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Executive Summary

This strategic environmental assessment (SEA) was undertaken on behalf thietlidrectorate
Sustainable Aquaculture Management: Aquaculture Animal Health and Environmental Interactions
within the Department of Agricultw, Forestry andrisheries DAFF.The SEAwhich deals with the
entire South African coasteads into a larger project that widintail undertakingEnvironmental
Impact Assessments for two potentialarine aquaculture development zones (ADZs) specific for fin
fish cage farming in the sea off the Eastern Cape Proviiitee DAFF mariculture policy aims to
promote growth in the industryas it envisions benefits of skilbesed job creation in poor coias
communities and increased seafood production to compensate for dwindling catches of wild stocks.
Revision ofin earlier version of thiSEAundertaken by SEAS (Jooste 20083% necessary to address
shortcomings in the site selection methodology usedhie earlier versioncommissioned by then

the Department of Environmental Affairs and Tourism, Branch Marine and Coastal Management
(DEATMCM). This report differs from the earlier SEA in thabduseson marine finfish cage
farming only, whilst the arlier report also considered aniculture of shellfish and seaed. The site
selection methodology that is the focus of this SEA is based on the application of quantitative criteria
that were developed in conjunction with kéydustry, academic and govenent stakeholders and

applied using Geographical Information System software.

TheSEA briefly summarises the policy and legislative framework that outlines the perceived need for

the declaration of ADZs and the focus on finfish farming technology. Sedislagarming systems

are briefly described, including the logistical and environmental requireméntsthe most
commonlyusedit A yaK2NBé¢ Fi21dAy3a OF3aS aeadsSya FyR Y2NB
for exposed sea areasThe need for sea spa that is close enough to a suitable size port (<20km)

and sheltered from storm sea conditions (exposure to significant wave heigh89ff 2 NJ G A y a4 K 2 NB
fin fish cages is highlighted. The authors of this report consider that the development of aoreffsh

fin fish cage industry in South Africa in the ngytears(during which an EIA will be valid) is unlikely,

given the high risks and capital investments cast®lved The site selection proces$isus included

a preliminary identification of potentialffshore ADZgexcluding consideration of potential offshore

user conflict) but recommends focusing on potential sites suitable for the development of fin fish
FINNE dzAAYy3 GAYEAK2NBE FE2FldAy3a LXIFAGAO OANDES T

The potential environmental impact®f sea based finfish cage cultuege briefly discusseénd
mitigation measures that can be partly addressed at the SEA level are identifieéntial impacts

include:




The incubation and transmission of fish disease and parasites from captive to wild
populations. Mitigation relies on sound animal health management and biosecurity.

Pollution of coastal waters due to the discharge of organic wasiisigation includes the

use of species and system specific feeds in order to maximize food conversios, rati
rotation of cages within a site to allow recovery of benthos, and sensible site selection
(sufficient depth, current speeds and suitable sediment type).

Escape of genetically distinct fish that compete and interbreed with wild stocks that are
often already depleted.Mitigation measures includsuitable design andnaintenance of
cages to minimize escapes and use of sufficient brood stock with similar genetic structure to
local wild populations.

Chemical pollution of marine food chains (& potential tskhuman health) due to the use

of therapeutic chemicals in the treatment of cultured stock and antifouling treatment of
infrastructure. Recommended Iitigation includesthe responsible storage and use of the
minimum required quantities ofpreferably bioggradablexhemicals.

Fish cages pose a physical hazard to cetaceans and other marine species that may become
entangled in ropes and netdMitigation measures include site selection that excludes
important migration, feeding or aggregation sites; and ttse wf correct and durable cage
netting that minimizes entanglements.

Piscivorous marine animals (including mammals, sharks, bony fish and birds) attempt to
remove fish from the cages and may become tangled in nets and damage nets leading to
escapes and stss or harm the cultured stock. Farmers tend to kill problem pradabr

use acoustic deterrents. Effective mitigation may be achieved through the use of
appropriate predator mesh, proper feed storage and feeding and removal of dead fish from
cages.

Localised habitat alteration and impacts (such as changes in wave action and sediment
transport). Can only be mitigated through site selection and farm design.

User conflict due to exclusion from mariculture zones for security reasons or negative
impactson tourism and coastal real estate value due to negative aesthetic impacts of fish

farms. Can be partly mitigated by site selection and consultation with other users.

The reportalso coverghe development and application ofuantitative site selection dteria under

the three main logistical requirementdor offshore cage culture:environmental suitability,

environmental sensitivityand user conflict. The results of the GIS analysis which identifies

potentially suitable sites for the development of ADis fin fish cage cultur@re then presented

Seveninshore and twelve offshore potential ADZs were identified by application of the site selection




criteriadeveloped as part of this studylnshore sites were then assessed in terms of the likely user
conflicts (cost to other industries) by application afcost layer that reflected the importance of
areas to other marine industry sectors (including fishing, mining and petrolenthjanked in terms

of four secondary criteria (distance from port, waterpde, distance from MP# and influence of
upwelling cells).Two potential sites to the west of Mossel Bay, and two sites within Algoangagy
identified as havinghe lowest potential costto existingindustry (including wild capture fisheries,
ecotourism, mining, and shippingHowever, he accuracy and applicability of the cost valuesd

in this studystill need to be verified imetailed EIAstudies usinghigher resolutionspatial data for
commercial fiberies, ecotourism activities etShould the DAFF wish to proceed with declaring any
of these sites ADZs, and EIA process will need to be undertaken. At this time, the DAFF has
communicated that it wishes to proceed with establishing ADZs ifcsternCape ProvinceBased

on the relative cost values, we recommend that twotential sites within Algoa BayPort
ElizabethCoega 2 & 3are subject to detailecdElAassessmentvith a view to declaring ADZs, with a
third site in Algoa BagPort Elizabeth 13nd a site to the east dfapeSt FrancigSt Francis actually

off Jeffreys Baybe considered as alternatives
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1 INTRODUCTION

The Department of Environmental Affairs & TourisfDEAT), Branch Marine and Coastal
Managementcompleted a Strategic Environmental Assessment (SEA) aimed at identifying suitable
flryR YR &SI &L} O0S &dz2NNRdzyRAy3I {2dzikK ! FNROI Qa
Aquaculture Development Zones (ADZs) @2 The purpose of establishing the ARD#&s to
encourage investor and consumer confidence in tharine aquaculture industry in South Africa,

and also to create incentives for industry development, providarine aquaculture services,
manage risk associated with aquaculture, and provide s#tédleelopment and employment for

coastal communities.Four seabased sites were selected in the Eastern Capa §isst phase in
establishingADZs in South Africa. These were Algoa Bay, Shelly Beach, St Francis Bay and Point St
Francis. In 2010, the Ditecate Sustainable Aquaculture Management: Aquaculture Animal Health

and Environmental Interactionsiow in the Department of Agriculture, Forestry and Fisheries
(DAFF)called for proposals from suitably qualified service providers to undertake an Emerdal

Impact Assessment (EIA) for tdevelopment of theseADZs specifically fanarine fin fish cage
aquaculture, which is relatively new to South Afridgaconsortiumconsisting of Cape Environmental
Assessment Practitioners and Anchor Environmental Consultants CC (hereafter referred to as the
consultants) was appointed by the DAFF. The consultants then proceeded with the first task
specified in the terms of referencayamely: a review of the existing Strategic Environmental

Assessmen{SEA) prepared by SEAS (Jooste 2009)

Thereview of the 2009 SEéndertaken by the project team identifieseveral criticakhort comings
that needed to be addressed prior ioitiating apublic participation process and field surveys at the
four sites. The most important issue was that ttréeria used for theactual selection of sites
suitable for the development of ADZs, both in the SEA and subsequently HyARE(for the
purposes 6 conducting EIAsjvas not cleaiand transparent As such it would have been extremely
difficult to defend the selection of these sites in an open public forum as would be required in an EIA
process. The project team thusproposedredoing the original BA study by developing clear and
transparent criteria for identification of areas suitable the establishment oADZs in consultation
with key stakeholders from government, academia and industry, and applying these aising
Geographic Information Syste(IS) based approacth identify a new suite opotential ADZ sites.
DAFF agreetb this proposalin July 2011and the Terms of Referender the original studywere
amendedto allow the project teamto first revise theexisting SEA using th@pproach otlined
above, prior to initiating an EIAprocessfor the selected ADZ sitesThis reportconstitutes the

revised SEA and differs from the 2009 SIEAZte2009) intwo important respects:

12



1. This SEA is specific fmarinefin fish cage culture, whilst the 2009 S&80 consideredthe
culture of other organismgseaweeds & invertebrates)The 2009 SEA was therefore far
broader in content and only sections considered pertinent to the culture of finfish are
reproduced (ofteredited) in this report.

