is MAF Fisherj-es's responsibility. The
MFL's contain a number of provisions that appear to be aimed at
least partly at controlling environmental effects (e.9.,
requirement as to the mj-nimum depth in which farms must operate,
keeping of a production log, provisj-ons for instituting rrsea-
bottomrr and'rbio-physicalrr monitoring programmes, prohibition on
the use of tri-butyl tin (TBT) as an antifouLant, reguirernent to
encase polystyrene if used for flotation, and provision for
requiring the licensee to mitigate the cause or effects of waste
material on the seabed of the l-icensed area). There is a
condition requiring Iicensees to keep a record of al-l
disinfectants, antibiotics, antifoulants or other chemicals used.
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A further condition on the MFLs is that the licensee is not to
deposit dead salmon or offal within Big Glory Bay without written
approval from the Regional manager, MAF Fisheries South. Dunping
of waste could also be controlled by MFA regulations and is
covered by the Harbour Board bylaws. The conditions discussed
in the previous two paragraphs are all included in the memoranda
of variation not the original licences (except for MFL 474
executed in L99L) The memoranda \¡¡ere signed af ter the RMA
commencement which indicates control of environmental effects was
onJ-y implemented post-RMA.

MAF Fisheries also has an interest in the effect of salmon farms
on the environment because of its fisheries responsibilities
pollution frorn farms could affect wild fisheries.

The RMA requires state of the environment monitoring and
monitoring of consents issued (s35). At the moment the Big Glory
Bay SaLmon Farm Working Group (4.2) is trying to develop a
monitoring programme. This is not specificatly Iinked to any
statutory requirement though MÀF Fisheries may adopt it (or part
of it) under the Iicence conditions that provide for biophysical
and sea-bottom monitoring. DOC and SRC members of the group
envisage that it wilI also provide information needed for the s14
and 15 RMA resource consents, if these proceed. MAF Fisheries
have agreed that an effective monitoring programme has to be
agreed prior to aIJ-owing a production increase from the present
understanding of 24oO tonnes of sal-mon per annum to 3000 tonnes
per annum (Ietter from D Brown MAF Fisheries Dunedin to K
Mawhinney DOC Invercarqill, 14 August L992) . MÀF Fisheries is
currently developing mechanisms by which to constrain production.

Although MAF Fisheries's sea-cage sal-mon policy recognises the
need to control- various operationaL aspects, mechanisms available
are Iimited to creating regulations (s48 - the specified subjects
do not include the control of environmental effects); inclusion
as a l-icence condition. fn the latter case matters other than
those specified in s9 (a) to (h) can only be included, subject to
the requirements of MFA,rras may be agreed on between the
parties. . . or as may be necessary for the operation of a marine
farmrr (s9(i)). 59(a) to (h) does not specify that control of
environmentaL effects can be incl-uded in a l-icence so this would
fall in the other matters basket.

After the transition

The effect of salmon farming on the environment wiII be
controll-ed through RMA mechanisms.

5.2.2 Effect of marine farming structures

Before the RMA

DOC administered the s178 Harbours Act pJ-an approval for marine
farms; MOT approval was incorporated in this process. The
criteria against which the pLan approvaì- application was judged



38

$ras the effect on the pubLic interest; the J-ikely effect on the
environment was one factor in this consideration. There was no
mechanism for controlling the effects of houseboats and barges
on the landscape.

There are not any mechanisms in the MFA specifically aimed at
mitigating of the effects structures might have on the landscape
although control,s may be included in a MFL with the agreement of
the licence holder e.g. the Big Glory Bay licences include a
condition about encasing polystyrene used for flotation.

Durinq the transition

AII approvals for rnarine farm structures are the responsibility
of SRC under the RMA. Control of environmentaÌ effects from
ancillary facilities on land is the responsibility of the
District Council, and through the Regional Policy Statement, the
SRC. The landowner has a role (e.9. Doc for occupation licence
for a house at the head of the bay) . AnciJ-J.ary structures in the
water ( in the Cl4A) are the responsi-bility of SRC if they are not
on a MFL site.

After the transition

RMA mechanisms will apply: structures fixed to the seabed will
require a coastal permit unless they are expressly allowed in a
RCP.

5.2.3 Farming new sPecies

Before RMÀ

This was MÀF Fisheries responsibility under the MFA: MFLs specify
the species that may be farmed on that licence area: presumably
this is relevant consideration as to whether the licence was
granted or not, although both the MFA and MAF Fi-sheries's sea-
cage salmon policy are silent on species choice and the effect
of this (and subsequent escapes) on the environment.

Durinq the transition

The MFA is silent on what criteria, if âDY, should be used to
decide whether s13(3) variatj-ons to farm nev/ species should be
granted. Choice of species for ne\^/ ventures fal-Is within the
scope of the RMÀ.

After the transition

For any nevu ventures, the environmental effects of introducing
nev/ species are relevant considerations during the coastal
consent process.

In future j-t is anticipated that the introduction of exotic
species into New Zeal-and will come under the EnvironmentaL Risk
Management Authority (ERMÀ) and the Hazardous Substances and New
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Organisms BiLl-. Regional coastal plans couLd potentially
restrict the movement of exotic fauna into a region and control
the farming of species that are exotic or do not naturally occur
in the area, because such introductions could affect the natural-
character of the area and because of the qeneraJ- powers of
regionaJ- counciÌs in the Second Schedule to the RMA (recognition
of opportunities for aquacuLture) and their role in regional- pest
control. Introductions of exotic pJ-ants can be restricted (s12
RMA) .

s.2.4 Genetic manipulation of farmed specíes

Before the RMA

The MFA is sil-ent on
Glory Bay.

Durinq the transition

For new ventures, the
consideration of the

For existing ventures
address.

After the transition

this issue; there hrere no lnstances in Big

environmental effects shouLd
coastal- permit application.

, this is a matter that the

be part of the

RCP could

The effects of genetically rnanipulating species would come within
the scope of the RMÀ processes and the Biosecurities legislation,
if passed.

5.2.5 Responsibility for previously used sites

Before the MFA

There is at least one site in Big Glory Bay previously licensed
used but no J-onger licensed. There have also been sites used
which have never been I j-censed e. g. a smolt f arm which vüas
incorrectly ì-ocated. There j-s no condition on the MFLs assigning
responsibility to the license hol-ders should the l-icence expire,
or be cancelled. Presumably MAF Fisheries is responsible for
keeping track of which areas have actually been used. Under RMÀ
a responsibility for monitoring the condition of these sites is
not explicitly conferred on anyone.

The MFA is silent on the question of responsibility for sites
once the Iicence expires or is cancelled; it only has provisions
relating to the removal of structures on l-icence expiry.

Durinc¡ the transition

There is a provision in the current l-icences requiring the
Ìicensee to take any reasonable steps as specified to mitigate
the cause or effects of any waste material on the seabed of the
lj.censed are, if required by the Minister. This is consistent
with MAF Fisheries's sea-cage sal-mon policy.
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If the farms are granted coastal perrnits covering sections 14 and
l-5 RMA SRC is able to require a bond, to cover the contingency
of farms going bankrupt and abandoning sites which require clean-
up.

After the transition

RMA mechanisms would apply.

5.3 EFFECT OF THE FARI'IS ON PROTECTED SPECIES: WILDLIFE, I.Í.ÀRINE
lfA¡'ftf,ÀLS AND NATM FRESHWÀTER FISH.

Before RMÀ

hfildlife, marine mammals and freshwater fish are protected under
separate legislation, all administered by the DOC. The
relationship between the MFA and these other statutes is unclear.

lrlhen the f arms in the bay were granted variations to their
existing Iicences, to farm salmon, there \^¡ere several existing
detrimentaL effects on wil-d1ife which were known to DOC. These
were not considered a sufficient basis to decl-ine concurrence
because of the size and significance of the industry. However
mechanisms to Iimit damage (mitigate or reduce adverse effects)
do not exist under the MFA.

During the transition

The Wildlife Act, Marine Mammals Protection Act and Conservation
Acts are separate codes; the RMA does not deal- specifically with
protection of these animal-s, only their habitat. However the RCP
could address the issue of cage design to deter seal-s f rorn
attacking and so l-essen the threat they pose to the caged fish.
The role of the protection legislation in controlJ-ing incidental
effects on protected species, as a resuLt of marine farming,
needs to be clarified (a paraIIeI \^/as recognised by the Fisheries
Legislation Taskforce with respect to by-catch in comrnerciaL
fishing activity) .

After the transition

The relationship between these statutes and the RMA needs to be
clarified. These Acts should be strengthened to enable effects
to be mitigated.

5.4 OTHER USER CONFLICTS

Before the RMÀ

These \^/ere MÀF Fisheries responsibility: s34 of MFA deals with
wilful injury or darnage to marine farms, and s35 with obstructing
the lessee or licensee from farming or lawfully taking stock from
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the leased or licensed area.

Durinq the transition

There is now a dual responsibility. These provisions of the MFA
continue to apply to existing MFLs and operations. The RCP coul-d
potentially deal with such matters because of the general povters
of regional councils given in the Second Schedule. The draft New
Zealand Coastal PoIicy Statement also has pertinent policies.

After the transition

These parts of the MFA, which are in the offences section vtere
not repealed. They may be included in the nevt Fisheries
legislation. RMA provisions also apply.

5.5 SAFETY

There is considerable overJ-ap in responsibilities relating to
safety and navigation and to the control of environrnental effects
pertaining to the use of structures.

Before the RMA

MOT, DOC and MAF Fisheries all- had roles in the adrninistration
of safety requirements for marine farming. The concurrence of
the Minister of Transport was required for all marine farm
l-icences. MAF Fisheries sea-cage salmon poli-cy provides that,
in areas where there is no plan gazetted under the Town and
Country Planning Act 1977 (T&CPA), salmon farrning will only be
allowed i-n areas that MÀF Fisheries considers suitable based on
guì-delines for siting and approved by the MOT as not interfering
with the safety of navigation, and generalJ-y acceptable to Maori
values. Areas suitable for farm placement were delineated by MOT
in the early l98Os, to leave adequate navigational and anchorage
areas; alI Iicence applications have fal-1en within these areas,
although they have never been gazetted.

There is a J-arge degree of dupi-ication in the MFA and Harbours
Act provisions relating to structures. The MFA (sections 30 and
31) provides for the licensee to ensure al-I structures and rafts
are maintained in good order and repair, with day beacons, lights
and fog signals life-saving and distress equipment as required
by the controlling authority. ft also requires the structures
and rafts to have S178 Harbours Act approval. There is provision
for construction to a standard to withstand the action of tides,
stress of weather, storrns etc. and f or remova.l- of non-compJ-ying
structures. All structures and rafts are to be removed on
expiration of the licence; and the Act provides for a bond as a
part of the licence to cover this circumstance (s9 (c) ) although
M.AF Fisheries have refused to ì-mplement this provision, to date.
There is pob/er to remove structures in the event of non-
compliance.
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The Big Glory Bay sal-mon licences aLso contain provisions:

relating to approval of structures, rafts, buoys and buoyed
Ionglines by the Ministry of Transport and requirements for
beacons, Iights, buoys and fog signal-s as required by MOT.

rernoval of structures when Licence expires

maintaining these in good order so that they don't
deteriorate through want of repair and so become a hazard
to navigation.

Conditions required by MOT \^rere al-so incorporated in the Sl-78
approval granted by DOC (another dupJ-ication).

The SouthLand RegionaL Planning Scherne, prepared under the T&CPA
by the Southland United Council adopted as policies 10 criteria
for placement of marine farms, which v/ere developed from MOT
criteria designed to minimise navigationa.l- danger and
interference with other coastal users.

The Director General, of MÀF rnay require an applicant to supply
survey information about an area intended to be Ieased or
licensed (s43 MFA). When notice in writing is given of the
intention to grant a Iease or licence the applicant may be
required to have the area surveyed and a plan prepared by a
surveyor. There is also a requi-rement in the MFA to mark and
keep marked the boundaries of Ieased areas (s27) but not Iicensed
areas. It is not current practice to retain marks of the site
boundaries on the water.

Durinq the transition

SRC is responsible for administering the safety rnatters included
in coastal permits (by virtue of the s178 plan approvals). The
RCP can potentialJ-y include safety and navigation matters that
can be covered in a plan. The conditions in the MFLs, relating
to the three matters outlined above, continue to apply.

Compliance with the MFL siting requirements is the responsibility
of both SRC and MÀF Fisheries. It is an offence under s4A MFA
to farm any area that is not a leased or licensed area. It would
aLso be an offence under the RMA, because of restrictions in S12
of that Act.

After the transition

The RMA would control the matters that could be included in a
plan (e.9. requirements for lights etc., marking of sites,
provision of navigation channels, removal of unused structures).
other matters remain MOT responsibility.
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5.6 APPROVAIJ FOR STRUCTURES UNDER THE BUILDING ÀCT

This Act was passed subsequent to the RMA. In the CMA it
responsibility to administer it, and above MHI^IS the
Council-'s. During the RMA transition there are potential
with the other safety matters described above.

is SRC's
District
overlaps

5.7 RIGHTS TO HÀRVEST FARI'IED sToCK ÀND TO HOLD STOCK THAT WOULD
OTHERWISE BE II.,LEGAL UNDER THE FISHERIES ACT

Before the RMÀ

This is covered by s49 MFA which states nothing in the Fisheries
Act or regulations made under that Act shall- appl-y in respect to
the taking, possession, acquisition, disposal or disturbance of
fish or marine vegetation being farmed by lessee or licensee.

Durinq the transition

S49 MFA continues to apply to the existing MFLs. MAF Fj-sheries
recognise the need for nev/ farms, which operate under the RMA
system only, and which are farming species that are control-led
by the Fisheries Act, to have authority to hol,d and harvest these
species, under that Act. This is partly to prevent the
Iaundering of illegally caught fish through a marine farm. An
amendment to the Fisheries Act has been included in the Resource
Management Act Amendment Bill (now before Parliament) to rectify
this matter.

After the transition

This aspect woul,d be controlled by II{AF Fisheries under f isheries
l-egislation. Presumably permission to farm some species in
specific local-ities coul-d be refused under the Fisheries
legislation.

5.8 STOCK HEALTH ÀND DISEASE CONTROL

Before the RMÀ

This is a MAF Fisheries responsibility under MFA (ie sections 33,
4I, 42 and 42A). There is also the ability to make regulations
to keep areas free from disease, infection, and contamination.

Durinq the transiti-on

ResponsibiJ.ity remains with MÀF Fisheries. These sections of the
MFA including the power to make reguJ.ations, were not repealed.