2. This SEA focuses on site selection as this was determined to be the most critical issue to
rectify in the 2009 SEASite selection for the mariculture of other marine dod estuarine
species would require the application of @ifént and/or additional criteria to those applied
in this SEAwhichis specific to fin fish cage culture. Many of the spatial data layers created
andused in the site selection component of this reparé alscapplicable to the selection of
sites for the culture of sea weeds and invertebrates éocombination, termegolyculture),
but applicationof these data layerprocess wouldrequire adapting and possibly adding

additionalcriteria.

This SEAbriefly summarises the glicy and legislative frameworldescribes sea based fish
farming systems, including the logistical and environmental suitability requirements; highlights
the potential environmental impacts of sea based finfish cage culing possible mitigation
thereof. The report then focuses on thdevelopment and application of site selection criteria
and presents the results of the GIS analysis whiah used tadentify potential suitable sites for

the development of ADZs for fin fish cage culture.
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2 POLICYAND LEGISLATIVE FRAMEWORK

The 2009 SEAJooste 2009)identified the following Draft Policy Documentsas relevantto

mariculture developmenin South Arica:

1. Policy and Guidelines for Fin Fish Farming, Marine Aquaculture experiment®ilabd
Projects in SA. DEAT 2006, 2007

2. Guidelnes for Mariculture Ranching in South Africa. DEAT 2006, 2007

3. Marine Aguaculture Sector Development Plan 2006, 2007.

Although it was not mentioned in the 2009 SH#g final Marine Aquaculture Policy documentas
published by DEAIR 2007 namely:

Gt 2f AO& TFT2NJ (oKS& SuBt&naidet Marine SAfuaculture Sector { 2 dzi K | FNR OF
(Government Gazette No. 30263 September 200R) this policy document the rationale for the

establishment of AD4s clearly statedpg. 6 section 4 policy consideians):

oMarine aquaculture faces competition from other land and sea use activities, both commercial as
well as recreational.lt is a matter of high priority, therefore, to ensure that areas (sea, land and
suitable estuaries) which may be suitable for maraquaculture development are zoned for this

purposeg

Thepolicy goes on to state that the land use planning requirements and initial environmental impact
assessment will take place in advance (presumably funded by the state) with the aim of retiecing t

entry costs for farmers and minimizing potential environmental impadike policy however, also

SELX AOAGEe &adriGSa GKFEG a¢KS blriA2ylt 9Y@BANRYYSyYy
laasSaaySyid o69L! 0 NBI dza NBordénfalasdioid posdibie coaficting dseed S | LILIE
policy also makes clear théhhe development of amtADZ should take cognizance of other marine
activitiessuch as tourism, fishing and recreational activities, as well as area management initiatives

such as MPAsThe policy also highlights the needs fesearch intdinfish culture and includegwo

of suggested research and technology development progranthagieal with this topic (pg 14

1 Finfidh technology platform programmend

91 Finfish cage culture development programme

This policy therefore provides the framework for both the development of ADZs with the intention
of encouraging the establishment of fin fish cage faraml the approach used in this SEA to select

potential ADZites.
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The 2007 marine aquaculture poligyl @S  NJIMariGe Aguaculture ®olicy Implementation Plan
2009H nmn € 05 9! ¢whardinaheneadrfobtie establishment of aquacultudevelopment
zoneswas identified as one of the 11 key required implementation programmekis SEA and

subsequent EIA phase therefore falls under the Departments stated implementation plan.

Apart from the abovementioned mariculture policdocuments,a host ofnational legislationare
alsoregarded as relevanto the development of ADZs and finfish farnisese are identified in
Appendix 1.Thesenumerous pieces of legislation are not integrated and are managedragge of
different regulatory bodies.A review of all lhe applicable legislation is beyond the scope of this SEA,
but the DAFF, the lead agent for the developmanid management of the aquaculture sector in
South Africarecently (September 2011) called for proposalsonduct a comprehensive review of
the legislation governing the aquaculture sector and to provide recommendations as to how

identified shortcomings or gaps should be addressed.
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3 SUMMARY DESCRIPTION OF SEBBASED FINFISH
CULTURE

The development of modern sea cage fin fish farmwidch began in the 1970sccurred largely
due to the growthof the salmon farming industry in countries with glaciated coastlines (e.g.
Scotland, Norway, British Columbia, Chile) (Scott & Muir 2000& number ofin fishspecies used

in marine cage ctire internationallyhas grown dramaticallgverthe last three decade$owever,
with salmon,tuna, flatfish, kingfish, bream, Sciaenid (e.g. sea basd)a host of other species
grown in avariety of cage culture systen(Staniford 2002 Although somesea cage farming
operations rely on wild caught stoekg. southerrand northernbluefin tuna farmglocatedlargely

in Australiaand the Mediterranean respectively, most farms usefinfish fingerlingsthat are
obtained from land based hatcheries, whdyeood stock, egg and larvae husbandry can be carried
out under ontrolled conditions. Fingerlings are stocked into sea caged species and
environmentallyspecificoptimal sizes anddensities,are fed, usually with commercially available
protein and lipd rich dry food, treated for diseasand parasitesgraded and harvested at the size

which results in the maximum economic return.

3.1 Cage types and environmental suitability

The following summary is based dre information derived fromindustry on the most commonly
usedda A Y & Kravikyét cages (also referred to as net pehsy, R & 2 BubmdtsbiNEnd semi
submersiblecages.Early fin fish cage designs were developed for sheltered inshaters;typically

floating structures made of steel amastic whichdevelopedinto the floating, flexible plastic circle
design cagesnost commonly in use todagScott and Muir 200). From about the mid 1980s
suitable sheltered sea spadeecameincreasingly limiting and thidrove the development of more
robust plastic circle cages andvariety of different ¢offshoree cagedesigns(Scott and Muir2000)

(Figurel)
According to Scott and Muir (2000) pens and cages are designed wifihlltweing criteria in mind:

9 To provide a stable cagshape, a stable working environment and to redstess on the
cultured fish
1 Provide adequate circulation in the enclosure in order to remove wastes as wtexsfor

the metabolic needs of the fish
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I Cages must be able to absorb or deflemtvironmental forces and therebynaintain
structural integrity
1 Provide adequate working environment for the day to day management oftibek

1 Maintain cage position in a secure locatigfree from navigational hazargdand

1 Keep capital and operating &3 to a minimum

Figurel. Examples oftypical floating plastic circle finfish cages (A) and ans-submersible
G2FFaK2NB¢ QB)SdReSchity& MOit 2805)