After the transition

Presumably similar provisions will- be included in
Iegislation,. responsibility remains with MAF Fisheries.

ne\^/
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5. 9 I{.AINTAINING PUBLIC HEALTH INCLUDING EXPORT STÀDTDARDS

This is the responsibility of MAF Fisheries and of the Southland
Area Health Board (SAHB). These agencies have signed a
memorandum of understanding about their respective roles (Kevin
Canpbe1l, SAHB Invercargi]I, pers comm). A shellfish sanitation
progranme covering Big Glory Bay is run by SAHB to ensure
harvested shellfish meets hurnan consumption requirernents. The
results are externally audited by the USFDA. The survey is
reviewed every three years; it looks at impacts on the bay,
including the presence of biotoxins.

5.10 REGISTRÀTION OF UÀRINE FÀR¡IING ENTITIJE!.TENTS

Before the RMA

Leases and Iicences are registered by MAF Fisheries (under sL5-20
of MFA). The Big Glory Bay MFLs include a condition requiring
approval to be given before any of the lj-cence is assigned,
sublet or parted with.

During the transition

Under the RMA there is no explicit requirement for the
registration of coastaL perrnits whether for structures/water
rights or for new farming ventures, other than the duty to keep
records (s35). In the meantime MAF Fisheries maintains the
regi-ster,' these parts of the MFA h/ere not repealed.

After the transition

It is unclear whether there is an intention to continue the
register beyond the expiry of all- MFLs. It is debateable whether
sL22 RMA provides sufficient registration of interest for
security purposes (i.e. as security for borrowing money). The
Fisheries Legislation Review Taskforce recommended an independent
security registration system be legislatively established on a
user-pays cost recovery basis for all- fisheries rights. This may
be a suitable solution for aquaculture rights as weII.

5.11 RESEARCH AND MONTTORING

The responsibility to carry out research depends on its purpose
for which it is being undertaken. There is no explicit
responsibil-ity under the MFA for any research in marj-ne farming
or the effects of farms on the environment. Any requirement for
monitoring relates to the relevant adrninistration roles, rather
than constituting a role in itself. For instance s35 RMA confers
on 1ocal authorities the duty to gather such information and
undertake or commission such research and to monitor the
environment as is necessary to carry out their functions under
the Act.
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6 DISCUSSION OF SUSTAINABLE MANAGEMENT

6.1 INTRODUCTION

The purpose of the RMA is
of natural and PhYsica j-

management means;

to trpromote the sustainable management
resourcesrr. In the Act sustainable

"managingt the use, deveTopment, and protection of
natural and physicaJ- resources in a way, ot at a rate,
which enabTés people and communities to provide for
theír social, economic, and cultural weTTbeing and for
their heal-th and safetY whiTe

(a) Sustaining the potentiaT of naturaJ- and physical
resources (excluding mineraTs) to meet the reasonabTy
foreseeabl-e needs of future generations: and

(b) Safeguarding the life-supporting capacity of air,
water, soiL, and ecosYstems; and

(c) Avoiding, remedYinq, or mitigating any adverse
effects of activities on the environment."

This report is not the pJ-ace f or a f ulI discussion of the
implicaCions of sustainabl-e management. This has been done
elsewherelo3r'12 but there are a f, \^/ key concepts which need to be
outlined in order to put the subsequent discussion in context.

Firstly, it is important Ço view the RMÀ not as a prescrj-ption,
but rather as a framework and a process for sustai-nable
management to be defined. Thus the above definition is
n""eé=arily very broad and must be applied in this context to Big
GIory Bay, before it becomes reaIly meaningful.

SecondIy, the Act approaches resource management from the
position of managing the adverse effects of activities on the
änvironrnent; it is not about directing development or social and
economic planning per se, âs did some previous planning laws.

Thirdly, RMA refers to the 'rpromotion of sustainable managementrt
which -implies that sustainable managernent is not necessarily
achieved overnight, but rather is a goal to which we must strive
over time.

LastIy, there are three inter-related concepts invol-ved in
sustainable management which are especially rel-evant in Big Glory
Bay:

* renewability - the use of resources at a rate (or in a way)
which sustains those resources for the use of future
generations.
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reversibility - the depletion or
reversible by means of natural
restoration. Irreversible loss
should be avoided.

use of resources shouLd be
restocking or ecological
of species or ecosystems

* environmental bottom lines combi-nes the above concepts
and says that there should be linits established which
ensure renewabilj-ty and reversibility. Such bottomlines
are often not self evident and definition involves
judgernents about risk and uncertainty.

In a natural system such as Big Glory Bay the application of
these concepts can change dramatically with the geographic and
tirne scal-e over which they are considered. For example the loss
of a benthic organism under a cage can be seen at a very
Iocalised level to be irreversible but in the context of the
whole bay, and over many years, it can be viewed as sustainable,
because of recruitment back into the area if cages where to be
shifted.

In order to explore these dimensions a systems approach is
proposed, involving three scales:

* salmon cage

* Bi9 Glory Bay

* Stewart Island.

The ain is to briefly consider the environrnent at each scale as
an open system and look at the interconnections between scales.
Prj-orities and bottomlines are proposed at each scale for further
discussion.

6.2 SCALE 1 - SÀLMON CÀGE

6.2.L Discussion

Addressing the effects of cages in isolation has obvious
shortcomings but it is interesting to postulate what issues would
arise if there \¡/as onj-y one saLmon cage in Big GJ-ory Bay.

Given what we know about the effects, the prirnary issue in terms
of sustainable management appears to be the recovery of the
detritus patches that accumulate under the cages. In particular,
are the effects irreversible or what is the rate of recovery?
This highfights issues such as, what are the impacts of mercury
and other contaminants on the natural, recovery processes? It
should be possible to establish a performance standard for the
depth and extent of patches and the rate of recovery and then
determine discharge l-imits to meet this. For some contaminants
it may be simpler to establish input controls (e.9., linits on
mercury in feed).
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The second potentially irreversible impact relates to waahi tapu,
mahinga maataitai and other taonga, such as tauranga waka sites
in Big Glory Bay. Preferably these should to be identified and
cages not sited in these areas. ft may be possible to have
development cornpatible with these values but iwi should have
direct input to such decisions.

There are a range of other effects which are not critical to the
key concepts of sustainable management but the management of
their adverse effects may be desirable from the wider community
perspective (see Table 3). These second order issues could be
addressed in a number of ways, includj-ng conditions on consents,
specifying controlled activities or perforrnance standards in
plans, establishing guidelines or best practicable options and
the use of alternative means such as incentives or measures
availabl-e under other Acts (e.9. Harbours Act bylaws) .

Table 3 - Adverse Environmental Effects at Salmon Cage Scale

Effects Suggested Management Options

loss benthic communitY

loss of taonga

visual impacts

navigation and safetY

effects of rubbish disPosal

water quality effects
(eg: DO, HZS)

performance standards

rules avoiding cages in areas

conditions on resource consents

Harbours Act bylaws

best practicable option,
Fisheries regs and LGA bylaws

no action or controls on cage
spacing

(LGA : Local- Government Act)

Visual irnpact is always a very subjective issue and one in which
cumulative impact is important (thus it is more critical to
addressed it at the Big Glory Bay scale). At a single cage scale
unnecessary visual intrusion can be dealt with as part of the
resource consent and in line with the Regional Council-'s more
general coastal PoJ-icies.