Cages or pens have to withstand the normal, recurrecganforces and their effects, as well as
abnormalpeak or shock forces associated with storm events, which can reach breakind$catts

and Muir 2000 Turner 200Q. Different finfish sea cages have been designed to meet a variety of
different environmental conditionswith depth criteria and exposure to waves/swells usualig

critical factos. Stations closer inshore and with more sheltered conditi@rse suitable for
placementof floating gravity net pens, while exposetfshoresites mayonlybe suited tod 2 F ¥ &4 K2 NB ¢

technology, rigid or flexible fully or semmilbmersible cages

Inshore floating pensare not suitable in areas where they may be exposegltomging breakers
assodated with the surf zone (or for that matter, using thepens in areas likely to experience
breaking waves during storm events)hese wavegransmit an enormous amount of energy to
floating structures (Turner 2000) ofteresulting in total system collae. According to Katavic
(1999), modern floating pensuch as those manufactured by Bridgestone have been thoroughly
tested in offshoreconditions, with considerable succesflext generation sersubmersible and
fully submerged cages do not have the saamount of test time (Katavic 1999), and aherefore

often still considered to be designs in pilot phases of developm&hesedesigns, however, are all
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well suited for more exposed areafisk and developmermost considerations will ultimately guide

potential investors towards a final selectionThe focus of thiSSEA wa®n finding sites with

operating conditionssuitable for standardt A y & K2 NS & LI I a G A O ItGsAdbubtiulS I NI O
whether a potentialADZdesignated to besuitable only ér nextgenerationd 2 T F aeiu#pM&Eht

will attract much investment interesh South Africa owing to the high costs of these structure and

the high level of uncertainty that still exists with respect to culture technology in this country (e.g.
spawning access, growth rates, and marketabilityjSee 8.3 for more details on this issue)The

GIS exercise undertaken in this SEAmtitudea preliminary identificabn of areas that may suitable

F2N) a2FFakK2NBé OF3ISazr odzi 2dzNJ NBO2YYSYyRIGAZ2Y Aa
establishedy A Yy a K2 NBE¢ (SOKy2ft23&8 OF3Sa INE O2yaAiARSNBR ¥

It is clear that therewill be a critical need forcomprehensive datan the wave climate of potential
ADZ sites Broad spatial scalevavemeasurementdataare available fothe South African coast as a
whole, and comprehensivepatially explicidatais also availablat specific sites where instruments
have been deployedyut variations inwave and sea conditiorat a smaller scalevill require site-
specific investigations at potentidlDZs This willneed tobe addressed during Ebjpe assessment

of individual sites ttobugh the deployment of appropriate instrumentation at these sites for
extended periodsand through a thorough review of available oceanographic data relevant to the
areas under consideration For the purposes of this SEA, significant wave height aedtiin data
were obtained from the SADC@oluntary observing ships (VO8atabaseand used in the
guantification of the exposure criteriors¢e8 5.4). These da reveal that nearly the entire South
Africa experiences significant wave gigtisin excess 08.5m at times A summaryof the cage types
that can be used in under different wave regimissprovided by Turner (2000Y4ble1). This
summary indicates that water shallower than 20m should not be considered for the development of

l'5%a GKFEG FAY G2 FGGNY OO0 Ay@Sad2NB dziAt AT Ay3 Sai

3.2 Work boats and suitable ports

Next to the development obffshore cage and pen technology, the most importa@thnology
required for the effectiveseabasedculture of fish isa suitablework boat. These vary from small
service boats capable of delivering small loads, sl few staff members and up to 2@ of
food, through to complex livaboardfeeding barges capable of carrying up to 400 t of food (Beaz
Paleoet al. 2000). As canbe expected, the type of vessel needed to service a fish farm greatly

depends on thalistance travelled, size of the fatyliand the ocean conditions experienceBue to
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the relatively rough South African sea conditions, high biofouling rdigsnecessitatérequent net

changes, and the estimated minimum viable fish fai@e (production of ~1000 tons/year), finfish

farmsin a South African ADZ will need to be serviced by vessels equipped with small lifting cranes.

These vesselare in the region of 20 m londimiting the type of harbour fronwhich they can

operate. Areas suitable for the development of ADZs are themftegpendent on theavailability of

ports that are suitable fovesseldarge enough to support daile.g.feeding) and routine (e.g. net

changes) farm tasks.

Tablel Summary of current mariculture cages with respect to the storm walenate and the
depth maxima (&ter Turner 2000). The shaded area corresponds to the storm wave
climate along the South African coast and suggests thaa space with a water depth
of less than 20m should not be considered for ADZs.

Storm wave | Wave Water Depth
climate period 8¢12m 13¢20 m 21¢30m 31¢50m
Square Square Square Square
Storm H: timber/steel or | timber/steelor . 9 timber/steel or
3.5 . . : . timber/steel or . .
0.4<Hs<0.8 m floating circle floating circle : : floating circle
floating circle pens
pens pens pens
Storm Hs: . Square steel or Square steel or Squar_e st_eel or
4.7 Not suitable . L plastic circle
0.8<Hs<1.5m plastic circle peng plastic circle pens pens
Limited Square steel or
Storm Hs: . suitability: Square  Square steel or quare st
5.5 Not suitable . o plastic circle
0.8<Hs<2m steel or plastic | plastic circle pens ens
circle pens P
) Plastic and offshore Pless Ene .
Storm Hs: : : . offshore plastic
7.3 Not suitable Not suitable plasticcircles, Flex .
1.0<Hs<3.5m circles, Flex
hose cages
hose cages
. Limited suitability: Offshore polar
Storm Hs: : : Offshore polar .
8.1 Not suitable Not suitable ) circles, Flex
1.4<Hs<4.5 m circles, Flex hose
hose cages
cages
Limited suitability: | Flex hose cages
Storm Hs: . . Flex hose cages,| Steel tubular
2.0<Hs<5.0n 8.7 AeiEliEtels AeiEliEtels Steel tubular cages cages and
and tension spar tension spar
Flex hose cages
Steeltubular
=teliunllats 9.6 Not suitable Not suitable Not suitable cages, te”S'O’?
5.0<Hs<8.0 m spar and semi
submersible hex
cages
Limited suitability:
Storm Hs: 11 Not suitable Not suitable Semisubmersible | New generation
5.0<Hs<10m hex cages and ney cages

generation
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3.3 South African finfish cage projects

In South Africa finfish cage culture is in its infancy, vattly two experimental farms having
operated to date. Published accounts of these experimental fish farms are unfortunately not yet
available and the information presented below has been obtained from discussions with members of
the SAMarine Finfish Farer Association and from two presentations by G. le Roux given at the
Critical Thinkers Platform in Agquaculture and Emerging Technologies heldtiftlRabeth &7
October 2011. Few details are available on the@ experimental pilot projecthat attempted to

farm Atlantic salmon in cages located near Gansbaai in the Western Q& project reportedly
failed when the cages surik strong seas.The cages were rendered more vulnerable to the storm
waves partiyto very high biofouling of the cage meshresult of an inability to effectively clean the
cage mesh due to inadequate equipment (specifically a suitable size work boat equipped with a

crane).

Asecond pilot project, a publigrivate partnership between Irvin and Johnson (1&J), the Department
of Science and Technology (DST) and Stellenbosch Universityy indigenous species, namely
yellowtail Seriola lalandij silver kobArgyrosomusnodorusand dusky kobA. japonicusthat were
spawned in& M @atchery inGansbaai and stocked in floating piastircle cages in Algoa Bay (2008
2010). This pilot project was regarded as successful, with positive survival and growth rates
achieved for yellowtailRobert Landman, 1&J, personal communicatioff)e kob results were not as
encouragingwith thesespecies showing signs of stress, including reduced feeding, slow growth and
high parasite loadg¢specifically dusky kob). Thisti®ught to be largely the result of several rapid
water temperature drops experienced at the sibortly after stocking, and below optimal winter
water temperatures ((Robert Landman, 1&J personal communicati@gncurratly with this pilot
project, BJ proceeded with an EIA process that resulted in Environmental Authorization (EA)
(subject to condions) granted on the 28 April 2009 for a proposed 3 000 ton (36 floating circle
cages) kob and yellowtail farm in Mossel Bay. Thiw&SAappealedby thelocalmunicipality, but the
minister upheld the decisior{Robert Landman, 1&J personal communicationyhe matter is
currently under review in the High CourA second experimental pilot project in Port Elizabeth is
planned by the University of Stellenbosch (with DST funding) for the near future. Biofouling also
proved to be a serious logistical chalge during the Port Elizabeth pilot projedtigure2) and
further trials may experiment with different mesh materials and or antifouling agents (G le Roux
pers.com).The use of copper alloy mesh may be one solution for South African conditions, reducing

both biofouling and possibly negating the need for predator nets. Trials to experimentally
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determine the antifouling efficacy of copper alloy mesh types are curramtierway in Saldanha

Bay and Mozambique (Prof. Tom Hecht, Advance Africa, personal communication).
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Figure2. Severe Iofouling of fin fish cage net used in the Algoa Bay pilot project 2€X8L0.
Note that no antifoulants wereused on infrastructure in this pilot project, and the
severity of the biofouling shown in this image was due to delayed net changes.

The very slow start and continued limited interest in sea based cage culture in South Africa appears

to be the result of sveral factors, including but not limited to a lack of technological expertise,

strong public and NGO resistance to the fish farming in genanal probably most importantly
environmental unsuitability. The exposed, very linear SA coastline Inagable lack of suitably

sheltered sea area where established sea cage culture technologies can be implemented without a

high degree of risk and/or capital investment in relatively expensive offshore cage systems. This was
addressed in the site selection critgfor this SEAwhereby exposure to wave and storm conditions

FYR 61 G§SNJ RSLIGK ONRGSNAI 6SNB | LI ASR RAFFSNBy

85.4). Given the pioneering stage of sea based cage culture in SA and the high investments and risks
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associated with developing an offshore finfish cage facility off SA coast, we agree with the statement
in the 2009 SEQJooste 2009)hat traditional inshoe cage systems are the type most likely to be
implemented by applicantever the next5 years (during whichan environmental authorisatiomwill

be valid), and recommend onpursuingElAs and ADZ declaration for identifiedhore sites. The

GIS exercise was honetheless also conducted to identify areas that may be suitable for offshore cage

technologies, should applicants wish to pioneer offshore cage culture off the SA coast in the future.
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4 POTENTIAL ENVIRONMENTAL IMPATS OFFINFISH
CAGE CULTURE

Environmental impactsof fin fish cage farming have been well documented and reported in
international literature. A brief description of the potential environmental impacts of fin fish cage
culture follows Fa a more comprehensive accouoih this matter.the reader is referred to Stickney

& McVey (2002) and Staniford (2002)In the early period offinfish farming internationally
particularly salmon fartimg in the pioneering countriesa lack ofgood environmental management
and poor farming practices deto significant, negative environmental impacts occurringhis
resulted in regative attitudes and opinions amongst the public and conservatigganizations
towards the industry Thisnegative sentiment towrds sea cage fish farmimqgrsists to this day,
despite an increasing focus on sustainability dmth governments and industry.In a proactive
move,the South African Marine Finfish Farmers Association of South fitlEBASA)as compiled
their own Marine Fish farming Environmentahpact Information document (MFFASA 2010) that
includes a code of conduct aridentifies most of the known environmental impacts of fin fish
farming. Unfortunately many of the environmental impactk cage farming are expensive and

difficult to mitigate and the pposition to industrial scale aguaculturemains strong.

Nonetheless, ame of thepotential impactsof finfishsea cagdarmingmay be partially mitigateat

the SEA level by selectiof appropriate sites only8 5.2). Mitigation for other impacts can only be
addressed when site and operational specific data are available, and shoirplemented via an
approved BvironmentalManagementPlan (EMP)that is informed by an EIA proces$he impacts

of mariculture depend on the species, culture method, stocking densities, feed type, hydrography of
the site and husbandry practices (Wu 1995nvironmetal impacts of fin fish cage culture can be

grouped under the following headings:

1 Incubation and transmission fith diseas@nd parasitegrom captive to wild populations.

9 Pollution of coastal waters due to the discharge of organic wastes.

1 Escape ofyenetically distinct fish that compete and interbreed with wild stocks that are
often already depleted.

1 Chemical pollution of marine food chains (& potential risk to human health) dtlectaise
of therapeutic chemicals in the treatment of cultured stoakdaantifouling treatment of
infrastructure.

1 Physical hazard to cetaceans and other marine species that may become entangled in ropes

and nets.
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9 Piscivorous marine animals (including mammals, sharks, bony fish and birds) attempt to
remove fish from the cageand may become tangled in nets, damage nets leading to
escapes and stress or harm the cultured stock. Farmers tend to kill problem predators or
use acoustic deterrents.

1 User conflict due to exclusion from mariculture zones for security reasons or wegati
impacts on tourism and coastal real estatalue due to negative aesthetic impactd fish

farms

These various impactnd possible mitigation measurase addressed in more detail below.

4.1 Disease and parasites

In fish cage aquaculturdigh stocking dnsities (typically 120 fish per ni) serveas a breeding
ground for disease and parasite infections (including blood, intestinal and ecto parasitestious
diseases and parasitese regardé as the single biggest threat tquaculture, with the gimated
losses from sea licggenusCaligu$ infections of salmon stock alone amounting to hundreds of
millions of dollars annually (Staniford 200Beuch et al. 2005. The cultured stock is often
prevented from exercising natural parasite shedding behaviours #re high number of
concentrated hosts facilitates parasid diseasereproduction and transmissionThis is not only a
concern for the productivity of the cultured stochut alsothreatenswild stocks due to enhanced
transmission of parasite and diseagéteuchet al. 2005 Krosek et al. 2007, Ford and Myers 20008
Transmissiono wild stocksmay take place by direct contabetweenwild fishand farmed stock as
wild fishare often attracted to the cages, or simply as a result of the much higher concentration of

pelagic parasite life history stages arising from fish farms.

Wild salmonin particular have suffered increased parasite infection rates due to contact with cage
cultured stock(Carr and Whoriskey 2004, Heuehal. 2005). Documented effects of high parasite
loads on wild salmonids include increased mortality rates, reduced fecundity and delayed maturity,
all of which reduce the fithess of individuals and the proitvity of the wild stock as a who(8jorn

et al. 2002 Carr and Whoriskey 2004, Heuehal. 2005 Ford and Myers 2008)intensivesea bass

and sea breanculture in theMediterraneanhas also resulted in severe disease problems in fish
farms problem dseases includéPasteurellosisand Nodavirosis and parasitic infections include
Ichtyobodo sp, Ceratomyxasp., Amyloodinium ocellatum, Trichodinsp., Myxidium leei, and
Diplectanum aequan@\gius and Tanti: 199%ited in Staniford 2002)n Australig experiments have

revealed thatMonogenean parasites, infectegellowtail up to 18 km downstream of the cages
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(Chambers and Ernst 2005khdigenous species currently under consideration for sea cage
mariculture in South Africa include silver and dusky lagyrosomus inodruand A. japonicug and
yellowtail Seriola lalandii The parasites and diseases infecting thésed other finfish) species in
South African waters are not wedtudied although both kob species are known to be infected by
sea lice of he same genusCaligu3 that caused serious problems amongst salmonids, as well as
other copepod, trematodgeAcanthocephalarfparasitic worm)monogean (specifically the gill fluke
Diplectanum oliverii), dinoflagellates (Amyloodinium ocellatum) and myxozoanspecies DEAT undated
Grobleret al 2002 Christison & Vaughan 2009¢oubertet al 2009. Dusky kob are migratory and
yellowtail are regarded as nomadic, whilst silver kob within the vicinityl(®km) of future sea
cages will also likely come into dant with farmed stockand all three specieswill be at an
increased risk of contracting diseases and or parasiegentialnegative effects on wild stocks are
particularly concerning as all three species are important in the commercial and recrddiima
fisheries andurthermore, both wild kob species are assessed as collapsed (Gri2®@§). Dusky

kob hasrecently been assessed using IUCN criteria and are considered Vulnerable in South Africa
(Sinket al.in prep). Although treatment of cultued stock to control disease and parasite out breaks
is possible (unlike wild stockghemical treatment is not without further environmental impacts,
whilst build up of antibiotic and chemical resistanisebecoming increasingly problematic (Staniford
2002).