SiniIarIy, navigation and safety issues (such as lights) at this
scale are probabty more simply deaLt with under Harbours Act and
Building Act bylaws and regulations. There are a number of
issues relating to navigation Ianes and anchoraqes that are
appropriately dealt with at the Big Glory Bay scal-e.
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Rubbish disposal can cause water pollution and entanglernent of
birds and marine mammaLs. At the cage scale existing controls
such as fisheries regulations and Local Government Act bylaws are
probably sufficient.

Deterioration of water quality due to the discharge of
contaminants, either from the detritus from the cages or
decomposing patches, potentiaJ-ly has its most significant impact
at the Big Glory Bay scale. The discharge of HrS from patches
and reduced dissolved oxygen (DO) are strictly loc'alised in their
irnpact. The salrnon in the cages are the mostly likely to be
irnpacted by these factors thus there is every incentive on the
farrners to control such adverse effects themselves, without
imposing controls. Alternatively voluntary or mandatory rules
on the spacing of cages may be required in the RCP.

Problems associated with toxic algae blooms have inpacts at the
cage scale but because the cause is external to Big Glory Bay
they should be addressed at this larger scale.

6.2.2 Environmental Bottomlines

Fottowing from the above discussion two bottomlj-nes need to be
developed to achieve

* the avoidance of irreversible effects on the benthic
community

* the protection of waahi tapu, mahinga maataitai and
tauranga waka.

The first objective requires specific study of the recovery rates
of patches, especialJ-y the long term impact of persistent
contaminants, and some judgernents made about the risk of
irreversible impacts. The second objective requires consultation
with iwi and possibly the identification of sites, such as
tauranga waka, and the development of appropriate rules for their
protection.

6.3 SCALE 2 - BIG GLORY BAY ECOSYSTEM

6.3. 1 Discussion

Because Big Glory Bay is both a geomorphological-ly and
hydrologicaJ-Iy confined feature, this scale is appropriate for
addressing the most significant sustainable management issues.
The resultant imperatives are to understand Big Glory Bay as an
ecosystem and to identify the inputs and outputs from the system,
especially the flows between Big Glory Bay and Paterson Inlet
(see Table 4) .

The most significant water quality issue j-s the potential for
eutrophication of the Big Glory Bay due to the cumulative inputs
of nutr j-ents f rom sal-mon cages. Eutrophication could not only
adversely effect the ecosystem, including wildlife and fisheries
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values, it r^/ould seriously impact the salmon farrns themselves.
Studies have shown that inputs from Paterson Inl-et, temperature
and wind patterns and the presence of certain algae are all
important factors influencing the eutrophication. Essentialty
this is an issue of renewable use of the Big Glory Bay ecosystem,
but there is al-so potential for eutrophication of Big Glory Bay
to irnpact Paterson In1et.

There is no evidence that el-evated nutrient levels due to salmon
farrning have caused toxic algae blooms in Big Glory Bay. These
blooms should be viewed as natural hazards associ-ated with marine
farming and some other fishing activities, and are addressed in
section 6.4. In the future with an increase in salmon farming,
elevated nutrient level-s could become a trigger or an
exacerbating factor for aJ.gaI blooms. Non-toxic effects, such
as reduction in water clarity due to algae growth, are also
potentia j- impacts of elevated nutrient level-s.

As noted in Chapter 4 | attempts have been made to model the
effects of nutrient loadings in Big Glory Bay in order to
determine the carrying capacity. Although these models are based
on many assumptions the results are reasonably conservative.
Given the uncertainty and the potentially significant and
irreversible impacts it is important that any carrying capacity
established be conservative.

Determining the carrying capacity should be complemented by
performance standards for nutrient discharges from cages. In
this way nutrient J-oadings can be limited and monitored, and
excessive Ioadings can be avoided.

Given that it j-s not yet possible to predict the l-evel of
production at which there is likely to be a conspicuous effect
on water clarity in the bay, until the WQC model is recalculated
(4.3.6), it would be unwise to assume that any leve] of farming
would never likely to create a probLem. It may prove necessary
to j-mpJ.ement a separate carrying capacity for the bay to naintain
water clarity at acceptable levels.

A further potentially significant impact on the Big Glory Bay
scale is the widespread loss of benthic cornmunities beneath cages
and the effects of increased sedimentation in Big Glory Bay. If
cages are regularly ¡noved and patch recovery rates are slow then
thã curnulative loss of benthic community may impact the Big Glory
Bay ecosystem (e.g. Ioss of benthic habitat types and dininished
food sources for fish). At the Big Glory Bay scale this is
primarily an issue of renewable use of the resource. Hov/ever
èertain habitats or processes may not be sustained if smothered
by waste from the farms e.g. Lenormandia meadows and their
hypothesised role in sedimentation patterns, also brachiopod
asèemblages. In this case prohibiting farming over such areas
would be a suitabl-e precautionary approach.
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Table 4 - Aôverse Environmental Effects at Big clory Bay Scale

Effects Suggested lfanagement Options

eutrophication

loss of benthic community

loss of mahinga maataitai

visual inpacts

impaired navigation/ safety

noise, seal scaring

effects of rubbish disposal

other water quality effects
(eg: DO, HZS)

carrying capacity, performance
stds

cage rotation, performance stds
prohibited areas

carrying capacity

controlled activities, guidelines
amenity carrying capacity

designated navigation routes and
anchorages

performance stds, guidelines

see Tabl-e 1

no action or control-s on cage
spacing

To effectively manage effects on the benthic cornmunity
information is required on the rate of patch recovery and how
this reÌates to cage rotation and carrying capacity. Rules in
a plan may be requj-red to manage cage rotation and performance
standards set for sedimentation rates and patch recovery.

The protectj-on of mahinga maataitai is very closeJ-y related to
the maintenance of the ecosystem, thus the above measures
relating to carrying capacities and performance standards should
be sufficient to safeguard these values. Other potentiaJ- impacts
coul-d occur in terms of access and spiritual issues, but given
the intensity and nature of the development these should not be
major. NevertheLess the iwi shoul-d be consulted.

The visual impact of saLmon farming occurs primariJ.y at the Big
Gl-ory Bay sca1e. Although Biq Glory Bay has high natural scenic
values it is not generally regarded as outstanding or unique in
the Stewart Island or national context. Thus given the scale of
cages, the fact that the effects are reversible and the isolation
of the area the effects shouÌd be able to be managed using
controlled activity criteria and/or guideJ.ines in the RcP.
Another option could be to limit the cumulative effect of a1I the
farms within the bay on the landscape and recreational values by
establishing an "amenity" carrying capacity.



5t

The nature of salmon cage structures, their reguj,ar movement and
the intensity of devej-opment in Biq Glory Bay may cause
navigation problems for salmon farmers, fishers and recreational
users which are not adequately dealt with by normal measures
under the Harbours Act (e.9. l-ights). These adverse effects
could be avoided by v/ay of ruLes in pLans, ot conditions on
resource consents, to ensure cages are not located in designated
navigation routes and anchorages.

Further issues such as noise and rubbish disposal could
potentialJ-y have effects at the Biq GJ-ory Bay scale, but there
is only lirnited evidence of this and no suggestion that the
effects are irreversible. Harassing or killing marine mammals
is iIIegal under the Marine Mammals Protection Act and the
effects of farm activities on these species should dealt with
under that legislation rather than the RMA.

6.3.2 Environmental Bottomlines

Two objectives are suggested based on the above discussion:

* the maintenance of the Big Glory Bay ecosystem

* the containment of impacts within the Big Glory Bay.

These should be achieved by establishing bottomlines in terms of
a carrying capacity for salmon farming in Big Glory Bay, with
complimentary control-s on cage rotation and performance standards
for nutrient load, patch recovery and sedimentation rates, and
the establishment of prohibited areas within the bay. This wilI
require information on the dynamics of Big Glory Bay ecosystern,
patch recovery rates and contaminants frorn cages. Inherent
uncertainty in these estimates of carrying capacity wiII require
bottomlines to be conservative and their effectiveness closely
monitored.

6.4 SCÀLE 3 - STEWART ISLÀND

6.4.L Discussion

There are three issues which are best addressed at a scale larger
than Big Gtory BaY:

* toxic algae blooms

* local effects of refuge sites

* effects on Paterson Inlet.

As noted above, the toxic algae blooms that have affected saÌmon
farms in Big Glory Bay in recent years can be considered a
natural hazard. UnIike some other natural- hazards there appears
to be no need for statutory intervention (e.9., floodplain
zoning), although it is important that mechanisms be put in place
to allow rapid and flexible responses to such blooms when they
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occur. The only other alternative would be to Iocate farms in
other areas less prone to such blooms, but this is a commercial
decision.

The response to date has been to perrnit the salmon cages to be
towed to designated refuge areas at the entrance to Paterson
Inlet. In the future this could be al-lowed for by rules in a
plan and/or separate resource consents. Such rules or consents
wouLd require information and management responses simiLar to
that for the cage scale. At the refuge site the salmon farrns rnay
stilI encounter algae blooms but here their effect is less J-ikeLy
to be exacerbated by this temporary occupation than in Big Glory
Bay where nutrient leve1s have been elevated by the salmon farms.
These factors may require some further study to determine the
appropriate location of cages and maximum duration of stay.

The only other potentiaJ-Iy significant impact at this scale would
be due to contaminants, such as nutrients and sediments,
emanating from Big GJ-ory Bay impacting the ecosystem of Paterson
InLet. This should not be a problen if the objectives suggested
for Big Glory Bay are met.

6.4.2 Environmental Bottomlines

Following from the above discussion two bottom lines need to be
developed to achieve:

'k the avoi-dance of irreversible effects on the benthic
community

*

The
has

the avoidance of contamination of Paterson Inlet from salmon
farrning activities in Big Glory Bay

means of establishing bottomlines to achieve these objectives
been discussed in the previous sections.

6.5 ALTERNATIVE LOCAÎIONS

Moving the salmon farming to alternative l-ocations has been
discussed at various times since the farms were first
established. Such options are not available until the moratorium
is Iifted by way of a change to the transitional RCP (onIy the
Minister of Conservation, the District CounciL or the Regional
Council can initiate such a change) or as part of the new RCP.

The broad approach to sustainable management proposed above wouLd
apply equally well- to other locations, such as Paterson In1et.
obviously, considerable site specific information woul-d have to
be collected and the issues coul-d be different in some respects.
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7 PROPOSALS FOR FTIRTHER ACTION

7.L RESEARCII A¡ID MONITORING

This section reconmends the first steps in implementing the
options suggested in the previous chapter to achieve sustainable
management of the Big Glory Bay salmon farrns. It draws on the
review of environmental effects in Chapter 4. It does not aim
to pre-empt any recommendations the monitoring committee of the
Big Glory Bay Salmon Farm Working Group may make.

Rate of recovery of the waste patches on the sea bed

Research the recovery rate of the waste patches, including
deternination of factors which may be infÌuencing it
(including mercury).

Establishment of a carrying capacity for Big Glory Bay

Study of the hydrodynamics of
exchange with coastal waters

Paterson Inl-et and its

Study of the nitrogen excretion, egestion and assimil-ation
by salmon in Big GJ-ory BaY

Monitoring of the impact of the farms with respect to the
potential for eutrophication (hypernutrification,
phytoplankton biomass and species

Ammonia: recalculate the amount that may exist in Big Glory
Bay, at 3 OOO t yr-r sal-mon production; measure existing
Ievel-s (and seasonal- variability? )

Performance standards for nutrient loading of the bay,
waste patch recovery and sedimentation rates.

High mercury levels are a problem that definitely merj-ts
further investigation; high levels may delay recovery of
the waste patches and have adverse effects on the natural
aquatic life of Big Glory Bay, some of which are eaten.
Monitor mercury leve1s in the sediments; incorporate into
research on recovery of the waste patches.

Monitor rate and spread of sedirnentation due to salmon
farming, to ascertain trends and the relationship with bay
hydrodynamics.

Map vulnerabl-e habitat types (WQC may hold sufficient raw
data).

Monitor nutrient levels as in 2 above.
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cuidelines for the control of visual inpact

Landscape assessment is needed to determine methods of
reducing visual impact, for inclusion in the RCP. As this
is inti¡nately Linked with community values and perceptions,
consultation wiIl be needed.

Protection of Maori values

Consultation with iwi needed

Reduction in seal and dolphin kill, harassment and danage
to salmon

An investigation of ways of reducing seal and dolphin kiII
is needed; literature review, working group discussion,
implenentation through RCP and by negotiated agreement with
DOC.

Use of contaminants

Ascertain the range, type, quantities of various chemicals
used (or likely to be used) in the salmon farm operations.
There may be a need to review the l-iterature on the likely
effect of certain potentiaj-ly environmentally damaging
ones.

Refuge Site

Monitor impact on seabed and water column at refuge site;
establish timeframe over which damage persists.

water clarity

Get WQC model recalculated with refined pararneters to
cal-cul.ate the l-eveL of sal-mon production likely to
conspicuously affect water clarity in the bay.

Matters prinarily of concern to industry:

Dissolved oxygen l-eveIs: compare present siting (depths,
spacings) to WQC recommended guidelines. Taking dissolved oxygen
measurements at finer spatial resolution and over a period of a
year would allow for seasonal- variation particularJ-y in water
temperature and in current flow rates and directions in different
parts of the bay. These coul-d then be used to check the WQC

recommendationsrl. Measure seasonal variability at sal-mon farrn
sites

Refinernent of 'rearly warning systemrr for salmon farmers, which
could include coastal- water nutrient measurements and weather
patterns
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Macro- and micro-nutrient requirements of. Heterosigma and other
toxic/nuisance phytoplankton species (whilst this is primarily
in the j-ndustry's interest it may also be part of establ-ishing
environmental sustainability if repeated Heterosigma blooms
occur) .

7 .2 PLÀNNING FRÀIIÍEWORK

The scope and diversity of the above topics, âS well as issues
surrounding existing consents and the roles of management
agencies, means that some sort of action is required in order to
progress. Firstly, there are considerable gaps in our knowledge
of issues critical to sustainable management. A.research plan
needs to be developed which provides a framework setting out
priorities, providing guidance to research providers and
establishing funding responsibiLities and opportunities. This
research plan should be developed in conjunction with the
monitoring programme currently being drawn up.

The second major issue that must be addressed is the question of
roles and responsibil-ities. Unless this j-s done there is a
danger of duplication, confusion, and unnecessary cost being
imposed on users and other parties. This paper makes some
suggestions as to how roles could be better organised but some
degree of overlap is inevitable if not necessary when dealing
with such a compJ-ex range of issues. Duplication and
inefficiencies could be minimised by the development of
agreements or protocols between agencies such as MAF Fisheries,
SRC and DOC.

A third issue that should be addressed is the lack of necessary
resource consents for existing sal-mon farm operations. It is
important that this situation is regularised as soon as possible
so that all- parties can move forward quickly to address issues
such as sustainabl-e management and the opportunities offered for
better administration under the RCP.