1 Mitigation involves improved or modified husbandry practises awlind animal health
management, including the use of disease free spat, the wise useeaiicalantibiotics and

good biosecurity.

4.2 Organic pollution from sea cages

Untreated wastesesulting mainly from uneaten foodhd faeces of fish in sea cages are discharged
directly into the sea and are not dnsignificant source of nutrient@Brookset al. 2002, Staniford
2002). Studies have documented increased dissolved nutrients andytarttomponents (POC and
PON) both belowand in plumes downstreanof fish cagesRitta et al. 2005. These wastes impact
both on the benthic enwvonment and on the water column. Sediments and benthic invertebrate
communities under fish farms usuallycsth chemical, physical and biological changes attributable to
nutrient loading. Evations in carbon, ammonia and hydrogen sulphide concentratiams

frequently observedCarrollet al. 2003, Heggoegt al. 2005) Nutrient enrichment and resulting
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eutrophication of sediments under fish cages is regarded as serious issue in some areas (Staniford
2002). Impacts on benthic habitats below fish cagessidiowever, tend to be localizedMost

studies indicate that the effect is contained within a few hundredters (Porrelloet al. 2005,
Merceron 2002 and Kempgft al 2002), but one Mediterranean study was able to detect changes up

to 1000 m away (Sart al.2004). The extent otontaminationof the sedimentaunder fish cages
obviously highly site and pmgt specific. Near shoremarine environments with low flushing rates

and or sediments susceptible to organic loading should be avoided when selecting sites for finfish
cages. Cagesshould alsdbe situatedin water of sufficientdepth to allow flushing and reduce the

build up of wastes directly below cages. Fallowing is the standard mitigation method used to allow
recovery of sediments under fish cages, but recovery has been observed to take up to fifteen
months after the closwe of a Scottish fish farm (Black et al 2008¢eding by wild fish on the wastes

and uneaten food below cages has also been shown to mitigate the impacts of waste on benthic
environments. Some studies have reported that8@®6 of the uneaten food and wasfalling out

of cages was eaten by wild fish (Vataal 2004, Felsinget al. 2005). This in turn however, may
increase the risk of parasite and disease transmission to wild stocks and may also attract piscivores

to cages with the associated probleth&reof discussed below.

Nutrient loading,of the water column along witkhe reduction ofdissolvedO, concentrationsas a
result of fish cagebave been implicated igonditions that stimulate harmful algal blooms, which
pose a threat human healthnd $ellfish mariculture operationsQowen & Ezzi 1992, Berry 1996,

1999, Davies 2000, Navarro 2000, R3], all cited in Staniford 2002).

9 Mitigation includes the use of species and system specific feeds in order to maximize food
conversion ratios (and mimize waste), rotation of cages within a site to allow recovery of

benthos, and sensible site selection (sufficient depth, current speeds and suitable sediment

type).

4.3 Genetic impacts on wild stocks

Escapeof fishfrom sea cagethat may beestablished irSouth African is inevitable given thegcape

from fish farms is @ommonevent globally. Even in countries with advatha®a cage farming
industries and calm sheltered waters such as Nonisyt a regular occurrence with an estimated

1.5 million escapd salmonpresentin Norwegian fjords at any one timeél¢uchet al. 2005). Given

the exposed nature of the South African coast and the abundance of large piscivores, regular

escapes possibly of large numbers of stock as a result of cage failure or ,bse&ighly likely.
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Farmed fislthat aretypically spawned from a limited number of brood stpbkve reduced genetic
diversity compared to wild stockand will have undergone different selective pressures @db

have likely been artificially selectddr traits such as rapid growth)Genetically distinct escaps

may interbreed or even outompete wild stocks, resulting in overall reductions on genetic diversity
with resultant reductions in the fitness of wild populatioftdershberger 2002, Naylat al. 2005

Ford and Myers 2008 The degree of genetic impacts of escaped farm fish on wild stocks is largely
determined by the extent of genetic differentiation betwetarmed andwild stocks, the quantity of
escapees compared to the size of the wild &oand the survival and reproductive success of
escaped fish{Falconer and Mackay 1996\ntil reproductively sterile fingerlings are available for
fish cage farming in South Africa, however, the potential genetic impacts of escapees remain a
serious thrat to wild stocks. The risk is further accentuated by the collapsed status of many South

African fish species that will likely be used in cage farming.

1 DAFF has developed genetic best practmanagementguidelines for marine finfish
hatcheries in Soutlfrica that recommend maintainingn effective broodstock population
size of 30150 individuals that have been sourced from the area in which gratwwill take
place and also that broodstock are rotatedAfEFundated). The MFFASA environmental
impact inbrmation documentincludes similar recommendations but alseecommends
reproductive sterility as the future key to eliminating the genetic impact of escaped fish on

wild stock (MFFASA 2010).

4.4 Chemical pollution arising from fin fish cages

Disinfectantsantifoulants and therapeutic chemicals (medicines) are typically used in sea cage fish
culture. These chemicaise oftendirectly toxic to non target organisms amday remain active in

the environment for extended period¥erryet al. 1995,Costelloet al. 2001). happropriate use of
medicines may lead to resistance in pathogamiganisms $me antifoulantscontaintrace metas
(usually copperjhat can elevate environmentaloncentrations can accumulate in sediments and,
and can bioaccumulate in steptible organismgCostelloet al. 2001). Some of the chemicals used
historically on fish farm# combat sea lice infestationsere carcinogenicwhilstothers are known

to adversely affect reproduction in salmonids (Staniford 2002, More & Waring 2@abpal bodies,
(e.g.the World Health Organisation and GESAMave highlighted the environmental and public
health threats of chemical use on fish farms (GESAMP: 1997, WHOCii&®% Staniford 2002
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Due to these concerns, the salmon farming irdpss moving away fronthe use ofantibiotics and
organophosphates but numerous other potentially hazardous chemicals such sgathetic
pyrethroids, artificial colorants, antifoulantsnd antiparasitics andare still a srious concern
(Staniford 2002

1 Future South African fin fish cage farms will almost certainly need to use chemicals to
protect infrastructure and treat stogkhe MFFASA code of conduct recommsmgtoiding
hazardouschemical use minimizing the use of agricultural, veterinary and usidlial

chemicalsand adherence to legal requirementden these are required (MFFASA 2010).

4.5 Entanglement of cetaceans and other species

Sporadic entanglement of marine mammals amatasionallyother species such as turtles and birds

in fish cage infrastructure has been reported internationally (Kemper & Gibbs 2001, Wuersig 2001,
Wouersig& Gailey 2002) Entanglement of cetaceans in fishing gear is a common occurrence with an
estimated 300 000 wrtalities annually (Readnd Fernades 2003 Off the South African coast, a
large and growing population obsthern right whales is found, this species along with large pods of
common and other dolphin speci@shabit the inshore waters along the Capeast where fin fish

cage culture is likely to be developed. Southern right whales frequently become entangled in static
fishing gear such as west coast rock lobstaps off the SW Cape and it appears that accidental
entanglement is a real risk with futel extensive fish cage developmentdowever, given the rarity

of such accidental entanglements internationally and the encouraging statistic of zero cetacean
entanglements during the pilot sea cage project undertaken in Algoa Ba§ 88g accidental
entanglement in sea cage inftascture may not be a high riskCetaceans and other marine animals
may well be able to avoilkthal effects associated with entamghent in fish cage infrastructure, but

the mere presence of sea cages may well adversely affect habitat usaarithve chronic negative

effects on populations (as well as ecotourism activities) (Wuersig and Gailey 2002).