The future planning framework is j-n fact the final issue that
needs to be addressed. Some additional j-nvestigation work may
be necessary before at least an interim planning framework can
be put in place in the RCP. This shoul-d include the
establishment of environrnental bottoml-ines which, given the
uncertainty of some potential effects, may need to be
conservatively based. Special provision should be made for the
unique features of salmon farming, such as susceptibil-ity to
toxic algae bl-ooms and the need for refuge areas.
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APPENDIX 1

SUMMARY OF WORK UNDERTAI(EN TO ESTABLISH A LEVEL OF
SUSTAINABLE SALMON PRODUCTION

INTRODUCTION

The content of this appendix is based on the initial two wQC
repots. It \^/as ref ined as a result of questions asked by the
Department of Conservation, and in response to a Big Glory Bay
Salmon Farm Working Group meeting in April L992. NB This
appendix is concerned with only the potential for eutrophication;
the two other aspects covered in the WQC reports, acceptable
water clarity and dissoLved oxygen Iinits, are considered in the
main body of this report.

2 METHOD

It was assumed that nitrogen, not phosphorous, was the nutrient
Iikely to limit phytopl-ankton growth (based on the average ratio
of particulate N to particulate P measured during February 1988);
ie nitrogen concentration would limit the maximum concentration
of phytoplankton that coul-d occur in the bay if there were no
other constraints. Hence estimates of phytoplankton abundance
r¡/ere based only on nitrogen predictions4.

A phytoplankton mathematical sub-modeI was constructed to predict
phytoplankton biomass j-n embayments. This \^/as based on the
theoretical maximum phytoplankton concentration that can exist
in a given embayrnent at a given time, âs deternined by the
nutrient in shortest supplyó. Inputting a given chlorophyll
concentration usualì-y associated with nuisance blooms (judged to
be the maximum acceptable chlorophyl-I leveJ-) , the sub-modeL was
solved to give a corresponding estimate of particuJ.ate nitrogen
(PN) concentration. Sj-nce the model was based on the theoretical
maximum phytoplankton concentration, ât this time aII dissolved
inorganic nitrogen (DIN) would be used by phytoplankton and
rravailable" nitrogen would consist only of this particulate form.
The sub-modeJ- incorporated a regression equatj-on between maximum
observed chj-orophyJ-I concentration and particulate nitrogen
concentration constructed from pubJ-ished New Zealand dataó'ró.

Using the mass bal-ance model, this critical nitrogen
concentration was combined with the average concentration of
avail-abLe nitrogen in Paterson Inl-et and estirnated hydraulic
residence time of Big Glory Bay, to calculate the maximurn total
nitrogen input to the bay which would maintain these acceptable
chlorophylJ- concentrations.

This criticaJ- nitrogen input, plus estimated nitrogen input from
the sal-mon farms (nitrogen per kilogram of fish produced per
year) was used to calculate a production level of salmon which
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\^/ould result in that chlorophyll concentratj-on not being exceeded
(Table 4)4.

LI!.fITATIONS OF THE !,ÍODEI, AND DÀTA TNPUTTED

Several parameters Iie on the critical- path to the carrying
capacity figure.

3.1 Estimate of critical chlorophyll concentrat,ion

15ng m-3 chlorophylL was chosen as the concentration most likely
to pose a risk to the long-term sustainability of salmon farming.

This figure rr\¡Ias based on a thorough search of the Iíterature
(rnarine and freshwater) and on over 10 years research experience
on phytoplankton ecology. There are arguments for choosing both
higher and lower chlorophyll concentrations but none is more
justified than anotherrr. At concentrations below this rrthere
should be no dissolved oxygen problems or noticeable change in
water cJ-arity There is no rrsaferr chlorophylL concentration
if the predominant phytopl-ankton are toxic or smother fish
9iIls"to.
This poses the question what are the arguments for higher or
lower concentrations?

This figure is a key parameter in the calculations of both the
critical nitrogen loading of Big Gl-ory Bay and the estimate of
sustainable production.

NB: The choice of this value as the critical chlorophyll
concentration that should not be exceeded relates to the
sustainability of J-ong term salmon production and to water
clarity; whilst it rnay also be a suitable level- or environmental
bottom-line in terms of envj-ronmental sustainability, this should
be investigated.

3.2 Hydraulic residence time

Based on an ideal of total exchange, of the total prisrn
(estimated at 10U) the mean residency tirne of the bay is
estimated as 5 days. In moderate winds this was estimated to
decrease to 7-9 days and during light winds (<5 cms'r = l8km/hr)
to 10-l-3 days. These are l-ikely upper bound estimates of the
exchange rate and hence yield lower bound estimates of nutrient
concentration (criticaL nitrogen input) in Big GJ-ory Bay".o

A critical- parameter in the model- is the residence
time of water in the bay. WQC 7988 Tabl-e 4 shows that
an increase in residence time lrom 7-9 days to 70-73
days reduces the sal,mon production by 4524. Thus an
accurate residence tine is essentjal. to estimating
maximum saJ-mon production.
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The residence time is estimated using conventional
tidal prisn method with adjustments for wind
conditions on the basis of observations. The tidal
prism method assumes that water Teavíng the bay does
not return on the lollowing fTood tide. In bIQC99
notes that "Iittle of the water which feaves the bay
during the ebb tide escapes past the Bravo Islands and
that most returns on fTood tide"a. The degree of
nixing between water Teaving Biq GTory and fTow
through the Bravo Island is critíca7. By doubling the
tidal prisn residence time of 5 days to 70-73 days in
liqht winds, the authors are presumably aTTowing for
a boZ diTution of Big GTory Bay water by water coming
through Bravo IsLands. This diTution factor ís
critical to the residence time and would watrant
further work. This couTd be done by hydrographic
measurements over a much Tonqer period.

It shouTd be noted that residence times in WQC7988 are
average times for Big Glory Bayt. The variation within
the bay coul-d be Targe . For exampTe, much of the
water entering the bay on the fl-ood tide may stay near
the entrance to the bay giving a very l-ow residence
tine in that area. Residence times over the remainder
of the bay would be very long while the average over
the bay coul-d be siniJ-ar to the quoted values. It
woul-d be usefuL to determine residence times f or
various sections of the bay to use in a more
sophisticated box nodel- for the bay and hydrographic
worktT.

More sophisticated modeJ-l-ing of the hydrodynarnics of Blg Glory
Bay and Paterson InIet was álso considered by Pridmoreró.

A mean residence tíne must be used in our model (see
derivation, Pridmore and Rutherfotd!, pages 4-6) - If
more sophisticated modeLs were deveToped this woul-d
not be the case, but the cost of deveToping such
models and acquiring the apPropriate data lor Big
GTory Bay would be considerable ($>l-000,000 fot a 2-D
or 3-D numericaf model) . . . A 3-D model woul-d be
required to predict spatial patterns within the b^y,
especiaTTy for notiTe phytoplankton such as
Heterosigma. . .

Knowing more about the hydrodynamics of Paterson Inl-et
would greatly assist our understanding of the field
data and help us to determine the inf l-uence of coastal-
waters on Paterson Inl-et nutrient and chTorophyTT
concentrations. This inlormation, however, is not
required in our present model- and woul-d not al-ter our
nodel- predictionst6.

pridnore considers that future effort should be directed towards
nodelli.ng three dimensional- water circulation patterns and their
interaction with plankton migrations. He also lists the
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hydrodynamics of Paterson InLet and its exchange with coastal
waters as one of the topics would should be further
investigatedró.

Pridmore and Rutherford6 discuss the sensitivity of the nitrogen
model to changes in three parameters. Their anal.ysis (the data
for which is not given) showed thaÈ l-Oå change in hydraulic
residence tine resulted in a 3å charge in the predicted critical-
nitrogen concentration of Blg Glory Bay.

The validity of the model is tested by concentrations
of nitrogen and phosphorus measured on one day with
the yal.ues predicted by the model. This is done by
assuming that the bay js in a steady state after a
fortnight of Tight winds when the flushing tine is t0-
73 days by their estjmates. They use this steady
state as t.he start up value N (t') lor the mode7. With
a fTushing time of 70-73 days a lortnight is not
suflicient time to reach steady state. The actual
N (t') lor the model wiJ-7 change depending on the
concentration in the bay at the beginning of the
period of l-ight winds. This in turn wiTl- be dependent
on tàe hístory of flushing rates inputs and Paterson
Inl-et nutrient concentrations. I1 we assumed that
there were no inputs prior to the light wind in
Paterson InTet [sic, presumably Bíg GTory Bay] then
the concentration after 74 days with their reported
inputs would be approximately 70mg/n3 below the 66ng/n3
used as N (t') . This is an extreme example; the actual
N (t') may be higher or lower than 66. 14ore
measurements over a longer period wouJ-d be needed to
improve the accuracy of N(tu't.

Whil-st this question has not been specifically addressed in any
of the t{ater çuaJ- ity Centre reports, it has been tested; the
model- was not very sensitive to changes in N(t0) (pridmore pers.
comm. )

3.3 Inputs of nutrients

Direct measurements \^/ere made of food inputs, food composition,
total particulate loss from cages and recycling from sediments.
Estimates of salmon assimilation, egrestion and excretion were
taken from the l-iteratureÓ. When calcuLating the level- of salmon
production, nitrogen input f rom the sal-mon f arrns \^/as f irst
estimated as 2589 per kilograms of fish produced per yeara.
Total 'available' nitrogen input into Big Glory Bay was initially
estinated at 452 kg d-r (Tab1e 2) ; however when the model Ì¡/as
tested on data measured on 24/2/88 it qave predJ-cted nitrogen
concentrations lower than those observed (Tab1e 322 69+3 mg m-3

calculated from Table 8 Pridmore and Rutherfordó - by adding NHq*-
N, NO3--N and PN). The standard error was cal-cul-ated from the new
data and is lower than that of the individual components which
comprise total nitrogen, because the variability in these
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components is higher than in the total nitrogen (Pridmore pers.
comm. ) The estimated total nitrogen input was increased to 564
kg d-¡ to remove the discrepancy between observed and predicted
concentrations. This corresponded to an input of 2589 N per
kilogram fish produced per year, from excretion, eqestion and
sediment release and is within tl e range of values reported from
overseas farmsa. It is not specified whether kilograms of fish
produced is live or dressed weight.

Note that the model has at least six parameters: the flushing
time Q/V, the bay volume V, the input nitrogen and phosphorus and
the concentrations of nitrogen in Paterson Inlet. With the
exception of bay volume, the parameters are not accurately known.
This model was validated against two observed concentrations on
one day. There are many different combinations of the parameters
which would give equalJ-y good agreement with the observations.
As a best guess, the authors alter the nitrogen input to improve
cornparison with the observations. DaiIy measurements over
sevèral weeks would provide a more reliable validation of the
modeIlT.

The nutrient input estimates are refined in Pridmore and
RutherfordÓ. Total of nitrogen inputs from fish excretion and
sediment release in TabLe 8Ó correspond to an input of I7I q(N)
kg'' (fish produced) yr .r. The factor for catchment run-off is
reduced from 20 kg d-r (Table 2) to 4.o t yr'r (11kq d-r (Table
4,u)). This is as a result changing the estimate of yield of
nitrogen fron the catchment from 5 to 2.8 kg (N) ha-r yr-r.

The effect of these changes on the estimate of sustainable salmon
production is not discussed.

However the sensitivity analysis in Pridmore and Rutherfordó
showed that a f0å change in the nitrogen input resulted in 3.OZ
change in the predicted nitrogen concentration of Big GIory Bay.

The significance of the total estimated /avail-abIe' nitrogen
input into Big ctory Bay is that j-t was used to test the validity
of the mass-bal-ance model-. The significance of the estimated
nitrogen input from the salmon farms is that it is used to
calculate from critical- nitrogen input for the bay to determine
the salmon production rate corresponding to this.

The authorsr had a major concern about the nitrogen inputs per
unit of salmon production. rrThe overall. uncertainty in these
inputs is hiqh, perhaps up the order approximateJ-y 5OZrr. This
is one of two reasons given, whY they applied a large safety
margin and shifted down the recommended salmon production to 3000
t yr'' (from the calculated 5000) (p14) .

Pridmoreró recommends further investigation of the nitrogen
excretion, egestion and assimilation by salmon in Big GJ-ory Bay.
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3.4 Nitrogen and chlorophyll concentrations in paterson Inlet
ApplicabiJ.ity of the model is dependent on ,available' nitrogen
and chl-orophylI concentrations in Paterson Inlet remaining at or
near their current levels (Rutherford et â1.4, p14).

Pridmore judges that it unlikely salmon operations in Big GJ-ory
Bay wouÌd significantly increase nitrogen concentrations in
Paterson Inl-et if total- production was limited to 3 OOO
tonne/yearró.

Sensitivity analysis showed the model- v/as very sensitive to
changes of nutrj-ent concentrations in Paterson Inlet (a 1OU
change in nitrogen concentration of the inlet resuLted in 72
change in predicted nitrogen concentration for Big G1ory Bay.
A l-02 change in chlorophyll concentration in the inl-et would
produce a 3Z change in the predicted chlorophyll concentration
in Big Glory Bay using the 1989 field data)ó.

The second major concern which caused the authorsa to shift the
recommended level of salmon production down to 3OOO tonnes /year
was how much chlorophyll and nitrogen concentrations woul-d vary
J-ong term in Paterson Inlet.
Bradford et ar.re reported high year to year variabirity is the
concentrations of Nol-N and chlorophyll- in Foveaux strait,j-ncluding off north-east Stewart Island during four consecutj-ve
summers (I977 -1980) . This appears to be assocj.ated with sporadic
incursions of fertile hiqh salinity water into Foveaux Strait
from the southrrand is the likely cause of observed differences
in Paterson fnlet nutrient concentrations between f98B and
lgggr'ó.

The mechanism of these incursions \¡/as not investigated,. tv/o
origins \¡/ere suggested, upwerling or the incursion of surface
water from the south2e.

This suggests that greater variability in nutrient concentrations
in Paterson rnlet, which flushes into Foveaux Strait, probably
occurs than that recorded during January 1988 (on one day) and
February 1989. (Both studj-es \,rere conducted at the same time of
year) . seasonal nutrient l-evel-s of Paterson rnlet may exist.
Monitoring these at various pJ-aces in the inlet and adjacent
outer coast, f or at least a year woul_d he]-p establish this
variationrT.

Concentrations of chlorophylJ- and nitrogen in Paterson Inlet
increased markedly in January 1989 (compared to February l98B) 16.