1 To minimise this risk, cashould be taken not to site sea cages in known feeding, breeding
and migration outes for cetaceansand the use of correct and durable cage netting that

minimizes entanglements.
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4.6 Interactions with piscivorous marine animals

Piscivorous seals, dolphinsasks, fish and birds are frequently attracted to the large concentrations
of fish and or food in sea cages (Wuersig and Gailey, 2062 et al. 2004, Kloskowski 2005 heir
attempts to get at the stock induce a stress response (and consequent decrgesetth rates and
resistance to disease) in the cultured fish and can damage nets, allowing fish to esthpe.
predators themselves may also become entangled in sea cage nets with potentially fatal
consequencesThe most effective and common resporsgfarmersis to install top and curtain anti
predator nets although farmers will also shoot problem animals (which is usually illegal), or use
acoustic deterrentsKemberton& Shaughnessy 1993, Wickens 19B&yveridge 1996Wuersig&
Gailey 2002 In the case of top predatorsvhich are frequently relatively rare, lethal reactions by
farmers to predation attempts may prove unsustainable, whilst acoustic deterrent devices may
RFEYIF3S YEFENARYS YIEYYIFEQa KSIENARY3I | YR 2005 SN R
sharks and predatory sea birds are abundant along $hethern and Eastern Capeoast and

interactions withfin fishsea cages are likely.

91 Due to the extensive foraging range of most large marine predators interactiansot be
effectivdy mitigated by site selection away from colonies, rather the diligent use and
maintenance of predator nets will be a necessigoper feed storage, feeding and removal

of dead fish from cages will also help to minimize interactions with wild piscivores.

4.7 User conflict

Due to security concerns, fish farms will need to exclude other users from what was previously
public sea spaceAs aresultofi KS tF O1 2F aKSt GSNBR &Sk &aLkd oS
areas suitable for cage culturare already heavily utilised for fishing, ecotourism and other
commercial and recreational activities. Indeed, the proposal by Irvin & Johnson to develo@Oa 3
ton fish farm in Mossel Bay met fiergesistance from amongst others, ecotourism operators.
Severalmportant commercial fisheries also operate in areas where fish cage culture may be viable
(particularly chokka squid and inshore trawi@sistancefrom these bodiedo the declaration of
exclusive ADZs is likelyn the United States of America, a larged politically powerful body of
recreational fishers have also resisted mariculture developments that they perceive as detrimental
to their sport (Harvey & McKinney 2002Loastal landowners may also object to the establishment

of fin fish cages withinight of the shore due to aesthetic concerns
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9 Ste selection should take cognisance of these potential user conflicts and avoid areas where
existing recreational and economic activities take place, or at least minimise the impacts on
existing activities.Consultation with other user groups during the EIA process and fish farm

designs that take cognizance of other activities could also help reduce user conflict.
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5 SITESELECTIONMETHODOLOGY

51 Method overview

In order to define and spatially delineate potentidinfish seabased marine aquaculture
development zonesADZ) around South Africaa geographical information systebased (GIS)
approach was adated. This requireddentifying all criteria that are unaitable (exclusionary &
precautionary criteriapnd suitable(inclusionaryfor ADZ so that they can beverlaid spatially into
a Gl&nd potential areas foADZ identified The gproach has advantages asdnsides multiple
criteriaconcurrentlyandis transparentand allowsstakeholdersto visualize and understand the logic
of how different criteria(either in isolation or lumpedinfluence the seareaavailablefor ADZA.

The process of selectipotentialADZ involved sixhronological stepsHigure3).

Step 1:Consultation withkey industry Stakeholdergas set up inwo workshops thaidentified and
defined quantitative criteria for use irthe GlSanalysesThestakeholders were initially
approached with a Backgroundformation Documenthat provided draft site selection
criteria andinvited participation in criteria development workshops. The Stake holder
list providing details of th@eople, who were invited to these workshops, or to submit
comment via emalil, is provided in Appendix Minutes of stakeholder workshops that
were held are given in Appendix 3After the workshops, all identified stakeholders
were emailed the workshop mines that included themodified, draft site selection
criteria and invited to comment further.Additional consultation withsome of these
stakeholders also took place telephonicalliteria were developed under four main
headingqsee %.2):

1 Logistical considerations that would allow economically viable fish farm operation

1 Environmental suitability criteria aimed at avoiding areas unsuitablenfoastructure and
stock

1 Environmental/ ecological sensitivity criteriand

9 Criteria to minimise ser conflict

Step 2:Spatial data omgreedcriteria were thencaptured inArcGIS 9.3 for spatial analyse3riteria
that were deemed mandatory were displayed in greerthe GlSwhile those that were considered
exclusionary or precautionary were displayed in red and oraregpectively. Exclusionary criteria

were always displayed in red and overlaid on tdgh® precautionary and mandatory criteridll
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data were projected to the nearestmeridian at the centreof the study area (i.e. a particular
harbour) using theTransverse Mercatoprojected coordinate systepwith the WGS84 reference
ellipsoid. The fist criterion considered was to select suitable sized harbours that can support the
required size boats for servicing of mariculture cages &¥e Following thisthe Harmful Algal
Bloom and Kpoxia layes were applied This left a select number of harbours around the coastline
with their surrounding areas of sea that were then asald independently in separate GIS analyses
where all remaining criteria were factored. ifThe use of a GIS based system allows flexibility to
investigate the effects on potential site selection by altering anyhef criteria relatively easily,

should this be requiredn future.

Step 3 Regions of the sea that met all mandatory criteria and were not excluded by exclusionary
criteria were spatially delineated and the coordinates of the polygon vertices defining these zones
archived. This was done for botbffshore and inshore potentidhD4. Areas characterised by the
influence of precautionary criteria only (e.g. potential river plunesst coasupwelling cells) were

still considered for potentiaADZ as we believe that with special considerationculture species,
potential still exists for their developmenge.g. kob species and spotted grunter are unlikely to be

negatively affected bynodest level of suspended sediments

Step 4 Each area identified as a potential ADZ from the spatial analysethemasubjected to a
scoring analysis thadissignedpoints to each site This allowed individual potential ADZs to be
ranked and comparetb one anotherother so that those deemed the most suitable in terms of the

definedsecondarycriteriacould beidentified.

Step 5 This step involved comparing and considgrADZs with the highest number of points with
the cost layer that reflects importance to other industried’lis GIS layeincorporates the spatial
extent and intensityof 19 sectorsalready in operation These industriesvould potentially be in
conflict with fin fish cage culturelrhe data in this GIS layer doased on the collective effort (usage)
of these industries at any location around the coastline within ErelusiveEconomc Zone (see
85.6).

Step 6 The remaining areas that met all the exclusionary criteria, had the highest ranking and the
lowest cost value were recommended for tB#A phase of this project with the view to declaring

these areas ADZs.
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5.2 Development and application of site selection criteria

The quantitative finfish ADZ site selection criteria that were developed in conjunction with key
stakeholders and management angresented under the headings der which they were
conceptualisd below, namely logistical, environmental suitability, environmental sensitivity and

user conflict.

ADZ Spatial Delineation

Workshop and define criteria with key industry Stakeholders

l

Input exclusionary, inclusionary & precautionary
criteria into GIS

Spatially delineate areas that satisfy criteria

Score and rank areas that satisfy all criteria

Compare and considevith COSTayer

Recommended ADZs

Figure3.  Sixstep processaised to identify potential ADZ for finfish cage culture.
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5.3 Logistical criteria

53.1 Criterion: Distance from suitable port (exclude if >20km) .

Rationale: Work boats need to be large enough to undertake roatfarm tasks such as fish feeding
(required daily) harvesting and net changesFurthermore,travelling time should not exceed 2

hrs/trip. Typicalwork boats travel atiund 7 knotdimiting the maximum distance to 20 km.

Suitable ports, defined abose able to accommodate a 1% work boat, were identifiedRigure4).
The 20km zone surrounding all suitable pongs mapped and other restrictivéeatures around
ports, e.g. the harbar area, defined shipping lanes, military or otherwise restricted areas (e.g.

underwater cablesdumping groundshave been included on this layer.

18

4 Harbours

Port Nolloth
Lamberts Bay
Laaiplek
Sandy Point
Saldanha
Table Bay

Hout Bay
Simonstown
16 Kalk Bay
10 Hermanus
11 Gansbaai
14 15 12 Mossel Bay
13 St Francis
12 13 14 Port Elizabeth
15 Coega
16 East London
17 Durban
18 Richards Bay

OCONONHBWN -

0 125 250 500
[ — ki

Figured.  South African Ports consideredaige enough to support for marine finfish culture
operations
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5.3.2 Criterion : Water depthh T @E T O A 6 exdulleQif @0in and < 60m; offshore
cage systems:exclude if >30m and <150m

Rationale: A balance betweenthe minimum required water depth for flushing ofvastes

(international standard is at least 5m below the bottom of the cagel)d the increasingcost of

mooring in deeper water.

Bathymetry contours within the defined distance from suitable Ports voeeated by interpolating
between depth points from dital South African NavySAN chart data. These contour maps were
then used to define the suitable areas for traditional floating cages6@t depth) and offshore
technology cages (3050 m depth). Note that a proposed 12m inshore depth criterion was
requested at the Cape Town stakeholder workshop (primarily to allow the inclusion of SaBanha
is onlyconsideredsuitable in areas with significant wave heights of less tham(8eeTablel). This
excludesmost areas of the 8uth African coast, with the exception of possibly Saldanha Bay and
Richards Bawarbour. As a result, the originally proposed minimum depth criterion ofn2@vith

exceptiondn the case of the two above mentioned bays was applied.

54 Environmental suitability

54.1 Criterion : Water temperature was proposed as a secondary ranking criterion
that allocated higher scores to sites with mean annual water temperatures  of
15-240C, than site s with cooler or warmer mean annual temperatures.

Rationale: Optimal growth of likely SA species (kob, yellowtail, grunter), trade ofinaga

parasite/disease prevalence.

Stakeholders felt that this criterion should not be used at all in the site sefeptiocess given the
early stage of sea cage farming in SAwas felt that future entrants to the industry may wish to
utilize species with different temperature requirementgor example, the sustainable aquaculture
policy does not rule out the use alien speciesGovernmentgazetted No 30263, pg 13) and the
state has previously allowed a pilot salmon farrstakeholders didhowever, request that the
information on average water temperature should be included in the &fpart. AquaMODIS
satellitedata were analysed at4km? resolution to provide the average long term (last 9 years) sea
surface temperature(Figure 5). It is clear that sites with the temperature rangethat was
considered suitable for thendigenousspecieswhich have been used in pilot sea based and
commercial land based projects totdaall lie between Cape Agulhas and East London. Potential

future fish farmers are, however, already considering indigenous fish species that can tolerate both
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cooler (e.g. white stumpnose) and warmer (e.g. Cobia) water temperatures (MFFASA members,

pers com).

Richards Bay
. Port Holloth 2

Durban

.. EEILELLE
. Cape Town

Port Elizabet

Figure5 Longterm (last 9 years) average sea surface temperature based AmquaMODIS
satellite data (4kn? resolution).

54.2 Criterion : Upwelling cells, exclude areas within the spatial influence of
regular, known cells west of CapeAgulhas, precautionary highlight of
upwelling cells along the east coast.

Rationale:Temperature shocks will negatively impact growth rate and health of @dtatock

Through the use of published studiélsutieharms & Meeuwis 1986, Schumaeinal. 1982, 1988,

1995, Goschen & Schumann 201&aphd expert input (Prof. L Hutchings, Department of
Environmental Affairs) e project teamdeveloped aGISshape file that defines the average spatial
extent of coastal upwelling cells along tBeuth Africarcoast(Figure6). In terms of our criterion,
upwelling cells alog the West Coast (west of Cape Agulhas) will be excluded as potential ADZs,
whilst those along the east coast will receive a negative weighting when assessing proposed sites.
Areas downstream of upwelling cells, particularly along the south east cobsede Tsitsikamma

and Knysna are often subject to sudden large temperature drops when recently upwelled water is
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driven onshore by winds or currents. Even within hagsch as Algoa Bagome distance
downstream of upwelling cells (which tend to occur bfadlands during the summer months, in

this case Woody Capeyudden, significant drops in water temperature associated with the south
andwestward propagation of cool upwelled water are fairly common (Goschen & Schumann 2011).
Future participants in seeage farming off the cape south and east coast should be aware that the
impacts of coastal upwelling may be apparent even outside of the areas mapped as upwelling cells in

this SEA report.

N
o
W<’v< { E
P

Richards Bay T
Port Nolloth [ §,

Durban

Lamberts Bay

Laaiplek j
Sandy point s
Saldanha ' ¢

\ aavatn 72~
Table Bay », ) Kalk Bay Port Elizabeth T

Hout Bay &3} . Hermanus N3 L7
Simonstown :'J, Mossel bay

East london

St Francis

Gansbaai

4! Harbours
150 75 0 150 300

UpwellingCells e KT

Figure6. Nominal spatial extent ofupwelling cells along the SA coastNote that sudden
temperature drops associated with the coastal movement of upwelled water may also
occur outside of these identified cells.

5.4.3 Criterion : Exposure to waves, exclude areas exposed to more than 40% of the
swells with significant wave heights greater than 3.5m

Rationale Exposure to dominant storm sea conditions could damage cages and will decrease

frequency at which cages can be serviced.
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Data on wave height and direction were obtained from voluntary obegrghips (VOS) for a thirty
year period (198010) around the coastlinfpbtainable from SADQQn total, 199 242 values of
wave heights and directions were analysethe coast was split up into 3 x 3 degree blocks and all
data within each analysed sepdely. Wave roses depicting the swell direction, frequency and
significant wave height were constructed for eight different blocks covering the South African coast
(Figure7). Data on waves that were greater or equal torBwere extracted as waves of this size
range are considered to b@otentially destructive for traditional floating mariculture pens and also
prevent the servicing of cages. Frequgmniistributions of these waves (i.e. those greater or equal to
3m) according to their directions (bearings) for each assessment block were produced using bin sizes
of ten degrees. The tendegree bins were then ranked according to their percentage freguenc
values (i.e. the percentage of waves occurring at that directiéiipally the percentage frequency
values were added starting with those bin categories with the highest values until 66% of waves

were accounted forTable2).

Table2. An example of how the range of bearings from waves occurring 66% of the time were
determined. In the example below the yellow highlight indicates the daacounting
for 66% of waves and the bearing range is 170 to 210 degreBserefore areas that
are exposed to waves coming from between 1702& degrees should be avoided.

Bearing % occurrence Cumulative % occurrence
200 18.9 18.9
180 18.1 37.0
190 11.5 48.6
170 11.1 59.7
210 7.8 67.5
40 4.5 72.0
160 4.5 76.5
140 4.1 80.7
150 4.1 84.8
50 25 87.2
60 25 89.7
80 25 92.2
70 1.6 93.8
90 1.6 95.5
100 1.2 96.7
120 1.2 97.9
130 1.2 99.2
110 0.8 100.0

The range of bearings associated witis 66% ofwvaves was then recordedTherationale behind

selecting 66% of waves greater or equal tm 3ranslates directly into 2 out of 3 days whire swell
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is over 3m that cages cannot be serviced and takes into consideration large waves that weagela

and destroy sea cagesThe GIS analysis then displayed two lines indicating the maximum and
minimum bearings from swell @ or larger that occurs two thirds (i.e. 66%) of the tinfreas that

were not exposed to waves greater or equal tm3wo-thirds of the time (due to being within bays

and within shelter from headlands) during rough sea conditions (i.e. whemsvare 3n or larger)

were then classified as sheltered and deemed suitable for potential inshore aquaculture
development zones These well bearingsvere mapped in GIS tdisplay shelteredreas within the

defined 20km distance from suitable portsL & Ydza G o6S y2GdSR GKIF G G4KSasS
occasionally experienced waves with significant heights greater tham fBm uncomnmon swell

bearings and cage infrastructure will need to be able to withstand these conditions.
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Figure7.  Wave roseshowing the frequency of significant wave heights and directifum three
degree  blocks aroundthe SA coast based o8BADCOVoluntary Obseving Ships
data.