The model reliably predicted the spatially-averaged chrorophylr
concentrations in Feb 88. However in 1988 predicted chlorophyJ-J-
concentration for Big Glory Bay was lower than that measured and
outside the 95å confidence interval-. At that time phytoplankton
growth was not restricted by nitrogenÓ. The model will not work
when there is a surpJ-us of nitrogen (Pridrnore pers. comm. ) .
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In January L989 concentrations of chlorophyll and nitrogen in
Paterson Inlet v/ere markedly higher than in February 1-988. "This
meant that our model- of sustainable salmon production in Biq
Glory Bay (ie 5OOO t yr-r would have to be revised (because it was
based on lower nitrogen and chlorophyll inputs from Paterson
Inlet) ...There seems Iittle point in re-estirnating the carrying
capacity of Big Glory Bay with our existing model since we know
toxic blooms of Heterosigma can occur at rnoderately low nutrient
concentrationsIró, However Pridmore lists ref inement of the rrearly
warning systemrr for salmon farners, including coastaL water
nutrients measurements and weather patterns as a topic meriting
further investigationró.

4 RECÀLCULATION OF THE LEVEL OF SUSTAINÀBLE SALI'ION PRODUCTION

In mid-ApriI, the WQC nitrogen/phytoplankton model was rerun by
Rick Pridmore.

Using known worst case conditions, ie:

Hydraulic ftushing time for Big Glory Bay

Available nitrogen concentrations in Paterson I.
(measured at 77 .41

Chlorophyll concentration in Paterson Inlet
(measured at 2.Ll

Phytoplankton growth rate of r division Per day.

(The critical maximum chlorophyll figure used was
very high phytoplanlcton growth for a very long
assumed) .

15 days

80mg m-3

2.5mg m-3

12mg m-3;
time was

This produced figures of: 483t y' nitrogen and 68OOt y' food.
This equates to 3OOOt y-l sal-mon (total biomass produced) at a
food conversion rate of 2.27 -

At the reguest of Biq Glory Bay Seafoods the model v/as run a

second tirne with Iess stringent parameters:

Flushing time

available nitrogen, Paterson Inlet

ChlorophYlI, Paterson Inlet

Under these conditions 515t y' of nitrogen wouLd be acceptabJ,e
ie 125Ot y'of food, 3L94 t y'salmon) Note: this is slightly
Iess stringent than the worst case situation already encountered,
ie the Heterosiqma bloorn in 1989 at L2OO t yr of salmon

14 days

75mg m-3

2.0m9 m-3
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productÍon in the bay.

The total biornass of salmon produced per year is not the same as
either the green weight or processed weight harvested that year.
Processed weight is generally 872 of the green weight harvested.
It i-s not possible to definitely calculate green weight as a
proportion of the total- biomass produced each year. The
relativity wiIl depend on the water temperature, which differs
at different locations in the bay and the food used on each farm.
It has been estimated as being IO5-120? higher than green weight
harvesteds. 2o-3oe" of growth is in new fish being brought into
the bay each year.
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APPENDIX 2

RE\IE\ry OF SOTJRCES ON CAGE ROTATION AND FALLOWING

1 REVIEW

The following is a summary of pertinent research that might
provide guidance to the manner in whj-ch cage rotation may be
effectively used and likely environmental effects of this:

Gowen et al.ro: a Scottish study in a sea-Ioch; farm had been on
site for 3 years; 6 cages, each 18 x 3Om mature fish (presumed
to be Atlantic salmon).

The sediment at edge of cages appeared to have reverted to a
state typical of the Ioch after a period of I months. The tirne
taken for sedimentary conditions to recover did not appear
proportional to the length of time the cages \^¡ere in position.

After 3 months a slight recovery of macrofauna v/as observed,
however it remained hiqhly disturbed even after 8 months. The
authors suggested that it may take several years for the
macrofauna to return to normal. The time taken for macrofaunal
recovery, even when changes in the macrofaunal community v/ere
only slight, is much longer than for sediment recovery.

Rate of recovery was thought to be inf l-uenced by:

* period of time the site has been in use

* stocking density of fish in cages

* hydrographY of the site.

Woodward et aI.2Ó: a Tasmanian study of the relationship between
stocking and time to recover to threshold respiration of the
benthos. Based on a site in Huon estuary, where only the first
252 of biomass growth is achieved before cages are towed out to
sea; site \^Jas approximately 4.5 ha, with an experimental stocking
denslty of 2.62kg/m3, and an average biomass of 4500 kg. Species
farmed was presumed to be trout. Site had been used for 16 months
prior to the study.

The authors sought to predict recovery time beneath the
experimental cage by fitting a hyperbolic relationship between
sedimentation rate and threshold recovery time, also between
average stocking biomass and threshold recovery tirne. The
equations could be appJ-iedrrto the spatial distribution of
J-oadings to suggest suitable fallowing times for a given pointrr.
Threshold recovery tj-me was taken as the threshold point where
anoxic conditions are repJ-aced by oxic conditions once again.
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After the study ended, other researchers, usj.ng the same site,
found that up to 6 months later benthic respiration rates hrere
still high. Based on meiofaunal comrnunity structure, it v/as
suggested there had been a period of disturbance to the community
due to an unknown environmental perturbation. Therefore the
authors caution against the rel-iability of their fitted
hyperbolic relationship over extended periods of extrapolated
tirne.

With regard to predicted recovery times, each approximate
doubling of stocking density leads to successiveJ-y greater
recovery times especially at sites close to the centre of the
cage.

However the authors aÌso concluded it is probable that at some
stage the sedimentation rate reaches a point where it exceeds the
capacity of the benthos to cope, causing a sharp change in the
benthic response as measured by benthic respiration. On the
fitted relationship between threshold recovery time and
sedimentation rates, rates of O to approx L2O g/m2/day were the
range within the area of reasonable confidence. Pridmore and
Rutherford'só measurements of sedimentation in traps beneath 4
farms in Big Glory Bay in February 1988 were 87, 90, 252 and 262q
(dry wt) /m2/d. Two of these measurements are far greater than
the area of reasonable confi-dence in l,]oodward et a1.2ó. These
hiqh levels reflect greater food supply rates used at Big Glory
Bay sites (and presumabj-y higher stocking densities).
No examination was made of how the
varies as a function of the previous
and waste food. Woodward et a1.26
effects.

recovery tirne f or a site
cumulative input of faeces
did not study macrofauna

The authors consider the possibility of long term rrsouringrl
a site through continual use, even with periodic foj.lowing,
very real-.

SUGGESTIONS FOR FÀLLOWTNG/CAGE ROTÀTrON

Gowen et al.r0 give approximate guidelines for Loch SpeIve only:

to be worthwhile cages should be in position for onJ-y a
short tirne (6 months I year)
the o1d area shouLd be left vacant for a longer period of
time than the cages were jn situ (L-2 years).

Different hydrographic characteristics result in different irnpact
and recovery times.

Inloodward et aL.2ó suggest setting stocking limits that prevent
significant impact on sediments outside the farm boundaries.
Their idea of fallowing is based on the premise that the benthos
of a farm site can be managed as a mosaic of discrete areas, âS
benthic effects are l-imited to within 50m from the cages.

of
is
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They recognised that there is a penalty in using a higher
stocking density within a cage in that the affected area around
a farm is increased. FalJ-owing schemes shoul,d be based on both
the Iateral spread and total loadings of solids enanating from
a cage h¡as recommended INB P29 Table 6 - threshold distances. ]
They suggest also bearing j-n mind that having too many cages
crowded along of current flow means downstream ones can suffer
considerably reduced flow.