Thiscriterion differed depending on whether the method was to identify ABdisable for the use of
G Ly a roriBkore fish cage systems (see Sectidr). In short, Inshore ADZ identification
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considered wave climate as an exclusionary criterion wid@fshore& ADZs did not.Offshore ADZ
identification, whid is not limited by the wave climate criterion, was incorporated as an additional
analysis as it was felt [syakeholders that in view of the envisaged limited number of suitable areas
for Inshore ADZs, that potential existed in future for the necessaphrtelogies to support

alternative offshordish cagdnfrastructure.

54.4 Criterion : Turbidity and pollutants associated River Mouths  z create a
precautionary buffer.
Rationale Decreased salinityhigh turbidity, poor water qualitynay negatively impact growth rate

and health of cultured stock

Google Earth was used to measure the visible plume extent of a range of different size Tivess.
visible plumes depict the river water mixing zone with respect to suspended sedimentadly is

noted that the region of altered (reduced) salinitylikely to be somewhat larger than thiBata on

the extent of reduced salinity water is however scarce and much of what is available relates to the
STFSOGa 2F Ff 22 Ra Omayyd. Duridpiextrente Nd@Eavents v fi@SJeIRIGed K S
(>annual MAR in a flood event) &P Ureduction in salinity has been measured as much as 200 km
either side of the River mouth (Shillingtat al. 1990). This salinity reduction may cause chronic
effects on fin fish that are not tolerant of euryhaline wat(e.g. yellowtail), but is substantially
outside of the lowest observed effect concentratiar uryhaline fin fish such asisky kob.Under
non-flood (baseline wet season conditions) the zone of salinity reduction dPSlaround the

mouth of theOrange Rivers very similar to the visible plume extent i.e. about 20 km radius.

2SS dzaSR GKS | LIINEFOK 2F SaidAYrdAy3a yR YIFLLAyYy3a
dzy RSNJ ay2N¥YIté O0ADdSd y2 i The Eilohakidt this Feih@ratrextrén@Sy G o O
flood events are transient conditions that may temporarily affect farm productivity, but should not
OFdzaS | OFGlFradNRLIKAO f2aa 2F ait20]1 LNRBOARSR (K
condition buffer zone. Where visible ples were measurable in more than one satellite image

captured at different times, the average value was plotted against MAdRie8). Mean annual

runoff data wasobtained from the National Spatial Biodiversity Assessment (Turpie 200dis

relationship was used to calculate expected plume dimensions for all rivers within the 20 km radius

of ports identified as suitable to support marine finfish farm operatioiitiese buffers were then

scaled according to the Estuarine Health Index Water Quality Score (Haetiabr2000), whereby

the dimensions of the buffer was increased2s F2NJ SaddzZ NASa SsAGK | a+SN
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Index value =B) and byl0 % for estuaries rated as havingd®ook water quality class (WQI =5.
The buffer around estuaries with WQI value greater than 5 i.edFaig- &Wery Good was left

unchanged from that predicted by the relationship between MAR and visible plume dimensions.
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Figure8.  The elationship between Mean Annual Runoff (MAR) and visible river plume extent
was best described by a logarithmic function

5.45 Criterion: Point source pollution, create a 500m default safety buffer, or
buffer the maximum known plume extent
Rationale Pollutants may negatively impact growth rate, health and of marketability of cultured

stock.

It was not possiblewithin the timeframe of this SEA to obtain data, even on the coordinates of
waste pipelines for muchfahe country (with exception of th&ZN coagt This willhave to be a
secondary analysis confined &hortlisted sites It will be necessanto ascertain the type of
pollutants and dilution rates at the pipe erahd thencreate meaningful bufferen each instance
Sourcing and interpreting data for areas selected as potential ADZs will have to be undertaken

during the EIA phase of this project.
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5.4.6 Criterion: Currents, exclude areas th at regularly experience current speeds
greater than 150 cm.sec -1

Ratiorale: Current speeds greater than Asm.set can deform cages and damage moorings.

This criterion is only applicable where interaction with the Agulhas current is likedythe current
does meander and exhibits several shear edge features, the approximate inshore boundary of the
Agulhas current was mapped using a combination of published current data (Rebexts2010)

and long term (last 9 year average) satellite sgdase temperature dataHigure9).
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Figure9.  Approximate inshore boundary of the Agulhas current based on published current
measurements ad satellite imagery. note that the offshore boundary is beyond
the area under consideration for ADZs and was not defined.
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5.4.7 Criterion: Harmful algal blooms (HABs) and anoxia , exclude areas under the
regular influence of these events
Rationale HABsand anxia may negatively impacsurvival,growth rate and health of cultured

stock

Stakeholder discussions and expert knowled@es G Pitcher and T. Probyn, DAFHE) tte the
exclusion ol areasof the west coasto the north of Cape Columbine due to the peived high risk

of HAB or low oxygen eveniSigurel0).
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Figurel0. Map of South Africa showing remaining suitable ports after west coast north of Cape
Columbine is excluded due to the high risk of harmful algal blooams! or low oxygen
water.
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5.5 Environmental sensitivity
55.1 Criterion: Exclude known reef areas and other sensitive marine habitats

Rationale Reefs are regarded as sensitive habitats likely to be more severely impacted by farm
effluent than sandy substrate AvoidingCriticallyendangeredand endangeredabitatswasin an

attempt to minimize the environmental impacts of marine fish farms.

The South African National Biodiversity Institu8ANBI) marine ecosystem threat status layer was
acquired for use in thiproject (Figurell). This threat status map and accompanying GIS layer was
constructed based on extensive mapping of defined coastal and marineat&afi86) and pressures

(27 pressures on coastal and marine biodiversity). The habitat classification incorporated several key
drivers of marine biodiversity patterns including terrestrial and benfi@agic connectivity,
substrate, depth and slope, gegly, grain size, wave exposure and biogeography. Note that this
layer includes the only national scale data on seabed habitat types e.g. reefs. It was decided to
exclude critically endangered and endangered habitat for potential ADZs, as these aredsnsttoul

be considered as suitable for fin fish mariculture. Critically endangered habitats are those that have
very little of their original extent left in natural or neaatural condition. Any further loss of natural
habitat or deterioration in conditiorof the remaining healthy examples of these habitats must be
avoided, and the remaining healthy examples should be the focus of urgent conservation action.
Endangered habitats are close to becoming critically endangered and as such any further loss of

natural habitat or deterioration of condition in these habitat types should be avoided

I Critically endangered
Endangered
Vulnerable
Least threatened

St Lucia

Durban 4 :

East
RSaIdanha Port London,
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Figurell Marine ecosystem threat status as determined by the South African National
Biodiversty Institute as part of the 2011National Spatial BiodiversityAssessment
(Sink et al. in prep). Endangered and critically endangered habitats were not
considered for finfish cage ADZs.

55.2 Criterion: Exclude Marine Protected Areas

Rationale: Marine Protected Areas (MPAs) fulfil numerogsnservation, research and socio

economic roles and should remain as pristine as possible.

A recently developed GIS shape file showing current and proposed (advanced planning stage) MPAs
was obtained from SANBI. This is the most up to date spatial da&owoth African MPAs and was

used to exclude MPAs for selection as potential ADZs. Note that focus areas for offshore biodiversity
protection through MPAs and other spatial management measures have recently been identified

(Sinket al. 2010) but these haveot been included.

Figurel2. Current and planneatoastalMarine Protected areas of South Africa (Source SANBI)
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